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Petroleum resources are limited on a global scale. Due to non-
renewability, these fossil-fuels are projected to be depleted in
next 40-60 years if consumption continues at the current pace.
Moreover, the price instability of crude oil poses a significant
threat to nations with constrained financial and economic
resources. To address these challenges, alternative energy
sources are being explored, and there is ongoing emphasis on
further progress in these areas. As an alternative fuel, biodiesel
can be used in neat form or mixed with petroleum-based diesel.
Therefore, we need to move towards alternative fuel like bio-
diesel. Several alternative fuels have been studies among which
biodiesel from waste soybean oil having great importance. Bio-
diesel could be easily prepared from waste soybean oil, by the
process of transesterification with alcohol in presence of sodium
hydroxide or potassium hydroxide. India is the fourth largest
producer of soybean in the world, and from last few decades,
soybean oil is exclusively use as edible oil. In different food
industries, several million tonnes of soybean oil uses every year.
Therefore, huge amount of waste soybean oil is produced every
year. In the present work, we attempt to synthesize biodiesel
using waste soybean oil via transesterification, and characterize
by physical, chemical, and spectroscopic instruments, and found
the characteristics properties of this biodiesel is quite similar to
petroleum diesel . Therefore, this synthesis may use biodiesel as
an alternative for petroleum diesel.
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Introduction within 40-60 years if the consumption remain

constant [2].

Minerals Energy is the prime requirement for
the development of a country. Global energy
consumption increases two times between
1971 and 2001, and the global energy demand
will increase 53% by the year 2030 [1-2]. In
such way, day by day the demand of petroleum
increases, which
renewable resource of energy which may end

diesel also is a non-
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Diesel engines contribute in economic
value in developing countries. Such engines
run with petroleum diesel, this petroleum
diesel produces smoke, particulate matters,
oxides of nitrogen, oxides of carbon, un-burnt
hydrocarbons, etc. and they have limited
Therefore,
towards alternative fuel like biodiesel [1-2].

resources. we need to move
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Several alternative fuels have been studies
among which biodiesel from waste soybean oil
having great importance. Biodiesel could be
easily prepared from waste soybean oil, by the
process of transesterification with alcohol in
presence of sodium hydroxide or potassium
hydroxide.

India ranks 5t in global production of
soybean, following the US with 118.68 MT,
Brazil produces 102 MT, Argentina’s share is
57 MT, and China at 12.5 MT, recording a
production of 12.30 MT in 2015-16. On
international stage, India stands to be the top
consumer and buyer of edible oils. In the
2013-14, India had an oilseed cultivation area
spanning 28.051 million hectares, leading to a
yield of 32.75 MT [1].

Biodiesel is proving to be increasingly
significant as an alternate fuel option given the
dwindling reserves of fossil fuels. As a
versatile alternative, biodiesel can be blended
with traditional diesel [1, 6] and can be easily
used in diesel engines. In simple terms,
biodiesel is a chemical compound having the
long-chain fatty acids found in soybean oil. Its
production process called
transesterification, where the oil is allowed to
react under some conditions with a specific
type of alcohol in the presence of a basic
catalyst [3].

In different food industries, several million
tonnes of soybean oil uses every year.
Therefore, huge amount of waste soybean oil
is produced every year. Waste cooking oil is
essentially the oil left over after the meal
preparations. After being reheated multiple
times in cooking, this oil then becomes

involves a

unsuitable for consumption because of its
higher levels of free fatty acids. Discarding the
waste oil leads to many serious issues such as
water and soil contamination, health risks, and
disturbances to aquatic ecosystems. As a
substitute  of these
environmental challenges, it makes better
sense to use this readily available waste oil, as

a cost-effective feedstock for

contributing  to

biodiesel
production. This repurposing transforms the
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waste oil into a valuable resource that powers
the engine [7]. Synthesizing bio-diesel from
leftover soybean oil is a win-win situation for
the environment. Not only is this bio-diesel
ecosystem-friendly, but it also avoids emits
less pollutants like nitrous oxides, carbon
oxides, and unburned hydrocarbons [2].

For the vast majority of nations, providing
enough reliable energy to meet their needs
remains a top priority. Promoting biodiesel as
an energy source in both developed and
developing nations has been driven by
technological improvements, rising global
petroleum costs, the potential to decrease
local
emissions, and the attainment of objectives.
Diesel oil and other fossil fuels may be
replaced with biodiesel. Biodiesel is a
renewable fuel that may be used in place of
conventional diesel [11]. Because of their
increased viscosity compared to diesel,
biodiesels made from vegetable oils and
animal fats may be used as fuel in diesel
engines [12-13]. The first-generation
biodiesel feedstock include oils derived from
soybean oil, palm oil, and sunflower oil, all of
which are edible vegetable oils (Bowyer et al,,
2018) [15]. Soybean oil is a kind of vegetable
oil that is extracted from soybean seeds.
Soybean oil contains 16 grams of saturated fat,
23 grams of monounsaturated fat, and 58
grams of polyunsaturated fat per 100 grams
[16-17].
include three different types of unsaturated
fatty acids: 7-10% polyunsaturated alpha-
linoleic acid, 51% linoleic acid, and 23%
monounsaturated oleic acid [18]. It also has
4% stearic acid and 10% palmitic acid, both of
which are saturated fatty acids.
emulsion, pyrolysis, and transesterification
are just a few of the methods that may be used

and worldwide environmental

Triglycerides from soybean oil

Micro-

to produce biodiesel. Transesterification is the
best option among these technologies because
of its high conversion yield and low cost [19-
20]. In most cases, a catalyst such as sodium
hydroxide or potassium hydroxide is used.
Mostly, the cooking oil is being reused in the
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food industry and restaurants for a variety of
economic reasons; however, its repeated use
leads to the oil oxidation [21]. The dissolution
of oxygen in vegetable oil due to repeated
heating causes a reaction with unsaturated
glycerols; thereby leading to the production
various oxidative products [22]. In recent
years, it has been found that reuse of waste
cooking oil increases the risk several fatal
diseases related to disproportionate growth of
cells and diseases related to heart [23].
Recently, it has been found that the waste
cooking oils are inappropriately disposed
which causes extreme harm to the ecosystem
and the aquatic organisms [24]. Due to the
strict government policies regarding the reuse
of WCO, it is estimated that a huge amount
approximating 16.5 million tons is produced
[25] which is presently either
disposed as municipal waste [26] or into some
sewage system [27]. To circumvent, the ill
effects of WCO, many strategies had been
adopted like using it for animal feed that was
later banned [28], it was further used for soap
production, but it was also stopped for
ecological reasons [29]. A large number of
studies have also been done for the
environmental impact and the life-cycle
analysis of WCO. It has been observed that the
energy generation from glycerol and other
organic wastes had resulted in a net reduction
of the environmental impacts in comparison
to the conventional methods of landfilling or
incarnations [30]. In Portugal, the emission of
carbon particles due to biodiesel production
from WCO resulted in a net savings [31]. [t has
been found that in respect to diesel the

annually

biodiesel obtained from WCO is eco-friendly
is environmentally safe [32]. WCO
biodiesel production has been further done
with recovery of methanol was achieved and

and

was found that production by alkaline
catalysis with acid pre-treatment was eco-
than [33].
researchers [34] have found that using WCO
as oil feedstock instead of Jatropha oil in

friendlier vice-versa Few
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production
reduction in carbon dioxide emissions.

