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ABSTRACT

Jatropha curcasis anew 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, areaction temperature of 60°C
and areaction time of 40 minutes. But calcium oxide catalyst showed good
catalytic activity at 120 °C with 5 wt % catalyst and reaction time 2 hr

KEYWORDS

Jatropha curcas;
Biodiesd;
Methanolysis;
Fatty acid composition.

methanol: oil was12:1.

INTRODUCTION

Currently, foss| fuelsarethemain resourcesof en-
ergy meeting theworld requirements. Thefossi|-based
resources, such asgasoline, petro-diesel and natural
gasarelimited and insufficient for the futureworld’s
energy demands. Inthisconnection thereismuch con-
cern for search of renewablefuel §2. Theideaof using
vegetableoil for fuel hasbeen started by Rudolph Die-
s, theinventor of theenginethat bearshisname, when
tested peanut oil asfuel for hisenginefor thefirsttime
onAugust 10, 18937, Intheearly 20th century, how-
ever, diesel engineswere adapted to burn petroleum
digtillate, which waschesp and plentiful. Inthelate 20th
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century, however, the cost of petroleum distillaterose,
and by the late 1970 stherewas renewed interest in
bio-diesd. The mgor disadvantage of using petroleum
based fuel sisatmospheric pollution created by theuse
of petroleum diesdl™. Bio- diesd isan dternativefue
for diesal engines. Itsprimary advantagesarethat it is
oneof themost renewablefud scurrently availableand
it isaso non-toxic and biodegradable. It can also be
used directly in most diesel engineswithout requiring
extensive engine modifications®. Bio- diesdl derived
from surplusedible oilslike soybean, sunflower and
rapeseed oilsisaready being used in USA and Europe
toreduceair pollution, to reduce dependence on de-
pletingfossi| fud locdized in specificregionsof theworld
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andincreasesin crudeoil prices®. Theuseof vegetable
oil isrestricted to diesd engines, sincethey containfree
fatty acids (FFAS), phospholipids, sterol s, water, odor-
ants, and other impurities. In addition, vegetableoil’s
high viscosity!™4 about timeshigher than diesdl fud!?,
affectsthe flow properties of the fuel, such as spray
atomi zation, consequent vaporization, and ar-fuel mix-
ing inthe combustion chamber, leadingto an adverse
effect onthe combustion processd. Transesterification
isavery dow reactionwhich can beaccelerated by the
presence of a catalyst, such asastrong acid or base,
Base catalysisismuch faster and haslower corrosion
than acid catalysisand so, ismost used commercidly®.
Suitablea cohol sused in thisreaction include metha-
nol, ethanol, propanol and butanol. Themost common
ismethanol, dueto itslow cost and its physical and
chemical advantages®™. Alkaline catalysts used for
Tran’s esterification include sodium and potassium hy-
droxides, carbonates, and alkoxides'®. And besides,
emulsfication of bio- diesd occursduringthepurifying
operation, which causesnot only obstruction of the pro-
cessoperation but solossof bio-diesd, however solid
catalyst dissolved this problem dueto easy separation
of the catdyst from FAME and to the reusabl e proper-
ties of the catal yst!*2*31,

EXPERIMENTAL

Material

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

GC-MSanalysisconditions

For qudlification, theessentid oil wasanalyzed on
Gas Chromatography Mass Spectrometry HP 6890
SeriesA (Agilent) by usngA Thermo Scientific (TR-5
MS), (5% Phenyl Polysi| Phenylene Siloxane) capillary
column (30mx 0.25 mmi.d.; 0.25 um film thickness).
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Helium (He), having aflow rate of 1.00 mI/min, was
used ascarrier gas. The GC oventemperaturewaskept
at 50 °C for 5 minutes and programmed to 250 °C.
Theinjector temperaturewas 250 °C. The amount of
injectionwas1uL.

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.

| dentification of components

Retention indicesfor all compoundswere deter-
mined according to the Van Den Dool method (Dool
and Kratz, 1963) while, Identification of the compo-
nentswas based on comparison of their mass spectra
with thoseof internal (computer) library, Wiley 7 n.1
and PMW_Tox3.1 librariesand some reference com-
pounds.

Equipment

Thereactionswerecarried outin 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 hydroxideand calcium oxide cata
lyst at atmaospheric pressure. Thereaction mixturewas
well-gtirred 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-
tiontemperature, and reaction timefor 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 °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)*314 "and reaction times (40 and 120 minutes),
thecacium oxideisheated at 700 °C for activation.
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RESULTSAND DISCUSSION

Characterization of crude Jatropha curcasail

Characterigtics, determined by standard methods,
of thefatty acid composition, density, viscosity, FFA,
Sgponificationvaueandlodinevaueintheail areshown
iNTABLE 1andFigurel:

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 areaction

TABLE 1: Propertiesof crudeJatrophacurcasail.

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 % 42.7
Linoleic acid % 35.2

it 000.001)
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temperatureof 60°C. The methyl ester content increased
asthe methanol-to-oil molar ratio increased. Theme-
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
time, thesetwo rati os should beavoided for economic
reasons, thus, amethanol-to-oil molar ratio of 6:1 was
sel ected asbeing the optimum.

Effectsof reaction temperatureand reaction time

The operating 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

3y — T e
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Figurel: Gaschromatography-massspectroscopy (GC-M S) of Jatropha curcasoil.
TABLE 2: Propertiesof Jatropha curcasbio-diesal.

Specification Standar d specification of Jatropha bio-diesel  Standard specification of bio diesd (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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°C, The methyl ester content was 98% at 120 minutes
and 120 °C, 95% at 100 °C, 92% at 80 °C,4.

Propertiesof Jatropha curcasbio-diesel

Thequality of bio diesel isvery important for the
performance and emission characteristics of adiesel
engine. Thus, the Jatropha curcasbio-diesdl produced
at the optimum conditionswas sent tothe Quality Con-
trol laboratory of the Suez Petroleum Company for
quality testing using standard methods. Theresultsare
showninTABLE 2.

CONCLUSION

Bio-diesd can beproduced successfully from crude
Jatrophacurcasail by sodium hydroxide, cal cium ox-
ide methanolysis. Theoptimum conditionsfor sodium
hydroxidewere amethanol-to-oil molar ratioof 6:1, a
catalyst concentration of 1% wi/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 catal yst 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 Jatrophacurcas
bio-diesdl achieved 98%.

Althoughamassvewater used forwashingbiodiesd
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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