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ABSTRACT 
 

The world is confronted with the twin crisis of fossil fuel depletion and environmental 
degradation. The indiscriminate extraction and consumption of fossil fuels have led to a 
reduction in petroleum reserves. Alternative fuels, energy conservation and management, 
energy efficiency and environmental protection have become important in recent years. The 
increasing import bill has necessitated the search for liquid fuels as an alternative to diesel, 
which is being used in large quantities in transport, agriculture, industrial, commercial and 
domestic sectors. Biodiesel obtained from vegetable oils has been considered a promising 
option because of its environmental benefits and the fact that it is mad from renewable 
resources. The cost of biodiesel however is the main hurdle to commercialization of the 
product. The used-frying oils are used as raw material for the production of biodiesel, thus 
helping to reduce the cost of water treatment in the sewerage system and generally assisting 
in the recycling of resources. The main objectives of the present study were to produce 
biodiesel from waste vegetable oil collected from sweet shops using Base-catalyzed 
Transesterification so as to reduce the overall cost of biodiesel. The physico-chemical 
properties of prepared biodiesel were found to be comparable to those of diesel and 
conforming to international standards. The transesterification reaction is affected by reaction 
temperature. 
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INTRODUCTION 
Biodiesel, an alternate diesel fuel, is 

made from renewable biological sources 
such as vegetable-oils and animal fats. It is 
biodegradable, non-toxic and has low 
emission profiles and so is environmentally 
beneficial1. 

One hundered years ago, Rudolf Diesel 
tested vegetable oil as fuel for his engine2. 
With the advent of cheap petroleum, 
appropriate crude oil fractions were refined 
to serve as fuel and diesel fuels and diesel 
engines evolved together. In the 1930s and 
1940s vegetable oils were used as fuels from 
time to time but usually in emergency 

situations. Recently biodiesel has been 
receiving increasing attention due to 
increase in oil prices, limited resources of 
fossil oil and environmental concerns. 

The cost of biodiesel, however, is the 
main hurdle to commercialization of the 
product. The cost of biodiesel can be 
reduced if we consider non-edible oils, used-
frying oils and acid oils instead of edible 
oils. Non-edible oils such as neem, mahua, 
karanja, babassu, Jatropha, etc. are easily 
available in many parts of the world 
including India, and are very cheap 
compared to edible oils. 

Used-frying oils are discarded by 
several countries including Netherlands, 
Germany, Belgium, Austria, United States * Author for correspondence 
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of America and Japan. With the 
mushrooming of fast food centres and 
restaurants in India, it is expected that 
considerable amounts of used- frying oils 
will be discarded. These can be used for 
making biodiesel, thus helping to reduce the 
cost of water treatment in the sewerage 
system and generally assisting in the 
recycling of resources3 . Acid oil, which is 
cheaper than both raw and refined oils, is a 
major by-product of the alkali refining 
industries and is a potential raw material for 
making biodiesel4. 

Transesterification of vegetable oils 
Transesterification 

Transesterification is the general term 
used to describe the important class of 
organic reactions where an ester is 
transformed into another through 
interchange of the alkoxy moiety. When the 

original ester is reacted with an alcohol, the 
transesterification process is called 
alcoholysis. The transesterification is an 
equilibrium reaction and the transformation 
occurs essentially by mixing the reactants. 
However, the presence of a catalyst 
(typically a strong acid or base) accelerates 
considerably the adjustment of the 
equilibrium. In order to achieve a high yield 
of the ester, the alcohol has to be used in 
excess. The applicability of 
transesterification is not restricted to 
laboratory scale. Several relevant industrial 
processes use this reaction to produce 
different types of compounds. An example is 
the production of PET (polyethylene 
terephthalate), which involves a step where 
dimethyl terephthalate is transesterified with 
ethylene glycol in the presence of zinc 
acetate as catalyst. 

In the transesterification of vegetable 
oils, a triglyceride reacts with an alcohol in 
the presence of a strong acid or base, 
producing a mixture of fatty acids alkyl 
esters and glycerol. The overall process is a 
sequence of three consecutive and reversible 
reactions, in which di- and monoglycerides 
are formed as intermediates5. The 
stoichiometric reaction requires 1 mol of a 
triglyceride and 3 mol of the alcohol. 
However, an excess of the alcohol is used to 
increase the yields of the alkyl esters and to 
allow its phase separation from the glycerol 
formed. 