The objective of the study is to generate
biodiesel through the transesterification
process using waste soybean oil gathered
from a local cafeteria in the presence of NaOH
as the alkali catalyst and ethanol as the alcohol
reagent. This will be done to accomplish the
goal of the study. When the biodiesel has been
made, its physical parameters, including
density, kinematic viscosity, cloud point, flash
point, and pour point, are evaluated and
analysed. An additional gas chromatography
test is carried out to do further analysis on the
biodiesel that has been generated.

biodiesel led to a massive

Experimental
Materials and methods

Pure refined sunflower oil, used cooking oil

acquired from street vendors, ethanol,
potassium  hydroxide (KOH), sodium
hydroxide (NaOH), distilled water, and

petroleum diesel were among the materials
gathered for this Beaker,
measuring cylinder, thermometer, scale, wire
mesh filter, magnetic stirrer, heating chamber,
filter paper, and a weighing machine were all
needed.

investigation.

Preparation of Sample

The used cooking oil was purchased from a
local seller who sells meals on the street. First,
the used cooking oil that had been acquired
was passed through a filter made of wire
mesh, and then collected in a beaker. After
that, it was run through filter paper with a
pore size of 15 microns to remove any and all
types of physical contaminants and pollutants
that may have been found in the WSCO. The
filtered sample is acquired in a beaker, and
then two samples of 400 ml and two samples
of 200 ml are created from it in beakers. All of
the samples are taken from the filtered
sample.
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FIGURE 1 Sample preparation and collection
in a beaker

Transesterification

After filtering, 500 mL of soybean waste
cooking oil is poured into a beaker and heated
to 65 °Cin a hot air oven. After weighing on a
digital machine, 5 g of sodium hydroxide
(NaOH) was taken (1% of the sample of heated
waste cooking oil) and combined with 100 ml
of ethanol in a beaker. To produce the
combination, a solution of NaOH and ethanol
was progressively added to a heated sample of
waste cooking oil and agitated for one hour, as
displayed in Figure 1, using a magnetic stirrer.

After stirring for an hour, the ingredients
are left alone. After 6 hours, 24 hours, and 48
hours, significant changes in the combination
were noticed. To separate the glycerol and
biodiesel, the mixture was kept undisturbed.
After 6 hours, a tiny layer of glycerine was
seen forming at the bottom of the beaker. After
24 hours, the glycerine layer was more
apparent in the bottom of the beaker, and after
48 hours, the glycerine had developed fully
and settled in the bottom of the beaker, as
depicted in Figure 2, with the biodiesel
floating on top.

FIGURE 2 Observation of sample after 24
hours

Cleaning of the product

When the glycerol had separated and dropped
to the bottom of the beaker, the biodiesel was
filtered out of the beaker and into a new
beaker. The resulting biodiesel included small
amounts of glycerol, ethanol, and potassium
hydroxide (NaOH). To get pure biodiesel, it
was processed further and rinsed with
distilled water. The biodiesel in the beaker
was first heated to a temperature of 50 °C to
60 °C, and then allowed to cool to room
temperature. The biodiesel was water washed
to get rid of any remaining glycerol and
contaminants, as demonstrated in Figures 3
and 4. Due to its greater density than the
product generated, water was separated from
the sample using a separating funnel.

FIGURE 3 Biodiesel obtained after cleaning
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Production of biodiesel

The ratio of waste cooking oil to ethanol was
1:5 for sample 3, giving the lowest biodiesel
yield of 74%. It was found that a volumetric
ratio of 1:4, waste cooking oil to ethanol
produced the best results for biodiesel yield
and was 74%.

From the proposed research, it was found
that biodiesel when mixed with diesel fuel, can
significantly improve the properties of the
resulting fuel. This breakthrough has the
potential to revolutionize the transportation
industry by offering an environmentally-
friendly and
traditional fossil fuels.

sustainable alternative to

Biodiesel can be viewed as a versatile and
efficient fuel that can power any conventional
diesel engine without any such modifications.
In addition, it offers substantial advantages
over traditional diesel fuel by increasing its
lubricity. This upgrade is essential for the
longevity and efficiency of diesel engines,
reducing maintenance costs and extending
their lifespan. Thus, biodiesel is a practical and
cost-effective solution for enhancing the
performance and efficiency of diesel-powered
vehicles and equipment. Figure 4 shows a
sample of the biodiesel produced in the
process

FIGURE 4 Sample of produced biodiesel
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Characterisation of biodiesel (obtained from
wso)

While analysing its properties, the viscosity,
density, flash point, fire point, pour point, and
calorific value of the biodiesel that was
derived from WCO were taken into
consideration. The earlier research work has
demonstrated that increasing the molar ratio
of ethanol to oil results in an increase in the
amount of biodiesel that can be produced. The
molar ratio of oil to ethanol that produced the
highest amount of biodiesel was one that read
"1 to 1." The current study comes to the
conclusion that the 1:3 ratio of waste soybean
oil to ethanol will yield more biodiesel than
any other combination of waste soybean oil
and ethanol. The yield of biodiesel was 71.2%
when the oil-to-ethanol molar ratio was 1:1.
Density is a key biodiesel characteristic. A
lengthy chain of hydrocarbons is the primary
component of the fuel known as biodiesel. The
density of the diesel-biodiesel combination
may be made denser by increasing the
quantity of biodiesel used as a ratio to diesel.
It was determined that pure biodiesel
produced from edible waste oil has a density
of 0.872. Increases in the concentration of
biodiesel in the combination of biodiesel and
diesel both result in increases in the density of
the mixture. The viscosity of motor fuel is an
extremely It has a
significant impact on the fuel injection, mixing,
and combustion processes. When the viscosity
of the fuel is too low, the fuel injection system
will not operate correctly, which will lead to
inappropriate combustion. When the viscosity

important quality.

of the fuel is too high and is thick enough, the
premature failure of fuel injection system is
inevitable, which will cause the engine to
freeze up. Temperature at which a volatile
chemical produces vapours to produce an
ignitable mixture with the oxygen in air is
referred to as the flash point of the substance.
Flash point is an important criterion to
determine the safety of biodiesel and fuels,
and also it is connected with the associated
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risks in handling of fuels while they are being

transported.

Gas chromatography

The technique of gas chromatography
involves injecting a gaseous or liquid sample
into a solvent system, which is typically
referred to as the carrier gas, and then passing
the gas through a stationary phase to separate
the compounds that are present in a mixture.
The mobile phase is often an inert gas or a gas
that does not react with other gases, such as
hydrogen, helium, argon, or nitrogen. The GC
is used in the process of separating and
measuring gases and organic compounds.

Our GC analysis of the biodiesel and diesel
samples revealed that there are common

M.K. Mishra et al.

components between them. This indicates that
the waste soybean oil used to produce
biodiesel can be a viable fuel source and a
potential alternative to diesel fuel. By offering
similar characteristics,
soybean biodiesel presents a promising option
for reducing reliance on traditional fossil fuels
and transitioning towards more sustainable
energy solutions.

chemical waste

Results and discussion

Characterisation of waste Soybean cooking oil
(WS0)

Measurements were taken of the qualities of
used cooking oil, including its viscosity,
density, and flashpoint, amongst others. The
details are presented in Table 1.

