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Abstract: This paper mainly involves “Esterification” 

process. This esterification procedure converts jatropha 

oil into ethyl ester.  The present paper aimed at the 

standardization for the manufacturing process of 

Biodiesel from jatropha oil. The important parameter 

such as reaction time, preheating temperature, catalytic 

concentration, molar ratio is studied to normalize the 

transestrification process for producing possible lowest 

viscosity and highest amount of jatropha oil methyl ester. 

The important properties of the biodiesel oil such as 

flashpoint, viscosity, calorific value, density is 

comparable with the diesel. The transestrified jatropha 

methyl ester is having kinematic viscosity of 2.4 

centistroke, methanol ratio is 5:1. The secondary solution 

is preheated at 60 C and reaction temperature is 

maintained at 56 C and reaction time is 60 minutes with 

NaOH catalyst and low viscosity oil is allowed to settle 

24 hours.  Calorific value of jatropha methyl ester is 10% 

less than diesel and viscosity is very close to that of 

diesel. 

  

Keywords: Optimization, CCRD, RSM, FREE Fatty acid, 

pretreatment, Transestrification. 

 

1. Introduction 
 

The transestrification process is very simple. There are 

three most extensive methods for biodiesel production 

they are Transesterification, Pyrolysis and Micro 

emulsion. Among this process physical characteristics 

and free fatty acid of vegetable oil are nearer to that of 

diesel. Physical and chemical properties of biodiesel are 

equivalent to diesel derived from biological sources. 

Chemically, biodiesel is monoalkyl ester of fatty acids. 

Biodiesel is better when compared to diesel for sulfur 

content, aromatic content and bio-degradability.[1-5] 

 

 

 

 

2. Experimental Details 

 

 
 

Figure 1. Photograph of Transesterification set up 

 

Three neck flask (capacity: 5 liters max), Heater 

windings with controller, Stirring apparatus, 

Thermometer, Measuring Jar, Conical Flask, Separating 

Funnel, Magnetic stirrer, Hot air oven, Weighing 

Machine and Pipette.[6-11].  

 

3. Vegetable oil Details 

 

India imports about 40-50% edible oil for its domestic 

requirement and therefore, it is not possible to divert the 

edible oil resources for biodiesel production in the 

country. In order to avoid food vs fuel problem, the usage 

of non-edible oil is gaining interest. So the non-edible oil 

resources like Jatropha, Pongamia, neem etc., seem to be 

the only possibility for biodiesel production in the 

country. In particular tropical countries like India having 

higher chance to grow plants like Jatropha, which is an 

energy crop.[12-15] 

        In this study, jatropha oil was chosen for biodiesel 

production and key properties which decide the 

transesterification also tabulated. Hence two step 

transesterification works well. According NOVOD there 

are more than ten non edible oils for production of 
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biodiesel. Out of which, Jatropha and lesser extend[16-

19] Pongamia pinnata have received much attention. 

Jatropha oil main constituents are Oleic and Linolenic 

acid, which are highly unsaturated and the fatty acid 

content was 9.53%. The fatty acid and moisture contents 

were tested in standard laboratory. [20] 

 

Table: Key Properties of  Vegetable oil 

Free Fatty Acid content (as Oleic acid) (in %)        

9.53 

Moisture Content (%)                     

0.52 

 

 

3.1 Acidatalysis 

Base Catalysis 

CTo reduce the viscosity of raw vegetable oil and to 

improve flow properties transestrification process is 

performed. Since jatropha oil having higher fatty acid 

content cannot be evolved for base catalysis, because   

alkali catalyst react with FFA to form soap, resulting in 

serious emulsification and separation problem. Due to 

inappropriate storage condition and improper handling 

the quality of jatropha oil gradually decreased. The 

vegetable oil is exposing to sunlight and open air for long 

period free fatty acid level would be increased above 1%. 

It is well known that improper handling of jatropha oil 

would cause increased water and free fatty acid content. 

Free fatty acid percentage will vary depending on the 

feed stock quality.  

  

Table: Optimised quantity for transesterification 

Parameters Acid Catalysis Base Catalysis 

Methanol to oil ratio 

(w/w) 

0.6 0.24 

Catalyst to oil ratio  1% Con H2SO4 0.8% NaOH 

Temperature (°C) 55 62 

Stirring speed (rpm) 300 300 

Time (hours) 1.5 2 

       

        For direct alkali trances terification requires lower 

FFA, hence higher FFA content oil is pre-treated and it is 

evolved to base catalysis using optimized amount of 

methanol and base catalyst. After the completion of the 

reaction, it forms two layers. The upper will be methyl 

ester and higher molecular weight glycerin settles at the 

bottom. 

