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PREFACE
The Indian Chemical Engineering Congress (CHEMCON) is an annual flagship event of the
Indian Institute of Chemical Engineers (IIChE) which is held in the month of December
every year across India. CHEMCON-2021, which is in continuation to the series of
CHEMCON, is being organized by the Indian Institute of Chemical Engineers (IIChE),
Bhubaneswar Regional Centre and CSIR- Institute of Minerals & Materials Technology
(CSIR-IMMT), Bhubaneswar in association with the Institute of Chemical Technology th
th
IndianOil Campus, Bhubaneswar (ICT-IOC) during 26 - 30 December 2021 at
Bhubaneswar. This year, in the wake of the unrelenting Covid-19 crisis, CHEMCON-2021
will be held in a Hybrid mode.
The theme of the Conference is "Sustainable Utilisation of Resources for Chemical &
Mineral Sectors", which focuses on providing a forum for substantial discussion on the
effective utilization of chemical and mineral resources using the existing and emerging
technologies.
At CHEMCON-2021, more than 400 abstracts will be presented and nearly 1000 delegates
will participate virtually from across the globe. The conference will feature three (03)
Memorial Lectures, fifteen (15) CHEMCON Distinguished Speaker Lectures and five (05)
Plenary Lectures to be delivered by eminent academicians, elite scientists, top industry
leaders of the national and international arena.
Two (02) International Symposiums in association with The Canadian Society for Chemical
Engineering (CSChE) and The South African Institution of Chemical Engineers (SAIChE)
under the theme "Sustainable Energy and Environment" and "Clean Coal Technologies",
respectively, will also be held during the conference. A pre-conference workshop on
"Smarter Experimentation for Scientists and Engineers" is also being organized in
association with SAS Institute, USA.
This Extended Abstract Volume is published under the banner of CHEMCON-2021 as a
compendium volume which incorporates all the abstracts of delegates attending the Indian
Chemical Engineering Congress.
We acknowledge the invaluable assistance of the technical and publication committee
members for their unconditional support directly or indirectly in preparing this volume.

Mr. Santosh Deb Barma
Convenor
Publication Committee
CHEMCON-2021

Dr. D. S. Rao
Chairman
Publication Committee
CHEMCON-2021
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KEYNOTE
Cleaner Production in Mineral Processing: Initiatives and Experiences
T Sreenivas
Mineral Processing Division, Bhabha Atomic Research Centre, Hyderabad 500047, India
* Presenting/ Corresponding author: tsreenivas@barc.gov.in
Keywords: Cleaner production, mineral processing, atomic minerals, critical metals, green
chemicals
1.

Introduction

Technologies with lower carbon foot‐print are the thrust areas of various S & T initiatives
taken world‐over in recent times in different sectors including in the minerals / metals sector. A
recent World Bank report1 on actions towards climate‐control predicted that over 3 billion tons
of minerals and metals will be needed for aggressive induction of different renewable energy
sources as well as for energy storage such that the target of “below 2°C future” can be achieved.
Several drivers are identified for accomplishing the goal and notable amongst them are:
comprehensive extraction, economical use of energy and water, improving process efficiency,
enhancing use of green chemicals including bio‐mining, reduction in surface foot‐print of
waste/residues, recycle and reuse of value bearing waste including urban mining, integration of
digital technologies etc. Implementation of the aforementioned measures in the field of minerals
processing, particularly for resources of lean tenor and for refractory minerals/metals, is a
daunting task. Nevertheless encouraging progress is made, atleast at conceptual and laboratory‐
scale, in this switch‐over to new rules of game world‐over including in India.
2.

Initiatives and Experiences

2.1. Comprehensive extraction (CE) or maximum utilization of mined material is a very
traditional philosophy where every useful portion of a resource is extracted before discarding the
rejects and this has become very relevant in present times. CE improves the economics of
processing a lean tenor resource and more importantly minimizes surface foot‐print of the
mining activity. U industry has been following this approach at industrial scale and great success
was shown in internationally acclaimed mines like Phalabora (S.Africa) and Olympic Dam
(Australia). Potential of CE in India will be presented taking Indian U ores as examples.
2.2. Utilization of Energy from a carbon‐lean source2 (Solar, Wind, Nuclear etc.) is as much
important as minimizing the overall energy input for resource processing. India is part of a
multinational collaborative research on sustainability of energy neutral mineral processing under
the aegis of IAEA. Here the neutrality is reached if the energy produced from the extracted by‐
product uranium (U) is equal to or larger than the energy required for processing a uraniferous
multi‐metal primary ore like phosphates, Cu ores, rare earth ores (monazite), Sn‐slags etc3. The
concept envisages setting‐up of small modular nuclear reactors (SMR) close to mine sites.
Reduction in stages of unit operations simplifies a process flowsheet and indirectly aids in

lowering overall energy input. Typical examples being incorporation of ore sorters at pre‐
concentration stage and direct pick‐up of desired metal ions from leach slurries using
technologies like resin‐in‐pulp (RIP) or solvent‐in‐pulp. Advances in sensor technology over the
past decade have dramatically improved the capabilities of sorters which can now sort at higher
throughputs and identify even smaller grains of mineralization, Similarly development of
mechanically re‐silent resins grafted with specific functional groups rejuvenated interest in RIP.
RIP eliminates cost & energy‐intensive unit operation like filtration. RIP was successfully adopted
in processing of finely disseminated U ores in new mines of U, Cu etc. Our laboratory
demonstrated successfully use of RIP for ores of very fine granulometry enabling scope of
downstream solid‐liquid separation.
2.3. Reduction in surface foot‐print of tailings dam and economizing water consumption is
another area of contemporary importance. Discharging of tailings (or process waste) in the form
of thickened paste either as back‐fill in mines or on surface as dried tailings is very relevant for
fine‐grained tailings containing harmful impurities. The pozollons and CaO can either be insitu in
the material or can be externally added (like fly ash). This was researched for its suitability on
Indian U ores5 and found very promising besides enabling maximum recovery of water, say upto
80%, from the tailings slurry.
2.4. Use of Green Chemicals in separation and purification stages of a process flowsheet is
another emerging area of interest in minerals/metals sector. Backed by powerful molecular
modeling tools, the designer reagents are able to capture desired metal ions from solutions of
complex chemistry and lean tenor very selectively. To this catergory belong the deep eutectic
solvents (DES) useful for both leaching as well as for selective separation. In the pursuit of finding
environmentally benign solvents for nuclear applications, BARC and other DAE laboratories have
demonstrated success in use of diglycolamides (DGA) for separation of different lanthanides and
actinides6. The DGA are recyclable, incinerable and environmentally friendly. The applicability of
DGA in mineral processing was also explored. Use of polymeric resins impregnated with DGA of
different molecular architecture showed good selectivity for capture of rare earths ions5 from
leach liquors of coal fly ash (CFA). R & D studies on use of DES for leaching of REE from coal fly
ash was also found very encouraging. It is pertinent to note here the active research in progress
in several European Union Labs. on use of DES for values recovery from e‐waste.
An overview on the above‐cited initiatives for cleaner production of minerals / metals useful
for atomic energy programme of our Country will be presented in the talk.
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KEYNOTE
MINERAL CONSERVATION: A PRAGMATIC APPROACH TOWARDS A SUSTAINABLE GROWTH
Dr Ashok K Sahu
Mineral Processing Department, CSIR‐Institute of Minerals and Materials Technology,
Bhubaneswar, Odisha ‐ 751013

Sustainable development may be defined as meeting the needs of the present without
comprising the needs of future generation. Sustainable growth seeks to attain a balance between
economic development, environment protection, society benefits and government
responsibilities. It is understood that growth is usually driven by the market , but requires that
benefits are not made without taking into account the environmental & social cost. Minerals are
vital resources on which manufacturing, construction and energy industries depend. But we are
rapidly consuming mineral resources that require millions of years to be created and
concentrated. Sustainable use of mineral resources need to follow some ways for its
conservation. I) use of mineral resources in a planned & sustainable manner , ii) waste reduction
in the process of mining, metal extraction etc., iii) recovery, reuse , recycling of metals and other
resources iv) use of alternative renewable substitutes v) use of improved technologies for use
of low & lean grade ores .
The National Mineral Policy 2008 also stresses on Conservation of natural resources. CSIR‐IMMT
is working with Industries to study different approaches for conservation of natural mineral
resources. It has developed processes to utilises low & lean grade iron, other minerals & ores,
high ash non coking coal, recovery & reuse of values from metallurgical and thermal power plant
wastes. In this presentation some of the recent developments would be will be highlighted.
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1. Introduction
Coal, an organic sedimentary rock, is the backbone on
which electricity generation and steel making rests. Coal
contains mainly carbon, hydrogen, oxygen, nitrogen and
sulphur as well as trace amounts of other elements,
including mineral matter that refers to the inorganic
constituents of coal [1]. Mineral matter is the principal
source of the elements that make up the ash content and
most of the high ash coals are subjected to beneficiation for
reducing the ash levels so as it make it suitable for various
applications. Generally, coal washing involves crushing
and screening of Run-of-Mine (ROM) coal into smaller
fractions, separating the gangue and mineral matter by
using physical separation methods such as dense media
separation or physico-chemical process, also called as froth
flotation. Flotation is based on differences in the ability of
air bubbles to selectively attach to specific mineral surfaces
in a mineral-water slurry and float to top based on its
degree of hydrophobicity [2]. Reagents namely collectors,
frothers, etc. are added to transform the mineral-water
mixture suitable for flotation by controlling the relative
hydrophobicity of particles and maintain froth
characteristics [3]. The collectors such as diesel, kerosene
and frothers such as MIBC, pine oil are most commonly
and widely used reagents in coal flotation and are nonenvironmental friendly.
2. Material and Methods
2.1 Materials

A coking coal sample collected from one of the
mines in Jharkhand was utilized in this flotation study.
Commercially available flotation reagents widely used in
coal washeries were used as collector and frother. An ecofriendly collector ‘Collector AB’, synthesized from natural
product was also used to compare its flotation separation
efficiency with that of commercial reagents.
2.2 Methods
Flotation experiments on the coal sample were
carried out using laboratory D12 Denver flotation machine
at natural pH (~7.0 pH) and ~12% solids by weight. The
flotation experiments were carried out on two different
sizes of flotation feed, 100% passing 0.5mm and 0.25mm.
3. Results and Discussion
3.1 Characterization of coal sample
The petrological characterization of coal sample
revealed the predominant presence of inertinite along with
vitrinite.

Figure 1: Petrological image showing the presence of
vitrinite and inertinite of the coal sample
3.2 Size and ash distribution analysis
By analysis, ash in the coal was found to be 25.75%.
The sieve analysis indicates that +300µm size fraction has
higher ash content and thus the relatively coarser fractions
contribute to higher ash content in comparison to that of
below 150µm size fractions.
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The newly developed single reagent, Collector AB at 0.087
kg/t resulted in a concentrate of 38.20% yield at 16.32%
ash. These results indicate that the single reagent,
‘Collector AB’ has better flotation separation efficiency in
terms of better recovery of concentrate at equivalent ash in
the concentrate.
Flotation studies were also conducted on 100% -0.25mm
coal. A concentrate of 55.40% yield at 18.23% ash could
be obtained using commercial collector (0.0145 kg/t) and
frother (0.0055 kg/t). A concentrate of 63.18% yield at
17.92% ash could be obtained using newly developed
‘Collector AB’ at 0.116 kg/t dosage. At equivalent ash
levels in the concentrate, there is an improvement in yield
when 100% -0.5mm coal was reduced to 100% -0.25mm
size.
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Figure 2: Size-wise ash analysis of coal (-0.5mm).
Hence, another size fraction of 100% passing 0.25mm
was also prepared and subjected to flotation studies using
commercial dual-reagent system and synthesized single eco
–friendly reagent, ‘Collector AB’.
3.3 Flotation studies on -0.5mm & -0.25mm size fractions
using commercial collector & frother and ‘Collector AB’
Flotation studies on 100% -0.5mm coal using
commercial collector (0.412 kg/t) and frother (0.0055 kg/t)
indicate that a concentrate of 32.45% yield at 16.84% ash
could be obtained.
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Table 1: Flotation test results of coal
Flotation
Reagent
Commercial
collector &
frother
Collector AB

Commercial
collector &
frother
Collector AB

Product

Yield,
%

Ash,
%

-0.5mm size coal
Concentrate
32.45
16.84
Tailings

67.55

The flotation studies on coal using commercial dualreagent system of collector & frother and newly
synthesized natural product based ‘Collector AB’ at two
different size fractions indicate that the ‘Collector AB’ has
better flotation performance efficiency with higher yield of
the concentrate. Further, there is an improvement in yield
when 100% -0.5mm coal was reduced to 100% -0.25mm
size. ’Collector AB’, synthesized from a natural product is
eco-friendly in nature and proved to be a good alternative
to commercially available flotation reagents and other
hydrocarbon oils presently being used for coal flotation.
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Ash
distribution,
%
20.61

31.16

79.39

Concentrate
38.20
16.32
Tailings
61.80
32.27
-0.25mm size coal
Concentrate
55.40
18.23

23.82
76.18
38.41

Tailings

44.60

36.33

61.59

Concentrate
Tailings

63.18
36.82

17.92
38.45

44.45
55.55
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1. Introducti on
The beach and dune sands in India contain heavy
minerals like ilmenite, rutile, garnet, zircon, monazite and
sillimanite. Ilmenite-rich major beach and dune sand
deposits occur in the coastal stretches of Kerala (Chavara),
Tamil Nadu (Manavalakurichi, Midalam, Vayakallu r),
Andhra Pradesh, Odisha and Maharashtra. The Indian
ilmenite commonly contains 50-60% TiO2 and is suitable for
various beneficiation processes. Zircon, Monazite and
Sillimanite are ubiquitous in both the beach and inland red
Teri sands, and constitute potential co-products. Indian
resources constitute about 35% of world resources of
Ilmenite, 10% of Rutile, 14% of Zircon and 71.4% of
Monazite. India meets about 10% of the world requiremen t
of garnet. Heavy-mineral sands, which are sedimentary
deposits of dense minerals that accumulate with sand, silt,
and clay in coastal environments, locally forming economic
concentrations of the heavy minerals [1–4].
The coastal lines of India are rich in placer deposits of
valuable heavy minerals such as ilmenite, garnet, rutile,
zircon and sillimanite. The conducting and magnetic
minerals are separated first, leaving behind the non conducting and non-magnetic sillimanite along with quartz
in the processing of heavies in beach sand. Sillimanite, an
important mineral for refractory application is mainly
recovered by flotation technique from its associated majo r

gangue mineral, quartz by imparting selective surface
hydrophobicity on sillimanite using a suitable collector.
2. Material and Methods
2.1 Materials
In this study, a placer sample after the removal of
heavies from western coast of southern India containing
55.4% sillimanite along with 33.9% quartz, 1.7% magnetics,
1.4% rutile, 2.4% zircon, 5.6% kynite was subjected to froth
flotation for enriching the sillimanite content.
A representative head sample was drawn and the remainin g
material was used for flotation studies. A laboratory
synthesized plant-based reagent SFA and oleic acid (LR
grade) were used as collectors. Sodium silicate was used as
depressant for quartz and soda ash as pH regulator.
2.2 Methods
Bench scale flotation experiments were carried out
in a standard Denver laboratory D12 type flotation machine.
Representative feed and concentrate samples were subjected
to X-ray diffraction (XRD) using PANalytical (X’pert )
powder diffractometer to identify the mineral phases.
Fourier transform infrared (FTIR) was used to detect various
functional groups present using Bruker Alpha II compact
FTIR Spectrometer-ATR module.
3. Results and Discussion

3.1 Characterization studies
The characterization of the plant-based reagent for
sillimanite flotation was evaluated using FTIR in order to
study the functional groups that enhance the selective
sillimanite flotation. The peaks at 3200 to 3500 cm-1 and
1636 cm-1 confirm the presence of -COOH in the natural
source based collector.

Figure 1: FTIR images sillimanite sample coated with (A)
oleic acid (B) plant-based reagent SFA
The adsorption of new reagent on sillimanite surface was
examined by FTIR spectroscopy. The peak shifts in FTIR
spectrum of reagent-coated sillimanite indicates the
chemisorption of new reagent on sillimanite surface.

It can be seen from Figure 3 that grade and recovery is higher
in case of plant source based collector than that of the
conventional oleic acid.
4. Conclusion
Flotation process was optimized by varying process
parameters such as pH, depressant dosage and dosages of
both the collectors. It was observed that flotation
performance of the natural source based collector has better
selectivity and improved recovery as compared to that of
oleic acid as collector. An improved weight recovery of
67.8% with 85.1% sillimanite was obtained using the newly
developed natural source based collector while a weight
recovery of 55.5% with 84.9% sillimanite was obtained
using oleic acid. The improved sillimanite recovery by using
this new plant source based collector than that of the
conventional oleic acid would be more economical in
industrial scale sillimanite recovery in beach sand
processing industries.
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1. Introduction
Due to depleting high-grade graphite ore, utilization of
low-grade ore by beneficiation becomes utmost importance
for sustainable development and resource management.
Amongst various beneficiation techniques, froth flotation is
more suitable for treating fines and naturally hydrophobic
ores such as graphite. Flotation is a surface phenomenon
based on the differential surface hydrophobicity of the
minerals to be separated [1,2,3]. Since graphite is a
naturally floatable mineral, this technique was adopted for
beneficiation. Flotation reagents such as collector and
frother were used to enhance the efficiency of the
separation process [4]. The chemical reagents commonly
used in graphite flotation are hydrocarbon oils such as
diesel, kerosene along with a frothing agent such as methyl
isobutyl carbinol (MIBC) which are not cost effective due
to continuous escalation in price when consumed in large
quantities at industrialscale processing of the ore [5,6].
Hence in this work, a new collector for graphite
flotationwas developed utilizing low-density polyethylene
waste as an alternative to conventional hydrocarbon oils. In
this study, beneficiation of a low-grade graphite ore (run-of
mine) from Tamil Nadu, India by flotation was carried out
using the new collector derived from LDPE waste
(collector-PE) and also diesel as collector. The flotation
performance efficacy of this collector PE was evaluated in
comparison with diesel as collector. MIBC was used as
frother in both the cases.

2. Material and Methods
A low-grade graphite (run-of mine, R.O.M) ore from Tamil
Nadu, Indiawas utilized in this study for recovery of
graphite by flotation. Commercial grade diesel, MIBC (LR
grade), collector PE (derivedfrom LDPE waste) was used.
The tests pertaining to optimization of process parameters
such as mesh-of-grind, collector and frother dosages to
recover graphite with reduced ash content were conducted.
3. Results and Discussion
3.1 Characterization of graphite ore
The low-grade graphite ore (R.O.M) was characterized for
mineralogical studies by x-ray diffraction, morphological
studies using scanning electron microscopy, fixed carbon
and ash by proximate analysis.The x-ray diffraction studies
(Figure 1) revealed that graphite phase was accompanied
predominantly by quartz. Kaolinite and muscovite formed
the minor phases.The proximate analysis of R.O.M
graphite ore was analysed with a moisture content of 0.4%,
1.10% volatile matter, 88.59% ash and fixed carbon of
9.85%. Themorphological study of graphite ore is carried
out using Scanning electron microscopy (Fig. 2). The FTIR
analyses of the flotation reagents diesel and collector PE
were carried out.
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Fig.1: X-ray diffractogram of graphite ore
Figure 3: Comparison of dosage (Kg/t), Recovery (%) and ash (%)
using diesel and PE oil

Figure 2: SEM image of graphite ore

From the results, it can be concluded that at equivalent
concentrate recovery and grade, the newly developed
reagent has an equal performance at half the dosage of
diesel. Thus, the newly developed collector for graphite
flotation could be cost effective, as an effective means of
utilization of LDPE waste and also as a better alternative to
diesel.

3.2 Results of flotation studies of graphite ore
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The flotation experiments on low-grade graphite
ore analyzing 9.85% fixed carbon and 88.59% ash content
were carried out for optimization of process parameters
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µm (d80), a concentrate of 12.6% weight recovery and 8.7%
ash could be obtained at 0.85 kg/t of diesel and 0.05 kg/t of
MIBC. At the same mesh-of-grind, a concentrate of 13.4%
weight recovery at 8.9 % ash could be achieved with 0.46
kg/t of collector PE and 0.05kg/t of MIBC.
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4. Conclusion
The flotation performance efficacy of collector PE in
combination with MIBC as frother in low-grade graphite
flotation was evaluated and compared with that of
conventional diesel and MIBC frother combination.
Graphite ore with 86.84% ash when treated with new
reagent as collector and MIBC as frother yields a final
concentrate of 13.4% with 8.9 % ash as compared to 12.6%
with 8.7 % ash using diesel as collector and MIBC as
frother after 2-stage cleaning of rougher concentrate.
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1. Introduction

2.3 Adaptation of mixed bacterial consortium

The major reserves of nickel in India are present in the
lateritic chromite overburden of Sukinda chromite mines,
Jajpur,Odisha. About 85% of world’s nickel deposits are of
lateritic type [1]. Nickel is reported to be closely embedded
with goethite matrix and cobalt occurs primarily in
manganese mineral phases in Sukinda chromite overburden
[2]. Because of such complex mineralogy the conventional
(pyro-metallurgy and hydro-metallurgy) are not suitable for
the extraction of nickel and cobalt from the nickel laterites.
In this context microbial leaching of lateritic nickel ores
could be an alternative technology for processing of
lateritic ores [3].

Prior to the bioleaching experiment the mixed bacterial
consortium was adapted to nickel concentration of 1.2g/L
in order to develop a nickel tolerant consortium with
increased nickel leaching ability.

2. Material and Methods

2.4 Bioleaching study

2.1 Sample collection

Further bioleaching of nickel and cobalt from raw and
thermally pre-treated COB were conducted using the nickel
adapted bacterial consortium. The experiment was carried
out in 250mL Erlenmeyer flask containing 90mL of 9K+
media, pH-1.5, 10% (v/v) inoculums of mixed bacterial.
The appropriate amount of raw and thermally pretreated
COB sample according to the predefined pulp density was
added into the flasks. The flasks were incubated in a rotary
shaker at 35 and 150 rpm for 30 days. At regular interval
sample were withdrawn and analysed for nickel and cobalt
using AAS (Perkin Elmer-AA200). Control experiments
without bacterial inoculation were performed for each
experimental sets.

The nickel bearing chromite overburden (COB) sample was
collected from South Kaliapani Chromite mines, Jajpur,
Odisha. The sample was pretreated at 600 for 5hours.The
chemical analysis of raw and thermally pre-treated COB
sample is reported in table 1.
2.2 Microorganism
The mixed mesophilic acidophilic bacterial consortium
(predominantly Acidithiobacillus sp.) used in this study
was a laboratory stock culture. The bacterial consortium
was grown in 9K+ media and pH at 1.5.

Leaching experiments were carried out using both the
adapted and un-adapted mixed bacterial consortium. The
experiment was carried out in 250mL Erlenmeyer flask
containing 90mL of 9K+ media containing 5% (w/v) of raw
COB, pH adjusted to 1.5, inoculated with 10% (v/v) mixed
bacterial culture and incubated in a rotary shaker at 35
and 150 rpm for 30 days. At regular interval sample were
withdrawn and analysed for nickel and cobalt using AAS
(Perkin Elmer-AA200).

Table 1: Chemical analysis of the overburden samples before and after
roasting.
Sample type

% Ni % Co % Fe % Zn % Cr % Mn

Chromite Overburden

0.89

Thermally treated Overbu 1.08

0.031 45.78 0.0089 3.95

0.35

0.065 51.79 0.01

0.50

4.03

% Leaching of Ni and Co

3.2 Adaptation Study
Figure 1 shows the graph of leaching rate of nickel and
cobalt for adapted and un-adapted bacterial consortium in
terms of weight percentage plotted versus time. The
percentage leaching of nickel and cobalt for adapted
consortium were 24.48% and 31.24% respectively.
Whereas, for un-adapted consortium the percentage
leaching of nickel and cobalt were 15.23% and 16.15%
respectively (Fig.1). The adapted bacterial consortium is
more efficient in leaching of nickel and cobalt from the
COB sample then the un-adapted consortium. Therefore
further experiments were conducted using the adapted
consortium.
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Figure 1: Effect of pre-adaptation of the mixed bacterial
consortium.
3.3. Dissolution of nickel and cobalt
The bioleaching of nickel and cobalt from the thermally
pre-treated COB sample (at 600 ) using adapted mixed
bacterial consortium was evaluated by varying the pulp
density. Figure 2 shows the graph of leaching rate of
nickel and cobalt in terms of weight percentage plotted
versus time for 2% pulp densities. The maximum leaching
rate of nickel and cobalt were found to be 73.68% and
79.24%(w/w) respectively at 2%(w/v) pulp density within
30 days of incubation. The control leaching run showed
only 3.26% and 4.56%(w/w) leaching of nickel and cobalt

which indicates the significance of bacterial bioleaching for
the dissolution of nickel and cobalt from the thermally pretreated COB sample.
% Leaching of Ni and Co

3. Results and Discussion
3.1 Characterization of COB
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Figure 2: Leaching rate of nickel and cobalt in terms of
weight percentage at 2% pulp density
4. Conclusion
In the present study the mixed consortium of mesophilic
acidophiles (predominantly Acidithiobacillus sp.) were
used for bioleaching of nickel and cobalt from thermally
pretreated COB sample. The thermal pretreatment of COB
sample at 600 resulted in increase in nickel and cobalt
from 0.89 to 1.08 and 0.031 to 0.065 respectively. The preadaptation experiment carried out at 5% pulp density (raw
COB sample) shows that maximum leaching of nickel and
cobalt (24.48% and 31.24% respectively) were obtained
with adapted consortium than the un-adapted consortium
i.e. 15.23% and 16.15% respectively. The bioleaching
study of thermally pretreated COB sample using adapted
consortium at different pulp density shows maximum
leaching of 73.68% and 79.24%(w/w) of nickel and cobalt
respectively at an optimum condition of pulp density-2%
(w/v), pH-1.5, inoculums-10% (v/v), temperature-35 and
incubation period-30 days, from the thermally pre-treated
COB sample.
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1. Introduction
Froth flotation separates and concentrates minerals
depending on the variation in the physicochemical properties
of the interfaces, e.g., the surface hydrophobicity and
floatability between the mineral and gangue particles.
Generally, the separation is carried out in mechanical cells
in which the entrainment of the fine hydrophilic gangue
particles takes place in the froth phase. Because of the
intrinsic mechanics of the phenomenon, it has a damaging
effect on the performance (metallurgical) of the process. A
successful method to impede the entrainment of such fine
gangue came forth with the advent of the column flotation
cell, which utilizes a deep froth zone. To prompt a cleaning
action of the froth, this zone is washed countercurrently with
water (termed as "wash water"). The addition of the column
has proven to be beneficial to conventional flotation circuits
[1]. Regardless of the transportation mechanism employed
for getting to the froth region, particles can go back to the
pulp region, or at last set off the froth region into the
concentrate launder if the levels of the controlled variables
permit the froth removal.
Considerable work over the last decades done on column
flotation shows the increasing interest in this technology, the
direct result of which is the research on many aspects of
column flotation. Flotation columns perform relatively
better (e.g., a better product grade is achieved) as compared
to the mechanical cells (conventional) in the washing
operations due to their special froth operation. The industrial
use of this technology has spread to many fields, like the
treatment of coal, wastewater, corn, clay, proteins, resins,
dyes, rubber, glass, fats, plastics, cane sugar, and fruit juices.
There are a huge number of parameters involved, and the

interaction between three phases (i.e., gas, liquid, and solid)
makes it one of the most compound mineral processing
operations. Various components related to the floated
mineral can affect the efficiency of separation by flotation,
such as its surface properties, degree of liberation, several
operating variables (gas and liquid velocity, frother
concentration, particle concentration and size), and grade.
In the present work, experiments has been conducted to
analyse the influence of gas velocity, particle concentration,
and particle size on particle recovery.
2. Experiments
2.1 Materials
The experiment was conducted in a cylindrical laboratory
flotation column. The diameter of the column was 0.055 m
and the height of the column was 0.91 m. The experiment
was conducted in continuous mode. The slurry (mixture of
coal particles, water and surfactant) was continuously fed to
the column while gas bubbles were introduced to the column
using a spherical sparger. Compressed atmospheric air was
supplied to the sparger using a compressor. All experiments
were performed at a 5.56 kg/m3 particle concentration. Two
different surfactants, SDBS and CTAB, were taken for the
experiments. A diagram of the experimental setup is
represented in Figure 1.
3. Results and Discussion
3.1 Effect of superficial gas velocity on the recovery of coal
particles
The effect of superficial gas velocity on the recovery of coal
particles at a constant slurry concentration (i.e., 5.56 kg/m3),
surfactant concentration (i.e., 100 g/m3), superficial slurry
velocity (i.e., 0.007 m/s), and particle size (i.e., 235.61 µm)

in the presence of CTAB (i.e., cationic surfactant) and SDBS
(i.e., anionic surfactant) is shown in Figure 2.

3.2 Effect of particle size on the recovery of coal particles

Cleaning zone

The effect of particle size on the recovery of coal
particles at a constant slurry concentration (i.e., 5.56 kg/m3),
superficial gas velocity (i.e., 0.063 m/s), and superficial
slurry velocity (i.e., 0.021 m/s) is shown in Figure 3.
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Figure 1: Diagram of experimental setup.

Figure 3: Effect of particle size on the recovery of coal
particles

The bubbles were responsible for carrying the coal particles
to the recovery plate. The recovery of the coal particles
increased with the increasing volume of the froth. It was
found that the amount of recovery was increased with the
increasing amount of the gas passing through the column.
The model developed by Soni [2] predicts that the recovery
of the particles by flotation would increase with the
increasing airflow rate. They have reported the complex
effects of superficial gas velocity and particle size on the
recovery of copper.
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Figure 1: Effect of superficial gas velocity on the recovery
of coal particles.

4. Conclusions
The present study was carried out to determine the effects of
superficial slurry velocity, superficial gas velocity, particle
size, and surfactant concentration on the recovery of fine
coal particles in a counter-current flotation column. CTAB
and SDBS were used as the cationic and anionic surfactants,
respectively. It was found that the coal recovery increased
with the superficial gas velocity. The recovery of the
particles increased with the surfactant concentration in the
feed. However, beyond a certain limit, the recovery was
reduced, inasmuch as the amount of froth reached its
maximum. The same trend was observed for both the
surfactants.
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1. Introduction
2.2 Methods
Partially Laterite Khondalite (PLK) are the waste
mining rocks of bauxite which contains low alumina
content, high iron and silica content as the major
impurities. Due to its inferior quality the material can’t be
utilized for industrial applications. The National Mineral
Policy (NMP) 2019, has emphasized to utilize the small
group of mining sites for converting waste into wealth.
Keeping in view the improvement of the quality of the
material, various beneficiation methods have been adopted
at CSIR- IMMT, Bhubaneswar. The studies carried out can
be upgraded to high quality of the material with relevant to
reduction in iron content, removal of silica content and
increase in the quality of alumina. Presently, India is
importing high grade quality bauxite ore for industrial
applications. The major impact for considering the
utilization of low-grade bauxite ore is the cost and the life
of the bauxite mine. This paper describes the suitable
beneficiation techniques attempted for improving the
quality of material available, for the cause of industrial
applications.

2. Materials and Methods
2.1 Materials
Utkal Alumina International Limited, Doraguda had
sent PLK, mining waste rock bauxite.Around 2.3 tons of
the sample was received at CSIR-IMMT, Bhubaneswar to
carry out the R & D work and various beneficiation
techniques to remove discoloring impurities for improving
the quality of bauxite.

2.2.1 Characterization of PLK sample
Physical characteristics such as bulk density, true
density, porosity, angle of repose, d80 passing size, BWI
were determined for the sample as per the standard
procedure. The detail chemical analysis of the sample is
done by using XRF.

2.2.2 Beneficiation Studies
Initially, the feed ROM sample is being scrubbedina
drum scrubber with different parameters like particlesize,
pulp density and time to remove the detrimental impurities.
Removing the fines, the coarse products are introduced into
the hydrocyclone and air classifier to assess the amount of
Fe present. Thus, to remove the magnetic impurities
present, the products are further subjected to WHIMS and
DHIMS.

3. Results and Discussions
3.1 Characterization
The physical characteristics of the sample shows that
the nature of the sample varies from yellow, brown, pink,
red, brown, white, 35˚ angle of repose ,1.2gm/cc of bulk
density, 3.3 of specific gravity, 2.7 of true density, 50.8 %
of porosity, 3500µm of F80, 9.7kWh/t of BWI.The chemical
composition of the sample obtained from the XRF shows

that the sample contains 37.18% Al2O3, 18.98% SiO2,
14.83% Fe, 6.17% TiO2 etc.
3.2 Beneficiation studies
3.2.1 Scrubbing studies
The fines released by manual scrubbing of the sample
was soaked in water. It is observed that the TiO2 content is
increasing in the coarse fraction and Fe content is
increasing in fines.

4. Conclusion
From the above it is concluded that these
beneficiation techniques can improve the quality of the
low-grade bauxite PLK rock.Thebeneficiated product can
be used formanufacturing refractorymaterials, fillers in
paper industry, ceramic industries. Thus, this beneficiation
technique can be adopted at industries taking account to
itsenvironmentfriendly processes.
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1. Introduction
Iron ore is the essential raw material for the iron and
steelmaking industries. Due to the depletion of high-grade
iron ore resources, it is the need of the hour to use the lowgrade iron ore. The presence of goethite and other gangue
minerals makes the iron ore more fragile and huge fines
generates during the comminution process. These low and
lean grade fines cannot be utilized directly in the
conventional steel making processes. The present study
highlights the mineralogical characterization of the fines
from eastern Indian iron ore and the phase transformation
during the slow and rapid reduction roasting. The reduction
roasting was carried out under fixed and fluidized
conditions to understand the reduction mechanism of this
low-grade iron ore.
2. Material and methods
2.1. Materials
Low-grade iron ore fine samples were taken for
reduction roasting. These low-grade iron ore fines
originally come from the Barbil area of Odisha, India. A
representative sample (-2mm) was drawn by coning and
quartering method and was subjected to grinding to obtain
a sample of size -150 micron. The XRF analysis of these
fines has found 79.308 wt. % of Fe2O3(Total Fe 55.46 wt.
%), 5.73 wt % of Al2O3(Al 3.03 wt. %), and 11.07 wt
%SiO2(Si 4.086wt. %).
A high ash non-coking Indian coal is used as a
reductant to carry out the reduction roasting process. From
the proximate analysis, the fixed carbon (FC) of the

reductant was found to be 38%. The obtained coal was
crushed, ground, and passed through the #35mesh sieve.
2.2.Methods
2.2.1 Characterization of feed sample
The representative low-grade iron ore feed sample was
subjected to chemical and mineralogical analysis using Xray Diffraction (XRD), chemical analysis conducted by
using energy dispersive X-ray fluorescence analysis
(EDXRF), optical microscopy on a reflected light
microscope, Scanning Electron Microscope (SEM) which
is shown in Figure 1. From this study, it is observed that
the feed iron ore is rich in goethite. Therefore, it is porous
which is more suitable for reduction roasting.
2.2.2. Experiment
Roasting experiments were carried out under two different
conditions, i.e., fixed and fluidized conditions. Under the
fixed condition, the experiments were carried out in the
muffle furnace for the higher period (30 minutes) with
varying temperatures (700 °C, 800 °C, & 900 °C. However,
the experiments carried out under fluidized condition was
performed at 900 °C with variable residence time (2, 4, 6,
8, & 10 minutes). Due to high heat and mass transfer, the
temperature was maintained higher for fluidized conditions.
A representative mixture of iron and coal samples was
prepared at an 80:20 ratio (by weight) for this study. Then,
after reduction under different conditions, the roasted
sample was subjected to magnetic separation at a low
magnetic intensity to recover the concentrate (magnetite).

Figure 2: Roasted sample
Figure 1: Feed sample Goethite rich
4. Conclusion
3. Results and Discussion
The phase transformation that occurred during the roasting
process is discussed below.
3.1 Phase Transformation
Under the fixed condition, the reaction follows goethite to
hematite (Eq. (1)), and then hematite to magnetite (Eq. (2)).
However, magnetite to wustite (Eq. (3)) was formed at a
higher temperature due to the excess amount of reductant
formed during experimentation. On the other hand, under
the fluidized condition, the conversion process followed
Eq. (1) -Eq. (2) - Eq. (4). In the case of Fluidized-bed
roasting, the re-oxidation of the roasted sample occurs
which follows Eq. (3).
2FeOOH(s) = α – Fe2 O3 (s) + H2 O(g)
(1)
3α – Fe2 O3 (s) + CO(g) = 2Fe3 O4 (s) + CO2 (g)(2)
Fe3 O4 (s) + CO(g) = 3FeO(s) + CO2 (g)(3)
4Fe3 O4 (s) + O2 (g) = 6Υ − Fe2 O3 (4)
The fixed bed roasting is comparatively slow as it takes a
higher reaction time due to slow heat transfer across the
layers of the bed. However, in the fluidized condition, the
reaction process is fast and it requires less time to react. In
the present study, better conversion was seen at 900 °C
under fixed bed conditions. Similarly, under fluidized
conditions, better conversion was obtained at 900 °C, and 6
minutes reaction time. Partial re-oxidation of reduced
sample occurred in the case of the fluidized condition.

Due to goethite rich in nature, the feed sample was suitable
for reduction roasting.Wustite was formed at higher
temperature in case of fixed bed. Goethite transformed into
maghemite via magnetite as an intermediate phase and it
was occurred due to the presence of oxygen during the
reduction reaction.Maghemite has ferromagnetic in nature
so it present in Magnetic percentage of sample.
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1. Introduction
As per-capita steel consumption has increased dramatically
in the last decade, it has become essential to utilize iron ore
with impurities to meet the demand of steel production.
Phosphorousis one of the detrimental elements in iron and
steel making as it adversely affects the steel quality[1].
Phosphorus increases strength and hardness, but at the
expense of ductility and toughness. As such its content in
most steel is limited to a maximum of 0.05%. Therefore, it
is always a better option to remove phosphorus from iron
ore before further processing for making iron and
steel.Generally phosphorous is associated with iron ore in
the form of apatite or fluorapatite, present either at the edge
of iron oxide particles or in the matrix of quartz or
carbonate minerals, and a small amount exists in iron ore
lattice [2]. The hydrometallurgical method is regarded as
one of the suitable techniques for dephosphorization of iron
ore. Phosphorus can be removed in chemical leaching
process either by treatment with acid media or alkaline
media[3,4].The reaction control by chemical leaching is
diffusion mechanism. It is only effective in removal of
phosphorus when the phosphorus minerals are present in
apatite form. It needs more residence time and also higher
concentration of alkali and acidic medium.The
dephosphorization reaction for acidleaching:
Ca5(PO4)3 (F,OH,Cl) → 5Ca2+ + 3H2PO4- + H(F,OH,Cl)[5]
For Alkaline Leaching:
Ca5(PO4)3F + 10NaOH + 5SiO2 →3Na3PO4 + NaF
+5CaSiO3 + 5H2O[1]

In this study, chemical leaching has been carried out on a
high phosphorous iron ore using sulphuric acid (H2SO4)
and sodium hydroxide (NaOH) solution.
2. Material and Methods
The high phosphorus iron ore feed assayed 60.51% Fe,
1.52% Al2O3, 2.14% SiO2, 8.24% LOI(Loss on ignition)
and 0.13% Pwas crushed to -10 mm size and then fed to
screw scrubber (Fig. 1). The screw scrubber underflow was
crushed by a ball mill and screened through standard sieves
to select specific size ranges for leaching experiment, i.e., 300+212, -212+150, -150+100, -100+75, -75+45 and -45
µ. The dilute sulphuric acid and sodium hydroxide was
chosen as leachant in the experiment, the liquid-solid ratio
was 10:1in which 100 ml solution and 10 g of iron ore was
used. Leaching experiments were carried out at room
temperaturewith 300 r/minute of agitation using a magnetic
stirrer (iStir HP 550). The acidandalkali–ore reactions were
conducted in 250 ml beaker and the slurry was stirred by a
magnetic stirrer. After the leaching, the slurry was passed
through filter paper and the residues were dried at 110°C
for 2h in anelectric oven. Each representative sample was
analyzed by ICP-OES (Optima 8300, Perkin Elmer, USA)
for ‘P’ content. The Fe content of filtered solid residue was
analyzed by wet chemical method. The microstructure of
the feed sample was studied under Leitz optical
microscope.

extent of dephosphorizzation in acid leachinng is
n alkali leaaching
comparativelyy higher thhan that in
irrespective of the size range. The degreee of
dephosphorizzation is founnd to be increeasedfor loweer size
range (up to size -150+100 µ) due to liiberation. Agaain the
ws the replicaation of ‘P’ content
c
dephosphorizzation % show
in feed size fractions forr the lower size ranges, i.e., 100+75, -75+
+45 and -45 µ.

Figure-1:F
Flow
w sheet of thee experimentall method
3.. Results and
d discussions

Figure-4:- Degree
D
of dephhosphorizationn between accid and
alkali leachinng.
Figure-2
F
:-Micrrostructure of feed sample, hematite (H),
gooethite (G) annd magnetite (M)
The
T optical miicrostructure of
o the feed saample is show
wn in
Fig. 2. It depicts that thhe feed sampple is weath
hered
heematite, in which
w
traces oof magnetite are
a present within
w
thhe matrix of goethite. Thee size distribution of leacching
feeed determineed by wet sievingand their respective ‘Fe’
annd ‘P’ contennt are shown iin Fig. 3. It represents
r
thaat the
‘P
P’ concentration is comparaatively high inn the size rangge of
-445 µ.

Conclusion
In the presennt investigatioon, maximum
m dephosphoriization
of around 700% was foundd to occur in both
b
acid andd alkali
leaching at thhe size range of -150+100µ
µ.Iron loss waas less
than 1%. Acid
A
leachingg is more feeasible than alkali
leaching for its
i cheap cost as well as avaailability.
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1. Introduction

2.2.1 High rate thickening

The chromite ore overburden of the Sukinda region
contains nickel with the tenor in between 0.4 to 0.8% Ni.
The demand for nickel and the current battery and stainless
steel application has increased manifold in recent times.
Different routes are currently exploited to understand the
techno-economic of the processes through pyro and
hydrometallurgical routes. In most cases, preconcentration
or material preparation is the critical and primary step of
the flowsheets. In these flowsheets, dewatering of the
slurry is also a step for solid-liquid separation. Also, due to
complex mineralogy, dewatering is a critical step to
understand and optimize based on the need. The main
objective of the present investigation is to evaluate
different dewatering processes for effective solid-liquid
separation.

Initially, batch settling tests were carried out to screen the
commercial flocculants and optimize the dosage for
effective settling of the tailing slurry. Thickening
experiments were carried out in a lab-scale high rate
thickener. Different flocculants were used during the test
program at a constant pH of 7.3. The underflow and
overflow streams were collected for analysis.

2. Material and Methods
2.1 Materials
The chromite overburden sample was collected from a
typical mine from Sukinda region, Odisha. The
granulomety of the sample was measured in a laboratory
sieve shaker, and ICP-AES (Inductively Coupled Plasma
Atomic Emission Spectroscopy; Integra XL, I.R. Tech. Pvt.
Ltd) was used for the elemental analysis. The mineral
analysis was carried out by X-ray diffraction (XRD)
supplied by PANanalytical B.V. (Netherland). Polymerbased commercial reagents were used as flocculants for the
particle settling during thickening. Also, few dewatering
aids were used for the filtration studies to enhance the
filterability and to reduce the moisture.Methods

2.2.2 Vacuumfiltration
Experiments were conducted in a laboratory Buchner
funnel fitted with a suitable filter cloth. During the
filtration, a vacuum pressure of 200 mm Hg was applied.
As the liquid phase appearing on the formed cake
disappears through the surface, the cake formation time
ends and is recorded. Subsequently, drying time continues,
and the same vacuum pressure continues for a specific
time. The filtrate is dried and weight recorded for moisture
determination, filtration rate, and cycle time.
3. Results and Discussion
3.1 Characterization of nickel-rich overburden slurry
Characterization of the slurry was carried out to understand
the granulometry and chemistry in terms of elements and
mineral composition. The granulometry of the slurry
sample (grounded to below 250 µm) revealed that 50% of
the particles have a size < 25 µm and 80% are < 98 µm.
The sample analyses 0.4% Ni with 20.2% Fe(T) and 29.5%
Si along with other minor elements. The density of the
tailing sample was found to be 3.2 g/cm3. Similarly, the
bulk density of the tailing sample was 1.2 g/cm3. The XRD
patterns of the sample found that quartz, pyroxene,
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Figure 1:Influence of feed slurry density and flocculant
dosage on underflow slurry density
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3.2 High rate thickening studies
In this study, particle settling was analyzed in a high rate
thickener set-up, and the results are presented in Figures 1
and 2. The influence of slurry density and flocculant
dosages were varied, and the results are shown in Figure 1.
It is found that there is an increase in the slurry density of
the underflow with an increase in the pulp density at a
higher flocculant dosage of 100g/t. However, there is a
reverse in the trend at lower flocculant dosage. These
phenomena can be further explained with an interaction
effect of sloid concentration and flocculant dosages.
Similarly, the quality of the overflows stream in terms of
clarity is shown in Figure 2. It is found that with an
increase in the pulp density, there is an increase in the
turbidity of the overflow stream.

moisture of the cake is varied between 26 to 33%. Also, the
minimum moisture reported is at a slurry density of 20%
with a cake thickness of 5 mm. Similarly, a higher filtration
rate is achieved at a pulp density of 60% with a cake
thickness of 3 mm.

Filtration rate (Kg/m^2/h)

chromite, hematite and goethite are the major mineral
phases present in the sample.

12

Feed slurry density (% sol. by wt.)

Figure 2:Influence of feed slurry density and flocculant
dosage on underflow slurry density
3.3Vacuum filtration studies
Vacuum filtration studies were carried out by varying the
slurry pulp density and cake thickness, and the results are
shown in Figures 3 and 4. It is found that the residual

4. Conclusion
Dewatering studies for nickel overburden slurry were
carried out using high rate thickener and vacuum filtration
for nickel overburden samples. It is concluded that the
thickener underflow can produce a thick slurry with a
density higher than 60% solids by wt.%. Similarly, the
filtrate cake can be produced with moisture content
between 25 to 30% at an optimum condition.
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1. Introduction

2.2 Methods

High grade quartz is an important non-metallic high-tech
raw material, which is widely used in microelectronics,
large scale integrated circuits, optical fibers, solar cells,
electro-magnetic materials, aerospace, military and other
industry sectors. Natural crystal stones are every time more
scarce andby this, they turn to be more expensive.
Therefore, seeking low price, high efficiency, environment
friendly quartz purification technologies plays a strategic
role in this matter. Among all impurities present in quartz,
iron is the most difficult to remove. A presence of iron
compounds leads to an unacceptable coloring of the final
product. Iron impurities embedded in the quartz particle or
attached to the quartz surface, or wrapped in the gas-liquid
inclusion are difficult to be removed.

2.2.1 Froth flotation

2. Material and Methods
2.1 Materials
The quartz sample was collected from Andhra Pradesh (Fig
1). The raw material was characterized for the initial
composition (SiO2 – 96.89%, Al2O3 – 0.32%, Fe2O3 –
0.98%, LOI – 0.089%). The samples were also characterized
with Particle Size Analyzer, SEM, XRD, ICP and XRF.

Fig 1: Raw Quartz Sample

A given amount of quartz (-100 micron, 100 g) was taken
and mixed well with required amount of tap water in a
vessel. Solid content in the slurry was fixed at 15%. The
slurry was transferred into the flotation cell (Fig 2) and
agitated at a given RPM (1500 RPM). Sodium silicate was
used as dispersant. pH was set by the addition of acid/alkali
as per the requirement. Required amount of frother,
dispersant and collector were added to promote the
separation. After addition of all the reagents, the system
was allowed to mix it well for a specific time (conditioning
time). Air was introduced after the conditioning period was
over. Air flow was controlled according to the
requirement/observation of froth formation. During the
flotation, the froth was removed from the cell surface
manually. The sink and froth materials were collected. The
collected materials were dried and weighed. The effect of
the following parameters was studied: 1. pH, 2. Dosage of
collector, 3. Dosage of frother.

Fig 2: Froth flotation cell

3. Results and Discussion
The initial pH of the solution was around 6.5. Final pH of
the solution after the addition of dispersant and collector
was around 9.5. Frothing was observed under this pH
condition. When the pH was reduced with the addition of
acid (HCl), no frothing was observed below the pH of 7.5.
While trying to increase the pH of the same, frothing was
initiated at a pH of around 8 – 8.5. Therefore, it was decided
to keep the pH of the solution slightly above the neutral
range for obtaining better results. There was not much
change in silica content in the pH range of 8.5 – 11. The
maxima in silica content was observed at a pH of 8.5 – 9.

Silica content (SiO2, %)

The dosage of collector and frother was varied from 5001000 cc/ton and 0-10,000 cc/ton respectively.It was
observed that with the increase in the dosage of collector
and frother, there was slight increase in the silica content.

Dosage of
collector
Dosage of
frother

Fig 3: Variation of silica content with dosage of collector
and frother

Further, the iron and alumina content of the final product
was found to be <0.5% and <0.15% respectively.
4. Conclusion
The silica content of the quartz sample with initial silica
content of ~ 96% was increased to a value of >99% through
froth flotation technique. The product thus obtained from
these experiments could be utilized as the raw material for
the production of silicon metal which can eventually be used
in manufacturing of high tech materials.
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1. Introduction
A high-flow gravity separation device called hydro-cyclone
is used for the separation of slurry particles on the basis of
particle weight and specific gravity. Hydro-cyclone utilizes
centrifugal force in order to separate particles according to
size, shape and specific weight. The main role behind the
working principle of the hydro-cyclone is of a conical
vortex- generating chamber. A tangential flow and a strong
vortex are created when a liquid slurry enters through the
top of the conical wall. The cyclonic spin is created within
the cylindrical chamber resulting in separation of particles.
It consists of two vortex- outer vortex and inner vortex.
Larger particles move through the fluid through the
generation of outer vortex whereas fine particles move
upward 9inner vortex) and leaves the cyclone through the
vortex finder.
The most economical process till date in the area of
purification of bauxite ore is the Bayer process. Bauxite ore
is digested with sodium hydroxide at higher temperature
nearly 106o-240oC to extract alumina from it. This is the
most viable process for the extraction, however, there is a
generation of substantial amount of waste product which is
known as “Red Mud”. It is composed of variety of minerals
containing oxides of titanium, silicon, vanadium,
manganese, calcium carbonate, calcium aluminate and
sodium aluminosilicates and considerable amount of Fe2O3
along-with undigested alumina.

The most widely used method to classify solids as per the
size of particle is by using hydro-cyclone due to its
operational simplicity. However, there are certain
limitations associated with it is like misplaced particle size
in overflow and underflow.Thus, a study of hydro-cyclones
with different conditions like pressure and solid
concentrations were done in this paper.
2. Material and Methods
Red mud slurry (feed) of different solid concentrations was
allowed to enter the hydro-cyclone in the present study for
different experimental runs. The density of feed used in the
present study is 1.424 g/cc. The effect of various
parameters such as solid weight percentage in feed,
pressurewas done.
3. Results and Discussions
Characterizations
The morphology of the red mud was observed by SEM.
The SEM images of the feed red mud carried out at
different magnification is shown in figure 1.
The minerals present in the red mud has been identified in
the infrared region (4000-400 cm-1) with Infrared
spectroscopy analysis which can be referred in figure 1.
Powder X-ray diffraction shown in figure 1 operated at 30
kV and 30 mA using Ni-filtered Cu Kα and in the 2θ range
from 10o to 80o at the rate of 4o min-1.

The plot between
b
weiight percentaage versus slurry
concentrationn is in decreeasing trend. However, thhe plot
between solid concentraation versus d50 (particle size)
increases with
w
increasee in feed pressure. P
Particle
misplacemennt has been fouund to exist duuring the sepaaration
using hydroccyclone, howeever same can
n be controlled with
change in thee operating parrameters.

Figuree 1: SEM, IR aand XRD of Reed Mud
The
T effect of feeed concentrattion in the sluurry is investiggated
att the feed prressure of 0.66 bar. The settling
s
patterrn of
paarticles in thee cylindrical chamber is dependent
d
on feed
cooncentration shown
s
in the figure 2(a).T
The reason caan be
atttributed to thhe tendency of
o the particlees to settle freely
fr
unnder the actioon of centrifuggal force and fluid resistance at
loow levels of feeed concentrattion.
However,
H
furthher increase in
i slurry conccentration bey
yond
thhe critical poiint results in the collision of particles with
eaach other ressulting in thee hindered seettling. Thus,, the
seettling route of particlees is disturbbed and weeight
peercentage off underflowiis reduced while separaation
coonsequently. Similarly effeect of other parameters succh as
innlet pressure etc. have also been studieed to observee the
seeparation. One of the obserrvations is thaat when wide size
raange of particcles are used there is partiicle misplacem
ment
haappening.

4.. Conclusionss
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T separationn of particles in the red mudd has been stu
udied
ussing hydro-cy
yclone. The sttudy elucidatees that the parrticle
seeparation sttrongly depeends on thhe feed sllurry
cooncentration and
a pressure.
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Figure 2: Vaariation of weight percentagge (Underflow
d50 (particle size)
s
with channge in Solid concentration.
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Tungsten is a prominent non-ferrous metal having wide
range of applications. India is a tungsten deficient country
and most of its demand is met by imports. However, some
lean grade indigenous resources are identified in various
parts of the country. The Hutti gold mine in Karnataka is
one of these examples. Though, it is known for its gold
reserve, the tailing after processing of gold contains 0.02%
of WO3 values in the form of scheelite mineral. The mining
activities are going on continuously for almost a hundred
years and the tailing is estimated as 21MT. Recovery of
tungsten values from this tailings could meet the strategic
needs of the country. In view of this, an attempt has been
made to recover the tungsten values following different
physical and chemical beneficiation techniques.
Froth flotation is one of the indispensable techniques used
in scheelite beneficiation. However, the presence of calcite
and different calc-silicates hinders the process as they
possess similar floating properties as scheelite. The current
article aims at examining the feasibility of flotation with a
fatty acid collector and sodium hexametaphosphate
(SHMP) as a depressant. The selective depressive effect of
SHMP on calcite and other impurities was studied in detail.
2. Material and Methods
The raw material was collected from the Hutti gold mine
tailing dump. Initially, the feed material was preconcentrated by various gravity concentrators in order to
deslime as well as to eliminate light gangue minerals.
However, the pre-concentration could improve WO3content
from 0.02% to 0.045%. Hence obtained pre-concentrate
was used for flotation as well as characterization studies.

The XRD study depicts quartz as the major mineral phase
present in the pre-concentrate along with arsenopyrite,
plagioclase, muscovite and chlorite. Fig.1 represents the
XRD spectra obtained from the feed material using X’pert
pro Panalytical X-ray diffractometer.
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Fig.1: XRD spectra of flotation feed material
Denver laboratory flotation cell was used in the current
study, where the impeller speed was maintained at 1500
rpm. The feed material of 100 g was mixed thoroughly with
water and fed to the flotation cell to form the pulp of 10%
solid (w/w) by concentration. The pulp was properly
agitated and conditioned with variable dosage of SHMP
and 100 g/t of oleic acid at different pH values. Later, the
air inlet valve was opened, and both froth and non-froth
products were collected, filtered and dried. Fig. 2 shows the
chemical structure of oleic acid and SHMP respectively.

concentration of phosphate ions can depress both calcite as
well as scheelite. Fig. 3 shows, increase in SHMP dosage
from 10 g/t to 50 g/t recovery causes decrease in recovery
from 90% to 21.6% subsequently increasing WO3 content
from 0.1 to 0.75%.
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Fig. 2: Chemical structure of oleic acid and sodium
hexametaphosphate
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Oleic acid is a fatty acid collector with the chemical
formula C18H34O2 and is considered as the most common
surfactant in oxide mineral flotation. It carries a negative
charge in its polar part (-COO-), which forms a bond with
Ca2+ ions in scheelite surface and thus get chemically
adsorbed on its surface. However, the adsorption
mechanism of oleic acid is quite sensitive towards cationic
charge resulting to the collection of a few other minerals
with similar cationic charge. Therefore, calcite, fluorite,
apatite and some calc-silicates also report as froth product
along with scheelite. This indicates poor selectivity of oleic
acid causing dilution of product grade. Moreover, calcite
shows similar floating behavior as of scheelite and
separation of calcite from scheelite is a difficult task.
Around 51% of yield was achieved at 100 g/t oleic acid
dosage with 0.08% of WO3 content. In view of this,
depressants are used to selectively depress calcite and other
calcium bearing impurities.
The performance of sodium hexametaphosphate (Na6O18P6)
as depressant was examined in the present study. The
mechanism of chemisorption of SHMP is due to the
dissolution of calcium ions by phosphates. Calcite exhibits
shorter Ca-O bond length than scheelite, thus possess
higher bond energy. Higher the bond energy, higher is the
reactivity of Ca2+ ions towards phosphate ions. Thus, the
ease of interaction among calcite and SHMP is higher than
that of scheelite. Hence, the addition of SHMP at 20g/t
dosage can reduce the yield to 21.32% with WO3 content
increasing to around 0.18%. However, higher dosage of
SHMP can drastically decrease scheelite recovery as higher
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Fig. 3: Grade and recovery curve as a function of SHMP
4. Conclusions
In the present article, application of SHMP as depressant
in scheelite flotation was experimentally investigated. It
was observed that, SHMP is selectively adsorbed on the
surface of calcite and other calcium bearing impurities at
certain dosage. However, at higher SHMP dosage
scheelite is also depressed along with calcite resulting
lower yield. The depressant (SHMP) dosage of 30 g/t
was found as optimum in scheelite flotation leading to
85% of recovery and 0.29% of WO3 content. Further
cleaning of froth enriches WO3 content to 2% with about
60% overall recovery values.
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1. Introduction
Targeting of Production Outsourcing (PO) during
production planning is an important task as PO is the only
solution during shortage at domestic production and
demand mismatch. Outsourcing managers face practical
difficulties of outsourcing time, which outsourcing
contracts to select and how to do negotiation for
outsourcing contracts (Yao et al. 2010). PO is necessary as
it solves many issues; they are (Kenyon et al. 2016): (i)
decrease customer order lead time, (ii) increase on-time
delivery rates, (iii) reduce manufacturing cycle time, (iv)
increase operating equipment effectiveness, (v) increase
plant performance as measured by overall operational
performance,(vi) increase customer retention, etc.
Leveling in production planning is balancing production
volume by segregating production orders and customer
demands. Production leveling mitigates unevenness,
overburden and waste that are three major loss factors of
productivity (Liker 2004). Production leveling can leads to
some extent of steadiness in production processes which
helps in implementing other lean production methods
(Rother 2010).
The production planning needs to identify constraints like
demand, inventory limits, and Utmost Production Limit
(UPL) which govern production activities.The UPL is
maximum feasible production at any time which is
dependent on technological development, availability of
resources, environment, economic and social issues. In this
paper, concept of PA has been extended to target PO and
level production in industries.
2. Problem Statement

Given a set of forecasted production demand (Pd,i) in
the ith time period (i=1,2,3,……,n) for a region



Forecasted utmost production limit (Pu,i) in the ith time
period for a region is given

The objective is to target minimum PO (X) and level
the production at each time-point by volume in
industries (Pi).
The maximum and minimum limitations in production are
determined under the given constraints for determining
real-time production planning.
3. Algorithm for sequential targeting of PO and leveling
of production
Step1. Set up a lower boundary curve.
Step2. Set up an upper boundary curve.
Step3a. If upper boundary curve completely lies above
lower boundary curve, then this is the case of feasible
solution. Then directly go to Step 4.
Step3b. If upper boundary curve lies partially or
completely below lower boundary curve, then this is the
case of infeasible solution. Then upper boundary curve
should be adjusted upward with minimum mandatory shift.
Step4.Once the feasible condition is obtained; then, join
initial point and end at extreme point of lower boundary via
shortest path where OPC should lies inside the region of
lower and upper boundaries.
Step5.Tabulate the production needed in each time point.
4. Illustrative Example: Bio-energy production
planning
Most of the regions have much constraint on land footprints
so minimum use of these agricultural outputs needs to be
used as raw material for the production of bio-energy.
Table 1 shows the data for bio-energy production.

Table 1: Generation of CDC and CUPLC for bio-energy
production(Chaturvedi and Bandyopadhyay, 2015).
Time
(week)

Demand
(103 t)

Production
limit (103 t)

CDC
(103 t)

CUPLC
(103 t)

1
2
3
4
5
6
7
8
9
10

300
300
300
600
600
600
400
400
300
700

250
500
50
100
800
1100
200
200
100
800

300
600
900
1500
2100
2700
3100
3500
3800
4500

250
750
800
900
1700
2800
3000
3200
3300
4100

Shifted
CUPLC
(103 t)
850
1350
1400
1500
2300
3400
3600
3800
3900
4700

Production (103 t)

Figure 1 shows the graphs of CDC and CUPLC on
production vs. time axis. It can be observed from diagram
that sometimes CUPLClie below demands, so for satisfying
the demand CUPLC should be shifted above CDC by an
amount which equals to the overall PO requirement (i.e., by
600,000 t).
5000
Lower Boundary/CDC
4000
3000

Upper
Boundary/CUPLC

2000
1000
0
0

3

6
Time (week)

9

12

Production (103 t)

Figure 1: CDC and CUPLC for bio-energy production
Maximum difference between CDC and CUPLC occurs in
4th week. The CUPLC needs to be shifted along y-axis by
the maximum amount to obtain pinch point (i.e., at 4th
week).
5000
Upper Boundary
4000
/ Shifted CUPLC
3000
2000

Lower
Boundary/ CDC

OPC

1000
0
0

2

4
6
Time (weeks)
Figure 2: OPC for bio-energy production

8

10

Figure 2 shows shifted CUPLC and CDC. In between these
two curves, shortest path (i.e., OPC) has been made which
starts from origin and end at the terminal point of CDC.
Table 3: Production plans of bio-energy
Time (week)
1
2
3
Production
(103 t)
Time (week)
Production (103 t)

4

5

375

375

375

375

600

6
600

7
400

8
400

9
400

10
600

4. Conclusion
In this work, concept of PA has been extended to target PO
and to determine level production plan while addressing
various restrictions of production such as matching
demands, availability of resources, inventory limits, etc.
The region between the lower and upper boundaries defines
the feasible region for production curve. It is established
that the shortest path joining the two end points of lower
boundary within the feasible region gives the level
production strategy. The illustrative example clearly shows
the maximum level of evenness in production that makes
the production a smooth process. The proposed
methodology is graphical and hence provides physical
insight to the problem.
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1. Introduction

2.1 Materials

Advances in technological development have led to the
use of new electronic gadgets from time to time. This has
resulted in the outdated gadgets accumulated as e-wastes.
Mobile phones and their printed circuit boards (PCBs) that
are a rich source of metals consist of both toxic and nontoxic metals. Zn among those is economically important
and finds its application in various industries. If discarded,
these PCBs are hazardous to the environment and human
health. Metals can be recovered from these materials by
physical (Pyrometallurgy), chemical (Hydrometallurgy)
and biological (Biohydrometallurgy) methods [1].
Bioleaching plays a significant role in Biohydrometallurgy
which can be employed in the recovery of metals from ewaste. Bioleaching can be achieved using microorganisms
as bioleaching agents to solubilize metals from the solid
matrix. Metal bioleaching has been widely studied with
chemolithotrophic groups of bacteria [3]. The few
heterotrophic organisms reported for bioleaching are fungi,
cyanogenic bacteria and actinomycetes [1,2]. The metals
solubilized from the matrix can be further subjected to
other metallurgical processes for reuse. The process does
not involve the use of hazardous chemicals or energy as in
the conventional physical or chemical methods making it
environment-friendly and cost-efficient.
This study was conducted to assess the potential of
Alcaligenes aquatilis in Zn bioleaching from PCBs at
various inoculum percentages.

The chemicals for the current study were procured
from the following companies: Beef extract and Peptone
from HiMedia Laboratories Pvt. Ltd., NaCl from Spectrum
reagents & Chemicals Pvt. Ltd., Glycine from SigmaAldrich and Methionine from Loba Chemie Pvt. Ltd.

2. Material and Methods

2.2 Methods
2.2.1 Quantification of Zn in e-waste
The e-waste in the form of mobile phone printed
circuit boards were collected from the local service
retailers, pulverized in Wiley’s mill and size reduced to a
fine powder in a mixer. This PCB powder was subjected to
acid digestion in Aqua Regia (3:1 HCl: HNO3) [1] and the
concentration of Zn was quantified in an Inductively
Coupled Plasma – Optical Emission Spectroscopy (ICP –
OES).
2.2.2 Microorganism & Culture conditions
Alcaligenes aquatilis (GenBank accession number
KP772325) maintained in Nutrient agar at 4⁰C was used for
the present study. The bacteria cultured for 12-16 hours in
Nutrient broth was used as inoculum for Bioleaching
experiments.
2.2.3 Bioleaching of Zn
The effect of Inoculum percentage on Zn Bioleaching
was studied using different volumes (2% v/v, 5% v/v and
10% v/v) of 12-16 hours culture. The bioleaching

experiments were conducted in 250ml Erlenmeyer flasks in
triplicates. 2g of PCB powder was suspended in 100ml of
the bioleaching media (0.5% Beef extract, 1% Peptone,
0.5% NaCl, 0.44% Glycine and 0.2% Methionine) and
incubated at 100 rpm for 96 hours at 30⁰C. 10ml of
samples were withdrawn every 12 hours and centrifuged at
8000rpm for 10 mins to obtain the cell-free leachate. The
leachates were analyzed in an ICP-OES to quantify Zn.
3. Results and Discussion
3.1 Quantification of Zn in e-waste
The concentration of Zn in the PCB powder was
calculated and found to be 4.37mg/g.
3.2 Bioleaching of Zn
The concentration of Zn was calculated and was
found to increase with time. As illustrated in Figure 1,
maximum Zn was leached out at 36 hours and decreased
further with time in all the three different volumes of
inocula used for the bioleaching. The leachate had
0.35mg/g Zn with 2% inoculum, 0.42mg/g with 5%
inoculums and 0.38mg/g with 10% inoculum at 36 hours.
Until 48 hours Zn bioleaching was highest with 5%
inoculum with 9.6% bioleaching at 36 hours and gradually
decreased. Most of the extracellular or cell surface enzymes
and proteins have zinc binding sites. Zn serves as a
micronutrient inside the cells that may accumulate the
metal or sorption to cell surfaces and precipitation of Zn by
the extracellular compounds secreted by the microorganism
could be the possible reasons for this decrease.
Comparatively, 5% inoculum could leach out maximum Zn
followed by 10% inoculum and 2% inoculum. With 2%
inoculum, the culture took a long time to grow and with
10% inoculum, the culture was turbid much earlier.

Figure 1: Change in Zn concentration with time – Effect of
Inoculum Percentage
4. Conclusion
One-step bioleaching of Zn from PCB powder was
assessed in the current study. 5% Inoculum proved to leach
out maximum Zn followed by 10% and 2% inoculum. The
bioleaching of Zn increased upto 36 hours and decreased
further. The heterotrophic bacterial culture has the ability to
bioleach Zn and can be applied in the bioleaching of other
metals. Hence, the technique can be implicated in recycling
the Zn from e-wastes using an eco-friendly method.
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1. Introduction

2.2 Methods

E-waste, one of the most hazardous solid waste is becoming
a serious issue due to its high rate of generation and low
recycling rate. According to a study done by United Nations
University (UNU), e-waste is growing at an alarming rate of
3-5%, and globally 54 million tons of e-waste is generated
in 2019.1 Waste printed circuit boards (PCBs) are
heterogeneous waste roughly consist of 40% metals, 30%
organics and 30% refractory oxides.2 Herein, we developed
an environment friendly novel process for recovery of
metals from waste PCBs using ammonium chloride roasting,
which operates in a low temperature range compared to
conventional pyrometallurgy processes. Low temperature
roasting methods have several advantages over traditional
hydrometallurgical and pyrometallurgical processes. The
high amount of metals can be recovered using this technique
with high selectivity, low energy consumption, and low
cost.3 NH4Cl at higher temperature breaks into HCl and NH3,
among which HCl reacts with metals to form metal
chlorides. These metal chlorides subsequently leached with
the help of water for recovery of metals from roasted residue.

The collected PCBs of different discarded mobile phones
were washed thoroughly with distilled water and dried at 100
°C for 24 hr. After drying, PCBs were shredded and sieved
to obtain particles of size less than 1 mm. Subsequently, the
shredded PCBs sample was pyrolyzed at 400 °C for 30 min
in a tubular furnace. A calculated amount of pyrolyzed PCBs
(PPCBs) was homogenously mixed with NH4Cl. The
mixture was then heated in a roasting chamber in presence
of air. Exhaust gases scrubbed with help of water for
absorption of NH3 and HCl formed during reaction. The
roasted residue was leached with distilled water at 80 °C for
30 min for extraction of metals. The flowsheet of the process
is shown in figure 1.

2. Material and Methods
2.1 Materials
Discarded mobile phones of different brands were collected
from open market. NH4Cl (Merck) was used as a
chlorinating agent whereas HCl (Fisher Scientific) and
HNO3 (Fisher Scientific) were used for the digestion of
samples.

Figure 1: Illustrative flow diagram of the process.

3. Results and Discussion
3.1 Effect of temperature on roasting
Temperature is the most important parameter in roasting
process. In this study, the temperature was varied in the
range of 200°C – 325 °C to study metal recovery (figure 1a).
Recovery of base metals like Cu, Ni. Zn and Pb were
increased with an increase in temperature. Maximum Cu
recovery is observed to be at 275 °C, whereas % recovery
decreases above 300 °C. This may be due to formation of
undesirable CuCl. So the optimum temperature for recovery
of metals was found to be 275 °C and approximately 91% of
Cu and 100% Ni, Zn, and Pb were recovered in this process.
3.2 Effect of time on roasting
Time is another parameter that plays a major role in recovery
of metals. In this study, time has been varied from 1 h to 5 h
to optimize the process (figure 1b). Amount of metal
recovery gradually increases from 1 h to 3 h and remains
stagnant after 3h. There is a sharp increase in recovery of
Cu from 1h to 3h. Around 40% of Cu and 63% of Cu were
recovered after 1 h and 2 h of roasting respectively whereas
the recovery amount increases to 91% at 3 h of operation.
Maximum Cu recovery was observed to be around 93% at
4h of operation. As the amount of recovery is not significant
after 3h, it is chosen to be the optimum time for other studies.
3.3 Effect of NH4Cl dose on roasting
NH4Cl is the chlorinating agent that is being used in this
process for conversion of metals into metal chlorides. So
NH4Cl dose plays an important role in recovery of metals
from pyrolyzed residue (figure 1c). In this study, NH4Cl
dose was taken with respect to amount of PPCBs. It was
observed that metal recovery was less when 1 g/g of NH4Cl
was taken whereas the recovery amount was almost stagnant
when the amount of NH4Cl was more than 2 g/g of PPCBs.
A maximum of 95% of Cu was recovered and almost 100%
of Ni, Zn, and Pb were recovered when NH4Cl was taken 3
g/g of PPCBs.

Figure 2: Effect of temperature, time and NH4Cl dose of
recovery of metals
4. Conclusion
In the present study, pyrolyzed PCBs were successfully
roasted in presence of NH4Cl to obtain water soluble metal
chlorides. Approximately 95% of Cu along with 100% of Ni,
Zn, and Pb were leached with help of water from roasted
residue. Around 43% of Au and 42% Ag were recovered by
using water as leachate. Process parameters like
temperature, time, and NH4Cl dose were varied to optimize
the process. It was observed that 275 °C of temperature, 3 h
of time, and 3 g/g of NH4Cl dose were optimum for the metal
recovery process.
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1. Introduction
A spiral concentrator is a widely used mineral
processing equipment to separate particles based on density
within the narrow sizes. The geometry consists of an open
troughin a helical configuration about a central axis
thattwists downward. Recent developments on spirals have
effectively designed to separate the particles less than 100
µm. The trough profile of the high gravity spiral
concentrator has been specifically designed to minimize
turbulence in the outer section and allow the finer particles
migrating to inner section.The present study aims to carry
out preliminary CFD studies with air-water on five turns
based high gravity spiral concentratorand validating the
same with the experimental data.CFD analysis has been
widely used technique to predict accurate fluid flow and air
interface analysis in spiral concentrators. [1]developed the
flow mechanistic model and determined the flow fieldin a
rectangular spiral section. [2] and [3]investigated the
computational modelling of the fluid and particle
characteristics on coal spirals using the VOF scheme and
different turbulent models. [4] numerically predicted the
significance of the operating and design variables such as
flowrate,pitchand transverse angle on the fluid flow
phenomena.The present numerical study is based on
volume of Fluid (VOF) approach coupled with different
turbulence models. Theapplied turbulence models for
numerical treatment are Renormalization Group(RNG kepsilon)and Reynolds Stress Model (RSM).The results
primarily focus on air-waterflowcharacteristics such as the

water depth and free surface velocity. In order to validate
the CFD predictions, further flowmeasurements in terms of
water depth level as well as thefree surface velocity are
made using flow depth gauge andhigh-speed video camera
assisted with Lycopodium tracerparticles respectively.
2. Material and Methods
2.1Governing equations for fluid flow
2.1.1Continuity Equation
The equation of conservation of mass for the volume
fraction of one (or more) of the phases takes the form
.

0

where ρ is the fluid density, α is the volume fraction, v
is the velocity vector respectively.

2.1.2 Momentum Equation
The steady-state equation of conservation of momentum
accounting with the dependence of viscosity and density is
as follows
.

.

Where is the turbulent viscosityand ρg includes the sum
of body forces.

2..2 Computatio
onal domain
The geometry used in the presennt study consissts of
fiive turns with a pitch of 3900 mm, troughh width of 273 mm
annd a diameterr of 660 mm. The mesh foor this geomettry is
co
onstructed innICEM-CFD.The
T
computaational grid is a
sttructured hexxahedral volum
mesconsisting
g of total 346
6000
ceells as shown in Figure 1.The VOF model is so
olved
im
mplicitly.In thhe model,SIM
MPLE algorithhm is consid
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1.

Introduction

Understanding of the hydrodynamic behavior of
multiphase flows in bubble column is crucial for
evaluating the dynamic behavior of parameters. The
inherent nature of gas (G)-liquid (L) flow in the bubble
column influences the local performance of
reactor(Singh et al., 2017) The current work focuses on
the dynamics of G-L flow using time evaluation
measurements fromthe non-invasive Electrical
Resistance Tomography(ERT) technique.
2.

Material and Methods

2.1 set up
Experiments were conducted in a semi-batch
cylindrical column made of acrylic material (ID=
100mm and H=2400mm, 5mm thickness) with 1mm
sparger.Tap water and compressed air are used
asworking fluids in the study.

we use to send the air. To study the surface
dynamics.Methyl Isobutyl (MIBC) of 1ppm
concentration added for all the gas flow rates and
recorded the variations
2.2.1 Measurement using ERT
Time evaluation measurements from the ERT voltage data
utilized into in the power spectrum analysis to identify the
high frequency oscillations in the experiment. The obtained
tomograms from the ITS tool suite software (MSBP
reconstruction) calculated the gas holdup by using Maxwell
equation. Thehigh-speed dualplane z8000 system is used
with a data acquisition speed of 1000 frames per second.
This setup consists of sensors, DAS (data acquisition
system) and the host computer for the image
reconstruction. Sensor are connected through the 16
equally spaced electrodestoinner cylindrical section of
bubble column in each plane. The other side of the sensors
are connected to the DAS. The host computer and DAS
connected through the data cable.

2.2 Methodology
Compressed air is fed into the bubble column through
perforated sparer inlet. Water is added from the open
top of bubble column in semi batch operation to depict
counter-current flow behavior. Feed flowrate is
measured by rotameter connected to the pump, which

The voltage data obtained from the ERT systemprovides
the calibration data showing relative change between the
reference and actual measurements both for P1 and P2
represents the two planes of the ERT system(Vudikala,
2014).
Maxwell-equation:

From the Maxwell-equations, the radial averaged gasholdup profiles can be estimated using below equation.

3.2Gas-Holdup

radial holdup profiles

2 1

where C1 is the water conductivity and Cmc is the mixed
conductivities obtained from the ERT measured data
3. Results and Discussion
3.1 Gas-Holdup
The below results were presented for the gas holdup
variations with respect to timeat 2lpm and 4lpm flowrates
at plane 1.The dominant frequencies of gas holdup obtained
from the 4lpm were more compared to the 2lpm flow rate.
The measured gas holdup profiles by power spectra shows
the increased dynamic motion of bubble with increased
flow rate which agreedthe theoretical trends.The below
power spectra results were shown for different gas
flowrates.From the gas hold up calculations, near the center
of column, holdup was maximum compared to the wall
boundaries in figure 2.

Figure2: Power spectrum analysis of gas holdup for
2lpmand 4lpm flowrates (a)2lpm flow rate (b)4lpm flow
rate

gas holdup
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Figure3: Radial gas holdup profiles
4. Conclusion
The present work demonstrated the dynamic characteristics
of gas-liquid flow behavior in the bubble column using
ERT. ERT facilitated to derive the time resolved voltage
across the plane 1 and plane 2. From the maxwell equation
gas holdup calculations were performed. For 2lpm, 4lpm
flow rates power spectral graphs were presented for
dynamic study. The operating conditions were varied from
2 lpm-6lpm gas flowrates for 1mm sparger. The dynamics
of gas-liquid flow was characterized using ERT and
compared along with the generated by zigzag motion of
bubble plume at 2lpm flow rate, howeverhigh frequency
oscillation was developed by bubble scale motion process
observed at 4lpm flow rate. The radial averaged gas holdup
wasanalyzed through plane2 for all the flowrates.
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Extended Abstract

copper slags are comprised of iron oxides, silicon oxide,

Slag materials are the most prominent solid wastes

alumina and calcium oxide (Sharma and Khan, 2017). In

generated from mineral processing industries. With

the course of the copper smelting process, the loss of

reference to copper processing industries, it has been

copper into the slag is a continuous problem for copper

estimated that about 2.2 tons of copper slag materials are

industries. In addition to copper, slag materials released

generated per every ton of copper production (Roy et al.,

from copper industries are also having a considerable

2015). Consequently, millions of tons of copper slags are

amount of other valuable metals like nickel, zinc, cobalt,

dumping to the surroundings of copper industries. In a

lead, cadmium and arsenic. These metallic elements are

recent study, about 68.7 million tons of copper slags were

released into the environment under natural weathering

generated from the world copper industries in the year 2015

conditions and causes contamination to soil and water in

(Sharma and Khan, 2017). Sags generated as waste

ecosystem. In contrast, the recovery of metal values from

byproduct during pyro-metallurgical operations like matte

these slag materials will be generate additional revenues to

smelting and converting of copper ores in copper

the mineral processing industries.

processing industries. The major chemical constituents of

concerns are gaining momentum for the management of

Hence, the global

abandoned slag materials released from mineral processing

process. As a consequence, it hinders the recovery of

industries for both the recovery of metal values and

metals during microbial leaching of silicate rich slag

environment cleaning.

minerals. Hence, efforts have been made to reduce silica
content of slag prior to their processing for metal

Metallurgical processes have been developed for
recovery.Froth flotation process is an established physical
recovery of metal values from slag materials collected from
separation technique for recovery of copper and metal
various copper smelters. However, in most of the cases it
values from copper slag (Roy et al., 2015). Flotation
was observed that, the complex mineralogy and the
processes were reported to remove silicate minerals to
presence of higher silicate minerals in copper slags obstruct
concentrate slag materials. However, the chemical reagents
in metal recovery. Dissolution of silicate mineral forms
used in flotation process such as quaternary amines, sodium
silica gels during leaching of slags through conventional
iso-propyl xanthate, sodium di-ethyl dithiophosphate and
hydrometallurgical processes. Therefore, it may affect
alkyl hydroxamate are toxic and hazardous nature. The
metal leaching performance and metal recovery from slags.
stricter environmental regulations with rising concerns for
The formation of silica gel during slag leaching induces the
recycling of mineral wastes are encouraging the application
rise in the viscosity of leach liquor and it creates obstacles
of microbial green technology in mineral processing
in the downstream processing (pulp filtration and solvent
industries. With the recent developments, microbial
extraction) of leach liquors (Banza et al., 2002). In this
flotation processes have been developed by using microbes
context, mineral processing industries are looking forward
and microbial metabolites (proteins, surfactants and
for environment friendly, techno-economic and efficient
extracellular polymeric substances [EPS]) as alternative
processes to utilize abandoned copper slags for recovery of
green reagents for mineral flotation process (Behera
metal values. The microbes assisted bio-leaching route
&Mulaba-Bafubiandi,

2017).

The

attachments

of

could be a potential process for recovery of metal value of
microorganisms and their metabolites to a mineral surface
slag materials under ambient conditions. However, silicate
alters its surface properties and facilitate beneficiation of
minerals such as augite, biotite, hornblende, faylite, apatite
minerals through flotation process. Adsorption of microbial
and mica generally associated with slag materials are also
cell and/or bio-surfactant molecules to a mineral surface
solubilized by the action of microbial strains like
alters its surface properties and facilitates the flotation
Acidithiobaillus and Ferroplasma, used in the bio-leaching
process. In this context, application of microorganisms and

their metabolites are emerging as alternative green reagents
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Abstract
Scalable and sustainable solar hydrogen production through photocatalytic water splitting
requires highly active and stable Earth‐abundant co‐catalysts to replace expensive and rare
platinum. MXenes, a relatively new class of two‐dimensional (2D) material, a transition‐metal
carbide, carbonitride, or nitride, have been reported as highly efficient co‐catalyst to induce high
visible‐light photocatalytic hydrogen production activity arising from the favourable Fermi level
position and electrical conductivity. However, hydrogen production activity is dependent on the
purity and quality of MXene. In this paper, we present synthesis and characterization of phase
pure MAX phase (Ti3SiC2) from its elemental Ti, Si and C precursors and subsequent controlled
etching of A layer of the MAX phase and intercalation to produce high purity Ti3C2Tx MXene.
The Ti3C2Tx MXene and a surface engineered mesoporous C3N4 photocatalysts thus synthesized
have further been modified with co‐catalyst Ni nanocrystal in order to optimize the over‐
potential requirements to drive both the solar H2 generation and reduce CO2 to energy rich
compounds (fuels). The preliminary studies show that both the synthesized Ti3C2Tx MXene and
surface engineered mpg‐C3N4 modified with Ni nanocrystals exhibit improved photocatalytic
solar to fuel conversion activity and also enhanced selectivity of CO2 reduction to CH4. In
addition, the Ti3C2Tx MXene based photocatalyst have also been modified with MoS2, to optimize
the solar H2 generation. The surface engineered C3N4 having nitrogen vacancy shows improved
solar H2 generation. The 10 wt% MoS2‐Ti3C2 shows enhanced solar H2 generation than that of
bare photocatalysts. The detailed results on their activity and structural characterization will be
discussed.
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Abstract

India has ranked 3rd in the global list of CO2 emission countries and 116th in the per capita of
CO2 emission as per the latest statistics. This is mainly due to the combustion of fossil fuels in the
manufacturing and transportation sector. Increased CO2 emission is linked to the climate change
as the global average temperature has increased by 1C since pre‐industrial times. Climate
change, without mitigation, presents a serious risk to the global community with severe
implications in South Asia, especially in India, as it is prone to heavily overlooked issue of deadly
heat waves resulting in thousands of fatalities. To address such major climate change
consequences, preventive measures to curve or limit anthropogenic CO2 emission is necessary.
The current climate policies fall well short of what’s needed to keep temperatures below 1.5°C
or 2°C. Therefore global economies and energy companies have collectively made further
commitment to reach net‐zero emissions by 2050. In this talk, Dr. Choudhury’s will share his
unique and extensive experience at the Gas & Fuels Research Center (GFRC) at Texas A&M
University at Qatar about three unique projects in which he has made significant contributions
to incorporate sustainability and green energy solutions. His research addressed the CO2
emission challenges in the natural gas processing industry and specifically in the field of gas to
liquid (GTL) technology.
Natural gas reforming is the first step in the GTL process. Dry reforming of methane (DRM)
offers an attractive pathway for converting greenhouse gases (GHGs), specifically, CO2 and CH4
into syngas (mixture of CO and H2), a valuable precursor used for the production of ultra‐clean
fuels and value‐added chemicals. However, due to process challenges like high‐endothermicity,
catalyst deactivation, and low‐quality syngas, the DRM process is a topic of research and
development, and is therefore far from commercial implementation. Dr. Choudhury’s work on
the DRM technology resulted in the development and scale‐up of the novel CARGEN™ technology
that addresses the DRM challenges while producing value‐added product, Carbon Nanotubes
(CNTs).

The second step in the GTL process is the catalytic conversion of syngas to value‐added
chemicals and ultra‐clean fuels via Fischer Tropsch synthesis (FTS) process. The synthetic fuels
produced from FTs comprise of a large range of hydrocarbon products such as paraffins, olefins
and oxygenates of varying chain lengths by reaction over an active metal catalyst (e.g. Co, Fe, Ni,
Ru). However, a major challenge in the FTS process is to control its exothermic nature. In this
talk, Dr. Choudhury will provide insights into the various projects that he successfully completed
in addressing catalyst deactivation and run‐away challenge of the FTS process using both
modeling and experimental approach.
On the downstream side, Dr. Choudhury is currently leading an important industry‐academia
project wherein the interest is to convert CO2 and methanol to dimethyl carbonate (DMC). DMC
is an important organic solvent, fuel additive, and an electrolyte chemical that has significant
market demand. Direct and single step conversion of CO2 to DMC offers an excellent opportunity
to utilize vast amount of industrial CO2 emissions. However, due to unfavorable thermodynamics,
and CO2 activation challenges, the overall conversion is limited to less than 1%, which has
significantly hampered its commercialization. Dr. Choudhury has invented a technology that
addresses this challenge which results in conversions beyond 90% at high DMC selectivity.
Dr. Choudhury’s active collaborations and engagement with multi‐disciplinary teams has
resulted in the development and advancement of technologies in the domain of sustainability,
natural gas conversion, CO2 conversion and utilization to address growing CO2 emission
challenge. Dr. Choudhury will provide case examples of successful collaboration models that
resulted in multi‐disciplinary approach, breakthroughs, and inventions. Dr. Choudhury strongly
believes that successful collaboration and multi‐disciplinary approach is an important key to
address global CO2 emission challenge collectively.

ESFBS-63

Carbon-based Electrocatalyst for
Quinone based Redox Flow Battery
Irshad U. Khana, K.S. Rajmohana, Murali Mohan Seepanaa*
a

Department of chemical engineering, National Institute of Technology Warangal, Telangana 506004, India
* Corresponding author: Murali Mohan Seepana, murali@nitw.ac.in
Presenting author: Irshad U. Khan, irshad@student.nitw.ac.in

Keywords: Organic redox flow battery, Electrocatalyst, Benzoquinone, Cyclic voltammetry.

1. Introduction
Energy generated from renewable sources is cleaner but is
intermittent [1]. The energy storage system is a need for
consistent and resilient energy supply. Redox flow batteries
have great potential for the development of environmentally
safe and ecologically sustainable energy storage systems[2].
A quinone-based redox flow battery is simple and economic
to use attributable to its high tunability and availability. In
the present work, P-benzoquinone and Hydroquinone active
redox couples in sulfuric acid as electrolyte are taken for
electrocatalyst study. A carbon-based electrocatalyst has
been developed for a positive half-cell reaction of quinone
based redox flow battery. It is characterized by X-ray
diffraction and FTIR spectrum. Cyclic voltammetry is used
to assess the electrochemical performance of the developed
catalyst.
2. Experimental
2.1 Materials
Vulcan xc72 carbon from Sainergy, p-Benzoquinone
(reagent grade ≥98%, SIGMA-ALDRICH), H2SO4 (98
wt.%, FINAR). All chemicals were analytical reagent grade
and were directly used without further purification.
2.2. Preparation of carbon-based electrocatalyst
The Vulcan xc72 carbon powder is dissolved in IPA and
water mixed solution. This sol is stirred for 15 minutes and
5 wt% Nafion solution has been added as a binder. This
mixture is further set for stirring for 20 min. The

homogeneous sol was layered on glassy carbon for making
electrode and dried at room temperature for 12 hrs before
testing.
2.3 Physical characterization
The crystalline peaks of electrocatalyst are obtained by using
X-ray diffraction (Make: XRD PANalytical, Model: X'Pert
Powder). Fourier transform infrared (FT-IR) spectra were
recorded for detection of the presented functional groups
(Make: PerkinElmer Spectrum).
2.4 Electrochemical tests
The electrochemical activity of the as-prepared
electrocatalyst was evaluated by cyclic voltammetry (CV)
using a three-electrode system. Catalyst layered glassy
carbon electrode as working electrode, platinum wire as
counter electrode, and Ag/AgCl electrode as reference
electrode are used in this study. CV tests were performed on
an electrochemical workstation (Make: Metrohm, Model:
Autolab M204). The cyclic voltammetry tests were
performed on the pure platinum and glassy carbon electrodes
and the resulting voltammograms are compared.
3. Results and Discussion
3.1 Characterization of prepared electrocatalyst
Physical characterization of carbon-based electrocatalyst
performed by XRD (figure 1) and the spectrum obtained is
in good agreement with the standard peaks of the materials
that were mixed. The spectrum shown has high intensity
crystalline peaks. electrocatalyst material is the most

crystalline material with higher intensity peaks. One sharp
peak at 24.75º and another peak at 43.49º are present
represents the presence of carbon. Figure 2 shows the FTIR
spectrum of the coated electrocatalyst. As per the analysis
the carbon-based electrocatalyst contains alkanes, OH, C=C,
O-C, CH, and CH3 functional groups.

GC and Pt shown in Fig 3. The results are compared with the
Pt based electrocatalyst in the literature [3] and shown
improved performance.

Figure 1: XRD pattern of the developed carbon
electrocatalyst

Figure 3: Cyclic voltammogram comparative profile for
ECGC, GC and Pt electrode.
4. Conclusion
The developed ECGC is showed enhanced electrochemical
activity in the positive half- cell with quinone-based redox
couples. The higher current density reflects reduction in
charge transfer resistances for the cathodic reaction. The
developed ECGC is suitable for quinone based redox flow
batteries.
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1. Introduction
Supercapacitors are one of the potential candidates in the
domain of energy storage devices for the future generation.
The promising properties like high charge discharge
stability, long cycle life without significant loss of
capacitance and power density, excellent low temperature
performance make its applications in the fields of
automobile and portable electronic devices, electrical grids,
wireless sensors and Radio Frequency identification
(RFID). Development of supercapacitors in accordance
with the demands of market has to be attained by reducing
the cost of production as well as optimizing the energy
density. It has to overcome challenges consistency testing,
establishing electrical parameter models and establishing
industrial standards. The efficiency and performance of
supercapacitor totally depends on electrode material. The
utilization of North Eastern coal, which is rich in sulfur as a
precursor for supercapacitor electrode material is yet to
explore much. In this work, we have removed the inorganic
content present in coal using acid washing and used as
precursor for the synthesis of porous carbon. The
electrochemical analysis of porous sample is done by using
Swagelok cell using aqueous electrolyte. It is found to have
a specific capacitance of 150 F/g with specific surface area
1639.041 m²/g which is promising for high performance
supercapaciotrors.
2. Material and Methods
2.1 Materials
Sub bituminous coal from the North Eastern region of
India, Chemical agents used in present work are:
Ammonium chloride (Rankem; LR), Potassium hydroxide
(Merck), Hydrochloric acid (Rankem; LR), Distilled water,
Polytetrafluoroethylene
(PTFE)
(MTI),
Ethanol

(Molychem), Carbon black mesoporous (Sigma Aldrich),
Acetone (Alfa Aesar) for cleaning purpose.
2.2 Methods
2.2.1 Synthesis of Porous Carbon from low-quality subbituminous coal
The highly porous carbon derivative was synthesized using
blowing agent NH4Cl followed by simple activation with
KOH by varying the ratio of activating agent
2.2.2 Fabrication of carbon electrode
For the electrodes fabrication, the synthesized product is
mixed
with
carbon
black
additive
and,
Polytetrafluoroethylene (PTFE) was used as a binder with a
weight ratio of 90:5:5 in ethanol solvent. Thin film of the
electrodes was made according to the literature [2, 3].
3. Results and Discussion
3.1 Physico-chemical characterization of synthesized
porous carbon
The physicochemical characterizations of the product
porous carbon samples were analyzed. The use of blowing
agent has a role in improving the porosity and hence
surface area.
3.2 Specific surface area and pore size distribution
synthesized coal derivative.
The porous carbon sowed a typical-IV curve according to
IUPAC classification from nitrogen adsorption isotherms.
The maximum specific surface area and total pore volume
of product was observed to be 1639.041m2/g and 0.83 cc/g,
respectively.

3.3 Surface morphology of synthesized activated carbons
using electron beam analysis (FESEM)
The analysis FESEM image showed large number of
pores in different size which also result in improving the
surface area. The use of blowing agent and activating agent
has played the role in this. For further analysis, Fourier
transform infrared
(FTIR),
X-ray
photoelectron
spectroscopy (XPS), and powder X-ray diffraction (XRD)
analysis were also carried out.
3.4 Electrochemical performance synthesized porous
carbon in aqueous electrolyte.
The electrochemistry was one in 6 M KOH electrolytes in
the potential window 0-1.2 V in two electrode system. The
Cyclic Voltammetry of fabricated electrode was done by
varying the scan rate between 5mV/s to 100mV/s showed a
rectangular curve in which redox peaks were absent, which
indicated an ideal EDLC behaviour and the charge–
discharge as well as impedance studies were also done. The
maximum specific capacitance is as found to be 150 F/g at
a current density 0.5A/g with good cyclic stability.
4. Conclusion
In this paper we report a simple and easy method was used
for the synthesis of porous carbon from North eastern

Indian coal. The activation using NH4Cl followed by KOH
activation has a great impact on porosity and surface area
of the product. The synthesized carbon derivative found to
have good electrochemical properties with good cycle
stability. A potential window of 1.2 is obtained. This can be
used as simple, economically viable and bulk synthesis
method.
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1. Introduction
Development of sodium-ion full cell (SIFC) with
optimized anode and cathode material is in the initial
phases. The successful development of full cell is depend
on effective improvement in electrode materials and
performance of sodium-ion half-cells. The roadmap for
sodium-ion batteries provided by Nuria et al. is an
extensive review by experts in academia and industry of the
current state of sodium-ion batteries in 2021 and the
different research directions and strategies currently
underway to improve the performance of sodium-ion
batteries [1]. Here we report the synthesis of P2-type
Na0.67Ni0.167Co0.167Mn0.67O2 (Na-NCM) by sol-gel process
and its electrochemical characterization as cathode material
in sodium-ion half cell. Commercially available hard
carbon is characterized as anode material in sodium-ion
half cell. Sodium-ion full cell is fabricated and tested with
P2-type Na0.67Ni0.167Co0.167Mn0.67O2 (Na-NCM) as cathode,
hard carbon as anode material in CR2032 coin cell and 2
Ah prismatic cell.
2. Experimental:
2.1 Preparation of Na-NCM powder:
Na0.67Ni0.167Co0.167Mn0.67O2
(Na-NCM)
was
prepared by using sol-gel method.
2.2
Morphology
and
Crystal
Structure
Characterization:
The X-ray diffraction (XRD) pattern of synthesized
material was obtained using a Bruker D2 PHASER
diffractometer equipped with Cu Kα radiation. The
morphology was examined using a JEOL 7500F scanning
electron microscope (SEM).

2.3 Preparation of Na/Hard Carbon half and full cell in
CR2032 coin cell configuration
The Na-NCM cathode electrode was prepared by
mixing 90 wt.% Na-NCM material, 5 wt.% acetylene black
(AB) and 5 wt.% poly-vinylidene difluoride (PVdF) binder
in N-methylpyrrolidone (NMP). The anode electrode is
composed of 95% hard carbon (active material) and 5 wt.%
PVdF. The Na/Hard Carbon half-cell in CR2032 coin cell
configuration was fabricated with hard carbon electrodes,
sodium foil, electrolyte and polypropylene (PP) as
separator. The Na/Na-NCM half-cell in CR2032 coin cell
configuration was fabricated with Na-NCM cathode,
sodium foil anode, electrolyte and PP as separator. The
Hard Carbon/Na-NCM full cell in CR2032 coin cell
configuration was fabricated with Na-NCM cathode, hard
carbon anode, electrolyte and PP as separator.
2.4 Preparation of Hard Carbon /Na-NCM full cell in
prismatic cell configuration:
From the roll of calendared electrode sheets,
electrodes of required dimensions and numbers were cut by
a pneumatic semi automatic slitting machine. Stacking of
the anodes and cathodes with separator was carried out
using a Z' type semi-automatic stacking machine. The
assembled stack was placed in PP container and lid was
welded using 600 W Nd-YAG LASER welding machine.
After drying, electrolyte was filled into welded cells.
2.8 Electrochemical Test:
CR2032 coin cell and 2Ah prismatic cells were
tested for their electrochemical performances. Cyclic
Voltammetry (CV) tests and galvanostatic charge discharge
tests were conducted using electrochemical testing system
(WonATech) and battery capacity tester (Neware).

3. Results and Discussion
3.1
Glavanostatic
charging
and
discharge
characteristics of full cell in coin cell and prismatic cell:

Figure 3. Cycling stability and columbic efficiency of
hard carbon/Na-NCM prismatic cell at C/20 rate
Figure 1. Initial charge/discharge curve of Hard
carbon/Na-NCM coin cell at C/20 rate
The initial charge/discharge curves of hard
carbon/Na-NCM full cell conducted within the 2.8−4.25 V
window at a current density of C/20 rate are presented in
Fig. 1. The curves show three redox plateaus similar to the
Na/Na-NCM half cell. The specific capacity is calculated
based on total weight of hard carbon and NCM added
together. From the 1st cycle charge/discharge an irreversible
capacity loss of 18.69 mAh g−1 could be observed due to
SEI layer formation in hard carbon. Fig. 2 shows the
performance of Hard carbon/Na-NCM coin cell tested from
C/20 to 3C. The initial discharge capacities of 74.46, 65.98,
55.88, 51.78, 44.51 and 34.78 mAh g−1 are observed at the
rates of C/20, C/10, C/5, C/2, C, 2C and 3C respectively.
The coin cell can deliver sufficient capacity from C/20 to
3C without much reduction in capacity.

Figure 2. Charge/discharge curve of Hard carbon/NaNCM coin cell at various C rates

A galvanostatic test was performed with a rate of
C/20 between 2.0 and 4.25 V for 100 cycles in order to
study the evolution of the capacity of the full cell during
cycling, which is represented in Fig. 14. The discharge and
charge capacities drastically decrease in the initial 15
cycles and stabilize after 15 cycles. The charge capacity
after the 100th cycle is 0.401 Ah which corresponds to a
capacity retention ratio of 18.5%. The cycling performance
of the prismatic cell is performed at C/20 and it delivers a
discharge capacity of 400 mAh after 100 cycles, which
corresponds to 1.72 % capacity decay per cycle. To prove
the viability of the HC//Na-NCM full cell, we powered
LED bulbs with prepared prismatic cell.
4. Conclusion
The fabricated sodium-ion full-cell in coin cell
configuration delivers a specific capacity of 74.6 mAh g-1
at C/20 rate, with 40 % of the initial discharge capacity
retained after 100 cycles at C/20 and columbic efficiency is
more than 90%. This full cell displays acceptable
performance at the rates of C/20 to 3C indicating that the
anode and cathode materials exhibit good rate performance.
Sodium-ion prismatic cell delivers a discharge capacity of
2.16 Ah in the first cycle. The results suggest that Na-NCM
material along with hard carbon is a promising combination
for Hybrid Electric Vehicles (HEV) or energy storage
power station powered by batteries.
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1. Introduction
Owing to high theoretical energy density, safety, economic
and environmental benefits, metal seawater batteries have
gained attention as prospective substitutes for lithium ion
batteries. In these battery systems, the electrode materials
are metals/alloys based on Mg or Al (anode) and
carbonaceous or MnO2 (cathode). The electrolyte is
seawater,
which
is
a
naturally
abundant
resource. Magnesium (Mg) and its alloy-based electrodes
possess excellent electro-chemical activity in seawater due
to its negative standard electrode potential (-2.73V vs NHE),
high faradic capacity and low cost[1]. Research on Mg based
seawater batteries are mainly based on experimental tests[2].
Although these tests are critical in determining the discharge
behavior of such batteries, these experimental setups and
analysis are expensive and time consuming. Mathematical
modeling and simulation offers deep insights on the
underlying physical phenomena and establishes the design
parameters, in order to improve the energy and power
density of a battery system. The discharge performance of
Mg based seawater batteries predicted using semiempirical
Sheperd model[3] provided inaccurate results of 5%–20%
error[4].
A comprehensive literature review revealed that there are
not many existing models for Mg based seawater battery. In
the present work, a system of governing equations for Mg
based seawater battery is formulated based on single–
domain approach. The advantage of this type of modeling is
that it accounts for single–domain formulation that is valid
across entire cell unit comprising of porous electrodes,
separator and electrolyte reservoir. The model considers the
variation of overpotential, current density, electrode
porosity, hydroxyl ion and magnesium ion concentration in

the anode, cathode, and separator of the cell. The model
couples the electrochemical kinetics and mass transport
within the cell to study the effect of electrode dimensions,
cell gap and electrolyte composition on battery performance.
The results are compared with experimental values from
literature.
2. Mathematical Model Development
One dimensional model is developed for Mg seawater
reduction batteries, where Mg anode and carbon cathode are
immersed in seawater. Positive electrode reduces oxygen
(Eqn.1). Oxidation of Mg occurs at negative electrode
(Eqn.2). The electrode system is immersed in seawater to
form a battery cell. The total reaction is given by Eqn. 3.
Mg → Mg + 2e
1
𝑂 + 2H O + 4e → 4OH
2
2Mg + 2H O + 𝑂 → 2Mg(OH)
3
2.1 Mass Transfer
It governs the mechanism of consumption of Mg,
transportation of Mg ions and OH- ions in the electrolyte and
build-up of magnesium hydroxide at anode. The flux of a
species under the influence of diffusion in concentration
gradient, migration in an electric field, and convection with
the fluid velocity is given by Nernst Plank equation as:
𝑁 = −𝑧 𝑢 𝐹𝐶 ∇𝜑 − 𝐷 ∇𝐶 + 𝑣𝐶
4
The conservation of mass is given by the equation as:
= −∇𝑁 + 𝑅

5

2.2 Electrochemical Kinetics
Electrolytical neutrality of electrolyte is expressed as
∑𝑧 𝐶 = 0

6

Net current density in electrolyte is attributed to motion of
charged species:
𝑖 = 𝐹∑𝑧 𝑁
7
Reactions take place at surface of electrode. Equilibrium
potential for the reaction is given by Nernst equation:
𝐸 =𝐸

,

−

8

𝑙𝑛

Local current density is given by Butler Volmer equation:
𝑖=𝑖

∏
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𝑒𝑥𝑝
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η

9

∗ (C ) ∗ (C )
10
α =n−α
11
𝜂 = 𝐸 − 𝐸 , (𝑇)
12
Equations are solved, and discharge curves are obtained in
COMSOL multiphysics.
i =i

,

3. Results and Discussion
3.1 Discharge curve for magnesium seawater battery
Comparison of theoretical discharge curves (red) with
experimental measurements (black curve) at applied current
density of 2.5 mA.cm-2 is shown in Figure 1. Theoretical
discharge curve has a continuous downward tendency and
provides potential values similar to that of the experimental
curve.

Nomenclature
ui- mobility of ions
Di- diffusivity of ions
ii- current density for the reaction
Eqref- equilibrium potential of reaction
CR and C0- reduced and oxidised species
Eq- Equilibrium potential given by Nernst equation
n- number of electrons in reaction
i0- exchange current density for a reaction
αaj and αcj -anodic and cathodic charge transfer coefficients
𝜂- overpotential
4. Conclusion
Discharge performance of Mg based seawater
battery is modelled and simulated using fundamental
governing equations and is in good agreement with
experimental results. Governing equations for battery
dynamics are based on single–domain formulation, owing to
the advantage of using only one set of equations which is
valid over the entire battery domain. Also, no interfacial
equations are needed across different regions in the cell. For
better cell performance, model studies suggest the use of
smaller separator thickness, with operation at moderate
current densities.
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Figure 1: Comparison of discharge curves between
experimental data and theoretical data at 2.5mA/cm2
Table 1: Electrochemical Parameters
Parameter
Reaction 1

Reaction 2

Exchange current density
io A/m2
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250

Eq,ref V
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1. Introduction
Graphitic carbon nitride is an alternative for
purely carbon-based EDLC electrode materials due to its
low cost, chemical and mechanical stability and high
nitrogen content [1]. The lone pair of electron present in the
N atom of the ring structure of g-C3N4 induces more
polarity in the molecule and enhances the wettability and
the charge carrier mobility of the material. But the specific
capacitance of bulk g-C3N4 exhibits a very low EDLC
specific capacitance due to its low specific surface area and
conductivity. The electrochemical properties of bulk gC3N4 can be enhanced by the incorporating pseudo
capacitive phases into the matrix of g-C3N4 that will
facilitate the charge transport by both faradaic and nonfaradaic process of electron transport. Niobium-based
oxides are considered promising anode materials due to
their high capacities, good cyclability, and excellent safety
[2]. Here we have modified SnNb2O6 nanosheets with gC3N4 and discuused the properties in detail in this
manuscript.
2. Material and Methods
2.1 Materials
SnCl2.6H2O, NbCl5, NH4OH, NaOH, urea, nitric
acid, ethanol, DI water. All the reagents were used as
supplied without any further purification.
2.2 Methods
2.2.1 Synthesis of Graphitic Carbon Nitride (g-C3N4)
Typically, 10 g of urea placed in a crucible with a
cover was heated to 550oC at a heating rate of 2.3oC min−1

in a tube furnace for 4 h in air. The resulting final powder
was washed with nitric acid (0.1 mol L–1) and distilled
water and then dried at 80oC for 24 h.
2.2.2 Synthesis of SnNb2O6 nanosheets
In the typical synthesis process of the SnNb2O6, 5
mmol of SnCl2.6H2O and 10 mmol of NbCl5 were
dissolved in 40 mL of distilled water and 40 mL of absolute
ethanol, respectively, under constant magnetic stirring.
After stirring for 20 min, the NbCl5 solution was slowly
added to the SnCl2.6H2O solution under constant magnetic
stirring. The pH of the solution was then adjusted from 0.7
to 3 using a NH4OH solution. Next, the mixture was poured
into an autoclave (100 mL), which was sealed, heated to
200o C, and held at this temperature for 12 h, followed by
natural cooling to room temperature. The precipitate was
collected by centrifugation and washed with distilled water
and absolute ethanol and finally freeze-dried. The dried
SnNb2O6 nanoplate powders were then calcined at 800o C
for 4 h under an Ar atmosphere.
2.2.3 Synthesis of SnNb2O6/g-C3N4 heterostructure
In a typical procedure, g-C3N4 was dispersed in DI
water (60 mL) and ultrasonicated for 30 min. Meanwhile,
SnNb2O6 of different ratios were added in DI water (20
mL) and ultrasonicated about 30 min. Then, the SnNb2O6
suspension was introduced drop by drop into the g-C3N4
suspension, respectively and vigorously stirring for 12 h to
obtain a homogeneous suspension. At last the suspension
was transferred into a Teflon-lined vessel (100 mL), sealed
in an autoclave and heat-treated at 160oC (12 h). The
resultant precipitate was centrifuged at 6000 rpm for 3 min,

washed with DI water and anhydrous ethanol three times
and finally dried in an oven at 60oC to get the final gC3N4/SnNb2O6 nanosheet heterojunctions.
3. Results and Discussion

were studied by using galvanostatic charge-discharge
cycling, CV and EIS studies. All the electrochemical
characteristics were studied using a three-electrode set up
containing a platinum counter electrode and a saturated
calomel reference electrode in 1M Na2SO4 electrolyte.

3.1 Characterization
The phase formations of the synthesized materials
were analyzed
using X-ray powder diffractometer
(PANanalytical, PW3040, Netherlands)at slow scan of 2°
/min with a step size of 0.02° in a wide range of Bragg’s
angle 2θ (20° ≤2θ ≤ 80°) using monochromatic Cu-Kα1
radiation (λ = 1.5405 Å) with Nickel filter at room
temperature. High-resolution transmission electron
microscopy (HRTEM, JEOL JEM 2100F) and field
emission scanning electron microscopy (HITACHI-4800)
were used to characterize the morphology and inner
structure of samples. The samples were also characterized
by FESEM and Raman spectrometer.
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Figure 2: Cyclic Voltammetry curves of SnNb2O6 and
SnNb2O6/g-C3N4 at 10 mV s-1
Both SnNb2O6 and SnNb2O6/g-C3N4 exhibited nearly
rectangular CV curves. The absence of any redox peaks in
the CV loops indicates that the charging and discharging of
the electrodes occur at a pseudoconstant rate over the
complete voltammetric cycle. The enhanced current value
in the CV loops of SnNb2O6/g-C3N4 indicates higher level
of charge storage due the pseudocapacitive charge storage
in SnNb2O6/g-C3N4 system.
4. Conclusion

Figure 1: TEM image SnNb2O6/g-C3N4 nanosheet
heterostructure
SnNb2O6 sample appears as the typical 2D nanosheets
like structure with lateral size of widths ranging from ~200
to 400 nm and thicknesses of ~20 to 30 nm. After
incorporating g-C3N4 nanosheets with SnNb2O6 nanosheets,
the formation of SnNb2O6/g-C3N4 heterostructure was
established to form 2D/2D interface heterostructures. The
TEM image of SnNb2O6/g-C3N4 (Figure 1) further reveals
the well formation of the SnNb2O6 and g-C3N4
heterostructure. It was observed that g-C3N4 nanosheets
were clustered on or covered by the SnNb2O6 nanosheets
3.2 Electrochemical measurements
Electrodes were prepared by mixing 80% of the
active material, 10 % Polyvinylidene difluoride binder
(Sigma-Aldrich), 10 % of carbon black in NMethylpyrolidine (NMP).). After stirring for 3 h, the mixed
slurry was deposited on Ni foam (with a size of 1 cm * 1
cm). The electrochemical performances of supercapacitors

In summary, the SnNb2O6/g-C3N4 heterostructure
present in this work shows improved electrochemical
performance. The work is highlighted by its cost-effective
and easy facile synthesis method. The heterostructure
showed a improved specific capacitance of 175 F g-1 at 1 A
g−1 current density as compared to bare SnNb2O6 (75 F g-1
at 1 A g−1).
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1. Introduction
Water splitting provides a potential way to generate clean
and storable energy in the form of hydrogen.
Semiconductors are widely used as electrodes, which allow
the hydrogen and oxygen from water to be simultaneously
produced via water splitting. In recent years, transition
metal chalcogenide based electrodes have significantly
improved their performance as semiconductors become a
potential alternative to noble metal based electrodes. The
design and synthesis of efficient transition metal
chalcogenide based electrodes are important for the
development of high-performance water splitting. Herein,
we present tungsten chalcogenide heterostructures as
electrodes highlighting their potential for stability.
Heterostructures of tungsten chalcogenides via composition
modulation, crystal facet tuning and heteroatom doping
have received greater attention as they improve photo
electrochemical and electrochemical performance in water
splitting. The heterostructureand its interface offer great
advantages for electrochemical reactions, such as improved
charge carrier dynamics, controlling the hole/electron
transport, and preventing active materials from aggregating
leading to high stability.
2. Material and Methods

A two-step low temperature hydrothermal and a successive
Ionic layer adsorption reaction (SILAR) method is used to
prepare the heterostructure photoelectrode incorporating
WS2 and CdS. The prepared material is evaluated as a
photo anode (Oxygen evolution reaction) in water splitting.
2.2.2 Material Characterization.
XRD patterns of the samples is recorded
usingPANalytical XPRO instrument. UV-Vis-NIR
spectrophotometer (Shimadzu UV-3600) is used. Scanning
electron microscopy and Transmission electron microscopy
is used to study the morphology.
2.2.3 Electrochemical Characterization.
The photo-electrochemical efficiency of electrodes is
tested using an aqueous solution of 0.5 M Na2SO4 (pH=7)
in a three electrode system. The three electrode
configurations consist of Ag/AgCl with saturated KCl as
the reference electrode, Pt as the counter electrode, and the
prepared electrodes being used as working electrodes. The
cyclic voltammetry (CV) and linear sweeping voltammetry
(LSV) were performed to analyze catalytic characteristics
of OER in water splitting. Further the electrodes are
validated by electro-chemical impedance spectroscopy
(EIS).

2.1 Materials
Sodium tungstate, thioacetamide, hexadecyl-trimethylammonium bromide, cadmium acetate dihydrate, sodium
sulfide, anhydrous sodium sulfate, and potassium
dichromate are procured from Merck chemicals.
2.2 Methods
2.2.1 Preparation of electrodes

3. Results and Discussion
3.1 Structural studies
The radial growth of CdSnanospheres onto WS2nanorods
and surface growth of CdS onto WS2nanosheets are
demonstrated in Fig. 1(a&b) of CdS@WS2heterostructure.
Van der Waals forces tend to bind the two nanostructures,
enhancing adherence. Better adhesion minimizes the barrier

too charge transfer, thus imprroving the phootoelectrochem
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1. Introduction

2.2.2 Determination of Thermo-kinetic Parameters

Motor oil is an engine lubricant that deteriorates over
time and is replaced with fresh motor oil. These
hydrocarbon residues in the ecosystem hamper biodiversity
[1]. Besides, the faster depletion of fossil fuels demands
long-term sustainable alternate energy generation from
wastes. Hence the ideal solution to deal with the waste
motor oil (WMO) is its pyrolysis to generate cleaner
alternate energy fuels.
This study attempts to assess the feasibility of using
WMO to generate sustainable alternate energy utilizing the
TGA experimental data. The FWO and KAS isoconversional methods were used for the estimation of the
thermo-kinetic data. Furthermore, ANN models are used to
validate the TGA experimental data of WMO pyrolysis.
The finding of this research article will help design and
develop a continuous and cost-effective pyrolyzer for
recovering alternate energy, thereby increasing the
sustainability of WMO pyrolysis in the future.

The reaction rate is dependent on the temperature and
conversion for a pyrolysis process under an inert
atmosphere.

2. Material and Methods
2.1 Materials
The WMO was procured from the Tech Market
situated within the IIT Kharagpur, India premises.
2.2 Methods
2.2.1 Physiochemical Characterization and TGA
The physiochemical characteristics of WMO reported
include ultimate analysis, high heating value, density, and
elemental analysis. The parameters values of TGA such as
time (min), temperature (˚C), weight (g), and derivative
weight (% min-1) were generated until 700 ˚C for 5 ˚C min1
, 10 ˚C min-1, and 40 ˚C min-1.

(1)
For non-isothermal temperature dependence rate with the
constant HR [β (˚C min-1)]
(2)
The FWO and KAS iso-conversional methods were
utilizedfor the determination of the activation energy (Eα)
due to their advantages compared to the other prevalent
methods [2].The pre-exponential factor (Aα) is obtained
from the Kissinger equation. On rearranging the Kissinger
equation
(3)
The feasibility of a pyrolysis process depends upon the
three thermodynamic parameters, (i) enthalpy (ΔHα, kJ
mol-1), (ii) entropy (ΔSα, kJ mol-1), and (iii) Gibbs free
energy (ΔGα, kJ mol-1 K-1).
(4)
ln

(5)
(6)

where:
h, KB and Tmaxare the Planck’s constant (h = 6.626×1034
Js), Boltzmann constant (KB =1.381 × 10-23 J k-1)) and
DTG peak temperature (K).
2.2.3 Artificial Neural Network
In this study, a feed-forward back-propagation
Levenberg-Marquardt (LM) algorithm was utilized to
develop a model using MATLAB 2019b toolbox with

heating rates (˚C min-1) and temperature (˚C) as the inputs
and TG (%) as the output. A hidden layer was included
along with the input and output layers, and tansig was
utilized as a transfer function.
3. Results and Discussion
3.1 Physiochemical Characterization of WMO
Figure 2:TG experimental and ANN predicted data.
The carbon and hydrogen composition in WMO is 78.6
and 13.5 %, respectively, with traces of nitrogen and sulfur.
Further, the density of WMO is found to be 0.89 g cc-1.
Because of the higher concentration of hydrogen and
carbon, the HHV of WMO is 41.8 MJ kg-1, making it a
potential organic waste feasible for energy production
using pyrolysis technology.
3.2 Thermo-kinetic Parameter Estimation
The linear regression lines of FWO and KAS isoconversional methods are employed to evaluate ‘Eα.’ The
‘Eα’ and ‘A’ increase with the increase in α (Figure 1 (a),
(b)). The average ‘Eα’ of WMO varies from 140.7 to 143.6
kJ mol-1, which is lower than other organic wastes [3, 4].

4. Conclusion
This study used an ANN simulation to validate the
TGA, which is used to evaluate the thermal decomposition
of WMO, utilizing the iso-conversional model-free
pyrolysis kinetics, especially the FWO and SM methods.
The lower ‘Eα’ value of WMO confirmed its utilization for
the co-pyrolysis process. However, there can be slight
variation in activation energy calculation with feedstock
composition, particle size, conversion step size, and isoconversional model.
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Figure 1: Variation in thermo-kinetic parameter for FWO
and KAS iso-conversional methods (a) Eα, (b) Aα,
(c)ΔH,ΔG,and ΔS
The pyrolysis of WMO is extremely endothermic due
to the positive value of ΔH. ΔH and ΔS increase whereas
ΔG declines with the rise in conversion due to increased
reactivity with α and reduced available free energy (Figure
1(c)).
3.3 TGA-ANN Validation
The optimal architecture for 10 °C min-1is 2 * 5 * 1,
with two hidden layers with the lowest MSE value. A
comparative graph of the TG experimental and ANN
predicted data is shown in Figure 2.

[2] Mishra, A., Kumari, U., Turlapati, V. Y., Siddiqi, H.,

Meikap, B. C., 2020. Extensive thermogravimetric and
thermo-kinetic study of waste motor oil based on isoconversional methods. Energy Conversion and
Management, 221, 113194.
[3] Soria-Verdugo, A., Goos, E., & García-Hernando, N.

(2015). Effect of the number of TGA curves employed
on the biomass pyrolysis kinetics results obtained
using the Distributed Activation Energy Model. Fuel
Processing Technology, 134, 360-371.
[4] Yan, J., Yang, Q., Zhang, L., Lei, Z., Li, Z., Wang, Z.,

Shui, H., 2020. Investigation of kinetic and
thermodynamic parameters of coal pyrolysis with
model-free fitting methods. Carbon Resources
Conversion, 3, 173-181.
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1. Introduction
Industrialization,
economic
and
technological
developments has increased up the energy demands.Bio-oil
production through pyrolysisconversion of biomass is a
green, renewable and pollution free way of energy
production.Bio-oil generated from non-catalytic pyrolysis
has restriction of very large oxygen content, resulting in
low heating value which makes itinappropriate for being
directly utilized in engines (Gupta et al., 2021). Thus, it
needs to be upgraded through the catalysts addition in
pyrolysis, thateradicatevolatiles oxygen as gases for
instanceCO, CO2 and H2O, accompanied by the production
of deoxygenated bio-oil as well as value-added chemicals
(Chen et al., 2020).
In the present study, alumina (Al2O3) and metal doped
alumina (Ni/Al2O3, Cu/Al2O3 and Mo/Al2O3) catalysts were
utilized in the pine needle catalytic pyrolysis.
2. Material and Methods
2.1 Materials
Pine needlesnecessary for pyrolysis investigation was
acquired from the campus ofIITRoorkeelocated in
haridwar, India. Aluminum oxide, nickel nitrate
hexahydrate, molybdenum oxide and copper nitrate
hemipentahydraterequisite for catalysts preparation were
attained from sigma-aldrich.
2.2 Methods
2.2.1 Catalysts synthesis
Aluminum oxide was employed as catalyst support
material. Metal sites (Ni, Cu and Mo)were impregnated on
its surface by stirring it with metal aqueous solution and

then calcined in air at 550 °C to give corresponding
catalyst.
2.2.2 Catalytic pyrolysis experimentation
Catalytic pyrolysis was accomplishedin lab scale semibatch reactor at temperature (550 °C), heating rate (50
°C/min)and inert flow rate (200 mL/min).
2.2.3 Bio-oil characterization technique
Quantitative analysis of bio-oil was done by employing gas
chromatography-mass spectroscopy (GC-MS) analysis.
3. Results and Discussion
3.1 Catalysts effect on products yield
The impact of catalysts on the yield of pyrolysis products
have been presented in Figure 1. Catalysts incorporation in
process resulted in the reduction in bio-oil formation along
with increased production of non-condensable gases. Large
molecular weight oxygenated volatiles interacted
withcatalysts acidic sites to convert them into low
molecular weight volatiles along with non-condensable
gasesdue to several reactions for instancereforming,
cracking and deoxygenation. Results depictedthe more
substantial impact of metal-doped catalysts on product
formation as compared to Al2O3support. This can be
because ofthe presence of metallic sites along with acidic
sites of metal-modifiedcatalysts thathadan added
promotional impact on reforming, cracking as well as
deoxygenation reactions (Gupta and Mondal, 2021).

The Al2O3 exhibited higher selectivity for phenolic
enhancementin comparison to the hydrocarbons while
metal doped showed more selectivity for hydrocarbons
formation.
4. Conclusion

Figure 1:Product distribution from non-catalytic and
catalytic pyrolysis.
3.2 Catalysts effect on composition of bio-oil
GC-MS analysis of non-catalytic as well as catalytic
bio-oil has been presented in Figure 2. Non-catalytic bio-oil
contains
a
majorpercentage
of
oxygencarryingfunctionalities, such as,ketones (23.23%), sugars
(12.91%), furans (14.17%), alcohols (10.97%), acids
(3.31%), methoxy phenols (5.72%), hydroxy phenol
(3.45%) in addition to the nitrogen-carrying complexes
(4.63%), phenols (4.79%), methyl phenols (8.53%) and
hydrocarbons. Catalytic bio-oil demonstrates considerable
reduction in the ketones, sugars, furans, alcohols, methoxy
and hydroxyl phenols.Figure 2 depicts that Al2O3,
Cu/Al2O3 and Mo/Al2O3 bio-oil demonstrated significant
enhancement in the quantity of phenolic and hydrocarbon
compounds, but to a somewhat lower degreein comparison
with Ni/Al2O3 bio-oil.

Figure 2:Bio-oil composition of non-catalytic and catalytic
bio-oil.

Alumina based catalysts had been successfully employed as
catalyst forpine needles catalytic pyrolysis. It revealed a
noteworthyinfluence on the yield as well as composition of
pyrolysis products. Significant enhancement had been
observed in thecatalytic activity when further added with
metal sites which offeradditional catalytic sites in addition
to theprevailing acidic ones. Catalysts presentedsatisfactory
deoxygenation
activity
viatransforming
Ocomprisingfunctionalities to hydrocarbons, phenols
andmethyl phenols.Nickel dopingproducedutmostphenolic
and hydrocarbon enrichment. High phenolic and
hydrocarbon content in the formed catalytic bio-oil
improved its valuefor beingutilizedin the form of fuel as
well as value added chemical.
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Abstract: The properties of the hydrate bearing sediments affect the formation and dissociation of gas
hydrate in sediments. The sediment plays a dominant role in the hydrate stability condition and its
economic development. In this paper, the physical properties of hydrate bearing sediment of Indian are
compared with each other. In the present study, we investigated the mineralogy of hydrate bearing
sediments by chemical analysis and X-Ray Diffraction. The mineralogical behavior of sediments was
distinguished by XRD, FTIR and Raman Spectroscopy. Quartz is the main mineral, which was observed
in the gas hydrate bearing sediments. This characterization will give important information for the
possible recovery of gas from Indian hydrate reservoirs by controlling the behavior of host sediment.
Specific surface area depicts the mineralogical index which represents the mechanical as well as electrical
properties of sediments. SEM analysis shows the morphology of the sediments which can affect the
mechanical properties of the hydrate bearing sediments. These properties can become main parameters to
consider for the design of suitable and economical dissociation technique for gas hydrates formed in
sediments.
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1. Introduction
Amid this corona crisis, transporting vaccines in a remote
part of the country proved equally challenging and important
as vaccination itself. Due to the non-arrangement of local
stocking, numerous vaccines were wasted because of expiry.
This has led to a slower rate of vaccination in such areas.
Such delayed vaccination could be fatal to citizens. It is
required to boost local stocking and provide door to door

To overcome the shortage and wastage of vaccines, we
propose a thermoelectrically cooled solar bag. These days,
thermoelectric devices have been used in diverse fields with
the development of new thermodynamic materials. It has an
advanced peltier coefficient and coefficient of performance
(COP). These modules are powered by solar cells through
the “photovoltaic effect”.

2. Material and Methods

vaccination at the earliest. To cope with the problem, a
“thermoelectrically cooled solar bag” is proposed. The main
objective of the article is to design and build such bags for
people living in a remote part of the country where electricity
is still an issue. The polyester bag, having a dimension of
25cm X 25cm X 30cm has been taken into consideration.
The volume of the vaccine box has been taken as 4 Liters.
This solar bag will provide a quick and effective solution to
all of the above problems and will accelerate the pace of
vaccination.

The solar thermoelectric bag consists of a thermoelectric
module, solar cells, aluminium box, plastic plates, fined
surface (heat sink) and the cooling fan. Ten thermoelectric
modules have been used. TEC1- 12706 thermoelectric
modules are used in the study. For the even distribution of
requisite temperature inside the refrigeration area, an
aluminium sheet is used. Cellular thermal insulation plates
have been used as an insulator in this device. It retards the
backflow of heat when it is operated in unfavourable weather
conditions.

In this corona crisis, the outbreak of COVID-19 had led
crisis of transporting vaccines. These vaccines require
storage using a cold chain. As per the health ministry, in
2017-2018 there has been the case of stock out a 26% of
electronic vaccine intelligence network (eVIN) during the
assessment year and every one of the fifth centres stated
wastage of vaccine.

This insulation plate will also prevent any loss in the
performance of the refrigeration affected by external heat.
To enhance and increase the heat transfer rate, a heat sink or
finned surface have been used to reject the heat from the hot
surface of the peltier module from outside the bag. Now, heat
is discarded from the hot side of the peltier module to the

ambient using a cooling fan to uphold the efficiency of the
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4. Conclusion
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1. Introduction
Carbon dioxide (CO2) removal from waste gas streams of
thermal power plants and other industrial processes is an
option for reducing CO2 emission to the atmosphere and
mitigating the problems of global warming. From the CO2
capture technology basket, regenerative chemical
absorption has gained widespread acceptance as the partial
pressure of CO2 is low in the flue gas streams. In chemical
absorption of CO2, the solvent plays a crucial role and
dictates the process economics and industrial deployment.
The solvents used for this process are of various
generations
such
as
first-generation
amines
(Monoethanolamine (MEA)), second-generation which are
the blends of two different amines having favourable
properties, and third-generation such as ionic liquid or
addition of enhancer, etc. Solvent properties like high
inherent CO2 capacity per weight of solvent, high
absorption rate, low cost, non-corrosive behaviour, no
degradation, low vapour pressure, low viscosity, non-toxic
and non-hazardous are the characterises of an ideal solvent
for Post Combustion CO2 capture, but not achieved so far
to make the PCC process economically acceptable.
This work reports the development of new aqueous aminebased solvents based on polyamines and cyclic amines by
exploiting its equilibrium thermodynamics, kinetics and
thermophysical properties. It is reported that the
polyamines and cyclic amines have a higher reaction rate
than the primary, secondary, tertiary amines. Cyclic ployamines are more suitable for CO2 capture than polyamines
due to their low molecular weight and high absorption
rate[1]. CO2 absorption rate increases with increase in -NH

group in amines. In this work we considered 1methylpiperazine (1-MPZ) as a potential solvent for CO2
absorption. This can be blended with more suitable CO2
capture amine such as 2-amino-2-methyl-1propanol
(AMP). In this work, physiochemical properties such as
density (ρ) and viscosity (ƞ) of 1-MPZ, are reported.
Experiments are conducted in a wide range of
temperatures, amine concentrations for fresh solvent. The
CO2 solubility is measured at 40 oC and pressure from 1 to
300 kPa. This equilibrium solubility is compared with 30
and 40 wt% MEA and it is found that 1MPZ have higher
CO2 absorption capacity then MEA.
2. Material and Methods
2.1 Materials
The Materials used are 95% pure 1-MPZ, double distilled
water, and > 99% pure CO2 gas. A digital weighing balance
is used for solvent preparation.
2.2 Methods
2.2.1 Measurement of Density of loaded and unloaded
solvent.
Densities of CO2 loaded and unloaded solvents having
different composition were measured using Digital density
meter (Anton PaarModel: DMA 4500M) at different
temperature.The sample was taken in the syringe of 5 ml
and it was injected in the density meter and the results were
recorded.
2.2.2 Measurement of Viscosity
For the measurement of kinematic viscosity, visco-bath

2.2.3 Measurement of CO2 Solubility.

1.02

Density of aqueous 1-MPZ

1
0.98

Density (g/cm 3)

was used for controlling the temperature and suitable range
of cannon-Fenske viscometers were used. Sample amount
between 25-30 ml was taken in the viscometer. And the
efflux time is measured. From this time and using
viscometer constant the kinematic and dynamic viscosity
has been calculated.
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Figure 1: Density of (1-MPZ+water) at different mole
fractions for different range of temperature (303-353K)
35

Viscosity of aqueous 1-MPZ
30

Viscosity (mPa.s)

The solubility measurements were conducted in a stainlesssteel equilibrium cell (500×10-6 m3)connected to a
stainless-steel buffer vessel (1200×10-6 m3) by adopting
pressure decreasing method as described in our earlier
publication, Dash et al., (2011). Rate kinetic measurement
carried out in the same reactor connected to a digital
pressure transmitter (0-15 psia, Rosemount make). The
decrease in CO2 partial pressure vs time recorded in a data
logging system. The temperature of the cell and buffer are
maintained within ±0.1 K using circulating temperature
controller (JULABO, F 32, FRG). Both cell and buffer are
connected with PT-100 thermocouples (Julabo, GRG) for
measurement of temperatures in the individual cell.The
vapor pressure (Pvp) and all vacuum pressures (Pv)are
measured using digital pressure transmitters. A certain
amount of CO2 gas from the buffer cell was transferred to
the equilibrium cell. As CO2 is absorbed in the solution, the
total pressure of the cell decreases. Vapour and liquid
phase equilibrium of CO2is attained when there was no
change of total pressure in the equilibrium cell. The
equilibrium partial pressure of CO2is calculated as PCO2 =
Pvp- Pv. The liquid phase CO2 loading αCO2 is calculated
using mass balance [1].
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Figure 1: Viscosity of (1-MPZ+water) at different mole
fractions for different range of temperature (303-353K).
3.3 VLE of CO2 in 1-MPZ

3. Results and Discussion

3.2 Viscosity measurements

This work: 40 wt % 1MPZ
Aronu et al., (2011): 45 wt % MEA
Jou et al., (1995): 30 w % MEA
ENRTL Model Results: 45 wt % MEA

100

PCO2, kPa

3.1 Density measurements
The densities of aq. 1-MPZ at various temperature and
mole fraction is presented in Figure1. It is found that the
density decreases with the concentration of 1MPZ allowing
the use of concentrated solvent for CO2 capture application.
More density modeling of this system will be presented in
our forthcoming publication.
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Figure 2 presents the viscosity of aqueous 1-MPZ-at
different temperatures.Higher viscosity is observed at the
solution concentration of about 25- 30 mole % of 1-MPZ.

Figure 3: Equilibrium CO2 partial pressure over 40 wt.%
aq. 1-MPZ at 40 oC compared to 30wt% and 40wt% MEA.

Figure3 presents the thermodynamics equilibrium CO2
solubility in aq. IMPZ.This result has been compared with
the data reported by Jou et al. (1995) [3] for 30 wt %
MEAand Aronu et al (2011) [4].
Since 40 wt% MEA data is not available in open literature,
this data generated using ENRTL model in Aspen Tech
process simulator [5]. It is found that 0.55 mole of CO2 can
be absorbed per mole amine in 40 wt % aq.solutions of 1MPZ at a pCO2 of 10 kPa which may be higher as compared
to conventional MEA solvent [5-7].

Accurate experimental density, viscosity and CO2 solubility
data of the solvent has been presented. The accurate
experimental data of density of fresh solvent and CO2
loaded solvent can be used for the development of more
accurate model and precise design of CO2 capture process
by regenerative absorption process and hence carbon
capture and utilization (CCU). From the results of this
work aqueous 1-MPZ appears to be a better solvent than
the benchmarkedMEA asingle amine solvent for CO2
capture.

3.4Excess molar volume (VE) of 1-MPZ+ Water
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1. Introduction
Concern over climate change has been increasing in
recent years. The search for solutions to reduce the human
impact on the environment amplifies, as the recorded
average atmospheric concentration of CO2neared 420 ppm
as of May 20211.Chemical-looping combustion (CLC) is an
advanced combustion technique by burning fuel with a
metal oxide oxygen carrier (OC) in the absence of air. After
combustion, the OC gets replenished with O2 groups in a
secondary reactor.The preparation and manufacturing of
OCs add to the cost of operating a CLC plant.A waste
product that would make for an inexpensive OC that is
previously not investigated is petroleum coke ash (PCA).
PCA is known to contain high compositions of transition
metals and can also contain critical minerals. PCA from a
gasification plant using petroleum coke is investigated as
an OC in this study.
2. Material and Methods
2.1 Materials
The waste ash from an operating petcoke gasification
plant was used in this investigation. Elemental analysis of
the ash revealed high concentrations of nickel (26.9%) and
iron (24.2%) in the ash, as well as areduced but substantial
presence of vanadium, calcium, and sulfur.
2.2 Methods
2.2.1 Thermogravimetric Analysis (TGA)

This study used A RubothermDynTHERM high-pressure
TGA for the reduction and oxidation testing of the PCA.O2
gas was the oxidizing agent, and CH4was the fuel gas
during oxidizing and reducing cycles.Three experiments
were performed in the TGA. First was a single cycle test
conducted at 900°C. The second and third were multicycle
tests performed at 850°C.
2.2.2 Compositional Analysis
The chemical composition of the PCA sample was
analyzed through X-ray fluorescence (XRF) and
inductively coupled plasma atomic emission spectroscopy
(ICP-AES). XRF was utilized to test PCA before any
cycling treatment, and ICP-AES was selected for postprocessing due to the lower sample quantity needed.
2.2.3 Elemental Structure with Energy Dispersive XRay Spectroscopy (EDS).
PCA samples were analyzed with EDS to determine the
distribution of elements and their relation to various
topographical features.
3. Results and Discussion
3.1 Compositional Analysis of Starting Petroleum Coke
Ash
XRF analysis was utilized to quantify the elemental
composition of the PCA sample before redox cycling.
Table 1 shows the distribution of elements within the 150 –
450 μm sample batch.

Table 1 XRF
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p
forr OC
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increase the PCA
sample's maximum
possible oxygen
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3..2 Single Cyclle Preliminary
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w
obbserved, indiccating a loss and
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M-1 showed 13.8% and maaintained a co
onsistent perceentage
a each cycle.W
With
lower than thhe recorded vaalues for M-2 at
a transport caapacity tested at the lowest value
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4. Conclusion
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Two succeessful multiplee reduction annd oxidation cycle
c
exxperiments were
w
obtained during testinng. M-1 achiieved
thhree successivve cycles, and M-2 capturedd four.An anaalysis
off the R0 for each
e
cycle in experiments M-1
M and M-2 was
peerformed, andd the results arre presented inn Figure 2.

In this study, the wasteash was evaluated for its potenntial as
OC for use inn CLC.CLC w
was simulated in a TGA for single
of the
and multiple cycles to deetermine the performance
p
mple performeed better in oxxygenPCA sample..The PCA sam
carrying capacity than lim
monite, the leading
l
inexppensive
OC, at 11.2%
%. Sample reeactivity was also high, with
w
an
averaged reacction rate of 8.2%/min.PCA OC develoopment
has profound
d environmenntal and finaancial implications.
Recovering this
t
waste reesource for CLC
C
can ultim
mately
help avoid sending
s
valuaable material to landfills while
decreasing power plant ooperational exxpenses. Com
mbining
this practice with critical mineral extraaction of vannadium
and nickel coompounds cann revolutionizze how the inndustry
perceives.
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1.. Introduction
n
The sudden rise
r in the actiivities pertainning to the clim
mate
chhange due to global warming are puttingg a direct threeat to
thhe living beinngs and the ennvironment [1
1-2]. The prim
mary
caause behind sudden rise in the impact an
nd intensity of
o the
naatural disasteers such as ccloud burst, drought,
d
cycloones,
flloods and thhe landslidesccan be directtly traced too the
grreenhouse gass emissions which are primarily related too the
huuman activitiies [2-3]. Som
me of the ressearches corrrelate
thhis phenomen
non to the inncreased anim
mal farming, meat
m
coonsumption,
deforestaation,
connstruction
and
trransportactivitties [3-6].
The existing technologies for carbon caapture are eithher in
thhe nutshell orr are sufficienntly not explooited [7-10]. Here,
H
we
w are repoorting investiigations on carbon dio
oxide
seequestration using
u
the smaall organic molecules
m
(SO
OM-1
annd SOM-2) inn a fixed bed setup
s
which iss shown in Figure
1. The primarry objective of the ongoing project is
i to
deevelop gas hydrate
h
basedd process foor separation and
sttorage of CO
O2. Therefore, we triedto mitigate
m
the prime
p
cooncerns of gaas hydrate tecchnology, suchh as slow hyd
drate
deevelopment annd the low staability of form
med hydrates etc.
e

silica bed. After
A
attaininng the desireed temperaturre, the
carbon dioxidde gas was chaarged at ~ 3 MPa;
M
higher thhan the
hydrate form
ming three-phaase equilibriu
um pressure of
o CO2
gas, which is 1.4 MPa at 2274.15 K. Thee linearity in th
he P-T
profiles was considered as the end of the CO2hydrate
h
formation.
or gas
2.3 Theory and calcullationThe caalculations fo
trapped/amouunt of gas inn the cages iss calculated [5] by
taking the difference betw
ween moles off gas injected in the
crystallizer annd the moles of gas presentt in the gas phhase at
any given tim
me “t” by usingg equation 1.
∆n

(1)

,↓

For the gass hydrate prrocesses, the water to hydrate
h
conversion [66] gives idea of the efficieency of the reeaction
which can bee obtained by uusing equationn 2.
Conversion of
o water to hyydrate mole %
∆

,↓

1
100

(2)

2.. Material an
nd Methods
2..1 MaterialsT
Two high puurity small organic
o
moleccules
were
w
supplied from LobaC
Chemie Pvt. Ltd.
L for the given
g
sttudy. The 99..5 % pure carrbon dioxide gas was supp
plied
frrom Indo Gas agency, Indiaa.
2..2 MethodsExperimental setup:The
s
Figgure 1 illusttrates
major
m
componnents of the setup
s
such ass pressure veessel,
teemperature coontroller, gas supply
s
and thhe data acquissition
unnit.All the sttandard laborratory protocools were enssured
duuring this studdy. The organnic molecules were used in submolar
m
conceentrations and
a
a satturated aquueous
soolution(havingg 0.1 mole % of additive)was mixed inn the
reequired amoun
nt to create thhe uniformly chemical
c
saturrated

Figure 1. Expeerimental Setup for Carbon
n Dioxide Captture
Hydration noo. of 6.2 and 5.75 for structu
ure (I) & (II) ttaken.

Fig 2. Gas upttake profiles du
uring of the forrmation of the CO2 gas hydrattes with water, SOM‐1 and SO
OM‐2 additives in 0.1 mol %. (a)
Moles ofCO2 gas
g consumed ffor a duration of
o 3 hour during the gas hydraate formation by
b using SOM‐1
1 and SOM‐2 ad
dditives in 0.1 mol
m
%, (b) Gas upttake of CO2 gass consumed perr mole of waterr.

3.. Results and
d Discussion
3..1 Carbon dio
oxide gas conssumption
The
T comparatiive analysis of
o the CO2gaas uptake (by
y gas
hy
ydrate formation process)) exploiting the
t small org
ganic
molecules
m
and the water is sshown in Figu
ure 2. The Figure
2((a) indicates that
t
all the gaas uptake profiles have disstinct
naature which is
i highest in case
c
of SOM
M-2 and lowesst for
SOM-1. The interesting
i
paart of these experiments iss the
prresence of kiinetic hydratee promotion and
a the inhib
bitive
naature observed
d with in the sselected group
p of moleculess.
3..2Carbon diox
xide saturatio
on in gas hydrrates
The
T 0.1 mol % SOM-1 sho
owed inhibited
d hydrate gro
owth,
while
w
0.1 mol % SOM-2 gavve clear indicaations of prom
motor
acctivity toward
ds gas hydratte formation as observed from
Figure
F
2(b).T
The detailed understandin
ng of the molar
m
co
onversion effficiency madee it clear thaat the presencce of
fu
unctional grou
ups of the cheemical additiv
vescan changee the
prroperties tow
wards gas hyddrate formatio
on. Here, SO
OM-2
prroved to beeffective in caarbon sequesttration in thee sea
beed.
4.. Conclusionss
A com
mparative invvestigation off the gas hyd
drate
baased CO2gas uptakein the presence
p
of tw
wo simple org
ganic
moleculesSOM
m
M-1and SOM-2 was conduccted in a fixed
d bed
seetup which reevealed a betteer gas uptakee in case of SOM2m
molecules sho
owing a high affinity towaards CO2gas.T
Thus,
ov
verallcarbon dioxidegas uuptake order having SOM
M-2>
Water
W
system >SOM-1
>
was observed in th
his study.
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1. Introduction
The atmospheric temperature of the earth is increasing day
by day as a result of global warming. One of the major
reasons for this temperature rise is excessive emission of
greenhouse gases such as CO2 into the atmosphere, mainly
from industrial and transportation activities.
Electrochemical processes for valorization of CO2 are a
prospective solution to close the anthropogenic carbon
cycle.

of H2O takes place at anode and reduction of CO2 takes place
at cathode. Species involved in the process are H2O, CO2,
ethanol.bi-carbonate ions and carbonate ions, hydroxide ions
formed during reduction is transported through AEM. For
simplification of the process, in this process we have
considered only the CO2 reduction to ethanol
2.2 Electrochemical Reactions
Cathode half reaction
2CO2(g) + 9H2O(l) + 12e-→CH3CH2OH(l) + 12 OH-……(1)

2. Model development

Anode half reaction

In this work, ASPEN is used for the simulation of
electrochemical reduction process of CO2 to ethanol. The
electrochemical reduction process consists of electrolyser
(modelled using aspen custom modeler) where CO2 is
reduced to desirable products. Unit operations like
distillation column (electrolyte and liquid product
separation), pumps (pumping liquid from electrolyser to
distillation column), gas liquid separator (gas products from
gaseous streams are separated) are also included in the
process flow diagram.

2H2O(l) → O2(g) + 4H+ + 4e-……………………………(2)

2.1 Electrochemical reactor model

2.2.1 cathode half cell(CHC)
For the molar balance equations are derived using the first
principles ‘conservation of mass’.Rate of accumulation =
(input rate – output rate)+(generation – consumption)
𝑑𝑛𝑐,𝑖
𝑑𝑡

= (FCI XCIN,i + FGI XGIN,i) - (FCO XCL,i + FGO XCG,i) +
(∑ 𝜖𝑖 𝑟𝑐 )……………………………………….(3)
𝑛

XCL,i = ∑ 𝐶𝑖 …………………………………………….(4)
𝑛𝐶𝑖

𝑛

Electrochemical reactor consists of an anion exchange
membrane (AEM), separating cathode half-cell and anode
half-cell containing electrodes in each half cell. Gap between
electrodes and AEM is filled with electrolyte. Electrode used
in cathode cell is a GDE (gas diffusion electrode). Oxidation

XCG,i = ∑ 𝐺𝑖 …………………………………………….(5)
𝑛𝐺𝑖

𝐶𝐶𝐿,𝑖 =

𝑛𝐶𝑖
𝑉𝐶

………………………………………………(6)

𝑉𝐶 = ∑ 𝑉𝑀𝐶,𝑖 𝑛𝐶𝑖 (only for liquids)………………………..(7)

By Fick’s law,
𝐷𝑖
𝛿𝐶,𝑖

𝐴 (𝐶𝑆𝐶,𝑖 − 𝐶𝐶,𝑖 ) = (∑ 𝜖𝑖 𝑟𝑐 ) (only for liquids)………(8)

gas follows Henry’s law,
𝐶𝑆𝐶,𝑖 = 𝐻𝐺,𝑖 𝑃𝐺,𝑖 (gases)………………………………….(9)
2.2.2 anode half cell(AHC)
Cathode and anode calculations are analogous to each other.
but in the molar balance new term was introduced in anode
half cell as AEM is used for transport of bicarbonate and
hydroxide ions from cathode half cell to anode half cell
𝑑𝑛𝑎,𝑖
𝑑𝑡

= (FAI XAIN,i) - (FCO XA,i ) + (∑ 𝜖𝑖 𝑟𝐴 ) + Nm,i………(10)
𝑛

Di
= diffusional coefficient of component i in the
electrolyte
δC,i
= thickness of boundary layer in CHC
A
= cross sectional area of reactor
CSC,i = concentration of component i at the cathode
surface
CC,i = concentration of component i in the catholyte
HG,i = henry constant of component i
PG,i
= patial pressure of species i
Terms used in Anode half cell are analogous to terms used
in Cathode half cell
I
= current through electrochemical reactor
F
= faraday constant
3.Resuts and Discussion:

XA,i = ∑ 𝐶𝑖 ……………………………………………..(11)
𝑛𝐶𝑖

𝐶𝐴,𝑖 =

𝑛𝐴𝑖
𝑉𝐴

……………………………………………(12)

𝑉𝐴 = ∑ 𝑉𝑀𝐴,𝑖 𝑛𝐴𝑖 (only for liquids)…………………..(13)
By ficks law,

𝐷𝑖
𝛿𝐴,𝑖

𝐴 (𝐶𝑆𝐴,𝑖 − 𝐶𝐴,𝑖 ) = (∑ 𝜖𝑖 𝑟𝐴 ) ( liquids)..(14)

𝐼

Nm,i = ………………………………………………….(15)
𝐹

Butler–Volmer equation is used to calculate current across
electrode surface. Electrochemical reactor model is coupled
with remaining unit operations (gas- liquid separator) which
are available in the aspen plus
nc,i

= moles of components in CHC

FCI

= input flow rate for CHC

XCIN,I = mole fraction of components in inlet
FGI

= molar flow rate of input gas

XGIN,I = mole fraction of gas components in the input
FCO
= outlet flow rate of CHC
XCL,I = mole fraction of components in CHC
FGO
= output gaseous flow rate of CHC
XCG,i = mole fraction of gaseous component i in CHC
ϵi
= stoichiometric coefficient of component i in the
reaction
rc
= rate of reaction of CHC
CCL,i = concentration of component i in the CHC
VC
= volume of CHC
VMC,i = molar volume of component i

Above figure is the process flow sheet. Electrochemical
reactor model from aspen custom modeler used in the place
of H-cell.
4.Conclusion:
In this study, a mathematical model was developed for
electrochemical reduction of CO2 which can be integrated
with other unit operations in the Aspen Plus software. This
model can be further used for techno economic assessment
of the process. This study opens up opportunities for CO2
valorization and integration of the electrolyzer unit with
renewable source such as solar energy.
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1. Introduction
Carbon dioxide (CO2) is a major component of natural and
industrial gases and a major contributor to global warming.
As a result, gas treating has gained considerable importance
in order to meet up to the increasingly stringent
environmental regulations along with exploitation of poorer
quality crudes and natural gases. Also, for the future
development of energy and power technology, CO2 removal
from various streams is desired. There are several
technologies being used for CO2 separation, such as
chemical absorption, physical absorption, cryogenic
methods, membrane separation and biological fixation.
Reactive absorption of CO2 into aqueous solutions of
alkanolamines is by far the most widely used technique for
treating natural, refinery and synthesis gases to meet the
desired specifications.
Primary amines such as monoethanolamine (MEA) and
diglycolamine (DGA); secondary amines such as
diethanolamine (DEA) and diisopropanolamine (DIPA); and
tertiary amines such as triethanolamine (TEA) are
industrially used absorbents [1]. The discovery of novel,
alternative amine-based solvents, which are attractive for
CO2 capture, constitutes an important challenge.
N-methyldiethanolamine (MDEA) shows a broadly studied
candidate tertiary alkanolamine having good potential for
the high removal of Carbon dioxide (CO2) from gaseous
streams. In MDEA, a methyl group replaces the hydrogen
atom associated to the amino group in DEA. Low reactivity
of tertiary amines with CO2 can be improved by adding
promoters resulting in an enhanced CO2 capture. In this
work, acceleration of the CO2 reaction with MDEA and
AMP in aqueous solutions by EDA and DETA were

investigated at a temperature range of 303-313 K. MDEA
and AMP concentration were in the range of 1.0-3.0M for
all experiments, while promoter’s concentration was varies
in the range of 0.1 - 0.5 M.
2. Material and Methods
2.1 Materials
MDEA, AMP, EDA and DETA were purchased from SD
fine Chemical Ltd.
2.2 Methods
A stirred cell reactor with a plane, horizontal gas-liquid
interface was used for the absorption studies. Vaidya and
Mahajani (2005) described the experimental setup in detail
[2]. The kinetics of reaction was calculated from the
absorption rate measurements at Temperature (T)=303, 308
and 313 K under the fast pseudo-first order conditions.To
measure the equilibrium solubility of CO2 at T=303 K and
P=101.3 kPa, a procedure described in our recent work was
used [3].

3. Results and Discussion
Among the additives used in this work, DETA showed the
best performance in increasing the specific absorption rate
of MDEA and AMP (see Table.1). The overall reaction of
CO2 with aqueous mixtures of MDEA/AMP and DETA can
be regarded as a reaction between CO2 and MDEA/AMP in
parallel with the reaction of CO2 with free DETA. This
suggestion is based on the fact that free DETA transfers CO2
to MDEA, thereby regenerating itself. If DETA could not
transfer CO2 to MDEA, the free DETA concentration during

reaction would quickly decrease and the absorption rate
enhancement would not be observed.
Table 1. Kinetic characteristic of EDA and DETA activated
MDEA and AMP (2.5 kmol/m3) solution at 303 K.

Amine

Conc.

PCO2

R × 106

kobs

(kmol/m3)

kPa

(kmol/m2.s)

(1/s)

0.1

5.01

1.74

1142

0.3

5.11

3.55

4971

0.5

5.05

4.98

11328

0.1

5.1

2.02

1461

0.3

5.09

3.65

5182

0.5

5.11

5.31

11850

0.1

7.86

3.93

3403

0.3

8.12

6.90

10318

0.5

8.3

9.11

18594

0.1

7.5

4.01

4216

0.3

8.1

7.50

14607

0.5

8.2

9.90

29371

Promoter

EDA

MDEA

DETA

EDA

AMP

DETA

The equilibrium solubility of (2.5 M MDEA+ 0.5 M DETA)
and (2.5 M AMP + 0.5 M DETA) blend in CO 2 were
experimentally determined at T=303 K. A plot of
̂CO ) vs. loading
equilibrium partial pressure of CO2 (P
2
capacity α (mol CO2/mol amine) is presented in Figure. 1.
̂CO changed from 0.94 to 20.62kPa the
as the value of P
2
loading capacity increased from 0.4 to 1.12 mol CO2/mol
amine for 2.5 M MDEA+ 0.5 M DETA blend.

Figure 1. A plot of equilibrium partial pressure of CO 2 vs.
loading capacity at 303 K (2.5 M MDEA + 0.5M DETA)
4. Conclusion
The aqueous blends (AMP + Promoter) are attractive for the
enhancement of CO2 capture, due to high CO2 loading
capacity of AMP and high reactivity of the promoter.
Chemical kinetics of both blends were studied. It was found
that DETA is more effective than EDA.
Finally, the equilibrium characteristics of blend
(AMP+DETA) were considered at T=303 K for equilibrium
CO2 partial pressures up to 20.62 kPa. The results of this
study will be able to facilitate design and operation of gas
treating plants with AMP/MDEA as the CO2 capturing
component.
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Abstract
In recent times, most of the targeted research aim towards the development of efficient
processes that may be employed to achieve the desired goal. In order to do that, it is necessary to find
out an effective way that can reduce the limitations of existing or conventional processes (unit
operations) and carry out certain modifications and optimizations, without compromising the end results
– Process Intensification. In other words, process intensification refers to the improvement of process
efficacy, increase in production efficiency, reduction of equipment size, reduction of energy
consumption, reduction of waste production during processing, cost effectiveness, optimization of
process parameters, and hence, improving process sustainability. In most of the separation processes,
the role of process intensification is very important in order to be considered in a commercial platform.
In most of the chemical engineering systems, separation processes are integral part of the entire
process flowsheet. If we consider a reactive system, where, certain products are of primary interest,
separation units are either put in the upstream or downstream. In such a system, the reactor is the heart
of the system. There may be processes, where, the separation is the only objective. For example, if we
consider a treatment process of an industrial effluent, separation is the only process that is involved. The
separation processes those are not conventional and routine fall under novel separation category.
Therefore, some of the rate governed separation processes are identified as, (i) Membrane based
separation processes; (ii) Chromatographic separation processes; (iii) Electric field assisted separation
processes; (iv) Ion exchange processes, (v) Supercritical fluid extraction; (v) Cloud point extraction, etc.
are regarded as novel separation processes.
Keywords: Process intensification, unit operations, separation processes, membranes, electric field
assisted separation, liquid membrane, cloud point extraction, electrophoretic separation, supercritical
fluid extraction
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1. Introduction

2. Production of biochar

The exploiting usage of fossil fuels has resulted
in the rising levels of CO2 and other greenhouse
gases (GHGs) in the atmosphere leading to air
pollution and global warming. These ecological
issues have increased worldwide attention for
unconventional energy supplies, particularly from
renewable materials. Renewable carbon present
in organic residues such as lignocellulosic
biomass, municipal solid waste, food waste, cattle
manure, industrial effluents, sewage sludge and
other wastes materials can be converted to
biofuels and biomaterials. While biofuels are
considered carbon‐neutral, biochar is regarded as
carbon‐negative.

Temperature, heating rate and reaction time
play important roles in the generation of biochar
from different biomass sources. Carbonization or
slow pyrolysis is most commonly to generate
biochar. These processes operate under oxygen‐
deficient conditions at lower temperatures and
longer reaction time leading to dehydration,
devolatilization and aromatization of biomass.
The production and composition of biochar, bio‐
oil and gases from carbonization and pyrolysis are
critically impacted by process parameters (e.g.,
temperature, heating rate, reaction time and
reactor type), biomass properties (particle size,
compositions of moisture, volatile matter, fixed
carbon, ash, cellulose, hemicellulose, lignin,
extractives, and organic and inorganic elements)
[2]. The altering of these process conditions
categorizes pyrolysis as slow, fast, flash and
intermediate pyrolysis [3]. Varying yields of
biochar, bio‐oil and producer gas are obtained
from different types of carbonization, pyrolysis
and gasification conditions. For instance, flash and
fast pyrolysis requiring high temperatures, rapid
heating rates and short vapor residence times
lead to the higher production of bio‐oil. On the
other hand, slow pyrolysis requiring low
temperatures, slow heating rates and longer
vapor residence times result in lower yields of

Biochar is a product of carbonization, pyrolysis
and gasification of waste biomass that can store
energy and capture carbon simultaneously
making the biorefinery process carbon negative.
The use of biochar can capture CO2 from the
atmosphere, thus alleviating global warming
through reduced GHG emissions. Biochar is
fixated with stable aromatic carbon which cannot
be readily restored in the atmosphere as CO2 even
under ambient environmental conditions [1].

biochar. During carbonization and pyrolysis of
biomass, primary and secondary cracking
reactions occur resulting in the generation of
condensable and noncondensable vapors. Upon
the quenching or condensation of these volatile
vapors, bio‐oil is generated. The noncondensable
vapors result in the gas phase (H2, CO2, CO, CH4,
C2+), whereas the foxed carbon is formed as
biochar.
The process conditions in the thermochemical
conversion
(carbonization,
pyrolysis
and
gasification)
of
biomass
retains
the
physicochemical qualities of biochar such as
proximate composition (moisture, volatile matter,
ash and fixed carbon), ultimate composition (C, H,
S, S and O), elemental composition, thermal
stability, aromaticity, surface area, porosity,
alkalinity, cation‐exchange capacity, water
retention ability. These characteristics of biochar
are prone to variation as per the type of feedstock
and its properties, thermochemical processing
conditions and post‐processing treatments such
as physical and chemical activation and
functionalization. Biochar generated at higher
temperatures during carbonization, pyrolysis and
gasification tend to have greater aromatic carbon
and ash content, alkalinity, surface area and
porosity [4]. On the other hand, biochar produced
at lower processing temperatures shows greater
yields, volatile content, electrical conductivity and
cation‐exchange capacity. The utilization of
biochar depends on its physicochemical, thermal
and structural features.
3. Biochar applications
Some well‐known technologies used for
carbon capture are absorption, adsorption,
membrane separation and cryogenic distillation.
The biological pathways for carbon sequestration

include algal culture. Biochar use in the soil can
considerably improve its quality and act as a
storehouse of carbon. It can improve the bulk
density of soil by boosting the water content,
rooting arrangement of plants and soil
microorganisms [6]. The consequences of biochar
application to soil are beneficial as it positively
modifies the soil microflora and structure. Biochar
amendment to soil can enhance the population of
beneficial bacteria, fungi and nitrogen‐fixing
microorganisms. Biochar supplies carbon,
nitrogen, phosphorous, potassium, calcium,
magnesium and other plant‐growth essential
elements to the soil that can be either taken up by
the plants or mineralized by the soil
microorganisms. Soil microorganisms can also
find shelter in the pores of the biochar to slowly
release plant‐growthpromoting hormones over a
longer period in the soil [7].
Biochar amendment can decrease the
concentration of heavy metals and other organic
pollutants in the soil. The positive surface charge
on the biochar surface can decrease upon its
oxidization, thereby changing its absorption
potential
[8].
Phenols,
polyaromatic
hydrocarbons, furans, pharmaceuticals, dyes and
other complex contaminants present in the soil
and wastewater can also be captured using
biochar and activated carbon. The porosity of the
biochar can be enhanced through physical and
chemical activation processes to selectively
capture the pollutants from the environment. The
porosity and surface area of biochar can be
improved to trap the odor and air‐borne
contaminants to help clean the environment. The
used biochar can also be regenerated through
physical, chemical, ultrasonic and thermal
treatments to regain its adsorption potential and
other applications.

4. Conclusion
Biochar is a desirable carbon‐rich biomaterial
that has various applications such as carbon
capture, soil amendment, crop productivity,
pollution control. These utilities largely depend on
the physicochemical, thermal and morphological
features of biochar. These properties of biochar
are influenced by temperature, heating rate,
vapor residence time, reaction time during
carbonization, pyrolysis and gasification of
biomass.
Biochar
produced
at
higher
temperatures has a large surface area and greater
porosity, thus making it an efficient agent for the
adsorption of pollutants from soil, wastewater
and air. Biochar generated at lower temperatures
has an affinity towards cationic nutrients in the
soil.
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1. Introduction
Unlike cotton, wool is a natural protein fibre. This fibre is
obtained from sheep and other animals like rabbits, goats,
camels etc. Wool fibre has components likegrease, suint,
dirt, dust along with pesticides and vegetable matter from
the animal's environment.To convert raw wool into the
wool textile, scouring is necessary which is defined as the
process of washing the rawwool in hot soapy water to
remove dirt, grease, and vegetable matter from the fleece at
60 0C temperature. Scoured wool is the main product and
wool grease is abyproduct of this process. Wool grease is a
valuable by-product as it has commercial applications in
health industries as an ointment, cosmetic industries, and
leather industries as a lubricant
Wool scouring plants are big consumers of water. This
wool scouring effluent cannot be discharged directly into
water bodies due to ecological reasons [1]. Wool scouring
effluent is a very stable grease-water emulsion containing
some dissolved inorganic salts (mainly suint) and
suspended solids [2].
Current methods use for wool scouring wastewater
treatment are acid cracking and solvent extraction. But
these methods are not commercially viable.One of the
efficient ways of grease removal is centrifugal separation.
However, this approach also has some shortcomings like
the inefficient grease removal from greasy water, clogging
of centrifuge due to fine mud and subsequently frequent
stoppage of it for cleaning. Hence, extensive investigation
has been done to increase the efficiency of a centrifugal
process which ultimately gives the high grease recovery.
This study was set out to optimize the centrifugation
process to recover maximum grease from scouring effluent.
The main objective of this study was, to find a sustainable
method for maximizing the grease recoveryand thereby

reducing effluent load. Aiming the higher grease recovery,
the significantly affecting process parameters like detergent
dozing, centrifuge inlet flow rate, centrifuge inlet
temperature, centrifuge nozzle length has been studied and
optimized in the existing process of scouring at Jayashree
Textile,West Bengal.
2. Material and Methods
2.1 Materials
The raw wool fibre used in this study was procured from
Australia and New Zealand region. Laboratory grade
Petroleum ether (Merck), Hydrochloric acid (Loba) were
used in this study. The non-ionic detergent Esteem AJ47
(Esteem) and Foryl LN (Pulcra) used were of commercial
grade.
2.2 Methods
2.2.1 Quantification of grease content in greasy wool
A simple solvent extraction-based method is developed to
estimate the grease in greasy wool. Petroleum ether was
used to determine the grease present in raw wool. A known
quantity of greasy wool and solvent are used in the Soxhlet
setup, grease is extracted by the solvent in 10-12 contact
cycles for 3 hours. After the extraction of grease into the
solvent, the solvent is evaporated to calculate residual
grease content.
2.2.2 Greasedetermination fromgreasy water
Centrifuge inlet, drain and recycle water samples were
collected from the plant and the amount of grease present
in them was quantified by using the liquid-liquid extraction
method as described.2 ml concentrated hydrochloric acid
was added in 25 ml thoroughly mixed and preheated 70
o
Ceffluent sample in a separating funnel. This mixture was

leeft undisturbeed for about 5 minutes. After
A
this 500 ml,
peetroleum etheer boiling rangge 60-80 oC was
w added to it. It
was
w thoroughlly mixedand allowed to separate forr 30
minutes
m
(Figurre 1).After 300 minutes thee lower layer was
diiscarded,and the middle bbrown layer was
w transferreed in
annother separaating funnel. The petroleuum ether soluution
was
w washed with
w
a little distilled waater (10 ml) and
coollected inthee second sepparating funnnel. Transferr the
peetroleum etheersolution to a 100 ml glaass beaker whose
w
weight
w
was already
a
takenn. Evaporate the solution
n to
drryness.

plant with a 15.5
1
Kl/h centtrifuge inlet fllow rate and ccontrol
loop installattion to reducee process varriation. This study
showed the grease recovvery improveement by 1..37 %
initially. Furtther other parrameters weree optimized like a 5
% incrementt in detergentt dosing than
n the current level,
47mm nozzlee size, 17 Kl//hr centrifuge inlet low ratte, and
Centrifuge innlet temperaturre 72 0C. Thiss showed the ooverall
recovery by 2.3
2 % as show
wn in Figure 2 and the centtrifuge
inlet and outllet losses werre reduced froom 15.58 % to
t 6%
and 22 % to 15.9
1
% respecctively.

Repeated
R
the saame process ffor the secondd separating fu
unnel
with
w 30 ml pettroleum ether.. Collected the extracted matter
m
inn another beeaker whose weight waas already taaken.
Evaporate
E
to dryness.
d
Addeed the two exxtracts to calcuulate
thhe total Greasee content of liiquid samples in mg/l

Extractt
Raffinaate

Figure 2:Greease Recoveryy %
4. Conclusion

Figure
F
1:Liquid -liquid extraaction processs
3.. Results and
d Discussion
From the greaase content annalysisin the raw wool, it was
foound that the finer wool (15.5 to 19.5 micron)
m
has more
m
grrease contentt in the rangee of 10-12% than the coarser
wool
w
(23-29.55 micron). Greasy wateer samples from
Centrifuge
C
inleet, recycle strream and draain water conntains
appproximately 7000, 1880, 4226 ppm grrease respectivvely.
This
T
grease content depennds on the wool
w
micron. The
grrease contentt analysis heelped to do material ballance
accross the sysstem to findd out the ovverall losses. The
ceentrifuge inleet losses weree observed 15
5.58 % whilee the
ouutlet losses weere observed 22
2 %.
3..1 Parameter study and efffect
To
T reduce thee losses obserrved by the material balaance,
prrocess param
meter-controlleedstudy was conducted
c
at the

A systematicc study of thee parameters at
a the plant shhowed
an overall im
mprovement inn the grease recovery
r
by 2.3
2 %.
There is furthher scope in grrease recovery
y by recyclingg drain
water.
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1. Introduction
Bio-jet fuel derived from sustainable plant products is an
important step towards carbon-neutral fuel that will be
helpful in reducing the global warming issues and the
associated challenges arising out of climate change. A biojet fuel reduces the dependency on fossil-based sources
while reducing carbon footprints up to ~ 80% [1]. Biofuels
can be produced from biomass by means of biological,
physico-chemical and thermo-chemical methods [2,3].
Hydro-processing is one of the most important steps in biojet fuel production in which hydrogen is used as an excess
reactant [4,5]. Vent gas from the hydrocracker cannot be
recycled back as it contains several impurities.It has been
observed that left-over hydrogen (~ 80%) from the vent
stream can be recovered by metal membrane for recycle
and reuse in hydrocracker, and will reduce the load on
hydrogen generation unit significantly. The present study
describes the method of preparation & characterization of
metal membrane and application results in simulated
environment of feed gas mixture
2. Material and Methods
2.2 Metal membranefabrication
Palladium was coated on alumina supports by DC
magnetron sputtering at an optimum set of operating
conditions; pressure: 8.5 × 10-3 torr, Ar gas flow rate: 60
sccm and power: 200 W. Vacuum annealing of metal
coated tube was done in vacuum furnace (Hind Hivac,
India) at a vacuum of 5 × 10-5 torr in argon atmosphere at
900˚C.

2.3.Hydrogen
separation
studies
in
simulated
environment
The compatibility analysis of palladium membrane was
carried out in vent gas stream of hydrocracker of biofuel
production unit at 400˚C and 1 bar. Palladium membrane
was exposed to simulated environment for a time period of
50 and 100 h. Gas permeation studies of exposed and
unexposed membranes were carried out.
3. Results and Discussion
3.1 Characterization of support
SEM results show that the tube has most of the pores in the
range of 1.0 to 2.0µm, with good interconnected porosity.
Surface roughness of support tube determined by AFM was
found to 0.7 micron
3.2 Characterization of palladium membrane
The SEM and EDS images of the unexposed as well as the
exposed membrane samples are shown in Figure 1. As
clearly evident from the morphology, unexposed membrane
has a dense palladium layer with no visible pores. When
the membrane was exposed to simulated vent gas
environment of bio-jet fuel production unit, transition from
dense to porous structure was observed. The EDS analysis
of unexposed palladium membrane clearly indicates the
presence of Pd, Al, Si and O. For exposed membrane, it is
clearly evident that S significantly covered the palladium
surface and might have reacted with palladium to form
Pd4S. Carbon deposition has also increased with exposure
duration.

3..3 Modeling and
a simulation
As
A the membrranes are founnd reasonablyy unstable in H2S
ennvironment, aan ultra-thin layer
l
of H2S-resistant mateerial,
like Pt, needs to be coated to enhance itts stability. Inn this
seection we haave modelled the Pt coatted Pd composite
membrane.
m
Go
overning equaation are solv
ved through MAT
M
LAB
L
softwaree. Effect of operating
o
parrameter like feed
veelocity, pressuure on hydroggen flux has beeen studied.

Unexposeed membrane

References

Exposedd membrane
Figure 1: SEM & ED
DS images of membrane.
m
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1
Mole Fraction

0.8

fuel productioon unit. SEM analysis show
wed that the allumina
tube has a pore size in the rrange 1-2 µm
m. The AFM annalysis
showed an average
a
surfaace roughnesss of ~ 700nm
m and
porosity was calculated too be 35%. A dense
d
thin film
m (~ 3
micron) of palladium
p
mettal membrane was coated on the
composite suupport using D
DC magnetron
n sputter depo
osition
technique. Thhe effect of siimulated bio-jet fuel enviroonment
(Carbon monnoxide 1.5%, Carbon dioxxide 1.5%, Methane
6.5%, Ethanee 5 %, Propanne 2%, n-Butane 1%, iso-B
Butane
1%, n-Pentaane 0.25%, iso-Pentane 0.25%, Hyddrogen
sulfide 1%, Hydrogen
H
80%
%) on palladiium membranne was
studied. Thee performancee of the metal membranne was
found satisfacctory for up too duration of 100
1 h. EDS annalysis
confirmed thee presence off sulfur on pallladium surfacce. The
flux declinee observed in palladium
m membrane after
exposure to simulated gaas exposure iss due to pallladium
sulfide formaation. The hyddrogen permeability of pallladium
membrane was
w
found too decrease from 1.88 ×
×10-5to
3.25×10-6 mool.m-2.h-1.Pa-1 for exposurre duration of
o 100
hours. Modelling of perforrmance of membrane with a very
thin Pt coatiing over Pd membrane is also studiedd. It is
found that uppto a Pt layerr thickness off 50 nm, it dooes not
effect the flux.
f
Simulattion studies shows that for a
membrane leength of 250 m
mm, a feed veelocity 0.075 m/s is
sufficient to make
m
a compllete recovery of
o hydrogen.
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Abstract: As Naphthalene is the costliest material, so as to increase the efficiency of Tar Distillation Plant, we need to increase
the yield of Naphthalene or we can say we need to reduce the losses of Naphthalene in other fractions. The naphthalene escapes
in both phenol and wash oil. In phenol the naphthalene which we recover is the lighter naphthalene. The naphthalene content is
more in the phenol (25-30 %) and it can be extracted by other means and it will not contribute much to the crystal and it will
come to DNO as both the prices are almost same. So, it is not advisable or economically feasible to extract lighter naphthalene
from phenol. So we have to concentrate the heavier naphthalene which is escaping in wash oil. The percentage of naphthalene in
wash oil is around 15 to 16 %. If we extract naphthalene from wash oil then it will definitely contribute in the crystal, i.e. we can
increase the Naphthalene yield. Then we have to design a distillation column which will process the wash oil as feed that will be
separated into two fractions one is the crude naphthalene and the other is the pure wash oil (wash oil with lesser naphthalene).
Now we will make another distillation column i.e. binary distillation column where the wash oil which is stored from the
previous column will be given as a feed to the binary distillation column, then we will get a pure naphthalene seam and wash oil
seam at the bottom where the naphthalene concentration will be very less i.e. if we want to reduce the naphthalene concentration
then we can go for the bottom wash oil seam (5%) and in the feed the naphthalene concentration will be around 15-16 %. The
top fraction which is having pure naphthalene seam is having 80 to 85 % naphthalene. The industry can improve their
production rate which is more than 10% of distillate as compared to running condition of the plant.
Keywords: naphthalene; Distillation; mechanical design; Tar ; wash oil.

1. Introduction:
Naphthalene is the costliest compound of all the byproducts as it is utilized in the textile die industries. The
efficiency of the tar distillation plant is based on the
maximization of naphthalene yield. Increasing the output is
nothing but reducing the loss of naphthalene in other
products. In the process of distillation, there is a chance of
escape of naphthalene in two fractions, i.e. phenol (top to
naphthalene) and wash oil (bottom of naphthalene). The
naphthalene present in phenol is called lighter naphthalene,
and escaping in wash oil is called heavier naphthalene.
Generally, naphthalene may escape in phenol by
entrainment and may escape in wash oil through weeping.
We have to avoid these undesirable characteristics during
distillation by running the column smoothly. But due to

manual errors, the escape of naphthalene in other fractions
is unavoidable. To increase the naphthalene yield, we have
to concentrate on heavier naphthalene going into wash oil,
as lighter naphthalene doesn't contribute much to the
crystal. Eventhough the percentage of naphthalene in
phenol (20-25) is higher than the percentage of naphthalene
in wash oil (around 15-16). We will concentrate only on
heavier naphthalene because if we try to extract
naphthalene from phenol, it goes into Descending Node
orbit (DNO) but not into naphthalene cakes. The cost of
phenol is based on the naphthalene content in it. So there
will not be much difference between Descending Node
orbit (DNO) and phenol, so we have to extract heavier
naphthalene which is going into wash oil. So to reduce the
percentage of naphthalene in wash oil from 15-16% to 47%, we have to design a new binary distillation column

with wash oil fraction as feed to that new column and pure
naphthalene oil with 80-84% of naphthalene as distillate
and pure wash oil with 4-7% of naphthalene as bottom
product.
The viscous tar is produced due to cooling process of coke
with ammonia. During this cooling process, coke dust
particles mixed with liquor and forms coal tar.
This coal tar contains the aromatic compound which on
distillation gives rise to different compounds like phenols,
light oils, wash oil and pitch. Coal tar in coke oven gas is
collected from CPH and final gas a cooler of benzol
recovery is transferred to tar and oil storage. Then, it was
pumped to a mechanized decanter in a tar distillation plant.
Adela L. Fernández et. al., 2001[1] Studied on oil like
anthracene which has a boiling point of 250°C -370°C and
it is reacted with sulfur having 5-20 Weight % at 250−300
°C for 2hr. Anthracene oil conversion with pitch like
material was monitored by using thermogravimetric
analysis at 350 °C. At 350°C, the anthracene oil residue is
zero. Anthracene oil is reacted with sulfur so the
concentration of sulfur was monitored. The reactive sulfur
can be determined by using gas chromatography of the
toluene-soluble fraction and also used the different
mechanism considering of their different structures. Hou
Wenjie et al [2] studied high purity biphenyl was
separated from recovered wash oil of coal tar through batch
distillation under vacuum and crystallization. The
separation process is in two steps: First, fractions with 70%
biphenyl were obtained after the front-cut fractions,
including β-methylnaphthalene and α-methylnaphthalene,
etc., were eliminated by batch distillation; second,
impurities of fractions, including dimethyl naphthalenes
and indole, were eliminated by crystallization. The results
show that 99% biphenyl can be produced with a high
recovery rate, and the total material balance will not be
affected. Guangbing Liang et.al., 2019 [3] focuses on the
conversion of anthracene oil into pitch through the
polymerization reactions of anthracene oil in coal tar
induced by sulfur agent. The different parameters were
determined: content of volatile matter, penetration,
softening point, fractional, ductility and elemental
compositions were performed and properties of content was
characterized by using different equipment like infra-red
spectroscopy, thermal analysis,
microscope, optical
microscopy analysis and scanning electron.

I. V. Moskalev et.al. , 2014[4] reports results of
investigations on the properties of pitches can determined
from coal tar by using two methods , one is air-blowing
methods and other one is thermal cracking method.
Comparison study has carried out for air-blown pitches and
coal tar pitch were used. Different parameters are examined
for content of volatile matter, fractional, elemental
compositions, softening point; infra-red spectroscopy and
thermal analysis were performed. Pitches were determined
from coke and the researcher analyzes the microstructure,
porous structure and reactivity.
P.Álvarez et.al.,2013[5] shows nuclear magnetic
resonance to be a rapid, multiskilled and authentic
technique used to monitor the structural changes and after
processing of anthracene oil to produce pitches. Thermal
oxidative treatment and thermal treatment used to produce
anthracene oil and Nuclear Magnetic Resonance (NMR)
analysis is used for two treatment method.
This paper focused on the reduction of the percentage of
naphthalene in wash oil from 15-16% to 4-7%, a new
binary distillation column will be designed with wash oil
fraction as feed to that new column and pure naphthalene
oil with 80-84% of naphthalene as distillate and pure wash
oil with 4-7% of naphthalene as bottom product.
2. Experimental:
The tar mixture from final gas cooler (FGC) is pumped to
the Tar & Oil storage tank (TOS), then from Tar and Oil
Storage tank it is pumped to decanter in tar distillation
section. The temperature of the decanter is maintained at
80 oC. The decanter removes a bit of moisture from the tar
mixture and sends it as Ammonical liquor for quenching in
the battery section.
The tar mixture is then transferred to furnace and is preheated upto 120 oC, to evaporate the moisture from the tar
mixture which is called 1st stage evaporator. The residue in
the 1st stage evaporator is called dehydrated tar and vapor
in the upper section is condensed and collected as light oil
and Anthracene 1. Again that tar mixture is heated upto
400oC and the residue which is left in the column is called
pitch which is taken out and transferred to the pitch cooling
and loading area and the vapor in the top section and
condensed by natural air while travelling to the distillation
column and product obtained as Anthracene 2. The top
temperature is always maintained at 110oC and 330oC.

Feed specifications

X
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

Column Specifications

Feed pressure – 0.3 Kg/cm2

No. of stages – 7

Feed flow – 1489 kg/hr

No. of tray- 10

Top temperature - 110oC

Reflux ratio – 1.2

Top temperature - 330oC

Table-1: Industrial Specification
Mois
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%

5-6

Ligh
t
oil%

0.5

Pheno
l
fractio
n%

Napht
halene
%

1-1.5

5-6

Wash
Oil%

8-9
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oi1%

8-19
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%

55-60

Table-2: Composition of Crude Tar

Y

0.189
0.34
0.47
0.583
0.677
0.759
0.83
0.893
0.95
1.0

Average molecular weight of gas
= 0.16*(128) + 0.84*(144)
= 141.44 kg/Kmol
.

Density = .
Density

*
= 3.567 kg/m3
= 1050 kg/m3

Liquid flow rate (q) =
0.00000028 = 2.8*103 m3/sec

= 10,000 *

Vapor flow rate (Q) = (0.16)*(22.4)*
*

= 6.341 m3/sec

α = 2.1

α=

Relation between R &
R = 2.5 R
Fig.1 Process flow sheet of TDP plant
3.0 Results and discussion:
3.0.1: Material balance by using mccabe thiele
Diagram:

Feed is partial liquid- partial vapor Inlet temperature
= 210 oC, α = 2.1,
Molecular weight of naphthalene = 128, Molecular
weight of wash oil = 144
Mass flow rate = 10,000 kg/hr , 16% naphthalene,
84% wash oil
Mole fraction of naphthalene =
= 0.16
Mole fraction of wash oil =

= 0.84

= 3.584

(
(

)
)

:

where R = 19
Slope =

R

=
.

.

= 7.6

= 0.095

Flooding Velocity (
=

*(

)

0.5

):
.

= 0.15 * (

) 0.5= 2.55 m/s.

.

Using 80% of flooding velocity, V= 0.8 * V = 0.8 *
2.55 = 2.045 m/s
=

.

=

= 3.1 m2 Weir length (W) = 0.75

.

TTray area used by one downspout = 11.255%
=
T = [4*
3.0.2: Mechanical design: We represented the
theoretical minimum heating and cooling
requirements over the stage or temperature range of
separation. The inefficiencies introduced through
column design and operation for the approximation
such as multiple side-products, side strippers and
pressure drops.
= 4.5 mm
p = 12 mm
thickness (t) = 2 mm

= 0.907 * (

′

. ∗

′

.

= [α*log

= [0.086 * log

= 0.39 m2 (downspout

= - 2 – area taken by (tray support +
disengaging and distributing zones)
=3.49- 2 * (0.39) – 0.222 = 2.488 m2 for
perforated sheet

=
ˆ

. ∗

^
.

= 1.77 * 10-3 m3/m-s

*(

.

)0.5= 0.0075

(

.
.

= 0.011

{0.876 +0.029}2
α = 0.086

):

+ 0.045] * (

)0.5

.

.
.

=

) 2 = ( )2 – {[( )2 – 1] 0.5 +

) = 0.15

= 1.33

* ( }2=1.768 –
)2 = 1.767

=> (

=>

Liquid crest over the weir:
)2/3 =0.666 * (1.77 * 10-3) 2/3

* (0.752) 2/3 =8.05 * 10 -3 = 0.00805 m
ℎ = 50mm = 0.05m (assume)
Dry pressure drop,
= 1.09 * ( )0.25 =1.09 * (

0.5

.

= 1.329
ℎ = 0.666 * ( )2/3 * (

.

.

= π * ((2.11)2/4) = 3.49 m

) 2 = 0.1275

.

+ β] * (

′
′

] 0.5= 2.108 m say 2.11 m

Weir crest (h ) = 25mm = 0.025m

.

as t = 1,

Flooding Constant (

= 3.49 m2

= 0.112* Corrected
cross-section)

=

From table [1], α = 0.0744t + 0.01173,
β = 0.304t + 0.015
β = 0.045

.
.

W= 0.75 * 2.11 = 1.58 m (final)

tray spacing = 1 m
=> ( )0.5 = ( )0.5 =

.

Corrected

= 0.907 ( ′ )2

=

=

.

.
.

) = 1.335

= 0.1275

= 0.1275 * 2.48= 0.316
=

.
.

=

Entrainment:

2

= 20.06 m

= 0.8

µ = 0.0125 cP =1.25 * 10-5 kg/m-s
Hole Reynolds’s number=
.
.

∗(
∗

. )∗ .
^

ρ

= ( ρ ) 0.5 = 0.0075

ρ

=>

Table-3: Comparative study between simulation data, actual
data and validation

=

∗ρ

) 2)

+ (1-

(0.40 * (1.25-

Sl.

Parameters

No.

=>ℎ = 0.119 m

Hydraulic head,
= =

.

Average flow width = z =

.

=

.

ℎ = 6.1 * 10-3 + 0.725ℎ * 0.238ℎ

= 1.84m
0.5

+ 1.225

= 0.012m
=ℎ =

Residual pressure drop,
∗ .
∗ .

∗

σ
ρ

5.

= 5.22 * 10 m

Total gas pressure drop, = ℎ + ℎ +ℎ = 0.012 +
0.119 + 5.22*10 -3=0.136
Pressure loss at liquid entrance, = ℎ - 0.025 =
0.05-0.025= 0.025
The area for liquid flow under the apron=0.025*W =
0.0395 m2 = A
=> h =

(

)2 =

∗ .

(

. ∗
.

^

)2 = 7.68*10-4

= 0.0229 * (σ

µ

ρ

ρ

ρ

) 0.379 *( ) 0.293 * (

√

(Z/do) 0.734

Putting all the values, we get
=> = 6.51 m/s
where
= the
minimum gas velocity through the holes.

6.
7.
8.

9.

Backup in downspout: ℎ = ℎ +ℎ = 0.136+7.68*104
=0.136m
Check on flooding, ℎ +ℎ +ℎ = 0.008 + 0.05 +
0.136= 0.19
which is well below t/2 = ½ = 0.5
Therefore chosen t is satisfactory.
For W/T = 0.75, the weir is set 0.1991T = 0.42m
Z = 2*0.42 =0.84m
µ

1.
2.
3.
4.

=

-3

∗ .

Actual

Simulat

Valida

Data

ion

tion

(Industr

Data

ial data)

= 2.54m/s

.

E= 0.38

′

= 25759.44 , Given, f = 0.008, g =

9.807m2/s, l= 0.002m
)+

′

=

µ

=> V= 0.8 * 2.55= 2.04 m/s

′

) 2.8/

No of Stages
Feed stage
Feed flow rate
(kg/hr)
Top Temperature
(oC)
Bottom
Temperature (oC)
Distillate rate
(kg/hr)
Reflux ratio
Top column
pressure (kg/sq
cm)
Bottom column
pressure (kg/sq
cm)

7
5
1489

7
4
2899

7
4
2600

110

110

110

330

310

330

1000

2248

2028

1.2

1.2

1.2

0.3

0.3

0.3

0.6

0.6

0.6

Table 3 shows that the Comparative study between
validation, simulation data, and actual data and it showed
that the industry can improve their production rate which is
more than 10% of production can compare with the running
condition of the industry.
Conclusion:
The assumptions made for Mechanical design parameter
are within the range in designing the binary distillation
column. The undesirable characteristics like entrainment,
flooding and weeping can be ignoring while design the
column. At the tenth tray the naphthalene is produce with
low cost and less consumption of time. The breakeven
analysis shows that the production is profitable. The
concentration of naphthalene in wash oil is reduced from

16% to 7%. The industry can improve their production rate,
which is more than 10% of distillate can compare with
running condition of industry.
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1. Introduction
The Aspen plus simulator was used to simulate two
proposed configurations, pressure swing reactive
distillation and entrainer enhanced reactive distillation. The
effect of various process parameters such as flux ratio, feed
stage location, starting and ending reactive stages,
operating pressure, and total annual cost (TAC) on overall
energy requirement and TAC was investigated. To
minimize the TAC, all design parameters were optimized
using sensitivity analysis and a sequential iterative
optimization procedure. According to the simulation
results, entrainer enhanced reactive distillation outperforms
pressure swing reactive distillation in terms of energy
savings and total annual cost. The proposed configurations
were discovered to have lower specific energy
requirements and lower cost per kg of EtAc than other
configurations previously reported in the literature.

using the Radfrac distillation column model. The reactive
system's phase equilibrium is described by the NRTL-HOC
model.The chemical equation for the ethanol-acetic acid
transesterification reaction is as follows:
Acetic-acid (HAc) + Ethanol (EtOH) ⇋ Ethylacetate (EtAc) + Water (H2O)
Tang et al. reported the kinetic data of an ethanol-acetic
acid transesterification reaction using a homogeneous
sulphuric acid catalyst. [11]
r1 = k1CHAc CEtOH- k1Kc CEtAcCH2O
k1 = 4.195 (Ck+0.08815) exp–6500.1T
kc = 7.558 – 0.012T
Where Ck is the catalyst concentration
(percentage), all concentrations are in (mol/m3), the rate
constant k1 is in (m3/mol s), the temperature T is in K, and
the gas constant R is in J/mol K.

2. Simulation Methodology

2.2 Simulation methodology

2.1 Chemical kinetic and thermodynamic model

Figure shows the best pressure swing reactive distillation
flowsheet for EtAc production utilizing two Radfrac
columns. This method uses a low-pressure RD column and
a high-pressure recovery column. The high and low
pressure columns are Radfrac modules. The units were
considered to be at vapor liquid liquid equilibrium. The
ethanol and acetic acid feed conditions were as per table 1.
RC is used to eliminate EtAc. The RC distillate is returned
to the RD column. The PSRD process optimization has

The reversible ethanol esterification reaction
happens over a sulfuric acid catalyst. A study by Tang et al.
[11] used the NRTL-HOC model to characterize non-ideal
vapour liquid equilibrium and potential vapor liquid liquid
equilibrium for the EtAc-H20-HAc-EtOH quaternary
system. The reactive distillation of ethanol and acetic acid
to produce ethyl acetate was studied in Aspen plus V10

fourteen degrees of freedom, six critical design factors and
eight optimization variables.
Simulation of entrainer enhanced reactive
distillation was performed using the Radfrac column,
decanter and stripper. Entrainer is added into the rectifying
section which helps to separate the water from the ethyl
acetate product. Effect of two different entrainer’s on
energy requirement was studied.
2.2 Economic Analysis
Sensitivity analysis was used to optimize the TAC of the
process in order to achieve the requisite EtAc purity. The
methods and variables used to compute the TAC are
detailed in Table 3. The process's total annual cost (TAC) is
equal to the sum of the process's total capital cost (TCC)
nto the influence of the RD column reflux ratio on
product purity and reboiler duty are depicted in Figure 5.
When the reflux ratio is set to 1.7, the highest purity of
EtAc is obtained. The duty of the reboiler increases as the
reflux ratio increases. Because as the reflux ratio grows, the
amount of reflux at the column's top increases
proportionately, increasing the vapour-liquid load.
3.2 Effect of reactive stages
While the number of reactive stages has an effect on
energy consumption, it also has an effect on catalyst
investments, which are critical due to the cost and
longevity of the catalysts.
The influence of the number of reactive stages on the flow
rate and purity of EtAc was explored by relocating the
ending reactive stage in the reaction zone while
maintaining the starting reactive stage constant, and vice
versa. The final stage of the reactive zone was positioned to
achieve the highest product flow rate and purity. Moving
the final reactive stage up from this point results in a large
increase in reboiler duty, owing to the high conversion rate
of the trays around the feed stage. The optimum reactive
stages calculated for the maximum possible product purity
and product flow rate.

and annual operating cost (AOC) (AOC). TCC costs
comprise column vessels, reboilers, and condensers,
whereas AOC costs include utilities such as steam and
cooling water. Water and steam were considered utilities in
this study since they were used in the distillation column
condenser and reboiler. A three-year payback period of
8000 operational hours per year was determined. Equation
was used to compute the TAC for the process configuration
(3). (2013) (Luyben).
3. Results and Discussion
3.1 Effect of reflux ratio on reboiler duty
The reflux ratio has a direct effect on the energy
requirements of the system. The findings of an examination
of the RD column's top trays is lowered, lowering the RD
reflux ratio. Due to the absence of reaction, the temperature
difference between trays in the RC column is less than the
temperature difference between trays in the RD column.
The number of trays in the RD column has a negligible
effect on the RC column's temperature and composition
profiles. The greatest sensitive temperature variations were
recorded between stages 20 and 49 of the RD column.
While moving the feed stage has a negligible effect on the
performance of RC columns, it has a large effect on the
performance of RD columns. As the vapour phase in the
RD column diminishes, the temperature of the top trays
decreases. As illustrated in Figure 12, the most sensitive
RD column feed stage location was determined to be at the
27th stage from the top. The liquid composition profiles of
the RD and RC columns are depicted in Figures 13 and 14.
The liquid composition profile of the RD column
demonstrates that the rectifying section's EtOH content is
insufficient and increases as the rectifying section's
overhead increases.

3.3 Temperature and composition profiles
The temperature profiles of the RD and RC
columns utilized to study the influence of input feed stage
placement are shown in Figures 12 and 13. The feed stage's
position has a considerable effect on the RD column top
trays. By increasing the ethanol flow rate, the temperature

Figure: Liquid composition profile of RD column

4. Conclusion
The entrainer removes water from the reaction section,
improving conversion and product selectivity. The reaction
section temperature can be decreased below the nonentrainer temperature, preventing acetic acid losses through
the distillate and resolving the acetic acid-water separation
issue. This study shows how DCM acts as an entrainer,
helping to separate EtAc from water, alter chemical
equilibrium, and keep the temperature below the catalyst's
thermal stability limit.A feasibility assessment based on
reactive and nonreactive residue curve maps was
conducted. Two procedure options were considered viable.
The first alternative used atmospheric reactive distillation,
while the second used a vacuum reactive distillation
column. The proposed entrainer enhanced vacuum reactive

distillation configuration shows lowest reboiler duty per kg
of ethyl acetate and lowest total annual cost.
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1.

Introduction

Biofilm formation by microbes and their antibioticresistance efficacy is gradually increasing and
emanating as a great threat to global well-being.
Biofilm formation associates with a signalling system
called the quorum sensing (QS) pathway [1]. Bacteria
generate extracellular polymeric substances (EPS),
and virulence factors to aid biofilm formation and host
infection. So, it’s necessary to discover alternative and
effective biofilm inhibitors for treating microbial
infections due to biofilm development. For the past
few decades, plant metabolites have been playeda vital
role in the treatment of various microbial infections
because of their low cytotoxicity [2]. The present
study has been designed to determine effective
inhibitors
against
biofilm
development
byPseudomonas aeruginosa from few promising
diterpenoids; amidst them, few diterpenoids can be
used as therapeutic drug molecules against biofilm
development.These in-silico molecular simulation
studies illustrated the interaction of diterpenoids such
as tschimgin, tschimganin, α-terpineol, menthol,
ursolic acid and thymol [3] with quorum sensing

proteins such as RhlI/R, LasI/R, swarming motility
protein BswR, and exopolysaccharides known as
polysaccharide encoding locus (Pel) (PelA/B) and
polysaccharide synthesis locus (Psl) (PslA/G) which
are associate with the formation and maintenance of
the structural biofilm scaffold and protection against
antimicrobials and host defences [4, 5] of P.
aeruginosa.
2. Objective
In-silico approach for investigation on inhibition of
biofilm formation by Pseudomonas aeruginosa with
secondary plant metabolites such as variousterpenoid
molecules.
3. Material and Methods
3.1 Materials
AutoDock version 4.2.6 for setting up the system with
ADT 1.5.6 simulation software [6] is used for
studying the molecular simulation to evaluate the
binding activity of terpinoids with proteins related to
biofilm formation by P. aeruginosa. Molecular
simulation studies determined the binding efficiency
of few terpinoids named tschimgin (ligand, Pubchem

Id: 193780), tschimganin (ligand, Pubchem Id:
1294694), α-terpineol (ligand, Pubchem Id: 17100),
menthol (ligand, Pubchem Id: 1254), ursolic acid
(ligand, Pubchem Id: 64945), and thymol (ligand,
Pubchem Id: 6989 )[7] with active sites of 9 proteins
such as LasI (PDB ID: 1RO5 [8]), LasR (PDB ID:
6MVN [9]), RhlI (PDB ID: 1KZF [10]), RhlR (PDB
ID: 6CC0 [11]), BswR [PDB ID: 4O8B [12]], PelA
(PDB ID: 5TCB [13]), PelB (PDB ID: 5WFT [14]),
PslA, and PslG (PDB ID: 5BX9 [15]); which are
associated with biofilm development by P.
aeruginosa.
3.2 Methods
Molecular docking has been performed to predict the
possible binding of terpenoids with the protein
molecules related to biofilm development. The
binding affinity of diterpenoids was investigated with
the active sites of chosen 9 proteins of P. aeruginosa.
Crystal structures of quorum sensing factors, namely
LasI/R, RhlI/R, swarming motility protein BswR, and
exopolysaccharides PslA/G, PelA/B were employed
for this investigation
4. Results and Discussion
In this study, the dockingwas performed showing the
binding affinity between several terpenoidswith
various biofilm-associated proteins of P. aeruginosa.
According to the best-fitted model is observed
between diterpenoidtschimgin and LasIamong the 54
binding complexes, and the predicted binding energy
is -8.52kcal/mol (negative value), which correlates the
greater binding energy score representing the more
binding efficiency. The representative conformation of
the ligand-receptor complex shows tschimgin interacts
with the active sites of the protein containing amino
acid residues like ARG104, ARG30, VAL143,
VAL26, PHE105, PHE117, ILE107, THR144,
THR145, TRP33. The involved bonds are
Conventional hydrogen bond, Pi-Alkyl, Alkyl, Carbon
hydrogen bond, Pi-Pi stacked, Pi-Pi T-shaped bonds.
5. Conclusion
Molecular docking has also been performed among
tschimgin, tschimganin, α-terpineol, menthol, ursolic
acid, thymol and 9 proteins such as LasI/R, RhlI/R,
BswR, PelA/B, PslA/G.According to the best-fitted
model is observed between diterpenoid tschimgin and
LasI among the 54 binding complexes with negative
8.52kcal/mol binding energy.
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% Ads.
1. Introduction
Ruthenium is having two long lived radioisotopes
(t1/2 = 40 days) and

106

X 100 %

(1)

103

Ru

Ru (t1/2 = 386 days) being produced

in nuclear reactor by the fission of uranium and plutonium
[1]. Its coordinating ability and volatility arises in nuclear
spent fuel reprocessing and waste management brings
complexity and draws attention for its remediation. In

X

K

(2)

Where Co and Ce are the initial and equilibrium
concentration of metal ion expressed in (mg/L), V is the
sample volume (L) and M the amount of adsorbent (g).

samples of radiation workers in nuclear environment due to

3. Results and Discussion
3.1.1 Effect of pH
The pH of the solution in the range 0.154 – 4 by adding dil.

inhalation also have brought attention to explore [2].

acid/alkali and its effect on adsorption were studied by

Attention is being paid to Graphene oxide (GO) for its

varying the The plot of percentage of adsorption and

small size, large surface area, good thermal, and radiation

distribution coefficient (Kd) against equilibrium pH is

stability. proving to be a superior adsorbent towards

given in the Fig.1.

addition,

103

Ru and

106

Ru encountered in bioassay (urine)

55

recovery of radionuclides from aqueous solution [3].

Ads
Kd

50
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35

% Adsorption

Hummers method [5]. Batch adsorption experiments were

40

Kd(mL/g)

2. Material and Methods
Graphene oxide (GO) was prepared from graphite using
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studied by taking known concentration of stock solution of

15

Ru (III) chloride hydrate in 0.01MHNO3 with fixed amount

5
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of GO and equilibrated up to 2h. The supernatant was

0.5

1.0

1.5

2.0

2.5

pH

3.0

3.5

4.0

4.5

5.0

Fig.1 Effect of pH on adsorption of ruthenium on GO

centrifuged after equilibration, estimated for ruthenium

It was observed that, the percentage of adsorption and Kd

using UV-VISIBLE Spectrophotometer by complexing

was increased with increase in pH and becomes maximum

with thiourea at 620 nm. The % of adsorption and

at pH 2 and further decreased with increase in pH. At lower

distribution coefficient (Kd) of GO was calculated using the

pH, adsorption was low which can be due to the presence

formula

of H+ ion and the protonation of oxygen functional groups

in graphene oxide resulting electrostatic repulsion between

The values of the thermodynamic parameters are presented

graphene oxide and ruthenium. Subsequently, with increase

in Table-1. The positive value of enthalpy is due to the fact

in pH, deprotonation of functional groups in graphene

that, a simultaneous process of destruction of hydration cell

oxide takes place resulting in the increase in percentage of

followed by adsorption on GO resulting the change in

adsorption and Kd. In addition, the existence of different

enthalpy in the overall process becomes positive. At higher

species of ruthenium may be formed at pH 2 such as

temperature, the breaking of hydration cell of Ru (III) ions

[RuCl4(H2O)2]-, [RuCl3(H2O)3], [RuCl2(H2O)4]+ and

takes place more readily leading to favorable and faster

[RuCl(H2O)5]2+ resulting higher adsorption leading to

adsorption. The positive value of entropy is due to the

higher Kd value (2.468 x 103mL/g) [4].

randomness of ruthenium ion at solid liquid interface

3.1.2 Effect of Temperature
The effect of temperature on the adsorption of ruthenium

because of the destruction of hydration cell prior to

on GO were studied by varying the temperature in the

during the adsorption process.

range (299K-328K). It was concluded that, rate of

adsorption and high affinity of GO for ruthenium ion

Table-1

adsorption was faster at higher temperature which can be
attributed to the rate of desolvation of ruthenium ion from
the hydration cell more readily prior to adsorption. In
addition, thermodynamics parameters such as standard
enthalpy change (ΔHo, kJ/mol), standard entropy change

ΔHo(kJ.
mol-1)

ΔSo(kJ
.mol1 -1
K )

ΔGo(kJ.mol-1)
299 K

308 K

318 K

328 K

36.65

0.18

-17.16

-18.78

-20.58

-22.38

(ΔSo, J/mol.K), standard Gibbs free energy change (ΔGo,
kJ/mol) were calculated from the plot of distribution
coefficient versus temperature (lnKd vs 1/T, Fig.2).
Exothermicity/Endothermicity of adsorption was found out
by introducing Gibbs free energy change equation.
∘

lnK
ΔG∘

ΔH∘

∘

TΔS∘

(3)
(4)

Where T is the absolute temperature (K) and R is the ideal
gas constant (8.314J/mol.K).

4. Coclusion:
GO was synthesized and its adsorption behavior w.r.t pH
and temperature towards ruthenium from aqueous solution
were studied. This study will helpful for rapidly extraction
of radionuclides from bioassay samples.
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1. Introduction
Magnetic nanoparticles have gained prominence in the
synthesis of magnetically separable catalyst and adsorption
materials, in biomedical imaging, therapeutic, control drug
delivery etc.However, the direct use of the bare particles
for the desired application may not be wise due to variety
of reasons, like instability of the particles in the reaction
medium, easy oxidation of the material and cytotoxicity.In
order to overcome these difficultiesresearchers have
developed the different techniques for modification of the
surface of the material, including coating with polymer,
organic molecules, inorganic oxides and novel metals
based on the suitability for their applications [1].
Advanced nuclear fuel reprocessing is one such field,
where there is a great scope of using these functionalized
magnetic materials for separation of the targeted metal ions
from the active spent fuel solution. However, the harsh
reaction conditions of the fission product solutionlimits the
direct use of magnetic materials including Fe3O4 without
any surface modification.
Hereinwe present the synthesis of carboxylic acid
functionalized Fe3O4@Au core-shell particle (Fe3O4@AuCOOH) for the reprocessing application after further
modification for the desire application.
2. Material and Methods
2.1 Materials
The chemicals used for the experiment were purchased
from the following companies.
Ammonium
ferrous
sulphate
hexahydrate
[(NH ) Fe(SO )2.6H O] and ammonium ferric
sulphatedodecahydrate [(NH Fe(SO ) .12H O)] were
purchased from Sisco Research Laboratories Pvt. Ltd..

H2SO4,NaOH and trisodium citrate were purchased from
Merck.
TX-100
was
purchased
fromLobaChemie.Perchloric
acid
was
purchased
fromChloroauric acid [HAuCl4] was purchased from Sigma
Aldrich. 3-Mercapto propanoic acid was purchased from
TCI Chemicals.
2.2 Methods
2.2.1 Synthesis of Fe3O4 Nanoparticles
The Fe3O4 nanoparticles were synthesized via coprecipitation method as reported by Pal et al. [2].A typical
preparation involved dissolving(NH4)2Fe(SO ) (H O)
and (NH4Fe(SO4) ·12 H O) in 1:2 mole ratio in a dil.
H2SO4 medium. Then, this solution was added dropwise to
a 1(M) NaOH solution in presence of TX-100 at 750C
under constant stirring. The stirring was continued for
another 30 minutes and finally the Fe3O4 particles were
separated from the solution with a permanent magnet. The
particles were washed with water for several times to
remove the excess TX-100. Finally, the product was dried
under vacuum.
2.2.2 Synthesis of Fe3O4@Au-COOH
1 gram of Fe3O4 particles were treated with 2(M)
perchloric acid for 30 min, followed by dispersion in 50
mL distilled water.
In a separate beaker 750 micro litter of HAuCl4 solution
(38mg/mL) was diluted to 120 mL and subject to boiling
over a hotplate. To this 2.5 mL of the as prepared Fe3O4
dispersion was added. Finally, 4mL of 0.1(M) trisodium
citrate was added to it under constant stirring. The stirring
was continued for another 5 min to obtain citrate protected
Fe3O4@Au core-shell particles (Fe3O4@Au-Citrate) [3].
To this suspension 2 mL of 3-marcato propanoic acid was
added and stirred at 900 C for another 10 minutes to obtain

3.1 Characterization of the Fe3O4 particles.
Fe3O4 particles were characterized by powder X-ray
diffraction. Figure 1 represents the characteristics XRD
plot for the Fe3O4 sample. Peak at 2θ of 30.530, 35.870,
43.570, 54.030, 57.560 and 63.190 corresponds to the 220,
311, 400, 422, 511 and 440 of cubic inverse spinel structure
of Fe3O4respectively (magnetite, JCPDS card no. 85-143).

3.2 Characterization of the Fe3O4@Au-COOH particles.
The Au coating over Fe3O4 surface was confirmed by
UV-Vis absorption spectra. The appearance of Plasmon
peak at 571 nm confirms the coating of Au layer over the
surfaceof Fe3O4. The strong covalent interaction of
sulphurwith the Au surface results the large increase of
intensity of the plasmon peak of Au with little red shift.
Figure 2 represents the absorption spectra of different
particles.
580

Fe3O4
Fe3O4-Au-Citrate
Fe3O4-Au-COOH

Absorbance

the -COOH functionalized Fe3O4@Au Core-Shell particles
(Fe3O4@Au-COOH) as a black mass at the bottom of the
container.
The same was isolated and redisperse in a NaOH solution
at PH 11. A bluish color dispersion of Fe3O4@Au-COONa
was obtained.
3. Results and Discussion
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Figure 2: UV- Visible spectra of Fe3O4, Fe3O4@AuCitrate and Fe3O4@Au-COOH.
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Figure 1:Powder XRD pattern of the as synthesized Fe3O4
nanoparticle.
The crystallite size of these particles was obtained from
their XRD patternusing Scherrer equation, D = Kλ/βcosθis
9.53 (±1.30)
Where D is the mean diameter; K is the shape factor,
(typically 0.9); λ is the wave length of the X-ray, 1.5406 Å;
β is the FWHM in radian in 2θ scale, θ is the brag angle.
Table 1 represent the details calculation of the crystallite
size.
Plane

Brag Angle
(degree)

FWHM
(Radian)

Crystallite
Size (nm)

220

15.265

0.016842222

8.53

311

17.935

0.017308413

8.42

400

21.785

0.012510317

11.93

511
440

28.780
31.595

0.017725714
0.016517460

8.92
9.85

Table 1: Crystallite size of the nanoparticles

Average
Size (nm)

9.53 (±1.30)

4. Conclusion
In this work gold coated Fe3O4 particles were
successfully synthesized and further –COOH group was
attached to the surface of the gold particle by covalently
anchoring the –S-CH2-CH2-COOH moiety over the surface
of the particle. The rich chemistry of the –COOH group
makes these particles ideal choice for further
functionalization for the desire application.
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1.. Introduction
n
Ceramic
C
mem
mbranes are generally developed using
u
coonventional high
h
cost inorgganic materiaals such as tittania,
allumina, silica, zeolite and zirconia. Thiss paved a way
y for
reesearch in devvelopment of ceramic
c
memb
branes made up
u of
naaturally avaailable raw materialthatt are econo
omic
viiable.Among the naturally available raw
w materials, Kaaolin
iss widely usediin ceramic meembrane fabriication for itss low
pllasticity and good refractoory propertiess.Assam has 0.74
million
m
tonness of Kaolin deposits in Deopani area of
KarbiAnglong
K
district and iss yet to be exp
ploited for ceramic
membrane
m
fabrrication and suubsequent appplications.
Inn this work, a detailed charracterization of
o the Assam clay
was
w done to see its feassibility in ceeramic memb
brane
faabrication andd further application.Five diifferent memb
brane
coompositions were
w chosen by varying the amount of Kaaolin
annd binders such as sodiuum carbonatee, boric acid and
soodium metasillicate. The opttimized membbrane compossition
was
w used for dyye removal appplication.

2.2 Methods
2.2.1 Clay ch
haracterization
n
DLS was useed to determinne the particlee size of kaolin. The
functional grroups present in the clay was
w characterizzed by
FTIR,the phaases present inn the clay wass seen using powder
p
X-ray diffracctometer, the quantitative analysis of major
oxides preseent in the claay was donee by XRF annd the
thermal behavviour of the cllay was investtigated by TG
GA.
2.2.2 Membrrane preparatiion
The disc membranes (50 mm diameter, 5 mm thicckness)
were preparedd with the stepps shown in figure
fi
1.

2.. Material an
nd Methods
2..1 Materials
The
T clay usedd in this studyy was collectted from Deo
opani
arrea in KarbiA
Anglong distriict of Assam,, India (26.244° N,
933.75° E).

Figurre 1: Membraane fabrication
n flow chart.

3. Results and Discussion

4. Conclusion

3.1 Clay Characterization
The pH of the clay was found to be 5.7 and the bulk density
calculated was 833.33 kg m-3. The XRF, FTIR, XRD, TGA
amd particle size analysis of the Kaolin clay was
performed. All the results were in agreement with that of
commercial kaolin and the particle size was suitable for MF
membrane preparation.
3.2 Membrane characterization
Table 1 shows the characterization results of all the five
membrane compositions. The M1 membrane (92% kaolin,
2% sodium metasilicate, 2% boric acid and 4% sodium
carbonate) gave the highest pure water flux along with
maximum porosity.

Microfiltration disc type membranes were successfully
fabricated after characterizing the natural Kaolin clay
available in Assam. It was evident that the Assam clay can
be used to prepare microfiltration membranes after addition
of small amount of boric acid, sodium carbonate and
sodium metasilicate.

Table 1:Summary of results obtained for the membrane
compositions.
Membranes Average Flexural Average
Porosity strength
Pore
(%)
(MPa)
size
(µm)

Weigh loss
in acid
medium
(%)

Weight loss
in alkaline
medium
(%)

Water
Permeability
(m/Pas)

M1

34.52

7.1

2.28

0.14

0.21

6.12×10-9

M2

31.82

7.4

0.615

0.15

0.19

5.01×10-9

M3

24.18

8.2

0.605

0.19

0.22

3.71×10-9

M4

22.26

9

0.308

0.14

0.13

2.57×10-9

M5

21.5

9.4

0.195

0.08

0.11

1.61×10-9

3.3.Application of M1 membrane in dye treatment.
The M1 membrane support was tested for the removal of
methylene blue dye with an initial concentration of 10-100
mg L-1 at an interval of 10 mg L-1.99.07% removal was
obtained for 10 mg L-1 feed concentration, which reduced
to 93.45% for 100 mg L-1 at a transmembrane pressure of
1.5 bar. Figure 2 shows the flux and dye removal variation
with the initial dye concentration of 10-100 mg L-1.
100

6
Removal
Flux

99
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With increase in binder percentage from 8% to 20%, the
percentage porosity, average pore size and water
permeability decreased from 34.52% to 21.5%, 2.28 µm to
0.195 µm and 6.12×10-9 to 1.69×10-9 m Pa-1 s-1 respectively
while flexural strength increased from 7.1 MPa to 9.4 MPa.
The chemical stability was more or less same for all the
membrane compositions.Methylene blue dye was
successfully removed from its aqueous solution in a
concentration range of 10-100 mg L-1 using the M1
membrane. The removal rate decreased and the flux
increased with increase in transmembrane pressure. Also,
the percentage removal declined gradually with the
increment in feed concentration.
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Figure 2:Variation of flux and dye removal with
methylene blue concentration at 1.5 bar pressure.
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1. Introduction
Pervaporation, as a downstream process for recovery of
bio-fuels, derived from the fermentation of agricultural and
waste biomass, is gaining wider relevance due to the
advantages of lower costs and wider sustainability.
Organophilic pervaporation of bio-butanol, an attractive
fuel replacement/additive is especially favorable due to
high selectivities and fluxes of butanol observed in
literature [1]. The various membrane-permeable and
impermeable byproducts produced in the fermentation
process, however, can convolute butanol selectivity and
fluxes as complex functions of concentration and
temperature. The present study aims at predicting
membrane performance for refining bio-butanol by
understanding the coupling of multiple components and
assessing the importance of interaction parameters between
the various compositional and operational conditions the
membrane is subjected to.
2. Material and Methods
Pervaporation was used to preferentially remove butanol
from multicomponent Acetone-Butanol-Ethanol model
fermentation mixtures (1.5-12wt % solvent). Single to
multicomponent permeation studies were conducted on
commercial organophilic membrane (PERVAP 4060,
DeltaMem, Switzerland). Conventional one variable at a
time approach was also used to study the effect of feed
temperature and solvent concentrations for binary and
ternary mixtures. Besides this, for higher-order mixture
studies, orthogonal central composite design matrix was
also used to identify and quantify the interaction between
parameters. The feed temperature was varied from 30-50°C
and pervaporation was carried under moderate downstream

permeate side pressures of around 20 mbar. Solution
Diffusion model and regression-based statistical models
were used to fit the experimental data.
3. Results and Discussion
Binary and ternary experimental results were fitted to a
modified solution diffusion model wherein fluxes were
determined in terms of fluxes and permeances:
(1)
Where Ki is the membrane permeance, xi is the feed
concentration of organic componenti, feed side activity
is the component saturation pressure at
coefficient,
feed temperature, yiis the permeate concentration of
componentand P is the permeate pressure applied. The
permeances were then defined as functions of concentration
and temperature by the following semi-empiricism:
exp ∑

exp

(2)

Where
is the pre-exponential factor,
is the
plasticization factor and
is the intrinsic activation
energy of permeation and n is the total number of
components. The estimated parameters were then used to
validate a separate experimental database and model fit was
determined in terms of R2 and rRMSE values. Besides this,
Response Surface methodology was used to fit multivariate
experimental matrix to a quadratic model:
∑

∑

∑ ∑

3

Where Y refers to the response variable and X refers to the
input variable. Coefficients
give us the degreeof
interaction between various factors.

The
T degree of coupling interractions were then measureed in
teerms of coupling factoors defined as a ratioo of
multicomponen
m
nt and binary ppermeances.
(44)
Furthermore, response surfaaces of variouus output variaables
like componentt fluxes were also generatedd (Figure 1).
Figure
F
2:Varriation of B
Butanol fluxees with diffe
ferent
cooncentrations of the secondd component (Acetone/Ethaanol)

4. Conclusion
Butanol sepparation was found to be concentrrationdependent prrocess with ffluxes and seelectivities noot only
being a funnction of opeerating condiitions and bbutanol
concentrationn in feed buut also of accetone and ethanol
e
concentrationns. While thhe membranee itself was more
selective to butanol (withh permeance selectivity>1) than
s
, low
ethanol andd acetone (ppermeance selectivity<1),
saturation preessure of acetoone means thaat the driving forces
and consequeently separation performan
nce towards aacetone
were preferenntially enhancced than butan
nol. The interraction
parameters innvolving acettone were alsso more signnificant
than those involving
i
ethhanol. While ideal fermenntation
concentrationns would alw
ways ensure the butanol fluxes
exceed those of its byprodducts, targeted
d extraction oof biobutanol woulld need carefu
ful maintenancce of solvent ratios
and temperatuures for enhannced bio-butan
nol separation
n.
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Abstract:
In this work, binodal curves and tie-line liquid-liquid equilibria experimental data for the ternary system
Water+Acetic Acid+ DCM, DEE were obtained using a titration method at 293.15 K temperature atmospheric
pressure. This system, binodal curves, tie-line data, distribution coefficient, and separation factor data were
obtained. To examine the quality and dependability of experimental tie-line data, three correlation models, namely
Hand, Othmer, and Ishida correlations, were applied. These models fit the data very well, producing high values
of correlation coefficient (R2) nearly equal to unity. Therefore, DCM and DEE can be used as a suitable separating
agent for Acetic Acid from its dilute aqueous solution, according to the analysis of the area under the binodal
curve, distribution coefficient, and selectivity values.
Keywords: Binodal curve, Tie line, Liquid-Liquid equilibria, Distribution coefficient and Selectivity
1.

Introduction

Wastewater discharged by chemical process industries seriously impact the environment. Organic solvents can be
found in these effluent streams. When only a few traces of a compound have to be extracted, liquid-liquid
extraction is a good option. In recent years, a substantial study has focused on (liquid-liquid) equilibrium (LLE)
measurements and phase behaviour of ternary systems containing carboxylic acids. Previous researchers
investigated liquid-liquid equilibria (LLE) for the acetic acid + water + solvent systems.[1-15]. This paper outlines
a method for selecting solvents for chemical recovery from dilute solutions. Low solvent losses and a high solute
distribution coefficient are the major objectives of solvent selection. The binodal curves (mutual solubility curves)
for acetic acid distributed between water and an organic solvent were generated by titrating known combinations
of two components (water and solvents) with the third component, acetic acid. Experimental data were used to
estimate the selectivity and distribution coefficients. Hand, Othmer, and Ishida techniques [16-18] were used to
calculate the tie lines, then correlated on a weight fraction basis.
2. Materials and Methods
2.1 Materials
Throughout the research, distilled water was used. Finar company provided 100 % pure DCM, 98% pure DEE
and 98 % pure acetic acid, respectively. These compounds were used without being purified further.
2.2 Experimental Method
A cloud point titration setup was used to obtain the binodal curve, with acetic acid in the burette and the other two
components in a conical flask. The aqueous phase data was obtained by titrating a heterogeneous phase mixture
containing a fixed amount of distilled water and varying amounts of required solvent against the third component,
acetic acid until turbidity disappeared and a clear homogeneous phase appeared. Several runs of the experiment

were conducted. Similarly, the data for the organic phase was obtained by using different quantities of water for
each run while keeping the solvent volume constant. 20 mL water, 30 mL solvent, and 5 mL acetic acid solute
were poured in a conical flask and kept in a shaking incubator for an hour before being allowed to settle in a
separating funnel that separates the organic and aqueous phases for the tie line data generation. For the first extract,
tie-line data is obtained by titrating the aqueous phase liquid against a known concentration of NaOH using the
Phenolphthalein indicator. The same amount of water, i.e.,20 mL, was added to the organic phase obtained in the
first extract and shaken for one hour and allowed to settle to get a second tie line. The same procedure was repeated
for other tie-lines.
3. Results and discussions
3.1 Bimodal Curve Data
Solubility data for the system water + acetic acid + DCM is listed in Table 1
Table 1 Experimental Binodal Curve Data
Water (a) + Acetic Acid (b) + DCM(c)

Xa
0.6529
0.4897
0.3639
0.307266
0.272
0.24774
0.0524
0.0906
0.14923
0.18838
0.2231
0.2464

Xb
0.2605
0.3804
0.443
0.448
0.4397
0.424
0.2531
0.3091
0.356
0.395
0.4071
0.4269

Xc
0.0865
0.12977
0.19286
0.244277
0.2883
0.32825
0.6944
0.6
0.4943
0.416
0.3696
0.32655

Solubility data for the system water + acetic acid + DEE is listed in Table 2
Table 2 Experimental Binodal Curve Data
Water (a) + Acetic Acid (b) + DEE(c)

Xa
0.868
0.776
0.6061
0.5262
0.438
0.399
0.095
0.161
0.2534
0.3167
0.3655
0.3994

Xb
0.051
0.114
0.223
0.276
0.313
0.3186
0.2305
0.2705
0.2993
0.3104
0.3118
0.31869

Xc
0.008
0.1096
0.1712
0.197
0.2478
0.2819
0.674
0.5684
0.4473
0.373
0.3225
0.2819

3.2 Tie Line Data
Table 3 shows the experimental tie-line data of the equilibrium phases of Water+Acetic Acid+ DCM,
where Xna and Xnc refer to the weight fractions of the nth component ranging from (a-c) in the aqueous
and organic phases, respectively.
Table 3
Tie Line Data of Water (a) + Acetic Acid (b) + DCM(c)
Aqueous phase (water-rich phase )(a)

Organic Phase (Solvent rich phase) (c)

Xa (water ) Xb(Solute) Xc(Solvent)

Xa (water )

0.9865
0.9368038
0.845887

0.039933
0.052923
0.176449

0.009548
0.0551612
0.154113

0.003952
0.008035
0.144231

Xb(Solute) Xc(Solvent)

0.010267
0.073377
0.1412

0.9498
0.8737
0.8588

The following Figure 1 shows the binodal curve for DCM:

Figure 1 Binodal Curve for Water+Acetic Acid+ DCM
Tie Line data for the system water + acetic acid + DEE is listed in Table 4
Table 4 Tie Line Data of Water (a) + Acetic Acid (b) + DEE(c)
Aqueous phase (water-rich phase )(a)
Xa (water ) Xb(Solute) Xc(Solvent)

0.9553
0.9486549
0.8821805

0.034736
0.051345
0.1117819

0.009964
0.011021
0.097328

Organic Phase (Solvent rich phase) (c)
Xa (water )

0.00998
0.012061
0.076107

Xb(Solute) Xc(Solvent)

0.07792
0.1163
0.1357

0.9121
0.8837
0.8643

The following Figure 2 shows the binodal curve for DEE

Figure 2 Binodal Curve for Water+Acetic Acid+ DEE
3.3 Distribution Coefficient and Selectivity
An effective solvent for the extraction is selected based on its selectivity value, which tells that acetic acid
can be separated from water using that solvent. Then, the distribution coefficient value of water (D water) is
calculated as the ratio of water in the organic phase to the concentration of water in the aqueous phase. For
acetic acid (D acetic acid), it is calculated as the ratio of the concentration of acetic acid in the organic phase to
the concentration of acetic acid in aqueous and reported in Table 5 and 6 .
Table 5
Distribution Coefficient and Selectivity
Water (a) + Acetic Acid (b) + DCM (c)

D water
0.0405
0.0565
0.2086

D acetic acid
1.075303729
1.330228494
0.916210832

Selectivity (D acetic acid / Dwater)
26.56417319
23.54672086
4.39226537
Table 6

Distribution Coefficient and Selectivity
Water (a) + Acetic Acid (b) + DEE (c)

D water
0.0104
0.0127
0.0863

D acetic acid
2.243205896
2.265069627
1.213971135

Selectivity (D acetic acid / Dwater)
214.722905
178.1584778
14.07152644

From the Distribution coefficient of acetic acid, it can be observed that acetic acid has a solubility between water
and the solvents DCM and DEE. Furthermore, the selectivity values for the reported system are greater than 1,
which means that acetic acid can be extracted by using DCM and DEE as the solvent.

The selectivity graphs of the two systems is shown in the following figure 3

Selectivity Diagram
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Figure 3 Selectivity Diagram of DCM and DEE
The selectivity diagram shown above predicts that DEE (orange line) is more suitable solvent than DCM (Blue
line ) for the extraction of acetic acid from water.
3.4 Hand, Othmer, Ishida Correlations
In this study, Hand, Othmer, Ishida correlations were used to determine the compatibility of the tie line data
obtained. Here Xba, Xbc is the weight fraction of acetic acid , Xca, Xcc is the weight fraction of solvent, Xaa,
and Xac is the weight fraction of water in the aqueous and organic phase. p and q, p’ and q’, p” and q” being the
parameters of Hand, Othmer, Ishida Correlations as given below by equations 1,2,&3 respectively.
The Hand Correlation :
(Xbc/Xcc) = p * (Xba/Xaa)q

--------------------[1]

The Othmer Correlation :
((1-Xcc)/Xcc)= p’ * ((1-Xaa)/Xaa)----------------[2]
Ishida Correlation
(Xca*Xbc)/(Xba*Xcc)= p” *((Xac*Xca)/(Xaa*Xcc))---[3]
The above mentioned correlation constants are mentioned below in table 4 and their plots are shown in Figures
2 to 10.

Table 7 Correlation Coefficients
System
Water (a) + Acetic
Acid
(b)
+
DCM(c)

Water (a) + Acetic
Acid (b) + DEE (c)

Hand Correlation
p
q
1.122
0.0016

1.2083

R2
0.9997

0.0716

0.9337

Othmer Correlation
p’
q’
1.4618
0.0663

R2
0.9869

Ishida Correlation
p”
q”
1.4618 0.0663

R2
0.9869

1.4078

0.9701

1.4078

0.9701

0.0925

The following figures show the correlations namely Hand, Othmer, Ishida
y = 1.1226x - 0.0016
R² = 0.9997

Hand DCM
Xbc/Xcc

0.2
0.1
0
0

0.05

0.1

0.15

0.2

Xba/Xaa

Figure 4 Hand correlation for Water+Acetic acid+ DCM

Hand DEE
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R² = 0.9337

Xbc/Xcc

0.15
0.1
0.05
0
0

0.05

0.1

0.15

0.2

Xba/Xaa

Figure 5 Hand correlation for Water+Acetic acid+ DEE
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Othmer DCM

y = 1.4618x - 0.0663
R² = 0.9869
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Figure 6 Othmer correlation for Water+Acetic acid+ DCM

Othmer - DEE y = 1.4078x - 0.0925
R² = 0.9701
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Figure 7 Othmer correlation for Water+Acetic acid+ DEE

Ishida DCM

y = 1.4618x - 0.0663
R² = 0.9869

(Xca*Xbc)/(Xba*Xcc)

0.2
0.1
0
0

0.05

0.1

0.15

0.2

(Xac*Xca)/(Xaa*Xcc )

Figure 8 Ishida correlation for Water+Acetic acid+ DCM
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Figure 9 Ishida correlation for Water+Acetic acid+ DEE

From Figures 4 to 9, it can be observed that the R2 values are nearly equal to unity show that there is a consistency
in the tie line data obtained. Furthermore, the linearity of the graphs shows the degree of compatibility of the
values received.
V Conclusions
Experiments on the Liquid-liquid equilibrium of the Water+Acetic Acid+DCM and Water+Acetic Acid+DEE
system at 293.15 K and atmospheric pressure have shown that DCM and DEE may be used as a solvent for
extracting Acetic Acid from water of which DEE is more suitable. The distribution coefficient and separation
factor were used to assess the effectiveness of DCM and DEE in removing acetic acid from water. In addition,
the Hand, Othmer, and Ishida correlations were used to determine the trustworthiness of experimental tie-line
data. The coefficient of determinations (R2) shows a reasonable degree of consistency, with values ranging from
0.933 to 0.999.
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Nomenclature:
Xa – Weight fraction of water.
Xb- Weight fraction of acetic acid
Xc - Weight fraction of solvent
Xaa – weight fraction of water in the aqueous phase
Xba- weight fraction of acetic acid in the aqueous phase
Xca – weight fraction of solvent in the aqueous phase
Xac- weight fraction of water in the organic phase
Xbc- weight fraction of acetic acid in the organic phase
Xcc- weight fraction of solvent in the organic phase
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1. Introduction
Rare earth elements play significant role in the
production of modern sophisticated gadgets such as mobile
phones, laptops, sensors, magnets, solar cells, battery
packs, light emitting diodes, MRI, adapters, turbines and
defense equipments.Therefore, separation of rare earth
elements in pure form from ores and secondary resources
gains prominence. Several separation methods such as ionexchange, solvent extraction, fractional crystallization,
electrodeposition, membrane process and redox
precipitation have been utilized for the separation of pure
rare earth elements. Among them ion-exchange method is
one of the industrially viable methodadopted for large scale
production. However, separation of rare earths using ionexchange resins is difficult due to similar chemistry of rare
earth elements. The selectivity of resins can be improved
by treating resin with solvents selective towards extraction
of rare earths. In the present study, chloromethylated
styrene divinyl resin has been treated with di-2-ethylhexyl
phosphoric acid (D2EHPA) to improve the selectivity of
resin for the extraction of rare earths. Extraction of Pr(III)
and Nd(III) by D2EHPA treated resin was also
investigated.
2. Material and Methods
2.1 Materials
Macroporous chloromethylated styrene divinyl benzene
resin supplied by M/s. Thermax Pvt., Ltd., was used for the
experiments. Praseodymium chloride hydrate (99.9%) and
neodymium chloride hexahydrate (99.9%) supplied by M/s.
Sigma Aldrich Chemicals were used as such for the

extraction studies. Di-2-ethyl hexyl phosphoric acid was
procured from heavy water board. Double distilled water
was used for the preparation of stock and standard
solutions.
2.2 Methods
2.2.1 Treatment of Macroporous Chloromethylated
Styrene Divinyl Benzene Resin with D2EHPA
About 10 g of chloromethylated styrene-divinylbenzene
resin was taken in a 500 ml conical flask. Around20 ml of
kerosene and 30 ml of di-2-ethyl hexyl phosphoric acid
(D2EHPA) were added to the flask. Then the solution was
placed on a stirring unit and stirred using a magnetic bar at
200 rpm for 48 hours at room temperature. After the
treatment of resin, the solution was filtered using phase
separation paper. The resin was washed 3 times with
kerosene to remove the impurities. The treated resin was
dried overnight in a hot air oven at 50 0C. This dry resin
was used for characterization and extraction experiments.
2.2.2 Procedure for the Extraction of Pr(III) and Nd(III)
by the resin
2 g of D2EHPA treated resin was taken in a beaker and
200 mL of stock solution (100ppm Pr(III) and 100ppm
(Nd(III) in same solution at pH 3) was added. The
constituents were mixed using a stirring unit and magnetic
stirring bar at room temperature. Sample solutions were
withdrawn from the beaker at various time intervals. The
concentration of praseodymium and neodymium ions in the
sample solutions was estimated by Inductively coupled
plasma-Optical emission spectroscopy and extraction
percentages were calculated.

