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1. INTRODUCTION

With increasing environmental concerns and continuously 
increasing global energy demand with fossil fuel, biodiesel 
is being considered as an effective renewable alternative to 
conventional fuels. Biodiesel has gained significant attention as 
an alternative fuel due to its renewable [1-4], biodegradable [5,6], 
sustainable [7], non-toxic [8] characteristics. Its resources are 
abundantly available [9], emits very less greenhouse gases [10-
12] and sulfur oxides [13,14], lower emission of nitrogen oxides 
[15,16]. It is environmental friendly [17,18] and can be produced 
locally [19] with less pollution [20-22]. The production processes 
involved are generally safe and economically flexible [23,24]. In 
recent decades, biofuels have gained substantial attention owing 
to their diverse application [25-28]. Particularly in the field of 
the transport sector, where biodiesel is used as an alternative to 
conventional petroleum-based diesel [29] and has less pollutant 
after combustion. Biodiesel is commonly produced from vegetable 
oil, animal fats, and waste cooking oil through a transesterification 
process [30-36]. This process is simple and cheap, and in this 
chemical process triglycerides are converted to fatty acid alkyl 
ester and glycerol in the presence of a catalyst [37-38]. Recently, 
waste cooking oil has emersed as an attractive sustainable option as 
a source of raw material due to its low cost and added advantage of 
waste valorisation [39-45]. To improve biodiesel yield and process 
efficiency, optimization of process parameter and understanding of 
reaction kinetics and thermodynamics remain crucial. Therefore, 
the aim of the present study is to investigate the optimum 
parameter for biodiesel production using waste coconut cooking 
oil and evaluate important kinetics and thermodynamics parameter 
including rate constant, activation energy, catalytic constant, 
entropy of activation, to provide a comprehensive understanding 
of reaction behavior.

2. MATERIALS AND METHODS

2.1. Materials
All the chemicals used in the present study were of analytical grade 
and purchased from various scientific supplier of Sadar, Nagpur 
city, Maharashtra, India, hundred percent pure coconut (Parachute) 
oil was purchased from local market of Tukum, Chandrapur city, 
Maharashtra, India. Household used cooking oil was used in the 
present study.

2.2. Apparatus
Three vertical – neck flat bottom flask of half-liter capacity was used 
as a reaction vessel. One side of the neck was fitted with thermometer, 
while middle neck was fitted with double coiled reflux water condenser 
and the second side neck was left open to pour mixture.

2.3. Preparation of Used Cooking Coconut Oil (UCCO)
Household UCCO was collected and heated above 100°C to remove 
the moisture content in the oil. It was then filtered with the help of 
sieve to remove the course particles and through masculine cloth to 
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remove fine suspended food particles. Finally, oil was collected in the 
separate clean flask for further experiment.

2.4. Preparation of Potassium Hydroxide (KOH) and Methanol 
Mixture
In required volume of methanol, previously weighed amount of 
KOH pellets were added in conical flask. The flask was covered with 
aluminum foil to avoid the evaporation of methanol and absorption of 
water by potassium methoxide. The mixture was shaking machine to 
completely dissolve the KOH pellets.

2.5. Optimum Parameters
The purpose of optimum parameters is to determine the best 
combination of oil to methanol ratio, amount of catalyst, reaction 
time, and temperature to produce the highest yield of biodiesel. Oil 
to methanol ratio was varied from 1:3 to 1:9. The amount of catalyst 
was varied using KOH of 0.25–1.75 g of weight percent of oil for each 
of the molar ratios. Optimization of temperature was done at a range 
of 40°C–90°C and reaction time of 20–140  min, and corresponding 
volume of the biodiesel produced was recorded after purification for 
each of the variations.

2.6. Washing of Biodiesel
The biodiesel was purified by adding distilled water with a volume 
ratio of 1:1 water and biodiesel. Then the mixture was stirred for 
10 min. The hydrated layer was drained off to get clear biodiesel.

