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Abstract 
The demand for petroleum is increasing with each passing day. This may be attributed to the limited 

resources of petroleum crude. Hence there is an urgent need of developing alternative energy sources to meet the 
ever increasing energy demand. Biofuels are currently being considered from multidimensional perspectives, i.e. 
depleting fossil fuels, resources, environmental health, energy security and agricultural economy. The two most 
common types of biofuels are ethanol and biodiesel [1]. Biodiesel is a promising alternative fuel to replace 
petroleum-based diesel that is produced primarily from vegetable oil, animal fat and waste mustard oil. The 
vegetable oils which are rich in oxygen can be used as future alternate fuels for the operation of diesel engine [2]. 
Biodiesel is produced from wasted mustard oil through alkali catalyzed transesterification process. Biodiesel is 
simple to use, biodegradable, non-toxic and essentially free of sulfur and aromatics. Physical properties like density, 
flash point, kinematic viscosity, cloud point and pour point were found out for biodiesel produced from waste 
mustard oil. The same characteristic study was also carried out for conventional diesel fuel and used as a baseline 
for comparison. The values obtained from waste mustard oil ethyl ester (biodiesel) is closely matched with the 
conventional diesel fuel and it can be used in diesel engine without any modification. Biodiesel can be used in pure 
form (B100) or may be blended with petroleum diesel at any concentration in most injection pump diesel engines. 
Biodiesel is its capacity to lower greenhouse gas emissions compared to those of fossil fuels. There is an appreciable 
decrease in HC and CO2 emissions while the decrease in CO emission is marginal. However, emission of NOx is 
increased. Biodiesel is liquid which varies in color between golden and dark brown depending upon the production 
feedstock. It is immiscible with water, has a high boiling point and low vapor pressure. Typical ethyl ester biodiesel 
has a flash point of about 130ºC, biodiesel has a density of about 0.88 gm/cm3, less than that of water. Biodiesel has 
very good lubricating properties, significantly better than standard diesel which can prolong engine's life. 
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I. Introduction 
Biodiesel is an alternative to petroleum based 

fuels derived from vegetable oils, animal fats and used 
waste cooking or waste mustard oil. Waste mustard oil 
may be collected from various sources. Several bio-
diesel production methods have been developed, among 
which transesterification using alkali catalyst gives high 
level of conversion of triglycerides  corresponding to 
ethyl ester in short reaction time. Biodiesel or fatty acid 
alkyl ester is produced via transesterification process 
which is the reaction of triglycerides of waste mustard oil 
with an alcohol by using appropriate catalyst. Glycerin 
(used in pharmaceuticals and cosmetics, among other 
markets) is produced as a co-product. Advantages of 
biodiesel include less fuel toxicity, renewable, 
biodegradable, better lubricity and reduces air pollutants 
such as particulates, carbon monoxide hydrocarbon and 
greenhouse gases[3]. Besides, high flash point of the 

biodiesel leads to safer handling and storage [4]. 
Biodiesel is a sulphur free  biodegradable fuel and its 
content of oxygen helps improve its combustion 
efficiency. However, the cost of biodiesel production 
from waste mustard oil, cause a major hurdle to its 
commercialization in comparison to petroleum-based 
diesel fuel. Biodiesel production from waste mustard oil 
is challenging due to the presence of undesired 
components such as free fatty acid (FFA) and water. If 
free fatty acids are present, they can be removed or 
transformed into biodiesel using special pretreatment 
technologies.  The fuel properties that best show 
suitability of biodiesel as a fuel are cetane number, heat 
of combustion, pour point, cloud point, kinematic 
viscosity [5]. Biodiesel is alternative fuel that can be 
used in diesel engines and provides power similar to 
conventional fuel. It reduces the countries dependence on 
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foreign oil imports. From previous studies [2] it has been 
observed that various problems associated with vegetable 
oils being used as fuels in C I engines due to high 
viscosity.  The long chain hydrocarbon structure, 
mustard oils have good ignition characteristics, however 
they cause serious problems such as carbon deposits 
build up, poor durability, high density, high viscosity, 
lower calorific value, more molecular weight and poor 
combustion. These problems lead to poor thermal 
efficiency, while using waste mustard oil in the diesel 
engine. These problems can be rectified by different 
methods which are used to reduce the viscosity of 
vegetable oils. These methods are: transesterification 
method, dilution method and cracking method [6]. The 
most commonly used method is transesterification of 
waste mustard [8,9,10]. Transesterification process 
consists a sequence of three consecutive reversible 
reactions; conversions of triglyceride (TG) to 
diglycerides (DGs), DG to monoglyceride (MG) and MG 
to glycerol (GLY). The transesterification reaction is 
affected by molar ratio of glycerides to alcohol, catalysts, 
reaction temperature, reaction time and free fatty acids 
and water content of oils or fats [6]. 
 

