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Abstract. The feedstock that has high potential for biodiesel production was investigated. The 

ceiba petandra (CP) seed was used in this study as the feedstock. The methanolysis of the CP 

seed to produce high yield of Fatty Acid Methyl Ester (FAME) was studied. Hydrothermal 

liquefaction (HTL) was used to produce the bio-crude from the CP with high ester yield. The gas 

chromatography- mass spectrometry was used to analyze the chemical content in the bio-crude. 

The highest oil yield was 44.68% which was obtained at 60 minutes reaction time, 300˚C 

temperature and 4:1 methanol/ oil mass ratio. The optimum parameters for the highest ester 

content (67.33%) was obtained at 60 minutes reaction time, 300 ˚C temperature and 3:1 

methanol/oil mass ratio. It is observed that CP seed has potential for the production of biodiesel. 

 Keywords: Biodiesel, Methanolysis, Fatty Acid Methyl Ester, Hydrothermal liquefaction, 

Esterification 

1.  Introduction 

Fatty Acid Methyl Ester (FAME) or also known as biodiesel is a renewable fuel which goes on with 

extreme concern due to rising oil prices and crude oil crises [1]. Biodiesel is made from vegetables oil 

and animal fats and it has the potential to alleviate environmental pressures and achieve sustainable 

development compared with fossil fuels [2]. Researchers are currently searching for new sources of 

renewable sustainable energy because of inadequate fossil fuels and also because of rising fossil fuel 

prices [3]. The fast-growing population and industrialization have increased the demand for energy. 

Generally, non-renewable resources such as petroleum, natural gas and coal are the most energy demand 

[4]. 

Biodiesel was highlighted as a desirable green fuel for addressing environmental problems. The 

emissions of engines generated from the combustion of fossil fuels contain high levels of air pollutants 

and therefore raise environmental concerns. Biodiesel is more environmentally friendly compared to 

petrodiesel fuel due to low emissions of air pollution, biodegradable, less toxic, safe to handle and store, 

has excellent lubricity and provides energy density comparable to traditional petrodiesel [5]. The usage 
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of biodiesel especially from vegetable oil as an engine fuel is getting much more attention in academic 

and industrial sector due to the higher availability, non-hazardous, biodegradable, cost effective and also 

environmentally friendly [6]. 

Pyrolysis, microemulsion formation, dilution, transesterification and supercritical method are some 

available techniques that are applied to produce biodiesel as well as reduce the viscosity of vegetables 

oil [7]. The most common technique used is the method of transesterification. Transesterification is a 

method of esterification of vegetables or animal fats with alcohol by means of acidic, basic catalysts and 

enzymes [7]. There are two steps in biodiesel production – esterification and transesterification [8]. To 

convert solid biomass to liquid hydrocarbons, hydrothermal liquefaction (HTL) or pyrolysis is 

performed. From the biomass conversion, a product (liquid, gas and solid) that has sufficient potential 

to be used for fuel purposes or feedstock for chemical industry is obtained [9]. 

In Malaysia there are agriculture and forestry abundant natural resources that can be used for the 

production of biodiesel. Between them, kapok tree or also known as silk- cotton tree, is one of the plant 

abundant natural resources with high potential for biodiesel production. Cotton tree is a large plant from 

the family Malvaceae which is spreadly distributed in the tropical rainforest [10]. Some parts of this 

plant that were used as timber and pod have high economic value. Kapok pod consists of fibre, which is 

mainly used to make pillows and mattresses while the resulting seeds end only as waste [5]. Cotton 

seeds are brownish black in color, with an average annual oil yield of 1280 kg/ ha occupying 25- 28 per 

cent by weight for each fruit. This was recommended as an effective feedstock for the development of 

biodiesel [11]. 