3. Results and Discussion
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3.1 Characterization of D2EHPA Treated Resin using
FTIR
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The FTIR spectrum of di-2-ethyl hexyl phosphoric
acidtreated resin is shown in Figure 1. The signal at 1257
cm-1 corresponds to P=O functional group. This indicates
incorporation of D2EHPA in the matrix of the resin. The
other signals correspond to several covalent bonds. The
signals at 814, 1431, 2353, and 2912cm-1correspond to C-C
stretching, CH2 stretching, C-O stretching and C-H
stretching vibrational modes, respectively.
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Figure 2:Extraction of Pr(III) and Nd(III) by D2EHPA
treated macroporous chloromethylated styrene-divinyl
benzene resin as a function of time.
4. Conclusion
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Di-2-ethyl hexyl phosphoric acid treated chloromethylated
divinyl benzene was able to extract more than 70% of
Pr(III) and Nd(III) at pH 3. The incorporation of D2EHPA
into the resin was validated by FTIR spectrum. D2EHPA
treated resin is found to be promising for the extraction of
Pr(III) and Nd(III).
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1. Introduction
The dissolution of plutonium in nitric acid is a slow
process and even less effective compared to uranium, due
to positive free energies (+30 to 35 kJ mol-1) reported for
the conversion, PuO2 (s)
Pu(IV) (aq) [1]. Use of acid
mixtures and catalysts to enhance the operation is widely
reported. Cerium dioxide has been widely used as the nonradioactive surrogate of plutonium dioxide due to their
similarities in oxidation-reduction behaviour [2,3]. Cerium
ion in solution can exist under +III and +IV oxidation
states, thereby simulating PuO2 behaviour during
dissolution processes [3].
Graphite is widely used as a crucible to handle molten
plutonium in nuclear fuel fabrication facilities. The present
work studies the decontamination of graphite using nitric
acid as a leaching agent. Nitric acid is universally used as
solvent in industrial scale nuclear reprocessing facilities
and hence, was used as the leachant acid in this study.
Ultrasound can assist in the intensification of recovery of
ceria as well as in the exfoliation of graphite which
generates carbon residue, leading to adsorption of cerium
ions recovered from the graphite substrate. The novelty of
the work lies in the cleanup of the leachant due to the
generation of carbon residue that act as sorbents for the
cerium ions.
2. Material and Methods
2.1. Coating and characterization of graphite coupons
Cylindrical tokens of extruded graphite (diameter 12 mm
and height 3 mm) were fabricated from graphite block of

density 1.82 g cm-3 (M/s Graphite India) whereas ceria was
obtained from M/s Indian Rare Earth Limited. The graphite
tokens were degassed in high vacuum (~10-5 mbar) at
12000C to release the trapped hydrocarbons and gases from
the pores of graphite. Ceria slurry was then coated on the
degassed tokens by paintbrush method on all sides. The
ceria slurry was prepared in similar fashion as the yttria
slurry described in our earlier work in polyacrylic acid
medium [4].
2.2. Experimental setup
In order to study the effect of different frequencies as 20±2,
25±2, 30±3 and 40±3kHz, different ultrasonic baths of 1.5
L capacities under otherwise similar operating conditions
[4]. Figure 1 (a) gives a diagrammatic representation of the
test setup used in the investigation. The tests were
conducted in a properly enclosed fume-hood so that the
nitric oxide fumes are vented to the environment only after
suitable dilution with air. Input power supply to the
ultrasonic bath was also varied to study the effects of sonic
intensity (range 0 to 10 W cm-2) on the dissolution reaction.
2.3. Analysis of leach liquor after decontamination
The supernatant of the acid leachant used in the
decontamination studies containing dissolved cerium ions
was analysed for the cerium content using the Inductively
Coupled Optical Emission Spectroscope (M/s Thermo
Fischer Scientific, 7000 series).
3. Results and Discussion
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studying the sensitivity of the operating parameters, the
acid concentration was found to play the most significant
role. The kinetics of ceria recovery was demonstrated as
surface reaction controlled.
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Figure 1 shows the recovery rate of ceria in 8 M nitric acid
and 450C bath temperature (in %) in the absence and in the
presence of 20 kHz ultrasound. The dissolution process
without sonication attains equilibrium at 0.5% in 45 min,
beyond which there is marginal change. In the presence of
ultrasound (20 kHz and 8 W cm-2), much higher dissolution
as 7.7% was achieved after 45 min. The recovery of ceria
monotonously increased for the first 45 min, thereafter
showing a surprisingly steep decline in ceria concentration
in the leachant.
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Figure 1: Comparison of silent and sonicated (20 kHz)
recovery of ceria from graphite using 8 M acid at 45°C
Study on rate of recovery was repeated for different
leachant temperatures and the plot is given in Figure 2. It
was observed that for lower bath temperature, the
maximum cerium recovery was obtained after a longer time
(typically 45 minutes at 40 °C) compared to those at higher
temperature. However, a steep decline is observed in all
cases. On analysing the carbon residue, this was attributed
to the absorption of ceria in the graphite dust being
generated due to ultrasonic exfoliation of graphite.
4. Conclusion
The study established an interesting insight into the
ultrasonic decontamination and absorption of ceria in
graphite dust. Ultrasound enhanced the dissolution and
recovery rate of ceria from graphite substrate and
resulted in the formation of useful byproducts in the form
of graphite powder which further help in cleaning the
leachant by adsorbing the metal ion. Due to the slow rate
of dissolution of cerium in nitric acid, surface reaction
controlled kinetic mechanism was the controlling
mechanism as per the outcome of the current work. On
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1. Introduction
Polycyclic aromatic hydrocarbon (PAH)s is a large group
of organic contaminants which is naturally found in water
streams due to incomplete combustion of carbonaceous
compounds1-2. Regular consumptions of this PAH mixed
water can induce toxicity, carcinogenicity in biological
activities3. Earlier studies focus on different separation
procedures
such
as
Fenton
Oxidation4,
5-6
nanofiber/nanofiltration based separation , Bioreactors2,
Granulated activated carbon2,7, Mixed Matrix membrane,8
etc. Recently in our investigation we have detected PAHs
in the ground water in Sundarban region(coastal areas) and
separated using commercial Ultra Filtration (UF)
membrane from the ground water sample7. In this process a
hybrid silane modified bentonite clay composite membrane
was used in a high pressure membrane filtration setup for
separation. The composite hydrophobic membrane was
characterized by XRF, XRD, FTIR, Particle size analysis,
Capillary flow porometry, Static water contact angle
behavior, FESEM, AFM etc. The hybrid silane
modification of the bentonite layer has been done by
introducing different concentration of the silane for
creating roughness and hydrophobicity. Membrane
modified with high silane concentration (solvent: FAS:
25:1) proved to be most super hydrophobic amongst the
others and selected for rejection application. In this
continuous filtration process, removal efficiencies
improved with the incremental pressure exerted in the

membrane which rejected 99% of the impurities from the
contaminated water.
2. Material and Methods
2.1 Materials
Commercial
α-alumina-clay
(Clay-20wt%,
porosity~30%) support tubes, Poly Vinyl Alcohol (PVA)
(Sigma Aldrich, USA, MW=31000-50000). Bentonite clay
(Nanocor, USA) fluroalkylsilane (FAS: 1H, 1H, 2H, 2H,Perfluorodecyltriethoxysilane, Alpha Aesar Fine Chemicals
& Metals, (USA). Ethanol (>99% Merck, Darmstadt,
Germany) were procured and used for this membrane
development.
2.2 Methods
2.2.1 Membrane preparation:
Commercially obtained support tubes were slip
casted by using 2.5wt% of ultrasonically prepared
bentonite clay slurry of Polyvinyl alcohol (PVA)-water
solution and calcined at 5500C in an atmospheric furnace.
Inorganic –organic (Hybrid) silane Perfluorodecyltri
ethoxysilane, 97% (FAS) were diluted in ethanol in
nitrogen atmosphere chamber at variable volume ratios
(1:25-1:200) and then calcined at 1800C for 2hours for
silica layer formation and modification of bentonite layer.
2.2.2 Measurement Flux of the membrane
The collected ground water solutions were filled in feed
tank and suitable pressure variations were done to collect
permeate flux in the high pressure experimental setup as

shown in Figure: 1 the samples were analysed by Gas
Chromatography using suitable calibration.
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Figure: 1: Schematic diagram of the experimental setup
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8

Figure 3: Removal percentage of different PAH
components in different pressure regime.

3. Results and Discussion
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3.1 Characterization of composite membrane
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clay deposition The surface roughness ensured the silane
top layer and its created hydrophobicity as in Figure:2
3.2 PAH removal efficiencies
As the pressure increases from 2bar to 6bar the removal
percentage also increases with an increase in flux which
has been represented by Figure 3.
4. Conclusion
The hybrid silane modified composite membrane
satisfactorily rejects harmful PAHs due to silane coating
induced by size exclusion molecular sieving principle. The
adsorptive behavior of bentonite clay layer also helps to
separate the contaminants through invasive route.
Roughness induced hydrophobicity also increases longevity
and antifouling behavior.
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1. Introduction:
Fibre spinning is the key steps in man-made fibres,
like,viscose
staple
fibre.
Maintaining
spinbath
concentration is crucial during fibre spinning to
producegood quality fibres. Dilution of spinbath is most
common phenomenon durring fibre regeneration.
Generally, diluted spinbath is sent tomulti-stage flash
evaporator (MSFE) to evaporate excess water to maintain
the required concentration of salt in spinbath.Low pressure
(LP) steam is used in evaporators.To meet the purpose,
time to time the outlet salt concentration is monitored.
However, it is difficult to maintain in close range due to
MSFE scaling & other operational challenges [1].
To overcomes these challenges, a steam prediction model
was developed based onall possible input parameters.

LP steam is used in main heater to raise the spinbath
temperature up to 102°C - 106°C.
3. Machine learning (ML) model for steam prediction:
Generally, spinbath temperature at heaters outlet is
monitored to maintain the final spinbath salt concentration
and normal practice to control it by changing the LPsteam
flow rate. Multiple consecutive actions are taken in LP
steam flow ratetill the desired temperature is reached.This
leads to time lag in maintaining desired evaporation
capacity.To reduce the time lag, steam prediction model
can be used [2]. Figure 1 represented the flow sheet for
model development (in python), and deployment.
Data Collection

Model Deployment

Control Logic

Pre-Processing

Model Validation

Manual Control

Features Selection

Model Development

2. Description of MSFE
MSFE consists of eleven preheaters, one heater and twelve
flash vessels. Whereas dilute spinbath is fed through the
last (11th) preheater and passed through the subsequent
preheaters and main heater & finally through the flash
vessels. Purpose of preheaters and main heaters is to
increase the temperature and flash vessels are used for
evaporation under vacuum. Vapor generated in individual
flash vessels is used to heat the respective preheaters and

Automation

Figure 1: flow sheet of ML model development and
deployment
3..1 Data pre-processing and variables correlation:

Raw data with 14 variablesobtained from plant database
cannot be directly used to develop ML model using python
due to noises, missing values, and unusual format. Data
pre-processing was required to convert obtained raw data to
make it suitable for ML model. This process helpsto
improve the accuracy of a model.Based onpearson
correlation (Table-1),LP-steam flow dependency on
variables is understood.Some of these variables can be
dependent on each other which results in multi-collinearity
such that one of the variables can be used for Model. The
multi-collinearity is detected by VIF (Variance Inflation
Factor) method. Variables with VIF values less than 5 are
chosen as initial input variables for model development.
The model accuracy was tested and if it was low then
remaining variables with next higher VIFwere incorporated
to improve accuracy.
Table 1: Variables selection for model development
Variables
Pearson
VIF
Correlation
with LPS flow
Spin bath Circulation flow
0.34
3.34
Spin bath Heater in Temp.
-0.15
1.15
Spin bath Heater out Temp.
0.58
1.12
Spin bath Vessel-V13 Temp.
0.22
9.69
Spin bath Heat gain in Heater
0.98
10.2
LP-steam heater in Temp (T1)
0.02
1.8
LP-steam heater out Temp
0.86
8.4
LP-steam Pressure
0.72
7.2
LP-steam DEL (T1 – Tsat)
-0.86
1.23
Mixing Condenser vacuum
0.04
3.5
LMTD corrected
0.43
1.4
Overall Heat Transfer
0.17
1.8
Coefficient
Evaporation Capacity
0.34
11.1
Steam economy
-0.9
9.2
3.2 Model development and validation
Regression is a supervised learning technique mainly used
for prediction, time series modeling, and determining the
relationship between variables.The accuracy of model was
tested by R-squared, mean absolute error (MAE) and mean
squared error (MSE). Therewere many models like linear
regression model, lasso regression, ridge regression,
random forest regression, gradient descent, etc., available
for model development but finding the most suitable must
be identified.

Why use Random Forest Regressor?
1) Its non-linear nature isa great option than linear models
2) It doesn’t suffer by over-fitting the model
3) It predicts output with high accuracy as it takes
average of all outputs from decision trees
4) It can also maintain accuracy when a large proportion
of data is missing.
The Random Forest based model has given an accuracy of
90% with MAE of 0.06and MSE of 0.013. The model has
been tested for other new data sets and a consistent
accuracy between 85% – 90% is observed.
3.3Model deployment and benefits:
The model was deployed in plant server along with
gateway connection with DCS data base to predict steam
flow rate.Using automation predicted steam flow rate was
maintained to raise spin bath temperature. The model was
retrained for every 20 days to retain prediction
accuracy.Deployed model ran for two months and apart
from reduction of manual interventions, it helped in 2%
steam saving. Estimated benefit is ~1Cr./ annum in one
production unit.
4.Conclusion
The Steam prediction model was found to provide more
effective control than the manualmethod used previously. It
eliminates manual control and helps in reducing time lag to
maintain MSFE conditions. Deployed model having
accuracy of >90% which facilitated 2% steam savings.
Currently, work is in progress for replication to other
production units under GRASIM industries.
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KEYNOTE
RECYCLE OF LI ION BATTERY
Sachin Jadhav
Excel Industries Limited, Ratnagiri, Maharashtra‐415722
There is need to develop a technology to enable a resource efficient and economically feasible
recycling system for lithium ion batteries and thus assure the future supply of component
materials.
Lithium ion batteries are very complex product, and design materials are still evolving and hence
it’s more challenging to design the efficient recovery process. There are several processes for
recycling are proposed or operating and each has advantages or disadvantages.
There are three basic process type: Pyrometallurgy (Smelting), Hydrometallurgy (Leaching) &
Direct recycle ( Physical Process). These all processes have their merits & demerits and that gives
impact on Success of the product.
The main objective of Li ion battery recycle is to recover as many materials as possible and in
manner that makes environmental & economic sense.
The need for material separation permeates the entire recycling process chain from collection to
through product recovery.
The first stage is to separate battery types from each other so they can be sent for appropriate
processing. For large pack labels are sufficient for identification. It can be read by machine or
human. Disassembly of the pack and modules to cell level could be either automated or manual.
For experimental purpose, individual small cells are open manually but robotic cell opening
process can be developed. But because of the large variance in cell design, it looks difficult and
hence most process involve shredding of Li cell before chemical processing.
We mostly deal with Hydrometallurgy for recovering of individual component. This includes




Decomposition with alkali – to separate out traces of Copper & Aluminum
Leaching with Acids – to separate out cathode and anode mixture
And further individual material separation by chemical separation, pH‐based separation,
Solvent extraction, electrochemical processing & membrane separation.

Optimization of reagents and process conditions are very much important to achieve a better
selectivity & yield to get better economics.
Yet there is no simple route to recycle of Li ion batteries. Li ion Battery is a very complicated
product w.r.t material composition, and further design / composition, continues to evolve hence
it very difficult to define a single & a universal process.
Since most of the existing processes are not ideal to achieve proper separation & economics
aspects, we need to extensively work of areas of individual metal separation with environmental
compliance
On regulatory front, Indian Government has released a Draft Guideline under ‘Battery Rule 2016’
in the month of February 2020. The detail SOP and checklist are under preparation.

KEYNOTE
RESOLUTION FOR MINING POLLUTION
N.K. Dhal
Environment & Sustainability Department
CSIR‐Institute of Minerals and Materials Technology, Bhubaneswar
Rapid industrialization, urbanization and other anthropogenic activities are leading to heavy
metals contamination in the environment which is a major global concern due to the high
persistency and potential toxicities of metals in the living organisms. Among the heavy metals,
hexavalent chromium (Cr6+) is one of the most frequently used metal contaminants and is
considered to be one of the top‐20 on the superfund priority list of hazardous substances. Hence,
the challenge is to develop innovative and cost‐effective solutions to reduce the effect of Cr6+ in
the environment and to make them safe for human habitation. Research into the remediation
of Cr+6 pollution has attracted widespread attention. Among them bioremediation techniques
have advantages of causing little disturbance to soil and water, low cost, simple and convenient
operation. This technology utilizes biodiversity to reduce or remove contaminants from the air,
soil and water. Hence, the current work mainly deals with the study related to metal‐plant‐
microbe interactions to remove or stabilize Cr6+ present in the chromite mines solid wastes. We
also discuss the factors that govern methods for the bioremediation of Cr+6 and compare their
advantages and disadvantages. In particular, we focus on efforts to establish Cr+6 bioremediation
processes and their mechanisms. The main mechanisms include phytoremediations, plant
microbe interaction etc. Therefore, we suggest areas for future research and provide scientific
basis for the application of Cr(VI) bioremediation in soils
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1. Introduction
Transforming industrial rejects into valuable materials or
resources based on minimum processing steps for further
utilization is most acquiescent [1,2]. In recent past, the
concept of energy efficient building materials described
considerable research activities on geopolymerization of
industrial wastes. Raw material synergy based on chemical
composition, mineralogy, grain distribution, density color
etc., were used extensively for receiving desired properties
in the finished building products [3-5].Several studies
disclosed successful utilization of fly ash as a source
material in combination with ground granulated blast
furnace slag (GBFS)for development of geopolymer brick /
blocks, mortar, concrete etc. [6,7]. This paper describes the
scientific approach of non-fired process adopted for
conversion of Granulated Blast Furnace Slag: GBFS and
Fly Ash: FA in to a geopolymer matrix of crushing strength
in the range as high as 50-53 MPa without reinforcing. The
feasibility is analyzed on the basis of compressive strength,
embodied energy and comparative analysis of geopolymer
with fired clay bricks.
2. Material and Methods

Na2SiO3 were used. Double distilled water was used for
preparation of all analytical reagents and tap water for the
other experimental trials. The main raw material for
geopolymer development was100 # mesh fractions ofGBFS
in granulated form and FA.
2.2 Methods
2.2.1 Raw material characterization
The powdered fractions (~150 micron) of raw material
were subjected for chemical (Table-1), mineralogical and
morphological analysis by standard wet analysis [8] and XRay Diffraction (XRD). XRD identifiedmullite, sillimanite,
magnetite and quartz as major mineral phases. The dry
densitiesof raw materials (FA: 1008.7575 kg/ m3& GBFS:
1338.19kg/ m3) were calculated according to IS Code:
2720:1982.
Table 1 Chemical composition of RM
% Composition
Al2O3
SiO2 LOI
TiO2 Na2O
FA
27.28
57.06 00.35 1.82 0.24
GBFS 14.28
33.84 ND
0.53 0.27
RM

CaO
0.33
37.2

RM: Raw material; LOI: Loss on Ignition; Analytical Range (±) 2

2.1 Materials

2.2.2 Geopolymer synthesis

Alkaline solution in alkali activator (AA)consists of
commercially available sodium hydroxide (NaOH; 98%
purity, Molarity 40 g/mol) and sodium silicate (Na2SiO3) of
Qualigens, India. 6M, 10MNaOH and 2.5 M, 4M and 6 M

The wet slurry of GBFS+FA+AA was then poured into
brick mold (230mm x 110mm x 90 mm) followed by
curing in a laboratory ambient environment for 28 days.

2.2.3 Geopolymer characterization
The tests on geopolymer brick were conducted as IS 3495
(Part I-III): 1992 for dry density, compressive strength,
water absorption and efflorescence; the results were
analyzed as per IS 1077:1992 (d).Minimum average
compressive strength of brick shall not be less than 3.5
MPa when tested as per IS-3495 (Part-1):1976.
3. Results and Discussion
3.1 Compressive strength

3.4 Comparative assessment

The compressive strength of different mix designs is given
in Table 2. These results obtained was justified by the
reported data [9].
Table 2 Compositional variation of geopolymer mix
Block
Ratio
AA
Geo-Brick 1
100
06M:4M (1:1)
Geo-Brick 2
40:60 06M:2.5M (1:1)
Geo-Brick 3
40:60 06M:4M (1:1)
Geo-Brick 4
40:60 06M:6M (1:1)
Geo-Brick 5
40:60 10M:6M (1:1)

Component
GBFS
FA + GBFS
FA + GBFS
FA + GBFS
FA + GBFS

Alakli activator: v/v of NaOH: Na2SiO3

Block
Geo-Brick 1
Geo-Brick 2
Geo-Brick 3
Geo-Brick 4
Geo-Brick 5

CS (MPa)
30.35
24.71
23.20
21.46
53.78

quenchingand that of NaOH is 20.5MJ/kg as per SPLINE
LCI datasheet. EA of Na2SiO3is taken as 5.37 MJ/kg. The
EA for Geo-brick 2 on lower side compared to other bricks.
The cost of expenditure for the plant production of
geopolymer brick was calculated based on raw material,
energy consumption, transportation cost, labor. It was
found that the overall cost of production of Geo-Brick 1
and Geo-Brick 2 is INR 16.4 and INR 15.5respectively
While for Geo-Brick 3 and5 cost is slightly high INR 21
and 20 respectively

WA (%)
14.33
15.96
14.76
16.03
14.34

E
Nil
Nil
Nil
Low
Low

CS: Compressive strength; WA: Water absorption; E: Efflorescence

3.2 Water absorption and Efflorescence
The bricks when tested in accordance with IS: 3495 (Part2):1976 after immersion in cold water for 24 hours, shall
have water absorption not more than 20 % by weight up to
class 12.5 and 15 % by weight for higher classes. All the
mix composition showed water absorption within the
recommended value (IS 1077:1992) except Geo-brick 2
and 4. Efflorescence test was conducted in accordance with
the procedure of IS: 3495 (Part-3):1976, the efflorescence
rating was low for all geopolymer mix (Table 3).

The developed brick showed very high strength and
fulfilling the basic requirements set by IS 1077: 1992.These
can be used where achieving high strength is a criterion of
the structures.Though the brick cost is on higher side, it is
almost equivalent to other commercially available masonry
products (AAC blocks). Geo-Brick 1 and 5 are found to
have higher strength,and fulfilled the criteria set by Indian
standards also have lower EA and cost. These two bricks
compared with commercially available Burnt Clay brick
(BCB) and Fly ash brick (FAB) and the result was further
compared with the commercially available burnt clay
(BCB) and fly ash (FAB) bricks (Table 3). The properties
of the BC and FA were considered from a prior research
study [10].
Table 3 Geopolymer brick v.s. BCB and FA-CM bricks
Brick type
Material composition (wt %)
CL
FA
GBFS SND
CM
BCB
90
10
FAB
40
50
10
Geo-Brick 1
100
Geo-Brick 5
40
60
FAB: Fly ash bricks;CM: Cement, SND: Sand; CL: Clay

BCB
FAB
Geo-Brick 1
Geo-Brick 5

Physical Properties
Density(kg/m3)
CS(MPa)
1600
03.50
1800
06.50
1779
30.35
1916
53.78

WA (%)
15
10
14.33
14.34

BCB: Burnt clay brick; CS:Compressive strength; WA: Water absorption

3.3 Embodied energy and Cost of production

4. Conclusions

The embodied energy (EA) of FA is zero as collection of
FA is mandatory in India. An EA of 0.31MJ/kg have been
considered for GBFS considering grinding after

The analysis revealed significant potential for the
utilization of GBFS in the development of geopolymer

bricks. The increase in weight% of GBFS resulted in
increase in CS of geopolymer. Overall, considering high
strength, the developed bricks were found to be an effective
option instead of commercially available BCB and FABs.
GBFS and FA based geopolymer brick;which is useful for
various civil engineering applications makes a reliable
solution for the environmental pollution and waste
management issues associated with traditional bricks.
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1. Introduction

2.2 Methods

Rapid extension of oil refineries generateshuge amount of
petroleum sludge and caused hazardous to human health
and eco-system (Gholami-Shiri et al., 2017). According to
recent (US-EPA) report,oily contaminants are considered
as hazardous in nature. These pollutants may cause
contamination to soil, ground water, and aquatic life
(Poddar et al., 2019). Therefore, it is necessary for proper
disposal and treatment of these petroleum hydrocarbon
pollutants to ensure environmental safety.

2.2.1 Collectionof petroleum sludge

Environmental biodegradation of petroleum hydrocarbons
provides an economic alternative to chemical treatment
process in terms of their cost effectiveness and efficient
removal (Poddar et al., 2019).
This current study focused to develop anative bacterial
consortium from petroleum refinery sludge (PRS) for
effectiveremoval of total petroleum hydrocarbons (TPH)
under optimized condition.

consortium;

The petroleum refinery sample (PRS) sample was collected
from Indian Oil Corporation Limited, Haldia 22°.03. North
88°.06’. East, West Bengal, India.
2.2.2 Experimental design
The biodegradation experiments were carried out for an
incubation period of 15 days under optimum conditions.
The four different sets of experiments were (T1):
decontaminated PRS (24 hr UV-treated) without
bioaugmentation for abiotic control; (T2): only PRS
(natural attenuation); (T3): UV-sterilized PRS with
bioaugmentation; (T4): PRS with bioaugmentation.
Bioaugmentation was performed 5% (v/v) microbial
consortium.
2.2.3 Total petroleum hydrocarbons analysis

2. Material and Methods

The degradation of TPH (in %) was quantified by liquid liquid extraction followed by gravimetric technique.
Further, the extracted residual TPH was investigated by
Gas chromatography (Behera et al., 2021)

2.1 Material

3. Results and Discussion

All the required chemicals used for this study were
purchased from Merk India Ltd.

3.1 Bioaugmentation strategy

The TPH degradation reduced due to different propensity
of microbial attack and shown in (Fig.1). As the developed
consortiumwasindigenous in nature, it enhanced the TPH
degradation and quickly acclimatized with the toxic
conditions with microbial activities.

Table 1: Kinetic study of TPH degradation treatments

Sl First-order kinetics
No
k1 (d-1) t1/2(d)
R2
T1

0.0033 221

0.85

Second-order
kinetics
k2(g/ kg-1 t1/2
R2
-1
d )
(d)
0.00004 138.4 0.55

T2

0.0134 51.7

0.95

0.0006

9.2

0.60

T3

0.0544 12.7

0.83

0.0005

11.0

0.79

T4

0.0968 7.1

0.94

0.0012

4.6

0.99

4. Conclusion

Figure 1: Residual TPH of various treatment strategies
3.2 GC Analysis
The Fig. 2 showed the GC-FID results of residual TPH of
control (0 day) and treated TPH under bioaugmentation
strategy after 15 days of incubation period. This GC-FID
study establisheddegradation of TPH and comparable with
gravimetric analysis.

Theoptimal process parametersincluding initial pH,
ambient temperature, and petroleum sludge concentration
were reported to be 7, 34 ˚C, and 2% (w/v), respectively
for maximum TPH degradation.The developed
consortium could degrade up to 77.3 ± 2.6% of TPH with
bioaugmentation strategy in15 days. Considering the
effects of hydrocarbon on the environment, the
developed consortium with the bioaugmentation strategy
can be a suitable approach for the bioremediation of
petroleum hydrocarbon contaminated sites.
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1. Introduction
Stable isotopes of Cesium (Cs) and Strontium (Sr) along

respectively. The results showed the accumulation of Cs &

with their radioisotopes in the environment imposes an

which shows their extracting property to above ground

unavoidable threat, particularly soil and water has received

biomass. The accumulation of the metals was expressed as

considerable attention for removal of these contaminants in

g/kg dry weight of plant biomass, where with increasing

recent years. The methods of phytoremediation has been

concentration the rate of accumulation increased. The

implied on radionuclide contaminated area for more than a

uptake pattern of Cesium in plant was in order Abutilon

decade and found to be suitable for remediation. For the

indicum (14.7-35.4 g/kg.DW; TF=99.6-19.8)> Alstonia

remediation

communis,

scholaris (5.4-24.7 g/kg.DW; TF= 85.2-57.6)> Nyctanthes

Nyctanthes arbortristis, Nephrolepis exaltata, Alstonia

arbortristis (6.4-24.3 g/kg.DW; TF= 86.9-14.2) > Ricinnus

scholaris fast growing, evergreen, perennial, non edible

communis

and indigenous plant species were selected, which are also

Nephrolepis exaltata (0.9-16.9 g/kg.DW; TF=72.1-16.5)

proven for metals extraction to above ground biomass.

and Nyctanthes arbortristis (1.17-8.92 g/kg.DW; TF=8.07-

These plants

5.95) > Alstonia scholaris (1.30-8.71g/kg.DW; TF=85.3-

Abutilon

indicum,

Ricinnus

were utilised to study

Cs and Sr

Sr mainly in the shoot part of the plant rather than root

(7.3-19.3

g/kg.DW;

TF=

94.7-18.9)>,

phytoaccumulation for the period of six weeks. Under

1.46)

controlled green - house (temperature, humidity and light)

TF=3.89-2.24) > Ricinnus communis (0.02-1.95/kg.DW;

hydroponic pot culture experiments were carried out with

TF=2.94-1.97) > Abutilon indicum (1.82-1.88 g/kg.DW;

Cs dosing as CsCl - 0-5mM and Sr as SrCl2.6H2O- 0-3mM.

TF=9.3-1.90) in case of Strontium. But the transfer factor

Chlorophyll, soluble protein, level of defence enzymatic

(TF) i.e. the uptake of metals from substrate to the plant

antioxidants, stable isotope uptake, translocation and its

was found to decrease with increasing concentration.

spatial distribution were analysed. Hyper accumulation

In response to the toxicity due to the metals the plant

capacity was estimated as transfer factor (TF) & by

showed the defence with the over production of enzymes

analysing the concentrations of Cs & Sr in different plant

such

parts with the help of AAS & ICP-OES for Cs & Sr

peroxidase

>

as

Nephrolepis

Super
(APX),

exaltata

oxide

(0.37-2.28

dismutase

Catalase

(CAT)

g/kg.DW;

(SOD),Ascorbate
&

Glutathione

reductase (GR) , which withstand the effects of free
radicals. For Cs and Sr, with increasing concentration the
plants

showed

the

enzymatic

expression

of

SOD>CAT>APX>GR>GPOX manner in comparison to
control. The growth parameters such as chlorophyll
content, soluble protein content, plant length & weight
were also affected moderately due to increase in treatments.
Accumulation of high concentrations of stable Cs and Sr
causes harmful reactions in plants due to their chemo
toxicity; they affect physiological and metabolic processes

Green house for plant
growth at CSIR-IMMT
(hydroponics experiments)

such as growth, photosynthetic reactions etc. which has

Hydroponics experiment
carried out by spiking
different concentration of
Cs and Sr to assess the
remediation (Six weeks)

been monitored with all these plant species for their long
term survival and remediation in polluted areas. All the
parameters showed the potential for remediation and
phytoextraction by the transfer of metals to above ground
biomass.

Plant physiological analysis to
assess plant viability


Plant height, fresh weight ,
dry weight
 Chlorophyll content
 Protein estimation
 Antioxidant enzymes
1. Super oxide dismutase (SOD)
2. Catalase(CAT)
3. Ascorbate peroxidase(APX)
4. Gluaicol peroxidase(GPOX)
5. Glutathione Reductase(GR)

Quantification of Cs & Sr
with AAS [GBC Sens AA
(Australia) Double Beam
Atomic Absorption
Spectrometer] & ICP-OES
[Perkin Elmer Optima
2100DV] respectively
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1. Introduction

area, chromite ore fines from M/S Vishnu chemicals Pvt ltd.,
The rising demand for stainless steel in all sectors
(i.e. consumer products, petrochemical, construction,
automotive etc.) of applications has resulted depletion of
high-grade chromite, nickel laterites, and Mn ores. To cope
this situation, use of an alternative resource such as mine

and lean grade Mn ore from Shree Narayani Mines were
used as primary raw material. The chemical composition of
the primary raw materials were listed in Table 1.Coke and
CaO were used as reductant and flux
respectively.

waste and low-grade ores for these metals (Fe, Cr, Ni, and
Mn) are very much required. During mining operations,

2.2 Experimental Procedure

large quantities of mine waste / low-grade ores are produced

2.2.1 Mixing and Granulation

at the mining sites and reduces the effective area for further
mining. Many researchers were produced crude alloys by
direct smelting of high-grade ores [1, 2]. Also handling a
large quantity of low-grade fine raw materials posing an
environmental problem. In this work, crude stainless steel
was produced directly from the low-grade ores and mine
waste by arc melting process. The dried composite pellets
had prepared by using COB, low-grade chromite ore, and
lean grade Mn ore in the ratio 4:3:3 on a 500g scale along
with reductant and flux. Metal and slag was characterized by
GDOES, XRD, and XRF for metal concentration, the

COB, Cr ore fines and lean
grade Mn ore were crushed and mixed
(in the ratio of 4:3:3 on a 500g scale
along with coke and CaO) until it
become

homogenized.

The

basicity was varied (0.2, 0.4, 0.6,

Figure 1: Arc smelting
reactor

and 0.8) to observe better metal-slag separation with 10%
excess coke for reduction of ores. The granules (diameter:
6mm – 10mm) were prepared from the homogenized feed by
using a pelletizer and then dried in a hot air oven at 125°C
for 3 hours for the removal of excess moisture content.

composition of slag, and phase analysis, respectively. The
crude stainless steel having 71.6 % Fe, 22.69 %Cr, 1.02

2.2.2 Direct smelting of low-grade ores

%Ni, 0.972 % Mn, was produced successfully by this

The direct smelting of dried composite granules was carried

process.

out in the Arc smelting reactor as shown in Figure 1 with 1-

2. Material and Methods

2 kg smelting capacity (Parameters: Current: 300A and
voltage: 50-60V). The graphite electrode (cathode) and

2.1 Materials

Table 1: Chemical composition of raw material, crude alloy and slag
Type

Fe (%)

Cr (%)

Mn (%)

Ni (%)

COB
Cr ore fines
Lean grade
Mn ore
Crude alloy

-

-

-

-

Fe2O3
(%)
77.526
33.777

-

-

-

-

25.54

71-87.9

8-22.6

0.17-1.18

1.01-1.72

Slag

-

-

-

Cr2O3 (%)

MnO (%)

NiO (%)

SiO2 (%)

6.09
43.175

0.686
-

1.587
0.161

7.482
1.037

0.62

11.326

-

38.671

-

-

-

-

-

10 -12.3

8-17.08

4.2-6.1

0.06-0.26

22-29.9

graphite crucible (anode) was used for conducting smelting

optimal basicity for attaining higher metal recovery rate of

experiments. Initially, preheating of the reactor was done for

up to 60% was 0.4. When the basicity

5 min to maintain a thermal atmosphere and then the dried

was increased from 0.2 to 0.8 the

granules were fed to the crucible. The complete melting was

chemical composition was varied

performed for 32 minutes followed by cooling in the reactor.

from 71.22% Fe, 22.29 % Cr, 1.01%

3. Results and Discussion
3.1 Characterization of raw material
XRF analysis had carried out to identify the
chemical composition of primary metal oxides such as
Fe2O3, Cr2O3, NiO, and MnO in the raw material. X-ray

Ni, 1.183% Mn and 2.4% C to
87.93%, 8.01% Cr, 1.72% Ni,

0.176% Mn, and 1.33%C respectively.
4. Conclusion


Diffraction (XRD) analysis had carried out to identify the
major phases present in COB, Cr ore, and lean grade Mn ore.

Arc smelting of secondary resources could be an
alternate method for the production of ferroalloys



The effect of basicity played a major role in the
metal concentration and recovery of metals. The

3.2 Chemical composition of crude alloy and slag

optimized basicity was recorded value 0.4 for the

At 0.4 basicity, the chemical composition of the

Sukinda valley ore.

produced crude alloy as shown in Figure 2 with 71.6 % Fe,
22.69 % Cr, 1.02 % Ni, 0.972 % Mn, and 2.41 %C had

Figure 2: Crude alloy



The produced crude alloy (71.6 % Fe, 22.69 %Cr,

identified by using Glow Discharge Optical Emission

1.02 %Ni, 0.972 %Mn, and 2.41 %C) can be used

Spectroscopy (GDOES). The chemical composition and

as an alternative raw material in the production of

phase analysis for slag had carried out by using X-ray

Austenitic stainless steel.

fluorescence (XRF) and XRD respectively. The chemical
composition of crude alloys and slag were listed in Table 1.
3.3 Effect of basicity on metal recovery and concentration
At different basicity, the metal recovery and
concentration were varied. When the basicity was increased
from 0.2 to 0.8, the concentration of Fe and Ni was increased
and the concentration of Cr, and Mn was decreased. The
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1. Introduction
Suitableexploitation of metallurgical wastes for the
production of nanomaterials could carry the potential way to
inspire the transformation of wastes into valuable material for
socio-economical and industrial benefits [1,2]. In this work,
the liquefied petroleum gas (LPG) sensing response of nickel
ferritenanoparticles (NFPs)derived from metallurgical wastes
are established and interestingly, using NFPs as a gas sensor,
we provesuperior sensitivity in sensing LPG.
2. Material and Methods
2.1 Synthesis of nickel ferrite nanoparticles from
metallurgical wastes
Nickel scrap (inset aIof Figure 1a) and mill scale (inset aIIof
Figure 1a) were the preliminary materials for the synthesis
of nickel ferrite. First, nickel scrap was dissolved in diluted
hydrochloric acid(solution A). Second, mill scale was
refluxed in hydrochloric acid at 95oC for ferrous and ferric
chloride solution preparation. After cooling down to room
temperature, theacid-insoluble portion was separated by
filtration and total iron content in the acid leached iron
chloride solution (solution B) was estimated by standard
chemical method.Then both A and B solutions were mixed
to sustain the Fe:Ni molar ratio of 2:1. Subsequently,
aessential amount of potassium oxalate was added to Fe
and Nisolution, and its pH was raised to 12 by slowaddition
of aqueous KOH solution to form mixed metal oxalate
precipitate. The obtained mixed metal oxalate
precipitatewas aged in its mother liquor overnight, filtered
and washed with hot distilled water to remove
chloride.Then, the precipitate was oven-dried at 110oC for

8 hours and ground into a fine powder. The acquired mixed
metal oxalate was finally calcined at 900oC for 4 hours to
attainNFPs.
2.2 Characterization
The synthesized NFPs were characterized using X-ray
diffraction (XRD), Raman spectroscopy, and Fourier
transformed infrared spectroscopy (FTIR). A vibrating
sample magnetometer (VSM)was utilized to measure the
magnetic propertiesat room temperature.
2.3 Gas sensing
The NFPswere subjected to the LPG sensing
measurementsfrom room temperature to 400ºC. By
observing the changes in resistance with a change in the
temperature at LPG gas concentration of 5000 ppm in
air,the gas-sensing characteristics and the transient
response were recorded [3].Then the sensing response (S)
is calculated using equation (1),
(%) = (|Δ |/ a) × 100%

(1),

Δ is
− , where asignifies the sensor’s resistance
when exposed to air,and signifies the sensor’s resistance
when exposed to LPG gas, respectively.
3. Results and Discussion
3.1 Materials characteristics
Figure 1(a) shows the FESEM micrograph of NFPs,
which have a uniform particle size of 50 nm and are
agglomerated because of their magnetic nature. The XRD
pattern (Figure 1(b)) reveals that the materialis crystallized
in a face-centred cubic spinel-type structure.

Figure
F
1:FESE
EM micrograpph and XRD diffraction stuudies
off nickel ferritee nanoparticlees.
The FTIR spectrum
s
for NFPsshown
N
inn Figure 2 revveals
thhat the band observedabout
o
584610 cm-1
characterizess FeO absorption at
a the tetraheddral site and thhe band witneessed
att the range of 385450 cm
m-1is consigneed to Ni-O at the
occtahedral sitee. The Ramaan spectrum of NFPs(inseet of
Figure 2) show
ws two strong bands aroundd 470 and 6900 cm1
, which are consigned to the
t tetrahedraal (Fe+3 at A)) and
+2
+3
occtahedral (Nii , Fe at B
B) sites,corresspondingly in
n the
AB
A 2O4 inverse spinel structuure of ferrites.

Figure
F
2: FTIR
R and Ramann spectra (inseet) of nickel feerrite
naanoparticles.
3..2 Magnetic properties
p

observed thaat the LPG rresponse of NFPsis
N
optim
mum at
200ºC and extents
e
the m
maximum sen
nsitivity of 92% at
400ºC. Moreover, the respponse and reccovery of NFP
Pswith
exposure of 5000 ppm off LPG at 200
0°C are signiffied in
Figure 3(c).H
Here, the respponse time ach
hieved is onlyy 15 s
for NFPs. Ass the LPG gass was turned off, the respoonse of
the same maaterial fell rappidly, indicatiing that anexccellent
recovery tim
me of 85 s was achieveed.The gas sensing
mechanism for NFPsis correlated with
w
the channge in
resistance off the nanoparrticles supporrted by the oxygen
o
adsorption onn the nanopartticles.

Figure 3: (aa) VSM curvees, (b) Sensin
ng response (%)
(
to
LPG at diffferent operatting temperaatures and (cc) the
response tim
me and recovery time of nickel ferrite
nanoparticless for the gas cooncentrations of 5000 ppm..
4. Conclusion
In this worrk, NFPsweree synthesizedd from metaallurgical
wastes and acchived a superrior gas sensinng charactersttics.Their
gas sensing behavior
b
is asssociated withh the morphology and
the magnetic properties of the nanopartiicles. The NFP
Ps sensor
demonstratess high sensinng response and
a
speedy rresponserecovery timee at LPG conccentrations off 5000 ppm in air. This
study
proves
the
prospect
of
micalNFPs from metaallurgical
evolvingprosppectiveeconom
wastes to be highly
h
proficient for LPGseensing.
References

Figure 3(a) shhows the maggnetization veersus applied field
pllots for the NFPsrecorded
N
at room tempperature. The M-H
M
pllot displaysa characteristicc hysteresis curve
c
represennting
thhe ferromagnnetic behaviouur of the nanoparticles. The
materials
m
shoow saturatioon magnetizzation, magnnetic
reetentivity, andd coercive fieeld values40 emu/g,
e
15 em
mu/g,
annd 160Oe, resppectively.
3..3 LPG sensin
ng
Figure 3(b) dissplays the gas sensing respponse of NFP
Psfor
LPG
L
as a funcction of operaating temperaature betweenn 504000ºC atLPG gas concentraation of 50000 ppm in air. It is

S.M., McCourt, K.M.,
K
Lee, C.M.,
Vanegas, D.C., 20200. Waste-derrived nanoparrticles:
synthesiss approaches, environmenttal application
ns, and
sustainabbility considerrations. Front.. Chem. 8, 7822.
W
[2] Corder, G.D., Golev,, A., Giurco,, D., 2015. Wealth
from meetal waste-traanslating gloobal knowleddge on
industriaal ecology to m
metals in Australia. Miner. Engg.
76, 2–9.
[3] Sankaran
n, K.J., Sum
man, S., Sahaaw, A., Balajji, U.,
Sakthiveel, R., 2021. Im
mproved LPG
G sensing propperties
of nickkel doped cobalt ferrittes derived from
metallurggical wastess.J. Magn. Magn. Mateer.537,
168231.
[1] Abdelbassir,

SWM-363
UTILIZATION OF THE COMMON INDUSTRIAL WASTE-WATER
SLUDGE (CIWWS) –AN ENGINEERING WAY
1
1

Kishan R. Soliyaa*, 1Shrikant J. Waghb

Shroff S.R. Rotary Institute of Chemical Technology, Ankleshwar, Gujarat- India.

* Presenting/ Corresponding author:kishansoliya1996@gmail.com
A substantial volume of sludge is produced during the primary and secondary treatment of industrial waste-water processes. The
sludge includes numerous important chemicals, and depending on its composition, it can be a source of energy or chemicals.
There are numerous challenges in the sludge treatment process due to tremendous variation in compositions, vast amount
produced and the inherent hazardous nature of the sludge. Therefore a research in its handling and employing an effective
therapy is required in order to regain energy and key nutrients. The most common ways for disposing of industrial wastewater
sludge are agricultural application, landfill, and incineration. New approaches for treating and reusing CIWWS include
pyrolysis, gasification, heavy metal and nutrient extraction, and the production of adsorbents, and using it as construction
material. The CIWWS recovers a significant amount of energy through pyrolysis, gasification, and incineration. This article
describes the upcoming trends in CIWWS treatment and their strategies.
Keywords: Industrial Wastewater Sludge, Pyrolysis, Gasification. Heavy Metal & Nutrient Extraction, Waste Management.
1. Introduction
The major by-product of the wastewater treatment process
is sludge. With the growth of industry and urbanisation in
India, a huge amount of industrial and sewage sludge has
been produced. Sludge contains a variety of hazardous
chemicals, including microorganisms, heavy metals, and
organic pollutants, all of which can pollute the
environment. Sludge has become a major problem in India;
therefore, it is critical to appropriately manage, treat, and
dispose of sludge.Sludge management systems currently
include a plethora of administrative agents, rules, and
regulations. Furthermore, sludge treatment often includes
thickening, conditioning, dewatering, stabilisation, and
drying, all of which are accomplished using a variety of
physical, chemical, and biological methods. Sludge
disposal options include landfills, incineration, land
application, and the use of construction materials. As a
result, the situation of sludge generation, management,
treatment, and disposal in India must be investigated in
order to get insight into how to solve this problem.
However, there is currently no comprehensive picture of
the present state of sludge treatment, disposal, and
management in India. The future technological approach
for sludge treatment and disposal in the light of India's
overall predicament need to be addressed to better
understand the production of value-added products, as well

as their feasibility and viability as a part of the overall
sludge management strategy.
2. Material and Methods
2.1 Materials
Industrial Waste-Water Sludge was received from
Environ Technology Limited (ETL), Ankleshwar.
2.2 sludge disposal and utilization methods
2.2.1 Landfilling
Because of its low-tech operations, landfills are cost
effective and energy efficient. However, it is a substantial
producer of greenhouse gases including CH4 and N2O,
which have a large global warming potential. Phosphorus
and heavy metal-containing leachate can pollute surface
and ground waterways, and no nutrients or energy are
recovered from landfills. Filtration or methane capturing
and flaring at the local landfill are viable options for
extremely small communities with limited technological
and financial resources. [1]
2.2.2 ThermochemicalProcess
The volume of the sludge is reduced using a variety of
thermochemical processes.1) Incineration, 2) Gasification,
3) Pyrolysis, 4) Co-combustion.

sludge and producing a valuable adsorbent with lower cost
than commercial activated carbon [5].

2.2.3 Nutrient Extraction
There are nutrients and a small percentage of heavy metals
left over from the heavy metal extraction. There are a
variety of methods that can be used to remove nutrients.
Although wastewater sludge in itself was found to be a
nutrient source, Therefore, taking into account the possible
hurdles to account for probable commercialization of
nutrient sources, serious and concerted efforts are required,
long-term studies need to be carried out on probable
leachability of toxics and heavy metals from soils
comprising these bio-fertilizers[2].
2.2.4Heavy Metal Extraction

The industrial wastewater sludge has heavy metals in them.
Sometimes proportions of the heavy metals are higher than
the nitrogen, phosphorus, and potassium. If this type of the
sludge goes to landfill, then leachate from the sludge will
harm the ground water.In this, heavy metals such as Co, Al,
Cd, Cr, Fe, Mn, Hg, Mo, Ni, Pb, Ti and Zn are present.the
application of this extraction process, the remaining sludge
may be used as compost or for variety of agricultural
purpose. The proportions of the heavy metals vary from
stage to stage in wastewater treatment system [3].
2.2.5 Construction Material Strategy
[4]

According to the work carried out , when the sludge was
subjected to conventional incineration, low bulk density
and potential heavy metal content of the by-products posed
problems in its safe environmental disposal.This stimulated
the use of incinerated sewage sludge ash (SSA) as well as
incinerated industrial wastewater sludge ash as a valuable
additive in the production of bricks. The mortar was
normally composed of wet sludge, calcareous sand,
portland cement, and tap water, the quantity of which was
determined with the flow table test and the constituents
were mixed homogeneously in a mixer.
2.2.6 Charcoal Production Strategy
Sludge is carbonaceous in nature and rich in organic
materials. Hence, it has the potential to be converted into
activated carbon, on pyrolysis under controlled conditions
or with some chemical treatment. This conversion could
offer the combined benefits of reducing the volume of

4. Perspectives
This document describes the future and current orientations
of industrial wastewater sludge management in India. Until
date, the majority of industrial wastewater sludge generated
during wastewater treatment has been utilised in disposed
of in landfills or incinerated. Sludge is a valuable source of
nutrients and energy. To address this problem, we
recommend that India pursue a comprehensive approach to
sludge management, with future research and
commercialization focusing on the following aspects:
 An examination of the rate of industrialization as well
as the rate of rise in the number of industrial wastewater
treatment plants.
 A cost–benefit analysis should also be performed so
that the best technology available for different
circumstances may be chosen.
 Frameworks for risk assessment for alternative
possibilities of resource recovery should be created for
sustainable sludge management, and the risks should be
disclosed to the public.
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Polyester cross-linked fabric from an apparel industry has been evaluated for potential recycling applications, through three routes
namely chemical, thermal and mechanical. The study focuses on various fields in which the strength and durability of this material
can be utilized. The non-woven polyester fabric has been analyzed through FTIR, which reveals the presence of ester linkage and
aromatic ring. Through chemical recycling, a homogeneous solution of these cuttings in suitable solvent has potential to precipitate
out as a membrane or film on carrying out immersion precipitation by employing water as a non-solvent. Thermal recycling
includes pyrolysis to liberate its volatile constituents. The textile waste can be converted into a wide range of serviceable products
via mechanical recycling through basic unit operations. Polyester Fiber Reinforced Concrete employs the fibers as a binding
material, thus reducing the requirement of quantity of cement in the mix. Polyester cutting waste can also be put to use as insulating
material, with notable thermal, acoustic, electrical and fire resistant properties. Rubber Reinforced Polyester is another such novel
polymeric blend which improves the stability and process ability of rubber.
Keywords: Non-woven polyester cutting waste, Recycling, Strength, Durability, Composites.

1. Introduction
Polyester has emerged as a popular fabric material over its
natural counterpart, owing to its unique set of properties
which include versatility and recyclability. Textile industry
has been witnessing a notable shift in momentum in terms of
consumption pattern from cotton to synthetic fibers over past
few decades. The current methods of polyester fabric
disposal are not efficient as they result in great wastage of
valuable materials. [1] Moreover, the environment where
these materials are dumped is affected adversely and is
raising serious concerns. Therefore, it is imperative to find
more effective methods to treat polyester fabric waste.
The basic source of raw material or monomers for synthetic
fabrics is petroleum. Also, the production process requires
energy and other chemicals which are derived from nonrenewable resources. Thus, considering the theme of
sustainable practices, it is essential to come up withproper
utilization of the synthetic polyester fabric waste into
serviceable commercial products. Polyester non-woven
cross-linked fabric from Helsa-Icon India Pvt. Ltd.,
Hyderabad has been evaluated for potential recycling

applications. The work focuses on various fields in which
the strength and durability of this material can be utilized. In
this research, the objectiveof the present work is to come up
with several routes through which the polyester non-woven
cross- linked fabric can be recycled into serviceable
products.
2. Material and Methods
2.1 Materials
The non-woven polyester cutting waste was
received from Helsa Icon India Pvt. Ltd. Hyderabad.
2.2 Methods
2.2.1 Chemical recycling of the fabric
One of the potential recycling paths namely membrane
synthesis, incorporating chemical treatment on fabric has
been conducted in a laboratory scale setups. The most
commonly used method of synthesis of polyester membrane
at industrial level is immersion precipitation [2]. The
selection of suitable solvent/non-solvent system is crucial in
order to produce efficient membranes. On the basis of the

solubility parameter values and other solvent systems
mentionedin the literature for polyester material [2].
10 g of fabric sample was dissolved in 50ml laboratory grade
Phenol from Rankem Chemicals(Molecular weight= 94.11),
in a water bath maintained at 40℃ till a homogeneous
solution was obtained. This solution was then uniformly
spread with the help of movable blade on a membrane
casting machine

3.2 Fabric rubber composite analysis
The fabric composition of 25%, with incorporation of 5g of
plastizer formed a composite with acceptable range of
mechanical properties and imparted exceptional surface
finish to the cured material.

4. Conclusion
2.2.2 Thermal recycling of the fabric
20 g of Polyester fabric sample was subjected to pyrolysis in
an ASTM distillation apparatus at 300℃ for 20 minutes,
with water as a cooling medium in the condenser.
2.2.3 Mechanical recycling of the fabric
The study to form a composite of rubber and polyester
fabric, with the resultant material containing certain
adequate functional properties was being performed at GRP
Ltd., Ankleshwar. The trials which were conducted focused
to utilize the Reclaim Butyl Rubber, which is one of the high
demand products of the company.
3. Results and Discussion
3.1 Solvent Dissolution
The experimentation with solvents did not yield satisfactory
results, however, it gives the idea about the extent of
chemical stability of the cross-linked fabric even at such
elevated conditions. Of all the well-known solvents, the
fabric dissolved only in conc. HCl and Phenol. Also, 1M
solution of potassium hydroxide and 50% solution of sodium
hydroxide resulted in disintegration of the fabric, but the fact
that these chemicals bring about de-polymerization of the
polyester group and are actually utilized in hydrolysis
reactions for the recovery of respective monomers [3], rules
out their possibility. After drying, the membrane film turned
out to be fairly brittle and was easily crushed into powder.
This was an indication that some chemical reaction has
occurred which has brought about these changes.

The results of chemical recycling of the cross-linked fabric,
through the process of membrane synthesis was not
promising. Considering the complex chemical structure of
the fabric material, it was challenging to determine the exact
chemical mechanism. Nevertheless, the solvent dissolution
trials proved to be useful in ascertaining the chemical
stability of the fabric towards most of the well-known
industrial solvents. Thus strengthening the probability of
success through mechanical route of recycling. The pyrolysis
of the fabric at laboratory scale also resulted in less
encouraging outcome, with the thermal degradation of fabric
resulting in vapors with sharp odor and absence of any
condensable product. The mechanical recycling by
compounding the fabric with reclaim butyl rubber resulted
in a composite, having chemical compatibility between the
two polymers. Preliminary trials were conducted to
determine the optimum composition of fabric and RBR in
the composite as well as the effective combination of
curators and activators for the curing process.
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1. Introduction
The global food demand has been escalated tremendously
along with the population proliferation. A massive amount
of food waste and the agricultural residue is obtained
globally, which is often refused in landfills. The natural
decomposition of such wastes induces the emission of
greenhouse gases and also becomes a breeding ground for
pests, flies, and deadly microorganisms. The conversion of
agro-food wastes for generation into renewable energy
products (biochar and bio-oil) can be an effective approach
to tackle the aforementioned challenges. This study reports
the univariate optimization and interactions of process
parameters during slow pyrolysis of food waste and
agricultural residue (canola hull and oat hull) on product
yield and quality. The main objective of this study was to
evaluate the impacts of temperature, heating rate and
reaction time on the slow pyrolysis of the agro-food residues
and subsequent yields, composition and physical chemistry
of biofuel products, especially biochar and bio-oil.

2. Material and Methods
2.1 Materials
The food waste was acquired from Marquis Culinary Centre
located at the University of Saskatchewan. The agricultural
crop residue like canola hull and oat hull were supplied by
Milligan Bio (Foam Lake, Saskatchewan) and Richardson
Milling Limited (Portage la Prairie, Manitoba), respectively.
2.2 Slow pyrolysis and product characterization
The slow pyrolysis of feedstock was conducted in a lab scale
tubular reactor placed inside an electrical furnace. 20 g of

ground biomass was fed into the pyrolysis reactor per
experiment and N2 gas at a constant flow rate of 30 mL/min
to maintain an inert atmosphere. Procees conditions like
temperatures (300–600°C), reaction time (30–60 min) and
heating rate (5–20°C/min) were examined and optimized for
enhancing biochar yield. The contents of elemental analysis
of biomass and biochar samples were measured by an
elemental analyzer. Thermogravimetric analysis was
performed to evaluate the thermal stability of biomass and
biochar. BET method revealed the surface and textural
properties of biochar samples. Gas chromatography-mass
spectrometry (GC-MS) analysis was performed to
investigate bio-oil chemical composition.
3. Results and Discussion
3.1 Effects of reaction temperature, time and heating rate
on product yields
The effect of temperature (300–600°C) effects on the
product yields of the pyrolyzed food waste biomass at a
constant reaction time and heating rate of 30 min and
5°C/min, respectively was depicted in Figure 1. The
maximum yield of biochar (52.4 wt%) was recorded for the
lowest temperature (300°C), whereas the maximum
temperature (600°C) recorded the lowest biochar yield
(31 wt%). With increasing temperatures, decrease in biochar
yield was recorded due to the thermal cracking of biomass,
which augmented the yields of gases and bio-oil [1]. The
highest yield of biochar (29 wt%) was recorded at 30 min of
reaction time while the lowest yield (28.4 wt%) was noticed
at 60 min. Physicochemical properties of biochar (e.g.,
carbon content, calorific value, porosity, pore volume and
thermal stability) are enhanced at higher temperatures
despite its low yields. Hence, 600°C and 60 min were
considered as optimal reaction times for understanding the

consequences of heating rate. There was a steady decrease
in the yield of biochar with the rise in the heating rate from
5°C/min (28.4 wt%) to 20°C/min (22 wt%). Considering the
biochar yield and properties, the process parameters for slow
pyrolysis (i.e., temperature, reaction time and heating rate)
in this study were optimized as 600°C, 60 min and 5°C/min.
Furthermore, using the above-mentioned optimized
conditions were utilized to pyrolyze agricultural crop
residues such as canola hull and oat hull. Without any
substantial variance, the biochar yield from oat hull
(29.1 wt%) was found to be maximum as compared to
canola hull (28.8 wt%) and food waste biomass (28.4 wt%)
at the optimized conditions.

Figure 1. Product distribution from slow pyrolysis of food
waste at different temperatures for 30 min and 5°C/min
heating rate.
3.2 Physicochemical characteristics of biomass, biochar,
and bio-oil
A considerable enhancement in the carbon content of
biochar increased with a rise in pyrolysis temperature (from
51.7 wt% at 300°C to 58.4 wt% at 600°C) in 30 min. The
carbon content of food waste-derived biochar produced at
600°C in 60 min was further amplified to 60.7 wt%. The
enhanced carbon content with increasing temperature
signifies a higher degree of carbonization of biochar with the
development of condensed and aromatic carbon structures
[2]. At optimized slow pyrolysis conditions oat hull biochar
revealed the highest carbon content (67 wt%) followed by
canola hull biochar (63.5 wt%). With the rising pyrolysis
temperature, the HHV of biochar samples got strengthened.
The HHV of food waste biochar obtained at optimized
conditions was found to be 22.2 MJ/kg, similarly, HHV for
oat hull and canola hull was found to be 26.8 MJ/kg and 25.6

MJ/kg, respectively. Thermogravimetric analysis was
performed to evaluate the thermal stability and
devolatilization pattern for biomass and biochar samples
generated from food waste at different temperatures and
reaction times. The lower weight loss for biochar sample at
optimized condition (5 wt%) as compared to raw biomass
indicates enhanced thermal stability and aromaticity because
of higher pyrolysis temperatures. The pyrolytic process
conditions like temperature and time showed a significant
effect in altering physical properties of biochar. An increase
trend in pore volume and surface area was observed with
increasing pyrolysis temperature. Highest surface area of
4.35 m2/g was recorded for the biochar obtained at optimized
conditions.The carbon content of food waste-derived bio-oil
increased with the rise in pyrolysis temperature. The
complexity of temperature-dependent reactions in pyrolysis
such as decomposition, fragmentation and repolymerization
result in a wide variety of organic compounds in bio-oils,
which was reflected in GS-MS analysis.
4. Conclusions
In this study the optimization of process conditions such as
temperature, reaction time and heating rate for
slow pyrolysis of food waste, canola hull and oat hull was
investigated. Biochar produced from food waste at
optimized conditions (Temperature:600°C, Heating rate
5°C/min, and time 60 min ) resulted in the lower yields
(28 wt%) while exhibited greater carbon content
(60.7 wt%), superior HHV (22.2 MJ/kg), highest surface
area (4.9 m2/g), maximum aromatic-vinylic content
(66.3%), alkaline pH (11.2), highest electrical conductivity
(8.7 mS/s) and enhanced thermal stability. These
physicochemical features of biochar produced at 600°C in
60 min are beneficial for its application as an adsorbent,
catalyst support, soil amendment agent or precursor for
activated carbon.
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1. Introduction

2.2 Methods

Tanneries use various salts for the preservation of animal
hide, which results in a waste stream. This waste is
subjected to RO treatment and evaporation, leaving behind
a heap of called evaporated residue (ER)[1,2]. Disposal of
salt-rich ER is a persistent challenge for tanneries. This
work aims to develop a sodium chloride (NaCl) recovery
process from ER using an integrated method combining
dissolution, decolorization, filtration, evaporation, and
crystallization as major unit operations.

2.2.1 Dissolution Experiments

2. Material and Methods
2.1 Materials
Evaporated residue (ER) samples were collected from
Ranipet Effluent Treatment Co. Ltd. (Tamil Nadu) and
analyzed for their ionic composition (shown in Table
1).The ionic composition analysis reveals the presence of
CaSO4, Na2SO4, and NaCl as the major inorganic salts in
the ER.
Table 2.1.1: Ionic Composition of ER
Ions

Ca2+

Mg2+

Cl–

Conc.
(w/w %)

0.38

0.03

50.24

SO42–
11.89

K+
0.01

Moisture
2.87

A synthetic seawater sample was prepared in accordance
with the ionic contents in the ocean seawater. Commercial
activated charcoal samples for color and organics removal
were procured from Qualigens Fine Chemicals.

In a batch setting, ER samples (50 g) were dissolved using
synthetic seawater (volume range 100 to 150 ml). The
selection of these specific dosages relates to the
stoichiometric requirements to remove the majority of
CaSO4 as insoluble.
2.2.2 Decolorization Experiments
Activated charcoal (AC) was chosen as a decolorizing
agent, and adsorption experiments were done using 50 ml
saturated ER solution (of prescribed composition) with AC
dosages ranging from 0.1 to 0.5 g. The treated solution was
analyzed visually, and total organic carbon (TOC)
measurements were performed to detect organics removal.
2.2.3 Evaporation Experiments
The pretreated ER solution was subjected to artificial
evaporation at 40 oC to simulate average solar evaporation
temperature conditions. Different degrees of evaporation
(~32 % to 90%) were tested, and the salt crystallizationwas
tested for quantity and purity.
3. Results and Discussion
3.1 Effect of seawater quantity on ion removal
The effect of seawater amount on undesirable ion removal
(Ca2+ and SO42–) and chloride (Cl–) loss are shown in Fig 1.
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Figure 1:Removal of ions from ER using synthetic
seawater

Figure 3:% Salt yield and NaCl purity (wt%) for different
degrees of evaporation

Considering the high Ca2+ and SO42– removal with minimal
Cl– loss, seawater quantity of 125 ml for dissolving 50 g
ER was found optimal.

Powder XRD spectra of the salt samples obtained also
confirmed the high purity of product salt.
4. Conclusion

3.2 Color removal using activated charcoal (AC)
This work establishes a solar evaporation-based
integrated
process
(including
dissolution
and
decolorization) to recover secondary NaCl (~98%) from
ER wastes of tanneries. The scale-up studies based on
solarevaporation in a natural environment are in progress.
Considering the number of tanneries in India (~2500), the
proposed method can be a potential alternative to manage
saline wastes.
(A)

(B) (C) (D)

Figure 2: (From left to right) (A) untreated solution, (B)
0.1 g AC treated solution, (C) 0.2 g AC treated solution,
(D) 0.25 g AC treated solution
The effect of AC amount on ER solution decolorization is
shown in Fig 2. As seen from Fig 2, the original solution is
ochre yellow in color. The increasing amount of AC
resulted in complete decolorization of ER solution.
3.3 Evaporation and salt crystallization
Fig 3. presents the % product yield and purity (as NaCl
wt%) withthe degree of evaporation. On increasing the
extent of evaporation, the yield rises linearly; however, the
product purity remains almost constant.
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Abstract: Catalyst play an important role in the transesterification of vegetable oils. An eco-friendly approach by utilizing waste
materials as a potential catalyst in Biodiesel production has gained more attention nowadays. Homogeneous catalysts are more
effective than heterogeneous catalysts, but the separation of homogeneous catalysts from the mixture is a major issue. Hence, the
development of heterogeneous catalysts especially from red mud is getting more awareness because of its iron content in the form
of ferric oxide (Fe2O3), good surface area and low cost. The present study investigated the use of modified red mud as a base
catalyst to produce biodiesel. Red mud, a waste generated from the Bayer process was treated with potassium fluoride at a
temperature of 200oC for 4 hours and was then subjected to characterization studies to find the mechanism of red mud during the
transesterification of waste cooking oil using XRD (X-ray Diffraction), BET surface area technique etc. The transesterification of
waste cooking oil was carried out by using treated (KF/RM) as a catalyst and the yield of biodiesel was found out. An oil of 1000
gram, the molar ratio of 1:24 (oil: methanol), mass fraction of catalyst 3%, reaction time 15 minutes and reaction temperature
60oC under a small test optimized reaction conditions resulted in 89.23 % biodiesel yield. Also, it was observed that the costeffective highly active catalyst obtained after calcination significantly reduced the environmental effects by recycling the solid
red mud waste. While economically assessing the process, it was found that the price of biodiesel was reduced to make it
competitive with petroleum diesel.
Keywords: Red mud; biodiesel; transesterification; co-catalyst

1. Introduction
The increase in energy consumption worldwide is due to
the fast population, urbanization, economy and rapid
industrialization. Global warming is a major concern
nowadays. This problem can be resolved by finding suitable
and new alternative renewable energy resources (Tan et al.
2019). Biodiesel being a non-renewable and biodegradable
fuel can be taken as a suitable alternative fuel due to its

properties that match with ASTM and EN standards
(Marwaha et al. 2018).
Red mud, the solid waste residue obtained from an
alumina refinery, in the Bayer process can be used to
synthesize active basic catalysts due to its alkaline nature
(Liu et al. 2013).

In the present study, the synthesized KF/RM solid
catalyst was subjected to transesterification of waste cooking
oil with methanol. An economic assessment of the process
was carried out to study the feasibility of the process.
2. Material and Methods
The red mud used in the present study was procured
from an alumina refinery located on the East coast of India.
The major constituents of red mud were analysed. Similarly,
the red mud sample and the synthesized KF/RM catalyst
were characterized.
A ground red mud sample of 100 mesh i.e. 150µm
was dried in an oven and then it was subjected for calcination
in a muffle furnace to activate it. Then the calcined red mud
was mixed with KF at different mass ratios. Further the
mixed sample was moistened with water and then the
respective mixed sample was kept for drying. The obtained
dried sample was referred to as the KF/RM catalyst. This
synthesized catalyst was subjected to transesterification
reaction and the yield of biodiesel was determined.

3.2. Cost estimation of biodiesel production.
The cost of biodiesel was calculated using different raw
materials costs, the cost involved during different steps for
the production and the transportation cost of the raw
materials. The produced biodiesel was of low cost i.e.
approximately Rs 27 per litre than that of Rs 70 per litre in
the market.
4. Conclusion
In the present work, the synthesized KF/RM
catalyst
exhibited
high
activity
towards
the
transesterification of waste cooking oil with methanol to
produce biodiesel. The highest biodiesel yield of around
89.23 % was achieved at a stoichiometric molar ratio of (oil
to alcohol) 1:24, a reaction time of 15-minute, a temperature
of 60oC and a mass fraction of catalyst of 3%. Evaluation of
economic assessment showed that the developed catalyst
could be cheaper i.e. Rs 60 per kg as compared to the various
existing KF loaded catalysts like KF/Al2O3, KF/ZnO,
KF/CaO etc. for the production of the low-cost biodiesel.

3. Results and Discussion
3.1 Comparative experiments on transesterification at a
different load ratio of KF to red mud
As per Table 1, the biodiesel yield of around 89.23 %
was found out at a catalyst loading ratio i.e. (KF/ calcined
RM) of 1:2.5. A yield of around 72.30 % was achieved at a
catalyst loading ratio of 1:1.66 i.e. (KF/uncalcined RM). The
calcined KF/RM catalyst showed a better yield as compared
to the uncalcined KF/RM catalyst.
Table 1: Transesterification of waste cooking oil with red
mud supported co-catalyst (Reaction time- 15 min,
Stoichiometry molar ratio of oil to alcohol-1:24, Oil- 65 ml,
Alcohol- 63 ml)
Catalyst specification
60% KF+uncalcined
red mud
60% KF+calcined red
mud
40% KF+calcined red
mud

Biodiesel,
ml

Glycerol,
ml

Yield,
%

47

39

72.30

55

35

84.61

58

17

89.23
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1. Introduction:
Municipal solid waste (MSW) generation isaround 2.1
billion tonnes and will grow manifold to 3.4 billion tonnes
by 2030[1].Due to the rapid urbanization and everincreasing growth in population, the disposal of municipal
solid waste
(MSW) has become
a serious
menaceglobally.The government of India has initiated
Swachh Bharat Mission 2.0 with a focus on this solid waste
and sludge [2].The organic combustible fraction of
MSWi.e., refuse-derived fuel (RDF) has heating value and
is considered a source of energy for industrial
use.Thermochemical treatment of RDF like combustion,
pyrolysis, gasification isoneway to utilize RDF for heating
purposes. Cement plants worldwide are substituting the
main fuel with RDF as an alternative fuel[3]. This helped
the Indian cement industry to achieve 4 % TSR[4, 5]. But
cement plants using RDF in kiln/calciner are facing some
operational issues like coating problems, hot spots in the
calciner, incomplete combustion, reduction of flame
temperature in the kiln, etc. due to inconsistent quality of
RDF. One novel solution isthe gasification of RDF as a
consistent fuelsupporting in tackling some of the challenges
posedduring direct combustion of RDF due to high chloride
and ash content.Several authors in the past have worked on
RDF gasification and prepared some stoichiometric, nonstoichiometric models and ASPEN based models to predict
syngas quality[6-9]. For the cement industry, several
models using ASPEN PLUS[10], fuzzy logic, MATLAB,
machine learning[11-15], CFD [16-19] are developed for
kiln/calciner to study alternative fuels utilization and to
predict the degree of calcination and emissions, etc. The

gasifier model presented in this article can be integrated
with cement kiln/calciner models. No such modelling study
is available for such a scenario as per the author’s
knowledge. In this article, a thermodynamic stoichiometric
equilibrium model is developed for RDF gasificationusing
MATLAB software. The model is validated using
experimental data available in the literature.
2. Model development and simulation
2.1 Assumptions: Gasifier is considered as a single unit
at equilibrium with major reactions in reduction zone as
water gas shift and methanation reaction.
2.2 Model description: The global gasification equation
is developed considering the RDF formula asCHaObNcSd
CH a Ob N c Sd  wH 2O l   zH 2O g   rO2  r N 2 
 nH 2 H 2  ncoCo
 nCO2 CO2  nH 2O H 2O  nCH 4 CH 4
 1/ 2c  r  N 2  dH 2 S
where a, b, c, and d are the number of atoms of hydrogen,
oxygen, nitrogen, and sulphur per number of atoms of
carbon in the RDF, respectively; w is the amount of
moisture per kmol of RDF; and r is the amount of oxygen
per kmol of feedstock.The number of moles of a mixture of
gases (syngas) at right hand side is to be determined. The
five unknownsare solved using three mass balance
equations (C, H and O) andtwo equations based upon the
equilibrium constant of the prominent reactions occurring
in the gasification zone. An algorithm developed in
MATLAB software and the Newton Raphson method is
applied to solve the problem. Temperature is calculated
using the energy balance equation.

2.3 Model validation: For validation of the model,
modelled syngas output composition and gas flow rateare
compared with literature experimental results data [20, 21].
RMS error valueswork out to 2.82 and 0.86 respectively
which isa close fit.
2.4 Model modification:To improve the performance of the
model, some factors of multiplication to the equilibrium
constants, to methane formation and water-gas
homogeneous reaction has been applied. Hence, the
methane formation reaction coefficient is multiplied by 14
and the water gas shift reaction by 0.71. It helps to solve
the problem of predicting less methane and more hydrogen
than that found in experimental results.
3. Results and discussion:
LHV of syngas is predicted as 5.74 MJ/Nm3with a gas
yield of 3.56 Nm3/kg RDF at ER of 0.35 for a typical RDF
which is comparable to literature values. Syngas
composition variation at different equivalence ratios (ER)
is plotted. % CO2 and N2increases with a decrease in CO
content at increasing ERas CO is getting converted to CO2
due to more air entry. CH4 also decreases with increasing
ER.
4. Conclusion: It can be concluded that RDF conversion to
syngas can provide a consistent heat value of~ 5 MJ/Nm3
without ash contamination and can be supplied as an
alternative fuel to cement plants leading to conservation of
fossil fuels and reduction in carbon footprint. However,
optimum ER is to be fixed for desired syngas composition.
References.
[1] Verisk Maplecroft. Waste Generation and Recycling Indices
2019 Overview and findings. 2019. p. 1-17.
[2] Mint. Swachh Bharat Mission 2.0 to focus on waste
management. 2021.
[3] Mohapatra B, Vyas S, Shekhar C. Indian experience of using
AFR in cement kiln. 13th NCB international seminar on cement
and building materials. New Delhi2013.
[4] Mohapatra B, Chaturvedi S, Saxena A, Sharma P, Bohra A,
Naidu G. Use of alternative fuels and raw materials in cement
industry in India - Prospects & challenges Conserve green &
sustainable resources. New Delhi2019.
[5] Confederation of Indian Industry. Approach paper for
achieving 25% thermal substitution rate in Indian cement industry
by 2025. 2016. p. 1-8.
[6] Zainal ZA, Ali R, Lean CH, Seetharamu KN. Prediction of
performance of a downdraft gasifier using equilibrium modeling

for different biomass materials. Energy Conversion and
Management. 2001;42:1499-515.
[7] Giltrap DL, McKibbin R, Barnes GRG. A steady-state model
of gas-char reactions in a downdraft biomass gasifier. Solar
Energy. 2003;74:85-91.
[8] Babu BV, Sheth PN. Modeling and simulation of reduction
zone of downdraft biomass gasifier: Effect of char reactivity
factor. Energy Conversion and Management. 2006;47:2602-11.
[9] Silva IP, Lima RMA, Silva GF, Ruzene DS, Silva DP.
Thermodynamic equilibrium model based on a stoichiometric
method for biomass gasification: A review of model
modifications. Renewable and Sustainable Energy Reviews.
2019;114:109305.
[10] Zhang Y, Cao S-X, Shao S, Chen Y, Liu S-L, Zhang S-S.
Aspen Plus-based simulation of a cement calciner and
optimization analysis of air pollutants emission. Clean
Technologies and Environmental Policy. 2011;13:459-68.
[11] Qiao J, Chai T. Soft measurement model and its application
in raw meal calcination process. Journal of Process Control.
2012;22:344-51.
[12] Zhe S, Yuan Z, Zhang Q, Shaowei W. Control-oriented
modeling and simulation for calciner outlet temperature based on
regression analysis. Proceeding of the 11th World Congress on
Intelligent Control and Automation2014. p. 2636-41.
[13] Zhe S, Zhugang Y, Qiang Z, Xianlei Z, Dezhi X. Sliding
mode control for calciner outlet temperature via regression
modeling. The 27th Chinese Control and Decision Conference
(2015 CCDC)2015. p. 4733-7.
[14] Dou H, Chen Z, Huang J. Numerical Study of the Coupled
Flow Field in a Double-spray Calciner. 2009 International
Conference on Computer Modeling and Simulation2009. p. 11923.
[15] ZhuGang Y, Hui L. Soft sensor for apparent degree of
calcination in NSP cement production line. 2010 The 2nd
International Conference on Computer and Automation
Engineering (ICCAE)2010. p. 473-8.
[16] Ariyaratne WK, Malagalage A, Melaaen M, Tokheim L-A.
CFD Modeling of Meat and Bone Meal Combustion in a Rotary
Cement Kiln. International Journal of Modeling and Optimization.
2014;4:263-72.
[17] Schmidt D, Abbas T, Akritopoulos M. Modelling 100% AF
TSR. International Cement Review. September ed2019.
[18] Pieper C, Wirtz S, Schaefer S, Scherer V. Numerical
investigation of the impact of coating layers on RDF combustion
and clinker properties in rotary cement kilns. Fuel.
2021;283:118951.
[19] Mone S, Gawali BS, Joshi MS, Vitankar V. Detailed CFD
model for predicting combustion, calcination and pollutant
formation in calciner. 16th NCB International Seminar on
Cement, Concrete and Building Materials. New Delhi2019.
[20] Jayah TH, Aye L, Fuller RJ, Stewart DF. Computer
simulation of a downdraft wood gasifier for tea drying. Biomass
and Bioenergy. 2003;25:459-69.
[21] Rao MS, Singh SP, Sodha MS, Dubey AK, Shyam M.
Stoichiometric, mass, energy and exergy balance analysis of
countercurrent fixed-bed gasification of post-consumer residues.
Biomass and Bioenergy. 2004;27:155-71.

SWM-459
COMPREHENSIVE RECOVERY OF METALS FROM COPPER
SMELTER ACIDIC EFFLUENTS
Lakshmi Kanth Reddy*, Pappulal Dhobi,Paresh Thacker, Sokkuraj Kanakanand, Pradip Kumar Banerjee
Hindalco Innovation Centre, Hindalco Industries Limited (Unit: Birla Copper), Dahej, Gujarat
* Presenting/ Corresponding author:lakshmikanth.reddy@adityabirla.com

Keywords: Copper Smelting, Effluent, Selenium, Nickel, Zinc, Neutralization

1. Introduction
Copper concentrate smelting and converting operations
produces SO2off-gas consisting of variety of gaseous
impurities. It is essential to clean the off-gas prior to
conversion of SO2 to SO3 followed by its absorption into
water for producing commercial grade sulphuric acid.
Scrubbing and cooling of SO2 laden off-gas with
watergenerates H2SO4 during which the gaseous impurities
are dissolved in wastewater. It contains about 10% of
sulphuric acid along with all the impurities associated with
copper concentrates like Cu, As, Pb, Se, Zn, Hg etc. The
weak acid saturated with SO2is sent to effluent treatment
plant for neutralization to eliminate toxic elements from
wastewater.Also, the effluent stream generated from
electrorefining operations is highly acidic containing
mostly H2SO4 with a concentration of 200 -250 gpl and
impurities like Cu, As, Se, Bi, Sb, Ni. Arsenic is the most
challenging impurity in this stream due to its high
concentration and toxicity. However, there is an adequate
opportunity to recover different metals dissolved in the
acidic effluent during its neutralization in the effluent
treatment process. In the wastewater generated during

off‐gas cleaning, suspended solids comprising PbSO4
and copper selenides. The gravity settling and
filtration of weak acid to recover suspended solids
followed by roasting at 450˚C process to recover
elemental selenium. The residue after roasting
contain Pb in the form of PbSO4, which can be sent to
a lead smelter for recovery of metallic lead.
During neutralization with hydrated lime, H2SO4 will be
neutralized to form gypsum. This would be followed by
controlled precipitation of ferric arsenate (FeAsO4) through

addition of FeSO4.7H2O. In the third stage of
neutralization, Cu, Ni and Zn would be recovered in the
form of hydroxides. Most economical method for
comprehensive recovery of metals from aqueous effluents
have been identified.
2. Material and Methods
2.1 Materials
The required chemicals used for this study were
commercial grade hydrated lime and ferric sulphate with a
purity of 85% and 90% respectively. The effluent samples
were collected from copper smelter located in Dahej.
2.2 Methods
2.2.1 Filtration of effluent for suspended solids removal
The filtration of acidic effluent was carried out using
centrifuge of a capacity of 300 L. The polypropylene filter
cloth with 5 µm. The speed of rotation of centrifuge was
kept at 350 rpm.
2.2.2 Elemental analysis of liquid and solids samples
The elemental analysis of solid and liquid samples was
carried out on an AAS supplied by M/s Agilentexpect
selenium which was carried out on ICP OES supplied by
M/s Agilent.
2.2.3 XRF and X-ray diffraction studies.
XRD analyses of solids were carried out by using
diffractometer D8 Advance, supplied by M/s Bruker
GmbH. The semi-quantification analysis was carried out by
using Eva softwareto understand the composition of
suspended solids before and after roasting experiments to
recover selenium. XRF was used to identify the chemical
composition of the solids generated in all the experiments.

3.. Results and
d Discussion
3..1 Selenium and
a PbSO4 reccovery from suspended
s
sollids
The
T
suspendeed solids ccollected duuring centriffugal
seeparation aree rich in Copper
C
seleniides and PbbSO4.
Roasting
R
of solids was carriied out at 4500˚C by passinng O2
annd SO2 gas wherein
w
the CuuSe is transfoormed to SeO2 gas
annd CuSO4. As
A can be obsserved in Figu
ure 1, the ressidue
affter roasting is
i majorly consisting of CuSO
C
bSO4.
4 and Pb
Further SeO2 gas
g was dissoolved in waterr to form H2SeO
S 3
foollowed by precipitation with SO2 gas to generate
coommercial graade Selenium powder of 999.5% purity [1].

Figure 1: XRD of solidss before and after
a
roasting
3..2 Acid neutraalization and gypsum prodduction
Hydrated
H
limee solution oof 10 wt% was preparedd to
neeutralize the effluent till aall the sulphuuric acid has been
coonverted intoo gypsum. A
Approximatelyy, 70% of total
slludge generated as commercial grade gyypsum, whichh can
bee used in cem
ment plants [2].
Table
T
1: Elemeental composittion of acidic effluents
Effluent

As

Cu

Pb

Zn

Ni

Se

H2 SO4

Scrubber

286

260

3

47

13

4

Refinery

5061
1

1400

4

250

2198

9

56 gpl
246 gpl

* All values are in
i mg/L;
# Analysis carrieed out after suspeended solids rem
moval

3..3 Controlledd precipitation of FeAsO4
Inn order to preecipitate FeAssO4 solid, FeS
SO4.7H2O soluution
was
w added by maintaining Fe / As ratio
o of 4 as perr the
ellemental com
mposition in Table
T
1. As3++ was oxidizeed to
As
A 5+ by the adddition of suff
fficient hydroggen peroxide. The
foormation of FeAsO
F
ng neutralizaation is show
wn in
4 durin
eqquation 1. Thee arsenic rich FeAsO4 conttaining sludgee was
seent to securedd landfill for prroper disposall.

H3AsO3 + FeeSO4 + H2O2 → FeAsO4 + H2SO4 +H2O

(1)

3.4 Recoveryy of Cu, Zn an
nd Ni as hydro
oxides
As shown in Figure 2, the precipitation of Cu, Zn andd Ni as
hydroxides takes
t
place aafter pH 3.5. Hence, the pH of
solution was raised till ppH for complete precipitattion of
remaining heeavy metals including Nii, Cu and Znn. The
recovery of Cu,
C Ni and Znn into the sluudge was 75%
%, 95%
and 94% resspectively. Leess than 10% of the total sludge
was generateed with high concentration
c
of valuable metals
amenable foor recovery. Further, pure metals can be
recovered sepparately by prrocessing this sludge with various
v
hydrometalluurgical processses.

Figure 2: Reaction sequeence in neutralization reactoor by
addition of lime
4. Conclusion
The acidic efffluents generaated in copperr smelter conssists of
various usefful metals allong with tooxic elementts like
arsenic. A strategy was
w
develop
ped and pproved
experimentally to recovver different valuable metals.
m
were recoverred from scrubber
Selenium annd PbSO4 w
suspended soolids. Sulphuriic acid was neeutralized witth lime
to form comm
mercial gypsuum. Arsenic was
w precipitateed as a
stable FeAsO
O4 which wass properly diisposed. Durinng the
neutralizationn of effluent using Ca(OH
H)2, pH rangge was
identified forr complete recovery of Cu
u, Ni and Zn which
otherwise woould be disposed off with arrsenic sludge.
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1. Introduction
Aluminium (Al) is the second abundant metallic element
that contributes about 8% of the earth’s crust in bauxite ore.
The total bauxite reserve in India is around 3 billion tonnes,
accounting for about 7.5% of the world’s bauxite reserve
[1]. Orissa is the largest bauxite-producing state in India
(43.6%), followed by Jharkhand (19.2%), Maharashtra
(13.3%), Madhya Pradesh/Chhattisgarh (11.4%), and
Andhra Pradesh (12.5%) [2]. There are around 3000
applications of Al in the field of transport, construction,
packaging, and others. The demand for Al has been raised
significantly in the last couple of years due to the rapid
industrial growth, population, and modernization of the
society. The metallic aluminium is obtained by digestion of
bauxite with caustic soda in the Bayer process, and a byproduct is formed known as “Red mud”. Usually, 1.2-2.5
tonnes of red mud generates during the production of 1
tonne of aluminium depending upon the bauxite source and
extraction efficiencies [1,3]. Every year, more than 120
million tonnes of red mud are generated worldwide. Out of
which, about 10 million tonnes of red mud is generated in
India itself [2]. Presently, the red mud is utilized in brick
manufacturing, road embankment, plastic, geo-polymer,
cement, recovery of elements like Fe, Al, Ti, Ga, Sc, Nb,
Li, V, Rb, Ti & Zr, and clay products [4]. Red mud has
emerged as a good filler material to the empty mine, which
prevents the mine subsidence problem by providing better
rigidity to the land and helps in rehabilitation in the mine
sites. The handling of red mud containing very fine
particles (d50 < 10 µm) needs greater attention when a large
throughput is transported from generation to disposal and

utilization points. The hydraulic conveying of red mud in
slurry form through pipeline offers an economical and
environmentally viable mode of transport over other
conventional modes such as truck, train, barge, and
conveyor belts. The slurry pipeline mode is cheaper by
about 80% and 50% compared to the road and rail
transport, respectively, for the same quantity of solid and
travel distance. It offers many advantages, including
minimum environmental disruption; low air and noise
pollution; no interference in the natural habitat; minimum
en-route losses; easier access to construction, operation and
maintenance; low operating and maintenance expenditure;
feasible in adverse locations; insensitive to the surface
conditions; capable of transporting ultra-fines bulk solids;
ideal for uni-directional traffic; reduces the conveying time
of solids; etc.
One of the major concerns related to pipeline
transportation of red mud slurries is obtaining favourable
flow behavior in the pipeline. Here, the rheological studies
play a crucial role in describing the flow characteristic of
the red mud slurries in the pipeline.
In the present study, a detailed rheological
investigation is performed with varying red mud
concentration and further explores rheology’s role on red
mud transportation in pipeline. It enables a favourable flow
behavior and promotes bulk transportation of red mud with
minimum water consumption in the pipeline.
2. Material and Methods
Red mud was taken as the test sample for the
analysis. The physical and chemical properties of the red

mud were characterized using different characterization
techniques, including FE-SEM, EDS, XRD, XRF, PSA,
pycnometer, and moisture analyzer. Slurries were prepared
in glass beakers by adding 40 – 65 wt.% red mud in DI
water and gently mixed using a glass rod. The rheological
experiments were performed using a HAAKE Rotational
Rheometer with cup-bob shearing tool. The aging effect
and maximum static settled concentration were analyzed
using a pH meter and measuring glass cylinders,
respectively.

3.4 Effect of red mud concentration on pipe flow
The rheological parameters are used to estimate the
frictional head loss using empirical correlations. As evident
in Figure 1 (b), the head loss increases with the
incorporation of red mud from 40 – 65 wt.%. Besides, the
effect of red mud concentration is discernible at low
velocity. However, a significant increase in head loss is
observed with slurry velocity from 0.5 – 5 m/s.

3. Results and Discussion
3.1 Characterization of red mud
The collected red mud sample has 3.97% moisture on
it, contains irregular and aggregated-shaped particles with a
median particle size (d50) of 2.02 µm and specific gravity of
3.5. It majorly consists the oxides of iron, silicon,
aluminium, sodium, titanium and calcium with a small
fraction of phosphorus, sulphur, zirconium, magnesium,
chromium, potassium and magnesium oxides.
3.2 Aging effect
concentration

and

maximum

static

settled

The prepared red mud slurries remain alkaline for the
period of 48 hours with slight decreases in pH from 10.85 10.45. Our maximum static settled concentration results
reveal that 73.5 wt.% of red mud can be added in water to
prepare slurry for the analysis.
3.3 Effect of red mud concentration on slurry rheology
The effect of red mud concentration from 40 – 65
wt.% on slurry viscosity in the shear rate range of 15-300 s1
is presented in Figure 1(a). The slurry viscosity increases
with an increase in red mud concentration. In addition,
these red mud slurries are shear-thinning in nature, as
viscosity decreases with applied shear rate, which is one of
the desired flow conditions during slurry transportation in
the pipeline. Moreover, the rheological parameters such as
flow behavior index (n), consistency coefficient (k), and
shear yield stress (τy) are extracted from rheological curves
using the well-known Hershel-Bulkley model. It is found
that yield stress exponentially increases with red mud
loading.

Figure 1 (a) viscosity - shear rate curves; (b) head loss slurry velocity curves at D = 0.05 m
4. Conclusion
Our results show that slurry viscosity, yield stress, and head
loss substantially increase with solid loading. Shearthinning flow behavior is observed irrespective of red mud
concentration. These slurry systems are alkaline in nature
and can be transported in pipeline without adding any
corrosion inhibitors. Besides, slurry of 73.5 wt.% of red
mud can be achieved. However, it may be considered as
paste flow and demand high pumping energy and cost.
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1. Introduction

2. Material and Methods

A large quantity of rice husk is generated as a by-product
of rice milling. At present, the rice husk is considered as
agricultural waste. Burning has been the primary means of
disposal. Rice husk usually contains around 20% ash with
92 to 95% porous and high surface area silica. Hence, the
burning of the rice husk creates pollution problems as the
extremely fine silica ash is also toxic and thus constitutes a
health hazard. Even careful incineration procedures cannot
eliminate this airborne silica. Therefore, burning with its
attendant air pollution and ash disposal problems has
proven to be an unsatisfactory solution.
The intimate mixture of SiO2 and C in the rice husk
provides an ideal platform for SiC synthesis, an advanced
ceramic material. Silicon carbide has many attractive
properties such as high strength and hardness, stiffness,
good wear, corrosion resistance, high thermal conductivity,
low thermal expansion, and high thermal shock resistance.
In a novel approach, one of the authors produced fine and
ultrafine SiC from rice husk using thermal plasma [1,2].
However, there are specific problems that still exist in the
preparation of SiC from rice husk. The present manuscript
gives a brief account of the work carried out in the past and
suggests a few solutions to overcome the associated
problems for preparing SiC from rice husk in the future.

A single step was adopted to prepare SiC directly from
raw rice husk in an indigenously developed pot-type
extended arc plasma reactor using graphite electrodes. The
graphite crucible containing the charge acted as the bottom
electrode. The top graphite electrode had an axial hole
through which the plasma-forming argon gas was
introduced to the graphite crucible. The extended arc was
formed by the movement of the top graphite electrode.
Experiments were carried out in batch operations and
experimental conditions such as power and time were
varied.
3. Results and Discussion
The plasma-treated sample was found to be green in colour
and fragile in nature, thus could easily be ground. The
formation of -SiC has been observed in a short time
period of 5 minutes of the synthesis. It has been seen that
the reaction is more less complete around 30 minutes of
plasma operation. The particle size of the powder is found
to be micron range from the SEM studies. By grinding the
plasma-synthesized powder, the particle size could be
reduced to few nanometres.

The problem associated wiith the above work
w
is as folllows.
r husk contaains 50 to 60%
% volatiles.
1. Raw rice
2. The frree carbon is rremoved by oxxidation.
3. The unnreacted SiO22 is removed by
b HF leachinng.

Figure
F
1: Scheematic of the rreaction mechhanism

The possible solutions are the followingg.
1. The volatiles may be treated appro
opriately to geenerate
energy
d by adoptingg froth
2. The freee carbon mayy be separated
flotationn or any othher suitable technique
t
to obtain
extremeely fine carbonn particles, a valuable
v
produuct.
3. Instead of using HF,, NaOH may be used to reemove
odium silicate, and
unreacteed SiO2 in thhe form of so
subsequuently, nano-siilica can be prroduced from this.
n
fine SiC,
S
C,
In this way, three valuablle products, namely
and nono SiO
O2 will be obtaained from agrricultural wastte.
4. Conclusion

Figure
F
2: SEM
M micrograph of the outer surface of thee dry
riice husk

Using the thhermal plasmaa technique, silicon carbidde has
been produceed from rice hhusk in a very
y short time period.
p
The process can be upgraaded to operaate in a contiinuous
manner. Oncce the approprriate techniquue is adopted, nanosilica and carrbon may also be produced.
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1. Introduction

and HTL flow diagrams for both wet and dry feedstock.Also

Decreasing of conventional fossil fuels and increasing
environmental pollution because of extensive use of fossil
fuels have raised concerns over use of fossil fuels. That leads
to a search for alternative renewable energy sources.
Biomass is always available as a renewable source of energy.
Biomass

production

adds

a

revenue

source

for

manufacturers. It includes the benefit of less garbage in
landfills. Biomass fuels have low energy densities compared

study

about

hydrothermal

liquefaction of sugarcane

bagasse(biomass) was catalyzed by conventional and green
solvents (DES) as catalyst to produce bio oil. Biomass was
characterized for cellulose, hemicellulose and lignin content
and bio-oil was analyzed for its physical elemental and
chemical properties, basic fuel properties.
2. Material and Methods
2.1 Materials

to fossil fuels. Several methods are available for biomass
processing

such

as

pyrolysis,transesterification,

hydrothermal liquefaction, steam reforming,etc..,among
these hydrothermal liquefaction (HTL) of wet biomass seems
to be the best way to produce fuels from wet biomass.
Hydrothermal

liquefaction

(HTL)

is

a

thermal

depolymerization process used to convert wet biomass into

Choline chloride 99%, Potassium hydroxide pellets
85%,p-toluene Sulfonic acid monohydrate 99.0%,sulfuric
acid(72%), Oxalic acid from HyChem Chemicals industries
and Sugarcane bagasse was collected from local sources.
2.2 Methods
2.2.1 Preparation of biomass

crude-like oil under moderate temperature and high pressure
.Feedstock suitable for hydrothermal liquefaction processing
include

manures, sewage sludge, food waste, municipal

wastes, and aquatic biomass such as micro- and macroalgae.
This chapter describes HTL process,elemental composition
of bio crude obtained by HTL, mechanism of HTL process

Initially, 1.5 grams of dried bagasse is taken in the
flask and 225 ml of DM water is added. The heating and
stirring is started. After the temperature is reached to 100 o
C, the process is continued for 1 hour. The mixture is cooled
and filtered. The cake obtained is washed with 450 ml of hot

DM water and later dried until constant weight. The dried
mass is again treated with sulfuric acid, the final dried

Table 2:
Exp.No

product used for HTL.
2.2.2 Preparation of Deep Eutectic Solvents (DES):
DES is formed by mixing ChCl and Oxalic acid in

Wt.of

Tempera

Wt.of

Bio-oil

biomass

ture (0C)

Bio-oil

yield (%)

(g)

(g)

1

25

200

9.117

36.47

2

25

250

10.7

42.8

the ratio of 1:2.The mixing was conducted in rota until a
homogeneous and transparent liquid is formed.
2.2.3 HTL procedure.
●

25 g of ground and sieved biomass was added to the reactor
vessel and mixed with DM water in 1: 10 ratios in the
presence of DES catalyst. For each experiment, catalyst
concentration used was 5% (v/v) of the slurry. Then the
reactor is flushed with nitrogen gas to remove any impurities
or gases present for 10 minutes. The experiments were
conducted at varying temperatures (2000C, 2500C). Other
reaction conditions like reaction time (40mins) and constant
stirring speed (300 rpm) were kept constant, all through the
reaction. After the completion of the reaction, the reactor was
rapidly cooled by passing running water to quench the

4. Conclusion
In this study the HTL of sugarcane bagasse was
conducted at two different temperatures 2000C and 2500C the
bio-oil increased from 36.47% to 42.8% at 2500C.Here it was
observed that maximum amount of biomass was converted to
bio-oil, resulting in decreased residue yield.
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Abstract
Biorefinery approach especially that based on microalgae has been found to be encouraging in quite a few
studies reported in the last 5 years. Microalgae based biofuels are gaining lot of attention in recent years
due to their inherent features such as clean, green and sustainable energy resource. However, high
nutrients and fresh‐water requirement are the critical constraints associated with the production of
economically sustainable bioenergy feedstock from microalgae. Wastewater with substantial pollutants
such as nitrogen, phosphorous, and organic carbon is considered as potential growth media for microalgal
growth. This approach can simultaneously address bioremediation and generate high‐value biomass
feedstock. However, economically feasible production of microalgae for biofuel will only be achieved if co‐
products are also explored.

KEYNOTE
WATER AND WASTEWATER MANAGEMENT
Jnana Ranjan Dash
Reliance Industries Ltd, Surat
Water will be one of the central issues of the 21st century of this globe and the life of billions of
people will depend on the wise management of this resource.
"Nearly one‐third of the population of developing countries in 2025, some 2.7 billion people, will
live in regions of severe water scarcity.
In India, some 460 million people will live in regions that will face absolute water scarcity.
Groundwater reserves will be increasingly depleted in large areas of the world. In some instances,
this will threaten the food security of entire nations, such as India. This will certainly lead to major
problems in food security and excess to save water.
Groundwater contamination by human interference, e.g. by industrial effluents, agricultural
pollution or domestic sewage water intrusion is another world wide problem, which asks for
urgent counteractions
Over half the wastewater generated in the form of sewage is discharged untreated into nearby
water bodies in India, adding to this is the untreated wastewater from industries as well as the
run‐off from various sources of pollution, such as agricultural fields, roadways, etc.
SDG 6 specifically targets on proportion of untreated wastewater and substantially increases
recycling globally. Today, a lot of technologies are available pertaining to wastewater
management.
India is one of the major water users in the world in terms of volume. Our country has more than
16% of the world’s population, but only 4% of the world’s renewable water resources and 2.4%
of the world’s land area. Demand for industrial water is also on the rise.
Today huge challenges towards ensuring water security, which include rising freshwater demand,
high variability in water availability, increasing demand‐supply gaps, rising water pollution, and
emerging health issues.
Per capita water availability has reduced significantly from around 2000 cubic meters in the year
2000 to about 1500 cubic metres today.
According to the Central Pollution Control Board, about 13500 MLD of wastewater is generated
by industries, of which only 60% is treated (2009 Report).

Promotion of industrial activity is widely seen as a desirable way to achieve economic growth and
development. Water and wastewater management are key towards achieving sustainable
development goals.
Among the “urgent water priorities”, which have to be tackled, some should be mentioned here:
‐ Increasing productivity of water consumed in agriculture,
‐ More water storage in reservoirs or underground,
‐ Better water recycling/reuse practices: “Use each drop of water four times!”
‐ Reduction in water distribution losses in cities as well as in large irrigation systems
‐ Regulating groundwater extraction
‐ More wastewater treatment, less water pollution etc.
‐ Alternate source of water for industries such as Municipal sewage recycle into industrial
activities.
‐ Adaptation of advance technologies.
Best Practices and Strategies used to manage water, including ways to reduce water usage.
Improved water management in a Industry can potentially reduce the volume and cost of raw
water used in operations. Furthermore, improved water management may result in reductions
in wastewater flow or contaminant load or both. Lower flow and contaminant load may result in
lower wastewater treatment operating and maintenance costs. Optimized water management
may also reduce the mass of contaminants in the treated effluent, thus improving the quality of
a wastewater discharge and ultimately the environmental impact of a refinery’s discharge
Water management should be considered at the conceptual stage of any manufacturing process.
‐ At the design stage explore possibilities for recycle and reuse water / wastewater within
the process.
‐ Evaluate each stream for possibilities of recovery valuables. This will not only reduce
effluent load but also generate revenue
‐ Energy recovery through anaerobic process is another big opportunity from high organic
load stream.
‐ Segregation of streams for optimisation of wastewater design with respect to OPEX /
CAPEX.
‐ Recycle and reuse
Wastewater treatment is always considered as cost centre, but with right approach it can be a
profit centre.
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Development of Solid Propellant Processing in Bladeless Rotary Mixer
Solid composite propellants can be viewed as highly-filled polymeric systems in which solid
particulate fillers and other ingredients are incorporated in a binder resin. The mixing of these
ingredients to obtain a propellant slurry is conventionally done in a heavy-duty kneader or in a
vertical planetary mixer. Viscosity levels can go up as high as 1.0e+5 Poise during mixing and
the closed can mixing is categorised as HD1.1 class operation. In other words, the unit
operation is fraught with detonation hazards even if the ingredients themselves are not high
explosives. Occasional accidents are also reported. In this work we have conceptualised the
mixing in a bladeless mixer thus eliminating the moving element during mixing. Mixing of an
inert composition was first carried out to qualify such a mixer for propellant mixing. Next
HTPB/Al/AP -based conventional composite propellants were processed in a lab-scale
bladeless rotary mixer and the slurry was characterized. It compares well with the propellant
mixed in conventional mixers. The process was scaled up and scale-up factor was identified.
The safety of the process was rigorously analysed. Finally the process was upscaled to the
industrial-scale and a large rocket motor was cast. The development - a first in the country has enhanced the process safety and introduced a major change in the solid propellant
processing technology.
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Photocatalytic degradation of pharmaceutical
wastewater containing diclofenac using CeO2/CdS
heterojunction catalyst
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Abstract: In the present study, we synthesized the CdS/CeO2 nanocomposite by facile two step hydrothermal method and a novel
reverse strike co-precipitation method. CeO2 nanocrystals possess superior optical and electronic properties due to their unfilled
electronic orbitals. However, the wide bandgap of CeO2 limits its application in visible region. Therefore, we combined CdS with
CeO2 for bandgap engineering of nanocomposite and to obtain enhanced photocatalytic activity. The characterization of
nanocomposites were done by X-ray diffraction (XRD), scanning electron microscope (SEM), energy dispersive X-Ray analysis
(EDAX) were used to identify the structure, morphology and composition of the synthesized CeO2/CdS nanocomposites,
respectively. The optimization of reaction parameters such as molar ratio, pH and catalyst loading of the nanocomposites were
systematically studied gives a unique aspect among other peer research papers. The band gap of CeO2/CdS was found to be 2.8
eV. The average crystallite size of CeO2/CdS(1:1) was 6 nm calculated by Scherrer equation. The photocatalyst shows maximum
degradation of 65.31% in 2 hours. The low band gap of heterojunction catalyst and its high photo-degradation efficiency makes
CeO2/CdS nanocomposites as the most promising material for remediation of diclofenac in wastewater under visible light
irradiation.
Keywords: Nanocomposite, Reverse strike Co-precipitation, Photo-catalyst, Remediation, Diclofenac
1.Introduction
The treatment of industrial wastewater and reuse of the
treated effluents plays a momentous role in water
sustainability (Abdel-Shafy et al., 2017). To improve the
quality of pharmaceutical wastewater effluent, advanced
treatment is essential (Guo et al., 2017). Heterogeneous
photocatalysis is an Advanced Oxidation Process (AOP):
employed to degrade organic pollutants for complete
mineralization (Khataee and Kasiri 2010). Diclofenac 2(2,6-dichloranilino) phenylacetic acid is a non-steroidal antiinflammatory drug (NSAID) used to treat pain
and inflammatory diseases such as gout is taken by mouth or
applied to the skin.
2. Material and Methods
2.1 Materials
Cerious Nitrate Hexahydrate (Ce(NO3)3.6H2O), Cadmium
Chloride monohydrate (CdCl2.H2O) and Sodium sulfide
anhydrous (Na2S.xH2O) were purchased from Loba Chemie

fine
chemicals.
Cadmium
Nitrate
tetrahydrate
(Cd(NO3)2.4H2O) was bought from CDH. Ammonia solution
(NH3) was bought from Molychem Mumbai. Ethanol
(C2H5OH) was purchased from Changshu Hongsheng Fine
Chemicals Co Ltd. Diclofenac sodium salt (C14H10Cl2NNaO2)
was purchased from Sigma. All chemical reactants were of
analytical grade and were not further purified before use.
2.2 Methods
2.2.1 Preparation of CeO2-CdS by Hydrothermal method
CeO2 nanoparticles were synthesized via hydrothermal
method, which was according to previous research work
(Mohanty et. al., 2017). Similarly, CeO2/CdS nanocomposite
with different molar ratios was synthesized by a two-step
hydrothermal method which was carried out from older
research work (Mohanty et. al., 2019) with some
modification in precursors.
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3. Results and Discussion
3.1 Results of XRD
The XRD results of CeO2 nanoparticles are homologous to
cubic fluorite structure with respective 2θ values 28.59O,
33.24O, 47.5O, 56.35O, 58.99O, 69.39O, 76.83O and 79.329O
which is found to be almost similar with JCPDS (file no. 340394) data. Similarly, the CdS phase shows a wurtzite
hexagonal structure with respective 2θ values 29.5 O, 43.94O
and 52.07O in good agreement with JCPDS (file no.41-1049)
data (D. Channei, et al. 2019).

of CeO2/CdS(1:1). On varying the catalyst loading from (0.1
g/l - 0.6 g/l) while other parameters kept constant, optimized
catalyst loading was found to be 3g/l with a maximum
degradation of 65.31% in 2 hours.
80
% Degradation

2.2.2 Preparation of CeO2/CdS by Reverse Strike coprecipitation method
6.5 g of Ce(NO3)3.6H2O in 140 ml of water and
(Cd(NO3)2.4H2O) in a molar ratio. Add Na2S.xH2O in 500 ml
of distilled water in another beaker. Pour the Nitrate mixture
in first separating beaker and add a few amount of NH3 in
another separating beaker. Maintain the pH of the solution
from 9-10. Wash the sample with ethanol several times. Let
the sample dry overnight at 65O C then calcined for 2 hours,
300OC in a muffle furnace. The final CeO2/CdS heterojunction
catalyst is obtained. Similarly different molar ratio of Cerium
and Cadmium is studied to understand quantitative results as
follows.
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Figure 2. Relative % degradation vs time
3.3 Results of DLS
From dynamic light scattering, the particle size of CeO2,
CeO2/CdS(1:1) and CeO2/CdS(5:1) is found to be 20nm,
79.2nm and 60 nm respectively.
4. Conclusion
Nanocomposites were synthesized successfully by
hydrothermal method and reverse strike co-precipitation
method. It showed good photocatalytic degradation of
diclofenac due to large oxygen capacity. The XRD results
and EDAX confirmed the formation and purity of CeO2/CdS
respectively. Optimization of pH, molar ratio and catalyst
loading was done. The diclofenac degradation follow pseudo
first-order kinetics with a rate constant of 0.01 min-1.
5. References

Figure 1. Relative XRD analysis of nanocomposites
From the Scherer equation, we got the grain size of CeO2 is
11.125 nm. Similarly, we calculated grain size of CeO2/CdS
(1:1) is 6.93 nm, grain size of CeO2/CdS (5:1) is 8.068 nm
and grain size of CeO2/CdS (10:1) is 8.322 nm.
3.2 Optimization of pH, Molar ratio and Catalyst loading
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of the solution was optimized and found that pH 7 shows
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1. Introduction
Green synthesis of nanoparticles of special features and
application is a thrust area of research [1]. Present study
involves green synthesis of silver nanoparticles which have
potential as a catalyst system for water treatment
purposes.Green synthesis is an emerging area in the field of
bio nanotechnology and provides economic and
environmental benefits as an alternative to chemical and
physical methods. As a part of sustainable development,
nontoxic, safe, eco-friendly leaf extract (Eucalyptus
Citriodora) has been used for synthesis of nano silver
particles with emphasis on its application as photocatalyst
for organic dye degradation. Photocatalytic activity of
green synthesized AgNP has been assayed in novel type
annular photoreactor. The synthesized AgNPs have shown
excellent photo-catalytic activity in reductive degradation
of methylene blue within a very short span of time.
2. Material and Methods
2.1 Materials
Fresh leaves of Eucalyptus Citriodora (EC) were collected
from West Bengal, India. Methylene blue (0.05 wt. % in
H2O, of λmax 665 nm) wasprocured from Sigma Aldrich,
India. Silver nitrate (AgNO3, >99% pure), the silane
coupling agent, (3-aminopropyl) triethoxysilane was
purchased from Sigma-Aldrich (USA).
2.2 Methods
2.2.1 Green synthesis of silver nanoparticles with
Eucalyptus Citriodora leaf extract

Fresh leaves of Eucalyptus Citriodora (EC) were collected,
thoroughly washed and leaf extract was prepared with leaf
to water ratio of 1:25 for 1h at 50°C. The extract was
filtered 0.2µm membrane to get clear leaf extract and was
stored at 4°C for further uses. During green synthesis, 50
mL of EC extract was added to 25 mL 10mM aqueous
AgNO3 solution, followed by stirring. The acquired AgNPs
solution were centrifuged, and subsequently washed and
dispersed in deionized water to remove any noncoordinated materials.
2.2.2 Phocatalytic degradation study of model dye
contaminated water using AgNPs in free mode and in
photo reactor
Methylene blue was used as a simulation dye ingredient
to evaluate the catalytic activity of the green synthesized
AgNPs. Catalytic activity of the nanoparticles were assayed
by mixing 3.5 mL of methylene blue solution (0.05-1.5
g/mL) with 0.5 mL of aqueous leaf extract and 6.0 mL of
synthesized AgNPs solution (S) in comparison to the
standard. After incubation for 30-120 minutes in presence
of UV radiation (UV lamp of 5W, UV intensity 50mW/cm2
), color intensity measured in spectrophotometer at 668nm.
In photo reactor model contaminated water (methylene
blue) was passed through the packed bed of AgNPs
immobilized SiO2 beads with residence time upto 50 min,
dye degradation behavior was analyzed for each 5 minutes
interval.After experimental runs, the packed bed reactor
was washed for 4 h by flowing ultra-pure water with
irradiating UV light. Effect of linear velocity of the
solution was analyzed by changing flow rate from 0.515mL/min.

3. Results and Discussion
3.1 Characterization of green synthesized AgNPs
The UV–vis absorption spectra (Figure 1) of the AgNPs
with Eucalyptus leaf extract showing a peak value of 440
nm which suggest bio-reduction of Ag+ ions in the solution
[2], with increasing peak intensity increased with time. The
XRD pattern it could be asserted that AgNPs synthesized
have a crystalline structure [3]. The four distinct diffraction
peaks obtained at 38.111, 44.301, 64.441 and 77.401 can be
assigned to (1 1 1), (2 0 0), (2 2 0) and (3 1 1) planes of a
face-centered structure (Figure 2).

photoreactor 51.5±0.1% degradation was. In 120 minutes
the respective values observed were 87.9±0.2% and
85.5±0.15% respectively. Though the result shows a lesser
extent of the degradation for immobilized mode, the reactor
on recycling mode has shown equivalent reactivity (<5%
fall) for three consecutive cycles. In the fourth cycle of
operation about 17.9% fall in degradation was observed.

4. Conclusion
Green synthesized AgNPs have shown excellent photocatalytic activity in degradation of methylene blue within a
very short span of time.This approach may be integrated
with commercial water treatment units for water treatment
purposes.

3.2 Photocatalytic activity of green synthesized AgNPs
In present study AgNPs have shown significant
degradation of methylene blue in both free mode and in
photo reactor (immobilized mode). A comparative study of
the two schemes for degradation of the methylene blue has
been presented in Figure 3 which shows significant
potential of green synthesized AgNPs as photocatalyst for
degradation of the methylene blue dye. In 30 minutes,
about 54.5±0.04% of degradation was observed for
methylene blue in free reaction mode whereas, in
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2.1.1 EC setup and procedure

1. Introduction
Acrylonitrile (C3H3CN) is highly toxic and

Electrocoagulation setup consists of two aluminium

carcinogenic compound used as a raw material and

electrodes (anode and cathode) submerged in the 500 mL

intermediate in

fibers,

of 500 ppm synthetic acrylonitrile wastewater in a 625 mL

acrylonitrile butadiene styrene resins, plastics [1].The

of rectangular pyrex glass reactor and the effective surface

extensive industrial usage of acrylonitrile has led to the

to volume ratio is maintained at 12.8 m-1. The setup is

contamination in the environment and effect on human

provided with a direct current power supply (0-30 V, 0-10

health. It is 3rd most toxic substance in the list of 129

A) to maintain a certain current flow during the reaction

priority pollutant issued by United State Environmental

time of 180 min. To maintain the homogeneity of the

Protection Agency (USEPA) [2]. Acrylonitrile is extremely

solution the reactor is stirrer at constant speed of 400 rpm

corrosive and irritating to skin and eyes, chronic exposure

and maintained at constant temperature of 29 ± 2℃.

can cause detrimental effect on human being viz. irritation,

Wastewater pH was adjusted with sodium hydroxide and

nausea, vomiting, mild jaundice and diarrhea and may

sulfuric acid (0.2 N each) wherever necessary.

include dizziness, collapse, respiratory arrest and death.

2.1.2 Analysis of samples, electrodes and sludge

the

manufacture of acrylic

The wastewater originates from various industries viz,
acrylonitrile manufacturing industry, ABS resin industry,
petrochemical industry. Due to its high toxicity, it is
necessary to treat the wastewater before discharging into
water bodies.In recent years, various techniques have been
used to treat the acrylonitrile containing wastewater [3].
Electrocoagulation (EC) is one of the simple technique
with low operating cost, demanding less space, free from
hazardous chemicals, producing low sludge[4].
2. Material and Methods
2.1 Experimental methodology

The acrylonitrile degradation with time was analyzed by
high performance liquid chromatograph (Waters India Ltd.)
containing a C18 column (3.9 mm x 150 mm) coupled with
UV detector. Acrylonitrile was detected at a wavelength of
196 nm and the mobile phase used was millipore water and
acetonitrile in the ratio of 70:30. Prior to every analysis, the
sample was collected at a fixed time interval and filtered
through 0.22µm syringe filter. Acrylonitrile removal
efficiency(ARE) was calculated using following equation:

ARE (%) 

Ci  C0
 100
Ci

(1)

Characterization of electrodes and EC produced sludge was

4. Conclusion

performed using various techniques to obtain their

The acrylonitrile degradation using electrocoagulation

morphology

(Field

microscopy),

functional

emission

scanning

electron

reactor using aluminium electrodes is very appropriate

(Fourier

transform

method. The maximum removal efficiency of 98.89% was

infrared), various phase of metal present in samples (X
(X-ray

achieved under optimum conditions (pH: 8.5, current

diffraction)

density: 156.8 A/m2, electrolyte concentration: 1.4 g/L,

3. Results and Discussion

electrode gap: 1.0 cm)

groups

3.1 Effects of various parameters on acrylonitrile
degradation
Some preliminary experiment was performed to optimize
find and optimize the importance of important parameters,
that affect the electrocoagulation reactor and aid in
acrylonitrile degradation. pH of the wastewater bbeing most
important parameter [3],, it is optimized in acidic to alkaline
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1. Introduction
Nuclear grade (more than 99.85% purity) uranium is used
for fabrication of fuel for reactors in India. Impure uranium
from different source is dissolved in HNO3 to produce
impure crude uranyl nitrate (CUN). CUN is then purified
by solvent extraction (SX) to produce nuclear grade uranyl
nitrate pure solution (UNPS) followed by precipitation of U
by ammonia as ammonium diuranate (ADU). ADU, first
nuclear grade solid powder product in flow sheet of U fuel
production flow sheet, is further processed by dry
metallurgical process to produce uranium base nuclear fuel
[1]. A large amount of aqueous solution containing nitrate
is generated during hydro processing of uranium materials.
Disposal of nitrate effluent is a concern for nuclear
industries. This is why minimization of effluent volume
and converting effluent to disposable material is one of the
major targets for any plant including nuclear industries [2].
Present paper discusses efforts taken to minimize effluent
generation in auranium processing facility by a) reducing
effluent production by changing process parameters, b)
recycling effluents to main process and c) reuse the treated
effluent for other use. Though, effluent generation has been
minimized but it is not zeroed. So, effluents generated in
the process are to be treated before disposal to environment
as per Government rules.
Uranyl nitrate raffinate (UNR) is the main nitrate bearing
effluent generated during SX. UNR contents free acid
HNO3 (FA), uranium and impurities removed from CUN
by solvent extraction. UNR is treated to neutralize and
adjust uranium, pH and activity with in permissible limit as
per Central Pollution Control Board (CPCB) guideline [3].
Composition of impuritiesin UNR varies depending on

source impure materials. Treatment of Cu containing UNR
is challenging due to its bluish color.
Present paper reports UNR effluent
including treatment of Cu containing UNR.

management

2. Experimental
Experiments of UNR treatment were carried out in an
agitated 2Lbaffled glass reactor to study effect of different
alkali chemicals (NH3, MgO, NaOH and Ca(OH)2) on
quality of the treated effluents.Chemicals were added at a
controlled rate till pH of the solution reach to pH 8. The
alkali chemicals neutralized FA and precipitated uranium
as di-uranates. The slurry was then filtered and both the
cake called uranyl nitrate raffinate cake (UNRC) and
filtrate called uranyl nitrate raffinate filtrate (UNRF) were
analyzed. Amount of excess chemical consumption,
filtration and settling rate were also observed.
3. Results and Discussion
3.1 Effluent management to reduce effluent generation
Generation of UNRhas been first reduced by 3R principle
and then restof UNRhas beentreated to match effluent with
disposal quality as per CPCB. Volume of UNR is reduced
by increasing uranium concentration in UNF. 50% increase
in uranium concentration reduces volume of UNR
generation in SX by 33%. Process parameters of SX has
been tuned accordingly. Further, minimization has been
carried out by recycling UNR in the main stream like
dissolution. UNR contents 1.0-2 (N) HNO3 along with 0.11.0 gpl uranium and impurities. The UNR is concentrated

to around 6(N) HNO3 by evaporation system and the
concentrated UNR is recycled to plant as 6(N) HNO3in
dissolution process. In average 50% of the UNR is sent for
evaporation and restis sent for treatment. So UNR effluent
is further reduced by 50% and as a whole 66%. UNRF after
treatment content 30-80 gpl nitrate. It can be explored to
reuse as fertilizer. It will further reduce effluent disposal.

U (g/l)

FA (N)

Cu (mg/l)

Fe (mg/l)

Al (mg/l)

0.71

1.62

6655

1830

1071

3.2 Effluent treatment
Characteristic of UNR and comparison of treatment of
UNR carried out with different chemicalsare shown in
Table 1 and Table 2 respectively. Concentration of U and
activity in UNRF were permissible in all the treatments.
Excess chemical consumption and weight of UNRC were
minimum in ET 1. But NH3 was failed to precipitate Cu
from UNR. Curemains in UNRF as cupramine and color of
solution was dark blue. Other chemicals were able
toprecipitatemore than 94% Cu from UNR. But Cu content
in UNRF is very low in case of ET3 & ET4. Filtration rate
and settling rate were observed best with ET3. It facilitates
in vacuum filtration. This is why moisture content in the
UNRC is minimum in case of ET3. But probability of
chocking at bottom nozzle of the treatment tank and in the
pipeline is more in case of ET3 due to fast settling rate. The
flow ability of the slurry of ET4 is better than ET3. So,
when slurryneeds to be transfer for long distance and
filtration is carried out by positive pressure like filter press,
ET4 is more favorable than ET3. It was also observed that
excess chemical consumption is substantial high in case of
ET3.
Table1:Characteristic of UNR

Nitrate bearing effluent has been reduced, recycled and
reused during processing of uranium. UNR effluent volume
can be substantially reduced by these methods. Further
different chemical treatment methods have been compared
to produce disposable effluent. It can be concluded that
NH3 is best chemical for treatment of UNR if it does not
contain Cu. But MgO and Ca(OH)2are the best option
among NH3, NaOH, MgO and Ca(OH)2for Cu containing
UNR.

4. Conclusion
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Table1: Comparison of different chemical treatment
Exp.
Code

Chemical
added

Excess
Chem.
Added(%)

Filtration
rate
(ml/min)

Sett-ling
vol. up to
30 min

U
(ppm)

%
recovery
Cu

Activity
α
β+γ
(Bq/ml)
(Bq/ml)

%
Moisture

Weight
(gm)

ET1
ET2
ET3
ET4

NH3
NaOH
MgO
Ca(OH)2

0.425
18.77
82.74
24.98

88
16.75
107.5
22.8

59
96
38
85

<10
<10
<10
<10

20.74
94.7
99.5
99.22

BDL
BDL
BDL
BDL

78.3
85
52
68.7

31.35
215
133.76
127.79

*BDL:α activity< 0.03 Bq/ml and β + γ activity <0.21 Bq/ml

Filtrate (UNRF)

Cake (UNRC)

BDL
BDL
BDL
BDL
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Abstract
Hydrate-based desalination is a promising technique for
producing freshwater from saline water at suitable conditions as
it produces no waste & is an eco-friendly process. In this study,
the kinetics of pure CO2 and N2 gas with stoichiometrically
required cyclopentane (CP) as a hydrate former has been
investigated and compared. The kinetics of CO2 and N2 hydrate
formation was studied in a triple reactor setup subjected to a
shaking mechanism. The addition of CP as a hydrate former
transforms the structure of CO2 hydrate from sI to sII as CP
occupies the large cages (5 1264) in the gas hydrate which
stabilizes the hydrate. Experiments with pure CO2 and N2 has
been studied in the presence or absence of 3 wt% NaCl at 274K
and 3MPa pressure in three different patterns, viz., i) only CP
as a hydrate forming solution, ii) CP and water as a hydrate
forming a solution with immediate gas pressurization and iii)
CP and water as a hydrate forming solution with later gas
pressurization allowing CP and water to form hydrate initially.
The kinetics of N2 with CP at 3MPa is lower as compared to
with CO2 because the pressure is lower than the N2 hydrate
equilibrium pressure whereas the kinetics of CO2 with CP is
pretty good because of having large driving forces. The kinetics
of nitrogen can be increased by increasing the experimental
pressure or adding suitable additives.
1.

Introduction:

The shortage of freshwater draws the main attention to
desalination. Mature desalination techniques are multi-stage
flash (MSF) distillation and reverse osmosis (RO) processes,
which are very energy-intensive and promote to look for an
alternative process [1]. When one looks at other technological
options for seawater desalination, the use of cold energy from
liquefied natural gas (LNG) comes at the forefront which could
be utilized for freeze desalination for seawater. In this process,

water is cooled to zero-degree Celsius temperature so that water
molecule freezes up to form ice and leaving out a concentrated
brine solution. However, the kinetics of ice formation is
temperature-dependent and thus do not scale up properly. Gas
hydrate-based desalination is a similar approach which also
makes commercial sense if cold energy from LNG terminals is
available for utilization. Gas hydrate is a crystalline compound
in which water molecules are bounded through the hydrogen
bonding and forming a cavity to enclose a large variety of gas
molecules. Gas hydrate is thermodynamically stable at low
temperatures and high pressure. The hydrate decomposes
readily upon thermal stimulation/ depressurization or both. In
nature, gas hydrate exits under the sea bed and in the permafrost
region and it is considered as a huge unconventional energy
resource for the future [2].
Desalination by gas hydrate is a technology in which salts are
excluded from hydrate formation, thereby resulting in
concentrated brine and solid hydrate. It is also considered a
freezing crystalline process. At certain temperatures and
pressure, when salty water comes in contact with a suitable
hydrate former than it forms a solid structure. After hydrate
formation, the concentrated salty water is collected from the
reactor and the hydrates formed are washed with the freshwater
to successfully improve desalination efficiency. For hydratebased desalination, additional chemicals called guest is
required. The hydrate forms at higher temperatures than the
freezing point of ice which leads to an expectation of improved
energy efficiency [1].
2. Material and Methods
2.1 Materials
The cyclopentane of purity >98% was purchased from
Spectrochemical PVT. LTD. Mumbai and was used during
the experiments. Sodium Chloride was obtained from Fisher

Scientific. Carbon dioxide cylinder having a purity of more
than 99% was supplied from Indo Gases, India. The
application of deionized water was always maintained. All
chemicals were used as received without further purification.
2.2 Methods

The number of moles of N2 consumed is observed to be low
because of its low driving force. Desalination efficiency would
be measured in each of these cases by separating the solid
hydrate phase and analyzing the salt content of mother liquor
and salt content of dissociated water was measured using UV
spectrometry.

Figure1 shows the schematic diagram of the setup which has
been used for performing the reactions. A triple reactor setup is
subjected to a shaking mechanism of reactor volume 100ml
each at a desired experimental temperature of 274K by
employing external chiller assembly and pressurized the vessel
at 30bar with CO2 and N2 gas. Hydrate formation is
accompanied by pressure drop inside the vessel. This pressure
drop, measured by employing a pressure transducer (WIKA
make; range: 0-25 MPa). Temperature and pressure inside the
vessel were recorded every five seconds using a data acquisition
system.

Figure2: Moles of gas consumed of CO2 & N2 in presence
and absence of NaCl without water

Fig1: Schematic diagram of the experimental setup
3. Results and Discussion
The experimental data obtained from the shaker reactor has
been reported and discussed. Figure2 shows CP and CO2 forms
hydrate without water at 274K and 30 bar pressure. The mole
consumption of nitrogen gas is too low; nitrogen doesn’t form
hydrate with CP. NaCl acts as a kinetic promoter when CP &
CO2 hydrate is formed without water but it acts as an inhibitor
in presence of water. CP & CO2 hydrate gives the highest gas
consumption [3]. From the literature, CP molecules form
structure II hydrate in presence of small gas molecules and it
occupies the large cages of the sII hydrate. Figure3 shows that
hydrate formation is more when CP and water are allowed to
form hydrate initially then pressurizing it with CO 2/N2 gas so
that all the large cages are filled by CP molecules and only small
cages are left for gas molecule.

Figure3: Gas uptake of CO2 & N2 in presence & absence of
NaCl
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1. Introduction

=0

The contamination of Arsenic in the aquatic environment is
a primary global concern even at low concentrationsdue to
its severe consequences forhuman health[1]. The water
bodies get contaminated with Arsenic through erosion and
dissolution[2]. Arsenic occurs in nature in both arsenite
[As(III)], and arsenate [As(V)] form, where As(V) is
foundthermodynamically more stable than As(III).
Therefore it ismore suitable to prioritize the removal of
As(V) from the water bodies.In this work, a convectivedispersive transport model characterizing the dynamics of
fixed-bed adsorption of As(V)on natural pozzolanis
developed[3].

(4)

3. gPROMS driven simulation
The above partial differential equation was simulated using
the gPROMS(Process Builder, Academic 1.5.1)
computational tool. The simulated results are obtained
asbreakthrough curves for different flow rates and initial
metal concentrations. The column parameters such as axial
dispersion and distribution coefficient are estimated by
simulating the model equations using the column
adsorption data[3]. The breakthrough and exhaustion time
were also calculated.The modeling algorithm used in
gPROMS can be seen in Fig.1.

2. Model and the process description
A glass column wasused to loadnaturalpozzolanin which
the As(V)solution was pumped into the column in a downflow direction.The As(V)passing through the column got
diffused through the liquid film surrounding the particles to
the particle surface and was adsorbed depending upon its
affinity towards the active site of the naturalpozzolan
adsorbent.
The convective dispersive equation used for the model is:

=−

+𝐷

−

(

)

(1)

The linear model is used to describethe adsorption of
As(V):
𝑞=𝐾 𝑐
(2)
With boundary conditions:
−𝐷

= 𝑣(𝑐 − 𝑐|

)

(3)

Fig. 1Modeling algorithm used in gPROMS
4. Results and Discussion
4.1 Effect of flow rate
The breakthrough curves of As(V)were predictedfor
different flow rates using gPROMS simulation at constant
initial concentration and bed height of 400 μg/L and
10cm,respectively as shown in Fig.2. As flow rate
increased, the breakthroughand exhaustion time decreased
from 138 mins to 76 mins and 720 min to 350 mins,
respectively.The dispersion coefficient increased while
increasing the flow rate from 0.4*10-6 to 1.6*10-6m2/s. At a

higher flow rate (2 ml/min), the As(V)apparently left the
column early without even achieving the equilibrium, and
hence, the contact time between the As(V) and the
adsorbentremained short.
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Fig.2 Breakthrough curve of As(V) at differentflowrates
4.2 Effect of initial concentration
The dynamics of As(V) over natural pozzolanwas tested by
changing the initial arsenic concentration from 100 to 400
μg/L, and the flow rate and bed height were kept constant
at 1mL/min and 10 cm, respectively as shown in Fig. 3.It
was observed that, as the initial concentration of Arsenic
increased,its breakthrough and exhaustion time decreased
from 114 mins to 70 mins and 403 mins to 245 mins,
respectively. The axial dispersion coefficient did not
change (i.e.,0.4*10-6m2/s) and hence remained independent
of initial metal concentration, suggesting that the dispersion
coefficient relies on the flow characteristics (i.e., Reynolds
and Peclet number).
4.3 Statistical analysis of simulation results
The simulation results of the current work were validated
with the literature[3], and the statistical parameters such as
the coefficient of determination (R2),root mean square error
(RMSE), and Chi-squared Values were estimated.The high
R2(0.9302-0.9643) and low Chi-squared (0.1061-1.8981)
and RMSE (0.01981-0.04736) values for different flow
rates and initial concentration demonstrate that the
proposed model can precisely predict column behavior.

Fig.3 Breakthrough curve of As(V) at different initial metal
concentration
5. Conclusion
The present work proposed a mathematical model to
analyze the convective-dispersive transport of Arsenic(V)
coupled with the adsorption physicson a fixed-bed of
natural pozzolan adsorbent. The breakthrough profiles of
Arsenic(V) were predicted as a function of flow rates and
metal initial concentration.Axial dispersion coefficient,
distribution coefficient, adsorption breakthrough time, and
exhaustion time were estimated.The mass transfer
parameters estimated in the present study could be crucial
for designing and upscaling of Arsenic(V) natural
pozzolanadsorption system.The current model can also be
applied for different adsorbate /adsorbent systems.
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1. Introduction
Dyes have been used as colorants for textiles for centuries.
The human desire for colors in all sorts of shades and tints
is responsible for the enormous quantities of dyes
manufactures globally. The consequent pollution of water
bodies with these chemical dyes wreaks havoc on the
environment. Researchers have evaluated the efficacy of
chemical, physical, and biological methods for improving
water quality, but they are beset with high costs, lengthy
operation times, production of sludge in large quantities,
and non- complete elimination of dyes. Adsorption is seen
as a more promising technique on account of its simplicity,
lesser requirement of capital, high efficiency, and the
desirable trait that the process can utilize locally available
bio- materials as adsorbents.
2.1 Experiment
The experimental setup as mentioned in [1]
comprises of fixed-bed Pyrex glass column having 12 mm
inner diameter. Desired amount of activated carbon is filled
in column over sieve supported by glass wool. The known
dye concentrations at pH 6.5 were pumped through the
column by peristaltic pump at desired flow rates. At regular
time intervals, dye samples were collected and their
concentration measured.
2.2 Data Collection
The data sets for the MR and the SVR model construction
were taken from the literature [1]. Data consisting of 250

sample points were normalized and randomized. The total
randomized data were split into 80 % training data and 20
% test data. The ranges of independent and dependent data
parameters are as follows: concentration (C; 50-200 mg/L),
bed height (B; 40-80 mm), flow rate (F; 10- 30 ml/min),
Time (T; 0- 86.02 min) and relative concentration (C/C0; 01).
3. Multiple regression model
The MR equation describes dependent variable as
a function of independent variables is given by:
Y = q0 +q1 ·X1 +q2 X2 + q3 X3 + q4 X4

(1)

In the equation 1, Y corresponds to output value; X1, X2, X3
and X4 represents the input parameters; q0 denotes the
constant of intercept and, q1, q2, q3 and q4 are the
coefficients of the MR equation.
4. Support vector regression model
The theoretical detail of support vector machines is
available in literature [2]. The support vector regression
makes use of data sets C = {𝑙 , 𝑚 ), (𝑙 , 𝑚 ), … . . , (𝑙 , 𝑚 )}
, such that each input li has its output mi. The goal of
epsilon SVR model is to fit the function, m = f (l), so that
when it is evaluated with unknown input data {li}, it can
predict the output values {mi}. The SVR model is
generated in Matlab.
5. Development of the models

The MR model was constructed using data analysis tool
in MS Excel with C, B, F and T as inputs, and C/C0 as an
output. For the development of SVR model for adsorption
of reactive black dye, the fitrsvm Library in Matrix
Laboratory Software was utilized [3]. It incorporates
sequential minimization optimization (SMO)) algorithm for
solving complex quadratic problem. The model
hyperparameter was optimized by Bayesian optimization.
The comparison between the constructed models on the
basis of statistical method was also analyzed.
6. Results and Discussion
6.1 Assessment of the MR model
The MR regression model generated with data analysis tool
yields the following model equation:
Y = -0.16413 + 0.15100(X1) – 0.17746(X2) + 0.22580(X3)
+ 0.55801(X4)
Figure 1 shows the MR prediction of reactive dye 5
adsorption. It can be seen that most of the train and test
data scatter away from the ideal fit. Thus, dye adsorption
prediction by MR model is not much accurate.

Figure 1: The MR prediction plot
6.2 Assessment of the SVR model
Figure 2 depicts SVR plot between experimental and
predicted values. Almost all the values lie in close
proximity with the ideal fit line, showing the robustness of
the SVR model for column adsorption of reactive black
dye.

Figure 2: SVR prediction plot
6.3 Comparison between the MR and the SVR models
The statistical comparison between the said models is
given in Table 1. It can be noted that the
t error values for
SVR model are much lesser than the MR model for
unknown test data sets.
SVR Test data
MR Test data
Parameter
AARE
0.0158
0.1253
RMSE
0.0131
0.0966
MRE
0.0166
0.1004
R2
0.9952
0.7508
4. Conclusion
The MR and SVR models were developed
d
for
prediction of fixed- bed reactive black 5 dye adsorption.
The R2 value for SVR model was 0.995 while for MR
model it was 0.7508 for test data sets. Thus, SVR model is
highly efficient and accurate,, and can be utilized for
designing adsorption equipments.
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1. Introduction
Polypyrrole was complexed with biomass derived acid
activated carbon (AC); resulting to elevated N-content
adsorbent for enhanced adsorptive removal of emerging
contaminant, Sulfamethoxazole (SMX). Process parameters
influencing the efficient adsorption of SMX by the
adsorbent were optimised. Morphological alterations due to
polypyrrolecomplexation over acid activated carbon and
SMX adsorption were characterized. Recyclability studies
verified the adsorbent could be re-used upto 4-5 cycles
following consecutive desorption.Phytotoxic assay
involving Vigna mungo seed germination (in cm) and seed
growth inhibition (%)were studied to affirm the efficacy of
the adsorbent in adsorbing SMX species from aqueous
solutions.
2. Material and Methods
2.1 Preparation of polypyrrole complexed acid activated
carbon (adsorbent)
2.1.1 Preparation of acid activated carbon
Pongamiapinnata shells were treated with 88% orthophosphoric acid followed by carbonisation at 673 K,
resulting to formation of acid activated carbon (AC). Acid
treatment caused cross-linking to create a rigid porous
matrix and oxidised the surface to produce acidic
functional groups. Carbonization promoted porous
morphology and volatile pore matrices[1, 2].
2.1.2 Complexation of polypyrrole with acid activated
carbon
Polypyrrolecomplexed activated carbon composite (PPyAC) was prepared via in-situ oxidative polymerisation
using ammonium persulfate as the oxidantwithbiomass
derived activated carbon as the substrate for pyrrole
polymerisation[3, 4].

2.2Characterization
studies

and

sorbent-sorbate

interaction

Surface morphology of AC, PPy, PPy-AC and the changes
due to SMX adsorption was characterised using scanning
electron microscopy (SEM). Surface elemental analysis of
the samples were done by Energy-dispersive X-ray
spectroscopy (EDX). Process parameters influencing the
adsorption of SMX by PPy-AC viz. the initial pH of SMX
solution, initial SMX concentration, and variable dosage of
PPy-AC were optimised.
2.3Recyclability analysis
Recyclability assessment of PPy-AC in removing SMX
was done via repeated cycles of adsorption followed by
desorption with 0.1 N NaOH (desorbing agent).
2.4 Seed germination phytotoxicity analysis
Vigna mungo (black gram) seeds were used for phytotoxic
assessment of adsorptive removal of SMX species by PPyAC. It was conducted as per the prescribed guidelines
mentioned in USEPA, 1996 [5], with some additional
modifications. Vigna mungoseeds were germinated in 3
different SMX concentrations viz. 10 mg/L, 50 mg/L and
100 mg/L,for a period of 7 days at room temperature.
3. Results and Discussion
3.1 Characterization of adsorbent
Fig. 1A represents the SEM image ofAC prior to
PPytreatment. AC surface exhibits the typical honey comb

porous structure with variable pore sizes and densities. Fig.
1Bshows
shows the presence of PPy fibres over AC
AC; thus
verifying the polymerisation of the pyrrole molecules on
the carbon surface. However, post SMX adsor
adsorption there
was a gradual reduction in the pore density along with the
polypyrrole molecules over the adsorbent’s surface, as
depicted in Fig. 1C.
For EDX analysis,PPy-AC
AC spectrum has high nitrogen (N)
peaks
compared
to
AC
spectrum,
indicating
polypyrrolecomplexation over AC. Occurrence of sulphur
(S) peaks after PPy-AC/SMX proved the adsorption of
SMX species, as illustrated in Fig. 1C. Phosphorous (P)
peaks verified phosphoric acid activation.

AC

PPy-AC

available vacant sites reduces and so does the adsorption
efficiency (%). Simultaneously
ultaneously, with elevated SMX
concentration, the extent of filled adsorption sites also
increases and so does the adsorption capacity (mg/g) of
PPy-AC.

PPy-AC/SMX
AC/SMX

Figure 1: SEM and EDS analysis of A: AC; B: PPy
PPy-AC
and C: PPy-AC post SMX adsorption
3.2 Sorbate-sorbent interaction analysis
Due to its pKa values at 5.7, SMX species tend to acquire
negative charges at ph≥5.7[6].Simultaneously
.Simultaneously, at pH 6.0,
polypyrrole species tend to acquire two pre
pre-dominant
cationic states vis. polaron state and bi-polaron
polaron state [7].
Henceat pH 6.0,, positively charged polypyrrole species and
negatively charged SMX species promote strong
electrostatic interactions among them, thus reso
resorting to
efficient removal of SMX species at pH 6.0(Fig.
(Fig. 2A).
Fig. 2B shows the adsorption efficiencies (%) of PPy
PPy-AC
elevatedwith increasing dosage,, until it reaches to
equilibrium. The was due to the availability of vacant
active sites with increasing adsorbent dosages
dosages,for a fixed
SMX concentration.
Fig. 2C represents the effect of initial concentration of
SMX (20–100 mg/L) over optimised dosage of PPy
PPyAC.The adsorption capacity (mg/g) of PPy--AC shows an
opposite trend with its adsorption efficiency (%). The
number of available adsorption sites govern the adsorption
efficiency (%) of the adsorbent. Thus, as the initial
concentration of the SMX species elevated,, the number of

Influence of process parameters A: initial pH of
Figure 2:Influence
SMX solution; B: dosage of PPy-AC
PPy
and C: initial
concentration of SMX
3.3 Recyclability analysis
Fig. 3 depicts the variation of adsorption efficiency (%) of
SMX by PPy-AC after every adsorption-desorption
adsorption
cycle.
There was a significant drop in the adsorption efficiency
from 1st cycle (80.82%) to 4th cycle (42.52%).This
(
could be
due to deterioration of the adsorbent’s surface,
surface
accompanied by the morphological disruption of the active
sites which intensifies after every consecutive cycle.
After the end of 5th cycle, there was a slight increase in the
adsorption efficiency. It could be due to wearing off of the
PPy fibres, which could have exposed carbon surface
thatmay have contributed to extra adsorption of SMX
species. Following the 5th cycle, the adsorption efficiency
followed a gradual decline.

References
1.

2.
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3.4Seed germination phytotoxicity analysis
The mean root length of the Vigna mungo (black gram)
seeds germinated in distilled waterwas 9.25 cm. The seeds
germinated in SMX solution prior adsorption treatment
showed reduced root lengths (cm) with high growth
inhibition (%) viz. 7.1 cm (23.24%) for 10 mg/L, 4.7 cm
(49.20%) for 50 mg/L and 4.0 cm (56.76%) for 100 mg/L
of SMX solution (Fig. 3).. Seeds germinated with SMX
samples post adsorptive treatment showed improved root
lengths (cm) with low growth inhibition (%) viz. 9.0 cm
(2.7%) for 10 mg/L, 7.7 cm (16.76%) for 50 mg/L and
6.3 cm (31.89%) for 100 mg/L of SMX solution
solution.

4.

5.

4. Conclusion
Polypyrrole enhanced the N-content
content over activated carbon
surface, as verified by EDX analysis that made it effective
in eliminating antibiotic species under optimised
conditions. The experimental adsorption capacity of PPy
PPyAC (2 mg/mL of SMX solution)
lution) was 51.22 mg/gm for 100
mg/L of SMX (pH 6.0). Desorption studies verified the
recyclability potential of the adsorbent for up to 4-5 cycles.
Phytotoxicity assessment verified improved seed
germination in SMX solutions post adsorptive treatment,
verifying the effectivity of the adsorbent in eliminating
SMX.
Conclusively, polypyrrolecomplexation can be considered
as an effective alternative to eliminate antibiotic pollutant
species from aqueous solutions.
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Abstract:

The present article emphasizes characterizing various raw materials used for the preparation of indigenous clay-based ceramic
water filters, which are generally housed inside a setup made of cement and are used extensively mostly by the rural population
of north-eastern India, especially Tripura. The performance of such a purifier was also evaluated to give a clear picture of the
working of the setup. Various characterization methods, such as FESEM-EDAX, FTIR, XRD, were used to understand the
morphological characteristics as well as the various elements, functional groups, and phase transformation of the feed material
as well as the ceramic filter. Various analyses such as pH, TDS, turbidity were carried out to evaluate the performance of the
ceramic filter. The various characterization methods indicated the presence of mostly silica and clay in the samples, along with a
lignocellulosic presence due to the rice husk. The elemental analysis showed the presence of Pb and As in the clay samples
used for the preparation of the filters. The product water collected after 24 hours was found to be high in TDS and pH above the
permissible limit, indicating the necessity of scientific preparation of such an indigenous membrane for the well-being of its
users.

Keywords: Ceramic membrane, water purification, indigenous membrane

1. Introduction
In north-eastern India, Tripura is a small hilly land-locked
state and is rich in biodiversity reservoirs, Aggressive
civilization, and rapid growth in industries which result in
pollution, also cause different species loss on our earth,
which causes danger to our biodiversity. Different tribes in
Tripura still depend on river water as a drinking water
source and for ritual ceremonies also. There are various
reasons which make the water unsuitable for drinking, and
one such reason is that the water obtained is found to be
very acidic. The present project work is to investigate the
performance quality of ceramic-based cement water filters

which are available at low cost in local shops in Tripura.
The present work thus focuses on characterizing the raw
materials used for the preparation of such filters and
evaluating the performance parameters of such filters.
2. Material and Methods
2.1 Materials
The raw materials for preparing the ceramic filter were
collected from a local manufacturing unit. The raw
materials are clay, sand, and rice husk. A cement sample

was obtained from one such setup where the ceramic filter
is generally housed.
2.2 Methods

TDS(ppm)

27.3

62.425

pH

6.757

9.142

Turbidity(NTU)

0.972

0.237

56.8

187.525

pH

28.325

93.975

TDS(ppm)

6.75

10.417

Turbidity(NTU)

0.992

0.170

Powdered raw material samples were dried in an oven
overnight at a temperature of 75˚c and were then sent for
FESEM-EDAX, FTIR, and XRD analysis. Deionized water
was used as the feed solution for the membrane filter setup
(Fig.1). The permeate samples were collected at a time
interval of 2,4 and 24 hours and were analyzed by using a
portable TDS meter, conductivity meter, and turbidity
meter.

Filtrate
(24 hr)

3. Results and Discussion

4. Conclusion

3.1 FESEM and EDAX analysis

a

b

Fig. a and b shows the FESEM image of and EDAX image
of the filter candle respectively.

3.2 pH, TDS, Turbidity, and Conductivity analysis:

Filtrate
(4 hr)

In the present study, the EDAX analysis revealed that Pb
and As were present in small amounts in the filter candle,
which is harmful to human health. Also, it has been found
from the various water parameter analysis that the sample
collected after 24 hours has a high TDS level as compared
to the samples collected at 2 hours and 4 hours, which may
be due to the reason that some of the elements present in
the water filter might have leached into the permeate,
which may also include the harmful heavy metals present
in the candle. The pH was also found to have been
enhanced above the permissible limit of drinking water.
This study thus brings forward some of the urgent steps
which must be adopted for manufacturing such clay-based
water purifiers so as to ensure and obtain safe and healthy
drinking water.

Average
input

Average
output
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1. Introduction
The water demand is getting increased due to increasing
industrial activity and boost in population however, hard to
reach its availability. The researchers are directing in
search of strategies to recyclewastewater that can reduce
the stress on freshwater as its demand is too high. Recently
some of the research are published on the recycling of
greywater, rainwater and other types of wastewaters that
other than blackwater (Boyjoo et al., 2013). In most, the
greywater is generated in a large volume from the
washbasin, kitchen sink, washing machine, bathroom. That
contributed
around
60
-80%
of
the
entiredomesticeffluent(Boyjoo et al., 2013). A work
published by Edwin and co-authors has observed that an
additional 70% of the 920 liters of water that is provided
everyday is used in the kitchen, shower, and washing
purposes(Edwin et al., 2014). Therefore, recycling of
greywater originated from the different household activities
can contribute to reducing the stress on freshwater demand.
Several treatment processes are being investigated to treat
the greywater pollutants such as; adsorption (Patel et.,
2020), filtration, wetlands (Saumya et al., 2015), ultraviolet
disinfection(Vakil et al., 2014), electrocoagulation (Jung et
al., 2015), biological treatment (Nayal et al., 2017),etc. All
these treatment processes have their own restriction.
However, adsorption was found to be more versatile, easy
in operation, low cost, and adoptive process for the
treatment of greywater. Moreover, if a sand filter is
attached asapreliminary treatment unit prior to the
adsorption system may be able to remove large organic
pollutantssuch as; turbid particles and suspends solids from
greywater.

The present investigation aims to develop a ZnCl2
modified sawdust carbon (Zmsc) to remove the COD
(chemical oxygen demand) and BOD (biological oxygen
demand) from greywater. The batch adsorption study was
performed to obtain the adsorption capacity of the
developed adsorbent. The different mathematical models
such as isotherm and kinetic model used to authenticate the
experimental data and to get the maximum adsorption
capacity and rate constant of the process.
2. Material and Methods
2.1 Materials
The chemicals required in this study were acquired from
Thomas Baker Limited Mumbai India. The distilled water
was adopted for the preparation of all type’sreagents.
2.2 Greywater characteristics
The real greywater was gathered from the Institute hostel of
IIT Roorkee, India. The analysis of samples was made as
per the American Public Health Association, standards. The
greywater can be keptpreservedby adding 2 ml of sulfuric
acid per liter of the sample at 4oC.However, it is required to
use it before48 hours of preserved time to ignore the
chemical transformation in the sample.The examination of
parameters conducted and are found the initial
concentration of COD is 554 mg/L, BOD is 120 mg/L,
electrical conductivity (EC) is 2940 is (µS/cm), total
dissolved solids (TDS) is 1911 mg/L, pH is 9.7,Turbidity is
150 NTU, Nitrate is 14 mg/L, Phosphorous is 8 mg/L.
2.2.2Synthesis of ZnCl2 modified sawdust carbon (Zmsc)
About 20 grams of dried samples of SDwere impregnated
individually with ZnCl2. Impregnated samples were kept in

a pyrolizer for 1 h at 500 0C ata constant supply of
nitrogen. The obtained carbon was washed repeatedly with
distilled water to eliminate the trace element from its
surface. The washing was done till the pH of the washed
liquid is reached neutral (7). Further, it was kept in the hot
air oven for overnight drying at 110oC.The obtained desired
form of ZnCl2 modified sawdust-activated
activated carbon ((Zmsc)
was used in the adsorption process.

However, there is no significant adsorption of COD, and
BOD is seen on further increase in the adsorbent doses.
doses

2.2.3 Batch adsorption experiments
The adsorption study of the collected greywater sample is
conducted in a batch mode. The 150 ml of
samplebottleswere kept for agitation in an incubator shaker
at 150 rpm and the temperature was kept to 27oC. The
study was performed to evaluate the performance of Zmsc
in different operating conditions; such as;; pH effect, the
effect of adsorbent mass,, and the effect of variation in
contact time were performed to investigate the performance
of Zmsc for the removal of COD and BOD from real
greywater samples. The amount of COD and BOD
adsorbed on the per gram of Zmsc surface at equilibrium
condition
dition is calculated from Eq. 1, and the removal
percentage of COD and BOD from given Eq. 2.
q =

(

)×

Removal % =

(1)
× 100

(2)
where V is the sample volume.
3. Results and Discussion
The experiment hasled in the batch operation to inspect
the pH effect and the effect of mass of adsorbent in the
removal of COD and BOD from greywater sample
samples(Fig. 1).
From Fig. 1 (a) it can be observed that with an increment
in the pH value the percentage removal of COD and BOD
is increased upto a certain pH value (~7). Further
urther, increase
in pH value above pH~7, a decreasing trend of removal
percentage of COD and BOD is observed
observed. It can be
considered that the optimumvalues (pH ~7)can
can be used for
further investigation for the adsorption of COD and BOD
from greywater.
From Fig 1. (b) it can be observed that with an incre
increment
in the adsorbent mass the COD and BOD removal
percentage is increased upto a certain dose (8 g/L) of Zmsc.

Figure 1:(a) pH effect and (b)) Effect of adsorbent dose
4. Conclusion
The currentinvestigationdemonstrat
demonstrates the performance of
Zmsc for the removal of COD and BOD from real
greywater samples.For the optimum conditions of pH 7
and adsorbent dose of 8 g/L, the
he removal percentage of
COD and BOD are found to be 97.83 and 95.83,
95.83
respectively. The R2 values calculated with kinetic
models are closer to unity and indicated that the process
followed
by
the
pseudo-second-order
pseudo
kinetic.
Theequilibrium models respond well with the
experimental data, the calculated maximum adsorption
capacity with Langmuir isotherm for COD and BOD
adsorptionisfound to be 117.64 and 32.57, respectively.
The correlation coefficient value for COD and BOD are
0.95 and 0.91, respectively. The accomplished
a
process is
competitive as it can generate the treated water with a
lower pollutant concentration inherent CPCB norms.
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Abstract
Fenton-like advanced oxidation processes (AOPs) can
inexpensively remedy a variety of organic wastewaters.
However, homogeneous AOPs suffer from excessive
salination and sludge generation. In this work, we valorized
rice husk ash to recover silica, which we further impregnated
with Fe(II) or Fe(III) salts to render it into a family of
heterogeneous AOP catalysts. The as-prepared catalysts
were used to activate H2O2 to degrade rice mill wastewater.
The effects of temperature, dosage, and pH on the kinetics
of the decay were investigated.
1. Introduction
In comparison to maize and wheat, rice provides two times
the energy per unit area under cultivation. Consequently, it
can support larger populations (Lim et al., 2014). Rice mill
wastewater (RMWW) is acidic (4.5 ≤ pH ≤ 5.5), and
contains up to 284 mg/L lignin and 32 mg/L phenol, and has
a chemical oxygen demand (COD) in the range of 1600–
4200 mg/L (Thirugnanasambandham et al., 2013, Kumar et
al., 2016b). Developing economical and effective methods
for the remediation of these wastes is critical, because their
discharge into important natural waterbodies causes severe
eutrophication.
The rice parboiling process generates approximately 15 L
wastewater per kg of rice produced (Kumar et al., 2016a).
Parboiling steam is produced by combusting the rice husk

originating from the de-husking of rice grain, due to its high
calorific value (~13.6 MJ/kg), generating ~0.22 kg of rice
husk ash (RHA) per kg of finished rice (Kumar et al., 2016a).
RHA is traditionally disposed of in landfills, which harms
the environment. This work recovers silica and carbon from
RHA, and functionalizes the former to act as a
heterogeneous AOP catalyst for degrading RMWW.
2. Materials and Methods
2.1 Materials
RHA and RMWW were procured from Sreema Rice Mill in
Bardhaman, West Bengal, India. All other reagents were of
analytical grade (Emparta, Merck, India), and were used
without further purification.
2.2 Methods
2.2.1 Recovery of silica from RHA
Initially, silica was digested from RHA using 1–4 N NaOH:
SiO2 + 2NaOH → Na2SiO3 + H2O

(1)

The suspended carbon particles were filtered out of the
solution. Thereafter, Na+ was substituted from the silicate
group using a strong acid to yield silica:
Na2SiO3+H2SO4 → SiO2 (gel)+Na2SO4+H2O

(2)

This step was performed as a titration, with the endpoint
being a neutral pH (~7.0). The silica gel was dried in an air

or vacuum oven at 105 °C for 24 h and crushed to 90 µm or
finer size.
2.2.2 Modification of silica to support Fenton’s catalyst
A solution of 3% (w/v) Fe (III) salt and 4–8% (w/v) HCl,
HNO3, or H2SO4, was used to titrate the silicate solution, and
the titration was terminated at pH = 3.
Na2SiO3+FeSO4 → SiO2 (gel)+FeSO4+H2O

(3)

2.2.3 Characterization

Normalized FT-IR spectra of silica (black line), FeSO 4titrated catalyst (blue line), and a new catalyst in
development (red line).
3.2 Performance
The treatment achieved 45–95% COD removal in 2 h. The
COD removal plateaued with time, and fitted a second-order
rate equation closely (R2 ≈ 0.91). Plots of residual COD vs
time are presented in Fig. 2.

The as-prepared samples were characterized using FT-IR
spectroscopy and XRD measurements. The XRD patterns
were matched by PANalytical X’Pert Highscore Plus using
the ICDD PDF-2 release (2003).
2.2.5 Treatment and kinetic study
Conical flasks containing RMWW were dosed with the
catalysts and agitated at 140 rpm and 40–60 °C for 120 min
using an incubator-shaker. Samples were drawn at 10–30
min intervals, centrifuged, and the COD of the clear
supernatant was determined. MATLAB R2015a was used to
fit the kinetics.
3. Results and Discussion
3.1 Characterization
The FT-IR spectra and matched XRD patterns are shown in
Fig. 1.

Figure 2: Residual COD vs. time at different H2O2 dosages.
4. Conclusion
The catalysts developed herein may be used to treat
agricultural wastewaters, and the valorization of RHA can
create a profitable destination for the high-volume solid
waste, while using it to remedy another hazardous waste.
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1. Introduction
Membrane-based filtration is considered a sustainable
process for water treatment and separations in organic media.
Among the recent efforts towards sustainable membranes,
graphene-based membranes possess unique properties with
good stability and chemical compatibility [1]. Reduced
graphene oxide (rGO) can be sustainably derived from the
graphite of used batteries. NaFeS2 (NFS), a ternary metal
sulfide occurs naturally as erdite and its storage is problematic
because of its reactivity with air and water [2]. Being
photocatalytically active, incorporation of NFS into a
composite membrane could offer additional membrane
functionality. The rGO-NFS composite membrane was
prepared using a pupae-derived solution from silkworm
(Bombyx mori) as a binder that mitigates environmental
problems and eliminates the use of conventional fluorinebased binders. In the present work, we prepared rGO–NFS via
hydrothermal treatment using a natural pupae binder to form
composite membranes and investigated their performances for
water & acetone fluxes; ability to filter salts, dye, & industrial
pollutants & long-term stability in a continuous filtration
system.
2. Material and Methods
2.1 Materials

Graphite powder was acquired from Sigma-Aldrich. Iron
nitrate nonahydrate (Fe(NO3)3·9H2O), sodium sulfide
nonahydrate (Na2S·9H2O), acetic acid (CH3COOH), sodium
hydroxide (NaOH), were purchased from Loba Chemie and
were of analytical grade. The nylon support was obtained from
Riviera Glass. The B. mori was kindly provided by Karnataka
State Sericulture Research and Development Institute,
Bangalore, India.
2.2 Methods
2.2.1 Preparation of GO
GO was synthesized via Tour’s method and NFS was
synthesized hydrothermally [3]. For the preparation of rGO–
NFS composites, the same procedure was followed, where
minimum quantity of GO was dispersed in water before the
addition of NFS precursors and the mixture was subjected to
the hydrothermal treatment. The protein solution was prepared
by dissolving a known amount of protein powder in 0.1-M
NaOH solution.
2.3. Fabrication of the membranes
The hydrothermally synthesized rGO–NFS powder was
ultrasonically dispersed in the pupae protein solution and the

composite was deposited as a membrane on a nylon support
using an all-glass filtration unit Figures 1(a & b).
a

3.3. Analysis of membrane performance
The rejections of all the tested solutes gradually increased with
increasing filler concentration. The highest solute rejections
were exhibited by the membrane with the largely filled
composite having 98%, 94%, 95%, and 78% for RhB, DCP,
MgCl2, and NaCl, respectively (Figure 2d). The long-term
performance tests over a week of continuous filtration showed
a stable water flux for all the tested membranes.
b

a
b

c

d

Figure 1(a). Pictorial representation of the nanofiltration
process; (b) Schematic of the synthesis and membrane
fabrication procedure.
2.4. Membrane Studies
The nanofiltration performance of the prepared composite
membranes was studied using a cross-flow filtration system.
All aqueous nanofiltrations were performed at an applied
pressure of 6 bar, while the OSNs were performed in acetone
at 10 bar. RhB, DCP, NaCl, and MgCl2 were used for the
rejection studies in water. The concentrations of the organic
pollutant and the dye were analyzed using an UV–Visible
spectrophotometer.
3. Results and Discussion
3.1. Chemical investigation of the membranes
The crystallinity of the prepared samples and the
corresponding functional groups in the membrane samples
were analyzed using X-ray diffractometer and FTIR (Figures
2(a & b)). The removal of a substantial amount of oxygen in
the GO contracted the interlayer distance between the
graphene sheets in GO and rGO, confirming the reduction of
GO to rGO and also the formation of rGO-NFS
hydrothermally. The composite rGO–NFS membranes were
characterized by various spectroscopic, microscopic and
analytical techniques.
3.2. Morphological analysis of the membranes
The rGO flakes, NFS nanorods, layered structure of the rGO
sheets and surface morphology were analyzed using SEM,
TEM and AFM (Figure 2c).

Figure 2. (a). XRD patterns of all the synthesized materials,
(b). FT-IR spectra indicating functional groups present in the
membranes, (c). AFM of the membrane sample, (d).
representing the flux and rejection of the prepared membranes.
4. Conclusions
The sustainable composite nanofiltration membranes prepared
hydrothermally showed an increase in the rejection efficiency
with an increase in filler concentration, but decreased the flux.
The use of a pupae binder resulted in a robust nanocomposite
membrane that demonstrated stable filtration performance in
both water and acetone filtration over a week.
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1. Introduction
Electrocoagulation (EC) is an environment-friendly
technology for wastewater treatment. EC is characterized by
the removal of contaminants via the electrolytic dissolution
of sacrificial electrodes followed by precipitation and charge
neutralization. It has several advantages, such as no external
addition of chemicals as coagulants resulting in less
generation of sludge. However, it has drawbacks of high
electrical energy consumption and electrode passivation [1].
The addition of an electrolyte enhances the conductivity of
effluent hence electrical energy consumption will reduced
[2,3]. However, all the electrolytes do not provide equal
enhancement in the conductivity of the solution and thereby,
the efficiency of the process[4]. Few studies have been
reported in the literature highlighting the effect of
electrolytes. Therefore, efforts have been made in the
present study to investigate the effect of different anions on
the performance of electrocoagulation by performing
experiments with synthetic dye aqueous solution.
2. Material and Methods
2.1 Materials
All the chemicals used in this study were of
analytical grade and were purchased from Allied Scientific
Chemicals, India. A commercially sample of C.I. reactive
orange 4 dye was purchased from a local market and used
without further purification. Pure aluminum sheets were
used as electrodes.
2.2 Methods
2.2.1 Dye solution

A synthetic dye solution was prepared by
dissolving the dye in distilled water. The conductivity of
solution was changed by adding NaCl. The effect of anions
on the performance of EC were studied by adding Cl-, SO42, NO3-, CO32- electrolytes.
2.2.2 Experimental procedure
The experiments were carried out in 500mL glass
beaker. Electrodes were placed vertically with 1cm gap. The
electrodes were connected to a DC power source
(GWINSTEK, GPS 4303 India; 0-30 V /0-3 Amp.). The
contents in the glass beaker were stirred by a magnetic stirrer
(SPINOT 02, India). The electrical conductivity and pH of
the synthetic dye solution were measured using a benchtop
conductivity meter (Mettler-Toledo AG 8603, Switzerland)
and HANNA. After the stipulated electrolysis time, the
treated solution was kept for 120 min to allow settling of the
coagulated species, leading to clear supernatant liquid and
the sludge.
2.2.3 Performance analysis
The dye concentration in the solution was
determined from its absorbance characteristic using
spectrophotometer (Genesys 105 UV-VIS, Madison WI
53711-4495 U.S.A.) at λmax = 490nm.
The performance of EC was analysed in terms of the
color removal efficiency (CRE) and electrical energy
consumption (EEC).
𝐶𝑜 −𝐶𝑡
) ∗ 100
𝐶𝑜

𝐶𝑅𝐸 (%) = (

Where Co and Ct are dye concentrations before and after
treatment in mg/L, respectively.

3. Results and Discussion
3.1 Effect of solution conductivity on the performance of
EC
In this study, effect of solution conductivity has
been explored by adding a known amount of sodium
chloride (NaCl) salt. The results were interpreted in terms of
CRE, cell potential & EEC and are shown in Table 1. It can
be seen that an increase in the NaCl concentration from 0 to
40 mg/L (conductivity = 148 µS/cm) results in an
enhancement in CRE from 15.36 % to 80.76 % a. Whereas,
cell potential (from 25 V to 17.5 V) and energy consumption
(from 5 kWh/m3 to 3.5 kWh/m3) were reduced as the NaCl
concentration increased from 0 to 40 mg/L. No significant
effect on CRE observed as salt concentration increased to
120 mg/L.
Table 1: Effect of NaCl concentration on color removal
efficiency and electrical energy consumption
EEC
NaCl
Conductivity
CRE
Cell
(kWh/m3)
(mg/L) (µS/cm)
(%)
potential
(V)
0
65
15.36
25
5
20
126
43.94
23.5
4.7
40
148
80.76
17.5
3.5
60
202
81.71
13.1
2.62
80
264
83.3
12
2.4
100
311
83.62
10
2
120
360
86.47
9.4
1.88
3.2 Effect of anions on the performance of EC
An equal amount of each electrolyte (40 mg/L) was
added to the synthetic dye solution (C0 = 80 mg/L) and the
results in terms of CRE are shown in Figure 1. It can be
observed from Figure 1 that higher CRE was obtained using
electrolytes containing chloride ions {NaCl, NH4Cl, KCl},
compared to electrolytes without chloride ions. This may be
due to potent oxidants generated by chloride ions.
Furthermore, Cl- anion, resulting in more generation of
aluminum hydroxide through pitting corrosion. However,
the use of Na2SO4, Na2CO3, and NaNO3 as electrolytes
resulted in lower color removal efficiency of 59.8 %, 40.88
%, and 83.5 %, respectively, compared to KCl, despite
having almost the same solution conductivity. This is due to
the fact that SO42- and CO32- act as passivation agents
thereby reducing the metal cation dissolution.

Figure 1: Effect of type of electrolytes on color removal
efficiency and solution conductivity (J: 0.833 mA/cm2, NaCl
conc.: 40 mg/L, C0: 80 mg/L, d: 1 cm)
4. Conclusion
In the present study, the effect of type of anions on
the performance of electrocoagulation has been studied. The
electrolytes containing different anions were added to the
synthetic dye solution and electrolytes containing chloride
ions yielded higher CRE compared to electrolytes containing
SO42- and CO32-. The maximum CRE and lower EEC and
operating cost were obtained by the addition of sodium
chloride.
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1. Introduction
Acid-activated carbon was prepared from Sterculia villosa
Roxb.shells
and
was
magnetized
by
coprecipitation technique to prepare magnetic acid activated
carbon (MAAC); as an efficient adsorbent to eliminate an
emerging antibiotic contaminant i.e. Ciprofloxacin (CIP).
Magnetization promoted easy separation from the reaction
mixture using a magnet. Process parameters influencing the
efficient adsorption viz. initial pH of CIP solution,
adsorbent dosage and initial concentration of CIP were
optimized. Morphological alterations due to magnetization
over acid activated carbon and CIP adsorption were
characterized. Vibrating Sample Magnetometer (VSM)
analysis confirmed the superparamagnetic behavior of the
adsorbent.Influence of coexisting metal anions and cationic
salts showed a negligible influence on the adsorption
efficiency of MAAC. Recyclability studies verified
removal efficiency of 43% after the end of 5th adsorptiondesorption cycle; thus affirming its recyclability potential.
2. Material and Methods
2.1Preparation of magnetic acid activated carbon
Pulverised Sterculia villosa Roxb. shells were acid
activated using phosphoric acid, followed by its
carbonization at 400 0C, resulting to the formation of acid
activated carbon (AC)[1]. The prepared AC was
magnetized using FeSO4.7H2O, and FeCl3.6H2O derived
magnetic nanoparticles.
2.2 Surface characterization and adsorption studies
Morphology and topology of MAAC, both before and after
magnetization and adsorption via scanning electron
microscopy (SEM). Elemental composition analysis was
carried out by Energy-dispersive X-ray spectroscopy

(EDS). Magnetic properties of MAAC was detailed by
Vibrating Sample Magnetometer (VSM). Process
parameters influencing the adsorption of CIP by MAAC
were optimised one variable at a time and studied.
2.3 Recyclability and influence of co-existing ions studies
Recyclability assessment of MAAC was carried out by
repeating multiple cycles of adsorption-desorption. Spent
MAAC was treated with 0.1 N NaOH, after every
adsorption cycle to shed out any CIP species. The excess
NaOH was then removed via continuous washing with
distilled water, and then washed MAAC was dried and reused for subsequent adsorption-desorption cycles.
2.4Influence of co-existing cations and anions
Adsorption was performed in the presence of different
cationic and anionic salts to investigate the effect of coexisting ions. Anionic ions: chloride (Cl-1), carbonate (CO32
), sulfate (SO4-2), nitrate (NO3-1) and phosphate (PO4-3)
were considered and cationic ions: copper (Cu+2), lead
(Pb+2), ferric (Fe+3), cobalt (Co+2), and nickel (Ni+2) were
selected. The influence of co-existing cations and
anionswere performed with antibiotic solution in 1:1 ratio.
3. Results and Discussion
3.1 Characterization of MAAC
Fig. 1 (A, B, and C) depictsthe surface morphology of AC,
MAAC, and MAAC-CIP, respectively. The surface of AC
shows irregularity with multiple pores. MAACsurface
shows uneven morphology with aggregates of iron oxides,
formed due to co-precipitation of ferrous (Fe+2) and ferric
(Fe+3) ions on the surface of AC, concluding the coating of

AC surface with magnetic nanoparticles.The surface of
MAAC-CIP becomes smooth wherever CIP is adsorbed.
EDS analysis confirms the formation of iron oxides where
the elemental composition of Fe and O have increased from
1.1% and 13.5% to 58.2 and 29.3%, respectively Fig. 1 (D,
E and F).
VSM analysis of MAAC, MAAC/CIP (after adsorption)
and MAAC_D (after desorption) are shown in Fig. 1G, and
as represented the hysteresis loop is similar to S. The
adsorbent displays a superparamagnetic behaviour as the
magnetic reminisce was zero[2]. The saturation
magnetization (Ms) were approximately 18.2, 18.0 and 7.6
emu/g for MAAC, MAAC/CIP and MAAC_D,
respectively.

availability of vacant active sites with increasing adsorbent
dosages, for a fixed CIP concentration.

Figure 2 (A): Zeta potential of MAAC; Effect of process
parameters, (B): initial pH of CIP solution; (C): dosage of
MAAC and;(D): initial concentrations of CIP influencing
adsorption by MAAC.

Figure 1:SEM image of (A)AC;(B)MAAC and; (C)
MAAC/CIP; EDS plot of (D)AC;(E)MAAC; and
(F)MAAC/CIP; (G) VSM plot of MAAC, MAAC/CIP and
MAAC_D.
3.2 Influence of process parameters
Fig. 2A presents the pHpzc experiment analysis plot, and
Fig. 2B represents the analysis result of the effects of pH
on CIP adsorptive removal efficiency. MAAC pHzpc is
determined to be 7.1, that means at a pH solution > 7.1, the
MAAC will be covered with negative OH− charges.
Specifically, at pH between 6.1 (pka1 of CIP molecule) and
8.7 (pKa2 of CIP molecule), the CIP molecule will exhibit
both negative and positive charges, due to the
deprotonation of carboxyl group and protonation of amine
groups, respectively. Thus, in the pH range of 6.1–8.7, the
maximum electrostatic attraction will be achieved between
the MAAC and CIP. Fig. 2Cshows the adsorption
efficiencies (%) of MAAC elevated with increasing dosage,
until it reaches to equilibrium. The was due to the

The adsorption capacity (mg/g) of MAAC gradually
increases and while its adsorption efficiency (%) slightly
decreased, with increasing initial concentration of CIP (Fig.
2D). The main driving force during the adsorption process
is the number of available adsorption sites on the MAAC
surface and if the initial concentration of CIP increases,
theseavailable adsorption sites reduces and so does the
adsorption efficiency (%). Conversely, the adsorption
capacity (mg/g) for MAAC was determined by the intensity
of filled adsorption sites. Therefore, if the initial
concentration of CIP increases, the adsorption capacity of
MAAC also increases.
3.3 Influence of co-existing ions
A nominal reduction in adsorption efficiencies was
observed in case of co-existing cations as compared to the
no-ions setup. This reduced adsorption efficiencies by
MAAC was due to the transformation of the metal ions to
their hydration forms viz. M(OH)+ and M(OH)X in the
aqueous medium. The adsorption behaviour was influence
by the metal radii in aqueous solution [3]. Larger the ionic
radii of the metal ion in the aqueous medium, lesser would
be the spread of the metal hydrate form and thus higher
ion-exchange shall take place over the MAAC surface.

Ionic radii (Å) of the different cationic metal ions used for
this study is as follows [4]:
Ni+2 (0.69 Å) < Cu+2 (0.73 Å) < Co+2 (0.745 Å) < Pb+2 (1.20
Å) < Fe+3 (1.26 Å)
Owing to this, metal ions will compete with CIP molecules
that has greater ionic radii, in order to get adsorbed over the
MAAC surface as shown in Fig. 3A.Nominal effect was
reported by co-existing anions due to competitive
adsorption among negatively charged anionic salts and
negatively charged CIP molecules on the surface of MAAC
[5].

Figure 3(A): Effects of co-existing cations and anions on
CIP adsorption by MAAC;(B): Recyclability of MAAC (D)
3.4Adsorption-desorption recyclability analysis
The CIP adsorption efficiency went down from 98% in first
cycle to 43% in the fifth cycle, as illustrated in Fig. 3B.
NaOH neutralized the acidic groups of the acid activated
carbon surface, thus weakening the electrostatic interaction
between antibiotic species and activated carbon [6].The
attached CIP molecules will be removed from MAAC
surface and thus the active sites become free for
furthercycle. Also in the presence of NaOH, CIP (which is
a carboxylic salt) will form sodium salts (R-COO-Na+);
thus wearing off from the MAAC surface making the active
sitesavailable [7]. Another reason could be the
morphological alteration and the continuous degradation of
the active sites, with consecutive cycles.
4. Conclusion
Characterisation of MAAC surface verified the adsorbent’s
porous surface with doped magnetic nanoparticles. Process
parameters such as pH of the CIP solution, initial
concentration of CIP and MAAC dosage influenced the
efficient adsorption of CIP. A nominal reduction of the

adsorption efficiency was reported in the presence of coexisting ions with CIP. Desorption analysis verified the
reusability of MAAC for 4-5 cycles. Overall, MAAC can
be reported as an effective adsorbent in removing CIP from
aqueous solution and can be studied for other pollutants of
varying degrees.
References
1. Patra, C., Medisetti, R.M.N., Pakshirajan, K.,
Narayanasamy, S., 2019. Assessment of raw, acidmodified and chelated biomass for sequestration of
hexavalent chromium from aqueous solution using
Sterculia villosa Roxb. shells. Environ Sci Pollut Res
26, 23625–23637.
2. Gholamiyan, S., Hamzehloo, M., & Farrokhnia, A.
(2020). RSM optimized adsorptive removal of
erythromycin using magnetic activated carbon:
Adsorption isotherm, kinetic
modeling and
thermodynamic studies. Sustainable Chemistry and
Pharmacy, 17, 100309.
3. Tobin, J. M., Cooper, D. G., & Neufeld, R. J. (1984).
Uptake of metal ions by Rhizopus arrhizus
biomass. Applied
and
Environmental
Microbiology, 47(4), 821-824.
4. Dong, L., Liang, J., Li, Y., Hunang, S., Wei, Y., Bai,
X., ... & Qu, J. (2018). Effect of coexisting ions on Cr
(VI) adsorption onto surfactant modified Auricularia
auricula
spent
substrate
in
aqueous
solution. Ecotoxicology and environmental safety, 166,
390-400.
5. Wang, W., Zhou, J., Achari, G., Yu, J., & Cai, W.
(2014). Cr (VI) removal from aqueous solutions by
hydrothermal synthetic layered double hydroxides:
adsorption performance, coexisting anions and
regeneration studies. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 457, 33-40.
6. Liu, T., Wei, D., Zhang, G., Hu, L., Du, B., & Wei, Q.
(2016). A comparison of the influence of flocculent
and granular structure of sludge on activated carbon:
preparation, characterization and application. RSC
Advances, 6(90), 87353-87361.
7. Berenguer, R., Marco-Lozar, J. P., Quijada, C.,
Cazorla-Amorós, D., & Morallón, E. (2010).
Comparison among chemical, thermal, and
electrochemical regeneration of phenol-saturated
activated carbon. Energy & Fuels, 24(6), 3366-3372.

WT-316
USING TEA WASTE AS BIOSORBENT FOR CONGO REDDYE
ELIMINATION FROM WASTE WATER
1

Neetu Singha*, 2Saurabh Yadavb,

1 Ujjain Engineering College, Ujjain MP-456010 (India)

neeturbs@gmail.com
2Ujjain Engineering College, Ujjain MP-456010 (India)

saurabh.yadav048@gmail.com
* Presenting/ Corresponding author:neeturbs@gmail.com
Keywords: Biosorption, Tea waste, Congo Red, Isotherm Model.
1. Introduction

2.2.1 Cleaning of solid surfaces

Current study has been accompanied to study the using of
tea waste a biosorbent to elimination of Congo red dye
from waste water[1,2]. Initial concentration of dye in the
range of 10 to 100mg/L), pH of solution in the range (410), biosorbent dose range (0.5-3.0 g) and contact time
varying from (10 to 150)min, were studied[3].
Subsequently, equilibrium data for single biosorption
process were produced and modeled by mono component
isotherm models. Langmuir isotherm model shows the best
fit among several mono component isotherm models in this
study[2].
The results indicated that the highest Congo Red dye
removal efficiency was (95.60) at optimization condition
pH 8, at room temperature for 120 min, 3.0 gmbiosorbent
dose and 40 mg/L dye concentration. The value of
biosorption capacity was found to be 6.5 mg /g.

Prior to the experiment, tea waste was washed for
removing the dirt, rinsed with millipore water and dried in
an air oven at 60 0C for 12 h. Then the biosorbents were
dried at 60 0C for 6 h and reserved in plastic bags.
2.2.2. Batch experimental studies and analytical
methods
The remaining concentration of Congo red dye was
determined by UV-Spectrophotometer. For optimization
study of biosorbent dose, a fixed amount of biosorbent dose
(0.5 to 3.0 g/L) was used. To achieve the effect of pH and
temperature the range 4-10 at room temperature were
selected respectively. Initial concentrations of dye was
maintained at 100 mg/L.

2. Material and Methods

2.2.3 2.8 Mono component isotherm modeling

2.1 Materials

For a mono component system data of equilibrium

All the chemicals was of AR grade and used without

adsorption can be usually interpreted by the Langmuir,

further

Freundlich and Redlich–Peterson isotherms, which are

purification

and

purchased

from

Himedia

Laboratories Pvt. Ltd. Mumbai India . Tea waste were

expressed as:

collected from the local market Ujjain, Madhya Pradesh,

Langmuir :

India. All other chemicals used in the experiments, were
purchased from Himedia Laboratories Pvt. Ltd. Mumbai
India.
2.2 Materials and Methods
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ABSTRACT
The present study aims to develop low-cost hybrid adsorbents to deal with the adsorptive removal of arsenic and fluoride in a
continuous column operation system. The column was filled with 20 grams of prepared adsorbent AHP: ABTL in the ratio of
80:20. The experiment was performed with a different experimental matrix such as; the effect of bed arrangement, the effect of
particle size, and the effect of influent flow rate was studied.
Keywords: Fixed-bed adsorption, arsenic, fluoride, kinetic model, isotherm
1. Introduction
Arsenic and fluoride are the two most significant inorganic
pollutants in groundwater affecting human health
throughout the world [Thompson et al., 2007]. A higher
concentration of fluoride in drinking water caused dental
and skeletal fluorosis. The permissible limit of fluoride for
drinking water is set at 1.5 mg/l [WHO, 2011]. Arsenic in
drinking water above the permissible limit of 0.01 mg/l
became a major problem where groundwater is the primary
source of drinking water. Arsenic is poisoning caused
several health problems and various types of cancer
[Gregor, 2001].
The present study aims to develop a low-cost hybrid/mixed
adsorbent for the simultaneous removal of arsenic and
fluoride from synthesis and real groundwater with higher
uptake efficiency.
2. Material and Methods
2.1 Synthesis of aluminum oxide/hydroxide pellets (AHP)
The electrolysis process was performed in distilled water,
using AR grade NaCl (0.5g/L) as an electrolyte and
aluminum plates as Anode and cathode. The precipitate
aluminum hydroxide particleswere filtered; dried in a hot air
oven operating at 105 °C for 24 h and then crushed to obtain
powder aluminum hydroxide. Add an appropriate amount of
distilled water to make a thick paste and then subjected to

the mechanical extruder to form pellets. Finally, subjected to
calcination in an electric furnace at 700 °C to convert it into
aluminum oxide/hydroxide.
2.2 Synthesis of acid-base treated laterite soil (ABTL)
A 2N HCl and 50 g thermally treated laterite were taken in
a 200 ml of borosilicate beaker.The prepared mixture was
heated at 70 °C for 3 hours with continuous
stirring.Further, for base treatment, the 4N NaOH solution
was added and the pH was adjusted to~6.5. Thereafter, the
mixture was left undisturbed at ambient atmosphere for 24
h. It was repeatedly washed with distilled water and filtered
the solid residue.Finally, the solid residue was placed in a
hot air oven at 110 °C for 12 h to get the desired form of
the ABTL.
2.3 Fixed bed experiment
For the remediation of arsenic and fluoride from synthesis
solution,the column reactor was filled with 20 g of (80:20
AHP:ABTL ratio) adsorbent and the influent with an initial
concentration of 6 mg/l for fluoride and 0.5 mg/l for arsenic
was fed in an up-flow pattern with the help of a peristaltic
pump with desired flow rate. Samples were taken at desired
time intervals to determine the performance of the column
reactor.
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Figure 1: Breakthrough curve for simultaneous removal
of arsenic and fluoride from synthetic water in DB and
TB column study
3.2 Effect of flow rate
The effects of flow rate were determinedby varying inlet
flow rates from 1.25, 1.5, and 2 ml/min. Figure 2 shows the
breakthrough curves for arsenic and fluoride removal by
the hybrid adsorbent in a double bed column for different
flow rates.From figure 2 it can be observed that with an
increase in the flow rate the breakthrough becomes steeper.

1.25 ml/min (F)

0.6

Ce/Co

In the present study the adsorbent bed was arranged in two
different patterns double bed (AHP+ABTL+AHP) and triple
bed (AHP+ABTL+AHP+ABTL+AHP).The total amount of
treated water under the permissible limit of 1.5 ppm for
fluoride and 0.01 ppm for Arsenic was found to be 3 L in
both DB and TB column operation. Figure 1 shows the
breakthrough curve for simultaneous removal of arsenic and
fluoride from synthetic water in the DB and TB column
study.
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Figure 2: Breakthrough curves of fluoride removal by
the hybrid adsorbent in double bed (DB) column for
different flow rates.
3.3Effect of Particle Size
In the present study, column sorption experiments were
tested with two different particles size of adsorbents 1-1.7
mm and 2-5 mm, respectively. The breakthrough curve
obtained by column experiment shows that 20 of
hybridadsorbent can treat around 2400 ml and 3000 ml of
synthesis water containing arsenic and fluoride with
particle sizes 1-1.7 mm and 2-5 mm. A similar type of
trend was found for the Adsorption of Arsenic from Water
Using Activated Neutralized Red Mud. On increasing the
particle size from 45 to 200 μm the percentage removal of
arsenic increases from 96 to 100 %. The reason behind that
the large particles are highly porous aggregates with
considerably more fine particles [Genç-Fuhrman et al.,
2004].
4. Conclusion
The prepared hybrid adsorbent(AHP:ABTL) was tested
under continuous column modes operationfor the
adsorptive removal of arsenic and fluoride. The
experimental result shows that the total amount of treated
water in DB and TB column operation for fluoride and
arsenic was found to be 3 L. Considering the data obtained
by column operation approximately 150 L of water
containing arsenic and fluoride containing synthetic water
can be treated using 1 kg of adsorbent. The final
concentration is found to be under the threshold limit of
fluoride and arsenic mention by WHO. The cost for the

synthesis of 1 kg of mixed adsorbent was found to be ~ ₹
89.28.
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1. Introduction
The detrimental effects of water contamination on the
health of humans are of grave concern. Waste from various
industries dumped into the water channels has caused an
increase in heavy metals concentration above acceptable
limits. Several techniques are available for wastewater
treatment like ion exchange, adsorption etc., but all these
techniques are highly sophisticated, demanding skilled
workers to perform them.Adsorption technique utilizing the
activated carbon as an adsorbent in ion exchange has been
an essential and widely used technique for removing metal
ions in wastewater treatment but are not cost-effective. So,
there have been numerous efforts to develope a renewable,
effective and economical technique for the preparartion of
activated carbon adsorbents with increased surface area
from different natural substances1. Here, We have reported
the formation of activated carbon adsorbent using water
hyacinth aquatic plants and its performance for the removal
of heavy metals from electroplating waste water2.
2. Material and Methods
2.1 Materials
Water hyacinth plants were collected from village
Kulwehri, Karnal. Various other chemicals used for
preparing the activated carbon were 37% concentrated
HCL (Loba Chemicals), Acetone (LobaChemicals), DI
water, Potasium dichromate K2Cr2O7 (Fischer Scientific),

Nickel Nitrate NiNo3 (Fisher Scientific), Copper Sulphate
Pentahydrate CuSO4.5H2O (Fisher Scientific) etc. All
reagents used were of AR grades (98% assay).
2.2 Methods
2.2.1 Synthesis of activated carbon from Water Hyacinth
Before the experiment, Water hyacinth plants
were collected and washed thoroughly to prevent
macrophytes or larvae growth. After washing, plants were
cut into small pieces and were sun-dried. Dried plants were
then powdered in a mill and finally sieved to get size
particles from 50 mesh (297 µm) to 60 mesh (250 µm).
Then collected powder was soaked in HCL in 1:1, i.e.
35gm of powder and 35 ml of 37% HCL for 48 hr. Material
is kept in the oven at 150 °C for 24 hrs. The activated
carbonized material was washed 3-4 times using double
distilled water and dried in an oven at 105°C for 24 hours.
It is then thermally activated in a muffle furnace at 600 °C
for 3 hours in inert gas.
Five (0.5, 1, 1.5, 2, 3 mg/L) different
concentarions of three different metals Ni, Cr, Cu treated
with this prepared activated carbon adsorbent for time
period 2-4 hours and adsorption capacity was calculated for
each metal solution.
2.2.2 Characterization of prepared activated carbon
Various characterization techniques like XRD, FTIR,
SEM, BET, TGA were used to know the thermal,

physicochemical and structural properties of the prepared
sample.
3. Results and Discussion
3.1 Thermogravimetric analysis
Thermal stability and decomposition temperature of
Water Hyacinth derived activated carbon wasanalyzed
using a TGA analyzer with a 5-degree celcius/min
temperature rate. A slight weight loss in the range of 50120°C was observed due to the moisture evaporation. So it
confirms that the prepared material thermally stable up to
900°C temperature.
3.2 X-Ray Diffraction and Fourier transform infrared
spectroscopy
3.2.1. XRD pattern (figure 1) confirmed the formation of
activated carbon. The broad peak centered at 23° shows the
characteristic peak of carbon.

Figure 1: XRD pattern of derived activated carbon
3.2.2. FTIR pattern (figure 2) of the prepared sample shows
the main bands at 3800, 2973, 1514 and 1071 cm-1
confirming the presence of OH, CH, C=C and C=O
stretching vibrationsrespectively.

Figure 2: FTIR spectra of derived activated carbon
3.3 Adsorption Capacity Results
UV pattern of five different concentrations for the
chromium, nickel, copper metal solution treated with the
prepared activated carbon was recorded and the final
concentration after the adsorption was calculated using the
beer lambert’s law.The adsorption capacity for 3 hours
reaction using 1 mg/L initial concentration was 95.5%,
94.3% and 94.8% for Cr, Ni and Cu respectively.
4. Conclusion
In this work, activated carbon was successfully derived
using water hyacinth aquatic plants and further utilized for
the removal of heavy metals from waste water. In current
work, the adsorption capacity for different metals is quite
higher than reported in literature. Higher removal capacity
of the derived activated carbon is demonstrated due to its
better physicochemical properties.
References
[1].

[2].

Giri, A. K., Patel, R. & Mandal, S. Removal of Cr
(VI) from aqueous solution by Eichhornia crassipes
root biomass-derived activated carbon. Chem. Eng.
J.185–186, 71–81 (2012).
González-García, P. Activated carbon from
lignocellulosics precursors: A review of the
synthesis methods, characterization techniques and
applications. Renew. Sustain. Energy Rev.82,
1393–1414 (2018).

WT-491

Synthesis and characterization of a novel nanocarbon
derived nanoporous Al2O3 powder as a potential
adsorbent for treatment of waste water
K. Sarath Chandra1, D. Suharika3, Debasish Sarkar1,2, G.V.S. Sarma4,*, K.V. Ramesh4

1

Laboratory for Materials Processing and Engineering, Department of Ceramic Engineering, NIT, Rourkela, Odisha, India.
2
Center for Nanomaterials, National Institute of Technology, Rourkela, Odisha, India.
3
Department of Chemical Engineering, Indian Institute of Technology, Hyderabad, India.
4
Department of Chemical Engineering, Andhra University, Visakhapatnam, India.
* Presenting/ Corresponding author: gvssarma@gmail.com

Abstract: A facile chemical precipitation synthesis route was followed for the bulk–scale preparation of nanoporous alumina
adsorbent powders with nanocarbon black as the pore–forming additive. SEM images of the resulting powder revealed that the
nanocarbon particles were homogeneously distributed throughout the chemically precipitated alumina adsorbent precursor
powder. The nanocarbon loaded alumina adsorbent precursor powder particles were calcined at 1000 °C for 1 h in air. The
calcined adsorbent particles, however, were pure phase alumina powders with significant amount of open porosity. The powder
adsorbent morphology can be best described as a collection of hierarchically distributed wider–sized spherical/lenticular shaped
intra–particulate (isolated) pores as well as slit shaped inter–particulate (interconnecting) pores in such a way as a continuous
integrated pore network in all surface portions of the alumina powder particles. It is anticipated that such class of
nanostructured porous surfaces drive fast mass transfer kinetics, which may directly result in significant enhancement of
adsorption capacity for nanocarbon derived nanoporous alumina.
Keywords: alumina, adsorbent, synthesis, characterization.

1. Introduction:
There is no need to emphasize the acute hazardous
effects of pollutants on human health. There are ample
cases reported globally in this regard[1]. It is widely
established that adsorption technique would be both
effective and economical in treating polluted waste
waters[2]. In this regard, scientists world-wide employed
both natural and synthetic materials as adsorbents and to
realized better removal efficiencies these materials were
also subjected different combinations of physical, thermal
as well as chemical treatments[3-8]. However, to facilitate
successful industrial adoption, adsorbents with better
removal efficiencies should be develope. In view of this,
the present work is taken up. This work is mainly aimed at
synthesizing a potential alumina based adsorbent with
increased porosity because the presence of alumina in any

adsorbent material is found to be the main active
constituent for the adsorption process[9].
2. Material and Methods:
2.1 Adsorbent synthesis
A facile chemical precipitation synthesis route was
followed for the bulk–scale preparation of nanoporous
alumina adsorbent powders with nanocarbon black as the
pore–forming additive. High-purity commercially available
Al(NO3)3.9H2O (Rankem chemicals, 99% purity),
NH4HCO3 (Rankem chemicals, 99% purity), NH4OH
(Rankem chemicals), and nanocarbon black powder (Birla
Carbon, N220, 98% Fixed Carbon, Particle size ~ 32 nm)
were used as the starting materials. A stock solution of

0.15M Al(NO3)3.9H2O was prepared in distilled water. An
ultrasonicated dispersion of nanocarbon black particles
(pore-former) was prepared in alcoholic media. The
amount of nanocarbon was 5000 ppm. Reverse-strike
chemical precipitation was performed by the simultaneous
addition of metal nitrate solution as well as nanocarbon
dispersion to the NH4HCO3 (3M) precipitant solution.
During the precipitation process, little amount of ammonia
water (NH4OH) was added to maintain the pH of the
reaction system between 9 and 9.5. The ageing period was
30 min. The nanocarbon loaded alumina precursor powder
particles were collected from the precipitant suspension by
using a research centrifuge. The collected precursor powder
particles were centrifugally washed in distilled water and
subsequently dried under heat-lamp overnight. It can be
noted that the dried precursor particles were of amorphous
nature.
2.2 Adsorbent characterization
The morphology as well as composition details of alumina
adsorbent powder loaded with and without nanocarbon
were studied with scanning electron microscopy (Nova
NanoSEM 450, FEI Make). The crystallography features
were determined by X–ray diffraction. The diffractograms
were recorded with the use of an Rigaku X–ray
diffractometer with Cu – kα radiation (λ~1.54 °A). The
scanning range (2θ) was 20–60 °. The scan rate was 10 °
min-1. The crystallite size (τ) was estimated for the
diffraction peaks corresponding to (104), (113), and (116)
family of planes of α – alumina by the application of X–ray
line broadening technique using Scherrer’s formula, is
given as:
(1)
Where B is known as full–width at half maximum
(FWHM) and θ as Bragg angle or half-diffraction angle. To
measure the surface area as well as porosity characteristics,
we record N2 sorption isotherms of alumina adsorbent
powders with the use of a surface area analyzer (Autosorb
– 1, Quantachrome) at 77 K in the relative pressure (P/P o)
range between 0.05 and 0.99. The degassing temperature
was 200 °C. The specific surface area was estimated with
the application of Brunauer–Emmet–Teller model. From
BET specific surface area measurements (SBET), the
average particle size (ω) of alumina adsorbent powder was
calculated as per the following formula [10]:
(2)
Where ρ is known as theoretical density of α–alumina (3.98
g cm-3). The average pore size was computed by the
application of Barret–Joyner–Halenda (BJH) model.

3. Results and Discussions
3.1 Adsorbent synthesis
The carbon black powder (pore–forming additive) was
constituted with ~32 nanometer sized amorphous carbon
particles. These nanocarbon particles were homogeneously
distributed throughout the chemically precipitated alumina
adsorbent precursor powder, as can be seen from its low–
resolution SEM–EDX composition map (cf. Fig. 1). The
nanocarbon loaded alumina adsorbent precursor powder
particles were calcined at 1000 °C for 1 h in air. The
calcined adsorbent particles, however, were pure phase
alumina powders with significant amount of open porosity,
as can be seen from the low–resolution SEM image (cf.
Fig. 2a). The localized microstructures (as seen as high–
resolution images, cf. Fig. 2b–g) indicated that such class
of open porosity was constituted with inter- as well as
intra-particulate pores, which were created in each and
every portion of alumina adsorbent particle surfaces due to
oxidative loss of nanosized carbon during the various
stages of calcination in oxygen containing air atmosphere.
The intra–particulate porosity (identified as white colored
arrows, cf. Fig. 2b–g) was composed with the combination
of lenticular/spherical shaped isolated pores with sizes
ranging from 10–50 nm. The inter–particulate porosity
(identified as yellow colored arrows, cf. Fig. 2b–g) was
constituted with predominantly of slit shaped
interconnecting pores with sizes ranging from 100–300 nm.
Such features of spherical shaped isolated/intra–particulate
porosity (spot ‘X’) as well as slit shaped
interconnecting/interparticulate porosity (spot ‘Y’) in
almost all surface portions of the alumina adsorbent
particles, can be further evidenced from the localized
SEM–EDX microstructure map (cf. Fig. 3). The powder
adsorbent morphology can be best described as a collection
of
hierarchically
distributed
wider–sized
spherical/lenticular shaped intra–particulate (isolated) pores
as well as slit shaped inter–particulate (interconnecting)
pores in such a way as a continuous integrated pore
network in all surface portions of the alumina powder
particles. X–ray reflections exhibited that the diffraction
peak positions (2θ) and the corresponding intensity (I)
values are consistent with the JCPDS Card file no. 10–
0473, corroborating that the chemical precipitation route
produces pure phase α–alumina (Al2O3) adsorbent powders
(cf. Fig. 4). The calculations based on Scherrer’s formula
(cf. Eq. (1)) indicated that the crystallite size (τ) was 50
nm. N2 sorption isotherms showed a visible area of
hysteresis between both adsorption and desorption
branches, indicating that the adsorbent powder particles
have significant amount of mesoporosity (cf. Fig. 5). The

BET specific surface area of the alumina adsorbent powder
was 10 m2 g-1. The average particle size (ω) calculated
based on the surface area measurements (cf. Eq. (2)) was
150 nm, which is almost three times the estimated
crystallite size of the alumina adsorbent. This feature
characterizes that the synthesized alumina adsorbent
powders were with soft agglomerated morphology, which
is in agreement with the SEM images. The calculations
based on BJH pore model indicated that the average pore
size of the alumina adsorbent powder was 30 nm. Analysis

based on the various nanometric characteristic features of
the adsorbent morphology indicated that the nanocarbon
derived alumina is a nanoporous powder adsorbent. It is
anticipated that such class of nanostructured porous
surfaces drive fast mass transfer kinetics, which may
directly result in significant enhancement of adsorption
capacity for nanocarbon derived nanoporous alumina
adsorbent prepared in – house than many of the
commercially available alumina-based powder adsorbents.

Fig. 1: SEM – EDX composition map showing the homogeneous distribution of nanocarbon (as seen as red color) in all
parts of the chemically precipitated alumina precursor.

Fig. 2: Scanning electron microscopy of nanoporous alumina adsorbent. (a) low–resolution image showing the alumina
adsorbent particles with significant amount of open porosity generated from the oxidative loss of nanocarbon in oxygen
containing in air atmosphere during calcination. (b)–(g) high–resolution images indicating the appearance of intra–particulate
porosity as lenticular/spherical shaped isolated pores (as seen as white color) and inter–particulate porosity as slit shaped
interconnecting pores (as seen as yellow color) in almost all surface portions of the alumina adsorbent particles.

Fig. 3: SEM–EDX microstructure map indicating the intra–particulate/isolated porosity (spot ‘X’) as well as inter–
particulate/interconnecting porosity (spot ‘Y’) in almost all surface portions of the alumina adsorbent powder particles.

Fig. 4: X – ray diffraction pattern of nanoporous alumina.

Fig. 5: N2 adsorption and desorption isotherms of
nanoporous alumina at 77 K.

4.

Conclusions

A novel alumina adsorbent has been synthesized in the
present work. Since adsorption is highly dependent on the
porosity of the adsorbent, the alumina was loaded with
nano carbon powder and was subjected to calcination at a
temperature of 1000oC for a duration of one hour. The
powder that resulted has been characterized for its
morphology and crystallography using SEM-EDX and Xray diffraction techniques. The porosity was determined by
BET and BJH methods. It was found that the alumina thus
synthesized has the potential to be an efficient adsorbent
for treating waste waters.
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1. Introduction
Water is essential for the healthy growth of our life and this
is gifted bynature in a pure, and safe form. Though, the
rapid development of the economy and society has
increased industrialization, causing environmental pollution
[1]. Organic synthetic dyes have been found to apply in a
variety of manufacturing industries, (textiles, paper,
plastics, leather, rubber, food, etc.) to provide for an
attractive color. However, it ending up discharging organic
dyes contained effluents into the hydrosphere causes the
potential damage of water resources, detrimental effects on
soil fertility, aquatic organisms that can imply the risk of
human health [2].
Among various treatment methods (coagulation, ion
exchange, membrane process, biological treatment, etc.),
adsorption seems to be more attractive than the others
owing to its simplicity in operation, cheap, easy
accessibility, and environment-friendly nature in
decolorization [3].
Therefore, this work is aimed to develop a novel
adsorbent from the available biomass source with chemical
activation. In-depth physiochemical characterization of the
adsorbent was carried out to understand its property. The
effect of different process influencing parameters like pH,
adsorbent dose on the adsorbent was investigated in a batch
scale study.
2. Material and Methods
2.1 Materials

All chemical reagents applied in the experiments
were of analytical grades and purchased from Merck Ltd.,
Mumbai, India.
2.2 Methods
2.2.1 Preparation of adsorbent
The mixed sawdust was washed to remove surface
adhered contaminants and placed in a drying oven at 100˚C
to a constant weight. The dried sample was heat-treated
using a muffle furnace at 500 ± 5 ˚C for 1h at inert
condition. The obtained material was chemically activated
by impregnated with ZnCl2 at a 1:1 (w/w) ratio.
Subsequently, the slurry mixture sent to dehydrated in hot
air oven for overnight at 100˚C. The resulting chemical
modification sample was kept in a muffle furnace at a final
carbonization temperature of 500 ± 5 ˚C for 1 h under N2
atmosphere. After cooling, the activated product was
washed with distilled water to remove residual organic
matter and dried at 100˚C. Finally, the chemically activated
carbon was used for further studies.
2.2.2 Characterization of Adsorbent
The X-ray diffraction (XRD) analysis of the samples was
carried out to achieve the structure characteristics by the
instrument (M/s PANalytica, model: Xpert pro, The
Netherlands) with Cu k-alpha radiation. The diffraction
angle (2ϴ) range was varied from 10 to 90°C using a step
size of 0.02.
2.2.3 Adsorption experiments
All the adsorption experiments were carried out in
batch mode using a 250ml glass beaker containing 50ml of
methyl orange(MO) dye solution inside an incubator
shaker.

3. Results and Discussion
3.1 Effect of initial pH
The pH of the solution alters the surface property of
the adsorbent. The result from the experimental study of
the initial pH effect on the decolorization is shown in
(Fig.1). It indicates that the removal efficiency of
theadsorbent is decreasing with an increase in pH of the
solution from 3 to 9. In contrast, the resulted dye removal
efficiency varied from 97% to 88%.

Figure 1: Effect of pH on adsorption of MO dye
3.2 Effect of adsorbent dose
The result from the adsorbent dose variation is
represented by (Fig.2). It is also incorporate the
experimental
condition
like
initial
dye
concentration:20ppm, initial pH: 3, stirring rate:150rpm,
contact time:50min. It demonstrates that, with
ith the increase
in adsorbent dose from 5 to 50 mg/L, the percent dye
removal, final dye concentration, and adsorption capacity
vary from 40 to 98%, 20 to 0.3 mg/L, and 80 to 20 mg/g),

respectively.

Figure 2:Effect
Effect of adsorbent dose on adsorption of MO
dye
3.3 XRD analysis
Fig.3showed the XRD profile of sawdust, biochar
and chemical activated adsorbent. The broad diffraction
peaks at 2ϴ= 15.28 & 22.8, for the raw sawdust, are
derived from cellulose in the wood sample. Cellulose is
present in both amorphous and crystalline regions. There
are
two

diffraction peaks for biochar at 26.98 and 43.5. The
presence of distinct peaks at a diffraction angle of (2ϴ)
11.39, 26.79, and 31.84 are suggestive of crystalline in
nature.
Figure 3: XRD analysis of sawdust,
awdust, biochar, and adsorbent
4. Conclusion
Sawdust based activated carbon was prepared by
the ZnCl2 chemical activation method and detailed
characterized by XRD analysis. The successful synthesis of
the adsorbent was confirmed by various experimental
results. XRD analysis indicates that the synthesized
adsorbent is crystalline in nature. The pH of the solution
plays an important role in the adsorption
a
of dye on the
synthesized adsorbent. The optimum adsorption of MO dye
was obtained at pH three and an adsorbent dose of 4 g/L
with a removal efficiency of 98%.
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1. Introduction
We possess availability with less than 1 percent of the
overall of the planet's clean water, but by 2050, our
consumption is predicted to increase to more than 35%.
Textile industries use a lot of water and generate a lot of
tainted water. Many physical and chemical methodsare
available for degradation of these industrial effluents,but
because of their drawbacks the biological methods for
degradation are preferred.
The biological degradation of Airedale Yellow CHD was
doneusing bacteria Thalassospira frigidphilosprofundusNCIM5438and Erwinia Chrysanthemi Burkholder-NCIM
5213. Effects on it due to various conditions like pH,
Temperature, Agitation and concentration of the dyestuff
on the biodegradation were observed.The biodegradation
was statistically worked out using Minitab 14 software for
the anova analysis Kinetics were obtained by applying the
Michaelis-Menten model. The values of maximum rate of
reaction (Vm) is 1.721mg/l.h, Michaelis constant (Km) is
28.041mg/l and Vm is 1.588mg/l.h, Km is 26.331mg/l for
respective microbial degradation.The residual plots along
with the scatter plots of the decolorization are obtained and
included in this work.
2. Material and Methods
2.1 Materials
Dye Airedale Yellow CHD is used here which is
obtained from the local outlet in Warangal. The bacteria
used here were obtained from NCL Pune. The required

chemicals for this study were purchased from the following
companies:HiMedia, Avantor (99% assay), Finar
2.2 Methods
2.2.1 Experimental Procedure
100 ml of medium mixed with the dye, added
microbe for the biodegradation were studied in the
incubation chamber for 2 days. Then they were removed
from chamber for centrifugation.
2.2.2 Analytical methods
The supernatant liquids were analyzed using a UV
Visible spectrophotometer. The wavelength at which
maximum absorbance observed was 398nm. The standard
calibration plot of the dye considered was plotted and
shown in the supplementary data.
2.2.3 Response surface methodology (RSM)
It is a technique to model the experiment and also
analyze it where the experiment’s output response is
affected by various input independent variables. RSM uses
a variety of techniques to design experiments, including
Central Composite Design[1]. Using the programme
Minitab 14[2], the data of tests were analysed for the
decolorization %. The decolorization% is taken as the
output variable which is dependent variable. The
independent variables (4) selected for the experiments are
concentration of the sample (mg/l), pH of the medium,
temperature(0C), agitation (rpm) which has to be
maintained in the incubator shaker
.

3. Results and Discussion
3.1 Wavelength of maximum absorbance
The dye solution is produced in seven different
concentrations. With distilled water as the blank solution,
the solutions were evaluated using a UV-Visible
spectrophotometer. The wavelengths with the highest
absorption were 398nm. The dye in question had its
standard calibration curve drawn.
3.2 Combination of Airedale Yellow CHD with
Thalassospira Frigidphilosprofundus
From the tests, at various conditions, the
decolorization % was obtained using the equation 1.
Decolorization percentage =

(

)

plotting the residuals against the ascending fitted response
values which should be random scatter[3]. This is seen in
the figure 1.
3.3 Combination of Airedale Yellow CHD with Erwinia
Chrysanthemi Burkholder
Using the results in Minitab 14 program, the effect
of the independent variables on the dependent variable is
studied. Residual plots and scatter plots (shown in figure 2)
were obtained

× 100 (1)

Using the results in Minitab 14 program, the effect of the
independent variables on the dependent variable is studied.
Residual plots and scatter plots were obtained.
Table 1: ANOVA table for biodegradation.
Source

DF

SS

MS

F

P

Regression

23

2.1362

0.09272

5.14

0.011

Res Error

8

0.1443

0.01804

Total

31

2.27692

Figure 1: plots showing normal probability plot of the
residuals, residuals versus the order of the data, Histogram
of the residuals, Residuals versus the fitted values.
The assumption of constant variance is tested by
plotting the residuals against the ascending fitted response
values. The assumption of constant variance is tested by

Figure 2:3D Scatter plot of y% vs c(mg/l) vs p
In scatter plots,majority of the data points tend to
rise or fall which explains that the obtained correlation is
suggested to be a positive correlation.
4. Conclusion
The biodegradation of Airedale Yellow
CHDstudied using bacteria. The study elucidates that the
biodegradation of the dyewith first bacteria has shown ease
in the treatment when compared to that with the second
bacteria. The residual and scatter plots show the exactness
of the biodegradation.
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1. Introduction
g-C3N4 is two-dimensional conjugated polymeric material
of carbon and nitrogen having a graphite like structure. gC3N4 has been extensively studied as a photocatalyst
because of its easy synthesis, narrow band gap (2.7 eV) and
photochemical
stability
under
harsh
conditions.
Interestingly, g-C3N4reported as effective for photocatalytic
activation Peroxymonosulfate (PMS) and peroxydisulfate
(PDS) under visible light irradiation to yield sulfate radical
anion that is a power oxidant. Earlier, degradation of
organic dye pollutants by g-C3N4 activated PMS under
visible light irradiation (g-C3N4/PMS/Xenon) system,
where a high electrical energy consuming xenon lamp (500
W) was used for the photoexcitation of g-C3N4 has been
reported[1]. Photoexcitation of g-C3N4 with blue LED light
source that is effective for photoexcitation of g-C3N4
photocatalyst, and generation of hole and electrons leading
to photocatalysis[2].A systematic study on photocatalytic
activation of PMS by g-C3N4 for degradation of an organic
dye pollutants underblue light LED lamp, determination of
electrical energy per order (𝐸 ) and its comparison with
conventional light source (xenon lamp) has not been
studied.

Malachite
Green
(MG)
and
PMS
(Oxone;
2KHSO5.KHSO4.K2SO4) (AR grade) were purchased from
LobaChemie, Mumbai, India. The LED purchased from
local market.
2.2 Methods
2.2.1 Preparation of g-C3N4
A semiconducting g-C3N4 photocatalyst was
prepared by thermal decomposition of melamine at 575 oC
for 2 h under N2 atmosphere[1].
2.2.2Photocatalytic degradation experiments.
40 mL quartz glass reactor was used. Typically,
appropriate amounts of pollutant and g-C3N4 were mixed in
water. The required quantity of PMS was added into the
mixture and LED light was switch on.At appropriate time
intervals, the sample was withdrawn and the concentration
of
the
pollutants
were
monitored
by
spectrophotometrically. The Electrical Energy (EEO)
required for degradation was determined as follows,
𝑃 × 𝑡 × 1000
𝐸 =
(1)
𝑉 × 60 × log

2. Material and Methods
2.1 Materials
Melamine (analytical reagent (AR) grade), Methyl
Orange(MO), Methylene Blue (MB), Rhodamine B (RhB),

Where, Where, P is power (kW) to drive lamps, t
irradiation time (min), V is the volume (liter), Ci and Cf are
the initial and final concentration of organic pollutants.

3.3 EEO values for degradation for MOand
C3N4/PMS/LED and g-C3N4/PMS/Xenon systems

3. Results and Discussion
3.1 Degradation of
C3N4/PMS/LED system

organic

pollutants

by

g-

The efficiency of g-C3N4/PMS/LEDsystem was evaluated
for different dye pollutants, Fig. 1.The degradation
efficiency AO7 was found to be more as compared to other
dye pollutants. The degradation rate constant for all dye
pollutant was found to lower under dark condition (absence
of LED light). The influence of steady state concentration
and inner filter effect was observed on the degradation rate
efficiency of dye pollutants.

g-

The𝐸 value observed for MO in distilled water by
the g-C3N4/PMS/LED system was 49.89 kW h m-3 order-1.
𝐸 value for the degradation of MObyg-C3N4/PMS/Xenon
system, (using 500 W xenon lamp) was 2513 kW h m-3
order-1 [1] which is 50 times lower than Xenon system.The
significant difference in the EEO values is attributed to the
huge difference in electrical power consumption (wattage)
between LED and xenon lamp
4. Conclusion
Degradation of organic dye pollutant by gC3N4/PMS/LED system is presented.𝐸
for the
degradation of MO by g-C3N4/PMS/LED system (49.89
KW h m-3 ) was found to be significantly lower compared
to the degradation of MO by g-C3N4/PMS/Xenon system
(2513 kW h m-3).
References
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Figure
1:a)
Degradation
of
organic
dye
pollutants;[pollutants] = 10 mg L-1, [g-C3N4] = 0.4 g L-1,
[PMS] = 0.4 g L-1, pH = 7.
The effect of reaction parameters such as g-C3N4
concentration, PMS concentration and initial pH were
studied,Fig. 2. It was found that degradation rate constants
of dye pollutants increase linearly with increase in
concentration of g-C3N4 and PMS. Thus the degradation
results reveal that the combination of g-C3N4, PMS, and
LED light irradiation is effective for the degradation of
organic dye pollutants.
Further, the generation of sulfate radical and degradation
mechanism of organic pollutant was confirmed using
Electron Spin Resonance technique.
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Graphical Abstract:
Dies, pigments, and chemicals form the major pollutants in industrial waste-waters. These impurities make water bodies toxic,
colored and unpalatable. wastes from Textile, Pharma, oil fields, even kitchen or as simple as tea water could pollute the water
table. Many times, these pollutants leach and pollute the underground water resources.
Hence to prevent such risks these wastes are discharged after treatment. Chemical, bio chemical, electrochemical and other
treatment methods are used in general. The performance of these treatments is usually measured in laboratories using sampling
methods. These approaches use spectrophotometer to capture the color reduction of the water sample. This study presents a
RGB analyzer system to track the real-time color changes in dye waste water during progressive electrocoagulation process.
The experiment was carried out with Tea waste water and textile waste
water. Phenolic compounds like flavanol cause the reddish-orange color of
tea effluents and similarly, coloring dyes like Reactive red – 111, are the
cause for textile wastewater coloring. Tea waste water and reactive red 111
water were treated by electrocoagulation using Aluminum anode and
Stainless-steel cathode. Throughout the EC experimentation, the changes in
color were tracked real time using an RGB analyzer. The performance of the
treatment was measured by the color removal and reaction kinetics evaluated
for Al/SS electrode. The electrocoagulation experiment results show a higher
capability in removing colorants. this paper also suggests the phases of EC

Keywords: RGB-analysis, Electrocoagulation, Aluminum anode, Wastewater, Tea-effluent, Reactive red, colour removal,
reaction kinetics,
1. Introduction
Industries play a major role in consuming fresh water,
releasing of waste water out of their premises and likely
cause pollution. Finding a solution to treat these waste
water for pollutants removal and de-colouring is the need
of the hour in environment protection and resource
recovery. In the present work, RGB evaluation for their
colour removal performance and reaction kinetics studied
while electrocoagulation (EC) treatment of wastewater

samples of textile dye RR-111(RRWW)and spent tea waste
water (TWW), both synthetically prepared.
2. Material and Methods
2.1 Materials
TWW, RRWW have been synthetically prepared with tap
water and stored till the experiment is done.

Aluminum and stainless-steel plates are bought in local
market and cut in to size and used as anode and cathode
respectively
DC power supplied through a discarded USB cable and plug,
output rating 5V, 2 Amps.
A cylindrical glass reactor 6 cm dia and 9.5 cm height
formed EC cell
Background colour source was given using a tablet screen.
Image capture and RGB analyser installed in cell phone and
used. Experimental setup is shown in fig.1and 2
2.2 Methods
Anode and cathode were cleaned thoroughly prior to use in
EC. The change of colour of the solution during EC is
captured by RGB analyser positioned in front of the solution.
The exit intensity of background light of blank (pure water)
has been considered as (Io) and that of EC sample as (I).
Transmittance (T) = I / Io
-(5) and
Absorbance = [A] = - log10 (T) = - (log10 (I / Io)) [9] (6)
As per Beer-Lambert’s law, [10]
[A] = [C] * L * є
(7)
Having recorded the absorbance of solution with respect to
real time electrocoagulation and considering [A] is
proportional to [C] and L and є are constants for a
particular solution, the electrocoagulation performance is
evaluated.
The principle of absorbance has also been adopted in place
of concentration at references E-S.Z. El-Ashtoukhyet al
(2017) [6], S. Zaidi et al (2013) [11]. The Percentage
colour reduction or dye removal is calculated as
% dye removal = {(Ci – Ce)/Ci} *100
(8)
whereas, based on absorbance of solution
%dye removal = {(A o - A) / A o} * 100
(9)
Wherein A o = Absorbance ‘initial’, A = Absorbance at any
time “t’

Results and Discussion
The study results include evaluation of EC performances for
colour removal and Reaction kinetics are presented in
figures and tables.
While EC is in progress the de- stabilisation of colloidal
particles and formation of Al hydroxide particles make the
sample colour darker at initial period. Further with time the
Al hydroxide formed adsorb the pigment particles on its
surface and make the concentration of pigment weaker and
weaker till the pigment is totally removed fig.3 and 4.
4. Conclusion
RGB real time monitor results are reported in terms of exit
intensity (I), exit colour and its code. Two phases of EC,
that is De-stabilisation and Adsorption are clearly
distinguished in Fig.7a and Fig.14. Transmittance and
absorbance are evaluated from the experimental values of
(I) and (Io). Considering, absorbance is proportional to
concentration of solute in the liquid sample, reaction
kinetics is worked out and the kinetic order for which R2
value closest to 1 has been reported as probable order of
reaction of adsorption at table 7, 8 and fig.11 for TWW and
table 14, 15 and fig.20 for RRWW accordingly the order of
reaction respectively is zero and first order. The %
reduction of colour is calculated based on equation-6 for
various initial concentrations. The over-all % reduction is
found to be 98.92%(for three stages) and 100% for
RRWW and TWW respectively.
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ABSTRACT: Water; The major factor of our life, we can
live days without food, however we can't endure a day
without water. In earth, 97% of all out accessible water is
salt water, leaving around 3% as fresh water ,out of which
1% is promptly accessible for our utilization. As indicated
by the 2018 version of United Nations World Water
Development Report, almost 6 billion individuals will
experience the ill effects of clean water shortage by 2050.
Ground water is the major wellspring of drinking water
both urban and rural areas of India. Ground water alone
can't fulfil the demand for drinking water, thus treatment of
water or even sewage to make it drinkable is progressively
significant.
There are different procedures utilized by Municipal Water
framework to treat and improve the quality of water, it
incorporates aeration, sedimentation, filtration, softening,
disinfection and so on. In light of the qualities of crude
water we can pick the suitable technique for the treatment
of water. It has lowered the presence of harmful
contaminants, but should not trusted to provide healthy
clean drinking water, germs and contaminants can still get
in the Municipal tap water. The threat of harmful
contaminants in drinking water can no longer be reasonably

ignored. In India 128 million people lack safe drinking
water, annually about 37.7 Million Indians are affected by
water born disease, 1.5 million children die of diarrhoea
and 73 Million working days are lost leading to an
economic burden of $600 Million a year. In view of India
Census report distributed in 2011, Kerala has most
exceedingly awful position with only 33.5% families
approaching safe drinking water, where public normal
stands at 85% rate.
Pathanamthitta is an inland of Kerala which is drained
mainly rivers Pampa and Achankovil unfortunately due to
the waste disposal and other human activities, most of the
water source in the district were getting polluted. It is seen
that clean drinking water facilities were not available in
many public office. Pathanamthitta mini civil station is one
of the main public office in the district, depending on the
external water source. The population survey conducted on
November 2016 reveals that there were almost 1000 people
both employees and visitors in civil station .A large crowd
working in this office was depending on the external water
source .they were buying water cans daily. Bottled water,
besides being expensive and highly unfeasible as a main
drinking water source , is not under the same government

regulations as municipal water systems and may
actually contain more contaminants than tap water.
Therefore, our goal was to provide the people of
mini civil station, Pathanamthitta , with a reliable
supply of uncontaminated clean drinking water
Through our project, we designed a water treatment
plant which incorporates flocculation, filtration,
softening, disinfection and acid injection for a
capacity of 200000L/day. The primary reason to
choose these treatment methods is that, it has the
potential to remove all the impurities present in the
raw water and can convert to drinking water
quality. Based on the raw water characteristics,
experiments were carried out in laboratory. After
the filtration process 88% of irons get removed, a
second stage of filtration can completely eliminate
iron as well as turbidity of the water. In light of the
above information design of treatment devise has
been done; further more this treatment process is
cost effective. From the overview led it has been
discovered that nearly Rs 7000/ - is needed for their

day by day utilization. Each water cans is of Rs25
per litre subsequent to applying our water treatment
plant water will be accessible at Rs18.45 per litre.
This project will be valuable in the area of
purification of non portable water to portable
drinking water; this project provides informative
data helps to understand the various techniques that
can be used to make the water safe to drink
References
[1] Philip C .Singer(1994), Journal of
environmental engineering volume 120,pp.69-72
[2] Winter J, and Berube P.R, (2013) Integrated
Oxidation Membrane Filtration Process-NOM
Rejection and Membrane Fouling, Proceeding IWA
Membrane Technology Conference, Toronto,
Ontario, 8pp.
[3] Metcalf and Eddy(2014),Wastewater
engineering, McGraw-Hill Education ,New York

WT-541

Treatment of mining waste water by FO hybrid
process
Ketan Mahawera*, Abeer Muttob, Dr. S K Guptac
123

Department of chemical engineering, Indian Institute of Technology Delhi, Hauz Khas, Newdelhi – 110016, India

* Presenting/ Corresponding author: chz188667@iitd.ac.in

Keywords: Forward osmosis, hybrid recovery, mining, waste water, concentration

1. Introduction
Mining activities are necessary for the development of any
country. Mining includes the ores transportation, processing,
cleaning, and refining, and in all the unit operations, the use
of water is in large volumes. Therefore, the mining waste
water generated from mining operations has many heavy
metals that contain many valuable salts and must be
extracted or concentrated from the effluent feed. Currently,
reverse osmosis (RO) is the most commercially acceptable
conventional process but consumes a large amount of energy
which costs a lot [1]. To solve this industrial problem and
provide health safety to the people living near the industrial
locality. Tested the feasibility of FO-NF hybrid process by
synthetically preparing the 3500 ppm MgSO4 concentration
mining waste water in feed side treated by 4200 ppm Na2SO4
concentration in draw side of FO membrane. In our
experimental observations, the energy conserved by FO-NF
process over NF/RO was upto 20 % with almost similar feed
concentration (8000 ppm). These results suggest the
potential of FO hybrid process over conventional systems
for mining waste water treatment.
2. Material and Methods

purchased from HTI and Synderfilteration companies
located in the USA.
2.2 Methods
2.2.1 Experimental procedure and operating
conditions
First DI water was used to washout the membrane module
of the closed continuous FO-NF hybrid system for up to 30
minutes. Equal flowrates were fixed on both sides of the FO
membrane. Then the prepared feed solution with specified
flowrate was started to flow. After one or two minutes, draw
solution was pumped inside the FO-NF system to flow and
extracted the permeate water from the feed to draw side
through osmotic pressure difference. The feed and draw side
flowrate ranges between 5 to 25 LPH and 0.2 to 1 bar
transmembrane pressure across the FO module. The feed
solution was kept at 298K and 6.5-7.5 pH range in all the
experiments. To regenerate the diluted draw solution, spiralwound NF module was directly inlined after spiral-wound
FO module and used 25 bar constant pressure to restore the
solution concentration continuously. Similar experiments
and feed with 25 bar pressure were also performed with
standalone NF module. So that the two processes SEC were
compared.

2.1 Materials
The required chemicals (MgSO4, Na2SO4) used for
this study were purchased from Sigma Aldrich, Grade AR,
with 99% purity. Deionized water was used for synthetic
mining waste water preparation, draw solution preparation,
and membrane washing before performing the experiments.
Lab –scale spiral wound design FO and NF modules were

2.2.2 Transport models and membrane parameter
estimation
Speigler-Kedem model was used to model and simulate
both the FO and NF modules in the hybrid system. Solute
permeability, solvent permeability, mass transfer
coefficients, solute resistivity, and reflection coefficient are

the unknown membrane parameters estimated numerically
by parameter estimation program build on MATLAB
2020ba.
2.2.3 Specific Energy Consumption (SEC)
Energy consumed by the pressure-driven (NF/RO) and
osmotic pressure-driven (FO-NF) process is evaluated by
SEC in kWh/m3.
3. Results and Discussion
3.1 Unkown membrane parameter estimation
3.1.1 solvent permeability
DI water was used to quantify the solvent permeability
numerically by the SK model. The permeate flowrate is
proportional to applied hydraulic pressure across FO/NF
module. Hence, for spiral wound FO and NF membrane
estimated solvent permeability reported as: 1.22 x 10-12
(m/s)Pa and 1.98 x 10-12 (m/s)Pa. These estimated
parameters are similar to the estimation by Dinesh et al.[2]
for dilute solutions.
Table 1: Reported the numerically estimated unknown
model parameters
Estimated parameters
Solute permeability

SWFO
1.22 x 10—12
m3/m2s Pa

Solvent permeability

1.148 x 10—7 m/s

SWNF
1.98 x 10—12
m3/m2s Pa
1.148 x 10—7
m/s

a

3.57 x 10—4

3.417 x 10—4

b

0.58

0.58

0.988

0.962






Mass tranfer coefficient

Reflection coefficient
Solute resistivity

3.54 x 105 s/m

3.1.2 Other parameters
The remaining unknown model parameters of both the
modules were estimated simultaneously and reported in
table 1.
Figure 1: Energy conserved by FO-NF process over
standalone NF process.
3.2 SEC comparison
SEC of both the processes were compared and reported in
the figure 1.
4. Conclusion



In our experimental observations, FO-NF hybrid
process over standalone NF/RO saved approximately
20 % of the process energy. Hence, more energyefficient than NF process.
It also concentrates feed (8000 ppm) approximately
equal to standalone NF.
For hybrid system the average permeate water
recovery is between 50 to 55 %, and compared to
conventional recoveries (For RO above 60%)[3], it
produced less maintenance and replacement cost.
The permeate water is also used for makeup water in
mineral processing industries at limited water mining
sites.
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Abstract:
Crude oil is mostly processed in marine access refineries. Considering the amount of crude
processed in these, even a small improvement in profitability can lead to a saving of millions of
dollars, and therefore optimizing the scheduling of crude unloading and charging is an extremely
important problem. Though mixed‐integer non‐linear programming (MINLP) models are used for
solving such problems, their efficacy is severely restricted for problems involving non‐linear
variables and multiple objectives. Crude oil scheduling also involves non‐linear property variables
and multiple objectives naturally for which a stochastic approach based on genetic algorithm
(GA) is more suitable owing to its advantage in handling non‐linear and multi‐objective
formulation easily. However, the problem involves a large number of variables and constraints
which restrict the use of traditional GA. Therefore, a graphical genetic algorithm‐based approach
that uses the structure of the refinery network intelligently is developed. The developed
approach is applied to multiple real‐life refinery scheduling problems to maximize profitability
and to minimize inter‐period deviation in crude flow to the crude distillation unit. The developed
approach eliminates the redundant variables and satisfies several constraints a priory by using
the graph network of the refinery. This reduces the active number of variables and constraints
significantly and enables efficient solving. The results obtained are found to be nearly the same
as that of MINLP with polynomial time complexity, unlike MINLP which sometimes can be
exponential time complex. Further, the developed approach handles multiple uncertainties such
as demand fluctuation, delay in the arrival of ships carrying crude parcels, and tank unavailability,
easily.
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Abstract
The journey of CO2 separation technology from conventional methods to hybrid combinations
is highly commendable in the recent era of energy crisis and environmental degradation. In this
work, the substantial CO2 selective effect offered by the combination of various amines
(piperazine and poly (amidoamine)) and fillers (carbon nanotube and hydrotalcite) have been
discussed in details. The selected amines and fillers have been loaded to carboxymethyl
chitosan matrix for the fabrication of thermally stable and moisture responsive mixed matrix
membranes (MMM). Further, using various spectroscopic and microscopic techniques the
membranes have been characterized. Later, the comparative study on the different MMMs
showed that out of all the membranes, poly (amidoamine) and hydrotalcite loaded membrane
exhibited the optimum CO2 permeance as ~ 123 GPU with the CO2 /N2 selectivity ~ 67 at 90
°C under a constant water flow ratio of 2.33 (sweep/feed).