MATERIAL AND METHODS 

Materials 

• Oil used 
Waste soybean oil from sweet shop. 

• Catalyst used 
Potassium Hydroxide Pellets (KOH)  

• Reagents and Chemicals 
Methanol, extra pure is used most 

frequently because of its low cost. It can 
quickly react with oil and KOH is easily 
dissolved in it. Reagents used for 
determining Acid value, iodine value and 
Saponification value are sodium hydroxide 
pellets purified, sodium thiosulphate 

 
Fig. 1 : General equation for transesterification reaction. 
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pentahydrate purified , hydrochloric acid , 
potassium iodide , methanol for HPLC  and 
phenolphthalein as an indicator. In all the 
experiments, distilled water was used. 

Equipments and Instruments 

• Magnetic stirrer with hot plate 
Agitation was provided with a magnetic 

stirrer which was set at a constant speed 
throughout the experiment and temperature 
was controlled as required. 

• Batch Reactor  
Transesterification reactions were 

performed in a 1- liter three necked round 
bottom flask equipped with a reflux 
condenser, a thermometer and a sampling 
port. 

• Water Bath 
The reactor was immersed in a constant 

temperature water bath. 

• High Performance Liquid 
Chromatography 

The concentration of methyl esters was 
determined by high performance liquid   
chromatography (HPLC). 

Reaction conditions 
All the experiments were carried out 

under the same reaction conditions so as to 
compare the results. The reactions were 
made at 55°C with a molar ratio of methanol 
to oil 6:1 and 1% of the basic catalyst i.e. 
KOH by weight of vegetable oil. The 
reaction was run for 90 minutes. 

Experimental setup  
The apparatus used in the experiment 

consists of a magnetic stirrer with hot plate, 
a 1-litre three necked round bottom flask 
equipped with a reflux condenser and a 
thermometer and a water bath as shown in 
Fig. 2. 

 
Fig. 2 : Experimental set up. 
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Experimental Procedure8  

Three operations were studied in the 
experimental work namely (a) 
transesterification, (b) phase separation, and 
(c) washing. Methyl esters were produced by 
transesterification of waste soybean oil in 
the presence of catalyst (KOH). After the 
reaction was complete, the reaction products 
separated into two layers: the ester product 
formed the upper layer and the by-product 
glycerin formed the lower layer. The 
residual catalyst and unreacted excess 
alcohol were distributed between the two 
phases. After separation of the phases, the 
catalyst and alcohol were washed from the 
ester with water. 

• Preparation of waste soybean oil  

The raw material (i.e. waste soybean oil) 
was collected from a sweet shop. The used 
cooking oil was filtered to remove food 
residues and solid precipitate in the oil. The 
filtered oil was subjected to drying by 
heating at 60°C using oven. 

• Ester preparation 
The transesterification experiments were 

performed in a 1-litre three-necked round 
bottom flask using 100 g of waste soybean 
oil. It was heated to the desired temperature. 
The optimal catalyst concentration was 1% 
(by weight) KOH. 1.23 g of KOH is 
dissolved in the required amount of 
methanol i.e. 23 g. This methanolic KOH 
was heated separately to the desired 
temperature and then added to the base of 
the reactor to prevent evaporation of 
methanol) at this point the reaction was 
assumed to have started. The molar ratio of 
methanol/oil was fixed at 6:1 since the 
literature suggests that this is the optimal 
ratio for vegetable oil transesterification. 
Reaction was performed at 55°C and 
reaction time was 90 minutes. At various 

times, a sample was withdrawn quickly from 
the reactor with a pipette. After 90 minutes 
of reaction time, the reaction mixture was 
poured into a separatory funnel. 

• Washing  

The crude methyl ester was separated 
and excess alcohol and residual catalyst 
were washed from the ester with 100 ml of 
water. This step was repeated twice or 
thrice. The methyl ester was poured into a 
separating funnel and allowed to settle for 
about 30 min to have two phases separated. 
Glycerol being heavier formed lower portion 
and it was removed from the bottom. The 
upper portion was again washed by water 
until clear ester phase was obtained on top. 

