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ABSTRACT

Jatropha curcasisanew crop in Egypt and growswell under low fertility
and moisture conditions, the purpose of this search study the characteriza-
tion of Egyptian Jatropha oil to be used asfeedstock for bio diesel produc-
tion by Sodium hydroxide and Cal cium 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 congtituents 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 amethanol: oil molar ratio of 6:1, a
catalyst concentration of 1.0% w/w of oil, areaction temperature of 60°C
and areaction time of 40 minutes. But cal cium oxide catalyst showed good
catalytic activity at 120 °C with 5 wt % catalyst and reaction time 2 hr
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methanol: oil was12:1.

INTRODUCTION

Currently, fossil fuel s are the main resources of
energy meeting the world requirements. The fossil-
based resources, such as gasoline, petro-diesel and
natural gasarelimited and insufficient for thefuture
world’s energy demands. In this connection there is
much concern for search of renewablefuelgY. The
ideaof using vegetableoil for fuel hasbeen started by
Rudolph Diesdl, theinventor of theenginethat bears
hisname, when tested peanut oil asfue for hisengine
for thefirst timeonAugust 10, 189312, Inthe early
20th century, however, diesel engineswere adapted
to burn petroleum distillate, which was cheap and
plentiful. In thelate 20th century, however, the cost of
petroleum distillate rose, and by thelate 1970 sthere
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was renewed interest in bio-diesel. The mgjor disad-
vantage of using petroleum based fuel sisatmospheric
pollution created by the use of petroleum diesel. Pe-
troleumdiesel combustion isamajor source of green-
house gas (GHG). Apart from these emissions, petro-
leum diesdl isa so major source of other air contami-
nantsincluding NOx, SOx, CO, particulate matter and
volatile organic compounds®. Bio- diesd isan alter-
nativefuel for diesel engines. Itsprimary advantages
arethat itisone of themost renewablefuel s currently
availableand it isalso non-toxic and biodegradable.
It can also beused directly inmost diesel engineswith-
out requiring extensive engine modifications®. Bio-
diesel derived from surplusedible oilslike soybean,
sunflower and rapeseed oilsisalready beingusedin
USA and Europeto reduce air pollution, to reduce
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dependence on depl eting fossil fuel localizedin spe-
cific regions of theworld and increasesin crude oil
prices®. Theglobal food system facesacrisisof un-
precedented scope. Thiscrisis, which threatenstoim-
peril thelivesof hundredsof million, and possibly bil-
lions of human beingsand this, isan indirect conse-
guenceof high oil prices-which lead to theincreased
demand for biofud, whichisresultinginfarmland be-
ing turned from food production to fuel production,
making food more costly®. Soit must be search about
source of oil not Affect or displacement of food to
produce bio-diesdl, assuch, the key to the future of
bio-diesd isfindinginexpensivefeed stocksthat can
begrown by farmerson margind agricultura land, and
Jatrophaisoneof many plantsthat hold agreat deal
of promise. Jatropha provesto be apromising bio-
fuel plantation, and could emergeasamagjor alterna-
tiveto diesal, reducing world dependenceon oil im-
ports and saving foreign exchange, asidefrom pro-
viding much-needed energy security!®. Theuseof veg-
etable oil isrestricted to diesel engines, since they
contain freefatty acids (FFAS), phospholipids, ste-
rols, water, odorants, and other impurities. In addi-
tion, vegetable oil’s high viscosity, about!*14 times
higher than diesd fud [ affectstheflow properties of
thefuel, such as spray atomization, consequent va-
porization, and ar-fud mixinginthecombustion cham-
ber, leading to an adverse effect on the combustion
process®. To overcome these drawbacks, theoil has
to bechemica modified. Oneway isby Trans esteri-
fication, whichisthe most common process used to
reducethehigh viscosity of triglyceride™ reaction can
be represented by Triglyceride + 3 ROH —3 R2
COZR + Glycerol, Transesterificationisavery sow
reaction which can be accel erated by the presence of
acatalyst, such asastrong acid or base, Base cataly-
sisismuch faster and haslower corrosion than acid
catalysisand so, ismost used commercially®. Suit-
ablealcoholsused in thisreaction include methanol,
ethanol, propanol and butanol. Themost commonis
methanol, due to its low cost and its physical and
chemical advantages.*” akaline catalysts used for
Tran’s esterification include sodium and potassium
hydroxides, carbonates, and alkoxides*®. The usual
akalisare sodium and potassi um hydroxides*"1% But
akali sodiumand potassum hydroxidehavesomedis-
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advantage like amassive amount of the waste wate,
whichisdueto the purification to wash the homoge-
neous catalyst off the crude bio diesel withwater. And
bes des, emulsification of bio- diesal occursduringthe
purifying operation, which causes not only obstruc-
tion of the process operation but also loss of bio-die-
sal, however solid catalyst dissol ved this problem due
to easy separation of the catalyst from FAME and to
thereusabl e properties of the catal yst(*12,

EXPERIMENTAL

Material

Jatropha seed was obtained from the Ministry of
Agriculture, Egypt. Jatropha oil usedinthisstudy was
obtained from solvent extraction fromits seeds. Com-
mercia hexaneisused asasolvent, calcium oxidewas
obtained fromalocal cement factory, but sodium hy-
droxide and methyl a cohol from a GomhoryaCom-
pany, The methyl esters, such as methyl hepta
decanoate, methyl estersof pamitic, pamitoleic, searic,
oleic, andlinoleic acids, were of GC reference stan-
dards.