2.7. Determination of Biodiesel Yield Percentage
Biodiesel yield was determined using the equation;

Volume of biodesel pPercentage biodiesel roduced 100%
Volume of oil

yi d 
 

 el ×=

2.8. Kinetic Measurement
At pre-determined optimum conditions, 100g of UCCO was taken 
in three neck flat round bottom flask. Previously stirred 1.25  g of 
KOH and 28.22 g of methanol (1:6) were added in the reaction flask 
containing used coconut oil. The reaction mixture was refluxed at 70°C 
and stirred at 600 rpm. Simultaneously stop – watch was started, and 
the reaction mixture was withdrawn at 20–100 min of time intervals. 
Aliquots of reaction mixture were cooled at each instant, and the 
volume of biodiesel generated was measured. From the volume of 
biodiesel produced, the weight of biodiesel was evaluated. Once the 
weight of biodiesel produced is known, the amount of used coconut 
oil reacted and unreacted can be calculated.

2.9. Order of Reaction
The amount of used coconut oil (a-x) unreacted at various time 
intervals of the reaction was determined at optimum conditions. Using 
this data order of reaction was determined as below;
•	 A plot of the logarithm of ratio of the initial amount of used 

coconut oil to the amount of used coconut oil unreacted against 
time was plotted

•	 A plot of the logarithm of used coconut oil unreacted against time 
was plotted.

The order of reaction was confirmed by various methods. Further, the 
average reaction rate constant, activation energy, Arrhenius constant, 
and catalytic constant. Activation entropy and activation enthalpy were 
evaluated.

3. RESULTS AND DISCUSSION

3.1. Optimum Parameter
3.1.1. Oil to methanol ratio
The most important parameter affecting the biodiesel yield is oil to 
methanol ratio. The results show that as the oil-to-methanol ratio 
increases from 1:3 to 1:6, the percentage yield of biodiesel increases 
from 47.5% to 80%. Further increases in the ratio from 1:6 to 1:9, the 
percentage yield decreases, from 80% to 57.5% [Table 1].

3.1.2. Amount of catalyst
Production of biodiesel is affected by the amount of catalyst. In the 
present study, KOH is used as a catalyst. Increasing the amount of 
KOH from 0.25g to 1.25% (w/w), the percentage yield of biodiesel 
increases from 50% to 80%, while above 1.25% (w/w) yield decreases 
from 80% to 60% as shown in Table 1.

3.1.3. Temperature
The reaction temperature was varied from 40 to 70°C. It was observed 
that the yield of biodiesel increases from 55% to 80%, and increases 
in temperature beyond 70°C resulted in decreases in biodiesel yield to 
60%. This is due to vaporization of methanol [Table 1].

3.1.4. Reaction time
The reaction time of biodiesel production was varied between 20 and 
140 min at intervals of 20 min. It is found that when time increases 
from 200 to 100 min, the percentage yield of biodiesel increases to 
80%. Further increase in reaction time from 100 to 140 min decreases 
the yield of biodiesel to 70% [Table 1].

3.1.5. Order of reaction
At optimum condition, biodiesel produced at each time interval was 
determined. From the weight of biodiesel, the weight of reacted and 
unreacted UCCO (a-x) was calculated. The successive difference in 
unreacted used coconut oil (a-x) was evaluated. It is observed that 
successive difference in weight of unreacted used coconut oil is not 
constant. It indicates that the reaction is not a zero-order reaction. The 
difference in the values of the logarithm of unreacted UCCO is almost 
constant. Hence biodiesel production using used coking coconut oil is 
first order reaction [Table 2].

3.1.6. Kinetics of biodiesel production
The kinetic study was undertaken on the basis of volume of biodiesel 
produced; from the volume, weight of biodiesel produced at various 
time intervals of reaction was determined. The kinetics of biodiesel 
production can be represented as;

[ ] [ ]UCCO
 UCCO [Methanol]

dt
− =

Where [UCCO] = Used cooking coconut oil.

