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ABSTRACT 
Silk cotton seed kernel oil is given as a new source for methyl ester synthesis. Crude silk cotton oil was used 
as feedstock raw materials for methyl ester production using dimethyl carbonate as solvent and KOH 
catalysis. The maximum methyl esters yield produced as 97% with a kinematic viscosity (4.25 ± 0.2 5 
mm2/sec) was reached at 80 °C by boiling a mixture of dimethyl carbonate (DMC) and oil mole ratio as 8:1 
with 1.5 wt.% KOH catalyst (oil weight based ) for 75 min. The produced products were analyzed using gas 
chromatography-mass spectrometry to identify the methyl esters. The properties of the methyl esters from 
silk cottonseed kernel oil produced met the specifications of ASTM for methyl esters. The kinetics of the 
KOH-catalyzed transesterification of diglyceride (DG) and triglyceride (TG) with DMC were studied at 40 
to 90 °C. We found that the activation energies for transesterification of diglycerides and triglycerides were 
89.8 and 83.3 kJ/mol, respectively. The results showed that all the reaction variables studied had beneficial 
effects. 
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INTRODUCTION 

The economic progress of any nation depends on a stable and relatively inexpensive supply of energy. A 
promising source of energy in the present-day world is biomass, from which biofuels, such as biodiesel are 
produced (Tukur and Ibrahim, 2015). The consumption of world petroleum reserves together with ever- increasing 
environmental concerns have stimulated the search for substitute renewable fuels that can realize the increasing 
demand for energy (Narasimharao and Wilson, 2007; Yang et al., 2014; Cai et al., 2015).  Biodiesel is produced by 
a transesterification reaction in which triglycerides, vegetable oil or fat reacts with an alcohol in the presence of an 
alkaline catalyst (Li et al., 2012). Biodiesel is produced by the transesterification of long-chain fatty acids obtained 
from edible oils, non-edible oil and animal fat with alcohols the presence of an appropriate catalyst (Ma et al., 
2017). 

Non-edible plant oils have been showed as promising crude oils for methyl ester production. The use of non-
edible oils compared with edible oils is importantly higher in growing countries because of the tremendous call for 
edible oils for food, making edible oils far too high-cost to be used as fuel at present (Balat, 2011). Throughout 
the world, a large mass of non-edible oil plants is convenient (Balat, 2011). 

Dimethyl carbonate (DMC) has a broad range of physical properties and chemical reactivities (Dawodu et al., 
2014). DMC is synthesized from methanol and carbon dioxide, thereby making it an exactly green reagent with 
low toxicological and ecotoxicological properties. DMC has replaced methanol in biodiesel synthesis, in this 
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process, fatty acid methyl esters (FAMEs) are produced through the transesterification of soybean oil with DMC 
using potassium methoxide as a catalyst (Dawodu et al., 2014). DMC is a versatile mixture because it is an eco-
friendly, non-toxic, and non-corrosive that exhibits low reactivity and better solvent properties (Panchal and Kalaji, 
2017). 

Description of the Silk Cotton Tree and Seeds 

The silk cotton tree (Ceiba pentandra (L.) Gaertn) is found in tropical and subtropical regions in Asia, in India, 
Sri Lanka, Pakistan, Malaysia, Myanmar and Bangladesh (Shahin et al., 2016). Figure 1 shows the silk cotton tree 
fruit, the fruit with silk, and the seeds. The silk cotton tree is a fast-growing tree and becomes high-yielding within 
4 to 5 years (Anigo et al., 2013). Yields increase for approximately eight years, and its economical lifespan is 
approximately 60 years. The silk cotton tree grows 6.0 to 7.0 m tall, may yield 330 to 400 fruits per year, giving 15 
to 18 kg of fiber and 30 kg of seeds, with each fruit containing 200 seeds (Anigo et al., 2013). Silk cotton seed 
kernel oil is forest-based, non-edible seed oil (Kumar, 2014). A satisfactory fiber yield is 450 kg/ha, and a very high 
yield is 700 kg/ha (Louppe et al., 2012). Silk cotton seed kernel oil is used as a down alternative to fill mattresses, 
pillows, upholstery, stuffed toys, such as teddy bears, and for insulation (Kumar, 2014). 

