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In this investigation, Mahua oil methyl ester (MOME)
was prepared by transesterfication using potassium hydrox-
ide. According to the ASTM procedure, several tests were
conducted to characterize mahua oil in relation to diesel oil.
Various physical, chemical and thermal properties such as
viscosity, flash point, fire point and calorific value were evalu-
ated. From the analysis, it was observed that the properties of
mahua oil methyl ester are close to diesel oil. To evaluate the
mahua oil methyl ester as a fuel for diesel engine and dual
engine, it was used as a fuel in a single cylinder, four stroke,
direct injection, constant speed, compression ignition diesel
engine and dual fuel engine. From the experimental results,
it was observed that the mahua oil methyl ester result in
performance and emissions close to diesel operation.
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INTRODUCTION

In the transportation sector, a large number of investigations have been
carried out internationally in the area of vegetable oils as fuel. Jamieson'
listed over 350 oil-bearing crops while Duke et al.” identified 70 species of
oil seeds with considerable potential. Sunflower, safflower, soybean,
cottonseed, winter rape and peanut oil have been reported as substitutes
for petroleum based fuels. The interest in using vegetable oils as alterna-
tive fuels originated within the agricultural community as a fuel for agri-
cultural tractors and equipment’.

Mahua name for a medium to larger tree, Madhuca longifolia of fam-
ily Sapotaceae with wider and round canopy. The tree may attain a height
of up to 20 m. Mahua is a slow growing species, attains a mean height of
0.9 to 1.2 m at the end of the fourth year. The variety latifolia is common
throughout the Indian sub-continent, including Bangladesh. It is a tree of
deciduous nature, of the dry tropical and sub-tropical climate. As a planta-
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tion tree, Mahua is an important plant having vital socio-economic value.
This species can be planted on roadside, canal banks, efc. on commercial
scale and in social forestry programmes, particularly in tribal areas. The
drying and decortification yield 70 % kernel on the weight of seed. The
kernel of seed contains about 50 % oil. The oil yields in an expeller is
nearly 34-37 %. The fresh oil from properly stored seed is yellow in colour”.

Coupland et al.” determined the physical properties of liquid edible
oils. Shashikant et al.® developed a technique to produce biodiesel from
mahua oil having high free fatty acids. The high FFA level of mahua oil
was reduced to less than 1 % by a two-step pretreatment process. Each step
was carried out with 0.30-0.35 v/v methanol-to-oil ratio in the presence of
1 % v/v H,SOy as an acid catalyst in 1 h reaction at 60 °C. After the reac-
tion, the mixture was allowed to settle for 1 h and methanol-water mixture
that separated at the top was removed. The second step product at the
bottom was transesterified using 0.25 v/v methanol and 0.7 % w/v KOH as
alkaline catalyst to produce biodiesel. Shashikant et al.” studied the effect
of methanol quantity, acid concentration and reaction time on the reduc-
tion of free fatty acids content of mahua oil during its pretreatment for
making biodiesel. Chandraju et al.® used ethyl ester of honge oil and palm
oil blends with diesel as an ecofriendly fuel in heavy duty vehicles. They
reported that the engine works smoothly with the blend. Bhat et al.*'’ tested
four blends of mahua oil with diesel and pure oil in the diesel engine at
compression ratio of 20:1, 18:1 and 16:1. The fuel blends were prepared in
the proportion of 20, 40, 60 and 80 % volume by volume with diesel,
respectively. They did not make any modification in the fuel supply
system. They reported that the blends of mahua oil and diesel results in
lower thermal efficiency as compared to diesel oil operation.

In the present work, Mahua oil methyl ester (MOME) was prepared by
transesterfication method. The properties of MOME and its blends with
diesel were compared with those of diesel oil. To study the suitability of
blends of MOME and diesel as fuel for diesel engine, the blends of MOME
and diesel were used as fuel in four stroke direct injection diesel engine.

EXPERIMENTAL

Unrefined crude mahua oil was obtained from the kernel of mahua tree
and it was refined and filtered for the present work. Generally, vegetable
oil contains fatty acids like viz., palmitic, stearic, oleic, linoleic, lignoceric,
eicosenoic, arachidic and behenic. Of these, the mahua oil contains the
saturated acids, palmitic (hexadecanoic acid) and stearic (octadecanoic acid)
and the unsaturated acids, oleic (octadec-9-enoic acid) and linoleic (9,12-
octadecadienoic acid). The fatty acid composition of the mahua oil is given
in Table-1.
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TABLE-1
FATTY ACID PROFILE OF MAHUA OIL
Fatty acid Formula Structure Weight (%)
Oleic C,H,0, 18:1 37.0
Stearic C,H,0, 18:0 22.7
Palmitic C,H,,0, 16:0 245
Linoleic C,H,,0, 18:2 14.3
Arachidic C,H,0, 20:0 1.5

The mahua oil is in dark yellow colour and has a repulsive odour. It is
used for medicinal applications. It is popular due to its low cost and ready
availability. Table-2 shows the characteristics of crude mahua oil.

TABLE-2
CHARACTERISTIC OF MAHUA OIL

Property Value
Refractive index 1.456
Saponification value 190
Iodine value 59
Unsaponifiable matter (%) 1.3
Colour Dark yellow
Water content (%) 2

This oil was converted into biodiesel by the following procedure. 4 g
of anhydrous sodium hydroxide pallets were dissolved in 170 mL of metha-
nol and 420 mL of mahua oil was added. The mixture was refluxed in a
water bath at 65 °C for 1 h using a water-cooled condenser and for another
0.5 h without condensing, to remove excess methanol. The mixture was
kept in a 250 mL separator funnel for ca. 2 h to allow phase separation.
The top layer containing esters were washed 3-4 times with warm water to
wash out impurities like soap and other residues. Finally the methyl esters
were dried using 10 g of anhydrous sodium sulphates.

