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Abstract 

 Biodiesel is a renewable fuel and is an alternative to petroleum-based diesel fuel. It is biodegradable, renewable and 

has a low emission profile which is better for environment. The use of biodiesel is rapidly expanding around the world. In 

this experiment cottonseed oil was selected for biodiesel production. In order to standardize the parameters three catalyst 

concentrations (KOH) which were 1.5, 2 and 2.5% consecutively and three reaction temperature (45, 60 and 750C) were set. 

Three levels of molar concentrations (4:1, 5:1, 6:1) were also used in this case. The results showed that with the variation of 

catalyst and methanol concentration variation of biodiesel production takes place. However, the effect of different 

parameters for standardization of esterification process for the production of biodiesel from cottonseed oil has been shown in 

this paper. 
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Introduction 

Energy is the most important key for the industrial, 

social and economical development of a nation. Depletion 

of world petroleum reserves and the impact of envi-

ronmental pollution of increasing exhaust emissions have 

led to the search for suitable alternative fuels for diesel 

engines (Demirbas, 2009; Sahin, 2011). The vibrancy of 

economy of a country is indicated by its energy 

consumption. Oil is the major source of energy for the 

entire world as it is convenient to store and handle. 

Biodiesel is the most promising alternative diesel fuel 

because of its property like biodegradability, renewability, 

low emission profile and higher cetane number than 

normal diesel which will be depleted in forecoming future. 

It does not contribute to a rise in carbon dioxide in the 

atmosphere and consequently to the green house effect. 

Biodiesel has become more attractive recently because of 

its environmental benefits. Particulate emissions soot and 

carbon mono-oxide production are lower. However, 

emissions of oxides of nitrogen (NOx) are higher when 

biodiesel is used (Munack et al., 2001). Biodiesel is 

derived from vegetable oils or animal fats through 

transesterification (Fukuda et al., 2001). The commonly 

used alcohols like methanol, ethanol, propanol, butanol and 



Pandey et al., 2013 

www.currentsciencejournal.info 

amyl alcohol are used in transesterification process. 

Methanol and ethanol are frequently used, due to their 

cost-friendliness. Mostly used vegetable oils for production 

of Biodiesels are Jatropha oil, cottonseed oil, coconut oil, 

soyabean oil, rapeseed oil etc. Vegetable oil fuels produce 

greater thermal efficiency than diesel fuel. Cottonseed oil 

is extracted from the seeds of cotton plant of various 

species like Gossypium hirsutum and Gossypium 

herbaceum. This study includes the effect of different 

parameters like catalyst concentration, reaction time and 

molar ratio etc. which influence the production of biodiesel 

from Cotton seed oil. 

Fig. 1. Cottonseed oil esterification process 

Materials and Methods 

 Methanol and Potassium hydroxide (KOH) were 

purchased from Sd Fine-Chem Limited, 315-317, T.V. 

Industrial estate, 248 Worli Road, Mumbai, INDIA. 

Cottonseed oil was purchased from local market having 

viscosity 35 cSt and FFA was 5.75 mgKOH/g.  

Esterification process                                                                                         

 Esterification process is defined as the production of 

fatty acids ester from vegetable oil with an alcohol in 

presence of an alkaline or acidic catalyst. The fatty acids of 

vegetable oil exchange places with the -OH groups of the 

alcohol producing glycerol and methyl, ethyl or butyl fatty 

acid esters depending on the types of alcohol used.  

 

         Table 1. Parameters selected for standardization 

The four distinct stages in the preparation of a fatty acid 

ester are: 

1. Heating oil at a desired temperature. 

2. Stirring and heating of alcohol-oil mixture with an 

alkaline or acidic catalyst. 

3. Separation of glycerol and washing of ester with water.  

4. Evaporating traces of water from ester recovered. 

Fig. 2. Graph shows yield and viscosity at reaction time 45 

min.         

 

 

 

Reaction 

Time 

(min.) 

Molar 

Concentration 

(oil:methanol) 

Catalyst Concentration 

(KOH) 

% of oil sample taken 

45 6:1 1.5 

45 5:1 1.5 

45 4:1 1.5 

45 6:1 2.0 

45 5:1 2.0 

45 4:1 2.0 

45 6:1 2.5 

45 5:1 2.5 

45 4:1 2.5 

60 6:1 1.5 

60 5:1 1.5 

60 4:1 1.5 

60 6:1 2.0 

60 5:1 2.0 

60 4:1 2.0 

60 6:1 2.5 

60 5:1 2.5 

60 4:1 2.5 

75 6:1 1.5 

75 5:1 1.5 

75 4:1 1.5 

75 6:1 2.0 

75 5:1 2.0 

75 4:1 2.0 

75 6:1 2.5 

75 5:1 2.5 

75 4:1 2.5 
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Fig. 3. Graph shows yield and viscosity at reaction time 60 

min 

 

                                    

 

  

 

Fig. 4. Graph shows yield and viscosity at reaction time 75 

min. 

 

 

 

 The methyl esterification of cottonseed oil was 

carried out as per the steps above. Since the recovery of 

ester from esterification process is governed by the 

parameters described above, the process was carried out 

accordingly. The effect of process parameters shown was 

studied to standardize the esterification process for 

estimating maximum yield with minimum viscosity of 

ester. In the present study, methanol of different 

concentrations was used. In order to standardize the 

process parameters three levels of catalyst concentrations 

(KOH) specifically 1.5%, 2%, 2.5% and three levels of 

reaction temperatures (450C, 600C, 750C) and three levels 

of molar ratio (4:1, 5:1, 6:1) were set.  