As the amount of methanol is in excess equation can be written as;

[ ] 'UCCO
K [UCCO]

dt
− =

Table 1: Optimum parameters for biodiesel production from 
used cooking coconut oil

S. No. Parameters Optimum value
1. Oil to methanol ratio 1:6
2. Amount of catalyst 1.25 g% (w/w)
3. Temperature 70°C
4. Reaction time 100 min
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Table 3: Kinetics of biodiesel production from used cooking 
coconut oil: catalytic constant

Amount of used cooking coconut oil : 100 g 
Oil to methanol ratio : 1:6 
Temperature : 70°C 
Reaction time : 100 min
Amount of catalyst (KOH)/g 
% (w/w)

Average rate constant 
k’× 10−3/min

0.25 3.00
0.50 3.54
0.75 4.10
1.00 4.64
1.25 5.20
KOH: Potassium hydroxide. Catalytic constant,  
K cat (UCCO/KOH)=2.20×10−3

Taking integral and logarithm –

[ ]
[UCCO]oln k't
UCCO t

=

Were,

[UCCO]O = initial weight of UCCO at zero time.

[UCCO]t = weight of UCCO remains unreacted at time,

After simplifying,

[ ]
[ ]

' UCCO o2.303k  log
t UCCO t

=

Using this equation, observed rate constants were determined at each 
time interval. The mean of the observed rate constant gives the average 
rate constant, k. The average rate constant for biodiesel production 
from UCCO using KOH was found to be 5.20 × 10−3/min at 70°C.

3.1.7. Effect of oil to methanol ratio on average rate constant
Oil to methanol ratio is an important parameter in the production of 
biodiesel. Hence, the average rate constant was determined at various 
oil to methanol ratio ranging from 1:3 to 1:6. The average rate constant 
for biodiesel production from UCCO using KOH increases from 2.10 
× 10−3/min to 5.20 × 10−3/min by changing the oil-to-methanol ratio 
from 1:3 to 1:6.

3.1.8. Effect of amount of catalyst on average rate constant
Biodiesel production is greatly governed by the presence of catalyst 
and its quantity. Hence, kinetics of biodiesel production is greatly 
affected by the presence of catalyst. The average rate constant varies 
from 3.0 × 10−3/min to 5.20 × 10−3/min by changing the amount of 
catalyst from 0.25 g to 1.25 g (w/w).

3.1.9. Catalytic constant, K cat (UCCO/KOH)
The average rate constant was determined at various amount of catalyst 
(KOH) ranging 0.25 g to 1.25 g % (w/w). The average rate constant 
was plotted against the amount of catalyst. The slope of the plot gives 
the catalytic constant. The value of K cat (UCCO/KOH) is found to be 2.20 
× 10−3 [Table 3 and Figure 1].

3.1.10. Effects of temperature on average rate constant
Average rate constants were determined at optimum conditions and 
various temperatures ranging from 40°C to 70°C. The average rate 
constant changes from 1.50 × 10−3/min to 5.20 × 10−3/min as shown 
in Table 4. 

Table 2: Biodiesel production from used cooking coconut 
oil: order of reaction

Amount of pure coconut oil : 100 g 
Oil to methanol ratio : 1:6 
Amount of catalyst : 1.25 g % (w/w) 
Temperature : 70°C
Time/
min

Pure coconut 
oil reacted/g

Pure coconut oil 
unreacted (a‑x)/g

ln (a‑x) Difference 
in ln (a‑x)

00 ‑‑ 100 4.6052 ‑‑‑
20 12.874 87.126 4.4673 0.1379
40 24.139 75.861 4.3289 0.1384
60 33.546 66.454 4.1965 0.1324
80 41.778 58.222 4.0642 0.1323
100 49.515 50.485 3.9217 0.1425
Difference in ln (a‑x) is almost constant

Figure 1: Kinetics of biodiesel production from used cooking 
coconut oil; catalytic constant.

