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Abstract -Internal combustion engines are the essential 
parts of transportation and diesel engine are mostly used 
in vehicles which are the main contributer for harmfull 
emissions like CO, HC, NOX and CO2. And consumption 
of diesel fuel is also been increased and it also non-
renewable in nature. Diesel fuel environmental effect and 
continuous increase in prices have regenerated interest in 
bio-fuels. Biodiesel is renewable, biodegradable and also 
has low harmfull emission profiles and so it is 
environmental friendly. In order to make biodiesel 
economical and properly available its feedstock should be 
cheap and should be available easily for its effective 
production. Jatropha curcas oil is selected for biodiesel 
production. It has high crude oil yield, suitable fatty acid 
composition, good adaptability to different agro-climatic 
condition and low gestation period. Biodiesel is prepared 
by 2-step transesterification process from crude jatropha 
curcas oil (CJCO).An experimentation was performed to 
find effect of methanol-to-oil ratio and reaction 
temperature in transesterification process on methyl ester 
yield and acid value. In 1st -step methanol-to-oil ratio at 
0.64 w/w of oil and reaction temperature 55° C, taking 
H2SO4 1% w/w of oil and reaction time 1 hour as fixed 
factor proved satisfactory which gave lowest acid value 
2.24 mg KOH/g oil. In 2nd-step methanol-to-oil ratio at 
0.25 w/w of oil and reaction temperature 60°C, taking 
catalyst (NaoH) at 1.5% w/w of oil and reaction time 2 
hour as fixed factor proved satisfactory which gave methyl 
ester yield 88% with 0.56 KOH/g oil acid value. Fuel 
property are determined of extracted biodiesel according 
to ASTM- 6751, which are comparable to diesel fuel which 
shows its potential use as second generation fuel. 
 
Keywords— Biodiesel, Jatropha oil, Transesterification, 
Free fatty acid, Molor- ratio, Catalyst, Engine emissions. 
 

I. INTRODUCTION 
      In India there is high population which has led to grow 
traffic and high petroleum product consumption. This has also 
result in problem of high air pollution. The major contribution 
to this air pollution is vehicular emission mainly produced by 
C.I diesel engine, which is of great concern because they are 
at ground level and has maximum impact on the people 
[1].The harmful emissions like carbon-dioxide (CO2), oxides 
of nitrogen (NOₓ), hydro-carbons (HC), carbon-monoxide 

(CO), smoke are emitted from diesel engine causing serious 
environmental and health impacts. And biodiesel as an 
alternative fuel for diesel engine is becoming extremely 
important due to, reducing sources of petroleum product and 
environmental disturbance caused by exhaust gases produced 
by petroleum –fuel. Biodiesel which is made from renewable 
resource, has better ignition quality, comparable energy 
content like in diesel fuel and higher flash point which makes 
it suitable to use in diesel engine. 
      But as a future fuel biodiesel has to compete with diesel 
fuel economically, and it can be achieve by using less 
expensive feedstock such as inedible oil and also availability 
and sustainability of feedstock is necessary. And with no food 
uses and less expensive feedstock like jatropha curcas, with 
ability to grow in any environment across the world can be 
used for making biodiesel [2]. Biodiesel consist long chain 
ester of vegetable or animal fats and oils which are water 
insoluble. The hydro-phobic substances in the plant and 
animal which are made of one mole of glycerol and three 
moles of fatty acid are commonly referred as tri-glycerides. 
Fatty acid varies in length of carbon chain and in number of 
unsaturated bonds specifically double bonds. The fatty acid 
composition of oil is one of the important characteristics apart 
from the chain length and degree of unsaturation which 
indicate physical state of oil and biodiesel, cetane number and 
cold flow properties such as cloud-point and pour-point. The 
fatty acid composition of Jatropha oil is shown in Table .1 [3]. 
The unsaturated fatty acid in Jatropha oil ranges from 77% to 
83%, and the cold flow property of product biodiesel is 
dependent on the extent of unsaturation in the oil. Palmitic 
acid and stearic acid are basically major saturated fatty acid in 
the oil. The variation in the percentage of fatty acid 
composition in Jatropha oil is shown in Table.1.This variation 
is due to the different agro-climatic condition for cultvation of 
Jatropha. 

