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Abstract
Biodiesel has become more attractive recently because of its environmental benefits and the

factthat it is made from renewable resources. The cost of biodiesel, however, is the main hurdle to

commercialization of the product. The used cooking oils are used as raw material. There are four

primary ways to make biodiesel, direct use and blending, microemulsions, thermal cracking (pyrolysis)

and transesterification. The most commonly used method is transesterification of vegetable oils and

animal fats.
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ti,:riold'rfiorlryr'rdtilld'q*vr4fizasTan6odu,duot''n,tfi'aoriuou"[ooan"[uoi6nri'ra (Shay,rssa :zzz-z+z)

rirfiu6rzafirnrvrfizTa6luvrarfld'rulos ranrvlunr:rirrufia.:1d6udfiildnr?vz o.iornrd"[udnrv{uroai'or.rilo

rirru-u6rzafi':nrilfici'nrJnrv{fiovao:v6'uzarruafiu rravao:veTuzornr:ovrfior{Juar:rioruvt6.: (Krawez,vk,

rsgo: aot-szg)
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nrrudo.r rjrr.rurrudonrunviu ilriluruvufr': urfiuilvtsr uav dr#uu:tJfio (rapeseed oil) ciruiurirfiuorn

fi'sriuriovniirrfi{r.ias r usifl.r"lrjfinr:6nurrurnrTnrdorfisufi'urirfiufir i6nr:ur.iorir.idld'[ef,frurhnTufir
&t, qqeu Y u v a<, ^i '. Y -
uu tNdrrJr:o tz tonuutril-r#srir{'|urvl:rve6u6trJUslyn.rfii:rJzlsm [ronsirsn'u drudrfuorndrfi5ruyruta

ruofi6rJravurnr#o:rfi"lsi'finr:6nrcrd'uo{rliti'rflr?iun'u (Shay, LssB:227-242) drili'ruyrvtattat6nl
"lti'finr:6nur"liuai'r'irorrur:01#rtluuvrii.rnrasrrirfiudruarilfiaradrraftd'(Nagal and Lemke, 1ee0 :
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2. 4 nr:driln fi3srm:rudradrmaifrhofu

z.r nr:rirrurtdTosa:{tt6rufl'r:ruetru (Direct use and blending)

luzir.rd'uvro'r:iu fln.6.1eso"lsifinr:lior:rurri'u'irrirfiufizrirdo"tdt{lutf'oruf,ilri' Bartholomer"
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uTanritfintrruSourirruiuriou (preheating) qnrirrr"tdrfiafiovrorruaruu4frfrtilun'jrfroddat:au8lav

rir"lri'rhriuyfiorfiil'lil yrudrkififlrgil1nl:rfioT6'n (coking) ravnl:tfionriuau locircity6oti'orn:ar
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rirriuriaurjrrurt#uavrlryvrrrfiu.:odr{16flrd}i'fin',::''rr.:rura1'[i6onr:rJur{auzo.rrh#uuciodu(nrrruyfiooy

rfirudu:rvixnr:ririlfrfiiaruafitruo"[:tzfruzo.: polyunsaturated vegetable oil) oY.:riu6.:or:uJ6au
V-'4'

rirfuuaiadurXn 1 4,ooo-4,soo "lrud

e 4 qVY - o Y - o 4 - , dt adodzasnr:'ltirirlrutlzuvturirrludrza6o (r) rtluzorrua?rilfrail6'u (z) rirnrrruiailza.:nr:ranlfif
ficirfi{iosav .o zuoti'"iudrta (s) ilrli'ira (a) arrur:ailryur1flun6'urur1d"tnil1si' airuriorda6o
(r) o'lrrumfiogs (z) nr:r{lulasjr (s) fiorrruhsionr:rfiorJfrfiSarzarlzi'lalo:oriuou"lrjdruoir (pryde, rsas

