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Abstract

Biodiesel has been gaining worldwide popularity as an alternative energy source because it is non
toxic, biodegradable, non flammable and environmental friendly fuel. These biodiesel can be prepared
from edible and non-edible oils by transesterification with methanol or ethanol. The transesterification
can be carried out chemically or enzymatically. In the present work the factor affecting the preparation
of biodiesel from crude sorghum oil. In addition, the optimum condition for producing biodiesel using
sodium hydroxide as the catalyst in batch reactor is provided. The optimization was carried out based
on variables namely, mass ratio of ethanol to oil, catalyst concentration, reaction temperature and
reaction time. Using at 2* factorial experimental designs, four variables were studied at both high and
low levels. Thin layer chromatography (TLC) and gas chromatography (GC) was used to analyze the
purity of biodiesel. The production yield and purity of biodiesel were used to verify the optimization.
Results suggested that the catalyst concentration was the most important factor affecting the ethyl
ester yield. Room temperature was considered to be the optimum temperature for the preparation of
biodiesel from crude sorghum oil with 1% sodium hydroxide catalyst, 1:3 mass ratio of ethanol to oil,
120 minutes reaction time which gave 91.00% production yield and 98.29% biodiesel concentration .
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1. Introduction

Biodiesel is a renewable fuel that can be synthesized from edible, non-edible and waste
oils. Due to diminishing petroleum reserves, vegetable oils have attracted attention as a
potential renewable source for the production of alternatives to petroleum-based diesel fuel.
A number of processes have been developed for biodiesel production involving chemical or
enzyme catalysis or supercritical alcohol treatment [***1, The most common process for producing
biodiesel is known as transesterification reaction. During this process, the edible and non-
edible oil reacted with alcohol such as methanol or ethanol in the presence of base or acid
catalyst, resulted in biodiesel and glycerin as valuable by product. The of factor affecting the
production of biodiesel in terms of production yield and purity of biodiesel include reactant
purity, mixing time, reaction temperature, catalyst type and concentration, and mass ratio
of methanol to oil. Operating condition used in biodiesel production and property of biodiesel
produced depend upon the feedstock source. Numerous feedstock sources have been used
for producing biodiesel. In the Indian context, the bulk of the efforts have been directed toward
obtaining biodiesel by chemical transesterification of jatropha curcas oil [*1 and other Many
starting materials such as soybean oil [% 71, sunflower oil [¥ ®1 cotton seed oil [1%), rapeseed
oil [**1, palm oil *% 3] and restaurant kitchen wastes [**1 have been evaluated for preparation
of biodiesel by the base catalytic route. However, it is felt that alternative starting oils also
need to be studied [*5]. Sorghum constitutes one such potential alternative source for biofuel.
Sorghum (sorghum bicolor) belongs to Poaceae family and popularly called as jowar, jondhri,
jundi, chari, is most extensively grown creal grain in country. The crop is environmentally-
friendly as it is water-efficient, requires little or no fertilizer or pesticides and biodegradable ],
The sorghum grown in two major seasons, viz kharif and rabi. The decline in area is mostly
in kharif and at present, area of both kharif and rabi is more or less equal. As far as the
productivity is concerned, the kharif crop yield is higher when compared with rabi crop!*”J.
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Sorghum crops are genus comparing many species growing in tropical and subtropical
countries; eight species are reported to occur in India. Sorghum grain is crop plant, which
grown in several parts of India. The food, feed and fodder needs of farmers will not be
affected, as the oil extraction. The seed kernel of sorghum is comprised of 30-50% oil [*®]. The
fatty composition of sorghum oil consist of palmitic acid 10-14%, stearic acid 3-6%, oleic
acid 3-47%, lenoliec acid 40-55% and lenolenic acid 0-1% [*], while composition of the oil
is similar to other oil, which are edible and non-edible oil purpose. Thus it is good choice as
the starting oil for the production of biodiesel.

The present paper reports the studies of factor affecting the preparation of biodiesel from
crude sorghum oil; can be the potential raw material for biodiesel production in India.

2. Experimental
2.1 Experimental design

A 2% factorial experimental design was used to determine the optimum conditions, four
variables were studied at both high and low levels. The response is ethyl ester yield. The low
level of ethanol: oil mass ratio was 1/5 and the high level was 1/2. The low level of catalyst
concentration chosen was 0.5 % and the high level was 1.5 % sodium hydroxide catalyst by
weight of sorghum oil. The low level of temperature was chosen as room temperature (30°C)
and the high level was chosen at 60°C. The reaction time chosen for the lower level was 30
minutes and 120 minutes for the higher level. Additional experiments were conducted to
study the effect of catalyst concentration and mass ratio of ethanol to oil at 1 % sodium
hydroxide and 1:3 mass ratios [*9],

3. Materials and method

Sorghum oil was purchased at the local market of Moga, Punjab in India was used in the
experimental study. Physical and chemical properties of crude sorghum oil are presented in
table 1. Sodium hydroxide and ethanol A.R. Grade of Merck were used.

Transesterification reactions were carried out in 500-ml flask equipped with a reflux condenser.
The reactor was filled with 200-g crude sorghum oil. The catalyst, sodium hydroxide was dissolved
in ethanol and then added to the reactor. The mixture was heated to selected temperature.
After the end of the reaction, the mixture was cooled to room temperature and transferred
to a separating funnel. The two layers were separated by sedimentation. The ethyl ester phase
was washed with hot distilled water. The excess ethanol was removed on a rotary evaporator at
atmospheric pressure. Dried the solution over anhydrous sodium sulfate and filtered. The bio-
diesel product was analyzed by carrying out thin layer chromatography (TLC) and gas chromato-
graphy (GC), after measuring the production weight. The ethyl ester was defined as fallows
Ethyl ester (biodiesel) yield (%) = Production yield % X Ethyl ester concentration (wt/wt)

Table 1 Physical and chemical properties of crude sorghum oil [*8!