Fig. 5. Graph shows maximum yield and minimum 

viscosity 

 

  

 The esterification was done at above conditions and 

then allowed to settle for 24 hrs in order to obtain 

maximum recovery of ester with lowest possible kinematic 

viscosity. Esterification was carried out at following 

conditions for 60 mins at different reaction times in 

shaking water bath (Riviera make) using methanol for 

separation of lighter ester layer at the top and heavier 

glycerol layer at the bottom. Total 27 ester samples were 

prepared to study the effect of all above said parameters as 

well as their subsequent kinematic viscosity. The best three 

samples were replicated to confirm the success of the 

experiment. The following sets were prepared to carry on 

the experiment. The characteristics of the biodiesel 

samples produced from different sets were examined using 

various standard tools. This confirmed the quality of the 

fuel and its compatibility with the engines and above all 

the eco-friendliness of the biodiesel produced. 

Results and Discussion 

 The recoveries of ester as well as its kinematic 

viscosity were altered by the esterification process 

parameters such as catalyst concentration, reaction 

temperature and molar ratio of oil and methanol used. The  

RT 

(min) 

Molar 

Conc 

(oil: 

methanol) 

Catalyst 

Conc 

(KOH) 

(g) 

Viscosity 

(centistokes) 

Yield 

(%) 

60 5:1 2.0 4.26 88.16 

60 4:1 2.0 4.02 89.33 

60 4:1 2.5 4.59 85.22 
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above parameters were standardized to obtain biodiesel of 

cottonseed oil with lowest possible kinematic viscosity and 

highest level of recovery. 

Table 2. Apparatus and standards used for fuel 

characterization 

Standardization of esterification process parameters 

 Esterification of cottonseed oil was done to 

significantly reduce its viscosity by separating glycerol 

content from it. The glycerol present in oil was separated 

when the oil was reacted with methyl alcohol with KOH. 

The recovery of ester and reduction in kinematic viscosity 

of a vegetable oil (due to separation of glycerol) largely 

depend on selecting the appropriate process. The results 

obtained from different sets with different parameters are 

given below. The best three results obtained while the 

reaction time was 60 min. and molar ratios were 5:1, 4:1, 

4:1 at catalyst concentration of 2.0, 2.0 and 2.5%. The 

experiments of these results were repeated once again to 

confirm the accomplishment of the experiment. The 

experiments at the above concentrations were replicated to 

obtain the results. It is evident from the data above that the 

recovery of biodiesel observed with different process 

parameters varied between 70.29 to 86.80%. It is therefore, 

seen that highest recovery of 89.33% of methyl ester with 

minimum viscosity of 4.02 cSt of cottonseed biodiesel 

respectively were obtained at 4:1 molar ratio while the 

reaction time was 60 mins and catalyst concentration was 

2%. The characters of the biodiesel produced were 

compared with conventional petroleum diesel and are 

given in the following table. 

Table 3. Comparative study of Petroleum diesel and 

Cottonseed biodiesel with ASTM/BIS standards 

Conclusion 

On the basis of the results obtained from the 

experiment the following conclusions were drawn. The 

recovery of esters by esterification of raw cottonseed oil 

was affected by molar ratio of methanol and oil, catalyst 

concentration and reaction time. The recovery of biodiesel 

of lowest kinematic viscosity (4.02 cSt) with highest 

recovery of 89.33% can be achieved using Catalyst 

concentration 2%, molar ratio 4:1 and reaction time 60 

min. The fuel properties of cottonseed biodiesel obtained 

Name of property Methods/ Standards 

Relative density Hydrometer, IS:  1448 [P: 32]: 

1992 

Kinematic viscosity 

(cST) 

Redwood viscometer, IS: 1448 

[P: 25]: 1976 

Flash point and Fire 

point (⁰C) 

Closed cup Flash and Fire point 

Apparatus, IS: 1448 [P: 32]: 1992 

Cloud point and 

Pour point (⁰C) 

Cloud and Pour point Apparatus, 

IS: 1448 [P: 10]: 1970 

Calorific value 

(MJ/Kg) 

Digital bomb Calorimeter, IS: 

1448 [P: 6]: 1984 

FFA content (%) Titration with 0.1N NaOH 

 

Acid value (%) Titration  with 0.1N KOH 

Ash content (%) Electric Muffle Furnace, ASTM 

D482-IP 4 of IIP 

Carbon residue 

content (%) 

Carbon Residue Apparatus, 

ASTM D189-IP 13 of IIP 

Property Diesel ASTM/BIS 

standards  

for biodiesel 

Cottonseed 

Biodiesel 

Relative 

Density 

0.839    0.86- 0.9 0.925 

Kinematic 

Viscosity (cSt) 

3.12 1.9- 6.0 4.02 

Calorific value 

(MJ/Kg) 

48.46         35 43.6 

Cloud and Pour 

Point    (⁰C) 

2.6 

and -2 

2 and -6 3 and -6 

Flash and Fire 

point (⁰C) 

54.3 

and 

59.4 

120 and 125 156 and 

162 

Ash Content 

(%) 

0.0080 0.03- 0.1  0.0093 

Carbon Residue  

(%) 

0.16 0.090 max. 0.42 

Acid Value (mg 

of KOH/g) 

0.22 0.80 max. 0.561 
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from standardized set of parameters were found to be 

equally comparable with diesel and in accordance with BIS 

specification. 
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