: 1552-tbb8; rftyurdvruosrfiodutfioLflrirfiurfizri'urniasausfr{luzir.:rraruru l rvirrfu loflrailrvfi'u
.-{----.-d..-.-.1 - --}. <-9! r 9 4e 4e ,. A f a Y - .qe4[n:a{gilslttuu[or:a0urooflu (drect-lnJectlon) utu]r'rmrnono0 (l) [notnny{anuil}t?ilou'tilu yl1 [ililo
rirfiut{lurJaur6n r lrjld' uavarorfionr:aod'uzo.rri'rdo (z) nriuauavarulurndo.: (a) r{luxo:rurzrir

- V - 'd o dr y&.l , A, Y--
$av ( 4 ) ultJuila0autnotuuroarrdy?tuzutua.:a'tnn1:uutlJauzo.:ultJlJy{u

z. z n r :rir riJ ulruTrr :d fiarf'u ( microemutsions )
Aveqq<'Yuaa

rl4agia{nlirrirJrgur'turiarrirrlurlufrn?1ilufiod.l 6.:'[oifinr:rirr{lu"lruIo:6riafiuri'um-'lriravarurziu

ttJYtluoa [oylluaa uav t -firmruaa
nr:rir"lruTn:6fiafr'u r{lun1rfl:vorflza.:ouRlora\:r}rarfirrz':uaaslusirnarrza.:rya':6nrfioyd.:

adr.:aruoa zuroauRloog"luzir.: 1-1bo ullurum lruoaorffa?yi.: z zfiohiavararflurdarda'rfiu uay

n:vortrsl'rodloid'raar:aou:.:6sfirrfiofirJ:vnuav"lrJfiil:ro (Schwab et al., rsBT : ts72-r azs; i6darxr:n
^ty^.-t- -y- -.- --i <t- - - r q, + J d 4 | <' 4 v Y - au:uu:.:anuilvYlruilas00{r^l0rJ01nil1Qoru0.:0rna?yrldualfliloorsl0ost1rrJ0rfiflunuuliluflu (Pryde, I 984

, ruon-ruto) qrufinuruvnr:tri'.rru1uziz{na1#u1ouoluT":a,fu,fuoArn*vouavhjfirhyozo.:rayl'ntad
y Y - d -d 4 Y u a a & Jo , onuiltlufrrdtfroutvirduilrfudrzaruoiaar vr'.r 1 frrucirfrrmuuavil3rurrun#wrusir (Goering er al., 1e82b

" 
279-286)

Ziejewski et al. (rssa : 1620-1626) rsrieilifafi'uloelddrfiumrunyiurgo-Tr?y'l raytluoa
(rso- Proof ethanol) rav 1-fi?illuaa loafid'o:riirurjSruror:ttlu se : 1B : 34 nu'irdriafi'u"lilfirj:vodfi
nrrruufio o.sr rtu6r{oaof dqrura4fi ao asorruarfiaa firirfirilurvirfir zs uavrJirurrudrd'r (ash) #uun'i',

iauav o.or rdouirurlir.n*uuo t -firnruaaluifiafiurnru'irovloinlruvrfiodsira.:fiu:iluuuza.:ayoo.rdos
Joi q d q oe o r ,aua 
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il:vRmBnrt'tza{ter6a{sueiovri'aflarrsiarir.:to usit7rrxfi:rasruza{flcyvrrlurdornr:rfionr:qo6'udri"rfior{lu

"{o"r''r 
nr:tfionr:dvdilza{aflunriuou nr:rrur"turirfiolriaruu:ni uavnr:rrir.rolrruyfiozasrirfuuciodu

trg
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2.8 fl'r:uonGtared'rsoariliau (Thermal cracking or pyrolysis)
"[vrl:"[aEa rilunr:uJdsuor:ud.:}Jr{luar:du 1 rurnn'jryfisar: Ioe"ldoliliaurfie{odrr16flr

4 f du
ff:o toutJst?tilu4n:arzirati'rfl ttav:ril6{o?'tiliaufirfiodulefllil'ldornretuiaaanf roil uaynrrumnrVuoy

vrrlrofi"lrJr{luTrutaqar5n1 (weisz et al., 1e?e : sz-sa) rofizo.:nr:rfiolul:l:rfo6urfl'[(i'arn ,daoorn