MATERIALS AND METHODS 

Chemical Reagents 

All chemicals employed in the present research, dimethyl carbonate, potassium hydroxide, n-hexane, acetone, 
and chloroform, were analytical reagent grade chemicals procured from S.D. Fine-chem Limited of India. 

Seed Collection and Preparation of Powder 

 Full-grown dried fruits of the silk cotton tree were collected from the Dr. B.A.M.Univesity, Aurangabad (MS), 
India. Seeds were separated from the fruits after cutting with a sharp steel knife, and only healthy seeds were 
selected. The seeds were cleaned and oven-dried at 40 °C for 24 h and then ground into uniform size, passed 
through an 80-mesh sieve, and stored in a glass jar before use. 

Extraction of Oil from Silk Cotton Seed Kernel Powder 

A total of 100 g of silk cotton seed kernel powder was extracted with n-hexane at a ratio of 1:3 w/w (seed 
kernel powder: n-hexane ratio). 100 g powder was soaked in 100 g of n-hexane at room temperature for 15 min. 
200 g of n-hexane was then added, and the developing mixture was agitated at 100 rpm at 50 ºC for 45 min. 
Completing the extraction, the suspension was kept 30 min for settling, after settling n-hexane with extracted oil 
was filtered through simple filter paper. The solvent containing oil from the filtrate was separated using a rotary 

 
Figure 1. Fruit and seeds of the silk cotton seed tree 
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vacuum evaporator. The remaining extracted oil in the sample flask was weighed after the completed process 
(Panchal et al., 2014). Experiments were conducted in three times. 

Optimization of Silk Cotton Seed Kernel Oil Methyl Ester Production 

The reaction variables employed through the optimization of silk cotton oil transesterification were the molar 
ratio of DMC to extracted oil (2:1 to 14:1), the KOH catalyst concentration (0.25 to 2.0% basis of oil weight w/w), 
the reaction temperature (40 to 90 °C), the agitation rate (75 to 375 rpm), and the reaction time (15 to 90 min). 
The effect of each factor was estimated by varying one parameter while keeping the other parameters constant. 
After the reactions were stopped, the samples were cooled at room temperature and centrifuged at 500 rpm for 10 
min. Three layers were formed: the excess solvent phase, the methyl ester phase as the upper layer and glycerol 
carbonate as the lower layer phase. The methyl ester phase was separated, the excess solvent was evaporated at 30 
°C in a rotary vacuum evaporator, and the methyl ester was purified by 0.5% Magnesol powder. The yield of 
purified methyl esters synthesized from silk cotton oil was then calculated. All experiments in this study were 
supervised in three times. 

Kinetic Experiments 

Experiments of kinetics were completed in a 1000 ml 4-necked glass reactor with a stirrer connected the motor, 
a heating mantle, condenser, a thermometer and a sampling port. The molar ratio of DMC to oil and the catalyst 
quantity were confirmed for the optimal condition (8:1): 800 g of DMC and 100 g of oil contained the total volume 
of the reaction. The transesterification procedure, which examined the volume of withdrawn samples, yielded a 
maximum volume of 1% of the total reaction volume. Samples 0.5 ml were withdrawn from the reaction mixture 
at systematic intervals, centrifuged at 10,000 rpm for 20 min and then filtered. A suspension with a known quantity 
of methyl heptadecanoate was prepared as an internal standard. Samples were prepared for gas chromatography-
mass spectrometry (GC-MS) analysis by adding 50 mg of the sample and 0.25 ml of the standard internal 
suspension (5.082 mg/ml) and diluting to 8 ml with n-heptane. 

GC-MS Analysis of Methyl Esters 

The completion of the transesterification reaction was estimated by thin layer chromatography. Methyl esters 
were determined by GC-MS on coupled to a mass spectrometer with the selective detector. Separation was attained 
on a DB-5MS capillary column (30 m x 0.32 mm, 0.25 mm thickness). Helium was the carrier gas with a flow rate 
of 1.5 ml/min. The temperature of the column was raised from 120-300 °C at 10 °C/ min. A sample volume of 
0.1 ml of HOB in chloroform was pressed in split mode with 1:10 split ratio. The mass spectrometer was set to 
scan in the range of 50-550 m/z, with an electron impact mode of ionization (Panchal et al., 2016). 

