
International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,  Volume- 3, Issue-2, Feb.-2015 

Experimental Investigation of Bio-Diesel with Corn Oil 
 

73 

EXPERIMENTAL INVESTIGATION OF BIO-DIESEL WITH CORN 
OIL 

 
1SHUBHAM GUPTA, 2 SUMIT KUMAR 

 
1,2Mechanical Engineering Department, Rayat Institute of engineering and information technology, India 

Email: 1shubhamgupta461@gmail.com, 2saini.sumit1406@gmail.com 
 

 
Abstract: As we know biodiesel is an important alternative energy fuel to petroleum diesel as there is a debate going on 
between fuels vs. food crises. In our study, we are investigating Argemone oil for its utilization in diesel engine; question 
arises, to what extent the physic-chemical properties of Argemone oil biodiesel are able to meet with biodiesel standards. 
What is the performance of an agricultural diesel engine fuelled with Argemone oil biodiesel with or without any 
modifications? What are the environmental impacts of Argemone biodiesel?  Keeping all the above views in mind this 
research was undertaken with production of biodiesel through transesterification process from non-edible oil called 
Argemone Mexicana oil and investigation of process variable on biodiesel yield and to study the basic fuel properties like 
calorific value, density, kinematic viscosity, flash point, fire point etc. of Argemone Mexicana oil and its ester and compare 
these properties with those of pure diesel fuel.  
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I. INTRODUCTION 
 
1.1 Renewable Energy Technology 
When Automobiles were first invented in the 1880’s 
there were a variety of fuel sources. Some were steam 
powered, some fuel powered, etc. But they soon 
became powered mostly by petroleum based fuels. 
And these days, some sort of fossil fuel powers nearly 
100% of our vehicles. This in addition to the use of 
petroleum products in industry and manufacturing has 
resulted in an incredible thirst for Petroleum based 
products. However, these fuels are limited and 
depleting day by day as the consumption is increasing 
very rapidly. Moreover, their use is alarming the 
environmental problems to society. Hence, the 
scientists are looking for alternative fuels. Earlier it’s 
simply been cheaper to use petroleum-based fuels to 
power automobiles. But as the time has changed, fuel 
prices continue to rise over the years. In 2008 we’ve 
seen fuel price well over 130$ per barrel and we'll see 
prices over 150$ per barrel soon after 2015. 
 
Among all petroleum based fuel, diesel oil is used in 
a diesel engine that dominates the field of commercial 
transportation and agricultural machinery due to its 
ease of operation and higher efficiency. The 
consumption of diesel oil is several times higher than 
that of petrol. Due to the shortage of petroleum based 
fuel and its increasing cost, effort are on to develop 
alternative fuels especially, to the diesel oil fully or 
partially replacement. [3] The important approaches 
that are at various stages of their development, 
adaptation and implementation towards diesel 
substitution in automobile sector are related to the use 
of Compressed Natural Gas (CNG), Liquefied 
Natural Gas (LNG), CNG in Combination with 
Hydrogen (CNG+H2), Dimethyl Ether (DME), 
Diethyl Ether (DEE), and Anhydrous Alcohol as well 
as industrial alcohol in combination with chemical 

additives Recently, the biodiesel based on non-edible 
oil stocks has been emerging as a technically feasible, 
economically competitive, environmentally 
sustainable and socially beneficial substitute 
automotive fuel for diesel. 
 
1.2 Some Reasons to Look for Alternative Fuel 
The world is facing the following problems regarding 
the use of petroleum products:  

 High price of petroleum based fuel. 
 Increasing global demand. 
 Higher federal taxes. 
 Energy crisis. 
 Extinction of fossil fuels.  
 Environment pollution. 

 
1.3 Corn oil as a Potential Biodiesel  
Corn oil known as makka (Hindi name) is a weed 
found in India. It is introduced, naturalized and occur 
as wasteland weed in almost every part of India. 
Corn oil (maize oil) is oil extracted from the germ of 
corn (maize). Its main use is in cooking, where its 
high smoke point makes refined corn oil 
valuable frying oil. It is also a key ingredient in 
some margarine. Corn oil is generally less expensive 
than most other types of vegetable oils. One bushel of 
corn contains 1.55 pounds of corn oil (2.8% by 
weight). Corn agronomists have developed high-oil 
varieties; however, these varieties tend to show lower 
field yields, so they are not universally accepted by 
growers. 
 