Extraction of ail

The crushed seeds (500 g) of each batch of Jatro-
pha were extracted using a Soxhl et extractor on awa-
ter bathfor 8 hwith 0.8 L of n-hexane. After oil extrac-
tion, theexcess solvent was ditilled off reduced vacuum
using arotary evaporator.

Equipment

Thereactionswerecarried out in a250 mL necked
flat-bottom flask equipped with areflux condenser (to
reducethelossof methanol by evaporation), thermom-
eter. Thereaction mixturewas heated and stirred by a
hot platewith amagnetic stirrer.

Experimental conditions

Methanolysis of jatropha curcasoil wascarried
out by using sodium hydroxide and calcium oxide cata
lyst at atmaospheric pressure. Thereaction mixturewas
well-stirred at aconstant stirring speed of 600 rpm The
experimentswere planned to comparison the optimum
conditionsand to study the effects of thevariableson
thereactions, such asmethanol-to-oil molar ratio reac-
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tion temperature, and reaction timefor use each cata-
lyst In the case of use sodium hydroxide catayst, 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 °C), and reaction
times (5, 10, 20, 30, and 40 minutes).in case of use of
calcium oxide catal yst the reaction was conducted at
different reaction temperatures (80, 100, and
120°C)1*314 and reaction times (40 and 120 minutes),
thecacium oxideisheated at 700°C for activation.

RESULTSAND DISCUSSION

Char acterization of crudeJatropha cur casoil

Characterigtics, determined by standard methods,
of thefatty acid composition, density, viscosity, FFA,
Sgponificationvaueandlodinevaueintheail areshown
iINTABLE1:

Sodium hydroxidemethanolysis

Effects of methanol-to-oil molar ratio and reac-
tiontime

Thereactionwas carried out by varying the metha:
nol-to-oil molar ratio and thereactiontimeusing acata
lyst concentration of 1% w/w of oil and areactiontem-
perature of 60°C. The methyl ester content increased
asthemethanol-to-oil molar ratioincreased. The me-
thyl ester content for amethanol-to-oil molar ratio of
6:1was93.1% wi/w after 20 minutes, whereasthesame
content was obtai ned with amethanol -to-oil molar ra-
tioof 8:1and 10:1 after 10 and 5 minutes, respectively,
Themethyl 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 ratiosof 8:1 and
10:1 provided the higher methyl ester contentsinless
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TABLE 1: Propertiesof crudejatropha curcasoil.

ITEM VALUE

Acid value 38.5
Saponification value 195.6
lodine value 102

Viscosity (31°C) "Fatty acid" 40.6
Palmitic acid % 15,5
Stearic acid % 6.6

Oleic acid % 2.7
Linoleic acid % 35.2

time, thesetwo rati os should be avoided for economic
reasons; thus, amethanol-to-oil molar ratio of 6:1 was
sel ected asbeing the optimum.

Effectsof reaction temperatureand reaction time

Theoperating conditionswerefixed at amethanol:
oil molar ratio of 6:1 and acatalyst concentration of
1% w/w of oil. Theresultsindicate that methanolysis
could occur at room temperatureafter 8 hr but thetime
reduced to 40 minutesat 60 °C.

Calcium oxidemethanolysis

Theoperating conditionswerefixed at amethanol:
oil molar ratio of 12:1 and acatalyst concentration of
5% wiw of oil Themethyl ester content was 75% at 40
minutes and 120 °C, 50% at 100 °C and 30% at 80
°C, The methyl ester content was 98% at 120 minutes
and 120 °C, 95% at 100 °C, 92% at 80 °C.['4

Propertiesof Jatrophacur casbio-diese

Thequality of bio diesel isvery important for the
performance and emission characteristics of adiesel
engine. Thus, the Jatropha curcasbio-diesel produced
at the optimum conditionswas sent to the Quality Con-
trol laboratory of the Suez Petroleum Company for
qudity testing using standard methods. Theresultsare

TABLE 2: Propertiesof jatrophacurcasbio-diesel

Standard specification

Specification of Jatropha bio-diesd 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 1.9-6.0mm2/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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showninTABLE 2.

CONCLUSION

Bio-diesd can beproduced successfully from crude
Jatropha curcasoil by sodium hydroxide, cal cium ox-
idemethanolysis. Theoptimum conditionsfor sodium
hydroxidewereamethanol-to-oil molar ratioof 6:1, a
catayst concentration of 1% w/w of oil, and areaction
temperature and reaction timeof 60°C and 40 minutes,
respectively. Produced under these conditions, theme-
thyl ester content of the Jatropha curcas bio-diesel
achieved 98.6%; the optimum conditionsfor calcium
oxide catalyst were amethanol-to-oil molar ratio of
12:1, acatalyst 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, themethyl ester content of the Jatropha curcas
bio-diesel achieved 98%.

Althoughamassvewater usedforwashingbiodiesd
produced by sodium hydroxide catalyst isabig prob-
lem for these technical but also calcium oxide need
amount of energy more than sodium hydroxide
methanolysis.
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