3.1.11. Activation energy and Arrhenius constant
Activation Energy, Ea, and Arrhenius constant, A were determined 
using Arrhenius equation [46]:

K = A. e-Ea/RT

where, K is the average rate constant, A is the Arrhenius constant, Ea is 
the activation energy, R is the gas constant, and T is the temperature in 
kelvin. Taking the logarithm of above equation-

ln k = ln A-Ea/RT

This is the equation of a straight line of the form y = mx + c. Arrhenius 
plot was plotted between ln k and 1/T. From the slope of the plot, the 
activation energy was evaluated and found to be 36.8 kJ/mole [Table 4 
and Figure 2]. Arrhenius constant, was determined A = 5.52× 10−3/min 

was determined from the intercept of the plot.
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Table 4: Kinetics of biodiesel production from used cooking 
coconut oil: Energy of activation

Amount of used cooking coconut oil : 100 g 
Oil to methanol ratio : 1:6 
Amount of catalyst (KOH) : 1.25 g% (w/w) 
Reaction time : 100 min
Temperature Average rate constant, 

k’×10−3/min
1/T/10−3/k ln k’

t/°C T/K
40 1.50 313 3.19 −6.50
50 2.33 323 3.09 −6.06
60 3.48 333 3.00 −5.66
70 5.20 343 2.91 −5.26
Slope of the plot of ln k’ versus 1/T=−4428.57; Activation energy, 
Ea=36.8 KJ/mole; Arrhenius constant, A=5.52×10−3/min

Table 5: Kinetics of biodiesel production from used cooking 
coconut oil: Thermodynamic parameter

Amount of used cooking coconut oil : 100 g 
Oil to methanol ratio : 1:6 
Amount of catalyst (KOH). : 1.25 g% (w/w) 
Reaction time : 100 min−1

Temperature 1/T/10−3/k Average rate constant, 
k’×10−3/min

k’/T ln k’/T
t/°C T/K
40 313 3.19 1.50 4.79 −12.25
50 323 3.09 2.33 7.21 −11.84
60 333 3.00 3.48 10.43 −11.47
70 343 2.91 5.20 15.16 −11.09
Slope of the plot ln k’/T=−4142.86; Intercept of the plot=−11.04

3.1.12. Thermodynamic parameters
Entropy of activation, ΔS‡ and enthalpy of activation, ΔH‡, were 
determined using the straight-line equation of Polanyi and Eyring [47, 48];

K H‡ 1 Kb S‡ln ln
T R T h R

Δ Δ
= ⋅ + +

Were,
k = Average rate constant
Kb= Boltzmann constant
T = Temperature in kelvin
h = Plank’s constant
ΔS‡ = Entropy of activation
ΔH‡ = Enthalpy of activation
R = Gas constant

A plot of ln K
T

 against 1
T

gives the straight line with slope H‡ 
R

Δ  and 

intercept 
Kb S‡ln
h R

Δ
+ . From this plot ΔS‡ and ΔH‡ can be determined. 

The values of entropy of activation and enthalpy of activation are found as 
−109.11 J mole K and −34.44 KJ/mole, respectively [Table 5 and Figure 3].

4. MOST PROBABLE MECHANISM

Biodiesel production from UCCO consists of the reaction of one mole 
of UCCO (triglycerides) and three moles of methanol to produce three 
moles of biodiesel and one mole of glycerol.

Step 1: Formation of methoxide and protonated KOH takes place by 
mixing methyl alcohol and KOH;

CH3OH + KOH    CH3O− + (KOH)H+

Methoxide anion acts as a nucleophile and attacks the carbonyl group 
of triglycerides molecule. After the exchange of ions, there is the 
formation of one molecule of biodiesel and diglycerides.