Fuel Properties of Methyl Esters Synthesized from Silk Cotton Seed Kernel Oil 

The properties of the methyl esters synthesized from silk cotton seed kernel oil were determined according to 
ASTM specifications. Specific gravity at 25 ºC, kinematic viscosity  at 40 ºC, flash point, cloud point, pour point, 
copper strip corrosion at 60 ºC and acid value were determined in accordance with ASTM D5002, ASTM D445, 
ASTM D93, ASTM D2500, ASTM D97, ASTM D130 and ASTM D664 (Rengasamy et al., 2014). 

RESULT AND DISCUSSION 

Analysis of the Properties of Extracted Silk Cotton Seed Kernel Oil 

The oil obtained from the silk cotton seed kernel is yellow dark in color and has a delicate odor. The extracted 
oil accommodated 24% crude fat. Crude silk cotton oil contains a rich percent of free fatty acids (Kumar, 2014). 
The expanse of the total monounsaturated, unsaturated and saturated carboxylic acids in the extracted oil was 
52.89, 35.11 and 9.44%, respectively. The silk cotton oil had a carboxylic acid profile of linoleic (35.11%), oleic 
(29.69%), palmitic (23.20%) and lipid (5.68%) acids (Ma and Hanna, 1999). The iodine value, which estimates the 
degree of unsaturation of oil, was 70.10 g I/100 g oil, and the saponification value was 158.28 mg KOH/g oil, 
which is lower than the 94.98 g I/100 g oil and 183.0 mg KOH/g oil values reported (Anigo et al., 2013). 

Effects of DMC and Oil Molar Ratio on the Methyl Ester Yield from Silk Cotton Seed Kernel Oil 

The effect of DMC and the oil molar ratio as the important parameters affecting methyl ester synthesis yields 
was explored by varying the molar ratio from 2:1 to 8:1, while fixing the reaction temperature and KOH 
concentration 0.9% (by oil wt) at 80 °C, respectively, with agitation at 200 rpm. Seven dissimilar molar ratios (2:1, 
4:1, 6:1, 8:1, 10:1, 12:1 and 14:1) of DMC and oil were employed in the experiment. As shown in Figure 2, a DMC: 
oil molar ratio of 8:1 give the giant methyl ester synthesis yield as 97%. When the DMC: oil molar ratio was 
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enlarged further, e.g., from 8:1 to 10:1, the methyl ester content reduced somewhat. Precursory work found that 
the highest methyl ester synthesis yield reached 96.2% at refluxing temperatures for eight h with a DMC: oil molar 
ratio of 9:1 (Zhang et al., 2010). DMC: oil molar ratios of 4:1 and 6:1 might be assumed to have a diluting effect, 
yet these molar ratios can cause inadequate mixing of the reactants in the biphasic transesterification reaction 
procedure, which might show to lower methyl ester synthesis yields. The transesterification reaction between palm 
oil and DMC was optimized for the synthesis of methyl ester, and the optimal molar ratio was resolved to be 8:1 
(Alia and Aziz, 2015). Other researcher investigated the highest biodiesel yield could reach 96.2% at refluxing 
temperature for eight h with a molar ratio of DMC and oil 9:1 (Zhang et al., 2010). 

 

Effect of Catalyst Concentration on Silk Cotton Seed Kernel Oil Methyl Ester Yield 

The catalyst concentration is the main variable that influences the methyl ester yield. KOH has demonstrated 
to be the most profitable catalyst due to a higher conversion rate of esters at a low temperature with a small reaction 
time (Panchal et al., 2015; Leung et al., 2010). The effect of KOH concentration on methyl ester synthesis was 
observed in the range of 0.5-2.0% (KOH % concerning oil weight). The reaction temperature and time were kept 

