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Abstract

Project Code : MRG4780086

Project Title : Biodiesel Production from Sunflower Qil in a Supercritical Carbon Dioxide
Medium.

Investigator : Asst.Prof.Dr. Manop Charoenchaitrakool
Department of Chemical Engineering, Faculty of Engineering
Kasetsart University

E-mail Address : manop.c@ku.ac.th

Project Period : 2 years

The production of biodiesel using supercritical alcohol can result in a higher
yield than other conventional methods. However, in this novel method it is required a
high operating temperature to make the alcohol to be in a supercritical stage. In order to
reduce the operating temperature, carbon dioxide was used as a reaction medium since
the critical temperature of carbon dioxide is only 31.5 °C. The objective of this study
was to investigate the production of biodiesel from sunflower oil and methanol in a
supercritical carbon dioxide medium. The effects of reaction time, molar ratio of oil to
methanol, amount of KOH catalyst and method of mixing between methanol and carbon
dioxide on the percentage of methyl ester were investigated. It was found that in the
case of catalyst free experiments an increase in the reaction time resulted in a higher
conversion. When adding the catalyst to the system, the amount of biodiesel production
was decreased as the reaction time increased. In addition, a higher conversion was
obtained when using higher molar ratio of oil to methanol in the case of catalyst free
experiments only. Moreover, an addition of KOH catalyst in the system resulted in a
lower biodiesel production compared to the catalyst free experiments. It was also found
that the biodiesel production can be enhanced when there was a good mixing between
methanol and carbon dioxide. From this study, the highest biodiesel production was
obtained in the catalyst free system when using the reaction time of 60 mins, the molar
ratio of oil to methanol of 1:42, temperature of 40 oC, pressure of 150 bar, and mixing
the methanol and carbon dioxide in the high pressure pump. The highest percentage of

methyl ester was found to be 21.81%.

Keywords : Biodiesel, Sunflower oil, Supercritical carbon dioxide
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agAlsznavvasnialudn  gaslaseadn CHGE
Palmitic acid CH4(CH,);,COOH 6.4%
Palmitoleic acid CH;3(CH,);C=C(CH,);,COOH 0.1%
Stearic acid CH;(CH,)4,COOH 2.9%
Oleic acid CHy(CH,),C=C(CH,),COOH 17.7%
Linoleic acid CHy(CH,),C=CCH,C=C(CH,),COOH 72.9%

ﬁm: Demirbas (2003)
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it fn
Annunia (kinematic viscosity) mmZ/s ‘ﬁl 311K 34.4
YSanauasuauaneng (carbon residue) % I@&Iﬁ’mﬁfﬂ 0.28
AN (cetane number) - 36.7
@hm’]&l%uaugd (higher heating value) % I@Uﬁﬁ%ffﬂ 39.6
US3msiLdn (ash content) % Tagvimsin 0.01
YSunauiuzan (sulfur content) cg vaslalafing vossinaiu 0.01
flalad@u (iodine value) - 132.32

wnawa  myladanuniaduldeuinasziu ASTM D445

RANLLAG 3
wazdSunmansuauandaduluaunnasgu ASTM D524
waz ndimmduliauanasgin ASTM D613
wazFanuiaugaudulauinaigiu ASTM D2015-85
uaztFaunadiidwlieuunaigin ASTM D482-91
wazdSuniazawduldeauanasgin ASTM D5453-93
waza lalofmduluauunasgin ASTM CD 1-25 1993

N3: AULNITUNTAIWAINY ENEUNUIBYT (2545)

P - a
wadlﬁaﬂaﬂqqgtﬁ%a%ﬂ'Jﬂﬂm

A A a . i A A & a
Ta@qﬂﬂﬂﬁﬂqquﬁua?@']ﬂf]@l (supercritical fluid) @@ maﬂvlﬂﬂﬂ W Yt wud

A o A

qmﬁgwuazmm@uﬂganhqmvmﬂﬁLLa:mwﬁuﬁﬂqmawaﬂmaLaa 189N IENIY
mﬁaﬁ;@%ﬂqm mao"l%aazﬁqmauﬁaﬁﬁmuu,a:LL@m@i’vaﬂmrfluann:ﬂﬂﬁ UNAIDLN
LT VDI IRAENAMNURINITO LN INaza e rianInavinazata il uaadinad wie
=} Qs d' U =1 d‘p a dl v 1 s a
fuIInLRananasINadaInIlasdansduidanlunlSuiniasniinisane lsuuulng
& U dl A a =3 U o 1 1 v
nudn °uaavlvﬁa'ﬂama:mua?gmnqmﬂ@gnmwﬂ%’lumuﬂsmﬂ@m 90819N 3198719
ladnazdulunszuiunnsanaans (supercritical fluid extraction) v3alun1siiaTzinig
\fl (supercritical fluid chromatography) usii1luilagtiu mathwaslnananzinilea
Ingaanlgasldidununwsnansuninludszinalne waludrsdszinalasianizadnsbslu

alinuazUszinalunnuglyy vaslnafianzmitagaingalagnianlsluszey
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9AFIMNITNURY BNAI8819LTU UTEN Kraft Gerenal Foods luatausn laiin
& & A a o a =

arsuaulasanladnanzinilegaingaunlilunisaiamiannduaananuianiun

wisludrzineavduil dinaauazasngueldildldlugasmnssunin@an nuw

a 6 A < 2

dosuaziaIaana Hudu

AN ALATUDI IAANFNIILA AN

daufaznanfsveslnanannzinitesainga Sndudesnsunewigaingaiu
A a A dl d' dl A a 04 dl 1 1 [
deazly yainnefarangenganamziigunnluazanuauiadlusugasznitsfiisuas

VAIRA L6 @TaLLa@aluLquﬂwwmmé’uua:qmﬂgmumwﬁ 1

Supercritical

Temperature
H 0/ Aﬁ a ~a Qg
AN 1 UHBAINANUAL-D AN TILEAIAINOAVBIFNTUIFND

[ =< [l < 1 v ' 1 4:!' < a ~
wwwiuluaiwazutsunuaiwaanidy 3 daulaun drwiiduuSiimuasuds
WDILRAILALAND Lﬁalﬁuﬁuagimdw 2 amu:'«ammﬂﬁoaw@]ai:mwaammuzﬁu6]
lonidusugarzninivasuduszi ooy AB, IdusuQaznivisuAzTaRafaLiY
BC &uidu BDAaLduaNqatzniniweindsnumng yaingaifesa C aasyaingaly
wiandugnznGunianzmitesainga lusnizialdmunndwunldigay
1 a dq, & A & &V =3 a dl 1 a a‘lyn .
adluvSnatiduwresnaiviailufiie 3a3onaminagluuinatiiveslna (fluid) unw
o A L = A P a ' 1
ain i 2 Sudlunwvasasinafagluanzmitesainga nnwazwudnlimann
UBIAUTUTZR ISV ILAR LA b
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NNN 2 MWUAAITEY InaNanznitegainga

cﬁ&l’l: Anonymous (2005)

Tunwd 3 Wwnsuaasmsidfauidasrasvadlwaluaniizund ldidlwuaslvan
sn1znilagainga Tasluwtwn 1 madvl,mmagiuamazﬂﬂ@ﬁm‘luamazummmm
FunnlairgrwinuiiduianIagiwivwiduradsnad dav1ludwn 2 1iaviin 1A

ad 1 o a v a £ P a A @ =
GRIVE AT LR LA TNVBIRAIN ATV IAUN AT u,a:mmwuqm%gﬂﬂlmmuﬁm
(widsliinugumninnazasadlng) myduunanuzduildonwnzanmuwluiu
7 3 AU LA TWIERINI TN TURZ VDI AANTUNDILA L6 LT LLazLﬁaﬁ’lﬂ’liLﬁﬂqu%Qﬁ
&/ = a (% 3 d' [ 1 A a &
muvlﬂammu,a:l,aﬂﬁ;mﬂnmaamimmwhww 4 °11ao"l‘ﬁavl@agluama:muaa;mﬂqmm
azlianuntadsvenlaindusauzasls Lﬁav‘hmia@qm%gﬁaw‘hﬂ’hq@%ﬂqmoma:
RIUNTDTULRAUTUIZRINIDI 2 RDNUS LA MANIWUBIUNN 5 LLa:Lﬁaﬁﬁmm@qm%Qﬂﬁ

FIRINTIBINAITUN 6 AW IGTATIENNITDLIVANFDIUSY DI LA A AL

FNUAVDIVDI ANFNNIZLWHIAIN A

p01lnafannzniiesaingaizlauddnagszniamoiureunad d1a1390 3
IMNATITRRTINNARUILUUBB I InaNian1ziniteainnaldnlndiAn iy
VBINAD UANTIUNS (diffusivity) Vadzas lnananizniiesaingadnivesnaiuszany

witavatvedlnananizinilegaingaazdnitvainad
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ma me

.
FusHNwe KD

i
> m uazma

VB2

‘ FuszrNIv0aKA)
HAZA 1 (interphase)

