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ABSTRACT

Among the most attractive alternate energy source for fossil fuel is biodiesel. The potential use of Raphanus sativus oil for the
production of biodiesel was investigated. Fatty acid profile of the Raphanus sativus oil was determined by using Gas chromatography
(GC). Methyl ester production by transesterification of Raphanus sativus oil and the process parameter optimization was done to
increases the yield percentage. The four important process parameters that influence the transesterification process are alcohol to oil
molar ratio, catalyst concentration, temperature, reaction time. The yield percentage of Raphanus sativus methyl ester increases up to
94.5% at the optimized parameter values of alcohol to oil molar ratio, catalyst concentration, temperature, reaction time are 9:1, 1%
wt, 50°C, 30 min respectively. Methyl ester blended with diesel at various proportions like B0, B20, B40, B60, B100 to analyse the
performance of the diesel engine. The result shows that B20 blend gives the performance nearer to the diesel fuel. It was found that the
emission level of carbon monoxide and hydrocarbon level were reduces with increase in the blend ratio.
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INTRODUCTION

Nowadays, the high energy demand and pollution problems caused due to the usage of petroleum and diesel fuels makes
increases in interest on the alternative renewable energy sources. The use of biodiesel in diesel engine reduces the emissions of
hydrocarbons, carbon monoxide, particulate matter and sulphur dioxide.

Vegetable oil is widely used for biodiesel production. Vegetable oils are triglycerides with a number of branched chains of
different lengths and the viscosity of vegetable oil is several times higher than the diesel. So it is necessary to do a conversion process
to reduce the viscosity of oil as nearer to diesel.

Transesterification is a most common and well established chemical reaction in which alcohol reacts with the triglycerides of
fatty acids (vegetable oil) in presence of a catalyst. There are four important factors which affects the Transesterification process are
Alcohol to Oil molar ratio, Catalyst concentration, temperature, reaction time. When compare to other alcohols, methanol is highly
preferable because it’s low cost and its better advantages.

The main intend of this work is to use Raphanus sativus vegetable oil to convert biodiesel by means of Transesterification
process with methanol and potassium hydroxide as base catalyst. After the parameter optimization process performance test on diesel
engine were investigated.

MATERIALS AND METHODS

Source of biodiesel and its Characterization: Alternative diesel fuels made from natural, renewable sources such as vegetable oil and
fats. In this study Raphanus sativus seeds were selected for the biodiesel production. The seeds of the Raphanus sativus species can be
pressed to extract seed oil. Wild radish seeds contain up to 48% oil content, and while not suitable for human consumption the oil is a
potential source of bio fuel. The fatty acid composition of the oil was analysed using Gas Chromatography. Fatty acid profile of
Raphanus sativus oil is C16:0, C16:1, C18:0,C18:1(C18:2,C20:1,C22:0,C22:1 is 6.25%,0.12%,0.1913%,29.44%,11.72%,9.07%,
12.08%,26.6 respectively.

Transesterification: Transesterification process is the reaction of triglyceride (fat/oil) with an alcohol in the presence of acidic, alkaline
or lipase as a catalyst to form monoalkyl ester that is biodiesel

and glycerol. The presence of strong acid or base accelerates the reaction. The main purpose of Transesterification is to reduce the high
viscosity of oil which is suitable for CI engine. In this study Methanol is taken as alcohol and potassium hydroxide is the base catalyst.
The chemical reaction of the reaction is,
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Figure.l. Transesterification Reaction
Process optimization and properties:
Catalyst optimization: The amount of alkali catalyst KOH used affects the conversion efficiency of the process. The catalyst amount
is varied in the range of 0.5-1.5 wt% for three different values (0.5, 1.0, and 1.5 wt% KOH). The effect of the catalyst amount on the
yield is shown in  Fig. 2. The Optimum was achieved using 1.0 wt% of KOH, which produced an 90.6% yield of transparent ester.
Alcohol optimization: The molar ratio of alcohol to Raphanus sativus methyl ester is one of the important factors that affect the
conversion efficiency as well as production cost of bio-diesel. Alcohol to oil ratio varies at three different values (3:1, 6:1, 9:1).the
results shows Fig.3.Tthat increases in Alcohol to oil ratio will increase in Yield %.
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Figure.4. Reaction Temperature Vs Yield% Figure.5. Reaction Time Vs Yield%

