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,\bstract
'l'he present stud\ dcrls with the transcstcrification ol Karunja (Pongifti.t pin .tt ) oil lrith methanol 10 check the
Itasibilitv of methanol:sis process b) using sodium hvdro)ride as a catahst.'l'he lield of karania biodiesel Nasabout
85'2, r\hen lrrnseslorifi.,tinn 'tas carried ou1 using 9:l molar ratio ofoil/methanol and 1%, (t!Ar) sodium hvdroxide
0fthe oil. l'he luel propefties like densit\, \'iscosit], flash point, cloud point, pour point, cetanc number, ash content,
carb0n residue, sulfur content and acid value ofl(aranja biodiesel \\as detcrmined and compared with con.\'entional
diesel lbr assessing thc fucl qualitv of liaranja-based biodiesel.

Ker $ords: Karaqa oil. Biocljesel. Iransesterificatior. Fuel Properlies.

l lntroduction

)!Le 10 gradual deplettou of ii'orld pefolerLn LeseL'es and
::1e impact of environmental pollution of rncreasing
.rhaust-erlissions, there is an urgent need for suitable
,liemative fuels for use in diescl engines. In r,ieri of this.
.:cetable oil is a prorusing alternative becatLse of its
-.'\eral advantages it is rene\a,able, enl rronme nt- fi rendly
,:-.d produced easily ur Iural aLeas. rvhere there is an acute
r.'.1 fbl moderr forms of energv l1 5]. Biodiesel is an

-.:.r'native fuel similal to conveBlional or' lbssil diesel.
rrch can be directlv produced ftonr vcgetable oil. animal
. iers. lallou and $aste cooking oil. Thelelbre. ln tecent
:lrs svstenatic cflbrts hale been made bl sevetal researcl'r

-:-.Lrps [6 9l to use vesetable oils as fue] in engrnes. Of
- rrse. the use of non-edible vegetable oils compared to
-::ble onc is ver-v significant because of the tremendous

-:nancl for edible oils as ibod and the), are far too
- .:cnsivc to be used as frLel at preseltt. ln this context, non-
::rle oil sources stch as ..lutroplta cai crz.s has been found
. : potential soLrrce of biodicsel fol r.r.rost of tl'ie der eloping
. -:'rlrics. Recently, one molc plant species viz. Karaqa

:gafito ptnnato), klorvn as non-edible oil source has
',::: rnrestigaled lol biodiesel production 110]. Although
::: \egetable oils occupy a plominent posttioll in the
:.:lopment of altematiye fuels, tfiere have been n-iany- :l:ms associated u,itlt Lrsrng it directl-v in diesel en_eine

-. :o its high viscosity To overcome the problems
. , -r,rtcd rvitli the very high viscosity of neat vegetable

, :he oil is either cracked. blended rvith lorv viscosity
:::s or conveLted to metltyl esteLs through

--.i-rerillcation. Tlte latter one. the transesterification- :is rs a significant method for the manufacture of
: :.:l lion the conesponding vegetable oi1s, in batch or
' :.-rxs svstetrrs, where one ester is converted into

:: Ihis reaction proceeds with catalyst (base or acid)
:'..Lrt catalyst by using primar.v or secondary
' ::':,- aliphatic alcohols. rvhere the glycerol based
. r uracvl elvcerides) that make up thc f'ats and oils

-::;l rnkr monoesters y-iclding free glycelol as a

blproduct lll]. ln the plesent sludy, \\,c reporl the
e\traction of kararla oil trom karan1a seeds and its
conveLsion to biodiesel tluough transesterrfication process
and compared its iuel properlies rvith corrunerciai diesel.

2. Nlaterials ard }Iethods
Extrtction o.f Koronja oil .ft ont Kuranja seeds

Katanja seeds u,ere purchased hom the local market o1'

Dhaka in October'2007 and tlte seeds \\'ere sun-dried lor
several davs lor better gtindlng. lhe dricd seeds uere thel
gtound into coarse po*deL. Aboul -500 glt'r of the coarse
seed porvdet rvas successivelv cxtrtrclcd \\ith l hexane and
petroleum ethel rn a Soxhlet apparatus at reflux
lenperatures of the corresponding solvents. lhe individual
extractives were then llltered off thlou-qh a cotton phLg
follou,ed by cloth tllter and filtel paper. J he volumc o{ thc
combined filtrates uas reduced using Buchii lotarl'
evaporatol at lorv pressule. 1he highly viscose and dark
brorvn colored extlacl thus obtained \\'as dlied rLndel
vacuum and termed as kalan;a oil. n4tich n,as dilectly used
as lrain rau n]atelal for the productioll of biodiesel. lhe
yield of kararla oii obtained was about -j00i by s'eight and
lts fuel properties were detenrl'led (1able-2). fhe
extlactlon expenment was rcpeated lor two more tlmes.