TABLE 1 Properties of Waste Soyabean Cooking Oil (WSO)

Properties
Physical state
Colour
Viscosity (mm2/s at 40 °C)
Molecular Weight of oil (gm/mol)
Flash point (°C)

Characterisation of biodiesel and petroleum
diesel

Experimental Value
Liquid
Deep oily
54.53
864.5
63

Biodiesel and petroleum diesel are compared
with respect to their respective viscosity,
density, flash point, etc. The details are
provided in Table 2.

TABLE 2 Properties of biodiesel and petroleum diesel

Properties Biodiesel Petroleum Diesel
Density (27 g/cm3) 0.52 0.42
Viscosity (mm2/s at 20 °C) 5.89 4.26
Flash point (°C) 165 85

Characterisation of biodiesel

Biodiesel (made from WSO) has its physical
properties tested, including its viscosity,
density, flash point, fire point, and calorific
values. Pure biodiesel produced from edible
waste cooking oil has a density of around 0.52,
whereas petroleum diesel has a density of
about 0.42. Hence, refined biodiesel made
from leftover cooking oil has a greater density
than diesel. Pure biodiesel made from recycled

cooking oil has a viscosity of roughly 5.89,
compared to 4.26 for petroleum fuel. Since
biodiesel made from recycled cooking oil has a
higher viscosity than diesel, it is often blended
with diesel to improve performance. The point
at which a volatile substance evaporates into
an ignitable mixture in the air is called its flash
point. Biodiesel's and other fuels' flash points
are crucial indicators of how safe the fuel is to
use, store, and transport. Between 160 and
200 °C is where you'll find biodiesel's flash
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point. Pure biodiesel produced from edible
waste cooking oil has a flashpoint of 165 °C,
whereas diesel's flashpoint is 85 °C. As a
result, refined biodiesel has a greater flash
point than diesel.

Characterisation of biodiesel obtained from
different sources
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Measurements were taken to determine the
properties of Biodiesel produced from fresh
cooking oil and waste cooking oil, including
viscosity, density, flash point, and other
relevant characteristics. The details
presented in Table 3.

are

TABLE 3 Properties of biodiesel obtained from different sources

Properties
Density (15 g/cm3)
Viscosity (mm2/s at 40 °C)
Flash point (°C)

Gas chromatography

Gas chromatography is a versatile analytical
technique widely utilized across various
domains due to its ability to perform
qualitative and quantitative analysis. It is a
rapid method with a high peak capacity,
making it a valuable tool for analytical
purposes.

The waste soybean oil and its biodiesel
product was provided multiple rounds of

Biodiesel from Waste Oil

Biodiesel from Fresh Oil

0.888 0.9
4.75 4.458
170 170

washing and purification prior to conversion,
and the yield was analysed using GC-MS and is
shown in Figures 5-7. The technique provided
scope for the of major
constituents present in the waste soybean olil,
thereby  providing insight into the
effectiveness of purification process prior to
biodiesel production. Table 4 provides the
details of integration results.

identification
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FIGURE 5 Graph representing petroleum diesel
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Integration Results

Peak Retention Area
No. . . .
name Time min mV*min
1 NC-7 4.615 14.921
2 NC-8 6.145 27.373
3 NC-9 8.558 166.815
4 NC-10 10.375 70.997
5 NC-11 12.478 181.018
6 NC-12 14.318 191.439
7 NC-13 15.980 210.150
8 NC-14 17.522 163.187
9 NC-15 18.983 150.939
10 NC-16 20.373 145.862
11 NC-17 21.668 105.930
12 NC-18 22.895 116.350
13 NC-19 24.032 94,388
14 24.908 0.406
15 NC-20 25.110 55.237
16 NC-21 26.132 60.222
17 NC-22 27.103 40.494
18 NC-23 28.025 30.402
19 NC-24 29.748 17.402
20 NC-25 30.553 11.019
21 NC-26 31.322 5.431
22 NC-27 31.585 1.124
23 NC-28 32.322 0.401
n.a. NC-29 n.a. n.a.
n.a. NC-30 n.a. n.a.
24 56.563 80.549
Total 1942.055

A total of 23 distinct components were
identified during the GC-MS analysis of waste
soybean their
composition. This analytical method allowed
for the separation and detection of individual
components present in the mixture, which can
include various fatty acids, glycerides, and

oil, based on chemical

other lipid-related compounds. Identification
of components provides valuable insight into

Relative
. Relative . Amount
ey area % he;/fht total %
156.615 0.77 1.40 n.a.
283.451 1.41 2.54 n.a.
1038.567 8.59 9.29 n.a.
584.394 3.66 5.23 n.a.
892.909 9.32 7.99 n.a.
824.538 9.86 7.38 n.a.
758.892 10.82 6.79 n.a.
696.428 8.40 6.23 n.a.
665.453 7.77 5.95 n.a.
692.059 7.51 6.19 n.a.
690.178 5.45 6.18 n.a.
676.161 5.99 6.05 n.a.
715.485 4.86 6.40 n.a.
12.016 0.02 0.11 n.a.
597.915 2.84 5.35 n.a.
569.036 3.10 5.09 n.a.
462.624 2.09 4.14 n.a.
353.726 1.57 3.16 n.a.
202.736 0.90 1.81 n.a.
137.375 0.57 1.23 n.a.
67.386 0.28 0.60 n.a.
9.513 0.06 0.09 n.a.
4.706 0.02 0.04 n.a.
n.a. n.a. n.a. n.a.
n.a. n.a. n.a. n.a.
84.583 4.15 0.76 n.a.
11176.747 100.00 100.00

the quality and purity of the waste soybean oil
sample, as well as any potential contaminants
or impurities that may be present. The results
of the GC-MS analysis can be used to optimize
the purification process and ensure the
production of high-quality biodiesel from the
waste soybean oil. The identified components
with their percentage, retention times, and
area height, are listed in Table 5.
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FIGURE 6 Graph representing biodiesel

TABLE 5 The details of integration results
Integration Results

No. Peak I::tTeil;:leo Area Height mV Relative le;zin;;l\;e Amount
name . mV*min area % o total %
min Yo
1 NC-7 4.965 10.930 125.191 1.05 1.20 n.a.
2 NC-8 6.948 42.194 484.639 4.05 4.64 n.a.
3 NC-9 9.072 77.457 812.732 7.44 7.79 n.a.
n.a. NC-10 n.a. n.a. n.a. n.a. n.a. n.a.
4 11.145 98.412 946.188 9.46 9.07 n.a.
n.a. NC-11 n.a. n.a. n.a. n.a. n.a. n.a.
5 13.100 110.083 1060.888 10.58 10.17 n.a.
6 NC-12 14.902 112.396 1049.856 10.80 10.06 n.a.
7 NC-13 16.587 107.606 989.816 10.34 9.49 n.a.
8 NC-14 18.155 96.616 902.132 9.28 8.65 n.a.
9 NC-15 19.620 89.738 844.714 8.62 8.10 n.a.
10 NC-16 20.998 77.512 762.912 7.45 7.31 n.a.
n.a. NC-17 n.a. n.a. n.a. n.a. n.a. n.a.
11 22.287 65.072 659.625 6.25 6.32 n.a.
12 NC-18 23.498 52.170 551.168 5.01 5.28 n.a.
13 NC-19 24.642 36971 429.329 3.55 411 n.a.
14 NC-20 25.718 20.841 254.238 2.00 2.44 n.a.
15 NC-21 26.755 12.730 165.654 1.22 1.59 n.a.
16 NC-22 27.748 12.004 156.408 1.15 1.50 n.a.
17 NC-23 28.697 8.626 111.593 0.83 1.07 n.a.
18 NC-24 29.600 5.346 73.561 0.51 0.70 n.a.
19 NC-25 30.470 2.769 38.419 0.27 0.37 n.a.
20 NC-26 31.302 1.131 15.661 0.11 0.15 n.a.
n.a. NC-27 n.a. n.a. n.a. n.a. n.a. n.a.
n.a. NC-28 n.a. n.a. n.a. n.a. n.a. n.a.
n.a. NC-29 n.a. n.a. n.a. n.a. n.a. n.a.
n.a. NC-30 n.a. n.a. n.a. n.a. n.a. n.a.
Total 1040.60  10434.72 100.00 100.00