II. BIODIESEL FROM JATROPHA CURCAS 
      Jatropha curcas is basically non-food sources and does not 
affect food demand. Jatropha is in interest of many researchist 
due to its easy availability. Jatropha is adaptable in tropical 
and sub-tropical and even in harsh agricultural area. It has 
rapid growth, easy propogation and low gestation period. 
jatropha curcas oil extracted from jatropha curcas seed have 
specification matching with standard shown in table 2. [4]. 
Biodiesel prepared from non- edible oil like jatropha curcas 
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oil (which have high flash point) and blending with additives, 
provides complete combustion  and results in reduction of 
harmful emission CO, CO2 , HC, smoke and NOₓ and can be 
used directly in any existing ,unmodified diesel engine. 
Jatropha curcas tree consume less water and grow in waste 
land. And its cultivation, seed collection, oil extraction and 
bio-diesel production can provide good rate of employment. 
The by-products which are produced after biodiesel 
production can be used in fertilizer and soap industries. JBD is 
free from sulphur and still exhibits excellent lubrication. Its 
flash point and fire point are higher than petroleum diesel so it 
is a much safer fuel than diesel, it also provide complete 
combustion therefore it is beneficial in reduction of CO and 
HC emissions. Bulk modulus of JBD is higher than diesel 
fuel, which leads to rapid transfer of pressure from fuel pump 
to lift the needle of the injector much earlier. It results in more 
fuel accumulation before the start of combustion giving rise to 
higher temperature. Boiling point of JBD is higher than diesel 
fuel. Because of higher boiling point, it retains its liquid state 
for a long duration. Jatropha oil is not used directly in diesel 
engine, due to its high viscosity and can creates various long-
term operational and durability problems such as poor fuel 
atomization, fuel injector choking, piston ring sticking, fuel 
pump failure, fuel filter clogging, and lubricating oil dilution. 
Therefore its processing is necessary for converting it into 
biodiesel. 
 
       Table1. Fatty acid compositions of Jatropha oil. 

 
Table 2.Fuel properties of jatropha oil and diesel as per data 
[4] 
 

 
Property 

 
Unit 

 
Jatrop
ha oil 

 
Diesel 

Biodiesel 
standards 
DIN EN 
14214 

Density 
at 15°C 

Kg m¯³ 940 850 860-900 

Viscosity 
at 15°C 

mm²s¯¹ 24.5 2.60 3.5-5.0 

Flash 
point 

°C 225 68 >120 

Pour 
point 

°C 4 -20 __ 

Water 
content 

% 1.4 0.02 <0.05 

Ash 
content 

% 0.8 0.01 <0.02 

Carbon 
residue 

% 1.0 0.17 <0.30 

Acid 
value 

Mg KOH 
g¯¹ 

28.0 __ <0.50 

Calorific 
value 

MJ kg¯¹ 38.65 42 __ 

 
III. MATERIAL & METHODS 

      2 litre CJCO was purchased from A1 oil India, limited, 
Mumbai. All chemical used in the experiment such as 
methanol (99%), ethanol, petroleum-ether, sulphuric-acid, 
potassium-hyroxide, sodium-hydroxide were used from 
chemistry department, Punjabi university, Patiala. NaOH was 
used in pellet form as base catalyst for transesterification 
reaction. The experiment was conducted in chemistry 
department, Punjabi university, Patiala. 
                

                          
           Fig.1 Round bottom flask and magnetic stirrer 
                          

  

Fatty acid range Ref[3] 

Myristic acid (C14:0) 0-0.1 0.1 
Palmitic acid (C16:0) 14.1-15.3 15.1 

Palmitoleic acid 
(C16:1) 

0-1.3 0.9 

Stearic acid (C18:0) 3.7-9.8 7.1 
Oleic acid(C18:1) 34.3-45.8 44.7 

Linoleic acid(C18:2) 29.0-44.2 31.4 
Linolenic 
acid(C18:3) 

0-0.3 0.2 

Arachidic acid 
(C20:0) 

0-0.3 0.2 

Eicosenoic acid 
(C20:1) 

n.d n.d 

Behenic acid (C22:0) 0-0.2 0.2 
Lignoceric acid 

(C24:0) 
n.d n.d 

n.d is not derived 
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         Fig.2 Separating funel            Fig.3 layer formation       
      
 The experimental setup included round bottom flask 1000ml 
and magnetic stirrer as shown in figure.1, thermometer, 
separating funnels as shown in figure.2 and burette. Before 
starting transesterification process the most important step is 
to find acid value of CJCO. If the acid value  is less than 8 mg 
KOH/g oil than it can be done in single step and if acid value 
is greater than 8 mg KOH/g oil than 2-step transesterification 
is required for greater yield[2].Normally jatropha crude oil has 
acid value between 15-20 mg KOH/g and  varies due to agro-
climatic condition. 