Transesterilicatio

Transestenfication ol alcol'iolysis is a kjnd of organic
reaction whelc an alcohol teacts wjth an ester to gi\,e
another alcohol and estcr. lD transesterification of i,egetablc
oihfat, a triglyceride reacts u,rth an alcohol to ptodLrce
esters and glycerin. Il.re reaction ptoceeds esselttially by
mixlng the reactants. al'ld a catalyst (srrong acrd ol base) ts

used to accelerate the conversion and yield. Hou'evet, alkali
transesterlhcation is laster and hence it is used
conr:nercially. Among the alcohols, methanol and erhanol
are used commercially because of their lo\\ cost ancl their
physical and chemical advantages. fhe.v quickly rea0l \\,ith
triglycerides and catalysts and ale e.sil;, dissol\ed in them.
To complete a transesterillcation process, 311 molar ratio of
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oil 1o aicohoi is usrLril-v needed. This ptocess has bccn

rr,rclcly r.rsccl lo tccirLce the high r'lscosity of tigll'cerides
fhc llanscslerification teactiotl has been repl-escnted bl
Scheme- 1.

catalYst
l{rOOR Rnl| =-- R( UOR: Rrrll

llstcr {lcohol F.ster {lcohol

Scheme-1 Ceneral equation of h.ansesterilication

ln this study. the reaction \\as conclucted tn llletharrr :

plesence ofa sffong base catalyst. nanre).v, \aOII Scher:'
2 represents the methanol.vsis of triglycerides.
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Scheme-2 Cencral equation for methanol,v. sis of trigllcerides

3. Experimental

l' r'eptt atiotl ol Sodiun Hydtoxide-M etlnttol SolLttiotl

\,lethanol rvas distilled ro Len.rove moisture Tlle moisture

flee nethanol uas used to prepare sodium h1'droxide-

methanol solution. fhe alcohol-catal,vst solution u'as

plepared iieshlf in otder to maintaiD the catal)tic acti\ity
and to avoid noislLLle absorbance The reactioll was

conducted at differerll catal,vtic concentlations of \aOH

Process of Trunsestet ilication Reaction (General Procedtoe)

-A. 200 nl tuo-necked Ioulld boltomed flask $as used as a

reactor. 1l'ie flask u'as eqr.ripped *rth a condenser and

placed rn a \\'ater bath, u'hose ten]peranue could be

coDtrollcd uithin - 2'C. To a knoNn amount (100 g) of

karanla oi). I g of catalyst (NaOIJ) Ln methanol and 11 2 g

ol rlethanol rl'as added under stllring. After closing

ploperly, the llask it rvas put on the $ater bath. Tlle s,vslem

rvas n'raurtained airtight to avoid the loss of alcohol The

reactlorl rnxture rvas maintained at temperature just above

the boiling point of the nethanol i e alound 70 'C to speed

up the reaction rate. A little excess of alcohol t'as used to

ensure total conversioll of the oil to its esters and the

nuximum convetsion \\'as found rvith 9:1 molat latio of otl

lo mcthanol. The formation of karanja oil meth1l ester *'as

monitored by using thin layer chromatographv (TLC)

tecl'mique uslng E0r20 hexanerether solvent systems After

the completjon of karanja oil urethyl ester formation (about

cne and haif hour later). the heating rvas stopped and the

products were cooled and hanslerred to a separating fumel'

$here the ester layer containing mainly karanja oil methyl

este[ a1]d methanol and glycerol layer containing mainly

glycerol and rnethanol $'ere separated. The pH of both

iayers uas measured and neutalized sepalately A known

anrount of sullutic acid in methanol rvas added to both the

layers separately to neutralize the sodium methoxide

present in them. The karanja oil meth)4 ester was washed

for several times uith distilled rvater to remove the

methanol and otltel impurities The karanja oil methyl ester'

simply designated as karanla biodiesel in this paper thus

obtained u'as dried under vacuuni to remove traces of

moisture. The sample of glycelol layet was also purified b1'

similar rvay as in the case ofmethyl ester'

4. Results and Discussion

The methanolysis reaction of karanja oil was caried out

with differ-ent catalytlc concentrations of NaOH to optimize

the cdralytr. concentldlron lor tht' rerction lo gcl ml\imu.1l

,vield ofkaranla biodiesel and the yield of karanja biodiesel

obtained in each reaction is shorvn in Table-1 It was lound

from Tabie-l that the yield of katanla biodiesel is '1001,.

140, 85y., 16%, 65% and 35% at catalyst concentratiofi of

0.5%. 0.8%. 1.0%. 1.2%. 1.4% and I 6% NaOH of the oil.

respectively. The above results revealed that the highest

yield (85%) u'as obtained with a catalytic concentration of
1% NaOH of tire oil.