5 3
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FIGURE 7 Comparison of petroleum diesel and biodiesel

Gas chromatography (GC) analysis
conducted on Biodiesel (B100) and Diesel
(D100) samples had similar spectra reflecting
a similar composition. This study suggests that
B100 and D100 share some common chemical
features, indicating that B100 could be
potentially used as a quality fuel as a
replacement to traditional diesel fuel.

This ability biodiesel to act as substitute for
diesel fuel can have a significant impact on the
environment, as biodiesel is produced from
renewable resources and emits lower levels of
harmful pollutants compared to traditional
diesel fuel. The results of GC analysis help to
confirm that B100 can function as an effective
alternative fuel source without compromising
the quality or performance of the engine.

In addition, the similarity of composition
between B100 and D100 observed through GC
analysis may provide significant help to
simplify the transition to biodiesel use in
diesel engines, as the same fuel storage and
transportation infrastructure used for diesel
fuel can be used for biodiesel. Overall, these
findings suggest that biodiesel produced from
renewable sources such as vegetable oils can
be a promising alternative fuel source to

reduce the environmental impact of

traditional diesel fuel.
Conclusion

After conducting an extensive study on the
laboratory scale for production, synthesis, and
characterization of biodiesel prepared from
waste soybean oil, some pertinent conclusions
can be made and they are as follows:

The research demonstrated that biodiesel
produced from waste soybean oil has a great
potential to serve as a viable and sustainable
alternative to conventional fossil fuels.

a. Not only does this process reduce the
dependence on non-renewable resources, but
it also offers a practical solution to the
problem of waste disposal in an effective
manner thereby reducing the health risk and
pollution.

b. The production of biodiesel from waste
soybean oil is a cost-effective solution as the
waste cooking oil can be sourced from various
eateries and restaurants at almost zero cost.
Furthermore, it reduces greenhouse gas
emissions and provides a means of reusing a



Synthesis and gas chromatography based ...

valuable resource that would otherwise go to
waste.
c. In this research, we synthesized biodiesel

by using waste soybean oil via
transesterification  using  alcohol, and
characterized by physico-chemical and
spectroscopic instruments, after that we

found the characteristics properties of this
bio-diesel is quite similar to petroleum diesel.

Acknowledgements

The authors would like to acknowledge the
mess manager Md. Azhar of BIT Sindri, for
providing the used cooking oil in sufficient
quantity for experimentation.

Conflict of Interest

The authors do hereby declare that there
exists no conflict of interest in any form among
them or with any other person.

Orcid:

Manoj Kumar Mishra:
https://orcid.org/0000-0003-2927-5676
Rajan Kumar:
https://orcid.org/0000-0003-4009-6919
Manish Kumar Roy:
https://orcid.org/0000-0002-3323-8619
Premchand Kumar Mahto:
https://orcid.org/0000-0002-3408-3831

References

[1] P. Narayan. Impact analysis of soybean in
supply of edible oil in India, ICAR-National
Institute of Agricultural Economics and Policy
Research, 2017, 4, 3. [Crossref], [Google
Scholar], [Publisher]

[2] R. Selaimiaa, A. Beghiela, R. Oumeddourb.
The synthesis of biodiesel from vegetable oil,
Innov. Entrep, 2015, 195, 1633-1638.
[Crossref], [Google Scholar], [Publisher]

[3]S. Saha, J.U. Ahamed, M.A. Razzaq, S.M.
Fahadullah, H. Barman, S. Kumar, Production
of biodiesel from waste vegetable oil,
proceedings of the International Conference on

Mechanical Engineering and Renewable

Journal of Medicinal
and Pharmaceutical
Chemistry Research

@m Page |1010

Energy, 2015, 26-29.
[Publisher]

[4]]. Coca, S. Luque. Production of biodiesel
from vegetable oils, Grasas Y Aceites, 2008, 76-
83. [Crossref], [Google Scholar], [Publisher]

[5] B. Nitesh, V. Chavan, V. Surve. Production

[Google Scholar],

of biodiesel from waste cooking oil, Int. ]
Creat. Res. thoughts, 2020, 8, 1652-1661.
[Publisher]

[6] Y. Zhang, M.A. Dube, D.D. McLean, M. Kates,
Review Paper Biodiesel production from
waste cooking oil, Bioresour. Technol., 2003,
89, 1-16. Scholar],
[Publisher]

[7] M. Abdul Raqgeeb, R. Bhargavi, Biodiesel
production from waste cooking oil, /. Chem.
Pharm. Res, 2015, 7, 670-681.
Scholar], [Publisher]

[8] G. Santori, G. Di Nicola, M. Moglie, Polonara,
A review analysing the industrial biodiesel
production practice starting from vegetable
oil refining, Appl. Energy, 2011, 92, 109-132.
[Crossref], [Google Scholar], [Publisher]

[9] S.D. Romano, P.A. Sorichetti, Dielectric
Spectroscopy in Biodiesel Production and
Characterization, 2011, 978-1-84996-518-7.
[Google Scholar], [Publisher]

[10] A. Demirbas, Biodiesel fuels from
vegetable oils via catalytic and non-catalytic
supercritical alcohol transesterifications and
other methods: a survey, Energy Convers.
Manag., 2003, 44, 2093-2109. [Crossref],
[Google Scholar], [Publisher]

[11] M.J. Ramos, C.M. Fernandez, A. Casas, L.
Rodriguez, A. Pérez, Influence of fatty acid
composition of raw materials on biodiesel
properties, Bioresour. Technol, 2009, 100,

[Crossref], [Google

[Google

261-268. [Crossref], [Google Scholar],
[Publisher]
[12] H.Esmaeili, R. Foroutan, Optimization of

biodiesel production from goat tallow using
alkaline catalysts and combining them with
diesel. Chem. Chem. Technol., 2018, 12, 120-
126. [Crossref], [Google Scholar], [Publisher]