Figure 2: Kinetics of biodiesel production from used cooking 
coconut oil: Energy of activation.
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Step 2: Above sequence is repeated for diglycerides to give 
monoglycerides

Step 3: Sequence is repeated for monoglycerides to glycerol

5. CONCLUSION

UCCO is an important, cheap, and readily available source for biodiesel 
production. The optimum parameters for biodiesel production are oil 
to methanol ratio (1:6), Amount of catalyst (1.25% w/w), temperature 
(70°C), and reaction time (100  min). Biodiesel production shows 
a pseudo first order kinetics. The average rate constant is 5.20 × 
10−3/min at 70°C. The catalytic constant for KOH as a catalyst is 
found to be K cat (UCCO/KOH) =1.50 × 10−3, which shows that KOH 
results in rapid conversion of UCCO into biodiesel. The activation 
energy and Arrhenius constant are 36.8  KJ/mole and 5.46 × 10−3, 
respectively, while entropy of activation and enthalpy of activation are 
ΔS‡ = −109.11 J mole K and ΔH‡= −34.44 KJ/mole, respectively. On 
the basis of kinetic and thermodynamic parameters, the most probable 
mechanism has been proposed.

6. ACKNOWLEDGMENT

Author’s Thanks to Principal, HOD PG Department of Chemistry, and 
Research Centre Co-ordinator – IHLRSS, Dr. Khatri Mahavidyalaya, 
Tukum, Chandrapur, for necessary facilities to carry out the present 
work.

7. CONFLICTS OF INTEREST

The author declares that they have no conflicts of interest.

REFERNCES

1.	 T. M. I. Mahila, Z. A. H. Syaizme, M. Mofijur, A. P Abas, M. R. 
Bilad, H. C. Ong, A. S. Silitonga, (2020) Patent landscape review 
on biodiesel production: Technology updates, Renewable and 
Sustainable Energy Reviews, 118: 109526.

2.	 Y. Hendrawan, N. S. Maharani, B. D. Agro., Y. Wibisono, (2020) 
Modeling and optimization of palm oil moisture loss as biodiesel 
pre-treatment, E3S Web of Conferences, 156: 012035 .

3.	 B. H. H. Goh, H. C. Ong, M. Y. Chew, W. H. Chen, K. L. Yu, T. 
M. I. Mahlia, (2019) Sustainability of direct biodiesel synthesis 
from microalgae biomass: A  critical review, Renewable and 
Sustainable Energy Reviews, 107: 59-74.

4.	 Y. Zhang, A. E Ghaly, B. Li, (2013) Determination of the energy 
yield of four wheat straw. American Journal of Biochemistry 
and Biotechnology, 9: 338-347.

5.	 S. Romprasert, K. Jeamsittipersert, (2019) Energy risk management 
and cost of economic production biodiesel project, International 
Journal of Energy Economics and Policy, 9: 349-357.

6.	 T. L. Chew, S. Bhatia, (2008) Catalytic processes towards the 
production of biofuels in a palm oil and oil palm biomass-based 
biorefinery, Bioresource Technology, 99: 7911-7922.

7.	 Y. Zhang, W.B. Zhao, B. Li, H. Li, (2018) Understanding the 
sustainability of fuel from the viewpoint of energy, European 

Figure  3: Kinetics of the biodiesel production from used 
cooking coconut oil; thermodynamic parameters.



  KROS Publications	 84� www.ijacskros.com

Indian Journal of Advances in Chemical Science 2026; 14(2): 79-85

Journal of Sustainable Development Research, 2: 9.
8.	 M. A. Rajaeifar, M. Tabatabaei, M. Aghbashlo, A. S. Nizami, 

O. Heidrich, (2019) Emission from urban bus fleets running 
on biodiesel blends under real-world operating conditions: 
Implications for designing future case studies, Renewable and 
Sustainable Energy Reviews, 111: 276-292.

9.	 Y. Zhang, A.E. Ghaly, B. Li, (2013) Comprehensive investigation 
into the energy values of six rice husks, American Journal of 
Engineering and Applied Sciences, 6: 216-225.