 

4. Process Optimization 

 
The objective of transesterification is to reduce the 

viscosity of higher molecular fatty acid by converting in 

to lower molecular weight ester. The parameter to be 

optimize for transesterification are  

➢ Temperature 

➢ Oil to methanol ratio 

➢ Reaction time 

➢ Oil to Catalyst ratio 

➢ Stirring speed 

        For small scale production and process optimization 

magnetic stirrer with heater set up was used. Two step  

 

 

processes (Acid-Base catalysis) was chosen for 

transesterification. In the first step pretreatment (acid 

catalysis) methanol quantity was varied from 0.2 to 0.6 

w/w ratio of oil and Concentrated Sulphuric acid was 

used as acid catalyst and it is varied from 0.5 to 1.5 %. In 

the next step (base catalysis), methanol quantity was 

varied from 0.1 to 0.3 w/w ratio of oil and base catalyst 

as sodium hydroxide in varying proportion from 0.5 to 

1.5 %. For both catalysis, in order to stir the mixture,[21] 

the stirring speed was optimized to 300 rpm and 

temperature at which acid catalysis takes place also 

varied from 45 to 60°C. Reaction time also varied from 

30, 60, 90, 120 minutes. Based on this result the 

optimized quantity was tabulated and it was utilized for 

mass production. 
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5. Transesterification Process 
 

The raw Jatropha oil was filtered to remove all insoluble 

impurities followed by heating at 100°C in hot air oven 

for 20 min to remove all moisture. In the first step, the 

higher fatty acid oil was processed using 0.6 w/w ratio of 

methanol to oil in presence of concentrated Sulphuric 

acid as a catalyst (1 wt% of oil). The reaction takes place 

for one hour at optimum temperature of 55°C and stirred 

at 300 rpm in a three neck flask with heater as shown in 

Figure 3.2. After the reaction the mixture was allowed to 

settle in a separating funnel for 5 hours. The methanol 

water mixture was separated and processed oil was 

removed. 

 In the second step, the processed oil (which 

posses Fatty acid lower than 0.5%) was transesterfied 

using 0.24 w/w ratio of methanol to oil and 0.8 % of 

NaOH as an alkaline catalyst to produce biodiesel at 

temperature of 60°C [3]. The reaction takes place for 2 

hours, at optimum speed of 300 rpm. Allow the mixture 

to settle for 6 hours to overnight in a separating funnel 

for gravity separation, and then it form two layers. The 

higher molecular weight glycerin separates at the bottom, 

which looks dark brown colour and upper yellow layer is 

methyl ester, it was separated. The methyl ester was 

washed gently using water for at least 3 times at a 

temperature of  40°C, in order make ester to neutral 

(PH=7) and also remove catalyst, glycerin and un reacted 

fatty acids. Final yield of biodiesel was 85%.  

 

6. Conclusion 
 

In this section, to transesterify one litre of vegetable oil, 

the quantity of methanol and catalyst required are 

calculated 

Esterification (Acid catalysis) 

Methanol to oil ratio 

            
������ �	 
������

������ �	 �������� ��
= 0.6 

   Weight of oil Woil= ρ*V = 900*(1/1000) 

= 0.9 kg 

              ρ= Density of Jatropha oil (900 kg/m
^3

), 

[Instrument used= Hydrometer] 

    V= volume of jatropha oil (m
^3

) 

   Density of methanol= 792 kg/m
^3  

             (792 ∗ Vol of methanol)/0.9 = 0.6                 
[1 m

^3 
= 1000 litres] 

Volume of methanol = 681.81 ml 
            

Conc. H2SO4 to oil ratio 

    Weight of conc. sulphuric acid/Weight of oil = 1% 
Density of conc. sulphuric acid = 1840 kg/m

^3
 

                   
(3456∗7� �	 8��8 .9:��:��8 �8�;)

6.<
= (

3

366
) 

                                  volume of conc. sulphuric acid =
4.89 ml. 
 

 

Transesterification (Base catalysis) 

● Methanol to oil ratio 

           
������ �	 
������ 

������ �	 ���8�99�; �� 
= 0.24 

       

                     
(?<@∗7�:
� �	 
������)

6.<
= 0.24 

Volume of methanol = 272.72 ml 

● NaOH to oil ratio 

            
������ �	 A�BC

������ �	 ���8�99�; ��
= (

6.4

366
) 

 
weight of NaOH

0.9
= (

0.8

100
) 

 

Weight of NaOH = 7.2 gram 

 

7. Result& Discussion 

 

Table: Fuel Properties 

Properties                            Diesel            JME 

Viscosity (cSt) @40°C          3.5                  4.8   

Density@15°C (kg/m
3
)        810                 855 

Calorific Value MJ/kg          42.5                 40 

Flash Point  °C                      75                   135       

Fire Point    °C                      80                   150 

 
Experimental results show that 85% of biodiesel 

were obtained from raw non edible oil and yield amount 

also similar to diesel, Physical and chemical properties of 

jatropa biodiesel were found, it was comparable with 

natural diesel and confirming to the   American and 

European standards. 
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