Evaluation of properties of mahua oil and blends: Flash point, fire
point, density, calorific value, viscosity and specific gravity of the MOME,
blends of MOME and diesel and diesel were evaluated. Flash and fire points
of the oils were determined using Cleveland's cup and cone tester. Viscosi-
ties of the oils were determined using Saybolt viscometer. Calorific value
was determined using a Bomb calorimeter.
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RESULTS AND DISCUSSION

The important fuel properties of MOME and its blends with diesel are
shown in Table-3. From the table, it is observed that the flash point, fire
point, density and kinematic viscosity of MOME lower than mahua oil. As
the percentage of MOME in the blend of MOME and diesel oil increases,
all fuel property values increases except that of the calorific value.

TABLE-3
PROPERTIES OF MOME AND ITS BLENDS WITH DIESEL
Property Ng?aMOMEDmmlBu)Ino B30 B40 B30

Flash point (°C) 212 129 56 100 103 105 108 111
Fire point (°C) 223 141 63 109 111 114 120 123
Calorific value 35614 36914 42960 42349 41750 41156 40668 39963
(kJ/kg)

Kinematic 3763 510 268 311 324 340 3.52 3.65
viscosity at

40 °C (cst)

Density at 40 °C 891 863 828 830 833 837 839 842
(kg/m’)

Engine testing for performance and emission

Sole fuel mode: Engine tests were carried out on a diesel engine
using MOME and its blends with diesel as fuel. Brake thermal efficiency
is defined as the ratio of brake power to the heat supplied. Fig. 1 shows the
variation of brake thermal efficiency with load. From this figure, it is
observed that B20 blend (20 % MOME and 80 % diesel) gives higher
efficiency than other blends and diesel oil. B50 blend results in lower
thermal efficiency. This may be due to higher viscosity of the blend, which
results in poor atomization and incomplete combustion of the fuel.

The variation of smoke opacity with load is shown in Fig. 2. The smoke
is formed due to incomplete combustion of the fuel. From the figure, it is
observed that the B20 blend results in lower smoke opacity compared to
other blends and diesel oil. This may be due to better combustion of the
fuel.

Dual fuel mode: The diesel engine was modified to work in dual fuel
mode and LPG was used as primary fuel and liquid fuel was used as pilot
fuel. From the Fig. 3, it is observed that the thermal efficiency of the dual
fuel engine was higher with MOME as compared to diesel at higher load.
Similarly, the smoke emission was found lower with MOME. This may be
due to oxygen content of MOME which results in larger heat source for the
combustion of the fuel.
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Fig. 1. Variation of brake thermal efficiency with load
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Fig. 2. Variation of smoke opacity with load
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Fig. 3. Variation of brake thermal efficiency with laod
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Fig. 4. Variation of smoke opacity with load

From the experiments, it was observed that the diesel engine and dual
fuel engine works smoothly with the MEMO.

Conclusions

The following conclusions are made based on the results and discus-
sions. * Fuel properties of MOME are better than raw mahua oil and close
to diesel. ¢ In sole fuel mode, B20 blend (20 % MOME and 80 % diesel)
gives higher brake thermal efficiency than other blends. ¢ In dual fuel mode,
MEMO results in higher thermal efficiency and lower smoke emission
than diesel.

ACKNOWLEDGEMENTS

The authors acknowledge the financial help provided by TEQIP, NITK,
Surathkal and research support provided by NMR Research Centre, I1Sc,
Bangalore and fuel and I.C.Engine laboratory of NITK, Surathkal.

REFERENCES

1. G.S.Jamieson, Vegetable Fats and Oils, Reinhold Publishing Corporation, New York,
pp. 134-141 (1943).

2. J.A. Duke and M.O. Bagby, Comparison of Oilseed Yields: A Preliminary Review in
Vegetable Oil Fuels, ASAE Publication, ASAE, St. Joseph, M.I. (1982).

3. Vegetable Oil Fuels, Proc. of the International Conference on Plant and Vegetable Oils
as Fuels, August, 2-4, 1982, American Society of Agricultural Engineers, St. Joseph,
MI, US (1982).

4. N.V. Bringi, Non traditional Oil Seed and Oils of India, Oxford and IBH Publishing

Company Pvt Ltd, New Delhi, p. 57 (1987).

J.N. Coupland and D.J. McClements, J. Am. Oil Chem. Soc., 74, 1559 (1997).

S.V. Ghadge and H. Raheman, Biomass & Bioenergy, 28, 601 (2005).

S.V. Ghadge and H. Raheman, Bioresour. Tech., 97, 379 (2006).

S. Chandraju and B.K. Prathima, Asian J. Chem., 16, 147 (2004).

Y.C. Bhatt, N.S. Murthy and R.K. Datta, J. Inst. Eng. (India): Agric. Eng., 85, 10

(2004).

10. N. Kapilan, Ph.D. Thesis, Effect of Process Variables on Transesterification of Mahua
Oil and Studies on the Performance and Emission of a LPG-Methyl Ester of Mahua
Oil of DI Dual Fuel Engine, NITK Deemed University (2007).

020NN

(Received: 12 February 2007; Accepted: 4 October 2007) AJC-5964



