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ABSTRACT KEYWORDS
The Fuel from vegetable oil, which can be considered as agood alternate Acid catalyzed
for diesel is made by a common process called tranesterification. It isthe tranesterification;
process used for the production of Biodiesel which consists of fatty acid Biodiesdl;
methyl esters (FAME) from the triglycerides. In base catalyzed Jatropha oil;
tranesterification processthe raw oil should be of good quality and the oil Winterization.

should not have free fatty acid (FFA) and moisture content more than
0.5%. In many cases, large quantity of oils contains higher moisture
content and FFA and to transesterify these oils acid catalyzed
tranesterification process is preferred which is not sensitive to higher
FFA and moisture. One problem with biodiesel is poor low temperature
stability. During winter the Northern, Western and Eastern part of India
experience temperature from 15°C to 2°C whereas in Southern part the
temperatureisrelatively high with aminimum temperature of 20°C. Dueto
the low temperature the saturated fatty acid alkyl esters in the biodiesel
bound to crystallize and cause problemsin Compression Ignition engine
(Diesel engine) when 100% biodiesd isused asfud . Jatrophaisrenewable
non-edible oil and not expensive compared to other oils like Coconut,
Sunflower, Palm, Neem, Rice bran. The aim is to produce vegetable oil
based fuel (Biodiesel) using high FFA Jatropha oil by acid catalyzed
tranesterification process using methanol with sulfuric acid as catalyst.
Thereaction is carried out at 65° C — 70° C for 14 hours. The biodiesel
obtained is washed with hot distilled water and dried in oven at 105° C.
Winterization of biodiesel isthen carried out at different temperature from
35°C - 0° C for aperiod of 12 hours and solid fractions are filtered and
weighed to find its usability at different cold temperatures.
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INTRODUCTION sfiedintothreecategories. They arerenewableenergy,
non-renewableenergy, and nud ear energy. Dueto popu-

Energy playsavery important rolein our day to  lationexplosionandraisingdemandsfor fue consump-
day lives. Theenergy sourceson earthisbroadly clas-  tion, peoplestarted overexploiting thefossi fue swhich
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inturn depleted the non-renewabl e energy source. So,
thereisonly limited amount of non-renewabl e source
of energy for human consumption. Thishasbrought oil
crisiswhichincreased the price of fuelssuch aspetrol,
diesd, LPGetc. If thissituation prevailsthen theentire
earth might run out of petroleum by 2050. To over-
comethisproblem Bio-refinery cameinto the picture
to replace Petroleum-refinery. Hence, Bio-diesel can
be considered asan dternatefudl torunvehicles. The
major advantage of using Bio-diesdl isbecause of its
lessemission of CO, and other pollutantswhen com-
paredtothefossil fudl. Practically biodiesd isconsid-
ered to bean effective blending materia to diesel for
useincompressionignition (Cl) enginesthanfor direct
usel¥l and it does not cause problem to the Cl engine
sinceit hasgot the similar properties as conventional
diesd.

Biodiesd can beprepared by tranesterification with
alcoholssuch asmethanol, ethanol, propanol or other
alcoholsusing acid, dkali, or enzymeascatalyst. The
processof transesterification was performed inthe pres-
ence of methanol. This processwasused to minimize
theviscous nature of the vegetable oil and thereby im-
proving the physical propertiesof bio-fuel to enhance
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Figurel: Mechanism of acid catalyzed Transesterification
reaction
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theengine’s performance. In this process the tri-glyc-
eridesreactswith a cohol to get Fatty acid Methyl Es-
ter (FAME) and glycerol asshownin Figurel.

Onemgjor disadvantage of biodiesd isitsperfor-
mance under low temperatures?. Depending upon the
nature of oil, the biodiesdl produced may cause prob-
lemsduringwinter dueto crystalization. Crystalization
occursin Biodiesel at ahigh temperature dueto the
presence of saturated FAM E which have higher melt-
ing point. Winterization isthe process of studying the
performanceof bio-diesdl under cold conditions, where
the bio-diesdl issubjected to different cold tempera-
turesand the crystalswhich wereformed arefiltered
out. Each type of biodiesel has avarying content of
saturated FAME. Various methods are employed to
improvecold flow properties¥. Additives such asanti-
gel areused to prevent theformation of wax inthecrys-
tals. Thereareheated fue filtersavailablethat canrun
off vehiclebattery!”. Biodiesal candso bemadefrom
branched chain acohol s (isopropyl) reducing crystdli-
zation (consequently itscrystallization temperature) be-
cause crystdlization occursdueto the presence of uni-
formity, which can bereduced inthisprocess?.