A. Acid- base titration method for determination of acid 
value of CJCO 
i. Take 2.5 g of oil sample in titration flask. 

ii. Now mix oil with solvent (petroleum ether and 
ethanol 95%) taking it about 25 ml (12.5 ml 
petroleum ether and ethanol each). 

iii. Now add 2 drop of 1% phenolphthalein indicator. To 
prepare it take 0.5g of phenolphthalein powder into 
50ml ethanol and 50ml distilled water and mix it 
thoroughly. 

iv. Titrate it with 0.1N potassium hydroxide (0.56g 
KOH/100ml distilled water) till the light pink color 
appears and note down the titrated volume from 
burette. 

v. Acid value =  

 
      The Acid value of CJCO is determined which is 16.3812 
mg KOH/g. And it is clear 2-step transesterification is 
required for preparation of biodiesel in order to have high 
yield. 

B. Biodiesel extraction by 2-step transesterification 
1. 1ST step -Acid pretreatment 

      CJCO is basically of dark yellow color and it has high 
viscosity. The acid value is 16.3812 mg KOH/g oil as 
determined by acid-base titration method. This acid value is 
very high and it should be below 1 mg KOH/g oil for easy 
alkaline catalyst. So acid pretreatment is used by using 
methanol and acid catalyst (H2SO4). Firstly CJCO is heated 
about 90±5°C for removing moisture. Methanol and H2SO4 
together heated at about 50°Cand were added into heated oil. 
Then mixture is stirred continuously for 1 hour at 55±5°C. 
Then it is allowed to settle down over night in separating 
funnel. The bottom layer consist glycerol, top layer consist 
reacted methanol and middle layer is separated as shown in 
figure.2 and its acid value is again checked and is used for 2nd 

step of transesterification. 
 

2. 2nd step -Base catalyst transesterification 
      Now bottom layer was again heated at 90°C for 15 min. to 
remove moisture content. Methanol and NaOH are heated at 
50°C separately and added into heated oil and together were 
heated for 2 hours and stirred continuously. And after reaction 
completion mixture is allowed for settle down over night in 
separating funnel. The upper layer consist biodiesel and 

bottom layer consist reacted methanol as shown in figure 3. 
The upper layer is measured for calculating yield produced. 
Acid – base titration was again conducted for determination of 
acid value. 

3. Hot - water washing of biodiesel 
      After removing upper layer from separating funnel after 
completing 2nd step, hot water washing is done to remove 
catalyst methanol and glycerol residuals. After washing for 5 
time the biodiesel is purified. In this distilled water is heated 
around 90°C and it is poured into separating funnel containing 
upper layer and mixed well and is  allowed to settle and after 
few time water  containing soap in milky appearance as 
shown in figure.4 is removed. This process is continued tell 
water appears clear as shown in figure 5. After washing, 
biodiesel is heated at 100°C till dissolved water is removed as 
shown in figure 6 and 7. 
 

            
 Fig. 4 Milky appearance water          Fig. 5 Clear water 
 

              
  Fig.6 Biodiesel before heating   Fig.7 Biodiesel after heating 
 

IV. EXPERIMENTAL APPROACH 
A. 1st step –Acid pretreatment 

      In acid pretreatment experimentation is conducted to find 
optimum combination of methanol-to-ratio and reaction 
temperature. In this H2SO4 1% w/w of oil, reaction 
temperature 50°C, reaction time 1 hour [2] are taken as fixed 
factor by varying methanol-to-oil ratio 0.30, 0.40, 0.50, 
0.60,0.64 and 0.70 w/w of oil. And optimum methanol-to-oil 
ratio is selected by determining and comparing corresponding 
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acid value. Next obtained optimum value of methanol-to-oil 
ratio, H2SO4  1% w/w of oil, reaction time 1 hour are taken as 
fixed factor  and reaction temperature is varied  40°C  ,45°C  
,50°C  ,55°C  and 60°C. Then optimum reaction temperature 
is selected by determining each samples acid value.   
 

B. 2nd step-Base catalyst transesterification 
      In 2nd step NaOH 1.4 % w/w of oil, reaction temperature 
65°C, reaction time 2 hour [2] are taken as fixed factor and 
methanol-to-oil ratio is varied at 0.10, 0.20, 0.25, 0.30 and 
0.40 w/w of oil. And optimum value is selected based on high 
biodiesel conversion. Next the optimum methanol-to-oil ratio, 
NaOH 1.4 % w/w of oil, reaction time 2 hour are taken as 
fixed factor and reaction temperature is varied 50°C, 55°C, 
60°C, 65°C, 70°C. And optimum value was selected based on 
high biodiesel conversion. 