The lower yield ol biodiesel at lo\\er concentration of
NaOH migirt be dr,te to the incomplete conversion of
karanja oil. On the other hand. the lowel yield at higher

concentralion of NaOH seems to be related to the free latty

acid ofoil Because. $hen the oil contains large anounts of
ftee fany acid. the addrtion of sodiunr hydloxide

compensates this acidity and avoids catalytic deacti'ation.

uhereas for refined oil with less than 1% free fatty acid,

addrtion of excess amount of alkaline catalyst results tn the

formation of emulsion, which increases the viscosity and

leads to the formation of gels [12]

We then determined the fuel properlies of karanja biodiesel

and compared them wltll cornmercial diesel as well as with

neat karanja oil (Table-2) and the con'tparative results are

brieflv discussed belor'.
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Table I : The ellect of the Yariation oi catal\ st (NaOtI) concentration on the ) ield of karanj a biodicsel

Enlr), Wt. oi MethaDol \Vt of Karanja Oi1 Conc. of Catalyst Yield of Biodiesel
(g) (g) (% of Kararla oil) (.%)

1

2

4

5

11, .2

11 .2

ll.2

1 1.2

1t.2

tt.2

L2

1.4

l6

40

74

85

16

65

35

0.5

0.8

1

100

100

100

100

100

100

Table 2: ComparatiYe studies of fuel properties of karanja oil, karanja biodiesel and diesel

Propet.ties Karanta Oil Karanja Biodiesel Diesel

Density (gu.Licc) at l5 C

\riscosity (cSt) at 30 'C

l:lash point. 'C

Cloud point. 'C

Por-u point, 'C

Cetane No.

Ash content. 70

Carbon tesidue, 7o

Sulfur content. Yo

Acrd value, nlg KOHIg

a Oil Methr'l Ester

6.53

158

6

4

5 8.22

0.003

0.3 9

0.024

0.42 -l

4).54

2ri

0

50

0.0516

0.988

0.4212

5.49

4.06

14

0

,2

51

0.0005

0. 17

0.905

0.1,1

J.n5i0: Density is an important propelty of liquid fuel and

- --,.rreiated riith particulate matter emissions. lt is the

-:-:ht of a unit vohune of fluid. lt is evident fron Table-2
-.: rhe dersit.v of karanja oil, karanl a biodiesel and diesel

.. 1r.932.0.875 and 0.845 grr,-rcc, respectively. A hrgher

:::::lr lor karanja biodiesel compared wrth commercial

: '.:i results in the delivery of a slightly gteater mass of
--.. iuring engine operation.

.:r.'aiin: Viscosity is a trreasute of the internal friction or
':i.,r:3nce of an oil to flo$'. lt determines the ease of flow

.:-::gh pipelines, injector nozzles and orifices and the

::.:non of fuel in the cylind€r. The viscosity of karanja

i:ranja biodiesel and diesel fuel uas observed to be

-: :r. 6.53 and 4.06 cSt, respectively. The viscositl' of
,-:.:. : oil $ as found to be extremely high compared to its

-:--:.- esier and the diesel fuel. The lndian Standard [13]
- : - : =-::rends the range of the viscosity of diesel from 2 to
- : :S: for use in high speed diesel engines. Thus,

,-, ::::rg to Bureau of Indian Standards, the viscosity of
: : ..::::.ra biodiesel meets the requirement to be used as

Flash poirtt A key propem.v. determining the flan.Lmability

of a fuel, is the flash poil.It. The flash point is the lowest

temperature at u'hich an applied ignition source causes tlle

vapors of a sample to ignite. Table-2 sho\\'s that the flash

point ol karanja oi1 (217 'C) is much higher than that o1'

diesel (74 "C). On the other hand, although the flash point

of karanja biodiescl (158 'C) is highel than that of
conventional diesel (74 "C). it remains $ithin the ralge of
Amencan petro-diesel standard for biodiesel fuel (93 170

"c) 
[14].

Cloud point and pour point: Two important parameters lor

low temperature applicatlons of a fuei are cloud point (CP)

and pour polnt (PP). The CP is the temperature at which

wax firsi becomes visible rvhen the luel is cooled. The PP is

the temperatule at $'hich the amount of wax out of soluiiot-t

is suffieient to gel the Iuel, thus it is ihe lowest temperature

at which the fuel can flow. It is evident fron.r the Table-2

that the CP of karanja biodiesel (6 'C) is higher than diesel

(0 "C) but was within the limits of cloud points suggested

for vegetable oils (20 'C maximum) 1151. The PP ofkaranja

biodiesel (4 "C) rvas found higher than both ofkalanja oil (0
'C) and diesel (-2 "C) but remained rvithin the limit of
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,,\mcncan petro diescl slirnclar.d lor. biodicscl tilc I {-l-i l0
(l) as circd in f 14I.