10.	 A. S. Silitonga, A. H. Shamsuddin, T. M. I. Mahlia, J. Milano, F. 
Kusuma, J. Siswantoro, H. C. Ong, (2020) Biodiesel synthesis 
from Ceiba pentandra oil by microwave irradiation-assisted 
transesterification: ELM modeling and optimization, Renewable 
Energy, 146: 1278-1291.

11.	 R. Sathiyamoorthy, G. Shankara Narayanan, T. Chiranjeevi, D. 
D. Kumar, (2018) Experimental investigation on performance 
combustion and emission characteristics at single cylinder diesel 
engine fuelled by biodiesel, Renewable Energy, 132: 394-415.

12.	 Y. Zhang, A. E. Ghaly, B. Li, (2012) Availability and physical 
properties of residues from major agricultural crops for energy 
conversion through thermochemical processes, American 
Journal of Agricultural and Biological Sciences, 7: 312-321.

13.	 Y. Zhang, X. Yu, B. Li, H. Zhang, J. Liang, Y. Li, (2016) 
Energy characteristics of woody biomass, Energy Sources, 
Part  A: Recovery, Utilization, and Environmental Effects, 
38: 2438-2446.

14.	 M. Elkelawy, H. A. E. Bastawissi, K. K. Esmaeil, A. M. Radwan, 
H. Panchal, K. K. Sadasivuni, R. Walvekar, (2019) Experimental 
studies on the biodiesel production parameters optimization of 
sunflower and soybean oil mixture and DI engine combustion, 
performance, and emission analysis fueled with diesel/biodiesel 
blends. Energy Conversion and Management, 178: 383-394.

15.	 Y. Zhang, Q. Wang, B. Li, H. Li, W. Zhao, (2018) Is there a general 
relationship between the energy and HHV for rice residues? 
Renewable Energy, 117: 345.

16.	 A. Asadi, O. N. Kadijani, M. H. Doranehgard, M. V. Bozorg, Q. 
Xiong, M. S. Shadloo, L. K. Li, (2010) Numerical study on the 
application of biodiesel and bioethanol in a multiple injection 
diesel, engine, Renewable Energy, 150: 1019-1029.

17.	 T. Suganya, M. Varman, H. H. Masjuki, S. Ranganathan, (2016) 
Macroalgae and microalgae as a potential source for commercial 
applications along with biofuels production: A biorefinery approach, 
Renewable and Sustainable Energy Reviews, 55: 909-941.

18.	 J. Gardy, E. Nourafkan, A. Osatiashtiani, A. F. Lee, K. Wilson, 
A. Hassanpour, X. Lai, (2019) A core-ShellSO4/Mg-Al-
Fe3O4 catalyst for biodiesel production, Applied Catalysis B: 
Environmental, 259: 118093.

19.	 Y. Zhang, P. Chen, S. Liu, L. Fan, N. Zhou, M. Min, Y. Cheng, P. 
Peng, E. Anderson, Y. Wang, Y. Wan, Y. Liu, B. Li, R. Ruan, (2017) 
Microwave-assisted pyrolysis of biomass for bio-oil production. In: 
Pyrolysis, Ch. 6. London, UK: IntechOpen, p129-166.

20.	 S. Mazloom, T. Muhammad, A. Sapa Saqib, G. Qing-Xiang, F. 
Yao, (2014) Transesterification of jojoba oil, sunflower oil, neem 
oil, rocket seed oil and linseed oil by tin catalysts, Biomass and 
Bioenergy, 70: 225-229.

21.	 T. Krawczyk, (1996) Biodiesel-alternative fuel makes inroads but 
hurdles remain, INFORM, 7: 801-815.

22.	 T. S. Singh, T. N. Verma, (2019) Biodiesel production from 
Momordica charantia (L.) extraction and Engi characteristics, 
Energy, 189: 116198.