Gas chromatography- Mass spectrometry (GCMS) is the most commonly used technique for 

studying in the individual components that make up a fuel [12]. This technique requires a minimal 

preparation of samples and permits separation and identification of individual FAMEs. FAME has 

physical properties similar to the conventional diesel  [13]. This present research provides an insight 

into the non-catalytic development of cotton seed oil biodiesel, which is not only opens up a broader 

plan to combat the worldwide depletion of crude oil supplies but also enriches the cutting-edge biodiesel 

research market. 

2.  Methodology 

2.1 Sample preparation 

Ceiba Petandra was collected from Wang Ulu, Perlis. The seed first separated from the fibre, then sun-

dried for 6 hours.  

 

2.2 Experimental data sample 

The experiment conducted were based on the effect of parameter which involved reaction time (30, 60 

and 90 minutes), temperature (200, 250, 300 and 320˚C) and the volume of methanol (10, 15, 20 and 24 

ml). The effect of each parameters is determined by designing set of experiments with two constant 

parameters. The experimental designs were carried out based on the following Table 1: 

 

Table 1. Design of experimental run  

No of run Time (min) Temperature ˚C Volume of methanol (ml) 

1 60 200 20 

2 60 250 20 

3 60 300 20 

4 60 320 20 

5 30 300 20 

6 60 300 20 
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7 90 300 20 

8 60 300 10 

9 60 300 15 

10 60 300 20 

11 60 300 24 

 

2.3 Bioreactor set up (HTL Process) 

HTL process was conducted in a 100 ml reactor where there was loaded with 5g of sample with the 

addition of pre-set methanol. The values of the parameter set were based on the experimental data 

design. The reactor was equipped with a stirrer and the stirring speed was set to 830 rpm. The reaction 

time was start measured once the temperature reached the desired temperature that had been set. The 

percentages of bio-crude, bio-char and gas produced were calculated using following formula [14]: 

 

%𝑏𝑖𝑜 − 𝑐𝑟𝑢𝑑𝑒 𝑦𝑖𝑒𝑙𝑑 =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑖𝑜−𝑐𝑟𝑢𝑑𝑒

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑡𝑡𝑜𝑛 𝑠𝑒𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒
 × 100    (1) 

 

%𝑏𝑖𝑜 − 𝑐ℎ𝑎𝑟 𝑦𝑖𝑒𝑙𝑑 =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑖𝑜−𝑐ℎ𝑎𝑟

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑡𝑡𝑜𝑛 𝑠𝑒𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒
× 100                      (2) 

 

%𝑔𝑎𝑠 + 𝑙𝑜𝑠𝑠 = 100% − (%𝑏𝑖𝑜 − 𝑐𝑟𝑢𝑑𝑒) − (%𝑏𝑖𝑜 − 𝑐ℎ𝑎𝑟)    (3) 

 

2.4 Sample characterization 

The oils produced from the HTL process were analyzed using gas chromatography- mass spectrometry 

(GCMS). 0.5g of bio-crude was diluted with HPLC methanol. Then, this solution was filtered into a 

small vial to test the GCMS. The chemical composition will be analysed following to the National 

Institute of Standards and Technology (NIST) mass spectral library standard reference database. From 

this analysis, percentages of chemicals (ester, alcohol, acid, phenol, benzene) were identified using 

following formula:  

 

%𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 =  
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙

𝑡𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎
 × 100      (4) 

 

 

3.Results and Discussion 

3.1 Parametric studies on methanolysis of cotton seed 

Parameters that involved in methanolysis of cotton seed were temperature, reaction time and volume of 

methanol. The products from HTL process were bio-crude or bio-oil, bio-char and gas. The effect of 

parameters on methanolysis were study by hold one parameter and alter another two parameters with 5g 

of cotton seed used as feedstock.  