Cetane Nunher: Perhaps the nost impofiaut chalactcristic
ol lhc ignition of rliesel and or. biocliesel tucls is thc cctane
nrrmber'. surct- it dxcctl). peltains to iunjtloll \\ ithir.l
conplessrou iunition engincs. fhc cetane unnrber rs thc
prinulv spcciftcatiol't ntcasuretrrcut rised lo matcl.r 1irels and
engincs. Ihe cctane n[Lmbe]-of ;r djesel hrel is lelateci to thc
lD (ignilion delay) txre. lhat is, rirc rir.le tltat passes

bctu eeu injcction of the ftrel rnto lhe cyhnder and lhc onset
oi ignitioD Tlte sltortct the lD tinte. the hjgher the cetane
uumbet and vice vcrsa. .A firel oi' higher celanc number
rircs Io*cl deiav pcliod and pror iclc-r snloothcr engllte
opcratiolt. 'fhc cctatrc nLtruber tras calculated ibl karanja
biociicsel as 58.22. utich is siightlr, irigher than the
ccrurmelcial dieseL (51) and karanja oil (-i0) aud proves rlte
slulabilil\' o1'karanja biodiesel under slud),as a diescl iuel.

Ash Cohtetft. 1he pe|cent ash contcnt of karanla orl.
karanja biociicsel and diesel rias 0 0516. 0.00-1 and 0.0005.
rcspectivelv ( fablc,2) 1he mcrease in ash conreDr could be
altributed to long chain of h1'drocar.bon ard f'aft) acids. the
ash contenl of karanja biodresel $as in thc |ange as ash
conterli specified b_v the ButeatL of Indjan StaDdard (0.01
rra:iimum) [16].

Cqrbon Residue: The higher the calbol residue value. the
grealcr the expected carbot] deposits tn the combustion
chanber. Jherefole. carbou residue is intended to plovrde
son'rc ilclication of lclative coke lbr.n-ring prope(jes. The
pcrccnl carLron residue ofkalanja oil. kar.anja biodjesel and
dic'scl *as 0.9E8. 0 39 and 0.17. r.espectivell (Table-2).

Sufut Contenti The concentration ol SOl in the exhaust
gas depclds on the sulfur content of the fuel. Oxidatron of
SO. produces SOr rvhich is the precursor of sulfur.ic acid. -

lcsponsible for the sLrllate particulate matter emissions.
Snlful oxides have a ptofound inrpact o1.r environment being
thc n'raJor calrse ofacid lains Pr.esent investigation (Table-
2) rcrcals that the sulflu contcnt of kar.anja biodiesel
(0 U24'it,) is uruch less rhan fiat ofdiesel (0.905%)

-lcirl L'nlue: Petroleun products may contain acidic
aonstituefits preseltt as additrves or as degradatiol.l products,
sLLch as oxidation products during service. The acid r.alue
cau be used as a guide in qr.rality conhol of fuels. Tlie acid
ralue of karanja oil. karaqa biodiesel and diesel rvas

otrserr.-d as 5 49. 0.42-l and 0.34 mg of KOH,gm.
resp..ii\el\. h \as lound from Iable-2 that the acid Ialue
o: i:raqa brodiesel uas in the rangc recorrulended for
ire,.el iuel b1 lndian Standard (nraximurr.r 0.50 mg of
KOI I ,em t 

'i 6l

5. Conclusion

\Ve have denonstlated the production of biodresci tionr
karanja oil thlough transesteriflcation ri,ith methanoi rn
prescnce of sodium hvdloxjde catalvst. InconDlelc
transesterillcation and separatu)lr trav pt.oducc karanla
biodiesel of lou' quality Thus. thc Icactron sllould bc
completed and the glycer.oi and kar.anja biodicsel lavers
shonld bc separated complctely. 

.lhc 
luel propcrties such rs

viscosity. ash content. carbon resiclue. flash pornt and acid
\alue ofneal karanja oil uas tbund to be hisher than that of
diesel rvhich nak.^ it unsuitable lbr use as tirel rn clicsel
engines. On the other hand. the csterificatioll of kalanja oil
to its bjodicsel made the fucl ploper.iies cioscr to that 01'

diesel. Voreover. it ltas thc fbllo*ing advattages orcr.
diesel fuel: as a lleat luel it produce iess smoke and
parliculates. has higher cetane number and 1ou, sull'ur.
content. it is biodegladable aDd noD-to\ic. 1hus. the study
has enabled us to conUrnt that karan1a oil can be rrsed as a

ra$ n'raterial to obtain biodiesel. rvhich can be used as fuel
in diesel engine in oldel to reduce the environmental impact
of lbssi1 fr.rels.
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