II. Chemistry behind Biodiesel 
Biodiesel is a very versatile transport fuel and 

can be produced from local raw material or collection of 
used vegetable or frying oil in rural regions of 
developing countries. There are three basic routes to 
biodiesel production from oils and fats [12]: 

� Base catalyzed transesterification of the oil 
� Direct acid catalyzed transesterification of the 

oil 
� Conversion of oil to its fatty acids and then to 

biodiesel 
Biodiesel is produced through a transesterification 
process [13]. Transesterification process is reacting 
triglycerides (waste mustard oil) with an alcohol 
(ethanol) in presence of base catalyst (sodium hydroxide) 
to chemically break the molecule of oil into ethyl esters. 
Glycerin also known as glycerol, is byproduct of this 
reaction.  The calculated quantity of base (sodium 
hydroxide) is added slowly to the alcohol and it is stirred 
until it dissolves and a slight excess quantity of base is 
factored to provide the catalyst for the transesterification. 
Sufficient alcohol is added to make up three full 
equivalents of the triglyceride and an excess of usually 
six parts alcohol to one part triglyceride is added to drive 
the reaction to completion. 
 
2.1 The transesterification process, involving 
transformation of the large, branched, triglyceride 
molecule into smaller, straight chain molecules is 
shown in Figure. 

 

 
Figure 1 Transesterification of triglycerides with alcohol in 

manufacturing of biodiesel. 
2.2 Reaction of catalyst (NaOH) with ethanol 

 
2.3 Soap Forming Reaction If waste mustard oil 
contains significant amount of FFA (2-7%). When alkali 
catalyst is added to these feedstocks the free fatty acid 
react with hydroxide catalyst to form soap and water as 
shown in reaction below. 

 
 

III. Materials and Methods 
Biodiesel production requires three inputs: oil or 

fat, alcohol and sodium hydroxide (caustic soda). 
Approximately 80% by volume of feedstock of biodiesel 
is waste vegetable oil and about 20% is ethanol. The 
waste mustard oil used in experimental investigation was 
obtained from college canteen. All chemicals ( Ethanol, 
NaOH catalyst, silica gel) were provided by chemical 
engineering laboratory. Ethanol may be used as long as it 
is anhydrous (with a water content of less than 2%), 
since the water acts as an inhibitor reaction. 
3.1 Equipments used 

A batch reactor with condenser, a stirrer, clamp, 
a heater, Digital temperature indicator ( 0 – 250 oC 
),Thermometer ( 0 – 250 oC ) x 2 nose, Beaker ( 1 L 
capacity ) x 2 nos, Cylinder ( 1 L capacity ) x 2 nos, 
Conical flask ( 100 cm3 ) x 2 nos, Flash distillation 
apparatus with mantel heater for 1 L flask, Separating 
funnel Iron stand with ring holder ( 2 nos. ),Rubber tube 
( ½ inch dia. ) x 1 roll ( 50m ),measuring cylinder. 
Pipette, glass rod, PET bottles for biodiesel storage, a 
batch distillation unit, PH strip, filter paper. 
3.2 Experimental Procedure  

In the industry, transesterification is generally 
done with alkali mediums, because the presence of alkali 
mediums obtained better yield and lower reaction time 
[13]. The methodology incorporated for production of 
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biodiesel from waste mustard oil divided into several 
steps describes in this section [12]. 
Heating of oil  

The waste mustard oil must be heated to speed 
up the reaction about 50-60℃ for remove any water 
content for 10min and then cooled. Waste mustard oil 
may be containing little water which can slow down the 
reaction and leads to soap formation.  
Mixing of ethanol and catalyst 

The base catalyst NaOH does not readily 
dissolved into ethanol. NaOH is mixed slowly with 
alcohol in a three necked round bottom flask and have 
been stirred continuously for about 25-30 minutes until 
NaOH will be dissolved into ehanol and form ethoxide 
that is ready to be added in the oil. 
Heating and mixing 

Waste mustard oil is then poured into prepared 
sodium ethoxide and continuously stirred by a full speed 
propeller coupled to an electric motor at 50-60℃ for 
about 90 minutes. The transesterification process 
separates the ethyl ester (Biodiesel) from glycerin. The 
whole system should be allowed to settle down for at 
least 12hours. Both glycerin and biodiesel products have 
a substantial amount of the excess alcohol that is used in 
the reaction [13]. 
Settling and separation 

The ethyl ester (Biodiesel) will be floating on 
top and denser glycerin will be congealed on the bottom 
of the three necked flask[12]. Using separation funnel 
impure Biodiesel (upper layer) and impure Glycerin 
(lower layer) will be separated. The separated layer of 
impure biodiesel is fed to a batch distillation at 105℃ for 
the recovery of ethanol and water. 
Draining of Glycerin 