Ft?'ttJt4d'tflilarazo.:rJfrfiiu'rudvFr?1rJ14drnilarfl?' o.:r,rasrri'ruddleilornrJfrfisordrfiodu iaqdrir'[ul:"[afa
d' Z- o Y-

o'lotuuu'ttJuv{u rJrilu#oi n:orlzriuorrruUl6 uacrilyrfiarodriloizo{n:o"[zfiu nr:rir"[u1:"[aEa"[zfiu
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luri'xarn:ulano{.rd r finr:l,rurflril#{rn:rvfiinm:t6aur',nri''riufizri'renr:?ir"lfl1:1afiar{Juo{.rru:n

rini6'sdrurururn"[oi'6nr*r6.rnr:rir"[uI:"[ataz o.:rirfiufizrdo"[d'[oi'r.rfinfiruddtururvaru rfiarirrtjutfi'atn6.r

lufl o.fi.rsz+ fir.Tufin:ru{rurfifl?fi'u:voiunr:2find"[rarjza.:lul:laEazo.railuoatfiflilornti'"Tuunul

(Chang and wan, rs47 : rs+a-rs+a) ,i''riul.,r,u',qnrir"lri'narsrfiua{rirafiu{uornrlu6qnrirlri'ttsrnd'r

oi'rao'nruioulailrtturirriuar rdarir"lrjnaufiqrlcifiil'udrza uar"[ti'#rfiuruuEu6'urirfiufi'rosirurutSnrias

a{ornrhfiururar 68 fiTaniruovarrur:nr^r6orirn-udu'lri'so fin: Grossley et al.(rsoz : s-ta) }i'finur6.l

r^raflo{qil}lQfisiorfiozasr,rasrfr'ruddldornnr:lvi'olriaundrzo"[:sf Toe}i'6'rrirrJfrfiiaruarflzfio r?iu

rndaza,rlauyzuroluqj vrvjroy'loiur:rfilu (paraffins) uavlorailu (olefins) rufioufiufiuiiloiornillo:rdsil

rirriufi'rrv6olqnrir'lri'uornoi'rri'rsn']rrJiauuavonnfi'ulura6alfion6'uo'ttJtJretiglu ASTM (Niehaus et

al..tsao : 688-689; Schwab et a1.,1988 : 1281-1286) Schwab et al.(rssa : 1?81-1786> }flrirfiu
!<3-s ^ rs d yt f-t-.d----Y--y-.!^.^^

oanairalaflfrfrrjrriu toraiu6l laTo:orirauorn lvrta [:dzosrjrr.runrtvda.:uavdrfiuoonriralaflfifiiliurru

Iaradn6rrdaairunr:ndu lti'rJSilrruiorlav 7B-77 ttav iauav so-as orilair6'u (Alencar et aI.,1e83 :

1268-rz7oa Schwab et a1.,1e88 : 1?81-1?86) a.:riil:vnouoixl urTorldCC-MS nalnnr:tfiorJflr"Tfi

z o{nriuo ndarasi'ran:riliouz al'[o:nd rso"[:siuoo.rlu:rJd r

CHr(CH,)uCHr-CH,CH=CHCHT-CH,(CHr),CO-OH

CH,=CHCH=CH,

CHr(CHr).CHr-CH,CH=CHCHT-CHr(CHr)rCO-O-CH,R

I
I

+

cH,(cH,)'co-oHI'I

fuselAlder
/\

),.-'t

J cH,=cH, I U
/,r'\

Ull-H'

cH,(cH,),cH,

I

+

cH.(cH,),cH,. +

IHI
cHr(cHr).cH,

cH,(cH,),co-oH
I

| -"o,
t

cH.(cH,)ocH,

grJii r nalnnr:rfiorJfrfi3urza.:nr:ronaaraei'renrrruiouzo.:lsr:n6rzal:oi(Schwabetal.,1s88:1?81-

r zao)