Yo dtial

o
ma

] FuszHiaveamad

‘ Ay

Yot

AN 3 NNLRaIM I URsnLasuasvad naluanzund liiduvad lmansniig
A a =)
wileaaingainga

#iu1: Anonymous (2005)

wihenunwuiwvasves lwafianizniiaraingaazlalndidsaivzesnan
uwdianunmuiuseszasinananzmitesaingaaziienmfsuudadduagiwn
v -3 { a s 53 v a v a a &
dimafsundasgungiinieanuauwdsainieslusinalndifssiueingeds
' A , T o A = a A
uwandsanvadmaIfianuniuiuaz ldilasuudasnninilanfsugunninianina
v A & W o A ' A < o o A \
auioaantos asfuaasaglunng 4 anfulddndunmuiugasanunuiuinaed

[ (d‘ a v a n‘ 1 1 a dll
ajuaulasanladnuinalndnugaingaazdfsuudasdmnninlusiiomdug
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A13197 3 AN INURAIFUUAVDINNY, maammLm:maavlmaﬁama:mﬁaﬁ;@%ﬂqsl

KRONUS
GERIL y sadlwafianzniie

nle - VBILARN

03N

' 3 -
ANARIULY (g/cm ) (0.6-2)x10" 0.2-1.0 0.6-1.6
] 2 -4 -5

NILWT (cm /s) 0.1-0.4 (2-7)x10 (0.2-2)x10
ANunia (cp) 0.01-0.03 0.01-0.09 0.2-3.0

ﬁm: Charoenchaitrakool (2001)

! A P A a & 1 o a
fruantAan guasvesnafianzimiteraingafiiuni sansaidsuudagly
vV & 1 = 1o dl a A s =) =3 v a dl
diduadnannnidssudinmaasuudasgmnnIniaanuauisadniosluuiimn
Indiugeinne auguanunitavasaivenlasanlodluning 5 danunialuudiomn
lndruaaingaaziimaasuudasnannninluuiinmdug uazsud@lunisunizasansi
oA o A o ad v o a & € A . ' Al
A fenuduuazgunpinlnanuiainga arsveulasanlodaziidinisunim

1Rgwulaalua g euInasuaadlunInwg 6

lugauvasananladidnnin (dielectric  constant) va9zadlnanan1zniioga
IngeazduRuiiuANuauLazannd aan il 7 lasdasnledidnnSnaziiodasniy
AUAINITDIUNITAZANY DANAIN LABLANNINA1LRNIBANNIN Adns WA gD as
. . ' = ' ') & A o v
(electrostatic  potential) 52%319 1000 UANAITIVLFINALAVDI IAaUUINGHNTINAR AL
AN a & = o ’~ & = Aa & « ~ = o
g3 bl dan denadunduedinanwaztduning1sNTIRaIN INAIWN 7 AXLRY AN
A 'Y ' a — A & ~ ° o a & & £
LHAAAANNAKAY AR ladLtaNNINAazanasdIazyinlvuadlrnatanuladuiraindw
ANNRIAL LLaxﬁhmﬁVL@SLﬁﬂﬂ%ﬂ%ﬁmﬁLL@ﬂ@iwaﬁ'u"LﬂluLLsia:qm%Qﬁ Tagn1siy

a v J o Vo dl A& a = QI &/
qmvmﬂwlﬁgwmzml%mmﬂ@aLaﬂmﬂumewu



Reduced
Temperature (T/T )
/ 0.9
-
4, 1.0
1.1
08|
é: 1.2
3
o
S —
& 0.6
D
a
041
0.2
0.1 1

Reduced Pressure (P:‘Pc)

10

14

a dl ) & &
AINN 4 ﬂ’]WLLﬁ(ﬂx‘lﬂ'ﬁLﬂaﬂuLLﬂa@ﬂ'ﬂ’]N'ﬁu’] LLuuTﬂdﬂ’ﬁUﬂu‘l(ﬂa@ﬂ‘lsﬁ(ﬂ

fin": Charoenchaitrakool (2001)

P = A & &
AMNN S ﬂ']WLLﬁ(ﬂ\‘]ﬂ']iLl]ﬂﬂuLLﬂaﬂﬂqu%u@Taﬂﬂqiﬂauvl;@]aaﬂvlﬂj NaUNA

nan: gy (2545)

Viscosity (CPS)

01z

0.10-

.08+

0.064

.04

0.02-

40

100
Pressure (atm)

1000

q

niege
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SATURATED R
. (atm)
VAPOU
/\I‘ UR =
a 80
107 100
CRITICAL 150
I 200
2
E SATURATED
% 10 ueun
Z 4
=
=
TYPICAL DIFFUSIVITIES OF SOLUTES
105 IN ORDINARY LIQUIDS

1 ] 1 1 1
20 40 60 80 100

aumfil (°c)

= -

a A . & &
AINN 6 ﬂWWLLﬁ@Nﬂ'ﬁLﬂa EluLLl]adﬂ’ﬁLLWi"ﬂ 23013U Q%VL@ﬂaﬂvL‘ﬁ(ﬂ

fiu": Charoenchaitrakool (2001)

1.8
1.6
=
que
=
&
= 14
=
=
L d
€ 12
G

0 500 1000 1500 2000
ANNAY (Bar)

AN 7 NINLRAINANIZNLAIANNAUNNGad1aIN LaBLAANIN

ﬁm: Dehghani (1996)
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ALENLAVDIVDI MANRNMILLWIEININY

nnautatduiindnanInalguantivasasivanianunilesaingald

[
v A

Jh

o P

- fanv@lwnsanelan (transport properties) 1@ tihasannsnves lwanan1Izinita

a a A A, A o a £ 1Al S A o o 2 o @ @
?g@’mr]@mﬂ’a’m%u@‘ﬂmLLa:&lauﬂizaﬂﬁﬂ’liLLW?ﬂgd‘mm&laummsﬁ ﬁ]d‘ﬂ’llﬁmuﬁmﬂl’l

=

Tuvdgasonnushdulunandaluledima laduadne

] ]
= o

- fanusnunTalunmIvinazany (solvating power) ngy vudluinnzvadlnananing

a 1 { v s & o {

Lﬁﬁﬂi]}@]’)ﬂf]@lﬁﬂ’)’]lmuﬁLL%%ﬁfﬁdlﬂaLﬁUdﬂU?}E}dL%ﬂ’J mmmmmmiumima:mUﬁ
=} a d‘y ‘3/ a ] =S ] P o v A

ﬁ.ﬂ’]’)&‘L%%aﬁl@’)ﬂf}@]%ﬁlzﬂluﬂﬂﬂ’ﬂwﬁuﬂLL‘H%I@EJ@ISG ’ﬂdL‘ﬂ%a’]L%Qﬂﬂ?lﬁﬂ@di%ﬂﬂﬁﬂ’]’):

wilegaingadanumaninlumavazmoigs
lulafina

a < PR ¢ a A o o aaa ' Y A @

Tula@walagnalufaiandsi laannmesvind jisonszudnsihdunie ludue
A A o ¢ o & & S o Ao wa v A o & o a
Aowledainuueanazed ilwirdundquandalndifssnuidudioa awnsalsle

d' 6 d' % o o ] d' 6 A 5 % I d‘i/ a d'
LAIDIEUAGLTA Lo Lasf Ll dadrinnITUSULEILAIaIue BnNIaL T ulTaINGINRZa1ALNN
Q) U 1 6 =) g e 1 & I 1 d' 1 a

Indldadrsanysaluazlififauzdunuasdenziiaiusindsznoudadinadde
FIUIAaa ﬁavlﬂndﬁﬁfuvlulaaLsﬁaﬁaﬁqmawﬂ'@maaﬂwﬁmﬁaﬂdﬁﬁﬁﬁuawa LT §
auauddlunIndafdugiaunIngiaan1dnniazaiaIasnud uazdsliganylngs
P ') Y o A a < ' £ v A & a A X4dN o
dWesnnludeadunanhdullendsamlanwegsuuazdadvasisaindsrfiainld
s ldT9dn Tulafiradsnatotdwuradalnissianitsnnalanlalwainusnla

dll dl v :’ s a
bW QVI'QZFL‘IT‘Y]@]LWI%%WN%WQK%'G

main lula@rasn g

o & o An e A A v a £ A A o A o

NN BA e nATN LT lwaI0duwd et Aadwilalse i Ta st uusn

Iae Rudolf Diesel lanagauua: lIunULATa I UAALTAUAILN LI HNIINAFDILED

1 L d' U o =3 1 Qs a g: g’ b dl v

TzrananlEnuiasasunele wadnnlaulasuanuiaunazaulannluametin wawn La
A ° v 1+ A A o & A & A , &