Analytical Procedure 

The samples were analyzed for its 
composition by High Performance Liquid 
Chromatography (HPLC) which consists of 
the column (STR ODS- II, 25 cm in length * 
4.6 mm in inner diameter) and refractive 
index detector operated with 1.0 ml/ min 
flow rate of CH3OH as carrier solvent. 

The sample injection volume was 20 µl 
and the peak identification was made by 
comparing the retention time between the 
sample and the standard compound. 

RESULTS AND DISCUSSION 

Comparison of properties of refined 
soybean oil and waste soybean oil 

Refined Soybean oil and waste soybean 
oil were tested for different properties like 
kinematic viscosity, saponification value, 
iodine value, acid value, cloud point and 
pour point. Values are reported in Table 1. 
As per the observations from Table 1 all 
above mentioned properties are quite close. 
This justifies the application of waste 
soybean oil for biodiesel production. 
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Table 1 : Properties of soybean oil and waste soybean oil 

Property Refined soybean oil Waste soybean oil 

Kinematic viscosity at 40°C (mm2/s) 32.6 38.5 

Saponification value (mg KOH/g) 196 225 

Iodine value (g of iodine/g) 140 145 

Acid value (mg KOH/g) 0.37 1.8 

Cloud point (°C) -3.9 2.0 

Pour point (°C) -12.2 -6.0 

 
Determination of properties of biodiesel 
from waste soybean oil 

Properties like Density, Kinematic 

viscosity, Saponification value, Iodine value, 
acid value, Cloud point, Pour point and 
Density were determined as follows  

Table 2 : Properties of biodiesel from waste soybean oil 

Property Biodiesel from waster soybean oil 

Den at 150C g/cm3 0.87 

Kinematic viscosity at 40°C (mm2/s) 39.5 

Saponification value (mg KOH/g) 212 

Iodine value (g of iodine/g) 134.8 

Acid value (mg KOH/g) 0.7 

Cloud point (°C) -1 

Pour point (°C) -7.5 

 
The fuel properties namely density at 

15ºC, kinematic viscosity at 40ºC, 
saponification value, Iodine value, Acid 
value, Cloud point and Pour point of 
prepared biodiesel were determined as the 
standard prescribed by ASTM7 for 
comparison with the latest American and 
European standards8 and found that the 
properties found above lies within that 
range. 

Effect of Temperature on Concentration 
of Biodiesel 

Freedman et al.8 studied the 
methanolysis of refined soybean oil at 60°C, 
45ºC and 32ºC using 6:1 molar ratio of 
methanol to oil and 1% catalyst (sodium 
hydroxide). After 0.1 h, the esters present in 

the 60ºC, 45ºC and 32ºC runs were 94%, 
87% and 64%, showed the influence of 
temperature on ester conversion. Darnoko et 
al.9 also reported that at 50ºC, conversion of 
triglycerides to methyl esters was 73% as 
compared to 82% at 65ºC.  

As per above study effect of temperature 
on concentration of biodiesel was studied for 
four temperatures i.e. 50°C, 55°C, 60°C and 
65°C . The molar ratio was fixed at 6:1 and 
catalyst KOH concentration of 1% was 
maintained by weight. The upper limit of 
temperature studied was 68°C because the 
boiling point of biodiesel is 68°C as per 
literature. Temperature has a small but 
noticeable effect on the transesterification as 
shown in the Fig 3. 
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As per the observations concentration of 
biodiesel lies between 40.2558(%w/w) to 
49.5828(%w/w). This also confirms that 
temperature for optimum production of 
biodiesel lies between 50°C to 65°C.  

CONCLUSION 

In order to obtain biodiesel, 
transesterification process is necessary. 
Transesterification controls the yield of the 
process while purification is fundamental in 
order to fulfill the characteristics of methyl 
esters as fuel. Biodiesel made from waste 
soybean oil have compatible properties as 
conventional diesel fuel and are within the 
limits prescribed by the American and 
European standards for biodiesel. 
Temperature has a small but noticeable 
effect on the transesterification and 
temperature for optimum production of 
biodiesel lies between 50ºC to 65ºC.  
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Fig. 3 : Effect of temperature on concentration of methyl esters. 


