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Abstract— Bio-Diesel is not the regular vegetable oil and is 

not safe to swallow. However, biodiesel is considered 

biodegradable, so it is considered to be much less harmful to 

the environment if spilled. Biodiesel also has been shown to 

produce lower exhaust emissions than regular fuel. The best 

thing about biodiesel is that it is made from plants and 

animals, which are renewable resources. 

Key words: Biodiesel, Preparation, Blend, Esterification, 

Tranesterification 

I. INTRODUCTION 

Biodiesel is an eco-friendly, alternative diesel fuel prepared 

from domestic renewable resources i.e. vegetable oils 

(edible or non-edible oil) and animal fats, that runs in diesel 

engines-cars, buses, trucks, construction equipment, boats, 

generators, and oil home heating units. Biodiesel has been 

gaining worldwide popularity as an alternative energy 

source because it is non toxic, biodegradable & non 

flammable. Various edible and non edible oils, like rice bran 

oil, coconut oil, Jatropha curcas, castor oil, cottonseed oil, 

mahua, karanja which are either surplus and are nonedible 

type can be used for preparation of biodiesel.  

II. ENVIRONMENTAL IMPACT 

A. Toxicity 

Biodiesel is non – toxic. Biodiesel is the only alternative 

fuel to complete EPA Tier I Health Effects Testing under 

section of the Clean Air Act, which provide the most 

through inventory of environmental and human health 

effects attributes that current technology will allow. The 

acute oral LD 50 (deadly doses for 50% of all test animals) 

is larger than 17.4g/kg bodyweight. The LD50 for table salt 

(NaCl) 3 – 4g/kg of bodyweight, indicating that biodiesel is 

approximately 5 times less toxic than salt.  

 Skin irritation for human beings. A 24 hours testing 

shows undiluted Biodiesel producing fewer skin 

irritations when compared to 4% of dissolved soap in 

water.  

 Flash point: Flash point is measured in degrees at that 

point, when open fire or sparks ignite a certain matter.  

 Biodiesels flash point is at 1800c much higher 

(therefore safer) when compared to mineral diesel 

500c. Thus, storage, transport and handling of 

Biodiesel are cheaper and less dangerous than mineral 

diesel.   

B. Biological Degradability 

Biodiesel degrades about 4 times faster than mineral diesel. 

Within 28 days pure biodiesel solved in water will be 

degraded by 85 to 88 per cent – which is exactly the same 

value as dextrose. Blending biodiesel with conventional 

mineral diesel enhances degradability of mineral diesel 

significantly. For example B20 (20% Biodiesel, 80% 

Mineral diesel) is degraded faster than B 100 (100% mineral 

diesel). 

III. PREPARATION METHODS 

To prepare a biodiesel firstly its FFA(Free Fatty Acid) is 

checked and based on the value of FFA number of process 

needed to prepare a biodiesel is determined.   

A. Determination of Free Fatty Acid Content In The Oil  

It involves following steps:  

 Prepare 0.1N Sodium Hydroxide solution by mixing 4 

grams of NaOH crystals with 1 litre of water. 

 Take 25 ml of 0.1N NaOH solution in a clean and dry 

burette. 

 Take 50 ml of Isopropyl alcohol in a clean and dry 250 

ml conical flask. 

 Add few drops of NaOH solution and shake well. 

 Measure 10 grams of oil to the flask and shake it well. 

 Heat the mixture above 60º c. 

 Allow the mixture to cool a little. 

 Add few drops of phenolphthalein indicator. 

 Titrate against 0.1N NaOH from burette. 

 Titrate till colour persists for at least one minute. 

 Note down the burette reading. 

 Free fatty acid content is obtained by using the below 

formula.  

 
When the FFA value is more than four both esterification 

and transesterification are done to prepare a biodiesel.  

B. Esterification  

Esterification is the chemical process for making esters, 

which are compounds of the chemical structure R-COOR', 

where R and R' are either alkyl or aryl groups. The most 

common method for preparing esters is to heat a carboxylic 

acid,R-CO-OH, with an alcohol R'-OH, while removing the 

water that is formed. A mineral acid catalyst is usually 

needed to make the reaction occur at a useful rate.  

Esters can also be formed by various other 

reactions. These include the reaction of an alcohol with an 

acid chloride (R-CO-Cl) or an anhydride (R-CO-O-COR'). 

Early studies into the chemical mechanism of esterification, 

concluded that the ester product (R-CO-OR') is the union of 

the acyl group (R-C=O-) from the acid, RCO-OH, with the 

alkoxide group from the alcohol rather than other possible 

combinations.         

C. Transesterification 

The Vegetable oils are extracted from crude oil. There crude 

oil usually contains free fatty acids (FFA), water, sterols, 

phospholipids, odorants and impurities. Its can cause 

numerous problems in diesel engines. It also increased 

viscosity, low volatility and poor cold flow properties. They 

lead to severe engine deposits, injector coking, piston ring 
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sticking etc. Bio-diesel may be produced by following four 

ways: Pyrolysis, Micro emulsification, Dilution and 

Transesterification. In this work Transesterification process 

is used to prepare bio-diesel from mustard oil. It is the 

process of using an alcohol (e.g. methanol, ethanol or 

butanol), in the presence of a catalyst, such as sodium 

hydroxide or potassium hydroxide, to break the molecule of 

the raw renewable oil chemically into methyl or ethyl esters 

of the renewable oil, with glycerol as a byproduct. 