The crude glycerin contains unused catalyst and 
soaps are sent for storage [12]. The lower layer impure 
glycerin is treated with activated carbon and filtered 
through a Buchner funnel. Glycerin volume is found to 
be 690ml approximately 20% of original waste mustard 
oil volume. 
Washing of biodiesel 

After the transesterification process some 
amount of alcohol, catalyst and soap will be remained in 
biodiesel. Unreacted ethanol and catalyst remaining in 
biodiesel lead to corrode engine components. Soap will 
be reduced fuel lubricity and cause deposits in engine. 
Washing of raw biodiesel with water is most common 
and flexible way to purify biodiesel. The process of 
washing biodiesel involves mixing it with water [14]. 
Water is heavier than biodiesel and absorbs the excess 
alcohol, sodium hydroxide and soap suspended in it. 
After washing and followed by settling, water impurities 
can be drained off from the bottom of the container. 
 

Drying of washed biodiesel 
After the biodiesel is washed it should be heated 

about 60℃ for 15 minutes until it is crystal clear. Now 
dried biodiesel may be used in any diesel engine having a 
pH close to 7.0 or chemically neutral. 

 
Figure 2 Schematic diagram of simple procedure for 
production of Waste mustard ethyl ester (Biodiesel) 

 
IV. Observation and Results 

Amount of waste mustard oil taken =3liter 
Mustard oil density =910g/l 
Mustard Oil Volume (3 L) * Density (910 g/L) = 2730 g 
Amount of catalyst (NaOH) taken 1% of Oil = 1% of 
2730 g = 27.3 g ~ 30 g =30g 
Amount of ethanol =500ml 
pH of mixture =7(indicates alkalinity) 
Volume of impure biodiesel after reaction (V1) =2800ml 
(94%) 
Amount of ethanol loss due to vaporization =20ml 
After Flash distillation, 
Amount of ethanol recovered (V2) =30ml 
Volume of unwashed biodiesel (V3) =2800ml 
Volume of pure biodiesel =2750ml 
 

Table 1 Physical-chemical properties of biodiesel and 
petroleum diesel 

 
Characteristics      Diesel    Biodiesel 
Type of source 
 

            
Renewable 

      Fossil 

            Color Golden     Golden 
and dark 
brown 
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     Sulphur content (wt. 
%) 

0.04             0.10 

Density, kg/m3 
 

0.84 0.88 

Flash point, ºC 
 

60 to 80 130 

 Fire point, ºC 
 

78 138 

Viscosity,mm2/s@40ºC 
 

1.3-4.1 1.5-4.0 

 Pour point (ºC)  18 10 
Cloud point (°C) 16.0 18.0 
Calorific Value, MJ/L 
 

38.3 36 

Boiling Point, ºC 
 

180 to 340 315 to 350 

 
 

V. Comparative Study between Diesel and 
Biodiesel 

 
Table 2 Biodiesel: Physical Characteristics 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
American Petroleum Institute (API) gravity 

 

API gravity = 
���.�

��
− �
�. � 

 
Diesel Index (DI) = (Aniline point ºF*degree API)/100 

 
Cetane Number =Diesel Index – 3 
 
Gross Calorific Value = 12400 – (2100 * ρ2) 
Where ρ is the density 

 
 
 
 

 

VI. Conclusion  
After performing the extensible literature 

survey, which has revealed the huge amount of work 
done in field of biodiesel preparation, it shows that 
biodiesel production field work is important for both 
academic as well as industrial purpose. Biodiesel has 
become more alternative recently because of its 
environmental benefits and the fact that it is made from 
renewable resources. Of the several methods available 
for producing biodiesel, transesterification of waste 
mustard oil is currently choice for biodiesel production 
Transesterification is basically a sequential reaction. 
Triglycerides are first reduced to diglycerides. The 
diglycerides are subsequently reduced to 
monoglycerides. The monoglycerides are finally reduced 
to fatty acid esters. The order of the reaction changes 
with the reaction conditions. The main factors affecting 
transesterification are molar ratio of glycerides to 
alcohol, catalysts, reaction temperature and time and the 
contents of free fatty acids and water in oils. Base 
catalysts are more effective than acid catalysts and 
enzymes. The recommended amount of base used to use 
is between 0.1 and 1% w/w of oils. In this paper for 
experiment base catalyst is chosen 1% of oil. There are 
two aspect of biodiesel, the fast is the cost of raw 
materials and second is cost of processing. The cost of 
raw materials accounts for 60 to 75% of the total cost of 
biodiesel production (Krawczyk, 1996). The use of waste 
mustard oil can lower the production cost significantly. 
In terms of production cost there are also two aspects the 
transesterification process and byproduct (glycerol) 
recovery. A continuous transesterification process and 
recovering high quality glycerol are two ways for 
lowering production cost of biodiesel.  Critical quality 
parameters in the production process of biodiesel from 
waste mustard oil are complete reaction, removal of 
glycerol, catalyst and alcohol, absence of free fatty acids 
and low sulphur content. 
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