[13] K. Seffati, B. Honarvar, H. Esmaeili, N.
Esfandiari, Enhanced biodiesel production
from chicken fat using CaO/CuFe;0s4 nano


https://orcid.org/0000-0003-2927-5676
https://orcid.org/0000-0003-2927-5676
https://orcid.org/0000-0003-4009-6919
https://orcid.org/0000-0002-3323-8619
https://orcid.org/0000-0002-3408-3831
https://dx.doi.org/10.22161/ijaers.4.3.29
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B1%5D%E2%80%8E%09Narayan+Prem.+Impact+analysis+of+soybean+%E2%80%8Ein+supply+of+edible+oil+in+India%2C+ICAR-National+%E2%80%8EInstitute+of+Agricultural+Economics+and+Policy+%E2%80%8EResearch+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B1%5D%E2%80%8E%09Narayan+Prem.+Impact+analysis+of+soybean+%E2%80%8Ein+supply+of+edible+oil+in+India%2C+ICAR-National+%E2%80%8EInstitute+of+Agricultural+Economics+and+Policy+%E2%80%8EResearch+%E2%80%8E&btnG=
https://ijaers.com/uploads/issue_files/29%20IJAERS-MAR-2017-20-Impact%20Analysis%20of%20Soybean%20in%20Supply%20of%20Edible%20Oil%20in%20India.pdf
https://doi.org/10.1016/j.sbspro.2015.06.221
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B2%5D%E2%80%8E%09R.+Selaimiaa%2C+A.+Beghiela%2C+R.+Oumeddourb.+%E2%80%8EThe+synthesis+of+biodiesel+from+vegetable+oil%2C+%E2%80%8EInnovation+and+Entrepreneurship%2C+2015%2C+195%2C+%E2%80%8E%E2%80%8E1633-1638.+%E2%80%8E&btnG=
https://www.researchgate.net/publication/282556906_The_Synthesis_of_Biodiesel_from_Vegetable_Oil
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B3%5D%E2%80%8E%09Shailen+Saha1%2C+J.+U.+Ahamed%2C+M.+A.+Razzaq+%2C+%E2%80%8ES.M.Fahadullah%2C+Himal+Barman%2C+and+Sajal+%E2%80%8EKumar%2C+Production+Of+Biodiesel+From+Waste+%E2%80%8EVegetable+Oil%2C++Proceedings+of+the+%E2%80%8EInternational+Conference+on+Mechanical+%E2%80%8EEngineering+and+Renewable+Energy%2C+2015+%E2%80%8E%E2%80%8E%28ICMERE2015%29+26-29.+%E2%80%8E&btnG=
https://www.researchgate.net/profile/Moham-Ed-Razzaq/publication/284170851_PRODUCTION_OF_BIODIESEL_FROM_WASTE_VEGETABLE_OIL/links/564dc76208aefe619b0e193f/PRODUCTION-OF-BIODIESEL-FROM-WASTE-VEGETABLE-OIL.pdf
https://doi.org/10.3989/gya.2008.v59.i1.494
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8EJos%C3%A9+Coca+and+Susana+Luque.+Production+of+%E2%80%8Ebiodiesel+from+vegetable+oils%2C+2008%2C+76-83%2C+%E2%80%8EISSN%3A+0017-3495.+%E2%80%8E&btnG=
https://grasasyaceites.revistas.csic.es/index.php/grasasyaceites/article/view/494
https://ijcrt.org/papers/IJCRT2007129.pdf
https://doi.org/10.1016/S0960-8524(03)00040-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B6%5D%E2%80%8E%09Y.+Zhang+%2C+M.A.+Dube%2C+D.D.+McLean%2C+M.+Kates+%E2%80%8EReview+Paper+Biodiesel+production+from+%E2%80%8Ewaste+cooking+oil%2C+21+January+2003.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0960852403000403
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B7%5D%E2%80%8E%09Mohammed+Abdul+Raqeeb+and+Bhargavi+R.+%E2%80%8EBiodiesel+production+from+waste+cooking+oil%2C+%E2%80%8E%E2%80%8E2015%2C+7%2812%29%3A670-681%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B7%5D%E2%80%8E%09Mohammed+Abdul+Raqeeb+and+Bhargavi+R.+%E2%80%8EBiodiesel+production+from+waste+cooking+oil%2C+%E2%80%8E%E2%80%8E2015%2C+7%2812%29%3A670-681%E2%80%8E&btnG=
https://d1wqtxts1xzle7.cloudfront.net/51928392/biodiesel-production-from-waste-cooking-oil-libre.pdf?1488000583=&response-content-disposition=inline%3B+filename%3DBiodiesel_production_from_waste_cooking.pdf&Expires=1695279056&Signature=btP2WY04A879gqiknsU5Ex9VSQaCQH-jHWYd2OBDwWlQmiF~uaKsLeK0G4g02JIBKf2tGK8ddPUF6SkADOV-8p0Q5mMF1zlLWEgS~1X2dknF~b4PWicZum5lSpLLIGy~ojD8PRbkIx-Eq4NkBQUScCl0JMBYH4KaccUtA9CY4zE9kXeTtr~NxtiYEozoFlUppd8u~CL435r2wCaCLXhsWwb95bMuVssvlOVOYEr8XyYH-17CAOTBEkNlqyHlGxVjZG~bHjZgdrbVD7SdovybKFxXdWy0iCSIq3dGnvplalGCyhKxk90DP-IPmDixDiE8DrGqLb9bFINFiIhmXo9OIw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.apenergy.2011.10.031
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B8%5D%E2%80%8E%09Santori%2C+G%2C+Di+Nicola%2C+G%2C+Moglie%2C+M+and+%E2%80%8EPolonara%2C+A+review+analysing+the+industrial+%E2%80%8Ebiodiesel+production+practice+starting+from+%E2%80%8Evegetable+oil+refining%2C+Edinburgh+Research+%E2%80%8EExplorer%2C+2011%2C+92.+109-132.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0306261911006854
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B9%5D%E2%80%8E%09Romano+S.D%2C+Sorichetti+P.A.+Dielectric+%E2%80%8ESpectroscopy+in+Biodiesel+Production+and+%E2%80%8ECharacterization%2C+2011%2C+978-1-84996-518-7%E2%80%8E&btnG=
https://books.google.com/books?hl=en&lr=&id=9bXWIxbQNlUC&oi=fnd&pg=PR3&dq=%E2%80%8E%5B9%5D%E2%80%8E%09Romano+S.D,+Sorichetti+P.A.+Dielectric+%E2%80%8ESpectroscopy+in+Biodiesel+Production+and+%E2%80%8ECharacterization,+2011,+978-1-84996-518-7%E2%80%8E&ots=aodekGajYF&sig=LNzyEwG3uukqB5WpVeaqJsFSSlE#v=onepage&q&f=false
https://doi.org/10.1016/S0196-8904(02)00234-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biodiesel+fuels+from+vegetable+oils+via+catalytic+and+non-catalytic+supercritical+alcohol+transesterifications+and+other+methods%3A+a+survey&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0196890402002340
‎10.1016/j.biortech.2008.06.039‎
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B11%5D%E2%80%8E%09Ramos%2C+M.+J.%2C+Fern%C3%A1ndez%2C+C.+M.%2C+Casas%2C+A.%2C+%E2%80%8ERodr%C3%ADguez%2C+L.%2C+P%C3%A9rez%2C+%C3%81.%2C+Influence+of+fatty+acid+%E2%80%8Ecomposition+of+raw+materials+on+biodiesel+%E2%80%8Eproperties.+Bioresour.+Technol.%2C+2009%2C+100%2C+%E2%80%8E%E2%80%8E261-268.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0960852408005464
‎10.23939/%20chcht12.01.120‎
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B12%5D%E2%80%8E%09Esmaeili%2C+H.%3B+Foroutan%2C+R.%2C+Optimization+%E2%80%8Eof+biodiesel+production+from+goat+tallow+%E2%80%8Eusing+alkaline+catalysts+and+combining+them+%E2%80%8Ewith+diesel.+Chem.+Chem.+Technol.%2C+2018%2C+12%2C+%E2%80%8E%E2%80%8E120-126.+%E2%80%8E&btnG=
https://www.researchgate.net/profile/Hossein-Esmaeili-2/publication/323835987_Optimization_of_Biodiesel_Production_from_Goat_Tallow_Using_Alkaline_Catalysts_and_Combining_them_with_Diesel/links/5aae5b23a6fdcc1bc0bb87cf/Optimization-of-Biodiesel-Production-from-Goat-Tallow-Using-Alkaline-Catalysts-and-Combining-them-with-Diesel.pdf