Keywords: CO2 separation, membrane, carboxymethyl chitosan
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Abstract
Energy and water are the foremost needs of human life but the population growth,
industrialization and the depletion of fossils fuels requires an alternative source that are
environmental friendly. In this aspect membrane technology appears to be potential one due to
its low foot print, easy maintenance and eco-friendly features. In the area of energy sector
membrane-based fuel cells appears as a emerging one with a advantageous features of
producing water and heat as a byproduct. The membrane is the foremost component of fuel
cell with its dual functionality as a conductor and separator. In order to overcome the hurdles
associated in commercial Nafion membrane such as high cost, fuel crossover, low stability and
proton conductivity a novel polyion complex membranes prepared by the Sulfonated
polyethersulfone (SPES) with Aniline treated polyetherimide (APEI), Torlon and polyaniline
(PANi) membranes exhibits high proton conductivity and low methanol permeability useful in
both proton exchange membrane fuel cell (PEMFC) and direct methanol fuel cell (DMFC)
applications was synthesized. The chemical interactions between sulfonic acid groups and
anionic amide-imide moieties induce ionic bonds that provide greater hydrophilicity, lower
methanol crossover to cathode side and higher proton conduction. Additionally, the static and
dynamic properties of the synthesized membranes were predicted by the molecular dynamics
(MD) simulation and were found to be a powerful tool for the further scale up of the process.
The power density of synthesized membranes was found to be comparable to commercial
Nafion Membrane. Along with the conventional fuel cell in order to generate the wealth from
waste microbial fuel cell (MFC) was used for treatment of waste water. The novel biochar
loaded and zeolite 4A loaded membrane was synthesized and their performance was estimated
in single slice MFC system in terms of COD removal and power density. The desirable
properties obtained through synthesized membrane clearly indicate them as a potential
alternative for fuel cell applications.
Keywords: Proton Conducting Membrane, Fuel Cell, Wastewater Treatment, Power Density
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1. Introduction
There is a substantial growth and advancement in the
research and development towards the gas hydrate-based
storage and transport of greenhouse gases such as methane
and carbon dioxide [1-3]. The scale-up opportunities are
among the key advantages of employing gas hydrate-based
alternative process for the storage and transport of range of
gases [4-6].In order to further exploit gas hydrate
technology for the storage and transport of other gases
particularly the natural gas, a set of organic di-acids were
used as additives.
In the present work, the storage and modelling studies on
simulated natural gas (SNG) hydrates were done in a
similar reactor setup as described by Kushwaha et al. 2019
[7,8]. The additives namely oxalic acid and succinic acid
were selected based upon the data analyzed on the basis of
solubility and the non-polar gas diffusion inferences [9-11].
The present study reports the observations on the storage
capacity of the SNG in a designed reactor setup followed
by modelling of the kinetic (gas consumption) profile by
using ANN and the comparative analysis of the both.
2. Material and Methods
2.1 Materials
The synthetic natural gas used in the current work
was supplied by the Indo Gas agency, India containing 88.4
% methane, 5.80 % ethane, 3.45 % propane, 1.50 %
mixture of n-butane and iso-butane, and 1.91 % carbon
dioxide. All the chemicals were of analytical grade being
supplied by SRL Pvt. Ltd., Chennai.
2.2 Methods
2.2.1 Experimental setup:The experimental setup having
SS-316 jacketed crystallizer of 140 cm3 with the
polycarbonate windows was used for conducting the
experiments. Reactor was fitted with a pressure transducer

(Wika, range 0 – 16 MPa) and temperature sensor (RTD-Pt
100). The temperature was maintained by an external
temperature control unit supplied by Siskin Profichill,
India. A magnetic stirrer, Remi-make(1 ML) was used to
rotate the liquid – gas mixture inside the crystallizer. The
controller and data acquisition system (PPI) was used to
acquire the pressure and temperature data which was
further analyzed by using data processing and
computational unit.
2.2.2 Experimental procedure:The crystallizer was
sealedand the coolant containing ethylene glycol and water
in a required ratio was circulated in the jacket using
external temperature control unitat a set temperature of
273.15 K. The natural gas was charged up to 3 MPa
pressure; slightly higher than the hydrate forming
equilibrium pressure of simulated natural gas (SNG).The
crystallizer was stirred by the magnetic stirrer at fixed
speed of 350 RPM. The pictures were captured at regular
intervals during the process of hydrate formation, and the
pressure/ temperature stability was considered as the mark
of saturation of experiment.
2.3 Theory and calculation
The calculations for the natural gas trapped in the
cages was calculated by taking the difference between
moles of gas injected in the crystallizer and the moles of
gas present in the gas phase at any given time “t” by using
equation 1 [5].
∆n

,↓

=

−

(1)

For the simulated natural gas, the water to hydrate
conversion gives idea of the efficiency by using equation 2
[6]. The hydration number as per literature were considered
Conversion of water to hydrate (mole %) =
∆

,↓

×

× 100

(2)

3. Results and Discussion
3.1 Gas uptake Analysis of SNG
Based upon the analysis of the experimental data
data,
the kinetics of natural gas hydrates formed was
comparatively evaluated and its observations are
summarized in the Figure 1.. It is evident from the Figure
1(a) which represents the SNG uptake profiles for 120
minutes. The highest SNG uptake was observed in case of
succinic acid systems (SAS) in both the concentrations (1.0
M and 0.5 m) followed by the water system. Thus, succi
succinic
acid is evidently showed kinetic promotion of the gas
uptake during hydrate formation. While, the oxalic acid
systems (OAS) having 1.0 M and 0.5 m concentration
showed retarded growth indicating an inhibiting behavior.

Figure 1. Moles of natural gas consumed during process
The analysis of the uptake profiles
es for the initial 10 minutes
in Figure 1(b) revealed consistent behavior of succinic acid
whereas the mixed observations in case of water and oxalic
acid were found which showed a relatively low kinetics to
that of succinic acid systems.
3.2 ANN Modelling of natural gas uptake
The gas uptake profiles give the better understanding
of the moles of gas consumed during the hydrate formation
process. The Figure 2 gives comparative analysis of the
profiles obtained from the moles of gas consumed during
the experiment and the moles of gas consumed predicted by
the ANN modelling. It is evident from the Figures 2(a) and
2(b) that ANN gives better prediction of the consumption
of the simulated natural gas than the experimental results.

Figure 2.. ANN based prediction of SNG mole consumption

4. Conclusion
A comparative investigation of the gas hydrate
based gas uptake of SNG in the presence of simple di-acids
di
was conducted which revealed a better gas uptake in case
of succinic acid molecules which have a high affinity
towards non-polar
polar gases giving a synthetic natural gas
uptake order of SAS > Water
ater system > OAS. The ANN
modelling
ing on the experimental output of gas consumption
has been found to give a have much better fit for the gas
uptake profiles having high accuracy when compared to the
experimental analysis. Thus, a further study on higher acids
ac
may give more insights.
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1. Introduction
Fast breeder reactor with metallic fuel offers several
advantages such as high thermal conductivity, high fissile
content and high breeding ratio. The metal fuel considered
are U-Zr and U-Pu-Zr alloys with composition of Pu and Zr
ranging from 15-19% and 6-22% respectively. The
reprocessing of metallic fuel is generally carried out by
Pyro processing which is yet to mature industrially in India.
Hence, aqueous reprocessing method are being evaluated
as an alternative [1]. PUREX process is the most widely
adopted aqueous process for spent nuclear fuel
reprocessing. One of the major unit operation followed in
the PUREX process is solvent extraction. In solvent
extraction, the aqueous feed containing the fissile material
along with the other fission products and minor actinides
were separated by using the solvent containing 1.1M
Tributyl Phosphate (TBP) in n-dodecane (n-DD). The
solvent selectively extracts U(VI) and Pu(IV) from rest of
the species in the spent fuel dissolved solution.
Solvent extraction is carried out in counter current
multistage contactors. The flow sheet design and
optimization of multistage solvent extraction contactors
were performed through computer simulation. Important
parameters such as the number of theoretical stages
required for the given extraction duty and the solvent
requirement were estimated from the simulation results.
During simulation, the multicomponent mass balance
equation for the stages was solved simultaneously to obtain
the stage concentration profile of the solutes. During the
solving of mass balance equation, mass transfer between

the aqueous and organic phases were obtained from the
distribution coefficient of the solute. Therefore, the
mathematical model for the estimation of distribution
coefficient of a solute as a function of various solute and
nitric acid concentration is required. In the present work,
mathematical model for the distribution coefficient of
Zr(IV) (𝐷𝑍𝑟 4+ ) was developed based on the thermodynamic
principles. The activity coefficient in the aqueous phase
was estimated using Specific Ion Interaction (SIT) model.
2. Description of model
2.1 Solvent extraction equilibria
The extraction of metal ions by the solvent is
through the formation of various organo metallic solvation
complexes in the organic phase. The solvent extraction
equilibrium can be described as follows

(

)

M n+ + nNO3− + zTBP  M NO3− n .zTBP

(1)

Where, M denotes any solutes such as Zr4+, UO22+ or
H+.From the law of mass action principle, the equilibrium
constant forthe above equation is given as follows
K=
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M NO  TBP 
n+

−
3 n
− n
3

z

f

=

x M (NO − ) . zTBP
3 n

n
z
x M n + x NO
− xTBP
f
3

.

 M (NO − ) . zTBP
3 n

n
z
 M n +  NO
−  TBP
f
3

The above equation when rearranged, yields
distribution coefficient of the solute (𝐷𝑀𝑧+ ) as follows
DM Z + =
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(
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2.2 Activity coefficient model
Guggenheim modified the Debye Huckel formula based on
the specific ion interaction theory proposed by Bronsted as
follows

4M HNO3
3M HNO3
10

-1

10

-2

0

I
log  i = − z 0.509
+   jk mk
1 + 1.5 I k
2
i

Where I is the ionic strength, βjk is the interaction
coefficient for each combination of cation j and anion k and
mk is the molality of anion k.
3. Results and Discussion
The major Zr species considered to be present in the
aqueous solution are Zr4+, ZrOH3+, Zr3(OH)48+ and oxo
polymers. However only Zr4+ and ZrOH3+are extractable by
TBP [2]. The equilibrium concentration of the species
present in the aqueous solution was estimated using the
equilibrium constant reported by Mailen et al [2].

2M HNO3

DZr(IV)

From the above relation, 𝐷𝑀𝑧+ the distribution coefficient of
the metal ion is found to be a function of nitrate ion
concentration, free TBP concentration and the ratio of
activity coefficient of the species in the organic to the
aqueous phase.

0.1

0.2
0.3
[M(U(VI)], Org

0.4

0.5

Fig 2: The variation of DZr as a function of Uranium
loading for various aqueous nitric acid concentrations.
The comparison of experimental and estimated distribution
coefficient of Zr(IV) is shown in fig 1. The distribution
coefficient of Zr(IV) as a function of organic phase U(VI)
concentration is shown in fig 2. The increase in the organic
phase U(VI) concentration decreases the distribution
coefficient of Zr(IV). Almost ten times reduction in
distribution coefficient of Zr(IV) is observed for the U(VI)
loading of more than 40%.
4. Conclusion
The distribution coefficient of Zr(IV) was
modeled during the simultaneous extraction of Zr(IV),
U(VI) and HNO3. The model parameters in the SIT activity
coefficient model and the equilibrium constant of the
species present in the organic phase were estimated. The
estimated distribution coefficient of Zr(IV) validates well
with the experimental values and is found to decrease with
the increase in U(VI) loading in organic phase.

0.15

DZr(IV),Pred

0.1

0.05

References
0
0

0.05
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Fig 1: The comparison of experimental and estimated DZr
The equilibrium constant of the species in the organic
phase such as Zr(NO3)4.2TBP, Zr(OH)(NO3)3.2TBP,
UO2(NO3)2.2TBP and HNO3.TBP were estimated to be
3.8x10-4, 0.326, 16.312 and 0.055 respectively. The
distribution coefficient of the species were estimated from
the equilibrium constant using Eq.(3).
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1.

Introduction

Chemical processes in general, and biochemical
fermentation systems in particular have strongly nonlinear
features. Additionally, biochemical process models have a
large number of parameters, which have to be determined
experimentally.
Process optimization has received a lot of attention in
recent years because in the face of growing competition, it
represents a natural choice for reducing production costs,
improving product quality, and meeting safety requirements
and environmental regulations. The optimization task
required to operate continuous process is usually performed
to achieve disturbance rejection, designing controllers to
reach and maintain set points effectively, and keeping the
down time to a minimum, and the operating region is
generally narrow. The present study is focused on
development of dynamic modeling and multi-objective
optimization of a continuous yeast fermentation bioreactor
using stochastic optimization techniques.
2. Material and Methods
2.1 Materials
The required chemicals used for this study are
Glucose from sugarcane and yeast from Saccharomyces
cerevisiae.

2.2 Methods
Many real-world design or decision making problems
involve simultaneous optimization of multiple objectives. In
principle, multi-objective optimization is very different than
the single-objective optimization. In single objective
optimization, one attempts to obtain the best design or
decision, which is usually the global minimum or the global
maximum depending on the optimization problem is that of
minimization or maximization. In the case of multiple
objectives, there may not exist one solution that is best or
global optimum with respect to all objectives. Thus, it can
be expected that use of a multi-objective optimization
approach for the developing optimal policy can provide a
better handle for predicting performance trade-offs arising
due to conflicting operating objectives.
3. Results and Discussion
3.1 Mathematical models for yeast fermentation reactor
The reactor is modeled as a continuous stirred tank with
constant substrate feed flow. There is also a constant outlet
flow from the reactor that contains the product, substrate as
well as biomass.
The mathematical model equations have been derived from
mass, heat balances.
𝑑𝑐𝑥
𝑐𝑠
= 𝜇𝑥 𝑐𝑥
𝑒 −𝐾𝑃𝑐𝑝
𝑑𝑡
𝐾𝑠 + 𝑐𝑠
𝑑𝑐𝑝
𝑐𝑠
= 𝜇𝑝 𝑐𝑥
𝑒 −𝐾𝑃1 𝑐𝑝
𝑑𝑡
𝐾𝑠1 + 𝑐𝑠

𝑑𝑐𝑠
1 𝑑𝑐𝑥
1 𝑑𝑐𝑝
= −
−
𝑑𝑡
𝑅𝑠𝑥 𝑑𝑡
𝑅𝑠𝑝 𝑑𝑡
𝑟𝑂2 ∆𝐻𝑟
𝐹𝑖
𝐹𝑒
𝑑𝑇𝑟
(𝑇𝑖𝑛 + 273) − (𝑇𝑟 + 273) +
=
𝑉
𝑉
𝑑𝑡
32𝜌𝑟 𝐶ℎ𝑒𝑎𝑡,𝑟
𝐾𝑇 𝐴 𝑇 (𝑇𝑟 − 𝑇𝑎𝑔 )
+
𝑉𝜌𝑟 𝐶ℎ𝑒𝑎𝑡,𝑟
𝐹𝑎𝑔
𝐾𝑇 𝐴 𝑇 (𝑇𝑟 − 𝑇𝑎𝑔 )
𝑑𝑇𝑎𝑔
=
(𝑇𝑖𝑛,𝑎𝑔 − 𝑇𝑎𝑔 ) +
𝑉𝑗 𝜌𝑎𝑔 𝐶ℎ𝑒𝑎𝑡,𝑎𝑔
𝑉𝑗
𝑑𝑡
Where, 𝑐𝑥 = biomass (yeast) concentration (g/l)
𝑐𝑝 = product (ethanol) concentration (g/l)
𝑐𝑠 = substrate (glucose) concentration (g/l)
𝜇𝑥 = maximum specific growth rate (h-1)
𝜇𝑝 = maximum specific fermentation rate (h-1)
𝑅𝑠𝑥 = ratio of cell produced per glucose consumed
for growth
𝑅𝑠𝑝 = ratio of ethanol produced per glucose
consumed for fermentation
𝐾𝑠 = constant in the substrate term for growth (g/l)
𝐾𝑝 = constant of growth inhibition by ethanol (g/l)
𝐾𝑃1 = constant of fermentation inhibition by ethanol
𝐾𝑠1 = constant in the substrate term for ethanol
production
𝐾𝑇 = heat transfer coefficient (J h-1 m-2 K-1)
𝑇𝑟 = temperature in the reactor (0C)
𝑇𝑎𝑔 = temperature of cooling agent in the jacket (0C)
𝑇𝑖𝑛 = temperature of the substrate flow entering to
the reactor (0C)
𝑇𝑖𝑛,𝑎𝑔 = temperature of cooling agent entering to the
Jacket (0C)
𝐴 𝑇 = heat transfer area (m2)
𝐹𝑖 = flow of substrate entering the reactor (l h-1)
𝐹𝑒 = outlet flow from the reactor (l h-1)
𝐹𝑎𝑔 = flow of cooling agent (l h-1)
𝑉 = volume of the mass of reaction (l)
𝑉𝑗 = volume of the jacket (l)
𝐶ℎ𝑒𝑎𝑡,𝑎𝑔 = heat capacity of cooling agent (J g-1 K-1)
𝐶ℎ𝑒𝑎𝑡,𝑟 = heat capacity of mass of reaction (J g-1 K-1)
𝜌𝑎𝑔 = density of cooling agent (g/l)
𝜌𝑟 = density of the mass of reaction (g/l)
∆𝐻𝑟 = reaction heat of fermentation (kJ/mol O2
consumed)
𝑟𝑂2 = rate of oxygen consumption (mg l-1 h-1)

3.2 Multi-objective optimization approach
Fermentation processes typically have multiple objectives
and optimization using different objective functions leads to
significantly different optimal operating conditions. Thus,
the multi-objective optimization approach appears to be
more appropriate for finding optimal operational policies of
yeast fermentation processes. The optimal control problem
in this study is formulated by considering multiple operating
objectives, namely maximization of yield and minimization
of energy/minimization of carbon dioxide discharged during
the process.
Further, Stochastic optimization techniques are
gaining importance for solving multi objective optimization
problems. Among them, Non-dominated sorting Genetic
Algorithm (NSGA-II) proposed by Deb et al., 2002 is used
as a solution method for solving multiple objectives.
4. Conclusion
In this work, a computationally efficient
mathematical model for a yeast fermentation reactor is
developed. By using optimization techniques we developed
optimal operating policies for yeast fermentation reactor
using stochastic optimization techniques resulting in pareto
optimal solutions.
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1. Introduction:
Thermal cracking is one of the most important processes in
petroleum refining industry to produce lighter
productsfrom the heavierproducts of refining.Cracking
reactions are endothermic and require a large amount of
energy. The process is normally carried out in a long
tubular reactor heated by a gas-fired furnace. A preheated
mixture of hydrocarbon and steam, typically around 700 K
is fed to the reactor. The outlet temperature of the reactor is
in the range 900- 1100 K. Steam acts as a diluent and helps
in lowering the partial pressure of hydrocarbons,inhibits
secondary reactions and reduces coke formation[1].
Cracked gases, leaving the reactor, are cooled rapidly in a
heat exchanger to stop the undesired reactions and heat
recovery. Thermal cracking process can be well explained
by radical mechanism. Unfortunately, radical mechanism
involves many reactions with unstable intermediates. It is
difficult to find kinetics of each step involving the radicals
and to incorporate their reactions in the reactor simulation.
Molecular mechanisms, derived from radical mechanism,
provide an alternative to represent the thermal cracking
processes and can be conveniently used in the reactor
simulation to predict the yields of individual components.
Though there are number of studies reported in literature
for kinetic modelling of various hydrocarbon cracking[2]–
[5], it is observed that kinetic parameters reported for
various reactions are widely different. The parameters vary
with the proposed mechanisms from different groups,
which add or remove a set of reactions. The goal of this
study is to establish a unified yet robust kinetic modelling
approach. The further objective is to build predictive ability

for deciding the required product profile and/or
predetermining thermal cracking conditions to maximize
required products for a given feed.
2. Methodology
2.1 Model Development
A plug flow reactor wasadopted to model and simulate the
thermal cracking process which takes place in a tubular
reactor. The model requires integration of material, energy
and momentum balance equations.[6], [7]
2.2 Numerical Solution
The model equations (material balance, energy balance,
momentum balance) form a set of stiff ordinary
differential equations (ODEs) that are coupled with
nonlinear algebraic equations of kinetic model and
auxiliary correlations. The set of equations are solved
simultaneously using SCILAB (ver6.1.1)
2.3 Model Validation
Various kinetic models (molecular and radical
mechanisms) are proposed by different authors. The
kinetic model proposed by Sundaramet al[8] is
widelyaccepted.In this work,the same reaction scheme
was used initially as the base case and the kinetic

parameters weretuned, wherever required, using
experimental data published by various other authors[9].
3. Results and Discussion:
The accuracy of a model is the most important goal of the
process simulation. In the simulation of cracking process,
in addition to the reactor modeling, an accurate and
acceptable reaction mechanism is also required. Different
reaction mechanismis reported in literature, however with
insufficient information required forprocess simulation
and therefore cannot be easily used for optimization of
the kinetic parameters and for model validation.The
experimental data for this work were adopted from the
literature[6], [8]–[10]. In this work The equilibrium
constants for reversible reactions were calculated
usingthermodynamics. Optimized kinetic parameters are
used to validate simulated exit composition data with the
published plant data and proposed models from previous
work.
Figure 1: Comparison of simulated results with
published data
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Figure 1 shows a comparison of simulated data against
published data for ethane cracking. In the published data
[9], authors had compared plant data with proposed
molecular and radical kinetics. The Plant data had
showed 65.8% conversion, while the molecular model
predicted 69.4% conversion and the radical mechanism
model had predicted 65.2% conversion. Whereas kinetic
model in the present work has predicted 68% conversion.
It is evident from the results obtained by present studies
that the proposed kinetic model is able to predict the exit
compositions with SSE (sum of squared estimate of

errors) value of 7 when compared with the published
plant data.
4. Conclusion:
A simplified molecular model for ethane cracking is
developed and subsequently used to arrive at propane and
butane cracking reaction scheme
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1. Introduction
Ball mill has been well-accepted for comminution of
ores in mineral industries because of its flexibility and
versatility (Austin and Luckie 1972).Heterogenous
environment of industrial mill has attracted interest of
several researchers (Austin et al. 1984). The operating
variables of ball mill must be optimized for effective
grinding at minimal energy consumption (Austin 1971).
Population balance model gives significant advantage
in size reduction analysis. In the recent years, the
researchers have derived various grinding models from
population balance theory (Austin et al. 1984; Egbe 2013;
Gaudin and Meloy 1962; Herbst et al. 1971). Many
researchers have put their effort in modelling the ball mill
using population balance model which helped in accurate
prediction of the product size distribution, scale-up and the
design optimization of grinding mill (Austin et al. 1984;
Egbe 2013; Gaudin and Meloy 1962; Herbst et al. 1971,
1972). In general, the grinding of each particle size class
follows the first order kinetics.In the present study,
systematic experiments were carried out on Carbonatite
rock using ball mill by varying mill speed, material to
grinding media ratio, feed size as per the Box-Behnken
matrix. The paper discusses the effect of mill operating
variables on grinding efficiency and the breakage
characteristics of Carbonatite rock in a ball mill.
2. Material and Methods
In the present study, Carbonatite rock sample received from
Atomic Minerals Division (AMD), Shillong was used for
grinding studies. The total sample of around 185 kg was
received at CSIR-IMMT, Bhubaneswar to carry out the
research and development work. The sample of bulk

density 1.2 g/cm3was initially crushed by jaw crusher
followed by a roll crusher to -1000 µm size and mono-sized
samples of -500+350, -350+150, -150+75 μm were
prepared. The grinding experiments were carried out in a
laboratory ball mill with a chamber volume of 3.8 litre. The
bond media ball distribution of 1.5, 1.25, 1.0, 0.875 and
0.75 inch totaling 20.125 kg was used for the test work. In
this work, the independent variables such as particle size
(x1), mill speed (x2), and material to ball ratio (x3) were
selected for study. A total of 14 experiments were
conducted as per the Box-Behnken design matrix to study
the detailed effect of different variables on the P80 and ECS.
The results were analysed by different descriptive statistics
in Design Expert to produce the mathematical models for
P80 and ECS.
3. Results and Discussion
3.1 Effect of operating variables
The effect of feed size,milling speed and material to ball
ratio on the P80 andECS is shown in Figure 1It shows that
the increase of feed size causes increases in P80 and
decrease in ECS. It is also noted that the smallest P80of70
μm was observed with an expense in ECS of 0.048
kWh/t.Milling experiments were carried out by changing
three different milling speeds of 54, 62, 70 rev/min. The
results indicate that the milling speed decreasesP80
andincreases ECS. The higher number of collisions causes
higher interaction between grinding media and material that
in turn increases the grinding rate.Experiments were carried
out at three different materials to ball ratio of 25%, 50%
and 75%. It was observed that the gradual increase in P80
may be due to decrease in impact loading of balls. The drop
in energy output above the optimum value was due to the

increase in ball-to-ball collision resulted in a decrease in
effective impact energy.
3.2 Multiple regression analysis and model fitting
The P80 and ECS data wasanalysed
analysed to develop mathematical
models as function of operating variables. The quadratic
model was found to be significant,, highly correlated and
appropriate. The final model relating product size (Y1) and
specific communition energy (Y2) with coded levels of
operating variables particle size (A), grinding speed (B)
and material to ball ratio (C) were developed
developed. Model
equations were optimized using Design Expert 12 to obtain
a target P80 of 70 µm within the experimental investigated
range. The optimum levels of variable for 70 µm of P80
were found to be 62 rpm ball mill speed, 300 µm feed size
and 75% material to ball ratio.

function values were estimated for feed size -500+300 µm
and progeny sizes -300+150
300+150 and -150+75 µm for 62 rpm
grinding speed in 0.75 material to media ratio.
rati The final
predicted cumulative product size distribution is compared
with experimentally obtained values in Figure 2. The
closely predicted values
es ensues the correctness of the
adopted modelling approach.

Figure 2: Comparison of experimental and predicted
product size distribution.

4. Conclusion
In this study, Carbonatite rock sample was chosen as feed
material for finding the optimum parameters for grinding in
a laboratory ball mill. The selection and breakage functions
were evaluated at optimal conditions of ball mill. Finally,
the prediction of product size distribution was done based
on the estimated selection and
nd breakage function values
corresponding to the obtained optimum level of operating
variables.
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1. Introduction
CO2 reforming of CH4 (DRM) is an effective way to
utilize the greenhouse gases of (CO2 and CH4) to produce
syngas (H2 and CO) and it can be further processed in to
more useful chemicals and fuels using Fischer–Tropsch (FT) synthesis [1]. The effect of reaction parameters for the
desired products must be known precisely. Several studies
for reaction kinetics with reaction mechanisms are
available for various supported catalysts [1]. However, the
performance of the catalytic system could be different due
to reaction conditions [1, 2]. So, the prediction of
generalize reaction kinetics model is difficult due to the
complexity of the reaction mechanism.Recently,
computations studies have gained attention to overcome
these challenges due to the advancement of new
technology. So, to understand the effect of the reaction
parameters, the various models were developed using
supervised Machine Learning (ML) algorithms. For this
study, we used a dataset with 57 observations from the
literature[2] to develop prediction models using three
regression methods, i.e., Artificial Neural Networks
(ANN), Support Vector Machine (SVM), and Multilinear
Regression (MLR).
2. Material and Methods
2.1 Data acquisition
The machine learning models are prepared based
on data published in the literature [2]. The data size of 57
observations which contains four independent variables X1
(CH4 partial pressure, kPA), X2 (CO2 partial pressure,kPA),
X3 (CH4/CO2 ratio), and X4 (reaction temperature, ºC);and
four dependent variables such as Y1 (rH2, mmol/min/g

catalyst), Y2 (rCO, mmol/min/gcatalyst), Y3 (CH4
conversion, %) and Y4 (CO2 conversion, %).These
independent and dependent features was utilized to
developed supervised machine learning models.
2.2 Methods
2.2.1 Artificial Neural Network (ANN)
ANN is a computational model inspired by
biological neural networks of the animal brain. A machine
learning algorithm for the ANN model utilized the
techniques to process information as neurons of the
human’s brain do.
2.2.2 Support Vector Machine (SVM)
SVM is a supervised learning model with associated
learning algorithms that analyze data for classification and
regression analysis. It is a popular ML technique due to its
non-parametric structure, prediction of continuous type
variables, and usage of kernel functions.
2.2.3 Multilinear Regression (MLR).
MLR is a statistical technique to predict the outcome of a
dependent variable based on several independent
variables.MLR is the simplest regression model to build a
linear relationship between the independent and dependent
variables.
3. Results and Discussion
Python code was written to develop and evaluate the
performance of the proposed methods. Exploratory data
analysis (EDA) was done to understand the data, and

feature engineering was used to remove the outliers, and
transformed it into amore normal distribution dataset based
on skewness and kurtosis. Due to the small size of the
dataset, an 8-fold cross-validation process is implemented
to ensure unbiased results for the evaluation of the models’
performance. The same data set was used to train and test
the models by splitting them into 80-20%.To predict the
accuracy of developed models, the correlation of
coefficient(R2), adjusted correlation of coefficient (Adj.
R2), and Root- Mean-Square-Error (RMSE) was calculated.
For the artificial intelligence (AI) environment, four layers
(input,two hidden, and output) was considered inthe ANN
model, and 32 neurons for hidden layers were optimized
for the best performance. To visualize the performances of
proposed methods, the parity plots of prediction for output
responsesare shown in Fig.1 and the accuracy of the
developed models are also shown in Table 1.

Figure 1:Parity plots of observations vs. prediction for(A)
rH2 (mmol/min/g catalyst) (B) rCO (mmol/min/g catalyst)
(C) CH4 conversion (%) and (D)CO2 conversion (%)
obtained from developed ML models for Ni based
catalysts.
Fig. 1 revealed that proposed methods predict the rate of H2
and CO more accurately than conversions of CH4 and CO2
because of the small data size. It is clear from Table1;
ANN model is best to predict Y3 and Y4, whereas SVM is
more suitable for Y1 and Y2. Additionally, MLR can also
predict the output responses with around 90% accuracy
except for the Y4. Interestingly, it can be noted that the
same model cannot be used to predict the output of DRM
reaction for a small data size because of the different
magnitude of data. However, the proposed methods predict

the output perfectly. Hence, supervised ML models can be
used to design a catalysis system for DRM reactions.
Output
R2
Adj. R2
RMSE
Y1
0.92
0.92
0.56
Y2
0.95
0.95
0.99
ANN
Y3
0.90
089
4.83
Y4
0.88
0.88
6.23
Y1
0.97
0.97
0.36
Y2
0.99
0.99
0.22
SVM
Y3
0.90
0.89
4.87
Y4
0.82
0.80
7.69
Y1
0.91
0.90
0.63
Y2
0.94
0.94
0.45
MLR
Y3
0.89
0.88
4.93
Y4
0.74
0.72
9.40
Table 1:The accuracy of developedmodels to predict
outputs of DRM for Ni-based catalysts.
4. Conclusion
Machine learning algorithms are used to propose
prediction models for outputsof DRM reaction for Ni-based
catalyst using four input features. ANN and
SVMaccurately predict conversions (Y3 and Y2) and
production rate (Y1 and Y2), respectively.MLRpredicts
around 90% accuracy except for Y4. Different models can
be used to predict output responsefor small data size due to
the uneven magnitude of data response. Hence, the MLbased method can be used to create such types of prediction
models for catalyst-based DRM reaction systems.
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Abstract: In the present study, a novel design of heat sink with quarterly-divided cylindrical pin fin is proposed which is modified
by splitting up the conventional cylindrical pin fin design into two vertical halves, keeping a gap between the divided fin pieces.
Flow characteristics, rate of heat transfer and fin efficiency are compared under forced convection for both heat sink configurations
with the same amount of material required for construction. The results are analyzed for a range of Reynolds number for different
flow rates under laminar regime. Flow analysis reveals enhanced air circulation between the gaps and increased surface area for
heat transfer leads to a significant rise in the rate of heat dissipation.
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1. Introduction
The use of fins in heat sink is highly practiced for heat
dissipation both at the industrial as well as domestic level [12]. Finned structures are applicable in heat exchangers,
electronic equipment, refrigeration, etc. Since heat sinks
form an integral part of the electronic cooling systems,
therefore, the design of fins has got modified and optimized
with time, based on their performance for effective removal
of heat to lower the operating temperature [3,4].
Among the different available fin designs pin finned heat
sink shows excellent thermal performance, and it consists of
a large number of pin fins that provide substantial surface
area for heat transfer [5-7]. The design of pin fins comes with
certain advantages such as easy to manufacture, simple
structure and low thermal resistance.
Based on the previous works, it can be summarized that
pin fins are an inevitable part of heat sink for heat
dissipation. One alternative way to increase the surface area
without going into the cumbersome manufacturing process
is dividing the pin fin vertically into two halves and
providing a gap between the fin pieces.
In the present work, performance of a novel configuration
of quarterly-divided cylindrical pin fins is evaluated and

compared with conventional cylindrical pin fins for inline
arrangements under forced convection. The results are
analyzed for a given range of Reynolds number.

2. Material and Methods
2.1 Geometry
Cylindrical pin fins consist of a base plate and 25
cylindrical pin fins. The fins are arranged in inline
arrangement for both the configurations keeping fin pitch
fixed as shown in Figure 1. For quarterly-divided cylindrical
pin fins, the base plate dimensions are kept same. The pin
fins are obtained by vertically dividing the circular crosssection quarterly into four equal halves.
2.2 Comparative analysis
For comparative assessment, the performance of
heat sink is evaluated based on the rate of flow features, heat
dissipation and fin efficiency.

4. Conclusion
The numerical study of a novel design of heat sink
with quarterly-divided cylindrical pin fin is performed for an
inline arrangement, which is a modified design of cylindrical
pin fin. The performance of proposed heat sink design is
evaluated for a range of Re under laminar flow condition and
is compared with the conventional cylindrical pin fin design.
Air-flow circulation gets improved around the fins and fingaps, which helps in homogenizing the temperature
distribution and heat transfer effects in case of quarterlydivided cylindrical pin fin. Moreover, the gap created by
splitting the cylindrical pin fin into two vertical halves leads
to an increase in heat transfer surface area using the same
amount of material of construction as in cylindrical pin fin
design.
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1. Introduction

∂c/∂t=R(c)+D∇²C

Change and motion characterize and persistently reshape
the world around us, on scales from molecular to global.
Molecules move, collide, and react with the other molecules
nearby to produce new molecules. The subtle interplay
between change (Reaction) and motion (Diffusion) gives
rise to an astonishing intricate spatial or temporal pattern.
These pattern formation in nature has been intellectually
appealing for many scientists since antiquity.

(1)

Self-assembly is a frequently observed phenomena in
Nature1, and they are used to design either complex
equilibrium or non-equilibrium spatiotemporal structures
and patterns. Pattern formation phenomena serve commonly
the foundation for the design of microstructures, which
gained recently great interest and significance in material
science. Pattern formation can be characterized by the
appearance of the inhomogeneous spatial distribution of one
or more chemical species. These spatiotemporally repeating
phenomena are stabilized by the interplay between reactions
and the diffusion of the chemical substances under nonequilibrium conditions. Unlike the one-directional or
equilibrium reactions, which are described only by reaction
terms, the behavior in a reaction-diffusion system is
governed by combining reaction and diffusion terms as the
following:

Where c, t, R, and D, are the concentration of a
component in the system, time, reaction equation and
diffusion coefficient of the component. Classical systems
which are governed by Reaction-diffusion systems and give
rise to patterns are Turing pattern and wave propagation. A
special class of Reaction-diffusion system is the
Precipitation reaction in which the reaction is governed by a
precipitation reaction yielding precipitate and/or colloidal
particles. This results in a heterogenous system of a series of
banded precipitates observed in chemically reacting
systems. The formation usually occurs due to the interaction
of transport of chemical species and the chemical reactions
they participate in. This gives rise to Liesegang pattern (LP)
also known as periodic precipitation, a phenomenon which
was discovered and described in 1896 by Raphael Edward
Liesegang, a German chemist and photographer.
The motivation for LP studies begins from their aesthetical
beauty and complex nature of patterns observed in
physicochemical, biological, and geological systems, as well
as the firm belief that much can be learned about the
theoretical and practical problems of crystallization and the
instabilities underlying this phenomenon. It is believed that
migration/reaction is best suited for applications in micro
and even nanotechnology, which means LP has a great

potential in these technologies. For example, LPs of silver
nano particles in glass have been reported by electron
microscopy2. It has been proved that isometric LPs is a
potential device in the application of multi-pulse drug
release3.
So far, the research on LPs have been concentrated
mostly around how these patterns are forming, to retrieve
information to build a universal mathematical model for
them. LP has been known for more than a century, and there
are several theories concerning its mechanism. These
models roughly fall into two groups: Prenucleation and Postnucleation theories. In the former, the pattern is assumed to
be the result of a wave of Supersaturation. Models of this
group are essentially based on a mechanism proposed by
Ostwald in 1897, where a repetitive appearance of
Supersaturation in space and time is assumed, which
influences the nucleation of solid particles and their growth
kinetics.
Models from the latter group start from the assumption that
after initially homogeneous nucleation of solid particles, a
macroscopic precipitation pattern develops due to the socalled Lifshitz-Slyozov instability, i.e., instability of
particles relative to their size: a large particle grows at the
expense of smaller ones, while the latter dissolve, which is
called Ostwald ripening. From a mathematical point of view
the LP phenomenon can be described by a set of reactiondiffusion differential equations. However, due to the
complexity of phenomena these equations cannot be solved
by the usual analytical methods.
To the best of our knowledge, simulation studies of LPs
assume an arbitrary value of RD parameters to explain
experimental observation qualitatively. We next introduce
the general theoretical background and some experimental
trends that show the diversity and controllability of LPs.

2. Material and Methods
2.1 Materials
The required chemicals used for this study were
purchased from the following companies: RANKEM
Chemicals. This section discusses the procedure to prepare
inner and outer electrolyte.
2.2 Methods

In the first case, initially one of the reagents is
homogeneously distributed in a gel (inner electrolyte, B),
after the gelation process, the solution of another reagent
(outer electrolyte, A) is placed on the top of the gel.
Commonly in a petri-dish, a thin gel is prepared that contains
inner electrolyte, and a solution of outer electrolyte is added
to the center of the dish. The spatial distribution of the
substances depends on the initial concentrations of the
source substances and very often the precipitate is
distributed non-homogeneous in space, forming bands
parallel to the diffusion front, separated by distinct spacings.
In these experiments, the concentration of the outer
electrolyte is at least one order of magnitude greater than the
inner electrolyte. This condition ensures that the pattern
formation is governed by the diffusive flux of the outer
electrolyte.
When A meets B, because of the precipitate reaction (A(aq)
+ B(aq) ⟶ P(s)), an insoluble precipitate form. Contrary to
the expectation, under some experimental conditions, a noncontinuous precipitation zone is produced, but the patterns
consist of bands/zones and concentric precipitation rings
depending on the geometry used in the experimental setup.
The periodicity in the pattern can be explained by the unique
property of the precipitation, as it occurs if the local product
of the concentrations of the electrolytes reaches the
solubility product combined with the diffusion of the
reagents. At the beginning of the experiments, the outer
electrolyte diffuses in the gel because its concentration is
greater than that of the inner electrolyte. At the junction
point of the electrolyte (gel/liquid interface in the test tube),
the supersaturation is so high that precipitation occurs
immediately, and the precipitate grows. This process
decreases the local concentration of the inner electrolyte,
where the first band forms, much faster than the diffusion
can increase it. This induces a diffusion induces a diffusion
flux of the inner electrolyte from the nearby regions and
depletes the inner electrolyte in the precipitation band
surroundings.
As a result, the local concentration of the inner electrolyte
decreases farther from the band, and no new
nucleation/precipitation takes place. This continues until the
reaction zone moves far enough, so that the depletion effect
of the precipitation becomes weaker. Then farther from the
first band the local concentration of the outer and inner
electrolytes again reaches the solubility product, and a new

nucleation/precipitation occurs. The repetition of these
processes leads to the formation of periodic precipitation.
2.2.1 For Inner Electrolyte:
Potassium dichromate and Gelatin of LR grade, milli-q
water from EVAQUA system were used for preparation of
inner electrolyte.
50.0 ml of 0.0036 M potassium dichromate (K2Cr2O7)
solution was prepared and transferred into a 100 ml beaker.
To this solution, 2.5 g Gelatin was added and the mixture
was heated to 85oC with constant stirring. The prepared
inner electrolyte solution has 0.0036 M of K 2Cr2O7 and 5 %
by weight of Gelatin. This inner electrolyte solution is
transferred into clean glass tubes of 9.0 mm inner diameter
(capillary tube). The melting point of the Gelatin mixture is
22oC, so this tube was placed in a refrigerator for 24 hours.
2.2.2 For Outer Electrolyte:
Silver nitrate of LR grade was used for preparation of outer
electrolyte. 50 ml of 0.25 M silver nitrate (AgNO3) was
prepared and stored in a beaker.
After 24 hours of gelation of the inner electrolyte. The tubes
and petri dish were taken out and the outer electrolyte was
added slowly in the tube and placed back in the refrigerator.

3.1 Model 1: With intermediate product.
Keller -Rubinow model-based paper was reproduced7,
silver nitrate – potassium dichromate system is used to
describe the reaction-diffusion equation. The precipitation
reaction is follows:
2𝐴𝑔𝑁𝑂3 + 𝐾2 𝐶𝑟2 𝑂7 → 𝐴𝑔2 𝐶𝑟2 𝑂7 + 2𝐾𝑁𝑂3
To incorporate, the intermediate product, Keller-Rubinow
described the reaction as follow:
𝑘+

𝑘−

In which A represents Ag+, B for Cr2O7-2 and c denotes the
liquid form of Ag2Cr2O7, where under supersaturation
condition precipitates and forms solid form of Ag 2Cr2O7. In
other words, the precipitation of c begins only when c
exceeds a certain supersaturation concentration required for
nucleation, cn, which is greater than saturation
concentration, cs (solubility product). Once the precipitation
has begun, it will continue if c > cs. Therefore, the
precipitation rate is given by the simple assumption of
supersaturated nucleation:

𝑝={
3. Modelling of Liesegang rings:
As it was mentioned earlier, there is no theory which
provides an understanding of all the processes together. Now
two main theories are accepted by the scientific community.
One of them is supersaturation theory, which was proposed
by Wilhelm Ostwald and was mathematically studied by
Wagner4, Keller and Robinow-Keller5 and Ross et.al.6, in
which they assume precipitation is a kinetically hindered
autocatalytic process. This means that nucleation can occur
only in a supersaturated solution, although after that
precipitation is fast and diffusion controlled.
When the Liesegang phenomenon is studied by computer
simulation two main tasks are involved.
1)
Description of the diffusion of all diffusible
components.
2)
Description of the chemical reaction between
them.

𝑝

2𝐴 + 𝐵 ⇌ 𝐶 → 𝐷

𝑞[𝑐 − 𝑐𝑠 ]_ +
0

𝑖𝑓
𝑖𝑓

𝑐 ≥ 𝑐𝑛 > 𝑐𝑠 𝑜𝑟 𝑑 >
,
𝑐 < 𝑐𝑠 𝑎𝑛𝑑 𝑑 = 0

Non-dimensionalize the reaction-diffusion rate equations we
get:

𝐵𝑡 = 𝛿𝐵𝑥𝑥 − 𝑝
𝑑𝑡 = 𝑝
𝑐 = 𝐴𝐵
𝜆𝑎2
𝐴=
1 + 𝜆𝑎2
[𝐴𝐵 − 𝛼]+ 𝑖𝑓 𝐴𝐵 > 1 𝑜𝑟 𝑑 > 0
𝑝={
0
𝑖𝑓 𝐴𝐵 < 1 𝑎𝑛𝑑 𝑑 = 0
4. Results and Discussion:
4.1 Experiment:
Bands were seen within one hour of the start of the
experiment, but the distance between them seems to be
negligible shown in Fig. 1(a). Proper isolated bands were

seen after 2 hours of the experiment and continued to grow
as shown in Fig. 1(b). Since the experiment was done in a
refrigerator, the electrolyte diffusion will be extremely slow.
As a result, number of bands are less even after few days as
shown in Fig. 1(c).

(a)

(b)

4. Conclusion
4.1 Experiment:
Since the experiment has been conducted in a refrigerator,
the time taken for the band to appear has increased, because
the decrease in temperature affects the diffusion constant of
electrolytes. Thus, Lagzi and Ueyama’s8 hypothesis on the
effect of temperature on the diffusivity is confirmed.
4.1.1 Challenges in experiments:
Picture recording of the capillary tubes at different times to
observe the formation of new bands is difficult, since at
room temperature(33°C) Gelatin melts, where melting point
of 5% Gelatin is in the range 20-22 °C. Due to this the
formed precipitate gets randomly distributed in the capillary
tube.
4.2 Modelling:
The ill-posedness of the theoretical model was rectified.
Experimental observation was validated with simulation
results.
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1. Introduction
Packed-bed reactors are capable of handling heat
and mass transfer efficiently as compared to other types of
reactors. Thus modeling of these reactors is complicated.
Dynamic models are important especially during start-up
and shut-down of the process and to simulate the process
disturbances.

3. Results and Discussion
The simulation studies were carried out in MATLAB
to analyze effects of various parameters such as jacket
temperature, inlet flow rate and inlet reactant concentration.

Acetic acid can be produced by hydrolysis of ethyl
acetate. Hydrolysis being a slow reaction needs to be
catalyzed in presence of some liquid catalyst such as H2SO4
or a solid catalyst such as Amberlyst-15.
Orthogonal Collocation can be used to solve
partial differential equations by transforming them into a
set of ordinary differential equations. The ODEs can then
be solved by any numerical method such as Range-Kutta
method.
2. Method
The reaction kinetics model used in this study is
based
on
Langmuir-Hinshelwood-Hougan-Watson
mechanism with surface reaction as rate limiting one. An
axial dispersion dynamic model developed by Verma1 has
been used for the reactor. It was assumed in the model that
the components undergo axial dispersion and the thermal
gradient exists in both axial and radial directions due to
jacket heating. A control volume of the reactor was
assumed for modeling.

Figure 1: 3D concentration profile of ethyl acetate along
the length of reactor.
Figure 1 shows the concentration profile of ethyl acetate
along the length of reactor for inlet concentration of 0.205
mol/L. The concentration of ethyl acetate decreases along
the length of reactor because of reaction.
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4. Conclusion
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1.INTRODUCTION
Gas hydrates are solid crystal like compounds that
are formed when guest molecules are trapped within
a cage-like structure made of water molecules. The
guest molecules that are commonly formed into gas
hydrates are Methane (CH4), Ethane (C2H6),
Propane (C3H8), Nitrogen (N2), Carbon dioxide
(CO2) and Hydrogen sulfide (H2S). Gas hydrates are
part of the clathrate hydrate group which are widely
spread in nature. The water molecules are referred to
as the host molecules, and the guest molecules are
the gas that is contained within the host molecules.
Hydrate formation is one of the major flow
assurance challenges as it leads to the blockage of
natural gas pipelines affecting the transmission
safety. Over the years, many researchers have
proposed various models based on different
parameters to predict the gas hydrate formation
temperature. Among them, Hammerschmidt [1] was
the first to propose a very simple model presented as
equation (1) to predict hydrate formation
temperature only as a function of pressure.

2. METHODOLOGY
Sixty four experimental data points which are the
thermodynamic equilibrium conditions are captured
from literature for various gas mixtures ranging in
the gas gravity range of 0.55 – 1.6. These conditions
are used for developing a simple model by statistical
analysis. The performance of this model is assessed
by ANOVA statistics. Figure 1 shows the scatter
plot of experimental points.

286
284
282

(1)

Where, T is hydrate formation temperature (ºF) and
P is the operating pressure (psi).
Equation (1) does not consider the effect of gas
specific gravity. Because of its simplicity, this
model does not have precise average temperature
estimates. However, in comparison to the most of
other sophisticated models, it does not show

y = 6.5194ln(x) + 272.43
R² = 0.7166

288

T/K

𝑇 = 8.9 𝑃0.285

significant deviations at elevated temperatures and
pressures from experimental values. But, its
predictable capability is limited for the gas flow
systems at extreme conditions. In order to overcome
these drawbacks, a simple statistical model similar
to that given in equation (1) is developed for the
prediction of gas hydrate formation temperature in
the present investigation.

280
278
276
274
1.6

3.6

5.6

7.6

9.6

P/MPa
Figure 1: Scatter plot of the Experimental points

3.RESULTS & DISCUSSION

Table 2. Results comparison with the literature,
proposed
correlation
and
Hammerschmidt
correlation.

3.1. Development of a Simple model
Based on the experimental results captured from
literature, a simple model has been developed and its
performance is also estimated by ANOVA details.
The correlation for the prediction of gas hydrate
formation temperature was found out to be:
𝑇 = 6.5194 ln(𝑃) + 272.43

(2)

Where pressure is given in MPa and the
thermodynamic equilibrium temperature,T in K.

P (MPa)

T(K)Lit.

T(K)Eq-2

T(K)Eq-1

5.94

282.7

284.0457

289.3089

3.33

276.9

280.2727

284.1486

2.81

275.2

279.1657

282.7893

4.5

278.6

282.2357

286.7271

7.48

283

285.5486

291.6134

4.01

275.1

281.4841

285.7136

9.89

283.2

287.3694

294.616

6.31

281.3

284.4396

289.8984

5.15

279.3

283.1153

287.9563

The statistical regression analysis and analysis of
variance (ANOVA) are used for the verification of
approximation of the developed model. From the
results, it is observed adjusted R2 values are above
0.7 which means the data can be reliable up to 70%
with confidence level applied for 95%. Similarly,
the significant F is very small which means the
predictability error is minimal or within the
acceptable range.

From the above results (Table 2), it is clear that the
proposed model predicts the hydrate formation
temperatures with a better accuracy compared to that
of the existing Hammer Schmidt model.

3.2 Validation of the New Model

4. CONCLUSION

Thermodynamic data for the hydrate formation
conditions were taken from the literature [2] to
validate the new model. The random data points that
were taken were used to find the hydrate formation
temperature with given hydrate dissociation
pressure. These points are used to verify the
proposed new model accuracy with the existing
Hammer Schmidt equation. The data points that
were used for the validation of new model are given
in Table 1. These results are presented in Table 2.

In this work, a simple statistical correlation is
developed for the prediction of gas hydrate
formation temperature. To achieve it, initially the
thermodynamic equilibrium conditions for various
gas mixtures are gathered from literature. These data
points are used for the development of a statistical
model. Evidently, the new model is more accurate to
find the hydrate formation temperature with an
average error of 1.27% compared to that of Hammer
Schmidt model which has an average error of
2.998%.

Table 1. Thermodynamic conditions taken from
literature
Pressure
(MPa)
5.94
3.33
2.81
4.5
7.48
4.01
9.89
6.31
5.15

Temperature,
K (Literature)
282.7
276.9
275.2
278.6
283
275.1
283.2
281.3
279.3
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1. Introduction

2.3 Process Development

Dimethyl carbonate is a colorless liquid with a characteristic
ester-like odor and is flammable. This compound is a green
chemical with wide usage in various sectors like lithium-ion
battery electrolytes and acts as an intermediate in production
of various compounds like Urea. Methods involved in the
production of dimethyl carbonate are Phosgenation of
methanol, ethylene carbonate transesterification, urea
transesterification, direct synthesis from carbon dioxide,
liquid phase synthesis of oxidative carbonylation of
methanol and vapour phase methyl nitrite carbonylation.
UBE Industries Ltd., Japan, EniChem, Italy are leading
producers of dimethyl carbonate, producing nearly 25% of
the total worldwide production.

2.3.1 Reactor

2. Methodology
2.1 Literature Survey
Literature survey is performed to document different
processes associated with the production of dimethyl
carbonate. The production versus demand gap and importexport gap are found to arrive at the basis for the project.
Operating conditions for the reactor are fixed using the data
obtained from literature survey.
2.2 Selection of Process
Suitable process is selected out of available process based on
quantitative and qualitative analysis on the following twelve
criteria: raw material cost, gross profit, industrial viability,
atom economy, number of steps, side reaction,
thermodynamic feasibility, equilibrium conversion,
azeotropic formation, process safety, health and safer
operation.

Material balance is performed in spreadsheet and the data
obtained from spreadsheet along with operating conditions
obtained from literature survey are used to simulate the
stoichiometric reactor in Aspen Plus v11.0. The same steps
are repeated in DWSIM v6.4.9
2.3.2 Distillation Column
Flash column is simulated in Aspen Plus v11.0 for the
reactor exit stream and at pressures of 1 bar, 5 bar, 10 bar
and 20 bar. Appropriate operating condition is then selected
using selection criteria 3 (equation (1)), which signifies
maximum quantity and purity of desired product can be
obtained from a given flash column. The results from flash
column are then used to develop shortcut column which is
further developed into rigorous column in Aspen Plus v11.0
or as ChemSep Column in DWSIM v6.4.9.
Molar Flow of DMCLiquid Phase
(1)
SC3 =
∗
Molar FLow of DMCInlet

Mole Fraction of DMCLiquid Phase ∗
Molar Flow of Component iLiquid Phase
Molar Flow of Component iInlet

∏ni=1(1 −

)i≠Dimethyl Carbonate

2.4 Heat Exchanger Design and Alternative
Heat exchanger used in the simulation software is designed
in spreadsheet, Aspen Plus v11.0. The results obtained are
compared. Alternate schemes for heat exchanger are also
evaluated based on design constrains.

2.5 Process Analysis

4. Conclusion

Gaseous and liquid effluent treatment are performed
assuming 1% entrainment. Pressure safety valves are used in
overpressure streams in Aspen Plus v11.0. Economic
analysis is performed

Flowsheet is developed in Aspen Plus and DWSIM using
non-ideal models with a purity of 99% of dimethyl carbonate
and yield of 45%. Alternate schemes for using heat
exchanger are evaluated and process analysis is made.

3. Results and Discussion
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Figure 1 Flowsheet developed in Aspen Plus v11.0

Figure 2 Flowsheet developed in DWSIM v6.4.9
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The present paper enumerates the CFD model developed for laboratory size Vorsyl Separator (VS)
of 76 mm using Ansys Fluent soft-ware available at the Curtin University, Australia. The model
is aimed to get an insight on separation behavior of a centrifugal separator treating coal of 3+0.5mm size. The simulation done through Eulerian-Eulerian Multiphase model with (K-Omega
SST) to predict the turbulences inside the Vorsyl Separator is a unique approach adopted to depict
the segregation of magnetite medium, prediction of the air-core along with coal partitioning. In the
simulation, the influences of level of most common geometrical parameters of the separator such
as Vortex Finder Diameter (VFD) and Vortex Tractor Nozzle (VTN) diameter have been lucidly
brought out to compare flow split of water, magnetite and coal reporting to overflow, from the
experimental results generated on 76mm Vorsyl Separator; in the Department of Fuel and Mineral
Engineering, IIT(ISM), Dhanbad, India.The validation of simulation results obtained using
Eulerian- Eulerian multiphase were found to be reasonable in terms of the mass flow rate of water,
magnetite and coal with that of experimental results. The partition characteristics of the Dense
Medium Separator for particles between -3 to 0.5 mm diameter were also modeled using Eulerian
Eulerian Multiphase model. The values of gravity of cut (SG50) predicted by the Eulerian Eulerain
multiphase model were found to be very close to the experimental values (SG50).
Keywords: Vorsyl Separator, Eulerian-Eulerian multi-phase modelling, computational fluid
dynamics, cut gravity, coal beneficiation.
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1. Introduction
Membrane separation processes have been of paramount
importance in the industrial sector, especially in areas of
desalination, water purification and wastewater treatment
and biotechnology involving proteins.
The present work focuses on development of a
mathematical model based on surface renewal theory
taking the instantaneous flux postulated by S. G. Chatterjee
[1]. An unsteady state form of Danckwert’s age distribution
function was coupled with the instantaneous flux to arrive
at final age-averaged permeate flux equation. The model
has two adjustable parameters namely S, that signifies
surface renewal rate with dimensions of (time)-1, and K,
which has a dimension same as that of diffusivity and
represents the back-diffusion of solute prevailing at the
membrane surface. A model to predict cake mass
accumulation has also been developed. The values of the
parameter were determined for PEG-6000 solution in a
laboratory ultrafiltration setup. Using the obtained
parameters, the cake mass accumulation was predicted. In
addition to determining the parameters, the model was
validated with ultrafiltration flux results obtained from
literature.
2. Material and Methods
2.1 Materials
The experiments were carried out in a
commercially available cross-flow ultrafiltration module.

Polyethersulfone (PES) membrane with a Molecular
Weight Cut-Off (MWCO) of 1 kDa was used for the study.
2.2 Methods
2.2.1 Experimental run with cross-flow module
In order to study the effect of pressure and concentration
on permeate flow rate, the experiments were conducted at
varied pressures (1.0, 1.5, 2.0, 2.5 and 3.0 bar) and
concentrations (10, 20, 30, 40 and 50 kg/m3).Pressure was
varied by adjusting the pump rpm.10-5m3 of permeate was
collected at initial intervals of 30 seconds and at a later
stage at intervals of 300 seconds to determine the
instantaneous flux. The experiment was conducted till the
permeate flux reached a steady value. Subsequent to each
experimental run, the module was cleaned with ethanol
solution and distilled water at maximum operating pressure
of 3 bar, as per cleaning protocol mentioned by the
manufacturer.
3. Results and Discussion
3.1 Effect of Bulk Concentration on Permeate Flux

Figure 1 shows the permeate flux profile for different
bulk concentrations at a TMP of 1 bar.

Figure 1: Variation of experimental and predicted
permeate flux with time for different feed concentrations at
a Trans-membrane pressure of 1 bar.

Figure 2: Variation of experimental and predicted
permeate flux with time for different Trans-membrane
pressures at a feed solution concentration of 20 kg/m3.

There was a 38% decrease in the steady state permeate flux
when the bulk concentration was increased from 10 kg/m3
to 50 kg/m3. Further, the steady state was attained at 1800
seconds of operation for a bulk solution concentration of 10
kg/m3 and the same at a concentration of 50 kg/m3 was
obtained after about 1000 seconds of operation. Thus the
steady state flux decreased with increase in bulk solution
concentration and so was the time required to reach the
steady state flux. Both these observations can be attributed
to increased rate of cake deposition at higher solute
concentration which has been explained subsequently

4. Conclusion

3.2 Effect of Trans-Membrane Pressure on Permeate
Flux
A detailed study of Figure 2 reveals that with increase in
TMP, there is an increase in the steady state flux for a
specific feed concentration. The steady state flux increased
by 2.69 times when the TMP was raised from 1 bar to 3
bar. This could be explained by considering that due to an
increase in TMP, there was a decrease in the cake mass
build-up, resulting in an overall decrease in resistance. The
observation was substantiated by increase in surface
renewal rate, S with TMP.

This work has presented a new model to predict the
transient permeated flux for cross-flow ultra filtration
module. The model consists of two parameters, S (surface
renewal rate) and K (a representation of back diffusion). By
adjusting these two parameters, transient permeate flux can
be predicted for any cross-flow ultra filtration system. In
the present work, experimental analysis was carried out
using poly-ethylene glycol (PEG 6000) solution with
different trans-membrane pressures and different
concentrations of the solution. The permeate flux profile
from the experiments was fitted with that from the model to
obtain the model parameters. The parameter S was found to
be increasing and parameter K to be decreasing with
increase in trans-membrane pressure as well as bulk feed
concentration. The model was also correlated with
experimental data obtained from literature and shows a
good fit in terms of RMS error.
References
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1. Introduction
Multiple Input, Multiple Output (MIMO) systems describe
processes with more than one input and more than one
output and require multiple control loops. These systems can
be complicated through loop interactions. Most of the
processes generally encountered in chemical engineering
practice are MIMO non-linear processes. Non-linear
processes are those in which the input and the output are not
proportionally related. In this study, a method of designing
a controller for a MIMO non-linear system is presented. A
three-tank hybrid (TTH) process is considered to represent
the MIMO non-linear process. First principles modelling is
used to derive the governing equations of the system and
using those equations, the transfer function of the system is
obtained. The transfer function matrix evolved is non-square
because of the number of the inputs (two input flow rates)
and number of the outputs (height of liquid in three tanks)
are not same. The non-square relative gain array (RGA) of
the system is used to analyze the interactions present in the
model. The Davison method [1]is used to design the
proportional integral (PI) controller, for the non-square three
tank system. The Davison method uses pseudo inverse
(Moore Pen-rose inverse) for designing the controller. Since,
Davison method does not fine tune the controller, for
optimal performance, an optimization technique, viz.,
Particle Swarm Optimization (PSO) method is used to tune
the controller parameters φ and Ψ. This optimization gives
the best values of φ and Ψ and improve the process response.
The designed controller is compared the parameters are
calculated using another optimization technique, viz., Manta
Ray Foraging Optimization (MRFO) method. The

simulation results verify the performance of the controllers,
which are implemented in MATLAB.
2. Modelling of TTH process
2.1 TTH System
The schematic representation of this experimental system is
shown in Figure 1. It comprises of three cylindrical tanks 𝑇1,
𝑇2, 𝑇3 respectively. On/Off solenoid valves are used to
connect these tanks; 𝑉1, 𝑉2 are single directional valves 𝑇1 to
𝑇3 and 𝑇2 to 𝑇3 respectively and 𝑉3, 𝑉4 are bidirectional
valves. There will be continuous out flow from all these
tanks as 𝑄𝑑1, 𝑄𝑑2, 𝑄𝑑3 through ball valves.

Figure 1: Schematic of three tank hybrid system
2.2 Modelling
First principle modelling is used for the above system to
derive the governing equations. All the discharge
coefficients are calculated experimentally by allowing the
system to reach steady state and using the law of material

balance. Experimental data and simulated data of each tank
are super imposed on one another as shown in Figure 2.

determine which one of the control variables, is the primary
variable.

2.2.1 Transfer function matrix of the system

3.1.1 Optimization of the controller

3

For a particular flow rate of 𝑄1=120 𝑐𝑚 /𝑠𝑒𝑐, 𝑄2=125.7
𝑐𝑚3/𝑠𝑒𝑐 the steady state heights of liquid in tanks are ℎ1 =
7.415 𝑐𝑚, ℎ2 = 7.0257 𝑐𝑚, ℎ3 = 7.0253cm. The linearized
state space model is obtained using nominal process
parameters. Using this state space model, the transfer
function matrix (GP) is derived.

PSO and MRFO is used to fine tune the parameters φ and Ψ.
Performance indices such as MAE IAE, etc. are used to
define the cost function. The primary variable is used in the
fitness function for the PSO and MRFO to find the best
adjustment parameters to improve its performance. In this
case, MAE is used to define the cost function and is used to
get the φ and Ψ optimized. The closed loop result using the
optimized parameters in GC is shown in Fig.3

Figure 2: Experimental data vs Simulation data
3. Design of Controller
When the number of controlled variables is more than the
manipulated variables, the interaction among the control
loops, increases the tortuosity of the process.
3.1 Multivariable PI Controller
The Davison method, along with PSO is used to design the
PI controller. The Davison method uses the pseudo inverse
of the steady state gain matrix of the non-square system. The
controller matrix (GC) is in the form
GCij(s)=KCij+KIij/s
KC= φA
KI= ΨA
where φ and Ψ are controller tuning parameters, A is the
pseudo inverse of the steady state gain matrix. φ and Ψ varies
between 0 and 1.
The steady-state gain matrix (SSGM) represented as ‘K’ is
obtained (GP(S=0)).
The pseudo inverse[2] (A) of K is found out by using
Moore-Penrose method.
A=(KTK)-1KT
Hence, GC becomes,
GC= Aijφ+AijΨ/sThe relative gain array (RGA) is used to

Figure 3: Closed loop (step change in set point of h1)
response of the TTH system.
4. Conclusion
In this study, a controller based on Davison method along
with optimization algorithms viz., PSO and MRFO for a
TTH system is designed. The effect of the controller when a
unit step change was given to the setpoint of h1 and keeping
other two set points (h2 and h3) constant is shown in Figure
3. The obtained controllers, compared with each other for a
set point change as shown in Fig.3. The results show that
MRFO based controller gives better and faster response with
lesser ISE values.
References:
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260, 2015.
[2] J. W. Chang and C. C. Yu, “The relative gain for nonsquare multivariable systems,” Chem. Eng. Sci., vol. 45,
no. 5, pp. 1309–1323, 1990.

ID No: IND4-106

IND4-106
OPERATING EXPERIENCE OF HOT WATER DRIVEN VAPOR
ABSORPTION REFRIGERATION SYSTEM
Pradeep Manyam1, Megha Dhanurkar2, K.Veerendra Nadh3, K.Tirumala Rao4.
1

Scientific Officer-D, Heavy Water Plant (Manuguru) Telangana-507116
Scientific Officer-C, Heavy water Plant (Manuguru) Telangana-507116
3
Scientific Officer-F, Heavy water Plant (Manuguru) Telangana-507116
4
Scientific Officer-G Heavy water Plant (Manuguru) Telangana-507116
2

Presenting/Corresponding Author : pradeepmanyam@man.hwb.gov.in

Key Words : Hot Water vapour absorption refrigeration, Tonnage of Refrigeration

OPERATING EXPERIENCE OF HOT WATER DRIVEN
VAPOR ABSORPTION REFRIGERATION SYSTEM.
Introduction
Hundreds of methods were proposed for the
production of Heavy Water, but only a few are
promising. In general, the processes most likely to
be successful are those with reasonable separation
factor with efficient energy recovery and
abundance of feed material. Heavy water plant
(M) deploys Girdler Sulfide process for producing
Nuclear Grade Heavy water from natural water.
GS process is a bi-thermal exchange
process
consists of two counter-current contacting
towers operating in series at different
temperatures. Natural water after removal of
impurities enters the cold tower operating at close
to atmospheric temperature, this water picks up
the deuterium from the carrier gas. The enriched
water is then bifurcated into parts, one part is
drawn as product of that stage and is forwarded
downstream to the next stage enrichment, the
other is sent to hot tower which is operated at
high temperature, say 120 -130 OC.
As the total amount of deuterium present in the
incoming water is very low, in the order of 145 to
152 ppm, the quantum of water required for
producing a unit mass of Heavy water is very large.

The low theoretically possible recovery
exacerbates the problem. The recovery of
deuterium from natural water depends very much
on the spread of operating temperatures between
Cold and Hot towers. The GS process is inherently
energy intensive. Hence any effort to minimize the
energy consumption for a given rate of production
is highly commendable.
Hot
water
Refrigeration

Driven

Vapour

Absorption

GS process generates enormous quantity of hot
water at a temperature of about 65-70oC. Lack of
low temperature heat sink in the process forces it
to discard the high exergy water to atmosphere. In
this back drop, hot water driven vapour absorption
refrigeration proves to be a game changer to GS
process.
The vapour absorption cycle employs two fluids,
the refrigerant, and the absorbent. Refrigeration
effect is caused by refrigerant which evaporates at
high vacuum. In the absorption cycle the lowpressure refrigerant vapour is absorbed into the
absorbent solution which is then pumped to a high
temperature generator. Heat can be added to the
high temperature generator by using any hot fluid
whose temperature is sufficient enough to
vaporise the absorbent solution. The added heat
causes the dissolved refrigerant to desorb from
the absorbent. The refrigerant vapour then flow to
a condenser, where heat is rejected to low

temperature cooling water. The refrigerant is then
available for evaporation and the cycle continues.
Heavy water plant is making use of 1000 to 1050
m3/hr of water at 65-70OC to produce about 2000
TR refrigeration effect by using this HWVAR
technology. The other operating parameters are
indicated in the diagram provided. The chilling
effect produced in HWVAR is used to pre-cool the
feed water which is being given to cold tower.
Reducing the feed temperature has resulted in
improved recovery of deuterium which has
resulted in augmenting the production capacity by
about 2.0 % to 2.5% of rated capacity. The
sustainability of the change can be gauged from
the fact that the specific energy required for
producing heavy water has reduced appreciably.
Objective of the study:
The HWVAR handles multiple fluids like refrigerant
water, LIBr absorbent, chilled water, cooling water
and hot water. The temperatures of all the fluids
are close to each other. Hence the performance of
HWVAR system is expected to respond sensitively
to the operating variables.
In this backdrop, a real time study has been
initiated to understand the relative effects of
operating variables on the performance of
HWVAR. The following major variables are
considered for study
a.

Cooling Water Inlet Temperature

b.

Cooling water flowrate

c.

Hot Water inlet temperature and its
flow rate

d.

Evaporator Vacuum / pressure

a.

Cooling Water Inlet Temperature
At the very outset it is understood that
the cooling water flow and inlet
temperature plays a paramount role. The
design temperature and flow rate of
cooling water to each VAM is about 32OC
and 1500 m3/hour. Flow rate of cooling

water can be maintained at a reasonable
constant value; however the temperature
of cooling water is subjected to vagaries
of weather and other parameters.
The cumulative experience of operating
VAMs indicates a fact that, of all the
exchangers present in any VAM, highest
amount of resistance for heat transfer lies
in condenser. Hence any effort to bring
down the resistance inside the condenser
will improve the overall performance of
VAM. Lower cooling water temperature
per se does not decrease the overall
resistance but creates more driving force.
This ensue higher rate of condensation
and spiralling effect to other exchangers
in series.
Cooling water is also used to remove the
heat of absorption in absorber of VAM.
Low cooling water temperature to
absorber results in higher rate of water
absorption and lower pressure inside the
machine.
The combined effect of high rate of
condensation and lower pressure is the
increase in chilling effect.
The data obtained during the running
time is plotted in two graphs. Trend lines
have been obtained by data regression.
The negative slope of the equation
reflects the inverse relation between
cooling water temperature and chilling
effect.
b. Cooling Water Flow
Though the instances of lower cooling
water flow are remote, it is worthwhile to
study the effect of cooling water flow on
the performance of VAM. Reasonable
ceteris paribus is assumed while altering
the flow rate of cooling water to VAM. As
the chilling effect cannot be forgone in a
running plant, period of experimentation
is carefully chosen so as to ensure that
the chilling effect is way above the
required limit. The data is then plotted in
the below graph.

c.

Hot water inlet temperature and its flow
rate
Hot water being the source of heat has a
marked effect on the chilling effect. The
rise in temperature of Hot water by 1oC
has resulted in the increase of chilling
effect by 20-30 points. However rise in
hot water temperature is constrained by
non-conducive cooling water, lest the
performance of machine drops suddenly.
As the source of hot water is the effluent
generated in the upstream, little play is
available to experiment at higher
temperatures. The available data is
plotted below.
The flow rate of hot water has similar
effect on chilling effect. The data is
obtained from the commissioning studies
and is only indicative which cannot be
replicated in the running plant. The data
is plotted below.

d. Evaporator pressure
Myriad factors viz., cooling water flow,
temperature; concentration of LiBr; air
ingress etc affect the evaporator
pressure. The effect of evaporator
pressure manifests only at the terminal
ends of operating range. In the operating
range the effect is negligible to null. The
following graph depicts the same.

Mathematical Analysis
A look at trend lines obtained from the
above plots gives us a volley of
S.No

Effecting
stream

Parameter
(x)

T-1

Cooling
water
Cooling
water
Hot
Water
Hot
Water

Temperature

T-2
T-3
T-4
T-5

Flow
Temperature
Flow
Evaporator
pressure

Trend line
for chilling
effect (y)
y = -41.72x
+ 2358
y = 2.056x 950.5
y = 19.66x 70.97
y = 2.028x 45.909
y = 17.735
x2 -495.66 x
+4541.9

Applicable
range
26oC to 37oC
1050 to 1200
m3/hr
64.5oC to 68.5oC
300 to 550
m3/hr
10 to 15 mm Hg

information. All the trend lines are
reproduced
here
for
a
brief
understanding
of
their
relative
importance.

Slopes of all the trend lines except T-1 are
positive which indicates that they are all
positively correlated to chilling effect. The
magnitude of slope of T-1 is very high in
comparison to all other slopes.
Conclusion
The effect of cooling water inlet
temperature is more pronounced on
chilling effect than any other parameter.

Cooling water Temperature vs chilling effect
Chilling efect in terms of TR

The change in chilling effect vis-a-vis
change in flow rate of cooling water is in
expected lines. The finding is the effect of
cooling water flow is more pronounced
only at 70-80% of rated flow rates. At
lower flow rates the decline of chilling
effect is very sharp and is incongruous to
the trend line (not depicted).
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Direct emissions from the Global Steel sector were of the order of 2.6 billion tonnes, representing
between 7% and 9% of the global anthropogenic CO2 emissions, which is ~35 Gt. As per the Paris
Agreement, to keep the global temperature rise within 1.5oC by the end century, we must achieve
net zero‐emission by the middle of the century. This is a tall task from the steel industry, which
is identified to be in the “hard to abate” sectors.
The job for the Indian steel industry is even harder to achieve net neutrality in comparison with
that of European or Chinese companies. It is primarily because the Indian steel industry will
remain in its growth path, and the growth will be exponential in the coming three decades, with
a production increase from 120 Mt in the current year to about 400 Mt by the mid‐century. So
even if stringent measures are taken to reduce the specific emission, it will be very difficult to
bring the total emission to zero. A rough calculation would show that the green CAPEX (the
technology spent to abate CO2 emission other than growth), would skyrocket for the Indian steel
industry to about ~40%. It has also been observed that if we fail to adopt low CO2 intensive iron
making technologies early, then this expenditure will reach 50%. Favourable government policies
will be the key to tackle this problem.
There are two ways of abetting CO2 from the steel industry. A: CDA or Carbon direct avoidance
and B: CCUS or Carbon Capture and Use or Sequestration. In CDA the major goal is to gradually
adopt low CO2 emitting technologies and replace BF (Blast Furnace,) which is a major source of
carbon emission. It is understood that the BF emission figure today stands around 2.0 t of CO2 /
ton of hot metal, but the same for NG based DRI unit is 1.1 t CO2 / ton of DRI. In future emission
in DRI could come down to nearly zero if H2 is used as a reductant in place of NG.
However, even an aggressive movement from BF to DRI based technology will not be able to
make the Indian steel sector completely move to DRI based iron making as a lot of investments

have already been made in BF technologies which will remain operative past the mid‐century.
This brings us to the importance of CCU. As it is understood that CO2 sequestration will be a
challenge given the geography of the Indian subcontinent, the only way that remains with us to
convert the captured CO2 into various useful products is CCU. In this area, there are two
categories of technology. First, CO2 conversion to products like polycarbonate / CNT, which are
catalytic processes and do not require any hydrogen. In the second category, CO2 is converted
into various hydrocarbons and thus require the supply of green hydrogen. The technology for
later is more matured than the previous.
From this discussion, it is clear that green and cheap hydrogen will be a big requirement for the
Indian steel industry to abate CO2 through the CDA as well as in through the CCU route. So far,
the Indian industry is lacking homegrown technologies for green hydrogen production. None of
the components of electrolyser or solar energy, which is the only established method for the
production of green hydrogen, is currently being produced in India. We need to work towards
that. The use of biomass in hydrogen production will have a negative carbon foot‐print, which is
better than the electrolysis route. As India has a lot of supply of biomass, technologies that use
biomass for the production of hydrogen should be in our focus in future.
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PRODUCTIONOFGREENANDCLEANSTEELTHROUGHHYDROGENPLASMASMELTINGTECHNIQUE
–AFUTURISTICTECHNOLOGYDEVELOPEDBYCSIRͲIMMT,BHUBANESWAR
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Bhubaneswar,Odisha,India
In India, production of iron and steel is one of the vital yardsticks to country’s economic growth and
development.Ournationisthesecondlargestproducerofcrudesteelandisaimingtoproducearound
400MTofcrudesteelby2040whichwillgeneratearound1200MTofCO2alongwithotherpollutinggases
totheatmosphereandwillmakeseriousenvironmentalconcern.Iftheenvironmentisnotprotectedfrom
thissituationthetimewillcomeIndiawillfaceatemperatureriseconcernwhichwilladverselyimpacton
watersupply,climateandecosystem.Addressingthispollutionissue,aprojectworkwascarriedoutby
CSIRͲIMMTBhubaneswar,entitled‘DevelopmentoffuturisticTechnologyforcarbonfreeironproduction
usingalternatereductantslikehydrogenwithminimumornoCO2Emission’,sponsoredbyMinistryof
Steel,GovernmentofIndia,NewDelhi.
NeedoftheHour
 WithincreasedproductionIron,emissionofCO2isalsoincreasing
 Theonlywayouttogetridofgreenhousegasespollutionistogoforagreentechnology
 Hydrogenhasthepotentialtoreplacecoal/cokeforreducingiron,andwateristheonlybyͲproduct
onreductionwithhydrogen
 ItisarenewableresourceandwecanrelyonitcomparedtocoalwhichisnonͲrenewable
 Alargescale(100kg)demonstrationwillpositionIndiaamidtheglobalfrontrunners














TraditionalProcess

HydrogenPlasmaSmeltingReduction
(HPSR)
CO2emission
NoCO2emission
Noofunitprocessesareinvolvedtoproduceironthrough Singleunitforproductionsteel
blastfurnacerouteandthepigironisprocessedtomake
steel
36tonsofCarbonisrequiredforproductionof112tonof Only 6 tons of Hydrogen is required to
iron
produce112tonofiron
CO2 is produced as by product gas and makes the H2O vapor is the by product and can be
atmospherepolluted
recycledduringcommercialproduction
NonecoͲfriendlytechnology
Ecofriendlytechnology
Ironorefinescannotbeused
Ironorefinescanbeused

Novelties
- Reductionintotalenergyconsumption(HPSRprocessaccountsto12.06GJ/tonofhotmetalagainst
19.49/GJofhotmetalinatypicalblastfurnaceroute)
- Absence of unit operations (Pelletisation, sintering, coke making, desulphurisation,
dephosphorisation,anddecarburisation)makesHPSRprocessenergyͲfriendlyandcostͲeffective
- SingleͲstep process with almost no additional raw materials needed (Only 24kg CaO/ton of hot
metaltakescareoftheimpuritiesnamelyP,Si,Spresentintheliquidmetaltobesenttotheslag)
- Scopeforusingiron orefines(IronorefinescanbefeddirectlyintotheHPSRreactorunlikein
conventionalironmakingprocess)
- ReutilisationandrecyclingofbyͲproduct(Steam,astheonlybyͲproductinthisprocess,couldbe
condensedtowaterandreutilised.Also,hydrogencouldberecoveredfromwaterwhenhydrogen
generationfromwatergetscommercialised)
- Loweringthecarbonfootprint(Withnocokeovensandsinteringplantsrequired,HPSRprocessis
environmentally friendly. When 200 MT of CO2 is released to the atmosphere every year, this
technologycouldbeasaviourwithnegligibleemissionsofCOandCO2.
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1. Introduction

2.2 Methodology

The Bachmann reaction is one of the oldest process of
manufacturing explosives like RDX (hexahydro-1,3,5trinitro 1,3,5,-triazine) and HMX (octahydro-1,3,5,7tetranitro1,3,5,7-tetrazocine)..[1]
Hexamine
(Hexamythelenetetramine) is nitrated in presence of Acetic
Acid, Acetic Anhydride and Ammonium Nitrate to form
nitrated explosives. Paraformaldehyde or Trioxane, an
anhydrous formaldehyde providing agent, is used to
provide formalin ions. During the reaction, Hexamine Di
Nitrate (HDN) is formed first which is then dehydrated to
form 3,7-dinitro-1,3,5,7-tetrazabicyclo-[3,3,1] nonane
(DPT)[2]. DPT further gets nitrated by Ammonium Nitrate
and Nitric Acid to form HMX. If this DPT structure is
broken in the system, the 6 ringed RDX structure and some
other straight chain compounds are obtained. Mild and low
temperature conditions favor the reaction moving to DPT
and HMX route while drastic acidic and temperature
conditions promote formation of RDX and linear, straight
chain nitrolysed products[3].

5g of Hexamine was selected as reference and dissolved in
required amount of Acetic Acid followed by addition of
200mg of trioxane. 23 ml Acetic Anhydride was then
added in parts (1.5-2ml was added in the hexamine solution
and rest was added quantitatively over the reaction period).
4.32g of Ammonium Nitrate was dissolved in 3.2ml Nitric
Acid, called as Nitration Solution, and added slowly at 44
±10C. Since the reaction is highly exothermic, the reaction
vessel was jacketed and actively cooled. The Acetic
Anhydride and Nitration solution were added over a period
of 15 min with temperature maintained at 44 ±10C for
another 15 min. The reaction mass was then quenched with
addition of 400ml of cold water. The filtrates were quickly
vacuum filtered and dried in hot air oven at <650C. The
obtained solids were analysed by HPLC for purity.

2. Material and Methodology
2.1 Materials
Hexamine, Acetic Acid, Acetic Anhydride, Nitric
Acid, Ammonium Nitrate and paraformaldehyde were
Industrial Grade. Trioxane (AR Grade) was procured from
Sigma Aldrich.

3. Results and Discussion
3.1 Effect of Nitration Solution
Table 1 reports the composition of precipitates
obtainedfor different volumes of nitration solution added.
6ml of Nitration solution volume refers to about 2 moles of
Nitric Acid added per mole of hexamine reference (5g).
Stoichiometric ratio requires 4 moles of Nitric Acid for
complete reaction to take place. For this reaction, 18ml of
Acetic Acid was used. It was observed that low nitration
solution volumes favor less nitrated product i.e. DPT, while
high volume favors RDX and HMX.

Fig. 1 Effect of nitration solution on the formation of DPT,
HMX, RDX at 450C and 350C
Also, HMX and RDX reactions are competing reactions
with lower temperature favoring formation of HMX while
higher temperature shifting reaction towards RDX. It was
observed that reaction for DPT had relatively low yields of
DPT and HMX at 350C so even though reaction was
favoring DPT and HMX, the thermodynamic effect is not
sufficient to overcome the kinetic hurdle thus the reaction
proceeds extremely slowly.
3.2 Effect of Acetic Acid dilution
Acetic Acid volume was varied from 15ml to 45ml. All the
reactions were carried out at 44±10C. Fig.2 shows the effect
of acetic acid on the formation of DPT, HMX and RDX
with and without catalyst.

Excess of Acetic Acid tends to favor HMX reaction more
because it promotes formation of DPT. The catalyst is
observed to increase the yield and purity of DPT and HMX.
Its addition increases the rate of formation of DPT and
HMX and thus competition with side product of RDX is
reduced due to either exhaustion of Hexamine or Nitration
solution in the system. At low Acetic Acid concentration,
the reaction starts favoring RDX more. It was also
observed that at infinite dilution (1g hexamine in 100ml
Acetic Acid) with molar addition of Nitration Solution,
100% Pure DPT was obtained. We can thus conclude that
Acetic Acid acts as a stabilizing agent for the formation of
DPT, which further nitrates to HMX or RDX .
4. Conclusion
The effect of nitrating solution, acetic acid
dilution and catalyst on the reaction was studied and it was
found that Acetic Acid had the most pronounced effect on
the manner in which reaction proceeds: low dilution
favoring RDX and high dilution favoring DPT and HMX.
Also, addition of Trioxane favors formation of HMX and
DPT over RDX. The effect of dilution can somewhat be
mitigated by sub-molar addition of nitration solution or
adjusting the temperature of reaction with low temperature
and low acid ratios favoring HMX over RDX and vice
versa.
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Abstract: This work reports a systematic investigation on
evaluating the surface properties of high ash bituminous
coals collected from Western Coal Fields (WCL) and
Mahanadi Coal Fields (MCL) of India. Post mechanical
treatments via crushing, grinding, and sieving (44/55
mesh); the samples were acid leached (6 M HCl) at 70oC
with continuous stirring for approximately 1.5 h followed
by ultrasonication using distilled water (1.5 h). The
prepared coal samples along with raw samples were
comprehensively
analyzed
and
compared
using
sophisticated characterization techniques viz. SEM, EDX,
1. Introduction
In the wake of rapid strides modern civilization is
making comes the global challenges besetting mankind in
the form of environmental pollution and irreversible
climate change. Rapid industrialization and urbanization
have led to increased energy demand. Conventional fossil
fuels have been replenishing the global needs for energy.
Among solid, liquid, and gaseous fuel sources, India is
bestowed with one of the highest reserves of solid fuels,
which are primarily coal from a global perspective.
Moreover, Indian coals are known for their high ash
contents and difficult washability characteristics, making
coal preparation difficult. This has also limited their
efficiency and usefulness in particular applications.
Among numerous techniques, viz. ion exchange,
membrane technology, chemical precipitation, etc.,
adsorption has been categorized as a simple and effective
method in water treatment applications (Bora et al., 2021).
The commonly used adsorbent materials like zeolites,
activated carbon, Metal-Organic Frameworks (MOFs), etc.,
have been researched extensively in myriad different

powder XRD, and FT-IR. Surface morphology via SEM
imaging categorically showed improvement in the porous
nature of treated coal samples. EDX showed the
heterogeneous composition of investigated samples with
the presence of Si, Al, and Zr in particular. Powder XRD
corroborated the crystalline nature of both raw and
processed coal samples.
Keywords: High ash coals; Demineralization; SEM
imaging; Sonication; Porosity
applications involving removal of harmful contaminants
from different types of effluents. Attributes like aqueous
phase stability, regenerability, ease in synthesis, longer
shelf life, versatility under different experimental
conditions, low cost, etc., have made activated carbon a
sought-after material. It is an excellent adsorbent material
and has been used in many industrial applications ranging
from pharmaceuticals, energy storage, mining, wastewater
treatment, etc. The properties of activated carbon are highly
dependent on the initial raw material, activating agent,
method of preparation, and the final product. The most
commonly used raw materials are biomass and fossilized
carbonaceous substances.
Coals are abundant, relatively carbon-rich, and low
cost. Coals can be divided into two primary groups: lowrank coals (Lignite and Sub-bituminous) and high-rank
coals (Anthracite coal) (Gokce et al. 2021). Low-rank
Indian coals have a low density, large specific surface area,
high ash, and humic acid contents. The cost of the
precursor and the activating agent are the essential factors
determining the production of activated carbon. In the

physical activation, a high temperature is required for the
activation process (700-900oC), but in chemical activation,
impregnation of the material with the activating agents
(KOH, NaOH, K2CO3, ZnCl2, or H3PO4) and then activation
of the impregnated precursor at the specified temperature is
required (Ahmadpour and Do 1996). Generally, subbituminous coals are not ideal candidates for energy
production due to their lower gross calorific value (GCV),
high ash content, and heterogeneous nature. However, it
can be used by minimizing the mineral matter contents via
effective routes. There are various techniques to reduce the
mineral content of coal samples. Demineralization of coal
with acid/alkali leaching is more suitable than any other
method. (Liu et al. 2018).
In this work, a systematic investigation on evaluating
the surface properties of high ash bituminous coals
collected from Western Coal Fields (WCL) and Mahanadi
Coal Fields (MCL) of India is proposed. Effects of
demineralization and/or ultra-sonication on the properties
of coal samples are investigated with improvised recipes.
Both raw and processed samples are compared for their
potential uses.
2. Material and Methods
2.1 Materials
Coal samples are collected from different collieries of
Odisha and Maharashtra (India). Potassium Hydroxide
(KOH) (Merck); Sodium Hydroxide; Hydrogen Peroxide
(30%, Merck), Hydrochloric acid (Sigma Aldrich); and
distilled water were used as supplied without further
purification.
2.2. Demineralization process
The demineralization process was performed following
the published literature (Liu et al. 2018). The coal samples
were washed with the distilled water then dried naturally.
After that, the samples were ground in a ball mill and
sieved. The powdered coal sample (less than 48 microns)
was added to a 6M HCL solution, and the mixture was
stirred for 2 h at 70 deg C and kept overnight. The slurry
was separated by using Whatman-41 filter paper. The
collected residue was washed in an ultrasonic bath at 45oC
for 90 minutes. After that, the filtered samples were kept in
an oven at 105oC for 8 h for drying, followed by storing
inside a vacuum-tight desiccator.

2.3. Sample characterization
The surface morphologies, both raw and prepared coal
samples, were analyzed using a scanning electron
microscope equipped with an energy dispersive
spectroscopy facility (SEM: JEOL JSM-6480 LV EDS:
OXFORD INSTRUMENT). Crystalline diffraction peaks
of the coal samples were examined by a multipurpose Xray diffractometer (RIGAKU JAPAN & ALTIMA-IV).
The XRD patterns were recorded from a start angle 2θ=5°
to an end angle of 80° with a step size of 0.01 degree/sec.
FT-IR characterization was carried out subsequently
(SHIMADZU IR PRESTIGE-21).
3. Results and Discussion
3.1. Samples characterization
3.1.1. SEM results
Fig.1 shows the SEM images of both raw and
demineralized coal samples taken at the same
magnification. Fig.1 shows the porous nature of samples.
Acid treatment followed by ultrasonication enhances the
porous matrices of the prepared coal samples. The surface
heterogeneity of raw samples is clearly visible. The
surface of demineralized coal is denser and smoother than
the raw coal, indicating the structures are relatively
homogeneous. The data from the EDX analysis is
represented in a pie diagram (Fig. 2). The presence of
inorganic minerals like Si, Al, and Zr is clearly found in
both the MCL and WCL coal samples. Acid washing
removed the minerals from the raw coal samples
substantially.

kaolinite (Al2O5(OH)4). The majority of these peaks slowly
disappeared in the processed samples.
3.1.3. FT-IR results

1.MCL (R)

3.WCL(R)

2.MCL (D)

4.WCL-(D)

The FT-IR analysis was carried out to ascertain the
presence of functionalgroups in investigated coal samples.
As shown in Fig.3(b), the FT-IRspectra of Raw coals
exhibit O-H stretch functiongroup(1429 cm-1 and 1100cm1) respectively.
The presence of the functional groups can be attributed due
to alcohol, aromatic carboxylic acids, phenols, etc. within
the coal structure.

Fig.1:SEM images of (1) MCL (Raw) (2) MCL
(Demineralized)(3)WCL(Raw) (4) WCL (Demineralized)

Fig.2:EDXprofiles(Pie-chartrepresentation)of(a)WCL
(Raw),(b)WCL(Demieralized) coal

3.1.2. XRD results
Powder X-ray diffraction analysis (Fig. 3(a)) shows
the crystalline nature of both the raw coal samples
investigated in this work. Post demineralization, intensities
of certain peaks decreased due to the removal of inorganic
minerals from the coal structures. Peaks were identified,
and it corroborated the presence of quartz (SiO2) and

Fig.3:XRDpatterns(a)(Raw)and(Demineralized)coal,(b)F
T-IR graph of WCL (Raw) coal

4. Conclusion
This work successfully demonstrated and evaluated the
surface properties of high ash bituminous coals collected
from Western Coal Fields (WCL) and Mahanadi Coal
Fields (MCL) of India. The prepared coal samples along
with raw samples were comprehensively analyzed and
compared using sophisticated characterization techniques
viz. SEM, EDX, powder XRD, and FT-IR. Surface
morphology via SEM imaging categorically showed
improvement in the porous nature of treated coal samples.
EDX showed the heterogeneous composition of
investigated samples with the presence of Si, Al, and Zr in
particular. Powder XRD corroborated the crystalline nature
of both raw and processed coal samples.
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1. Introduction
Specific surface area (SSA) of U3O8 powder is one of the
important powder characteristics required for sinterable
grade UO2 powder produced through Ex-ADU route
[1]followed by two step heat treatment operations namely
calcinations and reduction. There exist an inverse relation
between specific surface area and temperature of heat
treatment. This relation comes in handy for achieving
required characteristics of UO2 powder. Apart from other
precipitation conditions, iron content an impurity even in
the ppm level is found to be significantly influencing the
SSA of U3O8 powder. Authors discussed the study which
factored out the influence of iron content on SSA of U3O8
powder.
2. Material and Methods
Regression studies were carried out on plant scale
regular production data wherein correlation was established
for influence of iron content. In order to validate the
regression studies, lab scale experiments were carried out.

crystals were added and resultant solutions were sampled
for Fe estimation.
2.2.2 ADU precipitation by NH4OH solution
60 ml UNPS with Fe content was heated to 60⁰C and then
after 60 ml of ammonium hydroxide solution was added.
The solution was stirred for 2-3 min. pH paper test
confirmed the solution was alkali. ADU cake was
recovered. The set also includes precipitation with UNPS
without adding any ferric nitrate. All the precipitation
experiments were replicated to observe variations.
2.2.3 calcination of ADU cake to U3O8 powder.
ADU cakes were calcined in batch furnace at 625⁰C for 2
hrs. Resultant U3O8 powders were analyzed for SSA by
BET method.
3. Results and Discussion

2.2 Methods

3.1 Regression study for influence of Fe content on U3O8
powder SSA
In order to maintain SSA of U3O8 powder in controlled
range, calcinations temperature is modified based of U3O8
powder SSA result for next batch to nullify the effect of
input material. Hence a regression equation was developed
out of 311 lots (plant scale data) between Fe content and
temperature of calcinations Furnace.
Regression Equation

2.2.1 Preparation of iron contaminated UNPS

T C = 684.386 + 0.1479 ∙ C (ppm)

Two sets of UNPS added with Ferric nitrate were
prepared. In every set, calculated quantity of ferric nitrate

The R-squar value for above regression equation (1) is
calculated as 70.39% which indicate good correlation. The
figure-1 depicts the residuals plots of above regression.

2.1 Materials
Uranyl nitrate pure solution (UNPS) was obtained
from the production plant at NFC, Hyderabad. The solution
contained 125 gUpl, 0.2N FA and Fe content less than 10
ppm on uranium basis. Ferric nitrate crystals were used to
increase the iron content in UNPS. 8N ammonium
hydroxide solution was used as precipitating agent.
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Figure 1: Residual plot for regression of calcinations
temperature and Fe content. a) Normality test of Residuals
b) Fitted values c) histograms of residuals d) Residual as
per observation sequence
The above regression study clearly indicates the strong
relation between Fe content and Calciantion temperature. If
calcination temperature is kept constant, the Fe content will
influence the U3O8 powder SSA. Utilizing the inverse
relation between SSA of temperature, we can easily infer
that as Fe content in solution increases, SSA of U3O8
powder increases. In order to validate it lab scale study was
performed.
3.2 Effect of Fe content in UNPS on SSA of derived U3O8
powder
Table-1 contains the Fe concentration in UNPS and
SSA of derived U3O8 SSA. The observations in Table-1 is
further categorized in two sets: a) U3O8 SSA derived from
UNPS where Fe is added and b) U3O8 SSA derived from
UNPS where no Fe is added (Fe<10 ppm).
2-sample-t test: effect on Fe content in UNPS is found
to be significant. The calculated p-value was 2.4% which is
less than 5% mark.
Table 1: Fe content and U3O8 powder SSA

Set-1
Run No.
Run-1
Run-2
Run-3
Run-4

Fe in UNPS
282 ppm
282 ppm
<10 ppm
<10 ppm

SSA of U3O8 powder
2.6 m2/gm
2.7 m2/gm
2.0 m2/gm
1.9 m2/gm

Fe in UNPS
150 ppm

SSA of U3O8 powder
3.3 m2/gm

Set-2
Run No.
Run-1

Derived U3O8 powder SSA(m2/gm)

Percent

99

Fe in UNPS
150 ppm
<10 ppm
<10 ppm

3.4
3.2

3.025

3.0
2.8
2.6
2.4
2.2

2.1
2.0

No

Yes

Presence of Iron (ppm level) in UNPS

Figure 2: Effect of Fe concentration (ppm) in UNPS on
SSA of derived U3O8 powder.
All the experimental runs of Set-1 are carried out at a time
& similar environment so as the case for the Set-2. In order
to study the quantitative effect of Iron on SSA of U3O8
powder, further experiments to be carried out in a similar
and controlled atmosphere of downstream process.
4. Conclusion
Regression analysis of plant scale data brings out
a good correlation (70.39%) between Fe content and
calciantion temperature for nearly constant Range of U3O8
powder SSA. Significance of Fe content in UNPS was
confirmed with Lab scale study. Increase in SSA of U3O8
powder was found with addition of Ferric nitrate in UNPS.
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adopting several sophisticated characterization tools viz.
MPAES, Surface area (BET), Powder XRD, SEM, HRTEM, Pulse chemisorption, H2-TPR, NH3-TPD, XPS and
XAES. CO2 rich syngas hydrogenation reaction was
accomplished in a continuous feed fixed bed (tubular)
reactor. A reactant feed (H2/CO/CO2/N2) was charged at a
rate of 100 mL/min into the reactor corresponding to a
space velocity (GHSV) of 2000 mL/gcat.h. The reaction
products were analyzed by an online Gas chromatograph
equipped with molecular sieve and Porapak-Q columns. All
the activity data reported attained a mass balance of 95 ±
5% with respect to carbon. The selectivity and activity
were estimated by averaging five repeated steady state
evaluations. The values for conversion and selectivity were
calculated using standard equations [2].
3. Results and Discussion
3.1 Catalyst Characterization
 BET:The surface area values were observed in the
range of 60-80 m2/g. Maximum value was found for
the CZMn20 catalyst i.e. 80 m2/g. The highest surface
area of CZMn20 might be due to the positive effect of
Mn promotion that enhanced the chance of the CuO
species to be achieved in the nanoscale range.
 XRD:After adding [Mn] into the catalyst, the major
peak of aurichalcite at 2θ= 13° started to dissolve and
lastly for the CZMn20catalyst dissolved completely.
This suggests that at [Mn] loading of 20 mol%,
puremalachite phase was majorly seen as compared to
the CZMn0, CZMn5 and CZMn10 catalysts.
 XPS:Effect of Mn addition can be seen by examining
the peak intensities of Cu2p3/2 and Zn2p3/2. The

1. Introduction
Along with the increasing advances in renewable hydrogen,
the synthetic transformation of CO2 into dimethyl ether
(DME) is gaining worldwide attention. The concomitant
decrease in CO2 levels is promising enough along with the
mitigation of energy crisis. However, the process still
confronts low levels of CO2 conversion and identifying
highly efficient catalyst is a bid challenge [1].The present
study unravels the origin of superior catalytic performance
of Cu/Zn/Mn with optimum Mn content in CO2 rich syngas
hydrogenation to DME. The novelty of the work lies in
developing the Mn modulated catalytic features by
designing highly substituted malachite structure with tuned
catalyst acidity, improved Cu dispersion, balanced Cu0-Cu+
active sites,creating oxygen vacancies, and providing
insights into the possible carbon source for the designated
product.
2. Material and Methods
Malachite ternary precursor materials containing both
divalent as well as multivalentmetals (Cu, Zn, Mn) were
synthesized using constant pH co-precipitation method at
pH=7 ± 0.5 and temperature = 65 ± 5 °C keeping the Cu
fixed at 55 mol%. After synthesizing methanol catalyst,
obtained metallic functions were mixed with acid function
(γ-Al2O3) in the weight ratio of 2:1 to obtain tandem DME
catalyst. Hereafter, the catalysts are identified by their
metallic/acidic components as CZMnx/γ-Al2O3where C, Z,
Mnx represents the Copper, Zinc, and Manganese whereas
the subscript “x” symbolizes the Mn content in the catalyst
matrix.Anextensive catalyst characterization was executed
for entire series of in-house synthesized catalyst recipes
1





intensities demonstrate a decreasinng trend for ZnO
O peaks leadinng to
species whhereas increassing for CuO
an overall increase in C
Cu/Zn ratio and
a tuned Cu0/Cu+
as a funnction of Mn
M content. The maxim
mum
Cu/Znsurfface ratio (1.553)suggested the migratioon of
bulk Cu2+ ions towards tthe surface, heence,enrichingg the
density of active Cu sitees. From O1s spectra, it is clear
that the magnitudes
m
of the peak assoociated to oxyygen
vacancies for each cataalyst is differrent indicatingg the
different concentration possessed
p
by each of them.. The
values weere found inn the range of 0.50-0.770%.
Anupsurgee of 21% in oxygen vacanncy concentraation
was noticeed when the Mn
M content was
w increased from
10 mol% to
t 20 mol%.
Chemisorpption studiess: The Cu surface
s
area and
dispersion of all the cattalysts was inn the range off 1.54.2 % and
a
0.96-2.733 m2/gCu reespectively. It
I is
noteworthy
y that the [M
Mn] addition into the cattalyst
entity enhhances Cu disspersion from
m 1.5 % (withh no
Mn) to 4.22% (with optim
mum Mn) andd further decreeased
to 1.1% for higher ccontent of [M
Mn] (30 mool%).
CZMn20exxperienced higghest Cu surrface area, hiigher
extent of Cu dispersionn and lowestt Cu particle size
relative to the other counnterparts.
ZMn20/γ-Al2O3 preserves the
Acidic sttrength: CZ
maximum number of weak
w
&mediuum strength acidic
sites (0.235 + 0.133= 0.368) in compparison with other
o
analogous,, throwing ligght on the caatalyst potential to
show thee highest DME
D
syntheesis and loowest
hydrocarboon synthesis activity.
a
3.2 Catalyyst Efficiency Test
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o 2.7
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t parent cataalyst.
At the sam
me time, a rem
markable decliine in by-prodducts
(CO2 andd HC’s) w
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n20/γAl2O3catallyst. Further increasing Mn content (30
mol%), ledd to drop in booth total carboon conversion
n and
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o present sttudy,
CZMn20/γ--Al2O3catalyst showed opptimal activitty in
terms of total
t
carbon conversion
c
(336.2%) and DME
D
selectivity (73.8%).

4. Conclusion
To summarizze, a series of Mn promotedd Cu based caatalysts
with tuned Cuu0/Cu+ sites allong with meddium strength acidic
sites has beenn developed fo
for CO2 rich sy
yngas converssion to
DME. Amonng all, the beest performannce is realized
d with
CZMn20/γ-All2O3catalyst which outpeerforms its other
counterparts, thereby exhibbiting greatlyy improved caatalytic
efficiency as well as stabillity. The selecctive DME synnthesis
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m following factors: (i) Mn incorpooration
originated malachite phasee precursor fo
ormation withhin the
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ratio and tuniing the Cu0/C
Cu+; (iv) Optim
mum Mn prom
motion
leads to the constant DM
ME selectivity
y (73.8%) ovver the
total reactionn span of 50 h.. The findingss shed light uppon the
importance of
o metal-Mn innteraction and
d provides parradigm
for rationallyy designing a class of effective and stable
catalysts for their
t
applications in heteroggeneous catalyysis.
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1. Introduction
The demand for liquefied natural gas (LNG) is increasing
day by day due to the environment friendly nature of natural
gas obtained from it. Other fuels are less environment
friendly [1,2]. LNG is received at LNG regasification
terminal where it is regasified to natural gas. The traditional
methods of regasification using seawater or air vaporizer
result into a huge loss of the cold energy of LNG [3]. Hence,
the search for alternative methods to recover LNG cold
energy becomes very important from energy utilization view
point. Various methods that are reported are CO2 capture, air
separation, agro-food industry etc. [2,4]. Present paper
reviews such novel techniques being proposed by various
researchers for utilization of LNG cold energy.

Zhao et al. [6] proposed a method as shown in Fig. 2 for
utilizing LNG cold energy for capturing carbon dioxide from
the exhaust gas originating from the magnesite processing
industry. The most important parameters were found to be
LNG regasification pressure and the CO 2 capture pressure.
For downstream utilization of CO2, a CO2 utilization subsystem was proposed. It integrates Rankine cycle, water
electrolysis and carbon dioxide hydrogenation for methanol
production by solar energy and liquefied CO2 cold energy
utilization.

2. Methods
Mehrpooya et al. [5] proposed and analyzed the introduction
of cold energy associated with LNG in an air separation
process as shown in Fig.1.
Figure 2: LNG cold energy utilization by magnesite processing industry
[6].

Yu et al. [7] studied various ways for utilizing the LNG cold
energy for both a stand-alone power plant and a cogeneration
system with power generation and LNG regasification.
Authors proposed different flow diagrams to support the
superstructure that was optimized using a simulation tool.
Fig. 3 shows Organic Rankine cycle (ORC) utilizing LNG
cold energy.
Figure 1: Cryogenic air separation with LNG cold energy utilization [5]

reviews such novel systems. The systems utilizing
maximum cold energy become important from
commercialization view point.
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1. Introduction

2. Material and Methods

In recent times, the energy storage device is one of the
most important and relevant research topics. Among the
advanced carbon materials, activated carbon is a promising
candidate in supercapacitor technology. In order to save our
planet earth from the pressing environmental threats caused
by coal mining and coconut shell waste, to meet the global
demand for energy and for sustainable development it has
become utmost necessity to switch abundant low-grade
coal and coconut shell waste into renewable energy
sources. The present studies provide an ultrasonic-assisted
chemical activation method was used to synthesize the high
surface area activated carbon exhibits the mesoporous
structure which is suitable for ion transport as well as fast
ion diffusion in supercapacitor cell. The analytical
characterization of the synthesized activated carbons was
analyzed by using proximate, sulfur, and ultimate analysis,
BET analysis, Fourier-transform infrared spectroscopy
(FT-IR), Powder X-ray diffraction (XRD), Field emissionscanning electron microscopy (FE-SEM), and X-ray
photoelectron spectroscopy (XPS). The obtained specific
surface area for ultrasonic-assisted coconut shell-derived
activated carbon is 256.08 m2/g with total pore volume of
0.240 cc/g. It was found that the electrochemical properties
of coal-derived activated carbons were improved by
blending it with coconut shell-derived activated carbon at
different concentrations. In summary, the current research
has opened up a new research field in which blended
activated carbon from coconut shell and coal could be used
as carbon electrodes in energy storage devices such as
supercapacitors.

2.1 Materials
Coal and coconut shell waste were collected from
Northeastern region, India. Chemical agents used in present
work are: Potassium hydroxide (Merck), Sodium hydroxide
(Rankem; LR), Hydrogen peroxide (30%, Merck),
Hydrochloric acid (Rankem; LR), Distilled water,
Polytetrafluoroethylene
(PTFE)
(MTI),
Ethanol
(Molychem), Carbon black mesoporous (Sigma Aldrich),
Acetone (Alfa Aesar) for cleaning purpose.
2.2 Methods
2.2.1 Synthesis of activated carbon from low-quality subbituminous coal and coconut shell powder
The ultrasonic-assisted chemical activation method was
used to synthesize the activated carbon from subbituminous coal. The coal and coconut shell-derived
activated carbon was denoted as JCA1 and COA1. The
detailed methodology was reported in our previous study
[1].
2.2.2 Blending of coconut shell-derived AC into coalderived AC for the electrochemical analysis in twoelectrode system
Coconut shell (CO1) and coal (JC)-derived activated
carbon COA1 and JCA1 mixed blend in different weight
ratios (1:99, 5:95, 10:90, and 15:85) were denoted as CJA1,
CJA5, CJA10, and CJA15 respectively.
2.2.3 Fabrication of carbon electrode
For the fabrication of carbon electrode, the electro-active
material, Polytetrafluoroethylene (PTFE) as a binder, and

Carbon black mesoporous as an additive with a weight ratio
of 90:5:5 was used in ethanol solvent for mixing the
electro-active material and binder material. Thin film
making procedure was followed for the fabrication of the
electrodes [2, 3].
3. Results and Discussion
3.1 Physico-chemical characterization of the raw coconut
shells and synthesized activated carbon
The physicochemical characterization of the raw samples
and synthesized activated carbons (AC) was analyzed. It
was observed that the carbon content of ultrasonic- assisted
ACs are greater than raw coconut shell and coal due to its
low temperature activation and cavitation effect.
3.2 Specific surface area and pore size distribution of the
raw materials and synthesized ACs
The coconut shell-derived activated carbon introduced
as a typical-IV curve according to IUPAC classification
from nitrogen adsorption isotherms.The maximum specific
surface area and pore volume of activated carbon
synthesized under ultrasonic irradiation were 256.08 m2/g
and 0.240 cc/g respectively.
3.3 Surface morphology of synthesized activated carbons
using electron beam analysis (FESEM)
A large numbers of small and large holes and rod like
structures are introduced in ACs as observed in FESEM
images because of ultrasonic-assisted chemical activation
of coal and coconut shell by using chemical agents KOH
and NaOH. To confirm the formation of activated carbon
from coconut shells were further analyzed by Fourier
transform infrared
(FTIR),
X-ray
photoelectron
spectroscopy (XPS), and powder X-ray diffraction (XRD)
analysis.
3.4 Electrochemical performance of coal-derived ACs and
mixed blended coal-derived ACs with coconut shellderived ACs based supercapacitors
The CV curves of the coal and coconut shell-derived
activated carbon electrode at varying scan rates from 5 to
100mV/s present a unique rectangular shape without any

redox peaks, indicating an ideal double-layer capacitor
nature of the charge–discharge process, and the electrode is
stable in 6 M KOH aqueous electrolyte. The maximum
specific capacitance of AC is as high as 121.67 F/g at a
current density 0.5A/g with excellent cyclic stability.
4. Conclusion
In the current study, we have developed a simple and ecofriendly process for the synthesis of high-performance
activated carbon (ACs) materials from low-quality
subbituminous coals and coconut shell waste. The ACs is
then investigated for feasibility studies for the development
of low-cost carbon electrode materials for use in
supercapacitors instead of expensive carbon nanotubes,
fullerene, graphene, and so on. The mixed blended coconut
and coal-derived activated carbons were discovered to have
good electrochemical properties, with a maximum potential
window of 1.2V, and can be used as a carbon electrode in
electrochemical double layer capacitors (EDLC) and
supercapacitors.
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1. Introduction
Hydrodesulfurization (HDS) used in the refineries for ultradeep desulfurization of liquid transportation fuels becomes
complex at high temperature and pressure. Therefore, there
is need for alternative techniques. Adsorptive
desulfurization (ADS) is one such technique that is carried
out at ambient conditions. Various adsorbents including
zeolites have been reported [1–3]. Characterization at
various stages of adsorbent development helps understand
the surface morphology, elemental composition, presence of
metal ions exchanged and crystallinity. Present paper
reviews various characterization techniques.
2. Materials
ZSM-12 (Purchased from Hutong Global Co Ltd, China),
nickel (II) nitrate hexahydrate (crystallized, 97%SigmaAldrich), zinc nitrate hexahydrate (98% Sigma-Aldrich),
oxalic acid (99.5% Molychem), ammonium chloride (extra
pure, 99% Molychem) and cerium (III) nitrate hexahydrate
(99.99% trace metals basis, Aldrich).
3. Characterization of adsorbents
3.1 Activated carbons
Yaseen et al. [4] studied ADS of model fuel using activated
carbon (AC) loaded with Mn and Zn. Authors studied
morphology of adsorbent surface and its elemental
composition with the help of SEM and EDX respectively.
Adsorbent porosity along with surface texture was
determined. The authors used XRD diffractometer for
recording XRD patterns of Zn/AC and Mn/AC. The range
for 2θ was 10°–80° [4].

3.2 Zeolites
3.2.1 Y-Zeolites
Jiang et al. [5] studied ADS from gasoline fuel over AgCeY.
XRD pattern revealed that there was no change in the
structure after converting NaY to meso-NaY. NaY shows
highest BET surface area while meso-AgCeY shows lowest
one. Addition of bimetal ions to parent adsorbent results in
lowering of surface area. It may be due to the blockage of
pores during ion-exchange and subsequent calcination [6].
3.2.2 ZSM-12
Present author has carried out some experiments on solid
phase ion exchange (SPIE) of ZSM-12 using various metal
ions such as Ni, Zn and Ce. The researcher has characterized
modified zeolites using various techniques. The results of
surface area analysis are presented in Table 1. The parent
adsorbent Z-12, NiZ12 and ZnZ12 were tested in a batch
process using real diesel. The XRD analysis was carried out
for fresh and spent adsorbents.
4. Results and Discussion
With the help of SEM images, the researchers [4] could
easily identify the white spots of Zn or Mn on the surface of
AC [4,7,8]. Loading of Zn on AC improved porosity and
roughness. Addition of Zn or Mn to AC was verified through
EDX profiles [4]. It also confirmed the presence of sulfur in
both the spent adsorbents.
Jiang et al. [5] determined acidities of ion exchanged zeolites
using Py-IR at 150oC and 300oC. Meso-AgCeY showed
lower acidity than AgCeY [5]. The typical zeolite structures
were confirmed through TEM.
Table 1 shows that BET surface area and pore volume
decrease in the order, Parent Z12>Ni-exchanged Z12>Zn-

exchanged Z12 while particle size increases in the order,
Parent Z12<Ni-exchanged Z12<Zn-exchanged Z12. As Ni
as well as Zn has a valance of two, each one will replace two
Na ions, which have a valence of one, during ion exchange.
Atomic radii of Na, Ni and Zn are 190, 149 and 142 pm
respectively. So surface areas might decrease in the above
order. Present author has also obtained bimetal ion
exchanged zeolite, NiCeZ12 using SPIE.
Table 1: Characterization of parent and modified ZSM-12 using BET
surface area and pore volume analyzer
Average Average
Pore
Langmuir
Material
BET
Volume
Particle
Pore
surface
surface
Size
Size
(cm3/g)
area
area
(m2/g)

(m2/g)

Parent
Z12

486.182

804.173

NiZ12

443.551

ZnZ12

389.382

(nm)

(nm)

0.599

5.000

12.341

730.325

0.528

4.896

13.527

619.293

0.434

5.146

15.409

The XRD analysis results showed reduction in peak intensity
for both spent adsorbents (NiZ12 and ZnZ12) at around 2ϴ
= 23o. While no change in peak intensity for a fresh
adsorbent. The reduction in intensity might be due to the
deposition of sulfur or nitrogen compounds from real diesel.
Same spent adsorbents were thermally regenerated in a
muffle furnace at 650oC and 2 h. Spent ZnZ12 showed a
better improvement in the peak height than that of spent
NiZ12 at above 2ϴ value. This might be due to the different
strengths of bonds between adsorbate and adsorbent.
5. Conclusion
In order to develop adsorbents for ADS as emerging
alternative to HDS, their characterization is important. It
gives idea about the status of structure of adsorbents along
with metal ions exchanged with them. The characterization
studies indicated that, the adsorption of sulfur or nitrogen
compounds over modified ZSM-12, may be possible at
conditions close to ambient. Thus, the characterization
techniques play an important role in the development of
adsorbents.
Nomenclature
FTIR- Fourier transform infra-red
SEM- Scanning electron microscopy
TEM- Transmission electron microscopy
EDX- Energy dispersive X-ray
Zn/AC – Zn loaded activated carbon

Mn/AC – Mn loaded activated carbon
Py-IR - Pyrolysis infrared
BET - Brunauer-Emmett-Teller
Z12 – ZSM-12
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1 Introduction:Nowadays, the depletion of fossil
fuels increased day by day, as well as these fuels;
address the negative impact on the environment. Due
to this new, environmentally friendly, and renewable
energy source is required 1. Hydrogen is promising
energy to full fill the economical demand. The
membrane technology for gas separation was found
to be more appealing because of its benefits like
energy efficiency, cost-effectiveness, ease of
operation, and energy efficiency [2].CNTs have
undergone comprehensive research to describe their
extraordinary electrical, mechanical, and thermal
properties. The aspect ratios (length/diameter) of
CNTs have also been demonstrated to be extremely
large 2. Other materials like Graphene oxide (GO)
have a monoatomic thickness, two-dimensional
structure, high aspect ratio (>1000), excellent
thermally stability, mechanical strength, and
chemical inertness [4]. The exceptional properties of
carbon nanotubes and GO provide a significant
advantage in the manufacture of improved
composites membranes for gas separation.The
remarkable characteristic of nanomaterials has
resulted in the creation of a new class of mixed
matrix membranes that aids in the improvement of
gas separation properties. In this work, we observed
the gas separation performance of Polysaccharidebased natural polymer integrated with CNTs and
GO.
2. Material and Methods
2.1 Materials: Polysaccharide-based natural
polymeric (GG)was purchased from HiMedia, India,

MWCNTs were purchased from Sigma Aldrich,
India. For GO preparation graphite powder, NaNO3,
KMnO4, H2O2, HCl, and H2SO4 were also purchased
from Sigma Aldrich, India.
2.2 Methods
2.2.1 Membrane preparation: Pure and mixed
matrix membranes were fabricated using the solution
casting method. Preliminary, Nanofillers (CNTs or
GO) were dried in a vacuum oven at 120°C
temperature for 12 h for removing moisture. For
preparing GG solution, 1 wt.% of polymer dissolves
in DI and stir overnight at room temperature. For
preparing the separate solution of CNTs and GO, 0.1
wt% nanofiller (CNTs and GO) add into the DI and
stir for 1 hr. by using a magnetic stirrer. This solution
added into above polymer solution.The solution
mixtures were sonicated in a sonicator for 2 h before
being vigorously stirred by using a magnetic stirrer
for the next 5 h. The prepared solution was cast onto
a Teflon petri dish, dried at room temperature. The
pure GG membrane was developed using the same
technique but without the use of a nanofiller.
3. Results and Discussion
3.1 Membrane separation performance: A single
gas test was performed for measuring the gas
permeability of carbon dioxide (CO2), nitrogen (N2),
and hydrogen (H2). Diffusivityof Hydrogen gas is
high as compared to other gasses due to small
molecular diameter relative to other gasses (CO2, N2)
So, the permeability of hydrogen is consistently
higher as compare to other gasses such as CO2 and N2

for all prepared MMMs and pure membrane.
Combine effect of solution diffusion and Molecular
sieving model mechanism associated with prepared
MMMs (GG/CNT and GG/GO).

Figure 1 Comparison of gas permeability a)
permeability of pure GG and GG/CNT, b)
permeability of pure GG and GG/GO.
Fig 1(a) indicated the performance of pure GG
membrane and GG/CNT MMMs. in the case of pure
GG membrane, the permeability of H2 ishigh as
compared to N2 and CO2 due to the high diffusion
rate of H2. In the case of CO2 and N2, the
permeability of N2 is high as compare to CO2 because
activation energy of diffusion is higher for N2 due to
linearity. CNTs provide channels in the membrane
which helps to permeate H2 gas easily from the
membranes, due to the high diffusion rate. But, other
gasses (CO2 and N2) do not permeate easily due to
large molecule size. Fig1 (b) compares the
performance of pure GG membrane and GG/GO
MMMs. In this case, the permeability of H2 is almost
equal compare to the pure GG membrane because
GO is inherently a barrier for gas permeation. The
presence of hydroxyl groups on the GO surface
enhances the surface interaction with CO2, due to this
permeability of CO2 increases, and other gasses (H2
and N2) permeation rate declines. In GG/GO MMMs,
solution diffusion and the Molecular sieving model
both mechanisms work simultaneously for gas
transport.

4. Conclusion:
Mixed matrix membranes were prepared by
incorporated high aspect ratio CNTs and GO
into Polysaccharide-based natural polymeric (Guar
gum) to improve H2 separation performance from
other gasses (CO2 and N2). It concludes that CNTs
and GO are both inorganic fillers easily dispersed in
the Polysaccharide-based natural polymeric matrix
and provide a defect-free membrane. The results
indicate that a mixed matrix membrane having CNTs
provide high permeability and selectivity of H2 over
CO2 and N2 as compared to a pure polymeric
membrane. On the other hand, a mixed matric
membrane having GO nanosheets does not show
more effect of H2 permeability but enhanced the
permeability of CO2, due to this selectivity of H2/CO2
reduces as compared to the pure polymeric
membrane. In the case of N2 separation, the
selectivity of H2/N2 is enhanced. The gas separation
efficiency was improved by a synergistic effect of
CNTs and GO.
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Abstract:In the past few years, rising concerns with regard to global climate change and clean energy demand have brought
worldwide attention to develop ‘wastes-to-energy’ approach as a clean, eco-friendly and sustainable route to simultaneously
satisfy global energy thirst and treat different organic waste streams. Bioenergy with carbon capture and storage (BECCS) can
be an effective technology to limit climate change to a substantial extent by preventing CO2 discharges. One of the pathways to
realize BECCS is via in-situ CO2-sorption coupled with thermal plasma gasification process. In this study, a rigorous
equilibrium model was developed using RDF as a model compound for plasma assisted CO2-sorption enhanced gasification to
evaluate the viability of proposed process in producing H2 rich syngas. An intermediate temperature sorbent (Li4SiO4) was
employed to assess the impact of reforming temperature, steam-to-feedstock ratio and sorbent-to-feedstock. Moreover, optimal
values of different process variables were predicted. Maximum H2 is noted to be produced at 700 oC (55 vol %) for
Li4SiO4whereas the optimal sorbent-to-feedstock ratiowas found to be 2.5. The results obtained in the study are promising to
employ plasma assisted CO2-sorption enhanced gasification as a viable technology to produce clean and sustainable energy.
Keywords: CO2 adsorption; Hydrogen; Sorption enhanced reforming; Sustainability; Thermal plasma; Waste management.

1. Introduction:
Bioenergy with carbon capture and storage (BECCS) can
be a viable technology to quench energy thirst without
adversely impacting the climate. BECCS can be achieved
via CO2-sorption process integrated with thermal plasma
gasification where in-situ CO2-sorption occurs [1].
The basic principle behind sorption enhanced gasification
is to capture CO2 inside the reactor (reactions 2, 3, 4 and 6
in Table 1) as soon as it is generated, consequently shifting
the equilibrium according to Le Chatelier’s principle, with
an augmentation in hydrogen production [2]. Carbon
capture reaction (reaction 10) occurs at comparatively
lower temperature to adsorb CO2 thus forming sorbent
carbonate coupled with heat release. On the other hand, at
elevated temperature, decarbonation reaction (reaction 11)
occurs to recover the sorbent with concentrated CO2
discharge. This CO2 stream can have diverse uses including

as a feedstock for chemical synthesis. Many researches on
CO2-sorption enhanced gasification have been carried out
worldwide using calcium oxide[3, 4], however, a very few
have reported any other sorbent [5].
Table 1. Significant chemical reaction in CO2-sorption
enhanced gasification [6, 7].
Equation
Number

Reaction name
/ type

Chemical
equation

ΔHo25
(kJ/mol)

1

Water gas-I

C + H2O ⇌
CO + H2

+131.0

2

Water gas-II

C + 2H2O ⇌
CO2 + 2H2

+90.1

3

Water gas shift

CO + H2O ⇌
CO2 + H2

-41.2

4

Methane

CH4 + 2H2O

+206.0

reforming

⇌ CO2 + 4H2

5

Boudouard

C +
2CO

6

Oxidation-I

C + O2⇌ CO2

-394.0

7

Oxidation-II

2C + O2 ⇌
2CO

-111.0

8

Methanation-I

C + 2H2⇌ CH4

-72.8

9

Methanation-II

2CO + 2H2⇌
CH4 + CO2

-247.0

10

Carbonation
(Li4SiO4)

+
Li4SiO4
CO2⇌ Li2SiO3
+ Li2CO3

-142.0

11

Decarbonation
(Li4SiO4)

+
Li2SiO3
Li2CO3
⇌
Li4SiO4 + CO2

+142.0

CO2⇌

+172.0

In the presented study, in first step, thermal plasma assisted
gasification of RDF takes place at relatively elevated
temperatures and in latter step, the gaseous products
undergo reforming in the presence of sorbent (Li4SiO4) at
comparatively low temperatures generating H2-rich syngas
coupled with in-situ CO2 capture. Separating the whole
process in two sub-stages allows the individual processes
(plasma gasification and sorption enhanced reforming) to
occur at their favorable temperatures.
2. Material and Methods:
2.1 Methodology
A non-stoichiometric thermodynamic modeling framework
was developed using the Gibbs free energy minimization
approach in Aspen Plus (V11.0) using refuse derived
fuel(RDF) as the model compound. The RDF used was a
product from a sorting facility in Czech Republic
(unrecyclable plastics mixed with unrecyclable paper and
industrial wastes to meet the normalized composition).
2.2 Model development
The diverse phases which were taken into account while
developing the modeling framework were the thermal
plasma generation, feedstock degradation, volatile reactions
and gasification, reforming, CO2 sorption enhancement and

solid-gas separation. The flow rate of RDF was taken as
100 kg/h. Three different cases were considered by varying
reforming temperature (RT) (from 400 to 700 oC with an
interval of 50 oC), steam-to-feedstock ratio (S/R) (from 0.8
to 2.0 with an interval of 0.2) and sorbent-to-feedstock ratio
(SOR/R) (from 0.0 to 3.0 with an interval of 0.5). Each
parameter was varied (keeping other variables constant) to
evaluate its impact on the distribution of syngas
constituents and to compute the optimal operational
conditions. Water and argon were supplied to the plasma
torch at constant rates of 16.8 kg/h and 3 kg/h, respectively.
2.3 Model validation
The validation of the first stage of proposed model (Fig. 3)
was carried out using the experimental data realized by the
experimental study in our institute (Institute of Plasma
Physics of the Czech Academy of Sciences) [8]. The
operating conditions were taken same as that described in
the study where the feed rates of sawdust, pellets and
plastics were taken as respectively 30, 30 and 11.4 kg/h, in
the presence of CO2 as the oxidizing media at 1300 oC. The
dry gas fractions forecasted by the proposed model for H2,
CO, CO2 and CH4 are in good agreement with the
experimental results and the deviations are well within the
reasonable limits.
No experimental study on two-stage sorption enhanced
gasification of RDF with Li4SiO4 was available,so the
experimental investigation by other authors[9] using corn
stalk as the feedstock in the presence of CaO for two-stage
pyrolysis-gasification was chosen as a close proxy. In order
to validate the mathematical model, both gasification
(pyrolyzer and gasifier) and reforming temperatures were
taken as 650 oC, CaO-to-feedstock as 2, steam-to-feedstock
as 1 at 1 bar pressure and the chemical composition of corn
stalk was used, and resulting syngas components were
compared to the experimental data. The modeling
deductions were found to be reasonably close to the
experimental data.
3. Results and Discussion:
3.1 Influence of reforming temperature (RT)
A considerable and continuous rise of H2 was observed
with rising temperature with 28 vol % at 400 oC to 55 vol

% at 700 oC) (Fig.
(
1). It waas on accountt of water gass and
methane
m
reform
ming. This allso led to deccreasing CH4 and
inncreasing CO amounts. A riise in CO2 waas found from 0.66
vool % at 4000 oC to 15 vol % at 5550 oC. Howeever,
caarbonation waas initiated att 550 oC leadiing to the cappture
off CO2 by Li4SiO4 and form
mation of Li2SiO3 and Li2CO3
[110]. This led to a sharp deecrease in CO
O2 fractions too 8.7
vool % at 700 oC.
C

t
below ceertain S/R ratiios, the variattion in
It was seen that
syngas composition was m
minimal on acccount of insuffficient
steam availaability needeed for steam
m reforming. The
alteration in H2, CO2 and CO while em
mploying Li4SiO
S 4 at
d.
S/R above 1.44 was found too be very mild
(
3.3 Influencee of sorbent-too-RDF ratio (SOR/R)
As shown inn Fig. 3, thee molar conccentrations of CO2
continuously decreased ass SOR/R was enhanced froom 0.0
s
to 3.0. A 16 vol % CO2 aand 29 vol % H2 at zero sorbent
feeding was observed as ccompared to 5.4 vol % CO
O2 and
37 vol % H2 at 300 kg/h soorbent feeding
g. It was on acccount
of theequilibrium shift in accordance with
w Le Chattelier’s
principle due to CO2 adsorrption.

Figure
F
1: Chaanges in synngas constitueents with variable
reeforming tempperature (400 to 700 oC)
3..2 Influence of
o steam-to-RD
DF ratio (S/R
R)
H2 concentratioon remained ffirstly decreassed (from 37 to
t 34
vool %) and theen was almostt constant at 34
3 vol % withh the
inncrease of S//R (Fig. 2). In the abunndance of stteam,
methane
m
reform
ming was dom
minant and thhus produced CO2
annd H2 at the cost of CH4 exxplaining a uniform reductioon in
CH
C 4.

Figure 3:Chhanges in synngas constitu
uents with vaariable
sorbent-to-feeedstock ratio ((0 to 3)
CO and H2O were continuuously reactinng in water gaas shift
forming CO2 and H2 whicch explains a decreasing trrend in
CO and steam fraction for all the three sorbennts. In
addition, it was
w noticed that above certain
c
SOR/R
R, the
changes in thhe compositionn almost ceaseed.
4. Conclusion:

Figure
F
2: Chaanges in synngas constitueents with variable
stteam-to-feedsttock ratio (0.88 to 2.0)

In the propoosed investigaation, the opttimal CO2 soorption
temperature was found tto be 400 oC with CO2 molar
0
vol %. Maximum H2 was notedd to be
fractions of 0.669
produced at 700
7 oC (55 vool %). Optimaal SOR/R ratiio was
found to be 2.5 whereas optimal S/R with respect to H2
production were
w reported tto be 0.8.

Decoupling of single stage gasification into two stages
namely, gasification (operating at higher temperature) and
sorption enhanced reforming (operating at comparatively
lower temperature in the presence of a suitable sorbent)
enables the individual sub-processes to work at their
optimal temperatures which in turn facilitates higher carbon
dioxide capture with enhanced hydrogen yield. The results
obtained in the study are encouraging to employ thermal
plasma gasification coupled with CO2-sorption as an
efficacious pathway to achieve carbon neutrality.
Acknowledgements: The authors would like to thank the
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In this study, 200bacterial strains were transferred into

1. Introduction
Polyhydroxyalkanoates

(PHA)

based

bioplastic

arebiodegradable, bio-based in nature and produced
through industrial microbial fermentation processes on
some carbon and nitrogen substrates. The commercial
production process of PHA is expensive due to the cost of
C-sources and downstream purification processes. Thus,
organic waste materials are being investigated as
substitutes for the C&N sources in an open mixed
microbial culture (MMC) system, so that the energy
requirement for sterile fermentation processes with pure
cultures can be overcome along with the cost of
carbon.Initially, Cupriavidusnecator and mixed microbial
culture (MMC) showed highest biomass production in 4%
waste substrates optimized using inedible soyabean seeds,
bread and rotten potato. Under optimized condition, the
biomass yield were 2.18 g/Land 1.29 g/L respectively at
pH7 and 37°C.
2. Material and Methods
2.1 Materials

minimal media (4 g/L of starch, 1 g/L of peptone and 2 g/L
of yeast extract) from their respective glycerol stocks
preserved at -20°C.The media was autoclaved at 121°C for
20 minutes (at 15 lbs) [1].

For identification of PHB

producing strains, Nile Red and Sudan Black B staining
were performed [1, 2].
2.2.3 Comparative optimization of cost-effective substrates
for maximum biomass production
For carbon source replacement, the following organic
wastes were studied – rotten fruits and vegetables, inedible
bread, soyabean seeds, waste cooking oil and whey. Their
concentration for highest biomass yield were optimized,
with range varying from 1-10%. The pH and temperature
were maintained at 7±0.5 and 37°C constantly.
2.2.4 Extraction of PHA
The PHA from Cupriavidusoxalaticusand mixed microbial
culturewere extracted following the standard sodium
hypochlorite:chloroform extraction process [3, 4].
2.2.5 Fourier Transform Infrared Spectroscopy (FTIR)
FTIR analysis of the PHA films were performed using

The required chemicals used for this study are Starch
soluble A.R., Peptone and Yeast Extract Powder were
purchased from HiMedia Laboratories Private Limited.

Burker FT-IR Spectrometer. The films were directly
analyzed on the FTIR cells within spectra range of 400 to
4000 cm-1 to confirm the functional groups of the extracted

2.2 Methods

polymer.

2.2.1 Screening of bacterial isolates for PHA production

3. Results and Discussion

3.1 Selection of Bacterial Strain and Cheap Carbon
Sources
The best results were obtained using rotten potato, bread
and waste soyabean mixture at 4% w/v with 1.98 O.D. (600
nm) at pH 7±0.3. For screening of bacterial isolates using,
the strains showing highest fluorescence in the individual
colonies were selected for open mixed culture (SP123,
GPB30, GPB22, B33)[Fig. 1 (a) and (b)]. The bacterial
strains that retain black or purple colour of the Sudan Black
B are considered as PHA positive [Fig 2. (a) & (b)].

microbial culture were 7% and 25%. Further investigations
for different kind of wastes and their concentrations,
substrate impact on biomass and PHA production,
characteristics of the extracted polymers and its physical
properties are being studied and investigated for achieving
industrial scale production of biopolymers.
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1. Introduction
Pectin is a fibre found in middle lamellae, primary and
secondary cell walls of plant cells and is extensively used
in low-calorie food as an emulsifier, thickener, and gelling
agent, stabilizer, and fat or sugar replacer. In the current
study the authors have tried to maximize the pectin
extraction by using acoustic cavitation produced by
ultrasonication for effective disruption of the cell wall
layers by green methods using deep eutectic solvent (DES)
as a component in biomass solution of waste peels of Citrus
limetta. Traditionally, pectin extraction is carried out by
using mineral acids such as Hydrochloric acid [1,2], and
hot water which produced substantial yields. Moreover for
pH neutralization and purity increase, alkaline washing is
performed. This creates wastewater thereby creating
environmental pollution. Additionally, the pectin extracted
in the method can be perilous and non-consumable. In the
present study authors have explored acoustic cavitation
routes via ultrasonication (US) for extraction of pectin
using natural deep eutectic solvents (NaDES) in varying
ratios. By the usage of US, the harmful side streams
generation by conventional methods was completely
overcame and the usage of NaDES or DES for that matter
made the extracted pectin to be food safe. Moreover the
reduction in time and higher yield was observed hinting
towards higher uptake of pectin by the solvent.
2. Material and Methods
2.1 Materials

In order to prepare deep eutectic solvent (DES), Choline
Chloride and Citric Acid monohydrate were obtained from
TCL, Japan, and Avantor Chemicals, Thane, India
respectively. For analysis, Potassium Hydroxide, Sodium
hydroxide, and Hydrochloric Acid were used in various
dilutions. Potassium and Sodium hydroxides were obtained
from Loba Chemie, Mumbai, India, and Finar Chemicals,
Ahmedabad, India respectively while Hydrochloric acid
was obtained from Avra Synthesis, Hyderabad, India. For
comparison, pure pectin powder was procured from Sisco
Research Laboratories, Mumbai, India. Ultrasonicator
(UP400St, Hielscher Ultrasonics, Germany) was used for
irradiating sonic ultrasonic sound waves on the biomass
suspension.
2.2 Methods
Ultrasonic waves of frequency 24 kHz are irradiated into a
liquid using an ultrasonicator. The immersed probe
generates a pressure difference which causes the liquid in
the vicinity to vaporize and form a microbubble, which
oscillates for a moment and finally collapses releasing
thousands of Kelvin temperature and high pressure.
Concurrently, streaming currents, vigorous micro-jets (~
500 m/sec), and cosmic shear forces are generated in the
cavitation field which promotes a wide range of physical or
mechanical effects such as particle fragmentation or cell
disruption which here is employed for the extraction of
pectin out the cell wall of a plant cell. This extracted pectin
can be coagulated using a coagulant, such as ethanol used
here.

2.3 Degree of Esterification:
The mixture was titrated against 0.4 M KOH till the
solution colour changes from bright yellow to sunset red.
The volume was noted to be V1. Additional 15mL of 0.4 M
KOH was added and was vigorously mixed in a stirrer plate
for 10 min. Subsequently, 15mL of 0.6M HCl was added
and the solution was analyzed volumetrically again till the
colour changes back to sunset red. The volume of titrant
was noted to be V2. The degree of esterification (DE) was
determined as

%

100

(1)

V1= volume of first titrant (mL)
V2=volume of second titrant in (mL)

3.1.4 Effect of Amplitude:
The effect of amplitude was studied at 30, 45 and 60%.
Keeping other parameters fixed it was observed that at an
amplitude of 30% the DE was 90% while the simultaneous
yield was at 41%. When the amplitude was increased to 45
%, DE was observed to be 81.25% while the yield
increased to 42.34%. Upon increasing the amplitude further
to 60 the DE increases further to 93.54% with yield
decreasing to 51.8%. This may be because at the increased
amplitude, particle sizes of extracted pectin under
ultrasonication decreases resulting in breakage of bonds
between pectin molecules, thereby losing the structure.
Hence a lower yield is obtained.

b
a

3. Results and Discussion
3.1 Effect of Operating Parameters
3.1.1 Effect of Time
Keeping the other factors constant, time was varied as 20,
30 and 40 min. It was observed that in 20 min of treatment
30.8% yield of pectin was obtained with 94.11% DE. As
the time is increased to 30 min the yield increases to 33.6%
while DE decreases to 83.33%. A considerable change is
seen in 40 min as the yield gets as high as 41.15% with DE
decreasing to 85.18%. The increased yield can be explained
by the Fick’s law of diffusion. The equilibrium between
plant matrix and solute concentrations improves the pectin
yield with lower solvent usage and lowered extraction time.
With increase in time of ultrasonication, destruction in cell
layers such as middle lamellae, primary and secondary cell
wall increases, leading to enhanced pectin extraction [3].
3.1.2 Effect of DES composition
DES ratio to that of water in the solvent was maintained at
4, 5 and 6. It was observed that water and DES ratio of 4:1
the DE was 83.33% with 33.6% yield. Upon decreasing the
DES in water at ratio of 5:1, DE remained at 84% and
corresponding yield to be 35.27% indicating no significant
change was observed. Furthermore, as the ratio decreases
further to 6:1 water to DES, the DE decreases drastically to
78.12% with yield increasing to 48%. This can be
explained as aqueous solution increases the solubility of
pectin into the solution, wherein DES improves efficiency.

Fig. 1 (a) Represents the dried biomass used for pectin
extraction with corresponding weight used and Fig. 1(b)
represents 2.59 g of dried pectin obtained from 5 g of dried
biomass.
4. Conclusion
Pectin was extracted using green methods from sweet lime
peels with a maximum yield of 51.8% concluded from the
series of experiments. The optimal time was found to be 30
min with an amplitude of 60%. The liquid to solid ratio and
water to DES ratio was maintained at 25 and 5 respectively.
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1. Introduction
Steam-assisted gravity drainage (SAGD) is a widely used
process for bitumen extraction, which results in large
quantities of produced water marked by high silica and low
hardness. The SAGD operators reuse and recycle the
produced waters to generate steam [1,3]. The waste streams
arising from steam generation processes are characterized
by high pH along with high silica levels (>500 ppm and up
to 15,000ppm). These concentrated streams need to be
neutralized before they are disposed via down-hole
injection [3]. Neutralization of these high pH brines result
in the formation of gelatinous substance, which is
extremely difficult to filter. They occupy significant
volumes when disposed into salt caverns resulting
information plugging. pH neutralization can be carried out
via two processes, namely single-step and two-step [2].The
single-step process involves reducing the pH directly from
alkaline ranges to neutral pHs, which results in gel
formation. The two-step process involves decreasing the
pH from alkaline ranges to an intermediate pH where it is
held for a specified time before further decreasing the pH
to neutral ranges. Studies conducted in the past have found
that reducing the pH via the two-step process helps in the
prevention of the formation of gelatinous substance which
are usually formed during the single-step process. In the
present study, we have concluded that there is no
significant difference between the two processes as they
both result in silica gelation. The results from this study
provide useful insights to plantoperators by eliminating the
need for a second reactor for conducting the two-step pH
neutralization, thus saving capital and operating costs.
2. Material and Methods
2.1 Materials

Sodium
metasilicate
an
hydrous, ammonium
molybdatetetrahydrate (99%), sodiumhydroxide and
hydrochloric acid reagent grade were procured from Sigma
Aldrich®. Hydrochloric acid and sodium hydroxide were
used for pH adjustments.
2.2 Sample preparation
One litre of synthetic silica stock (~14,000ppm) solution
was prepared by adding an appropriate amount of sodium
metasilicate to deionized water. All pH measurements were
carried out using a symphony pH meter obtained from
VWR. The pH of the synthetic stock solution was
measured to be12.7.
2.2.1 Measurement of reactive silica
The yellow silicomolybdate method was carried out for
measurement of reactive silica at the wavelength of 400 nm
following the APHA standard protocol. UV-2600 Visible
Spectrophotometer Shimadzuwas used for reactive silica
measurement.
2.2.2 Experimental protocol
pH reduction of the synthetic solution was conducted by
drop wise addition of 5M HCl. The desired final pH of the
solution was 8.0. The pH was decreased in two ways: (a)
single-step process–the pH was decreased steadily by
continuous addition of the acid until the final pH was 8.0.
(b) two-step process – the pH was decreased steadily by
continuous addition of the acid until a pH of 11 was
reached. The mixture was then stirred without adding acid
for one hour. Subsequently, acid was added drop wise
again until the pH was 8.0. In both sets of experiments,
vigorous bubbling of the solution was observed upon acid
addition. Once the final pH of 8.0 was attained, the solution
was filtered using a 0.45-micron Whatman glass fiber filter
to test the filterability of the solution. The filtrate was

3. Results and Discussion
3.1 Filtration studies
The percentage filtered is calculated to represent the
‘filterability’ of the solution. Percentage filtered was
determined at pH 8 for both single-step and two-step
processes and was calculated as follows:
(1)

Percentage Filtered =
Table1:Filtration
performed

percentage

Process

for

the

experiments

% Filtered

Single-step

35

Two-step

32

3.2 Reactive silica measurement
After filtration through a 0.45-micron filter, the silica
concentrationswereanalyzedusingaUV-Visible
Spectrophotometer.Single-step and two-step pH reductions
were carried out using 5M HCl acid, and its effect on
reactive silica concentrationsisrepresented in Figure 1.
In Figure 1, it is evident that for both single-step and twostep pH reduction processes, there is no significant change
in final silica concentration at pH 8. It can be observed that
the silica concentration changes with change in pH. As the
pH reduces, the silica concentration reduces from its
maximum at pH 12.7 to its minimum at pH 8. These results
suggest that the final pH plays a vital role in the residual
silica concentration.
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analyzed for reactive silica using a UV-Vis
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Figure 1:Finalsilica concentrations after single-step and
two-step processes.
4. Conclusion
pH neutralization of brines containing high levels of silica
results in gel formation. The research conducted in the past
stated that the two-step pH reduction approach helps
prevent gel formation instead of single-steppH reduction.
This study shows no significant difference between the two
processes in terms of gel suppression since the residual
silica concentration and the filterability for bothprocesses
were found to be similar. This study aims to provide
insights to the oil sands industries regarding the lack of
significant gel suppressionviatwo-step process compared to
single-step process.Thus, SAGD operators can avoid the
need for a second reactor to conduct the two-step pH
reduction, thus saving capital and operating costs. The
results of this study can be applied to wastewaters from the
oil sands industry, highly concentrated cooling tower
wastes, and facilities that produce brines with similar
characteristics.
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Abstract
The vision of improving quality of global health requires diagnostic facilities accessible even for the ‘last
mile’ population. The conventional diagnostic facilities face limitations with institution based centralized
operation, costly installation‐operating‐maintenance, expert dependency in analysis, and limited
accessibility. Recently, a flurry of research activities has been observed in the design and development of
user operated ultra‐fast, affordable, and portable point‐of‐care‐testing (POCT) devices to bridge this gap
and provide information on the quality of health at the patient’s site before consulting doctors. The
machine learning and artificial intelligence tools integrated to such devices even guide the user to take care
of critical parameters. For example, the glucometer, pregnancy kit, weighing machine, or pressure
monitoring device are some examples, which are very successful even at the commercial levels. However,
there is an urgent need to develop such POCT devices specific to many other biomarkers such as amylase,
lipase, T3, T4, TSH, sodium, potassium, hemoglobin, protein/fat markers, urea, uric acid, and creatinine in
various body fluids such as serum, sebum, urine, saliva, or tear. A complete healthcare solution can be
thought of development of such POCT technologies alongside the development of, (i) software for analysis,
(ii) manpower for primary care, and (iii) a health management system, around the existing healthcare
ecosystem. In bits and pieces, we are able to join many of these points, which will be the center point of
this talk on the dream “Healthcare for a Billion”.
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Abstract
The photocatalytic efficiencies are very sensitive to type of precursor, synthesis method, heat
treatment parameters, and type and concentration of dopants. This complicates the
understanding about which parameters have significant contribution to overall efficiencies.
However, it is necessary to scale down key parameters from many for an efficient photocatalyst
optimization. In this regard, it was understood from the recent reports that defect density, carrier
concentration, and interface greatly influence the overall process efficiency even when the same
catalyst is used. Notably, all above‐mentioned parameters are dependent on the defect
concentration, highlighting its critical role in photocatalysis. Surface defect engineering has
opened new gateways for tuning the photocatalytic properties of a catalyst. The analysis was
performed based on formation of surface dipoles, adjustment of the position of the Fermi level,
improvement of dissociative adsorption, and modulation of the band edge. Also, defect
engineering in photocatalytic materials has recently attracted substantial attention due to its
effect of defects on light absorption, charge separation, and interfacial reactions. Nevertheless,
the ambiguity surrounding its role in modifying the photocatalytic properties remains
ununderstood. In this work, defect engineering in photocatalytic materials is clearly discussed
from the classification, to formation, and to characterization of defects and also their roles in
photocatalytic systems. A systematic study of charge density, rate of charge recombination, and
dissociative adsorption in defect‐rich photocatalysts is also highlighted. Defects have the ability
to change the mechanisms of photocatalytic reactions, however, the triggering of undesired
thermodynamically favored back reactions at excess defect density may give rise to lowering of
photocatalytic activity. Furthermore, the critical roles of defects in photocatalytic degradation,
H2 production, and bifunctional systems are presented. Finally, the challenges and future
potential of defect engineering are discussed.
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High power and high energy density energy storage devices are playing a major role in humanity’s
transition from large dependence on fossil fuel to renewable energy sources. Lithium ion
batteries (LIB) and supercapacitors are, by far, the most promising energy storage devices that
find application in numerous equipment of varying utility and dimension, from handheld systems
to automotive. Growing demand for high energy density and high power density LIBs has shifted
the attention from graphitic anodes to many oxides, alloys, and hybrid materials with higher
specific capacity. Similarly, novel nanostructured materials and hybrids are being explored for
potential electrodes in supercapacitors. Novel design of materials chemistry, morphology, and
nanostructure must be adopted to control the kinetics of the ions in and out of the electrodes,
enabling high current rate charge and discharge.
Preceramic polymer derived silicon oxycarbide (SiOC) materials have evolved to be an important
candidate for next generation electrodes. Polymer derived ceramics (PDC) are known for their
exceptional heat resistance, zero creep strain rate, piezoresistivity, photoluminescence, and Li
ion intercalablity. The unique nanostructure of the SiOC materials comprising of SiO2
nanodomains and graphene type carbon layers, and regions of mixed bond tetrahedra, provide
excellent opportunities for the processing of functional materials. Two typical approaches will be
discussed in the presentation. First, following a generic and straightforward method a TiO2‐SiOC
composite has been prepared by using a nanodimensional coating of the SiOC ceramics around
a nanostructured ceramic template (eg. TiO2). The hybrid ceramic afforded enhanced specific
surface area, from <1 of the PDC to >200 m2 g‐1 for the hybrid. The synthesized hybrid materials
exhibited extreme rate capability with symmetric cycling up to current rate of 20,000 mA g‐1.
Second, in a similar approach with the help of nanocarbon and SiOC, and by subsequent etching
of the SiOC matrix, a highly porous carbon hybrid with specific surface area of 1800 m2 g‐1 with
micropore volume as high as 0.9 cc g‐1 was prepared. These carbon hybrids exhibited classical
supercapacitive behavior from cyclic voltammetry and showed specific capacitance of 333 F g‐1.
These examples will be used to explore the processing of more kinds of nanostructures of various
other chemistries, yet with the use of preceramic polymers.
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1. Introduction

2. Material and Methods

Hydroxyapatite (HAp) is one of the most studied
biomaterials for orthopaedic applications, yet its
commercialization holds in a few of the lags, such as nonantibacterial activity and target deficiency. In this direction,
nanotechnology has played a pivotal role in designing
nanomaterials for various applications including drug and
biomolecule delivery, tissue engineering, antibacterial
applications, biofouling surfaces and environmental
applications. This suggests that nano-HAp could play a
significant role in bone tissue engineering with its enhanced
surface properties. However, nano-HAp could not acquire
antibacterial activity as well as target-ability. Hence, doping
of various metal ions has been attempted to incorporate these
two desired properties. Doping of Zn ion into HAp has been
proven to provide the desired antibacterial properties and a
suitable environment for bone regeneration. Similarly,
doping of Fe not only provides target efficiencies but also
functions for various therapeutic applications. In this
context, we aimed to design a biphasic nanoassembly of
Ferric-HAp-Zincite (ZFHAp) via a one-step co-precipitation
method [1]. The synthesized nanomaterials were
characterized and the desired antibacterial properties were
analyzed, to decipher the mechanism of action. The
cytotoxicity and bone cell proliferation analysis was
performed to confirm the practical applicability of the
ZFHAp.

2.1 Materials
All the precursors for the synthesis of ZFHAp were
used as procured, without any further modification. Calcium
nitrate tetrahydrate Ca(NO3)2.4H2O, (HiMedia India) and
diammonium hydrogen phosphate (NH4)2.HPO4 (HiMedia
India), Zinc nitrate Zn(NO3)2.6H2O (SRL, India), Ferric
chloride anhydrous FeCl3 (Merck India), and sodium
hydroxide NaOH (HiMedia, India) reagents were used as
precursors. Cell proliferation analysis was done using MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] dye, purchased from HiMedia, India (TC191).
Alkaline phosphatase (ALP) activity was analyzed using the
ALP kit (CCK035, Himedia India).
2.2 Methods
2.2.1 2.2 Synthesis of Zn and Fe co-integrated HAp nanoassembly
The ZFHAp samples were prepared via a simple
co-precipitation method using the previous process reported
by our group [2]. The molarity of precursors are listed in
Table 1.
2.2.2 Characterizations of synthesized ZFHAp
Various physical techniques were utilized to confirm the
synthesis of the desired materials like X-ray diffractometer
(XRD), Raman spectroscopy, Field emission scanning
electron microscopy (FESEM), Transmission electron

microscopy (TEM), Dynamic light scattering (DLS),
Thermogravimetric analysis (TGA) and Vibrating Sample
Magnetometer (VSM).

prepared nanomaterials also did not show any inflammatory
response to bone cells.

2.2.3 Biological characterizations
Two biological characterizations were carried out.
First, the synthesized ZFHAp samples were evaluated for
their incorporated antibacterial activity, and the mechanism
of the antibacterial activity was deciphered. Second, the
cytocompatibility, as well as the cell proliferation analyses,
were conducted.
Table 1. The precursor molar concentrations used for the
synthesis of ZFHAp samples and their sample codes
S.No. Sample
Conc. Conc. Conc. Conc.
of P
of Fe
of Zn
code
of Ca
(M)
(M)
(M)
(M)
1
ZFHAp-0
1.0
0
0
0.6
or “HAp”
2
ZFHAp-1
0.85
0.075
0.075
0.6
3
ZFHAp-2
0.85
0.10
0.05
0.6
4
ZFHAp-3
0.85
0.05
0.10
0.6

Figure 1. Antibacterial activity of various ZFHAp samples
against (i) E.coli, (ii) E. hirae, (iii) S. paratyphi and (iv) S.
aureus

3. Results and Discussion

4. Conclusion

Ferric-HAp obtained Ca9.333Fe1.167(PO4)7 phase in all the
samples, and the secondary phases such as Ca 9Fe(PO4)7 and
Ca28.8Fe3.2(PO4)21O0.5 were governed by the Fe dopant
concentration [3]. Along with ferric-HAp, zincite phases
were present in all the samples depending on the
concentration of Zn precursor. The synthesized ZFHAp
samples were hexagonal in structure with size < 100 nm, and
a dual morphology, i.e., rod-shaped (77.8 ± 10 nm; major
corresponding to HAp) and particulate shaped (30.9 ± 5 nm;
minor due to Zincite). Doping of iron imparted
paramagnetism resulting in the magnetic target efficiency.
ZFHAp samples showed excellent self-antibacterial activity
against clinically significant two Gram-positive (E. hirae, S.
aureus) and two Gram-negative (E. coli, S. paratyphi)
bacteria with lower MIC values (60-80 µg/ml) as shown in
Figure 1. The antibacterial mechanism was found to be
reactive oxygen species (ROS) independent and due to the
linear release of Zn2+ and Fe3+ ions. The designed ZFHAp
samples showed no cytotoxicity up to 5 mg/mL and
exhibited 3 times higher bone cell proliferation along with
the significant Alkaline Phosphatase (ALP) activity. The

This study provides an insight into the design of biphasic
nanoassembly based on the dopant concentration and opens
the access to tune the magnetic as well as antibiotic activity.
The study designates the ZFHAp samples as a potential
nanomaterial for bone tissue engineering applications as
well as other biomedical applications subject to further
clinical trials.
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1. Introduction
Thermoelectric (TE) technology is gaining popularity as a
means of addressing the global energy crisis and lowering
greenhouse gas emissions. Using TE technology, electricity
can be generated directly from the massive amount of
waste heat that is currently too difficult to re-use.Cu2Se is
one of the most intensively studied TE materials in recent
years, and it is well suited for the construction of TE
generators that operate in the 600–950K temperature
range[1]. The thermoelectric figure of merit ZT. where, ZT
= 𝑆2𝜎𝑇/k, where S is the Seebeck coefficient,𝜎 is the
electrical conductivity, k is the thermal conductivity, and T
is the temperature. It is the basic parameter describing the
TE properties of materials. Nanostructuring, is a very
effective and widely used approach that has been used to
successfully improve ZTs in composites by introducing
nano-scale secondary phases.Nanostructured materials
improve ZT by strengthening DOS (Density of States) near
the Fermi level via quantum confinement, increasing power
factor , and also by efficient scattering of phonons at grain
boundaries, lowering thermal conductivity[2].
As a result, incorporating Cu2Se matrix material with
secondary phase of GO/CNT has proven to be a promising
2
strategy for improving thermo power (𝑆 𝜎). GO/CNT’s
high level of electronic conductivity should also
beadvantageous. The structural flexibility and chemical
stability of single or multilayered GO/CNT structures make
them ideal candidates for forming nano-inclusions in a

Cu2Se hybrid system[3].In our present studies, bare Cu2Se
have been synthesized by cost effective chemical route
ofreduction method and composites are prepared by
grinding. The as synthesized samples were pressed into
pellets followed by sintering and further characterisation is
done.
2. Material and Methods 2.1 Materials
The required chemicals used for the synthesis are Copper
(I) Chloride, Selenium Powder (99.99%), Ethylene Glycol,
Sodium hydroxide (NaOH), Sodium BoroHydride(NaBH4)
2.2 Synthesis
Copper Selenide synthesis by reduction method

2.2.1

In the typical synthesis process deionized water and
ethylene glycol is taken in a beaker. To this 60mmol CuCl
is added and magnetically stirred at 600rpm.After that
30mmol of Se Powder added and hotplate is maintained at
temperature 1000C. To this 2g NaOH and 2g NaBH4added
subsequentlyand stirred for 3hrs.Solution is filtered with
ethanol and distilled water and dried in oven for 3hrs at
800C-1000C to get copper selenide powder.
2.2.2 Copper Selenide- GO, CNT Nano Composite
Synthesis
In this process, the obtained Cu2Se and the Industrial grade
GO/CNT (> 99%) powders were mixed using motor pastel
in 1% wt ratio to the bare Cu2Se. These composite mixtures
were pressed into circular pellets, vacuum sealed in a
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electrical conductivity and the Seebeck coefficient, the
power factor (PF = S2σ) determines how much electricity
can be generated by a given temperature gradient.In this
study, Cu2Se-GO/CNT nano composites showed enhanced
power factor in comparison to the pure sample.
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borosil tube and heated in furnace at the rate of 6000Cfor 2
hrs.
3. Results and Discussion
3.1. Phase and structural composition
The phase of as prepared bare Cu2Se and its composites in
pellet form has been studied by XRD spectra shown in Fig.
1(a). All the diffraction peaks of Cu2Se match with JCPDS
card no. 04–0839 and there is phase shift observed in
composite samples due to coalescence of grain boundaries.
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Figure 1:X-Ray diffraction patterns of the bare Cu2Se and
GO/CNT (1%) nano composite.
3.2 Raman spectra of bare Cu2Se and Cu2Se-GO/CNT
The characteristic vibrational peaks of Cu2Se are obtained
at 250 cm- 1 and 510 cm-1. The presence of GO/CNT in the
matrix of Cu2Se was confirmed by D and G bands present
in the range 1200–1700 cm- 1 of Raman spectra.
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Figure2. Raman dispersion signal peaks obtained for the
Cu2Se-GO/CNT composite.
3.3 Thermoelectric electrical properties of pristine and
compositeCu2Se samples:
With increasing temperature, the electrical conductivity of
each sample(Fig. 3(a)) decreases while the positive

0
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500

temperature (C)

Figure 3:Temperature dependences of (a) electrical
conductivity(b) Seebeck coefficient,(c) power factorfor
bare and composite samples.
4. Conclusion
The individual effects of GO and CNT on the TE power
factor of Cu2Se have been investigated in detail. The
incorporation of (GO/CNT) in the matrix of Cu2Se resulted
in the decrease in electrical conductivity with temperature
but due to increase in seebeck coefficient showed enhanced
thermo power. The Cu2Se@ (GO/CNT) composites show
maximum
power
factor
of
800
and
2
0
1200μW/mK respectively at 450 C compared to bare
sample of 500μW/mK2.
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1. Introduction

2. Materials and Methods

Binary coatings, such as CrN, are well-known protective
coatings due to their excellent hardness, corrosion
resistance, and oxidation resistance. Due to considerable
changes in microstructure, grain size, and phase
composition, the addition of elements such as aluminium
(Al) and vanadium (V) to TiN and CrN results in better high
temperature stability and mechanical properties. One of the
feasible techniques to further optimizing CrAlN coating
qualities is to incorporate the fourth alloying elements (such
as Si, Zr, Y, Cr, and so on) into them. Si is the most
promising candidate for improving CrAlN coatings'
hardness, oxidation resistance, and thermal stability.
CrAlSiN films have better oxidation resistance, mechanical
characteristics, and wear resistance because of their
microstructure. Si tends to segregate as amorphous SiNx
phase along the grain boundary creating a nanocomposite
microstructure[1] . The resilience of CrAlSiN coatings is due
to the formation of a protective oxide layer on the surface.
CrAlSiN coatings with qualities superior to CrN have a lot
of potential in mechanical (high-speed dry machining),
tribological (erosion resistance), and biological (stent over
coat) applications[2].

CrAlSiN films were deposited on silicon substrates by using
reactive co-sputtering method with the help of Cr0.5Al0.5
(99.99%) and Si (99.99%) targets. Firstly, the chamber was
evacuated upto 5× 10−5 mbar. During the reactive sputtering
process, Ar and N2 flux were fixed at 20sccm and 10 sccm,
respectively. The substrates were fixed on the rotational
holder with a speed of 5 rpm. The chamber pressure was
maintained at 0.45Pa throughout the deposition process. The
substrate temperature was maintained at 300oC and the
deposition was carried out for 1hour.The DC power of
Cr0.5Al0.5 target was kept constant at 120W for all the
depositions and the RF power of Si target was kept at 30W,
50W, 70W and 90W for different depositions.

Therefore, in the present study our aim is to investigate the
effect of silicon content on the properties of CrAlSiN
coatings. It encompasses the systematic investigation of the
mechanical properties of the samples like their hardness,
elastic modulus, elastic recovery and resistance to plastic
deformation.

The thickness of the coatings was measured using Stylus
profilometer Nanomap 500LS. The final coating thickness of
all the samples was found out to be about 1.5 µm. The
nanohardness measurements were performed with the
Bruker's Hysitron TI Premier nanoindenter using the
Berkovich tip to determine the effect of different content of
silicon on the nanohardness (H) and Young's Modulus (E) of
the coatings.
3. Results and Discussion
3.1. Hardness and Elastic modulus
The indentation load versus displacement curves of the four
CrAlSiN coatings are presented in Figure 1. Under the same
maximum indentation load, the CrAlSiN coating deposited
at 50W and 90W Silicon sputtering power possessed the
lowest and highest penetration depth respectively.

of coating to cracking. It means that the coatings can be
simultaneously hard and tough. From the H/E value given in
Table-1, it can be realized that their values are less but close
to 0.1, hence coating will show a reasonable toughness. It is
expected that resistance for plastic deformation (H3/E2) will
also be high.
TABLE-1
Figure 1: Representative load versus displacement curves of
the four CrAlSiN coatings deposited under different Si
sputtering power i.e. (a)30W (b)50W(c)70W(d)90W.
As figure2 suggests, the hardness was enhanced from about
10.97GPa to the maximum value 15.16GPa, and the
hardness decreased when the Silicon sputtering power was
larger than 50W which might be due to the optimum content
of Silicon present in the coating. As per the nanocomposite
formation rule, the content of amorphous/nanocrystalline
should be in the monolayer range.

Figure 2: Hardness and Elastic Modulus values of four
CrAlSiN coatings deposited under different Si sputtering
power i.e. (a)30W(b)50W(c)70W(d)90W
3.2. Elastic recovery
The elastic recovery (We) was determined from loaddisplacement plot of the coatings which is defined
as

𝐖𝐞 = (

𝒅𝒎𝒂𝒙 −𝒅𝒎𝒂𝒙
𝒅𝒎𝒂𝒙

) × 𝟏𝟎𝟎

For the CrAlSiN samples, the We value increases with Si
sputtering power at 50W reaching the maximum value
(60.59%) and then decreases when the power is further
increased.
3.3.Resistance
to
plastic
deformation
Hard coatings with H/E ratio ≥ 0.1 exhibit enhanced
resistance to plastic deformation or increase of the resistance

Film

We [%]

H3/E2
[MPa]

H/E
[10−1]

(a) 120W-30W

48.82

65

0.7

(b) 120W-50W

60.59

124

0.8

(c) 120W-70W

55.86

94

0.7

(d) 120W-90W

50.45

69

0.7

4. Conclusion
CrAlSiN coatings deposited by Magnetron sputtering with
different Si content showed an increase in hardness, elastic
modulus, We, H/E and H3/E2 values at 50W Si sputtering
power and then decreased. Due to formation of the
amorphous Si3N4 phase at the grain boundaries as a barrier
to the dislocation movement, grain size refinement occurs
and in accordance with the Hall-Petch rule, hardness of the
coatings increases[3]. As per the reported literature it is clear
that with increasing silicon content, the volume of the
amorphous Si3N4 phase also increases, reducing the coating
hardness.
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1. Introduction

2.2 Methods

Herein we report the synthesis of colloidal gold
nanoparticles and its effective stabilisation with Tween-20
with an aim to develop stable, colloidal gold nanoparticles
for optical sensing. The GNPs were synthesized by
HAuCl4 reduction method. To further enhance the
colloidal stability of the GNPs, Tween-20 was used as a
stabilizing ligand (Heuer-Jungemann et al, 2018). We
assessed the stabilizing effect of Tween-20 at different
concentration through cycles of centrifugation and
reconstitution. The optimum concentration of Tween-20 for
the stabilization of the citrate capped nanoparticles was
found to be between 0.1 to 0.4%. The stabilized
nanoparticles resisted aggregation due to centrifugation at
15,000 rpm. Further work aims at functionalisation of the
GNPs with amino acid, for which retention of colloidal
stability and integrity of the GNPs is essential (Halvaldar et
al, 2020). An optimum stabilization with Tween-20 ensures
effective functionalisation.

2.2.1 Preparation of gold nanoparticles: Citrate capped
GNPs were synthesized using modified Turkevich method.
About 20 mL of 1 mM HAuCl4 solution was boiled in a
flask at 95 oC under reflux-condenser mechanism. To this 2
mL of 1% trisodium citrate was added drop-wise. The
solution was boiled for another 12 mins until the solution
turned cherry, ruby red colour due to formation of Citrate
stabilized GNPs. The solution was then allowed to cool
down and stored at room temperature until further use.

2. Material and Methods
2.1 Materials
Hydrogen tetrachloroaurate (HAuCl4.3H2O), Tween-20,
trisodium citrate were purchased from Sigma-Aldrich Co.
(USA). All other chemicals were purchased from HiMedia,
India. All the chemicals were of analytical grade and used
as received. All stock solutions were prepared using
ultrapure MilliQ water.

2.2.2 Stabilization of Citrate-GNPs with Tween-20: To 2
mL Citrate-GNP solution, 2 mL Tween-20 was added. To
check its stabilizing effect, Tween-20 was added at
different concentrations viz. 0.1%, 0.2%, 0.4% and 0.8%.
The solutions were mixed well and kept overnight to allow
replacement of citrate molecules by Tween-20. After that,
the solution was centrifuged at 15,000 rpm for 15 mins to
remove any unbound Tween-20. The supernatant was
discarded and the GNPs were reconstituted with equivalent
amount of MilliQ water. UV-Visible absorbance was
recorded before and after centrifugation to monitor the
stability of the Tween-20 stabilized GNPs.
3. Results and Discussion
3.1 Synthesis and characterization of Citrate-GNPs:
Trisodium citrate was first used for the synthesis of GNPs.
Citrate reduces Au ion to its atomic form and produces a

stable colloidal GNP dispersion (Ji et al, 2007)
2007). The UVVisible spectra revealed a narrow SPR peak with
absorbance maximum at 515 nm (Fig 1a). The GNPs
appeared stable and were cherry, ruby red in colour. TEM
micrograph revealed the Citrate-GNPs
GNPs were spherical and
fairly monodisperse (Fig 1b). DLS analysis showed that
the average hydrodynamic radius of Citrate-GNP
GNP was 4.05
±0.35 nm.

spectrum as decrease in intensity of absorbance of the
GNPs. The GNPs treated with 0.1%, 0.2% and 0.4%
Tween-20 appeared stablee after centrifugation with no
apparent change in their original SPR peaks. This shows
that the concentration of Tween-20
20 in the GNPs solutions is
in the range of 0.1-0.4%,
0.4%, which is responsible for
maintaining colloidal stability even after centrifugation.

Fig 1: Characterisation of Citrate-GNPs:
GNPs: (a) UV
UV-Visible
absorbance spectra. Inset shows the optical image of
the GNPs, (b) TEM micrograph

Fig 2: Effect of stabilization with different concentration of
Tween-20:
20: (a) Before centrifugation, (b) After
centrifugation
4. Conclusion

3.2 Effect of stabilization with Tween-20
20 on the stability
of Citrate-GNPs: To impart better colloidal stability to the
Citrate-GNPs we used Tween-20
20 surfactant to confer
further stability of the nanoformulations.
ulations. Tween
Tween-20 is a
non-ionic
ionic surfactant frequently used for stabilization of
GNPs. The surfactant is known to prevent aggregation of
GNPs above the critical micelle concentration (CMC) by
physisorption of the surfactant molecules on to the GNP
surface. In this study, a range of Tween-20
20 concentrations
was used to establish the CMC required for stabilization of
the Citrate-GNPs. Fig 2a shows the UV-Visible
Visible absorbance
of Citrate-GNPs
GNPs immediately after addition of Tween
Tween-20 at
different concentration. The SPR peak of all the solutions
remained unchanged with absorbance maxima at 515 nm.
To remove any unbound surfactant molecules, the solutions
were further centrifuged at 15000 rpm for 15 mins
following which the supernatant was discarded, and the
GNPs were reconstituted with equivalent amount of MilliQ
water. It was observed that naked Citrate-GNPs
GNPs aggregated
when reconstituted, which is manifested in the UV
UV-visible
spectrum as a broadening of the peak after 600 nm (Fig
2b). Furthermore, there was significant
nt loss of GNPs
treated with 0.8% Tween-20
20 due to incomplete separation
during centrifugation. This was visible in the UV
UV-visible

In this study, we synthesized Citrate-functionalised
Citrate
gold
nanoparticles followed by stabilization with Tween-20
Tween
surfactant. We found that the concentration required to
maintain the stability of the GNPs was between 0.1- 0.4 %.
It was necessary to establish an optimum concentration of
Tween-20
20 for GNP stabilization which would ensure
further functionalisation with amino
a
acids without
compromising the colloidal stability.
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1. Introduction
The fabrication of Coupled Quantum Dots may provide and
exceptional platform for sharp optoelectronic application,
biolabeling, energy production and Quantum information
processing. Here in the present study, we are reporting the
formation pathway of different assemblies of hetero
nanostructures as Janus, Acorn & Core-shell with two
quantum dots ZnS (band gap 3.7 eV) and CdSe (band gap
1.75 eV) with focus on formation of bicompartmental Janus
(structure consisting two different compartments with two
unique QDs coupled) CQD. Doping the quantum dots and
combining different components together are two efficient
ways of tuning optoelectronic and optical properties of
quantum dots. For the first time, we have successfully
synthesized Mn doped ZnS-CdSe CQD by combining
above said strategies. Highly photoluminescent Mn2+
doped ZnS-CdSe CQDs have been prepared by modified
hot injection method. Mn2+ doped ZnS-CdSe CQD
photoluminescence shows quantum yield of 37% which
decays over few microseconds.
2. Material and Methods
2.1 Materials
Cadmium oxide (CdO, ≥99.99%), Zinc Acetate
(Zn(CH3COO)2, 99.99%), Sulfur Powder (S, 99.98%), 1Octadecene (90%), Selenium Powder (Se, 99.99%), Oleic
Acid (OA, 90%), Trioctylphosphine (TOP, 97%), Hexane
(95%) and Acetone (99.5%).
2.2 Methods
2.2.1 Synthesis ofMn doped ZnS quantum dots

Mn doped ZnS seed particles were synthesized via hot
injection method. In typical synthesis initially Zinc stearate
was prepared, for that, 10 mmol Stearic acid was dissolved
in methanol and heated to 400C to get a clear solution. 10
mmol TMAH was diluted by 5 ml methanol and added to
the SA solution. The mixture was stirred for 20 minutes to
complete the reaction. Next, 5 mmol of MnCl2 was
dissolved in methanol and drop wise added to the above
solution under vigorous stirring condition. White
precipitate of manganese stearate flocculated which was
collected and dried under vacuum.
After this Zn(St)2, Mn(St)2, S powder, ODA and ODE
were taken in 3-neck flask and purged with nitrogen. Then
the reaction was heated to 2700C and annealed for 5 min. In
a separate vial Zn(St)2, stearic acid, ODE were mixed and
degassed with N2. Once the desired emission was observed
then Zn(St)2 stock solution was injected at 2500C. Reaction
as kept at this temp for 30 min and then cooled to room
temperature and precipitated using acetone and chloroform.
2.2.2 Synthesis of Mn doped CdSe
In a typical synthesis, Manganese acetate, CdO,
ODE (solvent) and OA (ligand) were taken in a 250 mL 3necked flask, and the resulting solution was heated at 240
°C and the temperature was maintained for 15 min. After
that, the Se-stock (Se in TOP) solution was added, and the
nanoparticles allowed to grow for 15 min (240 °C). QDs
were purified by adding the required amount of
chloroform−acetone.
3. Results and Discussion
3.1 Characterization of Quantum dots
XRD: The crystal structures of QDs were determined by
XRD analysis. The XRD of Mn-ZnS reveals the formation
of zinc blend phase. As soon as the Cd was introduced the

with peak cantering at 585nm and 630nm which possiblybe
arising due to Mn-ZnS and CdSe respectively. In formed
Acorn assembly showed similar characteristics as that of
Janus structure where Mn-ZnS peaks were visible but not
as evidentlyvisible as in Janus, instead CdSe is dominating
part in Acorn structure. While in Mn-ZnS: CdSe Core-shell
structure peak at 585nm was absent suggestingthat Mn-ZnS
was encapsulated with CdSe shell and performing emission
is arising due to CdSe.
Figure1: (Left to right) a) Emission spectrum for Mn-ZnS:
CdSe with λex=270nm b) Emission spectrum for Mn-ZnS:
CdSe with λex=460nm c) XRD spectrum for all formed
assemblies.

broadening was observed in peaks. Also, XRD of sole MnCdSe shows the formation of zinc blend structure but as
soon as we tweak the reaction condition the obtained phase
was changed to wurtzite. The Janus structure shows the
peaks corresponding to planes wurtzite CdSe (110), (002),
(101) and at around 490 belonging to plane (111)
confirming that both QDs surfaces are exposed. Similar
peak pattern was observed in Acorn structure but with
diminished peak intensity. However, the peaks belonging to
Mn-ZnS were absent in core-shell structure. For the further
confirmation about the morphology and quantification of
elements TEM and XPS studies were performed.
UV-Visible Spectroscopy:Doping introduces new levels
with in the band gap of host QDs altering its photophysical
properties. The absorption spectrum of Mn-ZnS shows a
characteristic absorption peak at λem320nm. But, in the MnZnS: CdSe CQDs the 320nm peak shifts towards lower
wavelength at around 270nm ma be arising due to new
formed interface between two QDs.
Photoluminescence spectroscopy: Photoluminescence
studies were performed to understand the luminescence
characteristics of CQDs.PL ofMn-ZnSshows a prominent
emission at 585nm which was absent in the undoped seed
ZnS which can be assigned to Mn2+ ion 4T1-6A1 transition
and clearly indicate the successful incorporation of Mn2+ in
the host ZnS QDs. Here in we have used two excitation
wavelength 270nm and 460nm. 270nm excitation

4. Conclusion

JanusB

To summarize, as changing the precursor ratios for
individual Mn doped quantum dots ZnS and CdSe,
different assemblies Alloy, Acorn, Janus and Core-shell for
Coupled Quantum dots were achieved. The ratio and size
for Mn-ZnS was kept constant for forming each assembly.
The Mn-ZnS: CdSe bicompartmental Janus showed
significantly high lifetime corresponding to their undoped
counterparts. Due do incorporation of Mn2+ we can see the
orange emission arising due to 4T1-6A1 transition. The
constituting increase in the lifetime can be attributed to two
main reasons, firstly, the transition arising due to Mn2+
incorporation and secondly, due to the interface formation
between two individual QDs.

JanusA

References

Core-Shell

Core-Shell

JanusA

JanusA

[1] Dai, L., Strelow, C., Kipp, T., Mews, A., Benkenstein,
JanusB

C o u n ts (a .u .)

C o u n ts ( a . u . )

C o u n ts (a .u .)

Alloy

JanusB

Acorn

Core-shell

Acorn

Acorn

600

650

Wavelength (nm)

700

750

500

550

600

650

Wavelength (nm)

700

(2 0 3 )
(2 1 0 )
(2 1 1 )

(1 1 0 )

ZnS ZB

(1 1 2 )

(1 0 0 )
(0 0 2 )
(1 0 1 )

550

(1 0 3 )

Alloy

Alloy

500

(3 1 1 )

(2 2 0 )

(1 1 1 )

Mn-ZnS

CdSe WZ

750
20

30

40

50

2-Theta (Degree)

60

70

corresponds to the excitation of Mn-ZnS while for the
CdSe and Mn-CdSe emission 460nm was used. The distinct
emission band was observed according to the different
morphology. In Janus structure 540nm corresponds to ZnS
indicating exposure of Mn-ZnS alongside CdSe QD (also
ZnS alongside Mn-CdSe). Further there is a broad emission
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1. Introduction
Although, silica aerogels are vastly researched materials
for several applications, thermal insulation application has
been the most interested area for many researchers. Though
silica aerogel is superior insulating material, its
commercialization has been limited due to its fragile
nature. Therefore, silica aerogel is generally reinforced
with polymers or inorganic fibers for strength and
flexibility for thermal insulation applications [1]. In this
study, focusing the high temperature industrial thermal
insulation applications, E-glass fibers were used to
reinforce silica aerogel composites. The study was
performed to understand the influence of precursors
Methyltrimethoxysilane
(MTMS),
Titanium
tetraisopropoxide
(TTIP)
used
to
incorporate
hydrophobicity and infra-red opacification in pure silica
aerogel (made from Tetraethyl orthosilicate (TEOS)) on
thermal insulation performance of the its composites in the
temperature range of 100 to 600oC. Four silica aerogelEglass fiber composites were studied for thermal
performance in comparison to only Eglass fibers. The
thermal performance was studied using ASTM C335 test
method which was developed in the laboratory. ASTM
C335 has been the standard test method for steady state
heat transfer properties of pipe insulation [2].

2.2 Methods
2.2.1 Fabrication of silica aerogel-Eglass fiber composites
The silica aerogel composites were made via sol
gel method by impregnating silica sol into the Eglass fiber
mats (dimensions 150×33×1cm) for gelation. The gelled
composites were then washed with ethanol and dried in an
autoclave at supercritical conditions to obtain silica
aerogel-Eglass fiber composites. The silica sols were made
using different precursors. The precursors were added to
the ethanol, DI water and catalysts (Ammonium fluoride
and ammonium solution) mixture (solution A) to form sol.
The sol for composites (T-EGF) and (TM-EGF) were made
using precursor TEOS and TEOS & MTMS respectively.
In case of the composites (TT-EGF) and (TMT-EGF), first,
nano titania particles were produced in-situ in solution A
by adding TTIP and ethanol mixture and then the silica
precursors TEOS and TEOS & MTMS were added
respectively to form sol.

2. Material and Methods
2.1 Materials
Industrial grade chemicals Ethanol (99% pure from Om
Industries, Itchalkaranji), Ammonium Fluoride &
Ammonia solution (S.D. Fine), TEOS (98% Dr. Khan
Industrial Consultants), MTMS (Resil Chemicals), TTIP
(98% Synthochem Pvt. Ltd)

2.2.3 Thermal performance testing
The thermal performance test was conducted on a
horizontal heat pipe designed as per ASTM C335/C335M
to emulate the application condition to study the aerogel
composite performance in terms of thermal insulation. 3
layers of composite (1cm thick) followed by one layer of
aluminum foil (1mm thick) wound on test pipe as shown in

2.2.2 Characterization
The morphology of the composites was observed by
Gemini 500, Carl Zeiss FESEM microscope. The specific
surface area of the composites was analyzed by BET
(Micromeritics ASAP 2020). The crystal structure of TiO2
was studied using SmartLab X-Ray Diffractometer,Rigaku.

Figure 1: Test pipe designed according to ASTM C335
3. Results and Discussion
3.1 Morphology of the composites and XRD analysis
The morphology of the as prepared and 3 layers of
composites tested for thermal
ermal insulation performance was
analyzed using FESEM and BET. The porosity and specific
surface area decreased with increase in temperature (layer 1
< layer 2 < layer 3 < as prepared) due to viscous sintering
in silica aerogel during testing.
The as prepared and layer 1, 2 and 3 of the tested
composites TT-EGF and TMT-EGF exhibited anatase
phase of nano TiO2.
3.2 Pipe test
The surface temperature (on aluminium sheet) was
measured by three thermocouples
mocouples as shown in Figure 1.
The average of these three thermocouples was taken as
surface temperature (TAl). The incorporation of silica
aerogel into the fiber mat has lowered the surface
temperature experienced at all the operating temperatures
as shown in Figure 2.. The purest form of silica aerogel
incorporated composite (T-EGF)) displayed the lowest
surface temperatures. As there is only one silica precursor,
the
he silica content in this composite is less. Lower the solid
content, lower is the solid conductivity. The incorporation
of hydrophobicity to composite (TM-EGF) has lead to rise
in surface temperature at all operating temperatures. The
addition of one more precursor increased the silica content
further, which lead to rise in solid conduction. Further, IR
opacification (by addition of nano titania particles
particles) to
hydrophobized composite (TMT-EGF)) has reduced surface
temperature compared to hydrophobized composite as TiO2
is a very good IR opacifier. The non-hydropho
hydrophobized but IR
opacified composite (TT-EGF)
EGF) has further improved the
thermal performance by further lowering the surface
temperature. This significant reduction in surface
temperature is observed due to reduction in silica content

and comparatively higher concentration
ncentration of nano titania
particles than (TMT-EGF). Same amount of nano titania
particles were incorporated in composites (TMT-EGF)
(TMT
and
(TT-EGF).
EGF). Since silica content is more in (TMT-EGF),
(TMT
the
weight percentage of TiO2 with respect to total solid
content in aerogel (weight of TiO2 plus the weight of SiO2)
is 1.9% and 1.2% in (TT--EGF) and (TMT-EGF)
respectively. A mere addition of less than 2wt% of nano
titania particles have shown notable effect on thermal
insulation performance.
Surface temperature (oC)

Figure 1. Once the desired operating temperature (100,
200,300,400,500, 600°C) is achieved, the temperature is
maintained for 2 hours to achieve stability.
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Figure 2: Comparison of surface temperature of silica
aerogel incorporated E-glass
glass fiber composites in
comparison to E-glass
glass fiber mat at operating temperatures
from 100 to 600°C.
4. Conclusion
The thermal insulation performance of the silica
aerogel-Eglass
Eglass fiber composites was successfully
succe
studied at
steady state using the test setup developed from ASTM
C335 till 600°C. Addition of silica aerogel to E-glass fiber
mat significantly improved its thermal performance. The
TEOS based
ed silica aerogel composite (T) (hydrophilic in
nature) proved to be the best thermally insulating compared
to other composites. The addition of another silica
precursor (MTMS) to incorporate hydrophobicity has
significantly diminished thermal performance as silica
(solid) content is increasing. Though hydrophobization
hydrop
of
the composites lowered the thermal performance, IR
opacification by less than 2 wt% of nano titania particles
incorporation has improved the thermal performance.
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1. Introduction
Rice husk (Biomass) is an agro-waste byproduct
produced during the production of rice from paddy, with
limited applications. The majority of this waste is
incinerated in open air or used as fuel in various fire places,
which has negative environmental consequences. The
current study examines the utilization of multi-step
techniques to extract valuable sub-products such as lignin,
hemicellulose, and silica, including nanocellulose, from
rice husk, and nanocrystal cellulose (NCC) is successfully
produced. Before the delignification process, the husk is
pre-treated to remove oil contents and other contaminants.
The delignification technique deconstructs the cell structure
of the husk and separates the lignin, cellulose, and
hemicellulose using alkali peroxide (NaOH/H2O2; 1:1
v/v). The isolated cellulose fraction was filtered and
bleached with sodium hypochlorite (4%) to eliminate
contamination, yielding Cellulose with 32 %. The filtrate
was acidified with HCl to separate silica and lignin, with
silica yielding 14 % at pH 6 and lignin yielding 21 % at pH
2. The hemicellulose was separated and condensed using
absolute ethanol, with 22 % yield. Acid hydrolysis and
Green solvent hydrolysis (DES (Deep Eutectic Solvent),
1:1 molar ratio of oxalic acid to choline chloride) are two

different methods used to make NCC from the cellulose
produced. The cellulose is treated with 50 % sulphuric acid,
quenched with ice cold water, centrifuged, neutralized by
dialysis, and freeze dried in acid hydrolysis method.
Whereas cellulose is treated with varying concentrations of
DES (10 %, 50 % and 100 %), filtered, neutralized,
subjected to sonication and then freeze dried. The material
obtained at each stage of treatment is characterized, and its
chemical composition is determined. Morphological studies
with SEM and FTIR spectroscopy revealed the gradual
removal of non-cellulosic constituents. The crystallinity
improved with treatment, ranging from 91.19 % to 94.60
%, thus according XRD analysis. The NCCs' size
distribution and zeta potential are measured, with average
diameter varying from 50.83 to 99.74 nm and mean zeta
potential ranging from -15.4 to -26.3 mV. The results are
encouraging, and additional optimization studies are being
conducted to develop the process in order to establish a
commercially feasible processing plant [1][3].
2. Material and Methods
2.1 Materials
Raw material (Rice husk) is collected from Farm fields of
Hyderabad,
Acetone/Ethanol,
Sodium
Hydroxide,

Hydrogen
Peroxide,
Hydrochloric
acid
f,
Isopropanol/Ethanol, Sodium Hypochlorite, Sulphuric acid,
Choline Chloride and Oxalic acid are procured from Finar
Chemicals Ltd., India. All the solvents and chemicals used
for the experiment are LR grade.
2.2 Methods
The methods used in the production of CNC are
Pre-treatment (Leaching), Delignification, Bleaching, Acid
Hydrolysis, Quenching, DES Hydrolysis, Ultrasonication.
After every step filtration was performed and neutralization
was performed where ever needed [4].
3. Results and Discussion
3.1 Chemical composition of CNC
The chemical composition of the rice husk at
different steps of the processes are determined along with
their yield. The raw rice husk consists the 32% of cellulose,
21% lignin, 22% hemicellulose and 14% silica along with
4% of volatile components, and 7% Ash. The chemical
treatment of rice husk enhances the cellulose content to
70.2% with a yield of 36.4% Further bleaching increases
the cellulose content from 36.4% to 88.85% with a yield of
88.1% with a removal of hemicellulose. The treatment of
acid gives a yield of 63.6 % with an increase content of
cellulose from 36.4% to 84.45%. Among the different
DES concentration, the 50% DES treated cellulose shows
the maximum yield of 83% with increase cellulose content
from 36.1% to 79.1% along with lignin and hemicellulose
removal from 18.9% to 0.51% and 24.6% to 1.19%
respectively.
3.2 Material Characterization.
The FTIR spectra of raw rice husk, alkali peroxide rice
husk, bleached cellulose, acid treated and DES treated
cellulose are performed.
The XRD of the cellulose was studied to understand
their crystallinity after inducing the different chemical
methods. The presence of hydrogen bond and Van der
Waals forces between the cellulose molecules makes them
crystalline in nature. The crystallinity of the treated
cellulose was estimated at different steps of treatment and
found that the crystallinity index (CI) of the treated

cellulose is continuously increasing. The raw rice husk has
a CI value of 46% whereas bleached and acid hydrolysis
treated cellulose increase the CI value of 56% and 59%
respectively. While the DES treated cellulose shows the CI
of 93.32% for 10% DES, 94.60% for 10% DES and
91.19% for 100% DES.
The microscopic evaluation of CNC prepared by using
different steps is visualized at each step. The SEM
micrograph of raw cellulose rice husk shows the wellarranged micro-bumps can be observed on the surface. It
was found that the outer epidermis was uneven and
appeared to be highly ridged structure with projection.[2]
The size distribution and surface charge of the CNC
prepared through DES method ranges from 50.83 nm to
99.74 nm. The presence of other peaks at high intensity of
514.7 nm and 1222 nm were due to the agglomeration of
the particles that happens by the effect of surface charge of
the acid treatment. Therefore, the surface charge of the
CNC was also measured and it was found to be in the
ranges from -26.1 to -13.8 mV.
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1. Introduction
From the dawn of the civilization, coal has been used as a
major source of energy for human consumption. Apart
from their thermal and industrial applications, they can also
be utilized as a feedstock of value-added carbon
nanomaterials. The low-grade coals are high impurity coals
with high ash, high sulfur and low carbon content,
unsuitable as a fuel source for power production. The
conversion of these low-valued, unusable low-quality coals
into valuable, multifunctional carbon materials such as
graphene is not only economically favorable, but also of
high industrial and societal importance. In this study, a
simple ultrasonic assisted chemical method followed by
ultracentrifugation was employed for the successful
conversion of the low-quality coal from NER India into
valuable graphene derivative. The coal-derived graphene
derivative was then tested as a carbon electrode material for
their electrochemical performance. An excellent
electrochemical behavior and a maximum specific
capacitance value of 95.65 F/g with good cyclic stability
suggests the efficient electrochemical property of the coalbased graphene derivative with their potentiality to be used
as a suitable, low-cost carbon material for supercapacitor
applications. With this study, one will get an optimal idea
for the utilization of low quality coal-derived graphene
derivatives and their potential use as electrode material in
energy storage devices.
2. Material and Methods
2.1 Materials
The low quality coal was obtained from Tipong Colliery;
Assam (NER India) which was of sub-bituminous origin.

The raw coal sample was first sun-dried for 2-3 days, then
crushed and sieved to get in the powder form of size <
106µ (denoted as TP-4) with the help of the Standard
ASTM method [1]. The required chemicals utilized for this
study were purchased from Sigma Aldrich, Merck and MTI
cooperation and were of analytical grade (AR).
2.2 Method
2.2.1: Synthesis of graphene oxide (GO) from low-quality
NER coal
The low-grade coal was first leached with a mixture of HCl
and HF solution followed by ultrasonic assisted chemical
oxidation with H2O2 and NaNO2. The GO formed was
separated from its solution through ultracentrifugation and
vacuum drying, which was stored for the further reaction
progress.
2.2.2 Conversion of the coal-derived graphene oxide into
graphene derivative
The coal-derived GO dispersion (1 mg/ml) was treated with
a solution of thiourea (0.01g/ml) for the chemical reduction
of GO sample [2]. The reduced sample was separated
through ultracentrifugation, vacuum dried and stored for its
subsequent analysis.
2.2.3. Fabrication of the low quality coal-derived
graphene derivative in Swagelok cell arrangement (2electrode)
The fabrication of the coal-derived graphene sample was
performed with carbon black additive and PTFE
(dispersion) binder in 90:5:5 wt. % ratios in a Swagelok
cell assembly as per the fabrication process mentioned by

Bhattacharjya et al. [2]. The fabricated Swagelok cell was
then tested with 6 KOH electrolyte for the evaluation of the
electrochemical properties of the coal-derived RGO with
the help of an electrochemical Workstation.
3. Results and Discussion
3.1. HRTEM analysis
The HRTEM analysis of the NER coal-derived graphene
derivatives shows the presence of graphene like sheets in
the carbon material. The interplanner distance was obtained
in about 0.358 nm, which furthers shows, the similar
structural characteristics of the coal-derived graphene with
that of the standard graphene.
3.2. Raman spectroscopic analysis
Raman structural analysis of the coal-based graphene
derivatives carried out at an excitation wavelength of 532
nm further confirms the formation of the coal-based
graphene derivative.
3.3. FTIR/XPS analysis
The functional group analysis of the graphene derivative
was performed with the help of FTIR and XPS analysis.
The studies shows that the presence of characteristic
oxygen functionality in coal-based graphene derivative
with their partial removal in the reduced product, thus
confirming the formation of low-grade coal-derived
graphene derivative.
3.4 Electrochemical analysis
The electrochemical analysis of the coal-based RGO with 6
M KOH electrolyte shows an excellent electrochemical
behavior with good cyclic stability. A maximum specific
capacitance value of 95.65 F/g was obtained within a
potential range of 0-1.2 V, suggesting an efficient
electrochemical performance of the coal-based graphene
derivative.

4. Conclusion
This study provides a simple, low-cost synthetic technique
of value-added graphene derivative from unusable lowquality NER coal with an excellent electrochemical
performance. The coal-derived graphene also shows
potentiality to be used as an effective carbon material in
supercapacitor applications.
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1. Introduction
With the expeditious pace of industrialization, urbanization
and overconsumption of natural water resources, the
quality of water has continuously deteriorated. Water
pollution is a huge challenge globally due to the continuous
discharge of untreated water into water bodies. The
effluents released from various industrial processes often
consist of variety of organic compounds that are highly
toxic and not amenable to direct physiochemical or
biological treatments. These pollutants when discharged to
the water bodies can cause havoc to the ecological balance.
Many a times these molecules are carcinogenic and
mutagenic towards aquatic organisms thus posing a threat
to human life [1]. The disruption of the ecosystem from the
exposure of these types of harmful organic compounds
urges the need for an efficient method for their removal
from water/wastewater.
Heterogeneous photo-catalysis has established itself as an
emerging technique for the removal of these pollutants
from the water bodies. This technique uses the
semiconductor materials due to their potential to generate
reactive species for the degradation of pollutants. Among
the various semiconductor materials, zinc oxide (ZnO) is an
effective photocatalyst due to its properties such as low
cost, non-toxicity, inertness and large bandgap. Moreover,
the size and shape of ZnO can be easily controlled and
modified.
Different
shapes/structures
of
ZnO
semiconductor like nanowires, nanorods, nanospheres,

nanobelts, nanoflowers and nanodisks [2] can be
synthesized using different techniques such as
solvothermal, spray pyrolysis technique, chemical vapor
deposition, sol-gel, co-precipitation and hydrothermal
method. To enhance the photocatalytic activity, an efficient
and best choice is to synthesize the various morphologies
of ZnO. Herein various morphologies of ZnO such as
nanosphere, nanorods and nanoflowers were synthesized.
The synthesized catalysts were characterized and their
activity was evaluated for degradation of bisphenol A.
2. Material and Methods
2.1 Materials
Zinc acetate dihydrate, sodium citrate, sodium bicarbonate
were purchased from Sigma Aldrich. Triton X-100 was
taken from Hi-media. Whereas, ethanol was procured from
S.D. Fine Chemicals Limited, Mumbai, India.
2.2 Methods
2.2.1 Synthesis of ZnO nanospheres
The ZnO nanospheres were synthesized by the coprecipitation method [3]. Firstly, the Triton X-100
surfactant with a critical micelle concentration of 0.32 mM
was added in 100 mL of sodium bicarbonate solution. After
that zinc acetate solution was added dropwise with
continuous stirring. The solution was washed many times
with de-ionized water and air-dried overnight at 100°C.
2.2.2 Synthesis of ZnO nanorods and nanoflowers

To synthesize ZnO nanorods and nanoflowers,
hydrothermal method was employed. Initially, both zinc
acetate dihydrate and sodium citrate were dissolved in 50
mL distilled water. Then, 12 mL of NaOH was added into
the above prepared aqueous solution with rigorous stirring.
The mixture was then transferred into Teflon lined
autoclave and heated at 120 oC for 5 hrs whereas for
synthesis of ZnO nanoflowers the samples were autoclaved
at 120 oC for 10 hrs After cooling to room temperature, the
white colored precipitates were washed with distilled water
and absolute ethanol several times and dried at 60 oC for 24
hrs.
3. Results and Discussion
3.1 Characterization of synthesized nanoparticles
To investigate the surface morphology of the synthesized
nano-catalysts FESEM images were obtained on a Nova
Nano 450 FEI at accelerating voltages of 10 or 20 keV and
shown in Figure 1.

Table 4.1: BET surface area of synthesized nano-catalysts.
ZnO morphologies
ZnO nanospheres
ZnO nanorods
ZnO nanoflowers

BET surface area, (m2 g-1)
12.1
20.0
15.0

nanoflowers (77%) and nanospheres (68%). This might be
attributed to higher surface area of ZnO nanorods.

Figure 2: Degradation study of bisphenol A using various
morphologies of ZnO, C0: 10 mg L-1, Catalyst dose: 0.8 g
L-1, pH 7
4. Conclusion
The aim of present study was to synthesize various
morphologies of ZnO as photocatalysts with enhanced
photocatalytic activities. FESEM images for the
synthesized catalysts confirmed the formation of ZnO
nanospheres, nanorods and nanoflowers. The highest
degradation of bisphenol A was observed using ZnO
nanorods attributed to highest surface area of nanorods at
neutral pH.

Figure 1: FESEM image of ZnO (a) nanospheres (b)
nanorods (c) nanoflowers.
3.2 BET Surface area
Table 1 shows that ZnO nanorods have highest surface area
of 20.0 m2 g-1 than that of nanoflowers and nanorods.
3.3 Photocatalytic degradation study
Degradation study of bisphenol A was carried out in
photocatalytic chamber consisted of 30W UVC-254 nm
tubes. The absorbance spectra for bisphenol A was
recorded in UV-Vis spectrophotometer and observed λmax
was 276 nm.
Figure 2 revealed that highest degradation of bisphenol A
was observed using ZnO nanorods (80%) followed by
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12000 rpm followed by repeated washing with (1:1) v/v
ethanol-water mixture and dried at 90 °C for 12 h.
3. Results and Discussion
3.1 UV-visible spectroscopy
The formation of AgNPswas confirmed by the surface
plasmon resonance (SPR) band appeared at λmax= 400 nm
(Figure 1a). With the increase and decrease from an
optimum volume, 0.2 mL of bio-extract the peak intensity
was found to be decreased. It is shown from the Figure 1b
that 80 % of the AgNPs formation reaction was completed
in 2 h.
(a) 0.25

(a)

20 mL OLE
15 mL OLE
10 mL OLE
5 mL OLE
0.2 mL OLE
0.1 mL OLE
0.05 mL OLE
0.04 mL OLE
0.03 mL OLE
0.01 mL OLE

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4

Maximum absorbance (a.u.)

2.0

Absorbance (a.u.)

1. Introduction
Over the years silver nanoparticles (AgNPs) have been
employed in various areas of nanotechnology, such as solar
cell, antimicrobial agent, gas and bio-sensors[1]. The
conventional methods for synthesizing AgNPs use toxic
chemicals and reducing agents.
This study demonstrates a bio-inspired route of
synthesizing AgNPs in an environmentally benign way and
proposed a mechanistic pathway of synthesis of AgNPs.
2. Material and Methods
2.1 Materials
AgNO3 (99 % w/w purity, CAS no.: 7761-88-8), NaOH
pellets (99 % w/w purity, CAS no.: 1310-73-2), ethanol (98
% v/v purity, CAS no.: 64-17-5) were purchased from
Merck, India. Deionized (DI) water (resistivity: 18.2
MΩ٠cm) from Millipore water synthesis unit (model: Elix3, USA) was used to prepare all solutions and extract.
2.2 Methods
2.2.1 Preparation of bio-extract
Elaeocarpus serratus L. leaves were first cleaned with tap
water followed by DI water. 5 g of cleaned leaves were
then cut into small pieces to grind with mortar-pestle and
mixed with 100 mL DI water. The cleaned extract was
collected after filtration by using 0.2 µm membrane filter.
2.2.2 Biosynthesis of silver nanoparticles
For the synthesis of AgNPs 0.95 mM of AgNO3 solution
was employed at varied amount (0.1-0.3 mL) of the extract
(initial pH 3.5) at a constant stirring of 350 rpm. The pH of
the reaction mixtures were adjusted to 9 and 11 using 1 M
NaOH solution, and the reactions were conducted up to 2 h.
The dried AgNPs was collected after centrifugation at
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Figure 1. UV-vis spectra of (a)AgNPs with varying
volume of bio-extract after 2 h,(b) λmaxfrom UV-vis spectra
of AgNPs at different time intervals.
3.2 XRD analysis
The XRD patterns at both the pH 9 and 11 are shown in
Figure 2a. The diffraction peaks obtained at 38.5°, 44.6°,
64.8° and 77.7°corresponds to the (hkl) planes of (111),
(200), (220), and (311), respectively of face-centered cubic
crystal structure of synthesized AgNPs (JCPDS card file
no. 03-0921)[2].
The average crystallite size of AgNPs was found to be 28.4
nm. A minor peak appeared, for pH 11 at 2θ angle 32.2°
indicates the formation of Ag2O[3].

3.3 Proposed synthesis pathway of silver nanoparticles
(AgNPs) using Elaeocarpus serratus L. leaf extract:
Phenolic
henolic compounds having catecholic moiety, which have
the potential of metal reduction, like tyrosol, caffeic acid,
syringic acid, gallic acid, oleuropein, demethyloleuropein,
ferulic acid, luteolin-7-glucoside,
glucoside, hydroxytyrosol, rutin are
present in Elaeocarpus serratus L.[4].. Figure 2b is the mass
spectrum of the leaf extract.
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Figure 2.(a) XRD patterns of synthesized AgNPs
AgNPs, (b) Mass
spectrum of Elaeocarpus serratus L. leaf extract
extract.
Hydroxytyrosol having the potential of metal ion reduction,
is identified in mass spectra at m/z = 155.11. It is retained
in its dianionic structure at pH 9 and undergoes
autoxidation to form semiquinone structure by releasing an
electron[5].. It forms stable complex with metal ion, Ag⊕
by scavenging it in alkaline solution [5].
Gallic acid is identified in mass spectra at m/z = 171.10. It
is retained in its semiquinone radical-anion
anion (I) structure at
pH 9. It forms five-membered
red ring complex with Ag⊕ ion,
which is then reduced to Ag0 by uptaking an electron from
phenolic oxygen and the gallic acid is oxidized to its stable
quinone structure.
Caffeic acid and its dimer are identified at m/z = 181.12
and 381.08, respectively. Both
oth the compounds could reduce
0
⊕
Ag to Ag by the formation of chelate with metal ion and
get oxidized to dione structures.
AgNPs formation in hydroxytyrosol route

4. Conclusions
Bio-active
active compounds present in E. serratus L. leaf extract,
have been utilized for synthesis AgNPs in a facile route.
SPR from UV-vis
vis spectra showed characteristic peak at
400 nm and from XRD crystallite size was measured to be
28.45 nm. A proposed mechanistic route of synthesis of
AgNPs has been developed by using
us
liquid
chromatography mass spectroscopy.
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2. Material and Methods

(λ=0.15406 nm) radiation generated at 40 kV/ 40 mA in the
range of diffraction angle 2θ from 15 to 80° to analyzed the
diffraction peaks. Morphology of these samples were
observed using Scanning electron microscopy (SEM)
(Model Evo-18, Special Edition, Carl Zeiss, West
Germany). Spectroscopic measurement were carried out by
FT-IR spectrometer (FT-IR: Perkin Elmer precisely,
Spectrum 100, USA) using KBr pallet within the range of
450-4000 cm-1.

2.1 Synthesis of Lead Sulfide

3. Results and Discussion

Lead acetate trihydrate (Pb(CH3COO)2. 3H2O)
and Sodium sulfide (Na2S) and Cetyl trimethylammonium
bromide (CTAB) were analytical grade and used without
further purification.

3.1 XRD Analysis

1. Introduction
Lead sulfide (PbS) is a well known gas sensing
material due to very good adsorption properties towards
some toxic gases and volatile organic compounds such as
ammonia (NH3), nitrogen dioxide (NO2), hydrogen
disulfide (H2S) and ethanol (C2H5OH) on the surface of
nanomaterials [1-4].

2.2 Characterization of PbS nanoparticles
Four samples of PbS were characterized by X-ray
diffraction (XRD) analysis using a Bruker axs, (D8
advance) diffractometer (make Germany) supported by
LynxEye super-speed detector and Ni-filtered Cu-Kα

X-ray diffractometer (XRD) patterns of four PbS
samples synthesized at room temperature (S1-S4) is
exhibited in Figure-1. The d-spacing and crystallites size of
samples S1, S2, S3 and S4 were calculated corresponding to
plane from XRD patterns of synthesized PbS nanoparticles
using Scherrer’s formula and Bragg’s law equation [1]:
D=

. λ
β

θ

nm and d =

= d (h2+ k2+ l2)1/2 Å.

λ
θ

Å, whereas lattice constant, a

D = average crystallite size, λ = 1.5406 Å, the wavelength
of the CuKα1 radiation, β = full width at half maximum of
diffraction peak measured in radian (FWHM), and θ =
Bragg’s angle, [h k l] = lattice planes and d = interplanar
spacing which was calculated by the formula for first order
(n = 1).
Figure 1: XRD of Synthesized PbS: sample prepared with
(a) 0 M of CTAB (S1), (b) 0.0025M of CTAB (S2), (c)
0.005 M of CTAB (S3) and (d) 0.01 M of CTAB (S4).

with the aqueous solution of lead acetate, anionic lead ions
were comes into contact with sulfur ion and they started to
form small PbS nuclei on the surface of the CTAB due to
Nucleation process. Then these PbS nuclei were grown and
attached spontaneously with each other due to Oriented
attachments to form nanopartcles with different energy
states under the guidance of CTAB. Finally these
nanoparticles were assembled together to reduce the higher
energy states due to Ostwald ripening.

3.2 SEM Analysis

4. Conclusion

Surface morphologies of has been observed using
SEM for synthesized PbS samples (S1 to S4) exhibited in
Figure–2. Nanoparticles were formed like bunches of
berries and were evenly distributed in samples synthesized
with CTAB. Synthesized PbS nanoparticles were more
distinct and definite in shapes for the samples prepared
with 0.0025 M of CTAB than samples prepared with higher
concentration of CTAB.

Lowest particle size having average diameter of
15.99 nm was observed for PbS nanoparticles synthesized
using 0.01 M CTAB in S4 sample and the highest particle
size having diameter of 21.43 nm was obtained with 0.0025
M of CTAB. It has seen that PbS particles size is decreased
with increasing the concentration of CTAB at room
temperature. The cationic surfactant helped to form
particular and definite shapes during the synthesizing
process.

Figure 2: SEM images of Synthesized PbS: sample
prepared with (a) 0 M of CTAB (S1), (b) 0.0025M of
CTAB (S2), (c) 0.005 M of CTAB (S3) and (d) 0.01 M of
CTAB (S4).
3.3 FTIR Analysis
The fourier transform infrared (FTIR) spectra for
samples S1 to S4 for PbS nanoparticles are shown in Figure3. The extended peak at 3449.7 of four samples indicates
stretching of O-H on the surface of nanoparticles due to
absorbed water.
Figure 3: FTIR of Synthesized PbS: sample prepared with
(a) 0 M of CTAB (S1), (b) 0.0025M of CTAB (S2), (c)
0.005 M of CTAB (S3) and (d) 0.01 M of CTAB (S4).
3.4 Growth and Self Assembly Mechanism
Growth mechanism of PbS nanocrystals can be clearly
understood from observations of experimental results.
Sulfur ions were formed from the hydrolysis of sodium
sulfide in DI water at room temperature and aggregates
were formed between cationic CTAB and sulfur ions in the
colloidal solution. When this solution was added slowly

References
[1] Bandyopadhyay,

S., Chatterjee, B., Nag, P.,
Bandyopadhyay, A., 2015. Nanocrystalline PbS as
Ammonia Gas Sensor: Synthesis and Characterization,
Clean – Soil, Air, Water, 43 (8), 1121–1127.

[2] Bandyopadhyay,

S.,
2012.
Performance
of
Nanocrystalline PbS Gas Sensor with Improved CrossSensitivity, Particulate Science and Technology: An
International Journal, 30:1, 43-54.

[3] Song, C., Sun, M., Yin, Y., Xiao, J., Dong, W., Li,

C., Zhang, L., 2016. Synthesis of Star-Shaped Lead
Sulfide (PbS) Nanomaterials and theirs Gas-Sensing
Properties, Materials Research. 19(6), 351-1355.
[4] Liu, Y., Wang, H., Yang, S., Chen, K., Yang, T., Wei,

J., Tian, J., Chen, W., 2018. ppb level ammonia
detection of 3-D PbS quantum dots/reduced graphene
oxide nanococoons at room temperature and Schottky
barrier modulated behavior, Sensors and Actuators B,
255, 2979–2987.

NT-225
EFFECT OF ADDITION OF NANO-PARTICLES TO CASTOR
OIL ON TRIBOLOGICAL PROPERTIES
Jyoti Srivastava 1,2, * Tandra Nandi 1 and Rakesh. K. Trivedi 2
1

Directorate of Special fuels and fluids, Defence Materials and Stores Research and Development
Establishment, Kanpur, Uttar Pradesh-208013,India
2

Department of oil technology Harcourt Butler Technical University Nawab Ganj Kanpur,
Uttar Pradesh-208002, India
* Presenting/ Corresponding author:jyotisri69@rediffmail.com

Keywords: Vegetable oil, Non-edible oils, Castor oil, Nanoparticles, Nanolubricants

1. Introduction

2. Material and Methods

Vegetable oils and their products are an appealing option to
conventional lubricants for mechanical systems due to their
environment-friendly nature, sustainable behavior and
biodegradability. The nanoparticle is widely used as an
additive to lubricants. Nanolubricants have been formed by
the incorporation of nanoparticles in base lubricants. The
nanolubricants increase the durability of engine
components and in increasing fuel economy. From the last
two decades the effect of nanoparticles in increasing the
tribological properties has been extensively studied over a
variety of base oils and nanoparticles for example nano
tungsten di sulfide (WS2) in motor oil [1], nanographite in
Ensis PQ144 oil [2]. In the case of vegetable oils, the
improvement in tribological properties has also been
achieved by the addition of nanoparticles i.e. copper oxide,
cerium oxide, polytetrafluoroethylene and graphene oxide
[3,4].Castor oil, one of the promising non-edible vegetable
oil has the potential to serve as the base oil. It has been
reported that the addition of various types of nanoparticles
like,graphite, multi-walled carbon nanotube and
multilayered graphene,and boron nitride[5,6] improves the
tribological properties of castor oil.In the present paper, we
have taken two different types of nanoparticles like MoS2
and Ws2 in castor oil and investigated the thermophysical
and tribological properties of these nanolubricants.

2.1 Materials: MoS2and WS2 were purchased from Aldrich
having purity and particle size <200nm.Castor oil has been
obtained from Jayant Agro organics limited (Mumbai,
Maharashtra, India) whose viscosity is 660 Cst at 25oC at
room temperature.
2.2 Methods
2.2.1Formulation of Nano-lubricant
MoS2and WS2 nanoparticles are added to castor oil on a
weight percentage basis, such as 0.05%, 0.10% and
0.15%,etc. The oil is then agitated using an ultrasonic
shaker for 30 minutes at a temperature of 30oC to ensure
uniform dispersion and good suspension stability.
2.2.2 Measurement of physical properties
The thermal conductivity was evaluated by thermal
conductivity meter, Decagon Devices Inc., KD2Pro
instrument. Flashpoint was determined using Cleveland
open cup tester while pour point was determined by
instrument model NEWLAB 1300-SA supplied by
LINETRONIC TECHNOLOGIES.
2.2.3 Measurement of tribological properties
Ducom four-ball tester model TR-30L-PNU-IAS has been
used to evaluate the tribological properties.Wear scar
diameter was calculated by the image acquisition system.

3. Results and Discussion
3.1 Characterization of nanoparticles
MoS2 and WS2 nanoparticles have been characteri
characterized bya
Transmission electronn microscope (TEM) using Tecnai
TecnaiG2
20. Figure-1 shows the TEM of both nanoparticles.

Figure 1:TEM of nanoparticles (a) MoS2(b) WS2
The TEM micrographs of MoS2display a pparticle size of
about 90 nm,similarly the particle size of WS2was in the
range of 150nm.
3.2 Physical properties:: Few important physical properties
of castor oil and its nanolubricants have been shown in
Table-1.
Properties
Castor Castor oil+ Castor oil
oil
MoS2
+ WS2
Thermal
0.177
0.148
0.182
Conductivity
(w/m-K)
Pour Point(oC)
-27
-32
-30
Flash Point(o C) 245
252
250
Nanolubricant based on Mos2showsa 23%
% increase in
thermal conductivity as compared to castor oil. Similarly,
Castor oil with MoS2based nanolubricant shows a higher
value of flash and pour point.
3.3 Tribological properties evaluation of Castor and its
nanolubricants

Tribological tests were carried out for the measurement of
frictional and wear preventive properties of castor and its
lubricants based on MoS2 and WS
S2 nanoparticles by a fourball tester.The
The best results have been obtained with a 0.1%
concentration of nanoparticles.Fig
Figure. 2. (a). The value of
COF of castor oil is 0.0552. It was lowered by 43.3% with
WS2 and 53.4% with MoS2 nanoparticles.
nanopart
The wear scar
images of castor and its nanolubricants have been shown in
Figure 2. (b-d).The
.The castor oil shows circular, smoother and
flatter scar, with 445 µm diameter in balls,
balls there is almost
43 % more reduction in wear scar diameters in case of
castor with MoS2has
as been achieved.
achieved
4. Conclusion
The lubricant nanoparticles which are of nano-size
nano
can
fillin and level surface asperity present at the nanoscale.
MoS2 has a smaller particle size which will disperse better
as compared with WS2 and give better thermophysical and
tribological properties.
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1. Introduction
Graphene oxide has become most exciting material of the
21st century due to its exceptional properties. Currently it is
matter of research to replace activated carbon with
graphene oxide for adsorption application as well as
support material for heterogeneous catalyst. Hence,
important to optimize synthesis of graphene oxide (GO)
and its analogues. Due to its exceptional properties
graphene oxide finds application in photovoltaic cells,
capacitors, sensors, films, composites and transparent
electrodes. For formation of GO various chemical routes
are available like Hummer’s method, Modified Hummer’s
method, Improved Hummer’s method etc. In this present
work our focus is mainly on Improved Hummer’s method.
We have attempted to understand the Through this work we
are studying role of reducing agent concentration to tune
layers of graphene oxide.

3 g of graphite powder is mixed in acidic mixture
of H2SO4 and H3PO4 in 9:1 ratioincontinuous stirring
condition. After 1 hour of continuous stirring 5-20 g of
KMnO4 is added to solution in equivalent batches in
interval of 20 min. Followed by addition of 400 ml of DI
water containing 3 ml of 30% H2O2 is also mixed. After
decantation sample is dried for further characterization.
3. Results and Discussion
The role of oxidant concentration on the exfoliation of
graphene oxide from graphite powder have been explored.
We found that when 18 g of KMnO4 were added into the
system the synthesized GO was obtained in dark yellow in
colour which depicts formation of few layered GO

2. Material and Methods
2.1 Materials
The required chemicals used for this study were
purchased from the following companies: Graphite
powder from HPLC Lab reagents, Sulfuric acid,
Phosphoric acid and Potassium permanganate from LOBA
CHEMIE Pvt. Ltd., Hydrogen peroxide from Research lab
fine chem industries and DI water.
2.2 Experimental Method

Fig1. Single layer graphene oxide
On the other hand, when KMnO4 quantity was reduced to 8
g in the system the GO exfoliated was black in colour as

shown in Fig 2 depicting formation of multilayered
graphene oxide formation.

4. Conclusion
It can be concluded that the amount of oxidizing agent
during the exfoliation tune the number of layers of
graphene oxide. One of the possible reason could be rate
of exfoliation being dependent upon the concentration of
oxidizing agent. Once the exfoliation of graphite powder is
initiated the layers get stabilized and resist re-exfoliation.
While if the concentration of oxidizing agent is high the
rate of exfoliation is sufficient to end up into few layered
graphene oxide.
5. References

Fig2. Multi-layered graphene oxide
3.1 Tyndal Effect
In order to confirm the formation of layered 2D
nanostructures of GO. The GO sample was dispersed in
water and laser light was passed across it. It can be
observed from Fig 3 that the light travels through the
sample which proves presence of layered 2D nano structed
material.
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1. Introduction
Rice, the main staple for half of the world population,
contributes toa prime agrarian waste known as Rice-husk
(RH) during ricemilling. The RH contains around 20wt.%
silica[1],whose incineration at high temperature result in
rice-husk ash (RHA), constituting about 85-95 wt.% silica;
therefore, RH serves as an economicalsource for bulk silica
extraction. Over the years, silica has found applicationsin
numerous fields;notably,silica nanofluid has garnered
immense interest among the scientificcommunity [2]. The
silica nanofluid possesses moderate thermal conductivity,
increased stability with additives inclusion, and high
mechanical resistance; thus, it can serve as a suitable
additive option for bulk additive requirements, such
asultrafast cooling. Among various known routes for nanosilica preparation [3], the sol-gel method remains
economical and prevalent for bulk silica production. In the
sol-gel process, simultaneous hydrolysis and condensation
reaction occur; during the sol reaction, sodium hydroxide
basic-medium facilitate RHA silica dissolution, and sodium
silicate neutralization with sulfuric acid post aging lead
togel formation. Researchers have optimized the base
concentration requirement for sol formation [4] in sol-gel
reaction, but the optimum acid concentrationneededinthe
neutralization stepdemands further attention. The acid
concentration optimization for the gel formation step can
serve two purposes: establish the least-titrant percentage
needed for gel formation and minimize the water wastage,
as the gel washing step involves water usage.Therefore,
optimum titrant concentration for gel formation is
determined, and gel underwent freezing is used for single-

step nanofluid preparation. Different characterization
reveals nanoparticleis suitable for nanofluid usage.
2. Material and Methods
2.1 Materials
The RH was procured from a local ricemill. For silica
extraction from RHA, emplura grade sodium hydroxide
pellets (NaOH), sulfuric acid (H2SO4), and emparta grade
hydrochloric acid (HCl) were obtained from Merck.
Deionized water (DIW) has been used throughout the
reaction step and nanofluid preparation stage.
2.2 Methods
2.2.1 Silica extraction using sol-gel method
The DIW washed RH is simultaneously soaked in 10% HCl
solution and heated at 60oC for 2h in a beaker, followed by
cooling and multiple DIW washingfor acid removal; and
later, it is dried to get leached-RH (l-RH). The l-RH is
incinerated in a muffle furnace at 600 oC for 4 h, followed
by cooling, grinding, and sieving through a 250 mesh sieve
to get micron-range Rice husk ash (RHA). Next, the sol-gel
method is employed for silica extraction from RHA. For
sol preparation, 50gramsof RHA was added to 1M NaOH
solution.Their reaction is allowed at 80 oC for 4 h; after
that, it is cooled down and filtered to get a light yellow
filtrate, a sodium silicate solution. Then,a fixed volume
sodium silicate solution is titrated with four different
concentrations (2, 5, 10, and 15)% ofsulfuric acid, and they
underwent 24 h aging to get silica gel; the multiple times
washed silica-gel undergoes overnight freezing to obtain
gel-freesilica.

2.2.3 Nanofluid preparation
The frozen silica-gel is DIW dissolved,, underwent30
minutes stirring; after that, combined stirring and
sonication are applied for 5 h. This long sonication and
mixing
duration
cause
enhanced
silica
deagglomeration,resulting in nano-range
range silica formation.
3. Results and Discussion
3.1 Titrantconcentrationoptimization
Thevaried titrant concentrationsof (2, 5, 10, 15) %
H2SO4usage reveal that silica gel forms even at the lowest
acid concentration. For silica gel produced using low
titrantconcentration,2% H2SO4, minimal DIW washing is
required,, and silica gel synthesized from optimized titrant
concentration is used in nanofluid preparation.
3.2 FESEM and XRD analysis
FESEM analysis reveals silica particle size ranges around
100 nm.

nanoparticles (after
Figure 3: FESEM of silica-nanoparticles
sonication-mixing)
XRD analysis reveals that prepared silica nanoparticles are
in anamorphous state.

Figure 1: FTIR plot for (a) leached-RHA
leached
(b) nano-silica
3.5Thermo-physical
physical
properties
determinationThethermophysical
hermophysical properties of nanofluid,
such as thermal conductivity and surface tension,
tension is
determined;; thermal conductivity and surface tension at
1000 ppmare 0.62W/m K and 0.068 N/m,
N/m respectively, at
ambient conditions. It indicates a moderate enhancement in
thermal conductivity and reduction in surface tension for
nanofluid prepared using silica nanoparticles.
nanopar
4. Conclusion
Silica derived from RH viathe
the sol-gel method, with
optimized titrant usage, utilized for single-step stable
nanofluid preparation with combined sonication and
mixingapplication. Amorphous silica morphology appears
to be in the nano-range. The produced nanofluid hasnearly
moderatestability.
The
thermal
conductivity
enhancementand
and surface tension decrement are observed
upon nanoparticleaddition
addition into the base fluid.
fluid
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1. Introduction

2.2 Methods

Nanomaterial synthesis from low-cost precursors is a highly

2.2.1 Preparation of Graphene Oxide

desirable approach for bulk application in material science

Graphene oxide (GO) was prepared by treating the coal in

and technology [1]. Among the various nanomaterials,

concentrated sulphuric acid followed by oxidation with

graphene is a single layer two-dimensional honeycomb

NaNO2. In brief, 2.5 gm of coal and 2 gm of NaNO2 were

carbon nanomaterial. Graphene /or graphene oxide is widely

placed in a flask. After that 120 ml of H2SO4 was added to

utilized in material science, bio-medicine technology as a

it, followed by stirring for around 18 h at room temperature.

sensor, cellular imaging, and many more due to its surface

After that the mixture was stirred for another 6 hour at 800C.

area, nanoscale size, and electrical charge properties, etc.

When the temperature of the mixture was reduced to room

Coal is the most abundant combustible energy source.

temperature, dilution of the solution was done by 1 M HNO3.

Although, coal possesses a very complex structure, however,

After addition of the HNO3, sedimentation of GO was

it consists significant amount of polyaromatic structure. Due

observed by centrifugation at 10000 rpm for 15 minute.

to the presence of an inherent polyaromatic structure, coal

Furthermore, to remove the inorganic impurities and other

becomes a promising candidate to replace graphite as a

ions of oxidants, the sediment was dispersed in water and

precursor material for the production of graphene / or

again centrifuged at 10000 rpm for 15 minutes. This process

graphene oxide [2]. Herein, a facile cost-effective approach

is repeated for 5 times. A solution of GO was obtained after

is reported to synthesize graphene oxide from low-grade

neutralizing the sedimentation in aqueous ammonia to pH 7.

coal.
2. Material and Methods

2.2.2 Sample preparation for Raman Spectroscopy and Xray Diffraction

2.1 Materials

For the characterization of the GO, the water- dissolved GO

Coal, sulphuric acid, nitric acid, sodium nitrite, aqueous

was taken and dried in a beaker at around 1100C in the form

ammonia, distilled water etc.

of powder. Raman spectroscopy was done by WITEc alpha

instrument and X-ray diffraction was done by Brucker D8

Crystal structure and cell parameter of GO was determined

instrument using Cu kα radiation separating at 40KV and 40

by X-ray diffraction technique. XRD analysis indicates two

mA condition.

significant peaks at, 2Ө = 12.3o and 26.5o. The peak

2.2.3 Measurement of Structural Characteristics

corresponds to 12.3o indicates (001) crystalline plane
(Figure 2), which further indicates the formation of graphene

The structural characteristic was measured by Raman

oxide with a d spacing of 0.34 nm for 26.5 o.

spectra. The powdered GO was taken in a beaker followed
by the addition of small amount of water and ethanol

2000

separately and drop casted on a glass slide using micro

1500

pipette.

1000

26.8o

counts

(001), 12.5o

500

2.2.4 Measurement of Crystal structure and cell parameter

0

Crystal structure and cell parameter was measured by X-Ray
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4. Conclusion
In summary, the preparation of graphene oxide from coal
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Figure 2: XRD of graphene oxide.

mortar pastel and hand grinded followed by the sample was
taken in a holder with a double sided Teflon tape.

30
2 theta

diffraction technique. The powdered sample was taken in a

done

followed

by

a

simple

technique.

Characterization of the synthesized product was done by
640

Raman spectroscopy and X-ray diffraction analysis, and
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both analysis indicate the formation of graphene oxide. The
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Figure 1: Raman spectra of graphene oxide.

3. Results and Discussion
3.1 Characterization of Graphene Oxide by Raman
spectroscopy

graphene oxide prepared from coal could be a low-cost
precursor for bulk application in material science and
technology.
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Abstract
Indian Agricultural Industry fulfilling the major nutrient requirement through Imports. Primary nutrients
required in fertilizer industry are NPK, mainly Urea, DAP and Potassium Salts. Every year Indian government
is spending around 528 billion INR on imports of fertilizers.
Industrial wastes are of two types, say Solids and liquids. Major Industries like distilleries, metallurgical and
pharmaceutical discharges liquid and solid wastes. Most of these industrial effluents contains partial
organic content and major inorganic mixture of salts. Besides the inorganic salts the effluent is brackish
color and bad odor. The brackish color and bad odor are due to the presence of organic material like
phenols. The organic material in solid waste is removed by heating the solid material to around 500 oC and
the organic material in liquid waste is removed by adding the coagulant and separated by means of
filtration. The dried solids are dissolved in water and still contains the color and odor, which can be
removed by means of adding activated carbon. The clear liquid is free of color and odor and contains the
various salts which can be separated based on the solubility data. To decrease the imports, Government
of India is encouraging for recycling the Industrial waste by means of various incentives like providing
subsidy on finished products
The role of chemical engineers is very important for recycling the industrial waste. Choosing a correct
technology will leads to more returns to the company. A new entrepreneur with minimum investment can
start their own business by processing the industrial waste to useful products which leads to good profits
as well as saving the environment for future.
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Molecular simulations over the last two decades have been instrumental in accelerating the
development of new materials and understanding complex fluids in unusual and often
experimental inaccessible conditions. With the advent of machine learning and artificial
intelligence paradigm, and many-fold increase in computing power, molecular simulations are
becoming necessary in today's time to be at the forefront of discovery and innovation. While
in academia, the use of molecular simulations is becoming popular in the engineering
disciplines, the industry, on the other hand, is slowly adopting it as a necessary tool.

This talk will summarise the recent advancement in molecular simulations and the use of
machine learning, mainly using examples from my group in nanoconfined fluids, nucleation,
CO2 capture, and surfactant-oil-water systems.
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heat almost unchanged and reduce the phase change
temperature of the storage material at the same time.
Compound salts can not only further reduce the melting
point of solidification but also optimize and modify the
overall physical properties of certain materials. However,
notable disadvantages of salt hydrates limit their
application in thermal insulation composites. The major
difficulty of using salt hydrates as PCMs is their
incongruent or semi-congruent melting. [1-4]

1.Abstract
Salt hydrates are effective latent heat thermal storage
materials. There are various thermodynamic models
available in the literature. However, these models have
large number of parameters and have no physical
significance. Apart from model, activity experimental data
are also very limited for various salt hydrate. Therefore our
first aim to develop a suitable thermodynamic model which
can analyses phase diagram and second aim is that our
model should contains less number of parameters and all
parameters should have physical significance.

Contrary to the congruent dehydration (melting) behavior
of hydrated salts, which occurs if the anhydrous salt is
entirely soluble in its water of hydration at the melting
temperature, in incongruent and semi-congruent melting
the amount of water separated from the hydrated salt is not
sufficient to dissolve the salt crystals. Therefore, the
resulting mixture becomes supersaturated, and the salt
crystals segregate from the water phase. As a result of this
phase segregation, recombination of salt with water of
crystallization becomes unachievable during freezing. This
irreversible dehydration causes the loss of thermal
effectiveness of the hydrated salt on thermal cycling. Other
disadvantages of hydrated salts are difficulty in crystal
nucleation
and
experiencing
supercooling,
and
corrosiveness

Keywords: Salt hydrate, phase diagrams, thermodynamic
model.
2. Introduction
The salt hydrates have few industrially attractive properties
such as: (1) high latent heat of phase change per unit
volume, (2) relatively high thermal conductivity (almost
double that of paraffin waxes), (3) small volume change on
dehydration and hydration, (4) compatibility with many
thermoplastics, and (5) non-toxicity. Many salt hydrates are
sufficiently inexpensive for use in thermal storage. Many
researchers have studied the compounded eutectic hydrate
salt to achieve more suitable phase change temperature and
better cold storage performance. Furthermore, It has been
widely used in solar energy storage, industrial waste heat
utilization, building heating and air conditioning, thermal
management of mobile devices, and so on. The traditional
ice storage and water storage cannot reach the temperature
of low-temperature cold storage. The temperature
requirement of low cold storage is between −20 and −30°C,
and the high-temperature cold storage is between 0 and
4°C. However, the ice storage and water storage systems
can only reach 0°C, which cannot meet the requirements of
the low-temperature application. Adding inorganic salts in
the water can ensure that the amount of phase change latent

Apart from aforementioned problem, the storage capacity
depends on the volume-specific enthalpy of melting. At
temperatures below 423 K, the most significant values are
found for salt hydrates. Therefore, the technical literature is
rich in proposals of heat storage applications for salt
hydrates. However, for practical performance besides the
heat storage capacity, appropriate melting–crystallization
temperatures within a few degrees are crucial for intended
applications. Also, reversible phase changes over many
heating–cooling cycles have to be ensured, which is easier
with congruent melting than with incongruent melting
hydrates. Also, most of the salt hydrates are incongruently
melting, which requires technical measures to reach
1

hydration equilibrium. Knowledge of the solid–liquid
equilibria represents the most important presumption for
systematic evaluations of the suitability of salt mixtures.
Unfortunately, there are only a few detailed experimental
investigations of such phase diagrams. Due to the tendency
of salt hydrates for supercooling, experimental
determinations of liquidus curves are time-consuming.
Therefore, it has been decided to develop a suitable
thermodynamical model for phase analysis of salt hydrate
well as validating the result with experimental data for
solid-liquid phase diagram determinations.
3. Various Available Models
There are thermodynamic various models available in the
literature [3-10]. The short detail about the various models
are given as follows.
3.1Debye–Hückel equation
The Debye Hückel equation is a mathematical expression
developed to explain certain properties of electrolyte
solutions, or substances found in solutions in the form of
charged particles (ions). The Debye Hückel equation
accounts for the interactions between the different ions,
which are the primary cause of differences between the
properties of dilute electrolyte solutions and those of socalled ideal solutions.
The Debye-Hückel theory is based on three assumptions of
how ions act in solution:
1.

Electrolytes completely dissociate into ions in
solution.

2.

Solutions of Electrolytes are very dilute, on the
order of 0.01 M.

3.

Each ion is surrounded by ions of the opposite
charge, on average

water on the salt and the molar enthalpy of liquefaction of
water.
3.4 Pitzer Simonson Clegg
It is one of the most popularmodel for predictingbehavior
of mixed electrolytes. In the PSC model, the excess Gibbs
energy is represented by summation of short-range and
long-range interactions. Thelong-range forces contribution
isrepresented by the extended DH expression and shortrange interaction term is represented by Margules
expansion which includes the parameters for the interaction
of solvent -anion, solvent-cation, and the disassociation of
all electrolyte.
4. Our Methodology
In this work, Gibbs free energy term is given by Flory
Huggins Lattice theory.
G
RT

n
ln ϕ
r

n ln 1

ϕ

where
and
represent the moles of salt hydrate and
water in salt hydrate solution, respectively. is the number
of Kuhn segments in Salt hydrate chain.μ and μ are the
chemical potential of pure Salt hydrate and pure water,
respectively.The term is the generalized Flory-Huggins
parameter and considered as the function of the volume
fraction of the salt hydrate, , and temperature, .