grJfi z rJfr fi iar nr:rir ro arm o3fiho8'u'lsr :n 6 ru a"[: oiri're ro a n o a o ci

ovfiv'h6nuaanoaodufiorJgilnfiuavil6flnfififiuqjlao:anEar,trj16flrrayfinrirou 1-8 oyaail drrur:nrirrur
l#rirrJfrfiiarm:rudtoarmaifilrn8'urziu mJ?lruoa ro?r11rod Tyr:lmuoa firmruaa uayrafiauoanaaody6a
tv{uYl'luaa 6.::vu'jr':uoanaaodsirt 1 rvrdrdrrumruaattayrailruooandrrur'ldr.iaadqo logranryrilylruoa
rvl:rsfi:roranrovtJ:vlszil"luti'runruaruri6m'r.:nraRrilrzatfiu (n:rrufizir uarr{luuaanaaaiidfilzi#udqe;
firosarrur:nrirrJfrfi3ar"lci':ror5rri'u'[sr:ndrza"[:sf uav NaoH 6drrur:oayars"ld'ire"lurililruaad'rfl ]J?dd1r

#rufiudzasnr:rirrJfrfiiarvr:rudtaarmoifihofr'uodr.rarur;:oi6a"[#d'or:rairuloslruarrirri'ua:rza.:uaonoaod

riu"lsr:ndrzol:af luvrr.:rJfru-6ovai'orldd'sr:rdrufi6.:n'jriirfi'al#aruqaza.:rJfrfiiarfifiovrr.:fiovloiruaru6srzas

roatmoillrndao rJfrfiiararr.n:nri{ri'ruri}r n:o r.rSaroulzri leadd'rri.:rJfrfriflrdrflueir{il:ynauoi'rfl NaoH
KoH oriuotuo $avil?flTzrdasJviaroarfiErilrailan"lzoi rziu lurdeilrrvran"lzrf Turdailroyran"[z6f
lrtdErilTil:?,r:anlsoi uovlu ro'arufirmon"tzc{ m-rrirrJfrfiiflrfir{lun:o#ufinqyl#n:o#afihin n:o*'aTv{fin uav

n:o"[aTo:oaoin iiruoi'rri.:rJfrfrsarvrrsfirnrnutuarrur:n}i'[anJa (lipases) lai nr:rirr.lfrfi3er m:rudroa-
rvraSf,ltnfi'uloflld'eirrt{lud'rrisrJfrfiiarovr5rnirnr:"[ri'n:or{lusr'rri{ uayti'rurnfiao"[umr.:nr:ri'r

Freedman et al. (rsao : lBzb-1380)"lri'finuroaunaoranizalrJfrfisarvr:rudraarvroifilrnr#uzo.:

rirriuti'rtr.r6o.: nr:rirrodrmoirfi'aldfirvrluruuurrilrir6'ru+60.: (SBo) "lud'sr:riiruTruarvirfi'u 30 : 1 uav

ld H,so, rziilziuiaeav r qruunfi 77-rr7 a':firrrarfiaaloflf,'{rnmflodrfiodurdaqruunfiuJdeu"lr]e{.:ay
ro oldrlzat6fla wuirt{aza.:t?a'ruasoruu4firi'ud'o:rzolrJfrfi3arfirfiodur{lur#uTri'.rgrJ6':raa (S) dsa6rrs
lci'jrr,lfrfiiarrfioduadr.rri'r 1 luzixu:n uai'rrias 1 rfior5rfiu uavavaoar6n"{odtLSn;urlnei'ra5oaruu:af
rJfrfiiar}Jrixurirt{lurJfrfr3srd'uei'uud.rrfieilrfia"[d'n:oy6ooir.:r{luorrisrdo}i'fi.nr]ruu : sso lu#ohu
o : r rJfrfiSar"hJdrsurirTes}i'oixr{lu6'rri.rr{luilfrfi3urdu6'uao.rfirfiodusiordo.:rTu (consecurive; iirurfi'a
l#firmruaa : SBo lu#oii'ru 6 : 1 Tos16ilIzr6trrurrunon"lzsiiaflau 0.5 r,lfrfiiurfi'rfiodurilunr:rfioduirru
fi'u:vr.r'jrrrJfrfi3arfru6'uaa.rdtfiodusiordo.rri'ufi'rrJfrfiisr#u?i (Shunt reactions) d'u6'ud riroryiza.r
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z. + rJfr fi itrvl:ru dra orm aiil rori'u ( Transesterification or Alcoholysis )
rJfrfiiarm:rudraarvroifiho#uuiauoanoaoci^tafia r{lurJfrfiiarza.r"[zfur.16orirfiuri'uuoanaaad