 
Figure 2. Effect of the DMC to oil molar ratio on silk cotton seed oil methyl ester yield. Reaction conditions: 
1.5% catalyst concentration, 300 rpm agitation speed at 80 °C for 75 min and various DMC: silk cotton seed kernel 
oil molar ratios. Data represent the mean ± standard deviation of triplicate observations 
 

 
Figure 3. Effect of catalyst concentration on silk cotton seed oil methyl ester yield. Reaction conditions: molar 
ratio of DMC to silk cotton seed kernel oil (8:1), 300 rpm agitation speed at 80 °C for 75 min and various catalyst 
concentrations. Data represent the mean ± standard deviation of triplicate observations 
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sustained at 80 °C for 75 min. The effect of the catalyst concentration on methyl ester synthesis yield is condensed 
in Figure 3 Increasing the catalyst concentration from 0.50 - 0.90% increased the methyl ester synthesis yield to 
97%. Increasing the concentration of catalyst has a positive effect on the yield of biodiesel (Panchal and Kalaji, 
2017). Further increasing the catalyst concentration above 0.90% did not increase the methyl ester synthesis yield 
and alternatively led to a minute decrease in synthesis yield. Therefore, concentrations above 0.90% should be 
avoided. Thus, the optimal KOH catalyst concentration for methyl ester synthesis was 1.5%. This decline is 
intelligible because the insertion of an intemperate quantity of alkaline catalyst conducts to the formation of an 
emulsion through increasing viscosity and complicates the convalescence of the methyl esters (Zhang et al., 2003). 
Sulistyo et al. (Sulistyo et al., 2008) investigated the leading results with a KOH concentration of 1.25% for the 
methanolysis of candlenut oil, which has a higher free fatty acid satisfied. 

Effect of Reaction Temperature on Silk Cotton Seed Kernel Oil Methyl Ester Yield 

The effect of reaction temperature on methyl ester yield during the transesterification of silk cotton oil was 
evaluated and using various temperatures (40, 50, 60, 70, 80 and 90 °C). The DMC: oil molar ratio as 8:1 and KOH 
catalyst concentration as 1.5% (by oil weight) were held constant. Figure 4 shows the relationship between methyl 
ester yield and temperature of the reaction. The maximum methyl ester yield as 97% was achieved at 80 °C for 75 
min, the methyl ester yield from silk cotton oil at 40, 50, 60, 70, and 90 °C was 41, 58, 82, 89 and 90%, respectively. 
These results show that the methyl ester yield increased with increasing reaction temperature, with optimum yield 
as 97% at 80 °C. Further increases in reaction temperature did not affect the methyl ester production yield, and a 
decrease was distinguished. Thus, the optimal reaction temperature for methyl ester production was defined as 80 
°C from silk cotton oil. Rashid and Anwar (Rashid and Anwar, 2008) observed indistinguishable effects of 
temperature during the optimization of transesterification for producing methyl esters using rapeseed and Cynara 
cardunculus oils, respectively. Several researchers found that the increase in temperature influenced the reaction in a 
positive manner (Venkanna and Venkataraman, 2009). 

Effects of Agitation Speed on Silk Cotton Seed Kernel Oil Methyl Ester Yield 

The agitation speed appears to be of special significance for methyl ester synthesis. Panchal et al. (Panchal et 
al., 2012 ) reported that agitation speed was the important reason for biodiesel production.  The methyl ester 
transesterification reaction obtain at the interface between oil and alcohol, and because these components are not 
miscible, strong mixing is required to increase the contact area between the immiscible phases (Singh and 
Fernando, 2006). The methyl ester yields at various agitation speeds during transesterification are presented in 
Figure 5. Methyl ester yield increased with increased mixing potency. Methyl ester synthesis was achieved at 80 
°C and optimized with the highest achievable mixing level and an 8:1 DMC: oil molar ratio with an optimal KOH 
concentration of 1.5% (by weight of oil). At very low agitation speeds, such as 75 rpm, the methyl ester reaction 
did not reach completion. Increasing the stirring speed produced considerable increases in the methyl ester yield. 
The optimal methyl ester yield as 97% was noted after 75 min of reaction time at 300 rpm agitation speed. In the 
current research work, no considerable increase in methyl ester yield was observed at 300 rpm. Rather, higher 