ﬁnﬂwngnmmiﬂjﬂ@amaum@;mLﬂumaamumimqmmmmuu (Ma and Hanna,

Vol ' { & o a { & [ o <
1999) wdilaaduldillainduduiinangidu dsznauiuanunnazamilan
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LAgINUNANIZNUGaRILIAFauNLAANNNT TN NB lanasy vindwannisuas ladwann
o &R ) L a &<
339 L UANNR WAL WA NATI
o 2/ o A Aﬂ' f‘?; o 1 ] dl
Nyt IwR TN LTl aTassudbwsINI TN TR L la g LA NadaLaT 0 986 i
> g; ' v a ! Qo { 1 =) d
FTULIAOUE WA lun9szezenuaziiadywilnnuinIasaudna1dfe tiaaznauwd
A ' e o A ' Y A A & a
wiannmawn lnd liauysaifimdanwindu anuandsninziieiesoud asuindien
A S o oA A & A A A £ & ' .
funaugngy uaziaiundeduiatasoudazianunilaintumduadnimin  (Demirbas,

o & % { a J 3 o :’ b [l @ ¥
2003) asunsimauntymiifedwlasvinsiuihduldriiunszuiwnisasea b

1. N13138919875% (dilution) ATHIZTNNNUNTUIHFNAULENIWARRIANUINNY

Semamusandmfitninsaudsezslianuniiaveniiuioddianss lag Strayer ot
al. (1983) wuiilonausinsuanlus (canola oil) WhRLLEMBoaf 10 1WafiFued A
wilauoinTuazanadmas 21.15 cSt. Fadutiduanlusasdanuniad 37°C winfu
37.82 cSt. 4aNaNIL Strayer et al. (1983) lévnmsnanindudaniusidTuan Tusnly
RAFINEI A %awaﬂﬁﬂg'jw anuniiarasiiualusaassnniduiia 100 cst.
10°C 1l 40 uaz 19 cSt. WansudnAinTuaLTaludasufiiiuen ludrdatiraiudiss

WINALU 75/25 Was 50/50 ANS1aL

uaagnslstany wddnazaunnuidymi luiFasvasanunitavasinduas laudn

azdasnuniuiyminasnnmahlldds gunine dmuaasedluais 4

2. mam A uddatuswialan (microemulsion) tunanisnitelun1suiilom

A Y aa A o Y A AN & A A o
anuniavasinas itz lvvaanaiaessiian Wazanaduitatfgrnuunazans
I A‘f a = ] A o v :/ e A ¥ 6 I A‘i/ a o A
Huitaidsanu nannde azvldhadudsazarsdnnuueanagesauduiiaidoinulasi
uagWeLeas (emulsifier) %38 amphiphile Thafivne il ndualuszau S8

=) J ¥ Q‘/ ]
mmuﬁazﬁmmamvl,ﬂagl,ﬁ 219 1-150 nm

=)
)
A
f
Goering et al. (1982) lawuin n3l4 microemulsion 32NN UDIRTDILAZLE
a dl' 6 .?; v a a v A > :’ o A
muaanuiatassndneluszaziagu g sunsalidsedninwlalnalfssnuindudios
& dae & & a, a A 5 !
RUNELAT 2 N9 GNDURTHIBIATINUNGEINI
w41 microemulsion AzanansauidanIsasaNunianazlTnuIeIa8ue l66 ua

& o ' a A A a £ \ a . A & & o
ﬂﬂﬂ‘lwa’]&niﬂ%aﬂlﬂU\ﬁﬂfy%']'ﬂl,ﬂ@mul,mu MILAALUUINIZLATDILUALT BTN WIWBNIN NI
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a . & P v @ Al A ea A A X A
Lﬂ@ﬂﬂiLNWVL%NWLZJﬁmq_JISm LLﬂzﬂqjﬂﬂﬁllﬂuquuﬁaaaul’ﬂia\‘]ﬂu@]uﬂ’]’]uﬁu@LWﬂJTu ANUN

Ziejewski et al. (1984) lameauly

P P a & o o & A vo o A
N1 4 @ni’]\ul’a@]\‘]ﬂfyﬂqLLaza’]L%@!ﬂu’]ﬁ]zLﬂ@TuﬂULﬂja\‘]U%@LN@IT%’]N%WTLU“

dq’ a
LTBLNR

dl a J
ﬂru“mmﬂ@mu ﬁ’]L‘VW‘}aT‘ﬂNTﬂWﬂ

{ =) ‘=§/ { g;
Twininedwialrluszozan

ANIAALAIDINFNITAIMARUIILD ﬁwﬁuﬁ%ﬁmm%ﬁ@go ﬁm%mmmz@hqmm
W (flash point) 7ign

migaduuazifiapaniieivadld  s1uwiled (Ao phosphatide) NlauTIINIG

N3N BLAZ ARG TutinaisNn
A & o A A o Y o oA a
LTI UAGL FABINWNGIUNTWIN T UNTUNI T

] A J ]
Twinineduwialdluszozand

a A \ A A Y o oA \
ﬂ']‘iLﬂ@@]zﬂﬂuﬂu']@']ﬂﬂ’]iLquLﬁﬂJy/LN ﬂjquﬁ%@ﬂgﬂmaﬂuﬁluuv\lﬁ ﬂ']iLN']VL%mN
& v a A & & a vd A o
awyimmﬂﬂﬁ?ﬂ@ﬂﬂizﬂﬂﬂqﬂ ﬁ&l‘]q.}im”llﬂﬁlfﬁal,wa\‘] LLaZﬂ’]iLquL%NVIVLN@uﬂIu

PNIRIUV DIV U N

Lﬁ@ﬂs’mlmi"nﬁmzuaﬂgu mm%ﬁ@ﬁgwaaﬁ’lﬁuﬁﬁ e el
6 d‘v a A a o
AULITRBITOINAS WAz IR A T

PNIRIUV DIV U WNT
MIRONFNINDBIINUREDAY N3 NaUZA3e1 polymerization Va9 NuNTHN
dl' 6 |n' s d' 1 ai g: U A U Y
LAIAILUA Vl,:uam'mamuaglumwaammm e9ldviag

a &
LAJJEUR

#in: Harwood (1984)
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3. MIMITNIILANAIGILAINTAW (pyrolysis %38 thermal cracking) LT

% = 1 a A ivgj £ s 1 aaa o a
mwmamwmamammmalmmmwmauuazmLiaﬂgﬂimlumimlﬂuLaqavl,mﬂmma
¥ o A @ AN A A Aaa A a £ aa g a '
Lidluhdufraasuszuanadlugniwilifoandiau UJAsoMifeiuluitiaziay
wapIUunisssnalfiianAaAusidunainanuite uaaiau waadu nIaauandan
a P ed & o & v v aad o S o A A
azlan@nuaznianusiniduie udu  lasmaudiitiazililuanavesiduned

= o & o o a & & @ P
Tuq(ﬂLaﬂﬂﬂ@ﬁﬁlzL‘ﬁuvls@]'inﬂﬂﬂvl,ﬂﬂqiaaqULLazLL@Iﬂ@]'JT a\‘ivL@]SﬂaLGﬁavh@ WuainInn 8

Schwab et al. (1988) la¥inn1Tnaaasuanatinaiuaandilasal8auan
a @ ed a £ ' . & a & . A v &
naanmsinielulasdiwlngaziduuesiauuazuoafuiugiwain lasdalaidu 60

¢ < ¢ & v a o &
Lﬂaimu@madm%uﬂwamnmmm%u@

#ana N Pioch et al. (1993)lavinnsuanasindulaslaninnusoniazainss
Aaa o A (0] . VR Aaa d o ¥ o g
U5 laolfamnnll 450 C uaz SI0L/ALO, LudTIfATeNauandiiiuniiia

VZNINIONLIA

ada a o (al'VLQ/ a

v A a a dd' 3 =S a :/ “ A a
mamimﬁuﬂa NN TN mzuaﬂwm:mammﬂmﬂﬂaoﬂumuuﬂimmﬂmmz
: o A

oA [ e a L Ao o ¥ & a ' v [ P
BIUUALDTR Lmwamnmmwm@muummaﬂmqﬂﬂimwmﬁmﬂaumaga Usznaununin

v v Qd‘ o aana d’ I Q(y A et [ 1
@1a\ﬂ?jqm%gmgomﬂlumimﬁgmm datdun1sawilaaswassnidwagranin

4. MIINNRFNUARTI NI URLORLNINLATY (transesterification) #3aWaaN

ag08%a (alcoholysis) ATHhazidunisisinduianiagainiiidjisonvnasnages
6

waldlassswanesmaieanuilasdjisommudiosmesfierwdulearuninwi 9

Tasnalnusansiiadfisonlasnaluandudsil (warabi et al., 2004)

& A A & & ~ & a &
Aud 1: lasnaalsa  + waanagas — lanawmalia + LLaafAALARINGS
& A a & & a & a &
auh 2 : landiralya + wasnazas — lulunfwalid  + wasdalamines

2 1
e A

auwh 3 Wwlunferalsa + waanagas —> NaLwAIAA + uaafalaRLNaY
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(Triglyceride)
CHs(CH2)sCH:z-CH:CH=CHCH.-CH2(CH2)sCO - O + CH:R

CHs(CH2)sCH: - CH2CH = CHCH:  CH2(CH:2)sCO - OH

| ~
/ ™~
CH2=CHCH=CH:

CH:(CH2)sCH: - - ) » CH2(CHz)sCO - OH

' ) 4/0‘% H
CHs(CH2)sCHz» + CHe=CHJ &~ -~ '

( |\: CH:(CH2)sCO - OH

H| NS -co

) %\ ”\,é' 1
CH:3(CH2)sCH:s | \\/I,] CH3(CHz)«CH:

AN 8 AWLRAINA MNNIILANAIVAI LaINALTa LIa laa T NTLanaIa18aNNTa %

ﬁm: Ma and Hanna (1999)

H\C/:
O\ ,O
¢
R,
o4 T H
H-C——C——C—H catalvst H—C—C—C—H H\ 7
] i I _I_ Ly —p YY) C
op o000 FIH-G-0-HZ 060 To oH
R,2OR, R, H H H H ¢
= = R
lasnamo’lsa uaanodon na¥I0a .
Triglyceride Alcohol Glycerol H« C/H
o o H
N
¢
= R3 d
yoanalnaImos
Alkyl Ester

d. aaa 6 aa <
NINN 9 AN LL&@G‘IJQT]?U’W]T]%&LB&L‘YI 2INLATY
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add

Asnnda luledralaslsuiiseonnudiosmeiiiasunuuiain 2 33wan g fe
add‘ ¥ 1 aaa o aaa 6 a A < 04 add‘ 19 o o ! aaa
Anlgaasslisenlumeidjasemnusiesmestasunudin lilsaassdisele
mhiljisemnusiasnasdlie i

1. Anldaassdfisonlumeil jisonmnudiosinesdlin s

o Aaan 6 a A ) d'd a o ' aaa a
mimﬂgmmmmmaamaswmmuﬁnwm‘smummﬁJgmmm"l,ﬂ‘lumswamvlﬂa
a & a ad & o P A o = Ada wa & ' A
ALTAUUNBYNAIUTD fmmmﬂgmm‘nlmmmzmumsmmlmumLﬂum@ A9 NI
& N 1 Aaaa dl n' AAa a 1 1 1 a U
Wuaassdnsennunansilsia I(ﬂmwUauaﬂ@maumaumm:nmaaglumma
da 9l

1.1 35flFenadudusafiTen (akaline  catalyst) 3§f:azl°ﬁé"m'aﬂ§ﬁ%mﬁﬁ
suvadun  wa learinludnezldlamdsalaasenlod (NaOH) wialnunsidonle
asanlaod (koH) udu lasnalnuasdjisommudiomnaifiatudidanadu
FussUfATenuaassanwd 10

Y ~ & a Yo o ' aaa A
nalnazisuduanminueanagadgydslsaeulinudisal jizenn

& ' > d' d' >3 3; {t:l' a U o
\udadaaunsn 1 lunw 10 nasntuueanagaafigydaldsnauazidnr
Upisunnuluanavasiasndiwa lidauauniim 2 wannmadivhd jismaes
& o o A & . a & o
waanaIaaazyn AL Laafataanasiazianlaaan (anion) Vadlanatsalsnas
sunn 3 daanuuaailfisennlasuldsaauainaunsn 1 azldldsaonny

= 6 n:l' d‘ o v A s (J [

wanloaawuadlandtmalidauaunian 4 Seazvinliiialanairalsaan wadann
Wwe39U JATesna vl JAsenuLeanagasanaTIATNENNIIN 1 9%

E‘!@ﬁ"l mzvl,@ﬁluﬂ?:Lénaiammmaaﬁmaam oH

aad Aw A oA o o Aaaa ¥ o a A o g4
TuAthazdidalfade 1tawinlumaindjisen ihduiorsasainldluns
o aaa v a o dl o aaa < =) v a “ A
i jisondesiianwmenanzsulunisviljisen sufadesinsaladudsszle
Ysumndeswnznia lududaszazifedjisesdalifliatu (sponification) Ny
€ A & a o A 3 & A A ' .
uwaanazasiiailunianmeinlidasn1siuandefie a1 (soap  or  saponified
product) 4NLaAIIUaNN1IN 2 vasnwd 11 Ml luladimanlaaaasuazdadn
nsulfesdnislasonduedranndidnialududaszay (Kusdiana, 2003)
a gj 2’ b a 2’ 1 a dl v :‘ a aaa a
anniluhduarsiiihduegluliunmnies insihanfed jisolalaslags

(hydrolysis) Auuaafataanasusaliaidunsa lududase (free fatty acids) @9
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gun3f 1 lunwd 11 genavildiiad jisesdefifintuainnialududsssde
GIFNNTTN 2 (Schuchardt et al., 1998) uananivuaaulunsnaalulodisaves

aasd ad A | a o
’Jﬁ%ﬁ]z&l"uu@lauﬂmﬂua:q\i gananaigy

ROH + B ==—= RO + BH (1)
Alcohol Base
catalyst
R'CO( r—(l H, R'COO—CH,
R"('()n—(lil /‘\‘UR — R"{'t)()—(]'ll OR (2)
Ha ( —()1|'R'" Hg(]' — )—{:‘—R”'
Triglyceride o v
R'COO—CH; R'COO—CH;
R"COO—CH tIiR ==  R'COO—CH * ROOCR™  (3)
e er Il:(['—( )y Alkeyl ester
O
R'COO—CH, S
RCOO—CH  +  BH  =—= RCO =" | ’ {4'
HC—0" Hy C—OH
Diglyceride

'
o %

4; aaa 6 a A Aa I '
AN 10 MwLEaIna bnaaslfisemanusioanailiasunlanaduaiiss
Uhnsen
f1N": Schuchardt et al. (1998)

1.2 3nldnsaduaarsslfizen (acid catalyst) Aazldaatsslisennlaniia
dunsalasanssl fisendnazldnu ldun nsadanin (H,50,) nialalasaas

3n (HCI) Liuein

na lnvasd Ao mmusiasmosMasuninsaduaasslfiseuaasasnin

=

71 12 lagnya3vadia (carbonyl group) vaslulundiaaldaziullsnauaindaiss
Uinsermidunsaauniwlutuaaui | wasaneTafutuaaui | usrazvild
lutanatfiamsdagdasnud i1 d@uludud 1 waanezedidhanviu Az
o o @ A v & & A =
lutanaudrvzirdanfiwasesuazlsnausanldiluieainailuiuaaun Iv o9
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natnlunwd 12 azduassdjisomnudesmaifasuvasluluniwalsa
wihnunansusn Mesunelanulisommusiasmosasuaslandizelsd

uazlasnfira L@ LN

o o O, OH
N/
Y~ + HO => ' +pRoH (1)
| |
R | R
IeanaleaIng3 nIalnidass
Alkyl Ester Free Fatty Acid
O% JOH O\\ JONa ( 2)
C + NaOH = C + H,0
| G |
R R
nya lnivdass anj
Free Fatty Acid Saponified Product

il 11 mwusasdfisenlalaslsdauazUfisenaoifiann

v = A a Jl addydl ¥ ¥ o Aaaa A :‘
VALRUNENATWITNITUAD @1801°EL3El’]%’]%u']ﬂluﬂ'ﬁﬂ’]ﬂg]ﬂ‘iﬂ’] mmuﬂu

iiuRrnsedainltlunsiufasmasildusunmluledmafinaa ldaaas
wzindinalwueafaesnasiddsuliiunsalodudaszdsiaini 11
(Schuchardt et al., 1998) ﬁﬂﬁv’amﬂ%ﬂmL'ﬂuﬁuiaﬂﬁﬁ%mEl'ovl,ajdaﬂmm:au
fniunkdaluzdugamwnisainnzianuiduniazasiiial jismamann

v = ' 1 6 1 v ' Y 1 aaa A < 1
ﬁi’ldﬂ’)’l&lﬁﬂﬂiﬂuWBQﬂﬂimm’ld G]VLG]&I’mﬂ’nﬂ’]{L“H@]’JLidﬂgﬂiﬂ?ﬂlﬂ%@]’]d
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(8] QO

: OH
—_—— l . - = 2
R' OR" R OR R' OR"
|

Monoglyceride
OH OH + 1 O
R . H -H /R"OH
D e
R TOR" H 'R R OR
Aloohol OR Ester
O- 1 v
R" OH  :glveende
OH
R' = carbon chain of the fatty acid
R = alkyl group of the alcohol

ldl aana 6 aa L Aa | a ' aaa
NINN 12 ﬂ’]‘WLLﬁ(ﬂ\‘]ﬂﬂvl,ﬂ?]adﬂgﬂiﬂ’]ﬂﬁ']%amatﬂﬂiWLﬂ’Ij%ﬂNﬂi@Lﬂ%@’JLix‘illg:]ﬂiﬂ’l

f1n": Schuchardt et al. (1998)
Tadeninadatsunmlulofimainga lalasldarsuaznsaduaarssnfizen
1. aMnNd
3 U

qmvs{]ﬁﬁlﬂumiﬁmﬁﬁ%m%dwmaé’m’umﬂﬁ@ﬂﬁﬁ%mmaammﬁmvmia
= & AR & @ 2 Ao ' a = v = o
dura aznugniinduiadonieilnadentsndaluladiaoa auinldnnuaninasas
289 Freedman et al. (1984) 71}V INAa LU oA TR NN UAIARBINLLNNIUDALY
aaanlasluainnu 1 da 6 lagltlmasylaasanlaan 1 iasidue Namwnyil 60 45
WaT 32 BIALTALTUR ANNE1AL Freedman et al. (1984) wuintlaviaidiwly 0.1 72l
Nanni 60 BIFLTALTLR S luladiraninnaafa 94 1lasidue