tfiorfiottlutoatmofluriuavndrto:oa rJfrfriuruaesiflugr.ld z finoytdd'rri,:rJfrfi3urufi'ouirud'sr:rnr:rfio

rJfrfiiaruavr.rafifrmti'ru rfio.rornrJfrfiiurr{lutlfrfiSsrdsioun6'u"[d'nr:}i'uaanaaodrurnrfiuilooyzira'[il'

aru o a rn 6 au"[r] vrx r,r 6 nfiruzi

cH,-ooc-R1
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cH,-ooc-R,

I

cH,-ooc-R3

Glyceride

+ gROH

R1-COO-R

R,-COO-R

R3-COO-R

Esters

cH,-oH

.l
cHr-oH

I

cHr-oH

Glycerol

Cataysl
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d'o:rnr:rfroilfrfiiarzorrJfrfiiurdld'eirrrtJusYrri.rqvilrnnirrfla"[#n:or{lu6'rtilrJfrfii€n uavqvttiudu,dt
tr . 6l o ra33 y----.-- -!-. t - --\ S..l^^-:"1.'

rv{ila'ru'rugt?r:.:ilfln:El'rlunr:rirrJfrfiiar il6'{.:tuniv{'u (activation energy, Ea) firiraqjlu?i?.l 8- 20

filaunaao3zTrua riru6'r.rrun:vr{'ulurJfrfi3arfr'urizo.:nrrril6sulsr:ndtzo"[:si^trJtflun6rzo:aafirir zo

filauoaaoizlr.ra

ndrro:oafirr{Junrdsrfirudirruovd'arrir"lr.i'rirnfirL}1l#ld'lilridrilr:nttunndtza:oo"ldloa"[d'onovn ou

v6o rrfl nlos arci'a u:.i tiliu.tvrfi qudnar.r (centrifuging)

yr:rildrodryroiflrefiur{lun:yrrunr:filii'nrdnrfirTudtu afirnru"[uvrirJaJ:r.lrravluatru3nr rrav"lri'ru6or

rrufiaraarmoicirvriunr:rirar:fr'n#rsrravrotareirar.:oi"lfl nr:?iril:rudraatvraifilrofufinr:neirr6.r"[iilrnrurfl

lurondr:mr,:iileroraoitray3vr6flsr: (Bradshaw and Meuly, rs44'.360-844; Freedman et a1.,1e84 :

1688-1648; Freedman et aI.,1986 : 13zb-1380; Schwab et al.,1987 '.7372-1378; Allen et a1.,1945 :

3S3-579; Trent,1945 : 383-632; Tanakaet aI.,1981 : 303-590' wimmer,199Zb: Z+g-Slt; Ali,rsss

'. zlg-2gl; Ma et al.,lggg : zag-zse)
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nrruo::r.rzr6 no4{ililrflzarn:yrrunr:fi6anr:aoorrruvrfiozasrirfiuuSa"tzriual rtf'jri61ru1n:6fiafi'uuav

i6nr:r.rarurirlTusi'rasi'rlirasarflfiarilr:aaoorrruufield'tziufiu rroiti'l rfi orlryvrrlutdalrJ:;fimBnruu a.:

ro6arausi fl'r:rfionfluariuou uarnr:rdoruanrilzo.i1i1#lruaiadu cirui6"[r'11:'[aEarluotar6orir#uruufu
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