Journal of Medieinal
and Pharmaceutical
Chemistry Research

Page |1011

) SAMI

catalyst and its combination with diesel to
improve fuel properties, Fuel 2019, 235,
1238-1244. [Crossref], [Google Scholar],
[Publisher]

[14] S. Zullaikah, C.C. Lai, S.R. Vali, Y.H. Ju, A
twostep acid-catalysed process for the
production of biodiesel from rice bran oil,
Bioresour. Technol, 2005, 96, 1889-1896.
[Crossref], [Google Scholar], [Publisher]

[15] ].Bowyer,]. Howe, R. Levins, H. Groot, K.
Fernholz, E. Pepke, C. Henderson, Third
generation biofuels implications for wood-
derived fuels, 2018. Scholar],
[Publisher]

[16] U. Poth, Drying Oils and Related
Products, Ullmann's  Encyclopaedia  of
Industrial Chemistry, 2001. [Crossref], [Google
Scholar], [Publisher]

[17] A.M. Hill, H.I. Katcher, B.D. Flickinger,
P.M. Kris-Etherto, 20-Human nutrition value
of soybean oil and soy protein, Soybeans,
2008, 725-772. [Crossref], [Google Scholar],
[Publisher]

[18] D.S. Ivanov, ].D. Levi¢, S.A. Sredanovi¢,
Fatty acid composition of various soybean
products, Journal of the Institute for Food
Technology in Novi Sad, 2010, 37, 65-70.
[Google Scholar], [Publisher]

[19] M. Keihani, H. Esmaeili, P. Rouhi,
Biodiesel production from chicken fat using
nano-calcium oxide catalyst and improving
the fuel properties via blending with diesel,
Phys. Chem. Res., 2018, 6, 521-529. [Crossref],
[Google Scholar], [Publisher]

[20] G. Baskar, S. Soumiya, Production of
biodiesel from castor oil using iron(II) doped
zinc oxide nanocatalyst. Renew. Energ., 2016,
98, 101-107. [Crossref], [Google Scholar],
[Publisher]

[21] LU.K. Gunnepana,
Determination of

[Google

S.B. Nawaratne,
changes occurring in
chemical properties of fat repeatedly used for
food frying, | Multidiscip Eng Sci Technol,
2015, 2, 3521-5. [Google Scholar], [Publisher]
[22] B.H.H. Goh, C.T. Chong, Y. Ge, H.C. Ong,
J.H. Ng, B. Tian, V. J6zsa, Progress in utilisation

of waste cooking oil for sustainable biodiesel

M.K. Mishra et al.

and biojet fuel production. Energy Convers.
Manag., 2020, 223, 113296. [Crossref],
[Google Scholar], [Publisher]

[23] K. Ganesan, K. Sukalingam, B. Xu, Impact
of consumption and cooking manners of
vegetable oils on cardiovascular diseases-A
critical review. Trends Food Sci. Technol.,
2018, 71, 132-154. |[Crossref], [Google
Scholar], [Publisher]

[24] L. Lombardi, B. Mendecka, E. Carnevale,
Comparative life cycle
alternative strategies for energy recovery
from used cooking oil, . Environ. Manag.,
2018, 216, 235-245.
Scholar], [Publisher]
[25] M.R. Khodadadi, I. Malpartida, C.W.
Tsang, C.S.K. Lin, C. Len, Recent advances on
the catalytic conversion of waste cooking oil,
Mol. Catal., 2020, 494, 111128. [Crossref],
[Google Scholar], [Publisher]

[26] Z.Yaakob, M. Mohammad, M. Alherbawi,
Z. Alam, K. Sopian, Overview of the production
of biodiesel from waste cooking oil, Renewable
and sustainable energy reviews, 2013, 18, 184-
193. [Crossref], [Google Scholar], [Publisher]
[27] M.E. Ortner, W. Miiller, I. Schneider, A.
Bockreis, Environmental assessment of three
different utilization paths of waste cooking oil
from households, Resources, Conservation and
Recycling, 2016, 106, 59-67. [Crossref],
[Google Scholar], [Publisher]

[28] S. Nanda, R. Rana, H.N. Hunter, Z. Fang,
AK. Dalai, J.A. Kozinski,
catalytic processing of waste cooking oil for
hydrogen-rich syngas production. Chemical
Engineering Science, 2019, 195, 935-945.
[Crossref], [Google Scholar], [Publisher]

[29] S.M. Hingu, P.R. Gogate, V.K. Rathod,
Synthesis of biodiesel from waste cooking oil
using sonochemical reactors. Ultrasonics
sonochemistry, 2010, 17, 827-832. [Crossref],
[Google Scholar], [Publisher]

[30] N. Escobar Lanzuela, F.]. Ribal Sanchis,
A. Rodrigo Sefier, G. Clemente Polo, A. Pascual
Vidal, N. Sanjuan Pellicer, Uncertainty analysis
in the environmental assessment of an
integrated management system for restaurant

