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Jatropha curcas is a new crop in Egypt and grows well under low fertility
and moisture conditions, the purpose of this search study the characteriza-
tion of Egyptian Jatropha oil to be used as feedstock for bio diesel produc-
tion by Sodium hydroxide and Calcium oxide catalysts, sodium hydroxide
catalyst is the most common catalyst in bio diesel production but it need
waste water treatment after removing the dissolved catalyst however solid
catalyst dissolved this problem due to easy separation of the catalyst from
FAME chemical constituents of oil were determined by GC showed that oil
contain Palmitic acid (15 %), Stearic acid (6.6), Oleic acid (42.7) and Linoleic
acid (35.2), Also the optimum conditions for methanolysis Jatropha curcas
oil by sodium hydroxide catalyst were a methanol: oil molar ratio of 6:1, a
catalyst concentration of 1.0% w/w of oil, a reaction temperature of 60°C

and a reaction time of 40 minutes. But calcium oxide catalyst showed good
catalytic activity at 120 °C with 5 wt % catalyst and reaction time 2 hr

methanol: oil was 12:1.  2014 Trade Science Inc. - INDIA

INTRODUCTION

Currently, fossil fuels are the main resources of
energy meeting the world requirements. The fossil-
based resources, such as gasoline, petro-diesel and
natural gas are limited and insufficient for the future
world�s energy demands. In this connection there is

much concern for search of renewable fuels[1]. The
idea of using vegetable oil for fuel has been started by
Rudolph Diesel, the inventor of the engine that bears
his name, when tested peanut oil as fuel for his engine
for the first time on August 10, 1893[2]. In the early
20th century, however, diesel engines were adapted
to burn petroleum distillate, which was cheap and
plentiful. In the late 20th century, however, the cost of
petroleum distillate rose, and by the late 1970 s there

was renewed interest in bio-diesel. The major disad-
vantage of using petroleum based fuels is atmospheric
pollution created by the use of petroleum diesel. Pe-
troleum diesel combustion is a major source of green-
house gas (GHG). Apart from these emissions, petro-
leum diesel is also major source of other air contami-
nants including NOx, SOx, CO, particulate matter and
volatile organic compounds[3]. Bio- diesel is an alter-
native fuel for diesel engines. Its primary advantages
are that it is one of the most renewable fuels currently
available and it is also non-toxic and biodegradable.
It can also be used directly in most diesel engines with-
out requiring extensive engine modifications[4]. Bio-
diesel derived from surplus edible oils like soybean,
sunflower and rapeseed oils is already being used in
USA and Europe to reduce air pollution, to reduce
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dependence on depleting fossil fuel localized in spe-
cific regions of the world and increases in crude oil
prices[5]. The global food system faces a crisis of un-
precedented scope. This crisis, which threatens to im-
peril the lives of hundreds of million, and possibly bil-
lions of human beings and this, is an indirect conse-
quence of high oil prices-which lead to the increased
demand for bio fuel, which is resulting in farmland be-
ing turned from food production to fuel production,
making food more costly[6]. So it must be search about
source of oil not Affect or displacement of food to
produce bio-diesel, as such, the key to the future of
bio-diesel is finding inexpensive feed stocks that can
be grown by farmers on marginal agricultural land, and
Jatropha is one of many plants that hold a great deal
of promise. Jatropha proves to be a promising bio-
fuel plantation, and could emerge as a major alterna-
tive to diesel, reducing world dependence on oil im-
ports and saving foreign exchange, aside from pro-
viding much-needed energy security[6]. The use of veg-
etable oil is restricted to diesel engines, since they
contain free fatty acids (FFAs), phospholipids, ste-
rols, water, odorants, and other impurities. In addi-
tion, vegetable oil�s high viscosity, about[11-14] times
higher than diesel fuel,[7] affects the flow properties of
the fuel, such as spray atomization, consequent va-
porization, and air-fuel mixing in the combustion cham-
ber, leading to an adverse effect on the combustion
process[8]. To overcome these drawbacks, the oil has
to be chemical modified. One way is by Trans esteri-
fication, which is the most common process used to
reduce the high viscosity of triglyceride[7] reaction can
be represented by Triglyceride + 3 ROH 3 R2
CO2R + Glycerol, Trans esterification is a very slow
reaction which can be accelerated by the presence of
a catalyst, such as a strong acid or base, Base cataly-
sis is much faster and has lower corrosion than acid
catalysis and so, is most used commercially[9]. Suit-
able alcohols used in this reaction include methanol,
ethanol, propanol and butanol. The most common is
methanol, due to its low cost and its physical and
chemical advantages.[4,7] alkaline catalysts used for
Tran�s esterification include sodium and potassium