 The condition experiment on effect of temperature were 200, 250, 300 and 320˚C with constant time 

and volume of methanol were 60 min and 20 ml respectively. The product yield on effect of temperature 

was shown in Figure 1. It was observed that the oil yield continuously increases from 8.35% to 48.53% 

as the temperature increases from 200 to 300˚C. Further increases in temperature to 320˚C decrease the 

bio-oil yield to 16.57%. For bio-char yield, the experimental run at 200˚C produced the highest residues 

(64.95%). The experimental run with the temperature of 250˚C produced the highest amount of gas 

which is 38.70%. Similar oil yield trend as a function of temperature was observed in the study of 

hydrothermal liquefaction in sub-critical water/ethanol[14]. Whereas, the oil yield increasing from 240 

to 300˚C and slightly decrease at 320˚C. Therefore, it is concluded that 300˚C is sufficient to achieve 

the highest oil yield from methanolysis of CP. 
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Figure 1. Effect of temperature on the product distribution of yield 

  

 Figure 2 shows the effect of time on the products yield (%). Three different experiments with 30, 

60 and 90 minutes of reaction time were conducted. The temperature and volume of methanol were 

constant at 300˚C and 20 ml respectively. From the experiment, it is observed that the highest oil yield 

obtained at reaction time 60 minutes. The oil yield decreased to 18.56% as the reaction time was 

increased to 90 minutes. The experimental run at 30 minutes produced the highest amount of gas which 

was 63.08%.  

 

 
Figure 2. Effect of reaction time on the product distribution of yield 

 

To identify the effect on the volume of methanol, four sets of experiment were conducted with 

10,15,20 and 24 ml methanol respectively. All the experiments were run for 60 minutes with temperature 

300˚C as a constant condition. The results obtained from the experiments presented in figure 3. From 

the experiments, it is identified that 20 ml methanol gave the highest yield of bio-crude and the lowest 
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yield of gas which is 48.53% and 17.5% respectively. The experimental run that used 10 ml of methanol 

produced the lowest yield of bio-crude (5.15%) but the highest yield of gas (53.69%). The highest bio-

char produced was obtained using 15 ml which is 44.68% while the lowest was with 24 ml (26.71%).  

 

 
Figure 3. Effect of volume of methanol on the product distribution of yield 

  

HTL is a thermochemical process where high pressure (5- 20 MPa) and moderate temperature (200- 

374˚C) are used to treat biomass [15]. This condition was known as subcritical due to the high 

temperature (>100˚C). At this phase; bio-char, bio-oil, aqueous phase fraction and gaseous materials are 

produced due to the depolymerization reactions. 

 From this experiment, it is observed that the highest yield of bio-crude is 48.53% obtained at the 

temperature of 300˚C, the reaction time of 60 minutes and the volume of methanol of 20 ml. The pressure 

recorded was 7.5 MPa. Compared to the previous study, the highest liquid oil yield is 38.4% which 

obtained at 300˚C, 2 MPa and 30 minutes [14]. 

 

3.2 Chemical composition analysis for the produced oil 

GCMS analysis was conducted to determine the chemical composition in the produced oil. Each 

chemical composition was analysed based on their chemical groups. Percentages of ester, benzene, 

alcohol, phenol and acid were then calculated. Figure 4 shows the effect of temperature on the percent 

of chemical obtained. The experiment conducted at different temperature (200, 250, 300 and 320˚C) for 

reaction time of 60 minutes and 20 ml volume of methanol. 

 From the graph it is found that at 300˚C gave the highest percentage of ester (62.95%) and the lowest 

percentage of acid (1.66%). Experiment with 320˚C gave the lowest ester content and highest benzene 

content which 43.47% and 4.42% respectively. For the experiment at 200˚C, although it gave a higher 

of ester (61.09%) but it is also giving a higher yield of acid (18.72%). For 250˚C, it is seen that it had 

high amount of alcohol and phenol which were 15.57% and 1.94% respectively. 
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Figure 4. Effect of temperature on the chemical composition at 60 minutes and 20 ml methanol 

 For the effect on the reaction time, three experiments with 30, 60 and 90 minutes were conducted at 

300˚C and 20 ml methanol. From the figure 5, it is observed that experiment with 60 minutes gave the 

highest percentage of ester. The experimental run at 30 minutes produced the lowest ester content but 

the highest acid content and alcohol content with 42.06%, 10.09% and 18.81% respectively. For 90 

minutes, there was no content of phenol detected. Experiment with 60 minutes also recorded the lowest 

amount of benzene, acid and alcohol with 1.78%, 1.66% and 9.48% respectively. 