Properties of crude sorghum oil value
Free Fatty Acid (mg KOH/qg) 0.864
Acid value (mg KOH/qg) 0.434
Saponification value (mg KOH/g) 181-191
Iodine value (gI-2/g) 108-122
Density (g/mL) 0.9099
Specific gravity (g/mL) 0.9153
Viscosity 34°C (mm?/S) 3.14
Flash point (°C) 225
Fatty acid composition (wt %)

Linoleic acid 40-55
Oleic acid 3.0-47
Palmitic acid 6.0-10
Stearic acid 3.0-6.0
Linolenic acid 0-0.1
Myristic acid 0-0.1
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4. Results and Discussion

The experimental results were obtained from 16 runs and according to the experimental
design, which are shown in Table 2.The results were analyzed using normal probability method.
It indicated that the catalyst concentration was the most important factor affecting the ethyl
ester yield. Temperature, mass ratio of ethanol to oil and reaction time had because slightly
significant effect on the ethyl ester yield

Table 2 Reaction conditions, production yield, ethyl ester concentration and ethyl ester yield

EtOH:Qil NaOH Temperature. Retention Production Ethyl ester Ethyl ester

Mass ratio (wt (°O) time Yield (wt%) Concentration Yield
%) (min) (wt%) (wt%)

1:2 1.5 60 120 73.85 99.45 73.45
1:5 1.5 60 120 79.95 97.87 78.25
1:2 0.5 60 120 88.70 99.43 88.20
1:5 0.5 60 120 92.90 94.51 87.80
1:2 1.5 30 120 90.20 98.66 89.00
1:5 1.5 30 120 87.00 95.97 83.50
1:2 0.5 30 120 91.60 98.36 90.10
1:5 0.5 30 120 95.70 85.57 81.90
1:2 1.5 60 30 81.55 98.52 80.35
1:5 1.5 60 30 73.48 93.19 68.48
1:2 0.5 60 30 86.90 98.38 85.50
1:5 0.5 60 30 92.80 88.68 82.30
1:2 1.5 30 30 91.75 98.63 90.50
1:5 1.5 30 30 88.30 98.41 82.30
1:2 0.5 30 30 93.60 96.26 86.90
1:5 0.5 30 30 92.50 84.05 77.75

4.1 Effect of reaction time

The production yield which is nearly independent of reaction time but the methyl ester
concentration increases with increased reaction time. Due to the increasing of mixing and
dispersion of methanol in oil phase increased with reaction time [2°1,

4.2 Effect of catalyst concentration

Sodium hydroxide was used as a catalyst for transesterification reaction in this work because
of its economic reason. The effects of sodium hydroxide concentration on the production yield
and ethyl ester concentration are presented in figure 1 and figure 2. It can be observed that
the production yield decreases with increased sodium hydroxide concentration from 0.5 to
1.5 % by oil weight, because of soap formation from the reaction of oil and excessive amount
of catalyst used. The rise in soap formation made the ethyl ester dissolution in glycerol layer
greater [?'1, The ethyl ester concentration increases with increased catalyst concentration at
lower EtOH: oil mass ratio. It is probably due to the lag of ethyl ester production because
the mass transfer limitation at the lower mass ratio of reactants [?#231, However, catalyst
concentration had no detectable effect on ethyl ester concentration at higher EtOH: oil mass
ratio.

4.3 Effect of mass ratio methanol to oil

Higher mass ratio of reactant increases the contact between the ethanol and oil molecules
so the ethyl ester concentration increases with increasing mass ratio of ethanol to oil. But
the production yield decreases with increased mass ratio of reactant. These results agree with
those obtained [?*1 who indicated that an excess of alcohol will increase the ester conversion
by shifting the equilibrium to the right, but higher amount of alcohol interferes the separation of
glycerin because there is an increase in solubility.
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the production vyield at 30°C and 120 ethyl ester concentration at 30°C and 120
minutes: 0.5 and 1.5% NaOH minutes: 0.5% and 1.5% NaOH.

4.4 Effect of temperature

To date, most of the research has focused on the transesterification at near boiling point
of alcohol used. A few works reported the reaction at room temperature [?4' studied the
synthesis of ethyl ester of Cynara cardunculus L. oil in batch reactor and reported 91.6 %
conversion at room temperature. In this work, the effects of reaction temperature on the
production yield and ethyl ester concentration are presented in figure 3 and figure 4. The
productions yield decreases with increased temperature because the higher solubility of
reactant at higher temperature reduced the separation between ethyl ester and glycerol phase.
The temperature had slight effect on ethyl ester concentration. As results above, room tempe-
rature is considered to be the optimum temperature.
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Fig. 3 Effect of reaction temperature on the Fig. 4 Effect of reaction temperature on the
production yield at 30°C and 60°C, 1.0% ethyl ester concentration at 30°C and 60°C,
NaOH and 120 minutes 1.0% NaOH and 120 minutes

5. Conclusions

The study showed that the optimum temperature for the synthesis of biodiesel from crude
sorghum oil was at room temperature, 1% NaOH catalyst, 1:3 mass ratio of ethanol to oil, 120
minute reaction time which gave 91.00% production yield and 98.29% ethyl ester concentration.
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