 
Figure 4. Effect of temperature on silk cotton seed oil methyl ester yield. Reaction conditions: molar ratio of 
DMC to silk cotton seed kernel oil (8:1), 300 rpm agitation speed for 75 min, 1.5% catalyst concentrations and 
various reaction temperatures in °C. Data represent the mean ± standard deviation of triplicate observations 
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agitation speeds at 375 rpm led to somewhat decreased methyl ester yields. Thus, the optimal agitation speed for 
methyl ester synthesis was 300 rpm. The small decrease in methyl ester yield at stirring rates at 650 rpm volume 
might be associated with the attrition of particles and partly to the shearing of catalyst (Rashid et al., 2015). The 
kinetics of the transesterification of palm oil and DMC for methyl ester production has been investigated at 
agitation speeds of up to 200 rpm (Sun et al., 2013). 

Analysis of Methyl Esters Synthesized from Silk Cotton Seed Kernel Oil 

Seven methyl ester derivatives were detected in the methyl esters synthesized from silk cotton oil; the largest 
were linoleic (34.11%), oleic (28.69%), palmitic (22.48%), palmitoleic (8.0%) alpha and gamma linoleic acid (1.84%) 
and lipid (4.68%) acids. Whole methyl ester content was 97%, which may explain the high quality of the methyl 
esters synthesized from silk cotton oil, as shown in Figure 6. 

 
Figure 5. Effect of the agitation rate on silk cotton seed oil methyl ester yield. Reaction conditions: molar ratio of 
DMC to silk cotton seed kernel oil (8:1) at 80 °C for 75 min, 1.5% catalyst concentration and various agitation 
speeds. Data represent the mean ± standard deviation of triplicate observations 
 

 
Figure 6.  Chromatogram of methyl ester from silk cotton seed kernel oil 
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REACTION KINETICS 

Kinetic Study Model 

The main purpose of the present research work was to distinguish the order of transesterification reactions at 
the DMC to oil molar ratio. Kinetic studies of the transesterification reaction methyl ester and glycerol dicarbonate 
were examined very small.  

Three sequential steps occur stoichiometric reaction (Panchal et al., 2015; Shu et al., 2011). 

𝑇𝑇𝑇𝑇 + 3𝑅𝑅𝑅𝑅𝑅𝑅 ⇌ 𝐶𝐶𝐶𝐶 + 3𝐷𝐷𝐷𝐷𝐷𝐷 

𝑇𝑇𝑇𝑇 + 𝑅𝑅𝑅𝑅𝑅𝑅 ⇌ 𝐷𝐷𝐷𝐷 + 𝐷𝐷𝐷𝐷𝐷𝐷 
(1) 

𝐷𝐷𝐷𝐷 + 𝑅𝑅𝑅𝑅𝑅𝑅 ⇌ 𝑀𝑀𝑀𝑀 + 𝐷𝐷𝐷𝐷𝐷𝐷 

𝑀𝑀𝑀𝑀 + 𝑅𝑅𝑅𝑅𝑅𝑅 ⇌ 𝐶𝐶𝐶𝐶 + 𝐷𝐷𝐷𝐷𝐷𝐷 
(2) 

DMC was engaged in excess concerning oil to shift the reaction equilibrium toward the synthesis of methyl 
esters. Since small changes in the concentration of DMC during the reaction, the following rate equations were 
examined: 

r = −
d[TG]

dt
= k[TG] (3) 

ln[TG] − ln[TG] = kt (4) 

[TG] = [TG] −
[DMC] − Sm − BioD

3
 (5) 

where 𝑘𝑘  is a rate constant, [TG] is the concentration of TG at the reaction time, and methyl ester is the 
concentration of methyl ester at the reaction time, which can get from the GC-MS analysis. When the constant 
rate k of the reaction at different temperatures was distinguished, the activation energy (Ea) of the reaction was 
calculated using the Arrhenius formula: 

Ea =  −RTln(
K
A

) (6) 

where 𝐴𝐴 is the factor of frequency for the reaction, 𝑅𝑅 is the molar gas constant, and 𝑇𝑇 is the temperature. 

ln(k) =
lnA
RT

 (7) 

This equation (7) is linear; therefore, a plot of ln(k) vs. 1/T should produce a straight line with slope –E/RT. 