Corn oil is also a feedstock used for biodiesel. Other 
industrial uses for corn oil include soap, salve, and 
paint. Rust proofing for metal surfaces, inks, textiles, 
nitroglycerin and insecticides. It is sometimes used as 
a carrier for drug molecules in pharmaceutical 
preparations.  
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Fig.1.1. (a & b) Argemone Mexicana and Its Seed. 

 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials and Procedures 

The seeds of corn were collected from local 
market in Northern part of India, Hoshiarpur 
(Punjab). In our study, Transesterification doesn’t 
require any complicated assemblies. We have utilized 
magnet stirrer with hot plate acting as a biodiesel 
reactor. Accessories like Capsule, thermometer, 
beakers, measuring cylinders, separating funnel, 
scales accurate to 0.1 grams,  etc.( All equipment 
were clean and dry) were used. Approximate amount 
of Argemone Mexicana, methanol and KOH 
(catalyst) available for biodiesel production were 10 
litres, 4 litres and 2 kilogram respectively. 
Experimental set up for biodiesel production is shown 
in fig.2.1. 

Fig.2.1. Experimental Set Up For Biodiesel Production. 
 
2.2 Method 
2.2.1 Extraction of corn oil  
The oil was obtained from the seeds by the solvent 
extraction process using petroleum ether as a solvent 
(40–60°C) by soxhlet apparatus. [17] A. corn seeds 
were dried overnight in an oven at 110°C for 
removing moisture 10g of seeds sample were placed 
on filter paper in the tube of soxhlet extraction 
apparatus and oil was extracted with petroleum ether 
at the rate of 150 drops per minute for 6 h without 
interruption by gentle heating and then allowed to 
cool and dismantle the extraction flask. Ether was 
evaporated on a steam or water bath until no odor of 
ether remains and cooled at room temperature. By 
weight 3.5 g oil was obtained. Then at large scale, the 
oil was extracted by expeller for our work at local 
market. 

Fig.2.2. Soxhlet Apparatus at Rayat Institute of Pharmacy 
 
2.2.2 Transesterification of Oil 

In this process, triglyceride present in oil 
react with an alcohol in the presence of strong acid or 
base, producing mixture of fatty acid methyl ester and 
glycerol. Transesterification has been done in single 
steps due to the low F.F.A. value. To start with the 
process about 2.3gm of Potassium hydroxide (KOH) 
is dissolve in 25ml methanol and stirred vigorously 
for 20 min in the covered container until the alkali is 
dissolve completely, forming Potassium methoxide. 
The mixture is protected from atmospheric CO2 and 
moisture, as both destroy the catalyst.100ml of 
Argemone Mexicana oil was preheated on hot plate 
up to 55°C and then alcohol - catalyst mixture is then 
transferred into it. The transesterification reaction 
employing methanol commences as two immiscible 
phase as a result of very low solubility of 
triglycerides in methanol. Basic catalyst dissolved in 
methanol does not come in contact with triglyceride 
unless sufficient agitation is introduced. To achieve 
steering, the reactor is switched on with constant 
speed that causes triglyceride transport into methanol 
phase where it is rapidly converted into FAME (Fatty 
Acid Methyl Ester) and glycerol. Stirring of mixture 
is continued for 1 h at a temperature between 55°C 
and 60°C. 
 

Fig.2.3. Reaction at First Stage 
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Fig.2.4. Reaction at Second Stage 
 

Fig.2.5. Reaction at Third Stage 
 
The mixture was turned into turbid orange brown 
color with in the first few minutes and then it was 
changed to a clear transparent brown color as the 
reaction is completed. The mixture again become 
somewhat turbid and orange due to the emulsified 
free glycerol formed during the reaction after lapse of 
1 hr. The mixture was taken out and poured into a 
separating funnel soon the glycerol component of the 
mixture started settling at the bottom. 