Reaction Temperature Optimization: With increase in temperature the conversion takes place at a faster rate. The effect of the
temperature on the yield is shown in Fig. 4. The optimum temperature for the reaction is found to be in the range of 50°C.
Reaction Time: Reaction Time is also one of the important factors to consider in the Transesterification process. The Effect of Reaction
Time on the yield is shown in Fig.5. It shows that optimum reaction time is 30 mins of reaction .Maximum Yield of 88.8% esters
occurred at 30 mins reaction time.

From these results the optimized parameter values of alcohol to oil molar ratio, catalyst concentration, temperature, and
reaction time are 9:1, 1% wt, 50°C, 30 min respectively.
Properties of biodiesel blends: The biodiesel from Raphanus sativus oil were blended with diesel in five different proportions i.e., 0%,
20%, 40%, 60%, 100% by volume respectively.

Table.1. Properties Of Raphanus sativus Methyl Ester blends

Name of the properties BO B20 B40 B60 B100
viscosity at 40°C in ¢St 2.6 3.02 3.70 4.58 6.82
Gross calorific value in kJ/kg | 45596 | 43876 | 42258 | 41723 | 41219
Flash Point in °C 65 81 96 128 189
Fire Point in °C 70 89 112 142 203
Cloud Point in °C -15 4 8 11 13
Specific gravity 0.82 0.8385 | 0.8408 | 0.8412 | 0.8428
Acidity 0.065 | 0.066 | 0.071 | 0.081 | 0.47
Cetane number 46 50.8 51.3 51.5 52.6

RESULTS AND DISCUSSIONS

Performance of Cl Engine: The engine set up used is single cylinder diesel engine. The engine has rated output Skw at speed 1500rpm
with compression ratio 17.5, injection pressure 180kg/cm3 and coupled with rope break dynamometer. Kirloskar TV | model engine
with single cylinder, bore Stroke of 80mm x 95mm, speed 1500 rpm, drum diameter 28 cm with Coefficient of Discharge of 0.6.
Performance test are carried out on this compression ignition engine using various blends of biodiesel and diesel as fuel

Engine load V/S Brake Thermal Efficiency: The variation of brake thermal efficiency with load for different fuels is presented in
fig.6. In all cases, efficiency has increased with an increase in percent load. This was due to a reduction in heat loss and increase in
power with increase in percent load. The maximum brake thermal efficiency was obtained for B20, which was slightly higher than that
of diesel.

JCHPS Special Issue 4: December 2014 WWW.jchps.com Page 2


http://www.jchps.com/

National Conference on Green Engineering and Technologies for Sustainable Future-2014
Journal of Chemical and Pharmaceutical Sciences ISSN: 0974-2115

Engine load V/S Brake Specific Fuel Consumption: The variation of brake-specific fuel consumption with load for different fuels is
presented in fig.7. For all fuels tested, brake-specific fuel consumption decreased with increase in load. One possible explanation for
this reduction could be due to the higher percentage of increase in brake power with load as compared to fuel consumption. At higher
loads, the brake-specific fuel consumption for B20 and B40 was close to the diesel.

Engine load V/S Exhaust Gas Temperature: The variation of Exhaust Gas Temperature with load for various blends of fuel is
presented in Fig.8.For all blends exhaust gas temperature increases in increase in load. It shows that exhaust gas temperature of B20 is
slightly lower at maximum load condition.
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Figure.8.Exhaust Gas Temperature Vs Load %

CONCLUSIONS

In this research the optimum process parameters of Transesterification process were determine to get the maximum yield % of
methyl ester. The optimized parameter values of alcohol to oil molar ratio, catalyst concentration, temperature, and reaction time are
9:1, 1% wt, 50°C, and 30 min respectively. Methyl ester blended with diesel at various proportions like BO, B20, B40, B60, B100 to
analyse the performance of the diesel engine. The result shows that B20 blend gives the performance nearer to the diesel fuel.
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