Jatropha curcasbe ongsto the Euphorbiaceaefam-
ily. It cangrow wel incountrieslikeAfrica, India, South
East Asaand China. When Jatrophaisplanted, it will
maturein 3 monthsand will continue producing seeds
and flowersfor morethan 40 years. Jatrophacan with-
stand hightemperatureand heavy rainfal. A single Jat-
rophaseed can produce 40% of ail.

Different oilshavedifferent crystalli zation onsat tem-
perature. Sincebio-diesd isliableto crystalization of
itshighmelting saturated estersat cool operating tem-
perature, removal of saturated esters by winterization
was assessed asameans of reducing the crystallization
onset temperature of biodiesdl®

The southern region of Indiasuch as Tamilnadu,
eveninwinter thetemperature never goesbelow 10°C.
So the biodiesel seldom undergoes crystallization. But
aswemovetowardsnorthern regionssuch asDelhi, in
winter thetemperature goes much below 10°C, where
winterization playsamajor role. Theimportant criteria
to design awinterization process arethe temperature
of crystdlization of bio-diesel and therateof cooling of
0il®, These parameters play animportant rolein sepa
rating thefatsasdistinct crystalsand facilitating their
filtration from oil. Winteri zation isthe process of ex-
posing theoilsat various|ower temperaturessuch as
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30, 25, 20, 15, 10 and 5°C and theamount of crystals
formed arerecorded. Thewinterized biodiesel canbe
then used effectively at low temperature. Bio-diesd was
subjected to winterization a different temperaturesand
thequantity of solidfraction wasfoundinmass%. GC
(Gas Chromatography) analysiswas doneto anayze
the composition of fatty acid inthe Jatrophabio-diesd.

EXPERIMENTAL PROCEDURE

Materials

JatrophaOil was purchased and used without re-
fining. Methanol, Sodium Hydroxide, SulfuricAcid,
Sodium Chloride and Cal cium Chloridewere anayti-
ca gradepurchased from S.D fineChemicals, India.

Equipments

REMI Heeting Mantlewith Magnetic Stirrer, Chill-
ing Unit—Sub Zero Cooling Instruments, Liebig Con-
denser and Two necked round bottom Flask werethe
major equipmentsused for thisstudy.

Process

Unrefined Jatrophaoil wastransesterified with acid
caaysisusng 0.5 % concentrated sulfuricacid by weight
with respect to oil and 30 % by weight of methanol
aongwith un-refined oilsat atemperaturerange of 65-
70°C maintained over a period of 13-14 hours 78,
Oncethereactionisover thecontentswerealowed to
settlefor 3 hoursin aseparating funnel. Top Product
(biodiesdl) from the reactor is subjected to hot water
wash to remove excess methanol and catalyst from
biodiesel. The product yield was cal culated on mass
basisas (Wt. of Biodiesal/ Wt. of Qil) x 100.

Fuel properties

Variousfuel propertieswere measured as per the
standard procedures, and theresultsaregivenin TABLE
1. GC analysiswas done using an AGILENT 6850

SeriesGC System. HP-1, Column—DB-23 fused silica
Column - 202 x 200 x 105 mm (HWD), Detector —
Hame | onization Detector, Split 1:50and N, Flow - 1
ml/min. Temperature programmingwasdoneasfollows
—160°C for 3 minutes at 6°C/min, 180°C for 2 min-
utesat 5°C/minutes and 230°C for 11 minutes at 4°C/
minute. Thearea% gavethe corresponding quantity of
Fatty Acid presentinthebiodiesdl. The GCresultsare
giveninTABLE 2.
Winterization

Winterization® isaprocessof exposingthebiodiesd
at variouslower temperaturesand recording theamount
of crystalsformed. Based on these val ues percentage
solid (%esolid) and liquid (%0liquid) isdetermined.. The
main purposeisto separatethe saturated methyl esters
a itsspedfic 0lidifyingtemperatureand reducetheover-
al crystdlization onsat temperature. Thiswill hepinus
ingbio-diesd a low temperaturewithout cloggingitsfil-
ter partsby itscrystds. Theexperiment was carried out
onall thedifferent biodiesal at samplesat 20°C, 15°C,
10°C, 5°C and 0°C correspondingly for aminimum pe-
riod of 12 hours. It wasdoneusingarefrigerator. Samples
wereweighed and poured into flasksand kept insdethe
chilling unit. Thetemperaturewas set and the samples
left for 12 hours. After that the samplesweretransferred
tosgmilar flask using afilter paper andfunnd. Thefilter
paper and thecrysta sseparated out withit werewe ghed
and theliquid separated out was d so weighed.