U 9

2. aananlasluaszninsuaanagasaatiniwNorIagad

[ ' ' &1 2 o oA A o & A o A Ao o
sandnlasluasznitsueansgasdoiduisnissaiidudndedoniiendagy
dansndaluledios lasnalawnged Ujisemmudiasmaifagudndudosls
& v ¥ @ A v a aaa &£ ' €
waanazad 3 lua Auhdu 1 luaaldiiad jATeondnetsauysol udsduninlunig
Ujvaazvinslsuaanagas lwdTunanuiniivwe S9liasuddlitonaziialdaogng

ﬁNHSﬂiLL§?1I% AstGuaanagaand ntAnwatItIalwaIsasaw ol unaa Nt
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o J o & [ d' a J s a a g’ U 6
laundumeluscoziiaouai asnafiialuiunsnaasdnaa luladiraaniinaulay
. . . 4 '
AULWNIUBAVDY Krisnangkura and Simamaharnnop (1992) Gswuin mstuaswluiiu

a o a & { A o : ' R
wammﬁanwmmﬁaqua@mmﬂ@]UI@Jaizmeumuaa@]amuumfﬁw

we LUt naTonal100 8 nlas luaIznINILaanNa gas Ao N WNWALANIZ I
J [ a s 1 aaa { a v L

xiuagnuriiavatdnisjizennltluniniadis dinaannimaneized Freedman
et al. (1984) Nltaasslfaseniunauazdrslumandaluladiimaaininduninies
o A = ' A v 1a a Y o a a Aq o
AuTIMIBaadIwLI LNl laUSunmmlulafiaaniyinnwitad n1snae luladiaanlinie
& o Aaa o & o oo ) ' &1 & o A '
Wuassljisondndudesldoansinlasluasznitsueansgasdoriidunuinniinig
waanldanaiuaassljisen fe 30 da 1 luvmennmsndanldaraduaisel jizonas
liNeaue 6 ¢ia 1 1Yt

3. sslAsen

[ 1 aaa d' 9/3; & A 1 a a v [} o () | a

asstfnsennlanunlinadanisnia luladinadroiswnn s dusianas

L d . ' aaa A9 o aaa 6 a A L A9 g ' aaa A
ANNTNTUUIA NI JATenAld lawd JAsemnusiesnaiiiasunlosaiss jisenn
Wuavaziinljiseon lamaisaninlensaiduaatssljisoanin (Freedman et al,
1984) pniinudlunsminindunlglunisvid jAsendvsunmnsa lududsszuazsinann
Uffsennudiasine sMetunlraassl jisornduniaaziianumaizauainni
(Freedman et al., 1984)

mﬁmaaé"sLiaﬂﬁﬁ%mﬁLﬂu@iwoﬁlﬁﬁuagﬁaiﬂﬁﬁaﬁIém,aw"laman"l,mﬁ (NaOH)
la@auiuneanlad (NaOCH,) lwunadsoa'laasanlad (KOH) InunaiGauiunanlaq
(KOCH,) ladiauialua (NaNH,) lmdsalalasd (NaH) Iwunagonlalassd (KH) waz
TnunaBoua’lud (KNH,) dausfiavesdasslfAsodidunsadildldud nIaganin

(H,S0,) nsaWaanasn (HsPO,) nialalasaaain (HCI) uazniadalniin (RSO,H)
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4. 153NN NTUULAZNIA LU WD RIS

USunmanusuniainilwihdunlsaursosswadanisndaluladins lag

a :/ 3’ L 1 =) 1 Aaaa 1 =} ) v A 1 ‘:§/ 1 o
Usnashlwihiduezssnaidodel jiTen nanfarildifiaay (soap) Juluizninan
Ufisedielddnadudisid jizen mafaayuenanaziawdfesdisad jisouds
f9azanlar@ninmwpesanssdfisenssdn smdsunmnsa lududsszunazdinalidas

L% ' aan

suwfasaasslisennlslumavhuisen udedelsnd Usunmenuawlwiduinan

wsndagdel jisemnudesnasiasuuinniine lududssz(Ma and  Hanna,
1999)

5. any LLSGI%ﬂ’]‘EN SN

o a a L o 4 =a Y & a9
asanlunmsndalule@ias ssasaudsnfe WduuazuaanagasianIwg L]

A ¥ a dl v dl o v g; v o aaa [ g:
srangwsaszasdnulalulSunmntesnin mnazildasasaurindjisoanuim
Fududasdnisninialwesinisunwsignninuine iU §A3e0 tNTzasnunINEI

o

5 & { > =Y
Wuilasenienaanlunandelulodios

2
adaAa

ad A v aaa AN o A AAa i o aaa
1.3 350lTaassl iz laanFedidie (viocatalyst) 21391 A3enwesithae

o 6 =)

ea o A A A A ' A a v aad
au ol ldunie 1 uuafiSansedadansg mndaluladioaei sy

dl' v A o £ 1 aaAaa a J qzai a v o 1 Y
sulatitasandafauldun UjAsomuiniiaduldngungiivas vililddas
Qq, =) e = s L Qs 1 aaa dl I =} 1 = gj o A g;
suiAaswssnwnilawnunmslrassdfisonndunsensadis Snnsgeiiauaan

LY a % €d' e I % a 1 €d'n a
Mmsmawammmw"l,uqamﬂ 1Judn dradrsvadanlainiayltlwnisndalula
aualaun Lawlodlaa (lipase) aauiadndng giainadan1Inaa luladiaaain
nslfiewlodldun gunpfl dpH  sllavedienlsd wazSunosihiueari

acanafile

msldienladiduanssliselumandalulefirsazidodofo touladnlsy
ﬁaﬁﬁmﬁgdmmm:mmaumsmwﬁ@LiTﬂvl,iﬂumzmummﬁ@lmaa:vl,ﬂ%m’m
nIvsIwpadtan lrinIaatavinlwawladigoanawld e 1iu tunwaaa
AAUININIIRNI WD aLa Lral latdaotdulundSurmnuiniin bl wanaindidad
v A aa e o , A ~ v o ~ ~ [ o
ADLREA G]mamﬁumvl,@uamaglu@lﬁww 6 T e IUSa UL UNUNT b

Ada en A & o aaa

ssadnusnuaidwnsansadalualissdnsen
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P = P i\ ad A a A o CR T
131N 5 @]']5’1\1LLa@]dﬂ’]iLﬂiUULﬂUU?Z“QW\‘]’J‘ENG@]VLUI@@LTQV]ITLQ‘HVLTNLﬂu@]?lﬁﬁ

Uinsenuithldnseansadraduaatislfizen

ad A dl

¥ A ' <
‘ENE\]@W]I“HT'\?@VWQ@]'NUJ%

AFnaanltiowlod(onlsd

aLsIUgnsen Tawaduaisslfizen
gawnndluniavia &9 (Uszunm 60-70 agen @1 (U3zunmw 30-40 89eN
Y7i3en EEIGHE)) L IALTHR)

= o A 1 1 aaa
milnsalududassln  denadedfizenlunisay
3‘ b A A o 6 a U &
PUuNTHIaEA uazlunsnaalaglgaade
assljisenasviliie

a [ & g a &
Na@mmmw"l,maamsm@mu

2 2

st lwidu sanadatfiselumeay

msusnsaiarinld faernsuennaIBTUAaY
a L =) QK

HAAATUALTINT

eIt an

WA AN Lo Un@

sanadatfiselumeuan
IWTENIA luiudaszas
wWasuliiwluladios
Tissuadalfiten

VLSJGTQ\‘]LLSITI‘HN’] HUUAD

A ad A o A
AN awA TN TNIARIAEN
ADUTIILLNI

| aad) o A
q@ﬂ']q'ﬂﬁﬂlmﬂiﬂﬂsa@’m

fi9n: Fukuda et al. (2001)

2. Anlildanssdiselumaidisemnudiosmasiani

mindaluladiaaluitiazinshvedlnananiziniieainga (supercritical fluid)

vhaindszyndld laslunsndaazdasiliueanaseanilsvind jiseagluanii:

=} a = aaa A a J A a a ¥ &l A
wilegainga SUfAsnnifeduilondalulafioalaslfuaanagadnaniizinilesa

a = 1 a A
uﬂqm:uag 2 TUHAAD
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1. Ujisemnudesimaidiaruaaslasnfiwelsd
aaa a a A < . . e A é
2. Ujfiseueafiniosinaiiiasiu (alkyl esterification) vaInse lududaszall

aaa

UgAsunduasis

nya lusiwdase (free fatty acid) + Waanagas — waanaladnas (alkyl

ester) +

g; aaa e 1 a A‘ v e a = v {d‘
nigaslfisenainanaziiadunsen gnunlunnda luladioslagltieanagasn
snzinftarainga lasfufisend 2 wzawrsaifeduldluitnudalulafioanls
& A a add) v, aaa AN o A Ada & A aad
uwaanazesnanzmitaraingauazisnliaisajisenldanaaliiariinu 54350
waalagldassdjisonmiuasezldaunsafed jizedle hesannialudiudsssln
idnazaalszEntnwassaaissl jizsonndudrsasuazdsvi linessn lidasnis 8n

nigaiailynilunsuennianmsianele (Kusdiana and Saka , 2004)

guna inlunstied jAsemnudesnaidlierusaslasnaewa lsdazugaslalu

P & & ' A a v o
nmwit 13 laslusuwsnluanazesueanazedneglusnunitesaingaazidi luvin
Ujismnnaniveuezasuvaslamnfive lsdewdunsinanminagluannzniianudug
o A o v a o A a & a 1% ) &
aInn Teazvildlanfanmaine weadatamnosuazlandioelsdoannn devainnn

[ 23 o aaa a = 6 v v & a

luanazasuaanagadnazvhljisenulendizeliddaldaugaroazldoanyndundie

asaauamaaﬁmaama%

. a a o &a A a & a
saunzuaunslumskda luledalaslfiueanagadafianizinilagaingaud
8t 2 WUU fla NITUIUNINAALLLNE (batch process) LATNITLIUNIHAAKLUGBLIBY
(continuous process)
TUNTLUIUNITHNRALLUNE 2 TUUABUAININNA 14 NE1AE UIUINULA

LLaaﬂaaaﬂdaﬂﬂumﬁmﬁmmmmum\lvlﬁﬁaam%gﬁua:mmé’uﬁagjmﬂlu 8%

q

o

¥
¥

mm@ﬁﬁaﬂ%mmu:ﬁ'mmmmuqu"l@mqm%gQLLazmmﬁufuﬁstwziw azldvinng
Usul#uasnszasanie g’lummmmﬁ'wl,ﬂml,aanaaaﬁﬁa dluaninzinilesaingald
uaﬂmﬂf:mmu:ﬁl%ﬂ'oﬁaaﬁwmmni’aqﬁwu@iaqmwgﬁLLa:mmﬁuﬁ'go § INTIZATUE
ﬁaommsnﬂuﬁuqamn“ﬁLLa:mmﬁuMmaﬁﬁﬂﬁLLaaﬂaaafﬁa dlusnizinileyainga

HNAIDENILTY M TUSNTINU1N anzlIztAn Inconel-625
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.-
: i
a'T e
ROOCR, —® p—C—gp —® i OR
. R~ YTH
R H
"o

F‘-[‘g"f&ﬂﬁ ——% RCOOR + HOR

B
EOH cdiglyceride
R, »long chain hydrocarbon
E' s alkyl group

dl aana 6 Aa A < % &
MW 13 Mwugasna invesd jissnnudiesinasdintulaslduasnagasn
anuniteyainga
f131: Kusdiana and Saka (2004)

T D UULINVAINTZLIRNIINEAULL LN zsivnNwlaas Il lwnnruewsauny

6 s 1 A & o v [ 1 1 a
LOANATAAAINAATIRIBNLAAZFY ﬁnﬂuuuﬁnWﬁu:"LﬂlﬁﬂawuiauI@ﬂlaaovlﬂluaﬁa@qﬂ
WRBNLAAT (tin  bath) Nlgaangil 350 Wia 400 asrioalGoa LuAUszanm 10 D4
240 w1l ineldueanazedegluaniizinilosninga nuushazusluldludrain

(water bath) NavimIngadfizmn

! o ' a ~ oo { Y

mumamwaam:mumwa@LLUUﬂzluSﬂgiJLLUU%uaLLamVL@mmwﬁ 15 11130%
A A o ¢ &g o ) Aa A < & v
AonTedniuszuaanageanltazgnlanslulu autoclave Nfin1siansgunininanuninia
wazaruguanmaiuazanuaunslunleondiisluniwi 14 mntuazviinisliany
Jouaruvaa29 AN WU G9sindwiaziaanagastiuiiaidszunm 15 wiAtNalw

6 ll A a dll 1 Y o aaa = a % o
LLaaﬂaaaaagluama:muaﬁ;mﬂqm WaldeslwidfAsosdaseuses azvinisszing
t:ll 1 dl a aaa 6 dl 1 1 Aﬂl ] dl

m‘maglumﬂmzwm@ﬂgﬂsmaaﬂmammma"[ﬂgmsaammmu (condenser) L8173
Vl,mmum%aamumenﬁ@mimuLLLLumnﬁ"wsnﬂmmﬂumaommLLé”avmevl,ﬂ;jmmm

LAuda Ll
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Temperature Pressure

monitor 0 0 monitor

s Reaction vessel
:._ (Innocel-625)

\‘ Reaction vessel

e (Innocel-625)

Tin Bath Water Bath

t:{ Aa =
NINN 14 2N LLﬁ@Gﬂiz‘U’J%ﬂ’ﬁNﬂWVLUIQG]LSD’E\]LL‘]JUﬂz

ﬁm: Saka and Kusdiana (2001)

Temperature control monitor

Pressure 0

control

monitor

|—’.f->'<:—' Condenser

+——Autoclave
<«—Electrical Furnace :_,___._- |
Collecting
< Alcohol Vessel

=

~ Oil

ci a =} = d'
AINN 15 mwLLamm:mummavauIa@Lﬁﬁmmunﬂuangmmuwm

#ian: Demirbas (2002)

FIUNTTUIUNIHAAUU UG LD q@qﬂﬂmimmvlﬁﬁamwﬁ 16 Lﬂ'%"aaﬁg’jmnﬂu
suzidunuuvialna (plug flow) %umuf%uﬁuﬁﬂ@Uguﬁﬁﬁuua:LLaaﬂaaaﬁlﬂliu
viafinsrnuanindanaauinad (salt bath) @T’mm‘%'aagu (pump) almiiulasuang
Jauuazliuaanazedaglusniizinilogainga INHUF1IRITWIIF0992 IauI#in

aaa s { 1 a a { a J 1 U g/
Uinsennwnng Ulum\‘lmﬁa%aaummLLazwa@nmsﬁﬁm@mm:mﬂﬂamam water
U
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bath) L1Naana LAz Ryal AT niuasAazinarudanTasiansasdsanysn

LR ZV]M BN g&mﬁu:saa%’u

apifinadaySunaaafatasmnas (w3aluladina) anmsnaaluladioalasltuaana

e A a
aaﬂ'ﬂﬁﬂ’]’]zlfﬂuaﬂq@qnﬂ@

1. aOWANN
9 U

Aa & a £ A ' = a A a vl A a
panpiiiduladoniendmadedinaluledimannialdnaniizinitesainge
Demirbas (2003) la@nsn1suaa lulafiraaniiauannwaaluvesaisainnuium
waafian1zinilaaainge nan1sdnswudn nmawnaunglunisind jaselied

) aa e o o aaa o v A a A 1
lugrvamnpiiingavesuaanagednldindisen asimlilddsinalulefimanuinnd

U

a

mildamnniung deusadluainnnd 17 uandmaiuganadlunisvid jizenigs

U
=

Alaldginadianalilay Kusdiana and Saka (2001) ledwuinnslfgunningsannlu
naujiseszniisihdunnudanuaziimueaianizinieaainga ldaunsn

v a ~ a X & o v A & o A = @
Iwladsanalulafiaariutt NI RLUNaLaRINAIAARIAININN 18 IINATNILLRA L6
1 dl a =) o v A a U dl 1 Y Ad‘ v
INgmnni 400 avenaaFoy ﬁlzmlvxﬂsmmvl,uia@Lsﬁa"l,@mrmq@ meqmﬂgmh
a & o v = {
LAtk 400 dFNLTALT YR TINAA 450 WAz 500 adeLralTys axvinlwlaUSutmmlulafiaan
AARY é’mﬂum@;u’m’lﬂﬂﬁﬁﬁ’]ﬁuﬁlﬂunﬁmaaoLﬁ@msamsé’aé’mﬁaammnm’m

v dl a A =
Jouhgumniiin 400 aseniTaLbaa
2. anuaiosraIENIziwiterainga

anuaisINanzniiegaingavasueanagasnltluniiniasmunsnginade
YSualuladuoale las Kusdiana and Saka (2001) wuinlunnsuaa luladioaainyinas
wiaswnuwmuesfianzinilegainga anuliwiosvasamueaianiizinileya
a 1 v a {d‘ a J a a ai v [ ai =3 % d' A a
Anne danaldlufialesnainifaduldiinmndes dimazinldanaini 18 Namngil

a s = \ A A a A A A A

270 asgaiduadadutrinunueslusnznitesainnaiienylieios SU5um
wisteanasilndidsanugunnindiniaainge (@unpiingaveduniuasadi 239

paenLTALTUE) WuAaNanwni 200 LAz 230 adeiTALTYE
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Alcohol
0il N,

|Pressure (_.'ontrollerl

\_ Temperature Controller

L. €
L —
Back
\ ——
Pressure
%
T cgulato

Water bath

/ N\
N/

Biodiesel

Glycerol

Salt Bath

AN 16 MWLRAINITZLIBNNINEA M ladLranuudatitag

fan: gnayn (2545)
3. danaiunlasluatzniniaanagandaliniwiNorIasa s

o ) ! e o o A9 ed & g a o s 4, :
sandinlasluasznitsuasnsgasdoidunldnuniludniasenienainads
a a A a v aaa 6 aa < a & Y& 1 A o '