# 2

,

is temperature dependent coefficient and as
expressed as:
ln

3.2 Pitzer
Pitzer equations were first introduced by physical chemist
Kenneth Pitzer. The parameters of Pitzer equations are
linear combination of a parameters which differentiate
amongst ions and solvent. The parameters are derived from
various experimental data such as activity dataand salt
solubility.The equations are made of an extended DeybeHuckel limiting law and a virial expansion.
3.3 B-E-T Method
BET method is also used forpredicting phase change across
a range of temperature and concentration. The main
parameter used in BET modelling is r and ε. These
parameters are temperature dependent.The number of
binding sites on salt is represented by r andε representsthe
difference between the molar enthalpy of adsorption of

μ

gn ϕ

# 3

, and
are constants
The osmotic coefficient based on molality m is defined by
μ

μ

# 4

Osmotic coefficient and water activity can be related as:
ln

1

# 5

Derivative of Equation (1) w.r.t. moles of water and salt
gives us chemical potential of water and salt hydrate
respectively. The condition for the phase equilibrium

μ

# 1

between two separate phases (Phase-1 and Phase-2) are
given by
(6)
And
(7)
By solving equation (6) and (7) simultaneously, phase
diagram can be obtained.
6. Results and Discussion
Figure-1 shows the comparison among BET model [5]
andPSC model [6]for predicting the phase diagram. The
same figure is also compared with available experimental
data [7]. It is observed that BET Model is more suitable for
predicting the phase diagram than PSC model. BET model
gives us addition information which PSC model is unable
to predict.
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System Design Issues, Energy Procedia.48, 309-319.
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Rindt,2017, Sorption heat storage for long-term lowtemperature applications: A review on the
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Energy. 190 ,920-948.
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7. Conclusion
In this paper, comparative study of various available
models have been given. Moreover, a suitable
thermodynamic model for phase analysis of salt hydrate
has been proposed which given us more insight in phase
diagram.
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Abstract: In this study, rice husk, rice straw, bamboo, sugarcane bagasse, and neem bark were pyrolyzed in a fixed bed
pyrolyzer to examine the influence of operating conditions, such as the temperature of the pyrolysis process, residence time of
volatiles, and reactor length, on the yield of bio-oil and individual gas components. The temperature of pyrolysis varied from
350 to 650 °C in increments of 50 °C, and the length of the reactor was varied from 45 to 60 cm at intervals of 5 cm. The
maximum bio-oil production of 46.93 wt% and the pyrolysis char of 26.2 wt% was obtained for bamboo at 450 °C. The highest
amount of clean syngas (carbon monoxide and hydrogen) was produced for neem bark (52.61 vol%). The presence of C–H,
C=C, alcohols and phenolic compounds indicated that the bio-oil obtained from all the biomass species could potentially be
used as fuel.
Keywords: pyrolysis; bio-oil; char; syngas; biomass species
1. Introduction
In Central India, there exists a large forest area and a
large amount of agri-biomass is generated as waste. The
straws and husks obtained from rice are the agricultural raw
materials of rice processing industry. These materials are
available in rice producing countries like India, Brazil,
China, and South East Asia [1]. The production of rice in
India reached 110.15 million metric tonnes in 2017–18.
Furthermore, a considerable amount of sugarcane bagasse
from the sugar processing industry is available readily in
the vicinity as waste. A considerable amount of bamboo,
bamboo leaves, and neem barks is available in forest areas.
Because the region is far from the coast, motor fuels
transported from afar are expensive. Thus, converting this
large amount of forest and agri-waste biomass into a locally
required transportation fuel is economically beneficial.
Energy alternative India [2] estimates that these biomasses
exhibit a favorable potential for the production of bio-oil
and power. Moreover, the disposal of these biomasses in
landfills causes ground water pollution and affects aquatic
and terrestrial life [3].
2. Material and Methods
The biomass species used in the present study were rice

husk, rice straw, bamboo, sugarcane bagasse, and neem
bark. These biomass species were procured locally from a
rice mill, sugar mill, and saw mill. The biomass species
were sieved and ground to a particle size of less than 1000
µm. The moisture content in the biomass species was
removed by placing them in an oven at 105 °C for more
than 1 hour. The species were then stored in containers.
2.1 Experiments
Bio-oil, char, and gases were produced from the different
biomass species by using the pyrolysis reactor displayed in
Figure 1. The biomass feed was sprayed into the reactor
chamber through the feed hopper after it attained the
desired pyrolysis temperature. A biomass feed of 50 g was
introduced into the pyrolysis reactor during each
experiment. The holding time of biomass in the reactor was
approximately 15 min. The temperature of the pyrolysis
reactor was controlled from 350 to 650°C by using a
proportional integral derivative controller. Residence times
of 27, 30, 33, and 36 s were obtained by varying the length
of the reactor to 45, 50, 55, and 60 cm, respectively. The
produced gas and volatiles were carried downward in the
condenser section by using a nitrogen flow of 2 L/ min.
The solid char generated in the reactorwas removed after
each experiment to measure its weight. The produced gas

was collected in a Tedlar bag at the outlet of the bio-oil trap
and analyzed through gas chromatography (GC). The biooil was collected from a U-shaped tube. The bio-oil stuck
to the wall of the reactor was removed through washing
with a mixture of chloroform and methanol (4:1) solvent,
as described in our earlier studies [4]. The reactor consisted
of single stage that had an internal diameter of 44 mm and
a thickness of 4 mm. The U-shaped bio-oil trap was
connected to the lower end of the reactor. The details of the
reactor design are available in our previous research [5].

of 36 s. Figure 2 indicates the optimum temperature for
maximizing the bio-oil yield from different biomass
species. The maximum bio-oil production of 46.93 wt%
was obtained for bamboo at 450 °C, whereas the lowest
bio-oil production of 38.23 wt% was obtained for neem
bark at 450 °C. The highest amount of char was observed
for rice husk (39.75 wt%), followed by rice straw (34.95
wt%). The lowest amount of char was observed for neem
bark (30.28 wt%).

Figure 1: Experimental setup for pyrolysis reactor.
3. Results and Discussion
3.1 Product yield of bio-oil at optimum pyrolysis
temperature
The optimum temperature conditions for achieving
maximum bio-oil production was determined from rice
husk, rice straw, bamboo, sugarcane bagasse, and neem
bark. The pyrolysis of rice husk was conducted for reactor
lengths of 45, 50, 55, and 60 cm, which corresponded to the
residence times of 27, 30, 33, and 36 s, respectively. The
optimum bio-oil production for rice husk was obtained at
the reactor length of 55 cm which corresponded to the
residence times of 33 while for other biomass species the
optimum bio-oil production was observed for the reactor
length of 60 cm, which corresponded to the residence times

Figure 2: Optimum temperature condition for maximum
bio-oil production for different biomass species.
Figure 3 depicts the GC analysis results for carbon
monoxide, hydrogen, methane, and carbon dioxide present
in the different biomass species on oxygen and nitrogen
free basis. The GC analysis was performed for the gases
obtained at the optimum temperature condition of
maximum bio-oil production for the different biomass
species. Neem bark and sugarcane bagasse exhibited high
hydrogen production at 450 C. The highest hydrogen
production of 20.72 vol % was exhibited by neem bark,
whereas the lowest hydrogen production of 9.14 vol% was
exhibited by bamboo. The highest carbon monoxide
production of 39.65 vol% was observed for rice husk,

whereas the lowest carbon monoxide production of 26.19
vol% was observed for sugarcane bagasse. Rice husk
exhibited the highest methane production (14.6 vol%),
whereas sugarcane bagasse exhibited the least methane
production (7.83 vol%). High carbon dioxide production
was observed for bamboo and sugarcane bagasse.
Sugarcane bagasse exhibited the highest carbon dioxide
production of 48.15 vol%, whereas rice husk exhibited the
lowest carbon dioxide production of 33.16 vol%. The
highest amount of clean syngas (carbon monoxide and
hydrogen) was produced for neem bark (52.61 vol%),
followed by rice husk (52.23 vol%) and rice straw (51.98
vol%). The lowest amount of syngas (44.03 vol%) was
produced for sugarcane bagasse, followed by bamboo
(44.37 vol%). The gross calorific value of neem bark is
high because it contains a high amount of hydrogen, which
has a high gross calorific value.

husk, rice straw, bamboo, sugarcane bagasse, and neem
bark was also examined through GC-MS at the
Sophisticated Analytical Instrument Facility of Indian
Institute of Technology Bombay. Helium was used as the
carrier during GC-MS analysis. The oven temperature for
GC-MS was maintained at 250 °C before the injection of 1
µL of 10% bio-oil in methanol. Table 1 presents the
detailed list of chemical compounds in bamboo, bio-oil
sample and its retention time detected through GC-MS
analysis. This table indicates that the bio-oil obtained
through this biomass species is a mixture of organic
compounds in the range of 2 – 22 carbons. As indicated
this bio-oil consists mainly of alcohols, aliphatic
compounds, ketones, aldehydes, phenols, acids,
nitrogeneous compounds, pyridine and levoglucosan. The
presence of similar compounds in bio-oils is also reported
by Akancha et al. [6]. The presence of phenolic compounds
and alcohols indicates that these bio-oils have better
potential to be used as a bio-fuel.
Table 1: Main chemical compounds of bamboo pyrolyzed
bio-oil detected through GC-MS analysis.

Figure 3: Individual component gases for different
biomass species at optimum condition.

3.2 Characterization of bio-oil
The chemical composition of the bio-oil obtained at
optimum operating conditions from the pyrolysis of rice

4. Conclusion
The maximum bio-oil production of 46.93 wt% was
obtained for bamboo at 450 °C, whereas the lowest bio-oil

production of 38.23 wt% was obtained for neem bark at
450 °C. The highest net amount of pyrolysis char was
observed for bamboo (26.2 wt%), whereas the lowest net
amount of char was observed for rice husk (17.25 wt%).
GC-MS were conducted to study the chemical composition
of the bio-oil obtained from the pyrolysis process. The
presence of C–H, C=C, alcohols and phenolic compounds
indicated that the bio-oil obtained from all the biomass
species could potentially be used as fuel.
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1. Introduction
This
work
describes
the
fabrication
of
optofluidicmicroreactor and multiphase photocatacatalytic
hydrogen generation from water.The CdS is used as
photocatalystin this work.
2. Material and Methods
2.1 Materials
Microscopic glass (76.2 mm x 25.4 mm, thickness of 1
mm) (JSGW, India), plain smooth surface, hydrofluoric
acid (Himedia, India), DI water from the Millipore unit
(Model: Elix-3, Make: Millipore, The USA) was used,
Adhesive tape, magnifying glasses (10x), surgical knife,
iron slab with smooth edge (Locally available),
polyethylene glycol 4000 (PEG) (Merck), acetic acid
(Himedia, India), Cd(NO)3 (Sigma Aldrich), thiourea
(Sigma Aldrich), and ethanol (Merck).
2.2 Methods
Adhesive tape-based fabrication:
We have used the adhesive tape fabrication method to
fabricate the optofluidicmicroreactor.

plate was attached to it. Then the glue was cured for 15 min
under UV light.
2.3 CdSphotocatalyst synthesis and coating
The following steps have been meticulously followed to
achieve the synthesis of the photocatalyst using the sol-gel
method. Firstly, the solution 1 was prepared through the
mixing of 1.5 g of PEG, 0.5 mL of acetic acid, and 3 mL of
ethanol. Simultaneously, the solution 2 was prepared
through the dissolution of 2.3642 g of Cd(NO)3 and 0.7612
g of thiourea in 6 mL of ethanol. After stirring for 1 h, the
individual solutions 1and 2 were mixed with each other and
were kept under vigorous stirring for 4 h. Thereafter, the
mixture was aged for 48 h to transform into a gel that
facilitates the effective adherence of the CdS film. The sol
was coated on to the optofluidic reactor plates using a spin
coater (SpinNXG, India) at 2000 rpm for 30 s. The coated
optofluidic plate was calcined at 350°C for 1 h in a muffle
furnace. Subsequently, the excess deposits of photocatalyst
at places other than channel were removed by scraping with
doctor’s blade followed by cleaning with ethanol. The steps
from spin coating through ethanol cleaning were repeated
for four cycles to achieve the desired thickness of the
photocatalyst.

Inlet and outlet connections: A 1/16” plastic tube was
attached to the etched inlet and outlet holes using glue and
glass powder to achieve leak-proof inlet and outlet
connections.
Assembly of microreactor modules: The UV curable glue
was applied on the cover plate and then the optofluidic

Fig. 1. Image of the CdS coated microchannel.

3. Results and Discussion
For multiphase water splitting reaction, we examine the
parameters effect such as sacrificial reagent (0.1 M
Na2S/Na2SO3) and N2gas flow rates (in the range 0.5 – 1
mL/min) on photocatalytic hydrogen generation.All
experiments carried out in enclosed black box and in the
presence of UV-light (265 nm) for 90 min.Produced
hydrogen assessed using offline gas chromatography.
Impact of the liquid and gas flow rates on hydrogen
production
Fig. 2 depicts the hydrogen evolution as function of liquid
and gas flow rates. Firstly, liquid flow was varied from 0.5
to 1 mL/min at constant N2flow rateat 1 mL min. With the
liquid flow rates hydrogen generation increased up to 0.8
mL/min then decreased, maximum amount of hydrogen
generated about 0.29 µmol/hrdue to the availability of the
sulfide and sulfite ions and beyond this flow rate it
decreased due to overload to the microreactor (Fig. 5b). At
all the flow rates, slug flow regime was obtained but the
slug and bubble dimensions were varied. Replacement of
the sacrificial reagent molecules occurs by the two phase
forces over the catalyst. Usually, extent ofmicromixing
occurs at the interface of the two phases. As liquid flow
rate increases liquid slug length increases, so that, mixing
efficiency gradually decreases, at the interface rapid
replacement of SR occurs compared to center of the slug.
The slug length and liquid film between the wall and gas
phaseplaysa vital role in the absorption of light and the
residence time decreases.
Gas introduction is to enhance the micromixing of
sacrificial reagent over the coated CdSphotocatalyst and to
reduce the residence time, it favors to consume of hole
within the life time of the photo excited charge
carriersresulting in suppression ofthe recombination. With
increasing the gas flow rate from 0.5 to 1 ml/min at liquid
flow rate of 0.8 ml/min hydrogen production was increased
and the bubble and SR slug length decreased.

So, it specifies that the hydrodynamics of the gas-liquid
stimulate quantum efficiency helps to enrich the hydrogen
evolution substantially. Thickness of the SR film and the
SR slug length were effected the photocatalytic activity in
the hydrogen generation. Highest amount of hydrogen
generated at liquid flow rate of 0.8 ml/min and gas flow
rate of 1 ml/min. If we further increasing in the gas flow
rate, the hydrogen generation might be high because of the
annular flow creates the higher surface area than the other
flow domains. In this flow regime, gas flows in the center
of the microchannel and thin liquid film forms between

Fig. 2: Graph depicts the H2 production rate in the function
of gas and liquid flow rates.
microchannel wall and gas phase. And also surface area is
higher in the annular flow regime compared to all the other
flow regimes. To stimulate the water splitting reaction by
gas introduction to create the thin film of SR at which
higher absorption of light occurs.
4. Conclusion
Photocatalytic hydrogen generation from multiphase water
splitting in microreactor successfully carried out. Effect of
gas and liquid flow rates on hydrogen generation, flow
rates indicate the variation of the gas-liquid hydrodynamics
causes to the enhance reduction of water.
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Abstract
Development and growth in global economy have increased
the energy consumption. The energy requirements are
majorly generated with the use of fossil fuels. Extensive use
of fossil fuels will not only lead to depletion of fossil fuels
but also lead to environmental problems such as global
warming, deforestation, air pollution, acid rain. The present
paper discusses the micromorphology and the pore size
developed in coconut shell, coconut fiber, sugarcane bagasse
and maize stalk chars during Non-isothermal pyrolysis.
Biomass char samples resulting after the pyrolysis were
characterized using Scanning Electron Microscope, Energy
dispersive X-ray method for macromorphological analysis,
Nitrogen adsorption-desorption studies for measuring
porosity, surface area, and pore volume distribution.
Nitrogen Adsorption-desorption studies evince that resulting
pore size for coconut shell char sample is largely macroporous with small percentage of meso and micro pores. But
the coconut fiber & sugarcane bagasse chars are
microporous and mesoporous in nature. The BET surface
area values clearly depict an increase in surface area with an
increase in micropore and mesopore volume for all three
chars. Sugarcane bagasse char resulted in higher BET
surface area around 800m2/g compared to coconut fiber,
coconut shell, and maize stalk chars (450m2/g, 100m2/g &
360 m2/g). The resulting biomass chars have wide
applications in electrochemical devices.
1. Introduction
Utilization of solar energy by plants by photosynthesis
results in the generation of food energy and used as one of
the primary energy sources for other needs of humans apart

from nutrition [1]. Presently biomass contributes 6-10% of
global energy needs by low-efficiency methods. Hence is
important that we improve the efficiency of biomass
conversion and also reduce the environmental impacts due
to the conversion of biomass [2]. Improvement can be
adapted by understanding the properties of biomass and their
burning behavior in a closed circuit in the different gaseous
environment. Renewable energy sources are recurring in
nature and they need an efficient energy storage system for
reliable and continuous supply for applied applications.
Hence biomass chars can be one of the most reliable and
cost-effective porous carbon materials applied in energy
storage devices and sensors [3]. Most of the research works
are been carried out in the past to understand the structural
changes in biomass after pyrolysis, application of biochar’s
in electrochemical energy storage devices and sensors.
Present work discusses on micromorphology of the coconut
shell, coconut fiber, sugarcane bagasse and maize stalk chars
during pyrolysis. The pyrolysis was carried out in
Conventional Thermogravimetric analyzer (C-TGA). The
C-TGA equipment was developed indigenously. The
morphological changes, developed surface are, pore size and
porosity are critical parameters for electrochemical energy
storage devices and sensors applications.
2. Material and Methods
2.1 Materials
Coconut shell and coconut fiber samples were collected
from coconut oil processing agroindustry, Tumkur district.
Sugarcane bagasse and Maize stalk was collected from sugar
industry and agricultural fields in Mandya District,
Karnataka.

2.2 Methods
2.2.1 Characterization of biomass samples

Type IV isotherms was observed with hysteresis behavior.
The BET surface area of the char samples was more than 100
m2/g.

The selected biomass samples are dried till the weight was
constant in a muffle furnace at 120°C. The samples are
milled after complete drying and sieved to 500 microns
particle size. The prepared samples are stored in airtight
containers for further experiments. The sieved samples are
characterized for particle size, proximate, ultimate, and
calorific values.
2.2.2 Pyrolysis of biomass samples
Non-isothermal pyrolysis experiments were carried out in a
customized volatile furnace with nitrogen gas purging. The
nitrogen gas flow rate was maintained at a rate of 20
liters/min. Initially around 20g of biomass samples were
taken in ceramic crucibles and heated to the maximum
temperature of 950°C at a rate of 10°C per minute. After the
temperature reaches 950°C the furnace temperature was kept
constant till the weight loss of the samples was constant. The
nitrogen gas purging was continued in all three stages of
pyrolysis experiment. The resulting char samples were
grounded and stored in airtight containers. The resulting
biomass chars were characterized using Scanning Electron
microscope (Tescan-Vega3 LMU, Czech Republic) and
Nitrogen
adsorption-desorption
analysis
using
micromeritics BET analyzer (BELSORP-max, Microtrac
BEL, Japan).
3. Results and Discussion
3.1 Micromorphology of biomass char samples
Surface morphology of biomass char samples are shown in
Figure 1 and Figure 2. Coconut fiber and coconut shell chars
surface morphology images from Figure 1, indicate that the
surface has cracks, breakage of cellulosic structure and
layers overlapping was observed. The small pore opening
developed are clearly visible on the surface of the samples.
Figure 1b, indicate that the coconut fiber chars are fibrous in
nature. Sugarcane bagasse and maize stalks chars clearly
shows the breakage of cellulosic structure with pore
openings.
3.2 Adsorption and desorption isotherms
Results infers that chars are microporous, mesopores and
macro-porous in nature [4]. Difference in the pore volume
developed during pyrolysis in chars can be attributed to their
cellulose, hemicellulose, and lignin structure degradation.

(a)

(b)

Figure 1: Surface morphology of coconut fiber and coconut
shell chars
(a)

(b)

Figure 2: Surface morphology of sugarcane bagasse and
maize stalks
4. Conclusion
The present paper has discussed the micromorphological
changes and evaluation of pore size, surface area and
porosity of biomass chars during pyrolysis. These factors are
critical for their applications in electrochemical devices and
sensors. SEM images shows the structural changes occurred
in biomass samples due to pyrolysis. These changes resulted
highly porous carbonaceous materials.
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1. Introduction
Lithium orthosilicate has many industrial applications viz.,
catalyst for biodiesel production, novel CO2 adsorbent and
equilibrium shift agent in steam reforming process. Lithium
orthosilicate is also one of the suitable ceramic breeder
materials and will be used for production of tritium as fuel
for ITER fusion reactor programme. Lithium orthosilicate
can be sued as novel carbon dioxide capturing material in
packed bed and fluidized bed by temperature swing.
Fluidized bed has many advantage viz. no hotspot and
higher heat transfer rate. The effective design and smooth
operation of a fluidized bed system has been being
influenced by mainly on the hydrodynamic characteristics
of the fluidized bed material. Experiments were carried out
to study the hydrodynamic behavior of lithium orthosilicate
particles. The main intention of the study is to determine
the minimum fluidization velocity for lithium orthosilicate
material of different particle sizes, variation of bed pressure
drop with superficial gas velocity at different bed
temperature.
2. Material and Methods
2.1 Materials
Lithium orthosilicate synthesized by solid state reaction
developed by Mandal et al [1-4] was used for study. The
material was separated fraction with average particle size in
300μm, 600 μm, 780 μm, and 1200 μm.

The synthesized material wer checked for XRD for phase
purity and density which around 90% of theoretical density
2.2 Methods
Experiments were carried out in a Perspex column with
internal column diameter 90 mm and height 650 mm with a
perforated metal distributor plate at ambient temperature.
Also experiments were carried out in a SS 310 column with
internal diameter 162.74 mm and height 650 mm with a
perforated metal distributor plate along with the resistance
type external heating arrangement with PLC and SCADA
control system. The pressure difference measured with
differential pressure transmitter and flow were controlled
mass flow controller. Minimum fluidization velocity
experimentally estimated for different particle size and
effect of wall bed temperature were studied.
3. Results and Discussion
3.1 Minimum fluidization velocity
Minimum fluidization velocity of lithium othosilicate
particles were determined and compared to that of lithium
titanate (Li2TiO3) particles with similar size and density.
The minimum fluidization velocity for sizes 300μm, 600
μm, 780 μm, and 1200 μm were 0.0489 m/s, 0.2096 m/s,
0.256 m/s and 0.5746 m/s respectively.

500
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400
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Figure 1.0: Minimum fluidization velocity profile:
Variation pressure drop across bed vs superficial gas
velocity
4. Conclusion
Minimum fluidization velocity for sizes 300μm, 600 μm,
780 μm, and 1200 μm were 0.0489 m/s, 0.2096 m/s, 0.256
m/s and 0.5746 m/s respectively. As particle size increases
minimum fluidization velocity increases.
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1. Introduction
Surfactants are amphiphilic molecules composed of a
hydrophilic polar head group and a hydrophobic
hydrocarbon tail. Depending on their chemical structures
they can be nonionic, cationic, anionic, or zwitter ionic
among others. In polar solvents, surfactant molecules
arrange themselves into organized molecular assemblies
known as micelles due to their amphiphilic character. The
hydrophobic part of the aggregate forms the core of the
micelle, while the polar head groups are located at the
micelle-water interface in contact with and hydrated by a
number of water molecules. The concentration above
which micelles form is called the critical micelle
concentration (cmc). Above the cmc, monomers and
micelles exist in dynamic equilibrium [1]. The critical
micelle concentration is the single most useful quantity for
characterizing surfactants and their mixtures.
From an industrial and research point of view, the blending
of polymers and surfactants is important. Aqueous
solutions containing polymers and surfactants exhibit
properties different from those of a single solution; the
interaction between them can be explained based on
intermolecular interactions of repulsion or attraction [2].
Polymer-surfactant mixtures are often used in
pharmaceutical formulations, personal care products,
paints, pesticides, food products, among others.
Temperature, polymer concentration and the length of the
surfactant hydrophobic tail are the other major factors
which influence the interactions. Taking into account the

wide application of polymer-surfactant mixtures, improved
physical and chemical properties, a significant amount of
research work on the interactions between water-soluble
polymer and surfactant in aqueous solutions has been
reported in the literature. Hydroxypropyl methyl cellulose
(HPMC) is a surface-active macromolecule that is stable at
high temperatures. HPMC is widely used in food,
pharmaceutical and civilian industries [3]. When the
amphiphile is added to the aqueous polymer solution, the
interaction is only observed after a specific concentration
called the critical aggregation concentration (cac), beyond
which the surfactant is in the form of small micelle clusters
in a cooperative manner Adsorbed on the polymer chain;
their size increases as the concentration of polymer and
amphiphile increases, until a certain limit is reached. Then,
the number of cluster binding sites on the polymer
increases and continues until saturation. As the surfactant
concentration increases, normal micelles begin to form at
cmc. Then, the interaction becomes stronger, and the
interaction between the surfactant and water is dominated
by the interaction between the surfactant and the polymer
[4,5]. Since the surfactant forms aggregates on the polymer
chain, the properties of the surfactant-polymer mixture will
be different from the properties of the individual
components [6]. The data on the interactions between
neutral polymer and anionic surfactant are scare. Therefore,
present study was undertaken to see the interaction between
nonionic water soluble polymer (hydroxypropyl methyl
cellulose. HPMC) with the anionic (sodium dodecyl
sulphate, SDS) surfactant over the temperature range

(2298.15-311.155 K), and pollymer concenntration (0.06--0.48
wt
w %) by usingg conductomettric technique.
2.. Material an
nd Methods
2..1 Materials
The
T nonionic biopolymer hydroxypropy
h
ylmethyl celluulose
(H
HPMC) was procured
p
from
m Colorcon Lttd., England., The
am
mphiphile, annionic surfacctant, (SDS) sodium doddecyl
suulfate was procured from
m Sigma, US
SA (purity>99%).
These
T
materiaals were usedd as received. Deminerallized
doouble distilleed water waas used in preparing
p
all the
soolutions.
2..2 Conductiviity measuremeents
Conductivity
C
( of differennt solutions were
(ĸ)
w
measured by
well
w calibratedd digital conduuctivity meter (YSI 3200, YSI
USA),
U
with YS
SI 3267 conduuctivity cell (ccell constant 1 cm1
, and greater than 1% ceell accuracy). The temperaature
within
w
uncertaainties of ±0.11 K was maiintained in a PID
Controlled
C
watter bath. The conductivity runs were caarried
ouut by adding progressivelyy concentratedd surfactant stock
s
soolution into water/polymer
w
r. Special caare was takenn for
clleaning the glass
g
wares with
w
chromic acid and thenn by
riinsing with double
d
distilleed water. Thee double disttilled
water
w
having thhe specific coonductivity of 1 to 2 µS/cm
m was
ussed. The expperiments werre carried outt at five diffe
ferent
weight
w
percenntages of HP
PMC (0.06 wt%,
w
0.15 wt%,
w
0.275wt%, 0.44wt% and 0.48wt%)
0
annd five diffe
ferent
teemperatures 298.15K,
2
3011.15K, 305.155K, 309.15K and
311.15K. Ploots of speciific conductaance (ĸ) veersus
suurfactant conncentration att different teemperatures were
w
ussed to obtain the CMC off pure surfactaant solutions. The
cm
mc values weere taken froom the interseection of the two
sttraight lines drawn
d
before and after the intersection point
p
inn the κ versus surfactant conncentration pllots. In case of
o the
poolymer−surfacctant mixturres the plotts of κ veersus
[ssurfactant] shoowed two breaks, the cac was
w determineed by
thhe intersectionn of first and second
s
linear parts and the cmc
inn this case was the interseection point of
o the secondd and
thhird linear parrts.

The conducttivity was m
measured for SDS solutioons in
presence andd absence of different weiight percentages of
HPMC at fivve different ttemperatures 298.15K, 301.15K,
305.15K, 3099.15K and 311.15 K respeectively to callculate
cac and cmcc values. Aft
fter adding eaach portion of the
surfactant, thhe solution was
w stirred wiith magnetic stirrer
until a steady conducttance value was attaineed.The
conductivity profiles as a function
f
of co
oncentration of
o SDS
at five diffeerent temperaatures in puree water havee been
shown in Figgure 1. The adddition of surrfactant to thee water
caused a lineear increase oof specific connductance up to the
surfactant conncentration att which micellle formation began,
b
i.e. up to thhe CMC. Affter the CMC
C, the conduuctance
increased furrther linearly,, but with a smaller slopee than
before the CMC. The break on the conducctanceconcentrationn titration curve gives the CMC oof the
surfactant.
The intersectiion points of tthe two straig
ght lines as inddicated
in figures reppresents the crritical micellee concentrationn, cmc
of the surfactant. The cm
mc values of the surfacttant at
different tem
mperatures aree in agreemen
nt with the reeported
values given in the literatuure [3].Obviouusly, due to thee ionic
strength, thee conductivityy will increaase when a small
amount of surfactant
s
is added, and further additiion of
surfactant wiill lead to the formation off micelles insttead of
free surfactannt molecules accumulatingg on the surfface of
the solvent. An increasse in tempeerature willinncrease
conductivity.

3.. Results and
d Discussion
3..1 Conductiviity Results

Plots of conducctivity versus [SDS] in watter at
Figure 1:P
differennt temperaturees

O
Obviously,
as the temperatuure increases,, the cac and cmc
vaalues at all co
oncentrations of
o polymer in
ncrease. Generrally,
th
he effect of temperature on the cmc of surfactantts in
aq
queous media is compliccated. On th
he one hand
d, an
in
ncrease in tem
mperature leadds to a decreasse in the hydraation
off the hydroph
hilic group, w
which is favorr to micellizaation,
bu
ut on the otheer hand, an inccrease in temp
perature also leads
l
to
o the destrucction of the structured water
w
around
d the
hy
ydrophobic group,which
g
iis not favourr to micellizaation.
Therefore,
T
the relative mag
gnitude of th
hese two opposite
efffects determ
mines whetherr cmc increaases or decreeases
within
w
a speciffic temperaturre range. We can see that cmc
in
ncreases with increasing tem
mperature, as reported by early
e
reesearchers. Frrom this figu
ure, we can observe thatt the
co
onductivity of
o the surfacttant solute in
ncreases with
h the
in
ncrease of the surfactant con
ncentration.

Fig. 2. Plots of conductivvity versus [SD
DS] in 0.4 wt%
%
H
HPMC
at diffeerent temperattures
Figure 2 showss the conducttivity versus SDS
S
concentraation
pllots for differrent HPMC weight
w
percenttages at 298.4
42 K,
30
01.15 K, 305.15 K, 309.155 K and 311.8
87 K respectiv
vely.
In
n these figures, the plots shhow two break
ks in the pressence
off HPMC in comparison to a single breaak, as observeed in
Figure 1 in the absence of poolymer, HPMC
C. The two brreaks
in
n the presencce of HPMC shows the occurrence
o
off two
kiinds of aggreegation phenoomenon. In Figure
F
2, the first
brreak is calleed critical agggregation concentration, cac
where
w
the interraction of HPM
MC chain witth SDS starts. The
seecond break point
p
in the Fiigures is calleed cmc, wheree the
po
olymer chainw
with surfactan
nt or micelle like aggregates get
saaturated, follo
owed by the fo
formation of micelles
m
on ad
dding

a greater am
mount of suurfactant. Forr surfactant in
i the
presence off equal soluutions of HP
PMC, condu
uctivity
increases as a function off surfactant co
oncentration and
a the
first plateau of slope is inndicative of su
urfactant bind
ding of
polymer an
nd is referrred as crritical aggreegation
concentration
n (cac). At the second
d critical micelle
m
concentration
n, since at thhis point freee surfactant micelle
m
start to form
m in solution. This concenttration is kno
own as
critical miceellizationconceentration (cm
mc). In the present
p
investigation,, the cmc vallue increase with
w the increease in
temperature indicating
i
thatt the micellizaation is less favored
fa
in this system
m i.e. HPMC/S
SDS in water.
4. Conclusion
A conductom
metric study off interaction between SDS and
a
water-solublee nonionic pollymer HPMC was carried out
o at
different temp
peratures.As tthe temperaturre was increassed,
both cac and cmc values arre increased with
w less effectt on
cac.Both cac and cmc valuue increases ass the polymer
n increases.
concentration
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1. Introduction

2.2 Methods

Crude oil is a naturally occurring fossil fuel containing a
mixture of hydrocarbons namely paraffin, resins, aromatics,
asphaltenes etc. this long chain paraffin get dissolved in
crude oil at higher temperature but separated out as wax
crystal and gradual precipitation occurs at lowered
temperature. As a result, the pour point of crude oil was
increases, rheological properties such as viscosity, yield
stress, are also greatly hampered. Production, storage,
transportation and processing of crude oil faced a severe
problem. Recent studies concentrate on synthesis of bio –
based PP7Ds, the structure and morphology of wax
particles are changed with the interaction of these PPDs.
Various studies showed that agricultural resources like
vegetable oil like Jatropha oil, castor oil, olive oil are used
as PPD in waxy crude oil to improve the pour point and
wax deposition problem. Present study has focused on the
synthesis of bio-based PPD from Jojoba oil. A transesterification reaction was carried out with octanol in
presence of sodium hydroxide as catalyst and applied in
different concentration with crude oil.

Jojoba oil taken in a round bottom flask and heated to near
about 85 , then 1.5 gm sodium hydroxide was completely
dissolved in 50 gm octanol with constant stirring, the oil to
alcohol ratio should be maintain to 3:1 ratio. The reaction
mixture was refluxed for 3 h, after completion of reaction;
the obtained product was allowed to settle for overnight in
a separatory funnel. The obtained product jojoba oil octyl
ester and jojobyl alcohol were dissolved in ethyl acetate
and kept in a freezer for overnight. The white solid was
separated and washed with hot water for several times. The
crude ester product was obtained by evaporation of the
product in a Rota evaporator.

2. Material and Methods
2.1 Materials
The required chemicals used for this study were purchased
from the following companies: Jojoba Oil (Otto Chemical,
Mumbai), Octanol (Ramkin, Chemical, Mumbai), Sodium
Hydroxide (Merck life science Pvt. Ltd, Mumbai), Ethyl
acetate (Ramkin Chemicals, India) etc.

Fig.1 Reaction of Jojoba oil with Octanol
3. Results and Discussion
3.1 Characterization of Jojoba Oil ester
Characterization of jojoba oil octyl ester was done by FTIR
spectroscopy. Absorption peak at 3003 cm-1and 721 cm1
correspond to olefin (=CH) group of jojoba oil.

The peak at 2925 and 2855 cm-1indicates the presence of
methyl and methylene (-CH2) group of alkyl chain
respectively. The characteristics peak at 1739 cm-1 is due to
C=O stretching vibration of ester group of jojoba oil. The
peaks at 1648 and 1172 cm-1 are corresponds to
unsaturation (C=C)and C-O of ester group present in jojoba
oil.

Table 2. Measurement of pour point

3.2 Surface energy of glass and hair surfaces
All the characterization of crude oil was done by ASTM
and IP method.The major class of component of crude oil
was done by SARA analysis. The result aresummarized in
table 1.

4. Conclusion

Table 1. Characterization of crude oil
Characterization
Pour Point
Wax content
Water Content
Saturates
Asphaltene
Resin
Aromatics

Value
44
12%
<1%
34%
12%
23%
24%

Measurement of Pour point
Solutions of prepared ester and crude oil were
homogenized individually for 30 min for perpetual
composition. the sample was injected with different
concentration e.g., 500 ppm, 1000 ppm, 1500 ppm,2000
ppm and 2500 ppm in waxy crude oil at 60 to complete
dilution of PPD with crude oil without further heating by
ASTM D 5853 method. The result is summarized in table
2.

Sample Name
Crude Oil
Crude Oil + 500ppm
Crude Oil +1000ppm
Crude Oil +1500ppm

Pour Point ( )
44
44
38
41

Bio additives are synthesized from natural resources which
reduce the pour point of crude oil and improve the
rheological property of crude of oil by maintaining the
principle of green chemistry to keep our environment
pollution free at the same time cost effective.
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Abstract: Demixing of aqueous two phase system occurs slowly as the two phases have similar physical properties. This is one of
the major drawbacks of aqueous two phase system. This study focuses on different parameters to test their effect on the rate of
demixing. Acoustics significant increase in the rate of demixing for aqueous two phase system when compared with gravity
demixing. Effect of univalent salt on demixing of two phases system and diameter of the column in which demixing takes place
was also studied and reported.
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1. Introduction:
The phase existing as small droplets is called the
dispersed phase and the surrounding liquid is known as the
continuous phase. Aqueous two-phase system (ATPS) is a
liquid–liquid separation technique that has shown great
potential for the extraction, recovery, and purification of a
great variety of biological compounds. While solvent
extraction with organic–aqueous two-phase systems has
been mainly the domain of small molecules product
recovery, aqueous–aqueous two-phase system has been
advantageous for the recovery of proteins and enzymes
without any damage. Aqueous two phase systems demix
slowly due to similar physical properties. The most common
biphasic systems are formed by two polymers (usually
polyethylene glycol (PEG and dextran) or a polymer and a
salt (e.g., phosphate, sulfate or citrate). The kinetics of phase
demixing in an aqueous two-phase system (ATPS)
consisting of PEG/potassium phosphate, with various PEG
molecular weights (4000, and 6000) was investigated. The
effect of the volume ratio of the phases (top/bottom) on the
kinetics of phase separation also studied since the dispersed
phase holdup in the mixture influences the rate of
demixing. Acoustic field assisted demixing was studied to

decrease the demixing time, this was carried out using
humidifier. Sonication has induced mild circulation currents
in the phase dispersion, which has enhanced the rate of
droplet coalescence, eventually resulting in decreased
demixing time. The diameter of the Nessler tube was also
varied while carrying out demixing and the effect of
univalent salt NaCl was tested and reported.
2. Material and Methods:
2.1 Materials.
PEG (4000, 6000), di-Potassium mono-hydrogen phosphate,
mono-potassium di-hydrogen phosphate and sodium
chloride of AR Grade was procured for the work.
2.2 Methods.
2.2.1 Phase System Preparation.
Phase systems composed of PEG, mono-potassium dihydrogen phosphate and di-potassium mono-hydrogen
phosphate in the ratio 1:1.82 was taken. In each case, 1,000
g systems were prepared by mixing the constituents in

distilled water using a magnetic stirrer and separating the
individual phases using separating funnels. Separated phases
were used as stock solutions for further studies.
2.2.2 Phase Demixing Experiment.
Phase-demixing experiments for the system was carried out
in the following phase volume ratios (PEG: Potassium
phosphate); 20:80, 30:70, 40:60, 50:50, 60:40, 70:30 and
80:20. The demixing was carried out in four nessler tube
with equal height and varying diameter. The nessler tube
was filled with the two phase system and subjected to
demixing under gravity and then demixing under Acoustics.
The height of the PEG layer as well as the salt layer formed
during demixing was recorded as a function of time. In all
experiments, sonication was given only from the bottom. In
the case of PEG/salt systems, acoustic field was provided
continuously. 6M NaCl was added in the following manner
500µL, 1000µL, 1500µL and 2000µL to the phase system of
volume ratio 50:50 and subjected to demixing under gravity
and then subjected to demixing under acoustics.

Table 2: Diameter of each Nessler tube used for the study
Nessler tube
1
2
3
4

Diameter (mm)
10
20
30
40

3. Results and Discussion:
The following graphs show phase demixing experiment
result obtained for the two systems in different phase volume
ratios and after addition of univalent salt NaCl.

2.2.3 Measurement of Density and Viscosity.
A specific gravity bottle of 10mL was taken and the weight
of the empty bottle was noted with the help of a weighing
machine. Then the bottle was filled with water and weight
was noted down. Then the bottle was filled with polymer
rich phase and salt rich phase individually and weighed.
Then density was calculated. An Ostwald’s viscometer of
80-100 sec was taken. The viscometer was filled with salt
phase till the upper mark and the time taken by the salt phase
to reach the lower mark from the upper mark was noted
down. Similarly the time taken by the polymer phase was
noted. Table 1 shows the density and viscosity of the
individual phases. The Figure 1 depicts the show phase
demixing experiment result obtained for the two systems in
different phase volume ratios.

Figure 1: Demixing experiment performed under gravity, in
Nessler tube 1 for PEG6000 and potassium phosphate
system.

Table 1: Density and viscosity of aqueous two phase system
Phase system

PEG
4000/
Potassium
phosphate
PPEG 6000/
Potassium
phosphate

Density(kg/m3)

Viscosity (mPas)

Top

Top

Bottom

Bottom

1.18

1.12

2.12

1.43

1.14

1.12

2.34

1.43

Figure 2: Demixing experiment assisted by Acoustics, in
Nessler tube 1 for PEG6000 and potassium phosphate
system.

Similar results were taken for nessler tube 2, nessler tube 3
and nessler tube 4.

Figure 3: Demixing experiment performed under gravity, in
Nessler tube 1 for PEG6000 and potassium phosphate
system after addition of NaCl.

4. Conclusion:
It was observed that rate of demixing increased with a
higher volume ratio of top phase and lower volume ratio of
bottom phase. Variation in demixing time change was
negligible with phase volume ratios. In case of demixing
under acoustics, a significant increase in demixing rate was
observed in all systems when compared to gravity separation
alone. It was also observed that as the with an increase in
diameter of the nessler tube the rate of demixing decreases
and the time required for demixing increased. The addition
of univalent salt sodium chloride (NaCl) to the phase system
resulted in the increase in demixing time and decrease in
demixing rate. Demixing rate was faster in PEG 4000 system
than PEG 6000 system by gravity and acoustic separation
which is attributed the higher viscosity of the phases.
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1.. Introduction
n
Phragmites
P
kaarkais a pereennial lignocellulosic biom
mass
whose
w
rapid innvasiveness creates variouss socio-ecological
prroblems. Theerefore, the biiomass can be
b utilized forr the
diifferent bioreefinery appliccations such as extractionn of
suugars, celluloose and convversion into various platform
chhemicals (5-hhydroxymethyyl furfural, furfural
fu
and other
o
fuuranics) [1]. This study involves
i
the subcritical water
w
hyydrolysis of P.
P karka to ddegrade its polysaccharide
p
es to
prroduce variious sugars and chem
micals like 5hyydroxymethyll furfural (5-H
HMF), furfuraal and acetic acid.
Subcritical watter is the fluiid phase of water
w
occurrinng at
teemperatures and
a
pressuress below or near the waater’s
crritical points i.e. 374°C and 22.1 MPa.The
M
proocess
paarameters afffecting the subbcritical wateer hydrolysis such
ass temperature,, time and feed concentratioon were optim
mized
ussing Centrall Composite Design annd regressionn or
sttatistical moddel was generrated for the subcritical water
w
hyydrolysis of Phragmitesbio
P
omass.
2.. Material an
nd Methods

Figure 1: Exxperimental layout
l
2.2.Subcritical water hydrrolysis
Subcritical water
w
hydrolyssis of the biom
mass was perfformed
using a Parr reactor equippped with Paarr 4848 conttroller.
The experimeental conditioons such as tem
mperature, tim
me and
feed concentration in the range of 150
0-230°C, 15-6
60 min
and 2-5 wt%
%, respectiveely. The reacctor was exteernally
pressurized with
w 3.5 MPa uusing nitrogen
n gas for all th
he sets
of experimennts.

2..1 Materials

2.3.Central Composite
C
Dessign

Phragmites
P
karrka was collected from thee northern coaast of
Chilika
C
Lake of Odisha, Inndia. After thhe collection,, the
biiomass was sun-dried and ground to obbtain fine partticles
off (0.5-0.7 mm),
m
which was used as
a the feedsttock.
Deionized
D
watter, different sugar standaards and chem
mical
sttandards weree of high puritty (≥90%) werre purchased from
Merck.
M

The experim
ments were designed using Central Com
mposite
Design (CCD)methodologgy through the Design-E
Expert
software. A total
t
of 16 expperimental setts including 2 center
points were obtained from
m the experim
mental designn using
temperature (150-230°C), time (15-6
60 min) and
d feed
concentrationn (2-5 wt%
%) as the major
m
experim
mental
parameters. The
T credibilitty of the dessigned experim
mental

model was scrutinized by the various regression factors
such as R2, adjusted R2, predicted R2, p-value and F-value.

Table 1: ANOVA for experimental parameters of
subcritical water hydrolysis of Phragmitesbiomass

2.2.3 Estimation of sugars and chemicals present in the
hydrolysate
The liquid part (hydrolysate) obtained from all the sets of
experiments was analyzed to estimate the total reducing
sugars, individual sugars and the degraded chemicals
obtained during the subcritical water hydrolysis process.
Total reducing sugars (TRS) were assessed by the 3,5dinitrosalisylic acid assay, whereas the individual sugars
and chemicals were estimated by HPLC.
3. Results and Discussion
3.1 Subcritical water hydrolysis of the biomass
Total reducing sugars were found in the hydrolysate in
amounts ranging from 2 wt% to 18 wt%. Phragmites
produced the maximum TRS at 190°C for 37.5 min with a
feed concentration of 2 wt%, while the lowest TRS was
recorded at 150°C for 15 min with a feed concentration of 5
wt%.Besides the reducing sugars, various individual sugars
such as glucose, xylose, arabinose, cellobiose and raffinose
were estimated. The highest glucose and xylose content
was found to be 3 wt% and 5.8 wt%, respectively at the
experimental conditions for which the TRS yield was found
to be 18.1 wt%. The highest yields for acetic acid, 5-HMF
and furfural were obtained as 7.1, 11.7 and 8.2 wt%,
respectively at 230°C in 60 min with 2 wt% feed
concentration. Acetic acid was formed as the degraded
chemical from the hydrolysis of the acetyl bonds of
hemicellulose whereas 5-HMF and furfural were obtained
from the in-situ degradation of glucose and xylose,
respectively[2].
3.2 Statistical evaluation of the process
Under the experimental results, the quadratic model was
appropriate. The corrected R2 (0.9) and the projected R2
value were in reasonable agreement (0.75). Following the
determination of the model's significance, a regression
equation was derived, as indicated in Eq. (1). Table 1
(ANOVA) clearly shows that temperature has a significant
impact on TRS yield, with a p-value of 0.01 for this
component. Our experimental results were used to generate
the following model for statistical prediction of TRS yields.
TRS %
184.12 2.10T 0.60t 8.30F
0.0007Tt 0.01TF 0.0092tF 0.0054T
0.006t
0.83F
(Eq.1)

4. Conclusion
At the optimum temperature (190°C), reaction time (37.5
min) and feed concentration (2 wt%), the highest TRS yield
of 18.1 wt% was obtained. The hydrolysates collected from
all of the runs included increased levels of xylose,
arabinose, and acetic acid, indicating that hemicelluloses
were dissolving significantly. The degradation of C5 and C6
sugars into 5-HMF and furfural during subcritical water
treatment was measured to be 11.7 wt% and 8.2 wt%,
respectively.
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1. Introduction
Dairy industry is a major food processing industry. It
produces various milk products like milk powder, butter
milk, curd, cheese, pasteurized milk etc. Large amount of
fresh water is used for different purposes i.e.,
cooling/heating, sanitary, processing, utilities and service
section during processing of milk and milk products. The
waste water from dairy industries are mainly produced in
the receiving station, starting, stopping and washing any of
the processing units, using the processes pasteurization,
homogenization of fluid milk and the production of dairy
products. It is estimated that dairy industries generate 2.5 to
10L of wastewater per L of milk processed.Major
pollutants found in dairy waste water are organic
components like dissolved sugars, proteins and fat,
Suspended Solid, Total Dissolved Solid, Sulfur,
Phosphorous and Nitrogen. So the dairy wastewater is
considered as high concentration of organic matter and
high BOD. Disposal of the waste water is a major
challenge for dairy industries. As it produced pungent odor
it should be treated before disposal to keep environment
free from various problems. In this work, the synthetic
dairy waste water was prepared and was treated with
activated carbon prepared from waste driedcoconut shell.

Potassium Phosphate and calcium chloride. The chemicals
with a fixed quantity were added in 1L of tap water.
The granular activated carbon was prepared from solid
waste of coconut shell. Coconut shell was collected from
temple and was dried. It was heated in furnace at 4000C for
15 minutes. After that, it was allowed to cool and ground
sieved to get a particle size of 2mm.Then it was acid
washed using Hydrochloric acid to activate its surface. Its
activated characteristic was checked.
2.2 Methods
It was a batch process. Adsorbent freshly prepared from
Coconut shell was used in this experiment. Five different
bed heights 2cm, 4cm, 6cm, 8cm and 10cm of the
adsorbent maintained in five cylindrical beds of diameter
3cm, individually. Dairy waste water was allowed to flow
through the beds from the top. The particle size for the
adsorbent was taken as 2mm. The contact time was
maintained for 30minutes, 60minutes, 90min and 120min.
The untreated waste water and treated water from different
bed height was collected and taken for COD and BOD
analysis.
3. Results and Discussion

2. Material and Methods
2.1 Materials
The chemicals used for synthetic dairy waste water
preparation were Milk powder, glucose, Sodium Nitrate,

The initial COD and BOD of the Dairy waste water were
obtained as 735.33mg/L and 438.67 mg/L respectively.
Experimental result was observed for different bed height
of cylindrical beds using freshly prepared GAC in table 1.

Table 1: COD & BOD Analysis
Bed
Height,
cm

2

4

6

8

10

Contact
Time, min

COD,
mg/L

30
60
90
120
30
60
90
120
30
60
90
120
30
60
90
120
30
60
90
120

547.56
532.66
514
502.32
430.74
399.67
375.53
362.25
387.88
354
340.14
312.25
302.44
285.37
267.94
245.35
266.78
208.45
197.25
175.88

COD
Removal
%
30.28
32.17
34.55
36.04
45.15
49.11
51.8
53.87
50.61
54.92
56.69
60.24
61.49
63.66
65.88
68.76
66.03
73.46
74.88
77.6

BOD,
mg/L
339.78
320.44
315.36
302.76
299.37
275.67
268.14
257.39
197.44
183.2
173.45
159.93
167.45
148.54
139.26
118.37
100.37
82.56
76.36
65.35

BOD
Removal
%
22.54
26.95
28.11
30.98
31.76
37.16
38.87
41.32
54.99
58.24
60.46
63.54
61.83
66.14
68.25
73.02
77.12
81.18
82.59
85.10

(b)
(a)
Figure 1:Effect of bed height and time on % removal of
(a) COD and (b) BOD.

4. Conclusion
It is observed that by increasing the bed height of adsorbent
in the bed and the contact time, the removal efficiency of
BOD and COD is gradually increasing. The experiment can
be carried out in continuous manner for industrial
application with slight change in the experimental setup.
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1. Introduction
Acrylonitrile is one of the major toxic and refractory
pollutant that widely used in the synthesis of nitrile rubber,
acrylonitrile-butadiene-styrene (ABS) resins, plastic and
acrylic fiber(Kumar et al., 2021a; Lai et al., 2013).
Wastewater discharged from industries such asABS
resinand nitrile rubber manufacturing polluted the surface
water bodies and create the severe environmental issues by
affecting the flora and fauna. United States Environmental
Protection Agency (USEPA) classified as a 3rd priority
pollutant in the list of 129 priority pollutants (USEPA,
1992). The chronic exposure of acrylonitrile leads to
detrimental impacts on human bodies viz., asphyxia,
inflation in respiratory system, mild jaundice, eye irritation,
vomiting, headache etc.,(Kumar et al., 2008). Therefore, it
is urgently needed to treated acrylonitrile containing
wastewater.A highly active heterogeneous catalystNi doped
CeO2activated by H2O2were employed for the degradation
of toxic pollutants in real ABS resin wastewater.
2. Methodology
In the present investigation, acrylonitrile and COD
wereremoved from real ABS resin wastewaterby
heterogeneous catalysisNi doped CeO2activated by H2O2.
The catalyst was synthesized by sol-gel method with
various loading of Ni over CeO2 (0, 2.5, 5, 7.5 wt.%) and

denoted by CeO2, 2.5Ni-CeO2,5Ni-CeO2, and 7.5Ni-CeO2,
respectively. Synthesized catalysts were further
characterized by various analytical techniques viz., X-ray
diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), Brunner-Emmitt-Teller (BET) surface area, X-ray
photoelectron spectroscopy (XPS), scanning electron
microscopy (SEM) with energy dispersive X-ray (EDX)
and
transmission
electron
microscopy
(TEM).
Consequently, the effects of various parameters on
acrylonitrile degradation were investigated through central
composite design (CCD) in response surface methodology
(RSM) tool and optimized the operating parameters within
their ranges viz., catalyst dosage (100-1000 mg/L); PMS
dosage (0.5-2.5); pH (2.5-10); temperature (30-80 ºC) and
reaction time (3 h).the reaction kinetics of acrylonitrile and
COD degradation were evaluated at various reaction
temperature by pseudo-first order and pseudo-second order
kinetic models.
2.2 Results and conclusions
Initially some preliminary blank tests were conducted and
observed that only i.e., 6.87%, 9.02%, 11.98%and 7.06% of
acrylonitrile degraded (Zheng et al., 2015); andi.e., 3.32%,
4.98%, 6.48%and 4.12% of COD removed with
catalystsCeO2, 2.5Ni-CeO2,5Ni-CeO2, and 7.5Ni-CeO2,
respectively in the absence of H2O2. Moreover,only 11.4%
of acrylonitrile and 5.11% of COD removed without using

any catalyst in the presence of H2O2 as shown in figure
1.Whereas catalyst dose and oxidant dose simultaneously
used during experimentation, removal of acrylonitrile and
CODwere enhanced.
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Figure 1:Preliminary blank test for acrylonitrile and COD
degradation.Reaction conditions (catalyst dose 1000
mg/L, pH 6.5, H2O2 dosage 1 mM, stirring speed 400
rpm and temperature 30 ºC).
Therefore, the maximum removal of acrylonitrile i.e.,
27.35%, 32.42%, 140.36%and 38.29% degraded; andi.e.,
21.22%, 27.36%, 32.56%and 30.44% of COD removed
with catalystsCeO2, 2.5Ni-CeO2,5Ni-CeO2, and 7.5NiCeO2, respectively in the presence of oxidant (H2O2)at
reaction conditions (i.e., catalyst dose 1000 mg/L, pH
6.5, H2O2 dosage 1 mM, stirring speed 400 rpm and
temperature 30 ºC).Hydroxyl radical is the main reactive
species in catalytic peroxidation of toxic pollutants. The
hydroxyl radical generated mechanism was suggested by
following reaction mechanism as shown in Fig 2. During
the reaction process H2O2chemically adsorb on the NiCeO2catalyst surface and generate the complex NiCeO2(H2O2) as shown in Eq. 1. Thereafter, generated
complex was transformed into Ni2+ and hydroperoxyl
radical via Eqs (1-2)(Nie et al., 2015; Phan et al.,
2018).Furthermore, overall acrylonitrile mineralized in to
CO2and H2O via Eqs (3-5)(Kumar et al., 2021b).
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Figure 2:H2O2 activation mechanism and free radical
generation.

Key Conclusions
The present study reveals that catalyst 5Ni-CeO2exhibited
best catalytic activity towards the degradation of
acrylonitrile and COD in real ABS wastewater by catalytic
peroxidation process.
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1. Introduction:

characterization of low cost solid polymer the

Increasing global energy demand, growing carbon

efficiency of PEMFC as well as RFC.

emissions and the depletion of fossil fuel sources

2. Fuel Cell:
Out of various types of fuel cells [Table 1]
according to the fuels and electrolytes used, Proton
Electrolyte Membrane fuel cell is the most
promising one.

are some of the most driving forces for the
development of sustainable energy solutions.
Proton exchange membrane fuel cells (PEMFCs)
are considered to be a promising technology for

2.1. Polymer Electrolyte Membrane Fuel Cells

clean and efficient power generation in the twenty-

(PEMFCs):

first century. The PEMFCs use hydrogen as fuel.

PEMFCs, generally, operate at low temperature

The Regenerative Fuel Cell (RFC) can be used for

range (30-150°C) and produce a specific electric

the production of hydrogen by splitting water as

power and their power density is higher than any

well as for generating electricity using hydrogen in

other types of fuel cell available. The operation of

different cycles. Both the devices require solid

the hydrogen/oxygen PEMFCs is relatively easy

polymer electrolyte membrane having negatively

and straightforward.There are many hurdles and

charged functional group in the membrane forming

challenges in the proton exchange membranes

polymeric material thus it behaves like a proton

preparation and one of the important factors is to

exchange membrane. Moreover, RFC could be

produce low cost material.On the other hand,

used as the replacement of rechargeable battery

Nafion®, a perfluorinated and commercially

without loss. The cost of polymeric membrane is

available membrane (DuPont) is costly andshows

considered as one of the major factors for its

low proton conductivity at comparatively lower

utilization. This review is aimed for carrying out

water content as well as low physical mechanical

investigations on the synthesis and electrolyte

strength at higher temperature and average glass

membranes

transition temperature.

in

order

to

enhance

further

__________________________________________________________________________________
Type of Fuel
Cell

Electrolyte

Operating
Temperature
(°C)
60-90

Efficiency (%)

Electric Power

Application

Alkaline (AFC)

Potassium
Hydroxide

45-60

Up to 20 kW

Submarine,
spacecraft

Molten
Carbonate
(MCFC)

Immobilized
Liquid Molten
Carbonate

650

45-60

> 1 MW

Power stations

Solid Oxide
(SOFC)

Ceramic

1000

50-65

>200 kW

Power stations

Phosphoric
Acid (PAFC)

Immobilized
Liquid
Phosphoric
Acid

200

35-40

>50kW

Power stations

Proton
Exchange
Membrane
(PEMFC)

Ion Exchange
Membrane

60-130

40-60

Up to 250kW

Vehicles,
stationary

______________________________________________________________________________
Table 1

To overcome these shortcomings some of the

different fields, their synthetic routes have been

alternatives and most promising materials for

investigated for easy and cheap preparations.

PEMs

3.Conclusions:

are

sulfones),

polyimides,

poly

polybenzimidazoles,

(arylene

ether

poly

(ether

ketones), etc.

Polyimide materials having a heterocyclic imide
functional group present in the repeating unit, their
synthetic routes have been investigated for easy

2.2. Alternative polymer systems as proton

and cheap preparations. High performance aromatic

exchange membrane:

polyimides have found various applications in

Various research groups have focused to develop

different fields particularly in aerospace industries

some alternative polymer materials other than the

and micro-electronics. Further studies is required

perfluorinated polymer materials with low cost of

for widespread commercial application.

synthesis and better performance: sulfonated
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1. Introduction
One of the principal methods of improving workpiece
performance in the metal-mechanical industry is to achieve
an increase in wear resistance. High-performance
machinery components usually experience wear and
corrosion problems such as chipping & formation of oxide
scale(s). Thus, it is recommended to go for surface
improvement to increase its durability, without altering the
core material strength. As an alternative to Plasma
Carburising which involves high capital costs, by using the
Nitriding processes, the objective is to diffuse nitrogen into
the metal surface to increase its endurance and control the
surface change alongside to ensure the quality of the
hardened surface.
2. Methodology
2.1 Materials
In this paper, an attempt has been made to elaborate on
the effect of various hardening techniques on high
chromium alloy steel, 40Cr4Mo3 material, AISI 304
austenitic stainless steel and cast steel which comprise
more than 90% of all materials used for making industrial
machinery.
2.2 Methods
Diffusion layer formation, Depth of Case Hardening,
Preservation of Component Dimensions & Cost efficiency
form the basis of comparison. Several research papers and
industrial data (partly tabulated & partly as is) form the
basis of the conclusion derived.

2.2.1 Compound layer & Diffusion zone thickness
The nitriding layers are observed using S.E.M
(Scanning Electron Microscopy) which also enables
identification of the white/compound zone & the diffusion
zone. The compound layer thickness measured using
V.L.M is confirmed by E.D.S, which however gives only
the percentage composition (distribution can’t be
determined).
2.2.2 Case Depth Measurement
Effective Case Depth (ECD) indicates the distance from
the surface when the reading is 150 HV higher than the
core hardness. It is measured using Vicker’s hardness
tester, where an indentation at the interval of 0.1 mm from
the surface is made by applying a load of 100-300 gf. The
Tester then reads the ECD.
2.2.3 Examining post-process component dimensions
Microscopic examination of the surface before and after
hardening for distortion can be done in conjunction with
TCD measurement. A micrograph quantifies the TCD
which can be analysed (qualitative) for the change in
surface dimensions.
3. Insights & Discussion
3.1 Plasma Carburising
The steel with a carbon content between 0.1 and
0.3% can be carburised. Austenitic stainless steel falls in
such a range (maximum C: 0.03%) for which, combined
improvements in wear and corrosion resistance have been
obtained with the help of novel low-temperature Plasma
Carburising. Metallographic specimens from cross-sections

are prepared, either with a solution of
50HCl–25HNO3 –25H2O or Marbles reagent.

The thickness of the alloyed layer increases with an
increase in processing temperature and time. The formation
of dark phases in the alloyed layer at relatively higher
temperatures (600°C), can be linked to the precipitation of
carbides in the layer. This precipitation leads to a
deterioration in corrosion resistance, which is why an
alloyed layer thicker than 50 mm can’t be produced.
3.2 Plasma Nitriding
Nitriding can’t be carried out on every material.
The reason being, surface hardness in this method can be
attributed to the formation of nitrides which is impossible
without the presence of nitride forming elements such as
Al, Cr & Mo in the material.

3.3 Conventional v/s Plasma
Plasma carburising and plasma nitriding when
compared with their conventional forms, offer excellent
control and repeatability, low energy consumption and fast
heat treatment times. 'Sooting', which often occurs in gas
carburising, is avoided because the presence of carbon is
restricted to the thin discharge layer. The high capital cost
of equipment limits the process to long production runs or
short runs of specialised, high value components.
4. Conclusion
The role of carbon for producing surface hardness
in Plasma Carburising is replaced by the nitrides in the case
of Plasma Nitriding. Thus, the final quenching stage is not
needed in nitriding. Also, it is non-toxic, requires no
separate heat & unlike carburised layers, can retain
hardness at temperatures up to 500°C. Little distortion of
components, minimises the need for post-treatment
machining. Even lower process temperatures, make it
suitable for surface hardening of dies and precision parts.
Thus, Plasma nitriding turns out to be the most suitable
choice amongst the new hardening methods
5. Pulse Plasma Nitriding: A Breakthrough
Pulse plasma nitriding systems can deliver more
uniform case-hardening and increased speed of processing.
Control of the gas mixture, controllability of glow
discharge intervals & pulsed signal design, and the use of a
highly insulated wall nitride furnace offer high precision.
Innovating furnace designs to streamline batch
management (scope of further research), can help
manufacturers benefit from better protected materials,
greater uniformity of results, and increased output.

Figure 1: Schematic Diagram of Plasma Nitriding
40Cr4Mo3 is a premier quality Indian alloy steel
that is plasma nitrided by placing it in a water-cooled steel
chamber of the size Ø: 600mm X 600mm with a
mechanical vacuum pump (0.01 Pa). With the help of
pulse DC power supply the glow discharge plasma was
engendered in NH₃ atmosphere The working pressure is
300 Pa at temperature ranges from 350-6000C. The
samples are cooled in a vacuum to room temperature.
The Charpy V-notch test can be done for determining the
energy absorption by the nitrided material during fracture.
The process is able to bring required hardness on the
surface keeping intact its ductility which increases its
durability in the applications having relative motion.
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1. Introduction
India is ranked 6th in the world in terms of chemical sales
(excluding
pharmaceutical
products)
valued
at
approximately US $106 billion as per the European
Chemical Industry Council Report-2020. Despite the
overwhelming figure visible, India ranks 6th in imports and
14th in exports of chemicals excluding pharmaceutical
products. In order to analyze the data to get some results we
need some proper techniques. Time is an important factor
that affects the pattern of data. Time series analysis is the
method of collecting a series of data over a period time at
fixed intervals and analyzing that data. The analysis is able
to show how the data is dependent and adjusts with time.
There are basically three types of time series pattern –
trend, seasonal and cyclic, for which different types of
models are used to achieve the required results. The time
series analysis generally requires a very large dataset for
the purpose of getting accurate results. Still, such an
analysis helps us to get an idea about the data in the future
which can prove to be very beneficial for future
developments.
2. Material and Methods
2.1 Methods
The data used for the analysis has been collected from the
reports of the Ministry of Chemicals and Petrochemicals.
All the graphs and charts have been rendered using
different Python libraries such as Pandas, Matplotlib and
numpy. The model used for forecasting is the Holt’s
Winters’ forecast. This model covers all the three aspects of

time series analysis – average, trend, and seasonality. The
average accounts for the mean of the values over previous
years, the trend takes care of the slope either increasing or
decreasing and seasonality takes care of the pattern in the
data. To apply a more advanced forecasting method a very
large data set is needed, so rather a simple model is used.
3. Results and Discussion
3.1 Trade Balance
Fig1 shows quantities of net import export of major
chemicals from 2011-12 to 2018-19. The net import
quantities in these years have always been greater than the
net exports and the difference has increased significantly.
From about 35, 00,000 MT in 2011-12, import quantities
increased to more than 60, 00,000 MT by 2018-19. On the
other hand, the value of net import exports during these
years shows an opposite trend, where the value of net
export is always greater than the net imports. The trade
balance, which is the difference between the value of net
export and import in 2011-12, was about 4,000 crores and it
was about 13,000 crores in 2018-19. This figure may seem
relieving but a close examination reveals, increased import
quantities pose a challenge to the production of such
chemicals in the country itself.
3.2 Acetic Acid Import-Export Analysis
Fig2 shows an approximate forecast of the future import
quantities that could be expected in coming years. The plot
trend follows the increasing pattern and as expected the
import quantities are bound to increase as will the demand

inncrease in thhe coming years.
y
The im
mport quantitty is
exxpected to inncrease from 9, 30,000 MT
M in 2018-19 to
appproximately 12, 00,000 MT by 20266-27. The im
mport
vaalues would also
a
increase as would the quantity, if other
o
ecconomic factoors which couuld affect them
m are ignoredd. So,
thhe import valuue could increease from 3,0000 crores in 20172
18
8 to about 5,000 crores by 22026-27.

Fiig1: Table of import – export
e
quantitties and valuue of
m
major
chemicalls between 2011 and 2019.

it is observedd that the exppected production is not gooing to
show an exp
ponential grow
wth. So, in th
he coming yeears, a
rather slow in
ncrease in prooduction is exxpected. The highest
h
expected prooduction woulld reach 1, 722,000 MT by 202425. This is allso evident thhat the amount being produuced in
2007-08 whicch was about 3, 50,000 MT
T, such a targeet does
not seem achievable in the near future.

Fig3: Forecaast of Acetic Acid Producction between
n 2020
and 2027.

4. Conclusion

Fig2
F : Forecastting the futuree Import Quanntities
All these figurees are clear inndicators that failure to beccome
A
m
more
self-sufficcient in meetiing the increasing demandss, the
im
mports could shoot at an exponential rate which could
c
ceertainly affectt the trade balaance in near fu
uture.
n of Acetic Accid in India
3..3 Production
Taking
T
into acccount the dataa of productioon of acetic accid in
thhe last 10 yeears and doinng a forecast of productioon as
shhown in Fig3.

Dependency on imports to fulfill an ever-incrreasing
demand for chemicals suchh as acetic acid is not feasibble. As
the demands rise, so wouldd the imports and it could lead
l
to
a trade deficitt in the cominng time. So, it is very imporrtant to
look into new
w methods of production and come up
p with
ways to manu
ufacture them
m in the countrry itself. One of the
major challennges in this pprocess wouldd be to producce at a
cost, less than
n that of impoorts, so that thhe market pricces are
not affected. Also, it is eqqually importaant to come upp with
sustainable soolutions that w
would be reliab
ble in the longg run.
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Abstract:
Extraction is a common separation technique in major chemical and pharmaceutical industries, and it has traditionally been a
recommended method for separating active ingredients. Efficiency and efficacy of extraction of medicinally active ingredient
from natural product are based on selection of optimum values of parameters of extraction process. The objectives of this
research work were to determine the optimized extraction conditions for the separation of derivatives of anthequionene
compounds especially Aloe Emodin (AE) from Aloe-Vera sap using response surface methodology (RSM) with central
composite rotatable design (CCRD). The isolation methodology has been developed for separation of Aloe-emodin from Aloe
sap. Multiple regression analysis was used to produce a quadratic polynomial equation for predicting effect of influencing
parameters on extraction. The significant effects of the components were investigated using analysis of variance (ANOVA). The
first series of single factor studies determined the range of independent variables, including extraction temperature (60-80°C),
agitation speed (750-1250 rpm), and solid loading (10-20 gm) with 20 number of experimental runs formulated as DOE using
software Minitab 20. Based on the outcomes of single factor trials, the actual values of the independent variables coded were
chosen. The optimum conditions for extraction variables for AE were found to be 70.60 °C (±1 °C), 985 rpm (±10 rpm), and
19.94 gm (±0.01 gm). The maximum experimental yield of AE attained under these optimized settings was 37.60 mg/gm. As a
result, the models developed are suitable, and RSM successfully optimizes the extraction parameters.

Keywords: Aloe Emodin, Anthequionene, Aloe-Vera sap, Central Composite Design, Response Surface Methodology.
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Abstract

The petroleum-based plastic materials produced from fossil fuels are user-friendly due to their low processing cost, high
mechanical strength, and high durability. But, each piece of plastic ever synthesized continues due to its non-degradable nature,
so disposal is a massive problem, creating environmental pollution and resulting in the death of millions of living organisms
annually. The current work prepares biodegradable bioplastics, maintaining their acceptable mechanical properties. The bioplastic is fabricated using polyvinyl alcohol (PVA) with starch from corn/rice/wheat/potato, keeping other additives
concentration identical. Hexamethylenetetramine is used as a blend material, plasticizer, glycerol, and the deformer, polysorbate
80 with paraffin wax. The properties like moisture content, water-solubility, bio-degradability, enzymatic degradation are
corroborated and compared. The mechanical properties such as tensile strength and elongation at break are evaluated using a
universal testing machine. All prepared bioplastics physical and mechanical properties are analyzed and recommended for future
use.
Keywords: Bio-Plastic; Starch; Tensile strength; Bio-degradation.
1. Introduction
Plastics play a vital role in our daily lives, starting from
industries to household appliances, basically petroleumbased plastic materials produced from fossil fuels due to
their low processing cost, high mechanical strength, and
high durability [1]. Plastics are widely used for various
applications, such as hand baggage, cool drink bottles, toys,
food packages, components and containers of electronic
equipment, modules of vehicles, office block segments,
furniture, dress materials, etc. [2]. However, as petroleumbased plastics are non-biodegradable, they have created
severe environmental pollution. As a result, Govt. of India
has banned single used petroleum-based plastic.
Therefore, a great deal of attention has been given to
developing biodegradable materials to overcome this
severe problem. Biodegradable plastics are made from
starch, cellulose, chitosan, and protein extracted from
renewable biomass [3]. Bio-plastic production has been
taking place to reduce fossil fuel usage, plastic waste, reuse
of solid waste, and mitigate the different environmental
policies and carbon dioxide emissions. The polymer made
from renewable resources or its derivatives can be
degraded in several degradation pathways such as bio-

based, catalytic, thermal, mechanical, photo-oxidative, and
hydrolytic treatment. Figure 1 describes the bio-based
degradation
of
bioplastic
polymer
by
microorganisms/enzymes and producing an eco-friendly
product such as CO2, H2O, biomass, and methane.

Figure 1: Biological degradation of biodegradable plastic.
The production of starch-based bioplastics is simple, and
their tensile property is suitable for packing materials [4].
The tensile property of the bioplastics rises with the
increase in amylose [5]. Starch-based sources are rich in
amylose content. Starch can be blended with biodegradable
synthetic polymers like polyvinyl alcohol (PVA) to
improve mechanical properties. Comparison based on
different types of bioplastics produced from starch
derivatives is incomplete in literature. The present study

focuses on the physical and mechanical characterization of
rice/corn/potato/wheat starch-based bioplastics.

sample was kept inside the incubator for the enzymatic test.
The degree of enzymatic degradation (DED) is calculated
accordingly (Equation 1).

2. Material and Methods
2.1 Materials
The required materials used for this study include corn
starch, rice starch, potato starch, wheat starch, polyvinyl
alcohol (PVA), hexamethylenetetramine, and polysorbate
80 were purchased from Otto Chemie Pvt Ltd. Glycerol,
and paraffin wax was purchased from Merck Life Science
Private Limited. The deionized water was taken from the
local market. All the materials were used in their original
form.
2.2 Methods
The samples were prepared [6] and characterized [3]
following
the
published
literature.
Starch
(rice/wheat/corn/potato) was blended with synthetic
polymer PVA, so 10 g of starch and 4 g of PVA were
poured into a round bottom flask with 110 ml deionized
water, and then it was stirred with a speed of 1000 rpm in a
magnetic stirrer at 95°C for 20 min. After that, 0.1 g of
hexamethylenetetramine was added, and stirring was
continued for another 40 min. Glycerol of 1.5 g, 0.6 g of
polysorbate 80, and 1.2 g of paraffin wax were mixed one
by one and continuously stirred for 10 min. Glycerol was
used as a plasticizer. The mixture was cast onto a glass
plate placed on a leveled flat surface. The blend was dried
in sunlight for 9 hr followed by 95°C in an oven for 1 hr.
At last, the films were peeled off and reserved.
The thickness of the bioplastics was measured by using
the thickness gauge. Measurements were taken at five
different locations of each film sample, and the average
film thickness was calculated. The samples were cut into
square pieces of 4.0 cm2, weighed accurately, and dried in
an oven at 110 °C. The weight loss of films was measured
to calculate the moisture content. Water solubility was
measured by immersing the samples in 60 ml distilled
water for 24 hours at room temperature, filtered, and then
dried in a hot air oven at 110 °C. The cut pieces of the
sample were buried for 30 days inside the soil at a depth of
10 cm. Then weight loss percentage due to biodegradation
was calculated. A known amount of dried sample was
immersed for 60 hr at 30 оC in a conical flask containing a
mixture of distilled water, α-amylase, and β-amylase. The

DED, % 

wi  wD
 100
wi

(1)

Wi and WD are the sample's initial and degraded dry weight
due to the enzyme effect. Tensile strength was measured
using Instron 300 DX, Universal Testing Machine (UTM)
following the ASTM D882-02 standard. The crosshead
speed, initial grip distance, width, and length of each
sample were maintained at 50 mm/min, 50 mm, 20 mm,
and 100 mm, respectively. The reported values of all the
bio-plastic physical and mechanical properties were the
average of 5 samples with repeatability of ±6%.
3. Results and Discussion
Four types of bioplastic were prepared (Figure 2) from rice,
wheat, corn, and potato starch, respectively. The figure
shows that the transparency and smoothness of prepared
film are decreasing from rice starch bio-plastic to potato
starch bio-plastic. Some cracking is found on the surface of
prepared bio-plastic. This may be due to the improper
distribution of additives on the entire starch/PVA blended
film surface. These cracks are the reason for the decrease in
their mechanical properties.

Figure 2: Types of bio-plastic prepared.
The bio-plastic was prepared with varying types of starch,
keeping all other additives at the same concentration.
Comparisons of physical and mechanical properties of the
bio-plastics are illustrated in Table 1. The average
thickness of the bio-plastic is remains within the 0.25 mm
to 0.3 mm range. The thickness of the rice starch bio-

plastic product was found less than others. The moisture
content, water-solubility, bio-degradability, and enzymatic
degradation value of potato starch bio-plastic are found
higher among all; this may be due to low amylose content.
The bio-degradation values of all the prepared bio-plastics
are found in a remarkable range. On the other side, the
aforesaid properties are better in rice bio-plastic. The
mechanical properties such as tensile strength and
elongation at the break value of the rice starch bio-plastic
are found with higher value due to the rice starch's high
amylose content [5].

The potato starch bio-plastic is shown higher solubility in
water and bio- degradability in soil. The rice bio-plastic
shows higher tensile properties. The bio-plastics prepared
for rice starch can be highly recommended along with corn
starch bio-plastic. Investigation of the hybridization of
proposed starch materials with other biomaterials in
varying their weight percentage, varying different starch
composite and with various plasticizers, would be an
exciting scope for this research.

Table 1: Physical and mechanical properties variation w.r.t
types of starch variation

[1] Wu, Z., Wu, J., Peng, T., Li, Y., Lin, D., Xing, B., Li,

Bio-plastic
thickness (mm)
Moisture
Content (%)
Water
solubility (%)
Biodegradability
(%)
DED (%)

0.25

Wheat
starch bioplastic
0.27

9.8

11.7

11.15

13.9

40

45

48

55

62

68

63

71

51

62

57

66

Tensile
strength (MPa)
Breaking
Elongation (%)

11.6

8.5

9.8

8.0

16.15

12.4

14.5

11.8

Properties

Rice starch
bio-plastic

Corn starch
bio-plastic
0.26

Potato
starch bioplastic
0.30

4. Conclusion
The results showed that the bio-plastics prepared from the
starches/PVA blend have remarkable bio-degradability and
enzymatic degradation properties. The glycerol was added
as a plasticizer to improve the shelf-life of the material and
its mechanical properties. The average thickness of the
bioplastics is varied between 0.25 mm to 0.30 mm. The
average moisture content varies between acceptable ranges
of 9.8 % to 13.9%.
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1. Introduction
Conventional fossil fuels are decreasing rapidly
due to uncontrolled use and latent heat thermal energy
storage (LHTES) can reduce the use of conventional nonrenewable energy sources.The main challenge is to
maximize thermal efficiency of LHTES by minimizing
sensible heat transfer. In the case of minimum sensible heat
transfer, the phase change process is very slow. PCM used
in TES systems have high phase change enthalpy with no
additional subcooling or hysteresis and have proper cycling
stability. The design of thermal energy storage systems
requires knowledge of the thermophysical properties of
PCM and operating conditions. A detailed numerical study
on the phase change process will be helpful to design an
effective LHTES more economically and safely. In this
study, the effect of cavity shape and area on the melting
time of PCM is shown through numerical simulation. The
correlation between melt-fraction, Stefan number, and
Fourier number is also derived by considering the area and
shape effect of the cavity for ease of industrial latent heat
thermal energy storage unit.
2. Computational domain and mathematical modeling
The phase change process considered in this study
is symmetric about the vertical axis; therefore, an
axisymmetric model is used for the study of the melting
process. The air and the molten PCM are assumed to be
incompressible Newtonian fluids, and laminar flows are

considered in both phases. A density-temperature relation
is used for air.Commercial software ANSYS-fluent is used
for numerical simulation of the melting process.
Solid-liquid phase change processes need special
attention during simulation. This is because the physical
properties change significantly. Viscosity is one such
property. This viscosity term distinguishes the solid and
fluid phases. In the solid phase the heat transfer occurs by
conduction only. On the other hand, in the convectiondriven heat transfer process in the fluid phase, the
molecules of fluid start moving after overcoming the
intermolecular force of attraction. A source term
differentiates solid and liquid phases. The model used in
this simulation of the melting process is called the
enthalpy-porosity model.
3. Results and Discussion
A detailed study on the melting of PCM (RT27) in
a spherical cavity and rectangular cavity is presented by
Ghosh and Guha 1,2. A similar study is presented for a 60
mm diameter spherical cavity. It is also mentionable that a
glass cavity is taken for this numerical simulation.The data
presented in Figure 1 shows that the time required for
complete melting is lowest for the highest cavity wall
temperature (320K and St=0.18) and it is around 34 min.
The time required for the same is highest for the lowest
cavity wall temperature is approximately 72 min. For an
increase in temperature from 310K to 315K, the melting

time is reduced by 35% and for an increase in temperature
from 310K to 315K the melting time is reduced by 25%.
Therefore, very high cavity wall temperature may not
minimize the melting time very much. The hightemperature difference in control volume causes sensible
heat transfers and makes the phase change process slower.
An important parameter in heat transfer study is heat flux.
Figure 2 shows the variation of volume-average heat flux
during melting in a 60 mm diameter spherical cavity.

Table 1:Effect of shape on melting
Shape
Rectangular

Spherical

Spherical

50mm×40mm
(H×W)

60mm diameter

80 mm diameter

Aspect ratio (H/W)& area
1.25&0.0088 m2

1&0.011304m2

1&0.02m2

Height of PCM
80% of cavity
height/40mm

85% of cavity
height/51mm

85% of cavity
height/70mm

Volume (m3)
0.0000628

0.000113

0.000268

Empirical equation for an unmelt solid fraction (320K)
.
.

Figure1: Melt fraction (air +liquid PCM) for different wall
temperature in glass cavity

Figure 2: Variation of heat flux for different
walltemperature in glass cavity
In this paper, a comparative study of melting is also
presented to discuss the effect of cavity shape on phase
change. The results obtained are presented in Table 1.
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4. Conclusion
The empirical relation for melting time, obtained from the
study shows that the melting time is inversely proportional
to the area of the cavity. But the dependency is not limited
to the numerical value of area; it depends on the shape of
the cavity. In the case of 80mm and 60mm diameters, the
degree of the area is the same but, the degree of the area is
different for the rectangular cavity. Therefore, apart from
the thermal condition, melting time depends on the shape,
size, or volume of the cavity and the amount of PCM in the
cavity. The major conclusion from this study is that a single
empirical equation is not sufficient to calculate meltfraction and melting time.
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1.0 Introduction
Heavy metal pollution in water is thought to be
one of the serious environmental problems all over the
world. Compared with the traditional organic pollutant,
Arsenic is non-biodegradable and, consequently,
accumulate in various environmental compartments (i.e.,
water and soil). Hence, there is a great chance of
bioaccumulation and transfer of them to the ecological
pyramid through food chain. Removal of Arsenic is a
challenging issue, which is highly required to prevent or
reduce their toxic effects on human body and disruption of
ecological balance.Nanomaterials has very special attention
due to their unique properties such as strong oxidation
potential, high thermal conductivity and good chemical
stability. Metals such as Zn, Fe, Mg, Cu etc. and their metal
oxides are mainly used as a catalyst to remove toxic
chemicals.
In this work ZnO nanoparticles through green
synthesis has been synthesized and characterized using
“Acacia Catechu” plant which belong to the family of
Fabaceae family. It traditionally used as medicinal plant
which is used as an antibacterial, anti-fungal and antioxidant. The phytochemical analysis of the plant indicates
that the plant is rich in Saponins, Tannins, Phenols and
Flavonoids. Among them, flavonoids will act as both
reducing agent and capping for reducing the Zinc nitrate
(Precursor) to Zinc oxide nanoparticles and eliminates the

usage of surfactants. The synthesized ZnO nanoparticles
has been used as a catalyst for the efficient removal of
Arsenic from water through adsorption process
2.0 Material and Methods
2.1 Materials
Chemicals such as Zinc Nitrate (ZnNO3)2, sodium arsenate
hepta hydrate, NaOH and ethanol have an Assay of
>98%andhas been obtained from Merck chemicals. The
solutions required are prepared using Double Distilled
Water.
2.2 Methods
2.2.1 Sample Collection:
The leaves of Acacia Catechu has been collected from the
surroundings of Jawaharlal Nehru technological universityAnanthapur. The collected samples were shadow dried for
at least one week and finely powdered using Mortar &
pestle or Electronic Kitchen Blender. The powdered sample
is stored in an air tight container for future use.
2.2.2Preparation of leaf extract:
Finely powdered sample is mixed with distilled water in a
proportion of 1:4 ratioat a temperature of 600C for 20min.
The solution was allowed to cool at room temperature and

iffraction:
3.3 X-Ray Dif
The XRD ressult has obtainned peaks at 31.73,
3
34.41, 36.20,
47.50, 56.53,, 62.78, 67.822, and 76.96 which confirm
ms the
Zinc Oxide nanoparticles
n
((JCPDS data card
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no: 036-11451).
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p
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N
to the solution. Thee particles weere centrifugeed at
50000 RPM for 15 min and were
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Figure 3:XR
RD analysis off ZnO nanoparrticles.

Figure
F
1:Mechhanism of ZnO
O nanoparticles synthesis using
u
Acacia
A
catechuu leaf extract
3.. Results and
d Discussion
3..1 Dynamic Light
L
Scatterin
ng (DLS):
An
A average sizze of 3 nm iis obtained foor the synthessized
ZnO
Z
nanopartiicles which iindicates the enhanced surrface
arrea.

Figure
F
1:DLS of ZnO nanopparticles usingg leaf extract

3.4Removal of
o Arsenic froom synthetic wastewater:
w
A calibrationn curve is draw
wn for differennt concentratiions of
synthetic wasstewater contaaining Arsenicc, through wh
hich an
unknown conncentration off a sample caan be found oout by
varying dosagge, time and pH.
p
4. Conclusion
ZnO nanopaarticles of 3nnm has been synthesized using
Acacia catecchu leaf andd the synthesized particlees are
characterizedd by FT-IR,, DLS and XRD. The ZnO
nanoparticless has shown best catalyticc activity by better
degradation of
o Arsenic duee to its improv
ved surface area.
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FIGHTING COVID‐19 PANDEMIC WITH A WEAPON CALLED "CHEMICAL ENGINEERING”
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During the deadly second Covid‐19 wave (April‐21) in India, the entire medical system was caught
off‐guard specially because of the non‐availability of the Medical Grade Oxygen. Entire country
was dependent on the foreign suppliers for the basic equipment like Oxygen Concentrator. The
present talk will share the short story of how a chemical engineering came handy to develop and
commercialize an Indian made Portable Oxygen Concentrator (CD‐OXY by ChemDist) within two
weeks. The Oxygen concentrator developed by the team of Chemdist Membrane Systesm Pvt.
Ltd. Pune has been approved by Principal Scientific Advisor’s board and PMO. It is currently being
distributed through the PM Cares project to the remotest locations in India.

The author will also briefly discuss about the other Covid health care products developed by his
team.
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1. Introduction
An urban growth model is an essential part in predicting
the future growth of a city. While urbanization provided a
lot of opportunities in the current study area, an unplanned
urbanization resulted in the expansion of the impervious area
including land surfaces with the artificial structures covered
with impenetrable materials, which restricts the penetration
of water into the soil [1] and [2]. In addition, urban
development also resulted in a significant depletion of major
agricultural lands, including many environmentally sensitive
areas, especially in metropolises and their surrounding areas.
Thus, it becomes a necessity to increase urban land-use
efficiency to achieve sustainable development in order to
overcome such difficulties.
The aim of this study is to investigate the trend of land-use
change from 2003 to 2018 in Kantamal (one of the Mahanadi
sub basin). Land use can be predicted by using images from
either LandSat or Sentinel 2A. For the current study, Landsat
was preferred owing to its 30-meter resolution compared to
10-meter resolution of Sentinel 2A. Moreover, Sentinel 2A
was launched in 2015, so the datasets before that time period
became unavailable.

(Boudh) observes a large number of streams and rivulets
flowing across.
Table 1 shows the datasets and sources which were
cleaned, imported, stored in Arc GIS’s geodatabase and
finally clipped to the study area. To attain the spatial
consistency, all data were processed to a spatial resolution
of 30 m and WGS84-UTM zone 44N projection.
Data

Scale

Date

Data source

Landsat 8

30 m

29 Jan 2016

US

OLI/TIRS
Landsat 7

2.1 Methods and Models for analysis and prediction
Based on the previous research works available, a
theoretical model was initially developed. The site used for
the study was Boudh district in the state of Odisha, India.
Kantamal lying in Boudh district is located at 20.6604° N,
83.7442° E. With an average rainfall of 1510.33 mm in
monsoon season between June to October, Kanatmal

30 m

30 m

02 & 18 Jan

US

Geological

2010

Survey (USGS)

2018

Shuttle

Radar

Topography
Mission (SRTM)
Slope

30 m

2018

Derived

from

SRTM
Land
cover

2. Methods

Survey (USGS)

ETM+
DEM

Geological

30 m

2003, 2013

Derived

& 2018

USGS

from

Table 1: Datasets used for study and analysis
The urban growth of Mahanadi River Kantamal sub-basin
(Boudh district) was predicted using Cellular Automata
(CA) model; namely Traditional CA model with Markov
chain. The major activities included generation of land cover
maps, quantification of urban land cover changes, and
prediction of future sprawling patterns.

2.1.1 Measurement of urban sprawl development in
Kantamal
The changes in the land cover urban sprawl from 2003 and
2018 were analyzed using TerrSet’s Land Change Modeller,
a package available in Terrset’s software for land change
modelling and prediction.
2.1.2 Land use land cover trend analysis and future
prediction
The spatial trend of the land cover changes from 2003 to
2018 were analyzed using a 6th polynomial Land Change
Modeller, which when evenly spread with equal sample
sizes formed a trend analysis as a sequence of contrast
hypothesis tests.
2.1.3 Markov chain analysis
Markov Chain, a stochastic process [3], for a given
duration (n), was used to find the probability of change from
one land cover class to another land cover in the new period
by employing the below matrix.
P  X t  n  xt  n | X t  xt   P  X n  xt 1 | X 0  xt  ; n  0,1, 2,...

where; P is the Markov Chain transition probability or
matrix; X, the sequence of length; n, the prediction duration;
t and x, the new state of X after a specific length/time, t.
3. Results and Discussion
3.1 Land cover changes in Kantamal Sub Basin
Fig. 1 shows the land cover changes from 2003 to 2030.
The areas with maximum losses are the forest areas by 4.275
%, and barren lands by 5.867% indicating the extent of
effects of built-up area on agricultural areas.
3.2 Prediction of urbanization for next 12 years
The prediction using CA Markov chain method indicates
a reduction in forest and vegetation areas from 31.87% and
36.34% in 2018 to 21.55% and 25.23% in 2030 respectively.
Along with this, an increase in built-up area and barren land
was observed.

Figure 1: Land usage from 2003 to 2018 in Kantamal.
4. Conclusion
The analysis of Kantamal region showed that in the
near future, there might be an alarming increase in local
temperature, flood possibilities, soil erosion and water
pollution which will affect the environment and local
population quite adversely. Thus, it was recommended to
use sustainable land cover and land use policies by the
municipal planners to maintain a balance between societal
interests and urban development.
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1. Introduction
Due to the increase in human population and their needs,
unethical urbanization has led to the pollution of water
bodies largely. India being a developing country, millions
of people are still dependent on ground water sources for
drinking water and contamination of these water bodies can
drastically affect not only the people but also the biota
depending on it. Fluoride is one of the most important
pollutants in found the fresh water. The presence of
fluoride beyond the permissible limit (1.5mg/l as per
WHO), can causeneurological disorders, dental and skeletal
fluorosis. Apart from the natural causes, industrial activities
are also responsible for the increase in fluoride level in
ground water. Fluorosis is more prevalent in many Indian
states such as Rajasthan, Haryana, Assam, Odisha, Tamil
Nadu etc. and particularly rural areas of these states, where
the consumption of ground water without any primary
treatment takes place. Hence, it is very crucial to monitor
the concentration of fluoride in drinking water to get it
within the permissible limit. Apparently, in recent times a
considerable amount of researches has been carried out to
develop various techniques such as electro-dialyses,
chemical precipitation and coagulation, adsorptions and
ion-exchange method to reduce the fluoride concentration
in water. Adsorption is one of the most desirable technique
among the others since it is being environmental friendly,
cost effective, easy operation & maintenance. Many
adsorbents, like magnetic cationic hydrogel, CeO2, Zrimpregnated AC, and hydroxyapatite have been developed.
However, these adsorbents may have drawbacks of low
adsorption capacity and long equilibrium time, thus
limiting it for their practical application for large-scale

purpose. That is why, it is extremely desired to make ecofriendly as well as cost-effective adsorbents which would
be highly efficient in adsorbing fluoride. Keeping the costeffectiveness in mind the agro wastesuch as rice husk, corn
cob, coconut shell etc have been considered as an efficient
alternative as precursor for preparation of activated carbon.
However, with variation in water quality and
environmental condition new precursor for preparation of
activated carbon to reduce fluoride contamination in water
bodies is sorted. In this study, Jackfruit peel is considered
to be the precursor for the preparation of the activated
carbon considering its abundance, as it is the largest fruit in
the world and the peel is almost 30% of the total weight of
fruit which is usually discarded as waste. Hence attempt is
made to utilize the agricultural waste as a precursor for
preparation of activated carbon.
2. Material and Methods
2.1 Materials
The required chemicals used for this study were 88%
phosphoric
acid
(H3PO4),
Fluoride
standard
solution(1000mg/l) from Merck, SPADNS from Merck,
Zirconium Chloride Octahydrate (98%) from Sigma
Aldrich. The Jackfruit was collected from the local areas.
2.2 Methods
2.2.1 Preparation of the Activated Carbon
Jackfruit peel was cut into pieces,washed with distilled
water, sun dried, grinded, sieved, and stored in air tight
container and used for experiments. Chemical activation
was done by the use of ortho phosphoric acid. The amount

off 88 wt%ortho
o phosphoric acid was varied as per diffe
ferent
im
mpregnation ratio, added to 5gm of precursor, mixed
m
thhoroughly , keept in atmosphheric temperatture for 4hrs and
a it
was
w dried in 120
1
. Pyrolyssis of impregnnated sample was
doone in tubularr furnace at innert atmospheere by varyingg the
teemperature annd time.The activated sam
mple was grinnded
annd pH was neeutralized by multiple wasshes with disttilled
water.
w
It was drried overnightt and stored.

b

2..2.2 Batch addsorption study
dy for fluoridee removal
Batch
B
experim
ments were perrformed to sttudy the influuence
off variation off contact timee on the remooval efficienccy of
flluoride.Definiite amount of prepared AC
A was addeed to
1000ml fluoridde aqueous ssolution and agitated at 120
rppm.Aliquot was
w
pipetted out at reguular interval and
flluoride was estimated
e
usinng UV-Vis spectrophotom
s
meter
ussing SPADNS
S method.

c

3.. Results and
d Discussion
3..1 Characteriization
Characterizatio
C
on of raw preccursor and thee activated caarbon
was
w done usinng TGA, SEM
M, FTIR. Fig..1 shows TGA
A of
jaackfruit peel, which show
ws that theree is a maxim
mum
thhermal degraddation, which is due to the decompositioon of
ceellulose, hemicellulose andd lignin in thee range of 2000 to
3550Ԩ. The SE
EM image shoows well devveloped poress and
thhe FTIR grapph showed the
t
presence of –OH strretch,
caarbonyl and HCs
H majorly.

a

Fig. 1.a) TGA
A of precursorr, b) SEM and
d c) FTIR of A
AC.
3.2 Adsorptioon Analysis off Fluoride
Fluoride rem
moval efficienccy was analyyzed by varyinng the
contact timee. Fig. 2 shoows the rem
moval efficien
ncy of
fluoride with the variation of contact tim
me.
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4. Conclusion
The Jackfruit peel is a potential precursor for the
preparation of activated carbon, as it has well developed
pore structure on the surface. It is a good alternative for
being a low cost highly effective adsorbent, and it showed
promising results for the removal of fluoride from drinking
water.
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1. Introduction
Petroleum pollution is a global disaster that is very
commonly seen near the oil bearing and industrial regions
[1]. Problems associated with the cleanup of petroleumcontaminated sites have demonstrated that there is need to
develop remediation technologies that are feasible, quick
and deployable in a wide range of physical settings.Various
techniques have been used for the remediation of
hydrocarbon contaminated soils as Pump and Treat
Technology, Soil Vapor Extraction, Thermal Desorption,
Soil Flushing and Soil Washing [2, 3].Among these
techniques, soil washing has recently emerged as highly
economic and efficient technique.Though soil washing has
been proposed as a possibly efficient technique, but in view
of low water solubility of hydrocarbons, it is necessary to
enhance/synergize
the
solubility
using
some
additives.Surfactants lowers the surface tension of liquid,
interfacial tension between two liquids, or that between a
liquid and a solid. For this reason surfactant-enhanced soil
washing has recently emerged as highly economic, easy,
ecofriendly and very efficient technique. Among the
surfactant-enhanced soil washing methods, use of
biosurfactants and biodegradable surfactants is promising
because of its ecofriendly nature and effectiveness [4].The
present studies were carried out to investigate the potential
of using biodegradable ester bonded cationic gemini
surfactant,
ethane-1,2-diylbis(N,N-dimethyl-N-

hexadecylammoniumacetoxy) dichloride (16-E2-16) along
with their conventional counterpart Cetyltrimethyl
Ammonium Bromide (CTAB) in remediation of Diesel
contaminated soil. Effects of various parameters such as
effect of washing volume, type of surfactants and
concentration of surfactants, were investigated to check the
efficiency of the soil washing process.
2. Material and Methods
2.1 Materials
Soil: Soil samples were collected at surface depth of 4-5
meters, by the time of roadway construction in A.M.U
University campus.
Diesel: Diesel from A.M.U petrol pump having density:
820.52g/ml at 38 Ԩ, flash point: 50Ԩ and viscosity: 3*10-6
m2/s.
Surfactants: The surfactants CTAB (≥99%, SigmaAldrich), TX-100 (≥99%, Sigma-Aldrich), SDS (≥99%,
Sigma-Aldrich) used as recieved. The gemini surfactants
used were synthesized in the laboratory as described
elsewhere [5].
2.2 Methods
2.2.1 Preparation of soil sample:Soil was air dried for 4
days, homogenized by grinding and by passing through a
2mm mesh sieve. 100 g of diesel oil corresponding to

122.25ml was mixed thoroughly with 1 kg of soil and was
left for 4-5 days for homogeneity.
2.2.2 Preparation of surfactant solution: Stock solutions
of CTAB (0.5, 1, 2 and 10mM), SDS (4, 8.2, 20 & 50mM),
TX-100 (0.1, 0.24, 0.5, & 5mM), 16-6-16 (0.025, 0.045, 1
& 5mM), 16-E2O-16 (0.005, 0.01, 0.02, & 0.5mM) and 16E2-16 (0.0005, 0.0013, 1 and 5mM), were prepared by
dissolving a required amount of surfactant in double
distilled deionized water having specific conductivity 0.5-3
µmhos/s.

This fact can be justified as non-ionic surfactant molecules
show hydrophobic interactions among hydrocarbon chains,
which are easily separated from the aqueous environment,
whereas ionic surfactants requires higher concentrations to
overcome the electrostatic repulsion between ionic head
groups while aggregating[9]. In Fig 5, among geminis, 16E2-16 shows higher absorbance as the CMC values of 16E2-16 is much lower then 16-6-16.
CTAB
SDS
TX-100

0.09
0.08

After shaking, mixture (soil + diesel + surfactant solution)
was kept for 4-5 hours and centrifuged for the settlement of
the heavy portion (i.e soil). The extract phase (diesel +
surfactant) and raffinate phase (soil + diesel) were then
mixed in hexane to determine the concentration of diesel.

0.07

Absorbance

2.2.3 Surfactant Enhanced Soil Washing: 1.5gm of
diesel contaminated soil was mixed with the surfactant
solution at different concentrations. The concentrations
taken for each surfactant were below CMC, at CMC, above
CMC and one far above the CMC. The mixture of the
contaminated soil and surfactant was then subjected to
mechanical shaking for 40 minutes, respectively at 400
strokes/min shaking speed.
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Fig 4: representative plots showing absorbance of diesel from
contaminated soil after washing with CTAB, SDS and TX-100 in extract
phase.
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2.2.4 Measurement of surface tension and CMC
B

0.13

Tensiometer (Germany, model K11) was used to measure
the surface tension of the pure surfactant solutions. CMC
values were obtained at the break point by plotting the
surface tension vs ln of surfactant concentration.
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3. Results and Discussion
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3.1 Effect of Surfactant Concentration on washing
Fig 4, shows the effect of different conventional surfactants
concentrations and gemini surfactants concentrations on
absorbance values. Among three conventional surfactants
i.e CTAB, SDS and TX-100, TX100 shows the highest
values of absorbance followed with CTAB and then for
SDS. This means that after washing contaminated soil with
TX-100 the amount of diesel removed increase from the
contaminated soil as diesel concentration is directly
proportional to the absorbance reading. Since CMC of ionic
surfactants are much higher than non-ionic surfactants.

Fig 5: representative plots showing absorbance of diesel from
contaminated soil after washing with 16-6-16 and 16-E2-16 in extract
phase.

Fig 6 shows the effect of surfactant concentration on its
efficiency. Efficiency of surfactant increases with increase
in concentration of surfactant, also the diesel removal
efficiencies of surfactants are in the order 16-E2-16>TX100>CTAB>SDS which can also be represented as
gemini>non-ionic>cationic>anionic. The efficiency results
are related to CMC values of surfactants i.e lower the CMC
value of surfactants higher will be its efficiency.

CTAB
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TX-100
16-E2-16
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Among geminis, 16-E2-16 shows higher absorbance
as the CMC values of 16-E2-16 is much lower then
16-6-16.
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4. Conclusions
The present study investigates the effectiveness of gemini
surfactant
over
conventional
surfactant.Following
conclusions are reported from the study
1.
2.
3.

Addition of surfactant enhanced the removal of diesel
contamination from the soil.
Efficiency of the contaminant removal increases as
the concentration of the surfactant increases.
Ester bonded cationic gemini surfactant (16-E2-16) is
more efficient than conventional surfactant (CTAB,
SDS & TX-100) because of the lower CMC values
ofgemini surfactant.
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1. Introduction

2. Material and Methods

Mercury is one of the toxic elements which enters in to the
environment through various routs and affects human
health. Atmospheric mercury pollution from anthropogenic
sources has been one of the key topics of global
environmental concern in recent years.Its increasing level
of bio accumulation in environment as well as in food
chain is a reason for concern. Because of its neurological
toxicity, volatility, persistence and bioaccumulation it is
one of the most hazardous air pollutants [1, 2].

2.1 Materials

Mercury in air can be found in 3 formsviz; Elemental
mercury(Hg0), Oxidized mercury (Hg2+), Particle bound
mercury (Hgp)Among these three forms elemental mercury
is most difficult to remove. Therefore, removal of Hg0 is
important to minimize mercury emissions [3, 4]. There are
various techniques, reported in literature for removal of
elemental mercury from gaseous stream like sorbent
injection, adsorption using porous carbon, sulfur or halide
impregnated porous carbon etc. [5]. In recent years,
considerable attention has been given to remove mercury
through adsorption process using different adsorbents [6,
7]. Titanium impregnation in charcoal is responsible for
higher mercury (Hg)adsorption [8]. Lithium titanate is a
proven adsorbent but has not yet been explored for
adsorption of mercury. This work tests lithium titanate for
elemental mercury adsorption and results are quite
promising.

The Li2TiO3 pebbles used in the study are shown in Fig.1
which were synthesized and fabricated by the solid-state
reaction described in previous work [9]. The material was
separated in fraction with average particle size
of425.5μm,550μm, and 780μm using sieve shaker.The
synthesized material wascharacterized before and after Hg
adsorption using SEM and XRD. XRD and SEM images
before Hg adsorption are shown in Fig. 2 &3. After
characterization material was used for the Hg adsorption
experiments.

Figure 1.0: Li2TiO3 pebbles as sorbent material
2.2 Methods
Experiments were carried out in a SS reaction column in
batch mode with internal column diameter 90 mm and
height 500 mm at ambient temperature.
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Figure 4.0: Hg Adsorption with time

Figure 3.0: SEMof Li2TiO3 pebbles before Hg adsorption
Sorbent material was kept inside the reaction column Flow
of mercury contaminated air was controlled with mass flow
controller. Temperature and pressure was monitored using
RTD and differential pressure transmitter. All three sorbent
sizes were exposed to same operating condition and
mercury contamination. Mercury concentration was
measured at inlet and outlet using mercury analyzer.
3. Results and Discussion
The adsorption of Hg (µg/gm) with time was plotted for
different sorbent size fractions as shown in Fig.4. With
time complete saturation of sorbent material was achieved.
Adsorption capacities were compared and effect of varying
process parameters on adsorption capacities was observed.
4. Conclusion
It can be inferred that both the breakthrough onset and
saturation times decreases as diameter of fluidizing
particles increases. This is due to decrease in effective pore
surface area per unit volume which results in quicker
saturation of bed.
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1. Introduction

2. Review on available work on ballistic applications

In this century, environment and sustainability are the key
areas where scientists and researchers are focused. Apart
from that emphasis is on biodegradable , cost effective and
easily available natural materials which can replace the
synthetic ones. Natural fibers are providing excellent
option to replace the existing synthetic fibers as a
reinforcing material for diverse applications(Sanjay et al.,
2018). Based on properties of natural fiber reinforced
composites different applications like semi-structural , food
packaging , automobile etc. have been explored by
researchers. (Koronis et al., 2013).(Sydow & Bieńczak,
2019) The idea to give an improved and strong shield
against different types of ballistic impacts has motivated
the continuous research and application of high-quality
fibres, mainly those that are made from renewable sources
for ballistic applications. Advancement of ballistic
protection materials with better properties and low weight
has attracted much concerns in this century due to the
increasing cases of insurgencies and terrorist activities. A
continuous need is there to improve ballistic properties of
body armour and protective wears especially for defence
applications
and for sustainable development and
environment friendly options
a review of recent
developments in this area is necessary. This review article
targets to present an overview of the recent developments
and the progress that has been done in the exploration of
natural fibres based anti-ballistic composites in the recent
past.

Ale etal. (Taylor et al., n.d.) developed a laminate of
composite which consists Kevlar 29 –ramie fiber reinforced
in polyester resin which has application in hard body
armor. The parameters which were considered for analysis
was energy absorption, target geometry etc. The results
showed that the maximum ballistic limit at impact speed is
623.97 m/s for a 15-mm target thickness and 837 m/s for a
target thickness of 25 mm. Effect of humidity was also
observed on performance. The developed composite
showed resistance for different type of threats.
Curaua fiber is the natural fiber extracted from the leaves
of Ananas erectifolius plant. It has very high tensile
strength and tensile modulus so it is used as a reinforcing
material in polyester composite. Composites reinforced
with 0, 10,20 and 30 vol.% loading of curaua fibers were
fabricated and stand-alone testing was done as armor
target to calculate the value of absorbed energy. 30%
loading value gave the optimum results. (Oliveira et al.,
2017)
Normally the helmet shell is used for protection against
head injuries. and fatalities caused by ballistic operations
. (Salman, 2016) replaced costly aramid fiber with
environmental friendly Plain woven kenaf with different
orientation and thickness without compromising the
standards available for these materials. Helmets were
developed and tested. Their commercialization could
lead to have the helmets that are cost effective and
easily available as compared to conventional helmet
armour.

(Odesanya et al., 2021) did a comprehensive review of
the upliftment and the outstanding development that
have been explored in the development of natural-based
composites for antiballistic applications in the last few
years
Conclusion
Present compilation elaborates the importance of natural
fibers as a reinforcing material in different polymer
composites for the antiballistic applications. That will not
only reduce the cost of original material but also will be
greener option
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1. Introduction

2.2 Process Details

Butadiene gas is used as prime raw material for
production of Hydroxyl Terminated PolyButadiene resin
(HTPB) , work-horse binder in the solid propellant system
of the ISRO’s launch vehicles. HTPB resin is produced by
free-radical polymerization technique. Conversion of
butadiene gas to resin is limited to 60% only, to achieve
desired mechanical properties at propellant level. The
remaining 40% of the un-reacted butadiene gas is disposed
off suitably by flaring method which is used
conventionally. In this paper, a new method of recovering
the waste butadiene gas is detailed by which the effective
heat recovery from the residual gas is used for operating
the utility for the process. This improves overall process
economy.

The process consists of controlled burning of the residual
butadiene gas using a boiler. Specially designed burner is
employed for suitable burning of the butadiene gas.
Features of the system are given as below.
• Type
: Boiler with steam separator
• Evaporator
: 3 Pass
• Capacity
: 800 to 850 Kg/hr
• Operating Pressure : 10 bar (Max.)
• Steam dryness
: 90 %
• Fuel
: Dual fuel Type
(Furnace Oil & Gas)
• Thermal efficiency : 87% (On NCV Basis)
• MOC of tube
: BS 3059, PART I, ST 320,
ERW
• MOC of Jacket
: IS 1079 HR / IS - 513 Gr.D –
CRCA
• Gas supply pressure : 1- 4 bar at the inlet of burner.
Schematic of the process is given in the Figure1.

2. Materials and Methods
2.1 Materials
Unreacted / residual butadiene gas from HTPB process.

Recovery of cost of investment
investment: As the use of recovered
butadiene leads to significant reduction in consumption of
furnace oil, the cost of investment is recovered as follows.
• Savings on fuels: 6.00 L
• Investment cost: 20.00 L
• Operating / Mtce and Utility costs / annum:
annum 0.60 L
• Period of recovery of capital investment: ~ 3.5 years

Figure1: Schematic of the process
2.3 Advantages: This system offers the following
advantages
o Multiple
ultiple benefits such as recovery of waste heat and
significant reduction in the consumption of furnace oil.
o Unique system, where in waste butadiene gas is used a
fuel.
o Highly effective system, thereby ensuring zero
emission of pollutants.
o The cost of investment is recovered in 3.5 years.
2.3 Cost calculations: Detailed cost calculations of the
system are as follows.
• Basis: 200 batches of HTPB resin production per
annum
• Butadiene gas flared off: 24 MT
• Cost of Butadiene gas flared off : Rs. 36.00 Lakhs @
Rs 1.50 Lakhs / MT.
• Reduction in the furnace oil consumption: 15 MT
• Cost of furnace oil: Rs. 6.00 L @ Rs 0.40 L / MT.
• Total cost savings: Rs 6.00 L per annum.
• Investment and operating costs
o Facility with associated utility systems : 20.00 L
o Operating labour costs ( ~ 15% ) is
: 0.00 L
o Maintenance costs ( ~2 %) is
: 0.40 L
o Utility costs (~1 %) is
: 0.20 L
o Raw material cost ( 0 %) is
: 0.00 L
o Total Investment and Operating costs is : 20.60 L
o Investment Cost in the first year
: 20.00 L
o Operating / Mtce and Utility costs / annum:
annum 0.60 L

3. Conclusions:
The present system addresses the recovery of waste heat
generated by flaring of butadiene gas and thereby
significant reduction in the furnace oil
o consumption used
for generation of steam.
o One of its kind in the country, for effective recovery of
the heat generated by flaring off the residual butadiene
gas left after completion of the process.
o Unique system, where in the recovered butadiene gas
is used a fuel.
o Direct cost savings of around Rs. 6.00 Lakhs per
annum (Considering around 15 MT of butadiene gas is
effectively used to replace equivalent amount of
furnace oil).
o Unreacted butadiene gas (Costing approx. around Rs.
30 Lakhs) is effectively
effectivel utilized to improve the steam
economy which is otherwise being flared-off.
flared
o Zero emissions to the atmosphere meeting the
pollution control board norms.
o The cost of investment of the system is recovered in
3.5 years.
o Industrial utilization of recovered butadiene gas from
various processes viz.,(i) Processing of styrene
butadiene rubber for automobile tyres (ii) for Ink,
pigments and tinting of paint shall be effectively
utilized for generating energy.
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Abstract:
Wastewater generated by the dye production industry and many other industries which use dyes
and pigments is characteristically high in both colour and organic content. At present, about
10,000 different commercial dyes and pigments exist for use, and further even more than 7×105
tons are produced annually world-wide. The various studies shows that about 10–15% of these
dyes are released in effluents during dyeing processes. In the present work, the removal of
specific dyes (Methyl Orange, Methylene Blue and Rhodamine B) from aqueous solutions at
differentconcentrations, adsorbent dose, pH and impeller speed by banana peelsas the biosorbent has beencarried out successfully. Result showed that adsorption efficiency of banana
peels peelsamplified with increase of adsorbent dose. 76 % dye removal was achieved with a
combination of the adsorbent dosage of 1g/50ml of dye solution, 200 rpm and a pH of 8. The
equilibrium data supported the process to follow theLangmuir model of adsorption.
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Abstract
Non-toxic mesoporous magnetic carbon composite was synthesised using HTC
biochar developed from hydrothermal carbonization of sugarcane bagasse with Iron (III)
nitrate nonahydrate in two steps along with thermo-chemical oxidation process using NaOH.
Composites were immobilized in beads using sodium alginate and cross-linker calcium
chloride. IR spectrum exposed the presence of oxygenated functional groups and FeO
whereas XRD analysis revealed the availability of Fe0/Fe3C/-Fe2O3 at varying intensities.
SEM analysis showed the spherical shaped carbon is well decorated with iron particles.
Textural studies showed that after thermo-chemical activation intensified the surface area on
composites to about 49.474 m2 g-1 thereby, promoting improved porosity on the carbon
matrix. The fabricated composite showed magnetization of 32.84 emu g-1 and SMX
adsorption capacity with respect to beads showed 121.49 mg g-1. Kinetics and isotherm
studies revealed that removal of SMX fitted well in Pseudo-second order and Langmuir
models. The mode of interaction of SMX on magnetic carbon composites beads with respect
to different pH was studied showing that - electron donor interaction (EDA), hydrophobic
interaction, charge assisted hydrogen bond formation were responsible for SMX removal.
The selectivity nature of magnetic composite with respect to SMX was studied under
multiple pollutant atmospheres.
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1. Introduction
Fluoride contamination is one of the water pollutants. The
cause of fluoride contamination is having natural and
anthropogenic sources. These anthropogenic sources are
the main cause of fluoride pollution into the water resulting
in a very serious health problem in human beings. The
anthropogenic sources of fluoride contamination are the
discharge of industrial wastewater from metal etching (with
hydrofluoric
acid),
pesticides,andfertilizers,
fluorosiliconeand fluorocarbon polymer synthesis, glass,
and ceramic manufacturing, coke manufacturing, steel, and
aluminummanufacturing,electronicsmanufacturing,electrop
lating operations, and wood preservatives industries.[3]
The presence of fluoride in water has both beneficial and
detrimental effects on human health which is depending
upon its concentration in water. According to the World
Health Organization (WHO),the concentration limit of
fluoride in drinking water, as well as industrial wastewater,
should be below 1.5 mg/l. At low concentrationsbelow 1.5
mg/l, fluoride acts as a micronutrient because it prevents
tooth decay and develops the proper bone structure in
humans so that it is beneficial. But when its concentration
is at a high level above 1.5 mg/l, it causes dental
andskeletal fluorosis and If this concentration is above 4
mg/l it causes very serious health problems in human
beings. The harmful effects of fluoride are noncurable so
that prevention is the solution to this problem.[4] The
concentration limit of fluoride in wastewater can be
controlled within limits by using various methods of
fluoride removal. The different techniques such as
electrocoagulation, membrane separation process, ion

exchange, precipitation, and coagulation, adsorption, and
electrodialysis are used for fluoride removal from
wastewater as well as drinking water.[1]The simple,
modest, and efficient technique is the need. The present
research study is based on precipitation and coagulation
technique which can be called as Nalgonda Technique by
using alum and lime for removal of fluoride from the water.
This technique forms an aluminium fluoride complex and
CaF2 precipitate and removes the fluoride from the
wastewater efficiently.[1] Here is very essential to control
the pH of the treated fluoride water sample at 7. Hence it is
needed to control the proper dose of alum and lime and
maintain the pH within the permissible limit for sewage
water.
2. Material and Methods
2.1 Materials
All the chemicals purchased are AR grade and used without
further purification. The required chemicals are Sodium
Fluoride (NaF) 99% pure, Calcium Hydroxide (CaOH2),
Ammonium
aluminum
sulfate
dodecahydrate(AlNH4(SO4)2·12H2O,
Concentrated
HCl,TRIS
(hydroxymethyl)
aminomethane
(NH2C(CH2OH)3, Disodium tartrate (Na2C4H4O6-2H2O)
are purchasedfrom Merck Life Science Pvt Ltd. Mumbai
and NaOH purchased from LOBA Chemie Pvt. Ltd.
Mumbai.
2.2 Methods
In this method, for the removal of fluoride, the solutions
were prepared in double-distilled water for all experiments.

Ca(OH)2+2F− → CaF2 ↓ +2OH−

(1)

The Ammonium Aluminum Sulfate Dodecahydrate is used
as an alum source to coagulate the fluoride. When alum is
added into the fluoride contaminated water. The aluminum
ion Al3+get hydrated and form aluminum hydroxide
gelatinous Al(OH)4 flocs which are responsible for
adsorbing fluoride and forms an Al(OH)3F complex.
Al(OH)4 +F− → Al(OH)3F + OH−(2)
The efficiency of fluoride removal is determined by using
the following formula.

C C
% of Fluoride Removal  0
 100
C0
Where C0 is the initial fluoride concentration and C is the
concentration of fluoride after treatment of fluoride
solution at a given time.

3.Result and Discussion
3.1 Effect of Alum and Lime Reactant Concentration
The effect of reactant dose concentration for removal of
fluoride using Alum and Lime is shown in Fig.3.1, where
the percentage of fluoride removal versus alum and
Lime(1:1) ratio is plotted. The plot shows, as increasing the
concentration of reactant from 1 gm/l to 7 gm/l,the removal
of fluoride increases gradually from 62.45% to 98.29% at
50 mg/l fluoride concentration. Further increasing the
reactant concentration from 8 gm/l to 9 gm/l,the removal of
fluoride decreases. Hence, 7 gm/l dosesof reactant (Alum
and Lime) was considered as the optimal dose for further
studies.
100
Fluoride Conc - 50 mg/l
Rotational Speed - 1000 rpm
Mixing Time - 30 min
Temperature - 26 0c

95

% of Fluoride Removal

The working fluoride solution of different concentrations
was prepared by dissolving an appropriate amount of
Sodium Fluoride (NaF) in distilled water. The known
amount of two chemicalsie:Ammonium aluminum sulfate
dodecahydrate (alum) andCalcium Hydroxide (lime) are
added into fluoride solution weretaken in a 500 mL neck
stoppered conical flask ofpolyethylene. Batch adsorption
experiments were conducted in the conical flask of
polyethylene.The conical flask agitated at variable speed
with the help of a magnetic stirrer for a predetermined
time.The treated sample of fluoride, filtered by using
Whatman filter paper. The amount of fluoride that remains
in the sample is measured by Metler Toledo Ion Selective
Electrode with the addition of TISAB-IV and treated
fluoride sample in a 1:1 ratio. The pH of the solution is
measured by Eutech pH Meter.In this experiment, the
parameter studied are reactant concentration(1-9g/l) and its
corresponding pH, contact time (2–30 minutes),initial
fluoride concentration (5- 100mg/L), and Rotational Speed
(250 - 1500) rpm.All the experiments are conducted by
changingone factor at a time and examining the
corresponding result.
In this present experiment, the Calcium Hydroxide
(Ca(OH)2) is used as a source of lime and used to
precipitate fluoride as Calcium fluoride (CaF2) which is
insoluble.
The reaction of lime precipitation is as follows.
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Figure 3.1:Effect of Alum Lime Concentration
3.2 Effect of pH
The effect of pH for the removal of fluoride was studied
atdifferent pH, viz., 4, 5, 7, 8, 9, 10, 11, 12,and 13. This pH
waschanged by changing the Alum and Lime doses at
variable concentrations. Table 3.2, shows the Alum Lime
concentration and itscorresponding pH. The results are
shownin fig. 3.1 that the maximum removal of fluoride is at
7 gm/l alum lime dose ie: 98.29% with its corresponding
pH value 7. So that the optimum pH for fluoride removal is
found to be 7.
Table 3.2. Alum Lime Conc. & Its Corresponding pH
Alum & Lime
Conc. (gm/l)

1

2

3

4

5

6

7

8

9

pH

13

12

11

10

9

8

7

5

4

The effect of contact time was studied for the removal of
fluorideis shown in fig. 3.2. The results found that as
increasing the contact time between reactant and fluoride,
the percentage removal of fluoride increases. Further
increase in contact time, the percentage removal of fluoride
shows the almost constant value and attains the
equilibrium.
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Figure 3.2:Effect of Contact Time
3.4 Effect of Initial Fluoride Concentration
The fig. 3.3 shows the effect of initial fluoride
concentration on the removal of fluoride by reactant alum
and lime was studied by keeping other parameters as a
constant. It was observed that as increasing the
concentration of fluoride the removal of fluoride decreases.
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Figure 3.4:Effect of Rotational Speed
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increasing the rotational speed from 250, 500, 1000, and
1500 the removal of fluoride increases.
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3.3 Effect of Time
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Figure 3.3:Effect of Initial Fluoride Concentration
3.5 Effect of Rotational Speed
The removal of fluoride by alum and lime mixture with
change in rotational speed is studied by keeping other
parameters constant. Fig. 3.4 shows the result that as

4. Conclusion
The current work is a very efficient, fast, simple,
economical, and promising method for removing fluoride
from wastewater. This technique can be useful for domestic
as well as industrial operations. The use of alum and lime
at the proper dose with maintaining the pH at a normal
level is very useful for controlling pH at the permissible
limit. The optimum pH for fluoride removal was found to
be 7. This technique is very efficient even at 50 mg/l. The
present work is suitable for treating the fluoride
contaminated water and maintaining the fluoride
concentrationwithin the WHO recommended range ie:
below 1.5 mg/l.
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1. Introduction
Chromium is a silver-gray coloured lustrous, brittle, hard
metal. Chromium is mined as chromite (FeCr 2O4) ore.
Chromium ores are mined today in South Africa,
Zimbabwe, Finland, India, Kazakihstan and the
Philippines. South Africa is the largest exporter of
chromium and in India, 98% of its chrome ore reservoirs
are found in the sukinda valley of jajpur, Odisha. Chrome
ores are used in steal, leather and textile manufacturing
industries. The anthropogenic activities increase the
chromium pollution in the environment. The main human
activities that increase chromium(VI) concentrations are
chemical, leather and textile manufacturing, electro
painting and other chromium(VI) applications in the
industry. These applications will mainly increase
concentrations of chromium in soil, air and water.
Chromium(VI) is mainly toxic to most of the organisms. It
can alter genetic materials and cause cancer. International
Agency for Research on Cancer (IARC) has listed
chromium metal and its trivalent compounds within Group
3carcinogenic agent. People can be exposed to chromium
through breathing, eating or drinking and through skin
contact with chromium or chromium compounds.
The environmental impact and its effect on health hazards
associated with exposure to chromium are dependent on its
oxidation state. The metal form (chromium as it exists in
this product) is of low toxicity. The hexavalent form is
toxic. Adverse effects of the hexavalent form on the skin
may include ulcerations, dermatitis, and allergic skin
reactions. Inhalation of hexavalent chromium compounds

can result in ulceration and perforation of the mucous
membranes of the nasal septum, irritation of the pharynx
and larynx, asthmatic bronchitis, bronchospasms and
edema. Respiratory symptoms may include coughing and
wheezing, shortness of breath, and nasal itch. Cr(VI)containing compounds are genotoxic and can induce gene
mutations, sister chromatid exchanges, and chromosomal
aberrations.
Several biological and non-biological techniques are
available for remediation of Cr(VI). Among the different
remediation options, conversion of toxic Cr(VI) to the less
toxic soluble Cr(III) through application of plant is known
as phytoremediation, a cost-effective and environmental
friendly technique. These species could reduce the toxic
chromium through several mechanisms such as biosorption
in the roots, bioaccumulation inside cell, or
biotransformation through chromate reductase activity.
Cr(VI) reducing bacteria such as Alcaligenes,
Pseudomonas, Salmonella, Escherichia coli, Shewanella
and Bacillus from soils has been well documented in
previous studies.
2. Material and Methods
Hexavalent and total chromium analysis
Hexavalent chromium in the soil was estimated by
diphenylcarbazide (DPC) method (APHA, AWWA, WEF,
1995) in which 1 mL of sample was taken with 2 mL of 6
N H2SO4 and 1 mL of 0.25% (w/v) 1,5-diphenylcarbazide
(Hi-Media) (prepared in acetone). After incubation for 10
min at room temperature, the absorbance of the resultant
solution was measured at 540 nm. The total chromium
concentration and Cr(VI) concentration were determined

by atomic absorption spectroscopy (AAS; Z-8200,
Hitachi), after digesting the sample (pellet and supernatant)
in 1:1 HCl followed by filtration and washing with 5%
(v/v) HCl. The Cr(III) concentration in the sample was
calculated by subtracting the Cr(VI) content from the total
chromium content taken by AAS.
Phytoremediation is a method which green plants use for
cleaning up contaminated hazardous wastes sites.
Phytoremediation has applied Ex-situ and In-Situ,
continually and induces to clean up contaminated terrain of
toxic metals. The grass species i.e. Lemongrass, Vetiver
showed better growth and stabilization in the nutrient
deficit overburden soil. Plant roots take contaminants from
the ground into the plant body. The plant root zone i.e. the
rhizosphere where the action occurs, here in this case the
fibrous root system of lemongrass and vetiver goes deep
into the soil and binds the soil particle properly. The soil
rhizosphere has the resource of diverse micro organisms.
The root exudates and microbes secrete enzymes and other
substances to degrade the harmful contaminants to its nontoxic forms and then the plants accumulate through their
absorption process. The interaction between plants and
micro organisms is very much useful towards the
biodegradation of these harmful compounds.
3. Results and Discussion

covered an area of 1 ha. area with 5000 plant saplings. The
survival rate of these grass species was excellent and
attained 90-95% of survivality. We have analysed the
plants for their uptake capability and these plants have
shown 2-3 times more accumulation in comparison to the
native plant species. In between these two species, vetiver
showed better accumulation and lemongrass showed faster
growth and stabilization. These grass species also produces
aromatic oils and it can be economically viable towards
revenue generation. We have extracted the oils from both
the sample and compared with our control plant and it has
showed similar content of bioactive molecules in
percentages. Cital contents are present as per the standards.
Lemongrass
Oil
(Compound
with %)
Citral
Citronellol

Relative
Peak area %
(control)

Relative Peak
area
%
st
(1 collection)

Relative Peak
area % (2nd
Collection)

41.30
2.36

34.80
1.34

29.43
1.19

Geraniol
Neral

7.86
34.29

5.54
30.72

5.88
23.72

β- Myrcene

14.56

11.28

12.73

4. Conclusion
Cr(VI) is a hazardous contaminant as it can readily spread
beyond the site of initial contamination through aquatic
systems and groundwater. Bioremediation being less toxic,
environmental friendly and economical is an emerging
potential tool to address the problem of Cr(VI) pollution.
From the above result we can conclude that, these grass
species can be implemented to remediate on the nutrient
deficit contaminated soils. These grass species were
strongly recommended for plantation on the contaminated
areas.
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ABSTRACT
The present study explores the feasibility of low-grade bauxite ore collected from the Eastern
Ghats of India for the removal of As(III) and As(V) from aqueous solutions. Arsenic (As) is
both ubiquitous in the environment and potentially toxic to humans. Arsenic can occur in
water in organic or inorganic form, but the inorganic form is more common. Inorganic
Arsenic species, As(III) (arsenite) and As(V) (arsenate) are the dominant species in natural
waters. The oxidation state of As in water depends primarily on the pH and redox conditions.
Arsenic is a relevant water pollutant because of its harmful e ects on human health since this
metalloid can cause chronic and acute damage depending on the factors associated with its
exposure route. The toxicity of human health ranges from skin lesions to cancer of the brain,
liver, kidney and stomach. it has also been associated with cardiovascular and diabetes
disease. The maximum permissible label of arsenic in drinking water recommended by the
World Health Of Organisation (WHO)is0.01mg/L.Bauxite is one of the abundantly available
minerals, mainly consists of oxides of alumina, iron, silica and titania. The present study
outlines the physicochemical and mineralogical characteristics of thermally activated low
bauxite samples for adsorptive removal of As(III) and As(V) species from aqueous solutions.
For the present study, bauxite ore sample was collected from Damanjodi deposits, Odisha,
India. The activated bauxite samples were systematically characterized through, chemical
analysis, mineralogical phases (X-ray diffraction), microscopic (optical microscopy), FTIR
analysis and pHPZC. Batch mode adsorption experiments were conducted to study operational
variables viz., the effect of contact time, initial pH, initial As(III) and As(V)concentrations,
and the presence of other competing anions typically found in the groundwater at different
concentrations were investigated and reported.
Keywords: arsenic, adsorption, low-grade bauxite ore, water treatment
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ABSTRACT
Comminution and classification are the two major unit operations involved in the processing of
mineral particles from its ore rocks. In this work, an assessment is made on different numerical
models used for the prediction of fluid and solid flow properties in comminution and classification
domain particularly in tumbling mill and hydrocyclone. Further computational modelling of
complex dense medium cyclone (DMC) also attempted. A detailed discussion on the selection of
suitable turbulence and multiphase models for the accurate prediction of flow field in
hydrocyclone is made by comparing the predictions among and against experimental data. The
additional requirements for accurate performance predictions at high feed solid content is
explored. The drawbacks of Lagrangian particle tracking model and the usage of CFD‐DEM
coupling technique
to predict the coal partition curve in DMC’s has been elucidated. The discrepancies between
DEM, CFD, one way and two way coupled CFD‐DEM predicted mean flow field and particle
dynamics against experimental measurements in tumbling mills also made in detail.

Key words: Tumbling mill; hydrocyclone; DMC; CFD‐DEM; multiphase; turbulence; flow field;
efficiency curve
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1.Introduction
Many active and passive techniques have been proposed in
the applications of heat transfer enhancement. Among these
methods one can find systems involving vortex generators
such as fins, ribs and other cylinders. The geometrical
characteristics of vortex generators play a significant role
in the rate of heat transfer. Disturbance promoters increase
fluid mixing and interrupt the development of the thermal
boundary layer, leading to enhancement of heat transfer.
However, the complex flow characterized by the onset of
successive separations, recirculation, reattachment and
deflection of the flow make understanding of the flow and
heat transfer phenomena in such systems more difficult.
Several techniques have been developed to augment single
phase convective heat transfer in channels and to reduce the
size and weight of heat exchanger. A commonly used
technique for improving the performance of heat exchange
devices is to set up periodic disturbance promoters along
the stream wise direction. Such an arrangement of the
channels might lead to the enhancement of the heat transfer
due to flow mixing and periodic interruptions of thermal
boundary layers, but often causes increase of pressure drop
penalty.Literature in that area is quite diverse as many
experimental and theoretical studies have been reported.
Korichi and Oufer[1] studied numerically the convective
heat transfer for laminar flow between a fluid and three
physical obstacles mounted on the lower wall and on the
upper wall of a rectangular channel. The authors reported
that presence of obstacle at upper wall makes the transit
from steady to unsteady flow at lower Reynolds number.

The present work represents a two dimensional
numerical investigation of forced laminar convection to
non-Newtonian fluids in a rectangular channel containing
periodic obstacle attached to the lower and upper walls of
the channel.
2. Mathematical Formulation
Figure 1 shows the physical geometry considered in this
study. It consists of a two dimensional horizontal channel
of length to width ratio 2:1 containing heating blocks
regularly distributed on both its lower and upper adiabatic
walls. The obstacle dimension is 0.25H. The flow
isassumed to be laminar and incompressible. All the
physical properties of the fluid and of the solid are
considered constant. The goverening equations can be
written as
0

Mass conservation:
Momentum conservation:
x–comp
y-comp
Energy equation:
Fluid phase
Solid phase

k

Figure 1:Schematic representation of the channel with
obstacles mounted on walls.
According the power-lawmodel the shear stress, , is given
by
2
and the non-Newtonian viscosity , is
⁄
⁄2
. Here
is the power-law
written as
consistency index and is the power-law index of the fluid
and
is the second invariant of the rate of strain tensor .
The flow field is assumed to be periodically fully
developed which will allow the use of periodic boundary
conditions in the stream-wise direction. At the channel
walls no slip boundary condition is implimented. The walls
are assumed to be insulated except at the obstacle bases
(conjugate) or obstacle wall (convective) where a constant
temperature is imposed. At the solid-fluid interface,
continuity of both heat flux and temperature is
considered.The SIMPLE algorithm is used to sove
governing equations.The iterative solution is continued
untilthe residuals for all computational cells
3. Results and Discussion
The Reynolds number based on the hydraulic diameter,
is taken equal to 10, 20, 30, 40, 50, the Prandtl number is
taken as 0.7, 5, 10, 25, 50. The power-law index has been
considered as 0.4to 1.8 . The obstacle dimensions ( ,
and the obstacle stream-wise spacing
are taken as
0.25 and
1.
Figure 2:
patterns at
10,

Streamline
0.4,

0.7

The flow is from left to right and hitting the lower obstacle
first. Wakes are formed at both upstream and downstream
corners of the obstacles . The flow deflects at the upstream
cornerof the lower obstacle because of the sudden
contraction in the lateral direction. As the flow is redirected
towards the downstream, a very small vortex is formed in
the locality of the lower left corner of the obstacle. Due to
sudden expansion in the cross-section, the flow separates at
the leading obstacle tip and a larger clockwise vortex is

formed behind the obstacle and flow reattachment is then
established. The wake length in downstream side is
increasing with Reynolds number for all shear-thinning,
Newtonian and shear-thickening behaviour of fluid. A
similar behaviour is observed near the obstacle mounted on
the upper wall with counter-clockwise vortices at the
downstream corner of the obstacle. For shear-thinning
fluids the vortex formed at the downstream corner of the
obstacle is larger compared to Newtonian fluids. However,
for shear thickening fluids the vortex at the downstream
corner becomes smaller compared to Newtonian fluids. But
at the upstream corner the vortex shows opposite
behaviour. As the shear-thickening behaviour increases in
the fluid, the size of the wake formed at the upstream
corner increases. In drag phenome, both obstacles are
experiencing similar drag and its decreasing with increase
in Reynolds numberand higher drag coefficient is observed
for shear-thickening fluids in comparison to Newtonian and
shear-thinning fluids.
4. Conclusions
The results are interpreted in terms of the surface wake
length, drag coefficient, streamline patterns, local and the
average Nusselt number and isotherms. Under all
conditions studied herein, the Nusselt Number is found to
have a maximum value at the upstream left corner of the
obstacle. However, for conjugate heat transfer case the
Nusselt number value is lesser same values of power-law
index and Prandtl number. The length of the wake formed
at the downstream corner of the obstacles decreases with
increasing power-law index. But at the upstream corner the
wake size increases with increasing power law index. The
drag coefficient increases with increasing power-law index.
The formation of wakes at the corners reduces the Nusselt
number values. Heat transfer is better in shear-thinning
fluids than in shear-thickening fluids both for convective
and conjugate heat transfer.
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1. Introduction
In the fluid dynamics literature, numerous studies have
been reported for flows around cylinders. Non-Newtonian
fluids are often found in the form of starch solutions,
emulsions, and silicone oils in several areas such as paper,
process engineering, food and polymer industries (Savvas
et al., 1994). Non-Newtonian fluid flows around cylinders
are of considerable interestbecause the knowledge
generated from such studies can be very useful in solving
problems with complex geometries and operating
conditions. With the advent of powerful computers,
computational methods have become widely used to study
fluid flow problems (Peyret & Taylor, 1983).

In this work, the two-dimensional, transient flow of an
incompressible power-law fluid flow past two cylinders in
tandem has been analyzed for different Reynolds numbers
and degree of confinement (defined by blockage ratio
/ . where D is the cylinder diameter and H is the
enclosure width).

No-slip
B
d
D
x

Lu

H
Outflow
Boundary

D
Lc

Ld

Figure 1: Schematic of fluid flow past two cylinders in
tandem confined between two walls

Average velocity at a particular Reynolds number is
calculated using the redefined Reynolds number formula
given as
1
Drag coefficient on the cylinders was calculated using the
formula given in equation (2).
∗

2. Problem Statement and Governing Equations

U
(y
y

A shear thinning fluid (Tomato concentrate) of density (⍴
=1125 Kg/m3 ) is considered in this study whose nonNewtonian power law model parametersare flow
and flow behaviour
consistency index(
21.55 Pa.
index (n = 0.307).

2

3. Methodology
In this work, the governing equations for the fluid flow
were solved using finite volume method based commercial
software ANSYS Fluent (Version 2020 R2).The flow is
assumed to be incompressible in this case (Rao et al.,
2011).The convective terms in the momentum equations
were discretized using the Second Order Upwind Scheme.
Pressure-Velocity
Coupling
was
solved
using
-6
PISOalgorithm.Relative convergence criteria of 10 for the
continuity and x-&y- components of velocity were
prescribed in this work. The simulation was carried out for
2000-time steps with a time step size of 0.07s and 20
iterations per time step. Drag coefficient value was
averaged over 2000-time steps. Convergence was verified
by observing mass fluxes at inlet & outlet boundaries.

4. Results and Discussion

5. Conclusion

4.1 Effect of blockage ratio on Drag Coefficient
forcylinders in tandem arrangement

The time averaged drag coefficient on upstream cylinder
decreased due to the presence of cylinder in tandem when
compared to the flow over single cylinder. It can be
observed that for shear thinning fluids the total drag
coefficient decreases with increase in Reynolds number in
single cylinder as well as cylinders in tandem arrangement.
The time averaged drag coefficient increases with the
increase in confinement. On the other hand, total drag force
on cylinders increases with increase in Reynolds number
for β = 2 while the total drag force on downstream cylinder
decreases for β = 3 and 4. The viscous drag force is very
low compared to the pressure drag force. In single cylinder
case, pressure drag and viscous drag forces increases as the
Reynolds number increases. But due to the presence of the
first cylinder viscous drag force on the second cylinder is
decreasing with an increase in Reynolds number in twocylinder arrangement. The drag coefficient on the upstream
cylinder decreases whereas it increases on the downstream
cylinder as the gap between the cylinders increases.

Re=120

Time averaged drag
coefficient, CD

3

cylinder1

2

cylinder2

1
0
1

-1

3

5

Blockage ratio, β

Time averaged drag
coefficient, CD

Figure 2:Dependence of time averaged drag coefficient on
the blockage ratio.
4.2 Effect of distance between cylinders on Drag
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time averaged drag coefficient.
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1. Introduction
The spent nuclear fuel contains unused fissile material
like uranium and bred plutonium that is recovered through
reprocessing. The reprocessed material is used further for
fresh fuel fabrication to enhance the energy production in the
reactors. The reuse of the reprocessed fuel is a common
practice in countries where uranium reserves are limited.
The reprocessed fuel is stored in a dry storage concrete vault
to contain the radiation from them. The fuel subassemblies
and magazines are cooled by forced airflow and therefore, a
proper ventilation system and fuel arrangement are required
for effective heat removal from the concrete vault. The
temperature inside the vault should be maintained below
650C to retain its integrity [1]. To prevent self-criticality, a
safe gap should be maintained between the fuel
subassemblies and magazines. The airflow and heat transfer
in the vault are determined by the arrangement of the
interconnecting ducts and fuel subassemblies and
magazines. As a result, obtaining the optimal duct and fuel
storage configuration requires a deep understanding and
extensive investigation. Ample numerical and experimental
studies were carried out on flow past cylinders [2]. However,
most of the numerical studies are two-dimensional with a
limited number of fuels. The study on a full-scale storage
facility for reprocessed fuels is limited. Therefore, the
objective of the present study is to compare the thermalhydraulic and ventilation performance for a full-scale
nuclear fuel storage vault for different arrangements of the
fuels and interconnecting ducts. The present numerical

predictions will play an important role in optimizing the
arrangement of fuels and interconnecting ducts in the actual
reprocessed fuel storage vault. The effect of triangular (600
equilateral) and square pitch arrangement of fuel for parallel
and cross arrangement of the ducts has been analyzed. The
influence of fuel arrangement on temperature distribution
inside the vault is investigated
2. Numerical Analysis
2.1 Physical domain
The blanket and fuel enclosures of the vault along with
concrete walls form the computational domain. Figure 1
shows the components of the vault, which include inlets,
blanket
subassemblies,
blanket
magazine,
fuel
subassemblies, fuel magazines containers, and outlets. To
prevent the subassemblies and magazines from becoming
self-critical, they are kept at a safe distance of from each
other. Each BSA and BMZ generates heat which is given as
constant heat flux on the surface of the containers. Suction
pressure is maintained at the outlets to ensure constant air
flow.
2.2 Numerical Methods
The second-order upwind approach was used to
discretize the spatial derivatives of mass, momentum, and
the energy conservation equation, while the SIMPLE
algorithm was used to establish pressure and velocity
coupling. For the mass and momentum equations, the

convergence requirements were set at 10-4 residuals and 106
for the energy equation.

Figure 1. Schematic plan view of nuclear fuel storage vault.
3. Results and Discussion

Figure 2. Vertical temperature distribution for various
duct and fuel arrangements at end of vault

3.1 Temperature distributions
4. Conclusions
The temperature distributions in the fuel enclosure for
square arrangement shows a higher temperature region in the
corners of the vault, whereas an increased temperature at the
end of the vault is obtained for triangular arrangement. The
resistance offered by triangular pitch arrangement of FSA
and FMZ containers led to decrease in velocity of air. The
placement of interconnecting ducts had very minor effect on
the airflow and therefore, temperature difference for parallel
and cross duct arrangement was very less. The vertical
temperature distribution inside the fuel storage enclosure of
the vault is investigated at different locations. The vertical
temperature distribution on center line of plane at 17 m from
the inlets for square and triangular pitch arrangement of fuels
and blankets is shown in Figure 2. The temperature of air
below the heat generating region of the fuel remains
equivalent to that of air entering the fuel region for both the
arrangements. A gradual increase in temperature near the
heat generating region is obtained. Besides, the temperature
of air close to this region is more for triangular pitch
arrangement of fuels. Therefore, square pitch arrangement
appears most suitable to obtain better cooling of heat
generating region.

The numerical investigation of forced convection heat
transfer from fuel subassemblies to air in a fuel storage vault
is presented in this work. In the vault, three-dimensional
simulations with constant heat flow at the surface of
subassemblies and magazines were carried out. The study
shows the simulation of airflow inside the enclosure for
square and triangle pitch combinations of blankets and fuels.
The analysis of duct design indicated that the placement of
interconnected ducts had only a minor impact on airflow,
and hence the temperature difference between the parallel
and cross duct arrangements was small. However, the
temperature of fuels and hot spots in square pitch
arrangement were much lower than those in triangular pitch
arrangement. The present study can be beneficial to
optimizing the arrangement of fuel subassemblies and
magazines in the actual nuclear fuel storage vault.
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1. Introduction
Electromembrane technique is an electrochemical
separation process in which ion exchange membrane(s)
(polar) are used to separate ionic species in presence of
electrical field. The efficiency of electromembrane process
depends on nature of ion exchange membrane(s), flow
hydrodynamics of electrolytes, concentration polarization
developing due to difference in transport number of ion in
bulk and the membrane matrix. This creates concentration
depletion at the solution-membrane interface compared to
the bulk and imparts resistance to ion transport.
Minimization of this concentration polarization will
facilitate
ion
transport
and
increase
the
electromembraneprocess efficiency. Incorporation of
promoters inside this gap will cause turbulence and inter
mixing of layers. This will increase pressure drop and
minimize resistance to ion transport by reducing
concentration polarization. Application of non-conducting
spacers causes pressure drop besides creating shadow effect
of the electric field exposed to the ions in bulk. With flat
surface of membrane having no corrugation, the fluid flow
remains practically undistributed throughout its length. To
avoid these shadow effect corrugation membranes are
promoted. Fluid flows over corrugated ion exchange
membrane surfaces create turbulence. It affects diffusion
boundary layer and influences ion transport in
Electromembrane process by reducing concentration
polarization thickness.
In this study, electroelectrodialysis (EED) or membrane
electrolysis is chosen as electromembrane process to see
the effect of membrane corrugation on the ion transport.
EED is the simplest process where two electrodes are

placing on both side of membrane (either cation or anion).
Corrugated membrane having different geometry shape
would facilitate better mixing of fluid layers and reduces
diffusion boundary layer thickness. Performance of
different corrugated geometry was simulated using
COMSOL-Multiphysics software and optimized its area,
corrugated height etc. In the present investigation model
equations based on Navier Stokes, continuity, mass
balance, and Nernst–Planck equations were framed and
solved using COMSOL to understand the flow and
concentration profiles within EED cell. Model equations
framed were validated with EED experimental data. The
same model equations were subsequently applied to flow
channels containing corrugated membrane surface. The
shape of corrugation, spacing between two corrugations
and size (height and width) of corrugation influencing flow
profile followed by affecting ion removal rate were
investigated and compared with experimental data.
2. Background
2.1 Computation Methods
COMSOL Multiphysics®uses finite element method for
solving PDEs used to represent EED flow profiles in this
report. Laminar flow interface is used to estimate pressure
drop occurring with flow promoters. Navier–Stokes
equations (Eqs. (1–4)) are used to solve momentum
transport in the channel with incompressible fluid. 3D
geometries containing flow promoter (of each type) placed
inside an empty channel(11 cm × 6 cm × 0.24 cm) were
constructed in COMSOL. As per experimental conditions,
inlet velocity and outlet pressure were defined for each
constructed geometry and no slip condition was assumed
over flow promoter to solve PDEs. This procedure was

repeated with four different inlet velocities for each
promoter type.
μ

(1)

μ

(2)
0

(6)
Total charge transferred was determined by integrating
using trapezoidal rule. Energy consumption
(kWh·kg-1) can be estimated using Eq. 6.

(3)

4
u. C D 2C
Model equations (e.g., laminar flow physics) were
solvedby constructing appropriate mesh (discretization of
model geometry into small elements). In COMSOL, a
default (pre- set/pre-defined) physics controlled mesh is
available for discretization. Alternatively, user-controlled
meshing option is also available. Using this option, it is
possible to construct and control mesh parameters e.g.
mesh size, number and shape of mesh elements with
reference to constructed geometry. For validating a model,
mesh resolution and mesh element quality aspects are
looked into before solving.

Figure 1: EED cell setup.

2.2 Materials
Sodium bicarbonate (NaHCO3> 99% assay), potassium
hydrogen phthalate (KHP) were purchased from HiMedia
Laboratories Pvt. Ltd., India. Distilled water (DW,
electrical conductivity < 2 µS·cm-1) was used for
membrane washing, equilibration and all preparation of
electrolyte solutions.
2.3. EED cell set-up
(EED)The cell for EED setup used in this investigation was
fabricated in house and it had two compartments (feed or
anolyte and catholyte) through which continuously feed
solution and catholyte streams were recirculated. The
effective membrane area for ion transport was 66 cm2and
CEM was placed as depicted in Fig. 1. Fig. 2 picturized
schematic corrugated membranes of square and cylindrical
profiled. Titanium tantalum MMO mesh typeelectrode was
fixed in each compartment of this cell.
ED performances of each synthesized profiled-membranes
were evaluated and compared with synthesized membrane
both side flat surface in terms of current efficiency (η),
energy consumption (EC) and their values were estimated
by using Eqs. (5–6)
× 100%

(5)

Figure2:Corrugated
cylindrical profile.

membranes

(a)

square

and

(b)
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Abstract: Particle collision plays a vital role in determining the hydrodynamic flow characteristics of liquid-solid flow in a
Reflux Classifier. In this work, we intend to investigate the role of particle-particle restitution coefficient (ess, the extent of
energy dissipation due to inter-particle collisions) and, the specularity coefficient (ϕ, the extent of energy dissipation due to
particle-wall collisions) on the hydrodynamics of a Reflux Classifier. The investigation applies a two-fluid Eulerian-Eulerian
modeling approach along with the kinetic theory of the granular flow.
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1. Introduction
In mineral processing, the Reflux Classifier are commonly
used to isolate coal and mineral particle species of varying
sizes and densities. Reflux Classifier (RC), a new gravity
separation technology has gained attention in mineral
industries due to growing focus in developing enhanced
beneficiation of minerals and coal. The RC comprises of a
conventional liquid fluidized bed with a set of parallel
inclined plates placed above the fluidization section. The
particle separation mechanism in the fluidization segment
of RC is similar to that achieved by a conventional liquidsolid fluidized bed which driven by hindered settling and
the solid phase inversion phenomena. On the other hand,
the inclined channels provide significantly higher particle
sedimentation due to Boycott effect.
2. Material and Methods
2.1 Model set-up
All simulations were carried out using two-dimensional
computational domain. The height and width of the vertical
section (fluidization section) was taken as 1000 mm and
100 mm respectively.Similarly, the length of the inclined
channel was taken as 1000 mm and the width w*sinθ. The
angle of inclination of the inclined channel with respect to
the horizontal was set at 70o. The computational model is
meshed with a grid size of 2×2 mm (structured mesh)
resulting in 58,000 elements. The diameter of the solid

particles in the simulation was 2 mm and the density was
1350 kg/m3.

Figure 1:(a) Computational geometry and meshing(b)
model validation
2.2Initial and boundary conditions
A uniform velocity condition was specified at inlet of the
bed for the liquid phase and a constant pressure
(atmospheric) was set at the outlet. No-slip
boundaryconditions were applied at walls for the liquid
phase, while different boundary conditions (no-slip, partialslip, and free-slip) were employed for the solid phase to
evaluate its impact on the simulation results.The solid
particle for the packed bed condition were patched with a
volume fraction value of0.6 (assuming that the bed was
initially filled with solid up to a height of 0.4 m), and zero
velocity at the inlet.

2.3Model validation
Fig. 1(b) shows a quantitative comparison of the model
prediction with the experimental observations reported by
Doroodchi et al. [2] for mean solid volume fraction in the
lower vertical segment of the RC. It shows good agreement
with a maximum deviation of 12% fromthe experimental
results that affirms the model efficacy for further
investigation.
3. Results and Discussion
3.1Effect of particle-particle collision
For the vertical segment, towards the lower section it
shows a symmetric profile, whereas at the upper section
(close to joint section), the volume fraction profile shifted
more towards the right-hand side wall. This is because due
to reflux action of particles from the inclined section.Fig.
2demonstrates that decrease inessenhances the strength of
the dispersion of the particles inthe lateral direction.
Besides, as the ess decreases, more solid particles enter into
the recirculation zone. This is because of the
greatertrapping of the solid particles by the recirculation
zone, with thereduction in the ess.However, for the inclined
portion, no substantial difference was found for different
essvalue at two calculated heights.

significantly higher solid volume fraction near wall and at
the center of the channel. For free-slip condition (ϕ= 0), the
particles can freely fall along the wall and hence particles
have a higher volume fraction which is in accordance with
Fig 3. As the ϕ value increases more lateral dispersion
takes place as a resultmore particles flow into the
recirculation zone.

Figure 3:Time-averaged solid volume fraction in lateral
direction for different specularity coefficients at (a) H = 0.8
m, (b) H = 0.95 m from the inlet of the vertical section and
(c) L = 0.2*sinθm and (d) L = 0.4*sinθ m from the inlet of
the inclined channel.
4. Conclusion
No systematic difference in hydrodynamic behavior
between
different
particle-particle
collisionvalues
(coefficient of restitution value) was observed for liquidsolid flow in an inclined channel. However, the particlewall collision (specularity coefficient value) has a
significant effect on flow characteristics in the system.
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direction for different coefficients of restitution at (a) H =
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3.2Effect of particle-wall collision
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1. Introduction
This work presents the results of a 3D numerical study on
polydimethylsiloxane (PDMS) and water droplet
generation in a heat-induced microfluidic flow-focusing
device. Using heat to regulate microdroplets is a brand-new
approach. Because of this, droplet sizes as small as a few
micrometers or even a few nanometers may be easily
controlled using computational fluid dynamics (CFD) [1].
Using this technology, researchers will be able to create
microdroplets of a specific size without altering the fluid.
The temperature of the dispersed phase is one component
being investigated (at 25°C, 60°C, 100°C, and 200°C). The
results reveal that the heat transfer between the two phases
is quick because the characteristic length is at the micron
level. A rise in temperature of the dispersed phase will
result in an increase in non-dimensional droplet length
(L/Wc), droplet volume (nL), and a reduction in droplet
frequency (1/s), but no change in droplet velocity (m/s).

2. Computational model
2.1 Geometry
A
horizontal
three-dimensional
flow-focusing
microchannel is the solution domain. Figure 1a shows the
computational domain's shape in great detail. Three inlets

(each measuring 0.6 mm in length) plus a central channel
make up the geometry. The width of the inlets and the main
channel match exactly (0.6 mm). Figure 1b depicts the
flow-focusing geometry mesh.

Figure 1: (a) Computational domain (b) Mesh

2.2 Numerical solution
ANSYS FLUENT 2020 R2 Academic version, a
commercial flow solver, was utilized to solve all of the
equations and boundary conditions in this study. Unsteady
state solution was used together with explicit VOF. The
PISO algorithm was used to couple velocity and pressure.
The PRESTO was utilized to provide pressure. The spatial
derivatives were discretized using the QUICK [2] method.
Using geo-reconstruction interpolation for volume fraction
improved accuracy.

Table 1: Fluid properties
Water

Polydimethylsiloxane
(PDMS)

Density
(kg/m3)

997

920

Viscosity
(mPa.s)

1

11

Fluids
Properties

Oil-water
interfacial
tension (N/m)
Contact angle
of oil on
PMMA in
water ()

0.0118

140

An increase in the dispersed phase temperature leads to an
increase in non-dimensional droplet length (L/Wc). An
increase in temperature leads to a decrease in viscosity and
interfacial tension. So, the shear force is lower than the
interfacial tension. This leads to a slower breakup of
dispersed thread, generating bigger droplets with fewer
counts per unit time.
4. Conclusion
A rise in temperature of the dispersed phase will result in
an increase in non-dimensional droplet length (L/Wc),
droplet volume (nL), and a reduction in droplet frequency
(1/s), but no change in droplet velocity (m/s).
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1. Introduction

2. Material and Methods

Selective separation of rare earth elements (REEs) or
separation of light rare earths (LREs) from heavy rare
earths (HREs) from a mixture of rare earth solution
iscomplicated because of their similar chemical properties.
Separation through the conventional solvent extraction
methods is challenging due to their low separation factor
and requirement ofmany stages. Hence, attention has been
directed towards non-conventional methodssuch as
membrane separation/microfluidic extraction. This work
aims to separate HRE and LREs from mixedchloride
solution produced by IRELplant at Chhatrapur, Odisha.
In this work, an attempt has been made to develop a CFD
model to represent the mass transfer of REEs for their
separation in a hollow fiber supported liquid membrane
(HFSLM). The RE chloride solution obtained from IREL
Chhatrapurhas a number of REEs (some elements are
present in high concentration);however,it may not be
possible to consider all the REEs in the CFD model.
Therefore, for CFD model development, mass transfer of
LREs (lanthanum ion (La+3) and neodymium ion (Nd+3) as
well as HRE Yttrium (Y+3) through a liquid membrane
containing Cyanex 272 as the carrier has been modelled.
The equilibrium data for the system obtained from
experiments andthe literature [1] were used in the
simulations. The novelty of this work is that the
has been incorporated as an
distribution coefficient (
evolving parameter in the model, as a function of Hydrogen
ion (H+) concentration, which means thevalue of
keeps
on changing according to the simulated value of H+
concentration.

2.1 Materials
The concentrations of La+3, Nd+3 and Y+3 in the RE
chloride solution obtained from IREL were 40.437 gpl,
37.362 gpl, and 1.307 gpl, respectively.For CFD model
development, the Liqui-Cel 2.5×8 Extra-Flow hollow fiber
membrane was considered, which was supplied by
Membrana-Charlotte (Charlotte, NC, USA).
2.2 Methods
2.2.1 Extraction Mechanism
The reaction mechanism for solvent extraction of
trivalent rare earth with acidic organophosphorusextractant
can be written as [2],
3
The extraction equilibrium constant,
as,

,
,

,

(1)

can be defined

(2)

,

Eq. (2) can be expressed in terms of the distribution
coefficient ( ), which signifies the ratio of metal ion
distribution in the organic phase to that of an aqueous
phase and written as,
,

(3)

is a function of ( H .
It is evident that the value of
Hence, in the proposed model, has been considered as an
evolving parameterthat varies as per the H concentration,
computed through numerical simulation. The
, values

foor La+3, Nd+33, and Y+3 w
were found too be 2.29
8.97 10 annd 1.44 10 [1], respectiively.

1
10
,

2..2.2 Mathemaatical modellin
ng
A 2D axisym
mmetric CFD model for thee HFSLM mo
odule
haas been propoosed due to its
i axial symm
metry. The model
m
haas been devveloped assuuming steadyy-state isotheermal
coonditionsfor a fully developped laminar flow
f
in the tubbe as
well
w as, shell side. The aqqueous and orrganic phasess are
asssumed to bee in equilibriium, and the mass transfeer of
metal
m
ions is diffusion-contr
d
rolled due to the
t fast interffacial
reeaction.
The propossed model considers th
he Navier-Sttokes
eqquation (contiinuity and moomentum balaance equation)) and
sppecies transpport equatioon to obtaiin velocity and
cooncentration distribution
d
oof all the metaal ions and H+ in
thhe computaational domain. Approppriate bounndary
coonditions for the three sub--domains werre applied to solve
s
thhe model equaations.
3.. Results and Discussion
3..1 Concentrattion distributiion
From thee CFD sim
mulation, thhe concentrration
diistributions off Nd+3, La+3 and
a Y+3 at varrious heights of
o the
tuube sub-domain were obtainned.

The dimeensionless raddial concentrattion distributiions of
one LRE (Ndd+3) and HRE
E (Y+3) at thee various heigghts of
the tube subb-domain are shown in Figures
F
1a annd 1b,
respectively. It can bbe observed that the radial
concentrationns for all thhe three meetals ions shhow a
decreasing treend along thee membrane leength. Howevver, the
variation for LRE is slow, whereas rapid variation inn radial
concentrationn of HRE aloong the memb
brane length can
c be
seen. Hence,, HRE can bbe separated from LRE ffrom a
mixture of RE
E chloride sollution.
3.3 Separatioon of LREsfroom HRE
Further, the
t study wass extended to simulate the metal
ion extraction with thhe variation of Cyanex
x 272
n.
All
other
pa
arameters
wer
re
kept
consta
ant for
concentration
this study. The percenttage extractio
on of metall ions
increases witth the increasse in Cyanex 272 concenttration,
as inferred from the stuudy. For alll the Cyanexx 272
+
concentrationns, the perceentage extracction of La+3
and
+3
+3
Nd were neggligible, whilee percentage extraction
e
of Y was
found to be in
i the range of
o 52 to 88. So,
S it is possiible to
separate HRE
E (Y+3) and LREs (La+3 and Nd+3) from
f
a
solution of mixed
m
RE chlorride.
4. Conclusion
In this work, a 2D axxisymmetric Computational
C
l Fluid
Dynamics (C
CFD) modell for mass transfer of LREs
(Lanthanum ion (La+3)annd Neodymium
m ion (Nd+3))) and
HRE (Yttriuum (Y+3)) thrrough a holloow fiber suppported
liquid membrrane containinng Cyanex 27
72 as the carriier has
been developped. The radiial concentrattion distribution for
all the threee metal ions was simulateed, which shhows a
decreasing trrend along thhe membrane length. The model
has been useed to predict tthe separation
nof anHRE annd two
LREs from a mixed RE chhloride solution
n.
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In this work, we have developed an efficient and accurate
numerical model to study particle laden inclined channel
flows. To model fluid-particle flows, Euler-Euler (multifluid) and Euler-Lagrange CFD approaches are used as most
common combinations. The Euler Lagrange approach
considers a combination of CFD and the discrete element
method (DEM), referred as CFD-DEM, as it allows us to
recognize the fluid-particle and particle-particle interaction
that is of paramount importance in particle laden flows to
understand its hydrodynamics. We have executed numerical
simulations for different inclinations (θ) of the channel at a
fixed Reynold’s number with particle volume fraction of 1%
to understand hydrodynamics of the particle laden inclined
channel flows in terms of pressure losses. The volume
average Turbulent Kinetic Energy (TKE) budget terms are
evaluated to account for production, dissipation and energy
exchanged between particle and fluid in the inclined section
of the channel. The production term represents rate of loss
of KE from the mean flow and gained by turbulent
fluctuations primarily due to presence of particles. The
dissipation term represents energy dissipated due to flow
modification. All other terms of the TKE budgets are
insignificant at steady state.

mass and momentum transport in the fluid phase are
described as
∇. 𝑢𝑓 = 0
𝜕𝑢𝑓
𝜌𝑓 [
+ 𝑢𝑓 ∇𝑢𝑓 ] = −∇𝑃 + 𝜇𝑓 ∇2 𝑢𝑓 + 𝑓𝐷 + 𝜌𝑓 𝑔
𝜕𝑡
Here, ρf is the density of the liquid, uf is the fluid velocity
vector, μf is the viscosity of the fluid, g is the acceleration
due to gravity and fD is the feedback force per unit volume
due to presence of particle. The particle motion is solved by
integrating the force balance, which is written in a
Lagrangian frame on the particles. For a spherical particle
the governing equations are described as
𝑑𝑥𝑝
= 𝑢𝑝
𝑑𝑡
𝑑𝑢𝑝
𝑚𝑝
= 𝐹𝐷 + 𝐹𝑔
𝑑𝑡
Here, FD is the force exerted by the fluid on the particles, xp
is the particle position vector, up is
the particle velocity vector and mp = ((π/6) ρpdp3), is the mass
of the particle. Other forces such as lift, virtual mass force
and Basset force are neglected as we have considered large
density ratio of particle to fluid. The term Fg is given by the
expression Fg = mpg and the term FD is expressed as
𝜌𝑓 𝐶𝐷
3
(𝑢 − 𝑢𝑝 )|𝑢𝑓 − 𝑢𝑝 |
𝐹𝐷 = 𝑚𝑝
4
𝜌𝑝 𝑑𝑝 𝑓

2. Numerical methods

3. Results and Discussion

The channel flow is computed by means of direct numerical
simulation (DNS) in a Eulerian - Lagrangian frame. For an
isothermal, incompressible flow of Newtonian fluid, the

3.1 Pressure loss in the channel as a function of inclination

1. Introduction

3.2 Volume average turbulent kinetic energy budgets of
particle laden inclined channel flows.

Figure 1: Dimensionless pressure drop as a function of
inclination angle (θ). Open symbols denote unladen case and
closed symbol denotes laden case
In a steady laminar channel flow, under fully developed
conditions balance between pressure and viscous forces
leads to parabolic velocity profile, where pressure gradient
is constant. In unladen channel flows, usually the pressure
drops to overcome the drag due to the walls and is quantified
as difference between inlet and outlet pressures. In laden
channel flow additional drag is created due to presence of
particles which increases the pressure drop as evident in
Figure 1.

The volume average TKE budget terms are evaluated to
account for production, dissipation and energy exchanged
between particle and fluid in the inclined section of the
channel. The production term represents rate of loss of
kinetic energy from the mean flow and gained by turbulent
fluctuations. The dissipation term represents energy
dissipated due to flow modification. All other terms are
insignificant at steady state.
Figure 3 shows the TKE budgets of particle laden inclined
channel flows. It is clear from the figure that the production
term balances the dissipation term for all inclination angles.
But energy exchanged between particle and fluid increases
till θ=200 and on further increasing the inclination there is no
change.

Figure 3: Volume averaged TKE of particle laden inclined
channel flows for different inclination angles.

Figure 2: Ratio of laden pressure drop to unladen pressure
drop (Ψ) vs inclination angle (θ). We found that Ψ ∝ θ-2. The
black dashed line refers to Ψ = 1
To generalize our observations, we calculated the ratio (Ψ)
of laden pressure drop to unladen pressure drop. For a steady
plane channel flow Ψ = 1, and the pressure drop is entirely
due to viscous shear at the walls. For Ψ > 1, the pressure
loss is the combined effect of wall shear and drag due to the
particles. We found a relation, Ψ ∝ θ-2 for Re=10000, using
best fit with method of least squares. Figure 2 shows the plot
of Ψ vs θ.

4. Conclusion
• We found that on increasing inclination of the
channel, in unladen case, the pressure drop
increases and is definitely higher than straight
channel.
• On loading the channel with particles pressure
drop increases with respect to unladen channel.
• We found a relationship between ratio of laden
pressure drop to unladen pressure drop (Ψ) and
inclination angle (θ).

•

We also found that energy exchanged between
particle and fluid increases till θ=200 and on
further increasing the inclination there is no
change
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1. Introduction
A spiral concentrator is a gravity-based concentration
device used for the pre-concentration of heavy minerals and
coal. It is a vital part of the gravity separation circuits. Spiral
concentrators consist of a rubber lined trough that spirals
vertically downward around an axial column. As the
uniformly mixed feed slurry flows down the trough surface,
a thin slurry film forms on the concentrator, where radial
segregation of particles occurs based on size and density.
Due to the expensive nature of designing a spiral
concentrator using a laboratory experimental trial and error
based approach to examine the various prototypes,
researchers switched to computational fluid dynamics
(CFD) for the geometrical design of a spiral concentrator
suitable for industrial applications. The present work aims to
study the particulate flow of an LD9 spiral concentrator
using various multi-phase CFD models. The numerical
predictions such as particle radial segregation and pulp
velocity were compared with the experimental literature
data, and satisfactory quantitative agreement has been
obtained

trough surface. Initially, the volume of fluid (VOF) scheme
was used for water and air interface tracking. The model uses
the discrete phase model (DPM), Algebraic slip mixture
(ASM), and Eulerian model for particle phase modelling.
The multi-phase CFD modelling of the spiral concentrator is
studied for a feed slurry having binary density (2440 & 2650
kg/m3) and poly sizes (75 to 1400 µm) to understand the
particulate flow dynamics on a spiral trough surface.
2.2 Computational domain and boundary conditions
The computational domain used in the present study was an
LD9 spiral concentrator. The LD9 spiral consists of six turn
with a pitch of 0.273 m, trough width of 0.28 m and a
diameter of 0.7 m (Holland-Batt and Holtham, 1991). The
given geometry has an inlet, outlet, top and trough wall as
boundaries. The velocity inlet, pressure outlet, symmetry
and standard wall function were adopted to specify boundary
conditions to the inlet, outlet, top and trough wall sections.
No-slip condition was chosen at the trough wall.
Table 1: Particles used in the case of 0.3 wt.% of solids.
S. No.

Particle type

Density in
kg/m3

Size in
µm

Mix
ratio

2.1 Models

1

Glass beads

2440

75

1

CFD simulations were carried out by ANSYS FLUENT 19.2
software. The Renormalization group (RNG) k-ɛ and the
Reynolds stress (RSM) turbulent models are employed to
resolve the laminar to turbulent transition across the spiral

2

Glass beads

2440

530

1

3

Quartz

2650

1400

1

2. Methodology

predict the particle segregation, pulp velocity and stream
flowrate at a solids concentration of 3 wt.%.

The present study carried out CFD simulations of
particulate flow in the LD9 spiral concentrator for a feed
slurry concentration of 0.3 & 3 wt.% solids and a flow rate
of 6 m3/hr.
3.1 Numerical predictions of particulate flow at 0.3 wt. %
solids using DPM and ASM model

100

Cumulative weight %

3. Results and Discussion

Cumulative percent recovery

60
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0

The details of the injected particles are available in Table
1. In the DPM approach, particles are introduced over the
converged two-phase CFD simulations. Fig. 1 shows the
predicted results of particles of varying sizes and densities
across the trough surface against the experimental
measurements at 0.3 wt.% of solids using the DPM model.
The predicted results showed reasonable agreement with the
experimental values.
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Figure 2: ASM predicted vs measured radial segregation of
glass beads and quartz particles across the trough surface at
6 m3/hr flow rate and 0.3 wt.% solids (Holtham, 1990).
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Figure 1: DPM predicted vs measured radial segregation of
glass beads and quartz particles across the trough surface at
6 m3/hr flow rate and 0.3% solids (Holtham, 1990).
The numerical predictions of particulate flow using the ASM
model at 0.3 wt.% of solids showed satisfactory agreement
with experimental results using the RNG k-ɛ turbulent model
(see Fig. 2). The present model underpredicts the results near
the inner radii. The converged multi-phase flow simulations
are used to analyze the particulate flow parameters.
Likewise, the ASM and Eulerian models are employed to

Numerical prediction of particulate flow in an
LD9 spiral concentrator has been studied using DPM, ASM
and Eulerian models at low solids concentration. Multiphase particulate flow predictions using the ASM model are
promising to simulate particle dynamics at 0.3 wt.% solids.
The final implemented CFD model will help design the
various spiral concentrators operating at moderate feed
solids content having different components.
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1. Introduction
Hydrogen is the most promising energy carrier as Fuel Cell
Vehicles (FCVs). The safe hydrogen refueling station (HRS)
need to be designed and constructed to fill FCVs, as
hydrogen has greater risk for fire and explosion. A leakage
of hydrogen in presence of source of ignition will frequently
be ignited, since it has very low minimum ignition energy
(MIE) below 0.02 mJ, which is an order of magnitude less
than natural gas. Since last decades various studies
comparing the FLACS – CFD with experimental data of
dispersion, fire and explosion of hydrogen have been carried
out [1] – [3]. These studies prove the predicting capabilities
of FLACS - CFD for hydrogen.

dispensers. The current hydrogen on-site HRS considers 400
kg/day capacity and water electrolysis as a hydrogen
production technology. Water electrolysis is the process
where water splits to hydrogen and oxygen with the use of
electricity.

2. Materials and Methods
2.1 FLACS – CFD
FLACS (FLame ACceleration Simulator) is a commercial
computational fluid dynamic (CFD) tool for safety
application developed by Gexcon since 1980. FLACS –
CFD preprocessor, ‘CASD (Computer Aided Scenario
Design)’ is used to provide input data to the FLACS-CFD
processor. The FLACS – CFD code uses a distributed
porosity concept for detailed representation of complex
geometries.
2.2 Refueling Station
Hydrogen refueling station (HRS) refills hydrogen vehicles
(FCEVs) with pressurized hydrogen gas at pressure of 350
bar or 700 bar. Hydrogen is stored as a pressurized gas or
cryogenic liquids. Large stations generally equipped with
on-site hydrogen production facility. The Fig. 2.1 shows
following components of the onsite hydrogen production
HRS: Hydrogen production unit, purification unit, buffer
storage unit, compressors, hydrogen storage tanks, gas
boosters, cooling units. The high pressure compressed gas
from storage station is supplied to vehicle through

Fig. 2.1 Hydrogen refueling station with labels.

2.3 Modeling Scenario Description
2.3.1 Scenario Description
The wind was blowing at 3 m/s velocity with Pasquill class
F and the wind direction was considered as NW to SE. The
reference height was 10 m and the ground roughness as 0.03
m (open flat terrain; grass, few isolated obstacles). The
leakage was considered with hole size of 15 mm, oriented in
upward direction i.e. along positive Z axis. The release
duration was 40 s. The ignition time was set as 6.5 s. The
leak started at 5 s for ventilation pattern to develop and
ignition started 1.5 s after the leak starts. Two leak locations
has been considered 1. Accidental leakage from compressor
unit (70 bar). 2. The storage unit (700 bar).
2.3.2 Modelling Jet Fire
The Ewan–Moodie pseudo-source model was used for jet
fire. For each scenario the calculation of inlet boundary
conditions like effective leak area, leak rate, temperature and
other required parameters for jet flow is carried out by

FLACS inbuilt jet program. The input parameters were:
turbulent intensity 0.1, the discharge coefficient 0.85, the
turbulent length scale was calculated as 10% of leak size.
The values of the Courant-Friedrich-Levy number CFLC
based on the sound velocity and CFLV based on fluid flow
velocity were 10 and 1 respectively to ensure numerical
stability.
The grids were refined across the jet using refine grid
wizard. Area of control volume was set less than 1.25 times
the area of leak. Maximum percentage difference was less
than 35% which ensure good quality grid. A cubical ignition
region was defined to cover whole compressor area and
storage area for each scenario. Total around 3,40,544 control
volume cells were simulated. The porosity was calculated
using Porcalc program and simulation started. The Eddy
Dissipation Concept (EDC) model was implemented for
modelling fire.

hydrogen storage area, partial compressor and cooling unit.
The maximum temperature was around 1840 K.

Fig. 3.2: Radiative heat flux near storage area

Table 3.1 conclude the distance (m) affected by radiative
heat flux (kW/m2) due to hydrogen jet fire near compressor.
Table 3.1 Heat flux with respective distance

Heat flux for hydrogen
fire (kW/m2)
Distance (m)

1.6

4

12.5

37.5

28

20

17

05

3. Result and Discussion
4. Conclusion
For 15 mm leak size, the initial mass flow rates from
compressor at 70 bar and storage vessel at 700 bar were 0.65
and 6.6 kg/s respectively. The simulations were performed
to capture the heat flux (kW/m2) from hydrogen jet fire on
surrounding facility. The results were post processed using
FLOWVIS 5. Fig. 3.1 shows the 3D plot of QRADFF (far
field radiative heat flux, kW/m2) and T (temperature, K)
field to display the location of the flame for compressor unit.
Severe structural damage will occur at 37.5 kW/m2 radiative
heat flux. In Fig. 3.1, the heat flux of 1.6 – 38 kW/m2 is seen
on cooling unit, electrolysis unit, compressor shed, and
electric unit.

FLACS – CFD tool of Gexcon has been performed to study
the consequence of accidental release of hydrogen from
compressor section (at 70 bar pressure) and the pressurized
storage area (at 700 bar) of hydrogen refueling station. The
impact of obstructions, confinement, wind, leak location,
source of ignition, during jet fire of hydrogen have been
investigated. The maximum temperature was found around
1660 K and 1840 K respectively for leakage near compressor
and storage area affecting cooling area, compressor unit,
electrolysis unit, storage area. It is recommended to place
adequate hydrogen detector accordingly and consider
adequate fire protection for hydraulic lines and instrument
control cables in accordance with national and international
codes and standards.
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Fig 3.1 Radiative heat flux and T plot near compressor.

The temperature was observed around 1660 K. The soot
model FOX measures the soot level. However, the soot yield
for hydrogen is zero, soot is not being observed. Fig 3.2
shows the radiative heat flux 1.6 – 38 kW/m2 around
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1. Introduction
Scaffolds are widely used in tissue engineering. Scaffolds
serves as a porous degradable temporary supporting
structure that assists in tissue regeneration process. A
porous scaffold is known to provide the substitution of an
extra cellular matrix (ECM) to support cell-material
interaction for a new tissue formation. Cell-material
interaction involves cell proliferation, differentiation and
migration. Ideally, the material properties of a porous
scaffold (degradation and mechanical strength) should
match with the target tissue that is to be regenerated.
During tissue regeneration process, a scaffold degrades
with time and the new tissue replaces the degraded
structure with its own ECM. A wide variety of degradable
polymers have been utilized in scaffold preparation using
several advanced manufacturing technologies. Hence,
choosing a suitable polymer material plays an important
role in preparation of a most appropriate scaffold for a
tissue of interest. Synthetic polyesters such as PLA, PLLA,
PDLA, PLGA and the combination with natural polymers
such as gelatin, collagen (for hybrid porous scaffolds) have
been extensively studied for bone tissue engineering.
Synthetic polyester-based materials and their hybrid with
natural polymers are known to provide high mechanical
strength and rigidity to the manufactured scaffolds which
could be utilized in bone tissue engineering. In all these
cases, the degradation behaviour needs to be well studied
for use of these materials in scaffold manufacturing
process. The rate of degradation of these materials should
match with rate of new tissue regeneration so that the
scaffolding materials can be replaced completely with the
formation or regeneration of new tissue. At the same time,
due to long degradation time of synthetic polymers the
requirement of the simulation of the degradation behaviour

of a scaffold assists by reducing the time consuming
experiments as the traditional way of finding the rate of
degradation is by conducting the experiment, is inefficient
as it requires a lot of time and resources.
2. Material and Methods
Different materials (natural and synthetic) have been used
which can be biodegradable or permanent. Some of these
materials have already been employed as bio-resorbable
joint such as collagen and polyesters. New biomaterials are
being developed to have ideal properties and functional
customization:
biodegradability,
biocompatibility,
immunogenicity, transparency, nano-scale fibers, low
concentration and bio mimic [4]. Polylactic acid (PLA)
commonly used synthetic material, is widely known for its
property to degrade within the human body. As a byproduct
of PLA lactic acid is produced, which naturally occurs
inside our body and can easily be excreted out. PLA
possess subsequent mechanical strength and structural
integrity and is hydrophobic in nature. This hydrophobicity
inhibits their biocompatibility [1]. The model proposed in
this work was developed in SOLIDWORKS 2019 and was
simulated in ANSYS 2020. Following methods are
followed while performing the simulations: initial
microstructure,
volume
discretization,
boundary
condition, erosion model and degradation.
2.1 Methods
Scaffold model of the given geometry was made in
SOLIDWORKS. Then the model was discretized into small
voxel elements using tetrahedron mesh given in ANSYS.
Voxel element was used for meshing because of its small
geometry. The model was drawn in fluent module and the

reequired materrial propertiess of each dom
main are proviided.
The
T simulationn was perform
med with overr and above 1500
iterations. Sim
milarly, resullts were obttained for every
e
material
m
by reppeating the sam
me procedure.. This processs was
reepeated till addequate erosionn rate is determ
mined.
3.. Results an
nd discussion
ns
Inn order to vaalidate the model
m
simulattions results were
w
coompared withh the empiriccal degradatioon experimentts of
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scaffold in bone
b
tissue. T
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from the liteerature, relativve to scaffolld degradation
n in a
dilute NaOH
H solution [4].. The simulatted geometry of the
scaffold was generated viaa modeling thee real microstrructure
of the scaffold used in thee empirical teests performedd. The
model was accustomed to generate a scaffold with a fibre
3 µm. 12 muultifibre – layeers were arrannged
diameter of 300

(b)
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Figure
F
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1
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p
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a
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m
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m
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has substantiaally affirmed the homogeneous degradattion of
proposed moddel.
4. Conclusioon
From the resuults shown abbove it can bee concluded thhat the
small changee in inlet vellocity has no effect on material
m
erosion rate. It was founnd that the PLA
P
was havving a
moderate eroosion rate. T
The degradattion of a maass of
material can easily be deteermined by meeans of erosioon rate.
The proposeed model waas identified to be capabble of
generating soolid geometriies which cann resemble thhe real
scaffold miicrostructure. The propposed degraadation
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i
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mpirical
results for th
he degradationn of sca olds under accellerated
hydrolysis tests. Yet, validdation of the model
m
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1. Introduction
A limestone type of uranium ore from Gogi,
Karnataka, India, requires very fine grinding and alkaline
leaching processing route as the uranium values are finely
disseminated in the carbonate host rock [1]. Very fine grind
size of this slurry makes the solid liquid separation an
arduous task. Slurry rheology plays a very important role in
characterizing its solid liquid separation behavior.
In the present study, the rheological behavior of
theaforementioned ore slurry (pH = 9.5-10)was
investigated.Effect of solids concentration (10, 20, 30, 40,
50, 60, 70, 75%, w/w), temperature (20, 30, 40, 50, 60, 70
ºC),particle size and particle size distributions, and dosages
of surfactant (20, 40, 60, 80, 100, 120, 140, 160 g/t)on the
slurry rheology were studied. An attempt was also made to
interlink the rheological behavior of the slurry with the
filtration rate.
2. Materials and Methods
The experiments were conducted on an
exploratory mine ore sample received from Gogi(ρ=2680
kg/m3,0.02% U3O8). The particle size and particle size
distribution of solid samples were determined by Laser
particle size analyzer (CILAS 1090, Germany). A sample
of Guar gum supplied by M/s H. B. Gum Industries Pvt.
Ltd. (Gujarat) was tested for improvement in rheological
behavior of the slurry.
2.1Rheological measurements

A Modular Compact Rheometer (MCR52) supplied by Anton-Parr, Austria was used to
characterize the rheological behavior of the ore slurry.
Measurement setup with Concentric Cylinder (CC)
geometry was used which is based on Searle Principle. The
viscosity is proportional to the motor torque that is required
for turning the measuring bob against the fluid’s viscous
force. The CC geometry has a gap width of 1.639 mm
between inner and outer cylinders. A thermal jacket around
the sample holder enables temperature control of the
sample in the range of -50 to 200 ºC. The Rheograms (flow
curves) were generated under controlled shear rate (CSR,
100-1400 s-1) test mode.
The non-Newtonian fluid behavior of the slurry
was modelledusing the Herschel-Bulkley model [2]. This
model allows studying the rheograms on the complete
range of shear rates (γ) investigated
߬ ൌ ݇ߛ   ߬௬
(1)
where, τ is the shear stress, τy is the yield stress, k and n are
model coefficients.The variation of temperature was
modelled using Arrhenius type model equation whereasthe
particle size distribution was modelled using Rosin
Rammler particle size distribution model.
2.2 Filtration tests
The filtration studies were conducted at a fixed
vacuum of 650 mm Hg using a standard laboratory vacuum
filtration system which includes a Buchner funnel of
diameter 12 cm.

3. Results and Discussion
3.1 Effect of solids concentration
The results of flow curves at different solids
concentrations (Figure 1) revealed that shear stress
increases non-linearly with increase in shear rate. The
results of the Herschel-Bulkley model are shown together
with experimental data in Figure 1. A good agreement
between the experimental and predicted shear stress is quite
obvious in this figure, with regression coefficients (R2)
values > 0.998. The shear stress was also increased with
increase in solids concentration (10-75%, w/w), which is
more obvious at higher shear rates. This increase in shear
stress resulted a decrease in filtrate rate from 905m3/(hr.m2)
at 10% solids to 64m3/(hr.m2) at 73% solids.
10000
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Pred (20% solids)
Exp (40% solids)
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Exp (20% solids)
Pred (30% solids)
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Pred (60% solids)
Exp (75% solids)

3.3 Effect of particle size and particle size distributions
It was found that as the slurry becomes more finer,
it results in an increase in shear stress and makes the slurry
more viscous. This ultimately makesfiltration very difficult
at such a fine particle size.Thus, the filtrate rate was
reduced from 446m3/(hr.m2) withparticle size (d90) of
108.19µm to 199m3/(hr.m2) with 52.80µm, at 50% solids.
3.4Effect of surfactant dosages
Addition of natural surfactant Guar gum (nonionic) reduces the surface tension of the liquid. It was
found that even at a dosage of 500 g/t, the shear stress was
not increased appreciably. The addition of Guar gum
helped in particle agglomeration and the filtrate rate was
increased from 199m3/(hr.m2) (without any filtration aids)
to 300 m3/(hr.m2) at a Guar gum dosage of 100g/t.
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Figure 1:Rheogram of uranium ore slurry for different
solids concentrations (30 ºC, d90=52.80µm).
3.2 Effect of slurry temperature
The flow curves at different temperatures (Figure
2) show that the shear stress decreases with increase in
temperature.When the slurry was heated the cohesive force
between the molecules reduced due to thermal motion
which ultimatelyresulted in a decrease in shearstress and
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at 70ºC.In this case too R2 values > 0.998 were obtained
between the experimental and predicted shear stress.
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Figure 2:Rheogram of uranium ore slurry for different
temperatures (50% solid, d90= 52.80µm).
thus a decrease in viscosity of the fluid. The decrease in
viscosity at higher temperature resulted an increase in
filtrate rate from 199m3/(hr.m2) at 30 ºCto 393 m3/(hr.m2)

4. Conclusion
The present study investigated the rheological
behavior of the ore slurry. The Herschel-Bulkley model
was used to describe the rheological behavior of the slurry
and the model was found in a good agreement with
experimental data in the entire shear rate range. The solids
concentration, temperature, particle size & particle size
distributions, and surfactant dosages were found to have a
significant impact on the slurry rheology.The rheological
behavior of the ore slurry transformed from weakly dilatant
characteristic to pseudo plastic with >60% solids (w/w). It
was also found that the yield stress increased exponentially
with an increase in solids concentration and decreased with
increase in temperature. The maximum solids packing
volume fraction was determined to be 0.539 at a shear rate
of 728s-1. Slurry with more fines resulted in increased
viscosity.Filtrate rate was found to increase with increase in
temperature and particle size and decrease in solids
concentration. Addition of Guar gum to the slurry resulted
particle agglomeration and increase in filtrate rate.
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Abstract:
An innovative process is developed for production of high‐impact carbon quantum dots (CQDs)
from low‐grade Indian coals by adopting simple, cost‐effective, environmentally‐friendly wet‐chemical
technique. In the course of our study, laboratory‐ as well as batch‐ scale experiments were carried out
including ultrasonic simulation, filtration, and different purification techniques. The CQDs obtained from
coals were characterized through advanced‐level characterizations techniques including high‐resolution
electron microscopy. The process demonstrated the efficient and facile production of the technogenic
CQDs (size <10 nm) from different types/ranks of coals along with high‐end uses. Our R&D outcome has
developed a new avenue in coal chemical technology as well as large‐scale production of carbon
nanomaterials using abundant coals as precursor materials.
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Development of Sustainable Membrane Processes for Chemical Purification, Gas
Separation, Solvent Recovery and Water/Wastewater Treatment
Dr. S. Sridhar
Chief Scientist, PETT Department, CSIR-IICT, Hyderabad.
Abstract: Membrane technology has a broad spectrum of industrial and environmental
applications owing to its multi-disciplinary adaptations as a sustainable, safe and economical
advanced technology. Membranes are useful in several industries, including chemical,
petrochemical, pharmaceutical, chemical, biotechnological, food, metallurgy, besides water
treatment. The Membrane Separations Laboratory of CSIR-IICT led by Dr. S. Sridhar has
commissioned several pilot plants based on nanofiltration, electrodialysis, reverse osmosis and
gas permeation for solvent recovery, effluent treatment and separation of gaseous mixtures. He
has developed novel membrane materials for sweetening of 100 m3/hr of Natural gas at ONGC,
Hazira, by removal of carbon dioxide and hydrogen sulphide acid gases. Process design for
recovery of propylene from its mixtures with propane and refinery gas mixture for HPCL,
Visakhapatnam and enrichment of methane in biogas plants are also completed successfully.
He has integrated processes combining membranes with vacuum distillation and resin for
separation of metal ions from solvents, alkalies and acids for pharmaceutical and
semiconductor industries. Dr. Sridhar also developed safe processes for recovery of hazardous
rocket propellants such as hydrazine, monomethyl hydrazine (MMH)/ unsymmetrical dimethyl
hydrazine (UDMH) from their reaction liquors using pervaporation and membrane distillation.
Other contributions involve solving major industrial bottlenecks such as separation of
azeotropic mixtures, recovery of pure HCl besides extraction of volatile chlorinated organic
compounds (VOCs) from wastewater streams. Dr. S. Sridhar has been instrumental in
development of affordable proton conducting membranes as import substitutes for fuel cells.
He has providing solutions for a plethora of solutions for industrial problems through
ultrafiltration, microfiltration, membrane contactors and membrane bioreactors. He has
published 7 review articles that cover topics such as natural gas separation, fuel cells, air
separation and water-gas shift reaction which are highly cited by peers.
Dr. S. Sridhar has put in significant efforts for societal welfare using membrane
separation processes by venturing into defluoridation of groundwater in rural areas of
Telangana, Andhra Pradesh, Karnataka and Tamil Nadu. Installation of 15 model
defluoridation pilot plants of 10004000 L/h capacity provides safe drinking water to a
population of 1 million which has been appreciated by the Governor of the State. An
inexpensive hollow fiber membrane technology for clarification and disinfection of surface
water by ultrafiltration has been developed and incorporated in hand pump operated systems.

Twenty five such systems are deployed in 7 flood affected states including Kerala, West
Bengal, and Bihar. Modular Nanofiltration systems of 1001000 L/h capacity have been
installed in schools, colleges, hospitals, small village hamlet clusters, industrial and science
exhibitions besides free water camps in urban areas for treatment of ground water containing
moderate TDS levels. Technologies for production of ultrapure medical grade water for
dialysis and Atmospheric Water Generator for provision of clean and safe drinking water in
arid regions have also been developed and deployed.
During the current pandemic, user-friendly technologies to mitigate the Covid-19
spread were developed which include multilayered face masks ‘SaanS’, face shields, hand
sanitizers, eco-friendly formulations of disinfectants, touch-free dispenser, UV chamber for
disinfection, mechanical ventilator for emergency medical care and air purifier for closed
rooms. Around 5 lakh face masks and 3000 face shields were distributed in 20 states across
India through a collaborative project with employment opportunities and revenue generation
for self-help groups, NGOs, and senior citizens. Future projects involve development of solar
powered desalination of sea and brackish water by forward osmosis and membrane distillation,
integrated treatment strategies for STPs, oxygen enrichment unit for pretreatment of Covid
patients.
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Abstract: Increased coal consumption has decreased over-dependence on crude oil. In view of the abundant and easy availability
of non-coking coals in India, emphasis is given for the usage of the same for thermal power generation. The increased use of coal
with higher mineral matter content, lowers the gross calorific value (GCV) with increased ash production. Keeping these points
in mind, in this work, it was proposed to find a suitable technique for coal washing in laboratory scale. Water wash via
ultrasonication and simple benzene wash were tried and tested. Subsequently proximate analysis and gross calorific value
experiments were performed. A total of 4 number of samples from different coalfields in India were collected. Benzene-wash
yielded best results for coal samples collected from MCL (Mahanadi Coalfield Limited). Overall, western coalfield limited (WCL)
samples were found to have higher GCV among various samples analyzed in this work.
Keywords: proximate analysis; non-coking coals; gross calorific value; sample collection.

1. Introduction
Coal is an organic rock, to put it plainly. Furthermore, coal
is characterized as a combustible mineral material made up
of carbonized vegetable matter that is used as a fuel. The
term coal is often used in the singular sense, but it also refers
to a number of materials with a broad range of properties –
similar to how the term petroleum (or crude oil) used to refer
to a range of materials made from low-boiling (light)
standard crude oil to thicker viscous high-boiling heavy oil
[1]. Since coals from different coalfields have different
characteristics, they often differ in terms of washability.
While some coals may be easier to clean, others may present
significant challenges [2]. Cleaning of coal has a number of
benefits. Cleaned coal at the mine site eliminates impurities
in the coal, lowering transportation costs, increasing heating
value, improving process efficiency, and reducing emissions
[2-3].
In this work, it was proposed to find a suitable technique
for coal washing in laboratory scale. Water wash via
ultrasonication and simple benzene wash were tried and
tested. Subsequently, proximate analysis and gross calorific

value experiments were performed to evaluate the
properties.
2. Sample Preparation
Sample preparation is important for analysis of samples.
All the samples collected from different coalfields were
prepared using various mechanical methods.
2.1 Water wash via sonication
All the samples collected from MCL and WCL were
crushed and powdered into 60/84 mesh size particles. Coal
samples were washed with distilled water in an ultrasonic
bath (with fixed frequency).
2.2 Benzene wash
Coal samples were washed with benzene thoroughly,
before analysis.
3. Experimental work
The analysis of all the coal samples were carried out by
performing proximate analysis and gross calorific value
experiments.

3.1 Proximate Analysis
Proximate analysis was performed to find out moisture
content (M), volatile matter content (VM), ash
content
(A), and fixed carbon content (FC) [2].
3.2 Gross Calorific Value
The amount of potential energy in coal that can be turned
into real heating power is known as its energy value or
calorific value. The value may be measured and compared
to other commodities or various grades of coal. For a given
mass, various grades of materials can emit different
quantities of heat. The bomb calorimeter approach is used to
calculate the calorific value of coal samples. All the GCV
values are calculated on Parr 6100 calorimeter device.

benzene within the porous matrices of the treated samples
might have attributed to the higher numbers. Overall, water
wash yields better fixed carbon content throughout.
Benzene-washed coal samples collected from underground
coal seams (MCL2) yields a GCV value of 4808.64 cal/gm
which is superior to water washed sample. The waterwashed coal samples collected from open cast coal seams
(WCL U2) have yielded a GCV value 7043.60 cal/gm.
Table 2: Proximate analysis of coal samples prepared via
benzene wash
Proximate Analysis (Benzene Wash)
Samples
M%

VM%

Ash%

FC%

MCL1

3.167

37.167

45.333

14.333

4. Results and Discussion
Results of proximate analysis of different samples after
water and benzene wash are tabulated.

MCL2

4

30.167

34.333

31.5

WCL U1

4.5

33.333

38.5

23.667

4.1 Proximate Analysis

WCL U2

5

30.667

46.167

18.167

On comparison (Table 1 & 2), it may be inferred that the
samples collected from underground coal mine MCL2 and
opencast coal mine WCL U1 & U2 are having higher
percentage of moisture content than opencast MCL1 sample.
The ash percentage is highest in MCL1. Fixed carbon
content is found to be the highest in MCL 2 sample.
Benzene wash yields relatively low moisture content
across all the samples analyzed. Comparatively volatile
matter content is found to be on the higher side when
compared with water wash samples. Presence of left-over
Table 1: Proximate analysis of coal samples prepared via
water wash
Proximate Analysis (Water Wash)
Samples
M%

VM%

Ash%

FC%

MCL1

3.333

32.5

41.333

22.833

MCL2

5.667

25.5

37.333

31.5

WCL U1

4.667

30.333

37.083

27.917

WCL U2

4

31.5

36.027

28.473

5. Conclusion
This work, successfully demonstrated an improvement in
GCV of high ash Indian coals via water washing and
benzene treatment. A total of 4 number of samples from
different coalfields in India were collected. Benzene-wash
yielded best results for coal samples collected from MCL
(Mahanadi Coalfield Limited). Overall, western coalfield
limited (WCL) samples were found to have higher GCV
among various samples analyzed in this work.
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Abstract
This work investigates the pyrolysis process at a
high-temperature of 800˚C for low-rank Indian coals and
biomass feedstock. For the experiments, coal and biomass
samples with an average particle size of ~100-150 microns
were prepared by grinding and pulverizing the as-received
feedstock. Here, we performed the proximate and ultimate
analysis of the individual feedstock of coal and biomass to
determine the effect of feed properties on the final product
yield. Sample mixtures of coal, biomass and coal-biomass
blends were pyrolyzed using a fixed horizontal tube furnace.
The experimental conditions of continuous nitrogen flow at
50 ml/min, temperature ramping rate of 10C/min, and
temperature hold-period of 30 mins were maintained
through all the experiments performed. The synergetic effect
of co-pyrolysis of coal and biomass particles was
investigated, and the correlation with the individual
feedstock properties was also discussed. The outcomes of
these experiments will be beneficial to study the gasification
process for the blends of coal and biomass1-4.
2. Material and Methods
2.1 Materials
The study required different coal samples with
varied characteristics, biomass sample, and Nitrogen gas for
an inert purging atmosphere. Coal samples were arranged
from the eastern coalfields of India, and biomass was also
purchased from the same region. For the current study, we
use Banana peduncle as a biomass feedstock.
2.2 Methods

2.2.1 Characteristics and preparation of coal and biomass
samples
Before performing the pyrolysis experiments, the
coal and biomass sample were analyzed for their physical
and chemical characteristics. Proximate analysis of coal and
biomass samples was done using a LECO TGA-701
instrument. The results for this analysis are presented in the
below table 1 Coal 1
Coal 2
BM
Properties ↓
Ash
71.99
36.34
15.99
Volatile Materials
15.19
26.98
60.45
Moisture
4.42
9.33
16.98
Fixed C
8.4
27.35
6.58
Table 1. Proximate analysis of coal and biomass samples.
It is evident from the above proximate analysis that
both the coal samples have very high ash content, which we
have targeted to study, considering its applications towards
gasification and thus meeting the country's energy needs.
Coal and biomass samples were prepared by
crushing, grinding, and then pulverizing using the respective
instruments to conduct the pyrolysis experiments. The
powdered samples were sieved with an adequate mesh size
to obtain the average particle size of 100 microns for the
experiments.
2.2.2 Experimental set-up and procedure
The pyrolysis experiments were performed using a
fixed bed horizontal tube furnace. The mass of each sample
was kept at 5.0 gm while keeping all the experimental

conditions the same. The sample was put in a quartz sampleholder and thermally pyrolyzed as a fixed bed system in a
lab-scale tube furnace (Ants Ceramics Pvt. Ltd.) at 800 °C
with 10 °C/min heating rate for 30 minutes residence time.
The thermally treated materials were taken out from the tube
furnace in an air-tight container. The aluminum locking
flanges helped control the airflow and maintain oxygenlimited condition along with initial and final stage N2
purging @ 0.5 liters/min. The pyrolysis system utilized for
the experiments is shown in figure 1.

Similar to the literature reported data, we also
observed experimental char yield values lower than the
theoretical values obtained from the proportional addition of
blended components2. Although the synergetic effect is not
significant for Blend 1 (Coal 1 + BM) with (-Δ) ~0.5%, in
comparison to Blend 2 (Coal 2 + BM) with (-Δ) ~2.1%. As
reported, this decrease in the char yield could be attributed
to the decomposition of char by Hydrogen obtained from the
biomass pyrolysis together with the catalytic effect of
inorganic components of biomass ash. Further, this
reduction in char yield is also the result of the
devolatilization of the tar components by the heat released
during pyrolysis.
4. Conclusion

Figure 1. Tube Furnace with gas purging utilized for
pyrolysis experiments.
To determine the synergy of coal and biomass
samples for pyrolysis, samples with 1:1 wt. ratio were also
prepared while keeping the total weight at 5.0 gm.
3. Results and Discussion

Pyrolysis Yields (wt. %)

The following figure 2 depicts the results obtained
for the pyrolysis experiments performed in the fixed bed
horizontal tubular furnace. The red bars represent the yield
obtained from the additive model, and the blue bars
represent the experimental yields. Errors for the experiments
are within ±0.2%, as confirmed by the repeatability
precision.

60

Experimental Yields
58.62 59.11

Additive model yields

55

53.03
50.94

50
45
Coal 1 + BM

Coal 2 + BM

Figure 2. Results of Pyrolysis experiments.

This work demonstrated the synergetic effect of coal
and biomass blend co-pyrolysis in the final char yield. In this
preliminary study, the impact of coal type is mainly targeted
to observe the synergetic effects of co-pyrolysis of coal and
biomass. We observe a higher additive effect on char yield
for coal 2 having higher fixed C (FC) and volatile materials
(VMs) than coal 1 with lower content of FC and VMs. The
Hydrogen and other volatile gases released from the biomass
can affect the coal having higher fixed C, thus resulting in a
higher reduction in the char yield. This synergetic effect of
coal and biomass could be utilized to produce high-grade
energy compounds and solid char having high reactivity.
Multiple experiments with diverse operational parameters
and product characterization would be performed further to
validate the synergy theory of co-pyrolysis of coal and
biomass blends.
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1. Introduction
The unconventional petroleum resources are
proven to hold a huge reserve around the world. One such
resource is oil shale. The estimated reserve of oil shale
around the world is about 400 billion barrels of oil
recoverable. In India, oil shale is found in the Upper Assam
region of North East India1,2. The conversion of oil shale
into valuable products (oil and gas) and the kinetics of oil
shale pyrolysis has been studied extensively3. Pyrolysis
parameters significantly influence product distribution and
composition and are vital for obtaining the yield of desired
composition1. Thermogravimetry TG based thermal
degradation kinetic is widely used for investigation of solid
state degradation kinetics3. Isoconversional methods
recommended by the International Council of Thermal
Analysis and Calorimetry (ICTAC)have been proven to
give reliable kinetic data even when multiple reaction steps
are involved.The current work presents a comprehensive
study on the maturation mechanism of oil shales. Indian oil
shale have been considered for the present study, and the
physicochemical and thermochemical properties have been
analyzed. The effect of pressure on the degradation kinetics
and product yield and composition was studied. The
kerogen was isolated from the oil shale sample to visualize
the maturation of source rocks in the sub-surface the oil
shale samples were subjected to hydrous pyrolysis
experiments to replicate the maturation of source rocks into
hydrocarbons by geological phenomenon. Finally, the oil
shale samples were blended with lignocellulosic biomass to
study the catalytic effect of inherent minerals in the oil
shale during co-pyrolysis process.
2. Material and Methods

2.1 Materials
The oil shale samples were collected from the
Tikak Colliery of Makum coal field, Upper Assam, India.
The samples were grounded using a hammer mill and
screened into 100 mesh size1,2.
2.2 Methods
The oil shale samples were subjected to different
lab-scale pyrolysis experiments in novel pyrolysis reactors.
The kinetic study of different pyrolysis processes were
studied using linear and non-linearmodel free
isoconversional methods. The pyrolysis products were
characterized by different analytical techniques such as,
TGA, HP-TGA, TGA-FTIR, powder XRD, FE-SEM EDX,
FTIR-ATR, GC-MS, GC-FID, and TCD,NMR, and
microscopic analyses.
3. Results and Discussion
3.1 Physicochemical and thermochemical properties of
Indian oil shale
The physicochemical characteristics of oil shale
were studied by proximate analysis, elemental analysis,
Fourier transform infrared spectroscopy and X-ray
diffraction. Oil shale sample were found to be of siliceous
type, sour in the presence of aliphatic, aromatic and
phenolic compounds. Thermogravimetric analysis showed
a total organic matter decomposition of 21 wt%3.
3.2 Pyrolysis of Indian oil shale
Lab-scale pyrolysis experiments of the oil shale
samples at atmospheric condition showed maximum oil
yield of 12.54 wt/wt% at pyrolysis temperature of 600°C at
a heating rate of 10°C/min with holding time of 2 hours,
with 9.76 wt/wt% of gaseous yield. High-pressure pyrolysis

off the oil shalee sample showed decreasee in oil yield with
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off gases due to
o cracking annd the occurreence of seconndary
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matures
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4
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m
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e
w
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siimulate the inn-situ maturattion of sourcee rocks duringg the
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b
off oil shale and biomasss, the concentration of –OH
–
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4. Conclusion
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1. Introduction
The process of hydrocarbon maturation from
source rocks involves the conversion of organic matter to
kerogen (digenesis) in the influence of temperature and
pressure, and conversion of kerogen into hydrocarbons
(catagenesis)1,2. The possibilities of investigating the
chemistry of the oil generation processes and associated
reactions have expanded significantly to study and develop
synthetic maturation processes for production of petroleum
grade oil and gases from hydrocarbon source rocks.
Hydrous pyrolysis studies of petroleum source rocks and
oil shales have been used as a medium for identification
and estimation of hydrocarbon potential of different source
rocks around the world.
Hydrous pyrolysis is performed at elevated
pressure and temperature to study the process of
hydrocarbon maturation in short term lab-scale experiments
as a replacement to long duration reaction periods of
geological processes3. In the present study, hydrous
pyrolysis experiments were conducted with Indian oil shale
in brine solution and De-ionized (DI) water by soaking the
sampled for a duration of 1 week to 4 weeks, and by
standard hydrous pyrolysis experiments at iso-thermal
pyrolysis temperature in the range of 275°C to 400°C, and
pyrolysis pressure of 90 bar. The produced hydrocarbon
samples were characterized using standard characterization
techniques.
2. Material and Methods
2.1 Materials
The oil shale samples were collected from the
Tikak Colliery of Makum coal field, Upper Assam, India.

The samples were grounded using a hammer mill and
screened into 100 mesh size4.
2.2 Methods
2.2.1 Hydrous pyrolysis experiments
The hydrous pyrolysis experiments were
performed in two different techniques. In one method 50g
oil shale samples were pre-soaked in 50 ml deionized water
(DI) 50 ml brine solution respectively for a period of 1, 2,
3, and 4 weeks. The pre-soaked oil shale samples were then
pyrolysed in a high pressure tubular reactor at isothermal
pyrolysis temperature of 300, 350, and 400°C for duration
of 24 hours at 90 bar pressure. During conventional
hydrous pyrolysis techniques, the oil shale samples were
mixed with 50 ml of DI water and brine solution
respectively. The oil shale slurry was pyrolysed
isothermally at 275, 300, 350, and 400°C for 72 hours in a
high-pressure pyrolysis reactor at pyrolysis pressure of 120
bar. The lab-scale high pressure pyrolysis setup was
developed using a Swagelok semi-batch tubular reactor
(SS316) of 350ml capacity, heated externally by a tubular
electric furnace, controlled by a PID controller. The
autoclave setup was purges with nitrogen prior to pyrolysis.
3. Results and Discussion
3.1 Lab-scale pyrolysis experiments
The oil yield increased with increase in pyrolysis
temperature for both soaking pyrolysis (from 300 to 400°C)
and standard hydrous pyrolysis experiments (from 275 to
400°C). For soaking pyrolysis experiments the pyrolysis
pressure was maintained at 90 bar isobaric pressure. For the
soaking pyrolysis experiments it was observed that, with
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2.2 Methods.

1. Introduction:
In today’s world electricity is most important source of

To better understand the working of solar wind hybrid

energy for the human being. All the conventional energy resources

system, we must know the working of solar energy system and

are depleting day by day. So we have to shift from conventional to

wind energy system. Solar power system can be defined as the

non-conventional energy resources. The combination of renewable

system that uses solar energy for power generation with solar

energy sources, wind & solar are used for generating power called

panels. The block diagram of solar wind hybrid system is shown in

as wind solar hybrid system. This system is designed using the

the figure in which the solar panels and wind turbine are used for

solar panels and small wind turbines generators for generating

power generation.

electricity. In this the combination of two energy resources is takes

Fig. Block diagram of Hybrid energy generation system

place i.e. wind and solar energy. Solar energy and wind energy
have

been

deemed

clean,

inexhaustible,

unlimited,

and

SOLAR
PANNELS

BATTERY
BANK

environmental friendly. We can give uninterrupted power by using
hybrid energy system. Basically this system involves the
integration of two energy system that will give continuous power.
Solar panels are used for converting solar energy and wind turbines

ELECTRIC
LOAD

CHARGE
CONTROLLER

are used for converting wind energy into electricity. The main
objective of this paper is to assess the feasibility and economic
viability of utilizing hybrid Solar–Wind–battery based standalone
power supply systems to meet the load requirements.
2. Material and Methods:
2.1 Hybrid Energy System.

WIND
TURBINE

INVERTER

2.2.1 Design of Hybrid Energy System
Wind and solar energy are complementary to each other,

In energy system the electricity can be generated by more

which makes the system to generate electricity almost throughout

than one source at a time like Wind, solar, biomass etc. There are

the year. The main components of the Wind Solar Hybrid System

various modules to generate hybrid energy like wind-solar hybrid,

are wind aero generator and tower, solar photovoltaic panels,

Solar-diesel, Wind- hydro and Wind–diesel. Among the above

batteries, cables, charge controller and inverter. The Wind - Solar

hybrid energy generation module the wind-solar hybrid module are

Hybrid System generates electricity that can be used for charging

more important because it is abundant in nature and it is very much

batteries and with the use of inverter we can run AC appliances.

environment friendly. So for continuous power it is important to

Wind turbine can be defined as a fan consisting of 2 or 3 blades at

hybridize the solar and wind power with the storage batteries.

minimum height of 18 mtrs. rotate due to blowing wind such that

the axis of rotation must be aligned with the direction of blowing

A. Data required for Solar System:

CT is the total cost in Rs
CWT is the cost of single wind turbine in Rs
CSP is the cost of single solar panel in Rs
CB is the Cost of single Battery in Rs
NW is the number of wind turbine used
NS is the number of solar panels used
NB is the number of Batteries used in Battery Bank.
3. Results and Discussion:

1. Annual mean daily duration of Sunshine hours

After simulating all of the possible system configurations, HOMER

wind.
For design of the hybrid energy system we need to find the data as
follows

2. Daily Solar Radiation horizontal (KWH/m2/day)

displays a list of configurations sorted by net present cost (NPC), i.e.
lifecycle cost, which can be used to compare the different system design

B. Data required for Wind System:

options. The NPC of a component is the present value of all the costs of

1. Mean Annual Hourly Wind Speed (m/sec)

installing and operating that component over the project lifetime, minus

2. Wind Power that can be generated from the wind turbine

the present value of all the revenues that it earns over the project lifetime

2.2.2 Proposed Calculation

HOMER calculates the NPC of each component in the system, and of the
system as a whole.

PT = NW * Pw +Ns * PS

Table 1: Annual generation details of the proposed smart
Hybrid system

Where:PT is the total power generated
PW is the power generated by wind turbines
PS is the power generated by solar panels
NW is the no of wind turbine
Ns is the no of solar panels used

Quantity

Units

PV Array

Wind Turbines

Rated capacity

kW

150

100 (10 x 10)

Mean output

kW

31.4

17.4

Maximum output

kW

157

100

Total production

kWh/yr

275,147

152,721

Hours of operation

hr/yr

4,357

6,916

Capacity factor

%

20.9

17

A. Calculations for wind energy
The power generated by wind energy is given by,
Power = (density of air * swept area * velocity cubed)/2
PW = ½. ρ (AW) (V) 3
Where,
P is power in watts (W)
ρ is the air density in kilograms per cubic meter (kg/m³)
AW is the swept area by air in square meters (m²)
V is the wind speed in meters per second (m/s).

B. Calculations for solar energy
To determine the size of PV modules, the required energy consumption
must be estimated. Therefore, the power is calculated as
PS = Ins (t) * AS*Eff(pv)

CONCLUSION
Smart hybrid power generation system is good and
effective solution for power generation than conventional energy
resources. It is highly safe for the environment as it doesn’t produce

Where,

any emission and harmful waste product like conventional energy

Ins (t) = isolation at time t (kw/ m2)
AS = area of single PV panel (m2)
Effpv = overall efficiency of the PV panels and dc/dc converters.

resources. overall it good, reliable and affordable solution for

Overall efficiency is given by,

References

Eff(pv)= H * PR

electricity generation.
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1. Introduction

2. Material and Methods

Mixed matrix membrane for gas separation is an advanced
technology for the cost effective fabrication of high
performing defect-free membranes.1Compared to the
conventional membranes, mixed matrix membrane prove to
be effective for cleaner energy production, natural gas
purification and CO2 capture from flue gas systems.2-4This
class of membranes, provide synergistic effect on the
functional integration of organic matrix (performing within
the trade-offs of Robeson’s plot) and inorganic filler
materials (performing beyond the Robeson’s plot based
trade-offs).

2.1 Materials

The broad domain of MMM research and development
devotes towards selection of appropriate materials, defectfree
inexpensive
fabrication
techniques
and
characterization for simulated and real world application
scenarios.5,6The efficient large-scale uses depend
comprehensively on the development of highly compatible
polymer-filler interface without any defects or interfacial
voids. Usually, its observed that for poor phase boundary
interaction, the CO2 separation performance shows
declined results. To address this issue, addition of
modifying agents plays a pivotal role in improving the gas
transport performance (CO2 permeability as well as CO2/N2
selectivity).7A critical discussion on the fillers used and its
consecutive modification has been discussed in detail in
this following work. The influence of these material on the
overall physicochemical property of the membrane material
has been discussed in detail.

Poly (vinyl alcohol) (hydrolyzed powder 99 mol%),
polyethylene
glycol,
3-aminopropyltrimethoxysilane
(APTMS),
polyethyleneimine
(PEI),
and
triethylenetetramine
(TETA),
2-methylimidazole
(Hmim),were kindly supplied by Sigma-Aldrich, USA.
Polytetrafluoroethylene (PTFE) support (thickness: 150 µm
and pore size: 30 nm) was obtained from Sterlitech USA.
Hydrochloric
acid
(HCl,
purity:
37%),
tetraethylorthosilicate (TEOS > 98%), formaldehyde (37
wt% aqueous solution), and ultra-pure ethanol (99%), were
provided by Merck, India. Piperazine (99%), glycine
(Assay> 99%), zinc nitrate hexahydrate [Zn (NO3)2.6H2O],
methanol and formaldehyde (37 wt% aqueous solution)
were collected from Merck, India. The binary feed gas
(CO2/N2) (20/80 vol%) mixture, Argon (ultrapure), and
Helium (99.999 % pure) used for GC analysis were
collected from Vadilal Ltd., India.
2.2 Methods
2.2.1 Synthesis of APTMS modified silica (AFSNP)
Silica was prepared by Stober’s process wherein
stoichiometric amount of TEOS and ultra-pure ethanol
were added into a beaker and the mixture stirred
continuously. The solution was prepared under ambient
condition. Thereafter, distilled water and 1N HCl were
added until the pH of the solution reached a constant value
(pH~2). The final solution was stirred continuously at 60

°C for about 3 h until the formation of silica sol. The
particles formed are allowed to settle and further separated
by high-speed centrifuge. The silica nanoparticles obtained
are washed using ethanol repeatedly to remove unwanted
particles. Before the functionalization step, the silica
nanoparticle suspension was sonicated to remove
aggregates and increase the surface available for
functionalization. The AFSNP was prepared by firstly
adding ~50 ml anhydrous toluene to the sonicated silica
suspension until complete dispersion. Thereafter, a
calculated amount of APTMS was added drop-wise and
stirred vigorously for 24 h. The temperature was
maintained at 70-80 °C to enable covalent bond between
the hydroxyl group at silica surface (Si-OH) and the
APTMS containing amino groups (-NH2). Thereafter, the
sample was centrifuged repeatedly to remove the unreacted
APTMS-silica residual. The obtained sample coded as
AFSNP was finally kept in a desiccator to avoid moisture
trapping. The structural formula of PVA, APTMS, and
schematic representation of the synthesis of APTMS
modified silica nanoparticles are shown (Figure 1)

amount of polyethyleneimine (PEI) was dissolved in
methanol solution and gradually activated ZIF-8 was added
and further refluxed at 110 °C for 20 h. The solution was
then centrifuged (10,000 rpm, 20 min) and finally washed
with methanol several times for removal of excess
unreacted reagents and finally dried at 50 °C. The ZIF-8
loading was determined by following the equation as
follows:

ZIF 8 loading (%) 

ZIF 8 wt (gm)
ZIF 8 wt (gm)  Polymer wt (gm)

 100%

(1)
The schematic representation of PEI modified ZIF-8
nanocrystal is in represented in Figure2.

Figure 2. Schematic representation of PEI modified ZIF-8
(ZIF-8@PEI) crystal
3. Results and Discussion
3.1 Microscopic and macroscopic analyses

Figure 1. Structural formula of (a) polyvinyl alcohol
(PVA), (b) 3-aminopropyltrimethoxysilane (APTMS), and
(c) schematic representation of the synthesis of APTMS
functionalized silica nanoparticle (APTMS-SNP) by postgrafting of Silica (SNP) with APTMS
2.2.2.Synthesis of ZIF-8@PEI nanocrystal
Facile synthesis of ZIF-8 followed the procedure already
demonstrated previously [42]. The PEI-modified ZIF-8
nanoparticle was synthesized by the rapid synthesis
method. The ZIF-8 nanoparticle was first activated by
overnight drying at 150 °C for 8-10 h. A stoichiometric

FESEM
analysis
of
APTMS-modified
amino
functionalized silica nanoparticle (AFSNP-03) membrane
and PEI modified ZIF-8 mixed matrix membrane are
shown in Figure 3(a, b). For AFSNP-03 membrane, the
surface modification increased the interaction between the
polymer chain and the functionalized groups leading to the
formation of agglomerate-free, homogeneously dispersed
filler particles in the polymer matrix. These results were in
synchrony with those reported in similar studies. EDX
spectroscopy depicted the elemental composition (wt %)
present in the samples. The EDX analysis confirmed the
presence of C, N, O, and Si content for both the sample.
Further, the elemental scan showed increased percentage of
silica (1.4 to 2.8%) and elemental nitrogen (5.6 to 15.4%)
for AFSNP-03 membrane thereby confirming the
successful impregnation of silica nanoparticles with the
aminopropyl. This increment can be ascribed to the amine
functional groups present in the amino silane incorporated
as the silica surface modifier.

The top view of PVA/PG/ZIF-8@PEI MMM established
successful generation of defect-free dense sheet top surface
with uniform dissemination of amine-modified ZIF-8 in the
membrane matrix. The formation of distinct and uniform
dense and porous layer confirmed no leakage of polymer
solution into the porous substrate thereby providing no
resistance to the overall membrane performance. No visible
voids were observed indicating good adhesion between the
matrix and the ZIF-8@PEI nanocrystal.

4. Conclusion
This article provides a comprehensive review with respect
to the utility of MMMs (constituting a bulk and a filler
scattered phase) towards CO2 separation. A thorough
analysis was carried out with respect to the filler particles
in the MMM and their ability to enhance the CO2/N2 gas
transport properties. Thereafter, alternate fabrication
methods to achieve MMMs with high performance have
been addressed. Modifying agents have been added to
improve the physico-chemical properties of the membrane.
As indicated, the size, shape and porosity of the filler
particles do significantly influence the gas separation
characteristics of the MMMs. Characterization studies
concluded that the functionalization agents improve the
membrane performance.
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1. Introduction
Superabsorbent polymers (SAPs) are one the important class
of polymers, which can absorb a large amount of water due
to the presence of three-dimensional hydrophilic networks.
This characteristic makes them to suitable for a variety of
applications such as personal hygiene, drug delivery, and
even in farming to increase water retention time [3,4].
Researchers developed a large variety of polymers, which
can work as SAP. Poly (sodium acrylate) salt of polyacrylic
acid is one of the widely used superabsorbent polymers
[1,9,11]. It has been widely used in diapers and sanitary pads
for so long [1]. Even the acrylic polymers have been
researched as stimuli-responsive (mostly pH and
temperature) polymers for drug delivery [7,10]. The role of
crosslinking agent is very important in the synthesis of
polymers [2]. The quantity is optimized by investigating the
effect of crosslinking agent n, n’-methylenebisacrylamide
(NNMBA) on the poly (sodium acrylate) water absorption
capacity [6,12].

Preliminarily, acrylic acid was neutralized by NaOH. The
pH 5.5 was adjusted. Free-radical polymerization was used
to form polyacrylate salt [1,2]. The solution was kept at 65
o
C and stirred at 500 rpm throughout the process. Potassium
persulfate was added as the free radical initiator (0.2% wt.
of monomer) [5,9]. The desired amount of crosslinking
agent NNMBA (0, 0.02, 0.04, 0.06, 0.08, 0.1 % wt. of
monomer) was added, when the temperature reached 65 oC,
and the solution kept in the process from approx. 70 minutes.
The solution becomes gradually viscous and color changed
from translucent to non-transparent white and at the end of
the process water evaporated and white lumps formed,
which were ground and fine polymer powder stored in dry.

2. Material and Methods
2.1 Materials
The chemicals used for this study are purchased as Acrylic
acid 99% pure from HPLC Ltd., India, Sodium hydroxide,
potassium
persulfate
(initiator),
and
N,
N’methylenebisacrylamide from CDH Ltd., India. All the
chemicals are used as received without any purification.
2.2 Methods
2.2.1 Preparation of poly (Sodium acrylate)

Fig 1. Poly (Sodium acrylate) powder
2.2.2 Water absorption capacity test at NTP
Water absorbing capacity was measured by following the
standard method. The measured quantity of sample was kept
in water for 24h.

3. Results and Discussion

References

3.1 Absorbance performance of SAP in distilled water
Fig. 2 shows the comparison of absorbance performance of
the polymer in distilled water. The polymer without
crosslinking agent got dissolved into the distilled water. So,
the readings are not reflected in the graph. The nature of the
graph suggested that by an increasing amount of NNMBA
the water-absorbing capacity of the polymer decreases for
our range of composition. But it has been seen that the
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NNMBA.
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4. Conclusion
The results of the study indicate that a higher amount of
crosslinking agent decreases the water absorption capacity
of poly (Sodium acrylate). But it increases the strength of
the polymer gel. For the application both the criteria need
to consider for the appropriate role. The water retention
time for our developed polymer samples is found around
6 to 7 days at atmospheric pressure and avg. 30 oC
temperature. Water use during the process has also been
optimized. This modification makes the process cheap and
short. Still, the synthesized polymer shows an excellent
tendency to absorb the water and so needs to store in a dry
and airtight place.
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1. Introduction
Recent increase in the need of bio energy has led to
significant growth of research in field of conversion of
waste to bio-fuels. Food waste is one of the wastes which
shows high potential as feedstock for thermochemical
conversion.Disposal of food waste using technologies such
as land filling and incineration results in emission of
greenhouse gases (Gaoa et al.,2017). Among various
technologies in this field, thermochemical conversion of
waste for production of bio fuels has shown a major
influence in increasing production of bio-energy (Bhatia et
al.,2020).This study focuses on managing the food waste
by combining two thermochemical methods, pyrolysis and
gasification in a two stepprocess to produce hydrogen rich
syngas.
2. Material and Methods
2.1 Materials
The food waste used in this study was collected from
dining hall of Shiv Nadar University over a period of one
week. It was naturally dried under sun and was grounded in
a ball mill. The dried and ground waste goes through sieve
analysis for optimum sample size.
2.2 Characterization of food waste
2.2.1 Proximate and Elemental Analysis
Proximate analysis of food waste was done using standard
test methods ASTM D-3173-11,ASTM D-3174-11, ASTM
D-3175-11 respectively.

Elemental analysis determines the composition of carbon,
Hydrogen, Nitrogen, Sulfur and Oxygen in food waste. It
was carried out using Thermo finning Flash 1112 series
elemental analyzer.
2.2.2Compositional Analysis
Compositional analysis was done to determine three major
components of food waste including cellulose,
hemicellulose and lignin. Standard test methods Tappi
T222 om-02, TM I -A11 2001, TM1-A9 2001 were used to
determine lignin, hemicellulose and holocellulose content
respectively. Cellulose content was determined by
subtracting hemicellulose content from holocellulose.
2.3Experimental Procedure
The gasification of food waste was carried out in two ways.
In first case, steam was fed with food waste in pre heated
reactor at 700°C with nitrogen as carrier gas (OGP). In
second case, food waste was fed in the beginning of
experiment for pyrolysis to take place. After completion of
pyrolysis, steam was then fed (nearly after 15 minutes) to
start the gasification (IGP).
In both the cases, the steam flow rate was kept at 0.625
mL/min. The product stream in both the casesmoved
towards two liquid gas separators where gaseous stream
was separated and passed through a gas cleaning system
where flow of product gas was measured and sample
product is analyzed with help of Gas Chromatography.

3. Results and Discussion

3.4 High heating Value

3.1 Food waste characterization

HHV of syngas from IGP was found to be higher than the
HHV of syngas from OGP. HHV of syngas from OGP was
found to be 12.09 MJ/Nm3 and HHV of syngas from
pyrolysis and gasification part of IGP was found to be 4.91
MJ/Nm3 and 12.55 MJ/Nm3 respectively, making the total
HHV from IGP to be 17.47 MJ/Nm3. HHV of syngas from
OGP was at lower side and HHV of syngas from IGP was
at the higher side of the range of the HHVs reported (10-18
MJ/Nm3) in the literature for different types of biomasses
[5] and for steam as gasifying agent.

Moisture content of food waste was reduced to less than
10% and the fixed carbon was found to be around 15%
showing that gasification of food waste was highly feasible.
3.2Syn gas Yield
The result showed that there was an increase in the syngas
yield on changing the gasification from OGP to IGP.
Though the change was small, it still showed the effect of
increased reactivity of char in case of IGP. The syngas
yield from OGP was found to be 1.31 Nm3/Kg and from
IGP, it was found to be 1.48 Nm3/Kg. The total syngas
yield from IGP had two components; syngas yield from
pyrolysis (0.34 Nm3/Kg) and syngas yield from gasification
(1.14 Nm3/Kg).
3.3Hydrogen Yield
Results showed that the hydrogen yield from OGP and IGP
which was dependent on hydrogen fraction in syngas and
syngas yield. Hydrogen yield from IGP had two
components; yield from the pyrolysis part and yield from
the gasification part. The fraction of hydrogen in syngas
from pyrolysis was 0.39 and the syngas yield from
pyrolysis was 0.34 Nm3/Kg, making the hydrogen yield
from the pyrolysis part to be 0.135 Nm3/Kg. Similarly, for
the gasification part of IGP, the hydrogen fraction was 0.69
and syngas yield was 1.24 Nm3/Kg, making the hydrogen
yield to be 0.791 Nm3/Kg.
The total hydrogen yield from both the parts of IGP turned
out to 0.926 Nm3/Kg. Additionally, the hydrogen yield
from OGP was found to be 0.714 Nm3/Kg. There was an
increase of almost 30 % in hydrogen yield from changing
the process from OGP to IGP. When compared these
results from IGP of food waste with results obtained from
OGP for other biomasses, it was found that the hydrogen
yield obtained in this work was also significantly high than
hydrogen yield from sewage sludge, 0.58 m3 /kg [3] food
waste from other countries, 0.45 m3 /kg [4].

4. Conclusion
This work showed that IGP made a significant increase in
hydrogen yield compared to conventional gasification
process (OGP). Higher hydrogen yield was result of higher
hydrogen fraction in syngas which in turn increased the
caloric value (HHV) of syngas. The process performance
parameters, carbon conversion efficiency (CCE) and cold
gas efficiency (CGE) for IGP were also evaluated and
found to be proving the effectiveness of this process.
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1. Introduction
Now a days we have a scarcity of petroleum resources. Now
this has led us to find new resources such as biodiesel. This
biodiesel production leads to excess supply of glycerol. New
ways to convert this glycerol into value added products such
as glycerol carbonate, Acetin, Epichlorohydrin, Acrolein,
esters of glycerol, fuel additives and Glyceric acid. For this
project, we have considered Glycerol Carbonate and Acetins
as the value added derivatives of Glycerol. Synthesis of
Glycerol carbonate is done via transesterification of glycerol
as it is the safest method which does not involve any
hazardous component. Acetins are produced via acetylation
of glycerol in the form of Monoacetin, Diacetin and
Triacetin. The models for kinetics of these reactions are
expressed by Langmuir–Hinshelwood–Hougen–Watson
mechanism. In this project, simulations for such LHHW
kinetics of transesterification of glycerol and acetylation of
glycerol have been performed and all the kinetic parameters
have been estimated. These kinetic parameters can provide
us base of the reactor design. Various reactions involved in
the batch reactor are shown in Figure 1.

Figure 1. Various reactions when glycerol and acetic acid
Figure 1: Various reactions involved in the process.

2. Material and Methods
2.1 Materials
Glycerol, monoacetin (MA), Diacetin (DA) and
Triacetin (TA).
2.2 Methodology
2.2.1 Kinetics of glycerol and acetic acid.
The kinetics of glycerol and acetic acid to form
monoacetins were carried out. The experimental data was
obtained from Veluturla et al., 2017. A kinetic model was
proposed and the data was fitted to the model.
3. Results and Discussion

Figure 3: Conversion profile of glycerol with temperature.

3.1 Characterization of glass and hair surface
4. Conclusion
The experimental data were fitted using Fminsearch
The kinetic of esterification reaction between

function in Matlab. The glycerol concentration were found
to be decreasing with time. The concentration of
Monoacetins was found to be increasing, reaching a
maxima, and then decreasing. Concentration of Triacetins

glycerol and acetic acid. Experimental data was fitted to the
kinetic model and various factors like activation energy and
frequency factors were calculated.

was found to be increasing with lower rate than diacetins.
The data fitting is shown in figure 2. The conversion of
glycerol is shown in Figure 3.
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1. Introduction
Crude oils are complex mixture of hydrocarbons
and other associated compounds classified into saturates,
aromatics, resins and asphaltenes. These oils are prone to
fouling on surfaces more so at higher temperatures. Over
the years, different test methods have been researched and
reported to characterize fouling in static refinery streams.
The Micro Carbon Residue (MCR) and the ASTM D 6560
test have been used independently in this context to predict
fouling propensity and measure asphaltene content in oil
streams respectively [1]. Asphaltenes are known precursors
to crude oil fouling [2],[3]. This work aims to correlate the
above two methods with an aim to use the MCR test in lieu
of the more cumbersome ASTM D 6560 method to
determine asphaltene content.
2. Material and Methods
2.1 Materials
Micro Carbon Residue Tester (MCRT)procured
from Tanaka Scientific Limited (Model ACR-M3),
unblended and blended crude oil samples along with crude
fractions supplied by Bharat Petroleum Corporate R & D,
n-heptane and toluene
2.2 Methods
2.2.1 MCRT measurements
The MCR test was used to determine the carbon residue in
a prescribed sample of interest. A photograph of MCRT is
shown in Figure 1. This method involves subjecting the
sample (taken in a vial) to a sequence of time-temperature
events ranging between room temperature and 500 oC in an
inert nitrogen atmosphere. The carbon residue in the
sample expressed as Ultimate Coking Potential (UCP),
thus:

Figure 1: Photograph of Micro Carbon Residue
Tester(MCRT)
UCP in %



(1)
2.2.2 Asphaltene measurements
Determination of asphaltene content in a specific test
sample was done using the ASTM D 6560 standard
gravimetric based test method. This test method provides
an estimate of heptane insoluble or C7 asphaltene content in
crude oil and other refinery streams.The asphaltene content
A(expressed as a percentage) in the original test sample is
estimated using
A

100 

(2)

where
M
is the mass of asphaltene separated (gm)
G
is the mass of the test sample taken initially (gm)
3. Results and Discussion
The MCR test runs were conducted for two sets of samples
provided by Bharat Petroleum Corporate Research and
Development Centre (BPCL CRDC).In all, this resulted in
eight samples corresponding to the two sample sets that

Ultimate Coking Potential (%)

Estimated Asphaltene value (%)

were investigated for carbon residueand subsequently for
asphaltene content usingtheASTM D 6560 protocol. Figure
2 shows the variation in MCR value expressed as Ultimate
Coking Potential (UCP) in percentage with percentage
asphaltene content in samples S1 – S8. The UCP is
observed to increase with an increase in asphaltene content.
The data obtained was curve fitted using the method of
least squares resulting in the following equation with a R2
value of ~0.99.
UCP %
2.6956  Asphaltene content %
3
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4
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Figure 2. Ultimate Coking Potential vs. C7 Asphaltene
content
Subsequently 8 unknown crude oil samples provided by
BPCL CRDC and 1 blended sample prepared in-house
were experimentally evaluated for carbon residue and
asphaltene content.Using the MCR test value, the
asphaltene content in each of these 9 samples was
estimated using equation 3 (afterrearranging). The
estimated asphaltene content obtained for all 9 samples was
then compared with experimental data in Figure 3. The
estimated values were found to agree with the
measurements to within ±20%. The UCP vs. C7 asphaltene
correlation was also used to predict asphaltene content in 7
additional blended crude samples as part of this
investigation. With the exception of one blend, the
estimated and measured asphaltene content values were not
found to agree to within ± 20% in the case of other blend
samples. This can be attributed to
 Volatilization of low molecular weightasphaltenes
during the MCR test.
 Carryover of asphaltenes with other components in the
samples as volatiles.