 

 
Figure 5. Effect of time on the chemical composition at 60 minutes and 20 ml methanol 

 To identify the effect on volume of methanol, four experiments were run with different volume of 

methanol (10,15,20 and 24 ml) at 60 minutes and 300˚C. the result of the experiment presented in figure 

6. From this experiment, it is observed that the highest amount of ester content was obtained when the 
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volume of methanol is 15 ml which was 67.33%. It also had the highest amount of alcohol content which 

was 11.13%. Experiment with 10 ml methanol had the lowest ester content and the highest acid content 

which were 53.80% and 11.03% respectively. 

 Generally, from this experiment it is observed that the highest amount of ester content is 67.33% 

which was obtained at 60 minutes reaction, 300˚C temperature and 15 ml volume of methanol. However, 

from the previous study, it is reported that the FAME content for cotton seed is 97% [16]. They used 

7:9 methanol/oil molar ratio with 53˚C, 45 minutes and 268 rpm mixing rate with catalyst loading of 

1%. The experiment was conducted using ethanol instead of methanol. Another study also shows an 

excellent yield of methyl ester (96.9%) with presence of 0.75% catalyst concentration at 65˚C, methanol 

to oil molar ratio 6:1 and 600 rpm mixing rate [17]. 

 

 
Figure 6. Effect of time on the chemical composition at 60 minutes and 20 ml methanol 

 

 High content of methanol indicates that the excess used of methanol were not fully removed. 

Excess methanol can affect fuel pumps and reduce the flash point. The limit of alcohol content is 0.2 

wt% whereas acid number higher than 0.5 were associated with fuel system deposits and reduced life of 

fuel filters and pumps [18]. A lower yield of ester in this experiment compared to other studies maybe 

due to the absent of catalyst used.  

 

3.3 The analysis of ester content for the produced oil 

From the previous discussion, it was observed that the highest ester content was obtained from the 

experimental run at 60 minutes reaction time, 300˚C temperature and 15 ml methanol. The result 

obtained for this set of parameters is shown in Figure 7. The ester content obtained was 67.33%. For a 

biodiesel, it is significant to have high content of  FAME. Normally, an excellent biodiesel produced 

>96.5% of FAME [19]. 

 For this set of parameters, the methanol/CSO ratio is 3:1 and the mixing rate used is 832 rpm. Is can 

be said that the result obtained for this study is low as they reported in their study which the maximum 

yield of biodiesel obtained is 92% [20]. 
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Figure 7. Chemical composition (%) of high yield bio-crude 

 It is reported that the high temperature affects the hydrocarbon bonding. The mixture of methanol- 

oil becomes homogenous due to the negative effect of the bonding [21]. Increasing of reaction time led 

to high conversion of oil into methyl ester due to the longer contact between oil and methanol [5]. To 

conclude, the optimum parameter obtained to produce high conversion of ester is 60 minutes of reaction 

time at temperature of 300˚C and methanol/oil ratio of 1:3. 

 

4.  Conclusion  

HTL is one of the methods to produce bio-crude from biomass. From this study, it is observed that the 

highest CP seed bio-crude value is 44.68% which obtained at 300˚C for 60 minutes with 20 ml volume 

of methanol. A good biodiesel contains high amount of ester content. From this study, the optimum 

parameter for ester content obtained 67.33% at 300˚C for 60 minutes and 15 ml of volume methanol. 

CP seed has potential to be explore for biodiesel feedstock. 
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