hydroxides, carbonates, and alkoxides[10]. The usual
alkalis are sodium and potassium hydroxides.[4,7,10] But
alkali sodium and potassium hydroxide have some dis-

advantage like a massive amount of the waste water,
which is due to the purification to wash the homoge-
neous catalyst off the crude bio diesel with water. And
besides, emulsification of bio- diesel occurs during the
purifying operation, which causes not only obstruc-
tion of the process operation but also loss of bio-die-
sel, however solid catalyst dissolved this problem due
to easy separation of the catalyst from FAME and to
the reusable properties of the catalyst[11,12].

EXPERIMENTAL

Material

Jatropha seed was obtained from the Ministry of
Agriculture, Egypt. Jatropha oil used in this study was
obtained from solvent extraction from its seeds. Com-
mercial hexane is used as a solvent, calcium oxide was
obtained from a local cement factory, but sodium hy-
droxide and methyl alcohol from al Gomhorya Com-
pany, The methyl esters, such as methyl hepta
decanoate, methyl esters of palmitic, palmitoleic, stearic,
oleic, and linoleic acids, were of GC reference stan-
dards.

Extraction of oil

The crushed seeds (500 g) of each batch of Jatro-
pha were extracted using a Soxhlet extractor on a wa-
ter bath for 8 h with 0.8 L of n-hexane. After oil extrac-
tion, the excess solvent was distilled off reduced vacuum
using a rotary evaporator.

Equipment

The reactions were carried out in a 250 mL necked
flat-bottom flask equipped with a reflux condenser (to
reduce the loss of methanol by evaporation), thermom-
eter. The reaction mixture was heated and stirred by a
hot plate with a magnetic stirrer.

Experimental conditions

Methanolysis of jatropha curcas oil was carried
out by using sodium hydroxide and calcium oxide cata-
lyst at atmospheric pressure. The reaction mixture was
well-stirred at a constant stirring speed of 600 rpm The
experiments were planned to comparison the optimum
conditions and to study the effects of the variables on
the reactions, such as methanol-to-oil molar ratio reac-
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tion temperature, and reaction time for use each cata-
lyst In the case of use sodium hydroxide catalyst, the
reaction was conducted at different methanol-to-oil
molar ratios (4:1, 6:1, 8:1, and 10:1), reaction tem-
peratures (room temperature, and 60 ºC), and reaction

times (5, 10, 20, 30, and 40 minutes).in case of use of
calcium oxide catalyst the reaction was conducted at
different reaction temperatures (80, 100, and
120ºC)[13,14], and reaction times (40 and 120 minutes),
the calcium oxide is heated at 700 ºC for activation.

RESULTS AND DISCUSSION

Characterization of crude Jatropha curcas oil

Characteristics, determined by standard methods,
of the fatty acid composition, density, viscosity, FFA,
Saponification value and Iodine value in the oil are shown
in TABLE 1:

Sodium hydroxide methanolysis

Effects of methanol-to-oil molar ratio and reac-
tion time

The reaction was carried out by varying the metha-
nol-to-oil molar ratio and the reaction time using a cata-
lyst concentration of 1% w/w of oil and a reaction tem-
perature of 60°C. The methyl ester content increased

as the methanol-to-oil molar ratio increased. The me-
thyl ester content for a methanol-to-oil molar ratio of
6:1 was 93.1% w/w after 20 minutes, whereas the same
content was obtained with a methanol-to-oil molar ra-
tio of 8:1 and 10:1 after 10 and 5 minutes, respectively,
The methyl ester content of 98.6% w/w at methanol-
to-oil molar ratio of 6:1 was attained in 40 minutes,
Although the methanol-to-oil molar ratios of 8:1 and
10:1 provided the higher methyl ester contents in less

time, these two ratios should be avoided for economic
reasons; thus, a methanol-to-oil molar ratio of 6:1 was
selected as being the optimum.

Effects of reaction temperature and reaction time

The operating conditions were fixed at a methanol:
oil molar ratio of 6:1 and a catalyst concentration of
1% w/w of oil. The results indicate that methanolysis
could occur at room temperature after 8 hr but the time
reduced to 40 minutes at 60 ºC.