Punmlulefimafindald jfitommnudiosmasfiesuaziiatnlandaiilasasainlas
luasznitsuaanagasdaindulyinny 3 de 1 uad1wiuniandaluladioalasls
uwaanagaanan1Izinileaainnaud Kusdiana and Saka (2001) ldvinnisnanaswuin
msldgansmlaslusszninwmusaderiiuudasnigs e]ﬂmaﬂem 42 68 1 AIUFN
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1.1 ST uas i (USENEWINSHAAA BTN W)
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1.3 LUMUDA (mmu‘%qﬂ'?; 99.8%, UTEN ITALMAR)

1.4 Inuwnadonlaasanlod (USEn Asia Pacific Specially Chemical Limited)
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2.1 N- methyl-N-trimethylsilyltrifluoroacetamide W30 MSTFA (Analytical grade,
VSN Fluka)
2.2 Tricaprin (Analytical grade, UIWEN Fluka)

2.3 n-Heptane (Analytical grade, LN Labscan)

3. MIANzRNNaladgnas HAaAMTIagI B lasn InnIALUULRRLIAR a1

3.1 Ulasdondinas (Analytical grade, LSHN J.T. Baker)
3.2 latafiadines (Analytical grade, US®N Merck)
3.3 NABT@N (Analytical grade, LS1¥N Carlo erba reagenti)

3.4 \ndalala@n (USHN Fisher Chemicals)
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YSunahdumueziunls (nu) = Suuluaamuaanaiw (lua) x 879 (n3u/lua)
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a15 A Fatty Acid Methyl Ester C22:0

AN17 fa Fatty Acid Methyl Ester C24:0
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f
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Relative Retention Time (RRT)

Methyl caprylate (C8:0)
Glycerol

Methyl decanoate (C10:0)
Methyl laurate (C12:0)
Methyl myristate (C14:0)
Monocapryrin (C8:0)

Methyl palmitoate (C16:1)
Methyl palmitate (C16:0)
Methyl linoleate (C18:2)
Methyl oleate (C18:1)
Methyl stearate (C18:0)
Monolaurin (C12:0)

Methyl eicosanoate (C20:0)
Dicapryrin (C8:0)
Monomyristin (C14:0)
Methyl linolenate (C18:3)
Methyl decosanoate (C22:0)
Monoplamitin (C16:0)
Methyl tetracosanoate (C24:0)
Monostearin (C18:0)
Tricapryrin (C8:0)

Dilaurin (C12:0)

Tricaprin (C10:0)

Diplamitin (C16:0)

Trilaurin (C12:0)

Distearin (C18:0)
Trimyristin (C14:0)
Triplamitin (C16:0)
Tristearin (C18:0)

0.18
0.27
0.28
0.36
0.43
0.48
0.50
0.50
0.56
0.57
0.58
0.62
0.67
0.70
0.71
0.75
0.76
0.80
0.86
0.88
0.92
0.95
1.00
1.02
1.05
1.07
1.15
1.22
1.23
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Abstract

Recently, dense gases have been utilized as anti-solvents for particle formation
applications. This well known technique is called Gas Anti-Solvent (GAS) process.
The major advantages of dense gas anti-solvent processing are the ability to produce
micron-sized particles at mild operating temperature, the obtained products containing
low solvent residue, and no need for additional solvent removal steps. Thus, this
technique is suitable for food and pharmaceutical processing. In this research, the GAS
technique was employed to extract andrographolide, which is the active ingredient
found in Andrographis Paniculatanees, using carbon dioxide as an anti-solvent. The
effects of temperature, flow rate and solvent type on the extraction recovery, particle
size and morphology were investigated in this study. The experiments were conducted
at the temperature ranging from 25-45 °C, carbon dioxide flow rate of 1-15 ml/min, and
various types of organic solvents (methanol, ethanol, acetone and N, N-
dimethylformamide). The extracted product was analyzed using High Performance
Liquid Chromatography (HPLC). The highest extraction yield was found to be 1.24 mg
andrographolide per 100 g of A. paniculata when using acetone as a solvent, carbon

dioxide flow rate of 5 ml/min and the operating temperature of 35 °C. It was also found
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that no significant change in size or morphology of the precipitates was observed when

changing temperature, carbon dioxide flow rate and organic solvents.

Keywords: Dense gas, GAS, Andrographolide, Carbon dioxide

1.Introduction

The use of dense gases in the area of extraction has been well documented over
the last few decades. The adjustable solvent strength and gas-like transport properties
make dense gases efficient solvents for the extraction process. In addition, the
increased scrutiny of industrial solvents by governments and awareness of pollution
control have motivated the use of dense gases as extracting agents for food, beverages
and spices [1]. Recently, the application of dense gas has also been extended to the area
of Gas-Anti-Solvent (GAS) process. In dense gas anti-solvent processes, the solid of
interest, which should have a relatively low solubility in the dense gas, is dissolved in
an organic solvent. The solution is then expanded by contacting with the dense gas.
The solvating power of the solvent phase decreases upon expansion since the dense gas
is partially or completely miscible with the solvent. At a critical expanded volume, the
solution becomes saturated. Further expansions or higher anti-solvent concentrations
make the liquid phase become supersaturated, therefore the solute precipitates out of the
solution, often as fine and uniform particles. The product can be separated from the
solvent/anti-solvent mixture by further washing with fresh anti-solvent across a
collection device such as a filter. The washing step is not only required for preventing
re-dissolution of the solute into the solvent, but also for removing the residual organic

solvent from the product [2-7].
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Andrographis paniculata is a famous Chinese medicine containing a variety of
bioactive ingredients such as andrographolide, neo-andrographolide and
deoxyandrographolide. =~ The amount of Andrographolide in the Andrographis
paniculata was reported to be approximately 1.7 % by weight [8]. Andrographolide can
be used for anti-inflammatory, anti-microbial, anti-platelet aggregation and anti-HIV
activities [9]. The molecular structure of andrographolide is shown in Figure 1. To
account for the effect of andrographolide, it is required to take a large amount of A.
paniculata daily. For example, for the treatment of fever, sore throat and diarrhea it is
necessary to take 5-10 capsules of ground A. paniculata per dose and 3-4 times a day.
Therefore, it would be beneficial to extract the active bioactive ingredients and use it as
a concentrated medicine.

Kumoro and Hasan [10] reported that the best extraction condition of
andrographolide from the ground dried leaves of A. paniculata was obtained when
using supercritical carbon dioxide at 10 MPa, 40 °C and a flow rate of 2 mL/min. The
extraction yield was found to be 0.0174 g andrographolide per gram of andrographolide
present in the 4. paniculata leaves per hour of operation.

Ge and co-workers [11] found that in the supercritical carbon dioxide extraction
of andrographolide from A. paniculata leaves the extraction rate and yield increased as
the operating temperature and pressure increased. However, the andrographolide
content in the extracts was very low. They also reported that the use of ethanol as co-
solvent can enhance the extraction yield and the andrographolide content.

Due to the low solubility of andrographolide in supercritical carbon dioxide, it is
not feasible to extract this active ingredient in a large scale. However, andrographolide
can be easily dissolved in various organic solvents such as methanol, ethanol and

acetone. Therefore, it is worthwhile to investigate the feasibility of Gas Anti-Solvent
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(GAS) process for extraction of andrographolide from organic solvents. In this study,
the effects of temperature, flow rate and solvent type on the extraction yield, particle

size and morphology of andrographolide were investigated.

2. Materials and methods
2.1 Materials

Ground dried leaves of 4. paniculata from Chao Krom Per, Thailand were used
as received. Andrographolide (Aldrich, 98% purity) was used as a standard in the
HPLC analysis. Methanol, ethanol, acetone and dimethylformamide (DMF) were
purchased from Italmar (Thailand) Co., Ltd. (99.8% purity) and used as organic
solvents. Carbon dioxide (high purity grade, TIG) was used as an anti-solvent. All

chemicals and reagents were used without further purification.