 
Fig2.6. Glycerol Separation                  Fig.2.7. Glycerol 

 
Without disturbing the funnel the bottom layer was 
separated out, which is glycerol. The upper layer i.e. 
pure methyl ester was separated and washed 
minimum of 8 times with water. 

Fig.2.8. (a&b) First Stage Washing and Final Stage Washing 

Washed and soap free methyl ester i.e. biodiesel was 
then heated over 100° C so as to remove water 
content from it and ASTM’s 27/3 Methanol test was 
carried out. For a highly converted batch of biodiesel 
the methanol will remain clear and no oil will settle 
down. A poorly converted batch of biodiesel will 
cause the methanol to cloud, and when it eventually 
settles down. 

Fig.2.9. (a&b) Heating of Oil to Remove Water  and Passed 
Methanol Test 

 

Fig.2.10. Test Batch of Biodiesel 
 
In our work, the transesterification of corn 

oil was done in single step due to oil having low free 
fatty acid value. As stated above the oil reacts with an 
alcohol in the presence of strong acid or base, 
producing a mixture of fatty acid methyl ester and 
glycerol. The factors that show its great influence on 
biodiesel production yield are catalyst and methanol 
amount. It is convenient to use methanol in excess so 
that the maximum conversion of the triglycerides into 
methyl esters is assured; however, an excess of 
methanol can be removed by heating above 60°C. 
However reaction temperature just below 60°C is 
maintained and 1 hr of reaction time is set during 
transesterification process.   
 
2.3 Influence of the Catalyst (KOH) Amount on 
Biodiesel Production 

Experiments were carried out with varying 
amounts i.e. 0.5%, 1%, 1.5% and 2% w/w of 
potassium hydroxide (KOH) related to the quantity of 
oil that had to be transesterified. Catalyst breaks the 
bonds between glycerin and three fatty acids. When 
insufficient catalyst is provided, glycerin remains 
attached to biodiesel molecules and decrease the 
biodiesel yield. In our observation, increase in 
catalyst amount from 0.5 to 1.5% w/w to oil leads to 
increase in the yield as shown in Fig 3.13. Maximum 
Biodiesel yield of 90% was found at 1.5% w/w of 
KOH to oil. But thereafter due to FFA (Free Fatty 
Acid) present in corn oil increasing amount of 
catalyst (KOH) form more glycerol and hence 
decrease the yield of biodiesel. 
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Fig 2.11: Effect of Catalyst Amount on Vol. % of Biodiesel 

 
RESULTS AND DISCUSSION 
 
This chapter represents the results obtained from 
experimental work using diesel biodiesel blends in 
the engine at various load points. The engine was 
periodically maintained to operate on various diesel 
biodiesel blends.  
 
3.1 Mode of Experimentation 
The series of exhaustive engine tests was carried out 
on compression ignition diesel engine using diesel 
and Argemone oil biodiesel blends. Several blends of 
varying concentration of Argemone oil methyl ester 
(biodiesel) with diesel were prepared are as follow: 
B20: This is the blend containing 20% bio-diesel and 
80% neat diesel. 
B40: This is the blend containing 40% bio-diesel and 
60% neat diesel. 
B60: This is the blend containing 60% bio-diesel and 
40% neat diesel. 
B80: This is the blend containing 80% bio-diesel and 
20% neat diesel. 
B100: This is the blend containing 100% bio-diesel 
and 0% neat diesel. 
Performance and emission tests were conducted 
under different loading condition on these various 
diesel-biodiesel blends. The optimum blend was 
found out from the graphs based on maximum 
thermal efficiency, minimum brake specific energy 
consumption and safe emission at all loads.  
 
3.2 Measuring Variable 
To plot the relation between the performances of 
diesel, bio-diesel and their blends, there is necessity 
of calculating certain characteristics. These are Brake 
Power (B.P), Brake Thermal Efficiency (B.T.E), 
Brake Specific Fuel Consumption (B.S.F.C), Brake 
Specific Energy Consumption (B.S.E.C), Exhaust 
Temperature (Te), Mass of Fuel (Mf), Mass of Air 
entering at inlet (Ma). The major pollutants appearing 
in the exhaust of a diesel engine are carbon 
monoxide; hydrocarbon emission and smoke opacity 
were also recorded. 
 