Calcium oxide methanolysis

The operating conditions were fixed at a methanol:
oil molar ratio of 12:1 and a catalyst concentration of
5% w/w of oil The methyl ester content was 75% at 40
minutes and 120 ºC, 50% at 100 ºC and 30% at 80

ºC, The methyl ester content was 98% at 120 minutes

and 120 ºC, 95% at 100 ºC, 92% at 80 ºC.[14]

Properties of Jatropha curcas bio-diesel

The quality of bio diesel is very important for the
performance and emission characteristics of a diesel
engine. Thus, the Jatropha curcas bio-diesel produced
at the optimum conditions was sent to the Quality Con-
trol laboratory of the Suez Petroleum Company for
quality testing using standard methods. The results are

TABLE 1 : Properties of crude jatropha curcas oil.

ITEM VALUE 

Acid value 38.5 

Saponification value 195.6 

Iodine value 102 

Viscosity (31oC) "Fatty acid" 40.6 

Palmitic acid % 15,5 

Stearic acid % 6.6 

Oleic acid % 42.7 

Linoleic acid % 35.2 

TABLE 2 : Properties of jatropha curcas bio-diesel

Specification 
Standard specification 
of Jatropha bio-diesel 

Standard specification of bio diesel (ASTM D 6751) 

Flash point <130 Minimum 130 °C 

Carbon residue 0.06 0.050 maximum wt% 

Kinematics Viscosity 4,8 1.9 � 6.0 mm 2/s 

Ash content (%) 0.016 0.02 max 

Water content (%) 0.025 <0.03 

Pour point 2 - 

Acid value (mg KOH g-1) 0.40 <0.80 
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shown in TABLE 2.

CONCLUSION

Bio-diesel can be produced successfully from crude
Jatropha curcas oil by sodium hydroxide, calcium ox-
ide methanolysis. The optimum conditions for sodium
hydroxide were a methanol-to-oil molar ratio of 6:1, a
catalyst concentration of 1% w/w of oil, and a reaction
temperature and reaction time of 60°C and 40 minutes,

respectively. Produced under these conditions, the me-
thyl ester content of the Jatropha curcas bio-diesel
achieved 98.6%; the optimum conditions for calcium
oxide catalyst were a methanol-to-oil molar ratio of
12:1, a catalyst concentration of 5% w/w of oil, and a
reaction temperature and reaction time of 120°C and

120 minutes, respectively. Produced under these con-
ditions, the methyl ester content of the Jatropha curcas
bio-diesel achieved 98%.

Although a massive water used for washing bio diesel
produced by sodium hydroxide catalyst is a big prob-
lem for these technical but also calcium oxide need
amount of energy more than sodium hydroxide
methanolysis.

REFERENCES

[1] U.F.Rashid, A.Anwar, H.N.Jamil; Pak.J.Bot., 42
(1), 575-582 (2010).

[2] S.P.Singh, D.Singh; Renewable and Sustainable
Energy Reviews, 14, 200�216 (2010).

[3] A.B.M.Sharif Hossain, A.Salleh; American Jour-
nal of Biochemistry and Biotechnology, 4(3), 250-
254 (2008).

[4] J.Van Gerpen, B.Shanks, R.Pruszko; Textbook of
Biodiesel Production Technology, National Renew-
able Energy Laboratory,colrado, 10337 (2004).

[5] W.Parawira; A review, Scientific Research and
Essays, 5(14), 1796-1808 (2010).

[6] I.El Gamassy; Life Integrated Water Resources
Management Task Order No. 802, Report No. 57

[7] L.C.Meher, D.V.Sagar, S.N.Naik; Renewable Sus-
tainable Energy Rev, 10(3), 248-268 (2006).

[8] A.S.Ramadhas, C.Muraleedharan, S.Jayaraj; Re-
newable Energy, 30, 1789-1800 (2005).

[9] J.S.De Oliveira, P.M.Leite, L.B.De Souza,
V.M.Mello, E.C.Silva, J.C.Rubim,
S.M.P.Meneghetti, P.A.Z.Suarez; Biomass
Bioenergy, 33, 449-453 (2009).

[10] H.Fukuda, A.Kondo, H.Noda; J.Biosci.Bioeng,
92(5), 405-416 (2001).

[11] G.Vicente, M.Martýnez; J.Aracil, Bioresource Tech-
nology, 92, 297�305 (2004).

[12] H.J.Kim, B.S.Kanga, M.J.Kim, Y.M.Park,
D.K.Kim, J.S.Lee, K.Y.Lee; Catalysis Today, 93,
315�320 (2004).

[13] G.Vicente, M.Martinez, J.A.Esteban,
Ind.Eng.Chem.Res, 44, 5447-5454 (2005).

[14] X.Liu, X.Piao, Y.Wang, S.Zhu; Energy & Fuels, 22,
1313 (2008).