 Thermal
cracking
reactions
and
subsequent
volatilization of reaction products.
 Presence of long-chain aliphatic hydrocarbons in the
samples.
The discrepancy between the estimated and experimental
values in Figure 3 can be further reduced by incorporating
modification in the ASTM D 6560 and MCR test protocols.
4. Conclusion
The results present an excellent case to use carbon residue
measurements as a tool for prima facie estimating
asphaltene content in refinery streams, more so when the
expected asphaltene content is below 5%.Caution must
however be exercised in estimating asphaltene content in
blended and heavy oil/fraction refinery streams using this
method.
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The experimental data of density ρ, viscosity η and ultrasonic velocity u of Pentan-1-ol-Chlorobenzene mixture over the entire
composition range at temperatures of 303.15 K, 308.15 K and 313.15 K have been found out. The values of excess molar
volume VE, viscosity deviation Δη, and ultrasonic velocity deviation Δu of this system over the same composition range at
303.15 K, 308.15 K and 313.15 K have been calculated from their corresponding experimental values. Computed values of
acoustical impedance Z, isentropic compressibility βs, intermolecular free length Lf, of Pentan-1-ol-Chlorobenzene system over
the entire composition range at same temperature range. The deviations in acoustical impedance ∆Z, isentropic compressibility
∆βs and intermolecular free length ∆Lf and excess Gibbs energy of activation for viscous flow G*E were calculated. Redlich
Kister type polynomial is used for knowing the constant and standard deviation. The excess property is used to know the nature
of molecular interaction among the dissimilar molecules in the mixture at the temperature range from 303.15K to 323.15 K.
Keywords: Chlorobenzene, viscosity, ultrasonic velocity, Pentan-1-ol, molecular interaction, acoustic impedance.
1. Introduction
Recently there has been considerable progress in the
studies on intermolecular interactions and the internal
structure of liquid mixtures. It has been marked that studies
on determination of different thermophysical properties of
liquid mixtures within wide ranges of composition and
temperature are valuable sources of information for this
purpose. Amyl alcohols are used as industrial solvents.
Also it is used as perfume ingredient and in synthesis of
fruit essence and intermediate in amyl acetate production.
Many works have been done on amyl alcohol to study its
physical properties [1–3]. Chlorobenzene is used as a
degreaser in the metal industry and a thinning, dissolving, and
starting point for preparation of various derivatives. It is also
used together with 1-alkanols as mixed solvents in the
production of emulsifiers, absorbents, and surfactants [4-6].
The aim of this paper to highlight the effect of temperature on
acoustic properties based on which molecular interaction can
be kn

2. Material and Methods
2.1 Materials
The solvent Pentan-1-ol having mass purity 0.99 is
procured from Merck and Chlorobenzene having mass

purity 0.99 was procured from Loba Chemicals. These
chemicals were dried over anhydrous magnesium sulphate
followed by distillation and the middle fractions were
collected. Before use the chemicals were stored over
molecular sieves approximately for three days to remove
traces amount of water if it is there and finally degassed.
2.2 Methods
Pycnometer was used to measure the density of the liquid
mixtures over the whole composition range at 303.15,
308.15 and 313.15 K. Ostwald Capillary viscometer was
used for measuring viscosity, variable path single crystal
interferometer (Mittal Enterprises New Delhi) at a
frequency of 2MHz for ultrasonic velocity and Abbe
Refractometer for refractive index of all the liquid
mixtures. All the equipments were calibrated properly
before taking the measurements.
3.Results and Discussion
The experimental results of density (ρ), viscosity (η) and
ultrasonic velocity (u) were obtained and the excess
properties excess molar volume, viscosity deviation and
deviation in ultrasonic velocity were calculated from their
corresponding experimental data. Also the acoustical
properties and their excess values were calculated from the

experimental result, reported in Table 1.This shows the
effect of temperature and composition on acoustic
properties and on Gibb’s free energy.
The following equations were used to calculate acoustic
properties and excess properties.
VE = (x1M1 +x2M2) / m - (x1M1/ 1 +x2M2 / 2)
Z = ρu, βs = 1/ ρu2 and Lf =K βs ½
Excess propertity ΔY = Y – (x1 Y1 + x2 Y2)
Where Y: η, u, Z, βs and Lf are viscosity, ultrasonic
velocity, acoustical impedance, isentropic compressibility
and intermolecular free length.
Excess Gibb’s energy of activation is calculated as
ΔG*E=RT [ln (ηV)-{x1ln (η1V1)+x2 ln(η2V2)}]
It is observed that the values of excess molar volumes
are negative reaches maximum at 0.5 to 0.6 and increases
with temperature, Δη shows negative values and shows
decreasing trend when temperature increases and the
variations of ultrasonic velocity deviation with
compositions of pentan-1-ol are found to be negative and
decreases with temperature.

The formation of …OH..Cl bond between Pentan-1-ol and
Chlorobenzene predominates over the rupture of H-bond in
the former which results contraction and hence negative
value of excess molar volume and due interlocking of
molecules causes the negative value of viscosity deviation.
The negative value of isentropic compressibility is
attributable to specific interactions and positive for weak
interaction. With an increase in temperature the
intermolecular interactions between molecules become
weak

4. Conclusion
This is concluded that the dispersive force
predominates over the lower composition and the OH-Cl
bond along with interstitial accommodation of one
molecule in the other results in the higher compositions.
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1. Introduction
Crystalline structures of water with encaged gases
called gas hydrates form mainly 2 structures viz., sI and sII.
Methane hydrates are considered as an important
hydrocarbon source.
Various thermodynamic models to predict their
phase behaviour involving three phases, viz., LiquidHydrate-Vapour (L-H-V) and Ice-Hydrate Vapour (I-H-V)
have been developed and used along with various Equations
of State (EOS) to model the vapour phase and various
Activity Coefficient Models (ACM) to predict the liquid
phase behaviour.

UNIQUAC
Wilson
NRTL

SRK
L-H-V
RK
SRK
I-H-V

RK

8 Possible Routes for L-H-V and I-H-V
Compared to select the Best 2
Figure 1: Total possible combinations of EOS and ACM
that can be used for L-H-V and I-H-V equilibrium while
modelling CH4 hydrate
We plan to use of 2 EOS, viz., Soave-RedlichKwong (SRK), and Redlich-Kwong (RK) in combination
with 3 ACM, viz., modified UNIFAC, Wilson and NRTL to
find the best combination. By combining each EOS with an
ACM, we will examine 8 combinations for the L-H-V and IH-V equilibria, as can be seen in Figure 1 for each

compound. Furthermore, we will optimize the empty hydrate
vapour pressure expression (Eq 2) to obtain guest dependent
hydrate models using just 2 parameters in each of these 8
cases. We have presented the results for CH4 as a
representative hydrate.
2. Thermodynamic Model
Klauda and Sandler extended the van der Waal
Platteeuw model using the equality of fugacity of water in
the hydrate phase (H) and the coexisting phase liquid (L) or
ice (α) as the starting point (Eq 1).
(1)
We have employed this hydrate model, wherein the
hydrate phase fugacity is calculated based on the cage
occupancy – which depends on fugacity of the guest species
modelled using an EOS – and the empty hydrate phase
fugacity. The empty hydrate phase fugacity is dependent on
the empty hydrate vapour pressure which can be found using
the expression (Eq 2):
(2)
The parameters A and B used in Equation (2) were
only dependent on the structure of the hydrate. In this work
we have optimized them for the guest species using
fminsearch in Matlab®, thereby obtaining a guest dependent
hydrate model with just 2 parameters.
The fugacity of water in the liquid phase depends
on the activity coefficient of water due to the guest species
dissolved in it; this is found using an ACM. The fugacity of
water in the ice phase has no such dependance due to the
absence of such dissolution of guest species in ice phase.

3. Results and Discussion

specified by the temperature in both I-H-V and L-H-V
equilibrium.

3.1 Model Predicted Equilibrium Pressure

The model predicted cage occupancy of the different
types of cages in CH4 hydrate during the three phase
equilibria have been reported to aid in future modelling and
experimental works. This information is important to exploit
them as a source of hydrocarbon and for the storage of gases.

30

Experimental Data
IHV Model
LHV Model

Pressure (MPa)

25

20

4. Conclusion

LHV

IHV

15

10

5

0
260

265

270

275

280

285

290

295

Temperature (K)

Figure 2: The equilibrium pressure predicted by the SRK
EOS in I-H-V and RK EOS with mUNIFAC ACM in L-HV case for CH4 hydrate
For CH4 hydrate in L-H-V equilibrium, we found that
RK EOS used with the modified UNIFAC ACM gives the
least Percent Average Absolute Deviation (%AAD) of
1.37%. The parameters used in Equation 1 were 17.5090 and
6023.67K for A and B respectively. In I-H-V equilibrium a
%AAD of 0.31% was obtained using the SRK EOS and
17.5576, 6035.4K for A, B respectively.
3.2 Model Predicted Cage Occupancy
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Figure 3: The model predicted small and large cage
occupancy of CH4 hydrate at the three-phase equilibrium

The RK EOS used with the modified UNIFAC
ACM works best for CH4 hydrates in L-H-V equilibrium
whereas the SRK EOS gives the least error in I-H-V
equilibrium. The optimization of Equation 1 for each guest
shows significant reductions in %AAD using just 2
parameters which would yield a simple guest dependent
hydrate model.
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Abstract
Over the past decade, production of biosurfactants with novel methods have been reported in
the literature. However, only a few studies have been performed on the determination of the
physico-chemical properties of yeast-derived biosurfactants. This study focusses on
characterization of the available microbial glycolipid biosurfactant portfolio obtained by
several S. bombicola production strains. We have also studied the solubility values of microbial
glycolipidic biosurfactants. The study showed that, solubility in several solvents was found to
be highly dependent on the assessed glycolipid-solvent combination. The foaming properties
of these surfactants depend on pH and concentration, while the dependence does not correlate
with their activity at the air-water interface. By determining these properties, the glycolipid
biosurfactants are brought one step closer towards commercialization.

Overview of assessed glycolipids
An overview of all microbial glycolipid structures and available batches is given in Figure 1
and Table 1, respectively. The main types of glycolipids are lactonic SLs, acidic SLs,
glucolipids (GLs), and bola(form) SLs. Possible variations within these types are the
acetylation degree of the sophorose unit(s) (which is denoted in blue in Figure 1).

Figure 1. A structural overview of available glycolipid platform. In blue, possible
acetylations are marked.

Table 1. Overview of available microbial glycolipid purified batches, and their batch numbers.
The number of carbon units of the lipophilic chain are all a mixture of C18:1/C18:0 chains. All
components are fatty acid based (sophorolipids/glucolipids or SLs/GLs). Additionally,
acetylation degree (for every glucose unit, position 6 can be acetylated) and the average
molecular weight (MW; g/mol) is given. For the mix acetylated batches, the average MW was
calculated from the percentages of acetylation degree on LC-ELSD detection. The dry matter
(DM) percentage was determined using an Infrared Balance (105 °C). For the purity, residual
glucose, glycerol, free fatty acid and oil is taken into account, determined by HPLC or UPLCELSD or GC-FID. Uniformity is identified as the peak area percentage of the main compound
(U/HPLC-ELSD, compared to other present glycolipids). Finally, a technology readiness level
(TRL) is given, corresponding to the scale of the bioreactor process. A = acetylated mixture
(non, mono and di for acidic SLs, non and mono for GLs), NA = non-acetylated, DA = diacetylated, LD = low degree, MD = medium degree.

Batch

Component

Lactonic sophorolipid
A lactonic
T43
SL
Acidic sophorolipid
NA acidic
T59C
SL
LDA acidic
T59B
SL
MDA acidic
T37
SL
Glucolipid
SS01B
NA GL
SS01A
A GL
Bola sophorolipid
B03B
Bola SL

Average
Dry
MW
matter
(g/mol)
(%)

Purity
(%)

Uniformity
(%)

TRL

2

644/646

64.8

> 99.7

95.0

100 L

0

622/624

96.6

> 98.8

99.7

4000 L

0-2

662/664

96.0

> 99.5

83.2

4000 L

0-2

618

99.6

> 98.6

95.0

100 L

0
0-1

460
470

95.0
55.9

< 97.6
< 99.4

100
> 99.0

7L
7L

0

946/948

96.9

> 99.1

98.6

100 L

Acetylatio
n degree

Methods
Solubility experiments were conducted by gradually increasing the amount of glycolipid into
the assessed solvent and studying the solubility visually. When the biosurfactant did not
dissolve immediately after vortexing, the mixture was put at 60°C for 5 min, and the solubility
was visually reassessed after cooling. A compound was defining as soluble when a clear
solution with total transparency was obtained. Solubility was assessed in different solvents:
water, buffered water solutions (pH 2, 6 and 10), ethanol, dimethyl sulfoxide (DMSO).

Surface tension measurements
The equilibrium surface tension was measured by the Du Nouy’s ring method using a
computer-controlled surface tension meter (Biolin Scientific, model Sigma702). The glassware
was cleaned with chromosulfuric acid. The ring was repeatedly flamed until red-hot and
washed with deionized water to ensure the full removal of impurities. The instrument was first
calibrated with water (72 ± 2 mN/m).

Results
Solubility was assessed in several solvents as described in Section 2.1, and the results are
shown in Table 2. From the latter, it is clear that solubility is highly dependent on the assessed
glycolipid.
Table 2. Solubility (g/L) of the various glycolipids from the available portfolio in different
solvents: water, buffered water (pH 2, 6 and 10), ethanol and dimethyl sulfoxide (DMSO). The
numbers indicate the highest concentration that was soluble, and the lowest concentration that
was insoluble, respectively. NA = non-acetylated, LDA = low degree acetylated, MDA =
medium degree acetylated, DA = di-acetylated, A = acetylated.
Batch Glycolipid

Water

T43

1-2

Lactonic SL

T59C NA acidic SL

pH 2

pH 6

pH 10

1-5

1-5

0.1 – 1

DMS
O

Ethanol
100
120
1-2

-

> 100

MDA acidic SL (MD)

> 500
> 500 > 500 > 500
100
30 - 50 30 - 50 30 - 50
120
10 - 20 10 - 20 10 - 20 10 - 20

NA GL

0.1 – 1

0.1 – 1 0.1 - 1 30 - 50

A GL

0.1 – 1

0.1 – 1 0.1 – 1 50 - 60

> 500

> 100

Bola SL

> 500

> 500

< 0.1

> 100

T59B LDA acidic SL (LD)
T37
SS01
B
SS01
A
B03B

Buffered water

> 500

> 500

10 - 20

> 100
> 100

10 - 20 > 100
100
> 100
120

In terms of water solubility, the lactonic SLs were less water soluble compared to the acidic
SLs. The water solubility of the acidic SLs decreased with increasing acetylation degree from
>500 g/L for the non-acetylated to 120 g/L for the low degree acetylated and 10 g/L for the diacetylated acidic SLs. This result can be explained by the higher hydrophobicity of these
compounds. The fact that lactonic and acidic SLs display such varying water solubility,
highlights that the water solubility of a SL mixture produced by the wild type S. bombicola is
strongly dependent on the ratio of lactonic/acidic SLs, which can thus vary between batches.
The least water-soluble compounds were the alcohol GSs and non-acetylated alkyl SS (< 0.1
g/L). The GLs were also very low water soluble. In contrast, bola SLs are among the best watersoluble components in the portfolio (> 500 g/L). As they contain an extra sophorose group,
thus adding extra hydrophilicity, this was somewhat expected. At these high concentrations,
viscous solutions were obtained for all assessed bola glycolipids.
When looking at the solubility in ethanol, a rather opposite effect compared to (nonbuffered) water solubility was observed. The lactonic SLs and GLs are highly soluble in ethanol
(> 100 g/L), which are considered to the be the most hydrophobic glycolipids in the portfolio,
whereas for the non-acetylated acidic SLs and bola SLs, low solubility could be seen (< 1 g/L).
For the acidic SLs and GLs, higher values were obtained when acetylation is introduced. This

can be explained by the replacement of hydrophilic hydroxyl functions with less polar acetyl
ester functions, and the presence of the latter causes the compounds to dissolve well in the lesspolar ethanol (compared to water)1,2. All glycolipid compounds dissolved extremely well (>
100 g/L) in dimethyl sulfoxide (DMSO). This environmentally friendly solvent was mainly
assessed due to insolubility of some glycolipids in water in order to perform application tests
in the future. Moreover, DMSO is a non-toxic solvent with excellent solvating properties. It is
frequently used in pharmaceutical applications, for in vitro and in vivo drug vehicle transport,
but also in many foods, part of dietary supplements, or as coating removal agent in paint.
Table 3. Overview of physicochemical parameters of the glycolipid portfolio for either
non-controlled (NC) or controlled pH conditions, as determined as mentioned in Section 2.3.
The CMC is given in mM and mg/L, γCMC or γmin (mN/m) is the surface tension (ST) at
CMC or at 0.01 M concentration, respectively. The excess concentration Γ (mol/1000m²) and
area per molecule (Å²) are also represented. NA = non-acetylated, LDA = low degree
acetylated, MDA = medium degree acetylated, DA = di-acetylated, A = acetylated.
Batch

Glycolipid

T43
T59C

Lactonic SL*
NA acidic SL

T59B

LDA acidic SL

T37

MDA acidic SL

SS01B
SS01A
B03B

NA GL
A GL
Bola SL

Condition

CMC
(mM)

CMC
(mg/L)

γCMC
(mN/m)

γmin
(mN/m)

Γ
(mol/1000m²)

as
(Å²)

NC
NC
pH 5
NC
pH 5
NC
pH 5
pH 9
pH 9
NC

0.07
0.35
1.1
0.5
0.29
0.17
0.26
4.88
0.13
0.36

45.1
216.1
712.7
318.2
180.6
113.9
169.9
2245.2
58.9
336.9

36.7
44.0
44.1
44.0
44.4
41.5
41.8
47.6
40.1
49.7

34.9
42.2
41.3
42.7
42.3
38.7
38.6
45.5
38.1
44.7

7.0 · 10-3
5.6 · 10-3
2.9 · 10-3
2.6 · 10-3
3.8 · 10-3
4.5 · 10-3
3.8 · 10-3
1.9 · 10-3
1.8 · 10-3
2.3 · 10-3

23.8
29.6
56.3
63.6
44.3
36.9
43.8
88.4
9.2
71.6

In Table 3, an overview of all determined physicochemical parameters is presented for the
glycolipid portfolio, for the different assessed pH conditions. Some physicochemical data was
already available for the wild type SLs (lactonic and acidic SLs) in literature1-3 with CMCs
and ST plateau values ranging from 17 – 200 mg/L and 32 - 36 mN/m. Although the values are
in good agreement with the ones reported here (at least for the acidic SLs, as no lactonic SLs
were measured), two important things must be said. First, it is very difficult to compare the
results with the ones reported here in more depth, as the literature only reports of mixtures of
acidic and lactonic SLs (with varying composition, which is often unspecified). Moreover, the
results are strongly dependent on the purity of the samples.

Summary
In terms of solubility of the glycolipid compounds, very different values were obtained
depending on the selected glycolipid-solvent combination. In terms of water solubility, values
ranging from very high water soluble such as the bola SLs or non-acetylated acidic SLs (>500
g/L), to moderate water solubility for the acetylated acidic SLs (20 – 120 g/L) to very low or
non-water-soluble compounds such as the GLs (0.1 – 1 g/L) were found. By using buffered
solutions, a remarkable increase in solubility at alkaline pH was seen for the (non-)acetylated
GLs but was not observed for the acetylated acidic SLs or lactonic SLs. Solubility in ethanol
was also assessed, where a rather opposite effect compared to water solubility was observed.
In DMSO, all glycolipids showed very high (> 100 g/L) solubility.

The physicochemical parameters of the assessed glycolipid portfolio were intensively
studied, providing basic knowledge for future application research. Different surface tension
minima and CMCs were reported, varying from 37 mN/m (lactonic SLs) to 50 mN/m (bola
SLs) and 45 mg/L for lactonic SLs to 2245 mg/L for non-acetylated GLs, allowing the
formulator to make a choice between the available and vastly different compounds in future
commercialization.
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1. Introduction
Ultra-thin polymer films (thickness < 100nm)
spontaneously transform from an initially flat film to micro
or nanoscale structures due to instability caused by van der
Waal’s forces. This phenomenon has led to extensive
research on thin-film formation, stability, structure, and
dynamics [1,2]. The instability causes rupture of the film,
which subsequently dewets on a non-wettable substrate by
the formation and growth of holes, coalescence of
neighboring hole rims, and eventually disintegrate into
isolated droplets.
When an ultra-thin polymer film is thermally annealed
above the glass transition temperature ( ) or exposed to
vapors of a suitable solvent in a closed chamber which
causes a sudden reduction in viscosity, the film can become
unstable and dewet. It can be utilized as a non-lithographic
route for making micro or nanoscale structures [3]. The
instability-mediated drop formation lacks order and
uniformity on flat surfaces, but it can be spatially arranged
for better combinatorial studies using lithographic
techniques [4].
The study of drop shape and dynamics on patterned
surfaces has relevance in many applications and scientific
challenges. [5,6]. We observed that when a polymer thin
film dewets on a grating patterned surface upon exposure to
solvent vapors (SV), smaller droplets are formed confined
within the grooves while some bigger drops may form on
top of the patterned stripes. These bigger polymer drops
span over a couple of grating stripes and display an
anisotropic shape [6]. We show for the first time that on

varying the concentration of SV in the chamber
environment with time, the shape of the drop changes from
anisotropic to completely isotropic in a repeatable way.
2. Materials and Methods
2.1. Preparation of flat and patterned surfaces
The substrates were patterned soft lithographically using
Sylgard 184 (two-part cross-linkable polydimethylsiloxane,
PDMS elastomer). The oligomer (part A) to cross-linker
(part B) ratio was maintained at 10: 1 (wt/wt). The dilute
solution of Sylguard 184 in n-hexane was spin-coated on a
clean glass substrate at 2500 RPM. The PDMS stamp with
1-D gratings pattern was obtained by replica molding
against a grating master pattern and cured at 90˚C for 8hrs
to complete the cross-linking process.
2.2. Spin coating
The polymer Polystyrene (Mw: 280 K, PDI = 1.04, Sigma
UK) was dissolved in Toluene (HPLC grade, SRL, India)
according to the required concentration (Cn). The prepared
polymer solution was dispensed on the substrate, and the
substrate was rotated at a fixed speed (RPM) for a specific
duration to obtain a thin film.
2.3 Dewetting by solvent vapor exposure
The thin polymer film was dewetted by exposing the film
to vapors of a solvent in an enclosed glass chamber. After
the coating, the morphology of all the films was studied
under an optical microscope (OM, Metavis). Selected
samples under each condition were imaged using atomic

force microscopy (AFM). Quantification of nanostructure
morphology like drop diameter and periodicity was done
using the ImageJ open-source software.

and 2d). While the extent of anisotropy depends on the
height of the grating patterns (roughness parameter), the
time required for shape change depends on how fast we add
or remove the solvent from the chamber.

3. Results and Discussion

a

Figure 1 shows the optical microscope images of a PS (Cn =
1.5%) film coated on a flat PDMS substrate. The film was
dewetted in the presence of toluene vapors and monitored for
different time intervals. All the stages of dewetting were
observed within 20 mins of SV exposure, as shown in Figures
1b and 1c. After forming a random array of droplets (Figure
1d), we continuously kept the sample exposed to SV and tried
to track one particular location over a period of time and we
observed that after the final coalescence stage, the drops
remain intact, and no significant dynamics are observed even
after 4 h of observation. Hence on flat substrates, drop
coalescence is the final stage of solvent vapor-induced
dewetting, after which the morphology remains unchanged.

c

b

d

Figure 2: Pattern directed dewetting of PS films (Cn = 1.5%). (a)
Hole growth and retraction of the polymer into the pattern
grooves after 11 min SV exposure. (b) Formation of droplets
within the pattern grooves as well as larger drops after 22 min. (c)
and (d) Continuous observation of a location on the substrate for
180 min.

4. Conclusion

d

Figure 1: Dewetting of PS film on flat PDMS surface (Cn =
1.5%) in the presence of solvent vapors. (a) Flat as-cast film. (b)
The onset of instability was observed with the appearance of
random holes after 3 min of exposure. (c) Hole coalescence and
formation of threads were observed after 15 min. (d) formation of
droplets observed after 20 min.

In contrast, on a patterned surface when exposed to SV, we
observed that polymer threads within the grooves dissociate
to form droplets confined within the grooves.
Simultaneously, some joined-up threads dissociate to form
larger PS drops sitting on multiple pattern stripes (Figure
2a and 2b). Interestingly, on further exposure to SV, we
observed a unique transition in the shape of the larger
droplets from isotropic to anisotropic wetting (Figure 2c

In SV dewetting of polymer thin film on a
topographically patterned surface, we observed a unique
drop transition from isotropic to anisotropic shape in a
repeatable manner depending on the SV concentration
(saturation) in the dewetting chamber. This dynamic
behavior of dewetted drops during the late stages is unique
and can be leveraged for applications in sensing and
microfluidics.
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1. Introduction
The advent of nanotechnology broadened the spectrum of
applications of micellar solutions from detergents to drugs
and also being template for makingnanomaterialsand
nanodevices. The structure and concentration of the
micelles play extremely significant role in these
applications. The shapes of the micelles are generally
spherical, cylindrical, conical, ellipsoidal, disc-like and
lamellar.To the best knowledge of authors, no systematic
study has been reported on the effect of both temperature
and chain length of added amines on the shape transition of
micelles in aqueous media of cationic surfactants. For the
present work two cationic surfactants viz., CTAB
(cetyltrimethyl
ammonium
bromide)
and
CPC
(cetylpyridinium chloride) are chosen. The amines selected
for the present study are: C6NH2 (n-hexylamine), C7NH2
(n-heptylamine) and C8NH2(n-octylamine), which are
essentially insoluble in water. Experiments are conducted
with SDS also which is well known anionic
surfactant.Therefore, in the present study the effect of
temperature and composition of n-amines on micellar
structures of 0.3M SDS, 0.1M CTAB and 0.1M CPC in
aqueous media have been investigated by pH
measurements.
2. Material and Methods
0.3 M SDS, 0.1 M CTAB and 0.1 M CPC aqueous
solutions were prepared in three volumetric flasks by

weighing requisite amount of surfactants and were used as
mixed solvents to study the effect of n-amines on its
properties. The concentration of mixed solvent was fixed
throughout work. Different solutions of amines were
prepared in each of surfactant solution (0.3 M SDS/0.1 M
CTAB / 0.1 M CPC) and the concentrations of amines were
calculated as moles per kg surfactant solution. Surfactant
solutions in the presence of higher amines (heptylamine
and octylamine) were thoroughly shaken for 2 to 3 hours
after addition.
The pH of surfactant solutions were measured by Elico
Digital pH Meter (Model No.LI120). To make
measurements at constant temperature, prepared solutions
were immersed in a thermostatted water bath for at least 20
minutes before measurements.
The pH measurements
were made at 25,30,35 and 40oC. The temperature of the
bath was controlled to an accuracy of ±0.1oC.
3. Results and discussion:
Variation of pHvalues of surfactant solutions as a function
of added amines at various temperatures are shown in Fig.1
for SDS,and Figures (not shown here) for CTAB and for
CPC micellar solutions. It is clearly seen from all the plots
of these figures, that the variation of pH with concentration
of added amines to micellar solution gives two straight
lines with intersection. The sharp change in slope of
straight line with the addition of amine is attributed to
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Fig.2. Concentration of n-alkylamine for shape transition of
micelles as a function of temperature.
3. Conclusion:
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The concentration of amines at which the shape transition
occurred for SDS micellar systems in the present work
using pH measurements as noticed from Fig.1 is in
consistent with the results of Kumar et al[1] and Kabir-udDin et al[2].

transition decreases with increasing chain length of added
amine for all surfactants and increases linearly with
increasing temperature. However, the effect of temperature
is very significant in case of SDS system, slightly
significant in case of CTAB system and very marginal in
case of CPC system.

C o n c e n t r a ti o n o f a m in e [ m o l /k g ]

sharp transition in the shape of aggregates. It may also be
seen from these figures that for ionic micellar systems, the
effectiveness of amines leading to shape transition is in the
order C8NH2> C7NH2> C6NH2. However shape transitions
of cationic micelles (CTAB and CPC) were observed to
occur at higher molalities of octylamine, heptylamine and
hexylamines, in comparison with anionic micelles (SDS).

Concentration of Octylamine [mol/kg]

Fig.1. Variation of pH values of 0.3 M SDS solutions as a
function of added amines
In case of CTAB/CPC systems, pH is found to decrease
with increase in chain length of amine. Since these are
cationic micelles, the ionization of the amines is greatly
reduced so that only very small number of protonated
amine molecules could reach close to the micelles.The
observed pH values of CTAB and CPC are found to be
lower than that of SDS micellar solutions.
The variation of concentration of amine for shape transition
of surfactant-amine micelles as a function of temperature
are shown in Fig.2a for SDS, Fig.2b for CTAB and Fig.2c
for CPC micellar systems. From Fig.4, it can be seen that
the concentration of amine required for micellar shape

In the present work, pH measurements were used
successfully as a tool for studying shape transitions of ionic
surfactant and amine mixed micellar systems. For SDS,
CTAB and CPCmicellar systems, the effectiveness of
added amines leading to shape transition from sphere-torod is in the order C8NH2>C7NH2> C6NH2. However shape
transitions of cationic micelles (CTAB and CPC) occur at
higher amine concentrations compared with anionic
micelles (SDS). Increasing temperature increases the
concentration of amine required for shape transition.
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1. Introduction
The study of interfacial science plays a major role in
understanding the phenomena impacting our day to day life
such as electrical double layer,1 fluid flow,2 development of
fuel cells3 and multiple other industrial applications.
Understanding the interfacial phenomena, especially the
solid-liquid interface is difficult as the density of liquid is
not uniform near the solid surface.
The desorption rates for solid-gas system is studied
thoroughly both theoretically and experimentally4. Models
used theoretically for solid-gas system is very convenient to
perform the experiments. When the gas is desorbing, it only
faces the attraction from solid, whereas the liquid faces the
attraction from solid as well as other liquid atoms which
pulls it. In our work we have shown how the liquid density
behaves when bought in contact with the solid for varying
interactions between the solid-liquid and the liquid-liquid.
We have calculated the exact rate constant of desorption for
our system using the definition of desorption and compared
it with the rate calculated using the mean field
approximation.
2. Material and Methods

The parameters for LJ potential were decided by fixing the
𝜎 and varying the 𝜖 to study the behavior at different
interactions. The cutoff radius for all the LJ interactions was
12 Å. For the solid atoms we have used the Morse potential
to model the bonded and non-bonded interactions.6 A
representation of our system is shown in Figure 1.
Monte Carlo and molecular dynamics were used for the
simulations. In Monte Carlo simulations, the moves were
accepted or rejected based on the Metropolis algorithm.7
Molecular dynamics simulations were performed by
integrating the Newton’s equation of motion using the
Velocity-Verlet algorithm.8

2.1 System for simulation
We have considered a model representing generic solid and
liquid. The solid is FCC (Face Centered Close) pack with a
slab of 6 layers over which monoatomic liquid is adsorbed.
The bottom layer of solid is fixed with the plane z = 0. The
12-6 Lennard Jones potential was used for modelling the
interaction between the solid-liquid and the liquid-liquid5.

Figure 1: View representing the simulation cell for various
LJ interaction parameters 𝜖. Here 𝜖𝐿𝐿 denotes liquid-liquid
interaction and 𝜖𝐿𝑆 denotes liquid-solid interaction.

The number density was computed along the direction
perpendicular to the plane using bin width of 0.01 Å. The
molecular dynamic simulation was used to compute the
average number density at every 1ns.
For calculating the rate of desorption, the initial
configuration was selected randomly from a very long MC
run and velocities were initialized using Maxwell Boltzmann
distribution. The adsorbed atoms in the first layer were
identified by a cutoff distance from the solid surface. At t=0
the surface atoms were tagged and MD simulations were
performed over equilibrated sample for 250 ps. The number
of tagged atoms remaining on the surface were monitored
over the time t, to get the exact rate of desorption.
The potential of mean force was calculated using the
multiple window umbrella sampling. WHAM (Weighted
Histogram Analysis Method) was used to combine the
umbrella window.9
3. Results and Discussion
3.1 Density of a Liquid on Solid Surface
At the solid liquid interface, due to the contact with
the solid, the liquid density is no longer uniform. In our study
we begin by tuning the interaction of solid-liquid Lennard
Jones parameters.
We show the effect of varying 𝜖𝐿𝑆 (solid-liquid interaction)
and 𝜖𝐿𝐿 (liquid-liquid interaction) in Figure 2. For a fixed
𝜖𝐿𝐿 , we have same average bulk density. It is observed that
layers of liquid are formed near the surface of solid with a
solid like liquid layer having highest density among all
layers formed at the surface of solid as in Figure 2 a).
On increasing the 𝜖𝐿𝑆 , density at the first, second and
following layers increases. This is something which we
expect as the attraction of liquid with the solid surfaces
increases. On the other hand, on fixing the 𝜖𝐿𝑆 and increasing
the 𝜖𝐿𝐿 , we can observe the increase in bulk liquid density as
shown in Figure 2 b). This is because the liquid would prefer
the bulk on increasing the 𝜖𝐿𝐿 . Also, with the increase in 𝜖𝐿𝐿
the density of the liquid will increase, which would increase
the density near the solid surface.
3.2 Rate of desorption
The rate of desorption was calculated by fitting the
simulation average of the coverage, with the equation
N = N0 exp(−k × t)

(2)

Figure 2: Plot of density along the direction perpendicular
to the plane of the solid surface.

where N0 is the coverage or the number of atoms on the
surface at the start of simulation and N is the coverage
varying with the time. The details of the process is briefed in
section 2.1. kd is the rate constant of desorption at a
particular temperature. Trajectory of the number of atoms on
the surface with time is shown in Figure 3.

Figure 3: Trajectory for number of atoms on the surface for
time t for different temperatures. The translucent area around
the trajectory represents the standard deviation.

On comparing the exact rate obtained by definition of
desorption with the rate obtained using mean field
approximation we find that there is slight divergence as
shown in Table 1.
Interaction
Potential
(kJ/mol)

[2] A. Tortschanoff, E. Portuondo, F. van Mourik, J.E.

[3]

Exact Rate
Mean Field Rate

[4]

[5]

Є𝐿𝐿

Є𝐿𝑆

3

3

0.23

3.5

0.29
[6]

Table 1: Comparison between exact rate and rate obtained
by taking mean field approximation.
4. Conclusion
There is difference between the exact rate and rate calculated
by mean field approximation. This error is due to the fact
that in mean field approximation, we take the average barrier
energy for desorption to compute rate whereas there are lot
of fluctuations in barrier energy for each atom. To get the
exact rate we should consider every barrier energy to
compute rate and then take the average. This process is very
cumbersome and computationally expensive, thus we use
mean field approximation to get the rate closer to the exact
rate.
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1. Introduction

2.2 Methods

Simultaneously thermal and mechanical stresses are

2.2.1 Preparation of BSA solution

experienced by the proteins in most of the practical

0.5 mM stock solution of lyophilized BSA powder was

applications like fluid flow, bioprocessing, formulations, so

prepared in 20 mM Tris-HCl buffer (pH 7.4) A 75 μM

on. In this study, energetics of the thermomechanical

working concentration was then prepared prior to the

treatment of bovine serum albumin (BSA) and its related

experiments.

impact on the unfolding and aggregation behaviour have
been explored to decipher the roles of the thermal and
dissipation energy. Shear induced aggregation of the BSA

2.2.2 Thermal stability study and Effect of shear on the
aggregation of BSA

at a constant shear rate of 300 s-1 was performed at the

To determine the stability of BSA, temperature sweep test

three temperatures (55, 60 and 65 °C) using a Rheometer

was conducted for the three ranges 25–50 °C, 25–65 °C

and the aggregation behavior was experimentally analyzed.

and 25–75 °C at the rate of 1 °C/min using a UV visible

The irreversible unfolding of BSA was observed over its

spectrophotometer (Cary 300 bio). The melting temperature

melting temperature. The aggregation behavior was

of BSA is reported to be 63 °C and therefore two other

monitored in terms of increased in Th-T (Thioflavin T)

temperatures above (75 °C) and below (50 °C) the melting

fluorescence, hydrodynamic radii, dissipation energy and

point were chosen for the thermal and shearing studies. The

change in secondary structure. And also the aggregate

shear study was performed at a constant shear rate of 300

morphology

s−1.

was

analysed

through

atomic

force

microscopy (AFM)
2.2.3 Investigation of aggregation behaviour
2. Material and Methods
2.1 Materials

Th-T fluorescence assay was performed for monitoring of

Lyophilized BSA, fatty acid free, and Thioflavin- T dye

aggregation kinetics at an excitation/emission wavelength

(Th-T) were purchased from Sigma-Aldrich, India. Milli-Q

of 450/482 nm using a microplate reader (TECAN Infinite

water (18 MΩ) was used throughout the study.

200 pro).

The DLS experiment was carried out to analyze the

Figure 1:(a) Th-T fluorescence intensity and dH values for

hydrodynamic diameter (dH) using the litesizer 500 (Anton

the samples sheared at constant shear rate 300s-1 at 55°C

Paar instrument) at RT.

(black circle), 65°C (red square) and 75°C (blue diamond);

For analysing the secondary structure conformational

and (b) Th-T fluorescence intensity comparison between

changes of the thermal and shear treated samples, far UV-

thermal and thermomechanical treatments (sheared at 300

CD spectroscopic measurement was performed using a

s-1) at the above three temperatures. Dotted lines indicate

Circular Dichroism spectrophotometer (JASCO, J-1500).

the fitted data using a single exponential expression.

And lastly for morphology analysis, AFM (Oxford,
Asylum) was used.

3.2 Secondary structural changes

3. Results and Discussion

The secondary structural changes during the shear

3.1 Effects of shear on the aggregation of BSA at

experiments have been recorded for the samples collected
at different time intervals. Fig. 2 shows the CD spectra of

different temperatures

the sheared samples. It was observed that shearing at 55 °C
After conducting the thermal stability study, we chose

caused no change in secondary structure as compare to the

three temperatures below 65 °C (55, 60 and 65 °C) to

native BSA while aggregation was visible in the other two

investigate the thermomechanical effects at a constant shear

temperatures.

rate of 300 s−1. Fig. 1 shows Th-T fluorescence intensity

(a)

(b)

of the samples collected at different time intervals. The
aggregation was observed for the sheared samples at 60 °C
and 65 °. The BSA solution got exposed to enough energy
from both shear and thermal processes, which led to the

(c)

(d)

disruption of intramolecular bonds leading to the unfolding
of the BSA monomer, exposing the free SH groups and the
hydrophobic core. While at 55 °C, the Th-T intensities
were much lower. The hydrodynamic diameter, dH, values
were correlated with the Th-T fluorescence data (Fig. 1
(a)).

Figure 2:Far-UV CD spectra of BSA solutions sheared at
300 s-1 at (a) 55°C, (b) 60°C, and (c) 65°C for monitoring
the secondary structure (d) The change in MRE signals at

(a)

(b)

222 nm.
3.3 Morphology of the aggregates
AFM images are shown in Fig. 3. The native BSA
molecules were in globular shape with an average size of
30–40 nm (Fig. 5(a)). For the samples sheared at a constant

.

shear rate of 300 s−1, particles sizes were in the range of

500–70 nm (Figg. 3(b)). At higgher temperattures of 60 annd 65

behavior havve been exploored to deciphher the roles of the

°C
C, particle sizes were muuch increased (70–100 nm
m and

thermal and dissipation eenergy. Therm
mal energy efffected

1000–200 nm (F
Fig. 5(c) and (d)).

unfolding whhile dissipatioon energy infl
fluenced fibrilllation.
The native BSA
B
molecules were in globbular shape w
with an
average sizee of 30–40 nm. For thee sheared sam
mples,
particles sizees were in thee range of 50
0–70 nm. At higher
temperatures of 60 and 665 °C, particlle sizes were much
increased duee to the aggrregation as ob
bserved through the
enhanced Thh-T fluoresceence and losss of helicity
y. The
aggregate dim
mension rangees were 70–10
00 nm and 1000–200

Figure
F
3:AFM
M images for (a)
( native BSA; and sheareed at

nm for the samples shheared at 60
0 °C and 65
6 °C,

coonstant 300s-1 at (b) 55°C (c) 60°C and (d) 65 °C; annd (e)

respectively.

thhermal treatedd only at 60°C
C. The dimensiions of the im
mages
arre 1μm × 1μm
m × 8 nm (X × Y × Z).
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1. Introduction
Carbonate rocks hold a substantial amount of our existing
oil reserves. However, oil recovery from these reservoirs is
low due to their oil-wet nature. Their oil-wet nature is
attributed to the adsorption of polar components of crude oil;
particularly the organic acids present in the crude oil. Recent
studies have shown that the wettability of these rocks can be
altered, from oil-wet to water-wet state, by injecting brines
with carefully modified compositions; thus, resulting in
additional oil recovery from these rocks.1 In this study, the
effect of brine composition on the wettability of carbonate
rocks was investigated. This study would help in improving
our understanding of factors affecting the wettability of
carbonate rocks and in designing techniques to improve the
recovery of oil from such rocks.
2. Material and Methods
2.1 Materials
Iceland Spar calcite chips were used as carbonate surface.
A model oil consisting of n-decane with 20mM stearic acid
was used as a surrogate for the crude oil. The brine samples
(see Table 1) were prepared using laboratory-grade salts.
SW/50 and 4S-SW/50 were prepared by diluting SW and 4SSW brines, respectively, by 50 times.
2.2 Methods
2.2.1 Contact angle measurements
Contact angle measurements were performed on Iceland
Spar calcite chips. The chips were first polished using
various sandpapers, immersed in different brines (see Table
1), and then aged at 80 oC in the oven for one day. The chips

were then removed from the brine solutions, immersed in the
model oil, and aged for one week at 80 oC. After one week
of aging, contact angle measurements (brine-rock-oil) of
calcite chips were performed using a goniometer. For every
sample, contact angle measurements at 5-6 different
locations were performed to obtain the average contact
angle.
Table 1: Composition of different brines in ppm
Ions
Formation
Seawater
4xSO4SW
Brine (FB)
(SW)
(4S-SW)
Na+
41,411
12,891
9700
Ca2+
Mg2+
SO42ClTDS

11,686
2763
215
103,002
149,160

510
1600
3485
26,578
41,127

510
1600
13,940
13,428
41,237

2.2.2 Thermogravimetric analysis
Thermogravimetric analysis was performed to understand
the adsorption of organic acids on calcite powder (prepared
by crushing the calcite chips). Samples containing 2 g
powder and 20 g of different brines were prepared and aged
for one day at 80 oC. After one day, the brine from these
samples was removed using centrifugation and 20g of model
oil was added to these samples. The samples were aged for
one week at 80 oC. After one week, the samples were
removed from the oven and centrifuged to separate the
powder from all the samples. TGA analysis was performed
on these samples.
2.2.3 Zeta potential measurements

Zeta potential measurements at brine-rock and brine-oil
interfaces, for different brines, were performed using the
Malvern Zetasizer Nano ZS instrument. Using different
brines (see Table 1), stable suspensions of brine-rock and
brine-oil were prepared using ultrasonication. Three zeta
potential measurements were performed for each sample and
the average value was reported.
3. Results and Discussion
3.1 Contact angle measurements

were highest for FB, lower for SW and SW/50 brines, and
lowest for 4S-SW and 4S-SW/50 brines. The zeta potential
values of brine-oil samples were found to be negative for all
the brines. We hypothesize that the chips become oil-wet
due to a positive zeta potential at brine-rock interface and a
negative zeta potential at the brine-oil interface; resulting in
breaking the thin brine-film between calcite and oil, and
making the chips oil-wet. The chips were less positively
charged for SW and 4S-SW brines (and their dilutions) due
to the presence of high amounts of sulfate content compared
to the FB.

Contact angle measurement results for chips initially aged
in different brines are given in Table 1. Table 1 shows that
the calcite chip is oil-wet in the case of FB. The chip is less
oil-wet in case of SW, neutral-wet in case of SW/50, and
water-wet in case of 4S-SW and 4S-SW/50 brines.
Table 2: Contact angle for different brines
Brine
Contact Angle
FB
145°
SW
SW/50
4S-SW

127°
102°
70°

4S-SW/50

85°

Figure 1: Zeta potential at brine-rock interface for different
brines
4. Conclusion

3.2 Thermogravimetric analysis
From TGA analysis, the adsorption of organic acid on
samples initially aged in FB, SW, 4S-SW, SW/50, and 4SSW/50 brines were found to be 4.40 mg/g, 3.72 mg/g, 1.88
mg/g, 1.13 mg/g, and 0.99 mg/g, respectively. The results
show that highest adsorption of acid was observed on
samples that were initially aged with formation brine. Lower
acid adsorption was observed for samples aged in SW and
4S-SW. Further, even lower adsorptions were observed for
SW/50 and 4S-SW/50 brines. These results are in agreement
with the contact angle measurements. That is, aged calcite
chips are most oil-wet when aged in FB and less oil-wet in
other brines.
3.3 Zeta potential measurements
Figure 1 shows the zeta potential measurements of brinerock samples for different brines. The zeta potential values

Oil recovery is low from carbonate oil reservoirs due to
their oil-wet nature. In this study, the effect of brine
composition on the rock wettability was studied. The study
shows that the oil-wet nature of rock is due to the adsorption
of organic acid. The amount adsorbed and the degree of oilwetness was found to depend on the brine composition. The
presence of sulfate ions in SW and 4S-SW brines make the
rock surface less positively charged; thus, lowering the
adsorption of organic acid and reducing the degree of oilwetness.
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1. Introduction
Graphene oxide (GO) is a bundled-up mass of few
oxidised layers of graphene. The properties of GO closely
match that of graphene. However, the production of
graphene oxide has several technological limitations
because of the complexity in the relationship between
processing conditions, the level of oxidation, and yield. In
this work, we report our findings that indicate a need for
balance in chemical and mechanical forces during
ultrasonic-assisted graphite exfoliation. The structural
differences of the synthesised GO have been studied by
using Raman spectroscopy and X-ray diffractometry.
2. Material and Methods
2.1 Materials
The graphite precursor and the reagents used in
this study are as follows: <20µm sized high purity Graphite
– Sigma Aldrich, Potassium permanganate (≥98.5%) –
HIMEDIA, Sulphuric acid (≥95%) – Merck Life Sciences.
2.2 Methods
1 g of graphite powder was added to 50 ml of
concentrated sulphuric acid while stirring the mixture
continuously. To this mixture, 3 g of potassium
permanganate was gradually added under ultrasonication.
The temperature was regulated below 10˚C during addition.
The solution was then alternatively stirred and
ultrasonicated at 40kHz for different durations, and
samples were denoted accordingly (GO1-30 min, GO2-60
min, GO3-90 min). 200 ml of de-ionised water (DI) was
then added to the solutions, and stirring was continued for 2
hours. 40 ml of hydrogen peroxide was added to each
solution to cease the oxidation reaction. The reaction
mixtures were washedwith 10% HCl and de-ionised water
under different cycles (GO1-40 times, GO2-30 times, GO325 times) and different durations (GO1-85min, GO270min, GO3-55min). The mixtures were centrifuged at
10500 RPM to obtain a neutral pH GO which was stored
after drying for further analysis.

Yield

2.2.1 Materials characterisation
The structural and functional properties of
graphite and the synthesised GO samples analysed using
Raman spectrometer Renishaw inVia operated with a 532
nm laser and X-ray diffractometer PANalyticalX'Pert Pro
X-ray diffractometer (XRD) equipped with Cu Kα
radiation (λ=0.154 nm).
3. Results and Discussion
The characteristic G band (sp2 carbon signature
from E2g mode) of GO is usually misidentified in the
Raman spectrum as its vibrational energy closely matches
with another defect activated band D' which arises due to
oxidation of sp2 carbon. Therefore, the extent of oxidation
and defect densitycan be found upon resolving the D'and G
peaks. Empirical estimation and correlation of the
difference in peak positions of D' and Gapp (D' – Gapp) to the
C/O ratio suggested elsewhere [1] is a reliable tool to
identify the extent of oxidation. From Raman Spectrum
(Fig.1A), the (D' – Gapp) values of GO3, in particular, were
found to be more oxidised when compared to GO1 and
GO2. The lateral crystallite size (La) [2]), the distance
between defects (Ld) [3] and the defect densities (nD) [4]
are tabulated in Table.1. The observed data shows that the
sample GO3 hasa lower defect density than GO1 and GO2.
The results indicate that the duration of ultrasonic-assisted
oxidation affects the extent of the rate of oxidation
positively. Consequently, the mechanical exfoliation by
ultrasonic agitation becomes easier for samples, which
were better oxidised.
In the XRD spectrum (Fig. 1B), the 001 plane at
11.45o alongside the 002 plane of graphite at 26.37o and
26.32o suggests incomplete graphite oxidation in GO1. This
matches with the observations from the Raman spectrum
[5]. The presence of the 001 plane with an increase in dspacing in GO1 suggests the successful introduction of
oxidative functional groups in the graphitic lattice [6]. The
absence of the 002 plane in GO2 and GO3 indicates that

coomplete oxidaation has occuurred. Howevver, the interpllanar
sppacing is more in GO3, inddicating betterr oxidation thaan in
GO2.Structural
G
l informatioonwas extraacted from the
sppectrum usinng Scherrer's formula abbout the aveerage
crrystallite sizee (Lc). The observations from XRD and
Raman
R
spectroscopy are tabuulated in Tablle 1.

Fig.1
F
A. Typicaal Raman spectrra deconvolutedd to identity D' and
actual G band in addition to iddentifiable D B.
B 001 plane of GO
G
indexed aggainst 002 of grraphite along with
w d-spacing.
Tablee.1 Estimation of
o La, Lc, Ld, nD, and no. of laayers
S
Sample

ID /
IG

Grraphite
GO
O1
GO
O2
GO
O3

0.15
1.38
1.31
1.23

D'–
Gapp(c
m-1)
-----39
-40
-45

La(nm
)

Ld
(nm)

333
36
38
41

28.7
9.5
9.7
10.0

nD
x1010(
cm-2)
0.44
4.13
3.92
3.68

Lc(nm
)

No. off layers
(approox.no.)

12.25
3.92
6.43
6.63

336
5
8
8

oxide layers with
w larger cryystallite size and
a lesser deffects in
GO3 in compparison to GO
O1 and GO2. When
W
the oxiidation
duration was increased annd washing duuration reduceed, the
yield increaseed from 57.8%
% in GO1 to 77.9% in GO
O2 and
98.3% in GO
O3 (Fig.2B), inndicating enhaanced mass frraction
obtained due to the additioon of oxidativ
ve functional groups
g
to graphitic carbon
c
lattice.
3.2 Conclusioon
The extent of oxidation during GO synthesis annd the
resultant strructural varriations werre analysed. The
differences inn the structurrebased on th
he oxidative forces
exerted by oxidants
o
and mechanical forces exertted by
ultrasonic exffoliation weree depicted usin
ng the ball andd stick
model. Sufficcient oxidationn is essential for the reducttion of
lattice defectts.Similarly, excessive meechanical forrce on
insufficientlyy oxidised graaphite will leead to more lattice
defects. Yielld improvemeent can be achieved
a
wheen the
balance in forces are maintained.
m
Yield
Y
improv
vement
reported in this
t
work is uup to 98.3%, suggesting that
t
an
approximatelly equivalent aamount of GO
O can be synth
hesised
from a givenn quantity of graphite. In conclusion, fo
for any
production rooute to be scaalable and economically feeasible
with a large yield,
y
optimall oxidation an
nd minimal washing
were found too be essential..
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1. Introduction

3. Results and Discussion

Hydrolysis of Sodium Hydride (NaH) is studied in an
Adiabatic Batch Reactor of 3.9 liter with all safety measure
and regulations with maximum allowable system pressure
of 6 atm. Present study of thermodynamic analysis of the
reaction provides the knowledge of feasibility of the
reaction, heat of the reaction, temperature change and
number of moles produced.

The rate of reaction is estimated as

2. Material and Methods
2.1 Materials
The required chemicals used for this study are NaH, H2O.
NaOH.
2.2 Methods
Experiments are carried out at different concentrations of
NaH (Sodium Hydride) ranging from 0.01 to 0.02 moles,
2.7 moles of H2O, 0 to 0.2 moles of NaOH. The increase in
pressure was measured and is related to production rate of
hydrogen. The moles of Hydrogen generated as a function
of temperature of reaction mixture was calculated by
energy balance for Adiabatic Batch Reactor and compared
with experimental results

0.0115 C

.
.

r

0.017 C

.

.A comprehensive study of the

quantitative and qualitative aspects of the reaction,
equilibrium conversion, heat of reaction and effects of
temperature on rate constant, NaH concentration and
NaOH concentration, on the hydrogen generation rate has
been investigated and reported.
4. Conclusion
Based on above investigation, we found that the reaction
rate decreases with increase in concentration of NaH
and concentration of NaOH. The system attain steady state
faster at low concentration of NaH and NaOH and acid
has great influence in the reaction, it increases the rate
because it consumes by-product NaOH formed in the
reaction.
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1. Introduction

2. Material and Methods

Two different activated carbon were prepared by thermal
treatment of sludge collected from natural rubber industry
waste. The adsorptive removal of hexavalent chromium
(Cr(VI)) was studied in a batch reactor using activated
carbon (AC-500 and AC-550) prepared at 500 °C for 3 h
and 550 °C for 2 h, respectively. Batch experiments were
conducted by varying the initial concentration of pollutants
within 50-500 mg L-1 to study the equilibrium, kinetics, and
mass transfer involved in the adsorption. For Cr(VI),
maximum uptake by AC-500 and AC-550 was 13 and 21
mg g-1, respectively, for an initial concentration of 500 mg
L-1 at 30 °C. Both adsorbents were characterized by X-ray
diffraction (XRD), Fourier transform infrared spectroscopy
(FT-IR), and field emission scanning electron microscopy
(FESEM) to find out the structure and functional groups.

2.1 Materials

The experimental equilibrium data were modeled using
Langmuir and Freundlich isotherms whereas kinetic data
was modeled using pseudo-first and pseudo-second order
model. Since a large number of similar articles rely on
linearized modeling and as more than one form of
linearization is possible for most models, this article
critically evaluated the effect of linearization by comparing
the regressed model parameters found through different
linear and non-linear methods. A detailed statistical
analysis of non-linearized modeling has been done using
various error functions.

All the primary chemicals used for this research
investigation, such as potassium dichromate, HCl, and
NaOH, were purchased from MERCK, India.
2.2 Methods
2.2.1 Preparation of activated carbon
A quantitative amount of sludge was collected from Bright
Rubber Processors Private Limited situated at
Bodhjungnagar, West Tripura, India. The sludge was dried
at 70 °C for 2 h prior to processing two different carbon in
a furnace. In the furnace, temperature was raised to 500 °C
for 3 h and 550 °C for 2 h for preparing the two activated
carbon, namely AC-500 and AC-550, respectively. The
activated carbon was cooled, ground, and stored.
2.2.2 Characterization of samples
XRD patterns of the samples were measured at diffraction
angle 2θ from 10–80◦. For FT-IR, functional surface
chemistry was analyzed within a range of 400–4000 cm−1.
SEM images were studied for morphological conformation.
2.2.2 Effect of process parameters
Influence of process parameters concerning pH (1-7),
dosage (1-10 g L-1), initial concentration (50-500 mg L-1),
contact time (upto 24 h), and temperature (20-50 °C) was
studied. All the batch experiments were performed by

varying that parameter within a suitable range while all
other parameters were fixed. The adsorption experiments
were measured at 540 nm using the diphenylcarbazide
method for Cr(VI) [1]. The adsorption capacity (qe, mg g-1)
and removal (%) were calculated using Eq. 1 and Eq. 2.
(Eq. 1)
3. Results and Discussion

(Eq. 2)

3.1 Characterization
XRD analysis evidenced the compounds such as SiO2,
CaCO3, Fe2O3, CaO, NaCl, CaMg(CO3)2, quartz, and
graphite in the AC samples [2]. From the FT-IR, visible
peaks in AC at 467 and 798 cm−1 confirmed the presence of
Si–O–C and Si–O–Si antisymmetric stretching,
respectively. SEM images display the carbonaceous nature
of the activated carbon.
3.2 Adsorption kinetics
Two surface reaction models in their linear and non-linear
form, namely pseudo-first-order (PFO) (Eq. 3) and pseudosecond-order (PSO) models (Eq. 4), were calculated for
adsorbents (AC-500 and AC-550) to remove Cr(VI). PSO
was the best fit model with R2 value of 0.999.
(Eq. 3)
,

(Eq. 4)

3.3 Adsorption isotherms
Two isotherm models, Langmuir (Eq. 5) and Freundlich
(Eq. 6) isotherms (linear and non-linear) were calculated.
Langmuir was the best fit model with a R2 value of 0.999.
Figure 1 shows the plot of kinetics and isotherms.
(Eq. 5)
(Eq. 6)

b

a

Figure 1: Comparision between Linear and non-linear
models a. kinetic b. isotherm models for the adsorption of
Cr(VI).
4. Conclusion
It can be concluded that altering the processing temperature
and time has an almost negligible impact on the optimum
process parameters such as pH (2), dosage (10 g L-1), initial
concentration (100 mg L-1), contact time (120 min), and
temperature (30 °C). Performing the comparative analysis
between linear and non-linear forms revealed a significant
change in the parameter value in both types of AC. But
substantial variation in uptake capacity can also be
observed for the same adsorbents by varying the
temperature and time (i.e., 13 mg g-1 for AC-500 and 21 mg
g-1 AC-550). Parameters optimized through linear
regression of kinetic and isotherm models may not be
useful for predicting uptake.
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Prevalence of several food related disorder in recent time is attributed mainly to the shifting of
food habit of consumer from the traditional food habit. Consumption of such food, high in either
saturated fatty acid or trans‐fatty acid has been linked to several diet‐related chronic diseases.
Trans fats increase the risk of coronary heart disease by raising LDL level and lowering HDL level.
By 2022, FSSAI is going to restrict trans fatty acid content to less than 2%. There is a need to
reduce the content of solid fat in food products without affecting the sensory and physical
properties. Palm oil, coconut oil, fully hydrogenated vegetable oils, and their modified oils have
become the most popular alternatives to trans fats in the food industry. However, these
alternatives contain high contents of saturated fats. Structuring of edible oils through
oleogelation is providing the best replacement for solid fat. Oleogelation is nothing but the
transformation of liquid oil into gel like material possessing all properties of solid fat and the
resultant gel is referred as ‘oleogel’. Oleogel can be used as shortening in cookies, cakes,
breakfast spread, margarines, animal fat alternatives in meat products, ice‐cream, chocolate as
cocoa butter alternatives, hard fat stocks and lubricating greases etc. As per WHO guideline,
about 25‐30 % of our daily calories must be from fats, but intake of saturated fats should be less
than 10% of our daily calories. Saturated fatty acid (SFA) and partially hydrogenated fats are
added to give a semi‐solid texture to the food product, whereas oleogel can serve the purpose
without having SFA. In order to convert liquid oil into semi‐solid material, it is necessary to
attenuate the liquid oil which can be done by using structuring agent such as ‘oleogelator’.
Waxes, by products of vegetable oil industry are classified under crystalline gelator, which are
primarily composed of mixture of wax esters of very long chain fatty acid and long chain fatty
alcohols of various chain lengths. Till now various studies have been done which includes
formation of oleogels by using wax esters in extra virgin olive oil, monoglycerides in combination
with wax in olive oil, hydroxypropylmethyl‐cellulose (HPMC) and xanthan gum (XG) in vegetable
oils, different waxes in high‐oleic rapeseed oil, beeswax and β‐sitosterol in sunflower oil and
oleofoams by using crystals of waxes. Several kinds of oleogelators have been investigated along
with their application in food as well as different industries. Current talk will cover recent
development on oleogel formulations using sunflower wax and rice bran wax with edible
vegetable oils and our attempt in better replacement of reduce solid fat in butter as well as in
food products.

KEYNOTE
KINETIC MODELLLING OF GASIFICATION OF BIOMASS AND COAL
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Underground coal gasification (UCG) is a well proven technology which permits access to coal
which either lies too deep underground, or is otherwise too costly to be exploited using
conventional mining techniques. UCG product gas may be used as a chemical feedstock or as fuel
for power generation. UCG is a promising way of utilizing un‐mineable coal with zero emission by
linking the process with carbon capture and sequestration (CCS). The increasing demand for
energy, continuous rise in prices of petroleum and natural gas, threat of environmental
regulations, have led to investigations on various aspects of UCG making it more efficient and
economical.
During the UCG process, a cavity is formed in the coal seam as coal is converted to gaseous
products. This cavity grows three dimensionally in a non‐linear fashion as gasification proceeds.
The UCG process is a result of the complex interaction of various phenomena such as fluid flow,
heat transfer, mass transfer, chemical reactions, water influx, thermo‐mechanical failure of coal,
and other geological aspects. The rate of growth of this cavity and its shape at any given time
depends on the reactant gas flow patterns and kinetics. It leaves us with a scope to investigate
the kinetics of different reactions that take place in UCG. The methodologies to be used for
measuring the kinetics of these reactions in context of UCG are different than those used for
conventional surface gasification performed in entrained bed or fluidized bed reactors.
Pyrolysis is an important step in combustion and gasification of coal. In this work, we have studied
the kinetics of pyrolysis of three Indian lignite samples via experiments and mathematical
modeling. The various kinetic models viz. the single global reaction model, the consecutive
reaction model and the distributed activation energy model are evaluated for their applicability.
The kinetic parameters are estimated based on the experimental data. Furthermore, the kinetics
of the evolution of each volatile species is studied independently by using a specially designed
fixed bed reactor.

Steam gasification of Indian lignite is carried out in a fixed bed reactor, to determine the intrinsic
kinetics over a temperature range of 740‐8300C with different partial pressures of steam.
Gasification of demineralized coal is also carried out in the same reactor. The comparison of
original coal with the demineralized coal indicates that the ash present in the coal acts as catalyst
for both steam gasification and water gas shift reaction. A one‐dimensional model is developed
for the fixed bed gasification. The kinetic parameters for steam gasification and water gas shift
reaction are estimated by fitting the model with the experimentally observed conversion and
concentration profiles.
Gasification of four Indian coals is carried out in a CO2 atmosphere, using a thermo gravimetric
analyzer (TGA), to determine the intrinsic kinetics over a temperature range of 800‐1050 °C with
different partial pressures of CO2. Three models viz. the volumetric reaction model, the shrinking
core model and the random pore model are evaluated for their applicability. Of these three
models, the random pore model is found to be the most suitable for all the coals considered in
the present work. The dependence of the reaction rate on the gas‐phase partial pressures is
explained by Langmuir‐Hinshelwood model and the parameters for the inhibition due to CO and
CO2 are determined by performing experiments at different partial pressures. In underground
coal gasification, the reaction takes place on reasonably large sized coal particles wherein,
diffusion effects are significant. A one dimensional reaction‐diffusion model is therefore
developed in order to determine the diffusional resistance in the coal particle, and values of
diffusivity are estimated.
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good buffering potential during fermentation, which is an

1. Introduction

added advantage.
Lactic acid or 2-hydroxy propionic acid has emerged as a
major

chemicalfor

in

preservative,

materials,
flavoring

food

(as

food
agent),

2. Material and Methods
2.1 Materials

[1]

chemical,pharmaceutical(cosmetics)andtextileindustries

.Almost all of the total lactic acid worldwide is produced
by bacterial fermentation, which employs the major use
of Lactobacillus species. Lactobacillus delbrueckii is
known to produce lactic acid with higher yields on sugars
up to 0.98 g/g

[1],[2],[3]

Cane Molasses was procured from India Glycols Limited,
Uttarakhand, India. MRS (de Man Ragosa Sharpe) medium
was obtained from Hi-media Ltd., India. Hydrochloric acid
and Sodium hydroxide was acquired from SD Fine
Chemicals Ltd., India.

, which is close to the theoretical

yield of 1 g/g (per gram of product formed from per gram
of substrate used). Utilization of pure sugars is not

2.2 Methods
2.2.1 Pre-treatment of molasses

economically viable for cheap lactic acid production,
hence, these archis always on for substrates that require

Thick molasses was diluted with distilled water ~10 times

minimum steps for pre-treatment, are available in bulk

to obtain a total final sugar concentration up to 1.5-2%

[1]

. Therefore, cane molasses, which

(w/v) for shake flask& batch experiments. 0.5N HCl was

is a waste generated in the sugar-refining industries, can

used for acid hydrolyzing sucrose and refluxed under

prove to be an inexpensive carbon source. At the end of

boiling water. The reacted solution was then neutralized by

sugar refining processes, large quantities of molasses are

0.5 N NaOH solution up to the desired pH followed by

generated that contain typically 40% - 50% (w/w) of

centrifuging the solution at 8000 rpm for 10 minutes [4].

quantity at low cost

fermentable sugars

[4]

. Molasses is also reported to have a

concentration of ~1.5-2 % (w/v) provided yield of 0.96 g/g.

2.2.2 Shake Flask Fermentation
Shake flask studies were performed using MRS medium as
a control and molasses medium in 250 mL Erlenmeyer
flasks with working volume 100 mL. Incubationwas
performed for 24 to 30 hours at 37°C under pH

The average productivity was found to be 1.15 g/L.h-1 and
wet cell and dry cell density were observed between 25±5&
23±2 g/L and 10 g/L &7 g/L respectively. The results with
both MRS and molasses medium were found to be
satisfactory.

uncontrolled condition.

4. Conclusion

2.2.3 Batch Fermentation

Improved yield and productivity were obtained using
Batch fermentation at fermenter level was carried out in a

Lactobacillus delbrueckiion molasses medium which is

fermenter (New Brunswick, BioFlo Series 115, Eppendorf)

agro-industrial waste, which could reduce the fermentation

with a working volume of 0.8 L. Initial molasses sugar

cost significantly as it is an inexpensive substrate. pH

concentration was around 1.5-2 % (w/v). pH was controlled

control has a significant effect on cell growth and lactic

using aq. NH3.

acid

production.The

shake

flask

fermentation

was

performed using molasses in pre-treated form containing

3. Results and Discussion

mono sugars, gave better yield up to 0.92 g/g with

3.1 Shake flask fermentation

complete sugar consumption.Hence, glucose and fructose
MRS medium containing 2% (w/v) glucose and pre-treated

were found to be the preferred sugars for the bacterial

molasses containing glucose and fructose provided lactic

cells.Lactic acid yield of 0.96 g/g using molasses with pH

acid yield of 0.96 g/g and 0.92±0.03 g/g respectively with

controlled using aq.NH3could provide a price-competitive

an average productivity of 0.87 g/L.h-1and 0.77 g/L.h-1

production of lactic acid.

respectively.pH control has a positive influence on the
growth of Lactobacillus cells. Under uncontrolled pH
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1.

Introduction

Green microalgae are a huge source of chlorophyll that
is used as a natural coloring agent in the food and
pharmaceutical and cosmeceutical industry and also
have anti-mutagenic, antioxidant and wound healing
properties. Therefore, optimization of the process
parameters to maximize chlorophyll content is
becoming a new research interest for the huge
application of chlorophyll. We have used the Taguchi
orthogonal array (TOA) design of experiments (DOE)
methodology for the optimization of chlorophyll
content from the biomass of green microalgae
(Chlorella thermophila). All the physicochemical
factors were tested within their possible ranges to
confirm the intrinsic variation in the method did not
influence the factors. In our study, to investigate the
influence of physicochemical process parameters, six
different three-level parameters were used such as light
intensity(6000, 4000, 2000), light period (10, 14, 18
hours) , pH (5, 7, 9) inoculum size (2, 4, 8 ml) culture
period ( 14, 21, 28) and salt concentration (0, 30, 60
g/L). These parameters are considered as the most
important influencing factor for the growth of
microalgae and their chlorophyll content. For this
investigation, we have employed the Taguchi L-18 OA
DOE methodology to study the effect of process
parameters on the chlorophyll content from Chlorella
thermophila.
2. Material and Methods

2.1 Materials
2.1.1. Microalgae strain
In this experiment, we have used isolated microalgae strain
Chlorella thermophila which has been collected from
Jirania area of Tripura, the North-east region of India
2.1.2. Chemicals and analytical instruments
For the chlorophyll extraction methanol was used as a
solvent for extraction which was purchased from Hi-media
laboratories in India. For the dilution of solvents double
distilled water was used. For the centrifugation, a
centrifuge (2−16KL) from sigma was used. To investigate
the chlorophyll, a UV–vis spectrophotometer (Evolution
201, Thermo Fisher Scientific, USA) was used. To design
the experiment and to analyze the experimental data the
statistical software package, Qualitek-4 software (Nutek
Inc., MI, USA) was used.
2.2 Methods
2.2.1. Measurement of total chlorophyll content
To measure chlorophyll content, 10 ml of algal sample was
taken and then centrifuged for 5 min at 10000 rpm at 4℃.
After that supernatant was discarded and 10ml of pure
methanol was added to collect the pellet. Then this mixture
was incubated in a shaking incubator at 150 rpm for 24
hours at 45℃. After incubation, the absorbance of the
supernatant was measured at 665.2 nm and 652.4 nm.
Chlorophyll content was measured by using the following
formulas.

𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝑎 (µg/ml) = 16.72𝐴665.2 − 9.16𝐴652.4

𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝑏(µg/ml) = 34.09A 652.4 − 15.28A665.2 (2)
𝑇𝑜𝑡𝑎𝑙 𝑐ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 = 𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝑎 + 𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝑏

shown that light intensity and light period has no influential
effect on chlorophyll content (Fig 1)

(1)
.

(3)

Where A665.2 and A652.4 are the absorbances at 665.2 and
652.4 nm
2.2.3. Taguchi DOE
Taguchi OA DOE methodology is carried out by four steps
such as planning, conducting, analysis and validation. In
this study, all the variables were investigated at three
levels. Then matrix was designed with L-18 OA for the
three levels of six factors which indicate 18 experimental
sets. Then the experimental data was analyzed and
performances were predicted by Qualitek-4software. Then
by analyzing the signal-to-noise ratio (S/N), the effects of
individual factors, optimum culture condition and
performance of this process were determined. The
mathematical expression of the S/N ratio, that measures the
mean square deviation (MSD) for target, was given by the
following equation
1

𝑧 = −10 log(𝑀𝑆𝐷) = −𝑙𝑜𝑔∑ [ 2 ] /n
yi

(4)

3. Results and Discussion
3.1 Influence of individual factors
Results obtained with designed experimental sets showed
that the process efficiency was found to be very much
dependent on the selected process conditions. It has been
shown that light intensity and inoculums size has a greater
impact on level 2, light period and pH at level 3 and salt
concentration has greater influence at level 1 for the yield
of extraction of chlorophyll.
3.2 Influence of factors interaction
Influence of two individual factors at various levels of
interaction can be determined by the severity indexes (SIs).
In case of chlorophyll content, the highest interaction (SI
71.51%) was observed in between light intensity and pH at
level (2,1) followed by pH and culture period interaction
(SI 56.4%) at level (3,3), light period and pH interaction
(SI 43.45) at level (1,3).
3.3 Analysis of variance (ANOVA)
ANOVA analysis showed that salt concentration
contributed the maximum impact (17.401%) on
chlorophyll content followed by inoculums size (12.999%),
pH (5.367%), and culture period (5.209%). It also has been

Fig 1- Relative influence of factors and interactions
3.4 Optimum process parameters
Predicted results showed that chlorophyll yield could be
increased from 42.578mg/l to 84.489 mg/g-biomass. Based
on Taguchi methodology, an overall enhancement of
chlorophyll content was almost double. The experimental
result showed that the higher level of biomass production
can be achieved with light intensity (3000lux), light period
(18 hours), pH (9), inoculum size (4 ml), culture period (28
days) in the absence of salt concentration in the culture
media. Thus the Taguchi method provided a systematic and
efficient methodology for this optimization, with far less
effort than would be required for most other optimization
techniques.
4. Conclusion
Optimization of the physicochemical parameters is one of
the key factors for the maximization of chlorophyll content.
In this work, we have successfully applied the Taguchi
DOE methodology to optimize the physicochemical
parameters for the enhancement of chlorophyll content in
Chlorella thermophilus. True relationships between the
dependent variables (light intensity, light period, pH,
inoculum size, culture period, salt concentration) have been
studied and we have found that a double amount of
chlorophyll can be obtained from Chlorella thermophilus in
comparison to un-optimized conditions in the same unit of
volume.
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1. Introduction
Waste water containing harmful heavy metals are
discharged in environment from commercial and industrial
sources are a topic of concern. Heavy metals like cadmium,
lead, arsenic, chromium, copper cause various carcinogenic
diseases to living being. Continuous exposure to these
metals causes diseases like bladder cancer, kidney damage,
skin cancer, lung problems and could be life threatening.
So, there is a need for developing a sustainable, cost
effective and eco-friendly measure to minimize the metal
concentration before discharging it to the nature. Heavy
metal uptake using microalgae and cyanobacteria from
waste soil, wastewater can be a possible solution [1].
2. Material and Methods
2.1 Materials
The required chemicals used for media preparation and
result analysis were purchased from the following
companies: Merck, Himedia, Loba chemicals and SRL.
2.2 Methods
This study is concentrated on metal (arsenic and
chromium)
uptake
capacity
of
cyanobacteria
(NITAAO003)
and
microalgae
(NITAAP024,
NITAAP009) of Ar (lll & V) and Cr (Vl). Media
containing different concentration ranging from 0.5 to 600
mg/L for Ar (lll & V) and 1 to 50 mg/L for Cr (Vl) were
prepared and growth of microalgae and cyanobacteria was

monitored for 15 days. The surface morphology of metaembedded microorganisms is evaluated in SEM and optical
microscope. Atomic absorbance spectrometer is used for
measuring absorbance of the media containing chromium
and arsenic. The concentrations at which the growth rates
of these microorganisms are highest are chosen as the
optimum range for the further study.
2.2.1 Determination of dry cell weight (DCW), metal
uptake biomass productivity, lipid content and lipid
productivity.
The DCW (g/L) can be calculated by drying the wet
biomass at 80 ⁰C for12 hr in hot air oven [2]. Metal uptake
(q) is calculated by measuring the initial metal
concentration and final metal concentration [3] and for
mulated as below:-

q = (Ci-Cf)/Ci
Biomass Productivity = Final DCW – Initial DCW)/Cultivation time.
Lipid Content = Final lipid extracted – Initial lipid)/ DCW
Lipid Productivity = Lipid content* Biomass Productivity/100
Chlorophyll a(microgram/ml) Content
=16.72A 665.2– 9.6A 652.4
Chlorophyll b(microgram/ml) Content
=34.09A 652.4– 15.28A 665.2

3. Results and Discussion

4. Conclusion

3.1 Characterization of metal spiked microalgae and
cyanobacteria
Characterization of microalgae and cyanobacteria was
performed by Scanning Electron Microscope (SEM) to
study the surface irregularity or roughness.

Microalgae and cyanobacteria have showed good
adsorption capacity towards adsorbing Cr (Vl) and Ar (lll
& V). At higher concentration (> 100 mg/L) microalgae
and cyanobacteria showed no growth.
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3.2 Cell size distribution
Optical microscope is used to determine the cell size
distribution of microalgae and cyanobacteria.
3.3 Metal uptake
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microalgae
(NITAAP024,
NITAAP009) are measured. All the microorganisms has
good carbohydrate, protein and chlorophyll content.
NITAAP024 has good lipid content.
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1. Introduction
Fossil fuels have been used for all the energy intensive
activities in the world which depleted them to such a level
that there is an urgent need for sustainable development.
There has been a quest for a replaceable yet efficient
energy source which can replace fossil fuels. Owing to the
widespread availability and carbon neutral burning
characteristics, biomass seems to have the potential tobe
the ideal fuel. However,thin distribution, complex logistics
due to low density and comparatively low energy density
are the main bottlenecks of the biomass-based process.
Torrefaction is used toimprove the overall calorific value
and to achieve smokeless burning of the biomass.
Torrefaction of biomass can be described as a mild form of
pyrolysis at temperatures typically ranging between 200300°C in absence of oxygen, which results in removal of
moisture and volatile content of the biomass.After
torrefaction, the biomasscould be palatalized to ease the
logistics by enhancing the overall density. The existing
supply chain involves torrefaction and pelleting in two
different units and sometime at two different locations,
which makes it cumbersome and less energy and mass
integrated.
In this work, an integrated process is proposed where
torrefaction and pelleting are performed simultaneously.
The process is well energy integrated and doesn’t require
an outside binder. The paddy strawbiomass is chosen
because of its widespread availability in the northern parts
of India. The bio-pellets can be an economically feasible
option to the produceranda very practical alternative energy
solution to the consumer. This work aims to review bio-

pellets technology and examine the economic feasibility of
the same. Here, biomass to torrefied pellet conversion
happens at the source’s location, that is, farmer’s field
itself. Factors such as Payout time (POT), Internal rate of
Return (IRR), Break Even point (BEP) and Rate of Return
(ROR) are evaluated to examine the economic feasibility.
2. Material and Methods
2.1 Materials
Paddy straw has been utilized in this work due to its easy
availability and almost zero costs and suitability of its
energy parameters for briquettes formation. The materials
were obtained from Yamuna Nagar, Haryana, India at Rs
1.2/kg. The equipment set required to carry out the process
at the defined scale areBiomass shredder, Dryer (preheater),
Torrefactioncum Pelleting unit, cooling system, Supporting
Systems, and dust collectors. Thecost of machineries is
considered as approx. Rs. 2 crores. The machinery has the
capacity of processing 200 tons of raw paddy straw in a day.
A total of 60,000 tons of paddy could be annually utilized to
produceapprox. 30,000 tons of bio-briquettes.
2.2 Briquetting process
In this work, pellets are made out of rice straw and the
volatiles and moisture is removed by torrefaction or
carbonization process. Torrefaction of biomass can be
described as a mild form of pyrolysis at temperatures
typically ranging between 200-300°C in absence of oxygen.
This results in solid restructured biomass without volatiles.
The volatile produced includes, light gasses and small
amount of tar, which will be utilized to supply continuous
heat to the process. The hot biomass (320oC) is directly
pelletized with and sent to the gas cooler before storing.

Like any other lignocellulosic biomass, rice straw contains
cellulose, hemicellulose, and lignin. During the torrefaction
process, at 300-350 0C, lignin softens and acts like a natural
binding agent. Hence, the two steps are combined to obtain
the optimum results at an effective cost price.
2.3Economic Analysis
To know the economic feasibility of any chemical
industry, economic analysis is carried out. It is the
primaryexerciseconductedbefore establishing a chemical
industry. Tax to be paid can be estimated by evaluating all
the factor such as fixed capital, working capital,
manufacturing cost. Values of Rate of Return on Investment
(ROR), Internal Rate of Return (IRR), Pay Out Time (POT)
and Break-even point (BEP) are evaluated in order
determine economic feasibility.
3. Results and Discussion
Sales or revenue is the income generated by selling the
products to the prospective consumers based on the market
of minimum factory price. Since competition is an integral
part of every market, the prices are set in accordingly. In
this study, 30,000 tons of bio briquettes are being produced
annually and are assumed to have a selling price of Rs.
6/kg.
Table-1 depicts the parameters representing total
investment. Net profit is evaluated by subtracting Total
Production Cost (TPC) and income tax (12% for factories
dealing with sustainable development and biomass) from
the total revenue generated. The net profit evaluated for
this case is around 3,58,98,437.
Table-2 depicts the parameters representing the profit.
The Rate of Return(ROR) is evaluated to be 29.54% which
is higher than the bank interest rate (8%). A
project/investment is carried out, assuming the return rate is
greater than the ROI value. Moreover, Internal Rate of
Return (IRR) has been calculated using the inbuilt tool
provided in excel. It is estimated to be around 36%. Any
IRR value greater than 25% can be considered as a green
flag to undertake an investment. At IRR = 36%, the Total
Capital Investment becomes equal to the Total Production
Cost.
A payout time (POT) refers to the time it will take for an
investment or a project to recover its original capital
investment and become profitable. In this study, the POT
was evaluated to be 2.417 years. Before taxes, the

maximum acceptable POT for industrial chemicals is five
years for low risk and two years for high risk.
The Break-even Point (BEP) study is used to assess the
sum of production capacity, wherethe total cost is
equivalent to sales performance. The value of the
transactionis equal to the accrued costs. In this study, BEP
is found to be around 42.16% which implies that if the
plant would have produced 42.16% of total production that
is, 12,650 tons/year, there would have been no profit no
loss. A good break-even point value for a chemical factory
usually ranges from 40% -60%.
Table 1: Fixed Investment, Total Investment, Manufacturing Cost, Total
production Cost, Interest Rate, Income Tax Rate.
Parameter
Fixed Capital
Total capital Investment
Total Investment
Manufacturing Cost
Total Production Cost
Interest Rate
Income Tax Rate

INR or %
92,851,000
10,92,36,470
12,07,06,300
12,08,47,000
14,02,06,321
8%
12%

Table 2:Profit, ROR, IRR, POT, BEP
Parameter
Profit after Taxes
ROR
IRR
POT
BEP

INR or %
3,58,98,437
29.54%
36%
2.41 years
42.16%

4. Conclusion
In conclusion, the results obtained from the paddy straw
bio-briquettesanalysis confirmed its technical as well as
economic feasibility of being used for mass processes and
produced in factories. The economic feasibility was
determinedfrom the Rate on Investment of 29.54%, with a
payout time of 2.41 years, IRR of 36% and break-even
point of 42.16%. This study confirms the development of
paddy straw bio-briquettes as a competitive and financially
sustainable economy forinvestment.
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Abstract
Phenol and cyanide, being the most hazardous compounds
have a detrimental effect on the society and ecosystem. So,
cost-effective measures such as bioremediation have been
taken to treat the contaminated wastewaters. The adsorptive
removal was evaluated through batch adsorption
experiments utilizing the two bacterial strains of Alcaligenes
faecalis (JF339228) and Klebsiella oxytoca (KF303807).
The bacteria were collected from Durgapur steel plant,
Durgapur, Paschim Bardhaman, West Bengal, India.
Different operating parameters such as pH, temperature,
inoculum dosage concentration, and time of inoculation
were evaluated. The concentration of phenol and cyanide
was maintained at 100-1500 mg/l and 10-150 mg/l
respectively for the remediation study.
1. Introduction
Phenol and cyanide found in different industries such as
coke oven, petroleum refineries, pharmaceutical units and
glass industries are hazardous for the environment and
human health (Aksu et al., 2001; Busca et al., 2008).
Therefore, elimination of these organic contaminants has
been a serious concern worldwide. According to
Environmental Regulatory Authority (ERA), globalization
in industries are responsible for producing these wide range
of toxic organic pollutants into the environment (Qiang et
al., 2011). Among the other industries, coke oven sector
focuses on the elimination of phenol and cyanide to maintain
the sustainability of the environment. The industries
maintain an initial concentration range of 300 mg/l for

phenol and 10 mg/l for cyanide (Kim et al., 2008; Qiang et
al., 2011). The microbial cells use the biomass as a sole
source of carbon and energy to produce secondary
metabolites.
2. Material and Methods
2.1 Materials:
Analytical grade materials with a purity of 99% purity were
utilized for this study. The chemicals were purchased from
Merck, and Loba Chemie, India, Ltd. Bacterial strains of
Alcaligenes faecalis (JF339228) and Klebsiella oxytoca
(KF303807) were isolated in the laboratory of NIT
Durgapur.
2.2 Methods
2.2.1 Isolation of bacterial strains:
The bacterium Alcaligenes faecalis (JF339228) and
Klebsiella oxytoca (KF303807) were collected from coke
oven plant of Durgapur, Paschim Bardhaman, West Bengal
India. They were isolated in the Reaction engineering
laboratory of NIT Durgapur. The growth of the strains was
observed on a nutrient agar plate keeping it for 3 days at a
temperature of about 35-37°C (Pathak et al., 2021). The
concentration of phenol and cyanide were maintained at 100
mg/l during the experimental procedure.
2.2.2 Degradation efficiency:
The bacterial strains were grown in a minimal media nutrient
broth maintaining a pH of 7.4. The initial concentration of
phenol and cyanide were maintained at 100 mg/l. The

experimental batch studies were performed for 72 hrs. and
the growth kinetics were evaluated by optimizing the
parameters such as temperature, pH, inoculum dosage
concentration, and the incubation time (Pathak et al., 2021;
Kumar et al., 2013). After the batch experiments, a residual
amount of phenol and cyanide was interpreted.
2.2.3 Removal efficiency of phenol and cyanide:
The removal efficiency of Phenol and cyanide were
determined from the biomass sample utilizing the bacterial
strains through UV-vis spectrophotometer. The following
equation was used to evaluate the elimination of the organic
contaminants.
% 𝑹𝒆𝒎𝒐𝒗𝒂𝒍 𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑎𝑚𝑡 − 𝐹𝑖𝑛𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑎𝑚𝑡
𝑥 100
=
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑎𝑚𝑡
3. Results and Discussion
3.1 Characterization of bacterial strains using Scanning
Electron Microscopy (SEM) analysis:
The topographical characteristics of the bacterial strains
were interpreted through SEM analysis. Before the
degradation, porosity and heterogeneity on the microbial
surface was observed. But, after the degradation, the surface
shows rough patches and agglomeration of microbial
colonies (Mishra et al., 2013).

inhibition. The kinetic studies were evaluated by Monod
growth model maintaining the initial concentration of phenol
and cyanide as 100 mg/l and 10 mg/l respectively.
4. Conclusion
The present study represented the degradation efficacy of
the organic compounds phenol and cyanide by utilizing
the bacterium Alcaligenes faecalis (JF339228) and
Klebsiella oxytoca (KF303807). The microbial activity of
the bacterium addresses the challenges faced by industrial
wastewaters and thus provides an inexpensive solution for
the toxic discharge into the environment by the process of
bioremediation. The morphological characteristics of the
microbial culture was evaluated utilizing the SEM analysis.
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1. Introduction

The required chemicals used for this study were
purchased from Hi-media laboratories.

Microalgae are regarded as a natural reservoir of different
energy yielding, value-added and high value products.
Commercial production of biodiesel from microalgae
biomass is being investigated since long ago. However, it
has been found that for economic sustainability the
production of multiple products (other than biodiesel from
microalgal lipids) is crucial for commercial microalgae
production. Carbohydrates are one such metabolite which
is found in microalgae in abundance (30-60% w/w).
Carbohydrates from microalgae were used for different
applications for instance production of bioethanol via
fermentation [1], surfactant via glycosylation [2], bio-oil
via pyrolysis [3]. Enhancement of growth, biomolecule
content and productivity is another important aspect for
economic sustainability. There are several strategies for the
enhancement of growth and biomolecule content of
microalgae. The strategy of manipulation of media
components was explored in this investigation.
Concentrations of nine components of BG-11 media were
manipulated with the objective of increasing the biomass
and chlorophyll productivity. Experiments were performed
according to the Taguchi DOE. Results were analyzed and
the predicted maximized output at the predicted
concentrations of media components were verified with
further experimentations. Effect of each experimental
factor was also explored.

7

2. Material and Methods

8
9

2.1 Materials

2.2 Methods
2.2.1 Design of experiments (DOE)
Qualitek-4 was used to design the experiment for 9 input
parameters. L27 assay of Taguchi orthoganol array was
selected for this experiment. Experimental factors and their
selected levels are given in the Table 1.
Table 1. Different experimental parameters and their levels.

S.
N
o
1

Factors

Level
1

Potassium phosphate (g/l)

0.01

0.04

0.16

2

Magnesium sulphate (g/l)

0.075

0.3

3

Calcium chloride (g/l)

0.018
75
0.009

0.036

0.144

4

Citric acid (g/l)

0.006

0.024

5

Ferric ammonium
chloride (g/l)
EDTA (g/l)

0.006

0.024
1
0.004

6

Level
2

Level
3

Sodium bicarbonate (g/l)

0.001
5
0.001
5
0.000
25
0

1

4

Sodium nitrate (g/l)

0.375

1.5

6

Trace mix (ml/l)

0.25

1

4

0.001

Microalgal cells were cultured in 250 ml conical flasks
under fluorescent lights of 4500 lux and 28 0C
temperatures. Media composition for each experimental
sets were varied according of the DOE and the media were
sterilized before inoculation. All the experimental sets were
cultivated for 15 days.
2.2.3 Biochemical analysis

Carbohydrate (% w/w)

2.2.2 Cultivation of microalgae cells

60
50
40
30
20
10
0
1 3 5 7 9 11 13 15 17 19 21 23 25 27
Experimental sets

Biomass concentration and the biomass productivity was
calculated according to the Sarkar et al.[4]. Carbohydrates
were estimated following phenol sulfuric acid method [5].

Figure 1.
Variations in carbohydrate synthesis for
different experimental conditions (27 sets of experiments)

3. Results and Discussion

4. Conclusion

3.1 Effect of parameters on biomass

In summary, the concentrations of nutrients in
BG-11 medium were optimized for maximum
productivities of biomass and carbohydrates. Predicted
optimum culture conditions were experimentally verified
and 35% and 80 % of increase were observed for the
biomass and carbohydrate synthesis, respevctively.

Effect of nine different parameters on the biomass
synthesis and productivity was calculated based on the S/N
analysis of the experimental results. The influence of the
factors in decreasing order was found as follows: Sodium
bicarbonate >Sodium nitrate >Potassium phosphate > Trace
element mixture > EDTA > Calcium chloride > Citric acid
> Magnesium sulfate > Ferric ammonium citrate.
3.2 Effect of parameters on carbohydrates
Variations in the yield of carbohydrates were observed
throughout the experimental sets (see Figure 1). The
effects of the different parameters on carbohydrate
synthesis and productivity were analyzed based on S/N
analysis of the experimental results. The influence of
different factors in decreasing order was as follows:
Sodium bicarbonate > Potassium phosphate >Sodium
nitrate > Ferric ammonium citrate > Magnesium sulfate>
Citric acid > Trace element mixture > EDTA > Calcium
chloride.
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1. Introduction
Lipases(triacylglycerol acyl hydrolases, E.C.3.1.1.3) are
serine hydrolases that catalyze triglycerides into glycerol
and free fatty acids.Lipases are ubiquitous enzymes found
in plants, animals, and microorganisms. Among these,
microorganisms are better sourcescompared to animals and
plants as they provide high stability and offer ease of
cultivation. Enzymes are produced using submerged
fermentation (SmF) and solid-state fermentation (SSF). The
major challenges in SmF include the usage of high cost
equipment and media. In contrast, the SSF has enabled the
better production of a wide range of enzymes and
metabolites that require less energy.Also, SSF provides a
natural habitat for most microorganisms, especially fungi.
Various solid substrates have been extensively studied for
lipase production using SSF, such as sugar cane bagasse,
soybean cake, rice husk, wheat bran, olive oil cake etc. In
the current study, Prosopisjuliflora(PJ) used as a novel
substrate for lipase production along with redgram husk
(RGH) and cottonseed cake (CSC) in a tri-substrate
mixture.
Lipases belong to the α/β hydrolase family. The active site
of lipase is formed by the catalytic triad of Ser, Asp/Glu,
and Histidine. It is covered by a lid-like α-helical structure.
The lid moves away upon binding to a lipid interface,
causing the active site of lipase fully accessible, enhancing
hydrophobic interaction between the enzyme and lipid
surface.
2. Material and Methods
2.1 Materials

The fungal strain Aspergillus niger MTCC 872 was
procured from MTCC Chandigarh, India.Solid substrates,
cottonseed cake, and red gram huskwere purchased from
the local market, Hyderabad. PJ pods were collected from
the surroundings of the Indian Institute of Technology
Hyderabad. K2HPO4, NaOH and CuSO4 from SDFCL,
KH2PO4, and Folin-Ciocalteu reagent from SRL. Na2CO3
from FINAR and p-NPP from Sigma Aldrich. All the
chemicals used are analytical grade.
2.2 Methods
2.2.1 P-Nitrophenyl palmitate (p-NPP) lipase assay
Lipase assay determined by modified p-NPP method [1].
One unit of lipase is defined as 1.0 µmol of p-nitrophenol
liberated per minute under assay conditions.
2.2.2 Protein assay
Protein contentdetermined by Lowry protocolto calculate
the specific activity [2]. Specific activity (U/mg) is defined
as the moles of product formed by an enzyme in a given
amount of time under given conditions per milligram of
total proteins.It signifies the purity of the enzyme in the
mixture.
2.2.3. Optimization of lipase production
Simplex centroid mixture design was used to determine the
optimum mixture composition of the solid substrates PJ,
RGH, and CSC. The SCMD is distributed uniformly inthe
interior of the triangle that helps to detect the curvature of
theresponse surface.Central composite face-centered
designwasused to optimize the physical parameters and

study their interaction effects for enhanced lipase
production by SSF.
3. Results and Discussion
3.1 Optimization of lipase using Simplex Centroid
Mixture Design (SCMD)
The solid substrates PJ, RGH and CSC have been taken on
a weight basis, fixing the total weight to 10 g with different
composition. Lipase and specific activity have been
studied, fixinginitial physical parameters at 30 °C, 7 pH,
and 70% initial moisture content (IMC) (v/w). The highest
lipase activity of 212.20 ± 6.36 U/gdswas obtained for
ternary mixture composition of 6.66:1.66:1.66 for
PJ:RGH:CSC, and its corresponding specific activity was
found to be 62.21 ± 1.86 U/mg. The maximum lipase
activity was obtained at 48 hours. Lipase activity using3D
surface and 2D contour plots are shown in Fig. 1.

Figure 2:Interaction effect of physical parameters by
response surface plots and corresponding contour plots for
lipase activity. (a & b) Temperature and pH at 70 % IMC (c
& d) Temperature and IMC at pH 7.0 and (e & f) pH and
IMC at 35 °C.
4. Conclusion

Figure 1:(a) 3-D surface plot and (b) 2-D contour plot for
optimum lipase activity using varied tri-substrate mixture
compostion.
3.2 Optimization of physical parameters using Central
Composite Face Centered Design (CCFD)
Based on the SCMD optimized substrate composition,
CCFD under response surface methodologywas used to
determine the optimum physical parameters at three levels
such as temperature (25 °C, 30 °C and 35 °C), pH (6, 7 and
8) and IMC (60%, 70% and 80%). The highest lipase
activity of 269.87 ± 8.09 U/gds and its corresponding
specific activity 72.67 ± 2.18 obtained at 30 °C, 7 pH and
70 % IMCat 72 hours. The interaction effects of
temperature, pH, and moisture content have shown in Fig.
2.

This study provides the evidence for utilizing the Prosopis
Juliflora as a novel solid substrate for production of lipase
using Aspergillus niger MTCC 872 by solid-state
fermentation. Tri-substrate mixture consisting of PJ, RGH
and CSC in the ratio of 6.66:1.66:1.66 has provided the
maximum activity of 212.20 ± 6.36 U/gds in SCMD. Upon
the optimization using CCFD, the highest lipase activity of
269.87 ± 8.09 U/gds obtained for the tri-substrate mixture
at 35 °C, 7 pH and 75 % IMC (v/w). It is observed that
there is an increment of 1.27 fold in lipase activity after the
optimization of physical parameters.
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1. Introduction

2. Material and Methods

The author had been involved in modeling of protein
structures derived from X-ray crystallographic analysis
employing single crystal diffraction methods [1]. The
author reported the structure of a mutant protein of E.coli
chemotaxis regulator protein CheY. The T87I mutation in
the protein uncoupled phosphorylation from activation
thereby mimicking a “constitutively off” form of the
protein. The native protein structure of the related S.
typhimurium protein was also published in 1989 [2].

This study deals with in silico analysis and hence materials
and methods are limited to online computer searches and
software.The query strings are reported as <query string>.
The software are available from the protein databank
(www.rcsb.org) and NCBI (https://www.ncbi.nlm.nih.gov).
The search method employed the procedures detailed in the
software. These are authoritative depositories and software
available in the public domain and maintained by the funds
from the US Government. The author routinely uses all the
sites required for this work from the page specifically
designed by him and made publicly available at
https://www.authorsden.com/visit/viewarticle.asp?AuthorI
D=13244 with the search query “sites for bioinformatics
laboratory”.

The author had addressed the aspect of unlimited primary
sequences generating only a limited number of folds earlier
[3].This author had described the seismonasty behaviour in
sensitive plant Mimosa pudica that was originally
popularized by Sir JC Bose FRS. The author inquired into
the possibilities of modeling proteins in M. pudica to
explore similarities in their folds using the techniques of
homology modeling. The modeling techniques utilize the
primary sequence of amino acids available in the public
domain, mainly the NCBI depository. This communication
is to be viewed as a update since 2016 [4].
The advent of information technology, high through put
biology and genome sequencing techniques revolutionized
the speed of processing of experimental data and
information. Accordingly use of molecular replacement
techniques had become routine in protein structure
laboratories since the author reported his findings in 1995
[5]. Needless to say that the funding by NIH and other
governmental and private agencies had been significant in
the field of bacterial signaling proteins. Plant signaling
proteins now offer significant scope for funding in future.

3. Results and Discussion
3.1 Analysis of trends in elucidation of structures:
The Table 1 below reports the trend in deposit of
experimentally solved structures. Data were collected from
the authoritative Protein Data Bank site. The first column
in the table refers to the various attributes like total number
of available structures, the methods employed (x-ray, nmr,
other) and the resolution of the structure (<2A0 being
considered as high resolution structure). The second
column refers to the statistics available from the site last
accessed on Oct 25 2021 around 2 pm IST. The third
column is taken from author’s older presentation in April
2016.
Table 1: History of Statistics in PDB Data. The data were
mined from the authoritative site for protein structural
database PDB (www.rcsb.org).

Attributes

Currently
reported (Oct 25,
2021)

April 2016!

Total
structure
available in PDB

183386

125177
2016)

(During

X-ray
87%
96.2%
Solution nmr
7.4%
2.9%
Other methods
<5.6%
<1%
High resolution
71000
48384
(<2 A0)
(38.72%)
(38.65%)
!taken from author’s presentation [3]
It can be seen from Table 1 that development high speed
computing and data analysis had significantly raised the
number of available structures. One should note that
12.29% of available CheY structures are from solution nmr
(data not shown) as opposed to 7.4% of all currently
available structures in Oct 2021.
3.2 Report of 3-D structures in PDB

On the other hand the number of CheY structures pulled
out are 179 when searched with the query string <CheY
protein>. Author wishes to point out that if one searched
with a string <cheY> then one would get 184 as the
number of structures entered in the database (data not
shown). This is due to the fact that any possible authors’
name with chey may increase the number of searched
entries giving an erroneous output. Accordingly a manual
editing and inspection is recommended.
4. Conclusion
The work draws attention to the following features:
(1) There is no known 3-D structure of Mimosa pudica
proteins available in public domain though number
of available total structures is 183386.
(2) There is tremendous amount of information on
bacterial regulator protein CheY.
Accordingly there is tremendous scope for developing
the field of signalling protein in M.pudica, the
sensitive plant immortalized by Sir JC Bose.
(3) Manual inspection and editing of searched data is
recommended to avoid erroneous results.
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1. Introduction
Rapid consumption of fossil-based resources leads to a
constant change of energy demands and a perpetual
environmental threat. This urgent need paved the way for
developing renewable and sustainable energy that is also
environmental-friendly. Lignocellulosic biomass is
inexpensive and available throughout the year. Mesua
ferrea L, also known as cobra saffron, is lignocellulosic
biomass abundantly available in the northeast of India and
is considered the state tree of Mizoram, India. Pyrolysis is a
promising thermochemical technology for producing biooil at operating temperatures of 400-600 °C1. The current
study on non-edible oilseeds (Mesuaferrea L) employs the
pyrolysis process to understand the thermal decomposition,
kinetic behavior, and compositional analysis of the
pyrolytic vapors of the biomass.
2. Material and Methods
2.1 Materials
The Mesua ferrea L seeds were collected from Arunachal
Pradesh. The seeds were sundried for 24-48h based on the
weather conditions. The sundried seeds were then ground
to obtain a particle size less than 1 mm.
2.2 Methods
2.2.1 Feedstock Collection charcaterization

The feedstock was characterized for Proximate/Ultimate
analysis in TGA-2000A, Navas Instruments (an automatic
multiple samples TGA), Elementar Vario Micro CHNS
analyzer, respectively. Bomb calorimeter was used to
determine the HHV. FTIR was employed to confirm the
functional groups.
2.2.2 Kinetic behavior of biomass pyrolysis
The estimation of kinetic parameters was done using isoconversional model-free methods namely Starink and
Distributed activation energy model.
2.2.3 Analytical fast pyrolysis of biomass
The analytical fast pyrolysis experiments were performed
using (PY-3030S, Frontier Laboratories, Japan) at three
different temperatures (400 °C, 500 °C, 600 °C).
3. Results and Discussion
3.1 Characterization of biomass
The biomass was characterized for Physico-chemical
characteristics and found that the moisture content of the
biomass is to be much lower (2.20wt%) than other biomass
reported in the literature (usually >7 wt%). Furthermore,
the volatile(~90%) and ash content (1.69%) of the biomass
was obtained to be relatively higher and lower,

3.2 Kinetic behavior
The kinetic behavior of the biomass was studied under nonisothermal conditions in an inert atmosphere in a
thermogravimetric analyzer at different heating rates. The
two model-free iso-conversional employed in this study are
Starink and Distributed activation energy model (DAEM).
Also, Coefficients of determination (R2) found the
consistency of the linear regression in the models.The
activation energy and the pre-exponential factor from the
Starink and DAEM were obtained to be 136.07 KJ/mol,
135.76 KJ/mol and 8.23*e13, and 6.28*e13, respectively.
The R2 at each conversion value for all four methods was
obtained to be greater than 0.95. This indicates that the TG
data was well fitted with models3. It can also be seen that as
the conversion rate increases from 0.1-0.8, there is an
insignificant change in the activation energy. At a
conversion value of 0.9, the data fitting in the above
models yielded poor correlation values (R2).

3.3 Analytical fast pyrolysis of biomass
The fast pyrolysis of Mesuaferrea L was carried out at
three different temperatures, mainly 400 °C, 500 °C, and
600 °C. The products obtained were grouped based on their
function group. As shown in Figure 2, the aliphatic alkenes
content has a remarkable increase at a higher
temperature. The primary aliphatic hydrocarbon compound
found at all three temperatures (400 °C, 500 °C, 600 °C) is
a linear-chain aliphatic hydrocarbon, namely Squalene
(C30H50). The yield of this compound was approximately
30-38%. There was a minimum change in the amount of
Squalene at 400 °C (38.78%) and 500 °C (38.73%), but as
the temperature was increased to 600 °C, it was
significantly reduced to 30.43%. This drastic reduction can
be due to the cracking of this compound besides the longchain carboxylic acids to form more C4-C10 compounds1.
70
400 C
500 C
600 C

60

GC-MS peak area %

respectively. Additionally, a significant amount of the total
carbon content (~65%) and a higher heating value (28
MJ/kg) were obtained for the biomass, which implies its
feasibility as a suitable feedstock for the pyrolysis process.
Moreover, the FTIR analysis confirmed the presence of
various functional groups. Some of the significant
functional groups found were at 1031 cm-1 (C-O-C group
of alcoholic compounds), 1368 cm-1 is due to the C-H
bending of the methyl group present in cellulose,
hemicellulose, and the lignin part of the biomass, and 2859
cm-1 is mainly attributed to the C-H bond in the methylene
group present in the aliphatic compounds2.
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Figure 2:Classification of compounds based on the carbon
number from the fast pyrolysis experiments
4. Conclusion
The present study studies the potential of Mesuaferrea L, a
non-edible oilseed, as the raw material for biofuel
production. The Physico-chemical characterization and the
thermal stability of the biomass were estimated, resulting in
the energy potential of the biomass. Additionally, the
kinetic parameters calculated provide the information
required for the design of reactors for the pyrolysis process.
Furthermore, it was noted that the alkene quantity increased
as the temperature rose and more short-chain aliphatic
compounds formed. Nevertheless, deep insight into the
production and characterization of raw bio-oil from
biomass is required to assess the feasibility of the feedstock
on a pilot and commercial scale.
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Introduction
Textile industries generate millions of litres of untreated effluents per day which are directly discharged into
drinking water resources such as rivers and lakes. Brightly coloured dyes such as the Congo red, commonly
used in the silk clothing manufacture, are difficult to dispose in an environmentally benign way. It also
represents a significant effluent problem along with related dyes from textiles, printing and dying, paper, rubber
and plastic industries. It is an azo dye and toxic to many organisms having carcinogenic and mutagenic effect
(Ref-1). Chemically it is a disodium salt of 3,3´-(1E,1E´)-biphenyl-4,4´-diylbis(diazene-2,1-diyl) bis(4aminonaphthalene-1-sulfonate. Its structural stability makes it highly resistant to biodegradation. In this regard,
nanotechnology provides a wide area of opportunity in development of efficient catalysts for the elimination of
diverse organic pollutants from the environment. Nanoparticles synthesized using biological entities such as
plants, algae, fungi and bacteria are greener and cheaper alternatives to chemical synthesis. One of the green
alternative sources for nanoparticle synthesis is microalgae. Microalgae are unicellular photosynthetic algae.
They possess remarkable capacity for CO2 fixation and are easily cultivated.
In the current study we used dry biomass of Scenedesmus for synthesis of silver nanoparticle (Ref-2). The
biomass was harvested after CO2 sequestration and further used as a reducing and immobilising agent for silver
nanoparticles. The synthesized nanoparticles adhere to the biomass forming biomass-nanoparticle composite
which proved to be an efficient catalyst for Congo red reduction in the presence of Sodium borohydride
(NaBH4).

Materials and methodology
Chemical: The chemicals used in this study were obtained from Himedia Pvt Ltd, India and were of analytical
grade. These were sodium hydroxide (NaOH) silver nitrate (AgNO 3), sodium borohydride (NaBH4) and Congo
red (CR). Urea (46:0:0) and N:P:K (10:26:26) were acquired from Indian Farmers Fertilizers Cooperative
Limited (IFFCO), India and Paradip Phosphate Limited (PPL), India, respectively.
Synthesis of biomass-silver nanoparticle composite: In an open raceway pond of 30,000L capacity
Scenedesmus sp. (IMMTCC-25) was cultivated using media (0.75gL-1 NPK and 0.1gL-1 Urea). Biomass
generated was a biproduct of the micro-algal CO2 sequestration process. Biomass was harvested after 15 days of
cultivation, dried under sunlight and stored for further use.
About 10 g of dry algal biomass was soaked for 3 hours in 100 mL deionised water. The soaked biomass was
washed several times and resuspended in 1 L deionised water. 1 M stock solution of silver nitrate (AgNO3) was
prepared in deionised water and added to the biomass to obtain a final concentration of 10mM AgNO 3. The
suspension was kept at room temperature under constant stirring for 72 hours. The biomass is separated from the
mixture using filter paper and washed several times to remove the unbound silver ions. The resulted biomass is
then dried by using hot air oven. The biomass is then further calcined using muffle furnace at 400ºc for 30
minutes.

Reduction of Congo red: The reduction was carried out in two batches. In one batch, to a solution of 10ppm
Congo red, 5mM Sodium borohydride is added. In the other batch in a solution of 10ppm congo red 0.01g/mL
CB-AgNP is added in addition to 5mM Sodium borohydride. The absorbance was recorded between 400-700nm
with a gap of 1 minute within 7 minutes.

Results: Congo red turned colourless from reddish brown as a result of reduction. During reduction, silver nano
particles act as a relay centre for the transfer of electrons from BH 4- ions to congo red molecules which acts as
an electron donor. Progress of reduction can be seen from the absorbance taken using microplate reader between
400 to 700 nm. As the reaction advanced the peak gradually decreased showing reduction of congo red in
presence of CB-AgNP (catalyst) with Sodium borohydride (NaBH4). But in presence of only Sodium
borohydride the reduction rate was very slow in comparison with presence of CB-AGNP.

Conclusion: We achieve that dried microalgal biomass harvested has high catalytic efficiency for Congo red
reduction. The reduction and removal of congo red has both industrial and environmental significance. Hence
this material is a potent and economic source of congo red reduction.
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Abstract
The present investigation is the recovery highly toxic heavy metals of chromium from waste
effluents using beads Spirulina platensis. The effluent has been subjected into batch operation of
Liquid solid Fluidized bed reactors(LSFB) with varied concentrations of stock solutions, time
,pH, pressure drop for bio-treatment studies respectively. LSFB processes using dead Spirulina
platensis beads followed characterization of UV screened toxic chromium ions are recovered for
the time interval of 120 minutes at constant 5 pH. The results indicated that the high recovery of
chromium ions with hydrodynamic constraints of high efficiency of 82.3% at 150LPH is
recorded. Thus the sustainable and eco-friendly way for the removal of toxic chromium ions is
also examined under the linear isotherm model of the BET, Langmuir and Freundlich isotherm
model. The best fit is BET Isotherm as compared with Langmuir and Freundlich isotherm model
with maximum efficiency in recovery chromium ions of experimental value of B (Constant) of
6

1.346×10 was also reported.
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1. Introduction
The growing concern surrounding the continued use of
fossil fuels and rapid depletion of fossil fuel reserves, Global
climate change have forced governments, lawmakers,
researchers & scientists to find alternative energy
sources.The biofuel production from renewable sources is
one of the most sustainable alternatives to fossil fuels and a
viable means for environmental and economic sustainability.
2.Biofuel
2.1 Biofuel Production from Microalgae
In this paper, an attempt has been made to compare yeild of
microalgae and other various biomasses. Microalgae are
single-cell microscopic organisms which are naturally found
in fresh water and marine environment. Microalgae are
generally more efficient converters of solar energy
comparing to higher plants.

2.2.1 A bloom in biofuel market – Algae – III generation
biofuels (G3)
The processing of these microorganism diversifies the
scope in nutritional industry, bioplastics, pharmaceuticals,
special chemicals manufacture, organic fertilizer and the
flourishing biofuel industry. The distinctive properties of
algae such as : a) CO2 absorbance for the growth helps in
reduction of green-house effect, b) they do not require large
area for development compared to other food crops, c) can
adjust to brine water and d) also their lipid content is found
high. Few algae that are of research interest are
Chlamydomonas reinhardtii (21% lipids, 48% sugars),
Spirulina platensis (8% lipids, 60% sugars) and Chlorella sp.
(19% lipids, 56% sugars). Today nearly 10 countries are keen
in biofuel production from the algae biomass.

3. Insights & Discussion
2.2 Generations (G1&G2) biomass derived biofuels
1st generation biofuels comprises of both liquid and
gaseous types of fuel. Biodiesel, vegetable oil, bio-ethers
and bio-alcohol are the liquid forms while forms of biofuels.
The I generation (G1) biomass are the oil bearing seeds and
edible crops namely starch, sugarcane, animal fats,
sunflower, rapeseed and palm.G2 fuels or advanced fuels
are an assured alternative to GI fuels because of the source
being non-food biomass. The by-products of food
processing industry and wooden factories include inedible
parts ex. Dry wood, stalks of corn and wheat constitute 2nd
generation biomass.

3.1 Algae Harvesting Methods
Various methods are currently used for harvesting
algae, which includes chemical based, mechanical based,
Biological based and to a lesser extent, electrical based
operations However, various combinations or sequence of
These methods are also commonly in use. The cell size of
algae is very small. Therefore, chemical flocculation is Often
performed as a pre-treatment to increase the particle size of
algae before using another method such as Flotation to
harvest the algae. In mechanical based, centrifugal process is
the most reliable and rapid one, is used for recovering
suspended algae

3.2 Biofuel synthesis from algae by transesterification
process
The environmentally concerned nations have put emphasis on
the use of renewable in transport and other sectors. A
percentage of renewable energy can be extracted from
biofuels.

reported in the pyrolysis of algal biomass from waste water
treatment plant. Nannochloropis gaditana, a macro algal
biomass produced bio oil with highest calorific value of 12.6
MJ/Kg. Majority of the liquid product were decanes and gas
products restricted to methane. About 78% of bio oil was a
promising result in flash pyrolysis of macroalgae. The
pyrolysis done at higher temperature lacks the efficiency to
achieve the products specifically. The various strains of algae
produced different results and the temperature at which
pyrolysis was performed also played a vital role. The main
advantages of this method are (a) it is inexpensive (b) the bio
oil is easy to store, transport and (c) fuels of high demand can
4.Conclusion
Biofuel offers a true supplement to fossil if high yielding algae
species be identified, advanced production and harvesting
methods are employed, and innovative drying and oil
extraction processes are utilised. Given the current state-ofart, the biofuel cannot be a full replacement of fossil fuel at
least in short-term.

Table 1: Properties of Jatropha FAME (fatty acid methyl
ester or Biodiesel)
As the second generation biofuels is mainly produced from
raw materials (biomasses) that compete with the Feedstock of
higher vertebrates (human and animal) 3rd generation biofuels
generated from microalgae which do not compete with our
feedstock can be well utilized. The biofuels produced from
microalgae are generally carbon neutral.The burning process
of biofuelproduces CO2 which is in turn consumed by the
algae in biomass production. Hence the process is carbon
neutral and is a viable alternative to fossil fuels.

5.Algae- the new hope of future energy but a long way to
go
The microorganism have the potential to yield higher quantity
of biofuel compared to other general biomass. Interestingly,
algae is a treasure hunt for the society to develop butanol,
ethanol and jet fuels. The algal bloom is definitely easy to
grow in an open pond or closed loo systems in unfertile lands.
The algal oil is inedible and therefore do not have to answer
for food availability controversies.
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1. Introduction:
Commelina erecta, L. is a mucilaginous annual herb from family commelinaceae otherwise known as white
mouth day flower with high medicinal and antioxidative properties due to the presence of various bioactive and
antioxidant compounds. This plant species can be presented as natural source of shikimic acid, which is
precursor of various classes of secondary metabolites such as flavonoids, lignans and alkaloids. These
antioxidant compounds present in C. erecta, L. plant extract helps in reduction of silver ion Ag + to Ag0 and
provides natural capping agents for stabilization of silver nanoparticles (AgNPs). It provides a non-toxic platform
for synthesis of AgNPs. Applicability of silver nanoparticles mainly depends upon the size, shape, morphology
and functionality of the nanoparticles. Use of toxic and non-biodegradable chemicals limits the production scale
and also make the nanoparticles unfavourable for biomedical and environmental applications. To overcome these
drawbacks, biological and green synthesis methods using plant extracts can be used as alternative process for
synthesis of AgNPs. In this study we aim to conduct Commelina erecta, L. plant extract mediated synthesis of
AgNPs and optimize the procedure using parameters like concentration, pH and temperature. We further aim to
identify antioxidant compounds involved in the synthesis and purify them.
2. Material and Methods:
2.1. Materials: The leaves and stems of Commelina erecta, L. were obtained from around the campus of CSIRInstitute of Minerals and Materials Technology, Odisha between the month of October and November. Silver
nitrate (AgNO3) salt was purchased from Sigma Aldrich Co. Hexane and methanol were procured from Rankem
Chemicals; ethyl acetate from Spectrochem Chemicals; iodine and silica gel were obtained from Sd fine Chem.

2.2 Methods:
2.1.1. Synthesis of silver nanoparticles (AgNPs): To synthesize the AgNPs, 0.04mg/ml of plant extract was mixed
with 1mM of AgNO3. The pH of the mixture was adjusted using 100mM NaOH. Synthesis was carried out on a
water bath in closed glass tubes at 100oC Temp for 30 Min. The pH, concentration of plant extract and
concentration of AgNO3 was optimised. The optimised AgNPs were characterized using UV-Vis spectroscopy,
Trasmission electron microscopy and X-ray diffraction spectroscopy, Dynamic light scattering.

2.1.2. Characterization and stability study: The silver nanoparticles were characterized for absorption spectra
by scanning between wavelength 300-700nm using Biotek (Synergy H1) microplate reader. To find out the
stability of synthesized nanoparticles with their size distribution, the zeta potential and dynamic light scattering
(DLS) measurements were performed .The elemental and structural analysis of AgNPs were done by Pert PRO
(Pan Analytica, Netherland) X-ray diffraction (XRD) unit using Ni -filtered Cu Ka (l¼1.54° A) radiation in thin
film mode. Transmission electron microscopy (TEM) analysis was done to get the size and shape of the AgNPs.
2.1.3. Identification of antioxidant molecules involved in AgNP synthesis: The antioxidant compounds
involved in synthesis of AgNPs were identified by thin layer chromatography (TLC) followed by Gass
chromatography and mass spectrometry (GC-MS).
3. Results and Discussion:
3.1. Synthesis of AgNPs: We used Commelina erecta, L. plant extract, for the synthesis of AgNPs. Various types
of phytochemicals present in the plant extract helps in reducing Ag+ to Ag0 and also stabilizes the nanoparticles
by capping. From the SPR peak it was confirmed that optimum synthesis of AgNPs occurred at pH 8, AgNO3
concentration 1mM. It was found that the formulated AgNPs synthesized at pH 8 at 1000C for 30 min remained
stable over a week. The X-ray diffraction shows two intense peaks at 28.26 and 32.69, 55.22 which corresponds
to (110) (111), (211) of Ag2O3. Diffraction peaks at 38.51, 46.67 67.83 and 77.13 can be indexed to (111), (200),
(220) and (311) (Dhoondia and Chakraborty 2012, Mohanty and Jena 2017) planes of face-centre cubic silver,
respectively. From the Transmission electron microscope (TEM) it was observed that the synthesized AgNPs are
spherical in nature.

4. References:
Dhoondia, Z. H., & Chakraborty, H. (2012). Lactobacillus mediated synthesis of silver oxide
nanoparticles. Nanomaterials and nanotechnology, 2, 15.
Mohanty, A. S., & Jena, B. S. (2017). Innate catalytic and free radical scavenging activities of silver nanoparticles
synthesized using Dillenia indica bark extract. Journal of colloid and interface science, 496, 513-521.
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1.

Introduction:

Biosurfactants are amphiphilic surface-active compounds produced on microbial cell surfaces or excreted
extracellularly. Biosurfactants have wide range of application such as agriculture, biopesticide, food processing,
medicines because of its antiviral, anti-microbial, anti-cancer properties. The advantages of biosurfactants are
many over chemical surfactants like biodegradability, low toxicity cheap availability of raw materials, resistance
to environmental factors such as temp, pH, ionic strength. This study involves assessing different screening
methods to select potential biosurfactant-producing microbes from contaminated soil and water samples. We
further aim to screen high yielding biosurfactant producing strain by optimizing media composition.
2.

Materials and methods:

2.1Isolation and enrichment of biosurfactant producing microorganisms: Sampling of contaminated soil and
water was carried out in the following places:(i) Mineral contaminated soil of CSIR-IMMT Campus,(ii) oil
contaminated water from Paradeep port, Odisha. Samples were collected in a sterile flask and brought to
laboratory. Further inoculated in agar plate media to obtain isolated colonies. In total, 20 isolated colony were
observed and further screened.
2.2Culture medium and bacterial growth: Bacteria were grown aerobically in 250ml Erlenmeyer flasks with
100ml of mineral salt medium containing 5.0 gL-1K2HPO4,2.0 gL-1KH2PO4 ,3.0 gL-1(NH )
1

SO

gL-1 ,2.0 gL-

NaNO3, 0.10 gL-1 NaCl,0.2 gL-1 MgSO4·7H2O,0.01 gL-1 FeSO4.7H2O ,0.01gL-1 CaCl2. To this minimal salt

media (MSM) 10g/l glucose and 5ml/l of refined sunflower oil was used as carbon source to induce growth of
biosurfactant producing bacteria. Flask containing sterilized MSM media were inoculated with loopful of
bacterial culture and maintained in a shaker for 7 days with 130 rpm and 30oC. At the end of 7 days culture
samples from each flask was centrifuged at 10,000rpm and 4oC for 10 min and the cell free supernatant were
collected which were the crude biosurfactant for further assay. Various tests such as oil emulsification test, drop
collapse test, oil spreading test, CTAB Agar methods were used to screen the sample for biosurfactant
producing strain.

2.2.1Emu
ulsification Test:This
T
test is
i based on thhe principle th
hat low molecular weight of biosurfactan
nt reduced
interfaciaal tension of aqueous
a
solutiion and hydroocarbon mixtu
ure. For this sttudy 2ml of ceell free supern
natant and
2ml of hydrocarbon
h
w
were
taken. The mixture was
w vortexed for
f 10min andd left to stabiilize for 24 hours.
h
The
column height
h
of emullsified oil wass measured annd emulsificatiion index was calculated.
2.2.2 CT
TAB agar meethod:This method
m
was used
u
to detect anionic bioosurfactant prroducing bactteria. The
principle behind thiis is anionic surfactants combine with
w
Cationicc surfactant,, N-Cetyl-N,, N, Nb
(CTA
AB), leading to
t release of methylene blue which apppears as blue halazone.
trimethyllammonium bromide
This metthod of screenning is only useful
u
for aniionic surfactaants. Blue agaar plates compposing of 12 gL-1 agar
bacterioloogical no. 1, 0.2 gL-1 N-C
Cetyl-N, N, N-trimethylamm
monium brom
mide, and 0.0005 gL-1 methy
ylene blue
were useed to detect extracellular glycolipid prroduction.Form
mation of daark blue haloos around thee colonies
indicate biosurfactant
b
p
production.
2.2.3 Droop collapse asssay:The conccept behind thhis method is hydrophobiciity. Water drooplets remains stable on
the hydroophobic surfaace like parafiilm with low contact angle because nonppolar surface repels water drop. But
the biosuurfactant conntaining waterr drop collappse due to reduction
r
of surface tensiion.Drops of cell free
supernataant were put on
o hydrophobbic surface of parafilm and their spreadinng pattern waas observed. Water
W
and
10%SDS
S were taken as negative and positivee control resp
pectively. Thee drop collappsed within 1min
1
was
considereed to be favouurable for the drop
d
collapse test.
3.Result and discussiion:CTAB Agar
A
plate meethod was useed as a preliiminary indication for biosurfactant
productioon because off its simple, cost
c
effective and easily accessible reageents. It was bbased on halo diameter.
Greater the
t diameter higher,
h
is the potential
p
of microorganism
m
ms for biosurfaactant productiion. The emullsification
and drop collapse assaay were assesssed through viisual observattion. Emulsificcation test waas an indirect method
m
to
mulsion in the tube was diirectly proporttional to the amount
a
of
assess quuantity of biossurfactant. Thhe height of em
biosurfacctant in the meedium.

Fig1: CT
TAB Agar plaate assay

Fig 2: Emulsificattion test

3.1Concllusion:In the present studyy 20 bacterial strains were isolated as puure culture.Thhese were screeened and
few strainns were foundd to have poteential biosurfaactant produciing capability.. These will bbe further used
d for scale
up of expperiments to extract sufficieent amount off surfactant forr further potenntial applicatioons.
Referencces:[1] Plaza G., Zjawionny I. and Baanat I. (2006
6). #Use of different
d
metthods for dettection of
thermophhilic biosurfacctants produciing bacteria from
f
hydrocarrbon contamiinated and bioo remediated soils. # J
Petro Sciience Eng., 500(1), 71-77.
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1. Introduction
Biogenic synthesis of nano-material via fungus has been
highlighted recently because of its simple, eco-friendly, cost
saving approach, and potential for industrial scale up.
Fungus produces huge biomass rapidly and secretes large
quantity of extracellular enzymes and biomolecules
involved in nanomaterials fabrication (Neethu et al., 2018).
These biosynthesized NPs can be applied in fields where
safety is the prime concern like health care and environment
(Tyagi, et al., 2019).
In the present study, two soil fungi HS-1-f and RP-3-f were
analyzed for the biosynthesis of gold (AuNPs) and silver
(AgNPs) nanoparticles. Various techniques were used to
verify their characteristics. And their anti-microbial activity
against pathogenic microbes was analyzed.
2. Materials and Methods

2.2 Methods
2.2.1 Isolation and morphological identification
Two soil fungi were isolated from mineral dumping area,
named as HS-1-S and RP-3-f. PDA was used to preserve
pure culture and for further sub-cultures. Morphological
identification of the fungus was done by lactophenol cotton
stain using phase contrast microscopy (1000X).
2.2.2 Extracellular biosynthesis of GNPs and SNPs.
The extracellular filtrates (ECF) collected from the fungus
biomass were treated with 1mM of chloroauric acid
(HAuCl4) and silver nitrate (AgNO3). After incubation in
dark for 72 hours at room temperature, change in color of
ECF was observed.
2.2.3 Characterization of GNPs and SNPs
Synthesized GNPs and SNPs were characterized by UVVis spectroscopy in a range of 300-700nm with 1 nm
interval, X-ray diffraction (XRD) for crystalline phase
identification, particle size analyzer and Fourier transform
infrared (FTIR) spectroscopy to inspect the side functional
groups.
3. Results and Discussion
3.1 Characteristics of Fungus, its biomass and ECF
Fungal biomass obtained after incubation for 72 hours at
29ºC in shaking incubator were measured to be 6.41g (HS1-f) and 3.69g (RP-3-f). Protein content in the extracellular
filtrate (ECF) were 45.7 mg/l in HS-1-f and 36.7 mg/l in RP3-f.
(a)
HS-1-f

(b)
HS-1-f

(c)
HS-1-f

RP-3-f

RP-3-f

RP-3-f

2.1 Materials
Fungi were isolated and cultured in potato dextrose agar
(PDA) and potato dextrose broth (PDB), purchased from
HiMedia,
India.
Hydrogen
tetrachloroaurate
(HAuCl4.3H2O, Sigma-Aldrich Co., USA) and silver nitrate
(AgNO3, HiMedia, India) salts were used for analysis.

Figure 1: (a) Biomass culture, (b) thoroughly washed
biomass and (c) extracellular filtrate (ECF)

3.2 Characterization of the biosynthesized GNPs and SNPs
The color change of solution and the UV-Vis absorption
peak in the range of 500-600nm and 400-450nm confirms
the synthesis of GNPs and SNPs, respectively.
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4. Conclusion
The current research enlightens a novel and non-toxic
approach for the synthesis of nanometals using reducing
enzymes. The biomolecular content of extracellular fungal
filtrate carried the synthesis and stabilization of GNPs and
SNPs. Antimicrobial properties of these biosynthesized
GNPs and SNPs illustrate its applications in health sector,
food industries, and in agriculture.
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3.3 Anti-microbial activity of GNPs and SNPs
The anti-microbial activity of GNPs and SNPs against
pathogenic bacteria like E. coli, Pseudomonas putida, and
Staphylococcus aureus was investigated.
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Figure 2: UV-visible absorption spectra of GNPs
synthesized by (a) HS-1-f and (b) RP-3-f. And SNPs
synthesized by (c) HS-1-f and (d) RP-3-f along with its
untreated ECF.
The crystalline nature of the synthesized GNPs and SNPs
were determined by X-ray Diffractogram. The size
distribution of gold and silver nanoparticles was
characterized with the particle size analyser. The FTIR
spectra of ECF before and after NPs synthesis, were
compared to recognised the functional groups responsible
for its the synthesis and stability.
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1. Introduction
Today, Urbanization, modernization, globalization, and
industrialization are the predominant challenges to the
ecosystem. Besides, continual usage of fossil-derived
plastics that is incessant and inevitable but a major threat to
the mankind and ecosystem. An estimate of about 140
million tons of plastics is consumed every year worldwide
that necessitates the processing of 150 million tons of fossil
fuels that ultimately leads to huge amounts of waste whose
disposal harms our environment. More than 90% of plastics
have been acquired from “fossil feedstocks”, and globally it
reports around 4-8% of oil consumption and was estimated
to attain around 20% by 2050. Then there is a dire need to
use biodegradable plastics that can reduce the
consequences of such ill effects. In recent years, plastics
are predominantly used in a wide range of applications.
Globally, only 9% of the plastic is recycled while 11% is
incinerated and 80% is still in the form of landfill or
dumped into the water bodies. The plastic/microplastic
transported to the ocean affects the marine species through
entanglement and ingestion. Bioplastic or bio-based,
biodegradable plastic are now considered the replacement
of conventional plastic problem globally. Bioplastic is not

just one single substance, it is bio-based (renewable),
biodegradable, or both.Bioplastic can be classified in many
ways based on for example on their origins, chemical
compositions, synthesis methods, biodegradability, and
applications.The bioplastics are generally prepared by a
combination of a matrix with plasticizer and reinforcement
materials to achieve desired thermo plasticity.[1]
2. Results and Discussion
In the present study, the reinforcement material
(nanocellulose) is derived from the agricultural waste
residue, Deep Eutectic Solvent, and ultrasonication process
while the polymer matrix is derived from non-edible waste,
tamarind seeds. The plastic derived from tamarind seed
starch is one of the revolutionary ideas that has been
implemented by few but its outcome would bring huge
impact in the future generation as it is commercially
feasible and the plastics produced from such is light
compared to other plastics. The alkali peroxide with
hypochlorite treatment process has shown 75% extraction
efficiency of cellulose from the agricultural residues. The
hydrolysis with DES (50%) resulted in a CNC yield of
66.80% with 94.36-96.10% crystallinity and negative zeta

potential of 10.4, mV for a size distribution range 20-90 nm
and an average particle size of approximately 48nm. The
polymer matrix was isolated from tamarind seeds with 60%
recovery of the starch matrix. The bioplastics were
prepared with different loadings of reinforcement material
into starch matrix with different plasticizers like glycerol
and sorbitol using a twin-screw extrusion process. The
highest tensile of 3.55 MPa was obtained for TPS/5wt%
CNF with young’s modulus of 632.1. MPa. SEM analysis
shows a compact structure of TPS while TPS/CNF based
film showed a fractured surface. The moisture absorption
decreases with an increase in CNF loading while the
highest diffusivity was shown by TPS (Thermoplastic
starch). The antibacterial test was also carried out which
shows that our prepared bioplastic films would inhibit the
growth of certain micro-organisms. The biodegradability
studies through soil burial test for 30 days confirms the
biodegradable nature of the developed materials.[2][3]
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Diverse applications of L- (+)-lactic acid in food, beverage &cosmetic industries, has
driven up its consumptionconsiderably to ˃USD 470 million since 2019. However, higher
prices of commercial lactic aciddemands for an optimization of parameters in its production
such that it reduces the whole expenditure of the raw materials, manufacturing & recovery
of the final product.Fermentation processes, being an environmentally affable route, allows
the manufacturing of such value added products by continuous synthesis, thereby
enhancing the overall productivity. In present research,Lactobacillus delbrueckii, knownto
produce optically pure L-(+)-lactic acid, was used at laboratory scale to utilize glucose and
fructose and has provided excellent yields up to 0.98 g/g. Inexpensive carbon source such
as cane molasses wasacid hydrolyzed to release these monosugarsand was used to
propagate the culture. Further, its optimization as a fermentation mediumwith adequate
carbon & nitrogen content and using itincontinuous modeunder pH controlled conditions
would assist to maintain the desired yields.Also coupling the system with cell recycleto
achieve high cell density up to 150 to 160 g/L, may aid to raise the productivity to >10
g/L.h-1, which has not been reported so far with such process.
Keywords: L- (+)-lactic acid, Molasses, Lactobacillus delbrueckii, Continuous
fermentation, High cell density, Productivity.
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room temperature followed by centrifugation (5000 rpm, 5
1. Introduction
min) and filtration. The solution was stored in dark at -20 °C
Active and edible packaging, an emerging concept aimed
for rest of the study. Solvent casting was followed for
to deliver quality and safe food with pro-longed shelf life
fabrication of edible ﬁlms. The chitosan (CS) (1 wt.%),
while at the same time mitigating environmental hazards
acetic acid (0.3%) and varying concentration of CAEE was
caused by non-biodegradable food packaging waste.
added (0, 4, 8, 12, 16, 20, 24 and 28 %) and stirred for 24 h
Besides, providing barrier properties, this innovative
at room temperature. The ﬁlmogenic solution was
packaging act as the preservation method. The improved
distributed into Teflon plates (140 cm dia) and subsequently
functionality of this packaging material is due to the
dried for 24 h at 40 °C inside a hot air oven.
incorporation of active substances, such as antioxidant,
2.2.3 Edible coating on green chilli (Capsicum annum L.)
antimicrobials and others, which is not available in
Green chillies (Capsicum annum L.) were procured from
conventional packaging [1]. In this context, chitosan, a
local market and subjected to washing and drying at room
biodegradable, non-toxic, bio-based with good film forming
temperature. Dip coating technique was followed to coat
property and bio-compatible polymer, obtained from
chilli (3 min) followed by drying and stored for two weeks
deacetylation of chitin, found in crustaceans and insects [2],
(25±2° C, 50% RH) at room temperature.
has received much attention for developing active and edible
2.2.3 Determination of chlorophyll content, Antioxidant
food packaging material [3]. The present study focuses on
activity, Total phenolic content, and color parameters
the ultrasound assisted green technology based liquid
The chlorophyll content, Antioxidant activity (DPPH
extraction of bioactive compounds from Dunaliella de-oiled
method), and Total phenolic content of extract was measured
algae biomass residue and development of chitosan based
via UV-Vis spectrophotometer (PerkinElmer, USA). The
active edible bio-composite films and coating. The obtained
color parameters (L*, a* and b*) was determined by a
extract was used as a bio-filler with varying concentration
colorimeter (Datacolor 550, Datacolor Technology Suzhou
into the matrix. Furthermore, the developed filmogenic
Co., Ltd., China).
solution was applied on real food system as a primary
2.2.4 FESEM, XRD, Transparency, Water Vapor
packaging material as edible coating, targeting to extend the
Permeability, Mechanical, Antimicrobial and Cytoxicity
shelf life of fresh produces like green chilli.
2. Material and Methods
Properties of Bio-composites
The surface morphology, crystallinity, transparency,
2.1 Materials
Water Vapor Permeability, and Mechanical properties of the
TERI, India, provided ABR, Dunaliella tertiolecta.
films were analysed by FESEM (Sigma 300, Zeiss,
Medium molecular weight chitosan, DPPH, MTT was
Germany), X-ray diffractometer (Rigaku Smart Lab, Japan),
acquired from Sigma, Aldrich, acetic acid and ethanol were
UV-Vis spectrophotometer (PerkinElmer, USA), water
procured from Finner. Foline Ciocalteu reagent, sodium
vapor permeability tester (Mocon, PERMATRAN-W®
carbonate, gallic acid and quercetin were purchased from
1/50G), and universal testing machine (Zwick/Roell Z005).
Himedia.
Gram-negative Escherichia coli and Gram-positive
2.2 Methods
Staphylococcus aureus were used for the assessment of the
2.2.1 Extraction of de-oiled crude algae ethanolic extract
antimicrobial activity and invitro MTT assay was done on
and fabrication of bio-composite Active edible films
BHK-21 cells to check the bio-compatibility of formulated
Probe ultrasonicator was used for extraction of crude algae
bio-composites.
ethanolic extract (CAEE) using 75% ethanol for 2-3 min, at

2.2.5 Firmness of coated chilli
The firmness of the coated chilli was measured using a
texture analyzer (TA.XT plus, Stable Microsystems, UK)
with 5 kg load cell. The ﬁrmness was measured with a
Warner–Bratzler Blade at a test speed of 0.5 mm s-1.
3. Results and Discussion
3.1 Characterization of algae extract (CAEE)
The ultrasound assisted CAEE was rich in antioxidant with
44±1.41% DPPH radical scavenging activity, total phenolic
content of 515.72±4.67 μg/g, total flavoind content of
151.75±2.05%, and total chlorophyll of 23.81± 1.1 mg/ml,
L, a*, b* values of 72.62±0.04, -14.1±0.01, 59.29±0.05,
respectively. The obtained results indicate CAEE is rich in
antioxidant.
3.2 Surface Morphology & Transparency of biocomposites
The surface morphology of neat CS (nCS) film was
observed as smooth, compact, and without any crack or
pores. However, bio-composites exhibited heterogeneous
rough surface and presence of small particles. The light
barrier properties of bio-composites at visible and ultraviolet
region (<400 nm) was improved as compared to nCS which
could be due to presence of phenolics in CAEE.

Figure 1: Surface morphology of (a) nCS (b) CS/CAEE
film, and (c) Transparency of bio-composites
3.3 Crystalline, Water Vapor Permeability and Mechanical
properties of bio-composites
The x-ray diffraction pattern of bio-composites showed
intensified peaks attributed to improved crystallinity with
increasing the CAEE concentration as compared to nCS. The
effectiveness of filler also confirmed by reduction in WVP
~60% and improved tensile strength from 28.62 to 54.1 MPa
as compared to nCS which could be due to homogeneous
and uniform distribution and strong hydrogen bonding
bonding with matrix.

Figure 2: (a) Crystallinity (b) Water vapor permeability and
(c) Stress-strain curve of bio-composites
3.5 Antioxidant, Antimicrobial and Cytotoxic properties of
bio-composites
The DPPH radical-scavenging activity of the bio-composites
was increased gradually from 24.81% to 48.23% with an
increasing content of CAEE. The antioxidant activity of
CAEE arises mainly from the phenolic hydroxyl and a small
fraction may result because of the -CH2- site. The
appearance of inhibition zones around the bio-composites
confirmed the antimicrobial activity.

Figure 3: (a) Antioxidant activity (b) Antimicrobial
properties and, (c) Cell-viability of bio-composites
3.5 Physiological properties of coated green chilli
The ﬁrmness dropped slightly with storage day in biocomposites by 6%, 18% in uncoated and 10% in nCS coated
attributed to delayed respiration and good barrier properties
of coating material. The shelf-life of coated chilli was
enhanced by a week under ambient condition.
4. Conclusions
The current study provides successful utilization of algal
bio-waste in a greener way and fabrication of edible active
bio-composites films and coating for extending the shelf life
of fresh produces.
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1. Introduction

2.2 Methods

In recent years, an herbal drug reduces the offensive factors
and proved to be safe. Solanum nigrum is commonly
known as Black nightshade. It is a medical plant of the
Solanaceae family and it is also known as Manathakkali in
Tamil. The Leaves hold anti-ulcerogenic, antioxidant, antimicrobial, cytotoxic properties, anti-cancer, anti-diabetic
and hepato-protective properties. These properties are used
to reduce headache & nose diseases, eye diseases, ulcers,
heart and liver ailments, nerves disorders, and decreased
urine sugar levels.Most commonly, their straight usage in
the food industry is restricted due to their unpleasant taste
and off-color. A technique often used to overcome
theabove-mentioned drawbacks is encapsulation. Freeze
drying and spray drying techniques are well-established
drying techniques employed for the encapsulation
process.The incorporation of encapsulated bioactive
compounds into foods enables the development of new
functional foods with minimal impact onthe food product.
The regular intake of the encapsulated food product will
improve immunity.

2.2.1 Drying of leaves

2. Material and Methods
2.1 Materials
This experiment consists ofSolanum nigrum leaves,
methanol,ethanol, and water. For the drying process, a
Fluidized bed dryer is used and dried leaves are extracted
in a Microwave-Assisted extractor using different solvents.
A Spray dryer is used for the encapsulation process.

The leaves were weighed and dried in a Fluidized-bed drier
at 55 . The dried leaves were ground into small particles
using the commercial mixer. The ground leaves were kept
in a zip lock pouch for further analysis.
2.2.2 Microwave-Assisted Extraction
Microwave-assisted extraction is used for extracting
bioactive compounds from Solanum nigrum leaves powder.
The types of solvents chosen were water, ethanol,
methanol. 1.6 gram of sample is mixed with 32 ml of
solvent, kept in microwave oven, and extracted. Then it is
taken out and allowed to cool to room temperature. The
solution is filtered using Whatmann filter paper.
2.2.3 Encapsulation of Solanum nigrum Extract
Encapsulation of extract from Solanum nigrum was carried
out in two steps. The first step was mixing of extract and
wall material, followed by spray drying of the resultant
emulsion. A pilot model spray drier of the vertical cocurrent type having water evaporation capacity of 2 kg/hr
was used.
3. Results and Discussion
3.1 Effect of powder and time on polyphenolic content
In Microwave-assisted extraction, microwave power is one

off the key variables affecting the release of
poolyphenols.Thheeffect of intteraction betw
ween two variaables
haas had a positive effect on the responsse. Therefore, the
poolyphenolic content increasses when the power
p
increases.

using the coommercial m
mixer. Using microwave
m
aassistor
method extraaction processs is done and tests are condducted
for determinaation of antioxxidants and poolyphenols in leaves
extract.

3..2 Water solubility of powdders

o Solanum niigrum leaf exttract is
Afterward, Enncapsulation of
carried out by a Spray driier and that en
ncapsulated ppowder
is incorporateed in cookies.

The Wateer solubility of encapsullated powderrs is
shhown below the graph. These prooperties repreesent
evvidence of intteraction betw
ween amorphoous and crystaalline
arreas. These prroperties also influence thee characteristiccs of
baakery produccts. So waterr solubility of
o powder shhould
hiigh.

5. Conclusion
Thus, the enccapsulated poowders will be
b incorporateed into
cookies to im
mprove the nuutritional quallity of cookiees. The
physiochemical and sennsory evaluattion revealedd that
fortification of cookies w
with an encaapsulated Solanum
Nigrum leaaves extracct will rettain the qquality
characteristiccs of cookies along with
h the functionnality.
The supplem
ment of bioaactive compoounds of Solanum
Nigrum as enncapsulated ppowder to cookies as funcctional
food will im
mprove the im
mmunity whiich prevents many
diseases.
References
(Referen
nce to a Journ
nal Publicatioon)
[1] Cassol L.,
L E. Rodriguues and C. P. Z Norena ((2019).

3..3 Effect of po
owder and tim
me on Antioxiidant activity
In some caases, polyphennols recovery could be affeected
byy the extensiion of microowaves extracction time duue to
soome degradaation of Phhenolic comppounds. Possitive
innteraction betw
ween the pow
wer and time also affectedd the
anntioxidant caapacity, increeasing DPPH
H inhibition with
hiigher extractiion time. Heence, increasinng the extracction
time was directly related to an impprovement in the
anntioxidant cappacity.
M
y
4.. Treatment Methodology
4..1 Extraction and Encapsu
ulation
The
T leaves werre weighed annd dried in a Fluidized-bed
F
drier
att 55 . The driied leaves werre ground intoo small particlles

‘Extractiing
sabdarifffa.

phenolicc

compoundds

from

Hiibiscus

(Referen
nce to a Confeerence Proceeedings)
H and B. Bhhandari
[2] Jafari S. M., E. Assaadpoor, Y. He
(2008). ‘Encapsulation
‘
n efficiency of
o food flavoors and
oils durinng spray dryinng’.
(Referen
nce to a Book))
[3] P. Adiyaaman., S. Kan
nchana., G. Hemalatha.,
H
(2014).
(

Extractioon, Encapsulaation, and Utillisation of Bioo-Food
Colours.

FE-384

Functionality analysis of protein hydrolysate from
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Abstract:
The spotted snakehead (Channa punctata; Family: Channidae), is an indigenous, obligate air-breathing, freshwater fish.
Proximate analyses reveal that dried fish muscle contains a high amount of protein (64.42±0.51%), a moderate amount of
carbohydrate (11.92±0.42%), and a low quantity of lipid (2.97±0.29%) and ash (4.29±0.55%). Functional properties of muscle
protein hydrolysates using pepsin and Alcalase 2.4L were evaluated. The rate of the degree of hydrolysis was found maximum
at 82.72% and 21.375% in the case of 240 min of Alcalase 2.4L and pepsin hydrolysates respectively. Functional properties of
muscle protein hydrolysates using pepsin and Alcalase 2.4L were evaluated. Antioxidative assay with ultrafiltrate (<3kDa) of
240 min pepsin hydrolysate (PepHyd240) has maximum ability to scavenge the free radicals. The utilization of such low
molecular weight peptides can help to address the health issues by using them in various food formulations.
Keywords: Channa punctata, protein hydrolysates, bioactive peptides, functional properties antioxidant activity, nutraceutical

1. Introduction
Sound health and cognitive abilities are the reflections of
consuming good nutritious food. It is widely accepted that
‘we are what we eat’. Nowadays, people are more
conscious of consuming healthy and less toxic foods. It is
interesting to note that traditional food habits practices are
far better than the so-called modern food habits. Natural
food items are getting important day by day as they provide
enormous health benefits. Thus, these natural foods need to
be explored more as they are nutritionally as well as
economically sound enough. Recently, biotechnological
procedures are introduced to overcome the issues of
nutrition and also to deal with lifestyle-oriented diseases.
Proteins are modified either by physical, chemical, and
enzymatic treatments which change their structure, size,
and also their physiochemical and functional properties.
Several marine fishes possess therapeutic potentials against
specific lifestyle-related diseases. Among the unexplored
resources of freshwater fishes, murrels belonging to the
family Channidae are obligate air-breathing freshwater fish

widely found in the Indian subcontinent. Channa
punctata commonly known as spotted snakehead is a
carnivore found in the water-logged areas, is rich in protein
and carbohydrates. There is much literature present on
nutritional values of C. punctata but so far there is no such
report on the potential health benefits of bioactive peptides
isolated from C. punctata. Natural food can be taken as a
proven source of nutraceuticals. Moreover, these are a
much better option than synthetic pharmaceuticals
concerning for to the physiological environment. Thus, the
need of the hour is to focus on these food items and their
nutrition for better health options. This scenario has
prompted us to explore the potential of bioactive peptides
isolated by hydrolyzing the muscle proteins of freshwater
fish Channa punctata by enzymatic process.

2. Materials and Methods
The spotted snakehead, Channa punctata were collected
from the local fish market in South Kolkata, West Bengal,
India. Chemicals and solvents were persuaded from SD
chemicals Ltd (Kolkata, India); Sigma- Aldrich (USA), and
Merck (Germany).
2.1. Proximate composition
Moisture, ash content of the fish muscle was determined
according to the method of AOAC, 1990 [1]. Tissue lipid
content of the muscle of C.punctatawas determined by the
method of Bligh and Dyer (1959)[2]. The quantity of
protein present on the edible part of the fish was estimated
by the Kjeldahl method [1]
2.2.Preparation of fish protein isolate
Crude fish protein isolate was prepared according to the
method of Burgess 2009.[3]

2.6 Determination of functional properties
2.6.1Emulsifying Capacity (EC)
Emulsifying properties of C. punctata muscle protein
hydrolysates was determined in terms of emulsifying
activity index (EAI), emulsifying stability index (ESI) (4),
and emulsifying capacity (EC) (6)
EAI (m2/g) = (2× 2.303×A0)/ {0.25× protein weight (g)}
ESI (min) = A0× Δt/ΔA
(Where, A0= absorbance at 0 min, A10= absorbance at 10
min, Δt= 10 min, ΔA= A0-A10)
EC= (Va-Vr)/Wg (Where VA= volume of oil, Vr= volume
of oil released, Wg=Weight of the sample)
2.6.2 Water Holding Capacity
Water Holding Capacity (W.H.C) was determined by the
centrifugation method outlined by Halder et al., 2018. The
results were calculated with the volume difference and
expressed as water absorbed/gm of protein sample.

2.3.Preparation of fish protein hydrolysate
2.3.1Preparation of protein hydrolysate by Alcalase
2.4L
Protease of microbial origin, Alcalase 2.4L; produced
by Bacillus licheniformis, Substilisin A, Sigma-Aldrich,
(MA, USA) was chosen for hydrolysis. Protein
hydrolysates were prepared with fish protein isolate.[4]
2.3.2Preparation of protein hydrolysate by pepsin
The fish protein isolate was hydrolyzed by pepsin (from
porcine gastric mucosa, Sigma-Aldrich) [4]

2.6.3 Fat Absorption Capacity (FAC)
Fat absorption capacity was determined as the volume of
edible oil absorbed by the protein sample according to the
method of Shahidi et al. (1995)[6].
2.7Ultra-filtration
Ultra-filtration was done to separate low molecular weight
peptides (below 3KDa) (VS2091, Sartorius AG,
Goettingen, Germany). Fractions from 240 min
hydrolysates of both proteases were to be used for further
analysis.

2.4Determination of Degree of Hydrolysis (DH %)
The degree of Hydrolysis (DH%) can be defined by the
cleavage percentage of peptide bonds. 200 µl of fish
protein hydrolysates were mixed with 800µl distilled H2O.
1ml of ninhydrin was added and incubated at 100°C for15
min followed by the addition of 5 ml diluents solution (npropanol: distilled H2O= 1:1). Absorbance was measured
at 570 nm using a spectrophotometer (Lambda 25; Perkin
Elmer Inc., MA, USA)[4]. All the experiments were
performed in triplicate and the results are the average of
three values.
DH% = (h/htot)*100, Where, h= concentration of peptide
bond hydrolysed (meq/gm),htot= total number of the
peptide bonds (8 amino meq/gm).

2.8Antioxidant activity
2.8.1FRAP (Ferric Reducing Antioxidant Power) Assay
FRAP assay was conducted based on the capability of the
sample to reduce the Fe3+ form of iron to a Fe2+ in the
presence of tri-pyridyl triazine (TPTZ) [4]

2.5 Determination of molecular weight of hydrolysates
The molecular weight of protein hydrolysates was
determined by sodium do-decyl sulphate(SDS-PAGE)
according to the method Laemlli et al., 1970[5]

2.9 Statistical analysis
All experiments were conducted in triplicate. Data were
analysed for variance between sample groups using pair
sample T-Test in Origin Pro 8 (v8.0724) statistical
software; MA, USA. T-test was employed to compare the

2.8.2Hydroxyl Radical Scavenging Activity
Hydroxyl radical scavenging activity of the sample was
carried out by the method described by Singh 2001. [7]
2.8.3Scavenging Ability of 1,1-Diphenyl-2-Picryl
hydrazyl radicals
The DPPH radicals scavenging ability was measured
according to the method of Shimada 1992.[8]

significant differences between the
significance limit set at 1% probability.

means

at

the

3. Results and Discussion
3.1 Morphological study and proximate analysis
of C.punctata
The average weight and length of the fish used for the
study were found to be 44.07± 0.10g and 16.96 ± 0.13cm
respectively. Fish muscle contains 76.47±1.20% of
moisture. Proximate analysis of dried edible part of Channa
punctata reveals the presence high amount of protein
(64.42±0.51%), a moderate amount of carbohydrate
(11.92±0.42%) with fewer amounts of fat (2.97±0.29%),
and ash content (4.29±0.55%).
3.2 Degree of Hydrolysis (DH %)
The degree of hydrolysis of Channa punctata protein
hydrolysates prepared with the enzyme Alcalase 2.4L and
pepsin is depicted in Fig. 1. Different time intervals as 10,
30, 60, 120, 240 min were chosen for the hydrolysis
process. Figure-1, concludes that 82.72% of peptide bond
cleavage occurs after 240 min of hydrolysis in the case of
Alcalase 2.4L(AlcHyd240) as compared to 21.375% by
pepsin (PepHyd240). Degree of hydrolysis increase in a
steady-state upward slope as per the time of hydrolysis
increases in the case of both the enzymes. Alcalase belongs
to the serine S8 endoprotease family. It has a broad range
of specificity having a preference of large uncharged
residue in P1 position 9]. Whereas pepsin is an
exopeptidase, generally cleaved at aromatic amino acid
residues like phenylalanine or leucine in P1 and P1’
positions. Protein hydrolysates, AlcHyd240, and
PepHyd240produced maximum peptide bond cleavage.
After 240 min, the amount of degree of hydrolysis reaches
an equilibrium condition for both the enzymes used. Thus,
240min of hydrolysis was
used for further analysis

Fig.1Degree of hydrolysis of Channa punctata protein
concentrates with Alcalase 2.4L and pepsin at different
time intervals. All values are expressed as mean ± standard
deviation for triplicate experiments
3.3Determination of Molecular weight
The molecular weights of protein isolate and protein
hydrolysate were evaluated by SDS-PAGE. Fig. 2 shows,
lane 1 indicates the ladder with molecular weight ranging

from 130 kDa to 10kDa. Lane 2 shows intense bands
of C.punctata protein concentrate (ISO) ranging from
70kDa.to 15kDa and low molecular weight bands were
absent. Lane 3 showed protein distribution of AlcHyd240
which exhibits low molecular weight protein <10 kDa.
Lane 4 indicates PepHyd240 which revealed intense bands
at 35 kDa, 15kDa, and also found below 15kDa. The
peptides obtained from Alcalase hydrolysis were shorter
than those obtained after pepsin hydrolysis which correlates
with the fact that the degree of hydrolysis is inversely
proportional to lower molecular weight distribution.
Peptides with short-chain length greatly influence the
functional properties of the hydrolysates.

Fig-2: Molecular weight distribution of C.punctata protein
hydrolysates, hydrolysed by Alcalase 2.4L, Pepsin at 240
minevaluated by SDS-PAGE. Lane 1, ladder (marker
proteins); lane 2, C.punctata protein concentrate; lane 3,
240 minute Alcalase 2.4 L hydrolysate; Lane 4, 240min
pepsin hydrolysates
3.4Functional Properties
3.4.1 Emulsifying properties
Table-1 focussed that the EAI significantly improved in
protein hydrolysates as compared to ISO. EAI is about
332.05±1.79 m2/g and 156.11±4.21 m2/g for PepHyd240 and
AlcHyd240 respectively whereas EAI of ISO is 49.66± 3.56
m2/g. AlcHyd240 minutes showed high stability i.e. 149.70±
1.06 minutes but in case of PepHyd240 it is about 39.21±
1.06minutes which is greater than ISO i.e. 17.01± 1.39
minutes. Diffusion of peptides in interfaces usually makes
easier by higher degree of hydrolysis. Due to the presence
of hydrophobic- hydrophilic groups at P1-P1’ terminals,
oil-water interface was made stabilised [4]. EC gradually
increases from 4.01µl/mg to 28.53µl/mg in case of
AlcHyd240 and 12.52µl/mg in the case of PepHyd240.
Suspensions having higher emulsifying capacity become
capable of reducing tension and stabilising the emulsion
Flexibility of protein structure, amino acid sequence and
amphibolic character are some of the important factors that
control the emulsifying capacity.

3.4.2Water Holding Capacity (WHC)
WHC may be defined as the capability of protein to absorb
water and retain it against the gravitation within the protein
matrix From table-1, it is possible to conclude that WHC
for AlcHyd240 and PepHyd240 gradually increases from ISO
i.e. 0.62±0.06 ml of H2O absorbed/ g of protein to
32.56±1.52 ml of H2O absorbed/ g of protein and
17.63±1.09 ml of H2O absorbed/ g of protein respectively.
3.4.3Fat absorption Capacity
Table-1 shows, gradual increment of FAC from 0.6±0.10
ml of fat absorbed/ g of protein (ISO) to 20.41±1.40 ml of
H2O absorbed/ g of protein and 6.55±0.56 ml of H 2O
absorbed/ g of protein in case of AlcHyd240 and PepHyd240.
Taste, texture, flavour of foods is directly related to the
ability of protein hydrolysates to imbibe oil[4]. Absorption
of oil within the protein is mainly depends on the physical
entrapment
Table-1: Functional Properties
Enzymes

Functional Properties
EAI(m2/g)
ISO
240min
Alcalase 2.4L
49.66±2.56
156.12±1.21
Pepsin
332.05±1.73
ESI (min)
ISO
240min
Alcalase 2.4L
17.03±1.39
149.70±1.06
Pepsin
39.21±1.98
EC (µl/mg)
ISO
240min
Alcalase 2.4L
4.01±0.65
28.53±1.76
Pepsin
19.52±0.54
WHC
ISO
240min
Alcalase 2.4L
0.62±0.06
32.56±1.52
Pepsin
17.63±1.09
FAC
ISO
240min
Alcalase 2.4L
0.6±0.10
20.41±1.40
Pepsin
6.55±0.56
All values are presented as mean ± standard deviation for
triplicate experiments

3.5Antioxidant Activity
3.5.1FRAP assay
In FRAP assay, Fe3+ in ferric tripyridyltriazine [Fe (III)TPTZ] complex is reduces to Fe2+ which forms blue
coloured ferrous tripyridyltriazine in low pH which can be
measured spectrophotometrically.Table-1 shows that,
10mg/ml of ultrafiltered AlcHyd240 (<3kDa) have strong
ferric ion reducing activity which is about 75.55±1.40 mM
Fe(II) /gm of peptide followed by 63.58±0.63 mM Fe(II)
/gm of peptide in case of PepHyd240 (<3kDa) for the same
concentration. As the concentration of the respective
hydrolysates increases, reduction of Fe3+ to Fe2+ also
increases.
3.5.2Hydroxyl Radical Scavenging Activity
Hydroxyl radical is considered to be one of the most
reactive ROS as it has the shortest half life period. From
table-1 10mg/ml of AlcHyd240 ultrafiltrate (<3kDa) shows
55.27±1.36% scavenging activity whereas <3kDa of
PepHyd240 with the same concentration gives 84.89±0.86%
quenching activity. Thus this ability of low peptide to
scavenge hydroxyl radicals is directly related to the
prevention of various serious diseases.
3.5.3DPPH scavenging activity
DPPH radical becomes a stable radical upon accepting
hydrogen atom from donor which results in diminishing the
deep purple color and is measured spectrophotometrically
at 517nm.Table-1 depicts that as the concentration of ultrafiltered hydrolysates increases, DPPH radical scavenging
activity also increases.10mg/ml of ultra-filtered (<3kDa)
PepHyd240 has a maximum activity i.e. 86.82± 1.09%
compared with short peptides of AlcHyd240 which gives
83.67±0.72% quenching activity at the same concentration.
3.6Conclusions
The present findings describe some major nutritional
composition of edible part of Channa punctata. Nutrients
are present in significant amount. So far, this study dealt
with only some of the nutritional compositions like
carbohydrate, lipid, protein of fish muscle and fatty acid
composition of lipids and phospholipids and also amino
acid composition extracted from fish muscle. Quality of
protein has also been determined where biological value is
86.40% which reflects the utilisation of amino acids in
humans and PER value indicates the weight gain after
consuming per gram of protein. The hydrolysis of C.
punctata muscle protein with two different enzymes one
with Alcalase 2.4 L i.e. of microbial origin and pepsin that

Table-2: Antioxidant Activity
Antioxidant
assay

AlcHyd 240

PepHyd240

FRAP

1
7.64±0.78

2
13.56±0.87

5
33.73±1.77

10
75.55±1.40

1
6.40±0.52

2
10.4±0.71

5
37.99±1.60

10
63.58±0.63

DPPH

27.12±1.54

38.26±1.01

42.41±0.88

83.67±0.72

29.40±0.61

47.4±1.80

67.66±1.13

86.82±2.00

OH-

21.43±1.31

31.54±0.87

45.41±1.32

55.27±1.36

18.78±1.22

25.11±1.58

65.23±2.50

84.89±0.86

All values are presented as mean ± standard deviation for triplicate experiments
is of animal origin yielded hydrolysates with favorably
high degree of hydrolysis. The hydrolysates revealed
presence of low molecular weight peptides which possess
functional properties like antioxidant activity, improved
digestibility, emulsifying properties. The results also
suggested that ACE inhibitory peptides from C punctata
muscle protein hydrolysates could be a prospect to treat
against hypertension. These properties might be due to the
use of specific proteases, type of the peptides that are
released and the pattern of degree of hydrolysis that are
achieved or may be their combined effect. Thus, C.
punctata protein could be a potential candidate to develop
nutraceuticals or functional foods.
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Abstract
Sensitive compounds like fruit juice, pharmaceutical products etc. are unable to withstand harsh process conditions like high
temperatures and pressures. They often need to be concentrated, which is conventionally done by a thermally driven processor a
pressure-driven filtration like Reverse Osmosis. Forward Osmosis (FO) is anemerging technology that can concentrate juices
without using harsh process conditions.The only driving force of the process is the osmotic pressure difference between the two
solutions present on the opposite sides of a permeable membrane. Its novel features, which include the absence of external
pressure, ambient temperature, good feed rejection capacity, along with low membrane fouling, could obtain a concentrated
solution with high solid content, making the technology attractive. A series of recent publications in scientific journals have
demonstrated novel and diverse use of this technology for food and beverage processing, desalination, pharmaceuticals as well
as for power generation. This review presents a comprehensive account of recent advances in FO technology and its potential in
its rapidly growing applications in concentration of sensitive/delicate products such as the concentration of fruit and vegetable
juices, natural food colorants (carotenoids, anthocyanins, and betalain extracts), sucrose solution, protein solution, and
pharmaceutical products. The review also focuses on the process conditions and effect of various parameters on the FO
performance and their subsequent impact on the essential characteristics of the final product.
Keywords: Forward Osmosis (FO), Heat sensitive compounds, Draw solution, Concentration, Membrane fouling
1. Introduction
Sensitive compounds like fruit juice, pharmaceutical
products etc. are unable to withstand harsh process
conditions like high temperatures and pressures. At the
sametime, they need to be concentrated for various
purposes, like extending shelf life, reducing storage and
transportation costs, etc.Conventional processes fail to
provide the required conditions suitable to preserve the
essential properties. For example, fruit juices contain
bioactive compounds as well as vitamins, phenolic
compounds and pigments such as anthocyanins and
betalains.The thermal evaporation under a vacuumis
generally employed to concentrate fruit juices.This often

leads to unwanted outcomes like unappealing cooked
tastes, besides the loss of nutritional compounds, freshness
and color degradation[1]. Membrane processes such as
microfiltration, ultrafiltration and Reverse Osmosis (RO)
are used as an alternative concentration technique to obtain
improved product quality with energy efficiency.
Membrane processes are more expensive as compared with
thermal evaporation plants and suffer from limitations such
as high pressure, membrane fouling, limited extent of
maximum possible concentration and concentration
polarization. Among the available alternative processes,
Forward Osmosis (FO) does not employharsh process
conditions and works at low hydraulic pressure and
ambient temperature, which concentrates the fruit juices
and shows good potential to replace thermal evaporation.

The membraneswhich are used to concentrate the
delicate/sensitive compounds are namely Cellulose Acetate
and Cellulose Triacetate, whereas the draw solutions which
are often used to concentrate the delicate/sensitive
compounds are namely NaCl, CaCl2, sucrose, glucose,
polyethylene glycol-400 etc. Among these, NaCl is used
widely due to its low viscosity, low cost, high solubility,
and non-toxic nature.The detrimental effect of reverse
solute flux when FO is employed is also neutralized to
some extent when NaCl is used as a draw solute, especially
in the case of food products.

fouling compared to RO are theadditional advantages. The
work carried out by various researchers on FO in the area
of concentrating heat sensitive compounds has been
summarized in the below Table[1–3].

3. Conclusion

Fig.:-01 Schematic diagram of
delicate/sensitive compounds by FO

concentration

of

This review presents a comprehensive account of recent
advances in FO technology and its potential for
theconcentration of sensitive/delicate products such as the
concentration of fruit and vegetable juices, natural food
colorants, sucrose solution, protein solution, and
pharmaceutical products. The review also focuses on the
process conditions and the effects of various parameters on
the FO performance and their subsequent impact on the
essential characteristics of the final product[2].

It may be concluded that Forward Osmosis (FO) is the
most exciting, emanating and emerging technology for the
water removal from delicate/sensitive compounds due to its
novel features, which include no use of external solvent,
low energy consumption, higher retention of essential
components and attainment of higher concentration.
However, there are still several challenges which need to
be addressed, which includes concentration polarization,
membrane fouling and reverse solute diffusion. FO
membranes need to provide high water permeability, high
rejection of solutes, substantially reduced internal
concentration polarization, high chemical stability and high
mechanical strength. Recovery and regeneration of the
draw solution can be construed asone of the most
significant limitations on transforming FO into a full-scale
process for the concentration of sensitive products.
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1. Introduction
Intense industrialization and emission of greenhouse gases
continue to cause increase in concentration level of carbon
dioxide (CO2) globally, which subsequently leads to
increased global warming. Among various techniques
proposed for the recovery of CO2, microbial electrosynthesis
(MES) is a relatively newer approach. In such an approach,
CO2 is electrochemically reduced to value-added chemicals.
The MES cell is a bioelectrochemical device involving the
generation of O2 at the anode via water splitting and the
electroreduction of CO2 to biochemicals using microbes at
the cathode. Use of photo-effect in MES cell can reduce or
eliminate the need of the externally applied potential. Here,
we demonstrate the development of a MES device based on
a novel z-scheme heterojunction formed between the nickelcobalt tungstate (NCW) and graphitic carbon nitride (gCN)

at photoanode, and the gCN-based biocathode, to
electrochemically reduce CO2 to formate. Both anode and
cathode materials are supported over an activated carbon
fabric (ACF).
2. Material and Methods
2.1 Materials
ACF was purchased from Nippon Kynol Inc., Japan. Sodium
tungstate dihydrate (Na2WO4.2H2O), urea (NH2CONH2),
Nickel nitrate hexahydrate (Ni(NO3)2.6H2O), sodium
bicarbonate (NaHCO3), acetonitrile (ACN) and cobalt
nitrate hexahydrate (Co(NO3)2.6H2O) were purchased from
Merck, India. Formic acid (HCOOH, HPLC grade) was
purchased from Thermo Fisher Scientific, India. Nafion 117,
cation exchange membrane was purchased from Sinsil
International Pvt. Ltd., India. Nitrogen (N2) and CO2

(99.99% pure, zero‒grade) gases were supplied by Sigma
gases, India.
2.2 Methods
The as-received ACF was pretreated using 0.05 M HNO3 at
80 °C for 2 h [1]. Pretreated ACF was immersed in the
saturated solution of urea for 2 h and dried at 80 °C for 2 h,
followed by calcination at 550 °C for 3 h in N2. This step
resulted in the conversion of urea to gCN over ACF. The
prepared gCN/ACF was washed to remove excess gCN and
dried at 60 °C.
NCW was prepared by mixing 1 M Na2WO4.2H2O, 0.5 M
Ni(NO3)2.6H2O and 0.5 M Co(NO3)2.6H2O in 30 mL MilliQ water contained in a glass beaker under stirring condition
for 30 min. The prepared solution was added slowly in 200
mL of 3 M HCL under continuous heating at 100 °C and
stirring condition. After 20 min, stirring and heating were
turned off. Prepared solution was allowed to cool, resulting
in the settling of solid powder at the bottom of the beaker.
Excess acid was discarded and the formed powder were kept
for drying at 60 °C for 24 h. Resultant powder was washed
with Milli-Q water twice followed by drying overnight.
Dried powder was labelled as NCW.
To prepare NCW-gCN/ACF, 0.5 g of NCW was mixed in 30
mL oxalic acid solution under mild heating and stirring for
30 min. The prepared gCN/ACF was dipped in the resultant
solution kept in a petri plate for 1 h at 100 °C. Synthesized
sample was dried at 60 °C. The sample was washed to
remove excess precursor, and dried at 60 °C. Prepared
electrode was labelled as NCW-gCN/ACF.
Pure culture of Escherichia coli was used for biofilm
formation over gCN/ACF.
2.2.1 Physico-chemical characterization of prepared
electrodes
Prior to the experiment, prepared electrodes were
characterized using SEM, EDS, FTIR and XRD analysis.
2.2.2 Optical characterization
Prepared electrodes were characterized using UV-vis DRS
and PL spectroscopy for determining bang gap energy and
the rate of recombination of holes and electrons,
respectively.
2.2.3 Measurement of formate

The concentration of formate was detected using HPLC
with ACN and water as eluents. The measurements were
taken at 25 °C and the total flowrate of eluents was 1
mL/min.
3. Results and Discussion
3.1 Characterization
SEM images of ACF and NCW-gCN/ACF are shown in
Fig. 1. Cylindrical shaped fibers of ACF are clearly visible
in Fig. 1a. The SEM image of NCW-gCN/ACF shows
nanosheets of NCW present over porous gCN/ACF (Fig.
1b).

Figure 1: SEM image of (a) ACF and (b) NCW-gCN/ACF.
3.2 Production of formate
Production of formate depends on various factors such
as applied potential, choice of microbes and electrode
material. To demonstrate the effect of applied potential,
experiments were performed at three different external
potentials: -0.4, -0.8 and -1.0 V at cathode Notably, the
highest production of formate ~38 mM was observed at -1.0
V which is ~1.6 and 2.3 times higher than that of formate
produced at -0.8 and -0.4 V, respectively. Production of
formate at low operating potential is significantly less
relative to higher potential owing to the reduced
overpotential of CO2 at high voltages.
4. Conclusion
The prepared novel z-scheme-based NCW-gCN/ACF
photoanode, with the low band gap energy of 2.66 eV and
the gCN/ACF-based biocathode resulted in the efficient
production of formate. The current study can be further
explored for the production of relatively higher molecular
weight acids and alcohols via CO2 reduction.
Reference
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An intriguing ionized, low‐cost semiconductor catalyst‐based system has been developed and exploited for
photocatalytic water splitting (PC). A systematic study of water splitting has been done using the catalyst
in the presence of a variety of ions (Na+, K+, Mg2+, Ca2+, Cl−, SO42) in concentrations identical to that of sea
water. Their role has been judged in modulating the photocatalytic activity such that an average increase
of 8 fold was observed in the presence of sea water when PC was compared with deionized water. Detailed
here will be a comprehensive study of not only the catalyst structure but also data from a variety of
techniques including electrochemical and spectroscopic techniques (under 1.5AM radiation) will be shown.
All these in unison have allowed us to gain insight as to why this particular ionized semi‐conductor is so
robust and effective in sea water splitting.
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Process intensification of chemical processing applications
using cavitational reactors: design, scale up and applications
Parag R. Gogate, ICT Mumbai, Maharashtra-400019
Cavitational reactors are a novel and promising form of multiphase reactors, based on the
principle of release of large magnitude of energy due to the violent collapse of the cavities.
Use of cavitational reactors for process intensification of several chemical and physical
processing applications has been exploited worldwide in recent years. The present talk aims
at presenting an overview of design and operation of cavitational reactors also focusing on
the different areas of applications in the area of chemical processing illustrating some typical
case studies. The initial part of the talk will be devoted to basic concepts of cavitation
phenomena and mechanism of observed intensification in different chemical systems.
Guidelines for the optimum design and operating parameters will also be presented. Different
designs of cavitational reactors including sonochemical and hydrodynamic cavitation reactors
will be discussed and comparison will be presented using two criteria of energy efficiency and
cavitational yield estimations for different applications based on the work done by the
research group. Some discussion on the commercial applications harnessed successfully will
also be presented highlighting the obtained benefits and recommendations for large scale
reactors. One specific study related to industrial wastewater treatment based on real effluent
from specialty chemical manufacturing unit will be discussed in details. Overall it appears that
considerable economic savings is possible by means of harnessing the spectacular effects of
cavitation in chemical and physical processing.
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1. Introduction
The surface plasmonic resonance and catalytic properties
exhibited by noble metal nanoparticles have allured great
attention for their application, particularly in the
catalysis.[1] Gold nanoparticles (Au NPs) exhibit high
catalytic activity in contrast to bulk gold and hence are
being exploited to catalyse various reactions such as
propylene oxidation, water gas shift reaction, olefin
epoxidation and CO oxidation etc. However, the noble
metal NPs are not stable and tend to collapse over a short
period of time (few hours) due to their high surface energy.
An alternative approach developed to improve stability
while retaining their catalytic activity is based on the
dispersion of NPs on support materials. For example, Au
NPs have been dispersed in both reducible oxides (TiO2,
ZnO, Fe2O3, CeO2, ZrO2 etc.) and inert oxides (MgO,
Al2O3, SiO2).[2] Such Au NPs supports are conventionally
synthesized from single-atom gold precursors using
aqueous chemistry: by co-precipitation or depositionprecipitation methods. Nonetheless, these approaches do
not offer precise control over the size, size- distribution and
degree of dispersion of Au NPs on the support.
The improved catalytic activity exhibited by such Au
NPs-metal oxide support materials has been attributed to
the size of Au NPs, NPs–metal oxide support interface and
the surface defects of the support. Although the literature
suggest that NPs-metal oxide support interface is the most
active site for catalytic reactions, but, the role of interfacial
interactions between NPs-metal oxide support has not been
explored extensively.

To investigate the role of interfacial ligands/interactions
between NPs-oxide support, the Au NPs were grafted on
silica spheres using various kind of interfacial
functionalities such as amine, polyelectrolyte, CTABr.
These functionalities offer different nature of interfacial
interactions ranging from electrostatic to coordination. SiO2
is known to be a less active support for catalysis, however,
we used SiO2 in this study as support so that the catalytic
activity is predominantly influenced by the interfacial
interactions rather that the inherent activity of the support.
Herein, the detailed results on the structural and CO
oxidation activity of Au NPs-SiO2 samples studied using
TEM, FTIR, TPR, XPS etc. are presented.
2. Material and Methods
Silica spheres were synthesized using Stober’sprocess.[3]
The obtained product was then calcined at 500°C for 1h.
Since the calcinations leads to condensation of silanol
groups, the calcined silica sphere samples were hydrolyzed
to introduce hydroxyl groups for better functionalization.
The citrate-stabilized and CTABr capped Au NPs were
synthesized by following the procedures reported in
literature.[4] To graft Au NPs, the hydrated silica spheres
were functionalized with different functionalities. Using
APTES, silica sphere samples were functionalized with –
NH2 functionality. The other set of silica samples was
functionalized with cationic polyelectrolyte (PE), using 1ml
of Poly(diallydimethylammonium chloride). The Au NPs
grafted silica sample having the functionalities of –NH2
and PE are referred as S-NH2-Au and S-PE-Au,
respectively, in the following text.

The graftingg of CTABr capped Au NPs onto silica
s
sppheres was caarried out by the method reported
r
by us.[4]
u
The
T completion of loading was confirmeed by the abssence
off the absorptiion peak in thhe UV-Vis abbsorbance spectra
taaken for the supernatant
s
soolution. This sample
s
is refeerred
ass S-CTABr-A
Au in the follow
wing text.
3.. Results and
d Discussion
3..1 TEM analyysis
The
T silica sam
mple synthesized using Stobbbers process lead
too the formatioon of white powder
p
which
h turned into light
piink in color when graftedd with Au NP
Ps. To ensuree the
annchoring of Au
A NPs, the extent
e
of surfface coveragee and
thheir structural details, TEM
M analysis wass performed foor all
saamples. The silica sampple consists of monodispperse
sppheres of 320 ± 15 nm as caan be seen in Fig.
F 1 a.

in case of alll samples, as can
c be seen in
n the inset off Fig. 1
b-d.
3.2CO oxidattion
To examine the catalyttic activity and
a
the effeect of
interfacial liggands of Au NPs grafted SiO2 samplees, CO
oxidation was undertakeen. The S-N
NH2-Au show
ws CO
m
lower teemperature (sttarts at 100 °C
C) than
oxidation at much
that of reportted in literaturre on non-redu
ucing silica suupports
(ca ~ 270 °C
C) and lead too overall ~63 % CO oxidattion at
225°C, Fig. 2.
2 Whereas, iin the case off both S-CTA
ABr-Au
and S-PE-Auu, the CO oxiddation starts att ca 180 °C annd lead
to ~ 25 % CO
O oxidation at 225 °C, Fig. 2.
2

Figure 2:CO
O oxidation as a function off temperature for
f Au
NPs anchoredd silica spheree samples

3.3X-ray pho
otoelectron spectroscopy (X
XPS)

Figure
F
1:TEM
M image of (aa) silica spherres, (b) S-CTA
ABrAu,
A (c) S-NH2-Au (d) S-PE
E-Au and insett shows their high
magnification
m
i
image
of Au N
NP – support interface
i
The grafting of pre-fabriccated Au NPs on silica sphheres
ussing different ligands is shhown in Fig. 1 b-d. The CT
TABr
caapped Au nannoparticles arre bigger in size,
s
as expected,
duue to further growth off Au NPs alllowed to ennsure
coomplete surfa
face coveragee by CTABr-- as it was also
coonfirmed byy FTIR spectrum. The –NH2 and PE
fuunctionalized silica spherees were foun
nd to have better
b
cooverage with Au NPs as compared to that achievedd by
CTABr
C
cappedd Au NPs ontoo silica spherres. In generall, the
grrafted Au NP
Ps were sturdilly anchored onto
o
silica sphheres

In order to get
g an insightt in such variiation shown in the
catalytic actiivity of thesse samples, XPS
X
measureements
were undertaaken. XPS meeasurements were
w
perform
med for
S-CTABr-Auu, S-NH2-Au, S-PE-Au catalysts
c
to obtain
further inform
mation about chemical statte of Au speccies on
the surface of the catalyst. All binding energy
e
valuess given
here have beeen charge corrrected using the
t C1s line, Fig.
F 3.
The binding energy
e
(BE) vvalues shown at 84.5 and 888.2 eV
for S-CTABrr-Au correspoond to Au 4f7//2 and Au 4f5//2, thus
suggesting thhe presence oof Au0speciess. [18,19] Whhereas,
two 4f7/2 com
mponents (at B
BE values off 86.6 and 90.1 eV)
and two 4f5/2 components (at BE valuess 87.7 and 900.3 eV)
observed for S-NH2-Au inndicate the preesence of both
h, Au+1
+3
and Au speecies. The callculations don
ne to determiine the
fractions of Au
A 3+ and Au1++ present, show
w that only 17.84%
of the total gold present onn S-NH2-Au corresponds
c
to
o Au+3

sp
pecies. In th
he case of S-PE-Au, the BE values were
w
ob
bserved at 85.7 and 89.3 eV
V which correespond to Au 4f7/2
an
nd Au 4f5/2 and thus ind
dicating the presence
p
of Au1+
sp
pecies.

Figure
F
3:XPS curve fitting of
o the Au 4f photoelectron
p
peak
in
n Au nanopartticle-silica sam
mples

4. Conclusion
In brief, thee CO oxidatiion study rev
veals that Au
u NPs
exhibit the asscending activvity order from
m S-CTABr-A
Au ˂ SPE-Au ˂ S-N
NH2-Au. Thee CO oxidatio
on and XPS results
show that thee interactions and the chem
mical state of the
t Au
at the Au-su
upport interface greatly in
nfluence the overall
o
catalytic actiivity. These results on th
he interface tuning
might have great implicatioons on design
ning the cataly
ysts for
various comm
mercially viabble reactions.
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1. Introduction

2. Material and Methods

The ever-increasing demand of fossil fuels and the
environmental problems associated with their burning has
forced us to search for alternative renewableenergy
resources. In this regard, cellulose has gained a significant
attention among the scientific community due to its
abundant availability. However, the major challenge
towards cellulose conversion is its highly stable structure
consisting of β-1,4-glycosidic bonds. Thus, pretreatment of
cellulose is required to efficiently break the strong
glycoside bonds and convert it to valuable chemicals.
Cellulose can be transformed to hexitols (sorbitol,
mannitol) which are used as artificial sweeteners and
ethylene glycol which has applications in pharmaceuticals,
textiles, and automobiles via hydrolytic hydrogenation
route. The industrial processes used for the production of
sorbitol includes hydrogenation of glucose derived from
starch while ethylene derived from fossil is used for
producing ethylene glycol. In this study, we have pretreated
the cellulose using ball-milling technique to reduce the
recalcitrance of cellulose structure which helped in
improving the conversion and yield of the desired products.
We have synthesized a series of heteropolyacids (HPAs)
(phosphotungstic acid (PTA), phosphomolybdic acid
(PMA), silicotungstic acid (STA)) on zirconia (ZrO2)
catalysts and used them in combination with precious metal
on carbon (Ru/C, Pd/C, Rh/C) catalysts to investigate their
catalytic activity towards cellulose conversion. The
developed catalytic system showed high activity towards
conversion of cellulose to sorbitol and ethylene glycol in
one pot. Moreover, the catalyst also showed good
recyclability.

Cellulose was pretreated using ball-milling for 4 h/ 8 h at
300 rpm/ 600 rpm/ 900 rpm to reduce the crystallinity. A
40 wt.% loading of HPA was fixed in all the synthesized
catalysts and wet impregnation technique was used for
preparation. XRD, ramam spectroscopy, ATR-FTIR
spectroscopy, FESEM-EDX, NH3-TPD techniques were
used for the characterization of the catalysts. Moreover, the
pretreated cellulose was characterized using XRD, ATRFTIR spectroscopy, and FESEM. All the reactions were
performed using a batch reactor (Series 4848, Parr) and the
quantification of the products was done using HPLC
equipped with Hi-Plex Ca column and RI detector.
3. Results and Discussion
Pretreatment of cellulose using ball-milling led to a
significant reduction in its crystallinity which was
confirmed using XRD (Figure 1a). The catalysts were
characterized using XRD analysis and the monoclinic and
tetragonal phases of ZrO2 were observed (Figure 1b).

Figure 1:(a)XRD of MCC ball-milled at different
conditions, (b) XRD of synthesized catalysts

Moreover, HPA/ZrO2 catalysts showed diffraction peaks at
2θ similar to ZrO2 along with some minor peaks which
indicated a possible weak interaction among ZrO2 support
and the corresponding HPA. NH3-TPD of the catalysts was
done to determine the acidity (Figure 2a) and overall, the
total acidity followed the order PTA/ZrO2 > STA/ZrO2 >
PMA/ZrO2. The influence of ball-milling on the conversion
of cellulose (Figure 2b) was investigated by performing
the reactions with different feedstocks (pretreated at
different conditions).

4. Conclusion
The present study showed successful synthesis of
HPA/ZrO2 for cellulose conversion to ethylene glycol and
hexitols in one pot. Ball-milling helped in reducing the
cellulose crystallinity and thus improved the product yield.
Under optimum conditions, ethylene glycol yield of 40%
and hexitols yield of 26.2% was achieved with ~100%
cellulose conversion. The interaction between the ZrO2 and
HPA was responsible for the good catalytic activity and
stability of the catalyst. Glucose was formed as a stable
intermediate during the reaction, which was further
hydrogenated to hexitols and also converted to ethylene
glycol
via
retro-aldol
condensation/hydrogenation
reactions. Overall, the developed catalytic system was
found to be effective towards one pot conversion of
cellulose to valuable chemicals.
References

Figure 2:(a) NH3-TPD, (b) Influence of ball-milling pretreatment of MCC on the conversion and product yield
Further, the influence of reaction temperature towards the
product yield was studied (Figure 3a) and it was found that
the yield initially increased with temperature from 180 to
220 °C. However, further increase in temperature to 240 °C
reduced the yield indicating that at higher temperatures the
products are not thermally stable and so they can undergo
polyol hydrogenolysis to form smaller molecules or coking.
Many reactions were performed to understand the role of
catalyst in the one pot conversion of cellulose. Finally, the
catalyst was recycled and reused (Figure 3b) and showed a
good catalytic activity in the recycle runs.
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Figure 3: (a) Effect of temperature on the product yield,
(b) Effect of catalyst recyclability on the product yield
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1. Introduction
The research illustrates the reformation of
discarded personal protective (PP) kits into value-added
ingredients naphtha and diesel range fuel. The PP kit is
made of petroleum-based polypropylene material and
comprised of full-body gowns, face masks, head caps, and
shoe covers, most of which are disposed of in landfills or
incinerated after their single use. Improper handling causes
greenhouse emissions and has a negative impact on the
environment. The pyrolysis experiments under were carried
out over an inert atmosphere with a ZSM-5 catalyst at
various operating conditions to obtain a high yield (83%) of
pyrolyzed plastic oil (PPO). The PPO obtained has a
density of 0.776 kg/m3 and contains 7.91 % paraffinic,
32.03 % olefinic, 21.91 % cyclo-paraffinic compounds,
1.05 % aromatics, and 35.50 % oxygenated compounds.
The oil derived from solid PP waste makes up the majority
of oxygenated and unsaturated compounds that must be
removed or transferred adequately for its applications.
Hydro processing is used for PPO upgradation. Nimodified spent FCC catalyst was used for the hydroprocessing and was primed by wet impregnation method
(10 wt.% Ni to the FCC). The resulting catalyst seems to
have a composition of Ni-32.55 %, Si-39.39 %, Al-23.57
%, and other traces of Ti & Fe. PPO hydro-processing was
carried out with varying catalyst loadings. By investigation

of constituents hydrogenated oil with 5%, 10% and 20%
we found that 20% loading of catalyst delivers best results
with composition of 68.89% paraffinic, 1.72% olefinic,
18.46% cyclo-paraffinic, 8.75% aromatic and 5.51%
oxygenated compounds. When contrasted to the feed for
hydrogenation, the sharp decrease in oxygenated and
unsaturated compounds was 85.5 % and 94.6 % in olefinic
compounds. The fractionation of hydro-processed oil
yielded 41.82 % gasoline (C5-C12), 28.56 % light diesel
(C13-C18), and 19.63 % heavy diesel (C19-C42). These
results are promising, and further optimization studies are
being carried out to develop the process and to establish a
commercially feasible processing plant.
2. Material and Methods
2.1 Materials
Raw material is fresh PP kit purchased from local vendor
instead of waste for safety purposes, Catalyst used
wasprocured from Alfa Aesar Chemicals Ltd.India, and
Jamnagar refinery, Gujarat, India. All the solvents and
other chemicals used for the experiment and analysis are
LR grade.
2.2 Methods
The methods used in the production of FUEL are
pyrolysis with vapor phase column loaded with catalyst.
Hydrogenation of the oil is performed with high pressure

and moderate temperature. After every step filtration was
performed for separation of impurities and recovery of the
catalyst.
3. Results and Discussion
3.1 Chemical composition of the PPO and upgraded Fuel
The PPO contains 7.91% paraffinic, 32.03% olefinic,
21.91% Cyclo-paraffinic compounds, 1.05% aromatics and
35.50% oxygenated compounds with density of 0.776 g/cc.
The fuel is also having approximately same density with
composition of 68.89% paraffinic, 1.72% olefinic, 18.46%
cyclo-paraffinic, 8.75% aromatic and 5.51% oxygenated
compounds.The fractionation of oil resulted in gasoline
(C5-C12), light diesel (C13-C18) and heavy diesel (C19C42) of 46.82%, 5.83% and 11.14% respectively. The
fractionation of hydro-processed oil resulted in gasoline
(C5-C12), light diesel (C13-C18) and heavy diesel (C19C42) of 41.82%, 28.56% and 19.63% respectively.
3.2 Catalyst Characterization
3.2.1 High-Angle X-ray Diffraction (XRD):
The Composition of FCC catalyst before doping Ni is
Si-60.48%, Al- 29.48%, P- 6.01%, Ti- 1.38% and traces of
Fe. The catalyst prepared with Ni doping is having a
composition of Ni- 32.55%, Si-39.39%, Al- 23.57, other
traces of Ti, Fe.High angle X-ray diffraction patterns of
FCC and Ni/FCC catalysts are shown in figure. Analyzing
the below graph confirmed that,mainlyFCC catalysts show
peak values of 7.8, 9.2, 10.1, 11.2, 17.0, 24.5, 25.2 46.00,
and 68.1 are closely at 2 which is in accordance with the
standard FCC clay structure and published literature
report.thefcc supported Ni catalyst showed two
obvious,sharp diffraction peaks(2
45.0and 51.95)
corresponding to the (111) and (200) planes of the facecentered cubic structure of Ni, conforming its successful
incorporation onto support afterhydrogen reduction.
Further,the catalytic activity of used Ni catalyst can be
explained by comparing their XRD pattern with other
supported Ni based catalyst where both exhibited identical
XRD peaks suggesting the presence of active Ni species.

The BET analysis reveals the surface area for unit mass of
the catalyst for FCC 152.16 cm2/gm and 128.83 for NiFCC, and that of pore volume is 0.171 cm3/gm for FCC
and 0.1254 cm3/gm. Pore size is for FCC 4.49 nm and for
Ni-FCC 3.89 nm.
The CHNSO analysis residual char reveals that it is
having 80-85 % carbon content which in further process
can be turned into useful product
Fig. -1 XRD of Catalysts
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1. Introduction
Owing to depleting reserve of available fossils fuels,
discovery of abundant natural gas reserves and its
production has shifted the focus of the research community
to develop the suitable process for the conversion of
methane (major constituent ~90%) directly into valuable
chemicals such as benzene which are of great academic and
industrial importance. Methane dehydroaromatization
(MDA) reaction under oxygen-free condition over Mo
containing ZSM-5 zeolite has attracted great interest due to
the high selectivity of targeted products particularly benzene
and only byproduct is valuable hydrogen gas [1]. However,
MDA is a thermodynamically prohibited reaction which
necessitates the reaction to occur at high-temperature
reaction (~700 ) to achieve higher methane conversion
with benzene selectivity up to ~80%, which facilitates the
severe carbon laydown over the catalyst with no
thermodynamics limitations[2]. Different approaches have
been implemented from the past few years to control the
coke formation rate with simultaneously increase catalytic
activity in terms of benzene yield and methane conversion.
In this research, the influence of mesopores generation in
microporous ZSM-5 support via alkali treatment and its
effect on the physicochemical and catalytic performance in
combination with Mo (Mo/ZSM-5) has been testified for
MDA reaction. As is well known [3],when zeolite is treated
with alkali solution the generated hydroxide ions (OH- ions)
selectively dissolve Si-rich (Si-O-Si) linkage while
unaffecting the bridging (Si-O-Al) units which plays a
crucial role in aromatization reaction. As a consequence, it

was observed that 0.1Molar alkali treated ZSM-5 with Mo
gave higher catalytic performance in terms of benzene
formation compared to the conventional Mo/ZSM-5
catalyst.
2. Material and Methods
NH4-ZSM-5 having Si/Al-30 was utilized as parent zeolite,
denoted as HZSM-5 (30). This zeolite was treated with 0.1
and 0.3 molar alkali solution at 80 for 1h. After that, this
alkali-treated zeolite was ion-exchanged with 1M solution
of NH4NO3 thrice, dried and calcined at 550 to achieve
the protonated form of ZSM-5. Finally, the Mo (5 wt.%)
modified HZSM-5 catalyst was synthesized by the
conventional wet impregnation method. All catalysts were
characterized using XRD, NH3-TPD, BET, FTIR, FESEM,
HRTEM techniques. Activity test was performed in a fixed
bed reactor at 700
under 1 atm pressure with 1500
mL/gcat.h GHSV and the products were analyzed in a gas
chromatograph equipped with TCD and FID detectors.
3. Results and Discussion
From the N2 adsorption-desorption isotherm shown in
Figure1-(a) it was observed that mesopores have been
generated after alkali treatment when ZSM-5 (30) was
taken as a basis. The progressive increase in N2 uptake in
the adsorption region and a discrete hysteresis loop in the
desorption branch is the characteristics of mesopores along
with micropores.
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1. Introduction

2. Material and Methods

The recent focus of many research groups is to decrease the
CO2 concentration in the atmosphere by capturing it and
storing it in rocks. Since CO2 capture is a fairly expensive
process, many initiatives that plan to harvest CO2 end up
not doing it because it is a non-profitable business. The
idea behind a CO2 neutral approach is to convert a part of
the CO2 captured into a value-added fuel that can be
commercially sold and can generate revenue to the
company. One idea is to convert CO2 into methane by the
route of CO2 methanation.

2.1 Materials

CO2 + 4H2

CH4 + 2H2O

The above reaction is a simplified version of a very
complex set of side reactions. Due to the involvement of
many side reactions, it is difficult to maintain the CH4
selectivity which is why the yields are usually low and the
reaction becomes sensitive to minor changes in temperature
and pressure.
A class of metal-organic framework (MOFs) called MIL
has recently caught the interest of researchers working in
the fields of catalysis and adsorption. The fact is that these
materials have the exceptional surface area and can be
readily synthesized. These materials have the benefit of
clean synthesis with heterogen0us catalysis, which is very
beneficial from a commercial point of view. MIL materials
consist of [M-OH] chains connected to four adjacent
inorganic chains by a linker molecule. A linker molecule is
usually terepthalic based linker.

The raw material used to synthesize MIL-53(Al) is
aluminium nitrate nonahydrate, terephthalic acid, DMF
solvent and methanol.
2.2 Methods
2.2.1 Solvothermal method to prepare MIL material
2.246g Al2NO3.9H2O and 0.895g C6H4(CO2H)2
(1:1 molar ratio) are mixed with 30ml DMF as solvent. The
entire solution is homogenized using a magnetic stirrer at
700rpm for 30mins. This homogenized solution is
transferred to a 50ml Teflon lined autoclave and kept in an
oven at 1500C for 24hrs.
2.2.2 post-treatment
A white coloured mixture is obtained from the
oven. The mixture is centrifuged at 8000rpm for 20mins.
The residue was washed with methanol once and the mixture
was kept for drying at 1500C for 12hrs. After drying, crystals
were obtained which were crushed to get the powder form
of the final white powder.
3. Results and Discussion
3.1 SEM Characterization of MIL-53(Al)
SEM Characterization of MIL-53(Al) was carried out to
check on the surface morphology of the material obtained. It
was seen that the particle size is small with a homogenous
distribution of sizes, as shown in Figure 2. This also makes

[14], d=1.889(3), 2-theta=48.12(9), H=58(14), Rel.H=2.10%

[12], d=2.192(4), 2-theta=41.15(7), H=242(28), Rel.H=8.73%
[13], d=2.073(12), 2-theta=43.6(3), H=82(17), Rel.H=2.97%

[9], d=3.281(5), 2-theta=27.16(4), H=346(34), Rel.H=12.49
[8], d=3.527(4), 2-theta=25.23(3), H=634(46), Rel.H=22.88%

[11], d=2.740(2), 2-theta=32.65(2), H=240(28), Rel.H=8.67%
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[4], d=5.730(8), 2-theta=15.45(2), H=822(52), Rel.H=29.68%
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us expect a good surface area of the material for which BET
analysis was also done.
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Figure 3: XRD analysis of MIL-53(Al)
4. Conclusion
Figure 2: SEM image of MIL-53(Al)
3.2 BET Characterization of MIL-53(Al)
BET characterization was performed to calculate the surface
area per gram of the material obtained. The value of the
surface area received was slightly more significant than the
value mentioned in the literature[2]

Propert

Value obtained

3

Vm(cm (STP) /g)

151.61

as, BET(m2/g)

659.88

Mean pore diameter (nm)

6.3347

Total pore
(cm3/g)

1.045

volume(p/p0=0.990)

Table 1: BET Characterization results

3.3 XRD Characterization of MIL-53(Al)
Powder XRD analysis was performed to confirm the
synthesis of MIL-53(Al), which was confirmed by
corresponding the peaks obtained in the literature [2]

The material is successfully prepared by the
protocol mentioned, which results in good particle size
distribution and high surface area. This material is
impregnated with 3% Ni, and catalytic activity reactions will
be carried out in work ahead. Nickel is known to have CH4
selectivity in methanation reactions. The combination of
MIL-53(Al) and Ni impregnation might lead us to an
economic catalyst high yield for industrial use.
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1. Introduction
Excessive utilization of fossil fuels led to an increase of CO2
in the atmosphere which appears to be responsible for global
warming and climate change. In this regard, catalytic
hydrogenation of CO2 serves as a potential option to convert
CO2 to fuels. Currently, transition metals are the preferred
catalysts for CO2 conversion to fuels. Since CO2 is a
thermodynamically stable molecule, activation is an
important step in its conversion to value-added products.
Activation of CO2 can be identified by the electronic and
geometric changes in CO2 when it is adsorbed on the
catalyst's surface. In this work, results of density functional
theory calculations of CO2 adsorption on a Cu(111) surface
with the presence of i) water-molecule and adatoms of ii) Cu
and iii) Zn are presented.

case, first water-molecule was adsorbed on a (4x4) Cu
surface and later this system was used for CO2 adsorption.
Same procedure was followed for system ((3x3) Cu(111)) in
which Cu-adatom and Zn-adatom were present. Bader
charges6-9 were computed to find the net charge gained by
CO2 molecule.

3. Results and Discussion
3.1 Adsorption of CO2 on plain Cu surface
On a plain Cu(111) surface CO2 was found to be physically
adsorbed (linear, see Figure 1 below). From Table 1 below,
it can be identified that there is no change in geometric
properties of CO2. Also, there is negligible negative charge
transfer from the surface to CO2. Hence, it can be concluded
that CO2 is not activated on plain Cu surface.

2. Methods
All spin-polarized density functional theory calculations
were done using PBE functional within generalized gradient
approximation1 in the Vienna ab initio Simulation Package
(VASP)2-4, version 5.4.4. van der Waal’s corrections were
accounted using Grimme’s D3 method 5. Cu(111) slab of 4atomic layers was used. A vacuum of 15 Å was applied in
the direction normal to the Cu surface. In water-assistance

3.2 Water-assisted adsorption of CO2
Interestingly, in this case CO2 was adsorbed in a bent
state (see Figure 1 below). From Table 1 below, there is
elongation of C-O bond and decrease of OCO bond angle.
CO2 has gained a charge of -0.7 |e|. Hence, we can say that
CO2 is chemically adsorbed (activated) here.

and H2O molecule/Cu-adatom/Zn-adatom present on the
surface.

3.3 Adsorption of CO2 in adatom system
Similarly, when CO2 was adsorbed when a Cu-adatom
or a Zn-adatom was present on the Cu surface, it was found
to be adsorbed in a bent state (see Figure 1 below). We can
also find geometric changes in CO2 when compared to free
gas-phase CO2 (refer Table 1 below). There is a gain of
negative charge by CO2. We can say that CO2 is activated
here.

4. Conclusion
Using DFT calculations, it is found that CO2 can be activated
with the presence of water-molecule or Cu-adatom or Znadatom on Cu(111) surface. This study helps to identify the
nature of surfaces that activate CO2. Further, transition-state
calculations can be employed to identify barriers and rates
for this first step activation of CO2 on the above surfaces, to
identify the surface that is most active and to design efficient
catalysts for CO2 hydrogenation.
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Abstract:
Dry reforming biogas (DRBG) is investigated over NiMg/γ-Al2O3 (pellets/powder) and Ni/Ce-γAl2O3 (monolith)
catalysts. The reforming reactions are conducted at 800℃,
having a feed mixture of CH4/CO2 = 1.5 at atmospheric
pressure. Activity experiments show that 5 wt% Mg
catalyst exhibited high CH4 (78%) and CO2 (96%)
conversions after 12 h times on stream(TOS). The fresh
and spent catalysts are analyzed using different
characterization methods such as XRD, FESEM, BET,
TPR, & TGA-DTA. The presence of carbon is observed
from both XRD and SEM of spent catalysts, and the carbon
deposition of 5 wt% Mg catalyst isless than 1 wt% Mg. The
high activity and stability of Mg catalyst can be attributed
to the basic nature and strong metal-support interaction
(SMSI).
1. Introduction:
Dry reforming biogas (DRBG) is a sustainable way of
utilizing biogas and indirectly mitigating atmospheric
carbon dioxide.DRBGconverts GHG emissions (CH4&
CO2) into syngas.Syngas can be further used in Fischer
Tropsch (FT) synthesis to produce liquid fuels such as
methanol[1]. The major challenge involved in DRBG is
developingan active catalyst that can tolerate deactivation
due to the presence of sulfur and carbon deposition[2].
Several catalyst systems arestudied for DRBG, ranging
from noble metals (Pt, Ru, Pd,& Ru) to transition metals
(Ni, Co, Mo, Cu, & Zn). Ni's wide availability and high
activity makeit a preferable choice for the DRBG
process[3]. However, Ni catalysts are easily sintered at
high temperatures and deactivate due to coke formation on

the catalyst surface.In this study, four different Ni catalysts
are prepared such as 5 wt% Ni/ΓAl2O3 (5Ni), 5 wt%
Ni/5wt% CeO2 - ΓAl2O3 on monolith (Ni-Ce-M), 5wt%
Ni/1wt% Mg – ΓAl2O3 (5Ni-1Mg), and 5 wt% Ni/5wt%
Mg – ΓAl2O3 (5Ni-5Mg) and analyzed for DRBG. Activity
experiments are carried at 800℃ for CH4/CO2 = 1.5,
mimicking the biogas ratio.
2. Materials and Methods
2.1 Materials:
Precursor materials used in this study are as follows:
Gamma alumina pellets, cordierite blocks (Corning, USA,
10 cm long, 12 cm dia), nickel nitrate hexahydrate (Merck,
99%, Germany), magnesium nitrate hexahydrate (Merck,
99%, Germany), cerium nitrate hexahydrate (Merck, 99%,
Germany), boehmite (PURALOX SBA 200, Sasol
Germany), and nitric acid (69 – 71 vol%, India).
2.2 Methods:
Powdered catalysts (5Ni, 5Ni-1Mg, and 5Ni-5Mg) are
prepared using the incipient wet impregnation method and
calcined at 800℃for 4 hours. Monolith catalysts (Ni-Ce-M)
are prepared using sol-gel synthesis followed by wet
impregnation as prepared elsewhere [1]. The monolith
catalysts are calcined at 800℃ for 20 hours in a muffle
furnace.
2.3 Experimental section
DRBG activity experiments are carried out in two reactors,
such as quartz reactor (length:0.65 m, inner diameter:0.005
m) for powder catalysts and Inconel reactor (length:0.62 m,
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Figure 1.0: Conversion of CH4 for Ni-based catalysts for a
ratio of CH4/CO2 =1.5, at 800 oC
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Figure 2.0: TGA-DTA analysis of spent catalysts
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4 Conclusions
The promotional effect of Mg is clear from the activity
experiments and plays a positive role in enhancing
conversions of CH4 and CO2. The high activity of Mg
catalysts can be attributed to the low carbon deposition,
which is evident in TGA-DTA studies. Also, the
conventional powder catalysts showed high activity than
Ce doped Monolith catalyst.
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3.1 Activity Results:
Figure 1.0 shows the conversions of CH4 for 12 hours times
on stream (TOS). At the start of the reaction, the
conversions of CH4 are above 94% for all the catalysts. As
the reaction progresses, the conversions of CH4 begin to
decrease for all three catalysts for 5 hours, and steady-state
conversions are found to be 57%, 63%, 78% & 68% for
5Ni, 5Ni -1Mg, 5Ni -5 Mg and Ni-Ce-M catalysts
respectively after 12 h TOS. Spent catalysts are analyzed
by TGA-DTA (fig 2.0), which displays a high amount of
carbon deposition on 5Ni catalyst (35 wt%), compared to
5Ni-1Mg (19 wt%) and 5Ni-5Mg (6 wt%). DTA analysis
reveals the nature of carbon deposited on the catalyst
surface. In the case of 5Ni and 5 Ni-1Mg catalysts,a single
exothermic peak is observed above 650 oC, related to the
deposition of graphitic carbon. For 5 Ni – 5 Mg, a small
exothermic peak observed around 400℃ pertains to
amorphous carbon on the catalyst surface [1]. Due to
graphitic carbon (hard to gasify) on the catalyst surface, the
activity and stability of 5 Ni and 5Ni–1Mg is decreased
compared to 5Ni–5Mg.
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diameter:0.018 m) for monolith catalyst. Before the
reaction, the catalyst particles are reduced to 10% H2/N2 at
800℃ for 7 hours for powder catalysts and 13 h for Ni-CeM catalysts. Reforming experiments are conducted using
CH4/CO2/N2 = 1.5:1:2. Outlet gases are analyzed every 20
min using online Gas chromatography (GC 2014,
Shimadzu) having a TCD detector.
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1. Introduction
The catalytic CO2 reforming of CH4 (DRM) converts two
greenhouse gases, i.e., CO2 and CH4, simultaneously
intosyngas (CO+H2), and it can be further converted into
useful chemicals and fuels via Fischer-TropschSynthesis
[1]. However, the requirement of high reaction temperature
for the desired yield is a drawback of DRM, which is an
endothermic reaction, causes catalysts deactivation due to
sintering and carbon deposition[1,2]. Reportedly, ceriabased oxides have attracted huge attention due to their
excellent oxygen storage capacity (OSC)[2]. Additionally,
Zr doping into ceria resulting into ceria-zirconiamixed
oxide support enhances OSC, increases thermal stability,
and improves the catalytic activity[2,3]. The improvement
in the aforementioned properties are largely due to the
favourable release of an oxygen from the lattice structure
and causing an oxygen vacant mixed oxide. Studies based
on computational approach such as via Density Functional
Theory (DFT) calculation is presently carried out to
understand oxygen vacancy formation(OVFE). A defect
structure (after removing the one oxygen from the
bulk/surface) plays a vital role in heterogeneous
catalysis,and more insights to be drawn for understanding
the increase in catalytic activity[3,4]. Previous few studies
have attempted to unravel the deeper insights as why OSC
is enhanced and consequently catalytic activity is improved
[3,4,5]. However, the study of various Ce:Zr ratios by
changing the concentration of Zr in Zr -doped ceria is
limited in the literature. Therefore, in the present study, we

have examined the effect of concentration of Zr in ceriazirconia mixed oxide support on the OVFE using DFT
calculation.
2. Methodology
2.1 Description of model systems
The bulk crystalline structure of ceria is imported
from the library of Material studio software
(BIOVIA).Model structures were created using (2×2×2)
supercell of pristine CeO2. Lattice substitution method was
employed to create mixed oxide of ceria-zirconia (Ce1xZrxO2) for x=0.00,0.25, 0.50, 0.75 and 1.00. A-96 atom
supercell for all model structures was used for the
calculations.Oxygen is removed from the same vacant
position (0.375, 0.875, 0.375) of the bulk structure to create
a vacancy and is denoted as a defect structure.
2.2 Density Functional Theory calculations
The generalized gradient approximation (GGA) and
Perdew-Wang
1991
(PW91)
exchange-correlation
functional were used to relax the bulk structure under the
DFT formalism using the CASTEP code. The cut-off
energy of 540 eV was chosen following the typical
procedure of input parameter optimization. The
calculations were made using a supercell (2×2×2) to keep
the defect-defect interactions small and accurately estimate
the OVFE of the bulk structure.TheOVFE (
expressed in
eV) was calculated according to the following formulae[4]:
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Where E(CexZr1-xO2) and E(CexZr1-xO2-δ) are the total
energy of optimized bulk structure and optimized defect
bulk structure, and E(O2) is gas-phase energy of an oxygen
molecule.
3. Results and Discussion
The decrease in the cell parameter of three mixed
oxide structuresis observed upon doping of Zr in ceria
(shown in Table 1). This is due to the substitution of
smaller Zr4+ cations (~0.84A°) into larger Ce4+ ions
(~0.97A°), confirming the formation of mixed solid
solutionof the type Ce1-xZrxO2[4].The OVFE is calculated
for the various concentration and is shown in Fig.1. It is
clear from Fig.1 that doping lowers the OVFE of mixed
oxides compared to their pure counterpart and itis
thelowest for the ratio of Ce/Zr=1i.e. atomic concentration
of Zr in Ce1-xZrxO2is 0.5.
Further increase in the concentration of doped zirconia,
OVFE kept on increasing and become the highest for pure
zirconia support. Our obtained results are in good
agreement with reported results [5].Electronics and
structural modifications are the reasons for the reduction
of OVFE[4,5]. These easily created vacancies promote
mobility of ions, localization of excess f electrons near
the Ce, thereby increase Ce3+ concentration and thus
improves the redox properties and enhances OSC [4,5].
Such enhanced OSC of Ce0.50Zr0.50O2 support can increase
the catalytic activity in presence of transition metal
nanoparticle for DRM reaction compared to CeO2 or ZrO2
support.
Table 1: Geometry parameters of optimized Ce1-xZrxO2
Models
CeO2
Ce0.75Zr0.25O2
Ce0.50Zr0.50O2
Ce0.25Zr0.75O2
ZrO2

Optimized lattice parameter (Aº)
Original
Defect
a=b=c=10.96
a=b=c=10.98
a=b=c=10.78
a=b=10.84, c=10.85
a=b=10.62, c=10.57 a=b=10.64, c=10.57
a=c=10.43, b=10.41 a=10.45, b=10.49,
c=10.39
a=b=c=10.24
a=b=c=10.24

Figure 1:Calculated Oxygen vacancy formation energy
(eV) for the various concentration of Zr dopant in Ce1xZrxO2.
4. Conclusion
OVFE for the various concentration of Zr in the mixed
oxide support is obtained using DFT calculations. The
reduction of cell parameters of mixed support on Zr
dopingis observed due to the formation of a solid solution.
The zirconium dopant lowers the OVFE for mixed oxide
and is the lowest for 50% concentration of doped cerium
oxide. This calculated OVFE can be subsequently used to
develop correlation with experimentally measured OSC for
improved understanding on the catalytic effects. In our
opinion, this will pave the way towarddesign of better
mixed oxide support to be used in DRM reaction.
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1. Introduction
In order to reduce the dependency on fossil fuel and
minimize environmental pollution, alternative sources of
fuel are being explored. Among different renewable
resources, lignocellulosic biomass has been found to be one
of the sustainable sources for substituting conventional
liquid transportation fuel. There are different routes
available for converting biomass to liquid hydrocarbon fuels
among which, pyrolysis is the most widely used technology
[1]. However direct commercial use of pyrolysis oil as a
transportation fuel is limited because of high oxygen content
which is typically removed by hydrodeoxygenation (HDO)
[2]. Recently, reduced molybdenum oxide has been found to
be an effective catalyst for HDO reaction under low H2
pressures [3].
In this study, an extensive investigation has been
performed on different slabs of reduced molybdenum oxides
using DFT. We have shown the effect of oxygen healing on
these reduced molybdenum oxide slabs. We use oxygen
healing as a descriptor to understand and access the
reactivity of reduced molybdenum oxide surfaces. To
understand the surface chemistry, we have analyzed surface
electronic structure, Bader charges and charge density
difference.

Burke and Ernzerhof (PBE) [7]. To take into account the
self-interaction error in PBE functional, DFT+U method was
applied. In this work, we chose U= 2 eV as determined from
previous benchmarking calculations [8]. The surface energy
of the slabs was computed using the following relation.

𝐸𝑆 =

𝐸𝑆𝑙𝑎𝑏 −𝑛𝐸𝑏𝑢𝑙𝑘
………………………………………………….(1)
2𝐴

where ‘ES’is the surface energy of MoOx slab, ‘Eslab’ is the
total energy of MoOx slab, ‘n’ is the number of MoOx units
in the slab and ‘Ebulk’ is the energy of bulk MoOx per MoOx
unit and ‘2A’ is the total surface area exposed to vacuum.
For slabs, a vacuum of around 12Å-13Å was added along
the cleaved direction, to decouple the images from each
other.
Among the lowest index slabs, we report the lowest
surface energy slabs as these slabs are thermodynamically
dominant. Table 1 below gives the lowest surface energy
slabs of MoO3, Mo4O11 and MoO2.
Table 1: Calculated surface energy of slabs of MoO3,
Mo4O11 and MoO2
Surface

Slab

MoO3
Mo4O11
MoO2

010
001
100

Surface Energy (eV/Å2)
0.009 [10]
0.059
0.097

2. Methodology
2.1 Computational Details and Surface energy of MoOx

3. Results and Discussion

slabs

3.1 Electronic Structure of clean surfaces of reduced
MoO3, Mo4 O11 and MoO2

All periodic spin-polarized density functional theory
calculations were performed using the (VASP) software
package [4-6]. The calculations were done using the
exchange-correlation functional developed by Perdew,

To understand the reactivity of reduced molybdenum
oxides, the clean surface of these oxides was studied based

on their lowest surface energy. The optimized structures of
the slabs are given in figure 1.

Figure 1: Optimized structure of reduced MoO3, Mo4O11
and MoO2 slabs. The green sphere shows the position of
asymmetric oxygen removal for MoO3. Red and cyan sphere
represents oxygen and molybdenum atoms respectively.
Reduced MoO3 was formed by removing an asymmetric
oxygen from the slab. The removal of oxygen from MoO 3
slab leaves behind two electrons which gets delocalized over
several Mo atoms. This is evident from the change in
oxidation states of the surface Mo atoms. Initially these Mo
had vacancy of +6 (2.67) but upon vacancy formation they
change to +5 (2.57) state. On the other hand, both MoO2 and
Mo4O11 exhibit metallic characteristics because there is no
formation of band gap and complete delocalization of
electrons in the structure.
3.2 Oxygen healing on reduced MoO3, Mo4O11 and MoO2
Oxygen healing on reduced metal oxides is an important
phenomenon which helps in understanding the catalytic
activity of these reduced metal oxide catalysts. In this work

we have computed the oxygen healing energies on reduced
MoO3, Mo4O11 and MoO2 with respect to half O2 molecule.
Figure 2 gives the optimized structures of oxygen healing
along with the charge density difference on slabs of reduced
MoO3, Mo4O11 and MoO2.

Figure 2: Oxygen healing on the surface Mo atoms of
reduced molybdenum oxides. The orange sphere shows the
additional oxygen healed on the surface. The pink colour
represent charge accumulation and yellow colour represents
depletion of charge.
It can be observed from figure 2 that oxygen healing
energy of MoO2> reduced MoO3> Mo4O11 indicating that
Mo+4 state is much more active as compared to Mo+5 state.
We also observe that these reactions are highly exothermic.
In MoO2, when an oxygen is healed on a surface Mo atom,
both the electrons are removed from single Mo atom thereby
changing its state from +4 to +6 but however this is not the
case for either reduced MoO3 or Mo4O11. When an oxygen
atom binds on to the surface of Mo4O11 we observe the loss
of the unpaired electrons from the entire structure rather
than only from the surface. From figure 2, it can be seen
that the positive charge is distributed over several Mo atoms
(indicated by yellow colour). In case of reduced MoO3, the
addition of an oxygen involves the uptake of two unpaired
electrons which were earlier delocalized over the entire
surface. This was also evident from change in oxidation state
( +5 to +6) of Mo atoms.

4. Conclusion
Different facets of MoO2 and Mo4O11 have been explored
in this study to determine the lowest surface energy slab. The
lowest surface energy slab was then chosen for oxygen
healing. For MoO2 it was the (100) slab whereas for Mo4O11
it was the (001) facet. However, for MoO3, we chose (010)
slab as it was reported to have the lowest surface energy
among other facets. The results of this study indicate that the
oxygen healing process is a highly exothermic process. As
compared to Mo4O11 or reduced MoO3, we have found
MoO2 to be a better catalyst. However, the oxygen healing
effect in presence of hydrogen atmospheres requires further
investigation and is not part of this study.
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Abstract
The catalytic activity of oxidative dehydrogenation (ODH) of vapor phase cyclohexane to corresponding
cyclohexene has been observed using Copper-Manganese catalysts at atmospheric pressure. A series of zCuxMn1x/Al2O3 (where z=5, 10, 15, 20, 25 and x=0, 0.25, 0.5, 0.75, 1) catalysts were synthesized by the incipient wetness
impregnation method, and the catalytic activity was measured under the in-situ FTIR spectroscopy with a Praying
Mantis Diffuse Reflectance Accessory. Catalysts were characterized by XRD, BET, FTIR spectroscopy, Raman
spectroscopy, and H2-TPR analysis. In-situ DRIFTS spectra revealed that the cyclohexanone desorbed from the
surface of the catalyst at high temperatures. As the total loading of active metal increases, the rapid formation of
carbon dioxide was noticed due to the C-C cleavage of hydrocarbon. The lattice oxygen of the catalyst activated the
CH bond and formed the product cyclohexene by dehydrogenation suggested by the adsorption study. The percent
conversion and product selectivity were monitored by varying the various reaction parameters. The study concluded
that a suitable amount of manganese content was essential for the selective ODH of Cyclohexane at low
temperatures. The 10Cu0.5Mn0.5/Al2O3 catalyst was the most suitable catalyst for high conversion and product
selectivity under the present operating conditions.
Keywords: Oxidative dehydrogenation, Incipient wetness impregnation, In-situ DRIFT study
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1. Introduction
Esters, the mixture of organic compounds ranging from
aliphatic to aromatic, are generally used asplasticizers,
solvents, perfumery, flavor chemicals,cosmetics, soaps,
medicines, varnishes, paints, lubricants, resins andas
precursors for pharmaceuticals, agrochemicalsand other
fine chemicals[1,2].The esterification is a process in which
an ester is formed by the substitution of an alkyl radical for
an ionizable hydrogen of an organic acid. This is usually
carried out in liquid phase in stirred,temperature-controlled
batch reactor. The most common homogeneous and
heterogeneous catalysts used in esterification studies are
sulphuric and hydrochloric acids, salts of calcium,
aluminium, magnesium, etc. Liquid phase reaction usually
requires longer residence times of the reactants at certain
temperatures, in which esterification is a slow reaction.
The batch reactor studies on a laboratory scale,interpret
kinetic data for design purpose.
2. Material and Methods
Butyric acid (Riedel De HaenagSeelze-Hannover, West
Germany). Iso-butyl alcohol: Extrapure (Sisco Research
Laboratories, Mumbai, India). Sulphuric acid: GR, Merck,
Sodium hydroxide: Fisher scientific, Oxalic acid: GR,
Merck.
The apparatus employed for the studies of esterification of
butyric acid with iso-butyl alcohol consisted mainly of a
batch reactor, which is essentially a three necked flatbottomed flask of 500 ml capacity made by Borosil Co., a
magnetic stirrer with temperature control of Remi make
(Model No. Remi 5 MLH plus magnetic stirrer with hot
plate). A condenser was placed at the center neck of the

flask for condensing vapors, if any. One side neck is used
to arrange thermocouple sensor for accurate measurement
of temperature equipped with rubber stopper. Another side
neck is used for sample collection. Temperature and stirrer
speed could be read from the digital display of the
magnetic stirrer. The temperature is maintained within
±0.2°C and stirring speed at 150- 200 rpm.The speed of the
stirrer maintained was 200 rpm, so that there was no vortex
formation in the reaction vessel.
Once the alcohol and acid reach the set temperature
separately, the acid was transferred into the reaction flask
containing alcohol which constitutes 1.0 mole ratio (acid to
alcohol). At zero time after transferring the contents into
the reaction flask, 2 ml of sample was drawn using pipette
into a 100 ml conical flask containing 20 ml of
standardized NaOH solution. The contents of the flask
were titrated against standard oxalic acid using
phenolphthalein indicator, to estimate the unreacted butyric
acid. Similarly, the samples were drawn at regular time
intervals and the data of concentration of the unreacted
butyric acid vs time period were recorded.
3. Results and Discussion

3.1 Effect of catalyst concentration:The effect of catalyst
concentration with mole ratio and temperature were studied
on acid conversion with time. Figure 3.1 shows the
conversion of butyric acid with time of esterification of
acid to alcohol mole ratio as 1.5 and temperature as 50oC.
The catalyst concentration was varied from 1.0 to 3.0
weight percent. From this figure, it was evident that the
conversion increases with increase in catalyst
concentration. The equilibrium conversion was attained

from 20 to 180
concentrations.

minutes,

with

different

catalyst

0.5
C. C- 3 wt%
C. C- 2 wt%
C. C- 1wt%

0.4

3.3 Effect of mole ratio: From the Figure 3.3, it was shown
that the conversion of butyric acid with time increases with
increase in mole ratio at catalyst concentration as 3.0
weight percent and temperature as 50oC. The mole ratio
was varied from 0.5 to 1.5. Also, the conversion was
increased from 46.2% to 80.94% with increase in mole
ratio.
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Figure 3.1:Effect of concentration on conversion {MR
=1.5; T = 50oC}
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3.2 Effect of temperature: Figure 3.2 shows the influence
of temperature with conversion of butyric acid versus time
at mole ratio 0.5 and catalyst concentration as 1.0 weight
percent. The temperature was varied from 500C to 70oC. It
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Figure 3.3:Effect of mole ratio on conversion {T = 50oC;
CC = 3.0 wt%}
4. Conclusion
The results have proved that the present esterification
reaction followed second order. The conversion was found
to increase with increasing catalyst concentration, mole
ratio and temperature.Also, it was observed that there is a
marginal increase of conversion with temperature. Further
analysis of experimental data would provide more insights
into this reaction.
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1. Introduction
Global warming is a major challenge to the environment in
recent years, due to the over-utilization of fossil fuels
causing excessive release of greenhouse gases [1].
Therefore, finding an alternative source of energy is an
active area of research. The fast pyrolysis is an efficient
process used to convert lignocellulosic biomass to the biooil [2], it consists of non-edible wastes, carbon-neutral, high
abundance makes it viable to use [3]. The bio-oil obtained
has a high oxygen content, leading to poor heating value,
poor stability, viscosity, corrosivity. So, it must undergo an
upgradation reaction to be used as a transportation fuel [4].
Aldol condensation reaction is a method for bio-oil
upgrading by increasing carbon chain length, it involves an
aldol addition step between a ketone and an aldehyde. In a
condensation step, the addition product releases a molecule
of water. The slow step involved in the process is the
keto/enol tautomerization of the ketone [5]. It involves the
transfer of a hydrogen atom from the alpha carbon to the
carbonyl oxygen, thereby forming a C=C double bond. The
zeolites are porous catalytic compounds having a cage-like
structure that is generally used in the petroleum refining
processes [5]. It is found that there is a catalytic effect of the
Bronsted acid zeolites on the slow step of the reaction [6]. In
this study, the reaction is studied over the Sn-Beta Lewis
acidic zeolite. From studies, it is found that the Sn
substituted Beta zeolite has more Lewis acidity and more
feasibility towards the keto/enol tautomerization reaction in
comparison to the other metal substituted Beta zeolites [7,8].

In this study, the aldol condensation reaction of the model
biofuel compound furfural is considered with acetone as an
aldehyde. The DFT calculations have been performed over
the configurations of an adsorbed molecule on the zeolite.
The barriers of the keto/enol tautomerization reaction of
acetone are obtained. The calculations are also performed in
the presence of a water molecule to check the effect of water
on the reaction.
2. Methodology
2.1 Model system
The BEA zeolite consists of a cage and channel structure,
with a total of 192 atoms in a unit cell. The basic unit of SiO bond linkage is repeated throughout the unit cell. The
biggest channel/pore is a 12 membered ring with a pore
diameter of 6.7 Å [9]. The kinetic diameter of the largest
molecule involved in the reaction i.e., furfural is 5.5 Å [10].
The doping with Sn increases the Lewis acidity of the
system. The T5/T6 sites are used for doping with Sn [8,11].
Also, the Lewis activity will further enhance if BEA is
double doped with Sn, on the opposite sites of a 6 membered
channel [8].
2.2 Simulation details
Density functional theory calculations were performed in
CP2K software package [12]. Gaussian software package
was used for benchmarking purposes [13]. Perdew-BurkeErnzerhof (PBE) theory was used in the calculations [14].
The valence electron wave function was represented by

triple ζ basis-set with two polarization functions (TZV2P)
for C, H, O, and double ζ valence polarized basis set (DZVP)
for Sn [15]. The ground state configuration of the reactant is
obtained using the global minimization algorithm [16]. The
transition states of the reaction are obtained using the nudged
elastic band (NEB) method [17].

3.4 Keto/enol tautomerization of acetone over Sn-BEA
zeolite

3. Results and Discussion
3.1 Adsorption energy of the molecules
Figure 3: Mechanistic pathway (a) Reactant (b) Transition
The calculated adsorption energy of the acetone & water on
the active site of Sn-BEA are -61.0 & -55.1 kJ/mol.
3.2 Gas phase keto/enol tautomerization of acetone

state (c) Product of the reaction.
The acetone molecule is adsorbed over the Sn doped active
site. The adsorbed molecule undergoes keto/enol
tautomerization in a single step with a reaction barrier of 256
kJ/mol.
3.5 Keto/enol tautomerization of acetone over water
adsorbed Sn-BEA zeolite

Figure 1: Mechanistic pathway (a) Reactant (b) Transition
state (c) Product of the reaction.
In the gas phase process, there is no involvement of any
catalyst for the transfer of the Hydrogen atom from alpha
carbon to carbonyl oxygen. The reaction takes place in a
single step with a barrier of 249 kJ/mol.
3.3 Water assisted gas phase keto/enol tautomerization of
acetone

Figure 2: Mechanistic pathway (a) Reactant (b) Transition
state (c) Product of the reaction.
A single molecule of water is introduced along with acetone,
which helps in the transfer of a H atom in a single concerted
step. The reaction takes place with a barrier of 136 kJ/mol.

Figure 4: Mechanistic pathway (a) Reactant (b) Transition
state (c) Product of the reaction.
The acetone molecule adsorbs over the oxygen of water,
further, it undergoes keto/enol tautomerization reaction. The
hydrogen atom of the water facilitates the transfer of
hydrogen atom in the acetone molecule. The barrier of a
single step reaction is 120 kJ/mol.
3.6 Keto/enol tautomerization of acetone over acetone
adsorbed Sn-BEA zeolite and water assistance
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1. Introduction
The heavy reliance on fossil fuels for the production of
energy results in their depletion and emission of carbon
dioxide into the atmosphere which is one of the main reason
for global warming [1]. Developing an alternate fuel to meet
the energy requirements or converting CO2 back to the fuel
forms would balance the level of CO2 in the atmosphere.
Among the different techniques used for CO2 conversion,
photocatalysis is one of the attractive technique where the
process can be achieved using an inexhaustible and
environmental friendly solar energy. TiO2 is widely used as
photocatalyst due to its excellent properties like high
photocatalytic activity, stability, corrosion resistance and
availability [2]. Among the different facets of anatase, (101)
is the thermodynamically stable one [3] and the electron hole
recombination rate in this surface is more than 10 times
smaller in rutile (110) surface [4].
Doping TiO2 with high valence dopant like Ta overcomes
its drawback and enhances its photocatalytic performance by
reducing band gap energy, suppressing electron-hole
recombination rate and increasing the harvest of light
energy. Alim and co-workers reported that photocatalytic
activity of TiO2 is not only influenced by band gap but also
by the surface active site concentration and charge transport
which can be modified by incorporation of Ta atoms [5].
Combustion of any carbon based material involves the
formation of CO2 and due to its high stability, activation of
it is required for its conversion to value added product. In
this work, DFT calculations have been performed to
understand the adsorption behaviour of CO2 on pristine,
defective and Ta-doped anatase (101) surface to study the

effect of water, doping and vacancy for CO2 activation.
Bader charge analysis were considered on adsorption
configurations.
2. Methodology
2.1 DFT Calculations
Plane wave basis set was used to perform all periodic spinpolarized density functional theory (DFT) calculations using
Vienna ab initio Simulation Package’s (VASP) [6, 7]. The
PBE functional was used for the treatment of exchangecorrelation part of the Kohn-Sham theory. In order to
overcome the error induced by Coulomb self-interaction
term, DFT+U model was used. The value of U was taken to
be 3.5 and 3.2 eV for non-doped TiO2 and Ta-doped TiO2
surface respectively.
All the adsorption energies are calculated using this formula
𝐸𝑠𝑦𝑠𝑡𝑒𝑚 − 𝐸𝑠𝑙𝑎𝑏 − 𝑛𝐸𝑎𝑑𝑠𝑜𝑟𝑏𝑎𝑡𝑒
𝐸𝑎𝑑𝑠 =
− − − −(1)
𝑛
where Eadsorbate is the energy of the adsorbate molecule at its
optimized gas-phase geometry, n represents the number of
adsorbate molecules in the simulation cell, Eslab is the total
energy of the slab, and Esystem is the total energy of the
adsorbate+slab system.
2.2 Surface Energy Calculation of TiO2 (101) Slabs
The surface energy of a slab which is converged is given
by this relation
𝐸𝑠𝑢𝑟𝑓 =

[𝐸𝑠𝑙𝑎𝑏 (𝑛𝑠 ) − 𝑛𝑠 𝐸𝑏𝑢𝑙𝑘 ]
− − − − − (2)
2𝐴

where A is the surface area of unit cell, Eslab is the energy of
supercell slab containing all TiO2 units, Ebulk is the bulk
energy per TiO2 unit, and ns is the number of TiO2 units in
the supercell slab. Two surfaces of the slab are taken into
consideration by a factor (1/2). Different slabs of anatase
(101) surface were created using the algorithm developed by
Gerbrand Ceder [8]. In order to avoid the interactions
between the surfaces of adjacent slabs, a 15 Å vacuum layer
was placed along the z-direction. Among the 4 possible
terminations, only the stoichiometric structure with the
lowest surface energy (Type 4) was considered.
Table 1: Surface energy of TiO2 (101) slabs
Types

Type 1

Type 2

Type 3

Type 4

Esurf (eV/Å2)

0.25

0.09

0.19

0.05

3. Results and Discussion

Figure 1: Co-adsorption of water and CO2 on anatase (101)
surface. Silver and red atoms represent Ti and O atoms of
slab supercell. Purple, green and white atoms represent
carbon, oxygen and hydrogen atoms respectively.
3.2 CO2 Adsorption on Surface Oxygen Vacancy Site (OV)

3.1 CO2 Adsorption on Anatase (101) Surface in the
Presence and Absence of Water
There are five different configurations through which CO2
can adsorb on anatase (101) surface. It was found that CO2
on adsorption can either attain a linear or bent structure. Coadsorption of water and CO2 is shown in figure 1. Coadsorption activates the CO2 molecule and increases its
adsorption energy when compared to the adsorption energy
of CO2 in the absence of water molecule. It is due to the
reason that co-adsorption leads to formation of hydrogen
bonding between the H atoms of H2O molecule and any one
of the O atoms of CO2 molecule. This effect is more
pronounced in configurations 1(d) where CO2 has a bent
structure because CO2 having bent configuration is more
activated due to elongation of C-O bond and small amount
of charge delocalization.