Transesterification reaction for vegetable oil: Trans-

esterification, also called as alcoholysis is the displacement 

of alcohol from an ester by another alcohol in a process 

similar to hydrolysis except that an alcohol is used instead 

of water. This has been widely used to reduce the viscosity 

of the triglycerides. 

D. Experimental Procedure 

For the transesterification of mustard oil, Dr. Peeper’s style 

has been followed in our work. First 250 ml (90% pure) 

methanol was mixed with 150 ml (1 N) NaOH. This mixture 

was swirled in a glass container until NaOH is fully 

dissolved in methanol. As this is an exothermic reaction, so 

the mixture would get hot.This solution is known as 

methoxide, which is a powerful corrosive base and is 

harmful for human skin. So, safety precautions should be 

taken to avoid skin contamination during methoxide 

producing. The upper more transparent layer is 100% bio-

diesel and the lower concentrated layer is glycerol. The 

heavier layer is then removed either by gravity separation or 

with a centrifuge. In some cases if the mustard oil contains 

impurities, then a thin white layer is formed in between the 

two layers. This thin layer composes soap and other 

impurities. Bio-diesel produced in the above process 

contains moisture (vaporization temperature 100 degree 

Celsius) and methanol (vaporization temperature 60 degree 

celsius.) and usually some soap. If the soap level is low 

enough (300- 500 ppm), the methanol can be removed by 

vaporization and the methanol will usually be dry enough to 

directly recycle back to the reaction. Methanol trend to act 

as a co-solvent for soap in biodiesel; so at higher soap levels 

the soap will precipitate as a viscous sludge when the 

methanol is removed. Anyway, heating the biodiesel at 

temp. above 100 degree Celsius would cause the removal of 

both the moisture and methanol as well. Another process is 

to add directly mustard oil to the diesel fuel without trans-

esterification process and blends of different proportion 

named B20, B30, B40 and B100. 

E. Steps Involved in Transesterification 

 Measuring the Free fatty acid content in the oil. 

 Heating the oil up to 338K. 

 Adding required amount of Sodium Hydroxide and 

methanol. 

 Heating the solution using a magnetic stirrerfor two 

hours. 

 Keeping the oil for settling process in a settling funnel 

for five hours. 

 After settling methanol is recovered from the solution 

through distillation.  

F. Factors Affecting Transesterification 

 Oil temperature: The oil used in the preparation of bio-

diesel should be heated to 600c. The temperature has to 

be strictly maintained for best results. If the used is 

waste oil, it should be heated to 1300c. Further heating 

of oil above the mentioned temperatures will result in 

poor quality bio-diesel.  

 Reaction temperature:  The reaction temperature of oil 

alcohol and catalyst should be limited between 550c to 

600c. Increase in reaction temperature will result in loss 

of methanol during the reaction and increase in 

darkness of the product.  

 Type of catalyst and concentration: The concentration 

of alkaline catalyst used should vary between 0.5% and 

1.0% by weight. The concentration of acidic catalyst 

used in the two stage trans- esterification process 

should be between 0.45% and 2.0%.  

 Intensity of mixing: Oil, alcohol, catalyst should be 

mixed thoroughly by stirring it for 5 to 10 minutes.  

 Purity of reactants: The reactants used in the 

preparation of bio-diesel should be highly pure; any 

impurity present will adversely affect the quality of 

bio-diesel prepared. Wax like impurities should be 

completely absent.  

G. Methanol Recovery from Bio-Diesel 

 Transfer the Bio-diesel into the reaction vessel. 

 Make the necessary arrangement for the distillation set 

up, like heating and fixing the double wall condenser 

along with the recovery flask. 

 Maintain the temperature at 343K. 

 Methanol stars evaporating. 

 Collect the methanol in a conical flask. 

 Switch off the system when the methanol condensation 

stops. 

H. Washing of Bio-Diesel 

 Transfer the Bio-Diesel after methanol recovery into 

the plastic washing funnel. 

 Spray 300 ml of warm water slowly into Bio-Diesel. 

 Water gets collected in the bottom of funnel. 

 Keep 15 minutes for settling for each trail. 

 Remove the water and check the pH value. 

 Repeat the process till pH of water reaches 7. 

I. Heating of Bio-Diesel 

 Transfer the washed Bio-Diesel from the washing 

funnel to the 1 liter beaker. 

 Add the magnetic pellet and adjust rpm to suitable 

speed. 

 Heat the Bio-Diesel to the temperature of 393K 

(moisture evaporates). 

 Allow the Bio-Diesel to cool gradually. 

 Measure the quantity of final finished Bio-Diesel. 

 Store it in a clean and dry container 

IV. TEST LIST OF FUEL PROPERTIES 

S. 

no 
Characteristics 

Biodiesel 
Diesel 

B20 B30 B40 

1 
Calorific Value  

(KI/Kg) 
42650 42210 42180 43750 
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2 
Viscocity At  

400c (mm2/S) 
3.9 5.2 5.71 3 

3 Flash Point (0c) 89 64 65 61 

4 Specific Gravity 0.82 0.82 0.81 0.899 

5 
Density 

(Kg/m3) 
813 816 813 850 

Table 1: Fuel Properties of B20, B30, B40, Diesel 

 
Fig 1: B20 FUELFig 2: B30 FUEL Fig 3: B40 FUEL 

V. CONCLUSION 

Biodiesel can be used either in the pure form or as blends on 

conventional petro diesel in automobiles without any major 

modifications. Its biodegradability makes it eco-friendly. It 

may lead to a revolutionary transformation of the current 

economic & energy scenario with an era of economic bloom 

& prosperity for our society. 
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