23.	 R. Mamat, M. S. M. Sani, K. Sudhakar, A. Kadarohman, R. E. 
Sardjono, (2019) An overview of higher alcohol and biodiesel as 
alternative fuels in engines, Energy Reports, 5: 467-479.

24.	 A. Alaswad, M. Dassisti, T. Prescott, A. G. Olabi, (2015) 
Technologies and developments of third generation biofuel 
production, Renewable and Sustainable Energy Reviews, 
51: 1446-1460.

25.	 T. Sharma, S. Dasgupta, T. Singh, T. Bhaskar, D. Ghosh, (2020) 
Yeast lipid-based biofuels and oleochemicals from lignocellulosic 
biomass: Life cycle impact assessment. Sustainable Energy and 
Fuels, 4: 387-398.

26.	 M. Branco-Vieira, D. Costa, T. M. Mata, A. A. Martins, M. A.V. 
Freitas, N. S. Caetano, (2020) A lifecycle inventory of microalgae-
based biofuel production in an industrial plant concept, Energy 
Reports, 6: 397-402.

27.	 C. Du, X. Zhao, D. Liu, C.S.K. Lin, K. Wilson, R. Luque, J. Clark, 
(2016) Introduction an overview of biofuels and production 
technologies. In: Handbook of Biofuels Production, 2nd ed., Ch. 
1. Oxford UK: Elsevier, p3-12.

28.	 I. L. Garcia, (2016) Feedstocks and challenges to biofuel 
development. In: Handbook of Biofuels Production, 2nd ed., Ch. 
5. Duxford, United Kingdom: Elsevier, p85-118.

29.	 M. Simikic, M. Tomic, L. Savin, R. Micic, M. Ivanisevic, (2018) 
Influence of biodiesel on the performances of farm tractors: 
Experimental testing in stationary and non-stationary conditions, 
Renewable Energy, 121: 677-687.

30.	 D. Chandran, (2019) Compatibility of diesel engine materials 
with biodiesel fuel, Renewable Energy, 147: 89-99.

31.	 T. Ahmad, M. Danish, P. Kale, B. Geremew, S.B. Adeleke, M. 
Nizami, M. Ayoub, (2019) Optimization of process variables 
for biodiesel production by transesterification of flaxseed oil 
and produced biodiesel characterizations, Renewable Energy, 
139: 1272-1280.

32.	 J. Nikiema, M. Heitz, (2008) Biodiesel II. Production- a synthesis, 
Canadian Journal of Civil Engineering, 35: 107-117.

33.	 Z. Helwani, M. R. Othman, N. Aziz, W. J. N. Fernando, J. Kim, 
(2009) Technologies for production of Biodiesel focusing on green 
catalytic techniques: A  review, Fuel Processing Technology, 
30: 1502-1514.

34.	 H.A.E. Bastawissi, M. Elkelawy, H. Panchal, K. K. Sadasivuni, 
(2019) Optimization of the multi-carburant dose as an energy 
source for the application of the HCCI engine, Fuel, 253: 15-24.

35.	 E. A. El Shenawy, M. Elkelawy, H. A. E. Bastawissi, H. Panchal, 
M. M. Shams, (2019) Comparative study of the combustion, 
performance and emission characteristics of a direct injection 
diesel engine with a partially pre-mixed lean charge compression 
ignition diesel engine, Fuel, 249: 277-285.

36.	 D. Y. Leung, X. Wu, M. K. H. Leung, (2010) A review on biodiesel 
production using catalysed transesterification, Appliled Energy, 
87: 1083-1095.

37.	 M. Va Mofijur, S. Y. A. Siddiki, M. B. Ahmed, F. Djavanroodi, I. R. 
Fattah, H. C. Ong, T. M. I. Mahila, (2020) Effect of nanocatalysts 
on the transesterification reaction of first, second and third 
generation biodiesel sources-  a mini-review, Chemosphere, 
270: 128642.