RESULTSAND DISCUSSION

Ascommercid jatrophaoil containsfreefatty acid
andmoigure, initiad experimentswithakai catdyst didn’t
yield biodiesdl hencesulfuricacidwasused asacid cata
lyst. Theoreticaly for every moleof oil 3molesof metha:
nol wasrequired for transesterification process. Inthis
casethequantity of methanol whichwaspresentinex-
cesswasused to shift theequilibrium towardsforward

TABLE 1: Fuel propertiesof Jatropha Biodiesel

Biodiesd DENSITY VISCOSITY (CST)AT  FLASHPOINT  FIREPOINT  CLOUD POINT  POUR POINT
(Ka/m®) 40°C (°C) (°C) (°C) (°C)
Jatropha 886 5.8 171 175 +3 -6
TABLE 2: Chemical composition of Jatropha oil methyl ester by GC analysis
Biodiesdl C14.0 C16:.0 Ci18.0 Ci8:1 Ci18:2 Ci18:3 C20:0
Jatropha 0.18 13.30 7.10 41.80 35.80 0.34 0.27
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direction for theformation of products. Although the
excessmethanol waswashed with water dongwith d-
kai incommercid scale, theexcessmethanol hasto be
recovered by ditillation. For every 100 g of oil, 30 g of
methanol issufficient for obtaining good yield. Asthe
boiling point of methanol is64.7°C, sothereactionwas
conducted at temperature isin the range of 65-70°C
for theeasy formation of biodiesal. The sulphuricacid
catalyst used was 0.5% on the weight of oil for good
yidd.

Biodiesd yield obtained ashigh as 95 %. Biodiesd
propertiesaregivenin TABLE 1. Theviscosity of raw
oil was 44 cSt whereas for biodiesel was 5.8 cSt. It
showsthat transesterification reducesthe viscosity of
oil to amost one seventh to one eighth of itsoriginal
va ue. Flash point and fire point waswithintherange of
170°C — 175°C.

Gaschromatography

The percentage of Fatty Acid Methyl Ester ineach
biodiesel isshownin TABLE 2. Jatrophaoil methyl
esterisrichinC18:1, C18:2fatty acids.

Winterizationresultsaretabulaledin TABLE 3. During
winterization, up to 20°Cthereisno hazinessor crystal
formation. However, afurther coolingto 15and 10°C
the solid formation was about 2%. A further cooling to
8°C theamount of solids separated was4%. A further
coolingto 5 and 0°C leadsto significant lossof fudl.

CONCLUSION

Biodiesel was produced from jatrophaoil by acid
transesterification process Theyiddby transesterification
was95%. Different fud propertiesweremessuredfor the
biodiesd and they arewithin the standard specifications.

TABLE 3: Amount of liquid fraction in winterized Jatrophabiodiesel at different temperatures

TEMPERATURE °C

20 15 10 8 5 0

AMOUNT OF LIQUID FRACTION COLLECTED (%)

100 99.5 98.0 96 81.3 77.5

The GasChromatogrgphy andys sshowsthat jarophaail
isrichinC18:1, C18:2fatty acids. Winterization studies
was conducted for the biodiesd at 20°C, 15°C, 10°C,
5°C and 0°C and was found that duringwinterization up
to 20°C thereisno hazinessor crystd formation however,
afurther coolingto 15°C and 10°C the solid formation
was about 2%. A further cooling to 8°C the amount of
solids separated was 4%. Based on thisstudy it can be
concluded that by winterizing of jatropha, biodiesd canbe
used uptoatemperatureof 10°Cwithaminima remova
of solid fractionamounting to 2 %. Jatrophahasahuge
potentia inthefield of biodiesd productionbecauseof the
fect that itisnon-edibleoil and a so hasreasonablecold
flow propertieshencecanbeexploited tothefullest.
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