There are three different oxygen sites (Surface, Subsurface & Bulk) from which a vacancy can be created.
Vacancy formation energy at Surface, Sub-Surface & Bulk
sites are 4.31, 4.78 & 5.11 eV respectively. Since surface
oxygen site has lowest vacancy formation energy, vacancy
is created at the surface oxygen site. Once vacancy is being
created, the unpaired electrons gets delocalized on the
nearby Ti atoms. Adsorption of CO2 at surface oxygen
vacancy site is shown in figure 2. Adsorption energy of CO2
at Ov is higher than the results what we have previously
observed. Charge delocalization was observed and CO2 has
a net charge of -0.938e, -0.949e and -0.919e for
configurations 2(a), 2(b) and 2(c) respectively.

Figure 2: Adsorption of CO2 at surface oxygen vacancy site

3.3 CO2 Adsorption on Ta-doped (101) Surface in the
Presence & Absence of Water
Doping the anatase (101) surface with high valence
dopant like Tantalum, activates the CO2 molecule and
increases its adsorption energy. Adsorption energy of CO2 in
the presence of water molecule (shown in figure 3) is higher
than the adsorption energy of CO2 when no water molecule
is present. In the presence of water molecule, CO2 is more
activated and it is due to the same reason that co-adsorption
leads to formation of hydrogen bonding and the extra
valence of Ta+5 activates the CO2 to a greater extent when
compared to that of a non-doped surface.

Figure 3: Co-adsorption of water and CO2 on Ta-doped
anatase (101) surface. Blue colour represents Ta-doped
atom.
4. Conclusion
Results have shown that adsorption of CO2 is more
favored at surface oxygen vacancy site and then on the
surface of Ta-doped TiO2 in the presence of water molecule.
In these cases, CO2 molecule gets activated due to C-O bond
elongation, charge delocalization onto CO2 molecule and
also due to the presence of extra valence electrons from
vacancy and Ta+5 donor atom which in turn helps to facilitate
the reduction of CO2 molecule.
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1. Introduction

2. Material and Methods

Alumina supported manganese is commonly used as a
catalyst for various reactions involving controlled oxidation
of cyclic hydrocarbons [1]. For example, supported Mn is
an important catalyst for the oxidation of benzene and
chlorobenzene to produce cyclic oxygenated products [2].
In several case, Mn is used along with another metal or
metals for the selective oxidation of cyclic aliphatic
hydrocarbons. Supported Mn-Fe bimetallic catalysts has
been reported to be more active for the oxidation of
cyclohexane to produce cyclohexanone (K) and
cyclohexanol (A), also known as KA oil [3].Modification
of alumina with magnesia is used to enhance the interaction
of active metals with the support.
Magnesia modified alumina supported Fe-Mn catalysts
have been studied by a variety of characterization
techniques such as X-ray diffraction (XRD), temperature
programmed reduction (TPR), Raman spectroscopy, and in
situ diffuse reflectance infrared Fouriertransform (DRIFT)
spectroscopy.
The present study aims to address the effect of alumina
promotion by magnesia and the effect of Fe addition to
modified alumina supported Mn catalysts.Moreover, wet
impregnation (WI) and incipient wetness impregnation
(IWI) methods of synthesis were used for the modification
of alumina support with magnesia. Furthermore, the
catalysts were tested in vapor phase oxidation of
cyclohexane in an in-situ praying mantis reaction chamber
of a FTIR (DRIFT)spectrometer along with simultaneous
collection of gas chromatograph(GC) (percent conversion,
yield, and selectivity)data.

2.1 Materials
Mesoporous alumina (γ-Al2O3) was purchase from Sasol.
Hexahydrate magnesium nitrate Mg(NO3)2.6H2O (99%
pure), nonahydrate ferric nitrate Fe(NO3)3.9H2O (99%
pure) andtetrahydrate manganese chloride MnCl2.4H2O
(99% pure) were purchased from Thomas baker.
2.2 Methods
2.2.1 Catalysts synthesis
Powdered Alumina was impregnated with measured
amount of magnesia precursor (Mg(NO3)2.6H2O) with
different loadings (0 to 10 wt %) by incipient wetness
impregnation method to get xMg-Al, a modified support.
After a series of drying and calcination, this modified
alumina support was used for the impregnation of Fe and
Mn. This was done in two different ways; double
impregnation(SI-I
and
SI-II)and
coimpregnation(CI)method. Sequential deposition was carried
outto synthesize the catalysts 10Fe-10Mn/3Mg-Al (SI-I),
10Mn-10Fe/3Mg-Al(SI-II). Furthermore, a known amount
of precursors of Fe and Mn was co-impregnated on to the
modified support to achieve(10Fe-10Mn)/3Mg-Al (CI)
catalyst. All the samples were calcined at 500oC for 5 h in a
muffle furnace with temperature ramp rate of 10oC/min.
2.2.2 Characterization studies
Surface area of all the samples was determined by nitrogen
adsorption using single point ‘SMART SORB 92/93 BET
surface area analyzer.

XRD pattern of all the samples were obtained using
X;Pert Pro Powder Diffractometer equipped with Cu Kα
irradiation in the range of 10o to 90o 2θ value.
Raman spectra of the fresh and used samples were
collected using 532 nm laser wavelength (Rennishaw).
2.2.3 DRIFT Studies
The DRIFT spectra of the modified supports and modified
supported catalysts were recorded on BRKER TENSOR II
FTIR spectrometer equipped with a praying mantis, diffuse
reflectance accessory along with a high temperature
reaction chamber (HVC-DRM-5) having ZnSe windows.
The temperature of the reaction chamber was controlled by
an automatic temperature controller module (HARRICKATC-024-2). Vapor phase cyclohexane oxidation reaction
was carried outusingthe synthesized catalysts in the abovedescribed DRIFT set up.
3. Results and Discussion
3.1 Raman Spectroscopy
Increasing the incorporation of Mg content in alumina
diminishes the peak at 285 cm-1attributed to Fe(oxide), and
the peak 645 cm-1corresponding to Mn(oxide) get more
pronounced. Thus, addition of magnesia in alumina
reduced the interaction of iron with the support enabling
Mn to disperse thoroughly over the modified-support
(MgAl2O4 spinel).
645
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Figure 1:Raman spectra of the catalyst 20Fe0.5Mn0.5/xMgAl (x = 0, 1, 2, 3, 4, 5, 6, 8, 10)
3.2 Effect of WI vs IWI method
In this study, conversion of cyclohexane and selectivity of
cyclohexanol, cyclohexanone, cyclohexene were obtained

from the catalyst synthesized by IWI method which were
compared to the catalyst synthesized by WI method, and
are shown in table 1.Conversion of cyclohexane was
calculated using the following formula:
%
100
(1)
is the initial concentration of cyclohexane, and
where
is the remaining concentration of cyclohexane after the
reaction. Selectivity of the products was calculated folloing
the quation;
%

100

(2)where

is

is
the molar rate of cyclohexane without reaction, and
the molar rate of cyclohexane while reaction takes place.
Catalysts
3Mg‐Al
20Fe0.5Mn0.5/3Mg‐Al

Method of
Synthesis
IWI
WI
IWI
WI

Conversion
(%)
1.29
1.94
3.0
2.95

Cy‐ol
61
70
39
54

Selectivity (%)
Cy‐one
Cy‐ene
‐‐‐
39
‐‐‐
30
52
9
11
35

CO2
‐‐‐
‐‐‐
‐‐‐
‐‐‐

Table 1:Conversion /Selectivity data at 200 oC for the
catalysts synthesized by IWI and WI techniques.
It can be seen from Table 1 that the conversion of
cyclohexane increased over 3Mg-Al surface for WI
method, but, for the Fe-Mn supported catalyst IWI showed
better conversion value. As far as selectivity of
cyclohexanol is concerned, the WI method was found
suitable. If we want to increase the production of
cyclohexanone, IWI method can be opted.
3.3 Effect of temperature
Temperature effect was studied over the best catalysts (x =
3 wt%) shorted out from 20Fe0.5Mn0.5/xMg-Al, and is
shown in figure 2.Peaks shownin Fig. 2(A), at 2877 and
2948 cm-1 attributed to symmetric and asymmetric C-H
stretching, and 1459 cm-1 to C-H bending vibration of
cyclohexane. As reaction proceeds, some new bands at
1701, 1628, 1575 and 1380 cm-1 appeared. Peak at 1701
clearly showed the C=O stretching of cyclohexanone which
was also confirmed by gas chromatogram. Peaks at 1380
cm-1 corresponds to phenolate species, and 1628 cm-1 to
water species, respectively, adsorbed on to the surface of
catalysts. A band at1575 cm-1 attributed to carbonate
species adsorbed on the surface. Fig. 2(B) shows the plot of
conversion and selectivity of various products. It is clear
from the figure that the amount of cyclohexene increases
on the expenses of cyclohexanol with rising temperature.
Above 280 oC, a trace mount of CO2 was observed.
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Although, 20Fe0.5Mn0.5/3Mg-Al prepared by sequential
double impregnation(SI-II)technique showed higher
conversion of cyclohexane and higher selectivity of KA oil
but CO2 production at low temperature.
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Figure 2:In-situ DRIFT spectra of vapour phase
cyclohexane oxidation reaction over 20Fe0.5Mn0.5/3mgAl (A), corresponding conversion and selectivity data (B).
4. Conclusion
The oxidation reaction was studied in the range of 180oC to
300oC over the different catalysts surfaces synthesized by
different methods. In terms of achieving higher conversion
and selectivity of KA oil, the catalyst 20Fe0.5Mn0.5/3Mg-Al
was found to be suitable at 200oC.
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1. Introduction
Deuterium is used as the fuel for nuclear fusion reactors.
Deuterium is also a major constituent for heavy water
which is used as neutron moderator in Pressurized Heavy
Water Reactors [1,3]. During the production of heavy water
using water electrolysis followed by cryogenic distillation
of hydrogen isotopes, it is necessary to equilibrate
hydrogen deuteride (HD) with Hydrogen (H2) and
Deuterium (D2) outside the cryogenic temperature system
as the process is exothermic and reduces the overall
separation efficiency of the distillation process. In order to
minimize the above effect, the species ‘HD’ is converted to
H2 and D2 using the equilibrium reaction as given in
Equation (1) in presence of a porous supported catalyst [4].
2HD ↔ H2+D2

(1)

The conversion of hydrogen deuteride by reaction (1) in
presence of the catalyst takes place in a number of steps in
series such as diffusion of reactant (HD) from bulk phase
through gas film, internal diffusion through pores inside the
catalyst particle, reaction on catalytic surface and back
diffusion of products (H2 and D2) to bulk gaseous phase.
The overall rate is characterized by apparent reaction rate
constant. The apparent rate constant includes the
contribution by film mass transfer coefficient, internaldiffusion coefficient and intrinsic rate constant. The
decoupling of film diffusion effects from apparent rate
constant is the pre-requisite to estimate the intrinsic
reaction parameters. The film diffusion resistance is a
function of hydrodynamics inside the reactor and geometry
of the catalyst particle. Dave et al [4] reported that Pt and
Pd have the highest catalytic activity among other metal
catalysts such as Co, Ni, Fe etc for reaction (1). The

availability of literature data on H2-D2 equilibrium reaction
is very scarce. In the present analysis, the experimental data
is generated using spinning basket batch reactor at different
hydrodynamic conditions inside the reactor using
commercially available catalyst of 0.5% Pd on alumina
support. The regime, at which the external mass transfer
effects become insignificant, is established.
2. Experiments
Heavy water of more than 99.90% isotopic purity (w/w) is
used for the production of deuterium gas using electrolysis
process. Hydrogen gas of more than 99.5% purity was also
generated in-house by using electrolysis of DM water. The
feed gas mixture is prepared by mixing hydrogen and
deuterium gas in the required proportion.The experimental
set up consists of a spinning basket reactor, feed gas system
and a Binary Gas Analyzer (BGA) with provision for
sampling through a pump. The schematic of the
experimental set up is shown in Fig.1. The thermal
conductivity based binary gas analyzer was used to
measure the concentration of species ‘HD’.
Before the start of every experiment, thorough washing
and drying of vessel and internals (i.e. wire mesh baskets,
lid and nuts) were carried out in an oven at a temperature of
more than 2000C. After loading of the catalyst and
assembling of the vessel, the spinning basket reactor was
evacuated along with the associated tubing. A feed mixture
of 30% H2 and 70% D2 was prepared and introduced into
reactor vessel after isolation of BGA. The gas sample from
the reacting vessel was circulated through BGA using a
recirculation pump. The experiments were conducted at
different rotational speeds of the spinning basket such as

Pressure
Gauge

H2 D2

BGA

Temperature
Gauge

Reactor

Blower
Fig.1 Experimental
set up
3. Results and Discussion
The variation in concentration of species 'HD' with time at
different rotational speeds of the spinning basket is given in
Fig.2. At higher rotational speeds, the film thickness, which
is a characteristic of external mass transfer coefficient,
decreases. The time to attain the equilibrium composition
remains the same beyond a rotational speed of 900 rpm.
This is a clear indication on the disappearance of the
resistance for external film mass transfer.
4.0 Conclusion
The effect of rotational speed of spinning basket on the
film mass transfer resistance has been studied for catalytic
exchange reaction of hydrogen isotopes. It was found that
the external mass transfer resistance becomes insignificant
at a rotational speed of more than 900 rpm. It can be
concluded that in order to estimate the intrinsic reaction
rate constant by decoupling the effect of external mass
transfer, it is preferred to generate the experimental data by
operating the reactor at a rotational speed of more than 900
rpm.
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Fig.2 Mole fraction of ‘HD’ versus time at different
rotational speed
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EXTRACTION OF NICKEL AND OTHER CRITICAL METALS FROM SUB GRADE CHROMITE ORE
OVERBURDEN FOR USE IN STAINLESS STEEL AND CHEMICAL SECTOR
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Stainless steels are iron‐base alloys containing chromium as the main alloying element with a
minimum content of 10.5% to make it resistant to staining, rusting and scaling in most of the
corrosive environments. Nickel is widely used constituent of alloy steels best known as a solid
solution strengthener, a mild hardenability agent and most important, as a means of promoting
high toughness, especially at low temperatures. In (austenitic) stainless steels, nickel plays a
major role in improvement of strength, ductility and corrosion resistance. About 90% of the
industrial consumption of nickel is in the alloy and stainless‐steel production whereas remaining
10% nickel is consumed in electroplating and chemical sector.
Nickel occurs in sulphide and oxide (lateritic) ores. Worldwide, about 60% of the nickel consumed
industrially, is produced from laterites through pyro and hydrometallurgical processes. In
opencast chromite mining, enormous quantities of sub grade chromite ore of lateritic origin are
generated. In India, about 5 million tonnes of such sub grade material is generated each year,
adding to the more than 140 million tonnes that has already been accumulated over several years
of mining. The sub grade chromite ore overburden is a low‐grade material overlying the chromite
minerals, which need to be removed for quarry development. Approximately 2 to 10 ton of such
overburden is removed and stored in dumps for every tonne of chromite mined. Up to now, this
lateritic material has not been commercially exploited due to the low percentage (<1%) of nickel
present in it and non‐availability of suitable techno‐economical process for nickel extraction.
Many hydro‐metallurgical methods with limited commercial success have been tried for lateritic
ores mainly to extract nickel. Few commercial hydro‐metallurgical processes are also in use, but
these are mainly for high grade sulphide ores containing Ni in the range of 3 to 4% by weight.
Hydro‐metallurgical route for lateritic material in general has not yet achieved success at
commercial scale due to techno‐economic and other issues. The oxide lateritic ores are also not
amenable to concentration by physical beneficiation methods because of their complex
mineralogy and nickel is present in the form of solid solution with goethite (iron oxide). Due to
the inability to produce a high‐grade concentrate, it is both complex and capital intensive to
concentrate nickel from sub grade chromite ores.
In this paper, the pyro and hydrometallurgical processes under development for subgrade
chromite ore overburden in order to extract nickel and other critical metals such as cobalt are
described with objective of producing low grade iron‐chromium‐nickel alloy and various value
added products for use as precursor raw materials in batteries and chemical sector.
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PROCESSING OF LOW‐GRADE ORES AND SECONDARIES FOR THE RECOVERY OF METALS AND
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Utilization of low grade ores and secondary resources for the recovery of metals and value‐added
products has always been an attractive area of research as it leads towards development of
technologies which are sustainable. With time, primary ores are getting depleted; hence, suitable
technologies are being developed for utilising secondaries and low grade ores. Moreover, India
depends on imports for most of its dependencies on important non‐ferrous metals such as W,
Ni, Co, Cu, Li, etc. Although, there are several techniques for recovering metals and value added
materials from low grade ores and secondaries, hydrometallurgical processing has always been
an advantage owing to its economical, environment‐friendly and easily scalable aspects.
CSIR‐IMMT has carried out immense work in the field of developing technologies for recovering
metals and materials from low grade ores and secondaries. Apart from recovering metals, efforts
are being made to produce value added products from recycled materials such as pure/mixed
oxides/hydroxides of copper, aluminium, manganese, nickel, cobalt, zinc, iron and their salts. To
recover these metal values and materials, a holistic approach is being followed with minimal
waste/effluents and recycling of the process streams. Some of the notable efforts have lead to
scale‐up of the processes as well as commercial implementation. The present talk covers efforts
made by the institute such as, low‐grade ores, scraps, over burdens, high level liquid wastes, fly
ash etc. employing hydro & electrometallurgical techniques.
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1. Introduction

2.2.2 Roasting

Though there is surplus mineral occurrences in Nigeria,
However, through investigation on their constituents as
well as exploration and their economic viability need
extensive research effort. In northern part of this country
has deposit of molybdenum based mineral with other minor
valuable metals. One such typical mineral has obtained
from Plateau state, Nigeria, in Kigom, Jos, which is rich in
molybdenum. This particular kind of rock based mineral
has not been exploited till yet for any R&D ventures for
feasible extraction of valuables. For this R&D efforts have
been initiated through sustainable hydrometallurgical
approach under CSIR-TWAS sandwich Ph.D fellowship
scheme at CSIR-IMMT to develop an integrated process
for the extraction of molybdenum and other associated
metal values from such ore.

Sieved materials of particular size has been roasted in
different temperature from 400 to 600 °C for further
dissolution experiments.

2. Material and Methods
2.1 Materials
The source material (hand picked) is collected from Kigom
village,Jos,Plateau state, Nigeria. The chemicals used for
the study were of analytical grade. Sulphuric acid and
sodium hydroxideswere purchased from Thermo Fisher
Scientific India Pvt. Ltd (98.08% assay) and oxalic acid is
from E-Merc, India.
2.2 Methods
2.2.1 Grinding and sieving of the source material
As received minerals are subjected to grinding and sieving
for further use

3. Results and Discussion
3.1 Characterization of the ore powder
Characterization of the powdered ore (~50µ) was
performed by XRD and SEM to study the phase and
morphology of the samples. Figure 1shows the X-ray
diffractogram (XRD) of the sieved samples. The diffraction
peak of quartz and Molybdenite could be observed
evidently, which are the main phases of the mineral. SEM
micrograph along with EDAX shows that sample contained
molybdenum and silica majorly.The microstructure shows
the particle surface of Molybdenite is relatively dense and
compact.
3.2 Leaching efficiency
The effect of contact time and temperature on the
extraction of molybdenum along with other minor minerals
were investigated at 30, 55, 65, 75and 90 °C for leaching
time varied in the range 5–120 min using roasted
samples. At, desired particle size of the concentrate ie.
95% distributed below 50 μm. It can be seen that the
leaching rate of molybdenum along with other elements
increased gradually with the increasing temperature. When
the temperature was 30 °C, the acid-leaching reaction was

not untamed and the moly leaching rate increased slowly,
but when the temperature reached 75 °C, the reaction rate
could greatly accelerate to make quantitative leaching of
Molybdnum.
Kigom Molybdenite
Deposit

a

c

Kigom, Jos Plateau,
Plateau, Nigeria

b
d

Figure 1: AFM generated image of surface topography of
(a) glass and (b) hair surfaces obtained from backward
height mode and height profile of the surface along the zaxis.
However, the leaching rate of molybdenum increased
slowly within 20–60 min. The extractions were nearly
constant after 60 min. Further the processed leach liquor is
used to separate molybdenum in compound form. The
residues after moly removal is further processed for
extraction of both amorphous and crystalline silica. The
process flowsheet has developed for optimized extraction
of molybdenum and silica.
4. Conclusion
In this work, a detail characterization of the ore has been
carried out. Around 30% Molybdenum (Mo), 18% Si, ~16
% of Sulphur along with minor as well as critical elements
such as Al, Fe, tungsten, tin, antimony are present. Quartz,
molybdenite, are found to be the main mineral constituents.
Here, a viable process of air roasting–acid leaching (first
stage) is opted to extract molybdenum through the
generation of processed acidic leach liquor followed by
purification step. It was found that during roasting; around
90% of molybdenum is converted from the sulfide into
trioxide form. The results showed that a leaching efficiency
of around 92% of molybdenum was obtained under optimal
test conditions. Subsequently a second stage leaching is
followed to produce pure silica powder with leaching and
co-precipitation method. During leaching, experimental
parameters such as leachant concentration, effect of particle

size and reaction temperature on the molybdenum
dissolution were examined. A process flow diagram
including material balance based on the leaching, solvent
extraction and precipitation is presented.
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1. Introduction
Phosphate tailings pose significant risk to the environment
as point sources of basic, carbonate-rich effluents. This
waste may be judiciously used for the biofertilizer
preparation. The enrichment of biofertilizer by adding low
grade rock phosphate with potent microbes offers a
potential preposition for the effective utilization of
insoluble P. Phosphate solubilizing bacteria' (PSBs) are
able to release unavailable P from native and applied P
sources into plant-available soil pool through their
solubilizing and acidifying effects. This research has
investigated the ability and mechanisms of rock phosphate
(RP) solubilization by rhizospheric bacteria, with particular
emphasis on Bacillus sp. and its effect on growth of Zea
mays L.
The activity of the selected strain indicates the formation of
the halo zone supplemented with rock phosphate. The
maximum concentration of soluble phosphorus (P) was
found at the 9th day of incubation in Pikovskaya’s broth
containing rock phosphate as P source. Direct bacterial
interaction with RP particles induced morphological and
mineralogical changes, as revealed by scanning electron
microscopy (SEM) and X-ray diffraction (XRD) analysis.
The formation of the reduced mineral peak intensities and
organic anions with H+ release on RP surfaces showed that
mycogenic organic acid was driving the chemical
dissolution of apatite, with consequent phosphate release
and secondary mineral formation. This was confirmed by
analysis of organic acids by HPLC which confirmed that

citric acid, fumaric acid, lactic acid, malic acid, malonic
acid, oxalic acid, succinic acid were the effective RP
transforming agent and therefore responsible for the
morphological and mineralogical changes observed in RP
when exposed to bacterial broth. It was observed that the
dissolved phosphate concentration increases by a decrease
in pH of the medium. The decrease of pH is due to the
secretion of the organic acid by bacillus sp. in which
hydroxyl and carboxyl groups of acids chelate cations (Al,
Fe, Ca) and enhance the inorganic P solubilization. Hence
pH plays a major role in RP solubilization and its strong
inverse relationship with solubilized P in RP amended
liquid medium is reported by many authors and supports
the present study.
The general equations could be:
Through acidification (H+ ions): Ca10(PO4)6F2 +
12H+→10Ca2+ + 6H2PO4- + 2F- (1)
Through chelation (organic anions): 2 Ca5 F(PO4)3 + 20
(HX)→10 CaX2 +6 H3PO4 +2 HF(2)
Where HX is citric acid (C6H8O7) and oxalic acid
(C2H2O4)
The inoculation of Bacillus sp. with RP significantly
increased the root length (59%), shoot length (37%), root
fresh weight (20%), root dry weight (56%), shoot fresh
weight (79%), shoot dry weight (87%), chlorophyll content
(59%) and nutrient accumulation, i.e., P (1.13), K (2.48),
Ca (34.21), Mg (39.09), Cu (1.80), Mn (6.15), Zn (15.08),
S (79.25) times greater than control in Zea mays L. SEM
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suurface demon
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mportant for RP bioweathhering, as well as biochem
mical
mechanisms.
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composition showed that after treatmennt the RP con
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Figure 1: Geneeralised repressentation.
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Abstract:
A bio fertilizer is a substance which contains living micro-organisms which, when applied to
seeds, plant surfaces, or soil, colonize the interior of the plant and promotes growth by increasing
the supply or availability of primary nutrients to the host plant.
Bio fertilizers add nutrients through the natural processes of nitrogen fixation, solubilizing
phosphorus, and stimulating plant growth through the synthesis of growth-promoting substances.
The microorganisms in bio fertilizers restore the soil’s natural nutrient cycle and build soil
organic matter. Through the use of bio fertilizers, healthy plants can be grown, while enhancing
the sustainability and the health of the soil. Bio fertilizers can be expected to reduce the use of
synthetic fertilizers and pesticides.
Bio fertilizers are means of fixing the nutrient availability in the soil. It increases crop yield by
20-30%, replaces chemical nitrogen and phosphorus by 30%, and stimulates plant growth.
.Bio fertilizers provide “eco-friendly” organic agro-input .It maintains the natural habitat of the
soil. It can also provide protection against drought and some soil-borne diseases
Bio fertilizers also promote healthy soil, leading to greater farming sustainability.
Keywords:
Vegetable waste, NPK proportions, micro-organisms,plant growth curve kinetics.
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1. Introduction
Nitrogen has an important in the position in the life of
humanity as it is a key component of the Agro-chemicals
industries. The classic Haber-Bosch process, which
produces ammonia at high temperatures and pressures,
relies on fossil fuels and emits a lot ofCO2.Because it is
environmentally beneficial, ammonia generation by
electrochemical nitrogen reduction reaction (eNRR) under
ambient conditions is gaining popularity1. Because of the
exceptionally stable N≡N, which has a bond energy of
940.95 KJ/mol, the lack of a permanent dipole moment,
and overall efficiency, N2 reduction under ambient
conditions is exceedingly difficult. Noble metals perform
efficiently, but these are expensive and are not abundant.
Therefore, the interest has grown to design non-noble
metal-basedcatalysts.[1,2]
Because of their low cost, specific electrical characteristic,
and simplicity of separation, Earth abundant NRR
electrocatalysts such as iron oxide nanoparticles are often
employed for eNRR. Despite this, the flaws, which include
(i) nanoparticle aggregation, (ii) low intrinsic conductivity,
and (iii) weak catalytic activity, result in low NH3
production and poor selectivity. Interfacial engineering
may be able to tackle the issues of aggregation and
conductivity by combining these electrocatalysts with
efficient electron transporting and layered materials like
graphene and transition metal carbides/nitrides.[3]
Additionally, increasing NRR activity may be facilitated by
defect engineering, which involves tailoring several defects

in catalysts, viz. oxygen-/nitrogen-vacancies, doping, and
edge constructions.
To designan inexpensive electrocatalyst for NRR,
interfacial modification and defect engineering were used.
The ferric oxide (Fe2O3) was chemically coupled with
reduced graphene oxide (rGO), and their activity for NRR
has been examined. It shows the yield rate of the order of
7.77 µg h-1 mg-1 at -0.1V vs. Ag/AgCl, and Faradic
efficiency of 2.28% at -0.1V vs. Ag/AgCl in 0.1M Na2SO4
solution at ambient conditions. The detailed results on the
structure and catalytic NRR activity are discussed.
2. Material and Methods
2.1 Materials
Iron citrate (SRL), graphene oxide (synthesized), Sodium
hypochlorite (Sigma-Aldrich), tri-sodium citrate (Merck),
sodium hydroxide (Merck), salicylic acid (Merck), sodium
nitroferricyanide
(Thermo-fisher),
Sodium
sulfate
(Thermo-fisher) were used without any further purification.
2.2 Catalyst synthesis:
The synthesis of Fe2O3/rGO was undertaken using in situ
redox hydro-thermal technique. Areaction mixture
consisting 1.96 g iron citrate (SRL), 12 g graphene oxide
(GO) and 80 mL deionized water was placed in a 100 mL
Teflon stainless steel autoclave and heated for 24 h at
2000C after stirring for 2 h at 600C. The recovered product
washedusing distilled water and subsequently subjected to
freeze-drying.

2.3 Characterization studies:

3.2 Chemical coupling of Hematite with r-GO

The phase formations of the synthesized material were
carried out using X-ray powder diffractometer (PAN
analytical, PW3040, Netherlands) at room temperature.

The defect density is proportional to the ratio of the
intensities of the D-band to G-band in Raman spectra.The
value of ID/IG increases from 1.01 to 1.30 due to the GO
reduction and then followed by α-Fe2O3 deposition, Figure
2. It shows that the deposition of α-Fe2O3 particles
introduces the coupling defects on rGO.

Raman spectroscopy of the fresh samples were done by
Renishaw micro-Raman spectrophotometer

2.4 Electrocatalyticactivity evaluation:
The electrocatalytic NRR activity was performed in 0.1M
Na2SO4 solution using H-type cell. The indophenol blue
method was used to quantify NH3 yield rate. The
calibration curve for indophenol blue method (Y=
0.002X+0.42016, R2= 0.98) was established.
3. Results and Discussion

Intensity (a.u.)

Fourier Transform Infrared Spectra (FTIR) were measured
on a spectrophotometer (Perkin Elmer Frontier) and KBr as
the reference.
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3.1 Phase formation of Hematite-rGO:
The XRD pattern of synthesized Fe2O3/rGO and Fe2O3 are
shown in Figure 1. The XRD pattern of Fe2O3 is composed
with several diffraction peaks (012), (104), (110), (113),
(024), (116), (214), (300) assigned to diffraction planes of
rhombohedral structure of α-Fe2O3. α-Fe2O3/rGO shows the
peak (110) which corresponds to diffraction plane of αFe2O3. And no peak observed for rGO appears due the
disorderly stacks.The additional peak at2Ɵ value= 45.83,
corresponding to (110) plane of iron.
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Figure 1: XRD pattern for bare Fe2O3 and Fe2O3 modified
rGO.

Figure 2: Raman spectra for bare GO and α-Fe2O3-rGO.
The peak appeared at 568 cm-1 in the FTIR spectrum
indicate the formation of the Fe-O-C bond. The formation
of Fe-O-C implies the chemical interaction between rGO
and α-Fe2O3
3.3 NRR activity:
The nitrogen reduction process was carried out using a
typical three-electrode setup, having working, reference,
and counter electrodes, being α-Fe2O3/rGO coated carbon
paper, Ag/AgCl electrode, and Pt electrode, respectively.
For the preparation of carbon paper coated working
electrode, 1mg α-Fe2O3/rGO was added to the mixture
containing 20 µl 5 wt% nafion solution, 100 µl ethanol and
50 µl water. Then it was sonicated for 1 h. 10 µl of the
solution were evenly painted on 1×1 cm2 carbon paper and
vacuum dried at 400C. The nitrogen reduction activity was
investigated in a saturated 0.1 M Na2SO4 solution at
ambient conditions, using using Iviumstat (Potentiostat)
instrument, NRR was investigated in.The ammonia yield
rate and Faradic efficiency was calculated and presented in
figure 4and figure 5.
Detection of NH3:
The quantification of the NH3 produced was done using the
UV-Visible spectrophotometer (Shimadzu). To quantify the
concentration of NH3, standard curves were drawn taking
different concentration of NH4Cl solution.

NH3 yields rate (NH3y) were calculated by equation (1),
1

Where CNH3indicates concentration of NH3, V is cathodic
electrolyte volume, t is the NRR measurement time, and m
is the mass of the α-Fe2O3/rGO hybrid.
Faradaic efficiency (FE) was computed using following
equation (2).
3

2
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4. Conclusion

Where, Q is the quantity of applied electricity and F is the
Faraday constant.

NH3 Yield rate (g h-1 mg-1)

8

(a)

α-Fe2O3/rGO

7
6
5
4
3

In brief, the chemically coupled α-Fe2O3 with rGO was
successfully synthesized, as confirmed by the XRD and
Raman analysis. The FTIR analysis further confirmed, by
the presence peak at 568 cm-1 corresponding to Fe-O-C
bond. Thechemically coupledα-Fe2O3/rGO shows enhanced
activity for the NRR than that of bare α-Fe2O3 and GO,
attributed to the improved e- transport across the interface
and higher degree N2 activation for NRR catalysis. These
findings serve an example to design inexpensive but
efficient catalyst by chemically coupling for the NRR.
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1. Introduction
The increased use of pesticides has a deep impact on
human health as well as the environment all over the world.
Agricultural activities are expanding to meet the escalated
requirements of human and economy. Increased pesticide
pollution is directly related to the agricultural activities.
Pesticides are intensively used against weeds and pests
throughout the world. Various analytical methods could be
used for determining the concentration of pesticides, which
include
spectrophotometry,
Fluorometry,
mass
spectroscopy, capillary electrophoresis, and gas or liquid
chromatography [1]. These methods provide accurate
results but there are certain disadvantages such as being
time-consuming, limited to laboratories, expensive, and
have to be operated by highly trained technicians. The aim
of this article is the development of sensitive, easy-to-use,
selective, and low-cost sensor for pesticide detection that
could be utilized later for making indigenous and bulk
detection device. Due to the drawback of existing lab-based
methods, various tools like biosensors, micro-sensors,
colorimetric methods, and electrochemical sensors are
being developed. Our research interest is the development
of an electrochemical sensor for the detection of pesticides.
We are proposing a modified electrode, which will detect a
particular organophosphate.
Copper (Cu) has a very good affinity towards the
malathion group of organophosphate and the cost of Cu is
very less compared to noble metals such as gold and silver.
In this work, reduced Graphitic oxide (rGo) was added to
Cu and Cu-rGo nanoparticles were deposited on the surface
of glassy carbon electrode. Cu-rGO nanoparticles were
synthesized using a co-precipitation method [2]. Scanning
electron microscopy, X-ray diffraction, were utilized for
characterizing the nanoparticles synthesized. The

electrochemical behavior of the prepared electrode was
observed using cyclic voltammetry (CV). The evaluation of
sensor performance was done by cyclic voltammetry.
2. Material and Methods
2.1 Materials
All chemicals used in this experiment were of
analytical grade. 98% Sulfuric acid (H2SO4), 98%
phosphoric acid (H3PO4) 98% potassium permanganate
(KMnO4), 30% hydrogen peroxide (H2O2) were purchased
from Molychem. 98% Copper sulphate (CuSO4), EDTA,
hydrazine hydrate, ammonia, 99% Potassium borohydrate
(KBH4), 5% Nafion, dimethylformamide were purchased
from sigma aldrich.
2.2 Methods
2.2.1 Synthesis of GO using Hummers method
Graphene oxide was produced from graphite
powder (98%, Molychem) using the modified hummers
method. In this method, 360 ml Sulfuric acid (H2SO4) and
40 ml phosphoric acid (H3PO4) (volume ratio 9:1) was
mixed in a beaker. To this mixture 3 gm of graphite powder
was added and stirred in a magnetic stirrer for 30 mins.
After adding 18 gm of potassium permanganate (KMnO4)
to the above solution an ice bath setup is put on a magnetic
stirrer as it was an exothermic reaction. The above solution
was stirred for 6 hrs. Hydrogen peroxide (H2O2) was used
to eliminate the residue of KMnO4 [3]. The resulting
suspension was washed using Deionized water and
centrifuged several times till pH 7 is reached. Finally,
resulting washed GO was dried in an oven at 90 degrees
Celsius for 12 hrs.

2.2.2 Synthesis of Cu-rGO nanocomposite
Cu-rGO was prepared using 0.5 gm of GO in 40 ml of
distilled water and sonicated for 1 hr. To the above
solution, a mixture of 0.16gm of CuSO4 and 0.8 gm of
EDTA.2Na.2H2O was added in a volume of 5 ml. The
above mixture was sonicated for 10 min. Then 2 ml of
hydrazine hydrate was gradually added to this mixture.
Eventually, its color changed in a sequence from yellow to
brown to black [4]. Subsequently, 0.5 gm of KBH4 was
added to the mixture stirred with a magnetic stirrer for 2 hr.
to reduce GO completely. The resulting solution was
washed with ethanol followed by distilled water and
centrifuged several times. Finally, it was dried using a
vacuum oven for 24 hrs.
2.2.3 Electrode modification
A typical 3 electrode setup with Hg/HgO as reference
electrode, modified Glassy Carbon Electrode (GCE) as
working electrode, and platinum wire as the counter
electrode was used to conduct an electrochemical
experiment. Bare GCE was polished using alumina slurry
and washed with distilled water prior to the experiment.
Synthesized Cu-rGO was mixed with 0.5 M
dimethylformamide and sonicated for 30 min. After that
5µL of this above solution and 6 µL of 5% nafion solution
were drop casted on the surface of GCE and dried using an
infrared lamp [5].
3. Results and Discussion
3.1 Characterization of Cu-rGO
Characterization of GO and Cu-rGO was done using
XRD and SEM. Figure 1 shows XRD image of Cu-rGO
which indicates the successful formation of the Sample. A
sharp peak is observed around the 2-theta value of 49o
which indicates Cu presence in the sample and a broad
peak is observed around a 2-theta value of 17o which
indicates rGO present in the composite formed [6]. SEM
image indicates Cu grain-like structure is scattered on the
surface of rGO sheet.

Figure 1: SEM and XRD of Cu-rGO nanocomposite.
3.2 Malathion detection using cu electrode
Corrtest potentiostat (CS350) was used for performing
cyclic voltammetry using Cu modified GC electrode as
working electrode, Hg/HgO as reference electrode and
platinum as counter electrode. 0.5M NaOH solution was
taken as analyte, for this CV experiment and corresponding
black Voltammogram was obtained as shown in Figure 2.
After that 1M Malathion solution in above solution was
taken in cell for reaction to take place between Malathion
and electrode. Voltage range was maintained (-1.5 to 1.5)
volt and applied scan rate was 50 mv/sec. A different and
broad peak of red color voltammogram was obtained as
shown in Figure 2. From this Figure it is observed that
Malathion could be detected with the help of cu electrode
and different peak is observed because of reaction takes
place on the surface of Cu electrode and Malathion.

[2] Soomro, R. A., Hallam, K. R., Ibupoto, Z. H., Tahira, A.,

Sherazi, S. T. H., Memon, S. S., & Willander, M. (2016).
Amino acid assisted growth of CuO nanostructures
and their potential application in electrochemical
sensing of organophosphate pesticide. Electrochimica
Acta, 190, 972‐979.
[3] Singh, A. P., Balayan, S., Hooda, V., Sarin, R. K., &
Chauhan, N. (2020). Nano-interface driven
electrochemical sensor for pesticides detection based
on the acetylcholinesterase enzyme inhibition.
International Journal of Biological Macromolecules,
164, 3943-3952.
[4] Kim, K., Chaudhari, K. N., Kim, S., Kim, Y., & Shin,

Figure 2: CV of Malathion in Cu as working electrode.
4. Conclusion
Cu-rGO nanoparticles were synthesized and
confirmed by XRD and SEM. With this modified GC
electrode we can sense Malathion traces in various samples
using low cost copper materials. The CV indicates good
potential applicable for sensing Malathion in agricultural
products and water sample.
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1. Introduction

2.2 Methods

Graphite is a layered material and consists of stacked
planar sp2 hybridized carbon atoms. Graphite can be
oxidized by chemical or electrochemical methods to form a
macrocation. The positive charge on oxidized graphite can
be compensated by the reversible insertion [1] of certain
anions between the graphitic planes, resulting in an anionic
type Graphite Intercalation Compound (GIC). Intercalation
occurs in stages and is characterized by stage index n. The
development of anionic GICs is essential because of their
numerous applications in secondary battery cathode
material, graphene oxide synthesis, graphene synthesis,
catalysis and metallurgical processes [2]. The intercalation
of anions into graphite is reported in concentrated acid
solutions [3]. The present study aims to develop the
electrochemical synthesis and characterization of an anionic
GIC using ammonium sulphate as the electrolyte.

2.2.1 Electrolyte Preparation

2. Material and Methods
2.1 Materials
The required chemicals used for this study were
purchased from the following companies:
Highly oriented pyrolytic graphite (HOPG) sheets of 0.2 mm
thickness were procured from Nickunj Eximp Entp. P. Ltd.
Ammonium sulphate (anhydrous purified AR grade) was
procured from Fischer Scientific. Ultra-pure deionized water
was obtained from Organic Biotech Lab. P. Ltd. and an
Ag/AgCl reference electrode was procured from Admiral
Instruments (USA).

An appropriate quantity of AR grade ammonium
sulphate powder was added to deionized water to prepare a
3 M ammonium sulphate solution (pH 5.78).
2.2.2 Electrochemical Setup
Electrochemical studies were carried out in a threecompartment using a potentiostat ( make: Gamry Inc. USA
model: Ref 600). A platinum strip (0.5 cm wide and 4.6 cm
long) was used as the counter electrode. Ag/AgCl electrode
dipped in saturated KCl solution was used as the reference
electrode. HOPG (0.5 cm wide and 2 cm long) served as the
working electrode. Working electrodes were placed close to
the reference electrode to minimize uncompensated solution
resistance in a 25 ml electrolyte solution. A new electrode
and electrolyte solution was used for each analysis.
2.2.3 Characterization
X-ray diffraction patterns were obtained using Cu Kα
radiations (λ = 0.154 nm) on a PANalytical instrument
operating at 40 kV, 15 mA at a scan rate of 4 0 per min.
3. Results and Discussion
3.1 Chronopotentiometry study
Constant current oxidation (chronopotentiometric study)
of graphite was carried out at 4 mA/cm2 using the
electrochemical setup described in section 2.2.2. The

chronopotentiogram, as shown in Figure 1, shows a plateau
at nearly 1.3V. The plateau indicates the steady-state
faradaic activity of intercalation, which was corroborated by
XRD analysis ( section 3.2).

place at pH < 0 [3]. This study suggests that electrochemical
synthesis of anionic GIC is possible in aqueous solutions at
pH exceeding 0, which could pave the way for developing
batteries with aqueous electrolytes based on graphite
reversible anionic intercalation chemistry. Such secondary
batteries shall provide inexpensive and efficient energy
storage systems. This method, amongst other applications of
anionic GICs, can also be beneficial for synthesizing
graphene [5] from targeted exfoliation of anionic GIC.
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1. Introduction
Present energy demands are mainly met by fossil
fuels such as coal, petroleum and natural gas [1]. Fossil
fuels are limited and non-renewable and a major source of
environmental pollution. Therefore, there is an immediate
need for a reliable, renewable and eco-friendly substitute.
Hydrogen is a clean and efficient energy carrier
and is considered as one of the most reliable alternative to
fossil fuels. 95% of the global hydrogen production is fossil
fuel based and only about 4% is based on electrolysis [2].
Hydrogen production from fossil fuels is well established
but undesirable in the current energy scenario. Therefore,
other processes for its production from renewable energy
sources are of greater relevance.
Water covers nearly 70% of earth surface. It could
be used as a renewable and potential raw material for
hydrogen production. Thermal water splitting to produce
hydrogen occurs at a temperature greater than 2500 K [3]
and the resulting technical problems due to high heat
requirements make this method technologically difficult
and economically unattractive. Fossil fuel based chemical
water splitting is also undesirable. However,
thermochemical and electrolytic water splitting are two of
the attractive alternative methods for H2 production from
water [4].
Electrolysis of pure water is difficult and requires
much higher voltage because water has lower electrical
conductivity. The excess energy requirement during
electrolysis of pure water could be reduced by
thermochemical cyclic processes, replacing energy
intensive oxygen evolution with other electrode reactions
such as the electrochemical oxidation of sulfur-di-oxide
(SO2) and water into sulfuric acid (H2SO4), which may also
have a lower anodic over potential.
The anodic oxidation of aq. SO2 is industrially relevant
and finds extensive application in thermochemical cyclic
processes for green hydrogen production. It has been

studied over graphite electrodes by cyclic voltammetry.
The electrode pre-treatment plays a crucial role in the
anodic oxidation of aq. SO2over graphite. The routes
following partial exfoliation and its electrochemical
reduction were explored for the activation of HOPG
electrode. The change in the morphology and structure of
the HOPG during the synthesis process are characterized
using FESEM images, XRD patterns and Raman
spectroscopy.
2. Material and Methods
2.1 Materials
The required chemicals used for this study were
purchased from the following companies: Highly oriented
pyrolytic graphite (HOPG) sheets of 0.2 mm thickness
from Nickunj Eximp Enerprises Private Limited, India.
Sulfuric acid (98 wt%) and sodium sulfite (anhydrous
purified-AR grade) from Fisher Scientific and Merc, Ultrapure deionized water from Organic Biotech Lab. P. Ltd., 3
M Ag/AgCl reference electrode from Admiral Instruments
(USA) and Platinum sheet from VRS laboratories
respectively.
2.2 Methods
2.2.1 Electrochemical analysis
All the electrochemical experiments were carried
out in a three electrode set-up. The experiments were
controlled by a potentiostat/galvanostat (model: Ref 600,
make: Gamry instruments, USA). HOPG strip with an
exposed surface area of 1 cm2 was used as working
electrode, platinum strip as counter electrode and Ag/AgCl
the reference electrode in the set up.

Cyclic voltammetry (CV) was used for ECSA
estimation and activity analysis of the modified electrodes.
Linear sweep voltammetry (LSV) was recorded for tafel
analysis and comparison of polarization potential.

Log J (A/cm2ECSA)
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2.2.2 Material characterisation
The change in the morphology and structure of the
HOPG during the synthesis process are characterized using
FESEM images, XRD patterns and Raman spectroscopy.
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3. Results and Discussion
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3.1 CV analysis
CV analysis were performed to study the electrochemical
reactivity of aq. SO2 over HOPG electrodes in 0.1 M
H2SO4 solutions. These studies have been employed to
understand the effects of electrode modifications on their
electrochemical activity towards the oxidation process.
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Figure2: Tafel analysis of Pristine, Exfoliated and
Activated HOPGin 0.03 M Na2SO3 solution in 0.1 M
H2SO4.
4. Conclusion
The report presents the study of the electrochemical
activity of HOPG electrodes toward the electrochemical
oxidation of aq. SO2 in acidic solutions. The activation of
exfoliated HOPG electrodes after pre-treatment points
towards the electrochemical enhancement due to adsorbed
sulfur species.
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Figure 1:Cyclic Voltammograms (5th cycle, 10 mV/s) of
pristine HOPG, partially exfoliated HOPG and activated
HOPG (ACT3) electrode in 0.03 M Na2SO3 solution in 0.1
M H2SO4.
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3.2 Tafel analysis
Tafel analysis has been used to evaluate the difference
in the exchange current density before and after activation
and also to distinguish the over-potential requirements for
the electrochemical oxidation of aq. SO2 over active and
pristine surface.
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1. Introduction

2. Material and Methods

Over the years, the mercury cell technology in chloro-alkali

Tungsten carbide coating on amalgam wettable material

industries has undergone continuous improvement with

such as SS cylindrical packings was imparted using two

targets towards energy efficiency, reduction of mercury

techniques, viz., plasma spray and LASER Additive

emissions and better decomposition conversions. The

Manufacturing (LAM) (Figure 1.0 and Figure 2.0).

problem of energy consumption was accomplished by

Experimental studies to evaluate amalgam decomposition

choosing nickel anode, which is highly effective for oxygen

performance of both variants of coated packings were

evolution and that of mercury emissions through stringent

carried

safety measures and changes in process equipment designs.

characterization of the coating, both before and after the

However,

never

decomposition studies was carried out through SEM and

accomplish complete decomposition of alkali amalgam due

scratch test. It was found that the after considerable days of

to its inherent properties of wettability.

operation, amalgam decomposition kinetics gradually

graphite

packed

denuders

could

out

for

various

process

parameters.

The

reduced due to the depletion of tungsten carbide coating.
Titanium or tungsten Carbide coating on metal alloy
substrate packings are gaining popularity to improve
decomposition of amalgam as they reduce downtime of
plant and augment life of process equipments associated
with mercury cell. The externally coated packings that are
being investigated in this work have separate anodic and
cathodic micro regions. The amalgam droplet acts as
anodic region and the tungsten carbide coated external
surface acts as cathodic region.

Figure 1.0: Packings coated by Plasma Spray

Figure 3.0: SEM of Packings coated by LAM

Figure 2.0: Packings coated by LAM

Although the kinetics of the decomposition of amalgam
was quite fast during the initial days of trials, later it was

3. Results and Discussion
The characterization of the coating, both before and after
the decomposition studies was carried out through SEM
and scratch test (Figure 3.0 and Figure 4.0).

found to reduce gradually due to the depletion of tungsten
carbide coating. The depletion of tungsten carbide coating
has happened due to the erosion caused by the evolution of
hydrogen in the pores of the coating.
4. Conclusion
It can be inferred that adhesion properties of tungsten
carbide were greatly influenced by the porosity and
contiguity of coating surface as in the case of coating of
plasma spray and LAM respectively.

Figure 3.0: SEM of Packings coated by Plasma Spray
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1. Introduction
Efforts have been continued on the investigation of
techniques for improving the ionic-mass transfer rate in
electrochemical cell. Insertion of turbulence promoter has
been adopted for the present work. The effect of parameters
of the disc and different augmentations on enhancement of
mass transfer havebeen investigated experimentally. The
variable parameters of the Square grooved cleaved disc are
namely Diameter of the disc (Dd), Thickness of the disc
(Td) and Distance of disc from entrance of the test-section
(h). The Mass Transfer rates are calculated with the
experimentally obtained Limiting Current values.
Enhancement of Mass Transfer rates by using Heptagonal
Plate as turbulence promoter were analyzed graphically,
and an empirical model has been developed for same
system i.e.,

Upon giving charge from a battery source to the system,
NaOH undergoes electrolysis and the free electrons(OH-)
attracts towards the copper electrode. Reaction occurs on
the surface of the copper electrode.
2.2.2Limiting Current Technique
An electrolyte consists of 0.01N Potassium ferricyanide,
0.01N Potassium ferrocyanide& 0.5N Sodium hydroxide is
pumped through a circular conduit to which Copper
electrodes are inserted along it’s length in such a way to
maintain contact between electrolyte and electrode. Mass
transfer coefficients (kL) are calculated with the
experimentally obtained limiting current values. The
reaction involved is diffusion controlled reaction and will
occur at the surface of the electrode.

.
.

1.6065
.

.
.

(where d = Diameter of Conduit)
2. Experimental
2.1 Chemicals required
Potassium Ferricyanide, Potassium Ferrocyanide, Sodium
Hydroxide,
Potassium
Dichromate,
Potassium
Permanganate, Oxalic Acid, Potassium Iodide, Hypo,
Starch.
2.2 Methods
2.2.1Chemical Reaction
Cathodic reduction of ferricyanide ion:
[Fe(CN)6]-3+ e[Fe(CN)6]-4

where,kL = mass transfer coefficient (m/s)
iL = limiting current (A)
n = number of electrons reacting with
ferricyanide ion
F = Faraday’s constant
Ci = concentration of ferrycyanide ion
Ao = crossectional area of electrode
3. Results and Discussion
Graphical analysis has been generated to check how the
turbulence promoter inserted in the conduit was involving
to enhance mass transfer. Plots representing the variation of
mass transfer with increasing velocity have been generated
by varying the parameters of the promoter. While varying
one parameter, the other two were kept unchanged.

3.1 Variation of Mass Transfer Coefficient with velocity
with Diameter of Disc as varying parameter
While increasing in velocity, mass transfer coefficient is
increasing and for increment in diameter of the disc(Dd)
mass transfer coefficient is increasing.

3.3 Variation of Mass Transfer Coefficient with velocity
with Distance of Disc from entrance of the test-section as
varying parameter
While increasing in velocity, mass transfer coefficient
is increasing and for increment in distance of disc from
entrance of the test-section(h) mass transfer coefficient is
decreasing.
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Fig. 3.1: Variation of mass transfer coefficient with velocity
- Disc diameter as varying parameter

3.2 Variation of Mass Transfer Coefficient with velocity
with Thickness of Disc as varying parameter
While increasing in velocity, mass transfer
coefficient is increasing and for increment in thickness of
the disc(Td) mass transfer coefficient is increasing.
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Fig. 3.3: Variation of mass transfer coefficient with velocity
- distance of disc from entrance of test-section as varyning parameter
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3.4 Development of Correlation
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Fig. 3.2 : Variation of mass transfer coefficient with velocity
- disc thickness as varying parameter

The Mass Transfer Coefficient values obtained
experimentally have been considered to perform regression
analysis to fit the data in jDvs Re, which results in more
deviations. Hence, roughness parameters and dimensionless
groups have been incorporated. The final deviations are
obtained at values less to 10. And the model has been
developed for the present system, with reference from
RajendraPrasad[3].
The model equation is presented above in
introduction, which is valid for range of values considered
in the present study.
The correlation plots have been compared to the
previous relative works to check the performance of
turbulence promoter which has been used in the present
study.

4. Conclusion
Mass Transfer Coefficient is increasing with
increase in Diameter of disc(Dd) and Thickness of disc(Td),
decreasing with increase in distance from entrance of the
test-section(h).
The number of times in increase in mass transfer
coefficient over smooth tube flow also increasing with
increase in Dd &Td, and decreasing with increasing h.
Diameter of the disc (Dd) has given better
augmentation when compared to Thickness of disc(Td) and
distance from entrance of the test-section(h).
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Abstract:In
A
thee present studdy, mass transsfer coefficiennt data were obtained
o
expeerimentally beetween a flow
wing electrolyyte and
innner wall of an electrocheemical flow reactor.
r
The electrolyte aacted as contiinuous phase and kerosenee was employ
yed as
diispersed phase. Mass trannsfer coefficiennt was obtainned by using limiting
l
curreent technique. The influencce of the added gas
phhase or fluiddizing solids or both to thhe liquid-liquuid flow on mass
m
transferr coefficient was
w also stud
died in the present
p
innvestigation.
Keywords:
K
Liquid-liquid flow
w, ionic masss transfer, maass transfer cooefficient, fluiddization.

1.. Introduction
n:
An em
mphasis on thhe importancce of liquid-liiquid
fllow phenomenon in proceess industries is the subjecct of
teechnical intereest in recent yyears. The phhenomenon is very
much
m
concerneed with unit operations likke extraction,, oilwater
w
transporrt, liquid-liquuid reactionss and separaation
prrocesses. In many occasioons the transfe
fer of heat or mass
m
taakes place frrom wall to liquid or viice versa. Such
S
siituations wideely prevalent iin unit operatiions and proceesses
like extractioon, leaching,, condensatiion, sublimaation,
diissolution and
d electrowinniing. By exam
mining the releevant
literature, it is observed thatt a vast majoriity of the repoorted
sttudies focused
d mainly on identificationn of flow pattterns
annd their transsition [1-5] annd few studiees aimed at phase
p
innversion[6] an
nd drag reducttion[7]. To thhe best knowlledge
off the authors, studies conduucted on ionic mass transferr due
too admitting annother inert annd immisciblee liquid phasee into
hoomogeneous flow of electrolyte weere found too be
sccarce[8,9]. The
T present stuudy deals witth electrochem
mical
mass
m
transfer between
b
a liqquid and waall under diffuusion
coontrol and also the effects oof pertinent paarameters on mass
m
trransfer coefficcient have beeen evaluatedd. As continnuous
phhase an electrrolyte belonginng to ferri-ferrro redox systeem is
em
mployed. Kerosene
K
is eemployed as dispersed phhase.
Limiting
L
curreent techniquee is used forr obtaining mass
m
trransfer coefficcient. The mass
m
transfer coefficients were
w
coomputed from
m the measurred limiting current
c
data using
u
thhe equation

kL 

iL
nAFCo

…(1)

2. Experimen
ntal:
The aim of the ppresent investtigation is to obtain
mass transfer coefficient at the innerr wall of the outer
mical reactor. The schem
matic of
cylinder of thhe electrochem
the experimeental setup useed in the pressent investigaation is
shown in Fig.1.

Fig.11. Schematic of
o the experim
mental setup
In this
t
unit, puumps are ussed for circuulating
kerosene andd electrolyte. Rotameterss are employed for
measurementt of flow rattes of keroseene, electrolytte and
nitrogen gass.
Valves are used for
f
regulatingg and
controlling thhe flow rates. Nitrogen waas used as ineert gas.

Glass balls were used as inert fluidizing solids.
Arrangement of electrodes has been done with extreme
care so that one end of the electrode is in line with the inner
surface of the test section. The other end is connected to
the external electric circuit that facilitated the measurement
of limiting current. A stainless steel wire mesh, placed at
the bottom of the test section, served as fluid distributor
and also acted as a supporter to the fluidizing solids, further
facilitated uniform distribution of gas, electrolyte and
kerosene.
3. Results and discussion:
In order to know the longitudinal variation of
limiting current in the liquid-liquid flow system, initially
limiting currents were measured at each of the 32
electrodes. Plot of these data for a fixed kerosene velocity
of 0.02811 m/s is shown in Fig.2. The plot revealed that
there is no longitudinal variation in the limiting current
values along the test section. Therefore all the 32
electrodes were combined and shorted and limiting current
data at this combined electrode were obtained for all
subsequent runs.
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Fig.2. Graph showing axial variation of limiting current in
liquid-liquid flow
Similar studies were conducted with gas-liquidliquid flow, liquid-liquid-solid fluidized bed and gas-liquidliquid-solid fluidized bed flow systems. For all these cases,
there is no significant variation of limiting current in the
longitudinal direction. Hence, for all these cases also, all
the 32 electrodes were shorted and limiting current of the
combined electrode is measured.
In the following
discussion, some abbreviations were used that denote the
flow systems. These abbreviations are shown presented
hereunder:

LL:
LLS:
LLG:
LLGS:

Liquid-Liquid flow system
Liquid-Liquid-Solid fluidized bed
Liquid-Liquid-Gas flow system
Liquid-Liquid-Gas-Solid fluidized bed

3.1. Effect of velocity of continuous phase
The variation in mass transfer coefficient data
obtained for the case of constant velocity of dispersed
phase i.e., kerosene, which is maintained at 0.00937 m/s,
was drawn plotted against varying continuous phase
velocity, i.e., electrolyte. Plots of these data were obtained
for four flow systems and shown in in Fig.3. The plot
corresponding to liquid-liquid flow system reveals that the
mass transfer coefficient increased slightly with increase in
continuous phase velocity. The reason can be attributed to
the increased turbulence due to increase in the velocity of
electrolyte. Addition of gas flow to this system makes it
into liquid-liquid-gas (LLG) flow system. By fixing the
gas velocity at a constant value of 0.014 m/s, the resulting
plot obtained between mass transfer coefficient and
continuous phase velocity at the same dispersed phase
velocity is also shown in the same figure. It can be noticed
from this plot that the mass transfer coefficient very
slightly increased with increase in continuous phase
velocity. The reason for this slight increase can be
explained in the following way. Due to the addition of gas
flow to the already existing liquid-liquid flow, the
turbulence got nearly higher, and the increase in continuous
phase velocity could add only very little to the total
turbulence existing in the system. Therefore, only a slight
increase in mass transfer coefficient is noticed. The data
corresponding to liquid-liquid-solid fluidized bed system
are also plotted in the same figure. This plot reveals that
there is no variation in mass transfer coefficient with
continuous phase velocity. The reason can be attributed to
the severe churning action resulted due to particulate
fluidization and variation in continuous phase velocity
could not add any additional turbulence to the total
turbulence of the system. Hence there is no variation in
mass transfer coefficient with electrolyte velocity. In order
to know the behaviour in liquid-liquid-gas-solid system,
gas flow is added to the LLS system and the resulting plot
is also shown in the graph. Here also it can be observed
that the mass transfer coefficient remained constant with
variation in electrolyte velocity. From the comparison of
the mass transfer coefficient data obtained in all these flow
systems, one can observe that all the points in this graph
are bounded between 4.37x10-6 m/s and 5.07x10-6 m/s with
a mean value of 4.72x10-6 m/s. The points got distributed
with the mean value by ±8.0 percent.

3.2. Effect of velocity of dispersed phase
1e-5

A similar graph was drawn for mass transfer
coefficient against dispersed phase velocity and shown in
Figures 4. A close examination of the plots of these figures
also reveal similar trends with entire data distributed
between 4.62x10-6 m/s and 5.28x10-6 m/s with a mean
value of 4.95x10-6 m/s with a mean deviation of ±7.1
percent. One can reason that the variation in dispersed
phase velocity could not contribute significantly to total
turbulence and hence there is no much noticeable variation
of mass transfer coefficient with dispersed phase velocity.
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3.3. Effect of velocity of gas
From Fig.5, it can be noticed that the data for both
the systems LLG and LLGS are nearly same and addition
of fluidizing solids to LLG system has not yielded any
augmentation.
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3.4. Correlations
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Correlations were obtained for the present data on
mass transfer coefficient for all these flow systems
expressed as Stanton number as a function of Reynolds
number and velocity ratios. Using least squares regression
analysis the correlation equations obtained were shown in
the following Table 3.

Table 3. Correlations obtained for the present data
Flow
Systems

Correlations

LL

% deviation





U
St  0.0795 Re C0.79  d
 Uc

LLG

St  0.0348 Re

LLG

0.66
C

Ud 
 U 
 c

St  0.0158 Re

LLGS

1.008
p

U
St  0.0115Re p0.94  d
 Uc

0.092

Ug 
 U 
 c

Ud

 Uc





0.085

0.013





0.18

0.019

Ug

 Uc





0.055

Eq. No.

Avg.

Std.

2.68

3.56

(2)

2.04

2.52

(3)

4.12

4.85

(4)

4.52

5.47

(5)

Mean = 4.798

LL
LLG
LLS
LLGS

Mean = 4.81

Mean = 4.81

Mean = 4.921

4.2

4.4

4.6

4.8

5.0

5.2

5.4

106x kL [m/s]

The calculated and experimental Stanton number values
according to these recommended equations were plotted
and shown in Fig.6.
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Fig.7. Dot diagram for the mass transfer coefficient data
It can be read from the Fig.7 that the mean value
of mass transfer coefficient was around 4.81x10-6 m/s for
the three flow systems viz., liquid-liquid-gas, liquid-liquidsolid and liquid-liquid-gas-solid, whereas for the liquidliquid system the mean value was found to be 4.921x10-6
m/s. In order to know the frequency of occurrence of the
data, a histogram has been drawn and shown in Fig.8. The
histogram also supports these values.
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Fig.6. Comparison of experimental and calculated St
number values
From sections 3.1 and 3.2, it can be understood
that the spread of the mass transfer coefficient data are
limited and stood within ±8.0 percent. Further, it can be
seen from the plots of various graphs from these sections,
that the studied variables viz., the velocities of continuous
phase, dispersed phase and gas had only very small effect
on mass transfer coefficient. Therefore, the data were
analyzed using a dot diagram and shown presented in Fig.7.
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Fig.8. Histogram for entire mass transfer coefficient data
(for all systems: LL, LLG, LLS and LLGS)
In order known to the symmetry of the distribution
of mass transfer coefficient data, a box plot was drawn and
presented in Fig.9. Examination of the box plot also shows
that the data were spread over a small range from the mean
value which can be taken as 4.83x10-6 m/s.
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Fig.9. Box plot for entire mass transfer coefficient data
(for all systems: LL, LLG, LLS and LLGS)
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deviation was within ±8.0 percent.
 The changes in dynamic variables such as
continuous phase velocity, dispersed phase
velocity and gas phase velocity could not affect
the mass transfer coefficient significantly.
 Addition of different phases such as gas,
fluidizing solids or both had not yielded any
noticeable enhancement to the mass transfer
coefficient.
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1. Introduction
With the growing attention on environmental protection,
the advancements in manufacturing technologies and
restrictions on the use of Ni–Cd batteries, lithium-ion
batteries (LIBs) have been introduced in the consumer
electronics market [1].Due to their high energy density,
high power density, environmental compatibility, small
size and lightweight in comparison with other rechargeable
batteries, these batteries are widely used as electrochemical
power sources in modern electronic equipments [2,3].
However, the growing consumption and decrease in the
average life span of such batteries leads to a massive
generation of spent batteries [4]. LIBs are worthy of
recycling as the concentrations of the metals are higher as
compared to their respective primary resources and
generates more revenue due to their higher economic
values. Currently the recycling studies focused on the
processing of electrode material of spent LIBs. Li et al
reported a leaching yield of 95% for metals like Ni, Co and
Mn using 6 M HCl at 60oC for 2 h. However the detail
recovery processes of the dissolved metals are not
discussed [5]. In another study, more than 91% leaching
efficiency of Co and Li with 87% of Mn was reported using
1 M H2SO4 and 0.075 M NaHSO3 at 95oC, pulp density
2%(w/v) in 4 h[6]. However, the commercial scope of the
study may not be feasible as it is operated at low pulp
density. In the present work, HCl was employed to leach

manganese and lithium from the cathode electrode
materials of spent lithium-ion batteries, with H2O2 as the
reducing agent. The chemical composition of cathode
active materials was analyzed, and the effects of operating
variables were investigated to optimize the leaching
process.
2. Material and Methods
2.1 Materials
The powder samples used in this study were from
local market. Hydrochloric acid is taken as the leachate and
H2O2 is used as the reductant. All solutions were prepared
by deionised water. Reagents used in this study were all
analytically reagent.
2.2 Methods
The collected battery sample was put into a
beaker, and hydrochloric acid and hydrogen peroxide were
added into it in sequence. It is then put to magnetic stirrer
for 1 hour maintaining speed at 450 rpm. After reaction,
liquid production and powder residue were separated
through filtration for further analysis. The effects of
concentration of hydrochloric acid, HCl–H2O2 volume
ratio, solid–liquid ratio, time and temperature were
investigated. The digestion solution was quantitatively
analyzed by Inductively Coupled Plasma–Atomic Emission
Spectrometry to calculate the contents of metals. After

leaching reaction, the amounts of Mn, Co and Li in the
leach liquor were also analyzed by ICP–AES.
3. Results and Discussion

The effect of HCl concentration was investigated with
the concentration varied from 0.5 mol/L to 3 mol/L at a
leaching temperature of 60 o C, S/L ratio of 10 g/L, and a
leaching time of 60 min. As can be seen from Fig. 1,the
leaching efficiency of metals like Mn and Li followed an
increasing trend with increasing the HCl concentration up
to 2.5 M. A marginal increase in the leaching efficiency
was observed beyond 2.5 mol/L. In the case of Mn and Li,
the leaching efficiencies were increased from 38.89%,
45.45% to 96.1% and 91.4%, respectively with increasing
HCl concentration from 0.5mol/L to 3 mol/L.
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Figure 2: Effect of temperature on leaching of cathodic
active material of spent LIBs, Conditions: [HCl] 3mol/L
and time 1 h.

Leaching Efficiency, %

4. Conclusion
120
100
80
60
Mn

40

Li

20
0
0

1

2

3

4

HCl, M

Figure 1:Effect of concentration of HCl on leaching of
cathodic active material of spent LIBs, Conditions: Temp
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3.2 Effect of temperature
The effect of reaction temperature was studied with a
range of temperature from 30oC to 100oC. During the
leaching process, concentration of HCl was maintained at 3
M, S/L at 10g/L, time at 1 hour, HCl–H2O2 ratio at
10:1.The leaching curves of Mn and Li at different
temperatures are shown in Fig. 2. The leaching efficiency
of Li increased from 50.6% to 91% with temperature
from30oC to 70oC, then the curve maintain stable with the
increasing temperature. The leaching efficiency of Mn
increased from 60.3% to 96.4% with temperature from
30oC to 70oC, and remained unchanged beyond 60oC.
Hence, further experiments were carried out at a
temperature of 60oC.

Leaching of manganese and lithium from cathode
material of spent LIB was studied in hydrochloric acid
medium. In the experimental condition of leaching
temperature of 60oC, 3 M HCl, S/L ratio of 1:5 and reaction
time of 90 min, the leaching efficiency of manganese
reached its maximum of 96.4%.With the increase of
concentration of HCl and temperature, the leaching
efficiency increased. And the increase of leaching time and
the decrease of S/L would improve the leaching rate of
lithium and finally maintained at a high leaching efficiency.
In the experimental condition of leaching temperature of
60oC, 3 M HCl, S/L ratio of 1:5 and reaction time of 90
min, the leaching efficiency reached its maximum of
99.4%. Thus, the hydrochloric acid leaching process can
successfully separate the valuable elements and leach out
manganese and lithium from the spent lithium ion battery.
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1. Introduction
Liquid-liquid solvent extraction is one of the most
essential unit processes in many chemical/biochemical
engineering applications including hydrometallurgy. In
hydrometallurgy, it is essential for the separation of metal
ions from aqueous solutions. The most conventional
equipment for practicing the same is a mixer-settler. Here
we present this unit process in a novel triple-helical reactor
for extraction of Cu+2 ions and pressure drop is calculated
from empirical equations available in the literature.
Multi-helical flow reactors are novel in their geometrical
3D design in which several helical tubes are conjoined over
a single axis. Apart from the triple-helical design, the
geometry consists of inlets and outlets corresponding to the
triple-helical flow paths, which merge along their contour
length forming a single multi-helix. The relative orientation
of the circular lobes at the cross-section of the reactor does
not remain constant along its axis but rotates about it with a
defined pitch. Thus, the reactor is characterized by
geometric parameters like helix radius and helix angle or
pitch. Importantly, the inlets to the channel do not lie on a
single plane but enter tangentially to the straight portion of
the reactor, the inlet angle being equal to that of the helix
angle.
For a flow of immiscible liquid phases inside this reactor
and in the regime of parallel flow, two phases flow in
helical flow paths with continuous interfacial contact and
without any phase-break up. Due to the curvature effect,
the fluid streams in the outer side of the pipe move faster
than the fluid streams in the inner side, and the centrifugal
force is generated, while the pitch or helix angle influences
the torsion to which the fluid is subjected. The centrifugal

force results in the development of secondary flow. This
secondary flow in both phases results in the continuous
renewal of the interface along their flow lengths. Thus, a
consistent concentration gradient establishes continuously
for mass transfer to enhance either extraction or stripping
throughout the length of the reactor.
2. Material and Methods
2.1 Materials:
Copper (II) chloride, dehydrate, Hi-ARTM/ACS is
purchased from Himedia. Solvent LIX-84 is taken from the
available stock at the Department of Hydro and
Electrometallurgy, CSIR-IMMT.
2.2 Method
Flow experiments are conducted in the triple-helical
reactor with feed (Aqueous solution of 0.5gpl Cu(II) salt,
F) and solvent (100%LIX-84, S) entering separately as
depicted in below schematic with sample flow system in
table 1. The remaining third inlet is kept blocked. After
extraction, the immiscible phases Raffinate (R) and Extract
(E) separate through their respective outlets.
A model calculation for non-dimensional numbers
involved in mass transfer at sample flow rates of qF=50
ml/min and qS=50 ml/min for feed and solvent is given
below.

pH, rate constant, rate of reaction. In addition, the
correlation needs to be verified for different reactors by
varying parameters like helix angle, helical length, etc.

Figure 2: Pressure drop against feed flow rates at two
different constant solvent flow rates from two empirical
correlations available for frictional factors.
4. Conclusion:
More experimental data is required for a better
understanding of the system and to determine the ratecontrolling step and thus to enhance extraction.

Table 1: Calculation for Non-dimensional numbers
involved in mass transfer.
A similar method is adopted for calculation of pressure
drop from the correlations available for friction factors in
the literature.
3. Results and Discussion

Figure 1: Correlation obtained for extraction efficiency
inside a triple helical reactor.
However, the correlation is yet to be incorporated with
reaction kinetics which depends upon the parameters like
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Abstract
The research work outines the details study of the extraction of alumina from Kaolin following different routes such as acid
treatment of orginal Kaolin without any thermal treatment and thermally treated Kaolin. The metal liberation of thermally
treated Kaolin was significantly better than the original one. The leach liquor contains 16g/L Al and 0.93g/L Fe. aluminium and
alumina The pH of the leach liquor was adjusted to pH 12.0 directly where the precipitated aluminium is re-dissolved as sodium
aluminate leaving precipitated iron oxide as solid part which was filtered and separated. The sodium aluminate bearing liquor
was treated with H2SO4 and pH was adjusted back upto pH 7.0 where aluminium hydroxide was re-precipitated which is finally
calcined at 800°C to get alumina.
Keywords: Kaolin, Meta kaolin, Leaching, Alumina

1. Introduction:
Global alumina demand is fulfilled by only one resource
i.e. Bauxite. However, some nonmetallurgical alumina
demand is somehow fulfilled by other small and local
resources like waste aluminium dross and flyash. Bauxite is
major resource of alumina in places where it is found in
sufficient amount to be exploited. But the places like Soudi
Arabia Kaolin is the main source of alumina as Bauxite is
found in lower economic value [1]. In this context alumina
production from Kaolin can also be an alternative process
for alumina production to meet the need of
nonmetallurgical activated alumina for different application
like, fillers, adsorption, catalysis and so on. Kaolin has
chemical composition of Al2Si2O5(OH)4which is having
lamellar crystal structure of aluminum silicate
layersbonded with hydrogen bond.
The alumina content of a typical Kaolin is 15-25% varying
from place to place. Kaolin are highly silicious having
around 50% silica. That is the reason it follows a different
route of roasting and chloride leaching to extract alumina.
Leaching with acids like HCl [2] and H2SO4 [3-4] are
conducted with Kaolin or metakaolin to extract alumina.
Some researches have used Microwave [5] and Ultrasound
[6] exposure to Kaolin followed by leaching. A
combination pyro and hydrometallurgical operation is

mostly preferred for alumina extraction from Kaolin [7].
Apart from acid Kaolin is also leached with all acids to
extract alumina [8]. In some cases it is treated with
Thiourea to reduce the iron content from raw kaolin [9].
The process liquor is used to synthesize alumina based
value added products like alumina powder [6], nano sized
α-alumina [10], porous alumina[11].
Value added products of nonmetallurgical applications like
aluminium sulfate salt, nano alumina, activated alumina are
produced from kaolin acid leachate. In this study attempts
have been made to extract alumina from kaolin by roastleach-precipitation method to extract alumina from
metakaolin and then producing alumina from the solution
after due removal of iron and calcination of the precursor.

2. Material and Methods:
2.1 Materials.
The Kaolin used in this study is synthetic Kaolin procured
from a local vendor of Odisha. The Composition of the
Kaolin is 19.77% Al, 0.728% Fe and 48.998 % SiO2. The
XRD patterns (Figure 1) of the Kaolin mostly matches with
the mineral Kaolinite 1A and Quartz. Rest of the silica
parts are amorphous silica as only quartz would be detected
in XRD.

density and 90°C
9
for 3h and found that the extracttion of
aluminium was
w very poor.

Figure 1: X
XRD of Kaolinn.
2..2 Methods.
The
T method folllowed are roaasting and leaching followeed by
puurification annd precipitatiion as discu
ussed in separate
seections.
2..2.1 Roasting and Leachingg.
Kaolin
K
was roasted at 850°°C for 2h in a muffle furnnace.
The
T sample was
w placed inn a alumina crucible
c
and kept
innside the chaamber and teemperature was
w maintaineed at
8550°C in five stage
s
program
m. The roasted Kaolin whichh has
beecome metakaaolin was leacched in HCl too liberate alum
mina.
The
T leaching was
w carried ouut with a 250m
mL water jackketed
fllask where water of particular temperaturee is
ciirculatethrougght where the acid of fixed concentrationn was
alllowed to gett heated and mixing was carried out by
b a
exxternally placed magnetic stirrer
s
just beloow the flak. After
A
sttipulated time period the
2..2.2 Purificattion and Preciipitation.

Leaching reeagent
and condittions
3M H2SO4, 10%
PD, at tempeerature
900C, 3h
3
6M HCl, 10%
% PD,
at temperaature
90°C, 3h
3
1M H2SO4, 10%
PD,at tempeerature
1200C, 2h
2

Al (%)

Fe (%
%)

4.27

50ppm
m

2.66

20ppm
m

2.76

200ppm
m

Tablee 1:Treatmentt of Kaolin diffferent acids
It was even subjected
s
to hhydrothermal treatment at 120°C
for 2h with 1MH2SO4 buut no significaant improvem
ment in
the leachingg efficiency. The reasonn behind thee acid
resistance off kaolin is thaat it has a strong natural laayered
O4 linked with
h octahedral AlO
A 6.
structure of teetrahedral SiO
3.2 Thermal Treatment off Kaolin
s
Kaolin was roasted at 850°C forr 2h to
In this study,
destabilize thhe structural sstrength of Kaolin so that it will
react with acid and libberate alumin
nium. The pphases
obtained afterr rigorous heaat treatment arre Silica, Alm
mandite
and Zeolite as obtained fron XRD pattern
p
presennted in
Figure-2. Thhe alumina conntent of the heeat treated Kaaolin is
increased as compared
c
to ooriginal Kaolin
n.
Al2Si2O5(OH
H)4→Al2Si2O7+
+2H2O (1)

The
T acid leachh liquor was aallowed to increase the pH upto
7.0 where all thhe iron and alluminium ionns got precipitated.
p upto 12.0 dissolved the
Further increaase in the pH
a
hyydroxide leavving behind the
prrecipitated aluminium
prrecipitates off iron. Thus Fe and Al are
a separated and
fiiltered. The filtrate was allowed to reprecipitate
r
with
suulfuric acid to get alum
minium hydroxxide which after
caalcination produces activateed alumina.
3.. Results and
d Discussion:
3..1 Treatment of Kaolin in different
d
acidds.
The Kaolin (Al2Si2O5(OH)4)used for study was
ment.
suubjected to treeatment with acid without any pretreatm
Itt was treated with
w 3M H2SO4and 6M HC
Cl with 10% pulp

Figure 2: XR
RD of roasted kaolin
The overall composition
c
of the Kaolin before
b
and afteer heat
treatment is reported
r
here in Table-2. After
A
heat treaatment
it may responnd to acid attaack as zeolite is a porous m
material
so it will allow acids to perrcolate and lib
berate the minnerals.

Sample

Al2O3, %

Fe2O3, %

SiO2, %

Kaolin

37.351

1.405

48.998

42.387

1.324

53.207

Heat treated
Kaolin

solution weree Al and Fe. T
The leaching results
r
are preesented
in Table-3.

Table 2:XR
RF data of kaoolin before and after thermaal
treaatment

hermally treatted
Figure 4:Variation of HCl to treat th
K
Kaolin.
Condnn: 10%PD, 90
0°C, 2h

Figure-3: SEM images of A. Kaolin an
ndB. Thermally
treateed Kaolin
The
T SEM imag
ges of kaolin and thermally
y treated Kaollin is
prresented in Figure-3, A&B. Flaky morphology was
ob
bserved in oriiginal Kaolin (Fig.3.A) sam
mple as it is kn
nown
th
hat kaolin is laayered structuures. In case off thermally treeated
Kaolin
K
(Fig. 3.B) the morph
hology is thou
ugh flaky but there
t
ob
bserved som
me kind chaange in surfface structure is
ob
bserved. As it
i is already known
k
from XRD
X
patterns that
th
he Kaolinite phase is converrted to Zeolitee and Almand
dite.
3..3 Leaching of
o Thermally Treated Kaoliin
The therm
mally treated Kaolin
K
was treaated with HCll and
H2SO4 at 90°C
C for 2h. The metals were liberated into
o the
so
olution.
3..3.1. HCL leaaching
Thermally
T
treaated Kaolin was treated with HCl in
n the
afforementioned
d condition. The
T composittion of the liiquor
reeveals presencce of mainly Al
A and Fe. Th
he amount off acid
was
w varied to optimise the condition an
nd is presenteed in
Figure 4.
3..3.2. H2SO4 leeaching
The
T heat treateed Kaolin waas treated witth sulfuric aciid in
90
0°C and 2h. Here
H
also the major elemen
nts that came into

Acid
on
Variatio
1M
2M
3M

Al,%

Fe, %

33.99
63.53
85.43

10.90
81.04
98.90

Table 3:Leaaching result of
o thermally treated Kaolin
n with
H2SO4. Condn: 10% PD, 90°C and 2h
3.4 Precipitation and recoovery of Alumina
The leach liquor was treated with
w 10M NaaOH to
increase the pH
p of the solu
ution upto pH
H 7.0 where both Al
and Fe were precipitated aas their corresp
ponding hydrroxides
on (2) and (3).
as per equatio
Al (OH)x↓+ Naa+…(2)
Al3++ + NaOH→ A
3+
+
Fe (OH)x↓+ Naa+…(3)
Fe + NaOH→ F
OH)4] (aq)…(4
Al (O
OH)x(s) + NaO
OH→ Na[Al(O
4)
Sod. alum
minate
umina the pH of the
In orrder to separaate Fe from alu
solution was further raisedd upto 12.0 wh
here the precip
pitated
ydroxide was re-dissolved as the solublee form
aluminium hy
of sodium alluminate (Equuation-4) thu
us leaving Fe in its
hydroxide fo
orm as solid. This was th
hen filtered an
nd the
solid portion was washed and collected
d as Fe residu
ue. The
Al bearing allkaline liquor was then treaated with 1:1 H2SO4
again where Al was re-prrecipitated as hydroxide ass Al is
pitated alum
minium
amphoteric in nature. This precip
w
filtered, washed and collected. It
I was
hydroxide was
calcined at 80
00°C to get aluumina.
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extraction of alumina from Kaolin. Engineering and
Technology Journal.37, 133-139.
[3] Numluk, P., Chaisena, A., 2012. Sulfuric Acid and
Ammonium Sulfate Leaching of Alumina from Lampang
Clay. E-J Chem. 9, 1364-1372.
[4] Colina, F.G., Esplugas, S., Costa, J., 2002.High-

Temperature Reaction of Kaolin with Sulfuric Acid.
Ind. Eng. Chem. Res, 41, 17, 4168–4173.
[5] Park, S.S., Hwang, E.H., Chan, B.C., Park, H.C.,2000.

Figure 5:XRD of calcined Al(OH)3 at 800°C
The XRD of the 800°C calcined alumina is
presented in Figure-5. It is observed that there is presence
of alumina as well as aluminium hydroxide. Calcination at
higher temperature will convert the Al(OH)3 phases
completely to activated alumina phase.
4. Conclusion:
The feasibility of extraction of alumina from
kaolin is studied here. Kaolin in its original form is
resistant to acid attack. After thermal treatment at 800°C
for 2h metal liberation was observed through acid leaching
with both HCl and H2SO4. The pH acid leach liquor was
increased upto 7.0 where aluminium and iron are
precipitated as hydroxides. To separate them the pH was
again raised upto 12.0 where aluminium hydroxide is redissolved as sodium aluminate and iron was left in its solid
form of ferric hydroxide. The aluminium bearing liquor
was treated with H2SO4to re-precipitate aluminium
hydroxide which after calcination at 800°C produces
activated alumina.
Acknowledgements: The authors would like to thank the
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1. Introduction
2. Material and Methods
An estimated 440 metric tons of vanadium were produced
by India in 2020 against an annual consumption of around
550 to 880 metric tonnes (calculated based on 50-80%
grade ferrovanadium consumption) [1]. Vanadium is
produced in India using salt roasting and water leaching of
aluminum refinery slags. While Reliance India Limited has
patented a salt roasting and water leaching process for
vanadium extraction from gasifier slag, which consumes a
mixed feedstock of petcoke and coal, India has no active
vanadium production from petcoke. It is the largest
importer of US Petcoke, which is rich in vanadium. US pet
cokes appear to have a higher concentration of iron, like
steel slags, compared to pet cokes from other countries.
Typically, vanadium is extracted from the steel slags by
salt roasting and water or salt leaching. A major issue with
salt roasting is the production of Cl2, SO2, or HCl, all of
which are highly corrosive and can reduce the life of the
leaching equipment and further investment in the cleaning
of the flue gases. Li et al. found that the vanadium in steel
slags is present in the form of coulsonite (FeV2O4), an iron
spinel [2]. This iron-vanadate can be directly oxidized by
roasting to form Fe2O3.V2O5 complex, as follows.
2FeV2O4 + 2.5O2(g) → Fe2O3.2V2O5 (ΔG700°C = -450.716
kJ)
This vanadium may be extracted directly using a sodium
salt solution. If applied to pet cokes, this would reduce the
potential wear and tear of the roasting equipment and
provide a cleaner stream of sodium vanadate, which may
be purified to high-grade V2O5.

2.1 Materials
The petcoke ash required for this study was obtained from
a gasifier using US petcoke. Analytical grade Na2CO3 was
used for leaching studies. Distilled water was used in the
leaching media.
2.2 Methods
2.2.1 Decarburizing of the petcoke ash
The petcoke ash was decarburized at 600°C for 12 hrs in a
muffle furnace to oxidize all the fixed carbon. This ash was
heat-treated at 750, 850, 900 °C for 1 hr before leaching.
2.2.2 Characterization of the petcoke ash
The petcoke ashed at 600°C was analyzed in an X-Ray
Fluorescence (XRF) instrument for its elemental
composition. The mineral matter was characterized by Xray Diffraction (XRD_ analyzer using a Co-excitation
source for 1 hr.
2.2.3 Leaching of petcoke ash.
The petcoke ash was leached with a 2M solution of
Na2CO3 at 95°C for up to 1 hr in a glass beaker placed in a
water bath kept over a hot plate. The solution was stirred
using a Teflon-coated magnetic stirrer. The solid to liquid
ratio was maintained at 1:25 to reduce the splashing of the
solution by the stirrer while also making it easier to stir the
solution.

below what could be leached with salt roasting and water
leaching, ~85-90% V extraction with pet cokes.

3. Results and Discussion
3.1 Characterization of the petcoke ash
Ashing tests showed that the petcoke has 86% fixed
carbon. The decarburized ash was rich in Fe and Ni while
also having significant amounts of V and Ca. The Ca was
added to the petcoke ash in the gasifier to improve the
flowability of the slag. Table 1 shows the composition of
the slag. A very low amount of Al and Si is present in the
slag.
Table 1: Composition of the slag used in the study
Element Fe Ni V Ca S Si Zn Al
wt. %
28 24 10 10 7 6
4
3

This behavior may be attributed to a couple of factors. It
is possible that the petcoke ash is not fully oxidized as
expected since the ashing was performed without stirring
the ash. It is also possible that the oxidation of coulsonite is
slow and would require more time to be fully oxidized.
Another potential reason for lower extraction of vanadium
is that the vanadium may be potentially trapped within the
trevorite structure since it appears to be substituting some
of the iron/nickel sites within the iron spinel.

Rest
8

The iron and nickel in the petcoke ash are primarily in a
spinel structure as Trevorite (NiFe2O4), while vanadium is
associated mainly with iron as a spinel, coulsonite
(FeV2O4). Ca is associated with the S in the form of
Anhydrite (CaSO4), as analyzed by XRD and shown in
Figure 1. This implies that the vanadium is in a reduced
form. Since the mineral matter was associated with a
significant amount of carbon, it did not oxidize fully and
could be oxidized further.

Figure 2: Vanadium leached from petcoke at various temp.
4. Conclusion
The leachability of vanadium from petcoke ash using
no-ash roasting salt solution leaching was studied. Results
show that the leachability is less than what could be
achieved using salt roasting and water leaching. This may
be attributed to incomplete oxidation of the ash or mass
diffusion interference due to trevorite. Further work is
underway to investigate these issues.
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KEYNOTE
SUSTAINABILITY OF PLASTICS ‐ THE NEW AGE MATERIAL AT CROSSROADS
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Plastics were invented as a miracle material in the 1920s. Due to their immense utility and
advantages over traditional materials, plastics entered our lives with unprecedented speed and
scale. This suddenness has not given an opportunity for mankind to equilibrate with them by
learning to use and dispose them responsibly. The ongoing pandemic has only highlighted the
centrality of plastics. Thus, on the one hand we see plastics serving us in all spheres and saving
lives while on the other hand we see pictures of insurmountable litter and plastics being eaten
by animals. This crossroad is further compounded by newer slogans on environmental and health
concerns.

Mercifully, the world has woken up. International bodies, national and local governments,
industry and scientific communities have launched various initiatives to address these issues. The
inherent features of Polymers serve as a great tool in the hands of Chemists and Chemical
Engineers to manage and maneuver the properties and performance of plastics, including their
End‐of‐Life fate.

In this address, Dr. Habbu will present an overview on polymers/plastics, their applications in
various fields – commodity, specialty and industrial, the growth of the industry, the emerging
challenges such as microplastics and bioplastics. He will present some of the remedies that are
being worked out globally and ideas for the chemical fraternity to make this wonder material
more Sustainable.
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1. Introduction

2.2 Methods

In the In low temperature condition, wax deposition from
crude oil caused blockage in pipeline due to increase the
viscosity of the fluid which is considered as a serious
challenge for petroleum Industry. Among different wax
deposition mitigation techniques like physical and chemical
method and also thermal and electrical methods can be
applied for flow assurance problem. Among them chemical
additives more specifically pour point depressants (PPDs)
are widely applicable to solve this problem due to low
production and operating cost.

2.2.1 Characterization of Crude Oil

2. Material and Methods

All the characterization of crude oil was performed under
American standard Testing Method (ASTM). SARA
analysis was done with the help of a procedure mentioned
in Fan et. al. 2002 article.
2.2.2 Epoxidation of Soybean Oil
The synthesis was carried out with the help of mixing with
soybean oil and formic acid. The mixer was treated with
hydrogen peroxide to get epoxidized soybean oil. After
completion of the reaction, it was neutralized with sodium
bicarbonate followed by sodium chloride to remove
moisture from it.

2.1 Materials
The Crude Oil used for the study was procured
from Oil India Natural Gas Company (ONGC, India). The
required chemical used for crude oil characterization was
purchased from the following companies: n-heptane, npentane, n-haxane, toluene were purchased from Ramkin
chemical, acetonitrile, chloroform, Methanol (LR grade)
were procured from Merck life science pvt ltd. For
epoxidation process formic acid, Sodium Choloride,
Sodium Bicarbonate, Hydrogen peroxide and soybean oil
was procured from Loba scientific.

2.2.3 Measurement of pour Point of crude oil with the
help of epoxidized soybean oil.
The pour point was measured using cloud and pour point
apparatus made by Citadel Engineers by ASTM-5853
method. In this method, Crude oil was heated upto 60°C
then reduced temperatures with 3°C interval. When the
flow of crude oil in glass tube stopped was called pour
point.
2.2.4 Measurement of Rheological studies of crude oil
with the help of epoxidized soybean oil

Measured rheological properties of crude oil with the help
of rheometer manufactured by Anton paar instrument. The
Crude oil rheological property was measured from 0-500
cm-1 shear rate and 30-50°C temperature range.

Table2 Pour point measurement
Sample

Temperature (°C)

Crude Oil

41

Crude Oil + 400ppm

38

3.1 Characterization of Crude Oil

Crude Oil + 800ppm

35

Characterization of Crude oil was performed by ASTM
method to study the physical and chemical characterization
of crude oil which was reported in Table1.The SARA
distribution of crude oil was measured and it was found
that crude oil is mostly saturates content. The API of crude
oil was 22.3 which is heavy in nature.
Table1 Crude Oil Characterization

Crude Oil +1200ppm

32

3. Results and Discussion

Parameter

Unit

Specific Gravity

Method

Value

ASTM 1480

0.919

API Gravity

°API

22.32

Wax content

% (W/W)

UOP 46-64

11.37

Water Content

% (V/V)

ASTM 95

6%

Pour Point

°C

ASTM 5853

41

Saturates

% (W/W)

SARA

36

Asphaltene

% (W/W)

SARA

12

Aromatics

% (W/W)

SARA

22

Resin

% (W/W)

SARA

29

It can be seen from Table 2 that the pour point of treated
crude oil was lesser than untreated crude oil.
3.3 Measurement of Rheological studies of crude oil with
the help of epoxidized soybean oil
Rheological properties of crude oil were studied after
addition of doped and undoped with Epoxidized soybean
oil depicted in Figure1. At low shear rate the variation of
viscosity was very large due to non-Newtonian fluid
behaviour of crude oil But increase in shear rate the
difference of viscosity come closer which shows
Newtonian flow conversion and as a result the flow
properties was increased .With the increasing dosage level
upto 1200ppm, the viscosity reduction of undoped crude oil
was decreased 65%.

3.2 Measurement of pour Point of crude oil with the help
of epoxidized soybean oil.
The Table 2 is reported the pour point of crude oil
with and without epoxidized vegetable oil. The Crude oil
after addition of 1200ppm of epoxidized soybean oil the
pour point was reduced by 9°C. The pour point was
reduced due to the breakage of long chain hydrocarbon
interaction with Epoxidized soybean oil and reduction
occurs by co-crystallization of wax particles so that
viscosity of the crude oil was reduced.

Figure1: Viscosity of Crude Oil with doped Epoxidized
Soybean Oil

4. Conclusion
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1. Introduction

2. Mathematical Modelling

Improvement of ultimate recovery of crude oil from a
petroleum reservoir is critical to meet the growing energy
demand of the World. Many secondary methods have been
developed to improve recovery, and water flooding is one of
the most widely used and economically reliable secondary
recovery methods. The success of water flooding depends on
how efficiently it can sweep the crude oil remaining in the
reservoir [1]. The presence of reservoir heterogeneity may
lead to an early breakthrough of water and hence poor oil
recovery. So, it is necessary to compute the best recovery
scheme. Over the past few decades, extensive research has
been done on water flooding to improve production
efficiency. Available literature gives us an idea of how one
can enhance production by selecting well patterns, well
configuration [2], controlling injection well and rates [3],
changing the location of wells [4], smart water flooding.
However, to our knowledge, there is no study to see how the
production rate variation affects the recovery efficiency
keeping injection rates constant. This study reports
optimization of the production rates for the maximum
recovery factor considering low water cut and high net
present value (NPV). In the oil field, the demand and supply
of crude oil are dynamic due to pricing and production cut.
Production optimization may help in production cut or
increase in production without affecting the overall recovery
of the process. We have used MATLAB Reservoir
Simulation Toolbox (MRST) to solve the set of governing
equations in a heterogenous petroleum reservoir.

2.1 Flow Equation
To simulate the multiphase flow in a heterogenous reservoir,
the fundamental principle of mass balance equation and
Darcy’s law for multiphase flow have been solved for
pressure and saturation [5]. For multiphase flow in porous
media, the macro scale mas balance equation for any phase
'i' is given by
𝜕
𝜕𝑡

(𝜙𝜌𝑖 𝑆𝑖 ) + 𝛻. (𝜌𝑖 ⃗⃗𝑉𝑖 ) = 𝑞𝑖

(1)

𝜙 = Porosity, ρ= density, S= saturation, ⃗⃗𝑉𝑖 = fluid velocity
vector, and q = mass flow rate.
Darcy’s law for multiphase flow can be written as
→

𝑉𝑖 = −

𝑲𝑘𝑟𝑖
𝜇𝑖

(𝛻𝑝𝑖 − 𝜌𝑖 𝑔𝛻𝑧)

( 2)

Where 𝑲= permeability tensor, kri = relative permeability.
Incorporating Darcy's law into equation (1) and for twophase water-oil system, we get the following equations for
the saturation of oil and water.
𝜕
𝜕𝑡
𝜕
𝜕𝑡

(𝜙𝑆𝑜 ) − 𝛻. (

𝑲𝑘𝑟𝑜

(𝜙𝑆𝑤 ) − 𝛻. (

𝜇𝑜
𝑲𝑘𝑟𝑤
𝜇𝑤

[𝛻𝑝𝑜 − 𝜌𝑜 𝑔𝛥𝑧] ) = 𝑄𝑜
[𝛻𝑝𝑤 − 𝜌𝑤 𝑔𝛥𝑧] ) = 𝑄𝑤

(3)
(4)

Considering the void space is filled with oil and water, and
from the definition of capillary pressure, we can write
𝑆𝑜 + 𝑆𝑤 = 1

(5)

𝑝𝑐 = 𝑝𝑜 − 𝑝𝑤

(6)

2.2 Model information and Well configurations
We have considered a model dimension of 1200 ft × 2200 ft
for 2D analysis and 1200 ft × 2200 ft × 170 ft for 3D
analysis. We have considered the 10th SPE Comparative
project dataset for porosity and permeability. The reservoir
model is anisotropic media with equal horizontal

Figure 1: Reservoir Model (all dimensions are in meter)
permeability. So, the permeability tensor for this model is
diagonal tensor. The well configuration used in this study is
an inverted five-spot pattern, i.e., one injector (I) at the
center and four producers (P) at each corner. All the wells
are vertical. The radius of each well is 0.125 meters.
3. Results and Discussion
The governing equations were solved in MRST. Figure 2
shows the oil saturation profile for the 2D heterogeneous
reservoir model. The solution was obtained for different
combinations of production flow rates for 2D and 3D model.

Figure 2: Oil saturation profile for 2D heterogeneous model
For each combination, we have calculated water cut of
producers and net present value (NPV). We have simulated
the 2D heterogeneous reservoir at various combination of
production flow rates keeping the injection flow rate

constant at 4000 STB/day. The recovery factor (RF) and the
NPV for each combination are listed in Table 1. We found
that there are slight variations in RF with changing the flow
rate of production well, and these variations can affect the
economy of the reservoir.
Table 1: Recovery Factor at a various combination of
production well flow rate for T=40 Days
Production Rate (STB/Day)
P1
P2
P3
P4
1000 1000 1000 1000
500
1500 500
1500
1500 500
1500 500
500
500
1500 1500
1500 1500 500
500
500
1500 1500 500

RF
(%)
52.05
53.39
52.21
51.30
45.49
52.42

NPV
(Million $)
111.92
122.74
116.35
97.02
98.95
118.69

4. Summary and Conclusion
This study shows that significant changes in the recovery
factor can be achieved by changing production rate
combinations. This study can be extended to 3D model for
an optimized scheme of production rates. The production
rate can be optimized for maximum recovery, increase in
NPV, and reduction in water cut of producers.
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Abstract
The interfacial tension (IFT) between liquid-liquid systems is one of the deciding factor in improving microscopic displacement
efficiency. Though low salinity water flooding is an eco-friendly and cost effective methodology, it fails to lower the IFT between
liquid-liquid system. Alkali is one of the prominent components in chemical based enhanced oil recovery (EOR) decreases the IFT and
alters the wettability of the formation rock. In this work, the synergistic effect of salt and alkali on the interfacial tension of
hydrocarbon-water system is investigated. It is observed that the addition of alkali to the salt significantly reduces the IFT.
Keywords: Interfacial tension, Alkali, total acid number
1. Introduction
Crude oil has become the world’s most important
energy source, and the oil production typically involves three
different stages: primary, secondary, and tertiary or enhanced
oil recovery (EOR). Primary recovery is the initial stage of oil
production in which the natural pressure of the reservoir and
the artificial lift method drives the oil to the surface. Once the
pressure in the reservoir is depleted, water or gas is injected
to maintain the pressure and increase production. The sweep
efficiency of an EOR technique depends on the microscopic
and macroscopic displacement of a process). Though Low
salinity (LoSal) is a trending EOR methodology, it ceases to
lower the IFT of a liquid-liquid system to low or ultra-low
value. Thus it is evident to an additive to make the process
successful. The chemical method is a well-known EOR
process that enhances both the microscopic and macroscopic
displacement efficiency (Gbadamosi et al., 2019 and Sun et
al., 2017). In this work, Sodium chloride (NaCl), one of the
significant components of the LoSal water, is combined with
various alkalis, and the effect of IFT on model oil is studied
2. Materials and methods

The chemicals used in this study are n-decane, toluene,
NaCl, NaOH, Ca(OH)2, and Na2CO3. As crude oil is a complex
mixture of hydrocarbons, model oils are prepared.
2.2 Preparation of model oil
The model oils are prepared by mixing n-decane and
toluene in the volume ratio of 8:2 and keeping it as base oil. A
known quantity of stearic acid is mixed with the partial amount of
base oil and named as model oil A which is high in TAN.
2.3 Measurement
The interfacial tension of the model oil-water system
is measured using a dynamic contact angle tensiometer (Data
physics DCAT 11EC, Germany), which works on Wilhelmy
plate. An inbuilt program SCAT was used to run the
experiment. The value of IFT is calculated using a predefined equation γ=F/(P cosθ ). To calculate the IFT of a
liquid-liquid system, the heavier density liquid is poured and
the plate is partially submerged as a first step. Now on the top
of the heavier phase, a lighter density liquid is poured.
3. Results and Discussion

2.1 Materials
3.1 Effect of NaCl on the IFT of model oil-water system

Figure 1: Effeect of NaCl on the IFT of model oil-water
syystem

Fiigure 2: Synergistic effect of salt and alkali
a
on the IFT
I
of
m
model
oil-waterr system
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t model oil-water
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p
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Coonclusion

3..2 Effect of allkali on modeel oil-water syystem
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Abstract
Chemical enhanced oil recovery is a widely used EOR
technique to increase the crude oil production. Interfacial
tension (IFT) plays a significant role in oil production.
Lower the IFT higher the recovery. Low salinity surfactant
formulation reduces the IFT between crude oil and water.
The role of silica nanoparticle is investigated in IFT
between pure hydrocarbon - water system. The silica
nanoparticle is dispersed in a low salinity surfactant
formulation. It is observed that the addition of silica
nanoparticles reduces the IFT between n-heptane water
system.
1.

Introduction

Energy consumption increases every day because of
population growth and industries. The depletion of oil and
gas increase the risk and challenges with exploration and
production. During the primary and secondary production
stage, 30% of crude oil is recovered from a reservoir or
original oil in place (OOIP). It is necessary to use
appropriate technology to recover trapped oil in place. The
chemical enhanced oil recovery (CEOR) method are
classified into alkaline, surfactant, polymer, low salinity
and nanoparticle.
Nanotechnology is a widely used technique in many filed.
The typical range of nanoparticles varies from 10-100 nm
and has a huge surface area. Currently, nanotechnology is
used in the EOR field to increase crude oil production by

the following mechanism of capillary pressure reduces by
decreasing the IFT between crude oil-water systems. An
additional advantage of silica nanoparticles is reducing the
surfactant adsorption on a rock surface (Abhishek et al.,
2018; Olayiwola and Dejam, 2019; Sun et al., 2017).
Surfactant flooding is a renowned oil recovery in chemical
enhanced oil recovery (CEOR); surfactant flooding reduces
capillary pressure by reducing IFT between oil-water
systems and. Challenges on surfactant flooding are that a
huge amount of surfactant is required to displace a small
amount of oil, and surfactants are adsorption of rock
surface. To overcome the challenges of surfactant flooding,
surfactants are added in low salinity water. Thus, it helps to
combine both the effect of low salinity and surfactant
flooding. (Hosseinzade Khanamiri et al., 2016; Tichelkamp
et al., 2014; Zargartalebi et al., 2015).
A combination of low salinity surfactant and the nanofluid
solution is a quite valuable method in EOR field. The role
of silica nanoparticles is not investigated in the liquidliquid system (pure hydrocarbon/crude oil and silica
nanofluid solution) in a low salinity surfactant solution
environment.

1.

Materials and methods

2.1 Materials required

The low salinity solution(LSW or brine solution) is
preaperd using NaCl dissolved in deionized water.NaClis
purchased from Avantor performance material India
limited. The Sodiumdodecylbenzenesulfonate (SDBS)
obtained from TCI Tokyo chemical industry Co.Ltd. Silica
nanoparticle purchased from Sisco Research Laboratories
Pvt.Ltd. Pure hydrocarbons n-heptane and toluene are
purchased from Alfa AesarHeysham, UK and Merck,
Mumbai, India. Light crude oil was provided by Chennai
petroleum corporation limited(CPCL), Chennai.

2.2 Methods
The IFT of the liquid-liquid system is measured by
tensiometerusing aWilhelmy plate or Du Noüy ring
methods. In this experiment, Wilhelmy plates are used to
measure the IFT between the liquid-liquid system. The
rectangular shape of Wilhelmy plate has a length and
thickness of 19.9mm and 0.2 mm, and thewilhelmy plate is
made of platinum and iridium. The error value of the
instrument is ±0.01 mN/m and ±0.10 c for the built-in
temperature sensor.

3. Conclusion
This study reveals the role of silica nanoparticles in IFT of
the liquid-liquid system; Silica nanoparticle plays a
significant role in reducing IFT of n-heptane-water system.
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1. Introduction
The influence of heat treatment involves a detrimental
effect on the microstructure, mechanical and ballistic
performance of PPTA fibers due to rapid free radical
formation in its polymeric chain upon exposure to the
thermal condition[1].Due to this, PPTA fibers used in
ballistic armors suffer severe tensile loss[2] during storage
and application. In this study, the influence of heat
treatment on the structure and properties of PPTA fibers at
an individual aging limithas been investigated to
understand the degradation mechanism the body armors
face during service.

treatment.Thermal treatment is performed maintaining the
oven at an individual temperature limit, 80oC for a total of
70 days of the exposure period. In between, samples are
periodically withdrawn from the oven and preserved into
the desiccator before characterization and tensile testing of
the samples.
2.2.2 Physicochemical characterization of aged fibers
Surface morphology of untreated and treated PPTA fibers
is checked using JEOL JSM-7610 F field emission
scanning electron microscope andchanges in functional
groups of as-received and treated fibers are analyzed using
Perkin Elmer Spectrum Fourier Transform Infrared
spectrometer.

2. Material and Methods
2.1 Materials
PPTA fibers of 840 denier (manufactured by DuPont
Inc.,USA) used in this study have the tenacity of 89.57
cN/tex, modulus of 5961.77 MPa, and breaking extension
of 7.53% with no prior treatment according to the
manufacturer. To study the effect of heat treatment on the
microstructure and mechanical properties, yarns are
subjected to a hot air oven maintained at 80oC for 70 days
of exposure.
2.2 Methods
2.2.1 Thermal treatment of PPTA yarns
Yarns of the same length (30 cm) are cut and carefully
clamped into the hot air oven in a parallel straight manner
to avoid the clinging of yarns onto each other during

2.2.3 Wide Angle X-Ray Scattering
Changes in the microstructure of the fibers are analyzed in
terms of percent crystallinity considering both (110) and
(200) diffraction peaks in the scan range of 5-80oC.
2.2.4Tensile testing and ballistic performance evaluation
Mechanical properties are evaluated using Instron
Universal Testing Machine according to ASTM D2254single strand standard and ballistic performance of aged
fibers are determined theoretically from Cunniff Relation.
3. Results and Discussion
3.1 Evaluation of performance and properties
Mechanical performance of the thermally treated PPTA
fibers experiences rapid linear decline experiencinga
47.10% drop in strength on average upon 70 days of

thermal exposure.As a result of thermal degradation of
polymeric chains,the ballistic performance of treated PPTA
fibers also gets negatively affected facing a total 22.81%
drop after total exposure frame. The rapid crystalline region
breakage causingan altogether 16.92% reduction in
crystallinity during the entire heat treatment period might
be surmised as a primary reason behind the deterioration in
mechanical and ballistic performance.

Figure 2:Section-wise ATR-FTIR spectra of as-received
and thermally degraded PPTA fibers.

Figure 1:Equatorial crystallinity (%), Mechanical property,
and ballistic limit (V50) retention of thermally treated PPTA
fibers vs.total thermal exposure period in days.
3.2 Physicochemical changes behind the deterioration in
performance
Duringthe initial phase of 4 days of thermal exposure,
intensities of the peaks attributed toN-Hand C-Hstretching
responsible for intermolecular chain interactionrapidly
decrease,and afterward the progressive weakening of the
above-mentioned peak intensity is observed with increasing
time. During this time, peaks correspond to –C=Ostretching, N-H bending also gets weakened and the peak
attributed to C-N stretching dramatically starts to
diminish.As the time grows, free radical diffuses towards
the internal crystalline core regions through cracks at a
much faster rate and causes the more intensified periodic
rupture of the intermolecular chains.This may be attributed
to the cause behind the linear declining pattern in
crystallinity, mechanical and ballistic performance of the
aged PPTA fibers.

4. Conclusion
Breaking tenacity, modulus, and extension at break of
PPTA fibers after thermal degradation have been
conspicuously decreased as a result of progressive
intermolecular chain scission and breakage of crystalline
regions. Ultimately the negative impact of mechanical
properties of thermally degraded PPTA fibers greatly
affects its ballistic limit and impact resistance against
bullets.
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1. Introduction

2. Material and Methods

Membrane technology has gained an important role in
separation process because of its wide range of
applications. Numerous authors (Peydayesh et al., 2020;
Gholami et al., 2013) have used different methods and
polymers to prepare various types of membranes however,
limited work was encountered in the fabrication of
hydrophobic membrane. In the literature, hydrophobic
membranes such as Poly tetra fluoro ethylene (PTFE) and
Poly-sulphone (PSF) were rapidly used for Membrane
Distillation process due to its excellent chemical and
mechanical resistivity(Eykens et al., 2017; Upadhyaya et
al., 2016a; Marino et al., 2018).

2.1 Materials

However, these membranes are not effective in order to
produce high flux. Therefore, some other alternatives yet
need to be explored in terms of other suitable polymer
which not only provide adequate hydrophobicity but also
high flux in MD applications. In this study, PVDF polymer
were taken to fabricate the flat sheet membrane by phase
inversion technique using Dimethyl acetamide (DMAc) as
solvent. The inherent hydrophobicity of PVDF membrane
material is not higher as compared to membrane made from
PTFE. However, its hydrophobicity can be increased by
increasing the surface roughness of membrane and
increasing the surface porosity. Therefore, in this work,
effect of evaporation time of solvent given to the thin film
of dope solution prepared with the membrane casting were
studied on the membrane morphology, its surface
hydrophobicity (contact angle), tensile strength, and its
porosity.

Commercially available polyvinylidene fluoride PVDF
,FR-904 (MW= 444000, Sita chemicals Pvt., Ltd. India )
was used as membrane material and Di-methyl-acetamide
(DMAc) (99.5% AR grade ,density = 0.940 g/ml, TECH
INC India Pvt) was used to prepare polymeric solution.
Ethanol (AR grade, Merck, Savita Chemical Co., Ltd.
(India)) was used as external coagulation bath along with
the deionized (DI) water that was prepared by double
distillation process in the advanced polymer processing lab.
2.2 Methods
2.2.1 Preparation of dope solution:
Dope solution of PVDF was prepared by mixing 16 wt %
of PVDF in DMAc solvent. This solution was kept on
magnetic starrier at 70˚C for 12 hours, until a homogeneous
solution was formed. This dope solution was further
degassed for 6 hours to remove any bubble formed before
preparing the membrane.
2.2.2 Casting of membrane
Prepared dope solution after degassing was poured on the
non woven fabric attached to glass plate to provide smooth
surface for membrane casting. After casting of membrane,
evapouration time (EVT) was given to the membrane
varring from 5 minutes to 60 minutes to study its effect on
membrane morphology. After the provided time of EVA,
membrane was dipped in coagulation bath for phase
inversion.

The porosity of the membrane was measured by
gravimetric method (Xu et al., 2019) .The surface energy
and contact angle was measured using video-based contact
angle meter by the sessile drop method with a Drop Shape
Analyzer (DSA25) Mk2 of firm Kruss, Germany.
2.2.4 Membrane mechanical and morphology study.
Mechanical properties like Tensile strengths and
elongations at the breaks of the membranes were measured
using Universal Testing Machine (UTM) at room
temperature. The membrane were cut in rectangular strips
of dimension 10 cm × 2 cm, with a marine of 1.5 cm on
both the sides to clamp the sample in the machine. These
samples were clamped at both ends and pulled in tension at
a constant elongation rate of 10 mm/min, gauge length 50
mm, maximum force 250 N. For each condition used, we
report the average value of at least three tests.The
morphologies of the surface and the cross-section of the
membranes were examined using scanning electron
microscopy (SEM, FEI, Quanta200) in order to understand
overall microstructure of membrane for better flux in MD
configurations.

3. Results and Discussion
3.1 Effect of EVT on porosity and contact angle
Effect of solvent evaporation time over the membrane
properties like porosity, hydrophobicity and membrane
morphology was studied. It was observed from the
experimet that on increasing the evaporation time (EVT)
from 5 minutes to 60 minutes, porosity of the membrane
decreased from 57.31% to 53.37 % as shown in the Figure
2. Moreover, it was found that hydrophobicity of the
membrane increasedremarkably on increasing the EVT,
from the Figure 3, it is evident that maximum contact angle
was found to be 143˚ at 60 minutes EVT. This increment in
contact angle might be due to increase in surface roughness
of the membrane and formation of porous skin surface of
the membrane. This is due to the change in mechanism of
membrane formation, on increasing the EVT solid- liquid
phase separation govern the phase inversion process in

place

of

liquid-

liquid

phase

separation

process.

Porosity

Porosity (%)

2.2.3 Measurement of Porosity and contact angle.
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Figure 1:Effect of Evaporation time (EVT) on porosity .
3.2 Morphological changes in membrane with EVT:
In this study, morphological variation in
membrane surface was studied due to increase in EVT
time. The SEM image of top surface of the fabricated
membrane with EVT 5 minutes represented in Figure 3 (a)
under 20000X magnification showing a porous skin surface
of the membrane and Figure 3(b) shows the skin surface of
membrane prepared with EVT 30 minutes. From the both
SEM images we can find that at low EVT membrane have
pores on the top, and a smooth surface was there, but with
increase in EVT the membrane became more rough and
globules of polymer were formed over the surface. This is
due to the change in mechanism of membrane formation,
on increasing the EVT solid- liquid phase separation
govern the phase inversion process in place of liquid- liquid
phase separation process. The polymerized globules at the
surface of PVDF polymericmembrane with EVT 30
minutes can be easily seen in SEM image. This change in
morphology of the membrane increases the surface
roughness of the membrane and due to this
membranehydrophobicity increases.

(a)

before dipping it to the coagulation bath on membrane
morphology and other characteristics of membrane were
studied. It was found that on increasing EVT, surface
roughness of the membrane increases and contact angle
also reaches in superhydrophobic range. It was also studied
with increase EVT Porosity of the membrane decreases
from 57 % to 53 %. Moreover, surface morphology of the
membrane changes drastically with increases in EVT
because the mechanism of phase separation changes from
liquid-liquid demixing to solid-liquid demixing, and
polymerization of the PVDF occurs before phase inversion
causing globular structure at the surface at EVT greater
than 20 minutes. The maximum contact angle was
measured from drop shape analyser and found to be 142˚ at
60 minutes EVT. The desired characteristics of the
fabricated membrane was obtained for various MD
applications.
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(b)
Figure 3: SEM image of PVDF membrane with: (a) 5minutes EVT, (b) 30 minutes EVT

4. Conclusion
PVDF flat sheet hydrophobic membrane were prepared
using phase inversion technique suitable for membrane
distillation application. Effect of evaporation time (EVT) of
solvent, given to the casted thin film of the dope solution

1. Peydayesh, M., Mohammadi, T., and Kordmirza, S.: A
positively charged composite loose nanofiltration
membrane for water purification from heavy metals,
611, 118205,
https://doi.org/10.1016/j.memsci.2020.118205, 2020.
2. Gholami, A., Moghadassi, A. R., Hosseini, S. M.,
Shabani, S., and Gholami, F.: Journal of Industrial and
Engineering Chemistry Preparation and characterization
of
polyvinyl
chloride
based
nanocomposite
nanofiltration-membrane modified by iron oxide
nanoparticles for lead removal from water, 6–11,
https://doi.org/10.1016/j.jiec.2013.07.041, 2013.
3. Eykens, L., Sitter, K. de, Dotremont, C., Pinoy, L., and
Bruggen, B. van der: MEMBRANE SYNTHESIS FOR
MEMBRANE
DISTILLATION :
A
REVIEW,
https://doi.org/10.1016/j.seppur.2017.03.035, 2017.

PET-424

TiO2 nanoparticle-embedded piezoelectric
nanogenerator for ambient energy harvesting
Sheetal Bhatta a, b , Rahul Mitra a, b, Unnikrishnan Manju a, b *
a

Materials Chemistry Department, CSIR-Institute of Minerals and Materials Technology, Bhubaneswar, Odisha – 751013, India
b

Academy of Scientific and Innovative Research (AcSIR), Ghaziabad, Uttar Pradesh – 201002, India
* Corresponding author: manju@immt.res.in

Keywords: PVDF-HFP, TiO2 nanoparticles, nanocomposite film, piezoelectric nanogenerator.

1. Introduction

2. Material and Methods

Poly(vinylidene fluoride) (PVDF) and its
copolymers have piqued a substantial amount of research
interest for its use in modern flexible electronics. The
piezoelectric β-phase of the polymers can be augmented
with the addition of suitable fillers that promote β-phase
nucleation. In this work, we report an improved output
voltage response of poly(vinylidene fluoride-cohexafluoropropylene) (PVDF-HFP) with the incorporation
of Titanium (IV) oxide nanoparticles into the polymer
matrix. The nano-filler was dispersed in the polymer matrix
to form nanocomposite films via solution casting technique.
X-ray Diffraction (XRD) and Scanning Electron
Microscopy (SEM) measurements were performed to verify
the structure and morphology of the films. Fourier
Transform Infrared (FTIR) Spectroscopy revealed the
enhanced formation of β-phase with the addition of titania
nanoparticles and their respective β-phase fractions were
calculated. Thermogravimetric analysis (TGA) and
Differential Scanning Calorimetry (DSC) results show
improved thermal stability of the nanocomposite film as
compared to pristine PVDF-HFP. We also demonstrate a
facile method for the fabrication of a piezoelectric
nanogenerator
(PENG)
with
β-PVDF-HFP/TiO2
nanocomposite as an active layer. This nanogenerator was
subsequently utilized to harvest low-frequency ambient
vibrations like bending, twisting and cyclic finger
impartations.

2.1 Materials
Poly(vinylidene fluoride-co-hexafluoropropylene),
(PVDF-HFP), pellets with a density of 1.77 g/mL, Titanium
(IV)
oxide
nanoparticle,
<25nm
and
N,NDimethylformamide (DMF), anhydrous (99.8% assay) were
purchased from Sigma-Aldrich.
2.2 Methods
2.2.1 Synthesis of PVDF-HFP/TiO2 nanocomposite film
2 g PVDF-HFP and 0.1 g TiO2 were dispersed
separately in 10 ml DMF. 2 ml of the nanoparticle dispersion
was added to the polymer solution after ultrasonication.
Finally, the polymer-nanofiller solution was casted on petri
dish and heated at 75°C for 4 hours. A pristine PVDF-HFP
film was also prepared with the same weight percentage
following the above procedure.
2.2.2 Fabrication of piezoelectric nanogenerator
The as-prepared films were cut into 2 cm x 2 cm
squares and sandwiched between copper conducting tapes
and encapsulated in PVC electrical insulation tape.
3. Results and Discussion
The XRD peaks at ~ 20° correspond to the β-phase
(TTTT chains) of neat PVDF-HFP. The surface topography
investigated using SEM revealed uniform dispersion and
incorporation of TiO2 nanoparticles into the PVDF-HFP
polymer, thus acting as an effective inorganic nanofiller. The

composite and neat polymer films consisted of multiple
spherulite particles, possessing lamellar and amorphous
parts. The spherulite particles are centres of nucleation of the
semicrystalline polymer PVDF-HFP and are formed when
the polymer cools in a controlled environment.

response from the cyclic tapping of the PVDF-HFP/TiO2
nanogenerator was multifold enhanced than pristine film.

Figure 3 Output voltage level (a) before tapping (b) during
cyclic tapping. Open circuit voltage of (c) pure PVDF-HFP
film (d) PVDF-HFP/TiO2 NP film. Inset shows the
fabricated PENGs.
Figure 1 (a) X-Ray Diffraction pattern (b) SEM image (c)
DSC curve (d) TG plot of pristine PVDF-HFP.
The thermal characterization of the films revealed a melting
point of ~ 148 °C of the neat PVDF-HFP film. The thermal
degradation temperature of the neat film was ~ 428 °C. The
effect of TiO2 nanofillers on the thermal stability of the film
was also studied.

Figure 2 Conformation of α and β-phases of PVDF-HFP.
The intermolecular interaction between the polar moieties of
DMF and PVDF-HFP leads to rotation of the C-F bonds
around C-C which aligns the PVDF-HFP chains into beta
conformational phase. The FTIR analysis of the loaded
PVDF-HFP films show enhanced β-phase formation than
that of non-embedded films. Additionally, the output voltage

4. Conclusion
We successfully synthesized β-PVDF-HFP/TiO2
nanocomposite films and performed detailed evaluation of
their structural, morphological and thermal properties. The
systemic incorporation of TiO2 nanoparticles assisted in the
electroactive beta phase formation of PVDF-HFP. The
enhancement was further reinforced by the substantial
increase in the piezoelectric output voltage of the
nanocomposite films as compared to their pristine
counterparts suggesting their potential usage in ambient
energy harvesting.
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Composite Paper Tubes (CPTs) are being used in
ignition systems of rocketry as housing as well as an
interface with igniter hardware1. The CPTs are realized
using thermosetting polyester resin as matrix and Kraft
paper as reinforcement. CPTs for the said applicationsare
having certain limitations with respect to the cure
shrinkage, de-laminations and ultimate tensile strength.
Toovercome these limitations, a new development was
taken up using an alternative resin system, viz., Vinyl Ester
Resin (VER)2-4 and realized the CPTs. This paper deals
withthe development of CPTs based on VER followed by
evaluation of their performance in standalone & system
level tests.
The study starts with the evaluation of curing
characteristics and absorption study of the vinyl esterresin
on Kraft paper.The resin mix samples were cured at room
temperature and mechanical & thermal properties were
evaluated. The results indicated that the VER is lower in
density & viscosity, enabling good absorption onto Kraft
paper, making it suitable for CPT realization.Cured VER
sample showed lesser linear shrinkage of the order of 75%
compared to cured polyester based resin sample. This
resulted in reduction of resin lean areas, voids, delaminations in the realized CPT.

etc. in addition to dimensional & visual inspection. From
the realized CPTs, NOL ring specimens were fabricated
and tested for the evaluation of UTS in universal testing
machine.
Also, regular flat composite specimens have been prepared
for tensile bond strength (TBS) measurement between
composite & cast igniter propellant (HTPB based). In
addition to the above, interface property - single lap shear
specimens were prepared with respective interfaces (using
epoxy based LY556/ DYK/ HY951 system as adhesive)
and results are given in Table-1.The NOL ring test
indicated 23% increase in Ultimate tensile strength for
VER CPT (of dia 291 mm), which indicates that it can
withstand higher loads compared to Polyester resin based
CPT.The interface Tensile Bond Strength between
propellant & CPT indicates 40% higher strength for VER
CPT as compared to Polyester resin based CPT.
Table-1: Properties of composite product
Sl.No
1
2

3

4
Fig-1: Vinyl Ester Based CPT

A well established winding technique was used to realize
the CPTs.Required layer to layer resin thickness was
alsomaintained, which is controlled by a doctoring
mechanism provided in the machine. The image of realized
Composite paper tubes are shown in Fig-1. UT of the CPTs
has been completed successfully for presence of any
defects such as de-laminations, porosity, absence of resin

5

Parameter
UTS of NOL
rings
TBS between
propellant &
CPT
Single lap shear
strength between
CPT & F/G case
Single lap shear
strength between
CPT & 15CDV6
Max. weight loss
@ temperature

Units

Polyester
based
CPT

VER
based
CPT

MPa

73.1 – 85.2

97 – 104

ksc

4.3– 4.6

6.2 - 6.4

ksc

25.13 –
25.58

25.8 –
28.9

ksc

17.8 -37.3

33.2 –
38.5

330 & 384

368& 432

o

C

The VER CPT was used in two system level tests viz., (i)
spin rocket level and (ii.) igniter level successfully as part
of developmental studies. In spin rocket test, the HTPB
based propellant grain was bonded inside the VERCPT
using epoxy based AW106/ HV953U resin system and

charged into a metallic chamber. The Spin rocket was
tested successfully for it’s total duration. Pressure- time
trace was as expected. Post-test observations were carried
out using boroscopeand indicated the comparable and usual
charring of VER based CPT surface as that of polyester
based CPT.

[1] T Rameshchandran, Sibapada Pal and K Jeyaprakash,

In igniter level test, the VER CPT was used for the
casting of HTPB based igniter propellant and cured as done
normally. The grain is radiographed and inspected
ultrasonically. No defects were observed. The same was
inhibited and charged in fiber glass case and tested at sea
level. The performance of the igniter was found to be
normal and the post-test charring was only one layer at
interface and comparable with polyester based CPT.

[3] R. Deepak Joel Johnson, V. Arumugaprabu and Tae Jo

Based on the above, it can be concluded that VER
CPT hasbetter processibility,lower shrinkage, superior
mechanical & thermal stability.Thus VER CPT is a highly
promising alternative for polyester resin based CPT for the
said applications in Space Ordnance.
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1.. Introduction
n

3. Results and Discussion

Flexible and stretchable
s
meembranes which can resistt water
drroplet and trannsmit water vvapor simultanneously have aroused
a
wide
w
attention due to their ppromising appplications in various
v
fiields such as
a packaging,, wound-dresssing, aviatio
on and
seecurity sectorss. Here, we reeport the fabrrication of pollymeric
caasted membrranes exhibitiing water-prooof and breathable
peerformance simultaneously
s
y by using a Phase invversion
method.
m

3.11 Transmissioon spectra
Trransmission spectra
s
for the membran
nes preparedd with
diffferent compoositions were observed
o
usinng UV spectroometer,
as shown in the Figure 1. T
Transmission in the range of 80900% in the vissible range coonfirms the transparency
of the
t
meembranes thuss prepared.
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Fiigure 1: Transsmission specctra for the sam
diffferent compoositions.

2..2 Methods
2..2.1 Preparatiion of polymeeric concoctioon
The
T polymericc concoction iis prepared byy mixing POS
SC and
orrganic solven
nts (ethanol, propan-2-ol, chloroform, hexane
annd acetonitrile) in the deffined ratio off 1:1. The mixing is
peerformed by sonicating thhe solution att 1200 RPM for 20
minutes.
m
Thenn cross-linkinng agent is introduced
i
innto the
soolution in thee ratio (1:1, 22:1 and 5:1) and mixed properly
with
w
the help of sonicationn. The mixtuure thus obtained is
caasted into thee aluminum mold
m
and proccessed thermaally for
thhe duration off 20 minutes.
2..2.2 Characteerization of membranes
The
T
membrannes thus prrepared are characterizeed for
trransparency, water-contact
w
angle and breeathability usiing UV
sppectroscopy,
and
C
Cavity
Ringg-down
Goniometeer
Sppectroscopy (CRDS)
(
respecctively.

3.22 Water contaact angle meaasurements
Inn this study, water
w
contact aangles (WCA
A) of the memb
mbranes
aree monitored with the help of Goniom
meter (Datapphysics
Innstruments) byy using a drop volume of 2 µl.
µ

Fiigure 2: Wateer contact anglles for the sam
mples prepareed with
diffferent compoositions.
W
WCAs for all thhe samples arre found to bee greater thann 1100,
in all the samples (except S1)), and hence can
c be consideered to
bee waterproof.

4. Conclusion

References

A simple, facile and an economic method has been
employed to fabricate transparent membranes with
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Abstract: Polyamic acid, the raw material for polyimide film is synthesized from a diamino diphenyl ether and an aryl tetra
carboxylic acid. Polyamic acid processed as 10% solution in Di-methyl Acetamide (DMAc), is highly susceptible for selfcondensation if not stored properly. First phase of study focuses on the feasibility of the use of polyamic acid resin for the
processing of space grade PI film for a period up to 12-months. Polyamic acid resin was stored at -10°C and its solid content and
inherent viscosity were evaluated for a period up to 12 months from the date of production. Inherent viscosity of polyamic acid
resin reduced by 13.6%, but not much variation is observed in the solid content on storage. Polyimide film was processed
through the solution casting route at specific intervals upto a period of 12 months. Properties such as mechanical, electrical,
outgassing and thermal stability were evaluated for PI films cast using aged polyamic acid resin. Reduction of 14% of average
tensile strength and increase in surface resistivity were observed for PI film processed with 12-month aged polyamic acid resin.
Second part of the study focused on the effect of ageing on the mechanical, electrical, outgassing and thermal properties of the
final polyimide products, namely plain polyimide (50-micron thickness) and copper clad PI films stored for a period of 12 years
and 10 years respectively. Reduction in mechanical properties such as tensile strength and elongation was observed over a
period of time. An increase in outgassing properties of PI film was also observed with time. However, the aged properties are
found to be within the acceptable limits for space application.
Keywords: Polyamic acid Resin, PI Film, Inherent viscosity, TML, & Cu PI film
1. Introduction
Polyimide film popularly known as ‘Kapton’ is a versatile
material developed primarily for space applications. It is
made from polyamic acid resin (PAA) by solution casting,
film drying, and a high-temperature imidization process as
per the reaction scheme shown in Figure 1. VSSC-ISRO
has developed the technology for processing plain
polyimide film and Copper clad polyimide through a batch
process. Above technology can process the plain polyimide
from ranging from 1 mil to 10 mil of batch size 1.2 m x
2.6 m & Copper clad polyimide films of 43, 60, and 85
microns thickness. Plain polyimide films are extensively
used as cell stack insulators in Li-Ion batteries, Multilayer
Insulation (MLI) blankets for the thermal control systems
of satellites for space applications and as insulators in
higher capacity generators, motors and transformers for
societal applications [1-2]. Copper Clad polyimide films
are made through solution casting of polyamic acid resin
over the Copper foil. Copper clad PI films are extensively
used as reflectors for antenna in spacecraft and flexible
printed circuits [3]. Typical application of plain and copper
clad polyimide films are shown in Figure 2. Polyamic acid,
the raw material for polyimide film is synthesized from a
diamino diphenyl ether and an aryl tetra carboxylic acid.
Polyamic acid processed in the form of 10% solution in
Di-methyl Acetamide (DMAc), is highly susceptible for
self-condensation if not stored properly. Improperly aged

polyamic acid can lead to defective film with inferior
properties and its shelf-life has to be assessed [4]. This
study focuses on the feasibility of the use of polyamic acid
resin for a period up to 12-months for the processing of
space-grade PI film.

Figure1: Polyamic acid resin to Polyimide film conversion
Polyamic acid resin Figure-3 was stored in the flask at
-10oC as shown in a cold storage. PAA resin solid content
and inherent viscosity were evaluated for a period up to
12 months from the date of production.
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include resin filtration system, drum casting machine,
viscometer etc.
2.2 Methods
2.2.1 Ageing study of Polyamic Acid Resin (PAA)

Figure 2: Application of polyimide film and Copper Clad
PI film
Polyamic acid resin was filtered and degasified before film
processing.

Fig 3: Polyamic Acid Resin (PAA)
Polyimide film was processed through solution casting
route at specific intervals as mentioned above, up to a
period of 12 months [5]. Properties such as mechanical,
electrical, outgassing and thermal stability were evaluated
for PI films cast using aged polyamic acid resin. In-house
processed plain and copper clad polyimide films are shown
in Figure4 (a), (b).

Fig 4: (a) Plain Polyimide Film 4(b) Copper clad PI film
Second phase of the study is focused on the effect of
storage time on the mechanical, electrical, outgassing, and
thermal properties of the final polyimide products, namely
plain polyimide (50-micron thickness) and copper clad PI
films stored for a period of 12 years and 10 years
respectively.
2. Material and Methods
2.1 Materials & equipment
Polyamic acid resin sourced from an Indian industry and
high purity copper foil procured from imported source is
used for the study. Other important equipment for the
processing of plain and Copper Clad polyimide film

Polyamic acid resin is characterized by its solid content (%)
and inherent viscosity. A known quantity of polyamic acid
solution is heated at 175°C for 2 hrs. and the weight of
residue is measured. The loss in weight is measured and the
test was carried out as per the standard procedure. Inherent
viscosity of polyamic acid resin is calculated using
Equation 1. where C is the concentration of the PAA resin.
The measurement was carried out in accordance with
ASTM D 2857– 2001. T1 is the time required for a
0.5 percent polyamic acid solution to flow through a
capillary viscometer. T0 is the time required for flow
through the capillary viscometer for pure DMAc.
𝐼𝑛ℎ𝑒𝑟𝑒𝑛𝑡 𝑉𝑖𝑠 𝑐𝑜𝑠 𝑖 𝑡𝑦 =
(1)
The solution viscosity of polyamic acid was evaluated as
per the ageing schedule mentioned in section 3.1. The
solution viscosity was measured using a Brookfield
viscometer (HBDV3T) with spindle number 6 at 20 RPM
and 25oC.
2.2.2 Shelf life study of plain PI and Copper Clad PI film
Plain polyimide film mechanical properties such as tensile
strength and elongation was measured as per the ASTM D
882. Surface resistivity of plain polyimide film was
measured as per ASTM D257. Outgassing properties for
both plain and Copper clad polyimide film measured as per
ASTM E-595-07. TGA analysis for both plain and Copper
clad polyimide film was measured as per ASTME2550.
Thickness measurement for both plain and Copper clad
polyimide films were measured using MITUTOYO make
electronic thickness gauge. Adhesion test of Copper clad
Polyimide measured as per ASTM D3359 using M250 peel
tape test. This study mainly focuses on ascertaining the
shelf life of both plain and copper-clad PI film on storage
for space application.
3. Results and Discussion
3.1 Characterization of aged Polyamic Acid Resin
The ageing study of polyamic acid resin was carried out in
two steps. In the first step, resin level properties were
evaluated for a storage period of 1, 2, 3, 4, 5, 6, 10 & 12
months. No major variation observed in the solid content of
the resin as shown in Figure 5, but the inherent viscosity of
polyamic acid resin was reduced by 13.6% over a 12month period, as shown in Figure 6
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prime reason for the reduction in molecular weight,
viscosity and inherent viscosity [6]. Polymers breakdown
into short chains terminated by amine or carboxyl groups
and lose their reactivity as this process proceeds. Another
explanation for reduction in viscosity is also attributed to
the change in molecular weight distribution. Over a 12month period, the solution viscosity of polyamic acid resin
decreased by 45.6%, as shown in Figure 7. Effect of
inherent viscosity on storage is reflected in the mechanical
properties of PI film. However, the variation in properties
are well within the acceptable limit for space applications.

Figure 5: Solid content (%) of polyamic acid resin vs
ageing in months

3.2 Characterization of plain PI film processed using
aged polyamic acid resin
In the second step, polyamic acid resin was cast into films
by the solution casing method over the roller drum as per
the ageing period mentioned above. Cast PI film is
characterized for its mechanical, electrical, and outgassing
properties.
3.3 Mechanical & Electrical properties of polyimide film
Tensile strength, elongation, tear strength, surface
resistivity, and volume resistivity of polyimide film
processed with aged polyamic acid resin were evaluated as
per the ageing schedule mentioned in 3.1. Continuous
reduction up to 14 % in the average tensile strength is
observed for the plain PI film processed with 12-month-old
polyamic acid resin as shown in Figure 8 [7]. However, this
variation is within the acceptable limit.

Figure 6 : Inherent viscosities of polyamic acid resin vs
ageing in months

Figure 7 : Viscosity of polyamic acid resin vs ageing in
months
Hydrolysis, or the exchange reactions between amine (or
anhydride group) and amic acid linkage, are considered as

Figure 8: Average tensile strength of PI film vs Polyamic
acid resin ageing in months
A minor increase in average surface resistivity observed of
PI film processed with 12 month-old stored polyamic acid
resin, as shown in the Figure. 9. However, it is within the
acceptable dispersion limit.
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Figure 9: Surface resistivity of PI film vs Polyamic acid
resin ageing in months
3.4 Thermal stability & Outgassing properties of
polyimide film
Outgassing properties such as Total Mass Loss (TML),
Collected Volatile Condensable Matter (CVCM), and
Water Vapor Release (WVR) of polyimide film processed
with aged polyamic acid resin were evaluated as per the
ageing schedule mentioned in 3.1. A reduction in the total
mass loss is observed from 0.66% to 0.0264% for the plain
PI film processed with 12-month aged polyamic acid resin,
as shown in the Figure. 10. Thermo Gravimetric Analysis
(TGA) of plain polyimide film reveals no major change in
the thermal stability of the film. Figure 11 depicts the
weight (%) loss as a function of temperature, when TGA is
carried out under N2 atmosphere at ramp of 10oC/min.

Figure 11: TGA of plain PI film for aged Polyamic acid
resin in months
3.5 Shelf life study of plain and Copper Clad PI films
Second part of this study focuses on the shelf life of plain
polyimide and copper clad PI films. A polyimide film (50micron thickness) is used for shelf life study which was
carried out for a period of 12 & 10 years for plain and
copper clad PI film respectively. PI films during ageing are
stored by wrapping with polythene sheets in a dedicated
cabinet kept in normal ambient conditions. Reduction in
mechanical properties such as tensile strength and
elongation was observed over the period of time as shown
in table1.However, it is within the acceptable limits.
Table.1 Mechanical properties of aged plain polyimide
film
Time in
Tensile strength Elongatio Tear Strength
Years
(MPa)
n (%)
(kgf/cm)
0
12

126
112

33
21

324
315

An increase trend in outgassing properties of PI film was
observed with time possibly due to ambient storage
conditions as shown in Table 2. However, it is well within
the acceptable limit.
Time in Years
0
12
Figure 10: TML of polyimide film vs Polyamic acid
resin ageing in month

TML (%)
0.45
0.724

CVCM (%)
0.007
0.041

A TGA study was carried out for plain polyimide film for a
storage period of 12 years. There is no change in the
thermal stability of the film as shown in Figure 12. The
variation in char residue (5%) is well within the dispersion
limit.
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Figure 12: TGA of plain polyimide film on storage after
casting
Shelf life study of Copper clad PI film was also
investigated in this study for a period of 10 years. TGA
studies were carried out for Cu clad PI film after subjecting
to 6 years and 10 years ageing. There is no major change in
the thermal stability on storage upto 10 years as shown in
Figure 13.

Figure 13: TGA of copper clad PI film vs shelf life in
years
Minor increase in TML of stored copper-clad PI film from
0.36% to 0.72% over a period of 10 years is observed as
shown in Figure.14. This may be due to the surface
moisture pick-up from the ambient storage conditions.

Figure 14: TML of copper clad PI film vs shelf life in
years

4. Conclusion
This paper details about the ageing study of polyamic acid
resin over a period of 12 months, and the normally aged
shelf life study of plain and copper clad PI film upto
12 years from its date of production. Aged polyamic acid
resin is characterized for its solid content, viscosity and
inherent viscosity. Inherent viscosity of polyamic acid resin
reduced by 13.6 %, but not much variation is observed in
the solid content on storage. Reduction of 14% of average
tensile strength and minor increase in surface resistivity
were observed for PI film processed with 12-month aged
polyamic acid resin. Above studies infer that PAA resin
can be utilized for a period upto 10 months and can be used
for processing of space grade polyimide film, upon
assuming enough margins for reduction in properties of the
end product.
The second part of study focuses on the shelf-life of plain
and copper-clad polyimide film. The variation in
mechanical, electrical & outgassing properties of polyimide
film were studied with time. Minor reduction in mechanical
properties such as tensile strength and elongation was
observed over a period of time. An increase in outgassing
properties of PI film was also observed with time.
However, the aged properties are found to be within the
acceptable limits. TGA studies of plain and copper-clad PI
films shows no variation in thermal stability for a storage
period of 12 and 10 years respectively. Polyimide films
(plain & copper clad) after processing can be utilized upto
10 years if they are stored properly under humiditycontrolled conditions.
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KEYNOTE
RESPONSIBLE CARE: A CHEMICAL INDUSTRY COMMITMENT TO SUSTAINABILITY
Dr. Pranav Tripathi
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ABSTRACT
Responsible Care is the global chemical industry's voluntary initiative to drive continuous
improvement in safe chemicals management and achieve excellence in Environmental, Health,
Safety and Security (EHS&S) performance. Responsible Care was first adopted as a new model
for the management of chemicals by Chemistry Industry Association of Canada (CIAC) in 1985
and has since been adopted by chemical associations and their members under the aegis of The
International Council of Chemical Associations (ICCA) in nearly 70 countries.
Responsible Care, unlike regulatory approaches to environment, health, safety and security
improvement, relies on the voluntary adoption of a new culture or ethic, across an entire
chemical chain. It defines, not a state of perfection, but rather the “sate of the art” of responsible
chemical management.
Responsible Care is the basis of significant cultural change within the chemical industry which
leads to improved performance and new levels of dialogue with the public about issues of mutual
concern. Responsible Care Logo tagline is “Our Commitment to Sustainability”. Responsible Care
concept is working with communities, sharing information along the chemical value chain and
continuously improving performance and these contributes to sustainability.
For the Member Company Successful implementation of Responsible Care demonstrate an
appropriate public policy which protects its license to operate and its ability to innovate and meet
society demands for its products. For the public. Successful implementation of Responsible Care
ensures that the chemical company will continue to provide beneficial products to society,
continually reduce its negative impacts and while maximizing its positive contribution to human
health, the environment, the economy and society.
ICC is extending and strengthening the Responsible Care to member of chemicals and related
products producer, user, warehouse and transporter.
Responsible Care Guiding Principles:
1. To recognize and respond to community concerns about chemicals and our operations.
2. To develop and produce chemicals that can be manufactured, transported, used and disposed
of safely and securely.
3. To make Environment, Health, Safety and Security considerations a priority in our planning for
all existing and new products and processes.
4. To report promptly to officials, employees, customers and the public, information on chemical‐
related health or environmental hazards and to recommend protective measures.

5. To counsel customers on the safe and secure use, transportation and disposal of chemical
products.
6. To operate our plants and facilities in a manner that protects the Environment, Health, Safety
and Security of our employees and the public.
7. To extend knowledge by conducting or supporting research on Environment, Health, Safety
and Security effects of our products, processes and waste materials.
8. To work with others to resolve problems created by past handling and disposal of hazardous
substances.
9. To participate with government and others in creating responsible laws, regulations and
standards to safeguard the community, workplace and environment.
10. To promote the principles and practices of Responsible Care by sharing experiences and
offering assistance to others who produce, handle, use, transport or dispose of chemicals.
Responsible Care Guiding Principles pave the path of Sustainable Development for the chemical
industry. Responsible Care is top driven approach which start from CEO/MD of the member
company. Interested company CEO/MD need to commit the Responsible Care guiding principle
and to move on sustainable development path. The seven code based responsible care
management system need to implement as culture and practiced at operator level. For the
effective implementation of Responsible Care and gaining its multiple benefits, top leadership
(CEO/MD) in Member Company will be required to put resources in place to implement the
initiative.
Over 2 decades it has been observed that practicing of Responsible Care Code Management
System reduces Operating Cost, Improved Stakeholder Relationship, Legal Compliance, Improved
Risk and Management with Customer Satisfaction and Safety etc.

Key words: Responsible Care, Environmental, Health, Safety, Security, Sustainability
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EMERGING LANDSCAPE OF PETROLEUM AND PETROCHEMICAL INDUSTRIES IN INDIA

Dhananjay Sahoo
GM (PC Strategy & TS), Business Development (Petrochemicals), IndianOil, New Delhi
The petrochemical industry has ridden high on emerging‐market demand growth since the start
of the century, just like producers of metals and other commodities. Petrochemical products are
everywhere and are integral to modern societies. They include plastics, fertilisers, packaging,
clothing, digital devices, medical equipment, detergents, tyre, and many others. They are also
found in many parts of the modern energy system, including solar panels, wind turbine blades,
batteries, thermal insulation for buildings, and electric vehicle parts. In the current scenario of
Pandemic, Petrochemicals has proven its mantel and credential in resolving to offer lifesaving
solutions.
Climate change is going to be the next talk of industry for next 10 years and will be driving the
world and industry as well. Greater Chemistry between people and planet will be the key point.
India is fast emerging as a global hub for petrochemicals activity. With its high demand growth,
India is projected to contribute to more than 10 percent of the incremental global growth in
petrochemicals over the next decade. And given its significant import dependence, India could
potentially need more than 15 world‐scale petrochemicals assets by 2035 to meet domestic
demand. This talk would cover the recent emerging trends, opportunities and challenges in
Petroleum, Petrochemicals industries in India.
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1. Introduction
The pandemic era of corona virus disease 2019 (COVID2019) has made health emergency against contagious and
social distancing from person to person. The highly
nanosize diffusible virus srose by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) can be reduced by
taking severe precautions and using facemasks. But the size
of corona virus is 10-160 nm for such cases nano
membranes are better option to inhibit its spread from
passage through the filter masks. Natural and nonbiodegradable polyester fabrics are prone to bacterial attack
and are harmful for environment while discarding. Hence
utilization of biodegradable poly(lactic acid),PLA with
biocompatible and non-toxic properties can be a better
choice for such problem of environmental awareness.
Researchers has reported zinc based compound can
modulate antiviral and antibacterial immunity that can be
beneficial. Electrospinning technique is a low cost, ease
process to fabricate nanofabric using a polymer solution
under electric field with wide surface area [1].
This study is based on preparation of zinc based
compound and PLA electrospun nanofabric. The
nanofabric has the tendency to inactivate virus upto 97% in
10 min duration of time. Moreover the reusability test
under ethanol treatment and breathability attributes has
opened a new era of using biodegrdable PLA based
facemask application.

lab prepared Zinc based compound by microwave
synthesis.

2.2 Methods
2.2.1 Fabrication of PLA/Zinc complex based nanofabric
For the experiment PLA and zinc complex has
been stirred in a binary solution of CHCl3 and DMF. 3 mL
of solution was electrospunned in an electrospinning unit
using a syringe jet and collected in aluminum foil as
substrate.
2.2.2 Morphology analysis and water contact angle
(WCA)
FESEM analysis was performed for surface morphology
(Sigma, Zeiss), WCA was measured using Kruss, DSA-25
with film dimension (1*1) cm.
2.2.3 Measurement of breathability, reusability and
antiviral

2. Material and Methods

Silica gel placed over the electrospun mat (over a hot
beaker). Reusability test was performed by simple dipping
in ethanol for 5 min-24 h and analyzed WCA. Seeded baby
hamster kidney cell, BHK21 and viral dilution of New
castle disease virus was added to it after extraction from the
nanofabric samples [2].

2.1 Materials

3. Results and Discussion

PLA (number-average molecular weight (Mn) of ∼137000
Da and weight-average (Mw) of ∼200000 Da, Chloroform
(HPLC grade), N,N-Dimethyl formamide (EMPLURA®),

3.1 Morphological analysis WCA of nanofabric

Figure 1: (a) FESEM image of PLA/zinc complex
nanofabric(a) WCA of PLA, (b) WCA of PLA/Zinc
complex
3.2 Reusability, breathability test and antiviral activity

Figure 3: Fabrication of antiviral facemask
4. Conclusion
The morphological analysis shows porous
nanofabric with average diameter 1.5 µm and WCA 120 ±
9 °C. There are no significant changes in WCA after
ethanol dipping for 5 min to 24 h showing its reusability
test. Moreover the change in the color of the silica gel
placed over the electrospun mat shows the breathability of
the fabric while wearing. The fabricated nanofabric has
very significant antiviral activity i.e. 97% to kill virus.
References
[1] Eikenberry, S.E., Mancuso, M., Iboi, E., Phan, T.,

Eikenberry, K., Kuang, Y., Kostelich, E. and Gumel,
A.B., 2020. To mask or not to mask: Modeling the
potential for face mask use by the general public to
curtail the COVID-19 pandemic. Infectious Disease
Modelling, 5, pp.293-308.
[2] Ray, S.S., Park, Y.I., Park, H., Nam, S.E., Kim, I.C.

Figure 2: (a) Nanofabric ethanol dipping for 5 min, (a)
nanofabric ethanol dipping for 24 h and (c) breathability
test using silica gel.

and Kwon, Y.N., 2020. Surface innovation to enhance
anti-droplet and hydrophobic behavior of breathable
compressed-polyurethane
masks.
Environmental
technology & innovation, 20, p.101093.

SHE-329

Engineering Aspects on the Design and Realization
of Medical Oxygen Concentrator for oxygen therapy
1 Sakshi Singhal

a*

, 2 Janardan Singh b,3 Y Lakshman c, 4 Chitra V d, 5 N Saravanan e, 6 R Muraleekrishnan f,
7 S A Ilangovan g

a,b,c,d,e,f ,g

Vikram Sarabhai Space Centre, ISRO, Trivandrum, Kerala – 695022, India
* Presenting/ Corresponding author: sakshi_singhal@vssc.gov.in

Keywords: Medical Oxygen Concentrator, Pressure Swing Adsorption, zeolite, oxygen
1. Introduction
Medical Oxygen Concentrator (MOC) is a portable medical
device used for continuous generation of medical grade
oxygen to support patients with respiratory illness or for
oxygen therapy. VSSC, ISRO has realized an engineering
model (EM) of portable medical oxygen concentrator which
is capable of generating oxygen (conc.> 85%) continuously
@10 LPM as per World Health Organization standards. It
works on the principle of Pressure Swing Adsorption (PSA)
which is commonly used for production of enriched oxygen
from air. Nitrogen from compressed air is filtered by
adsorption- desorption cycles in two zeolite columns in
tandem, and there by enriching oxygen in the product stream
in. The MOC was tested extensively as per WHO norms by
ISRO.
Major components of MOC include filters, air compressor,
PSA columns, zeolite, valves, oxygen accumulator, oxygen
sensor, pressure sensor, flow sensor, flowmeter and
humidifier. PSA columns, oxygen accumulator and heat
exchanger are designed and fabricated in-house for realizing
the engineering model of MOC. Effect of air flow rate, cycle
time, column pressure on oxygen purity was studied
thoroughly and operating conditions are optimized. This
paper provides the overview of Engineering aspects of
subsystems, selection of instruments and system engineering
aspects involved to realize the unit.

filters, valves, oxygen accumulator, oxygen sensor, pressure
sensor, flow sensor, flowmeter humidifier etc.,
2.2 Methods
2.2.1 Design of PSA column for SHWAAS
PSA column for oxygen separation from air was designed
assuming a constant flow pattern, one dimensional model as
given below:
(1 −∈ )ρ

= k a(C − C ∗ )

(1)

Adsorption of nitrogen over the zeolite molecules is
considered to follow Langmuir’s isotherm as per the
equation mentioned below.
𝑞=𝑞

(2)

The experimental values of q vs C as per reported literature
were compared with the predicted values to generate suitable
isotherm equation and the result is shown in Figure 1.

2. Material and Realization
2.1 Materials
Oil- free air compressor is the source for compressed air.
Other major components include PSA columns, zeolite,

Figure 1: Experimental and predicted Langmuir
isotherm for adsorption of nitrogen molecules on zeolite

2.2.2 Realization of MOC
The capacity required for Oil free air compressor, PSA
column design including height of packing, diameter of bed,
quantity of Zeolite, packing configuration etc. are designed
from first principles and realized. A heat exchanger is also
designed for effective removal of heat from compressed air.
PSA column operates by swinging of pressure between two
columns through sequential operation of solenoid valves.
The outlet from PSA column was connected to oxygen
accumulator followed by bacterial filter, flow meter and
humidifier.

From Figure 3, it is observed that oxygen concentration
> 82% was obtained for a cycle time in the range of 7-9
seconds.
3.3 Effect of pressure on oxygen concentration
It was noted that PSA column pressure of 1.8 - 2.2 bar is
essential for effective adsorption of nitrogen over zeolites
yielding oxygen of medical grade purity at the flowrate of
10 LPM (Maximum).
4. Conclusion
An indigenous technology of producing medical grade
oxygen (85% min) was successfully demonstrated through
an Engineering Model complying with ISO/WHO norms to
support the nation during this prevailing COVID-19
pandemic situation.

Figure 2: MOC
3. Results and Discussion
3.1 Effect of air flow rate on oxygen concentration
Studies on the air flowrate vs Oxygen purity carried out. It
was observed that oxygen concentration > 85% @ 10 LPM
was obtained for an inlet air flowrate ranging from 115 to
125 LPM.
3.2 Effect of cycle time on oxygen concentration
Cycle time (time for adsorption, desorption and purge) was
optimized to achieve oxygen concentration > 85%.

Figure 3: Cycle time vs. Oxygen Concentration
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Abstract:
The increasing demand for chemical products has driven the construction and development of the socalled ‘Chemical Industry Parks’ (CIPs), but this has increased the risk regarding the workers safety,
their health and environmental safety. Therefore, safety in workplace is very important. Chemicals
used in the industry are hazardous and sometimes quite difficult to detect as the exist in the form
which cannot be seen and odourless. This will have a great impact on worker’s health who are
working in the CIPs. These chemicals or the chemical wastes are showing a very high negative
impact on the Environment, like the increasing pollution.
This paper is all about accidents that had taken place in the CIPs, the hazards that the workers are
exposed to and how the chemicals are also having negative effect on the environment. It also
mentions about the prevention methods that can be taken to ensure worker’s safety, good health and
a healthy environment.
Keywords: Chemical Industry Parks (CIPs), Health, Safety, Environment, Accident
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Abstract
Coal has been the major source of production of power in India. Electricity production in India is
mostly based on coal powered thermal power plants. Hence it is essential to maintain a
continuous supply of coal to thermal plants for uninterrupted power supply. Coal mining in India
has always been a tedious affair. Due to the socio-political scenario in the second populated
nation, grabbing a piece of land for mining purpose is an onerous activity. Difficulty in
acquiring land and the growing demand for coal forces mining companies to go down deeper and
steeper to achieve maximum productivity. This in return compromises with safety aspects. It is a
dynamic process to keep a balance between the productivity and stable slope geometry. Presence
of groundwater decreases the stability of pit. In this paper a sensitivity analysis is performed in
two different methods namely Finite Difference Method (FDM) and Limit Equilibrium
Method.(LEM). FDM is relies upon shear strength reduction (SSR) technique to estimate factor
of safety(FoS). LEM method calculate the critical failure surface to estimate FoS. This research
aims to investigate output of sensitivity analysis in both methods. In un-drained condition the
estimated FOS in FDM model showed higher values than LEM Model.
Keywords: FDM, LEM, SSR, FoS,

PSRC-392
HYDROGEN EXPLOSION AT A SOLVENT EXTRACTION PLANT: A CASE STUDY FOR ROOT
CAUSE ANALYSIS
Venkateswara Rao Kamireddi1 *, Jai Krishna Sahith Sayani2
1

Department of Petroleum Engineering & Petrochemical Engineering, University College of Engineering(A),
Jawaharlal Nehru Technological University Kakinada, India.

2

Mechanical Engineering Department, Universiti Teknologi PETRONAS, 32610 Bandar Seri Iskandar, Perak
Darul Ridzuan, MALAYSIA.
*Presenting & Corresponding Author: profkvrao@gmail.com
Keywords: Hydrogen, Explosion, Case Study, Root Cause, Fishbone diagram

1.

Introduction

An explosion occurred in the night of 20-8-2017 at
hydrogen storage of a solvent extraction plant
located in Andhra Pradesh. The authors of this paper
were entrusted to find the root cause of explosion.
Analysis was carried out by using fishbone diagram
[1].
The compressed hydrogen was flowing from the
electrolysis plant to six high pressure bullets (each
6.5 m3) at 14.5 kg/cm3 and 70oF. At first the bullets
with numbers 1 and 2 were filled and their inlet
valves were closed to keep them as standbys. Then,
the 3,4,5 and 6 bullets were put in operation for
filling them. Simultaneously hydrogen was being
drawn to hydrogenation reactor through the
discharge valves of the bullets. At 12-05 AM, there
was a big bang due to explosion of hydrogen in the
high pressure storage area. After an operator
checked the pressure gauges of bullets while
opening the discharge valves of bullets to pass
hydrogen into hydrogenation reactor through a
manifold and went back to the hydrogenation unit,
the explosion occurred. The damage bullets and
cooling tower is shown in Figure 1.

Figure 1: Damage to 4 bullets & Cooling Tower

There were 100 employees working in the night shift
and no one was injured. The centre of explosion, as
determined through fishbone diagram, occurred at
bullet number 3. Figure 2 shows the schematic
diagram for the spot of the explosion.

Figure 2. The Spot of Explosion at 3rd bullet
2.

Methodology of Investigation for Root Cause

The methodology of investigation was as follows:
 Determination of overpressures generated when
a mass of hydrogen contained in a bullet and for
different masses of hydrogen.
 Estimation of overpressures from the damage
occurred using a reference table of overpressure
vs damage.
 Estimation of hydrogen mass involved in
explosion
by
comparing
estimated
overpressures with the theoretical overpressures
determined at different masses of hydrogen.
 Location of centre of explosion
 Detail study of various possibilities of
explosion

 Finding the most plausible root cause of
explosion by using fishbone diagram from
several possibilities [2].
3.

Results & Discussion

The method chosen to calculate the overpressure
generated was the TNT equivalent method because
it was a simple and rapid calculation method. The
mass of hydrogen involved in explosion is estimated
in the range of 3.45 kg - 6.89kg. The overpressure
that required flip-over of 3 & 4 bullets is estimated
to be 10.89 kPa overpressure. At the centre of
explosion, the overpressure generated must be not
less than 808 kPa according to the calculations.
Further, a logical discussion concludes that the
centre of explosion could be at 3rd bullet.
Four possibilities have been identified for the cause
of accident. Each of them was studied in detail using
the technical information on the plant equipment and
presented here in a chronological order.
Explosive mixture formation: The interlocking
safety provisions in the electrolysis plant, LP
hydrogen gas tank, two-stage compressor and the
inherent high pressure vessel design of bullets had
made the hydrogen production and storage system
very robust. In no case there would be formation of
explosive or detonating mixtures of hydrogen and
oxygen.
Mechanical failure of bullets: The bullets have not
undergone any extensive pressure/temperature
cycling during the last 32 years as they were used
exclusively at 14.5 kg/cm2 and 60oC. In view of the
above, it was believed that sudden crack/s might not
have developed in the 3rd bullet. As evidenced from
measurements after the incident, the thickness of the
shell and dished end must be normal before
explosion. In absence of any substantial rise in
discharge pressure and temperature of hydrogen in
the bullets, the burst of bullet due to mechanical
failure was ruled out.
High back-pressure from hydrogenation reactor
(autoclave): There were no abnormalities in the
operation of the hydrogenation reactor in the night
of 20-8-2017, before the explosion. There were no
signs of oil and catalyst pieces at the site of
explosion. At the time of explosion, the discharge
line manifold was snapped and hydrogen flow
stopped to the reactor. The hydrogenation reactor
remained unscathed. Hence, the accident scenario of
high backpressure from the hydrogenation reactor
was discounted.

Spontaneous ignition of leaked hydrogen: From a
detailed analysis, it was concluded that the
spontaneous ignition of leaked hydrogen through
one of the flanged connections with a damaged
gasket of 3rd bullet on manhole side was the root
cause of hydrogen explosion. The source of ignition
could be the spark produced due to static electricity
generated accidentally during the flow of leaked
hydrogen laden with iron oxide particles. It was
delved further to pinpoint which flanged connection
of the bullet might be responsible for hydrogen leak.
There were a few valid reasons that support the view
that the most probable flange with damaged gasket
could be the drain valve flange. A very high
probability existed for the 3rd bullet’s drain valve
flange gasket to get cracked and caused hydrogen
leak that caused the explosion due to spontaneous
ignition. The analysis is summarised in Table 1.
Table 1: Summary of Findings on Self/
Spontaneous Ignition
Mechanism
Reverse Joule-Thomson
effect
Diffusion ignition
Electrostatic ignition
Sudden adiabatic
compression
Hot surface ignition
Human error

4.

Leaked hydrogen selfignition of hydrogen
release
Yes
No.

X
X

X


X


X
X




Conclusion

There was no quantitative evidence that the leaked
hydrogen was detonated. But, the elimination
procedure, adopted in the investigation to find the
most plausible cause of explosion, indicated that the
accident might have occurred because of
spontaneous ignition of leaked hydrogen through the
drain valve flange of 3rd bullet due to gasket failure.
The inspection of split metal of 3rd bullet revealed it
as the centre of explosion.
5.
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1. Introduction
Chemical industrial disasters and emergencies involving
highly toxic, flammable & explosive chemicals are not
uncommon worldwide. India is a victim of one of the largest
chemical industrial disasters “The Bhopal gas tragedy”. In
the past, on 3rd December 1984, approximately 41 tons of
deadly Methyl isocyanate (MIC)was released in the Bhopal
city from Union Carbide India Ltd (UCIL), it caused the
death of more than 2500 people and long-term injuries for
over 300,000[1].
The author of the current article has collected the reported
industrial accident, published in Indian newspapers for the
year 2020 and 2021, specifically aiming at chemical,
petrochemical, pharmaceutical, steel, and power plants. The
data was then collated and analyzed. A shocking figure of
70+ accidents (170 fatalities and 1332 injuries) for 2020 and
120+ (170 fatalities and 1332 injuries) accidents were noted
for 2021 (Jan-Sep). As these numbers are based on reported
incidents, the real number may be far higher.
Chlorine (Cl2) is widely used, almost in all the chemical
industrial processes as well as in society for various water
purification processes[2]. Chlorine is greenish yellow in
color, having a density heavier than air, and is listed as a
highly toxic chemical with National Fire Protection
Association (NFPA) diamond ranking 4 (Highly Dangerous
to health) in the (NFPA)- 704 standards. Also, as per the
National Institute for Occupational Safety and
Health (NIOSH) its threshold limit values (TLV) of 0.5 ppm
or 1.5 mg/m3 of air and Immediately Dangerous to Life or
Health (IDLH) is 10 ppm and the dose of fatal is 1000 ppm.

In the past and recent years, the number of toxic chlorine
leakage accidents is reported in India as well as in other
countries in which several people got affected with a serious
respiratory injury. on 31st May 2008 Chlorine gas leak at
Jamshedpur in which Around 150+ persons had been
hospitalized. Again, on 14th July 2010 at the freight
distribution center, Mumbai Port around 120+ people were
affected by toxic chlorine gas[3]. So, learning from previous
accidents is always helpful to avoid future accidents.
In this paper computational fluid dynamic (CFD)
simulations were performed to assess the effect of wind
speed and 2 types of leakage size (Small and Full-bore
ruptured) on Chlorine leak scenario from 900kg Chlorine
tonner was assumed based on an accidental leak in a
chemical process industry.
2. Computational Methodology and Strategy
2.1 3D CFD Numerical Code and Machine
In the current study GEXCON’s 3D CFD FLACS V. 21.1Dispersion and Ventilation numerical code is used for
consequence analysis study and all simulations performed
on the high-speed computing system.
2.2 FLACS CFD Computational Methods
FLACS CFD code is working in 3 steps: Preprocessing
(Geometry and Simulation), Processing (Numerical
Iterations), and Postprocessing (Result visualization)[4].
2.2.1 Preprocessing- Geometrical modeling and simulation
setup (initial and boundary conditions)

Fig. 1 shows a model of Chlorine storage shade with 10 nos
of chlorine tonner has been constructed. All Chlorine tonner
dimensions were considered as same as real one (L x D =
2.06 x 0.778). For a present study following parameter has
been considered: Atmospheric pressure & temperature, leak
size 5 mm & 10 mm, wind speed 2& 5 m/s, stability class
F&D, discharge coefficient 0.62, ground roughness 0.03 m
(open flat terrain, grass, few obstacles) and NOZZLE &
WIND as boundary conditions. The release rate (0.0395 kg/s
& 0.1363 kg/s) of chlorine for both leak size (5 & 10 mm)
has been calculated based on TNO yellow book.

conditions changes, a drastic change in the length height, and
shape of the cloud is observed

Figure 2 (a, b, c, d): 2D counter plot for 5 mm Cl2 dispersion

Figure 1: Model and grid used for Cl2 dispersion study

2.2.2 CFD Computational Domain
A structured fine uniform grid around the leak and a
maximum grid size of 10 mm was selected for the far filed
area for this work by following FLACS best practice
guidelines. The overall grid domain for simulation is 930 m
× 950 m × 60 m in x, y, and z directions respectively
2.2.3 Governing Equations
In the present study, Favre-averaged transport equations for
momentum, mass, enthalpy (h), turbulent K.E (k), the rate of
dissipation of turbulent K.E (ε), fuel mass-fraction (YF), and
a fraction of mixture () are solved and the standard k- ε
model for turbulence is used[4].
3. Results and Discussion
3.1 Effect of Wind Speed and Leak Size on Cl2 dispersed
plume Length and Plume rainout from source
Fig. 2&3 (a, b, c, d) shows the effect of wind speed and leak
size on Cl2 dispersion path length and shape of plume at
IDLH concentration level 10-1000 ppm. As the wind

Figure 3 (a, b, c, d): 2D counter plot for 10 mm Cl2 dispersion

3.2 Effect of Wind Speed and Leak Size on Cl2 dispersed
plume Hight
From Fig. 4 (a, b, c, d) it can be seen that the effect of wind
speed and leak size on Cl2 plume height at IDLH
concentration level 10-1000 ppm.
Table 1: Dispersed Cl2 Plume Length, Area, and Rainout Time

From the Table. 1 it can be seen that the larger the leak size
and smaller the wind speed the more will be the length of the
plume as well height and vice versa. Also, From the current
study, it found that the higher the wind speed lesser the
plume rainout time from the leak source.

that the wind conditions changes, a drastic change in the
length, height, and shape of the plume[5].
The analysis demonstrates the chlorine storage in open
increased the possibility of the formation of the toxic
atmosphere in the surrounding area which can harm the
environment, humans, and assets. Also, due to the high
application of hazardous chemicals in industrial processes
and the day-by-day increment in frightening numbers of
industrial accidents create fear amongst society, making
these industries unpopular as unsafe. As, we researchers and
chemical industries need to create a centre of excellence
(CoE) in process safety at the national level to address, train,
and share development in hazardous chemicals by
conducting education, training, mitigation programs.
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Figure 5 (a, b, c, d): 3D 10 ppm Volume plot of Cl2 dispersion

4. Conclusion
The present simulation was simulated without any obstacles
in the plume propagation path for 600 sec and Leak stoppage
time is considered 312 sec (considering 10 sec of wind
stabilization time by following FLACS best practice
guidelines). The effect of multiple leak sizes and variable
wind speed with wind stability class on Chlorine dispersion
was observed. From the presented study it can be concluded
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1. Introduction
2. Methodology
Solid rocket propellants are used in defence and space
applications owing to their non-complex manufacturing
process and good energy density. The propellant system
mainly consists of a prepolymer binder, a metallic fuel,
curing agent and an oxidizer along with some minor
ingredients. The propellant manufacturing process involves
a series of unit chemical operations in which all the raw
materials interact and finally we get solid propellant grain.
The operations through which these propellant ingredients
undergo are mostly hazardous which involves fire and
explosion hazard.
Propellant mixing is an important process and it takes
place in an enclosed mixing chamber and therefore
initiation of propellant in confinement can be catastrophic.
Vertical planetary mixers are most commonly used mixers
used for propellant processing owing to its ability to
process high viscosity mix. These mixers have a number of
safety features which makes it preferred choice for large
capacity propellant mixing. These mixers however are
susceptible to ignition due to the friction induced by
moving blades on the propellant. Presence of foreign
abrasive material may create hot-spot in the mixer which
has been a reason for many of the accidents reported in
propellant manufacturing industry. Incorporating friction
sensitive material in vertical planetary mixers has therefore
been a challenge. Mixing in bladeless gravitational mixers
on the other hand is based on shear forces generated due to
combination of centrifugal and gravitational forces. As
there is no blade or agitator present, this mixer may provide
better safety for processing of friction and thermal sensitive
propellant ingredients.
This study has been carried out to assess and quantify the
risk associated with propellant mixing operation in a
bladeless gravitational mixer. The method of risk
assessment chosen for this study is bowtie analysis. Bow
tie is a combination of fault-tree on left-hand side and an
event-tree on the right-hand side which are interconnected
by a common critical event.

The bowtie analysis for the mixing of propellant in a
bladeless mixer has been carried out for three different
scenarios under which the system may fail in a safe or
unsafe way after passing all the safety barriers. Safety
barriers are the level of protections a system can have.
Once a level of protection fails i.e. safety barriers fails then
second safety barrier should come into the picture and
safeguard the system and this follows on.
The three failure cases are motor failure, discharge valve
failure and electrostatic charge accumulation. These failure
events are identified after the detailed study of the system.
2.1 Motor Failure
The motor is the one of the main unit of the bladeless
mixer. The motor helps in the rotation of the mixer for
mixing operation. The motor is driven electrically and the
power is transferred through a shaft to the gear box which
in turn rotates the mixer vessel. The failure of this motor
will either lead to no rotation of the mixer or motor may
catch fire leading to risk of initiation of propellant by
crossing all the safety barriers.
The safety barriers for this case are:
● Overload protection
● Flameproof protection
● Material containment
● Remote operation
2.2 Discharge Valve Failure
The discharge valve is used for discharging of material and
also plays a very crucial role in containing the explosive
material in the mixer vessel. If the discharge valve fails
then spillage of material as well as loss of containment will
take place. The spilled material may ignite and catch fire
very easily making the whole system vulnerable to an
accident.
The safety barriers provided for the valve failure are:
● Discharge valve interlock

●
●

Observation point alarm
Remote operation

2.3. Electrostatic Charge Accumulation
Electrostatic charge developed during handling and
processing of charge sensitive propellants and explosives
may be fatal. Once ignited by electrostatic charge,
propellant can react explosively. Feeding of dry powders
also generates electrostatic charge while flowing, so to
safeguard the system it is essential to discharge the amount
of electrostatic charge that has accumulated.
The safety barriers to safeguard the system from
accumulating electrostatic charge are:
● CO2 environment
● ESDS
● Remote operation

The bowtie analysis for the bladeless gravitational
propellant mixer plant is conducted for three different
failure cases, viz. motor failure, discharge valve failure and
electrostatic charge accumulation. The quantification of
risks associated with all the failure cases has been done.
The failure probabilities of all the basic events have been
adopted from MIL standard and failure probabilities of
safety barriers have been taken from OREDA reliability
data sheet and MIL STD.
3.1 Case-1: Motor Failure
The bowtie for motor failure top event is shown in fig. 1.
The probability occurrence of each basic event is
mentioned in table 1. These basic events will trigger the
intermediate events and which will be followed by the
triggering of main or top event.

3 Results and Discussion

Fig.1 : Bowtie for Motor Failure top event
Table 1
Basic Events (BE)
Motor winding temp relay faulty (BE1)
Motor overload (BE2)
VFD failure (BE3)
Fluctuating voltage (BE4)
Worn out winding insulation (BE5)
Restricted ventilation (BE6)
Misalignment (BE7)
Shaft imbalance (BE8)
Shaft looseness (BE9)
Bearing wear (BE10)
Improper lubrication (BE11)

Probability
3.7E-3
8.4E-3
8.4E-4
0.002
1.7E-3
1.5E-4
1.7E-6
1.38E-5
2.1E-5
1.4E-4
5.65E-6

Occurrence probability of top event (TE1):
P(TE1) = P(BE1)+P(BE2)+P(BE3)+P(BE4)+P(BE5)+
P(BE6)+P(BE7)+P(BE8)+P(BE9)+P(BE10)+
P(BE11) = 0.01697215

The hazards associated with the top event can only be
assessed with the failure of safety barriers. The failure
probabilities of safety barriers are mentioned in table 2
.

Table 2
Safety Barriers (SB)
Overload protection (SB1)
Flameproof protection (SB2)
Material Containment (SB3)
Remote operation (SB4)

Probability
0.03
0.01
0.01
0.15

For the top event to convert into any injury or casualty all
the safety barriers must fail.
P(Injury/Casualty) = P(TE1)*P(SB1)*P(SB2)*P(SB3)*P(SB4)
= 7.64E-9
The safest outcome to occur after the top event has already
occurred will be when the very first safety barrier i.e.
overload protection must fulfil its purpose. The probability
for the safest outcome will be:
P(Rotation stops) = P(TE1)*P(𝑆𝐵1) = 0.016463
Similar approach has been adopted for quantifying risk in
the case of discharge valve failure and electrostatic charge
accumulation.
5. Conclusion
The quantitative assessment of the hazards associated in the
manufacturing of explosive based propellant is one of the
most critical activities that must be covered by all
propellant manufacturing units to mitigate the after effects
of the different hazards. This paper quantifies the three
different types of hazards in propellant processing in a
gravitational mixer that can result in catastrophe if proper
safety barriers are not installed. With the fault tree and
event tree analyses, the preventive measures can be
identified to control the basic events into the top event and
mitigation measures can be identified and implemented to
reduce the severity of a top event or hazard once it has
occurred respectively. The bowtie analysis hence provides
a risk assessment report of a system that has hazards
associated with it by determining the deterministic values
of occurrence and after effects of a hazard.
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Introduction

2. Materials and Methods

The Dow Fire and Explosion Index (F & EI) was
developed by the Dow Chemical Company in 1967
as a tool for plant engineers to give relative value to
the risk of individual process unit losses due to fires
and explosions and to communicate these risk to
management in terms easily understood, i.e.,
potential of financial losses due to lost production
and damage to plant facilities. The index is still
widely used and has been revised six times. The
current version of the guide is available from AIChE
(1994) [1]. It is a tool to determine relative ranking
of fire, explosion, and chemical exposure hazards
and it estimates the hazards of a single process unit,
like storage tank, reactor and distillation column,
using chemical properties and inventories.
Moreover, it helps process design engineers to be
aware of the hazards in each process unit while
making important decisions in reducing the severity
and/or the probability of the potential incident. In the
calculations of F & EI, the effects of the loss control
measures (LCMs) on the F&EI value are not taken
into account and as such it makes the plant look
more hazardous. A modified version [2] for the
calculation of the F& EI considering the effects of
the loss control measures, which provide the
necessary layers of protection, aptly works in favour
of the process industry and may help improve its
public image. The modified F & EI is known as
Offset F & EI.

2.1. Materials: Dow F & EI was determined for six
different chemical storages, the details of which are
given in Table 1. The offset F& EI is also predicted
for the above after the application of proposed
control measures. The storages cover a reactive,
toxic and flammable chemical, a liquid hydrocarbon
(highly flammable), liquid petrochemical (toxic and
highly flammable), toxic gas, liquefied petroleum
gases and a solid chemical.

The objectives of the present investigation are to
computerize the calculation of Dow’s F & EI and to
generate management information due to fire and
explosion hazards for different chemical storages
based on the Dow’s F & E I and Offset F & EI.

Table 1: Quantity and Pressure of Each Storage
Quantity
Storage
P(psig)
(lb)
Styrene Tank
14.47
40,00,000
Gasoline Tank
13.10
3,96,36,000
Methanol Tank
14.47
76,032
Chlorine (Cylinder)
73.48
2,200
LPG Bullet
88.00
20,000
Sodium Hydride
1,20,000
(Solid) Drums
2.2 Methods: The general procedure for the original
F & EIO is taken from the 7th Edition of Dow’s guide
[1] and the stepwise procedure is shown in Figure 1.
All the parameters in the boxes of the Figure 1 are
calculated as per the guidelines/equations given in
the above guide. Offset F&EI is calculated from the
equation:
Offset F&EI =(LCCF)1/2 * (F&EIO)
Python programing is used to prepare a module for
computing the two types of F & EI. The step wise
procedure modified for F & EI is shown in Figure 2.
For offset F & EI, the calculation procedure is
adopted from Gupta et al. [2].

Table 2: Risk Analysis Summary for Styrene
Storage Tank
Item
Fire & Explosion Index
(F&EI)
Radius of Exposure, ft.
Area of Exposure, sq.ft.
Value of Area of Exposure,
$MM
Damage Factor
Base Maximum Probable
Property Damage - (Base
MPPD), $MM
Loss
Control
Credit
Factor(LCCF)
Actual Maximum Probable
Property Damage - (Actual
MPPD), $MM
Maximum Probable Days
Outage - (MPDO) , days
Business Interruption (BI), $MM
Figure 1: F & EI Procedure

F &EIO

Offset
F &EI

171.36

95.88

143.95
65061.79

80.54
20369.3

36.16

21.69

0.88

0.88

31.72

19.03

0.31

0.31

9.93

5.96

63.94

47.25

149.2

110.24

resulting from production interruptions are greater
than losses due to the destruction of equipment.
With offset F & EI, risk analysis is performed again
to examine the effects of reforms. The comparison
shows that by applying offset F& EI the risk is
reduced considerably in all cases.
The module for F & EIs written in Python
programing is highly convenient for calculations.
Python is a high-level language, like BASIC, that
has English-like syntax. It needs less lines of code to
perform the same task as compared to other major
languages like C/C++ and Java.
4. Conclusion
This study shows that Dow’s Index is a systematic
tool to examine the impact of control measures.
Considering the priority of reducing damage factors,
several correction actions were suggested,
5. References
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Figure 2: Modified part of the procedure for
Offset F & EI
3. Results & Discussion
The values of Dow F & EI and the offset F & EI for
the storages studied in this work are tabulated. For
example, Table 2 shows the risk summary for
Styrene tank. These results demonstrate that losses
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1. Introduction
Fuels and other products obtained upon refining petroleum
crude oil (one of the two fossil fuels) constitute the
segment of commodities that is one of the major driving
forces of Indian economy. The petroleum refining sector is
thus a vast network of refineries across the length and
breadth of India, with its size commensurate with the
requirement of the country’s huge population; it is also ever
expanding so as to match the population growth. The
significance of fire safety hazard in all these refineries and
the associated storage facilities need not be overemphasized considering the large volumes of highly
inflammable fluids they handle on a round-the-clock basis.
In spite of continually evolving technology and increasing
awareness on safety, incidents and accidents continue to
occur. Information on past incidents and accidents in these
facilities will thus provide a precious handle to understand
the major causative factors and take the associated
corrective measures so as to prevent their repetition.
Hence, there is a need to list all the incidents/accidents that
have occurred in Indian petroleum refineries and to
undertake a preliminary analysis as to their major causes.
2. Method
A review of the literature for the availability of information
on the incidents/accidents in Indian petroleum refineries
and terminals as part of chemical process industries was
carried out. The review also covered the related papers on
subjects like process hazard, process safety management
systems, etc. The following journals spanning over a
period of the last fewyearswere searched towards this end:

(1) Process Safety and Environmental Protection, (2)
Journal of Loss Prevention in the Process Industries, (3)
Safety Science, (4) Process Safety Progress, (5) Fire Safety
Journal, and (6) Journal of Safety Research. The selection
of these journals was based on the availability of articles
relevant to fire safety hazard in chemical process industries.
Accident data bases in India as well as the websites of
regulatory and other related bodies were also reviewed.
3. Results and Discussion
The literature review yielded a good number of research
articles on fire/process safety in chemical process industries
and related topics. The subjects dealt with in these papers
can be categorized broadly into the following themes: (1)
Methods, techniques and models for process hazard and
risk assessment, (2) Safety management systems in specific
sectors/industries, and (3) Case studies of certain accidents.
A majority of the research articles was on the first theme
mentioned above.
Though many incidents/accidents were cited in the articles
related to fire safety hazard of chemical process industries,
only a few of them refer to those that occurred in India.
When it came to the incidents/accidents in petroleum
refineries/terminals, the references were confined only to
the major ones like the 1997 Visakhapatnam LPG accident,
the 2009 Jaipur Terminal incident, etc. A comprehensive
listing of all the incidents/accidents in the Indian petroleum
refineries was not found.
A search of the accident data bases in India (like National
Institute of Disaster Management, Datanet India Private

limited, Directorate General – Factory Advisory Service
and Labor Institutes, Chemical Accident Information and
Reporting System, etc.) revealed that they contain
information on disasters including road accidents,
occupational injury statisticsof industries and similar data.
Though the details contained therein were with reference to
some of the industrial accidents, comprehensive
information on incidents/accidents in Indian petroleum
refineries/terminals was not found.

corrective measures in the operating facilities and infusion
of mitigatory systems in the new facilities at the design
stage. There is hence a sound requirement for a listing of
all the incidents and accidents in the petroleum refineries in
India and conduct an analysis towards identification of
major causes. Further work needs to be undertaken in this
regard with possible help from the oil refineries and/or the
associated governing bodies.

The official websites of regulatory bodies like Petroleum
and Explosives Safety Organization (PESO) were also
reviewed but data on incidents/accidents in Indian
petroleum refineries/terminals was not available. However,
the official website of Oil India Safety Directorate (OISD)
was found to contain certain case studies of refinery
incidents but they were of a selected few and for a limited
period.
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Liquid film flows with free surface are ubiquitous in many industrial processes (e.g. coating
applications), microfluidic applications, and biological flows (e.g. flow in lung airways, tear film
of eye). The free surface is known to exhibit a long‐wave instability which results in development
of waves at gas‐liquid interface. Different strategies are proposed to manipulate and control such
free surface instabilities. Here, we discuss the role of deformable substrate and/or presence of
interfacial surfactant at free gas‐liquid interface in manipulating the instabilities present for liquid
film flows. We consider the above‐mentioned aspect for the case of both planar film flows down
an inclined plane and cylindrical film flows outside or inside of a tube. For liquid film flow down
a rigid inclined plane, the free surface becomes unstable above a critical Reynolds number. The
presence of interfacial surfactant is known to suppress this free surface instability of film flow
past a rigid incline plane. An additional surfactant mode is also introduced in the problem
because of presence of Marangoni flows induced by convection of surfactant along the gas‐liquid
interface. However, this surfactant mode remains stable for liquid film flow down a rigid incline.
We show that when rigid wall is replaced by a soft wall, this surfactant mode becomes unstable
when the wall becomes sufficiently soft. This wall deformability induced surfactant mode
instability is triggered even in creeping flow limit and is present whether the film consists of a
Newtonian or a visco‐elastic liquid. While the effect of soft wall is destabilizing for surfactant
mode, the wall deformability has a stabilizing effect on free‐surface instability. Thus, the overall
stability of surfactant‐laden liquid film flow past a deformable wall depends on the competition
between the free‐surface instability and surfactant mode instability, keeping in mind that both
these instabilities are getting modified by wall deformability. We elucidate this role of interfacial
surfactant and wall deformability in modifying the stability of film flows. In contrast to the planar
film flows, the cylindrical film flow becomes unstable due to Rayleigh Plateau instability (RPI) in
addition to free‐surface instability. Previous studies have explored the role of interfacial
surfactant on this RPI and concluded that the surfactant inhibits the growth of RPI but is unable
to completely suppress the instability. However, all these previous works ignored the effect of
basic flow in their analysis. We re‐examined the role of presence of interfacial surfactant on RPI
by considering the presence of base flow and observed dramatic changes in stability behavior of
surfactant‐laden film flow over a cylindrical rod. In particular, we observed a complete
suppression of RPI as surfactant concentration is increased. However, with further increase in
surfactant concentration, the surfactant mode becomes unstable and the overall stability is
governed by competition between RPI and surfactant mode instability.
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Control and suppression of viscous fingering with time dependent
injection flow rate
Sourav Mondal
Department of Chemical Engineering, Indian Institute of Technology Kharagpur, Kharagpur
721302, India
Viscous fingering occurs when a low viscous fluid displaces a high viscous fluid in a porous
medium, the interface becomes unstable (Saffman Taylor instability). Ever since the pioneering
work by Saffman and Taylor on the analysis of the viscous fingering in porous media, there
has been a growing interest in the scientific community over the last two decades dedicated
towards understanding the mechanism, control, and its suppression. The phenomenon of
viscous fingering and its prediction have significance in industrial applications, particularly
during enhanced oil recovery. It is estimated that around 20-25% of the oil from the
underground reservoir cannot be extracted because of the engineering challenge posed by
viscous fingering alone. It can be easily realised with the current energy demand and shortage
of fuel resources; the implication of the fluid instability problem is huge.
A novel strategy has been developed from the linear stability analysis to vary the injection
flowrate with time, based on a particular mathematical function. Depending on the injection
dynamics, the evolution of the fingers can be controlled as well as completely suppressed.
The mathematical analysis has been supported by the experimental findings at the laboratory
scale. In the talk, I will explain the genesis of the problem followed by a summary of the
mathematical investigation and the experimental evidences.

TMM-122
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1. Introduction
Over the last few decades, Partially hydrolyzed
polyacrylamide has emerged as one of the most
popular polymers with a variety of applications
ranging from treatment of waste water from oil
extraction, mineral floatation to Enhanced Oil
Recovery (EOR). It is prepared by copolymerization of acrylamide and sodium acrylate
and possesses distinctive abilities like enhancing
the viscosity of displacing fluid, improving the
sweeping efficiency in EOR. [1,2]. An important
application of HPAM lies in effectively
recovering unextracted parts of crude oil in
depositional fields through polymer flooding. The
main role of the Polymer solution is to enhance the
sweeping productivity and wettability and reduce
the oil/water mobility ratio and thereby increasing
the oil recovery after primary and secondary
recovery of the oil reservoir with its unique
properties like water-solubility, its shear-

thickening behavior towards the water, shearthinning behavior for crude oil mixture, low cost
etc [3]. Methods like hydrophobically associating
PAM with a hydrophobic monomers, addition of
surfactants and forming organic /inorganic
nanocomposites are employed to overcome such
limitations. The nanoparticles like Silica facilitate
the reinforcement of intermolecular hydrophobic
associations and strengthen the network structure
of the HPAM by acting as a cross-linking agent to
enhance the degree of cross-linking between
polymer chains[4]. The current work studies the
SiO2/HPAM nanocomposites under high
temperature and high salinity conditions. It
examines the effect of important parameters like
nanoparticle loading, temperature, time and
electrolytic concentration on the rheological
behavior of SiO2/HPAM nano composites under
high temperature and high salinity.

2. Material and Methods
2.1 Materials

Also study using the experimental data, the
parameters of common rheological models were
obtained a general viscoplastic model having yield
stress term may be expressed as equation 1:
𝑛
(1)
𝜎 𝑛1 = 𝜎𝑦 1 + 𝑘𝛾̇ 𝑛2

SiO2 nanoparticle (12 nm, ≥99.0%in purity was
purchased from Sisco Research Laboratories Pvt.
Ltd.(SRL) – India, and Partially hydrolyzed
polyacrylamide (HPAM) SNF India. Sodium
chloride (≥99.0% in purity) was obtained from
Merck, India.

𝛾̇ ∶ 𝑠ℎ𝑒𝑎𝑟 𝑟𝑎𝑡𝑒 ,

2.2 Methods

𝑛1 & 𝑛2 ∶ 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠

2.2.1 Preparation of hybrid sample

𝑘 ∶ 𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 𝑖𝑛𝑑𝑒𝑥

Prior to the experiment, SiO2NPs at
different concentrations were dispersed in distilled
water to form stable dispersion by ultrasonication
via an ultrasonic bath for 20 minutes. Then HPAM
powders were introduced into aqueous SiO2
suspensions at designed concentrations from 0.1
wt% to 2 wt% and followed by one-day stirring
before rheological tests.
2.2.2 Rheology measurement
The viscosities of these samples were measured by
a MCR 102 rheometer(Anton Paar, Austria),
which can stabilize the sample temperature from 0
to +100 °C with an accuracy of 0.1 °C. A coneand-plate geometry was selected for the
rheological measurement, because the shear rate is
uniform across the radius, and the gap is pre-set to
the standard determined by the manufacture. The
rheological behavior of samples was determined
under both steady and oscillatory shearing
conditions to obtain steady and dynamic
viscoelastic properties. Dynamic frequency
spectra were conducted in the linear viscoelastic
regimes, as distinguished from dynamic strainsweep measurements. All experiments were
conducted under a stress controlled mode.

𝜎 ∶ 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑠𝑠, 𝜎𝑦 ∶ 𝑦𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑠𝑠

3. Results and Discussion
3.1 characterization
The hydrodynamic particle size distribution in
distilled water was measured using a Malvern Zeta
sizer(S-90) based on the dynamic light scatting
(DLS) method, which shows an average size of
300.5 2.9 nm.
3.2 Concentration dependence of HPAM
Figure 1 shows the viscosity of HPAM at 25°C
under different shear rates. The concentration was
over 0.1 wt% o 1wt%, the viscosities were
gradually reduced with the increase of shear rate,
indicating shear-thinning properties.

consequently its viscosity are sensitive to
electrolyte concentration. The influences of NaCl,
MgCl2 and CaCl2 on the effective viscosity of
Silica NPs. Result are not showing here
4. Conclusion

Fig1. The dependence of viscosity of HPAM on
shear rate
3.3 Effect of nanoparticle loading on the
viscosity of HPAM/silica hybrids
To do this, 0.4 wt% and 1 wt % HPAM
solution was chosen as the reference solution in
which a series of SiO2 NPs at different
concentrations were added.
The same
concentrations of SiO2NP dispersed in distilled
water were also included for comparison. Result
are not showing here
3.4 Effect of temperature on viscosity of
HPAM/Silica hybrids
To investigate the temperature effect, samples,
i.e., 0.4 wt% 1wt % HPAM mixed with 1 wt%
SiO2,and the corresponding pure polymer and
SiO2 solution were examined. Result are not
showing here
3.6 Effect of electrolyte on the viscosity of
HPAM/silica N.P. hybrid
Salt tolerance is another consideration for the
application of this kind of hybrids. Since HPAM
is a polyelectrolyte, the hydrodynamic size and

This work examined the rheological properties of
aqueous HAPM/SiO2 hybrids under different
salinities, temperature and time. The hybrid of
silica nanoparticles was found to improve
significantly the rheological properties of HPAM
especially under high temperature and high
salinities. More specifically, there was a critical
SiO2nanoparticle concentration existing for a
given amount of HPAM. The inclusion of silica
nanoparticles improved HPAM’s salt tolerance,
and
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1. Introduction
Many practical situations need fluid flow and heat transfer
from horizontal cylinders subjected to cross-flow in nonNewtonian fluids. Various mathematical models are
available for non- Newtonian fluids such as shear thinning
or pseudoplastic, e.g., glues, blood and polymer melt,
viscoplastic or yield value, e.g., paints and concentrated
suspensions fluids, and shear-thickening or dilatant e.g., wet
sand, sugar in starch solution and borax solution. In the
present study, the fluid flow and heat transfer characteristics
across circular cylinders are examined by a power-law
model using Ansys Fluent software.
2. Problem Statement and Governing Equations
2.1 Problem statement
Heat and fluid flow characteristics are studied in an
incompressible power-law fluid with uniform velocity ‘u’.
Fluid with uniform temperature flows along the x-direction
(crossflow) across three circular cylinders placed in tandem
configuration. A 2-D steady-state laminar flow of powerlaw fluid over the circular cylinders is considered in this
work.
2.2 Governing Equation (equations are not visible)
The conservative form of the non-dimensional governing
equations
●
●

Equation of continuity
Equation of Momentum

𝛻. 𝑈 = 0

𝜌(𝑈. 𝛻𝑈 − 𝑓) − 𝛻. 𝜎 = 0
●

Thermal energy equation

𝜌𝐷𝑒
= −𝑝𝛻. 𝑢 + 𝛻. (𝑘𝛻𝑇) + ∅
𝐷𝑡

●

Rheological Equation of State of Power Law fluid
𝑑𝑣 𝑛

𝜏 = −𝜇 ( )
𝑑𝑥

𝑅𝑒 =

𝜌𝑑 𝑛 𝑈 2−𝑛
𝑚

𝑚 𝑈 𝑛−1
𝑃𝑟 = 𝐶 ( )
𝑘 𝑑
2.3 Numerical Methodology
A computational grid is created using ANSYS
WORKBENCH. The governing equations are solved in 2D, steady solver, in which the differential equations are
transformed into linear algebraic equations using
discretization schemes. For the pressure interpolation
standard second-order scheme is used, and for momentum
and Energy, a second-order upwind scheme is used.
2.3.1 Domain and Grid Study
The 0.02 mm grid size shows the difference of less than 1
percentage in the value of drag coefficient and the Nusselt
number value for 0.02d and 0.025d grid.
Similarly, for the square domain at 300d, a successful grid
study is conducted, and it is concluded that Domain size
300d and grid size 0.02d are the optimum values for
calculating the variables.
3. Results and Discussion
2D steady-flow computation has been carried out for the
following values of the dimensionless parameters: Reynolds
number, Re = 1, 5, 10, 15, 20, 25 and 30; Prandtl number,
Pr=0.71, 7, 50, and 100; Power-law index, n= 0.3, 0.5, 1, 1.2,
1.5 and 1.8, therefore covering both shear-thinning (n<1)

and shear-thickening (n>1) fluids, and for the three values of
inter cylinder distance, L/d=2,4 and 6.

interference due to the adjacent cylinders decreases, which
helps in the fluid flow, hence convection increases.

3.1 Fluid flow characteristics

4. Conclusion
For the low Reynolds number (Re) values, the pressure and
friction drag coefficients decrease with an increase in the
power index (n) value. The value of drag coefficients
decreases with an increase in the value of Reynolds number.
For a particular power-law index and for a constant Prandtl
number, the value of the Nusselt number increases with
increasing Reynolds number. The same behavior was found
for the Prandtl number keeping other parameters constant.
The inter-cylinder distance (L/d) affects the pressure,
viscous, and total drag coefficients. With the increase in the
value of the gap ratio, all these values increase in the case of
all the fluids because of the less interferences from the
adjacent cylinders. The Nusselt number value also increases
with the L/d ratio for both Newtonian and Non-Newtonian
fluids. With the increase in the value of L/d, the flow and
heat characteristics of all the Cylinders approach the
behavior of a single-cylinder.

Pressure Drag (𝐶𝑑𝑝 ) and friction drag (𝐶𝑑𝑓 ) coefficients
The influence of Reynolds number (Re), power-law index
(n), and gap ratio (L/d) on pressure drag (𝐶𝑑𝑝 ) and friction
drag (𝐶𝑑𝑓 ) coefficients are studied. It is found that for
pressure drag (𝐶𝑑𝑝 ), the power-law index has more influence
in shear-thinning fluids at low Re (<10) and is insignificant
for shear thickening fluids. For high Re(>=10), the
dependence of the power-law index vanishes. The viscous
drag is more dominant in shear-thickening fluids at high
Re(>10) whereas it becomes prevalent in shear-thinning
fluids at low Re(<=10). The value of the pressure drag is
much larger than the viscous drag, so the overall drag
coefficient behavior becomes similar to the pressure drag
coefficient.
3.2 Effect of L/d gap ratio on fluid flow characteristics
The increase in the L/d ratio exerts an direct influence on the
pressure and viscous drag for the three cylinders. Both of the
drag coefficients for all the three cylinders are always
smaller than that for a single cylinder, which is clearly due
to the interference between the flow fields brought about by
the proximity of the three cylinders. The value is maximum
for L/d=6 and minimum for L/d=2 for all the cylinders.
3.3 Heat Transfer Characteristics
Nusselt number increases with increase in both Reynolds
and Prandtl number. For very low Re(<5), all power-law
indices of study show very low Nu because convection is
mostly conduction dominated, and hence Nu mostly became
independent of the power-law index. For higher Re(>=5),
the dependence becomes stronger for shear-thinning fluids
than the shear thickening because, at high Re, the fluids with
n>1 become more viscous and hence has more resistance to
flow, due to which, conduction becomes a dominating factor
in these fluids.
3.4 Effect of L/d gap ratio on heat transfer characteristics
It has been observed that on increasing the L/d ratio, Nusselt
number increases because by increasing the L/d ratio the
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Abstract

This paper reports the experimental investigation and analysis of the drop aspect ratio in a jet-driven mixing column. The drop
aspect ratio is calculated from the drop image using a high-speed camera. The effects of jet velocity and dispersed phase volume
were studied.The drop aspect ratio is observed to reduce as the Eötvös number (Eo) of the system increases. The drop aspect ratio
is higher in the pure water system compared to the contaminated system (paraffin-water). Based on the experimental study, the
correlation is developed in terms of Eo numbers. The present research will be helpful for scale-up, designing, and optimization of
a jet-driven mixing column.
Keywords: Drop aspect ratio, Shape, Jet-driven Column, and Correlation.

1. Introduction
For designing any multiphase reactor, accurate knowledge
of a liquid drop shape is essential to understand the gasliquid interface transfer (Liu et al., 2021). In engineering
applications, the motion of drops or bubbles in complex
rheology fluids is significant for mixing, separation, and heat
transfer (Wanchoo et al., 2003). Numerous authors have
studied and reported the bubbles/drops aspect ratio (Aoyama
et al., 2016; Liu et al., 2021; Myint et al., 2007). The drop
aspect ratio (ψ) knowledge is essential to measure the force
acting on the drop size and the mass transfer coefficient
(Sangtam et al., 2021). Sugihara et al. (2007) studied the
behavior of a single rising bubble in pure water and found
the aspect ratio in the range of 0.5 < ψ <1. Myint et al. (2007)
used silicon oil as a dispersed phase and water and glycerol
as continuous phases and studied the drop aspect ratio. They
have found a higher scattering of aspect ratio in pure water
than in the dispersed phase.

In the present work, the drop aspect ratio is measured in
terms of Eo. Empirical correlations are developed from the
present experimental data, and it is compared with the other
correlations available in the literature.
2. Experimental Setup and Method
2.1 Experimental Setup
The experimental setup for measurement of drop aspect ratio
is shown in Fig. 1. In the present experiment, the height of
the column and diameter used were 0.37 m and 0.055 m,
respectively. The jet velocity was in the range of 0.82 to 1.78
m/s. The system Morton number for water was log10 M =
10.96 and for the paraffin-water system it was log10 M =
8.60 2.47  10-9 < log10 M > 1.9  10-14. For each
experiment, the drop image was captured using high-speed
photography (model: Phantom VEO640, USA) with a
resolution of 2560 × 1600 pixels at 1400 frames per second.
Photographs were captured when the system attained a
steady state. Several images were captured for a specific

experimental condition, and the best image was used for
further image analysis.

little variation in aspect ratio for vj = 1.51 m/s and 1.78 m/s
was observed. Beyond that, deq = 0.5, a significant variation
in aspect ratio is noticed.
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1.0

Paraffin-water ( vj=1.51 m/s)
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Figure 1: Experimental setup for the liquid-liquid jet-driven
mixing column.
The captured images were further analyzed and enhanced
using different methods such as image segmentation,
contrast, stretching, and brightness, etc. In each image, 1000
drops were marked using Digimizer software (version 5.4.3)
to measure the drop aspect ratio. The ratio of the minor to
the major axis of a drop is called the aspect ratio.
Dimensionless numbers such as Reynolds, Eötvös, and
Morton influence the rising drop shape inside the column.
The drop aspect ratio is expressed as



lmin
lmaj

(1)

where lmin and lmaj are the minor and major axes of drop.

2.2 Materials
The experiment was performed in the presence of an
aqueous phase of paraffin. The chemical used for this study
was purchased from Himedia Laboratories Pvt Ltd, India
(98% purity).
3 Result and Discussion
3.1 Effect of jet velocity on equivalent drop diameter and
aspect ratio
The influence of equivalent drop diameter (deq) drop aspect
ratio (ψ) at different jet velocities (vj = 0.82 to 1.78 m/s) is
shown in Figure 2. It is observed that with an increase in the
deq, the aspect ratio decreases. Little variation in drop aspect
ratio is observed for jet velocities, vj = 0.82 m/s and 1.09 m/s.
The further increase in the jet velocity to vj = 1.51 m/s
significantly reduces the aspect ratio. Below deq = 0.5 mm, a
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Figure 2: Influence of jet velocity on equivalent drop
diameter and aspect ratio.
equivalent drop diameter. It is because a high-energy
dissipation rate originated along with the generation of
dispersed drops. Thus, large drops generated in the mixing
zone are broken into small drops across the entire column.
3.2. Development of a correlation for drop aspect ratio
Numerous researchers have carried out studies on aspect
ratio, and they have also developed correlations based on
various dimensionless numbers (Aoyama et al., 2016;
Besagni and Deen, 2020; Besagni and Inzoli, 2016; Okawa
et al., 2003; Sugihara et al., 2007; Wellek et al., 1966). In the
present study, the following correlation (Eq. 2) is developed
in terms of the Eo for pure water and paraffin-water systems,
which can be expressed as

  1100.475  0.593e

 Eo 


 0.0012 

 1101.078e

Eo




 365.897 

(2)

The correlation coefficient of the developed correlation (Eq.
2) is 0.98. Eo number is important in multiphase to
characterize the shape of drops moving in the fluid medium.
The variation of aspect ratio on Eo in the pure water and the
paraffin-water system is shown in Figure 3. It can be
observed that the aspect ratio is lower in pure water
compared to the paraffin-water system. The low drop aspect
ratio is attributed to the high surface tension of water
compared to the paraffin-water system. The developed
correlation is also compared with the other correlations,
which are published in the literature. It is observed that all
the correlations were over predicted with the experimental
data. The major reason may be the use of different

geometrical conditions. The proposed drop aspect ratio (ψ)
correlation has been predicted with an average absolute
relative error (AARE) of 20.23%.
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Experimental data (paraffin-water)
Predicted model

1.2
1.0

 ()

0.8
0.6
0.4
0.2
0.0
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

Eo ()
.
Figure 3: Drop aspect ratio in the pure water and paraffinwater system.
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Figure 4: Comparison of experimental data with proposed
correlations and other published correlations.
4. Conclusion
The current study described the drop aspect ratio in a jetdriven mixing column. The water was used as a continuous
phase, while paraffin was used as a dispersed phase. The
influence of the jet velocity and the system properties are
studied. At low Eo, the drop aspect ratio is close to 1, while
the aspect ratio decreases at higher Eo.
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1.. Introduction
n
Liquid-liquid
L
t
two-phase
floow provides a broad reseearch
arrea due to its numerouus applicatioons in medicine,
aggriculture, foood industriees, petroleum
m industries, and
chhemical synthhesis. Its benefits increase as
a it involves flow
thhrough miniaature geomettries. Liquid--liquid two-pphase
fllow in miniatu
ure geometriees has significcant advantagees as
it provides a high
h
surface--to-volume raatio for interffacial
reeaction and mass
m
transfer. Smaller
S
tube geometries
g
haave a
more
m
decisive influence of capillary forcces on them. The
flluid-surface innteraction beecomes domin
nant in miniaature
geeometries. Su
urface propertties play a keey role in varrious
deevice perform
mances. The wettability of microchaannel
grreatly influencces flow patteerns and heat transfer.[1–3]
t
The
hyydrophobicityy of the channnel also influuences two-pphase
fllow pressure drop.
d

used to captuure the flow iinside the testt section. Thee highspeed camera has a resolution of 12880×800 pixelss with
e
time of
o 2µs.
maximum fpss of 1600 andd a minimum exposer
A flicker-free, DC powerr-operated LE
ED light (Osakka OS
300 Mark IIII) illuminates the test sectiion from behind. A
differential prressure transm
mitter (Honeyw
well) equippeed with
a Data acquiisition system
m (National Instruments Ltd.)
L
is
connected too the inlet annd outlet of the test secttion to
acquire presssure signal disturbance (PS
SD). PSD is further
f
used for callculating presssure drop and
a
pressure signal
analysis.

2.. Material an
nd Methods
2..1 Experimen
ntal setup
The
T detailed schematic view
w of the expeerimental setuup is
giiven in figuree 1a. The expeerimental setuup consists off two
peeristaltic pum
mps, a high-sspeed cameraa, lighting souurce,
mixing
m
junctioon, test fluidss, pressure trransmitter, a data
accquisition sysstem, and a seeparator. The peristaltic puumps
(E
Everest analyytica) are useed to pump the
t organic phase
p
(T
Toluene) andd the aqueouus phase (waater) throughh the
mixing
m
junctioon and the tesst section. Thee peristaltic pump
p
fllow rate is 6 ml/hr
m
to 600 ml/hr with a step increase of 6
ml/unit.
m
The schematic viiew of the mixing
m
junctioon is
shhown in figuure 1b.The mixing
m
junctioon is co-flow
w in
naature. The higgh-speed cam
mera (Phantom
m miro lab 110) is

Fig. 1. Deetailed view of the experimental set-up, ttest
section, andd mixing juncction
2.2 Test Sectiion and test fl
fluids
The test sectiion is made up
u of a glass capillary.
c
Thee inner
and outer diaameter of thee glass capillaary is 2.4mm and 7
mm, respectively. The totaal length of thhe test sectionn is 40
cm. The halff part of the ttest section iss coated with PTFE
solution to make
m
it hydropphobic, and th
he rest of the half is

trreated with pirana
p
solution
n to make itt hydrophilic. We
haave taken thrree different test sectionss with a diffe
ferent
co
ontact angle of
o the hydrop
phobic part an
nd a fixed con
ntact
an
ngle of the hydrophilic part.
p
The cap
pillary tube with
hy
ydrophobic part
p contact an
ngle 135, 155
5, and 169 iss C1,
C2,
C and C3, resspectively, in the rest of thee manuscript. The
mixing
m
junction
n is connected
d to the hydro
ophobic end of
o the
teest section. The photograpphs are taken at three diffe
ferent
po
ositions of th
he test section
n. The picturees are captureed in
th
he hydrophob
bic section w
with camera position1.
p
Cam
mera
po
osition 1 is 10cm away froom the inlet of
o the test secction.
Similarly, imag
ges are captuured in a hydrrophilic area with
ons 2. The capillary tub
be is fixed in a
caamera positio
reectangular box
x filled with glycerol to capture
c
distorrtionfrree images. Th
he detailed sch
hematic view of the test secction
iss shown in figure
f
1c. To
oluene saturatted with disttilled
water
w
and Disstilled water saturated wiith toluene is an
orrganic and aq
queous phase.. The viscositty of test fluids is
measured
m
by a rheometer ((Anton Paar, MCR 702). The
in
nterfacial tenssion and conntact angle arre measured by
b a
go
oniometer (KR
RUSS, DSA 225).
3.. Results and
d Discussion
3..1 Flow patterrns
The
T whole ran
nge of experim
ments shows five
f
different flow
paatterns: aqueeous slug, aqqueous dropllet, organic slug,
orrganic dropleet, and encap
psulated slug
g. All these flow
paatterns are cap
ptured at cameera positions 1 and 2.

section. In th
he hydrophilic section, maainly organic slugs,
organic dropllets, and encaapsulated slug
gs develop. Figure 4
shows the ph
hotographic vview of flow
w patterns. Alll flow
patterns capttured here aree fully develo
oped in naturee. The
details of flo
ow patterns aare discussed below. The major
flow patterns observed are given in figurre 2.
4. Conclusion
The current study
s
experim
mentally investigates the eff
ffect of
contact anglee and contact angle jump within
w
a capillary on
the hydrodyn
namics of liqquid-liquid tw
wo-phase flow
w. The
experiment includes
i
twoo low viscou
us liquids, namely
n
toluene and distilled
d
waterr. It is done in
n a capillary tube
t
of
internal diam
meter 2.4mm. This study mainly investigates
the effect off contact anggle on flow patterns.
p
The major
findings of th
his study are ggiven as follow
ws.
The change in
i wettability of the channeel from hydrop
phobic
to hydrophiliic enhances thhe phase inveersion. The aq
queous
slug/droplet formed
f
in a hyydrophobic seection converts to an
organic slug//droplet in thhe hydrophilicc section. Wiithin a
test section C1,
C C2, and C33, a combinattion of flow paatterns
is observed because bothh hydrophobic and hydro
ophilic
sections are present
p
in thee same chann
nel. The majo
or flow
pattern com
mbinations are Aqueous slug-organic slug,
aqueous slug
g-organic drooplet, Aqueo
ous droplet-o
organic
slug, and aq
queous slug-eencapsulation.. A large jum
mp in
contact anglee favors the foormation of th
he encapsulateed slug
at high USA and USO. A small contacct angle jump
p, film
drain at the ju
unction, and fo
forms organic slug/droplet.
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1. Introduction

2.1 Materials

Hydraulic jump, characterized by an abrupt increase
in liquid depth,occurs during flow deceleration from

The experiments are performed using different
concentration of aqueous glycerol solution whose
properties are estimated under ambient conditions in the
laboratory.The density and viscosity are measured using
specific gravity bottle and Ostwald viscometer
respectively,while the surface tension and contact angle are
measured using ramé-hart 250-F1 goniometer.The
properties of air at ambient temperature are taken from
Perry's Chemical Engineers' Handbook.

,
supercritical (Froude number, Fr >1, where
/
is the velocity of flow, is acceleration due to gravity
and is depth of flow) to subcritical condition(Fr < 1).This
flow discontinuity is commonly observed for both turbulent
and laminar flow in closed conduits and open channels.
Several literatures are available on planar hydraulic jump in
turbulent flow and laminar circular jump. Recently, study
of planar laminar jump in thin film flow has gained
attention due to its industrial applications in surface
cleaning,film coating, film draining, etc. However, almost
all the studies are reported for low viscous Newtonian
liquids. Laminar planar jump for high viscous Newtonian
liquid is hitherto unexplored to the best of the authors’
knowledge. The present study reports experimental,
numerical and analytical investigations on planar laminar
jump in high viscous thin film flow. Numerical studies are
performed using phase-field method in COMSOL
Multiphysics®and the analysis is performed using shallow
water theory [1]. The simulated as well as analytical results
are validated with experimental data of the present study.

2. Material and Methods

2.2 Methods
2.2.1 Experimental method
A rectangular open channel is attached to a constant head
tank. Both channel and tank are made of Perspex to enable
visual observation. Liquid flows from the tank through a
rectangular opening of height< 1 mm. The opening spans
the entire channel width. The height of the liquid level in
the tank is kept constant for a particular flow rate and the
width of the channel ensures that the effect of side wall can
be neglected. The liquid depth at different axial positions in
the channel is measured using a digital bore gauge
connected to a multimeter.

2.2.2 Numerical method
The simulations are performed using two phase laminar
flow model in 2-D geometry via COMSOL Multiphysics®,
v. 5.6 and the interface is detected by phase-field method.
The laminar flow model solves 2-D Navier-Stokes equation
and the phase-field method solves partial differential
equation of scalar variable . has two different values for
two distinct phases. In the present study (-1) and (+1)
denotes air and liquid phase respectively. At interface,
varies smoothly from (-1) to (+1). The appropriate mesh
size and time step is decided based on grid independence
along with time step independence test.
3. Results and Discussion

height of free liquid
surface (mm)

3.1 Free surface profile
The simulated free surface profiles for 20, 40, and 60% v/v
aqueous glycerol solutions are presented in Figure 1.
5

20% (v/v) aq. glycerol

4

40% (v/v) aq. glycerol
60% (v/v) aq. glycerol

2
1
0
1

2

3

4
5
x (cm)

6
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8

Figure 2: Streamline profile for 40% v/v aq. glycerol
solutions at inlet average velocity of 0.4 m/s.
3.3 Variation of velocity and geometric parameters
Further studies are performed to understand the influence
of inlet opening height, length of the channel and Reynolds
number on jump formation. With increase in inlet opening
height, tendency of vortex formation reduces while an
increase in Reynolds number shifts the jump location
towards the outlet till at a critical Reynolds number, planar
jump does not occur in the channel and the flow remains
supercritical throughout.

3

0

3.2 Streamline profile
The streamline profiles display the presence of vortex or
recirculation (shown by closed streamline loops) region at
the jump (Figure 2) and the extent of recirculation
increases with increase in liquid viscosity.

9

Figure 1: Free surface profiles for 20, 40, and 60% v/v aq.
glycerol solutions at inlet average velocity of 0.4 m/s.
For estimation of jump location, average velocity is taken
for evaluating . The densities of these solutions are very
close and only viscosity (1.332 0.23, 2.82 0.12, and
6.919 0.11 cP respectively) differs significantly for the
liquid solutions.The results denote that the respective jump
locations are 2.7505, 0.905, and 0.283 cm from the entry
for 20,40, and 60% v/v aq. glycerol solutions respectively.
This suggests that increase in liquid viscosity favors planar
jump and increases its strength, i.e., the ratio of
downstream to upstream height.

3.4Model validation
The simulated results are validated with experimental
data and shallow water theory formulated by Dhar et. al.
[1].
4. Conclusion
The study predicts the effect of viscosity on the nature
and location of planar hydraulic jump for different flow
geometry and liquid velocity.
References
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1.. Introduction
n
Liquid filled tank is empttying complettely under graavity
annd reduction of air vortex formation insside the disch
harge
piipe of the stoorage tank aree the two maajor Challengees of
taank design [1]. Storage taanks are usedd in various fields
f
like space craaft, rockets, nuclear induustries, separators
ettc[2]. Few experimental works werre performedd to
innvestigate vorrtex suppressiion devices. Different
D
exteernal
deevices like diish [2], vane [3], baffles [4
4] suppresserss are
ussed in the cyliindrical tank tto suppress voortex formationn.
L
Literature
reveeals that, not much inform
mation is availlable
foor numerical study oneffect of baffle and
a square crrossseectional tankoon reduction of
o air core vo
ortex while liiquid
drraining.
2.. Computatio
onal Methodoology
2..1 Domain deescription andd boundary co
ondition
Inn the present work, a squaare cross secttion of 0.075 m x
0.075 m with a length of 0.004 m is used.. It is fitted with
w a
drrain pipe of 0.027
0
m diam
meter (d) at thhe midpoint of the
boottom plane of
o the tank. A schematic of three-dimensiional
coomputational domains of taank is given in Figure 1.W
Water
iss filled inside tank up to 00.018m heightt. Baffle of heeight
177 mm and diameters 1.35,
1
2.7 and 0.25 mm are
coonsidered. 355° and 90° coontact angles of tank walll are
coonsidered. Baffle
B
is placeed at 1mm ab
bove the intakke of
drrain port foor vortex supppression.Effe
fect of bafflee of
diifferent diameeter on vortexx suppression
n are investigated.
Properties of thhe fluids used in simulationn are given in table
t
1.

Figure 1:Schhematic of coomputational domain
d
(a) 3D
D tank
(b) 2D view of
o meshed tannk
Structured annd non-uniforrm meshing of
o domain aree used.
The total num
mber of cells inside the doomain are 8,000,000.
Volume of flluid (VOF) ussed for interfaace tracking , which
is available on OpenFOA
AMsoftware. In the all caase of
simulation, boundary condditions are sam
me. Initially, liiquid

iss stationary (U
( z = 0). 101325 Pa presssure specifieed at
bo
ottom of draiinpipe and toop surface of the tank. No
o slip
co
ondition (Uz= 0) is applieed at the wall with 35 and
d 90
co
ontact angle.

center of tank
k. When interrface is reached near to inttake of
pipe dip is developed
d
andd generated the
t air vortex
x. Two
phase flow iss initiated afterr the air vorteex is extended inside
drainpipe. Th
he whole phennomena of sin
ngle and two phase
flow is observ
ved in case off without bafflle inside tank..

Table
T
1:Properrties of workin
ng fluids
Name
N
o fluid
of

nsity
Den
(kg//m3)
10
000

Dynamic
viscossity
(Pa..s)
0.0001

Surface
tensioon
(N/m
m)
0.070
07

W
Water
Air

1.2
225

1.7894
4*10-

-

Graviity
(m/s2)
9.81
1

5

In
nterFoam solv
ver is used for simulating draining
d
situaation.
Salient assum
mption for two imm
miscible fluids,
in
ncompressiblee, Newtonian
n, isothermaal and tran
nsient
co
ondition.
3.. Results and
d Discussion
Water
W
drainin
ng starts thro
ough the draain pipe due to
grravitational accceleration.
In
nitially, singlee phase flow oobserved insid
de drainpipe when
w
water
w
starts flo
owing downw
ward due to gravity.Centrif
g
fugal
fo
orce exerted in
nto water causses displacem
ment of water at
a the

Figure
F
2: Phaase contours of
o flow behaviour of wateer in
ab
bsence and prresence of baff
ffle at same tim
me t = 31s , baffle
b
raadius = 1.35m
mm and contacct angle = 35

Figure 2 dep
picts presencee of the air bubbles insid
de the
drainpipe aree observed in case of with
hout baffle. In
n other
hand, at the same
s
time (t =
=31s)no bubblle formation at
a same
time is obserrved in case oof with baffle,, baffle is locaated at
the above of inlet drainpippe. The reason
n may be attrib
bute to
the fact that presence of baffle reducees vortex form
mation
p
of solid
s
wall [2].
due to close proximity
4. Conclusion
The present study
s
utilizesV
VOF to invesstigate the inffluence
of baffle on tank
t
draining. This study considered
c
wiith and
without baff
ffle tank, heence baffle of three diffferent
diameters forr vortex supprression.As thee result indicattes the
baffle of 2.7
7mm diameterr at 1mm heiight from intaake of
discharge pip
pe is successfu
ul to suppress vortex.
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1. Introduction
In recent years, open microfluidics has become an

curing

agent

probesonicated

(10:1ratio).
for

60

The

minutes

suspension
and

is

proceeded

emerging topic for device design. It appears to be a viable

immediately for spin coating. The devices obtained are

technique for transporting small volumes of liquid without

dried at 80

the need for external energy[1]. The spontaneous
directional transport of droplets on such surfaces can be
achieved by incorporating either surface wettability
gradients, spatial gradients, or roughness gradients. Among
these different approaches, surfaces with wedge shaped
pattern with wettability contrast and spatial gradient turned
out to be effective and simple to manufacture[1].In the
present study, commercial photolithography was used to
create such highly adherent wedge-shapedpatterns on the
substrate-independent superhydrophobic surfaces of PDMS
modified titanium dioxide (TiO2) based coatings.

for onehour.

2.2.2 Super hydrophilic patterns
Super hydrophilic patterns were imprinted on the films by
treating it with UV radiation by masking with specific
patterned photomask. The devices were selectively exposed
to UV radiation with a wavelength of 285nm using a
photomask for 25min and used for further studies.

3. Results and Discussion
3.1 Surface coating optimization
For optimizing the surface coating, different ratio of

2. Material and Methods

PDMS and TiO2 was used (Figure 1a). The PDMS and

2.1 Materials

TiO2 films has a contact angle of 128° and 58°respectively.

PDMS purchased from Dow Chemicals,Titanium dioxide

However, the composite films showed improved and better

nanoparticles, anatase, <25 nm particle size, 99.7% trace

contact angle than the individual. Thismay be due to the

metals and Tetra hydro furan (THF) purchased from

formation

Sigma-Aldrich Inc. (Germany).

nanoparticles on PDMS.On exposing with UV radiation,

2.2 Methods

the hydrophobic surface changes to super hydrophilic with

2.2.1 Super hydrophobic coating

contact angle lower than2°.Among different ratios of

of

roughness

features

created

by

TiO2

The different weight ratios of PDMS solution were

PDMS:TiO2, the 3:4 ratio is considered as the best one and

prepared using THF as a solvent and 0.4g of TiO2 was

therefore the further experiments were conducted at this

subsequently added to the above solution followed by a

ratio.

(b)

FESEM and AFM techniqques were useed to understaand the

(c)

surface morpphology and suurface topolog
gy of the com
mposite
films. Spin cooated and spraay coatedfilmss were analysed and

(e)

(d)

studied as shown
s
in Figgure 2. The images reveeal the

(a)

(f)

roughness feeatures of thhe coatings ranging from
m few
nanometers to microns created by agglomeration of

(h))

(g)

nanoparticless. The micronn and sub-miccron features of the
1-2

O

coating remaained independent of the tyype of the subbstrate

Figure
F
1: (a)0s
ferent
0Surface coatting optimiza
0.6s ation for diffe
1.2s
s

used.
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1. Introduction
Jet pumps find wide application in chemical and process
industries. It is also used in boiling water reactor primary
circuit. Miniature jet pumps with low area ratio have
specific applications in aeronautics [1]. In the present
study, a miniature water jet pump with a mixing chamber
diameter of 4.5 mm & an area ratio of 0.05 was developed
for installation in an irradiation test rig in a research
reactor. This jet pump helps in decreasing the supply flow
requirement to the test section and also minimizes the size
of equipment and piping in the process loop of irradiation
test rig of the reactor. The performance of the jet pump
depends on various parameters and one of the important
geometric parameters is the spacing between the nozzle tip
and the inlet of the mixing chamber. ESDU document [2]
recommends spacing to nozzle diameter ratio of 1. In some
literature it is based on mixing chamber diameter instead of
nozzle diameter. Karassik et. al [3] recommended spacing
to mixing chamber diameter ratio as 1. Therefore, in the
present study experimental investigations were carried out
for studying the performance of a miniature jet pump by
varying the spacing between the nozzle tip and the mixing
chamber inlet. The experimental results are analyzed and
the reasons for performance variation are presented in this
paper.

2. Jet Pump

A schematic diagram of a typical jet pump with its
components is shown in figure 1.In a jet pump, motive
fluid at high pressure is discharged through a nozzle and
this motive fluid will entrain the fluid around it and causes
a secondary flow. The motive fluid and secondary fluid
will get mixed in a mixing chamber and exchange
momentum. At the downstream of the mixing chamber, a
diffuser is connected for pressure recovery. The net effect
is a high flow rate at the discharge of the jet pump for a low
flow rate of motive fluid at the inlet of the jet pump nozzle.

Figure 1: Schematic diagram of jet pump [2]
The performance of the device is evaluated on the basis of
three parameters. The flow ratio (M), Pressure ratio (N) and
efficiency (ɳ). The definition of these terms [3] is given
below.
Pressure ratio, N= (P5-P2)/ (P1-P5)
Flow ratio, M=Q2/Q1
Efficiency, ɳ = N.M
For evaluation the above parameters following data are
required.

1. Total Pressure at the nozzle inlet (P1)
2. Total Pressure at the diffuser discharge (P5)
3. Total pressure at the secondary inlet (P2)
4. Primary flow rate (Q1)
5. Secondary flow rate (Q2)
In Fig. 1 the spacing between the nozzle tip and the inlet of
mixing chamber is mentioned as ‘S’ and the nozzle tip
diameter is ‘Dn’. The mixing chamber diameter is ‘Dm’ and
length is ‘Lm’.
2.1 Experimental Set Up
The flow diagram & photograph of the experimental set up
used for performance study of miniature jet pump is shown
in figure 2.







fluid flow + secondary flow) of the jet pump is measured
by metal tube rotameters (Rotameter-1 & 2 respectively).
Pressure gauges are provided at inlet and outlet of the jet
pump. Differential pressure transmitter is provided for
measuring the secondary flow pressure difference across
the jet pump.
3. Results and Discussion
The experimental results obtained for the nozzle of
diameter 1.1 mm with different nozzle tip to mixing
chamber spacing (S) is shown in figure 3 a. The efficiency
is plotted for different flow ratios. It is observed from the
figure that as the spacing increases, the efficiency
(performance) improves till the spacing is increased to 4.5
mm which corresponds to the mixing chamber diameter.
Further increase in spacing, the efficiency does not
improve. At lower spacing the performance (both in terms
of flow ratio and efficiency) is poor.
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Figure 2: Flow diagram & photograph of experimental set
up
The recirculation pump takes suction from the storage tank
and circulates the flow through the facility. The jet pump is
installed at the discharge line of the pump. Since the jet
pump is used to amplify the flow rate by entraining the
secondary flow, it is also called as Flow amplifier. The
inlet flow rate (motive fluid) & outlet flow rate (motive
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c) 0.9 mm Nozzle

Figure 3: Performance variationfor different nozzle tip to
mixing chamber spacing (S)

Further experiments were conducted by varying nozzles
diameters to 1 and 0.9 mm and for all nozzle arrangements;
the results were similar.
The optimum spacing between the primary nozzle exit
plane and the mixing chamber depends on the geometries
of the primary nozzle exterior and the secondary inlet.
When these geometries are ideal and there is no cavitation,
maximum efficiency is expected with the nozzle in the
plane of the mixing chamber entrance [2] because jet loss
happens when the nozzle is away from mixing chamber [3].
Jet loss is the energy loss because of free expansion of the
jet without doing any useful work. However, close spacing
of nozzle with the mixing chamber can cause restriction of
secondary flow and cavitation.

In the current case, the secondary flow blockage is the
dominating factor as compared to the jet loss. This is the
reason for the improvement of performance as spacing
increases. When the nozzle tip is at the mixing chamber
entrance, the entrance area for the secondary flow is less.
So the secondary flow decreases as the flow is restricted by
the close spacing of the nozzle and the mixing length.
When the nozzle tip goes away from the mixing chamber,
the entrance area and secondary flow increases. At S= 4.5
mm, maximum area is reached and further increase in
spacing does not change the area. This is the reason for the
best efficiency at 4.5 mm for all the nozzles. Further
increase in spacing does not improve the performance
because the entrance area for secondary flow is similar and
jet losses start to dominate.

4. Conclusion
The performance of small size low area ratio water jet
pump was evaluated for different nozzles to mixing
chamber spacing with different nozzles diameters. The
effect of the same on performance was studied and the
optimum geometry for the best performance was
established.
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Due to the good regeneration ability of adsorbents,
fluidized bed separation processes are widely used in
industry to recover the dissolved or suspended solute from a
variety of mixtures. The multistage fluidized bed system is
the subject in focus of research because it overcomes the
drawbacks of single-stage fluidized beds. Accurate
prediction and comprehension of the factors controlling
hydrodynamics and mass transfer are thus required
components of any design or evaluation strategy.
Mass transfer aspects for the design of liquid-solid
multistage fluidized bed are taken into consideration, to
determine the liquid-solid mass transfer coefficient in a
liquid-solid multistage fluidized bed over a wide range of
particle size and voidage. Dinesh V. Kalaga, Anu Dhar
(2014) represented a novel generalized correlation for the
estimate of mass transfer coefficient for both liquid-solid
fluidized bed and multistage liquid-solid fluidized bed.
Using the system of dissolution of benzoic acid in water, the
solid–liquid mass transfer coefficient was evaluated in both
standard solid–liquid fluidized bed and solid–liquid
multistage fluidized bed.
In a similar manner, the hydrodynamic plays an
important role in the design of liquid- liquid multistage
fluidized bed as it gives a better understanding of fluid
dynamics and behavior of multiphase flow in a system. M.
Aghajad, H. Muller-Steinhagen & M. Jamialahmadi (2008)
carried experiments by the use of liquids with newtonian and
non-newtonian behavior to investigate hydrodynamic
parameters over a wide range of particle size, density, and
shape. In addition, novel correlations and approaches for

predicting particle terminal settling velocity, minimum
fluidization velocity and corresponding voidage, and the
velocity-voidage relationship in beds are described.
Paola Lettieri, Renzo Di Felice (2006) presented the
generation and growth of axisymmetric slugs and wall slugs
in the simulated liquid fluidized bed. They also studied
simulated parameters of fluidization such as pressure drop,
pressure fluctuations and voidage profiles.
The current work focuses on the hydrodynamics of a
multistage liquid-solid fluidized bed, in which we will study
the dynamic behavior using CFD simulation of a threedimensional (3D) fluidized bed, as well as the effect of the
presence of a distributor plate on bed dynamics simulation,
and compare the results to those obtained from simulations
of the bed without the distributor plate. We'll use the ANSYS
Fluent tool for the simulation of parameters such as particle
terminal settling velocity, minimum fluidization velocity,
pressure fluctuations, volume fraction profiles and eddy
viscosity. 3D time-dependent simulations will be carried out
at different fluid velocities. The findings will then be
validated using correlations found in the literature, and a
thorough analysis will be presented.
The column setup of multistage liquid-solid fluidized
bed which we will consider for the simulation is shown in
figure 1. The geometry is drawn in the spaceclaim software
in ANSYS.
Multiphase simulation was carried out where water taken
as liquid phase and sand as a solid phase. The sand volume

fraction contours at minimum fluidization velocity i.e., 0.03
m/s with the effect of distributor shown in figure 2, figure 3,
respectively.