Determination of the Reaction Kinetics 

The transesterification reaction kinetics of DMC and oil were estimated at 40, 50, 60, 70, 80 and 90 °C, the 
molar ratio of DMC to oil was 8:1, and catalyst loading was 1.5%. Methyl ester synthesis was slow during the initial 
stage of the transesterification reaction and later increased to reach equilibrium in 75 min due to changes in the 
methyl ester concentration. By fixing the results data at different temperatures using equation (4), the rate constant 
of reaction (k) and its corresponding correlation coefficient are listed in Table 1. Ea was 75.2 kJ mol 1, and the 
pre-exponential factor was 1.09 x 108 min-1. 

Properties of Silk Cotton Seed Kernel Oil Methyl Esters 

Methyl esters with the best properties were obtained using KOH as a catalyst in many investigated (Encinar et 
al., 2007; Gupta et al., 2007; Refaat et al., 2008; Demirbas, 2009). The character indications of the methyl ester 
synthesized from silk cotton seed oil are shown in Table 2. The kinematic viscosity of methyl ester is main for its 

Table 1. Reaction rate constant for the transesterification of silk cotton seed kernel oil and DMC at 
different temperature 

Temperature (ºC) k(min-1) R2 
40 0.00061 0.9663 
50 0.00072 0.9702 
60 0.00087 0.9795 
70 0.00119 0.9811 
80 0.00121 0.9908 
90 0.00123 0.9916 
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pass through pipelines, injectors, nozzles and for fuel atomization in cylinders (Panchal et al., 2017). The kinematic 
viscosity of the silk cotton seed kernel oil methyl ester in the present research article was 4.25 ± 0.25 mm2/s at 40 
°C. The kinematic viscosity of methyl ester is higher than that of diesel fuel, which is consistent with our detection 
of silk cotton oil methyl ester. In some cases, the kinematic viscosity of the fatty acids comprising a certain 
feedstock may affect the benefit of the resulting methyl esters (Knothe and Steidley, 2005). The specific gravity of 
the silk cotton seed oil methyl ester synthesized in the present research was 0.847 ± 0.12 gm/cm3 at 25 °C. The 
pour point is the main parameter corresponding to engine showing under cold weather conditions. The pour and 
cloud points of silk cotton seed oil methyl esters were 4.00 ± 0.01 and 6.00 ± 0.20 °C respectively, production it a 
suitable fuel for use in cold conditions. The pour point is a measure of the biodiesel gelling temperature at which 
the fuel can no longer be pumped, and it is always lower than the cloud point (Bajpai and Tyagi, 2006). The acid 
value of the silk cotton seed oil methyl ester synthesized was 0.20 ± 0.01 mg KOH/g. The flash point of silk 
cotton seed oil methyl ester was 165 ± 2.5 °C. The flash point of methyl ester is higher than that of diesel (67.58C) 
(Meher et al., 2006; Nakpong and Wootthikanokkhan, 2010). Flash point was measured according to ASTM D93 
(Fernando et al., 2007). 

CONCLUSIONS 

The present research article found the optimal reaction conditions for methyl ester synthesis from silk cotton 
seed kernel oil to be 1.5% KOH catalyst, a DMC: oil molar ratio of 8:1, a reaction temperature of 80 °C, and a 
stirring rate of 300 rpm. Transesterification reaction was almost completed in 75 min, producing a 97% methyl 
ester yield. The present investigation demonstrates that silk cotton seed kernel oil is a non-food feedstock that can 
be converted into methyl esters with very high yield (97%) under an optimized set of transesterification reaction 
conditions. The results of the fuel characteristic tests on the silk cotton seed oil methyl esters indicated that it 
conformed to ASTM standard D6751-02. This synthesis process for methyl ester has a relatively low cost because 
of the silk cotton oil starting material and short reaction time, which we consider an economical fuel solution. The 
global human population is going to increase vastly; thus, more land may be needed to produce food for human 
consumption and animal feed, a problem that already exists in Asia. 
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