V. RESULTS & DISCUSSIONS 
A. 1st step -Acid pretreatment 
 
1. Effect of methanol-to-oil ratio 

      Methanol-to-oil ratio is one of the important factor 
affecting the bio-diesel yield and acid value. After 
experimentation acid values are derived and are plotted 
against their relative methanol -to-oil ratio. It is derived from 
(figure 8) that 0.64 w/w methanol-to-oil ratio showed lower 
acid value 2.84 mg KOH/g oil as compared to other. It can 
also be seen with increase in methanol-to-oil ratio acid value 
considerably decreases but becomes stable after 0.64 w/w 
methanol-to-oil ratio. 
 

2. Effect of reaction temperature 
      Experimentation is conducted keeping methanol-to-oil 
ratio at 0.64 w/w of oil, reaction time 1 hour and H2SO4 1% 
w/w of oil and varying reaction temperature. And acid value is 
derived for corresponding reaction temperature. In (figure 9) 
acid value result are plotted against reaction temperature. It 
can be seen that acid value decreases with increases in 
reaction temperature and becomes stable after 55°C.  It is 
found at 55° reaction temperature lower acid value of 2.24 mg 
KOH/g oil is obtained 
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       Fig.8. Effect of methanol-to-oil ratio in 1st step 
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                  Fig.9.Effect of reaction temperature in1st step 
 

B. 2nd step-Base catalyst transesterification 
 

1. Effect of methanol-to-oil ratio 
      In this reaction temperature 65°C, reaction time 2 hour 
and NaOH 1.4% w/w of oil are taken as fixed and methanol-
to-oil ratio 0.10, 0.20, 0.25, 0.30 and 0.40 w/w of oil are 
varied. And result in form of biodiesel yield is compared with 
methanol-to-oil ratio. From (figure 10) it can be seen that 
biodiesel yield increases with increases in methanol-to-oil 
ratio and decreasing after 0.25 w/w of oil methanol-to-oil 
ratio. And 0.25 w/w of oil methanol-to-oil ratio shows higher 
biodiesel yield 0f 85%. 
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              Fig.10. Effect of methanol-to-oil ratio in 2nd   step 
 

2. Effect of reaction temperature 
      In this methanol-to-oil 0.25, reaction time 2 hour and 
NaOH 1.4% are taken as fixed and reaction temperature is 
varied at 50°C , 55°C , 60°C , 65°C and 70°C. And result in 
form of biodiesel yield is compared with reaction temperature. 
From (figure11) it can be seen that with increase in reaction 
temperature biodiesel yield increases but starts decreasing 
after 60°C. And 60°C reaction temperature produced high 
biodiesel yield of 88% as compared to other. 
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Fig.11.Effect of reaction temperature in2nd step 
 

C. Fuel properties of jatropha biodiesel 
      Analysis of the final biodiesel properties is carried out at 
SAI laboratories, Thapar technology campus. The result is 
placed in table.3 which is compared with ASTM 6751 
biodiesel standards. One of the most important characteristics 
of any fuel is its flash point. This is defined as the lowest 
temperature at which it can vaporize to form ignitable mixture 
in air. The jatropha biodiesel has high flash point as compared 
to diesel fuel which provide complete combustion and also 
make it suitable for safe storage. 
 
     Table 3 Property Comparison between JB & diesel fuel 

 
      Density and calorific value are comparable with diesel 
fuel. Another important property is kinematic viscosity and 
pour point. Higher  the viscosity more the chances of fuel to 
cause clogging engine components and pour point greater than 
freezing point tends to reduce flowablity at low temperature  

standards, jatropha biodiesel can be combined with diesel fuel 
to be use as a blend in diesel engine. 
 

VI. CONCLUSIONS 
i. In 1st step, methanol-to-oil ratio 0.64 w/w of oil and 

reaction temperature 55°C proved satisfactory. 
ii. In 2nd step, methanol-to-oil ratio 0.25 w/w of oil and 

reaction temperature 60°C produced highest 
biodiesel yield. 

iii. Fuel property of Jatropha biodiesel determined 
according to ASTM 6751 is comparable with 
standards and can be used in diesel engine. 
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S
.
n
o 

Property Unit Jatropha 
biodiesel 

Diesel Biodiesel 
standard

s 

 ASTM 
6751 

1 Density 
at 15°C 

g/cm3 0.87 0.85 0.86-0.90 

2 Kinemati
c 

Viscosity  
at 40°C 

cst 6.2 2.60 1.9-6.0 

3 Flash 
point 

°C 210 68 >130 

4 Pour 
point 

°C 2 -20 ____ 

5 Ash 
content 

% Not 
detected 

0.01 <0.02 

6 
 

Gross 
calorific 

value 

MJ/kg 40.9050 42 ------ 