Figure 3: Sand volume fraction contour with distributor.

Figure 1: Multistage liquid-solid fluidized bed.

From figure 2 and figure 3, it clears that at inlet
velocity i.e., 0.03 m/s the bed is just fluidized and not
much significant bed expansion but as we change in design
with introducing distributor results in increase in velocity
beyond minimum fluidization velocity and significant bed
expansion and effective volume fraction of sand
throughout column clearly noticed.
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A numerical study has been conducted to investigate the heat transfer characteristics of Taylor flow regime inside a structured
microchannel. In this study a T-junction microchannel has been considered having a hydraulic diameter of 0.25mm with six
equi-spaced triangular ribs. The cooling fluid includes air and water with air in discrete phase and water in continuous phase.
The numerical solutions were simulated in ANSYS Fluent in the laminar regime. A constant heat flux of 20,000 W/m2 is
exercised on the walls of the studied geometry in fully developed flow region. This study analysesthe flow dynamics and heat
transfer characteristics within Taylor flow regime inside the structured microchannel. The results show that the structured
locations in the microchannel exhibits higher Nusselt number suggesting a higher degree of heat transfer.
Keywords: Taylor flow, Microchannel, Two-phase flow, T-junction, Triangular ribs.

1. Introduction
In multiphase flow inside a microchannel, hydrodynamics
inside the channel determines thereaction kinetics and mass
transfer rate.Taylor flow regime is characterized by a
sequence of bullet shaped gas bubbles (known as Taylor
bubbles) separated by liquid slugs where the bubbles
occupy the entire channel cross section or being separated
from the channel wall by a thin liquid film. The inherent
properties of a Taylor bubblein a micro channel like a
significant reduction in axial mixing, enhanced radial
mixing, bounding liquid film, availability of well-defined
interface and improved heat and mass transfer by internal
recirculation has attracted the attention of many
researchers.
The earliest study of Taylor bubbles reported was
acentury ago when Gibson [1] studied motion of air
bubblesrising up in a vertical tube. With the advent
ofmicro-manufacturing
technology,
many
applicationsconcerning Taylor bubble flow emerged with
time whichfurther piqued the interest of researchers.
A numerical study of Taylorflowin amicrochannel
reported by Qian and Lawal [2] was focused on gas and
liquid slugs in a T-junctionempty microchannel with

varying
cross-sectionalwidth.
Majumder
et
al.
[3]experimentally studied local thermalperformance of
squaremini-channel during gas-liquid Taylorbubble flow
with anobjective to study the heat transferenhancement due
toTaylor bubble train flow, as compared tosingle
phasethermally developing flows.
The objective of this study is to analyse the
hydrodynamics of Taylor bubble as it flow through a Tjunction structured microchannel. The triangular ribs are
added to the flow path with an expectation to attain a heat
transfer enhancement. Nusselt number analysis is
undertaken at positions on the microchannel with and
without ribs to understand the heat transfer enhancement
caused by the structures.
2. Material and Methods
2.1 Model Geometry
Two-dimensional numerical solutions were performed to
investigate the dynamics of Taylor Bubble within a straight
T-junction microchannel. A microchannel with a hydraulic
diameter (Dh) of 0.25mm is considered in the study. To
further enhance the heat transfer dynamics, six triangular
ribs of 0.2mm height were placed downstream at equal

inntervals. In thhis study, airr is considereed as the discrete
phhase and wateer as the continnuous phase.
2..2 Methods
2..2.1 Solution Method
The
T general appproach for thee modelling of
o multiphase flow
inn microchannels is to com
mpute the evolution of the gasliquid interfacee. In order too capture the interface betw
ween
thhe gas and liqquid, the Vollume-of-Fluidd (VOF) moddel is
ussed to simu
ulate gas-liquuid flows inn the T-juncction
microchannel.
m

Figure 1(b
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Study of solidification is of significant importance in
material processing, casting as well as crystal growth
process. In spite of availability of several research works
using conventional numerical simulation techniques in the
literature, lattice Boltzmann method (LBM) has been
extensively used over three last three decades to study solidliquid phase change problems due to its simple and local
streaming-collision functions and less computation time.
The recent studies about the melting phenomena of solidliquid phase change problems under the influence of natural
convection using different boundary conditions [1], different
shapes of the cavity [2-3] and new models [4]. The above
works show that, there are scopes of further study on
solidification of pure substances using LBM are warned. The
major aspect to understand solidification of pure substance
pointing out the location of continuously moving solidliquid interface in a cavity from corner whose prediction is
difficult. In the present work, corner solidification has been
investigated in the presence of natural convection with a
range of Stefan number and Rayleigh number varying aspect
ratio of the cavity.
2. Physical and numerical models

considered in the present investigation in which the top and
right walls are maintained as insulated while the other two
sides kept at a temperature (Tc) less than the material phase
change temperature (Tm). The schematic of the physical
model with boundary conditions has been illustrated in
Table 1. The height and width ratio for two cases has been
taken as 1:1 and 2:1 respectively.
Table 1: Physical model of two cases

u=v=0,

1. Introduction

, u=v=0

y

T

 0

, u=v=0

y

2.1 Description of physical model
In the present study, two-dimensional corner
solidification has been studied varying the geometric aspect
ratio of the cavity. Initially the cavity was filled with a pure
liquid metal with a temperature (T h) higher than the solidliquid phase change temperature (Tm). Two cases have been

Non-dimensional form of the governing mass, momentum
and energy equations for the solidification problem can be
written as,
Continuity equation:

.u*  0
y-momentum equation:
u *

2
 u * .(.u*)  p *  Pr .u *  PrRaβr *

t *
Energy equation:

(1)

(2)

1 fl
*
2
 u ..T*   .T * (3)
Ste t *
t *
Where, u, T, t, p are the velocity, temperature, time and
pressure respectively. fl is liquid fraction and ‘*’ indicates
the non-dimensional form of the variables. The nondimensional parameters are Prandtl number (Pr), Rayleigh
number (Ra) and Stefan number (Ste).
T *

has been maintained half compare to first case, keeping
height same in both cases. Lattice Boltzmann method (LBM)
with different lattice grids have been taken for two cases to
investigate pure metal corner solidification in the presence
of convection in a range of Ra and Ste. Fig. 1 (a) and (b)
represents the isothermal plots of two cases respectively.
Corner solidification in both cases reveal that the solidified
amount in second case is more compare to previous case as
natural convection domination is higher in second case.

2.2 Lattice Boltzmann model
The present simulation has been done using double
distribution function (DDF) based thermal Lattice
Boltzmann model (TLBM) proposed by Shan et al. [5] in
which two separate distribution functions for flow and
energy respectively have been used. Single relaxation time
based LB equation is used to simulate the flow and thermal
phenomena in the domain in which the ‘f’ and ‘g’ describes
the distribution functions for density and energy. The
macroscopic density and temperature has been calculated
summing up all distribution functions which can be written
as
n
ρ   fn
(4)
0
n
and  g n  T
(5)
0
‘n’ in Eq. (4) and (5) indicates the number of lattice linkage
as D2Q9 LB model is used in the present simulation, n
equals to 9.
2.3 Treatment of interface
Tracking of moving interface is difficult in solidification
problems as the nature of growing interface involves
complex physics near slid-liquid interface boundary. The
position of interface during solidification is traced based on
enthalpy method developed by Jiaung et al. [1]. In this
interface tracking method total enthalpy is calculated and
updated at each node with variation of time.
3. Results and Discussion
The present solidification study is carried out in a cavity
involving two cases in which the cavity width in second case

(a)

(b)

Figure 1: Isotherms at Ra=104 a) Ste*Fo=0.2 and b)
Ste*Fo=0.8
4. Conclusion
A parametric sensitivity studies have been performed in two
cases in which the effect of natural convection as well as the
overall solidification time has been calculated and
compared.
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1. Introduction
Carbon foam is a solid lightweight open cell interconnected
pore structure. Carbon foam's unique and tailorable
thermophysical properties allow its usage in many
engineering applications [1]. The porous structures are
extensively used in the heat exchanger, catalyst support,
water purification, sound barrier, air filtration and flow
stabilization[2]. The thermo-geometric properties of carbon
foam such as porosity, density, permeability, conductivity
and surface to volume area ratio are important parameters,
which needs to be investigated carefully in heat and fluid
flow application.
Many research works demonstrate the application of
carbon foam in compact heat recuperators, electronic heat
sinks and heat exchangers for automobiles. The heat
exchanger constructed by the carbon foam improves the heat
transfer coefficient and reduces the size compared to the
conventional radiator of a vehicle[3], which saves weight,
cost, and space. Parametric study of the foam to improve the
performance is already being reported in open literature. The
high working temperature of the carbon foam effects the
structure and might be performance as well.
This paper shows an experimental investigation to study
the impact of the thermal cycle on carbon foam's structure
and permeability.
2. Material and Methods
2.1 Materials: Carbon foam material used in the current
investigation is procured from CFOAM LTD, which is
initially developed by the Touchstone Research Laboratories
in 1990[4]. The manufacturing and specification of the
specimen (CFOAM® 35 HTC) sample is mentioned in the
product datasheet of the company website. A 1-inch cube
sample is prepared for the flow study by the cutting and
milling process.
Scanning electron microscope (SEM) images show the

interconnected structure and orientation of the carbon fibre
fibre. Fig 1(a,b) , Alignment of the carbon fibres introduce
anisotropic behavior in Cfoam. Properties along the fibre
and across the fibre are different, i.e., thermal conductivity
along with the fibre orientation is higher than in the other
direction. Fig1 shows the SEM images on the three faces of
the test sample. Fibre orientation is visible on the face 1 and
2. Area vectors of face 1&2 represent directions 1&2; the
flow in directions 1&2 happens across the fibre orientation.
Direction 3, which is along the area vector of face 3, has air
flow aligned with the fibre orientation seen in face 1&2. The
airflow-pressure drop study is done as the next step to
estimate the foam permeability in each direction.

Figure 1 Carbon Foam(c) and SEM images (a,b,d) of each face

2.2 Experimental Methods
2.2.1 Air Flow-Pressure drop Study Experiment: An
experimental test setup is prepared to study air pressure drop
across the foam sample. A carbon foam sample is placed in
the test setup (fig.2) to study the pressure loss in each
direction. The pressure drop data is used to obtain the

permeability of the foam sample in each direction using the
Darcy-Forchheimer equation.

Figure 2 Schematic of airflow pressure drop test setup

2.2.2 Thermal cycling of Carbon Foam: A carbon foam
sample is made to undergo repeated heating-cooling cycles,
analogous to thermal cycling observed in solar thermal
systems, to study the impact of the thermal cycles on the
structure of the foam. The carbon foam sample is placed in
a muffle furnace to heat, and it reaches the 500 °C
temperature in 5 minutes and is held for the next 2 minutes.
The sample is cooled by the forced air stream jet
(velocity=13 m/s) for the following 2 minutes. Several
thermal cycles are performed on the sample and the pressure
drop is measured after 0, 30 and 50 thermal cycle (TC).
Thermal cycle graphitizes the carbon foam at this
temperature and also changes the structure of the foam.
3. Results and Discussion
The high working temperature reduces the mass, initiates
crack propagation and fibre separation. SEM images
confirm the microcrack propagation and larger distance
between two fibres. Fig 3 shows the values of pressure
gradient/velocity versus the air velocity, and the legend's
numerical digit shows the thermal cycle count. The results
reveal that the pressure drop across the fibre reduces along
directions 1 and 2, whereas it increases along direction 3.
The reason could be the fibre separation, which increases the
flow across the fibre direction. The permeability value
increases from 1.4x10-9 to 2.1x10-9 in direction 1. In

direction 3, fluid flow and permeability are reduced due to
structural changes.
4. Conclusion
The study shows the effect of the thermal cycle on carbon
foam materials. At high temperatures, the thermal cycle
changes the structure of carbon foam, which in turn changes
other parameters. This study shows the impact of the thermal
cycle on the permeability of carbon foam. The thermal cycle
impacts the pressure gradient, i.e., the fluid pressure gradient
increases along the fibre and reduces across the fibre
alignment after several thermal cycles. From a real-world
application point of view, the parametric study of thermal
cycle impact on other properties is crucial and needs to be
investigated for the consistent and reliable operation of
carbon foam.
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1. Introduction

facility of Desalination and Membrane technology Division
(DMTD), BARC, Mumbai, India.

Different types of bacteria are commonly employed for the
purification of municipal and industrial wastewater. But
use of bacteria for desalination of saline water has gained

2.2 Methods
2.2.1. Selection of strains:

significance during recent times. The ability of saline

Different microbial strains were used for experimental

tolerant bacteria to grow at high cell densities with minimal

purpose. These strains includes

nutritional requirements – sunlight, carbon dioxide and
minerals - opens up many future avenues for sustainable

1.

Saline tolerant bacteria (M1)

water treatment applications Desalination of effluents such

2.

Bacteria isolated from cowdung (C1)

as ‘brine’ are valuable resource for producing water

3.

Algae (A1)

required for agriculture or other applications. Studies were
conducted for use of different bacteria for treatment of such

2.2.2 Experimental set up.

water and making it suitable for different applications. As
the effluent has high pH, it was decided to utilize the
bacteria which can tolerate high alkaline conditions were
selected for the study.

A total of 500 ml effluent (MEDTVC and SWPO) obtained
from RO plant was used for experimental purpose. This
effluent was inoculated with respective bacteria and algae
and incubated at room temperature for 15 days. Periodical

2. Material and Methods

observations on growth of bacteria (Optical density of

2.1 Materials

water), water quality parameters (pH, TDS, conductivity)

The required chemicals used for this study were purchased
from the company: Nutrient Media (Himedia, Mumbai).
RO reject Brine water was obtained from experimental

were measured. Samples were taken at 08 days after
treatment.
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3. Results and Discussion

Microbial population has also significantly increased
showing the suitability of the effluent to support the growth

3.1 Water quality parameters
Water quality parameters

of bacteria. The water quality parameters was further
Control

without

improved with more time of incubation.

treatment
4. Conclusion

pH

Microbial desalination of brine solution offers excellent

7.9

solution of use of bacteria for making water in useful
TDS ppm

12600

Conductivity (ms)

19.7

Density (g/cc)

1.007

purpose. Preliminary results of this experiment clearly
indicated the role of microbial consortia for reduction in
water quality parameters. More efforts if put for isolation
of more suitable strains capable of growing under such
water can give improved results. Further work on selection
of proper bacterial strain, optimization of conditions for its

MEDTVC

growth and more incubation period can give better results.

SWPO

Characterization and identification of the bacterial strain is
under progress. Other parameters and use of treated
M1

C1

A1

M1

C1

A1

effluent for agricultural use has also done.

7.57

7.03

7.04

8.05

7.55

6.99
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1. Introduction:
In recent years there is a tremendous increase in the consumption of energy for various sectors. Vice versa there is a
huge demand in the production of electricity. The researchers are looking for the production of energy from the various sources
especially on minimizing the waste and utilizing the same for the energy production. The present study focuses on finding
alternate solutions for the production of energy with the use of Microbes. In this research a waste microbe from the waste water
treatment is a source for the generating electrical energy. These microbes are utilized as the bio catalyst in various waste water
treatment plants in the process industries. A microbial fuel cell (MFC) is a device that converts chemical energy released as a
result of oxidation of complex organic carbon sources which are utilized as substrates by micro-organisms to produce electrical
energy thereby proving to be an efficient means of sustainable energy production. The electrons released due to the microbial
metabolism are captured to maintain a constant power density, without an effective carbon emission in the ecosystem. Although
the efficiency of MFCs in power generation initially was low, recent modifications in the design, components and working have
enhanced the power output. MFC technology a highly advantageous proposition which can be applied in various sectors of
industrial, municipal and agricultural Waste Management. MFCs are devices that can convert chemical energy into electrical
energy by the process of oxidation of various carbon sources or even organic wastes carried out by electrochemically active
bacteria (EAB). (Angenent et al. 2004; Aelterman et al. 2008; Lovley 2008; Logan 2009). MFCs are devices that can convert
chemical energy into electrical energy by the process of oxidation of various carbon sources or even organic wastes carried out
by electrochemically active bacteria (EAB) (Angenent et al. 2004; Aelterman et al. 2008; Lovley 2008; Logan 2009).
2. Methods and Materials:
2.1 Various Techniques to produce Electricity Using Microbes:
2.1.1 Improving The Yield Of Natural Gas:
Anaerobic digestion – where microorganisms are used to break down biodegradable or waste matter without needing
oxygen – is used to recover energy from wastewater by producing biogas that is mostly methane – the main ingredient of natural
gas. But this process is usually inefficient.
2.1.2 Pee Power:
Biodegradable matter in waste materials such as faeces and urine can be converted into electricity. This was demonstrated
in a microbial fuel cell latrine in Ghana, which suggested that toilets could in future be potential power stations. The latrine, which
was operated for two years, was able to generate 268 nW/m² of electricity, enough to power an LED light inside the latrine, while
removing nitrogen from urine and composting the faeces.
2.1.3 Plant MFCs:
Another renewable and sustainable substrate that MFCs could use to generate electricity is plant root exudates, in what
are called plant MFCs. When plants grow they produce carbohydrates such as glucose, some of which are exuded into the root
system. The microorganisms near the roots convert the carbohydrates into protons, electrons and carbon dioxide.In a plant MFC,
the protons are transferred through a membrane and recombine with oxygen to complete the circuit of electron transfer.
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2.1.4 Microbial Desalination Cells:
Another variation of microbial fuel cells are microbial desalination cells. These devices use bacteria to generate
electricity, for example from wastewater, while simultaneously desalinating water. The water to be desalinated is put in a chamber
sandwiched between the anode and cathode chambers of MFCs using membranes of negatively (anion) and positively (cation)
charged ions.
3. Conclusion:
Thus, bioelectricity production technology can be applied through various modes achieving different goals ranging from
energy production to biofuel production as well as bioremediation. Bioelectricity production from microbes can very well act as
a sustainable source of energy minimizing the utilization of fossil fuels resulting in green energy. Also, anaerobic digestion of
waste products, pollutants and chemicals can prove to be an effective way of maintaining environmental purity and production of
renewable energy.
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1. Introduction
Arsenic is one of the most hazardous heavy metals that can
cause various dangerous diseases such as skin pigment
change, skin cancer, and lung cancer etc. Therefore, Arsenic
(III/V) content in water, needs to be reduced or removed
before its exposure towards human bodies [1].
Geopolymeric adsorbent derived from calcium oxide rich
raw LD slag (LDSGP), has the potential to remove this
heavy metal from waste water. In this study, adsorption of
As (III/V) onto geopolymer (LDSGP) has been carried out
to understand and design the adsorption process through
isotherms, kinetics and thermodynamics studies.
2. Material and Methods
2.1 Materials
Raw LD slag has been collected from TATA Steel,
Jamshedpur, India. It contained various metal oxides such as
CaO (42.53%); Fe2O3 (31.076%); SiO2 (18.762%); Al2O3
(1.139%); P2O5(2.136%); MgO (1.683%) and along with
other oxides. Sodium silicate, Sodium (meta) arsenite
Sodium arsenate heptahydrate was bought from Loba
Chemie Pvt Ltd and sodium hydroxide was bought from
Merck Ltd.
2.2 Methods
2.2.1 Synthesis and characterization of LDSGP
The LD slag based Geopolymer (LDSGP) was
synthesized in a plastic mould where the colloid mixture of

raw LD slag and alkaine activator (sodium hydroxide and
sodium sillicate (1:1 w/w)) were cured for 3 days at room
temperature [2].
The LDSGP was characterized by measuring BET
surface area, SEM & TEM images, XRD patterns, FTIR
spctra.
2.2.2 Adsorption Experiment
Arsenic (As(III) and As(V)) adsorption properties of
LDSGP have been investigated by in batch process where
100 mL of arsenic solution and desired amount of LDSGP
adsorbent have been taken in a 250 mL conical flask to
agitate in a temperature controlled orbital shaker, for
performing different studying including effect of pH,
adsorbent dosage, initial concentration of As(III) & As(V),
temperature and adsorption isotherm, kinetic and
thermodynamic studies. As(III) and As(V) concentrations
were measured using atomic absorption spectrometer
(PerkinElmer, AAnalyst 700).

3. Results and Discussion
3.1 Characterization of LDSGP
FESEM image of prepared adsorbent shows well organised
porous structure as shown in Figure 1. The BET surface area,
N2 adsorption-desorption isotherm curve and pore size
distribution curve of LDSGP sample have been shown
through the as shown in Figure 1. The isotherm curve
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matches with IUPAC Type IV isotherm curve, which shows
that the adsorbent particles are mesoporous in nature, and the
pores are almost to be slit-like in shape thus providing
sufficient surface area (24.96 m2/g) for As(III) and As(V)
adsorption.
PXRD patterns LDSGP particles confirms the presence of
haturite, and larnite. FTIR spectra have peaks appeared at
963 cm-1 and 712 cm-1 which signify to Si-O-Si(Al)
asymmetric stretch band and Al-O-Si bending vibration in
LDSGP samples confirming the formation of aluminosilicate geopolymeric material in the LDSGP [3].

Figure 1: FESEM image and BET Adsorption-Desorption
isotherm
3.2 Adsorption Isotherm and Kinetics
In this study, the adsorption equilibrium data have been
fitted to Langmuir and Freundlich isotherm models. The
isotherm plots are shown in Figure 2 and the fitting data is
presented in Table 1, which shows best fitting with
Langmuir Isotherm.
Table 1: Parameters of Langmuir and Freundlich isotherms
Temperatur
e (K)
298
308
318

Langmuir isotherm
Qo
16.9
4
20
21.7
8

KL
0.02
1
0.02
1
0.02
2

R2
0.9
9
0.9
9
0.9
9

Freundlich
isotherm
KF
n
1.3
2.1
5
6
1.4
2.0
5
5
1.6
2.0
8
9

R2
0.9
8
0.9
8
0.9
8

Adsorption kinetic models i.e. pseudo first order, and
pseudo second order models were applied to interpret the

experimental data to determine the controlling mechanism
of As(III) and As(V) ions adsorption from aqueous solution.
The plots shown in Figure 2., shows bet fitting with pseudo
second order model, indicating the nature of the adsorption
process is controlled by Chemisorption [3].

Figure 2: Adsorption Isotherm ((a) & (b)) and Kinetic ((s)
& (d)) plots.
4. Conclusion
LD slag based geopolymer exhibits very effective removal
of As (III/V) from waste water. The isotherm and kinetic
results show that the adsorption process is Chemisorption.
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1.

was effectively removed by electro-coagulation

Introduction
The present work aims to study the removal of

process.

anionic surfactant (Sodium Lauryl Sulphate) from

From the obtained optimal conditions the removal

by the electrocoagulation method using copper

efficiency of anionic surfactant SLS by copper

electrodes without and with perforations. The

electrodes without and with perforations were

efficiency of electrodes with perforation is higher

64.75%

comparable to without perforations electrodes.

concentration of 1.5gL-1, pH 7, voltage 20V, time

The removal efficiency of surfactants increased

40min and initial dose of surfactant of 25ppm-

with retention time and direct current. Different

150ppm.

series of experiments were carried out to study the

Electrical

effect of each of NaCl concentration, pH, voltage,

efficiency

electrolysis time and initial surfactant dose on

parameters in electro coagulation process. The

removal of anionic surfactant (SLS).The anionic

minimum energy consumed was 14.54 kWh/m3

surfactant

by

for removal of anionic surfactant SLS at 20V

spectrophotometric method using acridine orange

voltage, 1.09 A current in a one liter volume

and the absobence is directly measured in UV-

beaker for 40 min electrolysis time for copper

Spectrophotometer at 467nm by keeping toluene

electrodes without perforations and for perforated

as reference. Electrocoagulation has been found a

electrodes the minimum energy consumed was

promising technique in treating urban wastewater

21.33 kWh/m3 for removing of anionic surfactant

treatment of restaurant waste water treatment of

SLS at 20V voltage, 1.62 A current in a one liter

potable wastewater and of other waters containing

volume beaker for 40 min electrolysis time The

arsenic fluorine,copper, lead and cadmium. The

kinetics studies were also observed for the

mechanisms

experiment.

SLS

of

is

determined

electro-coagulation

process

and

74.30%

energy
are

respectively

consumption
very

important

at

and

NaCl

current

economical

Results indicated that the pseudo

include coagulation, adsorption, precipitation and

second order equation is the most suitable model

flotation.The experimental results showed that the

for the system

anionic surfactant (SLS) in the aqueous solution
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1. Introduction
In yester year studies, it was discovered that the products
derived from various types of agricultural wastes can
significantly facilitate the process of heavy metal removal
from wastewater with more than 90-95% absorption
efficiency. Various paper-pulp industry, agricultural
industries and commercial industries produce tonnes of byproduct which are discarded as waste while it can become a
cheap and efficient key to heavy metal removal and can put
a stop to defacement of mother nature. Among these, Lignin
turned out to be the best suitable due to the various phenolic,
hydroxyl and carboxylic sites (which are present in
abundance across the molecule) with enormous capacity to
produce high-value aromatic compounds.
In this work, pure Lignin was extracted from Coconut coir
using a digester and acidification. Then the chemical
properties and various peculiar properties like void fraction,
bulk density, surface area etc. were evaluated using different
characterization techniques. Then the prepared adsorbent
will be used to adsorb Pb2+ ions from wastewater via both
batch and continuous systems. Moreover, Aspen Adsorption
simulation software will be employed to simulate this liquidsolid adsorption and use this information to optimize the
process as well as come up with various feasible
suggestions. (Jafar Abdia, 2020)
2. Material and Methods
2.1 Materials

The raw material used to extract Lignin was
Coconut Coir (due to its high lignin content) which was
purchased from GLN Coir industry, Dullapally, Hyderabad.
Laboratory grade 98% concentrated Sulfuric acid, Sodium
Hydroxide pellets with RO purified MilliQ water were also
used.
2.2 Methods
2.2.1 Separation of Lignin from Cellulose
250g Coconut Coir was taken and washed with
detergent three to four times and natural dried for 12 h
followed by vacuum oven drying for 3hr at 60 0C. 2% by wt
NaOH solution was prepared by adding 4900ml water and
100g NaOH pellets purified. The dried coir was dipped into
the NaOH solution and kept overnight, which was then
introduced in a digester operating at 1600C temperature for
2hr which separates the mother liquor (rich in lignin) from
husk (rich in cellulose).
2.2.2 Precipitation of Lignin
For precipitation, solution was acidified to pH=1
using 98% concentrated H2SO4 using a Separating Funnel to
dropwise add acid into the mother liquor kept inside a
Shaking Water Bath followed by heating inside a Hot Air
Oven at 1000C for 4hr. Next, the solution was diluted to a
volume ratio of 1:5, precipitated overnight, filtered and oven
dried. (S.L. Pandharipande, 2018)
2.2.2 Adding Lignin in Aspen Plus Database
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Now, adding Lignin in the database of ASPEN plus
was very tiresome task because till now, researchers have
just used the compounds already present in the database of
ASPEN and this is the first time that adding a vast natural
biopolymer like LIGNIN is being added in it. So, to add any
new compound in ASPEN plus, a thorough knowledge about
the physical and chemical properties of the compound which
were obtained via literature review.
For this, first finalize the exact molecular structure of the
compound that has to be added followed by finding some the
peculiar properties like boiling temperature, molecular
weight, enthalpy of formation, Gibb’s free energy of
formation etc. After this, open Aspen plus software and start
a new “Blank Simulation”. Click on “Component ID” and
enter name as “LIGNIN” followed by “User Defined”
option. This option enables us to manually draw the whole
lignin structure using the “Drawing/importing the structure”
option as shown in Figure 1.

Figure 1: Adding Lignin in ASPEN Database

Figure 2: Extracted Lignin

Figure 3: FTIR Characterisation of
(a) Commercial Lignin (b) Extracted Lignin

3. Results and Discussion

4. Conclusion

3.1 FTIR Characterization of extracted Lignin

By comparing of wave numbers from FTIR
characterization, it can be concluded that extracted lignin is
exactly similar to the pure lignin. Next step would be
evaluating peculiar properties, carrying out batch and
continuous adsorption studies and duplicate the results in
Aspen simulation.

FTIR Characterization of extracted Lignin was carried out
to confirm that material obtained is Lignin and
corresponding wave numbers were compared with FTIR of
Commercial Lignin and striking resemblance was observed
as shown in Figure 3.
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1. Introduction
Ground water is the one of the portable water
resource available for both domestic and industrial purpose.
Most important attribute so ground water are more
availability and economic resource. In Tamil Nadu, hard
rock formations occupy 73% of the total geographical area
and remaining area is occupied by sedimentary rock.
Ground water is extracted from these rocks by means of
dug/tube/bore wells. Ground water pollution is reported
throughout the developing countries and it is a major threat
to the environment. Instances of ground water pollution
have been reported from Perundurai .The ground water in
has large content of toxic heavy metals many times
exceeding the Bureau of Indian Standard (BIS) (Central
Ground Water Board 2009).The toxic heavy metals
concentration is also high in areas where the industrial
activity is more. The domestic areas also reported to have
high levels of ground water contamination. There are
potential health effects caused due to high hardness content
in drinking water. The hard water will taste bitter, salty,
ormetallic and may have unpleasant odors. High hardness
water is less thirst quenching. High hardness interferes with
the taste of foods and beverages, and makes them less
desirable to consume. Some of the individual mineral salts
such as Nitrates, Sodium, Sulfates, Barium, Cadmium,
Copper and Fluoride that make up TDS pose a variety of
health hazards such as causing stiffness in the joints,
hardening of the arteries, kidney stones, gall` stones and
blockages of arteries, microscopic capillaries and other

passages in which liquids flow through our entire body in
India vegetable and fruit wastage is nearly1billion ton per
year,68% of the waste is utilized for biogas production
and32% of the waste is dumped in the dumping land .In
markets nearly 150 ton/day is produced as waste and 32%
dumping waste can be utilized for the adsorption as
adsorbent.
2. Material and Methods
2.1 Materials
The sample water was collected from Perundurai.
The kitchen waste of potato and carrot from college hostel
mesh, fruit peels like pomegranate peel, banana peel, lemon
peel, and orange peel was collected from the juice shop,
plant parts like thulasi and vetiver root is collected from the
shop. The sorbents were washed and sun dried initially and
then they were crushed using ball mill. In order to remove
the soluble solids present in the sorbent they were dried and
then washed with distilled water and again dried either
naturally or using an oven. The plant wastes such as fruit,
vegetable wastes and parts of plants such as Citrus lemon,
Punicagranatum, Citrus aurantium, Musa balbisiana,
Solanumtuberosyum,
Daucuscarota,
Chrysopogonzizanioides, and Ocimumtenuiflorum were
tried for the reduction of hardness present in the ground
water.
2.2 Methods
2.2.1) Reverse Osmosis Technique
Water purification is available, although perfect
semi-permeable membranes are very difficult to create.

ID No: WT-535

Unless membrane is well-maintained, algae and other life
forms can colonize the membranes.
2.2.2) Boiling
Mechanical pressure is applied to an impure
solution to force pure water through a semi-permeable
membrane. Reverse osmosis is theoretically the most
thorough method of large scale Bringing it to its boiling
point at 100°C (212 F), is the old stand most effective way
since it eliminates most microbes causing intestine related
diseases, but it cannot remove chemical toxins or impurities
for human health, complete sterilization of water is not
required, since the heat resistant microbes are not intestine
affecting. The traditional advice of boiling water for ten
minutes is mainly for additional safety, since microbes start
getting eliminated at temperatures greater than 60°C (140
F). Through the boiling point decreases with increasing
altitude, it is not enough to affect the disinfecting process.
In area where the water is “hard” (that is, containing
significant dissolved Ca salts), boiling decomposes the
bicarbonate ions, resulting in partial precipitation as
calcium carbonate.
2.2.3) Activated Carbon Process
Activated carbons are costly. The activation process must
be repeated after every regeneration process following the
elution of saturated carbon. After every regeneration step,
the activated carbon losses some of its weight and its
uptake capacity reduce by approximately 10-20%.Carbon
losses also add some extra cost to the process, adding to the
cost of the regeneration and activation steps.
2.2.4) Distillation
Distillation involves boiling the water to produce water
vapor. The vapor contacts a cool surface where it
condenses a liquid. Because the solute is not normally
vaporized, they remain the boiling solution. Even
distillation does not completely purify water, because of
contaminants with similar boiling points and droplet so fun
vaporized liquids carried with the steam. However
99.9%purewater can be obtained by distillation.
2.2.5) Desalination
Desalination is the process by which saline water
(generally sea water) converted to fresh water. The most
common desalination processes are distillation and reverse
osmosis. Desalination is currently expensive compared to
most alternative sources of water, and only a very small
fraction of total human use is satisfied by desalination. It is

only economically practical for high value dues (such as
household and industrial uses) in arid areas.
2.2.6) Adsorption
Adsorption is emerged as promising technique for metal
removal. The process can occur at an interface between any
two phases such as, liquid-liquid, gas- liquid or liquid-solid
interfaces. Moreover, adsorption is coming to be regarded
as a practice separation method for purification or bulk
separation in newly developed material production
processes of, for example, high tech materials and
biochemical
and
biochemical
products.
Surface
characteristics and pore structures of adsorbents are the
main properties in determining adsorption equilibrium and
rate properties which are needed for plant design. New
adsorbents are continuously being developed, introducing
new applicants for adsorption technology. Adsorption
equilibrium is the fundamental factor in designing
adsorption operations. When adsorption takes place with
suspended adsorbent particles in a vessel; adsorbate is
transported from bulk fluid phase to the adsorption sites in
the adsorbent particles
3. Results and Discussion
Since water is such an important component to our
physiology, it would make sense that the quality of the
water should be just as important as the quantity. Therefore,
drinking water should always be clean and free of
contaminants to ensure proper health and wellness. It is said
that about 20 liters per capita per day liters of water should
be assured to take care of basis hygiene needs and basic
food hygiene. But as we know there is always a demand for
the fresh water, thus we are in need to obtain them from all
possible ways we can.
In this section the results of water purified through
adsorption techniques using bio sorbents are tabulated.
Hardness analysis is tabulated and calculated results are
presented below from this experimental data’s the sorbent
for removal of calcium and magnesium salt present in the
water can be identified. The data were correlated with
Thomas and Yoon Nelson model and excellent fit was
achieved. The regression value 𝑅2 was found to be nearly
0.5295 for both the models. In structural packing Thomas
model is more accurate and in random packing YoonNelson model is more accurate by comparing the maximum
adsorption capacity.
4. Conclusion
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The reduction in hardness present in the water by plant
parts, vegetable and fruit wastes proves to be effective and
can be implemented in the field of water
purification.Theuseofthesesorbentforreductionofhardnesspr
esentintheground water can make them potable after
processing with Activated carbon filter, Reverse osmosis
and UV radiation to eliminate the presence of organic
matter which is leached from the sorbent. In RO process
pure water: waste water ratio is 1:5 and if the pretreated
water is used to the RO feed then ratio can be reduced to
1:2 due to the reduction of hardness. Leading to
conservation of pure water. It is concluded that water
eluted was found to have lower hardness level thus the
sorbent such as orange peels, banana peels, pomegranate
peels, lemon peel, vetiver root, thulasi leafs, cooking waste
of potato and carrot have the potential to reduce the
hardness of the water and the processed water may be used
for agricultural purpose directly.
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1. Introduction
Dye wastewater is a major environmental concern
throughout the world due to its toxic and aesthetic impacts
on the receiving waterbody. In India, dyes and pigment
industry is a growing sector. Among the different varieties
of dye, azo dye is the largest group of synthetic colorant
materials representing more than 50% of all dyes and
pigments [1]. Most of these dyes are highly carcinogenic
even when present in minute quantities [2]. A number of
physical and chemical techniques have been reported for
removal of dye compounds such as conventional coagulation
/ flocculation / filtration, adsorption on activated carbon,
membrane filtration etc. However, all of these are nondestructive processes where toxic organic substances are
only transferred from water to another phase, thus creating
secondary pollution. Moreover, due to the complex aromatic
structure and stability of the azo dye, conventional biological
treatments are ineffective for degradation and mineralization
of these dye molecules. Recently, photocatalytic degradation
using semiconductor has gained attention due to its inherent
features like mild reaction conditions, complete
mineralization of pollutants, high efficiency, high stability
and no secondary pollution [3].
Various photocatalysts have been used so far in different
studies but most of these are UV active. This stands as a
barrier in effective utilization of solar light, as only 5% of
solar light is UV. In the present study, a series of TiO2 –
Cu2O composite oxides were prepared by the hydrolysis of
titanium butoxide and the reduction of copper acetate with
hydrazine. These composite oxides were characterized by
X-ray diffraction (XRD) and Scanning electron microscope

(SEM). Using sunlight as a light source, photocatalytic
degradation of Methyl orange was performed over these
prepared photocatalyst. Methyl orange, mono azo dye, was
chosen due to its extensive application in several industries
like textile, printing, etc and also in research laboratories.
2. Material and Methods
2.1 Materials
Titanium butoxide (analytical grade; Merck) as titanium
source, cupric acetate (analytical grade; Merck) as source of
copper, Hydrazine hydrate (analytical grade; Merck) as
reducing agent and Methyl orange solution (Merck) as a
model azo-dye. Other reagents used were polyethene glycol400 (analytical grade, Merck), absolute alcohol, sodium
hydroxide and acetone.
2.2 Methods
2.2.1 Preparation of Photocatalyst
To prepare TiO2 – Cu2O composite oxide, a specified
amount of cupric acetate (AR) was dissolved in distilled
water, followed by the addition of PEG- 400 (AR) under
vigorous stirring. Afterward, tetrabutyl titanate (AR)
digested with absolute ethanol was dropped into the solution
of cupric acetate. A white precipitate was produced during
the mixing. Then, 5 mol/L NaOH and 5mol/L hydrazine
were dropped sequentially into the above slurry under
vigorous stirring, and the resulting mixture was kept
standing at 12–14 ◦C for 15 min. A yellow precipitate was
then formed. It was filtered, washed with distilled water to
neutral and further washed with acetone. The sample was
then degassed at 200 ◦C in vacuum for 3 h. A series of TiO 2
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–Cu2O composite oxides were prepared in this way with
different mol percent of TiO2. The sample contained 5
mol% TiO2 was labeled as 5%TiO2–Cu2O.
2.2.2 Characterization of Photocatalyst
Microstructures, morphologies and element content of
prepared photocatalyst was investigated by X-ray diffraction
(XRD), scanning electron microscopy (SEM).

3.2 Photocatalytic degradation of Methyl Orange by the
composite of TiO2–Cu2O:
Table 1 shows the degradation pattern of Methyl Orange
under solar irradiation. From the table, it is seen that at the
same time interval, dye concentration decreases more with
5% TiO2-Cu2O than 10% TiO2-Cu2O.
Table 1 Dye Degradation with time for different
composition of TiO2 – Cu2O

2.2.3 Dye degradation with prepared photocatalyst
The photo catalytic activities of the prepared samples were
evaluated by the degradation of Methyl orange in an aqueous
solution under solar irradiation. The degradation process
was monitored by recording the absorbance of Methyl
Orange at wavelength of at 463 nm using a double beam UV
analyser.

Time (min)
0
5
10
15
20
25

5% TiO2 – Cu2O
0.43
0.355
0.280
0.19
0.142
0.090

10% TiO2 – Cu2O
0.43
0.365
0.290
0.209
0.158
0.103

4. Conclusion
The formation of composite oxides TiO2 –Cu2O
significantly enhanced the photocatalytic activity for the
degradation of MO under visible lights, especially with the

3. Results and Discussion
3.1 Characterization of photocatalyst
Figure 1 represents the XRD patternTiO2 - Cu2O having 5
mol percent of TiO2. No diffraction peaks belonging to TiO2
were observed, indicating the high dispersion of TiO2 on
Cu2O, since only diffraction peaks of Cu2O were present for
the sample.

one containing 5 mol% of TiO2. The synergetic effect
between Cu2O and TiO2 could be explained by the
conventional principle, i.e., the e–h pairs generated by
visible lights in Cu2O (with narrow band gap) could be
rapidly transferred into TiO2 (with wide band gap) so that
the direct recombination of e–h pairs could be slowed
down.

1500

36.092 [°]

Counts
S1

Reference
[1] Anwer, H., Mahmood, A., Lee, J., Kim K. H., Park, J. W.
and Alex C. K. Y., 2019. Photocatalysts for degradation of
dyes in Industrial effluents: Opportunities and challenges.
Nano Research 12, 955-972.

29.177 [°]

500

73.280 [°]

61.132 [°]

41.969 [°]

1000

[2] Sejie, F. P., Nadiye-Tabbiruka, M., S., 2016. Removal of
Methyl Orange (MO) from Water by adsorption onto
Modified Local Clay (Kaolinite). Physical Chemistry 6, 3948.

0
10

20

30

40

50

60

70

80

Position [°2Theta]

Figure 1: XRD of 5% TiO2-Cu2O composite
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and social well-being for everyone, on an ongoing
Abstract

basis.

The main focus of the paper “Brewery Wastes &

Brewery is one of the largest industrial users of water.

Wastewater Treatment for Sustainable Development”

The actual amounts of water used to range from 3 to

is on environmental management especially pertaining

(extremely) 30 times the volumes of beer produced. As

to brewery industry in the pursuit of the goal of

beers usually have water contents of 91 - 98%, and the

sustainable

of

amounts lost by evaporation and with by-products are

environmentally sustainable development has gained

relatively small it follows those large volumes of

growing recognition in recent years as an approach to

waste water are produced.

development.

As

the

idea

environment and development issues in which the
requirement to satisfy human needs is balanced with

While water is the major component of beer the

the capacity of the environment to cope with the

brewery takes in many other materials such as bottles

consequences

development.

and other packaging materials, malts, adjuncts and

sustainable

hops, and during the brewing and packaging processes

of

Environmental

economic

protection

and

development are two sides of the same coin.

“pollutants” and “wastes” are generated. These
include broken glass, damaged cans, packaging

sustainable

materials such as corrugated boxes and plastic, spent

development encompasses the goal of attaining

grains, trub, tank bottoms, carbon dioxide, spilled or

mutually complementary economic, environmental

spoilt beer, wort, noise, odours, domestic wastes and

The

vision

of

environmentally
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heat. All these must be dealt with and, where possible,

pollutants in raw water due to human activities has

disposed of at a profit.

also exacerbated the situation. On the other hand,
wastewater reclamation and reuse has become an

As the cost of getting water continues to rise and the

important

option,

pressure to treat effluents to higher standards

urbanization have accelerated environmental water

continues to increase it is inevitable that breweries are

pollution, making it a limited resource for water

exploring the possibilities for purifying the effluents

supply.

sufficiently to allow the water to be recovered and

wastewater can be an alternative water source that can

used, at least for some purposes, so minimizing water

beneficially and cost-effectively reduce the demands

acquisition and effluent disposal charges.

for fresh water.

In spite of significant technological improvements

It can be concluded that along with the growing world

over the last more than 3 decades, energy

population and industrial activities coupled with

consumption, water consumption, waste water, solid

stringent environmental requirements, the cost of

waste and by-products and emissions to air remain

water is increasing. As a result, the demand for water

major environmental challenges for the breweries.

reuse in the brewery industry is expected to increase at

When

since

properly

industrialization

treated

and

and

recycled,

an unprecedented rate. Consequently, an increasing
The review is meant to create an awareness of the

need of processes capable of achieving an efficient

impact of beer production on the environment and

treatment under extreme operational conditions that

practices to reduce environmental impact.

simultaneously optimize operational costs, which will
also conquer – often psychological – barriers for using

Conclusion

recycled water for brewing of beer.

Water is a common element in the lives of all people

Brewery managements need to strive for the

and societies. Water has been the foundation and

improvement on the environmental performance due

sometimes, the undoing of many great civilizations.

to pressures from the society as traditional pollution

Today, water continues to be essential for life

prevention techniques seem no longer to be cost

sustenance (both human and animals), agricultural,

effective. The process of waste-reduction is a better

economic and industrial activities that help society to

cost-effective solution to the traditional end-of-pipe

develop. At present, increased use of freshwater for

strategies. To continue to sustain or grow populations

industrial, agricultural, and domestic use has created

– and economies – more have to done with the same

acute water shortages in some areas of the world,

amount of water, or even less to help environmental

particularly the developing countries. These shortages

sustainability, communities build water resilience in

are stimulating or worsening conflicts over water as a

the face of growth and climate change.

major commodity triggering wars. The presence of
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Breweries, particularly in India, wastewater recycling
and re-use is yet to explored and therefore, the
prospects of re-using treated wastewater in breweries
remain an attractive option without necessarily
tapping into new water sources.
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Abstract
Phenolic compounds exist in water bodies due to the discharge of waste from industrial, domestic, and agricultural activities.
They happen again due to natural conditions. These components are known to be toxic and harmful, and they create adverse
effects on humans and animals. This review focuses on the source of phenolic compounds, the reaction of phenolic chemicals in
water, their toxic effect on humans and the different pathways for their removal from the water. Various methods such as
ozonation, adsorption, extraction, photocatalytic degradation, biological method, electrofenton, adsorption and ion exchange,
membrane base separation and catalytic oxidation are reported for the removal of phenolic compounds from wastewater. Among
these methods, catalytic oxidation has received major attention due to its high removal efficiency of phenol and reusability of
the catalyst. The effect of various parameters such like temperature, reaction time, phenol concentration and catalysts etc. on
catalytic oxidation of phenols has also been discussed.
Keywords: phenolic compounds, catalytic oxidation, toxicity, wastewater, removal of phenol.
1. Introduction
There has been high concern about phenolic compounds as
they are designated as a priority pollutant with high toxicity
even at low concentration. Phenolic compounds are like
carcinogens and cause damage to red blood cells and the
liver, even if they are in small amounts. The interaction of
phenolic compounds with microbes, inorganic objects, and
other living organisms in water can produce a composite
substance which can be considered a toxic material like
phenolic compounds[1]. It is generally considered that
phenolic compounds are responsible for the dark brown
color, phototoxic effect, and antibacterial activity. Many
phenolic compounds are found in waste from a variety of
industries, including paint manufacturing, rubber and
leather manufacturing, ferrous industries, pulp and paper
industries, petroleum refineries, textiles, phenolic resin
production, and many others, as summarized in Table 1[2].

Phenol-containing waste cannot be discharged into the
open environment without treatment because of the toxic
and adverse effects of the phenol. The tolerance limit for
phenolic compounds in waste for discharge is
approximately 10mg/L, and the general range of phenolic
compounds present in various industrial wastes is
approximately 22 mg/L to 7000 mg/L[2].
Among the various methods reported in the literature, the
catalytic oxidation of phenol drew the most attention
among researchers and academicians. The catalytic
oxidation is particularly attractive due to the processing at
very mild conditions, i.e., room temperature and
atmospheric pressure, and it provides a complete
conversion of phenol into water and carbon dioxide.
Carbon dioxide further dissolves in water and produces
low-concentrated carbonic acid which is not harmful or
hazardous to humans and animals[3].
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3. Conclusion

2. Catalytic Oxidation
Catalytic oxidation is one of the advanced oxidation
processes that has proven to be a promising method of
elimination of phenolic compounds by transforming them
into innocuous compounds. Table 2 summarizes and briefly
discusses the comparison of different catalysts used in the
removal of phenol compound from wastewater process
with different parameters such as phenol concentration,
reaction conditions, and the amount of phenol
removed[1,3–6].
As shown in the reaction mechanism, hydrogen radicals
(OH) are formed by the catalyst and, due to the high
oxidation potential of OH radicals (2.8 V), they completely
open the phenol ring and convert it into water and carbon
dioxide. As shown in the table 2, Cuo-Zsm5/H2O2 and
Fe/MFI provide complete removal of phenol. On the other
hand, the rest of the catalyst also removes high
concentrations of phenol.

The increase in industrial and domestic activities creates a
high concentration of phenolic compounds in waste-water.
Extensive research has shown their structure, adverse effect
on humans and wildlife and their sources. Significant effort
has been made to achieve the total removal of phenolic
compounds from waste-water. The results of different
catalytic processes show that catalytic oxidation
demonstrates high selectivity with respect to other
techniques for the removal of phenols.
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Abstract
The textile industry releases large amounts of carcinogenic
and mutagenic substances into the water system which
creates a substantial disturbance for the environment. The
global production of textile dyes is 2.8×105 tons every year
(Aksu et al., 2008). Large amounts of effluents with textile
dyes, and coloring agents have been thrown in water
creating water pollution constituting a serious threat to
human and aquaculture life. Dyes reduces light penetration
thus affecting the ecosystem. Azo dyes are widely
considered as the most important class of dye that
constitutes 75% of the textile dye. Therefore,
implementation of suitable technologies for the treatment
of textile industry to remove azo dyes has been studied.
Different physical chemical-based technologies such as
adsorption, photo degradation, advanced oxidation and
many more are been utilized to treat contaminated
wastewater. Biological based method including marine
micro-organisms can be an alternative approach to reduce
the toxicity in the textile industry effluent streams.

are such kind of azo dyes which are generated from food,
textile, and paper industries that produces toxic compound
N, N-dimethyl phenylenediamine (DMPD) creating
harmful effects on the health causing diseases like skin
irritation, allergy, cancer (Ayed et al., 2010). Due to these
harmful effects of azo dyes, there is a need to eliminate
these dyes from the effluent streams. Azo bonds break the
oxygen radical for scavenging inside the structure of the
textile dyes which thus produce a highly reactive radical to
break the compounds by photocatalytic or advance
oxidation. Azo dyes can be removed by different physical,
chemical and biological methods. Physical methods
constitute ultrafiltration, electrolysis where physisorption
takes place with dipole interactions. Chemical method
involves transfer of electrons from valence to conduction
band creating
interaction. Among all the methods,
removal of azo dyes by biological method have been
mainly focused in this report. Different azo dyes generated
from various industries causing detrimental health effects is
shown in the following table:

1. Introduction
Natural organic dyes such as textile and coloring dyes have
various industrial applications. Textile dyes are the basic
class of commercial dyes which are aromatic compounds,
generated from plants. Synthetic dyes were produced in
1856, in the implementation for the production process of
quinine, which is a blue colored substance having
advantageous dyeing properties (Aksu et al., 2008). The
chromophore groups in the structure of dyes decides its
color. The most important chromophores present in dyes
are carbon-carbon bond, nitrogen bond, nitrous oxide and
carbonyl group. Various methods have been developed to
remove the azo dyes from wastewater. Due to the chemical
structure of azo dyes containing one or more azo bonds,
they have been considered the main group of dyes which
can be absorbed in visible light or sunlight (Chen et al.,
2010). Due to the nitro groups present in the azo dye, they
may be mutagenic in nature. Methyl red and Acid 7 violet

Table 1: Different azo dye generated from various
industries and its effect on human health
Industry
name
Leather
industry
Textile
industry

Azo Dye
generated
Reactive
brilliant red
Acid violet
7

Paper &
Paint
industry
Cotton
industry

Malachite
green
Congo red

Hazardous effect

Ref.

Inhibit
serum
albumin function.
Membrane lipid
peroxidation,
affects liver.
Cancer,
chromosomal
fractures.
Lung
Cancer,
Skin allergies.

(Li et al.,
2010)
(Ayed et
al., 2010).
(Aksu et
al., 2008)
(Marungru
ang et al.,
2007)
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2. Biological Methods:
Azo dyes are somewhat difficult to degrade and are not
possibly suitable for the conventional treatment of removal.
Decolorization and microbial degradation takes place
through biosorption from the living cells to the cell biomass
constituting a cell reaction with high binding energy, and
electron affinity through transfer of electrons from cell
mass to the azo dye. This property of micro-organisms is
due to the high force of attraction, and hydrogen bonding
between the biomass and cell wall with functional moieties
as carbonyl, amine, and hydroxyl groups (Won et al.,
2005).
2. 1 Prokaryotic decolorization:
Different studies have been performed to evaluate the
capacity of bacteria, and other prokaryotes to eliminate azo
dyes (Marungruang et al., 2007). Azo dyes can be
aerobically degraded by various bacteria. Anaerobic
degradation is not suitable since it releases compounds
which are mutagenic to the environment.
2.2 Fungi decolorization:
Among various types of fungal species, lignolytic fungi is
the most widely used for the removal of azo dyes since it
has the highest efficiency in the removal capacity. These
fungi produce lignin peroxidase and laccase (Nagai et al.,
2009). A lot of recent studies have been done on the ability
of fungi to remove azo dyes by oxidizing phenolic and
carbonyl compounds.
2.3 Yeast decolorization
As per different literature studies, it has been seen that
yeasts have a major potential to degrade azo dyes through
biological method. Some yeasts can be isolated from soils
to remove these azo dyes.
2.4 Algae decolorization
Very few algae such as: Chlorella, Oscillateria and
Spirogyra are utilized for the elimination of azo dyes.
Since, azo compounds are the sources of carbon and
nitrogen, therefore reduction of azo dyes by algae plays an
important role in water treatment and waste stabilization
ponds (Kamel et al., 2005).
3. Conclusion
Biological degradation plays an essential role in the
degradation of azo dyes utilizing micro-organisms such as
fungi, algae, yeast, and other prokaryotes. Bioaccumulation
and biosorption are the different treatment methods to
remove azo dye through biological degradation. They have
been considered worldwide as an alternative measure as
compared to conventional methods in the treatment of dye
removal for industrial wastewater. Biological processes
have been used as they are inexpensive and environment

friendly. Hence, in recent years, the focus of the research is
focused on biological methods to treat the wastewaters.
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1. Introduction

2.2 Methods

Rapid diagnostic tests (RDTs) have surfaced as a practical
solution to the growing need for accessible diagnostic
procedures which aids towards the development of
affordable healthcare solutions. Currently, the commercially
available RDTs are used for visual detection wherein a
YES/NO result is expected, however, they are not suitable
for quantification purposes. There are many recent
developments in the field to enable smart-phone detection
wherein they are very specific to the particular RDT device.
Hence it needs prior training on the dataset that is intended
to be quantified. The idea in this work is to overcome the
above limitations by developing a generic algorithm
compatible with varied kinds of RDTs. This app is driven by
a few machine learning algorithms which can be used for
scanning and read-out of the images and quantifying them
for diagnostic purposes.

2.2.1 Image Acquisition

2. Material and Methods
2.1 Materials
Human chorionic gonadotropin was procured (HCG) from
Sigma Aldrich (lyophilized powder, vial of ~2,500 IU);
Dichloromethane (DCM), Ethanol and Eppendorf tubes
from J & K Scientific Agencies, LED lights, adapter,
pregnancy kits and acrylic sheets for preparing the imaging
box were procured from a local vendor. It was cut into the
desired dimensions using CO2 Laser Engraving System VLS
2.30.

Acrylic sheets were cleaned with ethanol and securely joined
using DCM as an adhesive. LED lights are installed at the
top cover of the box for illumination. All HCG solutions
were prepared freshly just before image capture. A stock
solution of 2500 IU/mL HCG was prepared using 1 mL
Eppendorf tubes. The solutions of desired concentrations of
0.5, 1, 5, 10, 25 and 50 IU/mL were prepared from the stock
solution using 1 mL Eppendorf tubes.
2.2.3 Development of algorithms
The algorithm is based on the openware available in
GitHub,
RDTScan, developed by Park et al [1].
Reconfigurations and development of generic algorithms are
done using Android Studio, OpenCV package and Google
Collab for Python. The intensity values are mapped to
sample concentration using the experimental data to
generate a calibration curve, which will be used to predict
the unknown concentration levels. Then it is deployed on the
server to enable the usage on low computation devices and
areas with poor network connectivity. Updated parameters
can be acquired from the server, else pre downloaded model
results can be used.
2.2.3 Image capture
Images are acquired using our imaging box developed inhouse. Images were collected using twoTwo smartphones:
iPhone 11 with a 12 MP primary camera and Mi A2 with a
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20 MP primary camera. Captured images are then cropped
and perspective corrected to regions of interest using Adobe
Photoshop.

Figure 1: Image capture (a) Image capture using black box
and (b) Captured RDT using iPhone 11 with 12 MP primary
camera.
3. Results and Discussion
There are two important features discussed below of our
algorithm which makes it unique from other commercial
apps:
3.1 Direct prediction of intensity
It is observed that when the test line is faint (Figure 2(a)),
the algorithm is directly trained to predict the intensity
without any further processing. It is only able to identify the
control line and not the test line. The intensity output is only
for the control line. On reducing the threshold of the
selection area, the border area of the CT region is
highlighted, completely ruining the average intensity output.
There is a straightforward prediction of intensity without
any processing when the CT lines are not faint (Figure 2(b)).
3.2 Algorithm output
The output for the preceding image is presented in (Figure
2(c)). The region containing CT lines is isolated without
including the border to deal with all edge cases and
maximize the accuracy. This is attributed to the reason that
all variants of RDT have a common intersection of a similar
CT region, therefore making our approach generic. The
model is trained with 78 images generated by us, and data
constraint is addressed through transfer learning. To isolate
the ROI, image annotations are used. It can be observed in
figures 2 (d) and (e) that the camera's position during image
acquisition is irrelevant. The algorithm can detect the ROI
and output the average intensity post-processing. The user

need not be concerned about the inclusion of boundary
regions into the intensity calculation after isolating the ROI.

Figure 2: Algorithm results (a) Direct prediction of intensity
with faint test line (b) Direct prediction of intensity with
visible test line (c) Intensity output and (d) & (e) ROI and
average intensity post-processing.

4. Conclusion
In the current work, we propose a generic smartphone-based
solution that enables quantifications in RDTs for a variety of
devices. We have suggested a common intersection of
similar regions of interest for RDT interpretation. Our
methodology is necessary to scale as it is independent of the
brand features of the RDT. We also displayed that our
algorithm offers overall accuracy comparable to currently
existing techniques and hence laying the groundwork for
point-of-care diagnostics, especially for low-resource
settings.
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1. Introduction
Liquid sodium is being used as the most preferable coolant
in the fast reactors. High chemical reactivity of sodium is
an important safety concern wherein sodium has every
probability to react with atmospheric air or moisture in case
of any leak. In sodium cooled fast reactors (SFRs), fission
heat is transferred to the steam generator by means of
primary and secondary circuits. Radioactive sodium
circulates through the primary sodium circuit. It is within
the reactor containment building and usually double
enveloped, whereas the secondary sodium pipelines are
single walled mounted with heaters, thermocouples, leak
detectors and wrapped with thermal insulation which is
further enveloped by aluminium/stainless steel clad.
Thermal insulation materials made of ceramic oxides and
silicates are being widely used in these pipelines. In the
event of an accidental sodium leak, the leaked sodium
reacts with the chemical constituents of insulation material,
air, trapped moisture present in the insulation and the
structural material forming various reaction products.
Simulation experiments were conducted and the reaction
products formed during sodium-SS/insulation interface was
analyzed by using X-ray diffraction technique. The
experimental results are discussed in this paper.
2. Material and Methods

2.2 Methods
2.2.1 Experiment:
Pure Sodium (99.8%, 10g) was placed on a 4mm thick
SS316L specimen. This was wrapped with 50mm
insulation on either side and placed in an SS container with
flanged assembly. The vessel was sealed and placed in a
vertical furnace. It was heated to 500oC in ambient
atmosphere and soaked for 24hours. Reaction vessel was
then cooled to room temperature. Sodium had melted and
reacted with SS316L and the insulation material. Formation
of deeply colored crystalline compounds was observed
within 2mm of Insulation-Sodium-SS316L interface. These
reaction products were retrieved for phase identification by
XRD.
2.2.2 X-ray diffraction studies
The reaction products were analyzed by X-ray powder
diffraction to identify the chemical constituents. Crystal
structure of the constituents formed was analyzed by
MSAL-XD2 X-ray diffractometer using Cu Kα radiation
(40kV, 20mA, λ= 1.54051Ao). A scanning rate of 0.5os-1
had been used to record pattern with θ in the range of 10 o to
80o to obtain the X-ray diffraction pattern. The products
were identified from Qual2X software by Hanawault’s
search method.

2.1 Materials
Rockwool (96g/cc) and Ceramic wool (128g/cc) being used
as thermal insulation material in sodium systems were
utilized for the experiments. Sodium (99.8%,pure) and
SS316L specimens(20mm*20mm*4mm).

3. Results and Discussion

ID No: EE-409

3.1 Reaction product analysis of Na with Rockwool/316L
interface
Rockwool insulation is finely made fibrous material from
igneous rock [1] and mainly comprises of silicaceous
material with considerable amount of chloride and fluoride
salts.
Constituents of Rockwool post interaction (Fig.1) with
sodium were highly hygroscopic and the material was
studied in XRD by Lindemann’s capillary method. In
contrast to the amorphous nature of unreacted rockwool,
the reaction products were crystalline which is evident
from XRD pattern with a clear diffraction patterm.
Ferric sulphate Fe2(SO4)3 was identified as one of the most
prominent constituent from the XRD pattern. Formation of
Iron (III) sulphate is probably due to the reaction of Fe
from SS specimen and FeO(trace) in rockwool in presence
of sodium peroxide which is the kinetically favourable
oxide formed during sodium oxidation. The presence of
(Na,K,Ca)silicates, (Na,K,Ca)sulphates and chlorides
indicates that sodium has instantly combined with the
constituent compounds of rockwool insulation. (Na, F, Zr)
complex compound has also been identified. Zr is present
in rockwool in trace levels. Formation of the complex is
due to the reaction of sodium with Zirconia and fluorides
present in the rockwool. The leaked sodium essentially
reacts with chlorides and fluorides in the insulation forming
the sodium halide compounds and makes it highly
hygroscopic, which is otherwise not the case with
unreacted rockwool. Several other peaks in the XRD
pattern which are not prominent belongs to organic phases
which may be due to the resin binder present in the
Rockwool insulation and their reaction products with
sodium.
3.2 Reaction product analysis of Ceramic wool with
Na/SS316L
Major constituents of ceramic wool [3] comprises of fine
fibers of Alumina(42%), Silica(48%) and Zircon(17%) and
traces of Calcium oxide and Titania as per (IS:12107).
XRD pattern of reacted ceramic wool insulation (Fig.2)
with major peaks at 2Ɵ (34o,33o) was identified as Sodium
Iron (III) oxide (NaFeO4). The formation of the above
product is mainly due to the interaction of structural
material with sodium oxidation products [4] as there is no
iron oxide (FeO) in ceramic wool.

Fig. 1: X-ray diffraction pattern of sodium-treated
rockwool insulation

Fig.2: XRD of sodium treated ceramic wool insulation
4. Conclusion
Sodium interaction of insulation indicates that Iron has
leached out of SS material and the temperature is
conducive for formation of various crystalline reaction
products with the fibrous amorphous silicates which is the
major constituent of rockwool. The halides formed have
tendency to corrode SS pipe material and may induce
damage to the SS material which is in contact with the
reacted rockwool insulation. However, in case of ceramic
wool, the prominent reaction product is a ternary oxide and
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hence structural material deterioration will not be
accelerated due to it.
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Abstract
Management of organic wastes nowadays has
turned out to be a biggest trouble owing to a considerable
increase in their quantity. These organic wastes mostly turn
out to be threat to air, water and soil by tending to
contaminate and damage their quality. Though organic
wastes are made to undergo various processes to recover
and use its energy potential, in the end waste products do
remain in the form of char that are too difficult to dispose.
On the other side, with the increase in population a
significant increase in construction industries and
construction materials production is observed owing to the
increased demand for proper shelter. This can directly be
related to the increase in CO2 footprints in atmosphere
during cement production. In addition, considering the
sustainable development and the need for improvisation in
concrete properties usage of various forms of carbon both
natural and synthetic has gained attention these days. The
main objective of this review is to study the benefits in
using various forms of carbon in construction materials.
1. Introduction
With an increase in need for cement, a significant
increase in pollution caused by cement industries can be
observed. Studies show that on a global scale, cement

industries seem to be third largest source to contaminate the
environment. Though cement production is inevitable,
steps can be taken to reduce the quantity produced thereby
reducing the pollution caused by the same. This can be
achieved by Supplementary Cementitious materials. These
materials not only aid in partial replacement of cement, but
also help in improvement of cement properties. The main
purpose of this review work is to study the benefits of using
carbon either sourced from natural sources or synthesized
from laboratory in concrete. In addition, it also discusses
the future scopes of the same.
2. Materials
The most common materials used in construction
industries include, cement, concrete, sand, aggregate, clay,
paints, steel and wood. Out of which concrete and steel in
combination that is known as reinforced concrete is most
used normally for construction these days so as to create a
proper balance in tensile and compressive strength of the
building.
2.1 Concrete
This material denotes the combination of cement,
sand and a coarse aggregate in various proportions with the
most common mix used being 1:2:4. With respect to the
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variation in properties and the proportion of raw materials
and admixtures used these can be named as self-healing
concrete (bacteria inculcated concrete that has the ability to
heal cracks on its own), pervious concrete (Porous concrete
with low or no fine aggregate) etc.,
2.2 Cement
Prime element of concrete used for binding of
aggregate. The water-cement ratio is the primary factor
governing the workability of concrete. It is also responsible
for strength of the construction.
2.3 Mortar
This term denotes the paste that binds the
aggregates together. Most commonly used mortars are lime
mortar and cement mortar.
2.4 Steel
An alloy of iron and a part of reinforced concrete
that is responsible for its tensile strength. Steel used in
construction is of various types depending upon its
strength, properties and usage.
3. Carbon in construction
3.1 Biochar as internal curing agent
Study by Mrad and Chehab, (2019) has shown that
usage of biochar obtained by pyrolysis of municipal solid
waste in replacement to sand has a significant influence in
curing properties of the mortar. It can be seen that
depending upon the saturation condition of Biochar a
significant influence in compressive strength is observed.
The main objective of the study was to use find a suitable
replacement for fine aggregate owing to the shortage of
sand. On a concluding note, this study advises further
research in effects of using biochar in durability, shrinkage
and other such properties of concrete.
3.2 Biochar in UHPC
The term UHPC denotes Ultra high performance
concrete. It is the type of concrete that has specified
compressive strength, specified durability etc.,that is
produced specifically for applications in some purposes. It
has various advantages over conventional concrete. It has a
very low w/c ratio in comparison with normal concrete that

resulted in low degree of hydration of the concrete. Dixit et
al., (2019) has used biochar obtained by pyrolysis of wood
saw dust as a partial cement replacer so as to improve the
hydration properties of UHPC. This study shows that
incorporation of biochar as a partial cement replacer has
produced significant effect in its hydration property in a
positive way. The study concludes on the fact that, though
biochar serves as a sustainable alternate for replacement of
cement, care should be taken with respect to the percentage
of replacement. (i.e.,) higher percentage of replacement
seems to reduce the strength of the concrete significantly.
4. Conclusion
Post studying various other works in addition to
the above mentioned ones with respect to usage of biochar
in construction materials, the following primary
conclusions are derived.
1. Internal curing ability of biochar has to be
explored very well.
2. Usage of biochar should be kept in low
percentage as the addition of additive above a
certain percentage seems to reduce the
compressive strength.
3. Detailed study is to be carried out to analyse
influence of biochar in other fresh and
hardened concrete properties.
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1. Introduction
Activated carbon, as demarcated by the International Union
of Pure and Applied Chemistry (IUPAC) is: “a porous
carbon material, has been acknowledged as one of the most
extensively used adsorbents in wastewater management all
over the world. Charcoal, the predecessor of the present
activated carbon, is the earliest adsorbent well-recognized in
water decontamination. Activated carbon is stated as
carbonaceous
material
with
high
permeability,
physiochemical stability, and uptake capability with a large
surface area. It can be distinguished from elemental carbon
by the oxidation of carbon atoms that are present at the
inner and outer surfaces. It is generally bland, amorphous,
and a black solid material that bears similarity to powdered
charcoal.

b. Structure of Activated Carbon
The specific atomic configuration of activated carbon is
unidentified, regardless of its substantial commercial
significance in the purification of water and air. Rosalind
Franklin, in the 1950s, made the severe foremost challenge
to comprehend the configuration of carbons produced by the
pyrolysis of organic materials. She indicated that these
carbons could be segregated into two distinctive groups, i.e.,
graphitizing and non- graphitizing. The sort of carbon from
which activated carbon has descended is non-graphitizing,
signifying that it can be modified into crystalline graphite
even at very high temperatures (≥ 3000 oC). Neutron
diffraction studies revealed that non-graphitizing carbon has
a framework similar to the fullerenes, i.e., it comprises
curved fragments having pentagons and other nonhexagonal rings besides hexagons, as exemplified in Fig.1.

2. Overview of activated carbon
a. Historical Background
The existence of activated carbon in human history prolongs
so far back in time that its source is not possible to be
precisely determined. Before the usage of activated carbon,
either wood char or coal char was implemented as an
adsorbent. The initial documented instance dates back to
3750 BCE, when both the Egyptians and Sumerians utilized
wood char for the reduction of copper, zinc, and tin ores in
the production of bronze, and also as a smokeless fuel.

Fig. 1. Schematic representation of Fullerene1
Along with the crystalline configuration of activated carbon,
the porous structure of AC has a vital role in various
applications. The uptake capability of AC is highly
associated with the surface area, pore volume, and pore size
distribution. It is mostly reliant on the nature of the
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feedstock and chemical treatment. The porous structure of
AC was generated during carbonization by the elimination
of non-carbon species (H2 & O2) from a raw material
producing fixed carbon mass with rudimentary pore
structure and further developed during activation.
c. Agricultural Wastes as Activated Carbon Precursors
Activated carbon can be prepared generally by various
carbonaceous solid precursors. The usage of lignocellulosic
biomasses as AC precursors has proved to be renewable and
comparatively less expensive and eventually could
transform the waste efficiently into a valuable product. In
the current years, researchers have focused on the synthesis
of AC from the agro wastes (lignocellulosic biomass) which
are useful and very economical such as rice husk, groundnut
shell, sugarcane bagasse, etc. The high volatile matter
content in the precursor has been suitable for producing a
well-developed porous structure of AC. The usage of the
final products obtained from the municipal wastes, notably
AC, and the resultant economic input, ultimately can offset
the treatment cost and discarding problem.

Fig. 2. Lignocellulosic Biomass
d. Characterization of Activated Carbon
After several decades of profound exploration regarding the
production, characterization, and applications of ACs, a
thorough explanation of the structure and the adsorptive
characteristics of these materials cannot be comprehended
until now, even from the researches executed by utilizing
developed experimental approaches such as XRD or TEM.
Due to the intrinsic complication of ACs, no single
technique can give a full image of the overall properties of
ACs. As an alternative, a variety of corresponding
characterization procedures is necessary to characterize
these materials at various dimension scales and aid in
adapting them for particular purposes.
e. Activated Carbon Applications
Activated carbon is a versatile adsorbent, and it has many
applications, including water treatment, separation,

purification, catalysis, energy storage, electrodes for electric
double-layer capacitors, etc. In food sectors, activated
carbon is utilized for decolorization, deodorization, and
taste elimination purposes. In the medical field, it is being
used for harmful chemical and drug adsorption purposes.
Activated carbon can also be employed for air filter
purposes in gas cleaning applications. GAC is generally
used for gas-phase applications.

Fig. 3. Percentage of the most applications of activated
carbon according to Scopus database2

4. Conclusion
The development of activated carbon from agrowastes
would augment the conversion of waste into wealth. This
supports the theoretical study that biomasses are appropriate
feedstocks for the production of activated carbon with high
porosity and surface area compared to commercial activated
carbon. Successful usage of respective activated carbon in
wastewater treatment relies strongly on its uptake
capability. Engineered activated carbon has the potential to
be used in various sectors such as wastewater treatment,
food industry, catalyst and catalyst carrier, atmospheric
pollution control, pharmacy industry, etc.
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1. Introduction

2. Material and Methods

Management of environmental toxicants and their control is

2.1 Materials

the major challenge in recent decades due to their

Odisha is bestowed with many diversified flora. The

hazardous effects on ecosystem. Rapid infrastructural

maximum diversity of bryophytes was reported in hill areas

developments and industrial activities around the gloves

which offered abundant rainfall, light, moisture and

resulted in heavy metal pollution. Exposure of these

moderate temperature. Distribution of bryophytes in forests

xenobiotic material and their indiscriminate disposal to the

depends upon many factors such as nature of the forest

environment not only have devastating effect on natural

types and water availability.

habitat but also act as indirect source of human health

2.2 Methods

diseases. Studies are conducting and reported now a day on
the management of environmental toxicants and their
control. Bryomonitoring is considered as an eco-friendly

2.2.1 Methodology of collection and storage of sample
Specimen samples were collected from different

approach compare to other convectional technologies.

habitats of

Bryophytes are the non-vascular autotrophic cryptogams

precaution. The specimens were cautiously collected with

found all over the world [1]. Mosses are simple green lower

the help of sharp edged knife, dried at room temperature on

plants found on moist rocks, bricks, walls, ground and tree

blotting paper which soak excess moisture and placed

barks.

carefully. After drying they kept inside a herbarium packets

They

can

absorb

pollutants

significantly,

Odisha under aseptic conditions with proper

accumulates these metals in their tissues without causing

labeled with complete details.

any harmful effects.Hence mosses are proved to be the

2.2.2 Screening and identification

cheapest indicator species for monitoring heavy metal [2].

The collected bryophytes were identified carefully. The
identification of taxa has been done in laboratory by
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consulting various literature research articles. Identification

[1] Mishra M, Dash PK, Alam A et al (2016) Current status

of specimen based on the gametophytic and saprophytic

of diversity and distribution of bryophytes of Odisha. Plant

characters.

Sci Today 3:186–194.
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2.2.3 Heavy metal absorption by mosses:

[2] Kłos A, Ziembik Z, Rajfur M et al (2018) Using moss
They collected mosses were subsequently screened for

and lichens in biomonitoring of heavy-metal contamination

diverse heavy metal tolerance activities. The metal type

of forest areas in southern and north-eastern Poland. Sci

(Cd, Cr, Hg, Pb, Zn, Ni, and Fe) and the respective

Total.

absorbing species affect both the adsorption and absorption

.https://doi.org/10.1016/j.scitotenv.2018.01.211

efficacies of heavy metals by different collected mosses
were done.
3. Results and Discussion
It was observed that the intracellular uptakes of various
heavy metals by mosses are relatively high as compare to
other conventional methods The high specific surface area
and rough dorsal surface of leaves of moss reduce the
elimination of heavy metals by wind and precipitation.
Mosses developed some metal uptake mechanisms like
diffusion, ion exchange process, chelation through the
evolutionary process to encounter the stress of heavy
metals.
4. Conclusion and future scopes
Phytoremidiation using mosses an ideal technology to
clean up the environmental contaminates. Genetic
modification technologies with the use of new transgenic
mosses have also improved the metal uptake, transport,
accumulation

capacity

and

detoxification

of

metal

pollutants. There is a scope of research for identifying the
most heavy metal tolerant genes associated with hyper
accumulating moss species and applied it for achieving
heavy metal free environment.
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1. Introduction

2.2 Methods

Stubble burning of rice straw (RS) is the major
cause of air pollution during winter in Northern India,
leading to the formation of smog and spike in the Air Quality
Index (AQI). The farmers in North India usually grow rice
and wheat in subsequent seasons. The delay in sowing of rice
crop, due to delay in the monsoon, has highlighted a need for
quick rice harvesting system. Harvesters are generally used
for harvesting rice, leaving long stalks in the fields, which
need to be disposed prior to the sowing of wheat crop.
The high silica content in RS limits its use for
various applications such as cattle fodder, raw material for
pulp/paper production, bio-ethanol production. A 1%
increase in silica content of RS reduces its digestibility and
nutritive value as cattle fodder by 0.98% and 0.83%
respectively [1]. During pulp/paper and bio-ethanol
production the presence of silica decreases the efficiency of
overall process [2,3].
Considering the limitations in utilization of RS, it
is important to find alternatives ways of using it. Pyrolysis is
one such method. In this study, RS was pyrolyzed at
different temperatures to produce bio-char which can be
used for various applications. The use of bio-char for a
particular application depends upon its physio-chemical
properties. Therefore, the effect of chemical treatment on the
properties of bio-char was studied.

2.2.1 Pyrolysis of rice straw

2. Material and Methods
2.1 Materials
RS was collected from Ghaziabad, India.
NaOH, KOH and HCl were obtained from Fisher Scientific.

Initially RS was cut (5±1 cm) and washed with
distilled water. Pyrolysis of RS was carried out in a steel
tube placed in a furnace. One end of steel tube was
connected to nitrogen cylinder and the other end was
connected to condenser. The pyrolysis was carried out at
different temperatures 300℃ - 800℃ for 30 min. After 30
min the furnace was allowed to cool to ambient temperature
and bio-char was taken out. The yield of pyrolysis products
was determined.
2.2.2 Estimating the silica content in rice straw and biochar.
Initially 1 g of RS/bio-char was heated in a muffle
furnace at 800℃ for 1 h. The resultant solid residue was
boiled for 15 min in 1 M NaOH solution at 98-100℃.
Thereafter, the solution was filtered and 1 M HCl solution
was added dropwise to the filtrate to precipitate silica.
2.2.3 Pre-treatment and post-treatment of bio-char
The bio-char produced from RS was modified with
KOH either before (pre-treatment, PrT) or after (posttreatment, PoT) pyrolysis.
3. Results and Discussion
3.1 Pyrolysis product distribution
The yield of pyrolysis products was determined. It
was observed that yield of bio-char decreased from 56% at
300℃ to 32% at 800℃. The yield of bio-oil and noncondensable gases increased from 22% at 300℃ (for both)
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to 37% (for bio-oil) and 31% (for non-condensable gases) at
800℃.
3.2 Silica content in rice straw and bio-char
The silica content in RS and bio-char was determined.
It was observed that silica content in unwashed and washed
RS was almost same. However, the silica concentration in
bio-char increased with an increase in pyrolysis temperature.
3.3 Effect of pre-treatment and post-treatment on surface
area of bio-char
The surface area of bio-char with and without
modification with KOH is shown in Table 1. It can be
observed from Table 1 that PrT was more effective in
enhancing the surface area than PoT. Further, combined PrT
and PoT process was carried out. It was observed that
combined treatment process led to maximum increase in
surface area (Table 2).
Table 1: Effect of pre/post treatment on surface area of
bio-char
Bio-char (pyrolysis
Surface
Mean pore
temperature, PoT/PrT, KOH area (m2/g) diameter
concentration, reaction time)
(nm)
500℃
14.31
10.55
500℃, 1M KOH PoT, 2 h
50.88
5.24
500℃, 3M KOH PoT, 2 h
52.59
6.15
500℃, 5M KOH PoT, 2 h
61.58
4.85
1M KOH PrT, 500℃, 2h
174.15
5.29
5M KOH PrT, 500℃, 2h
127.57
4.42
Table 2: Effect of combined treatment on surface area of
bio-char
PrT (KOH
Pyrolysis
PoT
Surface
concentration,
temperature
area
reaction time,
(℃)
(m2/g)
drying time)
None
800
None
53.29
1M KOH, 2h, dried
overnight
1M KOH, 2h,
filtered
1M KOH, 2h,
filtered

800

1M HCl

638.99

800

1M HCl

478.44

800

Water
washed

375.62

3.4 Applications of bio-char
Bio-char can be used in diverse fields to achieve the
goals of sustainable development. However, its utilization
depends upon its physio-chemical properties. For example,
bio-char with high surface area/porosity, carbon content,
electrical conductivity and low chemical activity,
oxygen/inorganic content can be used as an electrode
material for batteries. Bio-char with high surface area and
variety of functional groups can be used for environmental
remediation. Bio-char with high carbon, nitrogen and
potassium content can be used as soil conditioner. Bio-char
with appropriate surface area, pore size/volume and surface
acidity can be used as catalysts in heterogeneous catalysis
reactions.
4. Conclusion
Conversion of RS to bio-char can be used as an
option for sustainable conversion of agri-residue into
product. The produced bio-char can be tuned by
physical/chemical modification to match the requirements of
a particular application. Chemical modification of bio-char
using pre-treatment with KOH and post treatment with HCl
results in a significant increase in its surface area. The highly
porous bio-char produced can be used in diverse fields to
promote environmental sustainability.
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1.

Introduction

From the past 40 years, the medical as well as scientific
communities have started to study the chronic effects of air
pollution. Volatile organic compounds (VOCs) are one of
the most harmful air pollutants and they results the formation
of smog, help the formation of chlorinated compounds that
depletes ozone layer, produce odorous compounds that make
harmful health effects to humans and other animals, so, it
has become an urgent environmental and medical concern to
control and treat air pollution.[1]
Toluene is an aromatic hydrocarbon that is commonly used
as an industrial feedstock and as an organic solvent. Like all
the other organic solvents, toluene is sometimes also used as
an inhalant drug for its intoxicating properties; however,
inhaling toluene has potential to cause severe neurological
harm. [2]
The existence of toluene in the atmospheric air causes
serious environmental problems such as photochemical
smog formation, membrane damage to the leaves in plants
during the winter season, health problems such as damages
to the nervous system, liver, lungs, and kidneys (Kumar et
al. 2019b). Even at lower concentrations, toluene can
damage the vital organs, nervous system and cause
malignant neoplastic disease [3]

The major disadvantages of physical and chemical methods
used for the treatment of VOCs are high operational costs
and the emission of various secondary pollutants whereas
biological treatments are very cost effective and
environmental friendly techniques for the treatment of
volatile organic compounds such as toluene because it can
be easily degraded under anaerobic or aerobic conditions
with the help of microorganism. Nowadays many
researchers has started to study the biodegradation studies
benzene, toluene and other aromatic compound using free as
well as immobilized microbial cells. [4]

2. Material and Methods

2.1 Materials
The microbial mixed culture was obtained from aerobic
sludge collected from muttathara sewage treatment plant,
Trivandrum. Composition of the mineral salt medium
(MSM) (g/L) used was as follows
Na2HPO4 -5, K2HPO4 - 4.0, KH2PO4 - 4.0, (NH4)2 PO4 -1.0,
MgSO4.7H2O - 0.25, CaSO4 - 0.25, FeSO.H2O 0.08, in
distilled water.
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2.2 Methods

3.2 Biodegradation of toluene by microbial batch culture

2.2.1 Preparation of liquid batch culture

2.2.2 Detection of toluene degradation using UV-VIS
5ml aliquot from batch were taken after every 18 hrs For 72
hrs and the spectroscopic studies of toluene degradation was
done by UV- VIS Spectrometer at 524 nm.

Degradation of Toluene
18
16

Concentration (ppm)

Experiments were carried out in 250ml cotton-plugged
Erlenmeyer flasks stirred at 160 rpm at 370 Celsius and
containing 200 mL of mineral media. The pollutant was
dissolved in mineral media at concentrations of 50 mg L−1.
The concentration of activated sludge was about 1% (Prior
to inoculation the sludge was centrifuged at 5000 rpm for
about 5 min and only taken the supernatant).
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Figure2: Degradation of toluene by batch culture

2.2.3 Growth kinetics studies of microorganism
1 ml aliquot from batch were taken after every 3hr for 72 hrs
and the growth kinetics of microorganism was determined
by UV- VIS Spectrometer at 600 nm.
3. Results and Discussion

3.1 Percentage of degradation of toluene

Percentage of degradation of toluene was calculated by the
equation.

3.1 Toluene standard curve

C0 – Ct X 100

Toluene - Standard curve
0.3

Absorbance (nm)

C0

r2 = 0.99952
y = mx + c

C0 – Conc. Of toluene at time 0

0.25

Ct – Conc. Of toluene at time t

0.2

0.15
0.1
0.05
0
0

20

40

Concentration (mg/l)

Figure1: Toluene standard curve

60

72

ID No: EE-370

Degradation (%)

Percentage of toluene degradtion
80
70
60
50
40
30
20
10
0
0

20

40

60

80

Time (Hour)
Figure3: Degradation of toluene in percentage

(b)
Fig4. Microbial growth at (a) 0 and (b) 72 h
4. Conclusion

3.3. Microbial culture at different time interval
In summary, we explored microbial degradation of toluene
and around 69.62 % degradation was observed after 72
hours. Overall analysis signified the fact that microbial
degradation of toluene followed first order kinetics and the
further microbial kinetics studies are going on.
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1. Introduction
The rapid extension of industrialisation has improved the
profitability as well as brought about the discharge of toxic
material into nature, making wellbeing perils. It has
genuinely influenced typical tasks of environments, widely
varied vegetation. In ongoing years, extensive attention has
been paid to the industrial waste, which is typically released
ashore or into various water bodies. Different methods have
been used for the treatment of industrial effluent, e.g.
sedimentation, filtration, ozonolysis, Ion exchange, flotation
etc. Every method has its own advantages and
disadvantages. An economical and efficient methodology
must to developed to control the contamination. Many
cheaper agricultural wastes have been used to do away with
pollutants from industrial effluents before releasing it into
the environment(Akhtar et al. 2009). It is the first time the
treatment of natural rubber effluent with moringa oleifera
stem bark powder & compared with pseudomonas sp.
Bacteria. Therefore this work flourishes a predictive
treatment of natural rubber effluent parameters.Rubber
effluents have been known to support microbial growth and
can readily degrade the rubber wastes present in the

effluents. It will be effective, eco-friendly and cheaper
biological treatment method of purification of rubber
effluent. The current study investigated the treatment
efficiency of the combination of physicochemical and
microbial treatment for the rubber industry effluents.
2. Material and Methods
2.1 Materials
The required chemicals used for this study were purchased
from the Merck :NaOH, HNO3,nutrient agar etc
2.2 Methods
2.2.1 Sample collection
Rubber effluent was collected in a 5-litre plastic container
from DS Group rubber industry at Rubber Park industrial
growth centre, Bodhjung Nagar, Tripura.
2.2.2 Preparation Moringa Oleifera as bio sorbent
Dry moringa oleifera bark used as adsorbent were collected
from NIT Agartala college campus. The barks were then
cleaned several times by distilled water and then dried at
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In an autoclave, nutrient agar media was prepared and
sterilised to procure the culture of bacteria.15 ml of nutrient
agar was poured in each sterilised petri dish which was later
solidified. 0.1 ml of effluent after the serial dilution was
placed onto solid agar medium and a sterile spreader was
used to spread it over uniformly. The petri dishes were then
taken into a incubator where temperature was maintained at
30°C for one whole day (24 hours). Further these dishes
were perceived, and Gram’s reaction, colour, margin,
elevation were recorded for the characterisation of bacterial
colony.
3. Results and Discussion
3.1 Brunauer - Emmett-Teller (BET) Test
Figure.1show the BET isotherm of the moringa oleifera stem
bark and revealed the total pore Volume & BET surface
area were 7.189 x10-5 cc/g ,6.622 m2/gm respectively.

material is indicated by incompetently resolved peaks. So,
the bark consist of a heterogeneous and complex matrix
containing a variety of substances, which includes
carbohydrates,lipids, proteins and ash to a lesser extent. A
broad peak with a 24.4° angle can be easily differentiated
which illustrate the diffraction of the constituent lignin
surrounding the components with a more amorphous nature.

3.3 Fourier transform infrared spectroscopy (FTIR)
.The shiftment of various peaks indicate that adsorbtion of
the pollutants took place at the adsorbent surface which is
shown in the Fig.3.

0.7

Before treatment
After treatment

0.6

Transmittance (%)

100⁰C for 24 hours in a hot air oven. The powder obtained
in the BSS 52 was stored in a deciccator to protect it free
from moisture and further it was used as bio sorbent for
batch adsorption.
2.2.3 Isolation of Biodegrading bacteria
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Figure 2 FTIR analysis of Moringa oleifera stem bark:
Before and After treatment.
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Figure 1: BET Isotherm of moringa oleifera stem bark
powder
3.2 X-Ray Diffraction
The X-ray crystallinity of the M. oleifera stem bark
powder was determined, and the diffraction pattern is
depicted in figure 4. The findings revealed distinct peaks in
various diffraction planes and the presence of amorphous

The present investigations were carried out to
prepare the bioadsorbent of Moringa oleifera stem bark
powder & isolate pseudomonas sp. bacteria from natural
rubber effluent that could be used for treatment of rubber
processing industry waste. Treatment of the natural rubber
effluent with moringa oleifera stem bark powder & bacteria
is done & found that it is able to reduce the parameters like
oxidation-reduction potential, electrical conductivity,
turbidity, BOD, COD, ammonium, sulphate, total
phosphate, TDS, TSS, TS concentrations & increased the pH
& DO. Phosphate will be removed upto 94.5% with moringa
oleifera bark powder & 90.41% with bacteria, BOD & TS
will be more removed by the bacteria than the moringa
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oleifera bark powder that so that the bacteria degrade the
rubber effluent & in the rest moringa oleifera has the
maximum efficiency. As the moringa oleifera contain
protein so it act as coagulant & it also contain carbon so it
act as adsorbent. But in their removal effiency is more so
both will be encouraged for future. Because both will be
easily available & cheap.
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1. Introduction

2. Material and Methods

Air pollution worldwide is a growing threat to human
health and the natural environment. Air pollution may be
described as contamination of the atmosphere by gaseous,
liquid, or solid wastes or by-products that can endanger
human health and welfare of plants and animals, attack
materials, reduce visibility, or produce undesirable odors.
The air pollution problem is encountered outdoor as well as
indoor. Mobile, stationary, area, and natural sources all emit
pollution into the air.
Traditional air pollution control technologies for
pollutant gases, such as adsorption, absorption and
combustion, were developed to treat high concentration
waste gas streams associated with process emissions from
stationary point sources. Although these technologies rely
on established physic-chemical principles to achieve
effective control of gaseous pollutants, in many cases the
control technique yields products which require further
treatment before disposal or recycling of treatment
materials. In the case of treatment of dilute waste gas
streams, however, these traditional methods are relatively
less effective, more expensive and wasteful in terms of
energy consumption; and identification of alternative control
measures is warranted.
Biofiltration technology (using micro-organisms growing
on porous media) is being recognized as one of the most
advantageous means to convert pollutants to harmless
products. Done properly, biofiltration works at a reasonable
cost-utilizing inexpensive components, without requiring
fuel or generating hazardous by-products. Firmly established
in Europe, biofiltration techniques are being increasingly
applied in North America: Biofiltration for Air Pollution
Control offers the necessary knowledge to "do it right."

2.1 Materials
Materials used for bed media – peat, composted
yard waste, bark, coarse soil, gravel or plastic shapes.
Oyster shells ( for neutralizing acid build-up) and
fertilizer ( for macronutrients) are mixed with bed media.
Support Rack perforated – allow air from the
plenum to move into the bed media to contact microbes that
live in the bed. Perforations also permit excess, condensed
moisture to drain out of the bed to plenum
Fan used to collect contaminated air as the
emissions flow through the bed media, the pollutants are
absorbed by moisture on the bed media. Microbes reduce
pollutant concentrations by consuming and metabolizing
pollutants. During the digestion process, enzymes in convert
compounds into energy, CO2 and water. Material that is
indigested is left over and becomes residue.

2.2 Methods
Types and classifications:
2.2.1 On the basis of layout
Open bed: uncovered and exposed to all weather
conditions.
Closed bed: enclosed with a small exhaust port for
venting of cleaned air
2.2.2 On the basis of shape
Horizontal biofilters: these are designed to have a
larger footprints
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Vertical biofilters: these are designed to reduce the
footprint required.
2.2.3 On the basis of support media
Compost bio filter: soil, peat, compost material is used
Synthetic bio filter: Ceramic, Plastic(BTX)
3. Results and Discussion
As a result of these biofilters we can control the air
pollutions just by using microbes. Then the treatment
efficiencies of these constituents are above 90% for low
concentrations of contaminants ( less than 1000 ppm ).
4. Conclusion
Biofiltration plays very important role in control of air
pollution. Biofilters, like all systems follows laws of
conservation & mass balance. Biofilter is successful only
when microbial ecosystem is healthy & vigorous. The design
of biofilter system requires a detailed understanding of site,
conditions, site limitations, system components & costs.
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1. Introduction
Micro-consortium is an associative term referred to a
symbiotically or cooperatively inter-linked population of
two or more microbes of different genera or taxa, coinhibiting under the same physiological condition. Cocultivation of microbes with diverse metabolic enzymatic
activity and adaptability towards physiological factors
ensures improved stability and expands the possibility of
secondary metabolite production 1. The co-cultivation of
biosurfactant producing and hydrocarbon-degrading
bacterial cultures confers a mutualistic effect on the overall
biodegradation activity of individual bacteria. The
biosurfactant improves the bioavailability of hydrocarbons,
increasing their desorption from the contaminated sites,
further aiding the catalytic activity of hydrocarbon
degraders for the remediation 2. Even though these
microbes have shown effective hydrocarbon degradation
activity yet the biodegradation period is relatively more
extended, ranging from weeks to months3, 4.
2. Material and Methods
2.1 Materials and Methods
Phenanthrene, hexadecane, Bushnell haas (BH) broth, yeast
extract, Nutrient broth (NB), Catechol, NADH and NAD
was procured from HiMedia, India. Ethyl acetate,
Chloroform, DMSO and Methanol were obtained from
Finar, India. The BCA kit for protein estimation was
acquired from Sigma, India. All other chemicals were
analytical grade and used without any modification.

Millipore water (18 M Ωcm−1) was used throughout the
experiment.
2.3. Microbial hydrocarbon biodegradation studies
Three bacterial strains namely; Agrobacterium fabrum SLAJ
731, Pseudomonas aeruginosa P7815 and Bacillus subtilis
RSL2 were selected based on previous studies exploring
their biosurfactant production ability using crude oil as their
C source. To further gain insights on their growth and
biodegradation ability using individual hydrocarbon as sole
C source, Hexadecane (C16) and Phenanthrene (Phe) were
chosen as model aliphatic and aromatic hydrocarbon. From
the preliminary studies, Yeast extract was optimized as N
source. Further, the bacterial inoculum was enriched in
Nutrient Broth overnight till their O.D. reached 1. Next, the
bacteria were inoculated at 10 % (v/v) concentration to
sterile BH broth containing either 50 ppm of C16 or Phe or
25 ppm of both and incubated at 25 °C and 180 rpm for 7
days until the bacteria reached their death phase.
2.4. Estimation of bacterial growth and biosurfactant
production
During the incubation period, the bacterial growth was
estimated by dry cell weight measurement. The bacterial
culture was centrifuged at regular time interval and the pellet
was recovered, washed and allowed to dry overnight till
constant weight is achieved. The surface tension of the cell
free supernatant was measured using a Du Nouy ring method
in tensiometer instrument (Dataphysics, DCAT 11 EC)
operated at 25 °C. Thus, the activity of biosurfactant was
measured as change in surface tension of the cell-free
supernatant at regular time interval.
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2.5. Residual hydrocarbon estimation
The cell free supernatant was used for the estimation of
bacterial hydrocarbon biodegradation activity at regular time
interval. The residual hydrocarbon was extracted in equal
volume of chloroform followed by separation using
separating funnel. The extracted organic layer was
investigated for the concentration of residual hydrocarbon
using Gas Chromatography-Flame ionization detector
instrument (GC-FID, Varian 450) equipped with Sil-8 CB
column (30 m × 0.25 mm × 2.5 µm). The program used
involved an injector temperature at 250 °C and detector
temperature at 280 °C. 1 µL of sample previously extracted
in chloroform was injected to the column. The column oven
was programmed at initial temperature of 60 °C which was
raised with the ramping of 10 °C/min to 150 °C followed by
another ramping of 20 °C/min till 280 °C. Also, helium gas
was used as carrier gas maintained at 1:50 split ratio.
2.7. Degradative enzymes activity determination
For the analysis of alkane hydroxylase activity, a reaction
mixture (1 mL) comprising 10 µL of 1 % (v/v) hexadecane
dissolved in 80 % (v/v) DMSO was used as substrate. 50 µL
of aforementioned crude extract was used as enzyme in
0.15% CHAPS buffer (pH 7.4). Also, 0.1mM NADH in
20mM Tris-HCl was used as cofactor for the oxidation
reaction. The enzyme activity was measured as decrease in
absorbance at 340 nm using UV-Vis spectrophotometer
signifying the utilization of NADH by the crude enzyme
with respect to time. Overall, 1 unit of enzyme activity was
estimated as the amount of enzyme responsible for the
oxidation of 1 µM NADH per min.
The reaction mixture for the investigation of enzyme activity
estimation of alcohol dehydrogenase involved: 1M Tris HCl
buffer (pH 8.8), 5mM NAD+ as cofactor, pure ethanol as
substrate and crude enzyme extract. The enzyme activity
was monitored as increase in the absorbance at 340 nm in
UV-visible spectrophotometer representing the reduction of
NAD to NADH. Thus, 1 unit of enzyme activity was
estimated as the amount of enzyme responsible for the
reduction of 1 µM NAD per min.
The activity of catechol 1,2- dioxygenase was examined
based on the oxidation of catechol to cis,cis - muconic acid
which was determined spectrophotometrically as an increase
in absorbance at 260 nm. 1mL of reaction mixture contained
20µL of 50mM catechol, 20mM Na2EDTA, and 20µL of

crude enzyme extract, and the volume was made up using
1X PBS buffer. The enzyme activity was expressed as µg of
cis,cis - muconic acid formed per mg of protein per minute.
The activity of catechol 2,3-dioxygenase was analyzed by
investigating the formation of 2-hydroxymuconic
semialdehyde in the reaction mixture using catechol as
substrate. This was observed as an increase in the
absorbance at 375nm. Each reaction mixture contained 20µL
of 50mM catechol, and 20µL of crude enzyme extract, and
the volume was made up using 1X PBS buffer. The enzyme
activity was expressed as µM of 2-hydroxymuconic
semialdehyde formed per mg of protein per minute.
3. Results and Discussion
In this study, the growth and biodegradation ability of
selected bacterial strains in the form of axenic cultures and
consortium was investigated in the presence of 50 ppm
hexadecane, 50 ppm Phenanthrene, and 25 ppm Hexadecane
+ 25 ppm Phenanthrene. Microbial growth and
biodegradation of Hexadecane (50 ppm) in the presence of
50 ppm yeast extract in BH media was studied. The overall
hexadecane biodegradation percentage of 80%, 80.5%, and
90% was observed in A. fabrum, P. aeruginosa, and B.
subtilis strains after 7 days incubation. However, when
inoculated equally as a consortium to 50 ppm hexadecane,
the overall biodegradation was reduced, i.e., 70 % was
obtained after 7 days of incubation. The degradation of
Hexadecane is primarily driven by the alkane hydroxylase
enzyme and alcohol dehydrogenase enzyme. Increased
activity of alkane hydroxylase in the early stage of
incubation and alcohol dehydrogenase in the later stage of
incubation is required for the continuous biodegradation of
Hexadecane as observed in the case of P. aeruginosa, B.
subtilis, and microcosm. As observed in the case of A.
fabrum strain, the late onset of alkane hydroxylase caused
no further degradation of Hexadecane after day2 during the
incubation period. However, the lesser biodegradation of 70
% in the case of the microcosm (Figure 1A), though
increased bacterial growth than axenic cultures, suggested
that bacteria are utilizing the intermediates released by the
breakdown of Hexadecane, though an increase in Dry cell
weight (DCW) was recorded yet hexadecane degradation
was slower than axenic cultures.
Microbial growth and biodegradation of Phenanthrene (50
ppm) were also performed in the similar experimental
conditions as Hexadecane The overall Phenanthrene
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biodegradation percentage of 87%, 86%, and 89% were
observed in A. fabrum, P. aeruginosa, and B. subtilis strains
after 7 days incubation. However, when inoculated equally
as a consortium to 50 ppm Phenanthrene, complete
biodegradation was found to be achieved, i.e., 99.8 % was
obtained after 7 days of incubation (Figure 1B). The
degradation of Phenanthrene is primarily driven by either the
Catechol 1,2-dioxygenase (C12O) enzyme or the Catechol
2,3 dioxygenase (C23O) enzyme. In all the cases, the
negligible activity of C12O suggested that the bacteria
choose the extra diol cleavage pathway, i.e., 2hydroxymuconic semialdehyde formation.

For further investigating the biodegradation ability of
selected bacteria in the presence of a mixture of
hydrocarbons as co-substrates, each strain was inoculated
with 25 ppm of each Hexadecane and Phenanthrene
simultaneously. The bacterial growth was assessed, as
shown in Figure 1C. The overall Hexadecane (25 ppm)
biodegradation percentage of 88.6%, 84%, and 79% was
observed in A. fabrum, P. aeruginosa, and B. subtilis strains
after 7 days incubation. However, when inoculated equally
as a consortium to 25 ppm hexadecane with 25 ppm
Phenanthrene, biodegradation was 74 % after 7 days of
incubation. Overall, the presence of co-substrate increased
the biodegradation ability of A. fabrum, P. aeruginosa, and
consortium; however, it was reduced for Bacillus. Exploring
the biodegradation ability of 25ppm Phenanthrene with 25
ppm hexadecane as co-substrate, it was observed that
biodegradation percentage of 90%, 93%, and 93% was
observed in A. fabrum, P. aeruginosa and B. subtilis strains
after 7 days incubation. Though a slight reduction in
phenanthrene biodegradation was observed, i.e., 92% was
obtained in the presence of co-substrate by the consortium.

4. Conclusion
Overall, from the hydrocarbon degradation study using
pure cultures in a single vs. co-substrate study, it was
concluded that A. fabrum SLAJ 731 and P. aeruginosa
showed improved hydrocarbon degradation in the presence
of co-substrates. On the other hand, Bacillus subtilis
showed decreased Hexadecane and increased phenanthrene
degradation in the presence of co-substrates. While during
the microcosm study, in the presence of a single substrate,
an increased phenanthrene utilization was observed;
however, a decreased hexadecane utilization was observed.
In contrast, in the presence of co-substrate, hexadecane
degradation was slightly improved, and phenanthrene
degradation was slightly reduced. This suggested that
catabolism of Phenanthrene led to the release of byproducts in the form of simple sugars of co-factors required
for hexadecane catabolism. Among the axenic cultures, A.
fabrum and P. aeruginosa preferred the presence of cosubstrates for the overall hydrocarbon degradation, whereas
Bacillus subtilis showed an increase in phenanthrene
biodegradation ability in the presence of Hexadecane as the
substrates.
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1. Introduction
The national importance of projects and research groups are
working to improve the quality of agricultural soil and
enhance crop yield all over the world. Crop yield is majorly
dependent on the water and external supplied nutrients
through natural and man-made chemical fertilizers. Key
challenges for most of the enhancement of soil fertility
projects are the availability and accessibility of the funding,
water, energy, and fertilizers. Advanced chemical
technologies enabled commercial production of new soil
conditioners. The hydrogel is one of them which is the most
attractive material these days towards soil moisturizer. [1].
The hydrophilic functional groups in a polymeric network of
a hydrogel are responsible to absorb plentiful water. The
successful applications require both biocompatibility and
biodegradability in the hydrogels [2]. A hydrogel possesses
a variety of properties which include flexibility,
transparency, high absorbance, and thermal insulation.
Hence, this may be used in deserts or dry environments or
remote locations. A variety of polymerization techniques
such as chain-growth polymerization, irradiation
polymerization, and step-growth polymerization are
involved
in
chemically
cross-linked
hydrogel
polymerization [3]. The loading and release of drugs at
diffusion-coefficient dependent rate largely depend on the
porosity of a hydrogel [4]. To increase the water absorption
rate, super porous hydrogels were synthesized by
crosslinking polymerization of vinyl monomers in the
presence of gas bubbles formed by the chemical reaction of

acid and NaHCO3. The high content of carboxylic acid
groups in carboxymethylcellulose gives rise to a strong
swelling tendency, especially at neutral to alkaline pH
values. The radiation-initiated crosslinking method was
employed to synthesize gels with superabsorbent properties
based on hydroxyethylcellulose and acrylic acid. High
amylose content superabsorbent has less water absorption
capacity as compare to indica rice starch-based
superabsorbent that may be due to enhanced interaction and
structural strength of polymer chains through the formation
of the hydrogen bonds [5}.
Realizing the strategic importance of soil conditioners, the
development of the cost-effective and eco-friendly synthesis
of a hydrogel investigated in this research work.
Furthermore, practical application was showed and
experimental discussion of plant sampling study and its
utility characterization. A cost-effective hydrogel is the main
considered research in which farmers can most participate
and it also the revolution of agricultural practices. Corn
starch is used as a substrate for grafting with acrylonitrile
(monomer) using a redox system of hydrogen peroxide
(H2O2) and hydrated ferrous sulfate (FeSO4.2H2O).
2. Material and Methods
2.1 Materials
AR grade chemicals were used in this work. Acrylonitrile,
sodium hydroxide, potato starch, Iron (II) Sulphate,
Hydrogen Peroxide, Ethyl alcohol, and methanol was
ordered from Merck Life Science Pvt. Ltd. – India. The
Whatman filter paper (no. 42) for filtration purpose and
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Double distilled water (DDW) was used for all dilution and
makeup of solutions.
2.2 Methods
2.2.1 Hydrogel Synthesis
10 g potato starch was taken for the synthesis of a
hydrogel and was washed with ethyl alcohol for the removal
of coarse and foreign particles. 17.28 ml of acrylonitrile
(AN) was added with washed starch, 111 ml of distilled or
deionized water, 4.8 g of ferrous sulfate, and 19.86 ml of
hydrogen peroxide were added in a washed and cleaned
beaker of 500 ml. The semisolid solution was stirred to
proper mixing and grafting of starch at adjustable range
(700-1100 rpm). After then, the thermal treatment for
grafting of starch was processed in four major steps and
consumed virtually 90 mins. The first stage comprises
treatment at 270 C for 30 mins. The second stage consists of
treatment at 300 C for 30 mins. The third step consists of
treatment at 350 C for 15 mins. Lastly, the thermal operation
was carried out at 400 C for 15 mins. The liquor obtained
was filtered using Whatman filter paper no. 42 and washed
with DDW. Finally, the filtrate produced was dried at room
temperature (270 C). The product obtained from the above
procedure is termed as grafted starch. Thus, 16.47 g of
grafted starch was produced. The color of grafted starch was
reddish-yellow. The whole process of obtaining a hydrogel
is represented in Fig. 1.

Figure 1: Systematic procedure for synthesis of hydrogel
In the second phase of the process, 4.2 g of NaOH
was inducted in 150 ml of DDW. 148 ml of 0.7N NaOH
solution is added to 16.47 g of grafted starch. A solution that

possesses a grafted starch in the solid phase and NaOH
solution in the liquid phase was mixed well to attain
homogeneity at room temperature. The color of the wellmixed solution was brown. A well-mixed brown color
solution is then placed in a water bath to initiate a
saponification process which was maintained at 95 0 C. A
solution was placed in a water bath until its color was
transformed into blackish color liquor. The transformation
of color was an indication of the successful completion of
the above processing. The mixture obtained was cooled at
room temperature.
The last phase of a hydrogel synthesis was the most
important stage. The cooled mixture was then dispersed in
1200 ml of methanol. As soon as the mixture was dispersed
in methanol solvent, it started forming a precipitate. A whole
day (24 hours) was allowed for complete precipitation. A
vacuum filter was employed to extract the precipitate from
the mixture. The precipitate obtained as light brown in color.
This precipitate is then washed to ethyl alcohol solution.
Washed and the filtered light brown precipitate was stored
for further application. In the end, the washed and filtered
precipitate with ethanol was placed in the hot air oven at 600
C for 3 h. The main objective behind the operation of light
brown precipitate through an oven is to evaporate unwanted
remains of solvents. The final product obtained after 3 h of
drying is a hydrogel.
2.2.2 Characterization.
In the synthesis of a hydrogel, characterization plays an
important role to determine the chemical properties of a
sample. In this paper, chemical analysis of a hydrogel is
performed using a swelling measurement test. Also, to
observe an actual pore structure morphology of a prepared
hydrogel microscope camera was employed
3. Results and Discussion
3.1 Swelling measurement
The graph is shown in Fig. 4 depicts a variation of water
retained by a hydrogel sample (Wd = 1.82 g) with respect to
time (hourly basis). According to the observation of a graph
shown in Fig. 4, the water holding capacity of a hydrogel
sample was very high initially for the first day of immersion
of a sample in water. Later on, the capacity increased slightly
and became constant. As time passes further, a swelling
capacity of a hydrogel fluctuated and decreased a little.
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Figure 2: Variation of water content in hydrogel with time
3.2 Biological Microscope analysis
The two images gained after performing microscope
operation on a sample of the swollen hydrogel are depicted
in the Fig. 3. Fig. 3(a) resembles an image captured using
lens 4X, while Fig.3(b) demonstrates an image captured by
lens 10X of Radical-4XT microscope.
It is evident from Fig. 3(a) and Fig. 3(b) that there are
two main layers, one is transparent, while the other one is a
layer having dark brown spots. The reason behind the
occurrence of dark brown spots in an image is nothing but
the presence of a cross-linking network in a hydrogel.
However, the appearance of a transparent layer is because of
water retained by a hydrogel in a polymeric network. Also,
the images describe that there is no presence of any cracks
and pinholes on the surface structure of a hydrogel.

Figure 3: Surface morphology of hydrogel at different
magnifications (4X and 10X)
3.3 Application of hydrogel on plant growth
The two plant samples were rigorously kept under
observation for a total of 7 days. Initially, the pants are kept
for water absorption demonstration the plant samples First

plant sample had a hydrogel (3.24 g) and water (200 ml)
dispersed in the soil. However, second plant sapling was
only fed with water (200 ml) but not a hydrogel. It is clearly
observed from the surface of soil that there was no excess
water in the bowls after 7 days. That means some water was
evaporated to the atmosphere while the remaining consumed
by a hydrogel and plant. Obviously, it is evident that a plant
sample without a hydrogel was more dormant as compare to
the plant sample with a hydrogel. A key reason behind this
less dormancy was nothing but a hydrogel. According to the
swelling measurement curve, as depicted in Fig. 2, it is clear
that the swelling rate of a hydrogel increases rapidly for
initial hours and then becomes virtually consistent. Hence, a
hydrogel retains water at a faster rate for initial hours. The
same thing happened in this plant sample.
4. Conclusion
An experimental procedure to synthesize eco-friendly and
cost-effective hydrogel using the hydrothermal method is
explained earlier in this paper. The swelling of a hydrogel
was observed for a duration of 13 days and the maximum
water retained by 1.82 g of a hydrogel sample was found to
be 12.24 g. Also, the synthesized hydrogel for agricultural
purposes was successfully employed on plant samples to
observe their growth for a duration of 7 days. In summary, it
is possible to synthesize a hydrogel using acrylonitrile and
potato starch.
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1. Introduction
The paper analyzes different methods for disposal of
biopolymers and considers how effective composting
compared to others. Today whole world is facing various
environmental problems. Single-use plastics, packing
materials and other plastics are most ubiquitous, with
plastics made from petroleum-based sources continually
being built up in landfills and leaking into the environment.
We are interested in developing materials that are
comparable to Petro-plastics, but their adverse effects on
environment are negligible. Organizing the plastic waste
remains an urgent crisis in the environment and switching to
biodegradable plastics can help alleviate some of these
issues. For that researcher are making polymers from biobased materials which are biodegradable to a great extent.
However, we are still facing a problem for their safe
degradation.
In this paper we try to understand various aspects such
as, need to develop biopolymer based, preferably
biodegradable plastics, different options available for
biopolymer disposal, their Life Cycle Assessment,
difficulties faced during composting and degradation of
biopolymers and measures to overcome them, etc.
2. Why Biodegradable Plastics?
Biopolymers are generally considered an eco-friendly
alternative to Petro-polymers due to the renewable feedstock
used to produce them and their biodegradability.
Biodegradable plastics and bio-based plastics are confused
with each other as eco-friendly plastics, although they are
not identical in terms of the original concept. Biodegradable
plastics have been developed from the view point of

biodegradability; bio-based plastics are defined as materials
that are produced from renewable carbon resources. So, it is
not necessary that bio-based plastics are biodegradable.
Table 1 helps understand these facts and remove any
misunderstandings.

Table.1- Classification of Plastic [1]

In past few years there has been increasing interests to
enhance structure and properties of chiefly three
biopolymers which are poly (Lactic acid), poly
(hydroxyalkanoates) and thermoplastic starch. They are
suggested to be more eco-friendly and sustainable due to the
renewable feedstock used to produce them and their
biodegradability. Good usage and after-life treatment
strategies will take them for a longer run.
3. Life Cycle analyses of commercial biopolymers
Majority of studies focused only on the consumption of
non-renewable energy usage (NREU) and global warming
potential (GWP) and often found these biopolymers to be
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superior to petrochemically derived polymers. PLA, PHAs
and starch-based biopolymers have been reported to cause
lower NREU and GWP compared to petroleum-based
polymers [2]. Results observed from composting have
certain advantages, especially when compared to impact
associated with landfilling. Still, recycling has been shown
to provide greatest benefits at the end of life [3]. However,
recycling incurs large cost for sorting and the current
infrastructure and material flow logistics do not make
recycling a widely chosen option for PLA. Respiration
activity and ecotoxicity of compost depend on amount of
polymer material present in it. if introducing polymer
materials to the composting process would cause a decrease
in respiration of mature compost. Compost to which a
Biodegradable polymer with the high content of starch will
be less affecting the respiration activity of mature compost
[4].
4. Disposal methods [5]
Mainly four disposal methods, each with some
advantages and disadvantages, are in practice. So far as
biopolymers are concerned, composting is the only reliable
option. These methods are briefly discussed below.
1. Recycling: - Biodegradable plastics are not manufactured
with an intention of material recycling. Mixing of
biodegradable plastics in the feedstock of recycling will thus
damage the process and the quality of recycled products.
2. Incineration: - It is not the desired destination of
biodegradable plastics. Emissions of heavy metals and
persistent organic pollutants from incineration are concerns
for biodegradable plastics too.
3. Landfill: - It is the last option for disposal since entry of
biodegradable plastics will increase the biodegradation
already existing and generating more leachate and gases,
thus worsening ground and surface water contamination as
well as ambient environment.
4. Composting: - The success of biodegradable plastics will
be decided by the availability of composting/digestion
facilities. Digestion depends on where they occur either in
aerobic environment (soil, composting and aquatic, etc.) or
anaerobic environment (anaerobic digestion plant, landfills
and few aquatic environments) and also in different
atmospheric conditions like temperature, humidity, etc.

4. Challenges in composting and degradation of
biopolymers [6]
1. Segregation of biodegradable and non-biodegradable
material at a time of composting.
2. After some time of degradation, plastic converts into
microplastic a more problematic consequence.
3. Not proper life cycle assessment (LCA) of each
biopolymer.
4. Cost of biopolymers.
5- Requirement of the specific composting conditions.
5. Conclusion
It is understood that polymers can be made from biomassderived compounds or biodegradable starting from Petrobased compounds. However, the waste resulting after these
plastics would not necessarily be easy to dispose. Each bio
polymer needs be composted at different conditions. Thus,
for biopolymers too a sophisticated segregation facility
would be required.
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1. Introduction
The increasing volume and complexity of waste related to
the modern economy pose a severe risk to ecosystems and
human health. Every year, an estimated 11.2 billion tonnes
of solid waste is collected worldwide. The decay of the
organic proportion of solid waste contributes about 5 percent
of world gas emissions. Every year, an estimated 11.2 billion
heaps of solid waste are collected worldwide.[4]
2. Solid Waste Management:
Solid waste management is that the process of collection,
treating, transportation, and disposal of solid waste in a
systematic, economic and hygienic manner.
3. 6 Functional Elements of the Waste Management
System
There are six functional components of the waste
management system, as outlined below:

from those bins, and accumulating trash within the location
where the gathering vehicles are emptied. Although the
gathering phase involves transportation, this can typically be
not the most stage of waste transportation.
3.4. Waste transfer and transport: These are the activities
involved in moving the waste from the local collection
locations to the regional waste disposal site in large waste
transport vehicles.
3.5. Waste processing and recovery: This refers to the
facilities, equipment, and techniques employed to recover
reusable or recyclable materials from the waste stream and
enhance the effectiveness of other functional elements of
waste management.
3.6. Disposal: the ultimate stage of waste management. It
involves activities geared toward the systematic disposal of
waste materials in locations like landfills or waste-to-energy
facilities.
4. Classification of Solid Waste:

3.1. Waste generation: This encompasses any activities
involved in identifying no longer usable materials and are
either gathered for systematic disposal or thrown away.
3.2. Onsite handling, storage, and processing: This relates
to activities for waste generation, which facilitate more
accessible collection. For instance, waste bins are placed at
sites that generate sufficient waste.
3.3. Waste Collection: a vital phase of waste management;
this includes placing waste collection bins, collecting waste

4.1 Based on their sources of origin:
(a)Residential wastes, (b) Commercial wastes, (c)
Institutional waste, (d) Municipal wastes, (e) Industrial
wastes, (f) Agricultural wastes.
4.2 Based on physical nature:
(a) Garbage, (b) Ashes, (c) Combustible and noncombustible wastes, (d) Demolition and construction wastes,
(e) Hazardous wastes.
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5. Methods for the treatment of solid waste:
5.1. Segregation of waste: Segregating waste into wet,
solid, and non-decomposable material.
5.2. landfill: Garbage is primarily displayed in thin layers,
compressed and covered with soil or plastic foam. This liner
protects the groundwater from being contaminated due to
leaching or percolation.
5.3. Incineration: This method involves burning solid
wastes at high temperatures until the wastes are changed into
ashes. Incinerators that recycle energy through furnaces and
boilers are called waste-to-energy plants.
5.4. Recovery and Recycling: Recycling or recovery of
resources takes valuable but discarded items for the
following use. Plastic bags, tins, glass, and containers are
often recycled automatically. It's environmentally friendly
but expensive.
5.5. Composting: It is an organic process within which
microorganisms, specifically fungi and bacteria, convert
degradable organic waste into substances like humus high in
carbon and nitrogen. Composting is environmentally
friendly, in addition to beneficial for crops.
5.6. Pyrolysis: This is a technique of solid waste
management whereby solid wastes are chemically
decomposed by heat without the presence of oxygen occurs
struggling and at temperatures of up to 430 degrees Celsius
as it is optimum temperature. The solid wastes have become
gases, solid residue of carbon and ash, and tiny quantities of
liquid.
5.7. Bioremediation: Bioremediation uses natural and
recombinant microorganisms to interrupt toxic and unsafe
substances in exceedingly solid waste by aerobic and
anaerobic means.
5.8. Biomining: Biomining uses microorganisms
(microbes) to extract metals of economic interest from rock
ores or mine waste. Biomining techniques might also be
accustomed to close-up sites that are polluted with metals.
5.9. Scientific Capping: Capping, if it's inevitable, should
be done scientifically with underground pits that have an
open bottom and sideliners and proper piping and gas
extraction systems to stop the escape of leachate and gases.

6. Discussion:
From non-existing collection systems to ineffective
disposal, poor waste management causes pollution, water,
and soil contamination. Open and unsanitary landfills
contribute to contamination of potable and might cause
infection and transmit diseases. The dispersal of debris
pollutes ecosystems, and dangerous substances from
electronic waste or industrial garbage strain the health of
urban dwellers and, therefore, the environment.
The solution, in the first place, is that the minimization of
waste. Where waste cannot be avoided, recovery of
materials and energy from waste and remanufacturing and
recycling waste into usable products should be the second
option. Recycling ends up in substantial resource savings.
For instance, 17 trees and 50 percent of water are saved for
each tonne of paper recycled. [4] Moreover, recycling
creates jobs: the world employs 12 million people in Brazil,
China, and the U.S. alone. [4]
7. Conclusion
Everything can be solved if we go with atomic steps with
mindfulness. Everyone should be aware of things before
they buy or make things. Think about the lifecycle of the
thing you buy or make —from generation to collection and
transportation, and finally, treatment and disposal.
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1. Introduction

2.2 Methods

Membrane based desalination plants constitute 50% share
of Commercial desalination plants across the world. More
than 840000 end-of-life membranes are disposed annually
in the world, which is equivalent to more than 14000 tons
per year. Various components of spent RO modules, at the
end of service life, needs to be managed without sending to
landfill. The polymers used in these RO modules are not
amenable for bio degradation easily. Many technologies are
being explored to address the issue of managing spent
polymers. Plasma gasification technology offers an
efficient, economical and environmental friendly way to
treat various types of wastes including municipal, medical
and even radioactive wastes [1]. The comparative studies of
conventional resistance heating and thermal plasma are
briefly discussed in this paper.

The standard laboratory programmable furnace system is
used for resistance heat based quaternary recycling studies
and the RF based air plasma system shown below is used
for thermal plasma studies

2. Material and Methods
2.1 Materials
The RO-TFC membranes and domestic filter
candles are used for the studies. The various RO module
components taken from commercial RO module of KOCH
make.

3. Results and Discussion
3.1 Lab scale studies using conventional resistance
heating
Thermal depolymerisation process studies were carried out
for BARC domestic water filters in the temperature range
up to 1000 deg.C. The mass reduction factors are evaluated
during lab scale studies for different desalination polymers.
The ambient atmosphere conditions were maintained.
Thermal depolymerisation was carried out to establish
quaternary recycling aspects for desalination membranes.
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Figure 1: Mass reduction factors for domestic water filters
and nature of residue
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3.2 Pilot scale studies using thermal plasma treatment
(TPT) systems
In this study, air plasma is used at different plasma
power and plasma gas flow rates as shown in table below.
The morphology of residue and composition observed are
also shown.

3.3 Conceptual
requirement.

plant design for

meeting

NDDP

Nuclear Desalination Demonstration Plant (NDDP)
uses hybrid desalination with 1.8 MLD capacity of SWRO
and 4.5 MLD capacity of MSF desalination. SWRO plant
uses around 180 elements and is being discarded every 3
years of operation. Approximately 2000 kg per year needs
to be taken care. Conceptual RF power based TPT of
capacity 50 kg per shift operation on campaign basis is
being planned for meeting the requirements of NDDP.
4. Conclusion
This is entirely new waste stream from water industry
being addressed. Our studies have established technical
feasibility of TPT for desalination membranes with MRF of
more than 90%. The compatibility of desalination
membrane substrates with various plasma systems and
under beam handling aspects is established. Compared to
conventional methods, TPT offers advantage of
decomposing toxic compounds to harmless chemical
elements.
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1. Introduction
Nanotechnology which is one of the most advanced
technology has shown its impact on various fields like
Agriculture, Chemical, Construction, Mechanical, Medical,
Electronics etc... Silica is one of the most abundant material
on the earth crust. Due to the unique physical and chemical
properties such as colloidal stability, pore volume, refractive
index, specific surface area etc. Using silica numerous
applications in different areas has been developed like
medical (drug delivery, veterinary and diagnostics) it is used
for encapsulation in targeted drug delivery, Nanobiotechnology,
optoelectronics,
power
generation,
construction and in various types of sensors. Synthesis of
silicon dioxide nanoparticles using green synthesis approach
is one of the cost effective and prominent method. In the
present study silicon oxide nanoparticles have been
synthesized using “DESMOSTACHYA BIPINNATA” which
is commonly called as “DHARBA GADDI. Plants of the
families Poaceae, Equisetaceae and Cyperaceae show high
Si accumulation (>4 % Si), the Cucurbitales, Urticales and
Commelinaceae show intermediate Si accumulation (2 – 4
% Si), while most other species demonstrate little
accumulation. These plants are rich in phytochemical
contents (flavonoids, phenols etc.) which acts as reducing
agent and also as a capping agent which prevents the
agglomeration of the Nanoparticles. The synthesized Nano
silica has been characterized using FTIR, UV-VIS, XRD,

SEM characterization techniques to determine average
particle size, available functional groups, absorbance,
crystallographic nature, morphology of the synthesized
silica have been studied respectively.
2. Material and Methods
2.1 Materials
The Desmostachya Bipinnita was collected from the
surroundings of Sri Krishnadevaraya University,
Ananthapuramu. Chemicals and materials used for the
process which include Double distilled water,2M
Hydrochloric acid(34-38% purity), 10% w/v Nitric acid
(65% purity).
2.2 Methods
2.2.1 Plant Extract Preparation
The collected DESMOSTACHYA BIPINNITA plant is
washed with double distilled water then shadow dried for at
least 10-12 days and grounded well to fine powder using
kitchen blender.
2.2.2 Synthesis of Silica nanoparticles:
About 50g fine powder of “DESMOSTACHYA BIPINNITA”
is added to 10% w/v HNO3 and boiled @60℃ for 3 hours
with uniform stirring and then rinsed thoroughly with
distilled water. The treated residue is refluxed with 2M HCL
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for 6hrs at a temperature of 60℃ on magnetic stirrer and
filtered. The residue obtained after refluxing is kept for
calcination at 800℃ for 5hrs. A greyish fine powder is
obtained as an end product and stored for future use.

3.3X-RayDiffraction

Figure 3: XRD peaks of Silicon dioxide nanoparticles.

Figure 1: Nanoparticle synthesis process.

The peaks obtained at 21.56, 27.027, 37.151 and
39.993 belongs to the planes (100), (011), (110), (102)
clearly indicates the formation of hexagonal crystallographic
SiO2 nanoparticles (JCPDS Data card no: 036-1561).

3. Results and Discussion
3.1 UV-VIS Spectroscopy
The Absorbance spectrum has been observed at 350nm from
which the band gap has been calculated as 3.53eV
3.2 FT-IR analysis:
FT-IR spectroscopy of silicon dioxide nanoparticles
absorptions peaks observed at 1099.80cm-1and 801.21cm-1
(Si-O-Si) bonding, at 2923.14cm-1(C=H) bonding, at
3449.16cm-1 (O=H) bonding.

Figure 2: FT-IR spectroscopy peaks of Nano silicon dioxide
particles.

4. Conclusion
Silicon dioxide nanoparticles were prepared using
Desmostachya Bipinnata. The obtained sample was
characterized using UV-VIS, FT-IR, and XRD for
confirmation. The work represents the way to synthesize
Silicon dioxide nanoparticles through green route in a very
feasible and low economic environment. The Silicon dioxide
nanoparticles was targeted due to its wide variety of
applications such as drug delivery, Adsorption, Cementous
materials and other medicinal applications.
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1.

Introduction
The reduction of nitroaromatics (NAs) is a very

Viridis

important task in many areas of the industries such

for the precursor solutions for the Metal/Metal-

as agrochemicals, pharmaceuticals, polymers,

Oxide nanoparticles that act as a catalyst for the

dyes, pesticides, and cosmetics, that which causes

reduction process of 4-NP.

several toxic NAs that are responsible for serious

In

environmental pollution[1]. Catalyst plays a key

nanocomposite by following the green route

role in the chemical reaction to improve the

process with the use of the Amaranthus Viridis leaf

outcoming by-products in the reaction in creating

extract

perfect catalysts is one of the significant ideas of

nanocomposite. The Amaranthus Viridis leaf

green science. [2]. Recently the synthesis of Ag,

extract was used as a reducing agent for the

ZnO NPs was showing a vast area of research due

synthesis of the Ag/ZnO nanocomposite without

to unique properties like catalysis, antibacterial

using any toxic and any other addictive substances.

activities,

Ag/ZnO

bioremediation,

sensors,

electrical

plant

contains

phytochemicals

like

flavonoids and phenols that act as a reducing agent

the

present

for

the

work

the

synthesis

nanocomposites

preparation

of

will

the

of

Ag/ZnO

show

good

conductivity[3]. The catalytic reaction that use the

nanocatalysts for the catalytic, photo-catalytic

green nanocatalysts for many applications metal

applications and also in organic pollutant removal

nanoparticles/nanocomposites have been widely

this catalyst plays a key role in the sustainable

used to tune the photo-degradation of organic dyes

process of the low-cost catalyst.

and also in effluent pollutants due to their high
surface-to-volume ratio [4] [5]. Several methods

2. Material and Methods

have been proposed for the partial or total oxidation

2.1 Materials

of 4-NP, including photocatalytic degradation and

All the chemicals such as Silver Nitrate (AgNO3),

electrochemical methods[6]. The Amaranthus
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Zinc Acetate dihydrate(C4H10O6Zn), 4-Nitrophenol, Sodium
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40grams of fresh green leaves are at first thoroughly washed
with tap water and then washed twice with the distilled
water, then boiled in 500ml beaker with 300ml of distilled
water up to 20minutes at 800C and then extract was filtered
by using the Whatman filter paper No.1.
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2.2.1 Plant extract Preparation:

Intensity(A.U)
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2.2.2 Synthesis of Ag/ZnO nanocomposite:
Plant extract of 250ml was taken in a 500ml of the round

Figure 1: XRD Characterization Result of Ag/ZnO
nanocomposite.

bottom flask and add 2.5g of Zinc Acetate dihydrate and 0.5g
of Silver Nitrate to that plant extract, add 2.5ml of fresh
lemon juice extract to the same, the above solution was kept
under the good sunlight for 4hrs. After that, the solution was

3.2 FTIR Results:
Fig.2 represents the FTIR Result of Ag-ZnO with the
wavenumbers of 2113, 1091, 593nm of Alkyne, CN stretch,
C-S stretch respectively [8].

taken to the centrifugation process-maintained rpm at 5000
for 10min. The samples were kept in Hot air Owen overnight

2113.5999

92

3.1 XRD Characterization
Fig. 1 represents the XRD Results of the Synthesized
nanocomposites that which has the theta angles of Ag with
38.180, 44.250, 64.720, 77.400, and ZnO with 31.840, 34.520,
36.380, 47.640, 56.70, 63.060, 68.10 respectively [7].
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3. Results and Discussion
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using a mortar and pestle and sored it for future use.
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for 4hrs. Then collected were made into a fine powder by

Ag-ZnO Photohemical Method
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at 900C, and calcinated by using a muffle furnace at 4500C
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Figure 2: FTIR Results of Ag/ZnO nanocomposite.
3.3 Catalytic reduction of 4-NP to-AP:
The 4-Nitrophenol studies were performed for synthesized
Ag/ZnO nanocomposites, collect the required amount of 4NP solution in a beaker then add a certain NaBH4 prepared
solutions for the same and keep the mixture on a stirrer for
few minutes. Later add a certain quantity of synthesized
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Varmira, and H. Veisi, “Green synthesis of silver
nanoparticles using Thymus kotschyanus extract
and evaluation of their antioxidant, antibacterial
and cytotoxic effects,” Appl. Organomet. Chem.,
vol. 32, no. 9, pp. 1–8, 2018, DOI:
10.1002/aoc.4458.

nanocomposites to the solution under stirring then we will
notice the rapid Colour change of the 4-NP solution which
indicates the reduction of 4-NP to the 4-AP.
4. Conclusion
[8]
In this study, Ag/ZnO nanocomposites were successfully
synthesized with the plant extract of Amaranthus Viridis leaf
extract. The synthesized Ag/ZnO nanocomposite was
confirmed with preliminary characterization like XRD and
FTIR. The other characterization techniques like UV –
Visible spectroscopy, SEM, EDAX. The synthesized
nanocatalysts will show a good catalytic property for
reducing the-Nitrophenol to-Aminophenol. The expected
results are in process.
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1.

efficient, eco-friendly, and does not require high

Introduction

energy and temperature
Textile production is the rapidly growing industry
in present days with dying as one of the most

Recent progress in the wastewater treatment

prominent

operations

technology has led to intensive development of

untreated

wastewater

involved.
from

Dumping

dye

houses

dyes

removal

by

adsorption

onto

various

contaminate the local water bodies. Thus, dye

agricultural wastes, as a renewable replacement

removal is of great importance and recent

for costly commercially adsorbents such as

applications using Green tea/Copper-Activated

activated carbon. This work deals with the

Carbon

dye

removal of acridine orange dye by using depleted

adsorption ability. Acridine orange (AO) is a

green tea leaves and activated carbon, both in the

nucleic acid selective fluorescent cationic dye

form of nano sized particles combinedly as Green

which is widely used in the field of printing and

tea/Copper-Activated

dyeing,

(Gt/Cu-AC np).

nano

leather,

materials

showed

lithography

and

high

biological

Carbon

nanoparticles

staining. AO is toxic, cellpermeable, interacts with
DNA and RNA, and has photodynamic and

The synthesized Gt/Cu-AC np is characterized by

mutagenic actions. AO is xenobiotic, visible at

exploiting scanning electron microscopes (SEM),

parts per million dilutions in aqueous solutions.

X-Ray diffraction and FTIR analysis. The
Experimental study for Adsorption of Acridine

Green synthesis is a natural procedure where

Orange Dye is carried out in batch process and

reducing agents are displaced by leaves of the tree

concentration measurement is done by indirect

extracts. In a variation of chemical and physical

measurement mode using UV Spectrophotometer

process,

at a wavelength of 400 nm range. Various

green

synthesis

methods

are

cost
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parameters such as agitation time, agitation speed,
Dosage of adsorbent (Gt/Cu-AC np), Initial
concentration, and pH of acridine orange dye
solution vs %Removal of acridine orange dye
in solution is studied.

the experimental data follows a more likely
Freundlich Adsorption Isotherm model with
maximum adsorption capacity of 95.43 mg of
Acridine orange adsorbed per gram of Green
tea/Copper-Activated

Carbon

nanoparticles.

(Gt/Cu-AC np).
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1. Introduction
Two-dimensional (2D) materials such as Graphene, h-BN
and Transition Metal Dichalcogenides have attracted wide
attention in the past decade due to their enhanced properties
and many potential applications. Two-dimensional
materials also known as layered crystals have strong inplane chemical bonds but weak out-of-plane bond [1].
Many processes have been developed and most of them are
suffering from the low yield and constraint of scalable
production of 2D materials. Here in this contribution efforts
have been made to increase the yield of exfoliated
nanosheets by subjecting the milled h-BN high power
ultrasonication. The presented scalable process allows a
high-yield and low-cost production of free-standing h-BN
nanosheets for various applications.

The X-Ray analysis was carried out with Rigaku Geiger
flex X-Ray Diffractometer using CuK(α) radiation. Field
Emission Scanning Electron Microscopy (FE-SEM) image
were obtained with JEOL (JSM7600F). Field Emission
Transmission Electron Microscope (HR-TEM) image and
Selected Area Electron Diffraction (SAED) pattern were
obtained with Philips Tecnai G2, F30 (The Netherlands)
with point resolution of 2.0 Å and line resolution 1.0 Å.
UV-vis spectrophotometer (DR 6000, HACH, USA) was
used to measure the absorbance of the nanoparticles
dispersion. The hydrodynamic diameter measurement was
done by dynamic light scattering technique (Malvern
Zetasizer Nano ZS90, UK)
3. RESULTS AND DISCUSSION

2. Material and Methods

3.1 Particle Size Measurement of h-BN Nanosheets

2.1 Materials

The Fig. 1 shows variation particle size distribution as a
function of time and it is able to capture milling trend as
PSD shifted to smaller sizes with milling time. Here,
milling conditions have been maintained in such way that
formation of nanosheets is favored.

The Hexagonal boron nitride (1µm, purity 98%) and
TWEEN85 is purchased from the M/s. Sigma Aldrich,
Mumbai. TWEEN85 is used to stabilize BN nanosheets.
2.2 Methods
Liquid phase exfoliation is carried out in stirred media mill.
Stirred media mill consist of cylindrical stainless steel
vessel of 0.26 L capacity with cooling water jacket and pin
type stirrer with four cylindrical rods placed at right angle
and stirring at 1200 rpm. After milling, Further exfoliation
of unexfoliated mother particle was carried out by
ultrasonication in the Vibra-Cell (Model VCX 750)
ultrasonic processor.
2.2.1 Characterization

Figure 1: The variation of PSD with milling time.
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The smaller grinding media facilitates exfoliation into
nanosheets rather than breakage of the product on account
of large stress events realized with lower stress intensity by
the use of smaller grinding media [2].
3.2 XRD Analysis of h-BN Nanosheets
The phase purity and crystal structure of as prepared h-BN
nanosheets were explored using XRD studies. All the X-ray
diffraction peaks is shown in Fig. 2. XRD patterns exhibit
strong characteristic diffraction peaks at 26.7, 43.82 and
55.18 corresponding to the diffraction of (002), (100), and
(004) lattice plane indicating the hexagonal type of crystal
structure. Diffraction peaks for h-BN were indexed with the

The FE-SEM micrograph in Fig. 3 (a) clearly shows
presence of few layer h-BN nanosheets. It can also be
inferred that nanosheets may be of multilayer, which could
have aggregated during SEM sample preparation.
However, closer examination of micrographs clearly
revealed the presence of large quantities of thin nanosheets.
The diameters of these nanosheets are mostly in the range
from one hundred to several hundred nanometers. The
exfoliated nanosheets being very thin are transparent to an
electron beam, as shown in Fig. 3 (b). TEM image
confirms that nanosheets having lateral dimension of one
hundred to several hundred nanometers, same is concluded
from SEM image too.
4. Conclusion

standard XRD pattern (JCPDS no. 034-0421).
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Figure 2: Fig. 2. XRD spectra of as prepared h-BN
nanosheets.
Morphology of the boron nitride nanosheets exfoliated was
determined by FE-SEM.

The combined liquid phase exfoliation in stirred media mill
and ultrasonication process requires less time
comparatively than other reported in literature and can be
reproduced easily. However, these liquid phase exfoliation
process suffers from small nanosheets size. Nanosheets
were characterizes by DLS, XRD, FE-SEM and UV-Vis
spectrophotometer. The process prepare high quality
exfoliated few layers BN nanosheets with mean lateral size
of few hundred nanometers. The yield of nanosheets
formed is in the same size range as achieved by methods
reported in the literature; however, combined stirred media
milling and ultrasonication method requires significantly
less process times. The yield of nanosheets formed and size
of nanosheets can still be increased by further optimization
of the milling and ultrasonication conditions. The same
procedure and conditions can be used to get higher yield of
nanosheets for other layered materials
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Fig. 3. (a) SEM Micrograph of exfoliated h-BN
Nanosheets (b) TEM image of exfoliated h-BN
nanosheets
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1. Introduction
Zeolitic imidazolate frameworks (ZIFs), which are made up
of tetrahedral metal cations, M (M = Zn or Co), and
imidazolate ligands, are a distinct and remarkable subclass
of porous metal–organic frameworks (MOFs). In
comparison to conventional zeolites/MOFs or their simple
mixtures, ZIFs offer new scientific and technological
opportunities by organically combining the respective
benefits of zeolites and MOFs.
ZIF-67 nanoparticles (NPs) have gained much
attention among various researchers due to its compelling
properties such as high thermal stability, pore volume, its
ability to interact with a wide variety of pollutants, and
tunable pore size. Owing to these striking features, ZIF-67
NPs find their widespread application in gas adsorption,
gas separation, catalysis, molecular separation, and
electrochemistry [1].
Several techniques, including the solvothermal
method, surfactant-assisted method, sol–gel method,
microwave/ultrasound-assisted method, and others, have
recently been developed to synthesize ZIF-67 NPs. These
methods not only synthesize high-quality ZIF-67, but they

can also efficiently alter the crystal size and porosity of
ZIF-67 by selecting the suitable parameters. (e.g.,
temperature or synthesis time).
In this study, hydrothermal synthesis approach
was adopted to synthesize ZIF-67 NPs. Here, a facile,
green, and economical approach to the synthesis of nanosized ZIF-67 NPs were carried out, using water as solvent,
at room temperature. The formation of ZIF-67 NPs was
confirmed by different characterization techniques such as
X-ray diffraction (XRD), Fourier Transform Infrared
Spectroscopy (FTIR), and Scanning Electron Microscopy
(SEM).
2. Material and Methods
2.1 Materials
All the chemicals were used as received. 2methylimidazole (Hmim, C4H6N2, 98% purity) was
supplied by Loba Chemie Pvt. Ltd. India. Cobalt nitrate
hexahydrate (Co(NO3)2.6H2O) and methanol (99% pure)
were provided by S.D. Fine Chem. Ltd. in India. All
solutions were prepared using DI water.
2.2 Methods
2.2.1 Synthesis of ZIF-67 nanoparticles
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ZIF-67 NPs were synthesized as reported elsewhere [2].
Briefly, 2.25 g cobalt nitrate hexahydrate was dissolved in
15 mL of DI water, separately, 27.5 g of Hmim was
dissolved in 100 mL of DI water (Co2+: Hmim: H2O =
1:43:831). Hmim solution was added to the Co solution and
stirred for 6 h at room temperature. Upon the addition of
Hmim to Co salt solution, the formation of purple
precipitates of ZIF-67 NPs was observed. Then, ZIF-67
NPs were collected by centrifuging the sample at 5000 rpm
for 20 min, and washing three times with water and
methanol, respectively. Subsequently, the sample was dried
at room temperature for 48 h.

Figure 2 shows the XRD patterns of the as-synthesized
ZIF-67 NPs, which exhibited all the diffraction peaks, viz.,
7.4° (110), 10.4° (200), 12.8° (211), 14.8° (220), 16.8°
(310), and 18.2° (222), as reported in the literature [1, 4].
The percentage crystallinity was found to be 60%.

2.2.2 Characterization of ZIF-67 nanoparticles
The morphology of as-synthesized ZIF-67 NPs were
characterized using SEM (JEOL, JSM-7100F) and
elemental composition of ZIF-67 was determined using
Energy Dispersive X-Ray Spectroscopy (EDS) that was
attached to SEM. The sample was gold sputter coated for
better viewing in the SEM. XRD (Malvern PANalytical
X’Pert3 PowderANCE diffractometer) spectrum of ZIF-67
NPs were obtained for crystalline structure. XRD patterns
were determined in the 2θ range of 5°–40°, and the
scanning rate was fixed at 5° per min, with Cu-Kα radiation
(1.54178 Å). All XRD patterns were obtained at room
temperature.
3. Results and Discussion
The morphology of ZIF-67 NPs is as shown in Figure 1 (a)
and (b). The synthesized ZIF-67 NPs clearly showed a
sodalite structure, which is consistent with the literature
[1]. The dodecahedron structure of ZIF-67 is clearly seen in
Figure 1 (a) and (b). The particle sizes were also measured
using SEM. The mean particle size of the synthesized ZIF67 NPs was found to be 600 ± 50 nm. The EDS of ZIF-67
NPs showed C = 50.24%, N = 37.54%, and Co = 12.22%.
(a)
(b)

Figure 1: SEM images of the as-synthesized ZIF-67 NPs
(a) at 35 kX magnification (b) at 20 kX magnification.

Figure 2: XRD pattern of the as-synthesized ZIF-67 NPs.
4. Conclusion
In summary, ZIF-67 NPs were successfully produced in
green synthesis route, using aqueous solutions at room
temperature. The physicochemical characterization
techniques confirmed the formation of ZIF-67 NPs, with
the size of particles 600 ± 50 nm. The green hydrothermal
synthesis approach not only eliminates the need of
hazardous organic solvents, but it significantly reduces
the cost of production.
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ABSTRACT: In the present work, nano scaled
zero valent iron were synthesized in sodium
hydroxide solution by the method of ferric iron
reduction using sodium borohydride as a
reducing agent under atmospheric conditions.
The
obtained
iron
nanoparticles
are
nanoparticles are mainly in zero valent oxidation
state and remain without significant oxidation for
week. A systematic characterization of nano
particles
was
performed
using
UV,XRD,SEM,TEM. The diameter of iron nano
particles was predominantly within the range 50100 nm .
SEM results revealed that (Nanoscale zero-valent
iron) NZVI gradually converted. Arsenic(III)
adsorption kinetics were rapid and occurred on a
scale of minutes following a pseudo-first-order rate
expression with observed reaction rate constants
(K(obs)) of 0.07-1.3 min(-1) (at varied NZVI
concentration). These values are about 1000x higher
than K(obs) literature values for As(III) adsorption
on micron size ZVI.

Batch experiments were performed to determine the
feasibility of NZVI as an adsorbent for As(III)
treatment in groundwater as affected by initial
As(III) concentration and pH (pH 3-12). The
maximum As(III) adsorption capacity in batch
experiments calculated by Freundlich adsorption
isotherm was 3.5 mg of As(III)/g of NZVI. Laser
light
scattering
(electrophoretic
mobility
measurement) confirmed NZVI-As(III) innersphere surface complication. The effects of
competing anions showed HCO3-, H4SiO4(0), and
H2P04(2-) are potential interferences in the As(III)
adsorption reaction. Our results suggest that NZVI
is a suitable candidate for water treatment due to its
high reactivity.
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1. Introduction
In this article, a critical review is conducted on ZnO based
nanocomposites as a photocatalyst in the removal of phenol
from waste water. ZnO is an interesting material in the field
of photocatalysis due to its availability, low production
cost, high activity and nontoxicity. ZnO nanocomposites
are widely explored as disinfectors and highly efficient
adsorbents as they exhibit merits such as strong antibacterial activity and specific affinity towards the targeted
containments. ZnO and different materials doped with ZnO
in different removal techniques are studied. The optical
properties, mechanical properties morphological properties,
and electrical properties of ZnO are discussed. When
photocatalytic degradation is assisted with nanocomposites,
it grabs the attention due to their environmental
compatibility, cost effectiveness and becoming a promising
phenomenon for the treatment of water on global scale. The
process parameters such as pH of the effluent, initial
concentration of phenol in the effluent, temperature in the
reactor and catalyst loading are considered during the
photocatalytic performance. This review analyzes the role
of ZnO and its nanocomposites in the photocatalytic
degradation of Phenol.
2. Material and Methods

(Fe (NO3)3.9H2O, 99.999 percent trace metal bases, SigmaAldrich), ethanol (90 percent by volume), ethylene glycol
(99.8 percent purity), hydrochloric acid (99.8 percent m
(99.5 percent purity). Standards for the production of the
ZnO/Fe2O3 photocatalyst are made using the sol-gel
technique.
2.2 ZnO-Ag/MWCNT
High purity MWCNT’s were obtained from research
institute of petroleum industry. Further purification of the
MWCNT’s was accomplished by ultra-sonication. Other
chemical reagents purchased from Merck Company
included zinc acetate (Zn(OAc)2•2H2O), silver nitrate
(AgNO3), sodium hydroxide (NaOH), hydrochloric acid
(HCl), nitric acid (HNO3), and phenol, which were utilised
without further purification. All of the solutions were made
with deionised water as the solvent.
2.3 ZnO/ g- C3N4
Because of its good photocatalytic activity, middle bandgap energy (2.7 eV), great resilience to heat and chemical
conditions, and unique electrical features, graphitic carbon
nitride (g-C3N4) has emerged as a promising photocatalyst.
Because of its π-conjugated features, g-C3N4 can operate as
an electron sink, preventing photoexcited charge carriers
from recombination.

2.1 ZnO/ Fe2O3
ZnO/Fe2O3 is made of Precursor materials included zinc
nitrate hexahydrate (Zn (NO3)2.6H2O 99.999 percent trace
metal bases, Sigma-Aldrich), iron (III) nitrate nonahydrate

2.4 ZnO-bentonite
The continuous removal of phenol from an aqueous stream
using a very simple set-up and a ZnO–bentonite
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nanocomposite assisted photocatalytic degradation of
phenol under UV irradiation in a Continuous Stirred Tank
Reactor (CSTR) revealed that phenol can be removed from
an aqueous stream using a very simple set-up with good
efficiency. Clays are an appealing substrate for
immobilising a range of Photocatalysts since they are
inexpensive and widely available.
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3. Results amd discussion
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•

•

•

For ZnO/Fe2O3 each of the parameters, the
amount of phenol degradation was seen to
increase with the irradiation period.
After 240 minutes of irradiation for ZnOAg/MWCNT, phenol degradation was 42%,
78%, 81%, and 53% at pH 3, 5, 6.8, and 11.
The efficiency of phenol degradation was
higher at a photocatalyst dosage of 1 gr/L.
When the g-C3N4 loading was increased to 7
wt%, the photocatalytic performance was
diminished. The optimal g-C3N4 loading was
discovered to be at 5% weight percent. The
photocatalytic
degradation
of
phenol
decreases as the starting phenol concentration
rises from 5 to 30 mg/L.
The continuous removal of phenol from an
aqueous stream using a very simple set-up
and a ZnO–bentonite nanocomposite assisted
photocatalytic degradation of phenol under
UV irradiation in a Continuous Stirred Tank
Reactor (CSTR) revealed that phenol can be
removed from an aqueous stream using a very
simple set-up with good efficiency.

4. Conclusion
In conclusion, ZnO has been significantly utilized in largescale wastewater treatment operations. Due to its properties
and higher negative potential of electron, ZnO has gained a
lot of attention as a well-known catalyst for degradation. In
this study these combined semiconductors are used as
catalysts to remove the phenol concentration by
photocatalytic degradation which has the ability to totally
destroy containments rather than transforming them into
other products. The effects of parameters such as
calcinations, temperature, catalyst loading, initial phenol
concentration and pH of wastewater on phenol degradation
Photocatalysts perform well in decomposing organic
pollutants in water with the help of capturing solar energy
which makes it eco-friendly and cost effective.
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Abstract:
Natural gas is the cleanest burning fossil fuel that caters to several applications. Demand for natural gas is ever increasing and
with depleting conventional reservoirs, quest has been to tap in the unconventional gas reserves including shale gas, natural gas
hydrates and coal bed methane. Technically recoverable natural gas from hydrate deposits amount to about 3000 trillion cubic
meters. However, recovering methane from hydrate reserves is challenging and ongoing research efforts explore plethora of
techniques. Methods include depressurization, thermal stimulation, chemical inhibitor injection and CO 2/CH4 gas exchange. This
paper aims to study each of the recovery techniques with emphasize on simultaneous CO 2 capture along with methane recovery.
Current status of this method of recovery are outlined as well.
Keywords: CO2 capture, hydrates, methane recovery, gas exchange, recovery methods

1. Introduction
Natural gas is the cleanest burning fossil fuel that caters to
several applications. Share of natural gas in global energy
consumption is currently about 24%, projected to grow
steadily at the rate of 1.7% until 2040.1 Apart from
conventional gas reserves, recovering natural gas from
unconventional deposits like shale gas, tight gas and natural
gas hydrates is getting attention due to the enormous energy
potential in these deposits to meet the growing demand.
Technically recoverable natural gas from hydrate deposits
amount to about 3000 trillion cubic meters (TCM).2
Persistent research efforts are put forth globally in realizing
a promising technology for recovering natural gas from
hydrate deposits.
Hydrates are ice-like solid crystalline compounds that
occur in a consolidated state in permafrost or marine
environments containing multi fold volumes of natural gas
compacted in them. To mine these gases, hydrates have to
be dissociated by changing the environment to conditions
outside the hydrate stability limits during which hydrate

cages are destructed and the stored gas is released. Different
methods of hydrate decomposition include depressurization,
thermal stimulation, chemical inhibitor injection and
CO2/CH4 gas exchange. This paper aims to study each of the
recovery techniques with emphasize on simultaneous CO2
capture along with methane recovery. Current status of this
method of recovery along with challenges and future
directions are outlined as well.
2. Methods of methane recovery from hydrate deposits
2.1 Depressurization
Depressurization method involves gas recovery by
lowering the gas pressure of the hydrate deposit below the
equilibrium pressure at the local temperature conditions. It
is relatively one of the easiest methods of methane recovery
as it is analogous to conventional natural gas exploitation
methods and the field trial demonstrations so far have
employed this technique. Energy requirement will be
minimal compared to other recovery methods. However,
there are few disadvantages associated with this method of
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methane recovery. Due to the endothermic nature of hydrate
dissociation, continuous gas production by depressurization
can be achieved only when enough heat is provided
externally, which is suited only for a few hydrate deposits.
Further, additional problems of water/sand handling develop
during depressurization as hydrates dissociate from a
consolidated environment to yield high volume of water and
sand that may also flow along the recovery lines.
2.2 Thermal Stimulation
Thermal stimulation indicates of the addition of heat or
circulating heated liquid to the natural hydrate deposits to
drive the in-situ temperature away from hydrate stability
zone that will lead to hydrate decomposition and gas release.
External heat supply is essential for this method and hence
it demands huge energy requirement. Thus, it may not be
economical to employ this method for recovering methane
from conventional hydrate deposits.
2.3 Chemical inhibitor injection
The method of chemical inhibitor injection involves
pumping and distributing considerable concentration of
inhibiting chemicals along the hydrate deposits. Chemical
inhibitor works by lowering temperature and shifting
existing reservoir conditions to high pressure that mean the
decomposition occurs in the natural condition of hydrate.
Drawback of this method includes the environmental impact
caused by injection of high concentration of inhibitors.
All these methods have been applied in field trials so far
with differing success, but none of these approaches led to a
commercial production so far.3 Further, the dissociation of
hydrate deposits to yield gas, water and unconsolidated
sediments may affect the imposing geo-mechanical
properties of the deposit. Depending on the hydrate deposit,
the changes in geo-mechanical properties may result in a
destabilization of the margin. To overcome this challenge,
the
2.4 CO2 capture along with CH4 recovery (gas-exchange)
Use of CO2 to substitute for methane (major constituent)
in natural gas hydrate deposits was proposed. The injection
of CO2 changes the chemical composition of the brine
surrounding the hydrate and thus disturbs the chemical
equilibrium between these coexisting phases. Following the
concentration gradient, the hydrate phase releases methane
and encases CO2 to establish a new chemical equilibrium

between the coexisting phases. Further, the heat of formation
of CO2 hydrates is higher than the heat of dissociation of
CH4 hydrates that might envisage dissociation of methane
hydrate to recover natural gas during the substitution
process. Added benefits include CO2 sequestration in
hydrates without disrupting the geo-mechanical stability
along with enhanced CH4 recovery without the production
of water (disrupting the recovery).4
Researchers started examining this gas exchange vide lab
scale experiments. Methane recovery varied between 1060% depending on the operating T and P. To improve the
recovery, different phases of CO2 injection including gas,
liquid and emulsion were experimented on either bulk or
unconsolidated hydrates (formed in fixed sand bed). Though
emulsion type CO2 injection resulted in enhanced recovery5
than gas or liquid phase CO2 injection, the stability and
handling of such emulsions might be difficult at the actual
hydrate deposit sites. Reaction time provided for exchange
varied between 2 days to the order of even a month in
selected cases. Despite the time, maximum recovery
achieved was still in the order of 60% highlighting the slow
kinetics associated with the exchange process. Compared to
other methods of gas recovery from hydrates, gas exchange
method is much slower due to the sluggish kinetics of the
exchange process involved. A field trial performed at Ignik
Sikumi Gas Hydrate Field in Alaska in 2012 employed flue
gas composition of 77% N2/23% CO2 to recover methane
from hydrate deposits. Considerable methane gas (24,085
m3) was recovered from trials that lasted for about 6 weeks
in three different stages.4 In addition to these, recent studies
also explore fuel gas and combination of aforesaid
exploitation studies for effective recovery of methane from
hydrates.6
3. Conclusion
This paper gives an account of different exploitation
techniques to recover methane from natural gas deposits
with special focus on CH4/CO2 gas exchange process that
has gained importance due to the dual advantage of CO2
capture/sequestration along with methane (natural gas)
recovery.
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1. Introduction

As fuel cells’ local emissions only consist of water, they have tremendous potential to shape future mobility.
The performance of fuel cells is particularly impressive for long-distance driving. Journeys are carbonneutral when hydrogen generated from renewable energy is used.
The fuel cell-electric drive is divided into four subsystems for air, hydrogen, coolant, and high-voltage
components. In the air subsystem, the electric air compressor supplies oxygen and conveys this into the
cathode. In the hydrogen subsystem, the supply of H2 from the hydrogen gas injector is controlled and
provided in the anode. The anode recirculation blower promotes the circulation of hydrogen in the anode
path. The fuel-cell stack is where all of the subsystems come together. It is here that the drive’s energy is
created.
All of the subsystems in the fuel cell-electric drive are perfectly coordinated to achieve the very best
performance.
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1. Introduction:
Proton exchange membrane fuel cells
(PEMFC) is one of the promising energy conversion
devices for clean and mobile power generation
systems due to its attractive features such as high
power density, minimal emissions, low operating
temperature, negligible noise, and high efficiency.
Catalysts have important role for the performance of
PEMFC. Different catalysts (Pt-Ru/Sn/Mo, Cobalt,
Platinum, and cobalt-platinum, alloys, and transition
metal) are established and studied their performance
and cost effectiveness on PEMFC since few
decades. Many studies have been conducted in the
last few decades to develop non-precious transition
metals, metal nitrides, and nanoscale carbon base
metal free electrocatalysts to replace platinum
catalysts in PEMFCs and other low temperature fuel
cells.
2. Progress of alternative catalysts:
Pt nanoparticles are dispersed on supporting
material to increase the active electrochemical
surface area (ESA) of Pt electro catalyst to improve
the dispersion of the metal electrocatalyst, high
electrical conductivity to provide low ohmic

resistance, long term electrochemical stability under
fuel cell operating conditions and good interaction
between support material and metal catalyst.
Although great progresses have been achieved in
this area, there are still some challenges in both their
Oxygen Reduction Reaction (ORR) activity and
stability. Graphene support also studied and
improved to nanotubes (NT), three-dimensional
foam-like
graphene
macro
structures
(graphemefoams, GFs), Graphenenano composites,
Graphene Oxdides (GO), Graphene nanomesh
(GNM) to get highest electrical conductivity,
mechanical strength, flexibility, aspect ratio, and
high theoretical surface area. Great attentions have
been also paid from last decade to microbial fuel
cells due to their mild operating conditions and using
variety of biodegradable substrates as fuel. Though
there was huge development, still graphene and
graphene supported electro catalysts are not
explored in great extent. Therefore, this review may
help to understand the developments related to
Synthesis and Characterization of Graphene,
Synthesis and evaluation of Graphene Supported
Electrocatalyst.

ID No: ESFBS-439

References:
[1] International Journal of Hydrogen Energy 30
(2005)
1297
–
1302
www.elsevier.com/locate/ijhydeneBipolar
plates
forPEMfuelcells:Areview Allen Hermanna,∗, Tapas
Chaudhuria,b, Priscila SpagnolbaDepartment of
Physics, University of Colorado, Boulder, CO
80309-0390, USA bNational Renewable Energy
Laboratory, Golden, CO 80401, USA.

Table 1
Platinum alloys have proven to be highly active
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3. Conclusions:
Graphene has attracted a great deal of attention in a
variety

of

applications

including

fuel

cell

electrocatalyst suppor). Many attempts have been
made in the last few decades to develop nonprecious transition metals, metal nitrides, and
nanoscale carbon base metal free electrocatalysts to
replace platinum catalysts in PEMFCs and other low
temperature fuel cells, platinum still remains the
catalyst of choice.
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Abstract
An electrochemical cell that converts the chemical energy of
reaction between a fuel and an oxidizing agent into
electricity with the help of redox reactions is called a fuel
cell. Two electrodes, a negative electrode (or anode) and a
positive electrode (or cathode) around an electrolyte are the
main components of a fuel cell. DMFC (Direct Methanol
Fuel Cell) is one type of fuel cell. The basic reaction taking
place in a direct methanol fuel cell includes oxidation of
methanol to form carbon dioxide from the anode side, where
water is consumed, and reduction of oxygen to form water
at the cathode side. The formation of carbon dioxide from
the anode releases protons(H+). The protons are transported
across the proton exchange membrane (usually Nafion) to
the cathode and react with oxygen to produce water. DMFC
in active mode actively pump methanol and oxygen into the
fuel cell, whereas in passive mode the individual reactants
get into the fuel cell through diffusion. Since a much higher
power density can be expected from an active mode of
operation, in this paper an active DMFC model was
considered and modelled in MATLAB 2020a which is
designed by considering the following parameters 1)
Methanol concentration, 2) Methanol flow rate, 3) Oxygen
flow rate, 4) Temperature, 5) Pressure. A one dimensional
model is developed by incorporating momentum and mass
balance equations along with electrochemical equations to
get the parametric effects affecting the DMFC. This model
will then be parametrically optimized to obtain maximum

power density by using the PSO (Particle Swarm
Optimization) algorithm. The result that provides best
combination of parameter values will be considered as the
most optimized combination of parameters to obtain
maximum power out of the DMFC considered. PSO is one
of the powerful methods for solving many global
optimization problems which accounts for certain
advantages of this technique. It is a derivative-free technique
which is easy in its concept and in the implementation of its
code compared to other heuristic optimization techniques.
PSO has limited number of parameters including inertia
weight factor and acceleration coefficients and the impact of
these parameters to the solution is found to be less sensitive
compared to other heuristic algorithms. Also, PSO generates
quality solutions that undergoes computation within a short
period of time and exhibits stable convergence
characteristics.. The proposed model consists of anode and
cathode channels of the dimension 4x0.1x0.1 cm each with
an active area of 25 cm2. Thickness of the diffusion layer of
both anode and cathode is 0.03cm. The thickness of anode
catalyst layer is taken as 0.005cm and thickness of cathode
catalyst layer to be 0.003cm. The thickness of membrane
varies with the type of membrane considered (usually
Nafion 211,212,115,117). For the parametric study on the
performance of DMFC, it is essential to select the key
parameters that cause an effect in fuel cell performance. For
the selection criteria basic parameters like temperature,
pressure, concentration was initially considered. Variation in
a single parameter was made and observed the

ID No: ESFBS-534

corresponding variation it can cause in the DMFC
performance. For the mathematical model of DMFC, it is
necessary to check the validity of mathematical solution by
comparing with an experimental data under same conditions.
Thus, an experimental setup was done with an operating
condition temperature 363K, Pressure 2 atm, Methanol
Concentration 0.5M, Methanol Flow Rate 2 cm3/min,
Oxygen Flow Rate = 800 cm3/min. The same parametric
values were implemented in the mathematical model and
was analyzed in MATLAB 2020a. A polarization curve that
compares experimental and mathematical data was plotted.
It was found that both these data seem to have only marginal
error within +/- 5% which indicates that the model is in
good agreement with the experimental data. For further
parametric study, one parameter among the abovementioned parameters varies while the other parameters are
of constant value and how much each parameter affects the
power density of the modelled DMFC was observed. While
considering methanol concentration as the parameter, it is
found that having a higher value of the parameter leads to
an increase in power density of the fuel cell. Now that the
DMFC model is verified and parametric study is complete,
it undergoes optimization with the help of PSO to determine
the best combination of parameter values that provides the
maximum power density for the DMFC. 4 different types of
membrane was also considered namely Nafion 211, Nafion
212, Nafion 115, Nafion 117. With the help of PSO
maximum power density value was obtained and it was
discovered that the membrane type and its thickness also has
an effect to the power value. Thus among different possible
combinations, the following operating conditions was found
to be the one that provided maximum power density to the
proposed mathematical model of DMFC. The following
power for each membrane types was obtained with respect
to the tuning parameter values of the PSO.
Nafion 117 (Thickness- 175 μm)
Temperature -363 K
Pressure – 2 atm
Methanol Concentration – 1.3 M
Methanol Flow Rate – 2 cm3/min
Oxygen Flow Rate – 800 cm3/min
Maximum Power Density – 35 mW/cm2

A simulated model which closely follows the characteristics
of a real DMFC based on the parameters identified namely
pressure, temperature, methanol concentration, methanol
flow rate and oxygen flow rate was designed. Due to
physical constraints, there was a feasible range for each of
the parameters outside of which energy production was not
possible, these considerations were addressed and the
DMFC was parametrically optimized to obtain the
maximum power density.
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The present study has been focused on the preparation of bio-support materials (polyvinyl alcohol/AlgNa) and its use
as lipase support for immobilization of lipase from Pseudomonas cepacia. Lipase was successfully immobilized onto polyvinyl
alcohol/AlgNa in the form of bio-support materials by entrapment method. The content of oil in Castor seed is 40±5 % which
uses for biodiesel production. Optimized conditions for the transesterification of Castor oil which was 10% immobilized lipase
(from Pseudomonas cepacia) relying on oil weight, molar ratio of alcohol to oil (6:1) at 50±1℃ for the period of 24 h. The
product yield was estimated as 75% while the calculated conversion of biodiesel was approximately 78. The properties of Castor
oil and biodiesel were calculated using ASTM D6751 and the formation of biodiesel was confirmed by 1H NMR.
Keywords: Castor oil, Pseudomonas cepacia, novel bio-support catalyst, biodiesel, transesterification
1. Introduction
The scarcity of energy and climatic change across the
globe due to the excessive use of fossil fuels have coerced
the researchers to look into alternative energy sources like
solar, biofuel, wind, tidal energy which are renewable and
eco-friendly [1]. Biodiesel is one such alternative which
can be biodegraded and has less toxicity [2].
Enzymes can be used directly in the reaction mixture as
free enzyme or can be suspended on a support material, as
immobilized enzyme. However, with free enzymes, the
separation of enzymes from the product is difficult and the
process becomes sensitive towards temperature, pH and
purity of reactants. Separation of immobilized enzymes
from reaction media is quite easy. Hence, the present study
has been focused on finding lipase catalyzed
transesterification of Castor oil with propan-2-ol in the
presence of immobilized hybrid bio-supported catalyst in
solvent free medium. Commercial lipase from
Pseudomonas cepacia has been immobilized to study
different reaction variables including molar ratio of propan2-ol and oil, amount (% weight) of immobilized lipase,
temperature & time.
2. Material and Methods
2.1 Materials

Lipase (from Pseudomonas cepacia) and p-NPP were
procured from Sigma-Aldrich. Potassium hydroxide pellet,
2-propanol, sodium alginate (AlgNa) & Polyvinyl were
used for the experiments. All the solvents & chemicals
were grade of analytical and were used in these studies.
2.2 Methods
2.2.1 Transesterification reaction for biodiesel production
For transesterification of Castor oil, the oil to
solvent ratio was varied from 1:3 – 1:15, with temperature
ranging from 35 – 65 °C in a 100 mL round bottomed flask.
10% BSC was added. The flask was fixed in a shaking
water bath maintained at 120 rpm [3]. After the reaction
was over, the mixture was filtered and the BSC was
separated. The process was repeated for 5 - 30 h. 1H NMR
was used for the quantification of synthesized ester [4].
Transesterification of Castor oil was taken place twice, and
findings were illustrated.
2.2.2 Characterization and instrumentation
Proton Nuclear Magnetic Resonance (1HNMR,
Bruker Avence 500 MHz spectrometer), Scanning Electron
Microscope (SEM; EVO/18 Research, ZEISS, Germany)
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was used for the structural analysis of hybrid bio-support
catalyst.
2.2.3 1H NMR analysis of castor biodiesel
Castor biodiesel sample (30 – 40 𝜇𝐿) was splashed
inside NMR tube and 500 𝜇𝐿 deuterated chloroform
(CDCl3) solvent was added for dilution. Tetramethylsilane
(TMS) was taken as the internal reference at 298 K in a
Bruker Avence 500 MHz spectrometer [4]. The internal
reference is the chemical shifting of CDCl3 peak at 7.26
ppm. The following relation was used to estimate the
percentage conversion (C) of oil to biodiesel [4].
C = 2B1× 100/3B2
(1)
Where, C= Conversion of biodiesel production; B1 is the
value of integration propyl ester singlet peak, B2 is the
value of integration the propylene protons.
2.2.4 Morphological study of novel bio-support material
using SEM

Figure 1: SEM micrographs of outer surface of the novel
BSM: (A) without lipase; and (B) with lipase.
3.2 Optimization of reaction time for synthesis of biodiesel
The propyl ester's yield was steady with the oil
demonstrating an ideal reaction time of 24 h (Figure 2A). It
is found that the yields of ester were constant (~75%) over
6 to 30 h of reaction periods, implying 24 h to be the
optimal reaction time.
3.3 Effect of temperature on formation of biodiesel

SEM micrograph was used to characterize the
surface morphology of BSM and BSC. The polyvinyl
alcohol/sodium alginate BSM was dried and slashed crosssectionally slice of the accurate BSM and BSC [5].
3. Results and Discussion
3.1 Scanning Electron Microscopy
Figure 1 shows picture of scanning electron
microscopy of polyvinyl alcohol/sodium alginate BSM
synthesized by interfacial insolubilization method. The
SEM microscopy shows core–shell morphology after
CaB4O7 cross-linkage [5]. Few pores were generated on bio
support material surface which are beneficial for the
diffusion of oil to reach the active sites (Figure 1A).
Formation of some layers beside the surface of hybrid BSC
was seen, along with an even micro-structural layer on the
hybrid BSM surface (Figure 1B).

Temperature ranges of 35 – 65 °C at 5 °C interval
were selected. A fixed molar ratio of 6:1 (propan-2-ol &
Castor oil) was taken. Results, shown in Figure 2B,
demonstrated slight change in the transesterification
efficiency of the hybrid BSC with variation in temperature.
Transesterification activity of hybrid BSC was highest at
50 ±1 °C with propan-2-ol, whereas it took 24 h of
operation to get 75.33% of propyl esters as a biodiesel
yield.

Figure 2: Optimization of various parameters on biodiesel
production for the effect: (A) time at constant reaction
parameters temperature: 50 ±1 °C, 10% hybrid biosupported catalyst on oil weight, 6:1 (propan-2-ol to Castor
oil ratio); (B) temperature at constant reaction parameters:
6:1, molar ratio,10% hybrid BSC on oil amount, and 24 h.
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3.4 1H NMR technique for the Castor oil conversion to the
biodiesel
1

H NMR spectroscopy was used to study the Castor oil
conversion to biodiesel. The NMR spectra of Castor oil and
Castor biodiesel with immobilized hybrid bio-supported
catalysts (without co-solvent) are given in Figure 3(A) and
(B). The 1H NMR spectrum of Castor oil indicates the
existence of glyceride protons at 4.15 and 4.31 ppm. The
singlet peak at 3.61 ppm in 1H NMR of Castor biodiesel
signifies the total conversion of Castor oil into castor
biodiesel.

Figure 3: Comparison of chemical shift (PPM) 1H NMR
spectra: (A) crude Castor oil; (B) fatty acid propyl ester
(biodiesel).
4. Conclusion
The present study is based on the biodiesel synthesis
from Pseudomonas cepacia, Castor oil enzymatic
transesterification of using hybrid bio-support materials
like, immobilized lipase on low cost sodium alginate and
poly vinyl alcohol. The bio-support catalyst beads showed
a fascinating degree of immobilized lipase activity along
with high immobilization yield.
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1. Introduction
Mother nature produces a vast amount of biomass which is
dissipated in food and non-food sectors. The technique
which can promisingly convert waste biomass into fuels (or
bio-oil) is Fast Pyrolysis [1]. However, fast pyrolysisderived bio-oil remains incapable of being utilized directly
as drop-in fuel because of high oxygen content, unstable
nature, and lower heating value. The catalytic upgradation
of bio-oil could be a choice to improve its physicochemical
properties; however, it adds cost to the overall pyrolysis
technology. The essential pyrolysis reactions govern the
yield and composition of bio-oil; however, it is challenging
to characterize because of the multiphase thermal
degradation of biomass happening in short time scales with
inter-related reaction chemistry and transport effects. The
advancement in experimental techniques and molecular
simulations have enabled the understanding of complex
pyrolysis reactions and the effect of transport in them to a
great extent. In experiments, Frontier Micropyrolyzer,
PHASR reactor, Wire mesh, and Pyroprobe enabled biomass
pyrolysis under reaction-controlled conditions (or
isothermal pyrolysis). At the same time, the molecular
simulations shed light on the difficult-to-measure reaction

paths of individual pyrolysis reactions forming endproducts.
The experimental investigations revealed essential pyrolysis
reactions (i.e., glycosidic bond cleavage, dehydration, and
successive fragmentation of C6 or C5 compounds, etc.). The
mechanistic insight of biomass (or model compounds)
breaking validated with experiments is presented. The
information assembled in this review would be beneficial for
biomass pyrolysis investigators in designing operating
conditions for the conversion of several biomass feedstocks
into bio-oil, similar to drop-in fuel.

2. Revealing pyrolysis reaction using experiments
The modern approach of biomass fast pyrolysis utilized its
thin-film samples of the biomass (or model compounds)
instead of conventional powder form. The thickness of the
sample was maintained at around 10 µm to achieve
isothermal pyrolysis (or reaction-controlled pyrolysis) in
modern reactors such as Frontier Micropyrolyzer, PHASR
reactor, Wire mesh reactor, and Pyroprobe, etc. Notably,
pyrolysis
transport
processes,
encompassing
external/internal heat transfer and internal/external
mass/momentum transfer, vary with the different
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3. Mechanistics illustration of pyrolysis reactions

needed more investigations to arrive at solid conclusions,
alike cellulose.
4. Reaction-transport modelling of pyrolysis at particle
level
Transport processes of biomass fast pyrolysis at the particle
level can be seen in Fig 1. It commences with the external
heat transfer (i.e., convection or radiation) from bulk to the
particle surface, followed by the internal heat transfer within
the particle (primarily by conduction). The internal heat
transfer heats particles to the desired reaction temperature,
which enables pyrolysis reaction to generate volatile
products and char. The volatile products make transport
from the interstitial space of particles (through
convective/diffusive mass transport) to the bulk (through
convection mass transfer). Such product transport also
affects the internal heat transfer of particles because of the
variable temperature between interstitial particle space and
diffusing compounds, affecting the pyrolysis reactions.
External
heat transfer

characteristic sizes of biomass particles [2]. The tiny
biomass particles (as a thin-film with thickness ≤ 10 µm)
could be heated at the rate of 7250 ºC/sec [3], making the
heat transfer (both conduction and convection) operate at a
much faster time-scale than reactions and hence it enables
isothermal pyrolysis or reaction-controlled pyrolysis. On the
other hand, the powder samples of biomass having a size
greater than 20 μm attain heating rates up to 103 ºC/min [4],
making the time-scale for transport and pyrolysis reactions
to fall within the same order of magnitude. In such cases, the
heat transfer operates on a lower and/or comparable timescale to that of reactions, and hence pyrolysis becomes nonisothermal.
The thin-film and powder pyrolysis experiments enabled
insight into essential pyrolysis reactions of glucose,
cellulose, and even real biomasses. It encouraged
researchers to extend a similar approach for a variety of
biomass feedstocks and develop a sound knowledge of
essential pyrolysis reactions using experiments. Further, the
collective information gained from thin-film and powder
pyrolysis study on (i) how individual product yield changed
under the transport effects and (ii) approach of
determining/tuning pyrolysis conditions for the better
composition of bio-oil, in addition to its yield, would be
crucial for the biomass pyrolysis investigators.

External
heat transfer

Internal
heat transfer Pyrolysis
reactions

through molecular simulations

Biomass Particle
External
heat transfer

The representation of biomass at the molecular level was
demonstrated by using cellulose as a model compound since
it showed a unique molecular structure and crystallinity
compared to the other biomass compounds (i.e.,
hemicellulose and lignin). Cellulose showed to break via
glycosidic bond cleavage, followed by dehydration and
fragmentation reactions, forming anhydrosugars, furans, and
light oxygenates as products [5]. Hemicellulose was shown
to decomposed through glycosidic bond cleavage, initiation,
depropagation, end-chain scission, thermohydrolysis,
dehydration, ring-opening/closing, retro aldol, and enol-keto
tautomerization reactions [6]. Lignin thermal decomposition
followed homolytic cleavage, decarbonylation, Maccoll
elimination, dehydration, decarboxylation, demethylation,
fragmentation, and tautomerization [7, 8]. The reaction paths
of cellulose decomposition were understood to a larger
extent, while hemicellulose and lignin decomposition

External
heat transfer

Fig. 1 Transport processes of biomass fast pyrolysis
It was observed that most of the particle level reactiontransport models used lumped reaction kinetics and
remained specific to biomass feedstocks, and did not predict
detailed pyrolysis product distribution, which is observed in
the experiments. Thus, most of the models ended up
predicting the broad category of pyrolysis products (viz.
non-condensable gases, tar, and char) instead of individual
product yields, indicating the further scope to improve the
existing reaction-transport models.
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5. Conclusion
The quantum of research done in biomass fast pyrolysis,
using experiments and molecular simulations, can
significantly contribute to the overall development of the
biomass pyrolysis process since it eliminates poor
understanding of pyrolysis reactions to a good extent.
Further, the commercialization of biomass pyrolysis
technology faces challenges in optimizing the pyrolysis
conditions resulting in improved yield and composition of
bio-oil from various biomass feedstocks. In this context,
knowing essential pyrolysis reactions would be beneficial
since it helps to tune bio-oil yield and composition as a
function of operating conditions. Moreover, having
localized pyrolysis plants in the future would cut the
transportation cost and help in the economics of the
pyrolysis process, which provides aid for the development
and success of biomass pyrolysis.
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1. Introduction
Energy is a basic need of human life and with increase in
demand and over dependency on fossil fuel-based energy
generation; there is an immediate need to search for an
alternate energy source. Solar energy is the most widely
accepted renewable energy source which can gap up the
electrical as well as thermal energy needs.
Solar thermal energy has the potential to improve the way
of life in rural households of remote areas, which have no
connectivity to grid or cooking gas. The conventional solar
devices- such as solar dryer, solar cooker, solar oven and
solar water disinfector are mostly single purpose devices,
even if they have some common features such as mirrors for
reflecting, thermally insulated bottom and sides of the
heating chamber etc. Solar cookers and solar dryers are
widely accepted renewable energy technologies.
Individually they cannot meet different needs for different
heating temperatures or diverse heating chamber sizes
appropriate
for
domestic
heating/cooking/drying
applications.
A cost effective decentralized multi-purpose solar heating
device was designed and developed, which could meet
different food preparation and processing needs of a family
like cooking, heating, baking, dehydration, instead of having
to go for single-purpose solar thermal devices for different
applications.

operation. The total aperture area of the gadget was 1.0 m2.
The base plate, sidewalls and lid were made up from
expanded polyvinyl chloride (PVC) foam sheet (19 mm) to
minimize the side and bottom heat losses. The bottom and
side plates were joined to each other with the help of screws.
Silicon sealant was used to ensure that the couplings
remained leak proof. The absorber plate [3 mm aluminium
composite panel (ACP) sheet] was fixed above the base
plate. The glazing (4 mm borosilicate glass) were snugged
into a wooden frame with 10 mm distance between them, on
the top of the box at a distance of 100 mm from the absorber
plate. The gadget was placed over an adjustable stand made
up from stainless steel. The stand could be adjusted in such
a way that during cooking/baking operations the gadget
remains horizontally placed while for drying operation it
could be tilted at an angle of 25°.

2. Material and Methods
2.1 Materials
The gadget consisted of an absorber plate, a bottom plate,
two glazing (cover plates) and a lid as illustrated in Fig. 1. A
PV-operated fan was provided for forced convection drying

2.2 Methods
In order to evaluate the performance of the fabricated solar
thermal gadget, two figure of merits, viz. F1 and F2 were
determined.

Figure 1: Pictorial view of decentralized multi-purpose
solar thermal gadget.
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(1)

=

𝐹 =

where, ηo is the optical efficiency; UL is the heat loss factor
at stagnation temperature (W/m2 °C); I is the solar intensity
(W/m2); Tstag and Tamb are the stagnation temperature of the
absorber plate and ambient temperature in (°C),
respectively.
2.2.2 Determination of Second figure of merit (F2)
The second figure of merit (F2) is independent of
surrounding climatic conditions. It indicates heat transfer
from the absorber plate to the water in the containers placed
on the plate. The F2 is determined by heating the containers
filled with water i.e., under full-load condition [1].
Mathematically,
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(

)/

(

)/

(2)

where, (mCp)W is the product of mass and specific heat of
water in (J/°C); (t2- t1) is the time taken to heat water from
temperature TW1 to TW2 (°C) in seconds.
2.2.3 Determination of standard boiling time (tboil)
The standard boiling time (tboil) is the time required for
sensible heating i.e., from ambient temperature up to 100 °C.
It is calculated as,
𝑡

=

(

)

ln 1 −

(

)

(3)

The boiling time is a function of (100-Tamb)/F1I, which
could be termed as X.
3. Results and Discussion
The developed unit was tested for water warming, ricecooking, baking of cake and drying of food materials.
3.1 No-load test (F1)
In cooking mode, the plate stagnation temperature under
no-load condition, reached highest 144.60 ºC with solar
intensity of 895 W/m2 at 12:50 pm. The value of F1 was
found to be 0.12734 °C m2/W.

3.2 Full-load test (F2)
The cooking pots were filled with water as per standard
loading of 8 l/m2 aperture area [1]. Time taken for
temperature rise from 60 °C (TW1) to 95 °C (TW2) was
recorded and used for calculations. During the experiments,
water temperature inside the cooking pot approached 94 ºC
from ambient temperature in 90 minutes of operation and
touched highest 100.57 ºC. It took 85 min to raise the water
temperature from 60 to 90 °C. The value of F2 of the gadget,
was calculated to be 0.681 °C l.
3.3 Standard boiling time (tboil)
The values of F1 and F2 were used to determine the
standard boiling time (tboil) for developed solar thermal
gadget. Standard boiling time was estimated for different
values of X at average solar radiation intensity of 600 W/m2
and plotted as given in Fig. 2. The plot illustrates the
characteristic curve of the gadget.
400

tboil (miutes)

2.2.1 Determination of First figure of merit (F1)
The First figure of merit (F1) is defined as the optical
efficiency to the heat loss factor of the bottom absorber plate.
It indicates the differential temperature gained by the bottom
absorber plate at a particular solar intensity value. The value
of F1 is determined by a stagnation test carried out under noload condition [1]. Mathematically,
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Figure 2: Characteristic curve for multi-purpose solar
thermal gadget.
4. Conclusion
A low cost, easy to operate, decentralized multi-purpose
solar thermal gadget designed and fabricated for household
applications. The gadget was tested for cooking operation
and two figure of merits, F1 and F2 were calculated to be
0.12734 °C m2/W and 0.681 °C l, respectively, which
categorized the gadget Grade-A in accordance with IS 13429
set by the Bureau of Indian Standards.
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1. Introduction
High blood pressure or hypertension has burdened the
health systems not only in India but also across the world
over the last two decades. Early diagnosis as well as
treatment of these cardiovascular risk factors might prevent
from adverse ailments in the adulthood [1]. In this context,
the calcium channel blockers are prescribed having
inherent side effects. Such issues could be addressed with
careful design of chiral drugs with either minimum or no
side effects at all. One such attempt with microwave
heating has been performed to synthesize optically pure
DHP analouges. The study compares conventional and
microwave assisted methodologies for DHP synthesis and
reports microwave heating as the alternate strategy.
2. Material and Methods
2.1 Materials
Synthesis of asymmetrical DHPs with methyl/ethyl ester
substitutions was carried out by the condensation of
equimolar quantities of 4-hydroxybenzaldehyde, methyl 3aminocrotonate with ethylacetoacetate to afford
asymmetrical dihydropyridines was performed in a
microwave oven vial at 100 ⁰C [2-3]. The resultant solid
was given washings with water, filtered, dried and
crystallized from ethyl acetate and hexane.
2.2 Methods
2.2.1 Structural characterization

Structural characterization was confirmed through NMR,
FT-IR analysis. Since it was difficult to establish the
purity of unsymmetrical dihydropyridines through 1H
NMR and IR spectral analysis, the purity of target DHP
was determined via LCMS studies. Initial observation of
the conventionally synthesized unsymmetrical DHP on
HPLC revealed the presence of side products as
confirmed by 2 additional peaks along with the desired
major peak.
2.2.2 Microwave synthesis
As the conventional method to synthesize unsymmetrical
dihydropyridine in pure form without any formation of side
products and further purification processes to isolate single
desired compound remained unsuccessful, alternative
microwave mediated synthetic method was followed. To
obtain substantially pure target compound in good yield,
the synthesis of unsymmetrical dihydropyridines was
carried out by microwave mediated synthetic method.
3. Results and Discussion
3.1 Characterization of conventional synthesis
LCMS for conventional synthesis revealed two major peaks
with several other undesired peaks whereas LCMS analysis
for microwave synthesis revealed only two major peaks.
Further, the peak corresponding to highest ratio belongs to
the desired dihydropyridine.
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Assuming that the side product formation might have
occurred during the synthesis of dihydropyridine, which
subsequently resulted in formation of impure target DHP,
several techniques were investigated to purify compound to
minimize the formation of undesired symmetrical side
products.
3.2 Characterization of microwave synthesis
The reactions carried out in the presence of
solvent suffered from incomplete conversions as indicated
by TLC monitoring of the reaction up to 2 h. A range of
temperature, time and the reactant amounts were screened
to optimize the one-pot multicomponent reaction for the
formation of unsymmetrical dihydropyridines. The
reactions carried out in the presence of various solvents
such as ethyl methyl ketone, isopropyl alcohol resulted in
incomplete conversions as indicated by TLC monitoring of
the reaction up to 2 h. However, an efficient microwave
mediated synthetic method has been developed for the
formation of asymmetric 1,4-dihydropyridine derivative.
It can be seen from the table 1 that microwave synthesis
offers clear advantages such as benign reaction conditions,
considerably reduced reaction times, and minimum use of
solvent and enhanced pure product yields. The structure of
the compound was established using various spectral
analysis.
4. Conclusion
It was observed that the percentage of desired
unsymmetrical dihydropyridine DHP is much higher when
synthesized by microwave method in comparison to
conventional method. The comparison confirms there is
profound increase in the desired dihydropyridine yield over
the undesired side products via microwave mediated
synthesis. It can be confirmed that microwave irradiation
plays a key role towards preferential yield of desired
product over the other undesired symmetrical analogue.

Table 1: Comparison of reaction conditions for traditional
and microwave synthesis
Reaction Conditions
Traditional Synthesis

Microwave Synthesis

Solvent used isopropanol.

No solvent used.

Reflux for 9 hours with

At 100 oC for 40 minutes.

continuous stirring.
Reaction time 70-90 min

Reaction time 40 min

Desired isomer yield 32%

Desired isomer yield 75%

approx.

approx.
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1. Introduction

Nowadays ,the use of green solvents that
environmentally friendly solvents, or bio solvents,
are much in use in chemical industry. The
convectional solvents are the key to majority of
chemical processes but not without the
implications towards the environment.
The desired characteristics of a green solvent
include no flammability, ease of availability
fromnatural
and
renewable
sources,
biodegradability, low or negligible toxicity, and so
on; water, glycerol, and PEG enjoy many of these
properties making them qualified for green organic
transformations. The green solvents will likely take
a good place in nearby future in the Petro
chemicals, food and cosmetic industries
Ethyl lactate which is one of the esters of Lactic
acid is a green solvent having a numerous
advantage as it is being 100% Bio-degradable, easy
to recycle, noncorrosive, non- carcinogenic and
non-ozone depletingand can be used as food
additive, perfumery, flavor chemicals and can
effectively replace toxic and halogenated solvents
for a wide range of industrial applications. Ethyl
lactate is a particularly attractive solvent for the
coatings industry as a result of its high solvency
power, high boiling point, low vapor pressure, and
low surface tension. Ethyl lactate has replaced

solvents such as toluene, acetone, and xylene,
resulting in a much safer workplace. Ethyl lactate
has a high solvency power, which means it is able
to dissolve a wide range of polyurethane resins.
The excellent cleaning power of ethyl lactate also
means it can be used to clean a variety of metal
surfaces, efficiently removing greases, oils,
adhesives, and solid fuels.
Despite their numerous attractive advantages, the
production volume of lactate esters used has been
small in industry. New technologies have been
developed to yield lactate esters from
carbohydrate feedstocks via esterification using
reactive distillation or evaporation membranes.
Generally, for the esterification process, it requires
the distillation to purify the esters. For column
designs and process simulation, thermodynamic
properties such as reliable vapor- liquid
equilibrium (VLE) data of the related components
are valuable.
The equilibrium data of the ethyl lactate + ethanol
and ethyl lactate +water system has been studied
in literature. However, no information is there for
the Ethyl lactate + lactic acid system in the
literature part.
In this work the predicted VLE data for the
intensified process for ethyl lactate production by
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2. Prediction of VLE data using group contribution
method
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esterification of lactic acid with ethanol using a
reactive distillation and compare with model data.
This work presents the T-x-y data of the ethyl
lactate + lactic acid system data at atmospheric
pressure using group contribution method and
simulator.
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Fig. 1 Txy diagram form Aspen and comparison
with UNIFAC method and its correlated models

UNIFAC group contribution method is been used to
predict isobaric VLE data at 101.325 kPa.
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Fig. 3 Deviation in pressure for UNIFAC correlated
models
Conclusion:

With the development of an intensified process
based on the reactive distillationthe process for
ethyl lactate production from lactic acid, VLE data
was predicted using UNIQUAC perfectly fitted with
Aspen Plus simulator model at atmospheric
pressure.
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ABSTRACT: Titrations are the basic chemistry
laboratory technique for the quantitative analysis of
substance with unknown concentrations using
standard solutions of known concentration. The
substance with unknown concentration and the
standard solution are termed as analytic and titrate
respectively. Whether it is the task of determining
the hardness of water due to calcium and
magnesium ions for that of determining the free
fatty acid content to be removed from the waste
vegetable oil to get biodiesel, one can possibly
determine the unknown concentration of any
chemical substance through titration.
Today, world has become aware about environment
issues. Today synthetic indicators are the choice of
acid-base titrations but due to environmental
pollution, availability and cost, the search for
natural compounds as an acid-base indicator was
started. The Synthetic compounds are highly
polluting, harmful, hazardous and much more
costly for research work as well as analytical work,
so various researches are going on in this field of
natural products extensively as they are less
hazardous, low cost, easily available, and ecofriendly. Natural dyes and pigments in plants are
highly coloured substances and may show colour
changes with variation of pH. So, it can be use as
indicators. Extract of the flowers of plants as an
acid-base indicator in titrations. This natural

indicator is easy to extract as well as easily
available. Promising results were obtained when it
was compared against standard synthetic indicators.
The equivalence points obtained by the flowers
extract coincide with the equivalence points
obtained by standard indicators. These natural
indicators are found to be a very useful,
economical, simple, accurate and eco-friendly.
There are many types of flowers and leaves
available which act as acid base indicator. In this
experiment we have taken various flowers extract
as natural indicator which gives different results in
acid and base. Some flowers act as indicator while
some are not. For the preparation of extract, we
take petals of flowers in beaker and water,
methanol and Isopropyl alcohol is added according
to need. Then it is left for some time. The extract
we get after is then filtered using filter paper and
used as an indicator. Methanol and IPA extract
gives better result than the water. So, the methanol
is used for extraction. For first procedure in which
the flowers are extracted, the acid base titration is
done for which whether it acts as an indicator or
not. For the rough estimation, whether the extract is
act as Indicator or not, the random amount of acid
is taken and extract is added and then the base is
added. If the colour is changed then extract can be
used as an indicator.
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The experiment was carried by using same set of
apparatus for all titrations. The equimolar titrations
were accomplished using 10 ml of titrant with three
drops of synthetic indicator. For validation of
natural extract six-seven drops of extract is used as
indicator for sharper colour. The titration was
repeated for concordant values. The data of
different equimolar titrations with different
reagents using flower extract as indicator is
compared with the same titrations carried out using
standard
indicator
phenolphthalein.
The
equivalence point obtained when flower extract
used as indicator, almost reached close to the
equivalence point using standard indicator
phenolphthalein. The colour changed observed is
also sharp. The titration result using flower extract
is almost similar to Phenolphthalein.

From result obtained from all the titrations, leads to
that the extract of flower has potential to act as
indicator. It is always reliable to use it instead of
synthetic ones due to environment issues. As the
world is moving towards green concept, moving
toward natural indicator is beneficial because of it’s
economical, simple and environmental aspects.
Thus the natural indicator used in acid base titration
was found safe and efficient alternative for the
traditional ones.
Keywords: Natural indicator, Green Titration,
Flower indicator
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1. Introduction
In present, the society is facing major consequences like
global warming, pollution to our ecosystem that is caused by
continual usage of plastics that are fossil fuel derived. With
the increasing population the usage of Fossil derived plastics
has increased rapidly in daily life due to its low cost and
good moulding properties. These conventional plastics are
non-biodegradable and creates pollution in land, water and
air ecosystem at the end of their life cycle. At present, more
than 99% of plastic packages are made from petroleumbased polymers, of which 50% is a single-use disposable
application. When plastics made from petroleum are burnt,
they release the carbon dioxide contained in the petroleum
into the atmosphere, leading to global warming. Then there
comes bioplastics that reduces such negative impacts. Bio
derived plastics / composites is an emerging alternative that
has a unique property to decompose in natural environment
and provides an alternative eco-friendly solution to mimic
the consequences that has been constantly occurring due to
the usage of plastics. Bioplastic or bio-based, biodegradable

plastic is now considered a replacement for conventional
plastic problems globally. Bioplastic accounted for
approximately 1% of the plastic produces annually. but are
predicted to have a 40% share by 2030. The use of
bioplastics offers significant advantages not only in an
ecological sense but also in an economic sense. The main
idea of our research is to convert our application from
laboratory scale to commercial scale. The global bioplastic
market value is projected to grow from USD 21,126 million
in 2017 to USD 324,000 million in 2030. Bioplastic is not
just one single substance, it is bio-based (renewable),
biodegradable, or both. [1,2]

2. Results and Discussion
Interest in eco-friendly bio-composite materials for
application of food packaging. In this study the integrated
process was developed for production of starch CNF based
nanocomposite material. Where, starch use as matrix and
CNF use as a reinforcement material for composite
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preparation. CNF is prepared from bamboo biomass using
delignification process for cellulose extraction and further
conversion to nanocellulose by deep eutectic solvent (DES)
based hydrolysis and ultrasonication process. The results
showed that alkali peroxide with hypochlorite treatment has
80 % extraction efficiency of cellulose from biomass. CNF
is further used is preparation of thermoplastic with starch as
matrix and glycerol as plasticizer material. Different
composite where prepared with variation of CNF into starch
matrix using twin screw extrusion process and the composite
is tested for its mechanical properties and moisture
sensitivity. The strength of DES (50% strength) during the
hydrolysis process has shown a good yield of 62.82%. The
polymer matrix was isolated from corn stalk with 60%
recovery of starch matrix. The DES hydrolysis resulted in
93.36-94.10% crystallinity in the sample. The characteristic
absorption bands of cellulose at 3377 cm-1 (O-H stretching
vibrations from the intermolecular and intramolecular
hydrogen bonds), 2899 cm -1 (C-H symmetric vibrations),
1642 cm-1 (O-H bending of the absorbed water), were
significantly strengthened from the raw bamboo to DES
treated CNFs, due to increase in the cellulose content. The
average particle size of CNF in dispersed water was 48.925
± 11.424 nm. The bioplastic film (5%CNF/TPS) achieved a
tensile strength of 3.55 ± 0.264 MPa with young’s modulus
is 632.1 ± 20.2 MPa. TGA result shows that the addition of
CNF increases the thermal stability of bioplastic. The wt.%
loss of neat TPS to 5% CNF/TPS are 95 to 69% under the
temperature range of 200-400 ℃.
A plant wide design is undertaken through process flowsheet
conceptualization and process simulation through Aspen
Plus to estimate the material and energy balances of the
process. Through, techno-economic analysis the minimum
selling price of bio-plastic is determined to be 850 $/Ton.
Environmental impacts are compared between Agri cultural
residue derived bioplastic and petroleum-derived
polyethylene productions by life-cycle assessment.
Significant variation was also seen between different studies
of the same application of polymer, for both fossil-based
non-biodegradable and bio-based bio-degradable polymers.
Results suggest that a large part of this variation is related to
the Life Cycle Assessment methodologies applied,
particularly in the end-of-life treatment, the use of credits for
absorbed Carbon Dioxide, and the allocation of
multifunctional process impacts. The feedstock source and

processing method assumed for bio-based and
biodegradable polymers were also major sources of
variation. The challenges of Life Cycle Assessment,
particularly in a complex, geographically diverse and young
industry like bio-based and bio-degradable polymers, are
recognized. Bio-plastic production can be more
environmentally friendly by changing the sources for
electricity generation.[3]
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1. Introduction
Basic lignocellulosic fiber is made up of primarily three
parts, namely cellulose, hemicelluloses, and lignin.
Cellulose is an integral part as it provides the core strength
to the fibers, and lignin protects the fiber from the exterior
environment. Hemicellulose acts as a binder between
cellulose and lignin. Among three parts, hemicelluloses are
the most hydrophilic and least thermally stable. Hence
varieties of methods are explored for the removal of
hemicelluloses . The pre-treatment method used plays an
integral part in terms of process economics and
sustainability. Among all such methods, sodium hydroxide
treatment has been extensively used due to its strong
alkaline nature, which helps in solubilizing hemicelluloses.
Even though the NaOH treatment method has few
limitations, like the requirement of a massive amount of
effluent neutralizing agents like various acids, which
ultimately increase the effluent's mineral loading, making
the process non-sustainable. Hence in this work, alkaline
pre-treatment of sugarcane bagasse using sodium carbonate
treatment is studied. Treatment parameters, namely Na2CO3
concentration, treatment time, and temperature, are studied
to optimize the process.
2. Material and Methods
2.1 Materials
Ethanol was supplied by Changshu Hongsheng Fine
Chemical Co. Ltd. (China), sodium carbonate was

purchased from Merck Life Science Pvt. Ltd. (India),
sugarcane bagasse was collected from the local market at
Kharagpur, West Bengal. The bagasse was washed, dried,
and ground. It was further washed with boiling water and
ethanol to remove extractives.
2.2 Methods
2.2.1 Pre-treatment of sugarcane bagasse powder using
Na2CO3
The washed bagasse was mixed with sodium carbonate
solution of concentration 5 wt% and 20 wt% in a 1:40 solid
to liquid ratio. It was heated to 60℃ and 100℃ and stirred
continuously for 6 h and 24 h. After the completion of the
reaction, the insoluble fraction was washed with water until
pH neutral and dried in an oven at 60℃.
2.2.2 Characterization of pre-treated fibers
The X-ray diffractograms were obtained using the
Panalytical X'Pert3 Powder machine. The thermal analysis
of fibers was done using the TGA TA Q50 machine in a
nitrogen atmosphere by heating the samples from 25 ℃ to
600℃ at a ramp rate of 10℃/min.
3. Results and Discussion
3.1 Characterization pre-treatment fibers
Figure1 (a) shows the X-ray diffractograms of the treated
fibers. The significant peaks observed for raw bagasse at
16.4◦ (broad), 21.9◦ (sharp and intense), and 34.57◦ (very
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small) in SCB were assigned to the crystalline planes with
Miller indices of 110, 200, and 400, respectively [1] The
calculated crsytallinties are listed in Table 1. It is evident
that after the treatment, the crystallinity of the fibers is
increased. This enhancement is due to the removal of
amorphous hemicellulose [2]. The sample 5-6-100 had the
maximum crystallinity among all samples. The yield of the
same sample is also among the highest yield.

20-6-60

62.80

83.77 ± 1.17a

20-24-60

60.23

76.72 ±4.20a

20-6-100

64.77

73.42 ± 2.97a

20-24-100

69.20

71.94 ± 3.48a

4. Conclusion
The less explored Na2CO3 treatment was studied
in detail to get highly crystalline and thermally stable
cellulose micro-fibers. There was an increase of 33 % in
the crystallinity index (CrI) and enhanced thermal stability
without sacrificing the yield (max 84 %). This method can
be used as a sustainable and economical alternative to the
commercially used NaOH treatment used.
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raw bagasse and treated fibers
The high yield establishes that the method can be used
commercially at a meager cost. Raw SCB degradation
started soon after 150℃, a typical degradation nature of
xylan (the main component of hemicellulose)[3]. However,
after treatment, all fibers had enhanced thermal stability
with Tpeak between 326.25–347.18℃.
Table 1: Summary of cellulose micro-fibers crystallinity
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1. Introduction
Pre-treatment is needed to reduce the recalcitrance
nature, cellulose crystallinity, and an increase in the specific
surface area of cellulose for further enzymatic attack to
achieve an efficient bioconversion of lignocellulosic
Miscanthus [1]. To achieve a feasible and sustainable ionic
liquid (IL) pre-treatment process, the impact of ionic liquid
solvent properties on pre-treatment of lignocellulosic
biomass must be addressed for better understanding of the
entire process. In this study, the solvent polarity parameters
of selected IL's were measured. The relation between these
parameters to the chemical composition, lignin removal,
crystallinity index and saccharification yield of IL-treated
Miscanthus were evaluated.
2. Material and Methods
2.1 Materials
Miscanthus was obtained from the local forest
located near IIT Guwahati as well as from some
undeveloped areas of IIT Guwahati campus. The ionic
liquids
1-ethyl-3-methylimidazolium
acetate
([EMIM]+[Ac]–), 97%; 1-ethyl-3-methylimidazolium
methanesulfonate ([EMIM]+[MeSO3]–), ≥95% and 1-ethyl3-methylimidazolium
hydrogen
sulphate
([EMIM]+[HSO4]), 95%; 4-nitroaniline, ≥99%, Reichardt's

dye, 90%; Iodoethane,99% were procured from SigmaAldrich, USA. N, N-diethyl-4-nitroaniline was prepared
from our laboratory.
2.2 Methods
2.2.1 Kamlet-Taft solvent parameters measurement
The Kamlet-Taft solvatochromic parameters are
used for the quantitative measurement of hydrogen bond
donating ability (α), hydrogen bond accepting ability (β),
and dipolarity/polarizability (π*) properties of the solvents
contributing to overall polarity. In this study Kamlet–Taft
parameters of ionic liquids ([EMIM]+[Ac]–,
[EMIM]+[MeSO3]–, [EMIM]+[HSO4]–) were measured
spectrophotometrically at 100 °C using three different dyes
such as 4-Nitroaniline (4NA), N, N-Diethyl-4-nitroaniline
(DENA), and Reichardt's dye (RD).
2.2.2 Pre-treatment and regeneration of the biomass
samples
A slurry of 30% (w/w) total solids (ground
Miscanthus) in RTIL was prepared by combining 0.9 g of
dried and powdered (particle size of less than 0.25 mm)
Miscanthus sample was placed in a test tube with 3 g of ionic
liquid and mixed well by mechanical stirring using a glass
rod for 5 mins. The mixture was then covered with
aluminium foil and incubated for 24 h at 100 °C in a hot air
oven. This solution was then cooled to room temperature and
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the solubilized biomass in ILs was regenerated by
precipitation from solutions with anti-solvents.
2.2.3 Compositional analysis of raw and regenerated
biomass
Compositional analysis of untreated and IL-treated
Miscanthus was performed using NREL protocols [2].
2.2.4 XRD analysis of raw and regenerated biomass
The untreated and pre-treated Miscanthus were
dried and characterized by powder X-ray diffraction
(PXRD). Crystallinity index (CrI) was determined by Segal's
method [3].
2.2.5 Enzymatic hydrolysis of raw and regenerated biomass
Enzymatic saccharification of untreated and IL pretreated Miscanthus was performed using Cellulase enzyme
(Accelerase 1500, Material Number A30173) gifted by
Genencore International, B.V. (Netherlands).
3. Results and Discussion
3.1 Kamlet-Taft parameters
The Kamlet-Taft solvatochromic parameters (α, β,
π*) for each RTIL at 100 °C are summarized in Table 1.
Table 1:
Kamlet–Taft α, β, and π*parameters (solvent Properties)
measured at 100 °C.
Solvent

α

[EMIM]+[Ac]–
0.400811
[EMIM]+[MeSO3]– NA
[EMIM]+[HSO4]– 0.085189

Β

π*

1.13
0.69
0.68

1.02
1.20
1.20

3.2 Effect of solvent properties on the composition of IL
treated biomass
In this study, it was found that high cellulose with
low lignin content increased in the following order
[EMIM]+[HSO4]– > [EMIM]+[MeSO3]– > [EMIM]+[Ac]–.
Hence, IL having lower β value was responsible for higher
cellulose with low lignin content and vice versa. Unlike
cellulose and lignin, the removal of hemicellulose was
possibly due to the hydrolysis of hemicellulose during pretreatment process instead of dissolution of hemicellulose in
the ionic liquid.
3.3 Effect of solvent properties on the cellulose crystallinity
of IL treated Miscanthus

It is clear that crystallinity index of IL treated and
untreated Miscanthus decreased in the following order:
Untreated >[EMIM]+[HSO4]– > [EMIM]+[MeSO3]–
>[EMIM]+[Ac]–. Hence, it was concluded that ionic liquid
with the highest value of β parameter (in this case
>[EMIM]+[Ac]–) was responsible for greater degree
decrystallization of Miscanthus.
3.3 Effect of solvent properties on glucose yield of IL
treated Miscanthus through enzymatic hydrolysis
In the present study, the amount of glucose
liberated from IL treated and untreated Miscanthus
decreased in the following order: [EMIM]+[Ac]– >
[EMIM]+[MeSO3]– >[EMIM]+[HSO4]– > Untreated.
Hence, it is clear that IL having higher β value resulted in
higher glucose yield.
4. Conclusion
In the present work, the hydrogen bond basicity (β
value) represents the ability to disrupt the inter- and intramolecular hydrogen bonding in cellulose, hemicellulose,
and lignin. Further, β value of IL’s co-related well with the
crystallinity index, lignin removal and glucose yield. Hence,
the β value of RTILs is very useful for the selection of
suitable ILs for biomass dissolution.
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1. Introduction
Over the world, around 2.7 million individuals, depend on
customary biomass as a fuel for meeting their cooking
energy requirement [1, 2]. 80-90% energy is utilized in rural
region for the purpose of household cooking [3], of which
75-95% of the energy is from wood and charcoal [3].
Traditional biomass fired cook stoves perform efficiency
from 13-19% which is very poor as well as it emits the
harmful pollutants like CO and particulate matter. The
indoor air pollution from the use of traditional cookstoves
causes risks to health and even leads to premature death.
This must be essential that biomass cook stoves providing
clean combustion and higher efficiency. Even though many
improved cook stoves consumes more amount of fuel and no
control on flame leads to much loss of energy [4]. Many
improved wood stoves have been developed, but they do not
offer good control of the cooking power[5]. The World
Health Organization (WHO) reports, about two million
people die prematurely from illness due to household
pollution from burning of solid fuel [6]. In traditional
cookstoves the amount of particulate matters emitted can be
as high as 1002.3 mg /m3 and in an improved cookstoves the
emission of particulate matter can be as low as 266.2 mg/m3
[7].
2. Material and Methods
2.1 Stoves

Experiments were carried out with two forced draft stoves
namely Purti and Mpurti. Purti stove a domestic stove is
developed by Purti Alternative Fuels PVT Ltd. The stove
contains coaxial rectangular chambers as shown in Fig. 1,
both made from Stainless Steel. The inner chamber contains
an iron grate on which the fuel rests and it also ensures the
continuous removal of ash which is collected at the bottom.
The Mpurti stove, design and fabricated forced draft stove
and modification of Purti stove….
3. Results and Discussion
3.1 The parametric analysis looking for the conclusive
variable for emission control
We should control the reason so we can control the
impact, hence, search for the final parameter which affects
the combustion quality includes CO and PM emissions are
essential parameters. For this reason, parametric analysis of
regular and cohesive values set identified was accomplished.
Dimensionless decisive parameter and kind of such results
will use to design various geometries. Hence, fallowing
experimental data of different geometries was preferred to
distinguish any dependable dimensionless behavior. The
data set is given in Table 1 was experimentally performed in
laboratory for two different configurations i. e. Purti stove
and Mpurti stove with pot. Almost both stove have same
configuration only the difference in geometries Mpurti stove
is having height 148mm and length 111mm another Purti
stove height 146mm and length 100mm of combustion
chamber in stoves. by the equation.
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λ=

%
(

%

(1)

)

2.3046

1.276

599

0.992

4.01

2.6887

1.250

638

0.991

4.65

3.3608

1.240

756

0.980

4.89

3.9539

1.222

800

0.964

5.05

Length L=100

Fig. 2 shows that flame temperature and excess air ratio and
it controlling of flame temperature as well a if the value of
excess air ratio is less then there is very high range of flame

Table 1:

Experimental data used for parametric

analysis
temperature.
Fig. 2 Variation of flame temperature with Excess air ratio
Effect of the chimney height
Fig. 4 shows for the different firepower the effect
of chimney height on overall efficiency of the stove. With
decrease in chimney height there is an increase in overall
efficiency, the reason behind for it is increase in view factor
and hence, the radiative heat transfer. Vice versa for the case
total stove height decreases with decreasing chimney height,
which is highly useful from human engineering angle. In
cook stoves flame height can be defined as distance between
the visible flame to and fuel bed, charge limits on the
minimum acceptable chimney height for the given stove. If
the height of the flame is higher than chimney height, the
flame will meet the cold pot, resulting in suppress of the
flame and combustion quality reduced. Prasad et al. [13]
conclude that flame height is practically independent of
other parameter it varies with firepower only. Researchers
[13, 14] and Prasad et al. agreement with flame height varies
according to fallowing equation:
hf = Cf * Pf2/5
(3)

Fire power
Type of

λ

Tg

ηc

CO

J/Sec
Geometry
(ºC)

(%)

(%)

1.4564

1.309

475

0.949

3.54

2.0682

1.299

555

0.988

3.83

Combustion Chamber
height H= 146

3.3 Effect of the pot gap width
The overall efficiency is increase with decrease for
the given pot gap of the stove, due to increase in view factor
there is an increase in flame temperature due to the step
down in the excess air ratio. Very small gas width is not
recommended practically.
The pot gap width less …..
4. Conclusion
An approved mathematical tool and the consequences of the
parametric analysis were utilized for laying down a novel
emissions based design and sizing methodology for the
forced draft biomass cookstoves. It is concluded that to
avoid unsafe combustion zone, one needs to design an
overrated stove; with around 50%, more firepower than the
greatest required by the user. Moreover, there must be an
ideal match between the stove execution and the user
requirements. Dissimilar to the current 'system-centric' stove
design standards the proposed 'user-centric' outline approach
considered…
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1. Introduction
The excessive consumption of fossil fuels has caused many
environmental issues like greenhouse emission, acid rain
and global warming. One of the most consumed fuel in the
world is jet fuel. Global consumption of jet fuel exceeds 800
million litres per day, which represents approximately 10%
of the world’s transport energy, Pollution-free and
renewable alternative fuels have become the focus of
research. Bio-jet fuel has become a key element of the
aviation industry’s strategy to reduce operating costs and
environmental impact.
Biotechnology and biochemical process industry became an
essential aspect of research in the last few decades due to its
usefulness in many areas. We can produce this bio-jet fuel
by effective biotechnological processes. Bio-Jet fuel made
by different feedstocks and production pathways are
analyzed to find the best fit for production and automation at
the final state. The cost, ultimate composition, and
environmental impact will all be influenced by the
methodology chosen. The mathematical model developed by
applying mass and energy balances can be used to
implement the new control scheme without disturbing the
real processes. To make the model less complicated or
straightforward to compute, some assumptions are required.
The process mathematical models are simulated with
MATLAB/SIMULINK, and the model’s dynamics are
obtained for further control application. With the help of

these dynamics, a new control scheme may be devised and
implemented to the model and then to the real process
without impacting plant performance. As a result, these
models can be used as a substitute for the real process by the
control designer for controller tuning, performance
evaluation, plant optimization, and key safety issues without
disrupting the real process.
2. Comparison and Selection
The feedstocks used in the manufacturing of jet fuel are
diverse and can be divided into three categories. The firstgeneration biofuels come from food plants like wheat and
corn. Non-edible oil crops and lignocellulose biomass, such
as camelina, jatropha, used cooking oils, and waste animal
fats, could be utilized to make second-generation bio-fuels
for aviation. The third generation bio-fuel for aviation is
based on algal feedstock, which contains relatively high oil
content and is considered as a viable and efficient feedstock
for the production of bio jet fuel. The method of production
used is determined by the feedstock and the required final
fuel qualities. The cost, ultimate composition, and
environmental impact will all be influenced by the
methodology chosen.
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Table 2.1 Comparison of various pathways for Bio-Jet fuel
Production [1,2]
Major raw materials used in the production of jet fuels are
sugarcane juice and vegetable oil which are first generation
feedstocks and lignocellulosic biomass which is a secondgeneration feedstock. 1G jet fuel technologies are
marginally more profitable than 2G jet fuel processes and
among them sugarcane juice is highly preferred due to its
wide availability and economic viability. Sugarcane is the
most promising raw material for ethanol production since it
has a large planted area and produces a large amount of

biomass that can be transformed into ethanol. Sugarcane
bagasse along with sugarcane straw can also be used in the
manufacturing of ethanol.
3. Mathematical Modelling
In the fermentation process for the generation of alcohol, a
continuous bioreactor is considered, in which the feed is
continually added to the reactor and the product is
continuously removed from the reactor. As a result, the
bioreactor can be thought of as a simple continuous stirred
tank reactor (CSTR) where various biological reactions take
place. The bioreactor's two main components are biomass
(Saccharomyces cerevisiae, yeast) and substrate (glucose),
which feed the microorganisms for their growth.
As mentioned, the reactor is modelled and operated in
continuous mode, the mass balance and energy balance
equations are used for calculation where the concentration
terms are used as state variables, reactor temperature is used
as the input variable and the Jacket temperature as the output
variable
The state space model is identified in the form of:

Coefficients of the matrix is found out by state space model
definitions.
From the state space model, using MATLAB’s control
system toolbox basic transfer function is obtained and it is
subjected to further simplification
The final approximated transfer function model can be
written as a required transfer function model obtained as:

4. Conclusion
Biofuels are the future of Fuels in the society and of this
Bio-Jet fuel plays a very important role. Currently the very
feeble use of these fuels is predominantly because of lack
of automation. Finding an adequate process for the fuel
production, understanding the yield, the availability of raw
material and the geographical conditions prevailing to set
up the plant plays a vital role, thereby after selection of the
best process for the same have a huge impact on the future
plant implementation. Thereby modelling this process for
control, optimization and other operation is also
necessary.
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1. Introduction

2.1 Direct Coal liquefaction

The growing energy demands of a vast country like India is
forcing the policy makers, scientists and researchers
throughout the country to look for every possible
conventional and non-conventional energy resources. India
possesses the 3rd largest reserves of coal in the world[1].
Current coal utilization pattern of India involves using it as
a fuel for combustion in thermal power plants and steel
industries. This current utilization technology is less
efficient (<37%) and creates environmental concerns. The
Ministry of Coal, India has stated that Coal gasification and
liquefaction is no more an aspiration but a basic requirement
to meet the country’s energy demands and help mitigate
global warming. Coal gasification and liquefaction provides
an alternate way for the clean and efficient use of coal and
can also be viewed as an alternate source of transportation
fuel and different chemicals. Currently more than 80% of the
petroleum needs of India are being fulfilled from imports
which can be reduced by using coal liquefaction.
Development and utilization of clean coal technology will
be a great step in reducing the import of crude oil in India.

Coal direct liquefaction was invented by Friedrich Bergius
and patented in 1913, leading to the Nobel Prize in chemistry
in 1931[2]. The top five global technologies include FFI
(Russia), HTI (the USA), IGOR (Germany), Shenhua
(China), and NEDOL (Japan), which have already been
applied in industrial scales[3]. Among these technologies,
Shenhua (China) produces around 3000 tons/day employing
a suspended bed reactor, rehydrogenated recycled solvents
(aromatics, paraffin, etc.) and iron-based catalyst. Direct
coal liquefaction processes can be divided into two main
groups.

2. Coal Liquefaction technologies
Coal is a non-crystalline, insoluble and non-volatile, solid. It
is chemically and physically a heterogeneous copolymer
which mainly consists of organic material made up of large
complex molecules having mostly cross-linked aromatic
ring structures plus different amounts of inorganic and
organically bound sulfur, oxygen and nitrogen as structural
components[2]. There are basically two types of coal
liquefaction processes



Direct coal liquefaction
Indirect coal liquefaction




Single stage liquefaction
Two stage liquefaction

2.1.1 Single stage liquefaction processes
These processes were designed and developed in mid 1960s
to early 1980s. This process gives distillates by one primary
reactor or reactors in series operating at same conditions.
Some single stage liquefaction processes are [2]







2.1.2

Exxon Donor Solvent (Exxon, USA)
Kohleoel (Ruhrkohle, Germany)
Shenhua (China, 2010)
NEDOL (NEDO, Japan)
H-Coal (HRI, USA)
Solvent Refined Coal (SRC-I and SRC-II) (Gulf
Oil, USA)
Two stage liquefaction processes

In two stage liquefaction processes products are produced by
two reactors in series operating at different conditions. The
first stage does the coal dissolution part and it either uses low
activity iron-based catalyst or a manufactured catalyst[2].
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Second stage processes the heavy coal liquid produced in the
first stage in presence of high activity more expensive
catalyst. Various two stage liquefaction processes are






Liquid Solvent Extraction (BCC, UK)
Brown Coal Liquefaction (NEDO, Japan)
Supercritical Gas Extraction (BCC, UK)
Catalytic two-stage liquefaction (HTI, USA)
Integrated two-stage liquefaction (Lummus, USA)

2.2 Indirect Coal Liquefaction
Indirect coal liquefaction (ICL) commences with gasifying
coal with steam and oxygen. The gasification approach starts
from coal gasification technology, then uses syngas as an
intermediate product to produce methanol, F-T (FischerTropsch) oil (e.g., gasoline, naphtha, liquefied petroleum
gas, diesel oil, etc.), synthetic natural gas, and ethylene
glycol[4]. Methanol can be further converted into olefins,
aromatics, and gasoline, etc. Various indirect coal
liquefaction processes are[2]
 The SASOL process
 The Mobil MTG process
 The Shell SMDS process
3. Discussion
India has abundant coal resources and intension to invest in
clean coal conversion technologies. India already had three
3 coal gasification units at Ramagundam, Sindri and Talcher
which were setup during 1970-80s. In 1999 Oil India
Limited (OIL) commissioned its 25 kg/day processing
capacity plant at Duliajan, Assam in collaboration with
Axens, NA, USA. The study from this plant revealed that
about 1.5 ton of Assam coal shall be required to produced 1
ton of liquid fuel. CSIR-CIMFR has successfully installed
and commissioned an integrated coal-to-liquid pilot plant
and developed indigenous coal-to-liquid catalyst and
process without seeking the knowhow from foreign
collaborators. The coal-to-liquid crude produced from this
pilot plant is having very high calorific value (>10899
Kcal/Kg) which is more than that of diesel produced from
petroleum crude import, and it has also very high cetane
number (>74.8) and low Research Octane Number (RON
<40). R&D BHEL, Hyderabad has successfully developed a
plant on coal gasification with 0.25 tons/day methanol
producing capacity from high ash Indian coal employing 1.2

tons/day fluidized bed gasifier. The purity of methanol
produced is between 98% and 99.5%.
4. Summary
Coal liquefaction is sustainable choice for a country like
India to fulfill the energy requirements and mitigate climate
change. Coal liquefaction, also known as coal-to-liquid
technology, is an alternate method of producing diesel and
gasoline that makes financial sense only when crude oil
prices are high. One of the advantages of coal-to-liquid is
that CO2 emissions from coal-to-liquid facilities can be
captured more easily and cheaply than CO2 emissions from
conventional coal-fired power plants. Another advantage of
coal-to-liquid technology is that it does not require any
modifications to automobile engines in order to use the
liquid fuel. Because of the enormous costs and
environmental consequences, coal-to-liquid procedures
would only be employed in the long run, where there is
strong government backing for strategic reasons and where
the extra CO2 is not a problem.
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1. Introduction
The fuel consumption in the world is increasing day by day
due to the increasing number of vehicles; the transportation
section is one of the greatest consumers of the energy. An
alternative fuel is needed to fulfill the energy demands and
should be economical and environment friendly. Bio-oil
can be used as an alternative source of energy, because of
its abundant production by different methods. Nowadays
fast pyrolysis is widely used method because of the fast
reaction rates and the good yields of bio-oil. Furthermore,
compounds (anhydrosugar, furan, light oxygenates, etc.)
which were obtained from biomass pyrolysis can be used
for the production of many useful products. Pyrolysis of
lignocellulosic biomass is a complicated process and its
mechanism is not yet completely understood. The
published data from Ansari et al. (2018) on the pyrolysis of
glucose was analyzed by using response surface
methodology to develop more detail understanding of the
reaction and impact of parameters (temperature and size of
particle) on the yield of various pyrolysis products
.
2. Methodology
Effects of process parameters were studied only on the final
yield of various compounds (anhydrosugar, furan and light
oxygenates) by Ansari et al. (2018). Therefore, in this
study, the yield of all the products via direct route as well
as by intermediate path is also calculated and their analysis
along with the final yield value are done using response
surface methodology to get better understanding of biomass
pyrolysis. Design expert (12th version) and MINITAB 19

are used to generate FCC design, analysis of results,
regression models, and interpretation of the response. FCC
design with total thirteen experiments (2 parameter and 3
levels for each parameter) is generated to analyze the
effects of temperature and particle size on the products
yields as response parameters. The value of yield at
different temperature and particle size is fitted to the
regression model. For example, all the 13 values of yield of
levoglucosanone (LGA) at different combinations of
temperatures (300 ⁰C, 400 ⁰C, and 500 ⁰C) and particle size
range (8 – 10 µm, 10 – 264 µm, and 83 – 520 µm) are
regressed to the model equation. Regressed models used to
describe the reaction path and effects of parameters on all
the response of all the pyrolysis products through analysis
of variance (ANOVA), block-diagram and model graphs
such as main effects plots, response surface plots, and
contour plots.
3. Results and Discussion
The plausible reaction path for the formation of some
products was not clearly described (Ansari at al., 2018).
Details reaction paths through major anhydrosugars and
light oxygenates for the formation of MG, FA, AA, HAA,
GA, and BD via decomposition of LGO, CPHM, and CPD
are investigated using estimated kinetic parameters and
regression models obtained for final yield value. Among
the eight possible reaction pathways studied, parallel steps
reaction pathways found to be favorable for the formation
of MG, FA, AA, HAA, GA, and BD via decomposition of
LGO, CPHM, and CPD. The detail plausible reaction
pathway is presented in Figure 1, and yield of all the
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products via direct route as well as by intermediate path is
determined using this reaction pathway. Regression models
are found to be significant (i.e., p value < 0.05) and more
than 95% effects can be estimated using these models (i.e,
R2, R2 (adj.) and R2 (predicted) values > 95%).

Figure 1: Reaction map for the formation of products
The investigation of glucose pyrolysis through contribution
of different routes (direct and intermediate routes) in the
formation of major products using response surface
analysis provided not only more in-depth understanding
rather more correct understanding of the formation and
decomposition mechanism of various products during
pyrolysis. Ansari et al. (2018) reported that at lower
temperatures, final yield of HMF increased on increasing
the particle size, but in this analysis it is found that no
effect of particle size on the direct yield of HMF at lower
temperature. However, the yield of HMF formed through
LGA (HMF.LGA) increased, and so it is concluded that
HMF is mainly formed via LGA at lower temperatures.
Ansari et al. (2019) reported that the final yield of CPHM
and CPD was increased with temperature and particle size
but our analysis showed that the direct yield of CPHM and
CPD decreased with temperature and particle size. Ansari
et al. (2018) reported that on increasing the temperature,
the final yield of LGA not varied but in this analysis, it is
found that the direct yield of LGA (LGA.d) enhanced with
temperature as shown in Figure 2, and the yield of HMF
through LGA showed the similar pattern, which means that

the final yield of LGA is not changed because the rate of
formation of LGA via direct route is equal to the rate of
formation of HMF through LGA. The final yield of LGO
was reported to decrease with the temperature but the direct
yield of LGO increased with temperature. Decrease in the
final yield of LGO is due to its higher rate of
decomposition into MG and FA than the rate of formation
via direct route. Similarly, the effects of temperature and
particle size on the major products were analyzed in this
work.

Figure 2: Main effect plot for LGA.d
4. Conclusion
The detail plausible reaction pathway for glucose pyrolysis
is proposed. The investigation of glucose pyrolysis through
contribution of different routes (direct and intermediate
routes) in the formation of major products using response
surface analysis provided not only more in-depth
understanding rather more correct understanding of the
formation and decomposition mechanism of various
products during pyrolysis.
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supplementing phosphorous to the plants. Diverse bacterial

1. Introduction
Extreme application of chemical fertilizers and its
negative impacts on environments opens the door for eco
friendly sustainable agricultural practices. Hence organic
farming in coming decades has a significance approach for
farmers because of improved production and maintaining

genera

like

Pseudomonas,

Enterobacter,

Bacillus,

Azotobacter, Rhizobium, Mesorhizobium, Acinetobacter
and Klebsiella have ability to mineralised inorganic
phosphates [2].
2. Material and Methods

soil natural properties. Intensive cultivation and improper

2.1 Materials

nutrient and use of chemicals affects the soil fertility of

Phosphorus (P) is the second most essential macronutrients.

Odisha drastically.Thus the quality of the soil of Odisha is

P uptake and utilization by plant plays a major role in better

deteriorating leading to drop in crop yield.

crop yield. So this study aim to conducted in vitro

Phosphorus (P) is the second most essential

screening, isolation, characterization of diverse phosphate

macronutrients after nitrogen. It plays an important role in

solubilizing microorganisms and different pot experiments

photosynthesis, energy transfer, respiration and plant

to observe the grain yield. Qualitative and quantitative

development. 90% of phosphate availability in soil is

estimation of phosphate solubilization had done using

restricted due to its occurrence is mostly in insoluble forms

different methodology and by using different carbon

[1]. Phosphate solubilizing microorganisms have greater

sources.

ability to solubilize inorganic phosphate. There is a large

2.2 Methods

variation

in

distribution

of

phosphate

solubilizing

microorganisms in rhizosphereic soil is due to organic

2.2.1 Collection and enrichment of sample
Samples collections were done from

carbon content, soil properties and some abiotic factors.
Several groups of Phosphate solubilizing fungus such as
Aspergillus niger and penicillium sp. are capable in

different

the

locations of Odisha under aseptic conditions

with precaution. Enrichment of collected sample was

completed using different media in the labratory. Isolation
of different

the phosphate solubilizing microorganisms

by spread plate, pour plate technique in most suitable

Table 1: Phosphate solubilisation index result
Sl. no

Name of isolates

Phosphate
solubilzation
index(µg/ml)

1

P1(bacteria)

2.2

2

P2(bacteria)

1.7

3

F1 (Fungal sp.)

2.4

4

F2 (Fungal sp.)