38.	 G. L. Maddikeri, A. B. Pandit, P. R. Gogate, (2012) Intensification 
approaches for biodiesel synthesis from waste cooking oil: 
A  review, Industrial and Engineering Chemistry Research, 
51: 14610-14628.

39.	 A. Badoei-Dalfard, S. Malekabadi, Z. Karami, G. Sargazi, (2019) 



  KROS Publications	 85� www.ijacskros.com

Indian Journal of Advances in Chemical Science 2026; 14(2): 79-85

Magnetic cross-linked enzyme aggregates of Km12 lipase: 
A  stable nano-biocatalyst for biodiesel synthesis from waste 
cooking oil, Renewable Energy, 141: 874-882.

40.	 N. Boulal Le-Phuc, T.V. Tran, T. T. Phan, P. T. Ngo, Q. L. T. N. 
Luong, (2021) High efficiency production of biofuels using spent 
fluid catalytic cracking (FCC) catalyst and high acid value waste 
cooking oils, Renewable Energy, 168: 57-63.

41.	 J. M. Fonseca, J. G. Teleken, V. De Cinque Almeida, C. Da silva, 
(2019) Biodiesel from waste frying oils: Methods of production 
and purification, Energy Conversion and Management, 
184: 205-218.

42.	 E. G. Fawaz, D. A. Salem, (2018) Preliminary economic assessment 
of the use of waste frying oils for biodiesel production in Beirut, 
Lebanon, Science of the Total Environment, 639: 1230-1240.

43.	 N. S. Kolhe, A. R. Gupta, V. K. Rathod, (2017) Production and 
purification of biodiesel produced from used frying oil using 
hydrodynamic cavitation, Resource-  Efficient Technologies, 
3: 198-203.

44.	 M. Vastano, I. Corrado, G. Sannino, D. K. Sulaiman, C. Pizzella, 
(2019) Conversion of no/low value waste frying oils into biodiesel 
and polyhydroxyalkanoates, Scientific Reports, 9: 1-8.

45.	 J. Patchimpet, B. K. Simpson, K. Sangkharak, S. Klomklao, 
(2020) Optimization of process variables for the production of 
biodiesel by transesterification of used cooking oil using lipase 
from Nile viscera, Renewable Energy, 153: 861-869.

46.	 Johari, S.A.M., Farid, M.A.A., Ayoub, M., Rashidi, N.A., and 
Andou, Y., 2024. Optimization and kinetic studies for biodiesel 
production from dairy waste scum oil via microwave assisted 
transesterification. Environmental Technology and Innovation, 
34: 103580.

47.	 Eyring, H. (1935) The activated complex in chemical reactions. J. 
Chem. Phys, 3:107-115.

48.	 S. Niju, M. M. Sheriffa Begum, N. Anantharaman, (2016) 
Biodiesel production in the presence of heterogeneous catalyst 
of alumina: Study of kinetics and thermodynamics, International 
Journal of Chemical Kinetics, 59: 887-894.

*Bibliographical Sketch

�Khushi Kishor Kose is a Research Scholar at the IHLRSS, Department of Chemistry, Dr. Khatri Mahavidyalaya, Chandrapur, 
Maharashtra, India, working under the guidance of Dr. Sushil B. Kapoor, Associate Professor, Department of Chemistry, 
Dr.  Khatri Mahavidyalaya, Chandrapur, Maharashtra, India. She completed her M.Sc. in Chemistry from Dr.  Khatri 
Mahavidyala, Tukum, Chandrapur.
�Her academic interests include organic chemistry, biodiesel production, renewable energy sources, catalysis, environmental 
chemistry and analytical techniques. She is particularly interested in sustainable fuel development, transesterification 
processes, and eco – friendly chemical methodologies. She has teaching experience at both undergraduate and postgraduate 
levels, contributing to academic development and mentoring. she has successfully completed her Ph.D. coursework with 
good grades and actively participated in various national and international conferences and workshops, enhancing her 
research skills and academic exposure.