3.3 Observations and Calculated Parameters 
Load = w = No of bulbs (of 500 watt each) in active 
mode. 

Current = I, in Amperes 
Voltage = V, in Volts 
Volume of fuel displaced (h) = 10 cc 
Time taken for consuming 10 cc of oil = t, in sec 
Water Outlet Temperature = To in °C 
Water Inlet Temperature = Ti in °C 
Temperature of Air Inlet = Ta, in °C 
Exhaust Temperature = Te, in °C 
Speed = N, in rpm 
CVD(calorific value of diesel)= 43700kJ/kg 
CVB10(calorific value of B20)=43475kJ/kg 
CVB20(calorific value of B40) =43250kJ/kg 
CVB60(calorific value of B60)=43025kJ/kg 
CVB80(calorific value of B80)=43025kJ/kg 
CVB100(calorific value of B100)=43025kJ/kg 
Following are the calculated parameter 
a) Brake Power (B.P) 
It is the product of voltage and current, it is the useful 
power generated at output shaft.. 
                BP = (V×I) /880 kW 
Where,               V = Voltage in volt   
                            I = Current in ampere  
b) Brake Thermal Efficiency (BTE) 
It is defined as the ratio of heat equivalent to useful 
work to the heat energy supplied to the engine in fuel. 
Thus 
                  BTE = (BP×3600) / (mf × CV) 
   
Where, 
                 mf = mass of fuel supplied to engine per 
sec. 
       CV = calorific value. 
c) Brake Specific Fuel Consumption (BSFC) 
It is defined as the ratio of amount of kg of fuel used 
per hour by the engine to the power produced by the 
engine. 
                     BSFC (kg/kwhr) = mf in kg/hr / BP in 
kW 
d) Brake Specific Energy consumption (BSEC) 
It is the multiplication of BSFC and CV 
              BSEC (kJ/kw hr) = BSFC × CV 
 
3.4 Experimental work 
This experiment represents the results obtained from 
the experimental work by varying fuel nozzle 
injection pressure using diesel, biodiesel fuel. In the 
previous chapter B20 and B40 has shown significant 
results with respect to performance and emission 
characteristics of engine. B20 proved to be the best in 
term of BTE, BSFC, and BSEC and has shown lower 
values of CO, HC and SO compared to diesel. In this 
chapter the performance and emission characteristic 
of B40 were shown by varying injection timing and is 
compared with diesel fuel.  
 
3.4.1 Biodiesel blend tested  
The engine were set to run at compression ratio 
16.5:1, standard injection timing 24° before TDC and 
various fuel nozzle injection pressure(150-250) bar 
for Argemone Oil methyl esters(B40). At first engine 
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runs on pure diesel by varying fuel nozzle injection 
pressure and observations were recorded. Then diesel 
biodiesel blend (B40) is tested on engine by varying 
injection pressure to obtain performance and 
emissions characteristics. Engine performance and 
emission data were gathered under different loading 
condition by considering the following parameters: 

 Diesel fuel at 150,175,200,225,250 bar 
 B40 fuel at 150,175,200,225,250 bar 

 
CONCLUSION 
 

In present scenario, use of edible oil to make 
biodiesel is restricted worldwide due to higher 
demand then its production. In our research it has 
become clear that non-edible oil called Argemone 
Mexicana oil, a weed crop, has a potential to 
become a suitable alternative fuel for ever depleting 
fossil fuels. Following are the conclusion made on 
the basis of results: 

1) Average oil of approximately 33% was 
found through large expeller available in the 
local markets. 

2) Due to low free fatty acid value, Alkaline 
Transesterification was results into 80% 
yield; however it is believed that it can be 
increased by slight modification in the 
process variable.  

3) It was found that amount of catalyst (KOH) 
was the more significant parameter than 
volume of methanol. The optimum 
parameters for using KOH as catalyst were; 
amount of catalyst 1.5 gm, volume of 
methanol 25ml, temperature 60°C and 
reaction time 60 min. Maximum Biodiesel 
yield of 90% was found with these optimum 
parameters. 
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