1.6

growth media. The plates were incubated and well-isolated
and differentiated colonies were transferred to slants and
maintained at 40C for further study.
2.2.2 Screening and identification of isolates
The probable isolates were

categorized based on their

staining characteristics and further considered in terms of
biochemical properties. All isolates obtained by the
confirmatory morphological and

biochemical test is

Identified by genomic DNA extraction and 16s rDNA

4. Conclusion
In the soil of costal Odisha the fertility index of

sequencing. Taxonomical identification is done by the

macronutrients like phosphorous is very low. Soil in most

blast.

part of Odisha is acidic which results

2.2.3 Phosphate
characterization

mineralization

and

agronomical

deficiency.

in phosphorous

The phosphorous content that has been

observed in the study is in between 1.5-3(low). Phosphates

They were subsequently screened for diverse plant growth

solubilizing potential microbial strains are isolated from the

promoting

experiments.

samples that has been collected and subsequently screened

Evaluation of the phosphate mineralization ( qualitaive and

for phosphate mineralization. Those PSMs also supports

quantitatively) (Table:1)and its effect on agronomical

the plant growth with multiple growth stimulating attributes

characteristics of plants in field condition using various

like production of IAA,GA, and siderophore .

properties

and

pot

culture

phosphate source was done.
3. Results and Discussion
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1. Introduction
As the natural reserves of the non-renewable resources like
petroleum, diesel, natural gases, and coal (fossil fuels)
dwindle, while its caused inevitable environmental issues,
such as emission of harmful gases and global warming.1 So
extensive efforts must be devoted towards environmentally
friendly alternative and renewable resources such as
biomass. Gradually biomass is attracting attention because
of its high availability, low processing cost, and
sustainability in nature. It is a source of carbohydrate
wherefrom cellulose; hemicellulose and lignin are obtained.
These can be processed chemically to various value-added
chemicals or fuels such as furfural, xylose, 5-hydroxymethyl
furfural (HMF), levulinic acid (LA), 5-ethoxy methyl
furfural (EMF), and alkyl levulinates (ALs). Alkyl levulinate
has shown great potential for bio-renewable fuels like biolubricants, chemical synthesis, polymer or resin precursors,
green solvents, flavoring agents, fragrance agents, fuel
additives, etc. Alkyl levulinate has been recognized among
the top 10 biorefinery participants because of its specific
physicochemical properties. Among methyl, ethyl & butyl

levulinates, ethyl levulinate (EL) exhibits higher solubility
with diesel with only 4% NOx emission.2 European Union
has set a goal of 20 % replacement of transportation of fuel
(gasoline and diesel) by 2010, hence to accomplish this
proposed target issues remained to be addressed.3 Major
problems linked with biofuel blends persist with the cold
flow and higher unburnt carbon emission. Apart from these
challenges, modifications in the design of diesel engines are
also required for better compatibility and utilization of
biofuel blends. In this regard, EL derived from biomass has
been recommended as a potential fuel additive. EL blending
is not creating any negative impact on the volatility of diesel
fuel and it may not require any further modification in the
existing engine design. Therefore, the research has been
mostly devoted to the effective synthesis of EL. Ethyl
levulinate can be produced from biomass or via conversion
of levulinic acid (LA), furfuryl alcohol (FAL)4,5, or
chloromethyl furfural (CMF). For all suggested routes it
contains an ethanolysis step along with an acid catalyst. The
most convenient pathway for synthesis of Ethyl levulinate is
with Furfuryl alcohol, because of its cheap rate and high
availability. This review broadly contains all the discussed

approaches used for the production of ethyl levulinate from

This review summarizes the trends observed for the yields

furfuryl alcohol and to accomplish a critical evaluation of

obtained for Ethyl levulinate from FAL using acid catalysts

the numerous types of catalyst used in the conversion

in the ethanolysis reaction. The esterification reaction to

reactions: i) an overall understanding of the reaction

produce EL depends on pore structure, accessibility of the

parameters, texture, and chemical properties and the reaction

active acid sites, and acid combination of Lewis & Bronsted

intermediates that favor the development to achieve high

acidity. The conversion of EL depends on the intermediates

yields.6 ii) utilization of various catalysts to obtain ethyl

obtained during the reaction. A longer reaction time for the

levulinate, iii) the future challenges for the development of

Synthesis of EL will result in the selective formation of

ethyl levulinate for the lab scale to industrial scale.

undesired products. In this regard, reactions under
microwave irradiation leading to significant reaction time

2.Routes for Synthesis of EL

with instant heating and minimized undesired products. The
applicability of microwave reactions for the scale-up
synthesis of EL, further needs to be studied. Separation and
purification of products is another interesting area which is
least explored. The formation of humin needs to be studied
in detail to understand its growth mechanism, morphology,
and molecular structure. Ethyl levulinate shows merits over
other levulinates as a fuel additive in terms of reduced
emission, and miscibility. Once converted to GVL, EL will

Figure 1: Prominent routes to produce EL from biomass
3. Synthesis of EL using FAL as feedstock

be getting more interest as a platform chemical for producing
fuels and high value-added chemicals.

When the reaction system was carried out using FAL and
ethanol to prepare EL, there is the formation of some
reaction intermediates. Various heterogeneous catalysts
including

sulfated

zirconium

oxide-coated
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Plant growth promoting rhizobacteria (PGPR) are the microbes that colonizes the roots of the plant
and benefits them in direct and indirect ways. Plant secretes root exudates in rhizosphere that attracts
microbes towards it. In direct mechanism the microbes enhance plant growth by producing
phytohormone, fixing nitrogen and improves soil fertility by solubilizing minerals such as phosphorus
and potassium whereas in indirect mechanism the microbes release the biocontrol agents that are
capable of killing plant pathogens, produces antibiotics, enhance induced systemic resistance in plants
that supresses pathogens and recognizes the microbial population by quorum sensing. The interaction
of PGPR and plants leads to plant growth promoting (PGP) activities such as nitrogen fixation,
phosphorus and potassium solubilisation, induced systemic and systemic acquired resistance (ISR &
SAR), secretes exopolysaccharides and biocontrol agents, transforms organic matter into nutrients
and enhance water holding capacity of soil, prevents antagonistic activities by siderophore
production, hydrolytic enzymes and antibiotics production in plants. Bacillus, rhizobium,
burkholderia, pseudomonas, klebsiella and fusarium are the most commonly found plant growth
promoting rhizobacteria associated with plants that provide various benefits to them. PGPR microbes
helps plants to fight against abiotic and biotic factors. The PGPR promotes plants to release the
enzymes such as cellulase, lipase, protease and beta-1,3 glucancase in stress environment and triggers
induced systemic resistance (ISR) by flagella, acetoin, homoserine lactones, butanediol and
liposaccharide. Not only this they remove or destroy heavy metals from soil by phenomenon known
as metal biosorption. IAA and ACC deaminase producing bacteria are the potential ones that can be
used for biofertilizer production in solving problems for nutrient imbalance, salinity stress, biotic and
abiotic stress and heavy metals toxicity. The pest harm plants by interfering with the growth and crop
yield. Spoilage of crops by pest has decreased the crop yield, increased the crop production and usage
of pesticides and biofertilizer. Pesticides includes herbicides, molluscides, insecticides and
rodenticides. They are classified into 5 classes: organochlorine, organophosphate, pyrethroid,
carbamates and biological. The use of pesticides protects plant from pest and enhance the quality and
yield of crops but the overuse of pesticides has resulted in pollution, health problems, damage crops
and reduction in beneficial microbial species. In soil some PGPR are pesticide tolerant and some are
capable of degrading pesticide. The microbes remove pesticides from soil by bioremediation.
Bioremediation includes bioaccumulation, biodegradation, biotransformation and biomineralization.
Studies reports that the use of pesticides effects plant growth activities and population of PGPR in
soil. Various investigations to examine the effect of pesticides on PGPR showed that these pesticides
decline the production of IAA, siderophores, exopolysaccharides, HCN, enzymes and biofilms in
PGPR. Scanning electron microscopy, fluorescence microscopy and confocal microscopy showed
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cellular damage of PGPR by pesticides. PGPR can use pesticides as carbon source and degrade them
into smaller metabolites. These metabolites can be visualized in vitro by techniques such as HPLC,
GC-MS and FT-IR. Research showed that some enzymes such as laccase, esterase, catalase and
hydrolase are involved in degradation pathway of these pesticides. The addition of several nutrients
in soil can enhance metabolic activity of microbe and increase degradation of pesticide. Now various
alternatives such as biopesticides, biofertilizers and bio-inoculants are being investigated and used to
combat the negative effects of pesticides. The plant growth can also be optimized by presence of
appropriate PGPR microbes or good inoculant in soil that leads to less use of pesticides.
Keywords: Plant growth promoting rhizobacteria (PGPR), pesticides, plant growth promoting (PGP)
activities, root exudates and alternatives.

ID No: BB-566

Physico-chemical characterization of various millet
agro-residues for assessing their bioenergy potential
Ankita Tagade, Ashish N. Sawarkar*
Department of Chemical Engineering, Motilal Nehru National Institute of Technology Allahabad,
Prayagraj, Uttar Pradesh – 211004, India
Presenting author: ankitaasweeet003@gmail.com
* Corresponding author: ansawarkar@mnnit.ac.in

Keywords: Millet crop residues, Characterization, Proximate analysis, Ultimate analysis; HHV

Millets refers to a group of small-seeded annual grasses
that are grown as grain crops. Millets commonly belongs to
Poaceae genus, which is also known as the grass family. In
India, millets are primarily cultivated as a grain utilized for
food, feed, and fodder. Millets are very hardy and climateresilient crops that thrive in areas vulnerable to drought and
extreme heat [1]. It also known for their pest and disease
tolerance, short cultivating season, less dependency on
synthetic fertilizer and are less susceptible toward
environmental stress [2]. Millets comes under C4 class of
cereals and it utilizes maximum amount of carbon dioxide
and convert it into oxygen. Due to these features, millets
are touted as special variety crops with potential.
Bajra is popularly known as “pearl millet” and belongs
to the family of Graminea. This grain is basically
originated from India or Africa. Bajra is a coarse grain
crops and considered to be the poor man’s staple
nourishment and suitable to cultivate in dry lands [3]. Fox
tail is also known as Italian millet, and German millet. It
can be grown in tropics as well as temperate regions both
under low and moderate rainfall. Foxtail grows well on
well-drained loamy soils. They do not tolerate waterlogged soils or extreme drought. Finger millet is important
small millet grown in India, commonly known as ragi [4].
It has wide adoptability to different soil from very poor to
very fertile and can tolerate a certain degree of alkalinity.
Popularly known as jower, sorghum is an important grain
and forage crop of semiarid regions due to its high
adaptability and suitability to rain-fed low input
agriculture. It is one of the most widely grown dry land,

warm temperate, tropical cereals in India. Barnyard millet
is another food crop domesticated in India and grown for
both grain and fodder purposes. It is quite popular in hills
especially the Himalayas and important content of hill and
tribal agriculture. Generally barnyard millet does not
require any irrigation. Kodo millet is the coarsest of all
food grains. The kodo millet, also known as cow grass, rice
grass, ditch millet. It is estimated to have been
domesticated in India 3000 years ago. It is highly drought
tolerant and, therefore, can be grown in areas where rainfall
is scanty and erratic. Residue-to product ratio (RPR) is an
important terminology related to residue calculation for a
particular crop, and the value of RPR varies from crop to
crop. Millets fairly produces huge amount of agro-wastes
which can be used effectively for multiple products
productions [5]. After going through the literature
regarding millet residues, it was revealed that millet
residues have not been analyzed on a common platform.
Therefore, it was thought desirable to put the information
on a single platform as regards to various characterizations
associated with these residues.
On the basic of reported moisture content, except
buckwheat husk, millet residues hold low moisture content.
Sorghum residues (stalk and straw) have high volatile
matter content as compared to other millet residues,
implying the possibility of producing high volatilities from
sorghum residues. High ash content in pearl millet
(34.51%), pearl millet cob (13.1%) and finger millet (16.
39%) signifies their poor heat generation and reduced
energy conversion. Fixed carbon is found comparatively
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high in buckwheat straw (20.6%), sorghum straw (19.77%),
sorghum stalk (18.7%) and buckwheat husk (18.1%)
indicating more biochar generation by pyrolysis. The
ultimate analysis showed the presence of high oxygen and
carbon contents with fewer quantities of hydrogen, nitrogen
and sulphur in millet residues.Biochemical analysis
revealed high cellulose content in is prominent pearl millet
(48.93%), while hemicellulose is high in finger millet straw
(33.5%). Further, lignin content was appreciably high in
sorghum residues. High HHV of millet residues (15 to
20.58 MJ/kg) revealed their suitability for thermochemical
conversion. In a nutshell, millet crop residues have
tremendous potential for bioenergy production in line with
other agro-residues.
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1. INTRODUCTION
Predictive activity coefficient models / methods are
now mostly based on the two group contribution
models ASOG [1] and UNIFAC [2]. These methods
have been well received for application by the
industry and there has been continued development
of the ASOG/UNIFAC binary interaction matrix
improving the range and accuracy of the method. As
the interaction parameters for cyclic ether group
(CyO) are not available in the ASOG interaction
parameter table, these parameters have been
evaluated using the selected experimental PTxy data
of 1-4 dioxane containing binary mixtures [3]. The
VLE data predicted by employing the interaction
parameters of Tochigi et al [4] and the present work
have been compared.
2. ASOG MODEL
The Analytical Solution of Groups (ASOG) model
predicts the activity coefficient of a component in
the liquid mixture as the sum of a size contribution
and a group contribution:
lnγ1 = lnγsi + lnγG
i

(1)

Flory-Huggin’s expression is used to calculate the
size contribution. Group activity coefficient is
predicted as the sums of interactions between the
groups in the mixture, less the interactions between
the groups of the pure components. Each interaction
between groups is correlated using the Wilson

model. The group Wilson parameter, a
on temperature as
ak,l = exp (mkl + nkl /T)
Where a kl ≠ a lk

k,i,

depends

(2)

The interaction parameters for 43 functional groups
were published by Tochigi et. al. [4]. A general ether
group ‘O’ was given and no cyclic ether group was
defined in the above ASOG group compilation.
3. NEW CYCLIC GROUP, CYO
In order to improve the prediction accuracy, an
attempt was made to define a new group CyO for the
cyclic ether, 1,4-dioxane. In this endeavour, the
interaction parameters for the group CyO with CH 2,
CyCH and OH groups were determined using the
limited available experimental data on the binary
mixtures containing 1,4-dioxane. The systems and
references to data used in obtaining the new ASOG
parameters are listed. For the determination of the
values of each pair of group interaction parameters,
the temperature range is also given. The consistency
of the published data of the systems was not tested
again. The data of four sets of binary systems, nheptane and n-octane with 1,4-dioxane in the
temperature range of 298.15 – 363.15K, were used
to determine the values of parameters for CH2 –
CyO interactions while the data of four systems,
i.e.one data set of 1,4-dioxane-cyclohexane system,
two data sets of 1,4-dioxalane-cyclohexane systems
and one data set of tetrahydrofuran-1,4-dioxane,
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were used to determine the values of the pair of
parameters for interactions between the groups,
CyCH2 and CyO in the narrow temperature range of
313.15-333.15K. To calculate the values of the pair
of parameters for the groups, OH-CyO, the data of
seven binary systems given in reference 3 along with
the published data of the systems, 1-propanol-1,4dioxane, in the temperature range of 328.15363.15K, were used. Thus, the values of the pair of
parameters for CH2 and CyO at four temperatures;
for CyCH2 and CyO at two temperatures and for
OH-CyO at seven temperatures, were obtained. The
objective function used for determining the new
Group parameters is given in the equation 3 where
the summations are over all components i and data
points, j thus including all binary sets. The objective
Function F is minimized by means of search
procedure developed by Nelder-Mead.

(3)

4. RESULTS AND DISCUSSION
The group interaction parameters, (aij or aji), which
had been determined at different temperatures were
fitted linearly to get the values of m and n. The
temperature dependent parameters m, n obtained for
the group pairs, CH2 – CyO, CyCH – CyO and OH
–CyO are presented in Table 1. The linear
temperature dependence of the group interaction
parameters, aij for the afore mentioned group pairs is
shown in Figures. Figures 1a & 1b show the Plots
for ASOG Parameters between OH-CyO groups.
Table 1: ASOG Group Pair Parameters (aij, aji) for
cyclic ether group, CyO [𝑎𝑖𝑗 = exp(𝑚 + 𝑛/𝑇)]

Figure 1: Plot for ASOG Parameters between
OH-CyO groups
values in y, P and T for the 13 PTxy data sets and
the R.M.S.D values in P and T obtained for the 11
PTx data sets are presented for comparison with the
RMSD values obtained from the original
parameters. The results given for the ASOG model
of Tochigi et al. [4] reveals that the group interaction
parameters of the model for the general ether group
are not at all suitable for application to predict the
VLE data of 1,4-dioxane containing systems which
are uncommon systems. The evaluation of the new
ASOG group pair parameters for the groups CyOCH2, CyCH-CyO and OH-CyO from the limited
experimental data has led to reasonable and
comparable predictions for all the 24 sets of VLE
data. The ASOG (present work) is superior in
predicting the data of the 2-propanol, 1-propanol, 2butnaol and 1-butanol with 1,4-dioxane. In general,
data performance of the ASOG model matches with
that of experimental data.
5. REFERENCES

Pairs of
Groups
CH2 – CyO

m

n

-81.4686

23431.1683

CyO – CH2

0.8443

- 488.5185

CyCH – CyO

- 14.2563

4242.1107

CyO – CyCH

4.2515

-1707.1908

OH – CyO

6.7344

1955.9570

CyO – OH

12.1597

- 4096.6558

Using the new ASOG group interaction parameters
given in Table 1, the values of activity coefficients
and the vapor compositions were predicted from the
PTx data of the 24 VLE data sets [3]. The R.M.S.D.
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1. Introduction
Isothermal vapor-liquid equilibria (VLE) at the
temperatures of 328.15 K, 338.15 K and 348.15 K
for binary mixtures of ethanol with 1,4-dioxane were
measured. For each isotherm, the results have been
checked for thermodynamic consistency and the
measured P-T-x data have been correlated with five
popular activity coefficient models, namely,
Margules, Van Laar, Wilson, NRTL, and
UNIQUAC [6] models to predict the vapor
compositions besides obtaining model parameters.
Further, the accuracy of the VLE predictions for
these mixtures by the three versions of UNIFAC
model ie. UNIFAC (O), UNIFAC (Dortmund) and
UNIFAC (Lyngby) has been verified using the new
isothermal data. Eight sets of VLE data (isobaric and
P-x data) for the ethanol-1,4 dioxane mixtures have
been published. Yet, no isothermal P-T-x-y data for
these mixtures have been reported previously. An
attempt was made to correlate the azeotropic data.
2. Material and Methods
2.1 Materials: Ethanol (Burgoyne Burbidges, India)
and 1,4-dioxane (Emerck, India) were further
purified by distilling in an all glass packed column.
The fraction collected at the normal boiling point
temperature of each chemical was used in the
experimental runs. The purity of each chemical was
checked by determining the refractive index in an
Abbe’s refractometer and the normal boiling point
temperatures. The accuracies in boiling point
temperature and refractive index measurements are
0.1K and 0.0005. there is a good agreement between
experimental and literature values. The purity of
both the chemicals was also checked by Gas
Chromatography (GC) and found to be not less than
99.5%.

2.2 Method: The P-T-x-y data were measured in a
Sweitoslavski-type ebulliometer of 120 ml capacity.
The experimental set up and operating procedure are
described
elsewhere[1].
The
liquid
and
vapor(condensate) are taken for analysis. The
samples were analyzed by using a Chemito Gas
Chromatograph 3865 combined with an electronic
integrator (Shimadju, C–R6A). The measured
compositions were considered to have the
experimental error not exceeding 0.002 mole
fraction. The pressure was measured with the
mercury manometer and it was controlled within +
0.133 kPa. The equilibrium temperature was
measured with a certified mercury-in-glass
thermometer having an accuracy of + 0.1 K. Prior to
the PTxy measurements, pure component vapor
pressure data were obtained and correlated to
Antoine equation for each component. Good
agreement exists between the measured data and
those calculated from Antoine constants.
3. Results and Data reduction
Isothermal P-T-x-y data for the ethanol-1,4-dioxane
mixtures at 328.15 K, 338.15 K and 348.15 K are
presented.
3.1 Two parameter Activity Coefficient models:
The P-x data at each isotherm were reduced by the
Guass-Newton(GN), Maximum LikliHood (MLH)
methods using two-parameter activity coefficient
models [2]. To determine the vapor compositions
and the binary interaction parameters of the five
activity coefficient models mentioned in the
introduction. The values of the model parameters are
tabulated along with the values of the root mean
squared deviations in y, P and T. For example, Table
1 gives the results for ethanol-1,4-dioxane system at
328.15K.
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Table 1: Model parameters and RMSD value in y,
P and T ethanol-1,4-dioxane mixtures at 328.15 K
by MLH method
Model

A12

A21

y

p

T

Margules

0.8346

1.2394

0.007

0.07

0.06

Van Laar

0.8608

1.2905

0.007

0.05

0.04

Wislon

1.5799

2.1415

0.007

0.04

0.03

NRTC

3.5846

-0.0675

0.007

0.05

0.04

UNIQUAC

1.4290

-0.1619

0.007

0.05

0.04

Figure 1: Composition – Activity Coefficient
Diagram
System: ethanol (1)-1,4-dioxane(2) at
328.15K; ()Exp., (  ) Wilson, (…..) UNIFAC
(Dortmund)

shown positive deviations from Raoult’s law and
formed azeotropic mixtures. P-T-x-y data of the
present was found to be thermodynamically
consistent by using the Point to point method of Van
Ness modified by Fredenslund et al.
4.1 Two-Parameter Models:
The results of
experimental data i.e. the model parameters and
RMSD values obtained by the two different data
reduction methods show that the five activity
coefficient models considered in this work are
suitable for representing the VLE of binary mixtures
of ethanol-1,4-dioxane system. As seen from the
R.M.S.D values in P, T, y, the MLH method has
correlated the data at each condition with all the five
models better than the GN method. But, Independent
of the parameter optimization method selected, all
five activity coefficient models predicted nearly the
same vapor compositions at each condition of data.
4.2 UNIFAC models: A few observations on
predictability of the group contribution models are
summarized. The UNIFAC (O) is found to give
better results. The predictions from UNIFAC
(Lyngby) are not so accurate compared to other two
models. In spite of provision of separate cyclic
group in the UNIFAC (Dortmund), the predictions
are not better than the UNIFAC (O).
Conclusions

3.2 UNIFAC Predictions: The predictability of
UNIFAC for the present system was verified. The
parameters required for the use of three versions of
UNIFAC model [UNIFAC (O), UNIFAC (Lyngby),
UNIFAC (Dortmund)] like group volume, Rk, group
surface area, Qk, and group interaction parameters,
am,n and an,m were taken from literature [2]. VLE
predictions for the three sets of PTx data were
carried out using an in-house program package in C.
The groups used for different versions of the
UNIFAC were tabulated. The results of the
UNIFAC predictions were compared with those of
experimental data and presented as y, T and P
(R.M.S. D values). For example, Figure 1 shows
comparison of x1 vs ln  for experimental data,
predictions by Wilson and UNIFAC (Dortmund) for
the ethanol (1)-1,4-dioxane system at 328.15K.
3.3 Azeotropic Data: Two linear correlations, one
for isothermal data and another for isobaric data
were obtained from the azeotropic data of the
present investigation and that of available in
literature for the ethanol (1)-1,4-dioxane (2) system.
4. Discussion
The experimental PTxy data for the ethanol-1,4dioxane binary mixtures at the three conditions have

Isothermal vapor-liquid equilibrium data for binary
mixtures of ethanol with 1,4-dioxane, have been
measured ebulliometrically. The model parameters
obtained from the correlating the above
experimental data with five activity coefficient
models have been presented. The accuracy of the
predictions by the three versions of UNIFAC group
contribution models has been checked using the new
data. Two linear correlations to predict the
azeotropic compositions for these mixtures were
presented.
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In this work, corresponding state behaviour of the compressibility factor of nanoconfined n-octane is determined along vapourliquid coexistence. Grand canonical transition-matrix Monte Carlo simulation methodology is utilized to estimate the
compressibility factor. The corresponding state compressibility factor of nanoconfined n-octane has shown significant effects of
surface chemistry and the degree of the nanoconfinement. The critical compressibility factor of n-octane has shown nonmonotonic trend with the nanopore width and approaches to the corresponding bulk value at extremely large nanopore widths.
Interestingly, in the ultra nanopore the effect of surface chemistry and degree of confinement becomes insignificant on the value
of the compressibility factor of n-octane.
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1. Introduction
The thermodynamic properties of fluids used in many
industrial applications require accurate evaluation.
However, in remote and frequently changing conditions
with high temperature and ultra-high pressure,
experimental studies become time consuming and
expensive. On the other hand, with rapidly advancing
computer technology and efficient algorithms, molecular
simulations [1,2] have become an efficient tool to study a
large number of problems at the molecular level and are
thereby also becoming a common tool in applied science
and technology. Knowledge of the phase behavior and
thermodynamic properties of condensate gas is important
for predicting reservoir performance and future processing
needs [3-5]. One of the most important factors to be
evaluated by engineers in calculation of gas flow rate
through reservoir rock, material balance calculations,
evaluation of gas reserves, design of production equipment,
and planning the development of a condensate gas reservoir
is the fluid compressibility factor.
2. Models and Methodology
A common approach to model the alkanes have been to use
a “united-atom” description in which the molecules are
separated into methyl and methylene groups, with an

interaction site placed at each of the carbon centers. In this
work modified Buckingham exp-6 intermolecular potential
model is used for n-octane molecules. The surface-fluid
interaction is described by the 9-3 Steele potential. In this
work, we have used grand-canonical transition-matrix
Monte Carlo (GC-TMMC) simulation methodology [6].
Simulations are conducted in the grand−canonical
ensemble, where the chemical potential μ, the volume V
and the temperature T are kept constant, and the number of
particles N and the energy U fluctuate. The compressibility
factor of saturated liquid (Zl), saturated vapour or gas (Zg)
and the critical compressibility factor (Zc) along the
vapour-liquid coexistence are estimated using following
expressions:

Zl 

Pc
P
P
; Zg 
; Zc 
l RT
 g RT
 c RTc

where, P is saturation pressure, T is saturation temperature,
 is density of coexisting fluids and R is gas constant.
3. Results and Discussion
3.1 Effect of nanopore width on the corresponding state
behavior of compressibility factor of n-octane
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Figure 1 presents the effect of nanoconfinement on the
corresponding state (reduced) compressibility factor, Z/Zc,
of n-octane along vapour-liquid coexistence at two
different nanopore widths of H = 50 Å and 20 Å for type-I
surface.

Figure 2: Corresponding state (reduced) compressibility
factor of nanoconfined n-octane along the vapour-liquid
coexistence in a 30 Å nanopore width (H).
Figure 1: Corresponding state (reduced) compressibility
factor of nanoconfined (type-I surface) n-octane along the
vapour-liquid coexistence in 50 Å and 20 Å nanopore
widths.
Clearly, shrinking in the corresponding state coexistence
envelope is more with larger nanopore width. Moreover, a
significant effect of nanopore width on the reduced
compressibility factor of saturated gas, Zg/Zc of
nanoconfined n-octane is observed. A similar behaviour is
also observed with type-II surface which is comparatively
more attractive than type-I surface, for the studied
nanopore widths of 50 Å and 20 Å.
3.2 Effect of surface chemistry on the corresponding state
behavior of compressibility factor of n-octane
Figure 2 shows the effect of surface chemistry on the Z /Zc,
of n-octane along vapour-liquid coexistence at a given
nanopore width, H = 30 Å. In this study two different
surface chemistry (namely type-I and type-II) reveals that
the type-II nanopore imparts more shrinking in reduced
compressibility factors, as compared to type-I nanopore.
This behaviour may be attributed to stronger attraction of
octane molecules to type-II surface as compared to type-I
surface. This behaviour in turn is responsible for the
observed trend in the Z/Zc, of n-octane at a given nanopore
width and reduced temperature, T/Tc. Moreover, the
reduction in the Z/Zc is more pronounced with the saturated
gas phase of the nanoconfined n-octane.

4. Conclusion
In this work, corresponding state (reduced) compressibility
factor of nanoconfined octane is estimated along the
vapour-liquid coexistence. This study indicates that for a
given surface chemistry, the degree of nanoconfinement
has played a significant role on the reduced compressibility
factor of saturated n-octane gas. Moreover, in the ultra
nanopore, the change in nanopore width and surface
chemistry has shown an insignificant effect on the critical
compressibility factor of nanoconfined octane.
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1. Introduction
Tetrahydrofuran (THF) is one of the frequently used
green solvents in chemical industries. During the synthesis
of THF, azides, gold nanoparticles and numerous other
chemicals aqueous mixture of THF is frequently
encountered. One of the efficient ways to separate this
mixture is extraction by application of solvent like
Trichloroethylene (TCE). The extract phase will contain
THF+TCE, and its vapor-liquid equilibrium data (VLE) are
essential to design separation by distillation which is not
available in the literature.
Often physical possibility and economic viability of
experimentation are critical. In this case prediction of VLE
can be adopted to estimate various properties. These
predicted data Isobaric VLE data for THF+TCE binary
system at 101.325 kPa is predicted by group contribution
methods like UNIFAC and modified UNIFAC (Dortmund).
2. Thermodynamic properties prediction using group
contribution methods
The group contribution method has been proven very
reliable for predicting VLE data. In this work UNIFAC and
modified UNIFAC (Dortmund) methods have been used to
predict isobaric VLE data at 101.325 kPa.
The UNIFAC method consists of two parts. The
combinatorialpart incorporates the size and shape of
molecules present, while the residual part depends on
groups and interaction between groups present in

compound. The modified UNIFAC (Dortmund) method is
similar to UNIFAC but has batter temperature dependency
representation between groups.
After appropriate group identification for both
compounds, liquid phase non-ideality by means of activity
coefficients were estimated for the entire concentration
range and T-x-g-y data were calculated.
Predicted VLE data were validated by Redlich-Kister
test and L-W Wisniak test.
T-x-g-y predicted data cannot be used directly without
correlation. Excess Gibbs energy models opted for these
data reduction. Van Laar is the simplest model for this
purpose, furthermore Wilson, NRTL and UNIQUAC are
complex but provides greater fitting of estimated data.
Binary interaction parameters were evaluated by
minimizing error in calculated pressure. These models are
also used to estimate excess properties (GE, HE and SE) and
relative volatility. Excess properties can be helpful to
identify associating/non-associating and polar/non-polar
behaviors of the binary mixture as well as a liquid mixture.
3.Equation of State to model VLE data
The EoSs are more important in cases involving
hydrocarbon-based compounds in the mixture or to
calculate vapor phase non-ideality in terms of fugacity.
Also, their representation is much better than excess Gibbs
energy-based models at high pressure &/or in the vicinity
of critical points.
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4. Results and Discussion
VLE data predicted using the UNIFAC method
indicates a higher degree of non-ideality than modified
UNIFAC (Dortmund).

0
Excess Properties

Soave-Redlich-Kwong, Peng–Robinson, and Peng–
Robinson-Stryjek-Vera EoSs are used in this work to
model VLE data. Binary interaction parameter was
evaluated for each EoS in order to fit the data.
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Figure 3:Excess properties estimation from GEbased
models (UNIFAC)
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In EoS models, the Soave-Redlich-Kwong equation
fits data with a lesser deviation of vapor-phase mole
fraction.
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4. Conclusion
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Figure 1:T-x-y prediction with UNIFAC and GEbased
models
The consistency test suggests UNFAC data are more
reliable, and data predicted by modified UNIFAC
(Dortmund) nearly fails.
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Isobaric VLE data for the binary system of THF-TCE
are predicted by UNIFAC and modified UNIFAC
(Dortmund) methods. UNIFAC data are more reliable as
modified UNIFAC (Dortmund) is reported to be
inconsistent thermodynamically. GE based models like Van
Laar, Wilson, NRTL and UNIQUAC were used to
correlatie VLE data. Excess properties like GE, HE and SE
along with relative volatility were estimated. Furthermore,
equation of state like SRK, PR and PRSV were used to fit
VLE data and estimation of fugacity. Binary interaction
parameters for them are reported. These thermodynamic
properties will be very critical in designing the separation
process of THF-TCE.
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1. Introduction
Plant derivatives like flavonoids, carotenoids, amino acids,
heteropolysaccharides have wide applications in our daily
lives. Flavonoids are secondary metabolites that are further
categorized as flavonols, flavones, flavonoids, flavanones,
anthocyanidins and isoflavones.3 Carotenoids are lipid
soluble pigments classified into two categories - carotenes
and xanthophylls on the basis of their structure.4
Heteropolysaccharides are carbohydrates found in food.
Amino acids comprise of a basic amino group and an acidic
carboxyl group. Amino acids help form proteins.
Property and parameter estimation of pure compounds are
extremely useful for the product-process design and
simulation of chemical processes. Improved group
contribution models have been used for the estimation of
important physicochemical properties, which are important
for the design in industrial perspective
2. Material and Methods
2.1 Materials
The following compounds are examined
1) Tangeretin (flavone) 2) Hesperidin (flavanone) 3)
Quercetin (flavonol) 4) Proanthocyanidin (flavonoids) 5)
Rutin (flavonol) 6) Lycopene (Carotene) 7) Lutein
(Xanthophyll) 8) Pectin (Heteropolysaccharides) 9) Keratin
(Protein) 10) Cystine (Amino acid)
These compounds have anticoagulant, antihypertensive,
antibacterial,
antiviral,
antiprotozoal,
antitumor,
antiinflammatory, antiallergic properties. They have several

applications, this includes development of anticancer drugs,
use in chemotherapy, synthesis of nanoparticles, dietary and
nutritional supplements etc.
2.2 Methods
Group Contribution+ 1 and Group Contribution2 based
estimation of properties models are used to calculate
physicochemical properties like - Normal boiling point (Tb),
Normal melting point (Tm), Critical temperature (Tc),
Critical pressure (Pc), Critical volume (Vc), Gibbs free
energy (Gf), Octanol coefficient (LogKow), Flash point (Fp),
Hansen Solubility Parameter – Dispersion (δD) Polar (δP) H2bond (δH), Enthalpy of fusion (Hfus), Enthalpy of
vaporization at 298K (Hv), Enthalpy of vaporization at Tb
(Hvb), Enthalpy of formation (Hf), Entropy of vaporization
at Tb (Svb), Hildebrand solubility parameter (δ), Auto
ignition temperature (TAiT), Acentric factor (ω), Liquid
molar volume (Vm).
Both the Group Contribution+ and the Group Contribution
methods can be used to calculate properties of plant derived
extracts with only prior information regarding the structure
and molecular mass of the compounds.1,2 A systematic
methodology for property modelling and uncertainty
analysis is adopted to calculate physicochemical properties
and parameters. The plant compounds are classified as first,
second and third order groups respectively in both these
models by identifying aromatic and aliphatic molecules and
chains; cyclic and non-cyclic rings. The contribution of each
group towards a particular property is summed up overall. In
Group Contribution+ based method there are two ways in
which the physicochemical properties can be determined –
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Step wise method and Simultaneous method. Under step
wise method the summation of contributions of groups is
done separately for first order groups, second order groups
and the third order groups whereas in simultaneous method,
the summation of contributions of all ordered groups is done
all at once. There is a slight variation in the values obtained
in both these ways. Even the property constants are different
for Simultaneous and the Step wise method. In the Group
Contribution method, only Step wise method is adopted to
calculate thermodynamic property values in a similar
manner.
3. Results and Discussion

The calculated values are found to slightly fluctuate from the
experimental/theoretical values. The accuracy of these
methods has been tested by checking the deviation and the
relative deviation percentage between the boiling and
melting points obtained from calculated values to the
theoretical values of boiling points and melting points over
all the compounds taken. For Group Contribution+ based
estimation of properties model, the average percentage
deviation is about 20% for the boiling point values and up to
13% for melting point values. For Group Contribution based
estimation of properties model, the average deviation is
about 22% for boiling point values and is up to 14% for
melting point values.
The below graphs depict deviations in properties in GC+
model. (Blue-Experimental, Orange-Simultaneous GreyStep wise). In most cases the deviation is minor.

4. Conclusion
Group Contribution models can be employed to calculate
various properties of plant extracts by identifying aromatic
and aliphatic chains, cyclic and non-cyclic rings present in
the overall structure of the compound and classifying them.
These values may be employed for determining their
copious applications in the medical and food industries.
KEYWORDS: flavonoids, carotenoids, amino acids,
heteropolysaccharides, physicochemical properties, Group
Contribution+ method, Group Contribution method.
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In this study, we have highlighted the development and applications of various bio-based nanocomposites. The unformal size
distribution of nanocomposites makes them valuable rather than conventional composites. This paper may help researchers
develop novel bio-based green nanocomposite materials for bioengineering applications.
Keywords: Bionanocomposites, Drug delivery, Tissue engineering, Antimicrobial, Anticancer.

1. Introduction:
Bionanocomposites are hybrid materials originating from
synthetic or natural biopolymers and organic/inorganic
fillers. Polymer nanocomposites are versatile advanced
materials applicable to bioengineering and biomedical
sciences, such as tissue engineering, drug delivery, bone
repairing, antibacterial, antifungal for skin applications, etc.
The wide applications of bionanocomposites in bone
fixation by using screws and rods promote bone healing or
bone repairing, which are non-toxic, non-corrosive, and
easy to remove. Hydroxyapatite (HAp) polymer
nanocomposites have been reported as suitable
biocompatible materials for bone and dental implications.
The gelatin-HAp bionanocomposites have been developed,
and the growth and proliferation of human osteoblast cells
have been investigated. Collagen-based bionanocomposites
contain many functional groups and have been promising
materials for wound dressing and pharmaceutical adhesives
in the biomedical field. The three-dimensional network of
HAp/chitosan–gelatin
containing
unformal
pore
distribution brings cellular waste and nutrients diffusion
and promotes cellular exercise [1]. Bionanocomposites
include high surface area, low cost, and excellent physical
and mechanical properties due to their nanoscale sizes.
They have great potentials for drug encapsulation and
cancer diagnosis applications also. The advancement of
nanotechnology of bionanocomposites has also been used

in medical sciences for scaffolds and tissue engineering
purposes [2, 3]. In this regard, we intend a brief overview
of the applications and properties of some bio-based
nanocomposites for various bioengineering applications in
this paper.
2. Structural and geometrical orientations of
bionanocomposites:
The structural orientation has a devotional impact on load
transfer between the polymer matrix and the nanoscale
components. The parameters between different phases of
bionanocomposites control the elastic stability, stiffness,
toughness,
strength
during
the
processing
of
bionanocomposites. Tension -shear chain (TSC) model is a
one-dimensional composite model that demonstrates the
uniformly interfacial distribution between matrix and fillers
[4].
3. Toxicity and remedy of bionanocomposites:
The nanoparticles having a size less than 10 nm can
quickly enter into the human cell and disturb the chemical
environment of the cell biology, conduct harmful impact on
the gastrointestinal tract, heart, brain, lungs, spleens, and
liver on the human body. The toxicity also depends upon
the particle size distribution of nanomaterials. At high
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concentrations of the nanoparticles, the aggregate
formation decreases the reacting surface area and reduces
toxicity [5].
4. Applications:
4.1. Anticancer:
PLGA-MMT based bionanocomposite with paclitaxel has
been used as an anticancer drug is orally released to the
human body under control conditions. PLGA -MMT-based
bionanocomposite enhances GIT absorption in the human
cell and cellular uptake by caco2 and HT-29 cells, while
paclitaxel has low absorbance [6].
4.2. Antianemic:
The ferroarabinogalactan bionanocomposite acts as a
hemopoiesis stimulator and iron stabilizing agent because
of synergistic effect shows antianemic properties [6].
4.3. Antibacterial and antifungal:
Iron oxide and silver nanoparticle composites have
potential applications that favor antibacterial and antifungal
drug delivery activities. Silver nanoparticles have
antimicrobial properties, and iron oxide has a synergistic
magnetic molecular effect [6].
4.4. Tissue engineering and bone repairing:
Bionanocomposites are the most common and widely used
materials for dental treatments [2, 3]. The treatment of
dentin-pulp by the nanocomposites can purse high
mechanical resistance, heat resistance, and chemical
stability. Hydroxyapatite-based nanocomposites have been
investigated as the widely accepted biocomposite materials
used for tissue engineering, and tissue culture in medical
sciences [2, 3]. PCL/gelatin bionanocomposite with
hydroxyapatite is beneficial for dentin-pulp regeneration.
Periodontal is a bio-based composite used to treat alveolar
bone repairing due to its close intimate relation, protection
function, and complexity [7].
5. Conclusions:
The bionanocomposites combined with different
organic/inorganic and polymeric materials show more
excellent molecular, skeletal, mechanical, and thermal
stability, making the composites more suitable for various
bioengineering
applications.
Bionanocomposites'
biodegradability and eco-friendly characteristics have
proved that they are less cytotoxic to human cells, hence

compatible for different excellent biomedical and clinical
uses.
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1. Introduction

2.1 Exchangeable Fraction

Due to various anthropogenic activities, including
mining, discharge of untreated industrial waste and
effluents, atmospheric deposition and over use of fertilizers
leads to heavy metal accumulation in the environment. The
heavy metals once enters in to the environment, it will not
undergo bio-degradation rather it will bio-accumulate in
food chain and causing adverse health effects. The toxicity
and mobility of heavy metals, depends on the binding state
of heavy metals with soil/ sediment minerals, so understand
that fractionation studies are very important. Based on that,
we can estimate the toxicity of heavy metals due to
environmental changes such as pH fluctuations, changes in
oxidation/ reduction and organic matter degradation.
This review describes the evidence from the literature to
consider the usefulness and limitations of the various
sequential extraction procedures.

Heavy metals bound with this fractions usually
termed as weakly soluble and the heavy metals are attached
to the soil/ sediments surface by weak electrostatic forces.
The heavy metals may adsorbed to the clay particle surface,
hydrated iron and manganese oxides and humic substances.
The ionic composition changes in the environment leads to
affect the sorption and desorption of heavy metals Tessier
et al.(1979). According to Risk Assessment Code, the metal
fraction associate with this fraction are posing very high
risk to the environment Perin et al. (1985).

2. Sequential Extraction Procedures
A wide variety of sequential extraction procedures
were proposed from the past two decades. The most
commonly used extraction procedure is Tessier and the
heavy metal bound fractions are categorized in to five
geochemical fractions as follows, (I) exchangeable, (II)
Carbonates, (III) Fe-Mn oxides, (rom4) Organic and (V)
residual. The detailed analysis of various reagents used to
extract the heavy metals from the above geochemical
fractions are explained as detailed below.

Various reagents such as salts of weak acids and
bases or salts of strong acids and bases can be used to
extract the exchangeable fractions of heavy metals. The
detailed reagents and its limitations on fractional extraction
procedure are listed here.
2.2 Carbonate Fraction
The heavy metals bound to the carbonate fractions
are sensitive with pH changes and dissolution of heavy
metals happens, when pH changes occurs in the
environment Tessier et al. (1979). According to Risk
Assessment Code, the metal fraction associate with this
fraction are higher risk to the environment Perin et al.
(1985). For the sequential extraction of heavy metals bound
this fraction can be achieved by reducing the pH close to 5.
For this purpose, acetic acid and sodium acetate buffer are
commonly used.
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The detailed limitations on different soil
properties including higher percentage of CaCO3 are listed
here.
2.3 Fe-Mn oxide bound Fraction
Usually iron and manganese are the excellent
scavengers for the heavy metals present in the soil/
sediment
matrix
and
the
this
fraction
are
thermodynamically unstable under anoxic conditions (low
Eh) Tessier et al. (1979). And, the heavy bound to this
fractions are termed as strongly bound fraction according to
Risk Assessment Code, that means the heavy metal
mobility is comparatively less under the various the normal
circumstances occurs in the environment Perin et al.
(1985). However, the changes in the oxidation and
reduction potential in the environment leads to heavy metal
release from the soil/ sediments.
The detailed extraction scheme and precautions
with Hydroxylamine and oxalic acid are mentioned here.
2.4 Organic bound Fraction
The heavy metals bound to organic matter
including living organisms, biotic, detritus, humic
substances, carbohydrates, protein, peptides and fats are
termed as oxidizable fraction. And, under oxidizing
circum- stances the organic material tends to degrade and
leads to release of heavy metals to the environment Tessier
et al. (1979).
The extraction of heavy metals in this fraction
with H2O2 or NaClo and their limitations are mentioned
here.
2.5 Residual Fraction
Primary and secondary minerals containing heavy
metals from crystalline lattice and these metals are not
expected to be released in solution over a reasonable time
span under the conditions normally encounter in nature
Tessier et al. (1979). The extraction can be done by
destructing the crystalline lattice using strong acids such as
HClO4 , HCl, HNO3 and HF.

3. Conclusions
Sequential extraction procedure is and important
tool to obtain the information of potential mobility of trace
metals, understand the bio-availability and toxicity. Even
though, various limitations are associated with sequential
extraction, there is no ideal reagent or protocol for general
use. This review is provided the detailed analysis of various
reagents and its limitations, therefore the analyst should
consider the nature of sample and mineralogical
composition for the fractionation analysis.
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between two carboxylic acid groups, interatomic distances

1. Introduction

between two carboxylic acid groups, dipole moments in
Due to depletion of fossil resources, utilization of
renewable resources has been a choice for the synthesis of
value-added products. Among the various chemical

2,5-FDCA and TA give different properties of 2,5-FDCA
based polyesters.
2. Various polyesters reported

products, polymers hold the major importance in the
market.

Therefore,

manufacture

of polymers

from

renewable resources has been a thrust in the research areas
since decades.
Polyesters from petrochemical based monomers have
covered a huge market as their applications have been
increased since last few decades. Among various
polyesters, Poly (ethylene terephthalate) (PET) is the most
important which has a largest market volume, above 50
million tons annually. It also is the mostly researched
terephthalic acid (TA) based polyester as compared to poly
(propylene terephthalate) (PPT) and poly (butylene
terephthalate) (PBT). Although there are various efforts
put into making PET biobased, by using biobased ethylene
glycol (EG). Although many renewable building blocks
are commercially available like renewable polyols,
succinic acid, lactic acid. Furan-2,5-dicarboxylic acid
(FDCA) is another class of rigid bio-based building
blocks, and it can be a renewable substitute for TA
[Gandini, 2008]. FDCA is less aromatic than TA, it is
most stable furan derivatives. However, the thermal
stability of 2,5-FDCA is less than TA. Differences in angle

2.1. Polyethylene 2,5-furandicarboxylate
Polymers derived from furan have been interesting since last
two decades. Synthesis of various furan-based monomers has
been done by Gandini and coworkers [Gandini, 2009]. This
has made a thrust in the rise of synthesis of 2,5 Furan
dicarboxylic acid (2,5-FDCA) based polyesters. Gandini et
al., 2008, synthesized poly (ethylene 2,5-furandicarboxylate)
(PEF) using polycondensation process of ethylene glycol
(EG) and dichloride form of FDCA. It was characterized to
compare

the

properties

of

PEF

with

Polyethylene

terephthalate (PET). The thermal properties of PEF obtained
was similar to PET. PEF was reported to be of high degree of
crystalline, EG can be synthesized from glycerol, making a
process renewable. Sb2O3 was used as the catalyst, being
toxic several scopes of substitution of the catalysts are further
needed.
2.2. Poly (butylene 2,5-furandicarboxylate) (PBF)
Gruter et al., 2012 studied the synthesis of PBF using 45
catalysts at different reaction conditions. It was found that on
increasing the concentration of Ti based catalyst, molecular
weight doesn’t increase however its PDI was found to be
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increased. On increasing the concentration of Sn based

progress. Journal of Materials Chemistry, 19(45), pp.8656-

catalyst, higher Mn of the polyester was found to be. When

8664.

Triphenyl phosphate was used as the catalyst, reduction in
coloration of polyester was found to be occurred. The study

[3] Collyer, A.A., 1989. Thermotropic liquid crystal

also concluded that film reactor was efficient with the mass

polymers for engineering applications. Materials science

transfer limiting reactions. Since last decade extensive

and technology, 5(4), pp.309-322.

research has been published in the area of liquid crystalline
polymers due to its high excellent mechanical, thermal

[4] M Gruter, G.J., Sipos, L. and Adrianus Dam, M., 2012.

properties, and chemical properties. Mostly thermotropic

Accelerating research into bio-based FDCA-polyesters by

homo polyesters have high crystal to liquid crystal transition

using small scale parallel film reactors. Combinatorial

temperature making the process unattractive. Hence some

chemistry & high throughput screening, 15(2), pp.180-188.

structural modifications are needed to lower down the
melting temperature of liquid crystalline (LC) polymers.
Copolymerization can give the desired solution for it. It has
been already established that on introducing small amount of
4-acetoxy-3- methoxy benzoic acid, PET based copolymer
was found to increase various properties of PET like the
uniaxial

deformation,

solubility

and

glass

transition

temperature [Collyer, 1989]. Wilsens et al., 2014 synthesized
copolyesters from 2,5-FDCA and O-acetyl vanillic acid.

4. Conclusion
Various renewable polyesters from FDCA and other
renewable resources have been reported and summarized in
this paper. There are many parameters on which there still is
thrust in the area of synthesis of various renewable
polyesters. PEF suffers from low thermal stability, which can
be overcome from using other copolyesters.
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1. Introduction
Surface coating industries largely depend on petroleumbased products to design their main ingredient resin. Since
petroleum-based raw materials are limited in stock and have
a long-term effect on the environment, several kinds of
research have been done to design polymers from natural,
bio-renewable, sustainable, resources in past decades.
Among these renewable resources, vegetable oils (VO) are
gaining interest due to their unique properties, different
functionalities, and worldwide abundant availability.
Vegetable oils contain different reactive sites like
unsaturation, epoxies, hydroxyls, esters, etc. These unique
properties enable them to undergo various chemical changes
to producing polymeric materials as an ingredient in paints
and coatings. Although vegetable oils are frequently used
raw materials in the surface coating industry as a main
ingredient of alkyd resin and are decades old, today's focus
of research is the modifications of these materials to improve
performance along with environment-friendliness at
affordable costs. In this review article, we have briefly
described important VO-based materials such as alkyds,
polyether-amides,
polyester-amides,
polyurethanes,
epoxies, polyols, water-based polymers along with their
preparation and applications as coatings.
2. Polymers from vegetable oil
2.1. Alkyd
Alkyd resins are polyester resin produced by
polycondensation reaction of a polybasic acid and
polyhydric alcohol modified with a fatty acid or drying oil.
It is evaluated that alkyd resins are 2nd most used (20%, after

acrylic resin) conventional binders used in surface coatings
today. During the last decade, various research efforts have
been performed on new coating systems based on alkyds,
like waterborne coatings, nanocomposite coatings from
alkyds, with ameliorated performance, compare to their
traditional formula.
2.2. Polyether-amide
Polyether-amides (PEtA) are amide modified alkyds
obtained by condensation reaction between VO amide diol
and a polyol. PEtAs are expected to perform better than PEA
because of the presence of the ether group in place of ester.
PEtA is still in its development stage and holds massive
potential for evaluation and applications.
2.3. Polyester-amide
Polyester-amides (PEA) are amide modified alkyds obtained
by the aminolysis followed by an esterification reaction
between VO amide diol and an acid/anhydride. They have
better hardness, ease of drying, resistance to alkalis, and
water-resistance properties over alkyd.
2.4. Polyurethane
Polyurethanes (PU) are formed by polyaddition reaction
between di-or poly-isocyanates and di- or polyhydricalcohols or other compounds containing active hydrogen
atoms. VO amide diols and polyols can be used as starting
materials for PU synthesis along with aliphatic and aromatic
isocyanates. PU has an advantage over others in curing
techniques. PU can be cured at ambient as well as elevated
temperature and can be used in air drying 1 pack system or
isocyanate cure 2 pack system.
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2.5. Epoxy
Oxirane ring (epoxy) can also be incorporated at
unsaturation sites of VO by chemical reaction, which is
known as epoxidation. They have high flexibility and good
chemical resistance particularly against moisture because of
their long hydrophobic chains. The epoxides can be cured
with acids, anhydrides, amines, amides, producing tough and
chemically resistant coatings.
2.6. Polyol
The Hydroxyl group is found in oil mainly in the form of
ricinoleic and lesquerollic acids. Synthetically polyols are
usually obtained by hydroformylation followed by the
hydrogenation of VO, epoxidation at unsaturation of VO
followed by the reaction of oxirane groups by water,
HCl/HBr, low molecular weight mono/polyfunctional
alcohols, amino-alcohols or acids, or by catalytic
hydrogenation & ozonolysis followed by hydrogenation.
Some studies show that modified VO polyol PU could
provide good scratch-resistant, impact-resistant, flexible,
anti-corrosion as well as anti-bacterial behavior.

sustainable development. The area holds immense potential
and significance in the world of surface coating besides its
other industrial application.
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1. Introduction
Porous bone scaffold is key component for tissue
regeneration in tissue engineering (TE) of a damaged bone
[1]. With the advent of Additive Manufacturing (AM),
fabrication of bone scaffold has received tremendous
improvement in its design over conventionally
manufactured scaffold. The ultimate goal is to achieve
highly interconnected porous structure with varying porosity
from outer to inner region mimicking a real bone structure.
In this regard, biodegradable biphasic scaffold with
controlled porosity mimicking the two regions (cortical &
cancellous part) of original bone having 3D interconnected
pores has been designed and printed using Food and Drug
Administration (FDA) approved poly lactic acid (PLA)
material using Fused Filament Fabrication (FFF) process.
Such interconnected biphasic porous scaffold would
promote sufficient supply of oxygen, blood and nutrients for
healthy growth of bone cells [2]. The result of microscopy
showed the pores with different architecture and regular
arrangement, confirming interconnected pores in biphasic
scaffold. The compression test showed that increasing
porosity jeopardizes strength of scaffold, while changing
fiber orientations aids an improvement in mechanical
strength.
2. Material and Methods
2.1 Materials
The filament of Poly Lactic Acid (PLA) with filament
diameter of 1.75mm was purchased from Wol3D, India.

2.2 Methods
A highly porous structure with interconnected pores is
formed by rotation of consecutive layers of filament with
respect to previous layer by 0°,90°,60°,45°,120° and 300°
giving rise to square, rhombus45, rhombus60, hexagonal
and triangular pore architect respectively named as ModelA, Model-B, Model-C, Model-D, and Model-E respectively.
All these architectures have varied surface area and porosity.
The fiber diameter is 640 µm and maintained as constant in
all the five models for the sake of simplicity. All the five
designs are cylindrical in shape. The overall dimension of all
scaffold models is Ø15mm×5.12mm. We also designed
biphasic scaffold model by combining two models. The
individual pore architectures were combined together in a set
of two, with different combinations. These combinations
represent two different regions of a real bone i.e. Cortical
and Cancellous region. The porosity of these two regions
varies radially, giving rise to a Radial Gradient Porous
(RGP) structure. RGP structures are the key factor in success
of a functional scaffold design for a bone as it mimics the
real bone architecture. In outer region, the pore size/air gap
was maintained at 200 µm representing the cortical region
and the inner region has pore size of 400 µm, representing
cancellous region. All these models were 3D printed using
Creator pro (Flashforge Corporation, China). Figure 1 (a)
shows all the cad models and corresponding 3D printed
scaffolds.
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(a)

Biphasic scaffold

(b)

Figure 1 (a) 3D printed single and biphasic scaffolds with varying pore geometry (b) Stress strain graph showing compressive
strength of all scaffolds.
3. Results
3.1 Porosity
The average porosity of all scaffold was obtained as 55.2%
with Model D and E exhibiting maximum porosity of 56 %
& 62% respectively. Porosity values above 50% are
considered as good for tissue growth in the bone scaffold and
biological fixation [3].
3.2 Compression test
The scaffold showed maximum compressive strength of 142
MPa without going under any deformation (up to 20%). The
stress strain curve showed three distinct regions as described
before by Hutmacher et.[4]. These three regions are (a) an
initial small linear elastic region followed (b) by plateau of
almost constant stress with moderate strain and (c) an
exponentially growing region at high strains. This
exponential increase in stress with strain occurs due to the
densification of solid as the porosity is lost. In the second
stage, the pores could collapse, thereby giving almost
constant stress plateau with moderate change in strain. In
case of first region, the pore walls show resistance to the
compressive load, which results in an elastic response to the
load. Young’s modulus was calculated from the first linear
region, by finding the slope of the graph. Model-A showed
maximum young’s modulus of 91MPa, while other models
showed almost same young’s modulus ranging between 5055 Mpa.
4. Conclusion
Single and Biphasic scaffold was designed mimicking the
two regions of bone (i.e. cortical and cancellous region) and

printed using FFF printer, showing its potential in Bone
scaffold application. The result of microscopy validated the
biphasic scaffold design, where the diameter as well as the
porosity is varying radially from inward to outward. The
porosity obtained is within the recommended range of 5070%. Internal pores architecture, their 3D interconnectivity
and fiber diameter of about 0.65mm is well achieved, by
optimizing the process parameters of FFF printers. The
results of the evaluation of mechanical properties showed
that the mechanical properties of the scaffolds produced
were in the range of cancellous bone strength, which is
reduced by increasing porosity from about 16 MPa to 9.9
Mpa.
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1. Introduction

2.2.1 Stirrer Speed and Heat Transfer

Polycarbonate is an engineering thermoplastic having
excellent impact strength, thermal stability and optical
strength. The impact strength of the polymer reduces at subzero temperatures and there is a substantial reduction in its
impact strength below -20oC temperature. Low temperature
impact modification can be achieved in polycarbonate (PC)
by blending impact modifiers having very low glass transition
temperature. Poly Dimethyl Siloxane (PDMS) has been
reactively incorporated in PC by many researchers [1-5] to
achieve low temperature ductility without no significant
reduction in its optical properties. In the work reported here,
a reactive blending of PC with hydroxyl terminated Siloxane
(PDMSOH) is done in the molten state of a stirred reaction
vessel. The viscosity of the reaction mass is very high hence
heat transfer from the reaction wall to the bulk becomes very
important. To ensure homogeneity, agitator design and speed
for various compositions of the reaction mass were
experimentally studied. Viscous dissipation effects were
studied by calculating the Brinkman number of the molten
polymer reaction mass during reactive blending. It was
observed that agitator speed is to be varied according to the
melt viscosity, which ensured good heat transfer and proper
blending.

The stirrer of type axial turbine was found to be best suited
for blending and its speed was varied from 120 to 200 rpm for
different batches. Reaction vessel wall was heated and the
bulk temperature Tb of the reaction mass was maintained at
260oC by using a PID controller. Wall temperature Tw and
bulk temperature Tb was measured by a temperature sensor.
By changing the stirrer speed, it was ensured that during
reactive blending temperature difference between the reactor
wall and the bulk mass (Tw-Tb) does not exceed more than 4
to 5oC.

2. Material and Methods
2.1 Materials
The polycarbonate used in the experiment was from Sabic Co.
of grade 144R and PDMSOH was taken from Aldrich Co. of
viscosity 3500 cSt. Fine powder of KOH was used as a
catalyst in the reactive blending.
2.2 Methods
Reactive blending was done in a stirred glass reaction vessel
at 260oC temperature. Stirrers of design three-bladed
propeller, axial turbine and radial turbine were used for
blending as shown in Fig.1 and out of the three, axial turbine
blade gave the best results with respect to uniform
temperature and composition. The concentration of
PDMSOH in the melt PC was varied from 0.5 wt% to 3.0
wt%.

Figure 1: Different types of Stirrer used in the reactive
blending of the polymer melts
2.2.2 Measurement
conductivity

of

melt viscosity and

thermal

Dynamic viscosity and thermal conductivity of the blend
samples were measured at 260 oC by Anton-Paar Rheometer
and Modulated Differential Scanning Calorimeter of make
TA Instruments respectively. Sample preparations were done
as per the standard protocols.
3. Results and Discussion
3.1 Brinkman number for viscosity dissipation
Viscosity dissipation effects in polymer melts of high
viscosity influence heat transfer. Brinkman number (Br) gives
a good insight about such highly viscous polymer melts.
Brinkman number is defined as below:
Br = µV2
____________

k (Tw-Tb)
where,
µ= dynamic viscosity
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V= stirrer speed
k= thermal conductivity
Tw= Reactor wall temperature
Tb= bulk temperature of the reaction mass
Different measured values of the properties and operating
parameters are shown in the Table.1 below:
Table1. Melt properties and operation parameters of the
reactor
PDMSOH
concentration
(wt%)

Dynamic
viscosity
µ
(Pa.s)

Thermal
conductivity
(W/moC)

V
(rpm)

Tw
(oC)

0.5

6640

0.138

120

265

1.0

6280

0.143

140

263

1.5

6060

0.144

155

264

2.0

5870

0.149

170

263

2.5

5660

0.152

185

265

3.0

5430

0.157

200

264

Brinkman number calculated by the above data is shown in
Fig.2 and is found to be almost maintained with only slight
variation in values. This indicates that there is a good balance

Fig.2 Brinkman number of PC blends of different
compositions
between viscosity dissipation and heat transfer from the
reactor walls.

4. Conclusion
The results reported here are useful in optimising the
operating conditions for reactive blending of PC with
PDMSOH for low-temperature impact modification.
Brinkman numbers calculated by the reported values are
maintained with only 2 to 5% variation. This study therefore
will be useful in scaling-up the blending process with respect
to heat transfer and homogeneous blending.
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1. Introduction

2. Requirement of Good Insulator:

The propellant is used to propel a solid rocket motor
consist of high energy fuels, oxidizers and binders.
The propellant when ignited produces hot gases that
expel/eject from the nozzle of the rocket and propel
the solid motor forward. The hot gases produced in
the solid rocket motors have very high temperature
ranging from 24000C and 37000C. The structural
integrity of the rocket motor case is therefore
vulnerable to impairment by such a high heat energy
that is accumulated over a period of time within
limited space of the rocket motor case. For this
reason, the motor case of the rocket motor is provided
with an insulation to thermally protect the rocket
motor case. Insulation are usually produced by
mixing rubber with filler, vulcanizing agent, catalyst,
activators and antioxidant. Mostly nitrile rubber used
for insulation in solid motors.

Good insulator should have following properties.

Rocasin is trade name given by VSSC and its full
name is rocket motor case insulation. This is a rubber
compound based on copolymer of Acrylonitrile and
polybutadiene known as NBR as per ASTM code.it is
specially formulated to serve as a rocket motor case
insulation having compatibility to propellant grain
system.It has high strength and strain capability and
excellent thermal erosion resistant properties as
would be desirable in any rocket motor case
insulation.
During insulation lining a lot of operational and raw
material issues are happening. It gives idea of issues,
root cause and remedies.
















Excellent bonding of insulator – propellant –
motor case over the entire range of working
temperature
Low ablation rate (Erosion rate)
Low density
Insulator – propellant adhesion to be
independent of curing characteristics of the
insulator
Low thermal conductivity
High specific heat
Ability to dissipate static charge
Porous
char
with
good
retention
characteristics
Good aging characteristics (High shelf life)
Ability to with stand mechanical and
thermal stress during curing, storage and
handling operations (shall have high tensile
strength and elongation)
Low moisture absorption

3. Insulation lining process
Major steps in process of insulation lining.
1. Rubber processing
2. Rubber sheeting
3. Pre degreasing
4. Cumit blasting
5. Degreasing
6.Primer and rubber solution coating
7. Insulation Lining
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8. NDT
9. Auto claving
10. Abrasion & preheating
11. Liner application

stored for longer duration. So during laying of sheets
thickness of each sheet to be measured for
confirmation and if any deviation is observed that
sheet can be rejected.

4. Major Issues& Remedies:

4.4 Hardware defects after cumit blasting

Rubber processing, sheeting and sheet lining is
tedious and labor intensive process which consist of
mechanical operations and chemical process. A lot of
major and minor issues are occurring during
complete process. Major issues and remedies are
addressed with process in this paper.

Metal surface preparation is done for better bonding
of rubber. First cumit blasting is done over hardware
to make surface rough after that cleaning with TCE
solution.

4.1 Rubber processing
Primary raw material used for rubber compounding
are reinforcing filler, vulcanizing agent, cure
accelerators, cure activators, plasticizer, plasticizing
resin, processing aid. All raw material used for rubber
compoundare characterized and tested for batch
acceptance. Sometimes properties of raw material are
not meeting the specification then technical impact is
assessed for accepting or rejecting the lot/batch.
Minor deviation in the properties can be accepted
based on the properties of the processed rubber.

Sometimes surface cavity or metal chip off is
observed in the metal surface. Thickness is critical
parameter so thickness is measured by UT and
compared with specification for clearing the
hardware for further operation.
4.5Sheet lining Process

Common variations in compounding rubber is due to
improper mixing, variation in mixing time, sequence
of mixing and cooling water temperature.

Rocasin (rubber compound) is converted to 1 mm and
2 mm thickness sheet by calendaring machine. After
cumite blasting hardware is cleaned by tri
chloroethelene to remove the foreign materials. After
cleaning chemlock is applied for holding the rubber
sheet with motor case. With help of rubber solution
(rubber + MEK + toluene) rocasin sheets are layed
one over another in motor case.Wheeling is done for
better bonding and air pocket removal (one tool for
pressing the rocasin)

Compounded un vulcanized rubber viscosity can be
checked through viscometer.

Laying of rocasin sheets is done to achieve required
thickness.

4.2 Rubber testing

4.6 Defects after 1st layer of insulation and metal
case

Critical properties for insulation application are
rheological, mechanical and thermal properties.
Rubber testing and specimens preparation is done
according to ASTM-D412.
Particle inclusions and voids are coming due to
processing and raw material issue. It will decrease the
tensile strength and percentage elongation at break.
4.3 Rubber sheeting
Sheeting is done in calendaring machine after
accelerator addition and warm up. Random thickness
measurement is done to control the process. Storage
shrinkage of uncured sheets is issue if sheets are

After first layer of insulation sheeting UT is done to
confirm the de-bond area. Based on specification debond area is accepted or rejected. If de-bond area is
more than specification. Following actions are to be
done.



Re wheeling can be done to decrease the debond
If after rewheeling de-bond area is beyond
acceptable limit than rubber of that area is
fully removed and relining is to be done.
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Re UT can be done after autoclaving (after
autoclaving de-bond area will reduce) to
check the de-bond area

Preheating is done to remove the moisture from
insulation surface. If moisture is not removed then it
can lead to weak bonding with liner.

4.7 De-bond after autoclaving

4.13 Deviation in liner application

After autoclaving UT is done to confirm the de-bond.
If de-bond is beyond acceptable limit than segment is
rejected.

After vulcanization rough surface is created with
emery cloth flap wheel. Then liner is applied over
surface. If surface is not rough, then de wetting spots
may generate. De wetting will result indebond
between insulation and propellant and will lead to
rejection of segment.

4.8 De-bond between propellants to insulation
Liner is applied over insulation for bonding of
propellant with insulation. Then propellant casting
and curing is carried out. NDT is done confirm the
debond between propellant and insulation. If debond
area is higher thanspecification then segment is
rejected.
4.9 Interlayer porosity / debonds
During
final
NDT
sometimes
interlayer
porosity/debonds were observed. These porosities are
classified in three ways minor, moderate and severe.
Based on technical assessment insulation can be
accepted or rejected.
4.10 Power interruption during vulcanization:

If any de wetting spots areobserved, then liner can be
applied with the hand brush.
Thickness of liner is also important criteria which can
create poor de-bond with propellant. If thickness or
quantity of liner is less than one more pass can be
provided. For more thickness or quantity of liner
bonding strength can be evaluated for decision
making.
5. Conclusion
All major issues are addressed for rubber compound
preparation and insulation laying. Remedies for all
issues are also addressed.

Sometimes power failure will come during
vulcanizationof insulation. Accordingly, extra time is
given to accommodate proper vulcanization.

Mostly issues are connected with raw material,
processing and human error.

4.11 Deviation in insulation thickness

Some issues can be reduced if all laying operations
are carried out in AC rooms.

Insulation thickness measurement is done after
autoclaving of the segment by UT. If insulation
thickess is lower than the specification. Then addition
layer of rocasin sheet is bonded over the insulation.
After bonding of the rocasin sheetreautoclaving is
done for full segment. For clearance of segment 1st
time autoclave and 2nd time autoclave sample
properties are compared.
4.12 Abrasion & Preheating
Abrasion is done to make the surface rough for better
bonding with liner. Rough surface is to be ensured in
entire area of insulation.
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Globally, energy demand is progressing in view of rapid
urbanization and change in the lifestyle of people. The bulk
of the energy demand is met by fossil-based sources, with
petroleum still at the pole position as regards to meeting the
energy demand (contributes about 33% of total energy
supply) [1]. Sustainable approaches culminating in the
production of environmentally benign energy products are
at the zenith while employing both fossil-based and
renewable sources of energy [2]. In the light of this,
petroleum refineries, one of the prominent chemical
process industries, are investing heavily in new
technologies to meet an ever increasing demand of
environmentally sustainable products.
Petroleum refineries, lately, are facing a flood of vacuum
distillation residue because of the steady increase in the
processing of unconventional heavy and extra-heavy crude
oil in refineries [3]. Amongst various conversion processes,
delayed coking process is still the most preferred choice of
refiners in view of its flexibility in handling a variety of
feedstocks including those containing significant amount of
asphaltenes. This process generates a significant amount of
a solid by-product, while maximizing yield of liquid
hydrocarbons, known as petroleum coke which is also
called as "petcoke". The worldwide petroleum coke
production has reached approximately 160 million metric
tons per annum (MMTPA). It is anticipated that petroleum
coke production in petroleum refineries will continue to
increase because of trend of processing heavy and extraheavy crude oil in refineries. Petroleum coke is a
carbonaceous material like coal. However, petroleum coke

has high heating value and low ash content vis-a-vis coal.
The heating value of petroleum coke (30.25–34.91 MJ/kg)
is approximately 20% higher as compared to coal (24.45–
30.25 MJ/kg) [4]. At the same time, it has high sulfur
content vis-a-vis coal, which is one of the major issues with
petroleum coke [5]. Lately, a lot of interest is created in
undertaking research investigations to derive energy from
inferior quality petroleum coke containing appreciable
amount of sulphur and metals (nickel and vanadium, in
particular) by employing environment friendly approaches
[6].
Gasification, a thermochemical conversion process in the
presence of controlled oxidizing atmosphere, is touted to be
one of the most environmentally benign processes for the
syngas production from a variety of carbonaceous materials
with negligible polluting emissions. Gasification produces
considerably lesser amount of environmentally harmful
products, viz. NOx, SOx, mercury, particulates, and carbon
dioxide [7]. Gasification is being explored not only for the
production of energy but also for the production of
chemicals. In the present communication, most recent
status of gasification of petroleum coke in India comprising
both commercially employed gasifiers in petroleum
refineries and recent investigations done by various
researchers have been brought on a common platform.
Challenges and future directions in making petroleum coke
gasification further energy efficient and attractive have also
been deliberated. This communication is expected to be
useful as a single point source for making further inroads in
this emerging area of petroleum coke gasification for
making the refineries self-sufficient.
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1. Introduction
The fluid flow through a porous medium has been
observed in various disciplines of engineering & sciences,
including carbon dioxide capture and storage (CCS) in deep
underground aquifers, tertiary oil recovery, and subsurface
hydrological applications etc1, 2. Microfluidic devices with
the porous network have been fabricated, and two-phase
flow experiments are performed to understand the fluid flow
dynamics at a microscopic scale (Pore-scale)3, 4. Optical
methods such as PIV, PTV, and micro-PIV are utilized to
visualize the flow in transparent micromodels. Numerous
challenges are encountered, from micromodel fabrication to
image processing and interpretation, while using the microPIV technique. In the current study, these challenges are
discussed one by one. Problems including flow beneath the
micro-posts, refractive index matching between fluids and
micromodel matrix, air bubbles in the porous medium,
unwanted gas (trapped in tubing) injection during
multiphase flow, and unsteady flow behavior are discussed
here to optimize tertiary recovery processes in porous
micromodels to increase the residual oil recovery.
2. Material and Methods
Micromodels are fabricated using Polydimethylsiloxane
(PDMS) with soft lithography technique. Glycerol deionized
water (50:50) is used as a non-wetting phase, and silicone oil
(10 cS) is used as a wetting phase in a porous micromodel.
Glycerol water solution (50:50) is used to match the
refractive index with the silicone oil (1.405). The aqueous
phase is doped with fluorescent tracer particles (polystyrene
particles of 1 𝜇m and density 1.05 g/cm3). Micro-PIV is used
to visualize the flow in these porous micromodels. The

experimental set-up (Figure 1) includes syringe pump,
inverted microscope, porous microfluidic device, light
source, high-speed camera, and computer system.

Figure 1: Experimental set-up for micro-PIV experiments
2.1 Image acquisition and processing
Dynamic studio software is utilized to process the image
sequences and calculate the velocity vector field. Image
processing involves image calibration, image preprocessing,
background noise removal, masking, vector calculation by
adaptive PIV algorithm, and data processing using vector
statistics.
3. Results and Discussion
The challenges during two-phase
micromodels are following.

flow

in

porous

3.1 Challenges during micromodel fabrication
PDMS-based micromodels are cheap and easy to fabricate.
Still, few problems such as flow beneath, the micro-posts,
leakages, are not suitable for high-pressure experimental
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conditions in the case of the real reservoir rock with PDMS
based micromodel. Working pressure limitation is the
major setback with PDMS-based micromodels as most of
the engineering and science applications of these
microfluidic devices require high-pressure operating
conditions. The affinity of the PDMS is also a significant
concern as it is hydrophobic in nature. However, most of its
applications need hydrophilic porous mediums such as
sandstone reservoir rocks. In micromodel fabrication, it is
complicated to remove the cured patterned PDMS from the
master. During this process, proper detachment of microposts usually does not happen, and ruptures occur in the
micromodel.
3.2 Unintentional Injection of trapped air in tubing into
micromodel during the experimental process
During multiphase flow in the porous medium, after
injection of the first phase in the porous medium, the second
phase is started to inject, which may sometimes result in the
injection of trapped air in the tubing to the porous medium.
This air displaces the fluid from the saturated porous
medium before the arrival of the actual second phase in the
porous medium. Hence after post-processing of images, not
providing an accurate velocity vector map of two-phase flow
(Figure 2).

The displacement process in the porous medium is
significantly disturbed due to the air bubbles trapping in the
pores. These trapped air bubbles also trap the big ganglions
in the porous medium (Figure 3). Even at a high flow rate
and viscosity, these bubbles are difficult to displace, causing
a significant amount of non-wetting phase trapping in the
porous medium.
3.4 Boundary effects during image processing
During fluid flow through the porous domain, boundary
causes some formation of spurious vectors. These false
vectors are removed with the help of vector validation during
post-processing. Except for these challenges, the capture of
unsteady flow is found to be very difficult. Sometimes the
flow velocity is too low (laminar or creeping flow regime),
and suddenly velocity bursts (Haines jump) are observed,
which is challenging to capture. A high-speed camera with
an Nd-YAG laser may be helpful to capture these highvelocity phenomena.
4. Conclusion
In this study, PDMS porous micromodels are used to
investigate the challenges associated with multiphase flow
using the micro-PIV technique. If these problems are
rectified during two-phase flow in micro models, pore-scale
flow dynamics can be easily understood. This will ultimately
help in optimizing the various tertiary oil processes in the
porous domain.
References

Figure 2: Velocity vector obtained by displacement of
resident fluid in a porous medium by air from the tubing.
3.3 Non-wetting phase trapping due to air bubbles

Figure 3: Two-phase flow in porous micromodels (a) Flow
just beneath the beads, (b) trapping of nano-wetting phase
using gas bubbles.

1.
Kazemifar, F.; Blois, G.; Kyritsis, D. C.;
Christensen, K. T., A methodology for velocity field
measurement in multiphase high‐pressure flow of CO2 and
water in micromodels. Water Resources Research 2015, 51,
(4), 3017-3029.
2.
Lu, X.; Zhao, Y.; Dennis, D. J., Flow
measurements in microporous media using micro-particle
image velocimetry. Physical Review Fluids 2018, 3, (10),
104202.
3.
Perrin, C.; Sorbie, K.; Tardy, P.; Crawshaw, J. In
Micro-PIV–A New Technology for Pore Scale Flow
Characterization in Micromodels (SPE94078), 67th EAGE
Conference & Exhibition, 2005; European Association of
Geoscientists & Engineers: 2005; pp cp-1-00280.
4.
Roman, S.; Soulaine, C.; AlSaud, M. A.; Kovscek,
A.; Tchelepi, H., Particle velocimetry analysis of immiscible
two-phase flow in micromodels. Advances in Water
Resources 2016, 95, 199-211.

ADVANCED TECHNIQUES IN
CHEMICAL ENGINEERING

ID No: ATCE-223

EFFECTIVE EXTRACTION OF ENERGY CRITICAL ELEMENTS FROM E-WASTES – A REVIEW
Mandira Mohapatraa, Sibananda Sahub, and Niharbala Devi b,c*
a

Independent Researcher, Bengaluru, Karnataka-560083, India

Biofuels and Bioprocessing Research Center, Institute of Technical Education and Research, Siksha ‘O’ Anusandhan[Deemed
to be University], Bhubaneswar-751030, India

b

c

Department of Chemistry, Institute of Technical Education and Research, Siksha ‘O’ Anusandhan[Deemed to be University]
Bhubaneswar-751030, India
Presenting / Corresponding Author: drnbdevi@gmail.com

Keywords WEEE, CEE,

Leaching, Ionic Liquids

1. Introduction

Any electrical or electronic equipment that has been
discarded is called E-waste. Electronic waste, E-waste, or

The 21st century is an era of science and technology. As
technology continues to evolve, its high time to think of
disposal of e-waste, which is emerging as a global
environmental and public health issue. Waste electrical and

waste electrical and electronic equipment (WEEE) refers to
discarded devices that are not useful to consumers
anymore. [2] But these are a potential source of critical
energy elements

electronic equipment (WEEE) constitutes of economically
significant levels of precious, critical metals, base metals,
rare earth elements, and other toxic compounds. [1] At
present, in metallurgy, recycling and recovery of critical
elements from WEEEs using a cost-effective technology are

1.2. Energy CriticaL ElementS (ECES):
These are elements which play a key role in advanced energy
production, transmission, and storage. For e.g.

lithium,

cobalt, selenium, silicon, tellurium, indium, and REEs.[3]

one of the top priorities. This paper deals with current
metallurgical processes for the extraction of metals from e-

1.3. Present Technology:

waste, including existing industrial routes. In the initial part

Hydrometallurgical,

of this paper, an overview of e wastes, critical earth

metallurgical, and bio metallurgical processes, are used to

elements, ionic liquids, is presented. In the later part,

process the metal fractions removed from e-waste. Among

separation of metals from e-waste using mechanical

these,

processing, hydrometallurgical and pyrometallurgical routes

processes are most common for processing of e-waste.

are critically analysed.

1.4. Green Solvents:

1.1. E Waste:

Ionic liquids (ILs) are also known as neoteric solvents,

the

pyrometallurgical,

hydrometallurgical

and

electro

pyrometallurgical

designer solvents, ionic fluids, and molten salts. These are
composed of salts with melting point below the boiling point
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of water solvents. Most of the ionic liquids consist of organic

3.4 . Gallium:

cation and inorganic anion. Ionic liquids are considered as
“Green Solvents” and play a vital role in “Green Chemistry”.

The ionic liquid Cyphos IL 104 diluted with toluene was
used to create an effective solvent extraction method for

2.

Materials And Methods:

gallium (III) from acidic chloride medium. Nayak and Devi
investigated the activity of gallium(III) extraction in acidic

A brief description of various methods followed in
extraction of critical energy elements from E-Waste is given
below...

chloride

medium

using

a

novel

ionic

liquid

trihexyl(tetradecyl) phosphonium chloride (Cyphos IL 101)
diluted with kerosene. [9]
3.5 .REES::

3..

Results And Discussion:

3.1. Indium:

Rare-earth recovery was carried out in the current study [10]
from a residual of a hydrometallurgical process based on
sulphuric acid leaching of lamp phosphor waste, which

The ionic liquids Cyphos® IL 101 and Aliquat® 336 [4]

removed the red phosphor Y2O3:Eu3+ for further recovery.

were used to establish a sustainable solvent extraction
method for purifying indium from a chloride aqueous feed

4.

Conclusion:

solution. Because of indium (III)’s high affinity for the ionic

There is a wide scope for the use of WEEEs as

liquid form, extraction percentages of more than 95% were

secondary resources for critical raw materials.

achieved.
3.2. Palladium
The recovery of palladium from waste printed circuit boards
(PCBs) is defined in detail. [ 5] Cu, Ag, Au, and Pd were
recovered selectively from waste printed circuit boards using
a novel hydrometallurgical technique (PCBs). [6]:
3.3. Platinum:
Dibutyl sulfoxide (DBSO) diluted in kerosene was used to
investigate the solvent extraction and separation efficiency
of Pd(II) and Pt(IV) from hydrochloric acid solutions. [7]
Using a synthetic sulfoxide MSO as an extractant from
hydrochloric acid media, the extraction efficiency of Pd(II)
and separation behaviour of Pd(II) and Pt(IV) were
investigated. [8]
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Abstract: This paper reviews the different Chemical EOR techniques used as a part of Enhanced oil recovery mechanism like
surfactants, polymer and surfactant-polymer flooding combined together. The basic mechanism involved in an EOR process
deals with either improving the sweep efficiency of the reservoir or decreasing the residual oil saturation to mobilize more
amount of oil for better recovery. EOR methods should be applied as early as possible to improve the extent to which oil can be
recovered. Surfactant flooding helps in reducing the interfacial tension at the oil-water interface and hence helping in reducing
the residual oil saturation level, sometimes co-surfactants and alkalis are also needed for ultra-low interfacial tension. Polymer
flooding increases the viscosity of water and pulls down the mobility ratio below one and hence improving the sweep efficiency.
Surfactant-polymer (SP) flooding is used to employ both the mechanisms to improve the oil recovery. The application of these
methods is highly dependent on the reservoir properties, crude characterization and field economics. The selection of the
method to be used needs a careful consideration of all the above-mentioned parameters.
Keywords: Enhanced Oil Recovery (EOR), Chemical EOR (cEOR), Surfactant flooding, Polymer flooding, Surfactant-polymer
flooding (SP flooding).
1. Introduction
Since many years the demand of oil and gas are
continuously increasing as an energy source, to meet the
subsequent demand, it is necessary to extract maximum
amount of oil from the producing reservoirs. There are
three recovery stages which are used to recover the oil from
the reservoir i.e., Primary, Secondary and Tertiary
Recovery stages.
Oil extraction process starts from primary recovery
method. During initial oil production, the reservoir pressure
is higher and the bottomhole pressure is lower in the well
and due to this, oil reaches the surface (Jason et al. 2020).
For reducing the bottomhole pressure or increasing the
reservoir pressure many drive mechanisms are used. From
Primary recovery method approximately 30% of original
oil in place (OOIP) is extracted from the reservoir (Sheng
et al. 2011). Now further secondary recovery method is
used to extract more amount of oil from the reservoir. The
main purpose of the secondary recovery method is to
maintain the reservoir pressure, techniques like gas
injection and water flooding are employed. From Primary
and Secondary recovery approximately 30 to 40% OOIP
can be extracted from the reservoir but 50 to 60% of oil

still remains in the porous part of the reservoir so to extract
that oil tertiary recovery method is used.
Tertiary recovery method is also known as Enhanced Oil
Recovery (EOR) method because it is used after the
primary and secondary recovery method. In Tertiary
recovery method many techniques are used like Thermal
EOR, Chemical EOR and Non-Thermal EOR. In chemical
Enhanced oil Recovery Polymer Flooding, Surfactant
Flooding and Polymer-Surfactant Flooding are mainly
used. (Dake et al. 1978) Polymer flooding is used to
decrease the water oil ratio and to increase the viscosity of
that water. Surfactant flooding is used to reduce the
interfacial tension between water and oil. In SurfactantPolymer flooding surfactant is injected in the well after the
injection of polymer. Here surfactant is used as an
emulsifier agent in this Surfactant-Polymer flooding. After
Enhanced Oil Recovery method approximately 60% to
70% of original oil in Place recovered from the reservoir.
(Lake et al. 1992).
2. Material and Methods
2.1 Characterizing of crude oil
Hydrometer is used to identify the specific gravity of crude
oil (sg) they usually rely in the range of 0.8 to 0.9 sg.
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2.2 Core flooding
Core plugs are usually cut in the 3.5 inches long and 1.5
inches in diameter from the conventional core sample
obtained from the reservoir.
Toluene: methanol ratio of 1:1 is used to extract the oil by
cleaning the plug in a Soxhlet apparatus. Ultrasonic cleaner
is used to the loose particle from the core plug surfaces.
2.3 Pour point
ASTM D97 manual method is used to obtain the pour point
of the crude oil.
2.4 Wax content
ASTM standard methods are used to determine the wax
content, hot naphtha is used to washed down the wax in
different container
3. Results and Discussion
3.1 Surfactant flooding:
Mainly surfactant flooding is used in tertiary oil recovery
mechanisms is for changing interfacial tension, wettability
alteration, and emulsification. Interfacial tension is defined
as the amount of energy required to increase the area
between two immiscible liquids. (e.g., oil &water)
(Kalantari Meybodi et al. 2015). Hydrocarbon trapped in
the reservoir is due to the interfacial tension between the
fluid present in the porous media. Surfactant flooding is
used to reduce IFT between hydrocarbon and water
molecules present in the reservoir (Hosseininoosheri et al.
2016). To achieve very low interfacial tension, it is
required to use a very low concentration surfactant. In the
oil-water system, surfactant flooding is used to replace the
in-situ oil-water molecules in the reservoir during the
process of surfactant adsorption. And in the oil-water
system micelle concentration is created, forming a new
molecular interaction between oil and water during
surfactant flooding. The new molecular interaction takes
place the hydrophobic components of the surfactants and
oil on one side of interface and between the hydrophilic
components of the surfactants and water on the other
interface. The new interaction formed is much stronger
than the interaction between oil and water before the
surfactant flooding and therefore interfacial tension will
reduce (Ling et al. 1986).
3.2 Polymer flooding
In the oil reservoir during water flooding oil water cannot
be replace due to their immiscible in nature because of low
viscosity of water and high heterogeneity present in the
reservoir (Needham et al. 1987).

3.3 Surfactant Polymer Flooding:
The key mechanics of Enhanced Oil Recovery (EOR) are
mobility control for polymer flooding and increase in
capillary number value due to increase in viscosity of
displacement fluid and reduction in Interfacial tension by
surfactant flooding. Surfactant-polymer flooding is a
combination of Surfactant and Polymer flooding. When
polymer flooding is used independently the increment in
the recovery is about 7-14% OOIP (Y. Zhu 2015) whereas
if SP flooding is employed then recovery is more than 15%
OOIP (Q. Wang et al. 2017). Sweep efficiency can be
increased by reducing the mobility ratio i.e., ratio of
displacement phase (water) and displaced phase (oil). On
the other hand, displacement efficiency can be increased by
reducing the interfacial tension.
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INTRODUCTION
Recently, there has been an increasing interest in the natural dyes in textile applications. This is a result of the
meticulous environmental standards imposed by many countries in response to the toxic and allergic reaction
associated with synthetic dyes. This project enhances the deduction of water pollution which is caused by dye
industries by using harmful substances for dyeing which are dangerous to aquatic animals. This work presents an
eco-friendly method for dyeing synthetic fabrics with natural dyes using U/V ozone pretreatment to activate fiber
and improve dyeability of polyester and nylon. Fabrics are pretreated with UV/ozone for different periods of time
ranged from 5 min to 120 min. Synthetic dyes, manufactured from organic molecules, are more and more playing
important roles in our modern life with applications in both industry(E.G. ,paint industry)and scientific
laboratories(E.G., fluorescent tracers and photoredox catalysts). Synthetic dyes and all the processing used in
general dyeing is harmful to our health. Dye from natural sources can reduce the risk of synthetic dyes. Natural
colorants from plants with antimicrobial properties have been widely used as both herbal medicines and dyes for at
least 4000 years. For example, black kohl or green malachite was used as cosmetics and also to cure or prevent eye
disease as well. Apart from their application in textiles, natural dyes are also used in the coloration of food,
medicines, handicraft articles, and in leather processing.
The extraction of dye can be achieved by using various parts of the plants like seed, root, stem, barks, leaves,
flowers.
PROCESS
We can extract the natural dyes by very using many plants, fruits and vegetables by very simple methods which is
cost efficient.
For example,
TURMERIC (Curcuma longa)
The dye is obtained from the root of the plant. The turmeric root is dried, crushed in powder form and boiled with
water to extract the dye. It can be used in the dyeing of cotton, wool, and silk. Proper mordanting treatment
improves color fastness to wash. The brilliant yellow shade is obtained after dyeing with turmeric natural dye.
Turmeric is a rich source of phenolic compounds known as curcuminoids. The coloring ingredients in turmeric are
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called curcumin. Curcumin is diarylheptanoid existing in keto-enol form. Turmeric is a member of curcuma
botanical group.
Likewise, we can obtain many colors from natural products which is not harmful to any lives.
METHODS :
The number of natural dyes present in natural products are very less. They need specific technique to remove dye
from their original source. Here there are some methods which are suitable for extraction extraction of natural dyes
from their source materials.
COMMERCIAL METHODS
•
•
•
•

Aqueous extraction
Ultrasonic microwave extraction
By fermentation
Solvent extraction

ALTERNATE METHOD
We are going to use Acid and alkaline extraction as alternate method which is very easy and low cost.
ACID AND ALKALI EXTRACTION:
Most of the natural dyes are glycosides; they can be extracted under acidic or alkaline conditions. Acidic
hydrolysis method is used in extraction of tesu natural dye from tesu flower. Alkaline solutions are suitable for
those dyes which contain phenolic groups in their structure. Dyes from annatto seeds can be extracted by this
method. The extraction of lac dye from lac insect and red dye from safflower is also done by this method.
CONCLUSION
There are some disadvantages in this method because natural dyes are slightly costlier than synthetic dyes. So, some
research work should be done to reduce the cost of production. If we achieved the objective, there will be immense
growth of natural dye in textile and many industries. The data generated from these studies may device the basis for
the economic viability of natural dye production in commercial scale for sustainable utilization of bio resources.
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Introduction:
Green chemistry is the design of chemical products and processes that reduce or eliminate
the use or generation of hazardous substances. Green chemistry applies across the life cycle
of a chemical product, including its design, manufacture, use, and ultimate disposal. Extraction
and formulation of perfume from plant project material is method to reduce the artificial
production of perfumes. Extraction of perfume from various plant resources is of ancient origin.
Infact the natives from different tropical regions of the globe have long been extracting oil from
numerous oil-bearing plants. Human since the ancient time have know how to extract oil from
their natural resources. Vegetable oil are naturally occurring esters of high fatty acids and
glycerol. They are widely distributed in nature and were first consumed as food. Serval
thousands of plants distributed throughout the world contain a group of oil ferrous , fragrance,,
oil products are highly volatile organic compounds collectively called essential oils. Therefore
perfume may be from essential oil of vegetable or plant origin.
On review of some reference we extracting perfume from lemon grass (Cymbopogon citrasus)
. Lemongrass Oil is derived from Lemongrass, which is a fast growing, tall, aromatic perennial
grass native to India. We can cut the Lemongrass once in three months and once planted it
can go on for five years and oil is extracted from the fresh or partly dried leaves by steam
distillation. Lemongrass oil is collected by distillation unit of the herbage for 1.5 to 2 hrs. The
distillate on cooling separates out into a layer of oil, floating over the bulk of water which is
composed by decantation. The lemongrass is distilled either fresh or after wilting.

Objectives:
The main objective of the oil is extraction of oil from lemon grass (Cymbopogon citrasus) using
solvent extraction method ,enfleurage and hydrodistillation and formulating the perfume.
Extracted from the leaves and stalks of the lemongrass plant, lemongrass oil has a powerful,
citrus scent. It's often found in soaps and other personal care products. Lemongrass oil can
be extracted, and it's been used by healthcare providers to treat digestive problems and high
blood pressure.

Method:
Commercial methods:




1 Mechanical extraction. Oil extraction by mechanical expellers or presses is
the most conventional method.
2 Chemical or solvent extraction.
3 Accelerated solvent extraction.
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4 Enzymatic extractions.
Alternate method:
Steam distillation
Currently, the most popular method for the extraction of the lemongrass essential oil
is steam distillation. It is mainly used for temperature-sensitive materials like oils,
resins, hydrocarbons, etc. Low risk of thermal degradation as normally of
temperature not above 1000C. Large amount of extraction of oil can be done by this
method
Conclusion:
On review of papers and books we came to the conclusion that, the lemongrass
essential oil inhalation could improve the cognitive function and modulate mood of
healthy women with no effect on the physiological status. However, the underlying
mechanisms of these positive effects still require further studies.
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products including detergents, paints, paper products,
Surface active agents constitute an important and interesting

pharmaceuticals and cosmetics among others [1].

class of substances with their unique structural features.
Surfactants are amphiphilic molecules consisting of a
hydrophobic head and a hydrophobic tail. Due to their
amphiphilic nature, surfactants can decrease surface and
interfacial tension in water-oil and oil-water systems.
Hydrophobic groups are usually long chain hydrocarbon
groups. The hydrophilic or head group will be an ionic or
highly polar group that may impart some water solubility to
the molecule. Surfactants are commonly classified into four
categories, according to the formal charge present in their
hydrophilic head: anionic (negatively charged), cationic
(positively charged), nonionic (uncharged) and amphoteric
(presents both positive and negative charges at an
intermediate pH) . For each classification, it is possible to

Gemini surfacers are surface active agents with two head
groups and two tail groups connected as spacers. A simple
gemini has the arrangement shown in Figure 1. Gemini is
believed to be orders of magnitude more surface active than
traditional monomeric surfactants [2]. Large variation exists
in the nature of spacer, which can be short (2 methylene
groups) or long (12 methylene groups); rigid or flexible; and
polar and nonpolar. These surfactants possess a wide range
of applications such as mining, petroleum, chemical,
pharmaceutical and biochemical research, because of their
unique solution properties such as very low cmc, high
detergency, high solubilization and high surface wetting
ability.

sub-classify according to the functional group of the
hydrophilic head. Surfactants produced from chemicallybased materials are known as synthetic surfactants and those
from biologically-based material are biosurfactants. The size
and shape of a surfactant are vital characteristics and provide
unique information during industrial formulation. Surfactant
properties play significant roles in industrial and consumer

Gemini is also used as a catalyst in many biological and
inorganic reactions. They are also used as preservatives,
anti-corrosive and antimicrobial agents. They typically show
much higher active properties relative to related monovalent

ID No: ATCE-426

Practically everything that has an impact on our everyday
life has a very closely related connection with the use
surfactants, whether it is from a detergent and hygiene aspect
or their use as process aids in the production of the objects
found around us. There are two major areas of use, which
are consumer products and industrial uses. Surfactants use
in consumer product is usually such as household cleaning

Figure 1. Schematic representation of the gemini
surfactant

agents and personal care products.

This

study

provides

an

overview

of

surfactants

classification, structural characteristics, physical properties
(single chain, single head groups) compounds - surface

of surfactants, and their commercial applications.

activity can be increased up to 1000 times. This makes them
of particular interest for biological and especially biomedical
applications [4].

[1] M. Panda and M. Kamil, Formation of Mixed Micelles

The last few years show an increased interest in work
involving the preparation and study of surfactants based on
natural

products.
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Biosurfactants

are

surface-active

biomolecules that are produced by microorganisms from
renewable resources as plant oils or sugar. Biosurfactants are
used in cosmetic or in cleaning and laundry agents. One of
the greatest strengths of microbially produced biosurfactants
is their structural variety. They show various properties i.e.
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1. Introduction
The catalyst used in refining processes gets deactivated in
the due course of its utilization. The catalysts have to be
regenerated after the catalyst activity decreases below its
acceptable limit but this regeneration process is not always
feasible because the activity of catalysts may decrease at
very low level after few cycles of regeneration so further
regeneration is not economical and spent catalyst are
abandoned as solid waste. It was approximated that
quantity of spent catalyst generated may be around 15000
to 17000 t/y at present and it’s continuously increasing with
new hydrotreating units are being started. The treatment,
transportation, storage or disposal of spent catalyst need
permit of environment regulation as spent catalyst is
hazardous in nature. The spent catalysts contain base
metals which are used in steel industry and manufacturing
of alloy. Hence, recycling of spent catalyst and reducing
environmental problem is necessary.
There are several methods developed for the process of
metal recovery from spent catalyst at laboratory scale and
commercial scale, such as alkali leaching, acid leaching,
chlorination, bioleaching, roasting with salts are used at
laboratory scale. Hydrometallurgy and pyrometallurgy is
widely used at commercial scale. In hydrometallurgy
metals will get dissolved by leaching spent catalyst into
acid or base media and then metals are recovered.
Pyrometallurgy utilizes heat treatment such as roasting or
smelting to separate the metals. It melts the catalyst first at
very high temperature and then metals sink to bottom of

melt and recovered whereas the catalyst substrate floats on
surface of slag that can be recovered.
The petrochemical waste is considered as secondary
resources and it would decrease the requirement of primary
resources. Hence it provides economic benefits. Use of
spent catalyst as a raw material in production of materials
like fused alumina for use as abrasives in ceramic and
refractory industries, etc. is also a attractive option for their
recycling/reuse from economical and environmental point
of view.

Fig. 1 Worldwide Catalyst Consumption in refining
2. Material and Methods
2.1 Materials
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The required chemicals used for this study were
purchased from the following companies: Acetone from
Purenso. EDTA from Reach Global Pvt. Ltd.
2.2 Methods

ICP of spent and treated catalyst was determined and the
metal recovery was noticed in considerable amount : Ni
94%, V 92% , Mo 96% and Al 94%.
4. Conclusion

2.2.1 Catalyst Characterization
The
chemical
composition
of
refinery
spent
hydrodesulphurization was evaluated by means of
inductively coupled plasma (ICP) analysis, where spent
catalyst are heated in muffle furnace at 500oC for around 5
h to remove carbon and sulfur impurities and identify the
metal content present in it.like Ni, V and Mo and Al. Spent
catalyst’s extrudates were deoiled, decoked, crushed, and
ground to fine powder contents. Therefore, the first step,
de-oiling and decoking, was carried out.
The carbon content present on spent catalyst was
determined by TGA (Themogravimetry analysis).

Amount of spent catalyst generation will be increased
due to high demand of Sulfur free fuel. Spent catalyst can
be recycled eco friendly way by using the chelating
agents and this can process can be enhanced by varying
the process parameters as per requirements.

1.

Furimsky, E., 1996. Spent refinery catalysts:
environmental safety and utilization. Catal.Tod. 30,
223–286.

2.2.2 Leaching
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recovery from spent catalysts by selective chlorination.
Res. Cons. Recycl. 10, 87–96.
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M. Marafi, A. Stanislaus, “Optios and process for
spent catalyst handling and utilization” J. Hazard.
Mater. Vol. 101, p.123-132, 2003

EDTA treatment and separation of individual metal
compounds, is carried out as shown in Fig. 2. After
leaching experiments, the solutions were filtered and
analyzed by ICP to determine metal extraction yield.
EDTA was used in excess that was separated and its
recovery.

Figure 1: Flow diagram of metal recovery process using
EDTA as leaching agent.
3. Results and Discussion
3.1 Characterization catalyst
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ABSRACT
N-Butyl lithium has a compound of high demand. The reaction is exothermic in nature. Yet, the process
does not cause any damage to the environment. In this paper, the existing process has been improved and
designed, giving utmost priority to safety. The process has been designed to manufacture the major raw
material n-Butyl chloride in-plant and this has been used to manufacture n-Butyl lithium. This reduces the
dependence on imports for raw materials.1 mole of n-Butanol yields 1 mole of n-Butyl chloride and 1
mole of water in the presence of HCl, ZnCl2 reagent. 1 mole of n-Butyl chloride reacts with 2 moles of
Lithium metal to yield 1 mole of n-Butyl lithium and 1 mole of Lithium chloride. Both the reactions are
exothermic in nature. The process is divided into two units- (i) Acidic Operation Unit: In this unit, the
manufacture of n-butyl chloride is carried out. The components being handled are acidic in nature. Hence
the unit is named as acidic operation unit. (ii) Basic Operation Unit: In this unit, n-Butyl lithium is
manufactured using n-Butyl chloride (produced in the previous unit) as raw material. The components
handled in this unit are basic in nature. Hence the unit is named as basic operation unit. The reactants, nButanol, HCl and ZnCl2 are charged into a glass-lined reactor. The reaction is allowed to progress for 15
hours under total reflux conditions. The temperature of the reaction is 115°C, which is maintained by
reflux. After the reaction is complete, the reacted mass is collected into a separating tank after
condensation. The reacted mass separates out into organic layer and aqueous layer in the separating tank.
The organic layer is pumped into a distillation column, where n-Butyl chloride is obtained as a top
product at 76-79 °C. The unreacted butanol and water are removed as bottoms. The condensed n-Butyl
chloride vapours are collected and stored. Now, into a stainless steel reactor, n-Hexane and Lithium metal
are added. The n-Butyl chloride is charged slowly into the reactor, for 3-4 hours, because of the highly
exothermic nature of the reaction. The reaction mass is strictly maintained at 10 – 15°C by circulating
brine solution in the jacket around the reactor. The reaction is allowed to proceed for 10 hours. The
reacted mass consists of n-Butyl lithium solution, Lithium chloride and traces of unreacted nButylchloride. The reacted mass is sent into a settling tank, where it is allowed to settle for 15 hours.
Lithium chloride is removed as sludge. The clear 1.6M n-Butylithium in n-Hexane solution is stored in a
stainless steel storage vessel.

Keywords: mole, exotherm, sludge.
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1.

Introduction

Ethanol is amongst the most important chemical compound
that has influenced modern industry significantly. The
consumption of ethanol has been increasing significantly at
a rate of 22% on an annual basis in India. There is an urgent
need to minimize the energy losses faces by distillation for
the separation of an ethanol-water mixture. Dewvaporation
is a technique in which the energy released from the
rectifying section is utilized by the stripping section via a
common heat transfer wall to minimize the energy
requirements and better heat recovery. In comparison to the
standard distillation process, it has 77% of energy saving in
ethanol-water separation. The mathematical model for
ethanol-water separation in dewvaporaor has been
developed to study the temperature as well as concentration
profile for evaporation and condensation sections. The
development of the model includes the application overall
and stage-wise mass and heat balances, rectifying and
condensing sections convective heat transfer coefficients,
liquid-liquid, and liquid gas mixing rules. Overall, this study
would be helpful to understand the application of the
dewvaporation process in the ethanol-water fermenter as a
more economically viable process.

component would vaporize first and the carrier gas would
move from the nth stage towards the first stage. The hot
vapor-laden carrier gas-rich in the more volatile component
is then further heated and finally send to the 1st stage of the
condenser. The vapors condensed in rectifying section and
releases energy. A slightly higher temperature is maintained
at the dew-formation side. So, there exists a temperature
gradient between the evaporation and condensation sections
which leads to the movement of heat from condensation to
the evaporation side via a common heat transfer wall. The
energy released during condensation is utilized by the
evaporative section for evaporation of more volatile
components. The entire process occurs at atmospheric
pressure. Separation of the ethanol-water mixture,
desalination of seawater with high salt concentrations, pond
water evaporation, Chemical Mechanical Planarization of
slurries from the semiconductor industries, removal of
volatile organic vapors, removal of contaminants from
groundwater are the major applications.

2.1 Dewvaporation: Basic Concept and Application
The dewvaporation equipment consists of two
compartments for evaporation and dew formation in a single
unit separated by the common heat transfer wall. The carrier
gas enters the nth column of the evaporation chamber and
heat for evaporation is provided by the heat transferred from
the common wall and hot carrier gas. The more volatile

Figure 1: Multistage Dewvaporator for separation of
ethanol from ethanol water mixture.
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2.

Mathematical Modeling

Figure 2: Mass and energy flow over nth stage.
Mass and Heat balance over stripper
Ln−1 xLn−1 − Ln xLn + Vn+1 yVn+1 − Vn yVn = 0

(1.)

Ln−1 hln−1 − Ln hln + Vn+1 hvn+1 − Vn hvn + Qw = 0 (2.)
Mass and Heat balance over rectifier
Ln+1 xLn+1 − Ln xLn + Vn−1 yVn−1 − Vn yVn = 0
(3.)
Ln+1 hln+1 − Ln hln + Vn−1 hvn−1 − Vn hvn − Qw = 0 (4.)
Rectifying Section Convective Heat Transfer Coefficient
1

htur
con

Pr × δ+3

=

3

1

1

1

1

(5.)

(A1 ×Pr4 + A2 ×Pr2 +A3 ×Pr4 + Ct )+(B × Ka2 × Pr2 )
𝑙𝑎𝑚
ℎ𝑐𝑜𝑛

= 2.65 × 𝑅𝑒
5

−0.158
5

× 𝐾𝑎

lam 0.2
hoverall
= (htur
con
con + hcon )

0.0563

(6.)
(7.)

Stripping Section Convective Heat Transfer Coefficient
1

hL
kl

ϑ2 3

× ( ) = (Re−0.44 + 5.82 × 10−6 × Re0.8 × Re1.3 )0.5
g

(8.)
3. Results and Discussion
Figure 3.1 shows the concentration profile of ethanol in
evaporator and condenser sections and figure 3.2 shows the
temperature profiles for evaporator and condenser sections.
It has been observed that the temperature drops from the 1st
to 30th stage in the evaporator. Ethanol's concentration will
decrease in the liquid phase due to ethanol evaporation in the
stripping section. The heat for evaporation has been flowing
from carrier gas as well as from the condenser side through
the common heat transfer wall. In condensing section, the
temperature is maintained slightly higher than the
evaporative section to transfer heat required for evaporation
of ethanol whereas in the chamber the concentration of
ethanol in the liquid phase in the condenser is increasing
from 1st to 30th stage.

4. Conclusion
Dewvaporation is an energy-efficient process in which the
energy released by the condenser is utilized by the
evaporator via a common heat transfer wall. In comparison
to the standard distillation process, it has 77% of energy
saving in ethanol-water separation. The temperature of the
condenser is always higher than that of the corresponding
evaporator stage, this difference remains almost constant
throughout the equipment and the temperature gradient acts
as a driving force for simultaneous evaporation and
condensation of ethanol-water mixture. Based on the study
it can be concluded that Dewvaporation is a non-traditional,
innovative, energy-efficient, cost-effective process and
hence the better option for the separation of two and multiple
components at constant pressure.
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1. Introduction
The increasing part per million (ppm) concentration of CO2
in the atmosphere leads the researchers to find various
possible ways to reduce CO2 into valuable hydrocarbons
but the CO2 molecule has stable linear structure[1]. Hence,
catalytic or electrolytic processes are required to reduce the
stable CO2 molecule and to dissociate it into CO and other
hydrocarbons [2], [3]. Solid oxide electrolysis technique
has recently attracted great attention for the reduction of
CO2 to syngas because of the fuel flexibility, utilization of
renewable energy and high efficiency which could exceed
up to 90% [4], [5]. Comprehensive literature is available on
the experimental studies for CO2 reduction in SOEC but
only few modeling studies are available[6]–[8]. Limiting
steps and corresponding over-potentials associated with the
activation, gas diffusions and charge transport processes
cannot be predicted by experiments. Electro-chemical
modeling and simulation could be a potential tool to
estimate over-potentials, and hence the characteristic of
SOEC systems. Electrochemical model for CO2 reduction
reaction is formulated in MATLAB (MATLAB 2015b, The
MathWorks, Inc., Natick, Massachusetts, United States).
Simulation studies are conducted in both fuel cell and
electrolysis modes to test dual functionality of the model.
Mass transfer limitation at the cathode is extensively
investigated as CO2 reduction reaction occurs at the
cathode side of the SOEC. Under identical operating
conditions activation and ohmic losses are resolute.
Concentration losses are solely responsible for the different
current-voltage characteristics in porous media therefore,
the mass transfer losses at the cathode side of the

electrolysis cells are focused in this study. Detailed
parametric study on effect of cell parameters (porosity,
tortuosity, pore radius and cathode thickness) on
concentration overpotential of cathode is conducted and
simulated results are shown.
2. Methods
The electrochemical model is implemented in MATLAB
(MATLAB 2015b, The MathWorks, Inc., Natick,
Massachusetts, United States).
3. Results and Discussion
The cathode was made up of Ni/YSZ (50 µm), electrolyte
of YSZ (50 µm) and anode of LSM-YSZ with thickness of
about 500 µm. Simulations are carried at the 1073 K
temperature and 1 bar pressure respectively. CO2/CO ratio
of 70/30 and pore radius of 0.5 µm is used.
3.1 Current-Voltage characteristics of simulated model in
SOEC and SOFC modes

Fig. 1: Simulated J-V characteristics of Ni-YSZ cathode in fuel cell and
electrolysis modes.
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Model adequacy has been tested by operating the model in
both fuel cell and electrolysis operation for CO2/CO
mixtures (CO2/CO=50/50 and 70/30) (Fig. 1). CurrentVoltage curves shows continuity while switching from fuel
cell to electrolysis mode thus validates the model.
3.2 Effect of Cathode porosity and tortuosity over
concentration overpotentials

Fig. 2: Effect of a) Cathode porosity and b) Tortuosity over concentration
overpotential

The porosity and tortuosity of the cathode material are
related with effective diffusion coefficient by Bosanquet
formula
1
𝑒𝑓𝑓
𝐷𝐶𝑂2

The effects of cathode thickness and pore size are
illustrated in Fig. 3. Higher the pore size more will be the
Knudson diffusion which resulted in low concentration
overpotentials Fig. 3(a).
Thick cathode suffers severely from high concentration
overpotentials (Fig. 3(b)). Effective diffusion coefficients
are low for thick electrodes, which ultimately increases
concentration losses.
4. Conclusion
Simulations are carried out in both fuel cell and electrolysis
modes to explore dual functionality of the electrochemical
model. Parametric simulations are performed to investigate
the effect of cathode parameters (porosity, tortuosity, pore
size and cathode thickness) over concentration
overpotential which shows that highly porous and tortuous
surfaces limits the concentration overpotential at the
cathode. Higher the pore size lower will be the
concentration losses while higher the cathode thickness
higher will be the concentration losses.
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1. Introduction
Recently there has been a substantial rise in air pollution
of northern India due to stubble burning by farmers.
According to reports, 17% of India’s air pollution is due to
agro-residue burning [1]. Burning of farm residue emits
various trace gases and causes negative impacts on human
health [2]-[3]. This needs a sustainable solution to replace
stubble-burning methods, which could be profitable for
farmers and the ecosystem. On the other hand, increasing
global energy requirements results in the depletion of fossil
fuels, creates a negative impact of climate change and this
leads to an urgency towards developing new alternatives for
energy production. Microbial Fuel Cell (MFC) is one of the
arrangements employed for generating clean energy. In a
MFC, also named as bio-electrochemical fuel cell, generates
electricity by converting the available chemical energy into
electrical energy with the help of microorganisms as
catalysts [4]. The new innovative research in the field of
MFC with agro-residues as feed can create a constructive
impact in developing a cleaner and more sustainable society
[5]. This paper provides an overview of contemporary
research of MFCs with agro-residues as feed source along
with its economical and commercialization challenges.
2. Agro residue generation and Pre-treatment
There are several types of agricultural residues and these
are classified into four main generations based on their
ability [6] mentioned as follows: 1) various classes of food
crops; 2) lignocellulosic wastes; 3) micro-algal biomass; and
4) metabolically engineered species. The first two
generations are having the crop residues, listed under

lignocellulose ones and are easily available after crop
harvesting. Among all the constituents in the mentioned
agro-residues, cellulose, hemicelluloses, and lignin are the
three principal ones, when characterized according to the
physical properties [7]. However, during the pre-treatments,
complex molecular structures of agro-residues transform
into simple one, further providing an ease of use to utilize
enzymes for hydrolysis. Subsequently, enhancing the output
after the conversion process. In this paper, various
researches of lignocellulose residues such as rice, wheat,
corn, sugarcane, and some other residue straws are listed and
their pre-treatments involved for energy generation.
3. Microbial Fuel Cell with Biomass/Agro residues
MFC is a type of fuel cell that generates electricity by
converting the available energy in biodegradable substrates,
low molecular weight organic acids, and amino acids
through a catalytic process of electrochemically active
bacteria over the electrode [6]. A signiﬁcant consideration
has been given to MFCs cells recently due to their operating
conditions at ambient temperatures and a variety of
biodegradable substrates as fuel which gives advantage over
conventional methods, in terms of operating parameters [8].
A typical dual chambered MFC construction contains two
chambers in which an anode and a cathode are placed shown
in figure 1. The electrodes are separated by a proton
exchange member (PEM), which allows the protons
produced at the anode to reach the cathode. The anode and
cathode are connected by an electrical circuit with titanium
copper alloy wires to complete the electrical connection. The
organic substances are added into the anode chamber, get
oxidized by the microorganisms and produce electrons,
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protons and carbon-dioxide [9]. MFCs are encouraging
substitutions for generating electric current from different
materials, such as natural organic matter and waste, and can
be beneﬁcially united with various applications in industrial,
agricultural and municipal solid waste as well as wastewater
treatment.

Day by day the growing population needs novel energy
sources and technologies for energy harvesting such as
MFC. The utilization of agro residues through MFC is a
good substitute for burning of agro residues. In this paper,
various biomass substrates and microorganisms used for
agro residue substrate MFC are discussed, along with the
recent development on biomass pre-treatment and
performance optimization of MFCs.
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1. Introduction
Metals like silver, cobalt, iron, lead, manganese, lithium,
nickel, to other rare metals are indispensable for the
manufacturing of many electronics & gadgets due to its
escalating demand (Prabhakar 2019) Lithium [Li] is the
lightest alkali metal among the solid elements having
tremendous properties like high specific heat, high thermal
conductivity & very low density. Li is extracted from
various mineral ores like spodumene, lepidolite etc. among
which only 39% are used in manufacturing of batteries
(Amir Razmjouab 2020). Recently, in whole world among
all the rechargeable batteries 37% batteries are Li-ion
batteries which are used among people due to marvellous
electrochemical performances demand of LIBs is gradually
increased by 11% & in 2025 its amount is becoming to hit
$73 billion due to the expanding demand of the mobile
phone, tablets & electric vehicles in society (Amir
Razmjouab 2019).
LIBs are flimsy, highly rechargeable, long lasting power
storage capacity & provide interrupted power supply which
make them feasible for its widespread application that
subsequently increasing with the large amount of enervated
spent LIBs (Parisa M 2019). On the other hand, the spent
LIBs also contain noxious elements that adversely affects
both human health & environment if it is not disposed
properly (Biplob 2019). So, to prevent environmental
pollution & conserve natural resources metal extraction,
recycling & reuse is greatly necessary. Bioleaching
methods for recovering of valuable metals from e-waste

provides an environment friendly, low energy & low-cost
effective process by using micro-organisms & their
metabolites (Anna, 2018). The aims of the current study
were collection & characterisation of Li from dead LIBs, to
isolate & identify the Li solubilizing bacteria, study the
bioleaching under a controlled environment to observe the
Li recovery efficiency of the bacterial strain.
2. Material and Methods
2.1 Materials
All the required chemicals used for this study
were purchased from the HIMEDIA and SRL Chemicals
2.2 Methods
2.2.1 Sample collection
End of life, discarded Li batteries were collected from the
E-waste dumping locations of Bhubaneswar city of Odisha.
After collecting these were transported to laboratory & for
the further processing batteries were discharged first. Later
separation of various battery parts was done manually by
dried, shredding, grounding & sieving to get fine powder of
uniform particular size. This prepared powder was stored in
a tight zip pack for further processing
2.2.2 Isolation of bacteria
Soil samples(50gm) in triplicates were collected from
different e-waste dumping sites, and serial dilution was
done. The microbial isolation on solid agar plates
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supplemented with Lithium chloride for 48 hours in 3days
to obtain pure culture of Li resistant bacteria.
2.2.3 Bioleaching of Lithium
To investigate the bioleaching efficiency of the isolated
microorganism, 2gm of mobile battery grounded sample
was taken in a conical flask containing 10ml of pure culture
from liquid media & 100ml of MSM medium & placed in a
shaker at 30℃ with a speed of 200 RPM for 20 days.

The isolated bacterial colony had visible growth on Li
supplemented NA plates. The bacterial strain was found to
be well viable in a Li concentration up to 600 mM. The
isolated colonies were streaked and subculture to obtained
pure culture. Well, grown microbial colony was examined
under microscopic study. The bacteria isolated is found to
be gram positive having round shape.

3. Results and Discussion
3.1 Sample collection and preparation
The spent Lithium-ion batteries were collected from
different mobile repairing shops & e-waste dumping sites
of different areas of Bhubaneswar, Odisha. The batteries
are carefully transferred to the laboratory. After separation
of the outer mobile cases, the process of grounding and
shredding was carried out to extract the black mass from
foils. Subsequently, these powders were sieved thoroughly
to obtained fine powder of uniform particular size.

Figure 2:(a) Isolated bacterial culture on Li supplemented
NA plate(b) Microscopic investigation of colonies
3.3 Bioleaching Studies
The experimental results for bioleaching showed that76%
of Li was recovered by bacteria sp. after 21 days. The high
percentage of Lithium bio recovery can be attributed to the
fact that the strain has been isolated from electronic waste
polluted site and the native bacterial strain have established
high tolerance to Li.

Li Leaching %
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Figure 1: Geographical locations of sample collected sites
(a) Map (b) E- Waste dumping sites (c) Grounding of
Samples (d) Sieving of Samples
3.2 Bacterial culture and growth studies
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Figure 3: Bioleaching of Liunder optimized conditions.
76% of Li was recovered within 21 days.
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4. Conclusion
Bioleaching provides an economic methodology to recover
precious minerals from end-of-life E-waste residues using
micro-organisms. To achieve the present demand for
Lithium, it is essential to develop advance technologies to
recovery Li from secondary sources and bioleaching
provides an alternative approach to encounter the problem.
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1. Introduction
In the vacuum casting technique, metallic cone
(MOC: IS2062 Gr B) is an essential part of casting
accessories. Propellant slurry falls over cone which is
placed centrally on the top of the rocket motor casing.
The main purpose of cone is uniform distribution and
de-aeration of the propellant slurry. As the propellant
slurry is highly viscous and Non-Newtonian in nature,
its proper de-aeration and uniform distribution during
casting is essential. De-aeration of the slurry prevents
the various defects in the final propellant grain like
voids, porosity, cracks etc. These defects can
deteriorate the mechanical and ballistic properties of
final propellant grain.
For processing of wide variety of propellant
formulations with different viscosities, it is essential to
find out the relation between cone angle and viscosity
of propellant slurry.

1.
2.
3.
4.
5.

Steady state Laminar flow
Pseudo plastic behavior obeying power law
Fully developed flow
No-slip boundary condition
Constant film thickness

in the fig.1. ‘system’ is selected as thin shell
perpendicular to the x direction. Then we set up a xmomentum balance over this shell. We account for the
x-momentum transport by all mechanism, convective
and molecular.

2. Mathematical Approach:
In this study, flow of falling film down on inclined
plate as shown in figure.1, is considered. Shell
Momentum balance over a thin layer of fluid
perpendicular to the direction of flow is made.
Following assumptions have been considered during
the study.

Fig. 1. Momentum distribution across control volume
(rate of x-momentum in across surface at y – rate of
x-momentum out across surface at y+ Δy) + (rate of
x-momentum in across surface at x=0 – rate of x-

ID No: TMM-334

𝟏
( +𝟏)

momentum out across surface at x= L) + (gravity
force acting in x direction) = 0

𝑽𝒙 =

L.B (Øyx|y - Øyx |y + Δy) + B.Δy (Øxx| x=0- Øxx|x=L)
+ L. B. Δy (ρ g cos α) = 0

Maximum velocity will be at y=0

(𝛅) 𝐧
(𝛒𝐠𝐜𝐨𝐬𝛂
)1/n. 𝟏
𝒌
( +𝟏)

𝜕Ø𝑦𝑥
𝜕𝑦

-

Øxx|x=0 –Øxx|x=L
𝐿

Øyx = τ𝑦𝑥

+ 𝜌 VyVx =

= ρg cos α
𝑘(−

∂𝑉𝑥
∂y

)n + ρv𝑦 𝑣𝑥

Ø𝑥𝑥 = 𝑃 + τ𝑥𝑥 + ρv𝑦 𝑣𝑥 = P +

𝛅

𝐧

𝟏

(𝑽𝒙)max =
Lim(Øyx|y+Δy−Øyx|y
) - (Øxx|x=0 𝐿–Øxx|x=L) = ρg cos α
Δx

(𝛒𝐠𝐜𝐨𝐬𝛂
)1/n
𝒌

.

ρv𝑥 𝑣𝑥

( +𝟏)
(𝛅) 𝐧
𝟏
𝐧

( +𝟏)

Average velocity over a cross section of fluid film is
obtained as follows:
𝟏

∂
𝑘(− 𝑉𝑥 )n+
∂y

𝟏

𝒚

. (𝟏 − ( )(𝒏+𝟏) )

𝛂 1/n
(𝑽𝒙)avg=(𝛒𝐠 𝐜𝐨𝐬
) . (𝛅)(𝐧+𝟏) .
𝒌

𝒏
(𝟏+𝟐𝒏)
𝟏

𝛂 1/n
(W)Cone = 𝛒. (π.r.L) .(𝛒𝐠 𝐜𝐨𝐬
) .(𝛅)(𝐧+𝟏) .
𝒌

𝒏
(𝟏+𝟐𝒏)

Since Vx is a function of y, Vz= 0, Vy = 0 and P= f(y)
𝜕τ𝑦𝑥
𝜕𝑦

Density of propellant slurry is 1.76 g/cc, unit shear
viscosity of propellant slurry 500 Pa.s and pseudo
plasticity index n is 0.8.

= ρg cos α

Integrating the above equation:
τ𝑦𝑥 = (ρg cos α ). y + C1
Applying boundary condition at the free surface for
determination of constant C1:
Boundary Condition-1: at 𝑦 = 0
τ𝑦𝑥 = (ρg cos α)y

τ𝑦𝑥 = 0

Applying power law considering the pseudo plastic
behavior of propellant slurry:
𝛕𝒚𝒙 = 𝒌(−

𝐝𝑽𝒙 n
)
𝐝𝐲

(where n= flow behavior index & k= Flow
consistency index)
(−

d𝑉𝑥 n (ρg cos α) . y
)=
dy
𝑘

d𝑉𝑥

(

dy

) = −(ρg cos𝑘 α

. y 1/n
)

(Differential equation

for velocity distribution)
Integration of above equation yields
1

𝑉𝑥 =

( +1)
𝑦 n

α 1/n
)
−(ρg cos
𝑘

1
𝑛

( +1)

+ C2

3. Method:
Following items were used for experimental
determination of Slurry flow rate and residence time.
I. Metallic cones of different angles
II. S.S Pipeline (Ø 150mm dia) for pouring of
slurry
III. Metallic scale for measurement of film
thickness over the cone surface
IV. Stopwatch for measurement of residence time
of slurry over the cone surface
In this experiment as shown in figure.2., propellant
slurry of different viscosity was poured over the cones
of different angles and subsequently the residence
time of slurry over the cone surface was measured
using stopwatch. With this residence time, flow rate
of the slurry over the cone surface was also
calculated.

The constant of integration C2 evaluated using noslip boundary condition at the solid surface
Boundary Condition -2: at

y = δ,

Vx = 0

1
( +1)

0=

α 1/n (δ) n
−(ρg cos
) . 1
𝑘
( +1)
𝑛

α 1/n
C2 = (ρg cos
) .
𝑘

+ C2

1

( +1)
(δ) n
1
𝑛

( +1)

Fig.2. Experiment of slurry flow over cone surface
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4. Results and Discussion:
a. Effect of Cone Angle on Slurry Flow Rate and
Residence Time: Slurry flow rate for different cone
angle is evaluated using the above equation for the
propellant slurry of 500 Pa.s viscosity. Residence
time over the cone is calculated using average
velocity. The relationship between slurry flow
rate& residence time w.r.t., cone angle is presented
in table-1.

Table 1: Variation of slurry flow rate and
residence time with cone angle.
Sl.
No.
1
2
3
4
5
6
7
8
9
10
11

Cone
Angle
(degree)
10°
20°
30°
35°
40°
45°
50°
55°
60°
65°
70°

Slurry Flow
Rate
(kg/min)
69.3
34.28
22.45
19.02
16.4
14.36
12.69
11.31
10.13
9.12
8.24

Residence
Time (sec)

Similar calculations are carried out for different
viscosity slurries ranging from 350 Pa.s to 800 Pa.s
and the optimum cone angles are evaluated at each
viscosity. The results are presented in Table.2.
Table 2. Variation of cone angle with viscosity.

In table.2 values of slurry flow rate over the cone is
calculated for different cone angles. The optimum
cone angle is marked against slurry flow rate of 12
kg/min. Those highlighted values represent the
optimum cone angle at which maximum residence
time is obtained for de-aeration of the slurry
maintaining casting rate of 12 kg/min.

6.
10.38
21
32.07
37.85
43.89
50.11
56.73
63.66
71.07
78.94
87.37

Conclusions:

The flow behavior of Propellant slurry over the
metallic cone has been studied by numerical
modelling of slurry flow over an inclined plate. The
study elucidates that using optimum cone angle for
a particular slurry viscosity gives maximum
residence time for de-aeration and at the same time
helps in maintaining required casting rate.
This study will help in selection of best cone angle
for casting of different viscosity slurries so that
quality of final cured propellant grain will be
improved.

Normally the casting rate of 12 kg/min is
maintained during casting. From the table.1, It is
found that 50° cone angle is optimum angle at
which slurry flow rate over the cone is 12.69 kg/min
which matches with the casting rate.
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1. Introduction
Hydrogen, as a resource is widely used in refinery in
hydrocracking and hydro treating processes. As hydrogen
demand in the refineries is increasing, hydrogen
management strategies are of great interest for the
refineries. Hydrogen management deals with the optimal
distribution or allocation of hydrogen gas within a refinery
linking the hydrogen internal sources, external source to
demand units. Generally it comprise of multiple zones of
demands with a dedicated resource for each zone and
sources shared by all zones i.e. segregated targeting. The
flow is supplied for satisfying the demand via compression.
The compression procedures involve huge amounts of
investment and also the compression energy. So energy
management and investment management in hydrogen
allocation networks (HANs) is a very important aspect. To
reduce investment and save energy for the petrochemical
industry, the hydrogen system in a refinery should be
operated under the optimal scheme to meet the varying
hydrogen demands of hydrogen consumers. Jain and
Bandyopadhyay (2017) developed a rigorous methodology
for segregated targeting problems with dedicated sources.
These works on segregated targeting problems were
focusing towards continuous processes. It can be noted that
segregated targeting problems involving allocation network
are not focused. This paper is focused on developing an
algorithm for segregated targeting problems with dedicated
sources in the HANs. Segregated targeting problem

consists of internal sources, resources, dedicated sources
for fulfill the demands for the different zones.
2. Problem Statement
The general problem for segregated targeting for resource
conservation with dedicated sources for the HAN may be
mathematically stated as follow. Each zone consists of
dedicated sources, demands and one resource at a definite
time interval as shown in Figure 1.

Internal Source

Dedicated Source

Internal Source

Dedicated Source

S1

D1

S3

D3

S2

D2

S4

D4

Figure 1. Segregated targeting problem for HAN
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A set of internal sources is given. Each source produces a
flow of with specific quality at a definite time interval.
A set of multiple zones is also present. Each zone consists
of dedicated sources, demands and one resource at a
definite time interval.
Each dedicated source of the kth zone produces flow with
given quality at a given time interval. Resources are timeindependent and have no flow restrictions
2.1 Flow Balance Constraints: Let f ij and f rj represent
the flow from ith source and resource to jth demand. The
flow balance for compressor station and demand station
may be addressed as follows Equation (1) and Equation (2):
Nd

f
j 1

ij

 fiw  Fs i

∀i

(1)

ij

 f rj  Fdj

∀j

(2)

Ns

f
j 1

2.2 Quality Constraints: Due to quality constraint at every
demand, the hydrogen mass-load requirement for any
internal demand may be mathematically expressed as
follows: (Equation 3)
Ns

f
j 1

ij

qsi  f rj q fr  Fdjqdj

∀j

(3)

Where qsi, qfr and qdj are the quality of ith source, resource
and jth demand.
2.3 Objective Function: The objective is to minimize total
fresh hydrogen requirements which can be calculated using
Equation (4).
Nd

F fr   f frj

(4)

j 1

4. Conclusion
In this paper, a mathematical formulation based on pinch
analysis approach is presented to address such problems.
The applicability of the proposed methodology is explained
via illustrated example which helps to optimize HAN with
multiple zones. It can be concluded from the example that
the result allows to decision maker to utilize in such way
that the common resources can minimize the investment or
the compression energy in all the zones while satisfying the
demand. Sensitivity analysis is also performed for different
examples………..
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1. Introduction

2.2 Methods

This project approach for the intensification of ozonation of
waste and wastewater is presented using a highly efficient
and compact Multi-Orifice Oscillatory Baffled Column
(MOBC) ozonation contactor. The MOBC uniquely yielded
full (ie.100%) use of the ozone supplied with a very short
liquid contact time under continuous operation and reducing
the need for further gas-liquid contacting equipment
downstream from the MOBC. The increased performance of
the MOBC ozonation reactor was benchmarked against a
bubble column design and resulted in a 20% increase in the
rate of microbe degradation. The ozonation reactor concept
herein presented is based on a MOBC scaled up from singleorifice OBC technology, allowing mixing and
hydrodynamic flow conditions produced at laboratory scale
to be easily mimicked at pilot and industrial scale. This
results from the very small size of bubbles and enhanced gasliquid mass transfer and hold-up generated in the presence
of small fluid pulsations and orifice baffles.

2.2.1 Experimental setup

2. Material and Methods
2.1 Materials
This experiment consists of a baffle column, motor,
and an ozonizer. The baffle column is made up of acrylic
sheets. The multi orifice baffle plates (3-4) are made of
stainless steel and fitted in the stainless steel pipe in equal
spacing.

Ozone is sent from the bottom of the MOBC using
a sparger, this forms the gas phase. When ozone decomposes
in wastewater, the free radicals hydrogen proxy (HO2) and
hydroxyl (OH) that are formed have a great oxidizing
capacity and play an active role in the disinfection process.
2.2.2 Measurement of the gas holdup, bubble size, and
Sauter mean bubble diameter
The gas hold-up was measured by recording the changes
in the liquid height in the MOBC’s using a high-resolution
camera. Then the photographic method is used in this study
to determine the bubble size of the two-phase mixture. The
Sauter mean is that volume-to-surface mean bubble diameter
2.2.3 Optimal value of design parameter
Parameter
Baffle thickness

Symbol
α

Optimal value
2 mm

Baffle spacing
Tube diameter

L
D

80 mm
150 mm

3. Results and Discussion
3.1 Gas holdup
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At low oscillation of baffles, the changes in hold-up are
very small, but at high oscillatory moving G (mass flow rate)
increases with the increased oscillation intensities. At a
given oscillation Reynolds number, the gas-hold up again
increases with the increase of the aeration rate.
𝒉−𝒉𝟎
εG = 𝒉

(1)

3.2 Bubble size
The application of oscillatory motion to a baffled
column induces significant modification sin bubble higher
aeration rates. For high oscillatory motion, more turbulence
prevails within the OBC at increased power dissipation in
the system; consequently, the mean bubble diameter is
significantly reduced. The size will reduce the mass transfer
co-efficiency will be increased.
(2)
DBi = (d2bmaxdbmin)1/3

4. Treatment Methodology
4.1 Ozonation
Ozone is a very strong disinfectant and oxidizer. It is
the strongest of all molecules available for disinfection in
water treatment. Compared to chlorine, the most common
disinfection chemical, ozone is a more than 50% stronger
oxidizer and acts over 3,000 times faster.
The chemical reactions involving hydroxyl radicals to
destroy the inorganic chemicals and organic compounds to
the removal of COD, BOD, and TSS at high pollutant
concentrations may be due to the formation of intermediate
oxidation products, which trap the OH radicals. The result
indicated that ozonation can reduce 60% to 75% of COD,
55% to 65% of BOD, and 50% to 80% of TSS in less than
60 minutes.
5. Conclusion
In this experimental study, when gas flow rate and
oscillation speed increased, gas hold-up, bubble frequency,
and distribution of gas velocity get increased. While
increasing the flow rate and oscillation time, the bubble size
gets reduced and this indicates the increase of mass transfer
coefficient. The result indicated in ozone treatment of
wastewater can reduce 60% to 75% of COD, 55% to 65% of
BOD, and 50% to 80% of TSS in less than 60 minutes.
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Abstract:

Essential oils which are the unstable parts refined from the sweet-smelling plant materials, have acquired
significance in surface level, restorative, sweet-smelling, fragrant and otherworldly employments. In this
examination we use arrangement measure ultrasound helped technique and microwave helped strategy at
various boundary ultrasonic helped extraction (UAE) is applied in this exploration since it has better return
contrasted with other extraction strategies. The techniques comprise of improved extraction systems:
microwave-helped extraction, ultrasound-helped extraction using ultrasound shower or sonotrode and gas
chromatography-mass spectrometry (GCMS) investigation strategy. Microwave-helped extraction could be
considered as an extraction procedure that outcomes in the creation of a higher amount of oil quicker than
expected with least energy utilization. Microwave extraction could be considered as an extraction
procedure that outcomes in the creation of a higher amount of oil quicker than expected with least energy
utilization. In the ultrasound technique dissolvable are ethanol pa n-hexane (ms virtue grade), methanol
(ms immaculateness grade), myristicin, γ-octalactone (inner norm, is) and n-hexane in microwave strategy.
The streamlined states of strong: water proportion, power thickness and drenching time for extricating
nutmeg mace fundamental oil in the microwave-helped measure.

Keywords: Novel Technique, Ultrasound method, Microwave Method, Extraction
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1. Introduction
Tummalapalle Mill represents an alkali leaching-based
uranium processing plant. Alkali leaching takes place
inside pressurized autoclaves at controlled temperature and
pressure.

technical modifications incorporated & consequent trails
taken to increase the pump flow rate and thereby to achieve
the required throughput into autoclaves.
2. Measuring principle of Double Hose-Diaphragm
Pump
Leaks in the valves of oscillating positive displacement
pumps are flows in which cavitation occurs. This generates
sound waves. The sound waves are transferred to the valve
housing. The acoustic emission sensor of the acoustic
diagnostics unit detects these sound waves on the exterior
of the valve housing. The sound pressure level L generated
by the leak depends on the hydraulic power P hyd as follows:

Figure 1. Schematic representation of a present system at
UCIL, Tummalapalle Mill.
Although the rated capacity of the Tummalapalle Mill is
3000TPD, few obstructions were present to achieve the
rated capacity. The technical study was done by the process
and mechanical engineers team of Tummalapalle Mill for
necessary improvements to achieve the rated capacity
which helped in the overall grinding rate of the processing
plant also. In the alkali leaching section of the
Tummalapalle unit, Autoclaves (pressure vessels) are used
for alkali leaching purposes. To run the plant in full rated
throughput, it is required to push the slurry into autoclaves
by double hose-diaphragm pumps through spiral heat
exchangers with a sufficient flow rate. During the regular
course of operation, each double hose-diaphragm pump
was able to discharge limited flow rate with the existing
motor designed parameters. This paper deals with the
technical details of double hose-diaphragm pumps, recent

L = 10 log

𝜂 ∗ 𝑃ℎ𝑦𝑑

(4)

𝑃𝑜

L - Sound pressure level
η - Energy conversion coefficient, from hydraulic to
acoustic
Phyd - Hydraulic power
Po - Reference power
The hydraulic power at a valve depends on the pressure
differential Δp and the flow rate Q as follows:
𝑃ℎ𝑦𝑑 = Δp ∗ Q

(5)

Phyd - Hydraulic power
Δp - Pressure differential
Q - Flow rate
Sl.
Technical
No.
Characteristics
1

Energy

Parameter
Value

Unit

75

kW
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2

Rotational Speed

1000

min-1

3

Frequency

50

Hz

4

Switch Fuse

415

V

5

Enclosure

IP55

-

Table 1. Technical details of the existing drive motor of
Double Hose-Diaphragm Pump.
3. Technical modifications at alkali leaching circuit to
improve slurry throughput into autoclave
Upon taking trails with the several modifications &
consultation with the supplier of the double hosediaphragm pump, we observed whether following
implementations can lead to increase the flow rate in the
pump.
3.1 Increase the suction line size (with which pump can get
maximum suction at all the time).
3.2 Increase the RPM of the motor (such that, the number
of strokes per minute can increase and it may help in
increase of the flow rate).
Later on, it was observed that, increase in the suction line
size is not advisable, because it may cause settling of
particles in the suction side. It was decided to change the
bottom short piece of the suction accumulator as mentioned
in figure 2.

originally supplied by supplier) with another motor of 1480
RPM. After replacement of the motor, trial runs were taken
and found that at 1200 RPM of motor double hosediaphragm pump (the number of strokes per minute
increased) was able to discharge sufficient slurry. We
continued the operations on a particular double hosediaphragm pump for about a few hours with that flow rate
and found no abnormalities. The pump was able to
discharge sufficient slurry through an existing spiral heat
exchanger and there were no vibrations in the circuit. In
addition to this, slight modifications near LCV pipeline
were done before let down vessel or autoclave discharge
tanks to control over sufficient input / output and to
maintain proper levels.
4. Conclusion
This is to conclude that, after implementing our
suggested modifications, number of strokes per minute
increased at the pump and thereby increased the flow rate.
The slurry flow rate was increased by 25% (if required, we
can increase slurry flow rate further) which will be
sufficient to operate the plant with throughput capacity. It
can help in achieving additional improvements from the
Tummalapalle unit for the organization in terms of
production. By doing these modifications in the autoclave
area, we can control the plant to operate at full capacity.
Our plant can operate at rated capacity by adopting these
technical modifications.
5. Acknowledgment

Figure 2. The bottom short piece of the suction
accumulator (highlighted) of the double hose-diaphragm
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Modifications were done in one pump and trials were
taken but flow was not increased satisfactorily. Then in
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increase the RPM of the pump by increasing the drive
motor RPM. For which existing motor itself, at 73 Hz
frequency was able to provide the speed of 1500 RPM and
with which it was possible to achieve required flow rate.
Motor frequency was analyzed as a collaborative study of
concerned section to achieve suitable solution. Existing
motor was replaced (996 RPM, drive motor, which was
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1. Introduction
Over the last decade, there has been a tremendous call for an
increase in the efficiency and safety of processes in
numerous manufacturing industries. That being said,
although many new regulations and standards have been
introduced, there still lies a significant challenge in tackling
safety issues owing to the unpredictability of failures within
a system. With these shortcomings in mind, and considering
the hype around this domain, there lies a huge potential in
the use of newer technologies and digitalization to fulfill
these organizational goals [1]. In this paper, a
comprehensive look into some of the techniques and
thinking approaches that could be implemented into the
design of a process plant, and the maintenance of these
techniques across the life cycle of the process have been
explored [2]. A specific emphasis has been given to
identifying various hazards and safety concerns that arise
from operating a process plant, and a methodology of
implementing Industry 4.0 technologies such as the Internet
of Things, Sensors, Cloud Computing, and Artificial
Intelligence, has been formulated. The challenge of creating
a system to integrate the roles of a human and a machine to
meet the set requirements has also been investigated [3].
This paper concludes with a summary of the potential
opportunities and future research work that has been
identified with such digitalization techniques.
2. References
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1.Introduction
Multivariable process systems are either time-lag
dominated or dead-time dominated systems and can be
modeled as First Order Plus Dead time (FOPDT)
structures. The sequential identification and modified
Ziegler-Nichols controller design method form the basic
structure for the multivariable auto tuner. These methods
consider desired response (output: for example, y1 in case
of 2x2 system) and input (u1) for system identification and
analysis. Also, they do not discuss about methods to reduce
interactions nor do they give any exact analytical
expressions for the relay responses that may help in
analyzing the interaction behavior between input/output
and may provide information regarding closed-loop
parameters (PID using model based tuning rules) of the
MIMO (Multi input and Multi output) system. Moreover, it
is felt that exact model parameters and information on
interactions can be better obtained / calculated from
mathematical model of undesired relay responses for
MIMO systems. As the off-diagonal closed loop transfer
functions contain information on interactions, it is better to
analyze the control system based on their time domain
characteristics.
2. Material and Methods
2.1 Materials
In this work an attempt is made by taking the twotank
system (To control Liquid level) using the relay feedback

(sequential tuning approach) and validation of the
simulation results with the experimental results. The
method used in this research work is sequential tuning
approach which is widely acceptable for estimation and
identification of the process parameters for proposed two
tank (Liquid Level) system. Experimental transfer function
is obtained from two tank system a simulation is carried out
a comparison is made between experimental one and
simulated one.
2.2 Methods

Figure 1.1: Block diagram of coupled tank system
2.2.2 The schematic diagram of coupled tank MIMO
process is shown in figure.3.1. The input flow for tank1 and
tank2 are Fin1 and Fin2. The controlled variables are level h1
and h2 in the tank1 and tank2. The mass balance and
Bernoulli’s law yield.
The schematic diagram of coupled tank MIMO process is
shown in figure.11 the input flow for tank1 and tank2 are
Fin1 and Fin2. The controlled variables are level h1 and h2 in
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the tank1 and tank2. The mass balance and Bernoulli’s law
yield
2.2.3 Parameters of coupled tank MIMO process
The parameter values of the coupled tank process are
given in Table 1.1. The nominal operating conditions of the
process are shown in Table 1.2
Table 1.1 Parameters of coupled tank MIMO process
A1 A2

A1,A2,A12

𝛽1

𝛽2

𝛽𝑥

154

0.5

0.7498

0.8040

0.2445

2.2.4 Operating condition of coupled tank MIMO
process. The nominal operating conditions of the
process are shown in Table 1.2.

U1

U2

H1

H2

K1

K2

2.5

2

24.6

14.4

33.336

25.002

h
1hl(cm)

Table 1.2 Operating condition of coupled tank MIMO
process
3. Results and Discussion
3.1 open loop response
The transfer function of coupled tank process is identified
using system identification tool box. The levels in the tanks
are initially maintained at the operating condition of
24.6cm and 14.4cm by giving the input voltage of 2.5 and 2
volts to the pump1 and pump2 respectively. Then the input
to the pump1 is changed from 2.5 to 3 voltages by keeping
pump2 input as constant and the level in tank1 and tank2
are recorded. The same procedure is repeated by changing
the pump2 input from 2 to 2.5 volts by keeping the pump1
input as constant. The open loop response for the change in
input1 and input2 are shown in figure 1.2 and figure 1.3.

Time (sec)

Figure 1.3 Open loop responses for input change in pump2

3.3 Real time implementation of two tank experimental setup
using biased relay feedback test

PROCESS DESCRIPTION:
The real time process considered for the sequential autotuning algorithm (figure 2.1) is a multiple tank process in
which two tanks are considered. The MIMO process
considered here is the couple tank system, which consists
of two cylindrical tanks connected in interacting fashion at
two different heights. The system is configured as a MIMO
system with two input and two output variables.

Figure 1.4 Twotank interacting system
The couple tank system, which consists of two
cylindrical tanks connected in interacting fashion at two
different heights. To measure the interaction packers’ valve
are being used in the connecting lines between the two
tanks. Water is pumped into the two tanks from the
reservoir using the pumps. The levels of water in the two
tanks are measured using differential pressure transmitters
(DPT). Control valves are provided at the inflow lines of
the two tanks in order to regulate the flow of water into the
tanks. To measure the interaction, the valve is being used.
Two I/P converters are used to change stem position of
control valve and to measure the level in the tanks two DPT
are used. All these sensors and actuators are connected
through NI-6008 interface DAQ card; it has 8 analog
inputs, 2 analog outputs, 4 digital inputs and 4 digital
outputs compatible with LabVIEW software.
4. Conclusion
Relay feedback test isconducted on both simulation and
real time two tankexperimental setup using biased relay
and the responses are obtained. Analytical expressions
are derived for the undesired relay responses in time
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domain using biased relay feedback test. The model
parameters
are estimated
for the two tank system
(simulation).The simulation results indicate that the
estimation of Kp(Process gain) is more accurate when
biased relay is used. Real time implementation of two tank
experimental set up using biased relay feedback test is
done.
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1. Introduction
Technologies based on cyber physical systems are
proving to be valuable in agriculture globally and are
defining the emerging field of “precision agriculture”.
Precision agriculture can be defined as a methodology of
enhanced decision making, which associates effective
management of farm practices, in concert with sensing
devices, positioning systems from satellites and the
integration with computers to provide information [1].
Proper maintenance and management of crops is required,
whose lack may result in reduced crop yields.
There are various stages in agriculture right from the crop
selection to harvesting, of which irrigation is the most
important step which shows more impact on the yield of
the crop. Although, selecting the correct time for irrigation
i.e., when to supply water to crop, is an important factor to
consider. The oversupply of water to the crop may lead to
damage of crops.
Owing to the recent concern on the effective utilization
of water in India, Chemical Engineers across the nation are
looking into identifying opportunities to help farmers and
one of the possibilities is to explore its usage in Saffron.
Saffron is the costliest spice in the world (INR 2,00,000
per kg or USD 2,500). This is because the actual threads to

be used are a very small portion from the entire flower of
saffron, and it takes about 75,000 saffron flowers to make
one pound of saffron spice, which is to be done manually.
All these factors, including the manual harvesting of
saffron, add to the reason for the spice to be expensive [2].
The cultivation of saffron requires much hard work and
patience, because when the purple harvest arrives in
autumn, the flowers are plucked and the crimson red stigma
removed and dried for days, until it shrinks to the size of a
slender thread. One stigma weighs around 2 mg and on an
average, each flower contains 3 stigma, so it takes roughly
167 flowers to get just 1 gram of saffron, to be extracted
manually, the reason for its huge cost [3].
Saffron, as we know it today, cannot be produced without
human intervention. The seeds produced by its flowers are
sterile, making natural pollination impossible. The plant
reproduces asexually via vegetative propagation.
Cultivation is done through corms, which are its bulb-like
stems that grow under the soil [4]. The Crocus Sativus
plant likes dry, warm weather, but tolerates light snow. Its
favourite type of soil has clay with a good mix of calcium
carbonate and other organic matter. Corms are sowed in
summer and the saffron crocus flowers are ready to be
harvested mid- to late-autumn. The flowers must be
harvested by hand, before or immediately after sunrise so
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that they are not damaged by direct heat from the sun. The
flowers are very delicate, and many growers believe
mechanical plucking damages the saffron crocus flowers.
Each flower produces only 3 stigmas. Once the flowers
have been harvested, its stigmas must be plucked and dried
for around 12 hours [5].
The annual production calculated at the end of 2020 for
this costliest spice is 13.2 metric tonnes [6]. In Jammu and
Kashmir, the total area under Saffron cultivation in J&K is
3,715 hectares, with production and productivity of 16 MT
and 3 to 4 kg/hectare respectively. In J&K, saffron is
cultivated in majorly 4 districts: Pulwama, Budgam,
Srinagar, and Kishtwar. Among these, the major portion
(86%) lies in the heritage site of Pampore, with over 3200
hectares [7].

using Cyber Physical Systems in Agriculture will be
showcased.
References
[1] Delgado, J.; Short, N.M.; Roberts, D.P.; Vandenberg,
B. Big data analysis for sustainable agriculture. FSUFS,
2019, 3, 54.
[2]www.britannica.com
https://www.britannica.com/story/why-is-saffron-soexpensive
[3]www.indiaspend.com
https://www.indiaspend.com/farmers-pitch-for-gi-tag-forkashmiri-saffron-worlds-most-expensive-spice/
(Reference to a Journal Publication)

There are a lot of methods like Vertical farming,
hydroponic saffron cultivation, dark room production etc,
which are being used today to increase the overall yield of
saffron across the globe.
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2. Material and Methods
In this study a prototype has been designed wherein the
data from the soil moisture sensor has been collected and
fed it to an app via a microprocessor (ESP32). A (third
party) user-friendly mobile application provides a
calibrated gauge on the interface where the user can
monitor the real-time moisture content of his crop. The app
notifies the farmer if the soil needs irrigation or not.
If the moisture drops below a certain level, the farmer is
asked for the authorization to irrigate the land and once the
process is authorized by the farmer, the app sends the data
to the relay, through the same microprocessor, to turn ON
the pump and irrigate the land. After the moisture is
retained, the same procedure follows, the farmer authorizes
the process and the pump is turned OFF. The ON/OFF
controls of the pump are managed by a Relay Module
connected to ESP32.

3. Conclusion
In this presentation, the conceptual design of Smart Crop
Irrigation and Monitoring System for Saffron Production
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International Symposium on Saffron Biology and
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The solubility data of antibiotics is scarce in the literature.
The main challenge faced by researchers during drug
formulation is availability of reliable data. To reduce the
number of experiments to generate the data it is preferred to
use thermodynamic models to predict the data related to any
chemical moiety. The aim of this work is to correlate the
solubility of antibiotics such as ciprofloxacin and
tetracycline with the thermodynamic models such as NRTL
and UNIQUAC.
Classical thermodynamic activity coefficient models such
as NRTL, UNIQUAC are frequently used models for solid
liquid equilibrium studies including the solubility of active
pharmaceutical ingredients (APIs) in solvents. We have
compared the solubility of hydrochloride and base form of
antibiotics in different solvents such as water, ethanol, 2propanol and acetone. Solubility of ciprofloxacin and were
predicted in the temperature range of 293.15-323.15 K and
for tetracycline 288.15-323.15 K for which the experimental
data is available in literature.
2. Methods
The thermodynamic model fitting was carried out using
Excel 2013 (Microsoft Office)
3. Results and Discussion
For the modelling of solubility data the thermodynamic
properties and solubility data of hydrochloride and base

form of antibiotics has been taken from Varanda et al[2].
(2008), and Caco et al[3]. (2006).
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Figure 1: Solubility of Ciprofloxacin base using UNIQUAC
model in various solvents. (dot points shows experimental
data and fixed line shows empirical data)
The solubility of ciprofloxacin hydrochloride in ethanol and
2-propanol is similar to the solubility of ciprofloxacin base.
However, solubility of ciprofloxacin.HCl in water is more
than 2 orders of magnitude higher than that of the base form
of ciprofloxacin (Figure 1). It also can be interpreted that for
ciprofloxacin, hydrochloride form of ciprofloxacin has best
solubility in water rather than that of other solvents.
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Figure 2: Figure 1: Solubility of Tetrayccline base using
UNIQUAC model in various solvents. (dot points shows
experimental data and fixed line shows empirical data)
Tetracycline hydrochloride form solubility in water is
almost 2 order higher than that of the base form. But at the
same time solubility of tetracycline base form is higher than
that of hydrochloride form of tetracycline.in the solvent
ethanol and 2-propanol (figure 2). Tetracycline base has the
highest solubility in ethanol solvent.

4. Conclusion
Both antibiotics (HCl form) have the same solubility order;
that is, they are more soluble in water > ethanol > 2-propanol
> acetone. Tetracycline base solubility order is water < 2propanol < ethanol ∼ acetone. The solubilities of the
hydrochloride forms of the two antibiotics in water are about
2 orders of magnitude higher than those of their base forms.
In acetone we see the reverse effect; the solubilities of the
base forms are much higher than those of the hydrochloride
forms. It can be observed that the thermodynamic models are
fitted well with experimental data which implies
thermodynamic models are good tools to determine the
solubility of those antibiotics. Thus, the solubility of the two
studied antibiotics is dependent not only on the solute’s
properties but also on the solute-solvent interactions.
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1. Introduction
Energy crisis and environmental impact draws
significant attention in the production of hydrogen as a clean
alternative source of energy. Steam reforming of methane
(natural gas) is the most widely used method for hydrogen
generation industrially. But, the very high energy
requirement in the methane steam reforming reaction is
opposing the main motive of the process. Methanol is being
investigated as an alternative reformer feed because of its
comparatively lower reaction temperature. Moreover, its
liquid state at normal temperature and pressure adds
advantage to be used for in-situ hydrogen production for
vehicular application.
In this work, methanol steam reforming process is
modelled kinetically. The model is simulated in Aspen Plus
V11® and studied various parameters affecting conversion,
impurity in the product stream and hydrogen yield.

In the modeling of the steam reforming process of
methanol, only the steam reforming reaction and the reverse
of water gas shift reaction is considered as the CO
concentration in the product stream is very low [3]. Using
the power law method, the rate expression for the SR process
can be modeled as
m
rSR = k1pCH
pnH2 O - k -1 pH2 pCO2
3 OH

eq. (1)

rrWGS = k 2 pCO2 pH2 - k-2 pCO pH2O

eq. (2)

From the calculation of equilibrium constant, Purnama et al.
suggested that the rate of reforming reaction do not depend
on the concentration of products as the reciprocal of the
equilibrium constant is very small. Further, they reported the
values of m and n as 0.6 and 0.4. Therefore, the rate equation
of the reforming reaction can be expressed by eq. (3).
0.6
rSR = k1pCH
p0.4
H2 O
3 OH

eq. (3)

2. Material and Methods

2.2 Simulation

2.1 Modeling

The simulation of the model is carried out in RPlug
reactor of Aspen Plus which is based on plug flow reactor.
For the property calculation, Peng-Rob property package is
used because of its high accuracy in calculating properties of
mixture containing both liquid and gas. The kinetic data used
for the simulation of the process is taken from Purnama et
al. The values of pre-exponential factors and activation
energy used in the simulation for the SR, rWGS and WGS
reaction are 8.8×108 s-1gcat-1, 6.5×109 bar-1s-1gcat-1, and 4×107
bar-1s-1gcat-1 respectively and 76, 108, and 67 kJmol-1
respectively.

Methanol steam reforming process is highly
endothermic in nature which involve the following three
main reactions, i.e., reforming reaction (SR), water gas shift
reaction (rWGS) and methanol decomposition (MD) [1, 2]

CH3OH + H2O

CO2 + 3 H2

CO2 + H2

CO + H2O

CH3OH

CO + 2 H2

(1)
(2)
(3)
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3. Results and Discussion
Some of the key results obtained from the
simulation will be discussed in this section. The model is
simulated to investigate the effects of various parameters on
methanol conversion and CO formation. At first, to visualize
how the conversion of methanol changes with temperature,
the model is simulated for fixed total molar flow, fixed
catalyst loading and pressure for different temperatures at
two different fixed steam to methanol molar ratio. The
model is again simulated to investigate the relationship
between methanol conversion and steam to methanol molar
ratio. Then the effect of catalyst weight to feed (methanol +
steam) molar ratio on methanol conversion is studies
keeping others parameters constant. This is done for four
different reactor temperature. The results obtained from the
simulation is plotted as shown in Figure 1(a), 1(b) and 1(c)
respectively.

constant for both the reactor temperature in Figure 1 (b). For
reactor temperature 260 °C, at a value S/M of 3 >99%
conversion can be obtained. In the literature, it is reported
that optimum ratio of steam to methanol is 3 for higher
methanol conversion and hydrogen yield in the experimental
study of steam reforming. However, a large molar ratio of
S/M is required to get a similar conversion at a lower
temperature (≤ 230 °C).
Figure 1(c) shows how methanol conversion
changes with catalyst weight methanol molar ratio. It can be
seen from the figure that conversion increases with
increasing catalyst weight to methanol molar ratio for
temperature 230 °C, 250 °C, 270 °C and 300 °C. At a lower
temperature (230 °C and 250 °C), even at a very high ratio
of Wcat / Ffeed complete conversion is not achieved. However,
operating the reactor at a higher temperature, methanol can
be completely converted to produce hydrogen. These results
are compared with the experimental results of Purnama et al.
[3] and found to be in line with their results.
4. Conclusion
The parameters affecting methanol conversion is
studied in this work. Increasing trend of methanol
conversion is observed with increasing temperature, steam
to methanol molar ratio and catalyst weight to feed molar
ratio. The reactor should be operated such that the both
methanol conversion and hydrogen yield are high. At a
temperature of 270 °C, steam to methanol molar ratio 3 and
catalyst weight to feed molar ratio of 6, greater than 98%
methanol conversion can be achieved.
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From the Figure1(a), it can be observed that
methanol conversion increases with increasing temperature
for a particular steam to methanol molar ratio. For steam to
methanol ratio of 3 almost complete conversion is achieved
at a temperature of about 260°C. Experimental reactor
temperature for complete conversion of reported in the
literature is 250-270 °C at the given operating conditions.
Increase in methanol conversion can be observed
with steam to methanol molar ratio keeping others parameter

2.

3.

Brant A. Peppley, J.C.A., Lyn M. Kearns, Ronald F.
Mann, Methanol-steam reforming on Cu/ZnO/Al2O3.
Part 1: the reaction network. Applied Catalysis A:
General, 1999. 179: p. 21-29.
Brant A. Peppley, J.C.A., Lyn M. Kearns, Ronald F.
Mann, Methanol-steam reforming on Cu/ZnO/Al2O3
catalysts. Part 2. A comprehensive kinetic model.
Applied Catalysis A: General, 1999. 179: p. 31-49.
Purnama, H., et al., CO formation/selectivity for steam
reforming of methanol with a commercial
CuO/ZnO/Al2O3 catalyst. Applied Catalysis A: General,
2004. 259(1): p. 83-94.

ID No: MSP-306

Design and Implementation of a PI Controller for
Blood Glucose Control of Type-1 Diabetes Based on
Optimization Methods
N. Rajasekhara, S. Saraswathia, T. K. Radhakrishnana*, N. Samsudeena
a

Department of Chemical Engineering, National Institute of Technology, Trichy, Tamilnadu– 620015, India

* Corresponding author: radha@nitt.edu
Keywords: Blood Glucose Control, Support Vector Machines, Second Order Plus Time Delay, Particle Swarm Optimization, IAE,
ISE, Manta Ray Foraging Optimization.
1. Introduction
Blood glucose control in Type 1 Diabetes patients is an area
of extensive research for many years. Type 1 Diabetes or
the Insulin Dependent Diabetes Mellitus (IDDM) is a
metabolic disorder in which blood sugar increases beyond
its normoglycemic range (80-160 mg/dL) owing to the
insufficient secretion of insulin by the beta cells of the islets
of langerhans present in pancreas. In this study, the Hovorka
and Wilinska’s (HW) 11th order virtual patient model is used
for the study of control of Blood Glucose Concentration
(BGC). The steady state map of BGC and insulin flowrate is
obtained. A supervised machine learning algorithm, viz.,
Support Vector Machine (SVM) is employed to classify the
data obtained from steady state map into three piecewise
linear regions (Region 1: BGC<80 mg/dL, Region 2:
80<BGC<160 mg/dL, Region 3: BGC>160 mg/dL). A linear
SVM is found to give the highest accuracy and hence the
same is implemented to classify the regions. Step tests are
performed by varying subcutaneous insulin infusion rate by
1mU/min from the nominal steady state conditions and the
transient response of the blood glucose concentration is
recorded. Using the input-output dynamics, three Second
Order Plus Time Delay (SOPTD) models are derived for the
three piecewise linear regions. A Proportional-Integral (PI)
controller is designed for the three piecewise linear regions
using Ziegler-Nichols (ZN) tuned parameters as initial guess
for Particle Swarm Optimization (PSO) taking the cost
function as Mean Absolute Error (MAE), Integral Absolute
Error (IAE) and Integral Square Error (ISE) and compared
with the conventional Internal Model Control (IMC) tuned
controller. An optimal control method with use of Manta
Ray Foraging Optimization (MRFO) is also implemented as

a strategy for optimizing the PI controller parameters. The
MRFO based PI controller seems to provide better
performance for the various disturbances studied.
2. Modeling and Classification
2.1 Steady state map
The HW virtual patient model [2] is constructed using
MATLAB. The model constants and parameters used in this
virtual patient model is taken from the Hovorka et al. [1].
The insulin action on glucose production, distribution and
disposal poses the major sources of non-linearity between
the blood glucose-insulin dynamics. The steady state map of
BGC and insulin flowrate is obtained using fsolve in
MATLAB. The insulin infusion is varied from 1mU/min to
16mU/min and the corresponding steady BCG in mg/dL is
recorded. This plot clearly indicates the non-linearity that
exists between the BGC-insulin dynamics as shown in
Figure1.

Figure 1: Steady state map of BGC-Insulin infusion.
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2.2 Classification of the critical region
A supervised machine learning algorithm that can be
employed for classification of data. They are based on the
idea of finding a hyper-plane that best divides the dataset
into different classes. The data from steady state map is
randomly divided into 70% of training data and 30% of
testing data to validate the accuracy percentage. Several
types of SVM (Linear, Quadratic, Cubic, Fine Gaussian) are
used and Linear SVM is employed as it provides the highest
accuracy of all. Finally, the data is classified into three
piecewise linear regions namely hypoglycemic region
(BGC<80 mg/dL), normoglycemic region (80<BGC<160
mg/dL) and hyperglycemic region (BGC>160 mg/dL). The
accuracy and misclassification rate are also calculated and
indicated by the confusion matrix/chart and scatter plot as
shown in Figure 2.

3. Results and Discussion
The values obtained from optimization tuning methods is
used to design the controller and various set point changes
are made. The performance indices viz., rise time, settling
time, peak overshoot is are compared.

Figure 3: Set point tracking of BGC with various controllers
designed
4. Conclusion
Figure 2: Confusion Matrix Chart along with Scatter Plot.
2.2.1 Development of SOPTD models
Step tests are performed to obtain the empirical SOPTD
model for the three piecewise linear regions for which the
controllers are designed below.
2.2.2 Design of controllers
The MRFO tuning technique is employed to obtain the
controller parameters (Proportional Gain, Kp, Integral gain,
Ki) of the PI Controller for the three critical regions.
Similarly, another optimization algorithm viz., PSO is
employed to optimize the PI controller parameters. For both
the optimization methods, the lower and upper bounds are
chosen from ZN tuning method as an initial guess. The cost
function used is MAE. The performance is evaluated and
compared with Conventional IMC and ZN tuning methods.

The controller parameters Kp and Ki tuned by MRFO and
PSO performs better than the traditional IMC and ZN tuning
methods. The results obtained are satisfactory.
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1. Introduction
High velocity free jets are commonly used in
many applications. One of the Military applications is the
explosive ordnance disposal. In crisis situation such as
violence and terrorism, bomb squad/military personnel face
situation where they cannot determine the nature of suspect
device & its location may not be suitable in fear of human
life and damage to infrastructure. In such situation Water
Jet Disruptor is used to remotely fire water jet projectile
into the target for neutralization and gaining access to
suspicious package. The Water Jet Disruptor is barrel filled
with small mass of water (used as projectile) driven by
propellant cartridge or explosive detonation. After exit
from barrel the jet diffuse in surrounding air by process of
mass and momentum transfer before penetrating into the
target. Water jet Disruptor is explosively/Propellant driven
phenomena, gurney equation are conventionally used to
determine the projectile velocity, but they do not accurately
predict the jet velocity. Hence numerical method is a
versatile tool in hand of designer for analysis of jet velocity
& the paper deals with CFD analysis of Jet velocity for
Water Jet Disruptor.
2. CFD Analysis
All the computations for analysis were performed
on commercial software package FLUENT. The
computational method is relatively faster, easier and
cheaper. Hence the present work aims to perform CFD
analysis of Jet velocity for water jet disruptor.

It is proposed to study the velocity of water jet and
the pressure generated by the jet as it impinges on the
target. The entire analysis is divided into distinct problem
definition i.e. Flow of water jet inside barrel of water jet
disrupter & Flow of water jet in ambient air i.e. analysis of
free Jet. The boundary condition for the two problems is
defined below:

Figure 1: Boundary condition for case I & II
4. Methodology
CFD simulation is performed using ANSYS
FLUENT program. Flow encountered in the present study
is Multiphase flow & the Volume of Fluid model (VOF) is
best suited & is selected for analysis. The RNG K-ɛ
turbulent model is utilized for turbulent modeling & the
pressure velocity coupling is achieved using phase coupled
SIMPLE algorithm. The Standard properties for water &
air as defied in ANSYS database is utilized in this study.
5. Results

3. Problem definition
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Experimental trials were conducted to obtain the
experimental values of cartridge pressure generated and
velocity of water jet using pressure sensor & high speed
camera respectively. CFD analysis of the problem was
performed using the problem definition & methodology as
stated above. The comparison of results of the velocity at
the exit plane of the water jet disruptor obtained in
numerical simulation with that of experimental trial, it is
found that numerical simulation predicts the velocity
accurate for most of the cases. The figure 2 shows the
comparison of experimental & numerical results & the
average percentile error between experimental and
numerical results is 9.81%.

6. Conclusion
The numerical simulation of jet was performed
using VOF model to capture the velocity profile of jet,
distribution of volume fraction of water and the pressure
produced at the target. The pressure induced at target is an
important factor on which the capability of jet to breech or
defeat the target depends. Hence the CFD analysis of jet
velocity is required for successful utilization of water jet
disruptor under various conditions.
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1.

Introduction

Natural gas is a clean source of energy and its
popularity is expected to grow rapidly in the future
because it presents many environmental advantages
over oil and coal. In 2020, natural gas consumption
worldwide amounted to roughly 3.8 trillion cubic
meters. It is expected to grow 4.6 trillion cubic
meters by the year 2030. In order to bring gas from
production site to storage plant, there are two ways
of transporting gas: Pipelines and LNG (liquefied
Natural Gas). LNG is natural gas that has been
converted to liquid form for ease of storage or
transport. It takes up about 1/600th the volume of
natural gas in the gaseous state. It is odorless,
colorless, toxic and non-corrosive. But, many
natural gas resources are located in remote offshore
fields, where subsea pipelines structures do not exist
or are not economically viable. FLNG refers to
water based LNG operations employing
technologies designed to enable the development of
offshore natural gas resources Floating liquefied
natural gas (FLNG) vessels have been designed to
facilitate the production, liquefaction, and storage of
natural gas at sea. FLNG vessels makes it possible
to transfer LNG directly from the floating facility to
a variety of consumers around the world via
waterways. There are several liquefaction processes
available for LNG. Only proven onshore
liquefaction processes have been selected for FLNG
to date on the basis of minimising technical risk.
Dual Mixed Refrigerant (DMR) process is preferred
as it is designed for higher capacity of 3.6 mtpa. The
first application of DMR for floating LNG (FLNG)
production is Shell’s Prelude FLNG vessel, which
was commissioned in 2019 using a similar process.
The FLNG processes have been detailed by Basit
[1]. In this work, the DMR process is simulated

using the Honeywell’s UNISIM Design simulation
software and the results are presented.
2.

Materials & Methods

2.1 Materials: Honeywell’s UniSim® software
family substantially improves simulation of online
and off-line process unit design and optimization
applications and helps determine the workflow,
equipment needs and implementation requirements
for a particular process. The UNISIM® DESIGN
R450 SUITE is used to perform simulation of DMR
process. The composition of the treated natural gas,
used in the liquefaction process, is presented in
Table 1.
Table 1: Sweetened Natural Gas Composition
C1
0.9154
C2
0.0537
C3
0.0214
i – C4
0.0046
n – C4
0.0047
i – C5
0.0001
n – C5
0.0001
2.2 Methods: A model of the Dual Mixed
Refrigerant Process is built using UNISIM Design
simulation software by Honeywell.
The
thermodynamic fluid package of Peng-Robinson is
used for the simulation. The mixed refrigerant used
in this process consists of methane, ethylene and
propane. In Figure 1, this dual pressure precooling
DMR design is illustrated. The warm mixed
refrigerant (WMR) is fully condensed and sent
through a first precooling coil wound heat exchanger
(CWHE). A fraction of the WMR is used to provide
refrigeration at an intermediate pressure, while the
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balance is subcooled further in a second precooling
CWHE, before being used to provide the final
precooling refrigeration at a lower pressure. The
lower pressure WMR is compressed in the first stage
of the compressor and then mixed with the
intermediate pressure WMR before the second stage
of the compressor. The detailed description of the
process can be found in the hand book of LNG
processes [2]. For this process, the WMR is
optimally a propane-ethane mixture. Refrigeration
for the liquefaction and subcooling of the natural gas
is provided by a second cold mixed refrigerant
(CMR). The model used for the study considers two
Precooling heat exchangers and two main cooling
heat exchangers. A warm mixed refrigerant (WMR)
cycle employs of methane, ethylene, propane in a
particular composition whereas the second cooling
cycle uses a different composition of the above
mentioned mixed refrigerant to achieve the desired
temperatures.

Table-2: Design Parameters for DMR Process
obtained from UNISIM
(a)
NG Feed

NG at HX
–1

NG at
HX – 2

5740

5710

5690

46.74

16

7.003

12.5

12.5

12.5

(b)
NG at HX
Main – 1

NG at HX
Main – 2

Final
NG

570

300

101.3

-131.9

-159.5

-161

12.5

12.5

12.5

Parameters
Pressure
(KPa)
Temp (oC)
Molar Flow
(Kg mole/hr)
Parameters
Pressure
(KPa)
Temp (oC)
Molar Flow
(Kg mole/hr)

Figure 1: Schematic DMR Process Flow Diagram

Figure 2: Temperature v/s Heat flow plot at HX
Main-1

3.

4.

Results and Discussion

The different parameters of Natural gas feed and
Natural gas at HX – 1, HX – 2, HX Main – 1 & HX
Main – 2 in DMR Process UNISIM design are given
in Table 2. The different parameters of HX – 1, HX
– 2, HX Main – 1 and HX Main – 2 in DMR Process
UNISIM design are tabulated in the paper along with
the figures. As an example, Figure 2 shows
Temperature v/s Heat flow plot at HX Main-1 of the
DMR process.
The complexity of DMR process, which includes
additional refrigerant streams, CWHEs, and splitting
or mixing of streams, make them significantly more
difficult to simulate and optimize. A large
temperature span and phase changes in the CWHEs
and MHEXs also result in a highly nonlinear
variation in the enthalpy as a function of
temperature.

Conclusion

Design and simulation of DMR process is carried
out using Honeywell’s UNISIM Software and the
results are presented. Dual mixed refrigerant
processes feature designs with small temperature
differences, several multi-stream heat exchangers,
intermediate throttling, and separation.
5.
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Abstract
The current work deals with the simulation of a typical fluidized bed column capable of fluidizing a bed of biomass particles
(Geldart B powder) using a fluidized bed column of height 0.62m and width 0.10m taking air as the fluidizing medium. The
simulation has been carried out by using Aspen Plus software by considering bed, column and operation parameters obtained from
experimental data and comparing and validating with an associated literature published elsewhere which used Ansys Fluent CFD
package for estimating some of the hydrodynamic bed parameters. On running the same simulation using Aspen Plus software,
various other hydrodynamic parameters such as exact minimum fluidization velocity, superficial velocity profile, interstitial
velocity profile, pressure drop profile, bubble volume fractions, bubble diameter etc. could be estimated very easily. This study
will thus provide a deep insight into the complete hydrodynamic and design parameter estimation which would help in
understanding the operation of a fluidization column further and will essentially help in the scale up of a gas-solid fluidized bed
column.
Keywords: Fluidized bed column, Aspen Plus simulation, Geldart B powder, Hydrodynamic parameters

1. Introduction
Fluidization has been utilized extensively in many industrial
applications such as drying, catalytic decomposition,
pyrolysis, coating etc. Fluidization is basically an operation
where solid particles are made to behave like a fluid-like
state when it contacts with gas or liquid. It is imperative to
understand the hydrodynamic behaviours of solid particles
to identify the variations of bubble diameter, solid volume
fraction, pressure drop, bubble rise velocity etc. with bottom
zone height and total height. Aspen Plus fluidized bed model
is most up-and-coming tool to get insight of the various
parameters such as interstitial velocity, superficial velocity
etc. which becomes troublesome to estimate experimentally.
The present study with Aspen Plus aims to provide much
detailed analysis of hydrodynamics behaviour in comparison
to the data analysed previously using Ansys Fluent CFD
package and published elsewhere.

material consists of powdered sawdust material of size 300
microns and density 1234.2 kg/m3-.

2. Experimental setup
The experimental setup consists of a perspex fluidized bed
column of length 0.62m and 0.10m width (Fig.1). The bed

Fig. 1. Fluidized bed column.
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Table 1. Instrument details of the experiment
Sl.No.
Instruments
Capacity Company
1
Air Compressor
10L
Camel
2
Rotameter
0-100
Indus
lpm
3
U-Tube manometer
500ml
Indus
4
Perspex Column
with feed hopper
2.2 Methods
2.2.1 Aspen Plus Modeling
The Aspen Plus fluidized bed model describes isothermal
fluidized bed considering fluid mechanics (one dimensional)
and also describes the entrainment of particles. The model
considers particle size and density, terminal velocity,
geometry of the vessel, option of additional gas supply,
impact of heat exchangers on bed temperature and fluid
mechanics .It also considers chemical reactions and their
impact on the fluid mechanics and vice-versa. The modeling
also provides different options/correlations to determine the
minimum fluidization velocity, TDH, entrainment of solids
from the bed and distributor pressure drop. The model also
considers two zones viz. the bottom zone and the freeboard.
The model also assumes solids are ideally mixed and it
considers the impact of volume production/reduction on the
fluid mechanics as well as change in PSD due to reaction (if
available).

micron
Perforated plate
m
m

3. Results and Discussion
Height of bottom zone
Height of Freeboard
TDH calculate from correlation
Solids holdup
Number of particles in the Bed
Surface area
Distributor pressure drop
Bottom zone pressure drop
Freeboard pressure drop
Fluidized bed pressure drop
Overall pressure drop

500
200
0.62
0.10

4.447 meter
0.50704 meter
0.77564 meter
3.612 kg
1.16009e+08
28.9998 sqm
0.110935 bar
0.0136615 bar
0.0315499 bar
0.04521 bar
0.156146 bar

Fig.3 Estimated Fluidized bed profiles
4. Conclusion
The hydrodynamics of a fluidized bed is significantly
influenced by the inlet air flow rate and geometry. Different
profiles with respect to the total height and the bottom zone
height were estimated by Aspen plus simulation and
compared with previously published Ansys Fluent data. The
various bed hydrodynamics and in detailed column profile
results obtained will thus be helpful in proper scaling up of
the reactor as well as would provide deep in sight of the
internal bed behaviours which is difficult to analyse
otherwise.

Fig. 2 Aspen plus Model flowsheet
Table 2. Specifications used in simulation.
Parameters
Unit
Solid feed rate
Kg/hr
Inlet air flow rate
Kg/hr
Geldart powder type
B
Bed Voidage
Diameter of particle
m

Number of orifices
Orifice diameter
Distributor Plate type
Height of the bed
Diameter of the column

Amount
1 kg
10.26
0.5
0.0003
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1. Introduction
In today’s fast-growing world, the rate of accumulation of
waste is rising at an unexpected rate. Management of
potential wastes, such as cafeteria trash, plastic waste, paper
waste, and municipal solid waste, is becoming a major
public health and environmental problem. Also, due to rising
prices and the environmental impact of fossil fuels, the
world is transferring from a petroleum-based to a bio-based
economy. Biological wastes, which are typically considered
low-valued materials, are now being converted from highvolume waste dumping environmental crisis to constituting
sustainable resources for the production of eco-friendly
products, the production of biogas is one of the steps.[1] [2]
Biogas is one of the most cost-effective and ecologically
beneficial forms of renewable energy. Biogas is produced by
a complex microbial population during the anaerobic
digestion of organic materials, which involves numerous
complex biochemical reactions. Anaerobic digestion is a
series of biological processes in which microorganisms
break down biodegradable material in the absence of
oxygen.

MATLAB to estimate the effect of various parameters
height, diameter.
2. Mathematical Modelling and Solution
The design is based on three aspects, i.e.,
The selection of the type of digester;
The calculation of the reaction volume-based;
The sizing of the reactor, in which the diameter and height
are calculated according to the reaction volume and the type
of digester selected [22].
V(r×n) = HRT × u …………. (2.1)
where,
Vr×n = The reaction volume (m3),
HRT = The hydraulic retention time (days),
u = The inlet volumetric flow of the waste (m 3/day).
The continuous stirred digester is primarily composed
of an anaerobic tank incorporated into a mechanical
agitation system that promotes a homogeneous mixture in its
interior, this reactor is designed as described in the above
mentioned.
The continuous stirred digester is designed based on total
solid content between 2% and 10%. [5]

Present study proposes a methodology for the design of
anaerobic digester (CSTR) to produce biogas from food
waste (organic waste). A model for a digester of volume
2160 m3 is designed and further evaluation of the biogas
production using technical data from experimental anaerobic
digesters is carried out.
The model equations are solved subsequently in MATLAB
R2015a and the amount of biogas produced is calculated.
Furthermore, a simulation study is also performed in

3

DR =

√𝜋( 𝐿 )

4𝑉

…. (2.2)

𝐷 𝑅 . (1−VfF )

L

L R = ( ) . DR
D R

where,
LR

= Digester height (m)

…….

(2.3)
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DR

= Digester diameter (m)

3.2 Effect of the length on the Daily Biogas Production
Figure 1 shows the effect of height on the daily biogas
production in Anaerobic digester (CSTR). It is observed that
the daily biogas production increases linearly with an
increase in height of the anaerobic digester (CSTR).

VfF = Free volume fraction
L

( )

D R

= Height - diameter ratio

V = Reactor volume (m3)
The daily biogas production calculated at operating
temperature –
𝐵𝐺 =

𝑏
𝐻𝑅𝑇

[𝐶° − 𝐶𝑇 (𝑥, 𝑡)]𝑉

𝑇𝑎
𝑇𝑜

…… (2.4)

where,
BG = the daily biogas production (m3/day)
b = the methane production yield calculated through
the BMP test (m3/kgSV)
Co = the concentration of volatile solids defined
through an environmental characterization (kgSV/m3)
Ta = the average annual temperature (K)
To = the operating temperature of the anaerobic reactor
(K)
CT (x, t) = the rate of degradation of the substrate inside
the reactor.

Figure 1: Effect of height on Daily Biogas Production for
CSTR
3.3 Effect of Diameter on the Daily Biogas Production
Figure 2 shows the variation of diameter on the
daily biogas production in an anaerobic digester (CSTR).
The daily biogas production increases almost linearly with
an increase in the diameter of the anaerobic digester (CSTR).

The daily biogas production for the CSTR is calculated by
writing a program in MATLAB R2015a. [4]
3. Results and Discussion
3.1 Validation with Literature Data
Table 1 shows the comparison of CSTR results of the
present study with the results in literature data from the paper
Arango et al (2019). The results of this study have
approximately equal daily biogas production as compared to
daily biogas production given in literature data.
Table 1: Comparison between Present study and Literature
data for CSTR
S.No.
1
2
3
4
5
6
7
8

Parameters
LR(m)
DR(m)
V(m3)
K
µm (day-1)
CT
BG(m3/day)
BG(m3/year)

This Study
18.36
12.24
2160.4
3.5682
0.586
33.6756
2580.6
941919

Literature data
18.36
12.24
2160.73
3.5817
0.586
33.763
2583.5123
942982

Figure 2: Effect of Diameter on Daily Biogas Production for
CSTR
4. Conclusion
The study gives an insight of the modelling of an
anaerobic digester (CSTR) for biogas production and it is
found that the biogas production in the digester, modelled
using MATLAB, is in agreement with the literature data.
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The digestor was simulated for height and diameter
also and it is found that the biogas production increases with
increase in either height or diameter as can be observed in
equation 2.4.
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literature. The product purities were considered more than

1. Introduction
In this work, simulations were performed for the
parametric

study on

pressure-swing

distillation

for

separating benzene-ethanol azeotrope to identify optimum

99.5% for both the products.
2.2 Methods
2.2.1 Pressure Selection

operating conditions.
The aim of this work was to explore open source software
DWSIM and its capability in industrial simulations to
optimize process parameters. The objective of optimization
was to minimize the total annual cost of the process
without heat integration.
For a defined purity of products, the effect of operating
column pressure, number of stages, reflux ratio was studied
for both high pressure column and low pressure columns
respectively.

Pressure dependence of azeotropic composition
was analyzed to fix the pressure in the high pressure
column pressure. The effect of pressure on heat duties was
also analyzed to choose optimum pressure configuration.
2.2.2 Optimization of Process Parameters
Simulations were performed for different reflux ratio,
number of trays and feed stage by fixing the parameters for
high pressure column.
Similar simulations were also done for the low pressure
column by fixing optimized parameters obtained in

2. Methodology
2.1 Feed Specification

previous calculations.
Total annual cost calculations were performed using
standard equations available in the literature.

An equimolar positive azeotropic feed of benzeneethanol was considered at 2 bar and 25oC for simulation.

3. Results and Discussion

NRTL binary interaction parameters were considered for
simulation based on experimental data available in the

3.1 Effect of Pressure on azeotropic composition
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Calculations

were

performed

using

utility

provision in DWSIM at different pressures and presented in
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1. Introduction
In the present work an attempt is made to design a
Proportional Integral Derivative (PID) controller for the
conical tank system. The system considered is level control
of a conical tank. PID controller settings are obtained using
IMC Based PID controller design method. IMC, the Internal
Model Controller is model based controller involving few
tuning parameters. The IMC filter, λ is chosen for both setpoint tracking (Servo Problem) and disturbance rejection
(regulatory Problem). Closed loop behavior for the system is
obtained and compared with that of Ziegler-Nichols (Z-N)
settings.
Figure 1: Conical Tank System

2. Material and Methods
2.1 Materials
Conical tank is chosen as the system for the study.
The schematic of the tank are shown in the figure 1. The
parameters of the tank considered are: Height, H: 70cm,
Steady state value, h: 10cm, Bottom radius, r: 2cm, Top
radius, R: 17.6cm.

2.2 Methods
2.2.1 Model - First Order Plus Time Delay
The system chosen is modeled first principles and
a First order plus Time Delay is obtained as in the Eq (1)
below.

𝐺𝑝1 (𝑠) =

3.18
62.81 𝑠+1

2.2.2 Controller Design

𝑒 − 1𝑠

(1)
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IMC based PID method (Bequette, 2003) is used in
the design of PID Controller. Time delay is approximated as
first Pade’ approximation in obtaining the expressions for
PID controller settings. IMC filter, λ is the tuning parameter.
The PI controller obtained from IMC principles is given in
Eq (2).
Gc (s) =

(τp +0.5θ)
Kp (λ+0.5θ)

(1 +

1
(τp +0.5θ)s

+(

0.5θτp

τp +0.5θ

) s)

chosen as per the variations in the manipulated variable
Refer figures 2 and 3).

(2)

2.2.3 Tuning Guideline
When the length of the outlet pipe of the conical is
visualized to increase system experiences a Time Delay. So,
an attempt is made to vary the time delay between 0.1 and 2
to study the closed loop behavior and build a suitable
relation between the tuning parameter, λ and Time Delay, θ.
At the end of the simulation study IMC filter is given as xθ
≤ λ ≤ yθ, where x and y represents the minimum and
maximum factors as a multiple of time delay.

Figure 2: Comparison of Manipulated Variable with
Response of the System with λ = 0.9

3. Results and Discussion
3.1 Simulation Study
For the system obtained as show in the Eq (1), PID
controller settings are employed using Ziegler-Nichols [ZN] settings and IMC based PID method (Bequette, 2003).
The controller settings obtained are shown in Table 1.
Simulink toolbox of MATLAB is employed to obtain the
closed loop response of the system.
Table 1: PID Controller Settings
Method

Tuning Parameter

Kc

τI

τD

Z-N
IMC-PID

Kcu = 2.59 Pu = 20
λ = 1.2

1.5540
11.6963

10.001
63.3100

2.5002
0.4961

3.2 Discussion
Closed loop behavior for the system is obtained for both
Servo Problem and Regulatory Problem. Disturbance is
incorporated at time, t = 200 units. On comparing the
response obtained with the two controllers, it is observed
that PID controller obtained by IMC-PID gives a better
response than the Z-N PID method. Tuning Parameter for
IMC Based PID controller λ is chosen as per the guideline
given by Bequette (2003). He has stated that λ > 0.8θ.
However, tuning is carried in finalizing the value for λ. It is

Figure 3: Comparison of Manipulated Variable With
Response of the System with λ = 1.2
Figure 2 depicts that manipulated variable changes very
frequently as against Figure 3. This is a clear indication that
there are heavy moments with respect to the final control
element.
4. Conclusion
In the present study an attempt is made to obtain the PID
controller settings using IMC principles. A tuning guideline
is given in relation to the varying time delay.
References
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Abstract

High-density polyethylene (HDPE) is most commonly used commodity plastic in everyday life
due to its low cost and light properties. However, huge amount of waste is generated and can be
seen in municipal waste streams. Recently, pyrolysis is considered as promising technology for
conversion of polymer waste into fuel or valuable hydrocarbons. Therefore, understanding of
thermal kinetics and its behavior using thermo-gravimetric analysis (TGA) lays a solid foundation
for design and implementation of process. The current study investigates the kinetic analysis of
lab waste HDPE under inert conditions from 303-973K at five different heating rates. Multiple
kinetic methods were employed for the determination of kinetic triplets such as Activation energy
(Eα), pre-exponential factor (Aα), order of reaction (n) and reaction mechanism (f (α)). Model free
Isoconversional methods viz., Friedman, Ozawa-Flynn wall (OFW), Kissinger-Akhira-Sunnose
(KAS), Starink and Advanced Isoconversional model (AIC) and model fitting method namely,
Coats-Redfern (CR) method were employed for determination of kinetic parameters. Reaction
mechanism was determined using criado masterplot technique and further, evaluation of preexponential factors was done with the progress of conversion. The average activation energy
values calculated from Friedman, OFW, KAS, Starink and AIC methods are 194.76 KJ mole-1,
174.36 KJ mole-1, 161.76 KJ mol-1, 162.13 KJ mole-1 and 200.13 KJ mole-1, respectively. R3
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reaction mechanism was observed for HDPE thermal degradation, which signifies contracting
sphere or contracting volume reaction mechanism. Thermodynamic behavior was also evaluated by
determining enthalpy (ΔH), Gibbs energy (ΔG), and Entropy (ΔS) during the process. Furthermore, the
kinetic parameters obtained were used for the reconstruction of TGA curve and it was noticed that simulated
profiles were in good agreement with experimental profiles (R2 > 0.9). Overall, the results of kinetic
analysis can provide guidance for large- scale designing of pyrolysis process.
Key Words:

Waste HDPE, Thermal degradation, Isoconversional Kinetics, Activation energy,

Thermodynamic analysis.
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1. Introduction
The necessity to develop sustainable and eco-friendly
technologies for meeting the growing energy demands has
paved the path for exhaustive research on utilization of
alternative energy resources in industrial and domestic
sectors [1-7]. In this context, advent of bioethanol deserves
a special mention. First generation bioethanol, produced
from sugarcane, corn, wheat, is a clean and green fuel that is
mixed with petrol and used extensively in the transportation
sector with reduced emission hazards. Continuous
fermentation of sugar in presence of yeast, Saccharomyces
cerevisiae for production of bioethanol is a well-established
industrial process. In spite of yeast being the most widely
used industrial biocatalyst for bioethanol production,
bacterial strains like Zymomonas mobilis are currently being
employed as industrial biocatalysts for bioethanol
production. Zymomonas mobilis offers certain advantages
over yeast as biocatalyst, namely, a wide range of pH for the
fuel production, high tolerance for the product ethanol, high
specific productivity of ethanol and increased ethanol
yield[7]. The process of bioethanol production using
Zymomonas mobilis through continuous fermentation is a
highly nonlinear one with periodic behavior exhibited by
substrate, product and biomass concentration under certain
operating conditions. Oscillatory mode of operation may be
beneficial or disadvantageous for industrial operations. On
the one hand, where oscillatory operation mode can result in
higher average ethanol concentration, on the other hand the
oscillatory operation mode can lead to decreased ethanol

productivity necessitating the development of strategies to
eliminate oscillations.
Mathematical models, mostly
structured and segregated models were proposed earlier to
explain the oscillatory behavior of continuous production of
bioethanol [1,2.4-6]. The impact of ethanol inhibition on the
periodic behavior has also been predicted using mechanistic
models [4,6, 9-10]. In the present work, unstructured nonsegregated mathematical model with the effect of ethanol
inhibition has been proposed to predict the oscillatory
behavior of ethanol, substrate and biomass concentration. A
stability analysis was performed to identify the value of
dilution rate, at which an exchange of stability, if any, occurs
between the washout and non washout solutions. Frequently,
it is observed that a small change in an operating parameter
can lead to a significant change in the system behavior, for
instance, if the parameter crosses a certain value, periodic
orbit development may be observed from stable equilibrium
points. This necessitates a bifurcation analysis of the system
with dilution rate as the bifurcation parameter. The condition
for which a Hopf bifurcation might arise in the system at
non-washout equilibrium was evaluated.
2. Material and Methods
2.1 Methods
An unstructured non-segregated three dimensional
mechanistic mathematical model was proposed to predict the
concentration of substrate, product and biomass under the
influence of product inhibition. In continuous fermentation
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processes, while non-segregated mathematical models
consider the biomass as a lumped parameter system
described by a single variable Cx, unstructured models
assume fixed cell composition equivalent to balanced
growth assumption. In the proposed model, the bioreactor is
assumed to be a well-mixed one with constant culture
volume, growth of microbial population in the chemostat is
described by the Monod equation with an additional product
inhibition term and the rate of product formation is described
by the Ludeking Piret equation [9]. The model equations
developed are as follows

dCx
   CS , CP  Cx  D  Cx 0  Cx  (1)
dt


dCs    CS , CP 

 ms  C X  D  CS 0  CS 
dt  YS / X

(2)

dCP
    CS , CP  YP / S  mP  C X
dt
 D  Cp0  CP 

substrate conversion and product yield was explored to get
an insight on the oscillatory phenomenon observed during
ethanol fermentation.
The substrate conversion and ethanol yield were calculated
as follows

XS 
YP 

CS 0  CS
CS 0

CP
CS 0

3. Results and Discussion
a. System dynamics-The substrate conversion time history
(Fig. 1) and product yield versus time profile2 (Fig. 2) for an
inlet substrate concentration 150 kg/m3 indicate that the
proposed model is able to capture the oscillatory dynamics
exhibited by the non-linear system.

The modified Monod kinetics with the product inhibition
term is represented as

 max CS 

CP
 1 
K S  CS  CP ,max





(4)

The initial conditions are
Cs(0)=Cs,in, CP (0) =0, CX (0)=0

(5)

In the equations, Cx, Cs and Cp are the concentration of
biomass, substrate and product ethanol and Cp,max is the
maximum concentration of product formed during
fermentation. In the proposed model, the rate of substrate
consumption is based on the maintenance model [6] and the
effect of product inhibition is incorporated in the kinetics.

Fig. 1 Substrate conversion versus time

The notations of different parameters in the equations have
been explained in Table 1.
The dynamic behavior of the continuous fermentation
system was initially investigated by solving the equations
(1), (2) and (3) together with the initial conditions (5) using
Python 3.8. Furthermore, the effect of dilution rate on the

(7)

The two equilibrium points corresponding to washout and
non washout states were obtained by setting the derivatives
in equations (1)-(3) as zero. The stability of the steady states
at both the equilibrium conditions were estimated.

(3)



(6)

Fig. 2 Product yield coefficient versus time
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b. Determining the equilibrium points
(i) The washout equilibrium is the point at which the
biomass and product concentration in the reactor are zero or
in other words the steady state solutions of the equations are
trivial solutions given as
Cs1*=Cs0, CX1*=0, CP1*=0
(8)
(ii) The non-washout equilibrium points are obtained by
solving the following equations using MATLAB

D  CS 0  CS 2 * YX / S   D  YX / S mX  CX 2 *

(9)

DCP 2 *   DYP/ S  mP  CX 2 *

(10)

DACP,max 

max CS 0

Dcrit    Cs1*, CP1 * 

(15)

K S  CS 0

Condition for local stability at washout equilibrium is Dcrit <
D. If equation (15) holds good, then all the biomass is
washed out of the reactor. For D<Dcrit , the third eigen value
is positive and the equilibrium point (8) is a saddle point. For
any initial condition with no microbial strain at t=0, each
trajectory of the system representing product concentration
at various residual substrate concentration tend to the
washout equilibrium point (Fig. 3).

max CS 2 *

 ACP,max   CS 0  CS 2 *
K S  CS 2 * 
(11)

Where

A

1  D  mX YX / S 


YX / S  DYP / S  mP 

(12)

c. Stability of equilibrium points
The Jacobian matrix for the washout equilibrium has been
computed using MATLAB R2013a and is expressed as

  CS 1*, CP1 *

 mX
 D 
YX / S

J  CS 1*, CP1*, C X 1 *   0
  CS 1*, CP1 *  D

 0   CS 1*, CP1 * YP / S  mP




0 

0 

D 



(13)
The characteristic equation for the system and the
corresponding eigenvalues are obtained using MATLAB
and are as follows:
Characteristic equation:

At non-washout equilibrium, the Jacobian is expressed as

J  CS 2 *, CP 2 *, C X 2 * 


C X 2 * 
|C *
 D 
YX / S CS S 2



|C *
 CX 2 *
CS S 2



|C *
 YPC X 2 *
CS S 2




D
 mX
YX / S
0

DYP  mP


C X 2 * 
|CP 2 * 
YX / S CP



CX 2 *
|CP 2 * 
CP



YPC X 2 *
|CP 2 * 
CP



The characteristic equation can be written in the form

 3   2  3D       2 D  D     D 2   D 2  D     0
(14)

D
Eigenvalues:  D
D
The first two eigen values are real and negative whereas the
third one is negative for μ<D. Thus a critical dilution rate
Dcrit can be defined such that

 3  A1 2  A2   A3  0
A1 

(16)

CX 2 * 

|CS 2 * YP / S CX 2 *
|C * 2 D
YX / S CS
CP P 2
(17)
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A2  2 D

C X 2 * 

|CS 2 * 2 DYP / S C X 2 *
|C *
YX / S CS
CP P 2



 mxC X 2 *
|CS 2 * mPC X 2 *
|C *  D 2
CS
CP P 2
(18)

A3  D 2

C X 2 * 

|CS 2 *  D 2YP / S C X 2 *
|C *
YX / S CS
CP P 2

 Dmx C X 2 *



|CS 2 *  DmP C X 2 *
|C *
CS
CP P 2

(19)
The eigen values of equation (16) are computed at non
washout equilibrium points obtained by solving equations
(9), (10), (11). As per Routh Hurwitz criterion, the three
dimensional system has a Hopf bifurcation point when the
Jacobian matrix has purely imaginary eigen values, which,
in terms of the coefficients of the characteristic equation (16)
can be expressed as,

A1 A2  A3  0 .
For a dilution rate 0.5 h-1, and inlet substrate concentration
150 kg/m3, the above equation is satisfied for steady state
concentration values
Cx2*=17.8 kg/m3
Cp2=9.79 kg/m3
Cs2=133.97 kg/m3
4. Conclusion
The dynamics of the continuous fermentation process was
explored with the aid of unstructured non-segregated
mathematical model with product inhibition. Model
equations proposed to predict the substrate, biomass and
product concentration successfully trace the oscillatory
behavior exhibited by the system. Multiple steady state
solutions were achieved corresponding to washout and nonwashout states. Eigen values corresponding to the washout
equilibrium indicate local stability for washout equilibrium
corresponding to dilution rates less than a critical value. For
the non-washout equilibrium, Routh-Hurwitz analysis
indicates the existence of a pair of purely imaginary eigen
values resulting in the possibility of occurrence of Hopf
bifurcation
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Table 1
Notation
D
Cs0
μ
YX/S
YP/S
mx

mP

μmax
Ks

Meaning
Dilution rate
Substrate
concentration at
inlet
Specific growth
rate
Biomass
yield
coefficient
Product
yield
coefficient
Maintenance
coefficient related
to
non-growth
associated
maintenance
Coefficient related
to
non-growth
associated product
formation
Maximum specific
growth rate
Half-saturation
constant

Unit
h-1
kg/m3

h-1
kg/kg
kg/kg
h-1

h-1

h-1
kg/m3
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1. Introduction
Study of bubble dynamics plays a vital role in the
improvement of the interfacial heat transfer and profiling
axial and radial variation of gas-holdup during boiling. Huge
number of the applications of nucleate boiling are found in
the nuclear industry and metal industry, which involve a
high rate of heat removal from a heated surface. The shape
change is an essential feature of bubble dynamics and
tremendously influences the interfacial heat tranfer and drag.
It has been also noted that the models for bubble shape are
very limited and not unified in wide operating conditions.
Most of the models available in the literature rely on
spherical shape assumption. The survey of literature
suggests that the shape of bubble is mostly computed for a
spherical geometry by solving the Young-Laplace equation.
In the recent works [1,2], the authors have reported the
dynamics of bubble shape and departure in nucleate pool
boiling at heated surface in high superheats. The
approximate analytical solution for bubble shape works
much better than the direct numerical integration of YoungLaplace equation for non-spherical bubble at high superheat.
In this work, we extend the Young-Laplace equation for
bubble shape to include the growth force for capturing the
shape of non-spherical bubbles. When comparing the
numerical simulation with our experiments, we see that
incorporating the growth force leads to a significant
improvement of computing the shape and departure of a nonspherical bubble and the interfacial heat transfer.
2. Material and Methods
Young-Laplace equation balances the pressure difference
across the liquid-vapour interface and the resultant of the
forces comprised of surface tension force, hydrostatic
pressure and dynamic pressure:

PV  PL  V L  gy  PD   CV  CL 

(1)

We consider an infinitesimal interfacial segment expanding
outwards in perpendicular segment lengths with the
principal radii R1 and R2 (Fig. 1). A work balance is
established by increasing the surface area relative to the
surface tension with the interfacial pressure (often referred
to
as
capillary
pressure).
PD  PDL  PDV At y=0; R1=R2=R0 and the dynamic
pressure difference at the apex, PD=PD0. CV and CL are
constants taken as the references for hydrostatic pressures.
R0 is the principle radius at apex obtained for a given Bo.
Then, we get from Eq.(1):

CV  CL 

2
 PD0
R0

(2)

Substituting Eq. (2) in Eq. (1), we get the capillary equation:



P  PV  PL   


1

 R1





R 2 
1

2
R0

 gy  PD

(4)

With   l   v . PD  PD  PD0 is the dynamic
pressure difference and is replaced by the growth force of a
bubble. P is the Laplace pressure drop; gy is the
hydrostatic pressure difference.

 d sin   2
P    
 gy  Fg

x  R0
 ds
3  dR 
Fg  l 

2  dt 

2

(5)

(6)
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We

also

dx
 cos 
ds

have

dy
 sin 
ds

and

The right-hand side of Eq. (5) suggests that it is the ratio of
cavity radius to capillary length which dictates the bubble
shape and  is the inclination at any point (x,y) ans s is the
arc-length measured from apex (Fig. 1).

3. Results and Discussion
Fig. 2 shows the change of bubble shape with increase in
growth rate

dR
of the bubble. As we see, the shape changes
dt

from spherical one to hemispherical one. With increase in
growth force expressed by Eq. (2), the shape changes to
hemispherical. The growth force imparting the liquid inertia
becomes important for the hemispherical bubbles.

Figure 1: A bubble growing on a heating surface
From the above equations, we obtain the following y=f(x)
(Eq. (9)) and its inverse form x=g(y), which are numerically
solved by Runge-Kutta method.
2
d y
2
dx

Figure 2: Change of bubble shape with growth rate

1 dy
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gy
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(9)

4. Conclusion
We have to perform some more numerical computations and
compare the numerical results with the CFD-results and
experiments to confirm the non-spherical shape of the
bubble in pool boiling obtained by Eq. (5).

y=f(x).
Boundary conditions:

References

y  0  0

(9a)

y  0  0

(9b)

The inverse form x= g(y) was alo solved numerically by
Runge-Kutta method from 𝑦 = 𝑦0 to y=bubble height. To
obtain an accurate bubble shape in the present numerical
simulation, we used the height and width of bubble that have
been determined experimentally from the bubble images.
We can also find the bubble height from Eq. (27) by
searching for the minimum foot radius in the region of

x  0 on
satisfied.
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1. Introduction

Poisson’s ratio (0.27), Density (162 Mpa), Yield strength
(162 MPa) and Tangential modulus (250 Mpa).

Biodegradable stents of magnesium (Mg) and its alloy
have emerged as an eminent aid in the treatment of ailed
vessels [1]. It can eliminate long-term interaction between a
permanent stent and vessel through temporary scaffolding
for targeted host vessel and be ingested by the body. It
features vast utility in growing vessels of minor patients and
avoids the reoperation process in long term usage of the
permanent implants. Designing of stent and its competency
during service period are the key factors that inhibit the wide
adaptation of Mg and its alloy-based materials [2].
Previously, clinical trials of Mg stent have reported to
cause sever lumen damage within four months of
implantation [3]. Restenosis and rapid structural
deterioration at stressed region caused by the corrosive
degradation of Mg-alloy stent was a conceivable reason for
deficient scaffolding. An ideal stent should retain its
structural strength till the complete healing of host tissue.
This improved structural integrity and mechanical properties
during degradation can be obtained by novel stent design
methods,
2. Material and Methods

This Process was simulated in ANSYS workbench
using fluent module. In this study, we simulated a vascular
fluid inside the human body working on the vascular stent of
WE43 alloy. The computational fluid dynamic model was
composed of a stent, fluid element and a blood vessel. The
vessel, cylinder and stent were coaxial with their centers of
all the axis are superimposed (Fig.1(a)). The fluid element
was acting along the inlet to the outlet of cylindrical vessel
(Fig.1(c)). Fluid strikes on stent and vessel wall causing the
deformation due to the shear stress. The expansion layer at
the fluid surface leads to spring back expansion of the
designed stent.

2.1 Materials and Geometry model

2.2.2 Boundary condition and meshing

Mg-alloy WE43 with alloying elements mass
percentage of 4.2% -Yttrium, 2.4% -Neodymium, 0.6% Lanthanum, 0.5% -Zirconium was used [4]. The mechanical
properties for WE43 are elastic modulus (44.2 GPa),

The stent and vessel internal surface are in contact with the
internal surface of the fluid element, defined as fluidstructure interaction surface. The integrated computer
engineering and manufacturing code for computational fluid
dynamics (Fluent) was used in order to divide the fluid

The model was created via computer aided design
software SOLIDWORKS 2014, resembling a full arc beam
structure bracket stent. Stent of 3 mm diameter and 0.14 mm
thick strut was constructed using full arc structural bracket
linked with straight beams.
2.2 Numerical simulation of Mg alloy stent
2.2.1 Simulation model
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element acting at the surface shown as meshing model.
Tetrahedron meshing element was used for complex
geometry and better accuracy (Fig.1(b)). The fluid element
resembling the blood inside the body was having density of
1060 kg/m3 with viscosity of 0.0027 Pa.s and an inlet
velocity of 0.225 m/s [4]. The heartbeat cycle time was
considered to be 0.8 s [5]. The stent was implanted at the
vascular lesion region with close surface contact with the
vessel wall without any displacement, so that the stenosis
should not occur.
Flow rate was calculated by Eq.
V = 0.1125 + 0.1125 sin (7.85 *t)
Where ‘V’ is the velocity change and ‘t’ is the distance
from the vessel wall. A surface expansion layer is added at
the fluid element surface
3. Numerical simulation results and analysis
The fluid element was having k-omega turbulent flow
(Fig.1(d)) with operating pressure 1.333 KPa (Fig.1(e)). The
flow through the vessel indicates the blood flow inside the
body. It has shown lower flow speed at the connection and
full arc units, which may cause blood retention around this
region. A large area of minor wall shear stress (WSS) was
distributed to the entire stent. The minimal value of WSS
could be observed at the full arc and the connection straight
beams. Lower WSS reason is more often to be subjected to
restenosis in the surrounding area of stent. The surface
expansion was having 27 increments of 0.111 step size
mimicking the heartbeat cycle for 3 s. The expansion of stent
causes the maximum von mises stress of 103.8 MPa
observed at the joints of arc and straight struts.4. Conclusion
The fluid element exerted wall shear stress on the
full arc supported beam stent, where the shear stress applied

on different faces were different because of its special
design. The fluid velocity at the straight beams were high
causing larger shear stress generation. However, the flow
velocity at the joints between arc units and straight beams
were low. It has perceptively prevented the weakening of
structure. Thus, it affirms that the design of stent was
rational.
References
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Figure 1: (a) Geometry model of stent, (b) Tetrahedron meshing of stent, (c) velocity contour for fluid flow, (d) velocity vector
of fluid through vessel, (e) Pressure contur of fluid on stent
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1.

Introduction:
To meet the overwhelming energy demand, dependence on fossil fuel has been proven to be dominant. Many
technologies have been developed in this context to extract energy from the available fossil fuels. For this
purpose, gasification has been gaining worldwide acceptance. Feedstock for the gasification process varies
from renewable biomass, municipal waste, coal to petroleum residues. Production of valuable gas from
carbonaceous feedstock has been an area of concern for years. Incomplete combustion of coal or another
feedstock to release gases of heating value same as that of feedstock in presence of limited oxygen is known
as gasification. There are several steps involved in the gasification process: drying or pyrolysis,
devolatilization, combustion or oxidation, gasification. Technology available for carrying out coal
gasification process are fixed bed, fluidized bed and entrained bed. Based on type of feedstock availability,
particular gasifier is chosen. However, entrained bed gasifiers are gaining more popularity, because of their
flexibility in usage with coal slurry and dry coal feed options. Design of gasifier, is a complex phenomenon
as it involves various physical and chemical processes. However, numerical modelling represents the best
way to predict the characteristics of a gasification system. CFD study of entrained flow gasifier has been
widely studied by several researchers in the past (Chen et al 2000, Bockelie et al 2002, Watanabe and Otaka
2006, Kumar et al 2011). This paper describes the comprehensive CFD modelling for an Indonesian coal
sample on a 2-D scale entrained flow gasifier. Boundary conditions and various kinetic parameters of
chemical reaction are taken from literature (Silaen and Wang, 2010). Exit gas temperature and gas
composition were recorded and gasifier efficiency was calculated. However, existing computational results
do not consider the random pore modelling during char gasification, which will be elaborated further in
detailed full length paper study. (Silaen and Wang, 2010; Jeong et al., 2014).

Computation setup:
The geometrical and operating parameters were taken from (Silaen and Wang, 2010). Computational domain
is 9m high and 1.5m wide. There are two inlets of 0.45m wide opening opposite to each other. Figure 1 shows
the 2-D meshed computational domain of entrained flow gasifiers. A total of 3420 mesh points were
considered in the present work, after doing grid sensitivity analysis. Feed rate of coal slurry was fixed to
18.58 kg/s whereas that of oxidant is 3.56 kg/s. Coal-water weight ratio was 60-40% in coal slurry. Inlet
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temperature and operating pressure were fixed as 1100K and 24 atm, respectively. The development of
computational domain and simulations were performed using ANSYS Workbench 2020 R1.

2. Computation Model:
Following set of gas-solid and gas –gas reactions are modelled:
C1.28 H2.66 O0.74 N0.0046 → 0.74CO + 1.06H2 + 0.09C6 H6 + 0.0046N2

(R.1)

C(s)+ ½ O2



CO

(R.2)

C(s)+CO2



2CO

(R.3)

C(s)+H2O



CO+H2

(R.4)

CO+ ½ O2



CO2

(R.5)

CO+ H2O



CO2 + H2

(R.6)

C6H6 + 3O2



6CO + 3H2

(R.7)

k-ε turbulence model was employed for describing gas-phase turbulence characteristics. P-1 radiation model
was incorporated to calculate the total heat flux on the inside walls of gasifier. Lagrangian discrete phase
model is applied to account for coal particles and liquid droplets. Coal slurry is injected through the two
opposing inlets of the gasifier section. Water is assumed to be atomized in to small droplets. Coal particle
undergo following processes: (a) evaporation of moisture (b) devolatilization (c) gasification to CO (d)
combustion of volatiles, CO and char. Kobayashi model is chosen for devolatilization phenomenon, Eddy
dissipation and finite rate chemistry models to account for turbulence-chemistry interaction. Particle reaction
kinetics are modelled same as defined in ANSYS Fluent. Kinetic rate constant parameters are given the value
from published literature. However, ANSYS Fluent allows char gasification to be modelled by incorporating
effectiveness factor in the rate expression for conversion of char particle, in which char gasification on the
internal surface of char are not considered. To incorporate this, random pore model was included in the rate
equation which includes pore structure parameter term. Furthermore, effectiveness parameter was calculated
based on Thiele modulus. Steady-state assumption is implemented and Fluent solver is pressure based which
employs implicit pressure correction scheme. Pressure- velocity coupling is done through SIMPLE scheme
and first order upwind scheme is used for momentum, energy and mass fractions equation solution.

3. Results & Discussion:
At first the simulations were carried out without considering the shrinkage and random pore models,
considering similar operating conditions as in case of Silaen and Wang (2010). The present predictions were
found in good agreement with the work of Silaen and Wang (2010), which confirmed the validity of the
modelling approach used in the present work. After validation the shrinkage and random pore models were
incorporated in the computational model. The exit gas temperature was found to be 2559 K, which is due to
highly exothermic reactions occurring inside the domain of the gasifier. Area weighted average temperature
contours are shown in Figure 2. As the conversion of char to produce CO and H2 takes place there is a
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significant rise in temperature of product gas that can be observed. Variation of gas temperature with the
height of gasifier are shown in Figure 3. It can be seen that there is a kink at the bottom of the gasifier which
is due to inlet temperature fixation. In case of species contours it was observed that complete carbon has been
converted, which may also be due to the shrinking modelling approach used in the present work. In eddydissipation model chemical reaction are assumed to be faster than turbulence time scale and there is sufficient
residence time for the particles to get converted in to product gas.

Figure 3: Gas temperature variation
with height of Gasifier
Figure 1: 2-D computational

Figure 2: Contours of exit

domain of gasifier

gas temperature
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Abstract
A series of zNi1-xCex/(SiO2, Al2O3, MgO) (where z=10, 20, 30, 40, 50 and x=0, 0.25, 0.5, 0.75, 1) catalysts were
synthesized by the sol-gel method, and the catalysts were tested for DRM reaction for syngas production. The
synthesized catalysts were characterized by XRD, H2-TPR, CO2-TPD, FTIR spectroscopy, Raman spectroscopy, BET,
and SEM analysis. The addition of ceria in a small amount created a significant difference in the catalytic activity over
the supported nickel catalyst. The 40Ni0.75Ce0.25/Al2O3 catalyst calcined at 973 K showed the highest conversion of
CH4 and CO2. The catalyst reduced with the flow of hydrogen (H2: N2 =1:4) showed a better performance than the
calcined catalyst in terms of stability and catalytic activity. The addition of ceria and supports increased the catalyst's
surface area, which increased the conversion of reactant, yield of the product (H2, CO), and catalyst stability. The
Raman spectroscopy analysis with different reaction times suggested coke formation without change of the catalyst
activity.
Keywords: Synthesis gas, Dry reforming of methane, Raman spectroscopy, XRD, Sol-gel method
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1. Introduction
This work proposes the use of the catalytic membrane for the
use for the separation and reaction on the same surface. This
process intensification will help to improve the overall
efficiency of the system [1]. This will help to reduce the cost
of the reaction and separation. Here challenge lies in
developing the catalytic membrane and the reactor. Initial
work of the catalyst preparation is done and an experimental
setup is designed which will help to ultimately design the
catalytic membrane with the reactor [2]. The catalytic
membrane is very essential for the separation of polluted
gases. In this, both processes are simultaneously done. Soots
present in the Co gas is trapped on the upper surface of the
membrane where the separation is taking place effectively.
Once the separation is done on the membrane pure gas will
enter the membrane and after that, it will come in contact
with the catalyst. After that reaction will take place in the
desired form [3]. Catalyst selectivity plays a very important
role in the reaction. Due to this separation and reaction is
taking place in the same section. That is the need of today's
era.
For this particular setup catalyst reaction, water gas shift
reaction is selected i.e methanation of CO and CO2. As there
are so many processes in the industry where CO and CO2.
are produced which causes environmental issues such as
global warming. carbon dioxide methanation is the
exothermic process that is done at 160 to 250 temperatures
at 1 atm [4]. As the external energy required for this reaction
is very less and ultimately the final product is methane which
will enhance the productivity methane has tremendous
industrial application [3]. It is widely used in the petroleum
industry, power generation and in the various fertilizer
industry. Conversion of the CO and CO2 to methane is

needed in the current situation. CO and CO2 cause more
pollution. Catalyst selectivity is played a very important
role. Nickel-based catalysts are used in this experiment[5].
2. Material and Methods
2.1 Materials
The required chemicals used for this study were
purchased from the following companies sigma aldrich such
as Silicon carbide, Potassium carbonate, Nickel acetate,
Lathunum oxide
2.2 Methods
2.2.1 Membrane Fabrication.
All the required materials are mixed at the proper
composition for the fabrication of the membrane. Initially,
the silicon-carbide base is created by sintering them into the
800-degree Celcius after that nickel acetate was introduced
for further sintering that will help to improve the selectivity
of the membrane and sintered at 500-degree Celcius.
4. Conclusion
CO2 gas can be effectively converted into methane gas.
Process intensification is done as on the same surface there
will be reaction and separation in the system. This will help
in reducing the CO2 pollution in the environment. Work is
still going on all results will be presented during
presentation.
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1. Introduction
In2S3 based nanocompounds have received notable
scientific focus because of their electronic properties which
have yielded promising results in harvesting solar energy
for photocatalytic and photovoltaic applications.1 Apart
from their visible light active band gap, their highly tunable
structural and optical properties give immense scope to
enhance their potential as solar energy materials. This work
demonstrates a novel approach in optimizing the
morphological and electronic properties of β-In2S3 by
lanthanide element cerium ion intercalation for
photocatalytic and photoelectrocatalytic applications.
Cerium is an inexpensive non toxic lanthanide element
which can exist in Ce3+ or Ce4+ atomic states, leading to
electronic reconfiguration and band gap tuning in the
photocatalysts. The partially populated 4f states in the Ce3+
atoms have introduced new energy states in the optical
band gaps of metal oxides like TiO2 in previous studies,2
resulting in capability to harness a greater part of the solar
spectrum and achieve enhanced electron hole separation.
The synergistic influence of cerium and indium atoms on
sulphides has not been reported yet, and this has mainly
inspired this work.
2. Material and Methods

hydrate (Ce(NO3)3·H2O) [Sigma Aldrich, 99.99%] and LCystein [Sigma Aldrich, 97%]
2.2 Characterization techniques
Field Emission Scanning Electron Microscope (FESEM)
images of the samples were obtained from a FESEM-JEOL
scanning electron microscope. The optical properties of the
samples were studied by obtaining their UV Vis
absorbance spectra from a Perkin Elmer lambda 25
spectrophotometer. Photoluminescence (PL) spectrum of
the samples were recorded on a Hamamatsu R928
photomultiplier detector with He–Cd laser as the excitation
source operating at 325 nm with an output power of 50
mW. The chemical states of the samples were analyzed by
obtaining X-Ray Photoelectron Spectra (XPS) spectra from
a ULVACPHI 5000 versaprobe II instrument with Al Kα
electrode.
2.3 Photocatalytic experiment setup
The photocatalytic activity was tested on a 20 ppm solution
of ciprofloxacin in a cylindrical annular glass reactor with a
centrally pivoted light source. The concentration of
ciprofloxacin with time was determined from its
absorbance recorded in the spectrophotometer.
3. Results and Discussion

2.1 Materials and sample synthesis
A surfactant assisted hydrothermal method has been
followed using 4-hydrated Indium (III) nitrate
(In(NO3)3·4H2O) [Sigma Aldrich, 99.99%], Cerium nitrate

Samples synthesized without Cerium, with 0.5% Cerium,
with 1% Cerium and 2% Cerium doping have been labeled
as InS, 0.5C-InS, 1C-InS and 2C-InS respectively.
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3.1 Morphological Characterization

smaller band gap can harness a greater part of the solar
spectrum and enhance photocatalytic activity.
3.3 Photocatalytic degradation of ciprofloxacin

Figure 3: Photocatalytic degradation of ciprofloxacin over
time
Figure 1: FESEM images of (a,b) Pure InS (c,d) 1C-InS
The FESEM images reveal that nanoflakes forming a
flower like architecture in pure InS samples have evolved
into distinct nanosheets upon 1% Cerium ion doping. These
ultrathin nanosheets may aid in optimum charge transfer
for maximum photocatalytic activity.
3.2 Optical Characterization

The InS, 0.5C-InS and 1C-InS samples have achieved solid
photocatalytic activity, with 1C-InS achieving maximum
degradation percentage of above 90%. The tuned
morphological and electronic properties of 1C-InS samples
have led to maximum generation of sites for photocatalytic
activity. The 2C-InS samples showed weak photocatalytic
activity due to high electron recombination arising from
their very narrow band gap.
4. Conclusion
In summary, insertion of cerium ions in its crystal lattice
has had a marked effect on the morphological and
electronic properties of In2S3 nanoparticles. The smooth
nanosheets in 1% Cerium doped samples revealed optimum
characteristics and accordingly achieved maximum
photocatalytic activity. This this work demonstrates a novel
approach in optimizing the photocatalytic activity of In2S3
nanostructures by cerium ion doping.

Figure 2: UV Vis absorbance spectra of developed samples
(Tauc plot in inset)
The UV Vis Spectra and Tauc plot reveal a red shift of the
band edge and narrowing of band gap upon Cerium ion
doping. Pure InS revealed a band gap of 2.48 eV which
narrowed down to an optimum band gap of 2.15 eV in 1%
cerium ion doped sample. The hybridization of In 5p with
Ce 4f orbitals has resulted in modified optical properties, as
reflected in the bang gap narrowing in doped samples. A
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1. Introduction

The Rate Constant of this Reaction is K1.

The Kinetics and Mechanism of L- Histidine reaction with
Blood have been investigated with Temperature range
between 303-318 K. The Reaction order with respect to LHistidine and [OH] (in complex form) is observed that it is
2. The Product formed between it is 2-imidazole pyruvic
acid. The Reaction between Fe3+ and [OH] is a complex
forming compound with of charge of 3+. The Reaction
between L-Histidine and Fe3+ Complex compound is the
Rate determining step (RDS) which has the heat of
Reaction (Del H) = 25.71+/-1.73 kJ/mol ,Entropy of the
Reaction (Del S) = -202.58+/-5.64 J/K/mol (Nonspontaneous Reaction). Gibbs Energy (Del G) = 649.66+/19.1 kJ/mol (Feasible Reaction).

This is shown in The Figure 1.

2.2.2 Reaction of L-Histidine with the Complex (A)
L-Histidine reacts with Complex (A) – The Iron complex in
aqueous solution produces a Coordinate Compound in
Complex state with charge of complex of -1. It is a reversible
reaction with Rate constant K2. Which further Decomposes
to produce products Iron (3+), in aqueous solution and 2imidazole pyruvic acid. This is seen in the Figure 2.

2. Material and Methods
2.1 Materials
The required chemicals used for this study are
Blood (Fe3+), L-Histidine, aqueous solution (H2O).

2.2 Methods
2.2.1 Dissolution of Iron (Fe3+) in aqueous solution
Iron is present in +3 oxidation state
It is dissolved in water which forms a complex state.

2.2.3 Reaction Of 2-imidazole pyruvic acid with Fe3+
The 2-imidazole pyruvic acid reacts with Fe3+ to produce
Product D and the Fe3+ is Reduced to Fe2+.
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3. Results and Discussion
3.1 Nature of Fe (3+) in aqueous solution
Iron forms a complex with water with charge of 3+.
It then reacts in that form with L-Histidine to form an
Intermediate and finally and Product. It also gets reduced to
Fe2+. It acts as good intermediate compound without getting
reduced and it fairly depends on Temperature, pH, Nature of
solvent.
3.2 Characterization of L- Histidine
It can form complex with a coordinate bonds which
can even further be broken down to the product which is
further reacted to produce final stable products. The
reaction is highly depending on Temperature, pH, Nature
of Solvent. The heat of Reaction, Entropy of the Reaction
(Non-spontaneous Reaction). Gibbs (Feasible Reaction)
also gives evidence for the Mechanism and rate of reaction
is 2.

4. Conclusion
We can conclude that reaction of L-Histidine with Blood
(Fe3+) is a Reversible reaction which highly depends on
Temperature, pH, Nature of Solvent used and activity of the
intermediate formed which is fairly fast reactions and some
reaction is slow comparatively.
References
1) Kinetics And Mechanism Of Oxidation Of LHistidine By Permanganate In Aqueous Alkaline,
Aquo-Organic And Micellar Media

2) Density and Viscosity of Glutamine and
Histidine in aqueous and acidic media at several
Temperatures

Finally D reacts with water to produce Final Product.
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1. Introduction
Flue gases from fossil-fuel based power plants are the major
anthropogenic sources of CO2 [1]. In addition to CO2, flue
gas contains N2, oxygen, moisture, and trace amounts SOx,
NOx, and particulate matter. In recent years, there has been
growing interest in “Tri-reforming of methane” (TRM) due
to their importance in the direct conversion of flue gases into
synthesis gas (CO + H2) in the presence of methane.
However, the development of a suitable catalyst for TRM is
a major challenge due to its complex reaction network and
catalyst deactivation. Deactivation due to carbon formation
occurs when active and inexpensive Ni-based catalysts are
used. The behavior of a catalyst is directly governed by its
physicochemical properties. The metal amount significantly
affects the physicochemical properties such as dispersion of
the active metal particle and reducibility of the catalyst.
Consequently, the activity and stability of the catalyst are
affected [2]. Furthermore, it has been shown that the metal
loading influences the degree of graphitization of carbon on
the catalyst surface [3]. Among the several forms of carbon,
graphitic carbon causes severe catalyst deactivation owing
to its inertness [4]. In the present study, three Ni-Al2O3
catalysts with different Ni wt% were prepared,
characterized, and tested for the TRM reaction. The amount
of CO2, H2O, and O2 in the feed for the tri-reforming
experiment was set to match that of flue gas from coal-fired
power plants. Based on the characterization and reactivity
results, directions towards the development of a suitable
catalyst for TRM will be suggested.
2. Material and Methods
2.1 Catalyst synthesis
A series of Ni-Al2O3 catalysts, referred to as xNiAl, with the
nickel contents from 5 wt% to 15 wt%, were prepared using

the incipient wetness impregnation method. Here ‘x’ refers
to the nickel amount in the catalyst. Nickel (II) nitrate
hexahydrate salt was used as a precursor. During synthesis,
the pre-treated support was mixed with the required amount
of an aqueous nitrate solution. This mixture was dried in an
oven for 8 h. After impregnation and drying, the sample was
finally calcined at 850oC for 5 h.
2.2 Catalyst characterization
The fresh and spent catalysts were characterized by UV-vis
spectroscopy, TPR, XRD, and BET to gain insight into the
physicochemical properties of catalysts.
2.3 Catalytic activity test
The TRM reaction was carried out in a downflow tubular
quartz reactor, operating at a temperature and pressure of
750oC and 1 atm, respectively. Prior to the reaction, the
catalysts were reduced in a flow of pure H2 at 870oC for 2 h.
Premixed reactant gases with a molar ratio of CH4: CO2:
H2O: O2: N2 = 1: 0.5: 0.5: 0.1: 14.56 were passed through
the reactor. The product gases were analyzed using a gas
chromatography. The catalytic performance was tested for 4
h for time-on-stream (TOS) analysis.
3. Results and Discussion
3.1 Fresh catalyst characterization
Characterization studies reveal that NiO present in the
calcined sample interacts with the support to form NiAl 2O4
when calcined at 850oC. The variation of the BET surface
area and crystallite size with metal loading is tabulated in
Table 1. It was found that the specific surface area and
crystallite size of nickel monotonically decrease with an
increase in Ni content. The decrease in surface area may be
due to the blockage of pores of the support [5].
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Table 1: Variation of BET Surface area and active metal
crystallite size with metal loading
Sample
Properties

Surface area
(m2/g)
Crystallite
size (nm)

5 NiAl

7.5 NiAl

15 NiAl

105.06

104.3

99.8

24.8

14.3

11.8

3.2 Tri-reforming of methane reaction
The conversions and H2/CO ratios of the TRM reaction over
the xNiAl catalysts are plotted as a function of metal loading
in Figure 1. The equilibrium conversions of CH4 and CO2
for the given feed composition are 99.1 and 81.6%. The data
presented in Fig. 1 revealed that CH4 conversion was almost
complete for all catalysts. However, CO2 conversion and
H2/CO ratio varied with the Ni loading. An inverse
correlation was found between CO2 conversion and H2/CO
ratio primarily due to the amount of CO produced for the
three catalysts. An increase in Ni content from 5 wt% to 7.5
wt% increased the CO2 conversion and decreased the H2/CO
ratio. However, an additional increase in Ni loading slightly
decreased the CO2 conversion and increased the H2/CO
ratio.
100
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1.90
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60
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0

1.65
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% CO₂ Conv.
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Figure 1: The effect of Ni loadings on the catalytic
performances of Ni-Al2O3 catalysts. Reaction conditions:
Temperature = 750oC; Pressure = 1 atm; Catalyst = 0.1 g
TRM (CH4: CO2: H2O: O2: N2 = 1: 0.5: 0.5: 0.1: 14.56). Data
averaged over 4 h of time-on-stream.
4. Conclusion

Ni-Al2O3 catalysts with different Ni loadings (5, 7.5, and 15
wt%) were synthesized, characterized, and employed in the
tri-reforming of methane. Characterization studies of fresh
catalysts revealed that with the increase in nickel loading
from 5 wt% to 15 wt%, the surface area and crystallite size
decreased. The catalytic results showed that CO2 conversion
was more sensitive to the change of Ni content than CH4.
Furthermore, an inverse correlation was found between CO2
conversion and H2/CO ratio. The activity measurements
showed that 7.5 wt% Ni-Al2O3 catalyst exhibited high
catalytic performance in tri-reforming of methane though
this catalyst did not possess the smallest crystallite size.
Future studies will be targeted at carrying out the reactions
at lower temperatures or lower amounts of catalysts to
enable proper selection of the catalyst. Furthermore,
additional characterization studies will be carried out for
better understanding of the correlation between the
characterization studies and reactivity data. Thus, the choice
of the loading of the active metal is important to achieve high
conversions and H2/CO ratio.
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1. Introduction
Given the public emphasis on diminishing crude oil
resources, particularly petroleum supplies, global energy
consumption is anticipated to grow in the coming decade.
Alcohol fuels have taken over the transportation business
as a result of its extensive use. In this context, the majority
of renewable and clean fuels research is focused on alcohol
fuels, which can partially replace traditional liquid fuels.
Furthermore, these chemicals show excellent properties
such as high energy density, less corrosive, less water
soluble and heat of vaporization close to gasoline. It can be
utilised to fulfil rising demand for gasoline additives, diesel
fuel cetane boosters and automobile lubricants. The usage
of alcohol fuels reduces the amount of carbon dioxide in
the atmosphere, lowering the risk of global warming.
Alcohol fuels include linear and branched alcohols. [1]
This paper describes how alcohol oligomerises into
higher alcohols. The traditional method for synthesizing
higher alcohols is biological fermentation process and oxo
process. However, both techniques have drawbacks: the
Biological fermentation process has low production
efficiency, while oxo process requires an expensive
homogeneous catalyst and high pressure. As a result,
developing a novel synthesis pathway to greater alcohol is
both intellectual and practical. Several papers have been
written about the guerbet condensation reaction, which
involves the dimerization of alcohols with the release of
water to form higher alcohols. [2]
2. Methodology
The guerbet condensation reaction proceeds via multistep
involving alcohol dehydrogenation, aldol condensation,
dehydration and hydrogenation. Dehydration is more

common on acidic sites, while dehydrogenation is more
common on basic sites. As a result, a catalytic system that
is both acidic and basic is required for the guerbet
condensation process. Several by-products are commonly
produced during the guerbet condensation process. Many
by-products are explained by subsequent reactivity of
intermediates in the aldol condensation pathway, which has
been well investigated. Dehydration to olefins or ethers,
esterification, oxidation to carboxylic acids, or additional
aldol condensation to heavier compounds are the most
typical side reactions. [3]
3. Literature Review
For several years great effort has been devoted to the
study of`catalytic alcohol oligomerisation. The coupling of
different alcohols has been studied in both liquid and
vapour phase under a variety of circumstances and with
many types of catalysts. The different homogeneous and
heterogeneous catalysts are explained in depth in this
review study. Strong alkali hydroxides can be utilised in
homogeneous complex, most commonly in conjunction
with homogeneous transition metal salts or complexes.
Iridium and Ruthenium based complexes appear to be
promising as catalysts for the production of guerbet
alcohols. These catalysts show highest selectivity (95+ %)
toward the guerbet alcohols. On the other hand, these are
prohibitively costly. As a result, a more economically
feasible and stable catalyst is required. [4]
For heterogeneous catalyst systems, four main families of
MgO, hydrotalcites (and their related mixed oxides),
hydroxyapatites, and alkaline zeolites are frequently
reported. To obtain a selective catalyst from heterogeneous
catalysts, fine alteration of acid and base sites, their type,
and their strength is required. Heterogeneous catalysts such
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as calcium hydroxyapetite, Cu doped Mg-Al mixed metal
oxide and hydrotalcite derived MgO-Al2O3 catalysts show
excellent activity toward the synthesis of guerbet alcohol.
However, for a range of reactions, there is still space for
development and optimization of individual catalyst
compositions. [5]

based on transition metals such as ruthenium and Iridium
based catalysts shows excellent selectivity. However these
catalysts are economically expensive. Therefore an
inexpensive and more stable catalyst such as calcium
hydroxyapetite, Cu doped Mg-Al mixed metal oxide and
hydrotalcite derived MgO-Al2O3 can be effectively used.

4. Thermodynamic Challenges
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5. Conclusion
From the outcome of our investigation it is possible to
conclude that the alcohols are becoming increasingly
important in satisfying the energy demands of the
automobile industry. Additionally, it may be used straight
away in an engine or mixed with gasoline. Furthermore,
catalytic oligomerisation of alcohols to higher alcohols is a
low-cost, easy-to-use, and environmentally friendly
process. Catalysts used in synthesis of guerbet alcohols
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