assessment of

[Crossref], [Google

Hydrothermal


‎10.1016/j.fuel.2018.08.118‎
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B13%5D%E2%80%8E%09Seffati%2C+K.%2C+Honarvar%2C+B.%2C+Esmaeili%2C+H.%2C+%E2%80%8EEsfandiari%2C+N.%2C+Enhanced+biodiesel+production+%E2%80%8Efrom+chicken+fat+using+CaO%2FCuFe2O4+nano+%E2%80%8Ecatalyst+and+its+combination+with+diesel+to+%E2%80%8Eimprove+fuel+properties.+Fuel%2C+2019%2C+235%2C+%E2%80%8E%E2%80%8E1238-1244.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0016236118314881
‎10.1016/j.biortech.2005.01.028‎
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B14%5D%E2%80%8E%09Zullaikah%2C+S.%2C+Lai%2C+C.+C.%2C+Vali%2C+S.+R.%2C+Ju%2C+Y.+H.%2C+%E2%80%8EA+twostep+acid-catalysed+process+for+the+%E2%80%8Eproduction+of+biodiesel+from+rice+bran+oil.+%E2%80%8EBioresour.+Technol%2C+2005%2C+96%2C+1889-1896%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0960852405000829
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B15%5D%E2%80%8E%09Bowyer%2C+J.%2C+Howe%2C+J.%2C+Levins%2C+R.%2C+Groot%2C+H.%2C+%E2%80%8EFernholz%2C+K.%2C+Pepke%2C+E.%2C+%26+Henderson%2C+C.+Third+%E2%80%8Egeneration+biofuels+implications+for+wood-%E2%80%8Ederived+fuels%2C+2018.+%E2%80%8E&btnG=
https://dovetailinc.org/upload/tmp/1579552807.pdf
‎10.1002/14356007.a09_055‎
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B16%5D%E2%80%8E%09Poth+U.+Drying+Oils+and+Related+%E2%80%8EProducts.+Ullmann%27s+Encyclopaedia+of+%E2%80%8EIndustrial+Chemistry%2C+2001%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B16%5D%E2%80%8E%09Poth+U.+Drying+Oils+and+Related+%E2%80%8EProducts.+Ullmann%27s+Encyclopaedia+of+%E2%80%8EIndustrial+Chemistry%2C+2001%E2%80%8E&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/14356007.a09_055
https://doi.org/10.1016/B978-1-893997-64-6.50023-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hill%2C+A.+M.%2C+Katcher%2C+H.+I.%2C+Flickinger%2C+B.+D.%2C+%26+Kris-Etherton%2C+P.+M.+%282008%29.+Human+nutrition+value+of+soybean+oil+and+soy+protein.+In+Soybeans+%28pp.+725-772%29.+AOCS+Press.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/B9781893997646500238
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B18%5D%E2%80%8E%09Ivanov+DS%2C+Levi%C4%87+JD%2C+Sredanovi%C4%87+SA.+%E2%80%8EFatty+acid+composition+of+various+soybean+%E2%80%8Eproducts.++Journal+of+the+Institute+for+Food+%E2%80%8ETechnology+in+Novi+Sad%2C+2010.+37+%282%29%3A+65%E2%80%9370.+%E2%80%8EArchived+from+the+original+on+4+October+2013.+%E2%80%8ERetrieved+21+June+2013.+%E2%80%8E&btnG=
foodandfeed.fins.uns.ac.rs/uploads/fajlovi/slike/ffr/Article%20template-2020%20v.5.doc
‎10.22036/PCR.2018.114565.1453‎
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B19%5D%E2%80%8E%09Keihani%2C+M.%2C+Esmaeili%2C+H.%2C+Rouhi%2C+P.%2C+%E2%80%8EBiodiesel+production+from+chicken+fat+using+%E2%80%8Enano-calcium+oxide+catalyst+and+improving+%E2%80%8Ethe+fuel+properties+via+blending+with+diesel.+%E2%80%8EPhys.+Chem.+Res.%2C+2018%2C+6%2C+521-+529%E2%80%8E&btnG=
https://www.physchemres.org/article_63028.html
‎10.1016/j.renene.2016.02.068‎
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B20%5D%E2%80%8E%09Baskar%2C+G.%2C+Soumiya%2C+S.%2C+Production+of+%E2%80%8Ebiodiesel+from+castor+oil+using+iron%28II%29+doped+%E2%80%8Ezinc+oxide+nanocatalyst.+Renew.+Energ.%2C+2016%2C+%E2%80%8E%E2%80%8E98%2C+101-107.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0960148116301690
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B21%5D%E2%80%8E%09Gunnepana+IUK%2C+Nawaratne+SB.+%E2%80%8EDetermination+of+changes+occurring+in+%E2%80%8Echemical+properties+of+fat+repeatedly+used+for+%E2%80%8Efood+frying.+J+Multidiscip+Eng+Sci+Technol%2C+%E2%80%8E%E2%80%8E2015%2C+2%3A3521-5.+%E2%80%8E&btnG=
http://dr.lib.sjp.ac.lk/handle/123456789/6555
https://doi.org/10.1016/j.enconman.2020.113296
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B22%5D%E2%80%8E%09Goh%2C+B.+H.+H.%2C+Chong%2C+C.+T.%2C+Ge%2C+Y.%2C+Ong%2C+H.+%E2%80%8EC.%2C+Ng%2C+J.+H.%2C+Tian%2C+B.%2C+%26+J%C3%B3zsa%2C+V.+Progress+in+%E2%80%8Eutilisation+of+waste+cooking+oil+for+sustainable+%E2%80%8Ebiodiesel+and+biojet+fuel+production.+Energy+%E2%80%8EConversion+and+Management%2C+2020%2C+223%2C+%E2%80%8E%E2%80%8E113296.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0196890420308359
https://doi.org/10.1016/j.tifs.2017.11.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B23%5D%E2%80%8E%09Ganesan%2C+K.%2C+Sukalingam%2C+K.%2C+%26+Xu%2C+B.+%E2%80%8EImpact+of+consumption+and+cooking+manners+%E2%80%8Eof+vegetable+oils+on+cardiovascular+diseases-A+%E2%80%8Ecritical+review.+Trends+in+Food+Science+%26+%E2%80%8ETechnology%2C+2018%2C+71%2C+132-154%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B23%5D%E2%80%8E%09Ganesan%2C+K.%2C+Sukalingam%2C+K.%2C+%26+Xu%2C+B.+%E2%80%8EImpact+of+consumption+and+cooking+manners+%E2%80%8Eof+vegetable+oils+on+cardiovascular+diseases-A+%E2%80%8Ecritical+review.+Trends+in+Food+Science+%26+%E2%80%8ETechnology%2C+2018%2C+71%2C+132-154%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0924224417300985
https://doi.org/10.1016/j.jenvman.2017.05.016
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B24%5D%E2%80%8E%09Lombardi%2C+L.%2C+Mendecka%2C+B.%2C+%26+%E2%80%8ECarnevale%2C+E.+Comparative+life+cycle+%E2%80%8Eassessment+of+alternative+strategies+for+%E2%80%8Eenergy+recovery+from+used+cooking+oil.+%E2%80%8EJournal+of+environmental+management%2C+2018%2C+%E2%80%8E%E2%80%8E216%2C+235-245.+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B24%5D%E2%80%8E%09Lombardi%2C+L.%2C+Mendecka%2C+B.%2C+%26+%E2%80%8ECarnevale%2C+E.+Comparative+life+cycle+%E2%80%8Eassessment+of+alternative+strategies+for+%E2%80%8Eenergy+recovery+from+used+cooking+oil.+%E2%80%8EJournal+of+environmental+management%2C+2018%2C+%E2%80%8E%E2%80%8E216%2C+235-245.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0301479717304760
https://doi.org/10.1016/j.mcat.2020.111128
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B25%5D%E2%80%8E%09Khodadadi%2C+M.+R.%2C+Malpartida%2C+I.%2C+Tsang%2C+%E2%80%8EC.+W.%2C+Lin%2C+C.+S.+K.%2C+%26+Len%2C+C.+Recent+advances+on+%E2%80%8Ethe+catalytic+conversion+of+waste+cooking+oil.+%E2%80%8EMolecular+Catalysis%2C+2020%2C+494%2C+111128%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2468823120303916
https://doi.org/10.1016/j.rser.2012.10.016
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B26%5D%E2%80%8E%09Yaakob%2C+Z.%2C+Mohammad%2C+M.%2C+Alherbawi%2C+%E2%80%8EM.%2C+Alam%2C+Z.%2C+%26+Sopian%2C+K.+Overview+of+the+%E2%80%8Eproduction+of+biodiesel+from+waste+cooking+%E2%80%8Eoil.+Renewable+and+sustainable+energy+%E2%80%8Ereviews%2C+2013%2C18%2C+184-193.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1364032112005588
https://doi.org/10.1016/j.resconrec.2015.11.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B27%5D%E2%80%8E%09Ortner%2C+M.+E.%2C+M%C3%BCller%2C+W.%2C+Schneider%2C+I.%2C+%26+%E2%80%8EBockreis%2C+A.+Environmental+assessment+of+%E2%80%8Ethree+different+utilization+paths+of+waste+%E2%80%8Ecooking+oil+from+households.+Resources%2C+%E2%80%8EConservation+and+Recycling%2C+2016%2C+106%2C+59-%E2%80%8E%E2%80%8E67.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0921344915301312
https://doi.org/10.1016/j.ces.2018.10.039
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B28%5D%E2%80%8E%09Nanda%2C+S.%2C+Rana%2C+R.%2C+Hunter%2C+H.+N.%2C+Fang%2C+%E2%80%8EZ.%2C+Dalai%2C+A.+K.%2C+%26+Kozinski%2C+J.+A.+Hydrothermal+%E2%80%8Ecatalytic+processing+of+waste+cooking+oil+for+%E2%80%8Ehydrogen-rich+syngas+production.+Chemical+%E2%80%8EEngineering+Science%2C+2019%2C+195%2C+935-945.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0009250918307620
https://doi.org/10.1016/j.ultsonch.2010.02.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B29%5D%E2%80%8E%09Hingu%2C+S.+M.%2C+Gogate%2C+P.+R.%2C+%26+Rathod%2C+V.+K.+%E2%80%8ESynthesis+of+biodiesel+from+waste+cooking+oil+%E2%80%8Eusing+sonochemical+reactors.+Ultrasonics+%E2%80%8Esonochemistry%2C+2010%2C+17%285%29%2C+827-832.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1350417710000295

Synthesis and gas chromatography based ...

and catering waste in Spain, The Int. ]. Life
Cycle Assess., 2015, 20, 244-262. [Crossref],
[Google Scholar], [Publisher]

[31] C. Caldeira, ]J. Queirés, F. Freire,
Biodiesel from waste cooking oils in portugal:
alternative collection systems, Waste Biomass
Valor., 2015, 6, 771-779. [Crossref], [Google
Scholar], [Publisher]

[32] J. Yang, T. Fujiwara, Q. Geng, Life cycle
assessment of biodiesel fuel production from
waste cooking oil in Okayama City, ] Mater
Cycles Waste Manag., 2017, 19, 1457-1467.
[Crossref], [Google Scholar], [Publisher]

[33] M.G. Varanda, G. Pinto, F. Pinto, Life
cycle analysis of biodiesel production, Fuel
Process. Technol, 2011, 92, 1087-1094.
[Crossref], [Google Scholar], [Publisher]

Journal of Medicinal
and Pharmaceutical
Chemistry Research

@m Page |1012

[34] Z. Sajid, F. Khan, Y. Zhang, Process
simulation and life cycle analysis of biodiesel
production, Renew. Energ., 2016, 85, 945-952.
[Crossref], [Google Scholar], [Publisher]

How to cite this article: Manoj Kumar
Mishra*, Rajan Kumar, Manish Kumar Roy,
Premchand Kumar Mahto. Synthesis and
gas chromatography based characterisation
of biodiesel prepared from waste soybean
oil. Journal of Medicinal and Pharmaceutical
Chemistry Research, 2023, 5(11), 1000-
1012.

Link:
http://jmpcr.samipubco.com/article_1806
05.html

Copyright © 2023 by SPC (Sami Publishing Company) + is an open access article distributed

under the Creative Commons

Attribution

License(CC  BY) license

(https://creativecommons.org/licenses/by/4.0/),

which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.


https://doi.org/10.1007/s11367-014-0825-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B30%5D%E2%80%8E%09Escobar+Lanzuela%2C+N.%2C+Ribal+Sanchis%2C+F.+J.%2C+%E2%80%8ERodrigo+Se%C3%B1er%2C+A.%2C+Clemente+Polo%2C+G.%2C+Pascual+%E2%80%8EVidal%2C+A.%2C+%26+Sanju%C3%A1n+Pellicer%2C+N.+Uncertainty+%E2%80%8Eanalysis+in+the+environmental+assessment+of+%E2%80%8Ean+integrated+management+system+for+%E2%80%8Erestaurant+and+catering+waste+in+Spain.+The+%E2%80%8EInternational+Journal+of+Life+Cycle+%E2%80%8EAssessment%2C+2015%2C+20%2C+244-262.+%E2%80%8E&btnG=
https://link.springer.com/article/10.1007/s11367-014-0825-z
https://doi.org/10.1007/s12649-015-9386-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B31%5D%E2%80%8E%09Caldeira%2C+C.%2C+Queir%C3%B3s%2C+J.%2C+%26+Freire%2C+F.+%E2%80%8EBiodiesel+from+waste+cooking+oils+in+portugal%3A+%E2%80%8Ealternative+collection+systems.+Waste+and+%E2%80%8EBiomass+Valorization%2C+2015%2C+6%2C+771-779.+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B31%5D%E2%80%8E%09Caldeira%2C+C.%2C+Queir%C3%B3s%2C+J.%2C+%26+Freire%2C+F.+%E2%80%8EBiodiesel+from+waste+cooking+oils+in+portugal%3A+%E2%80%8Ealternative+collection+systems.+Waste+and+%E2%80%8EBiomass+Valorization%2C+2015%2C+6%2C+771-779.+%E2%80%8E&btnG=
https://link.springer.com/article/10.1007/s12649-015-9386-z
https://doi.org/10.1007/s10163-016-0540-x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B32%5D%E2%80%8E%09Yang%2C+J.%2C+Fujiwara%2C+T.%2C+%26+Geng%2C+Q.+Life+%E2%80%8Ecycle+assessment+of+biodiesel+fuel+production+%E2%80%8Efrom+waste+cooking+oil+in+Okayama+City.+%E2%80%8EJournal+of+Material+Cycles+and+Waste+%E2%80%8EManagement%2C+2017%2C+19%2C+1457-1467%E2%80%8E&btnG=
https://link.springer.com/article/10.1007/s10163-016-0540-x
https://doi.org/10.1016/j.fuproc.2011.01.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B33%5D%E2%80%8E%09Varanda%2C+M.+G.%2C+Pinto%2C+G.%2C+%26+Martins%2C+F.+%E2%80%8ELife+cycle+analysis+of+biodiesel+production.+%E2%80%8EFuel+Processing+Technology%2C+2011%2C+92%285%29%2C+%E2%80%8E%E2%80%8E1087-1094%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S037838201100021X
https://doi.org/10.1016/j.renene.2015.07.046
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B34%5D%E2%80%8E%09Sajid%2C+Z.%2C+Khan%2C+F.%2C+%26+Zhang%2C+Y.+Process+%E2%80%8Esimulation+and+life+cycle+analysis+of+biodiesel+%E2%80%8Eproduction.+Renewable+Energy%2C+2016%2C+85%2C+%E2%80%8E%E2%80%8E945-952%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0960148115301415
http://jmpcr.samipubco.com/article_180605.html
http://jmpcr.samipubco.com/article_180605.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