2.2 Extraction of andrographolide using organic solvents

The extraction of andrographolide using organic solvents (ethanol, methanol,
acetone and DMF) was carried out by dissolving 50 grams of ground dried leaves of
A.paniculata into 100 mL of an organic solvent. The solution was then stirred by a
magnetic stirrer at 600 rpm for 2 hour at room temperature. After that the extracted
solution was filtered and analyzed for the andrographolide content using HPLC. The
column used for analysis was Inertsil® ODS-3 (4.6x150 mm, 5 um). The volume of
injection was 20 uL. Methanol and water in the volume ratio of 60:40 was used as a
mobile phase with the flow rate of 1.0 mL/min. The sample was detected using UV vis
at the wave length of 254 nm. In order to find the maximum amount of
andrographolide in the ground dried leaves of 4. paniculata, the extraction process was

repeated 5 times with the use of fresh solvent.
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2.3 Extraction of andrographolide using the GAS Process

The schematic diagram of the GAS process is shown in Figure 2. Precipitation
of andrographolide was conducted by charging the vessel (Jerguson sight gauge series
n0.32) with 4 mL of the solution extracted from part 2.2. The system temperature was
controlled to within 0.1°C using a recirculation heater (Thermoline Unistat 130).
Liquid CO; was fed to a syringe pump (ISCO model 260D) and delivered through a
preheating coil, which was immersed in the water bath. The precipitation chamber was
then bought to the desired pressure by passing CO, from the pump through a 0.5 um
filter from the bottom. The rate of pressurization was set at the desired flow rates (5, 10
and 15 mL/min). The pressure of the system was increased up to 90 bar in order to
ensure a complete precipitation. Precipitated samples were then washed with CO, at 90
bar for approximately 100 mL of CO, to remove residual solvent. After washing, the
system was depressurized and a sample was taken for analysis. The percentage

recovery of andrographolide can be calculated using the following equation;

weight of andrographolide from the GAS process
%Recovery = x100
weight of andrographolide from organic solvent extraction

3. Results and discussion

In the study of andrographolide extraction using ethanol, the amount of

extracted andrographolide was shown in Table 1. The total amount of andrographolide
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in the sample was found to 1.15 g per 100 g of ground dried leaves. It was found that
using extraction time of 2 hour is sufficient to extract this active ingredient from the
sample since approximately 93.9% of the total andrographolide was extracted within
the first 2 hour. Therefore, in the study of andrographolide extraction using other
organic solvents, the extraction time of 2 hours was then applied. The amounts of
extracted andrographolide using different organic solvents were shown in Table 2. It
was found that DMF is the most efficient solvent to extract andrographolide. This
could be due to that fact that the dipole moment and dielectric constant of DMF are
higher compared to those of other organic solvents. As a result, DMF is a better solvent
to dissolve the polar andrographolide. = However, the maximum amount of
andrographolide extracted in this study was lower than the report literature (1.7 g per
100 g of ground dried leaves). This could be attributed to the differences in the variety

of the plant and extraction techniques [8].

The solutions of andrographolide in different organic solvents obtained from the
above section were then used as starting materials in the GAS process. The effects of
CO, flow rate, temperature and type of organic solvents on the percentage recovery

were investigated.

Effect of carbon dioxide flow rate

The effect of carbon dioxide flow rate on the % recovery of andrographolide
was studied using the flow rates of 1, 3, 5, 10 and 15 mL/min, respectively. The system
temperature was maintained at 35 °C. Figure 3 shows the % recovery of
andrographolide obtained from various organic solvents. It was found that as the flow

rate of CO, decreased from 15 to 5 mL/min the % recovery was increased. This could
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be due to that fact that a decrease in CO, flow rate resulted in a longer time for the
system to reach equilibrium. As a result, more andrographolide can be precipitated out
of the organic solvents. However, when decreasing the CO, flow rates from 5 to 3 and
1 mL/min respectively, a reduction in the % recovery was observed. This may be due
to the fact that using low CO, flow rate resulted in a slow solution expansion rate.
Therefore, low level of supersaturation was obtained and thus lower amounts of
andrographolide were precipitated out of the solution.

Similar results were obtained when the GAS experiments were carried out at 40
°C and 45°C. As shown in Figures 4 and 5, the highest % recovery was achieved when
using the CO, flow rate of 5 mL/min.

An increase in the expansion rate is expected to have an effect on the particle
size. Due to the high levels of supersaturation generated by high expansion rates, rapid
rates of nucleation and little growth rate will result in small particles [12, 13]. In this
study, the effect of carbon dioxide flow rate on the shape and morphology of
andrographolide was studied. The particle size of the original andrographolide as
received from Aldrich was as high as 130 pm, as shown in Figure 6.1 (a). The
unprocessed particles are crystalline in structure with a broad size distribution.
Andrographolide particles precipitated by the GAS process at 35 °C using acetone as a
solvent with various CO; flow rates were shown in Figures 6.1(b-d). The SEM images
of processed particles reveal that particles were irregular in shape, aggregated and
bigger than the original materials. In addition, it was found that andrographolide
precipitated from the GAS process were not in a dry powder form, but they are sticky-
like materials. This could be due to the fact that other materials presented in the ground
dried leaves of A. paniculata were precipitated with the andrographolide at the same

time.
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Effect of temperature

The effect of temperature on the % recovery was studied for the precipitation of
andrographolide from organic solutions using the flow rate of CO; at 5 mL/min. The
temperature of the system was varied from 25 °C to 45 °C. The % recovery of
andrographolide at various temperatures was shown in Figure 7. It was found that as
the temperature was increased from 25 °C to 35 °C, the % recovery of andrographolide
precipitated from all of the organic solvents increased. As the temperature increased,
the diffusivity of CO, in the organic solvents increased, hence a higher degree of
supersaturation in the solution was obtained. As a result, higher amount of
andrographolide was precipitated at 35 °C. However, when increasing the temperature
from 35 °C to 45 °C, the % recovery of andrographolide was decreased. This could be
due to the fact that at a specific pressure the density of CO, decreased as the
temperature increased, therefore the CO, solubility in the organic solvents decreased.
In addition, the solubility of andrographolide in the organic solvents increased as the
temperature increased. = Combining with these two effects, lower degree of
supersaturation in the solution was obtained. As a result, lower % recovery of

andrographolide was achieved at temperature higher than 35 °C.

Similar results were observed when the GAS experiments were carried out at the
CO; flow rate of 10 and 15mL/min. As shown in Figures 8 and 9, the highest %

recovery was achieved when operating at 35 °C.
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Effect of solvent

The effect of solvent on the % recovery was investigated. The solvents used in
the study were methanol, ethanol, acetone and DMF. The precipitation process was
performed in the temperature ranging from 25 — 45 °C and using the CO, flow rate in
the range of 1 — 15 mL/min. It was found that at the same precipitation conditions, the
obtained % recovery was highest when andrographolide was precipitated from acetone.
As shown in Figure 10, the % recovery was in the order of acetone > ethanol >
methanol > DMF. Since CO, can dissolve in acetone better than in other organic
solvents, the supersaturation can be obtained more easily as CO, was slowly added to
the acetone system. Figure 11 shows the amount of andrographolide precipitated from
various organic solvents at different CO, flow rates. The highest amount of
andrographolide precipitated was found to be 1.24 mg andrographolide per 100 g of
A .paniculata when using acetone as a solvent. In addition, it was found that the
amount of andrographolide precipitated from DMF was higher than that precipitated
from ethanol and methanol. This was due to the fact that solubility of andrographolide
in DMF was greater than that in ethanol and methanol (as shown in Table 2).

It was reported that solvent type has a dramatic effect on the morphology of
precipitates produced from the GAS process. Various morphologies can be obtained as
a result of the solvent-solute interaction [2, 12, 14]. In this study, the effect of solvent
type on the morphology of andrographolide was also examined. The SEM images of
particles precipitated by GAS from various organic solvents were illustrated in Figure
12. The precipitates obtained from all conditions were found to be larger than the
unprocessed andrographolide. This could be attributed to the fact that more than one

compound were precipitated with andrographolide.
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4. Conclusion

In this paper, it demonstrated that it is practical to extract andrographolide from
the ground dried leaves of 4. paniculata with various organic solvents, followed by the
precipitation by GAS. The extractions of andrographolide from various organic
solvents were carried out at room temperature using a magnetic stirrer. The highest
andrographolide extraction was found to be 1.48 g andrographolide per 100 g of ground
dried leaves of A. paniculata when using DMF as a solvent with the extraction time of 2
hours. Precipitation of andrographolide from the organic solvents was then successfully
performed by the GAS process using CO; as an anti-solvent. The highest extraction
yield was found to be 1.24 mg andrographolide per 100 g of 4 .paniculata when using
acetone as a solvent, carbon dioxide flow rate of 5 ml/min and the operating

temperature of 35 °C.
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Figure 1. Molecular structure of andrographolide
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Figure 2. Schematic diagram of the experimental GAS apparatus.
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Figure 3. Effect of CO, flow rate on the % recovery at 35 °C
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Figure 4. Effect of CO, flow rate on the % recovery at 40 °C
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Figure 5. Effect of CO, flow rate on the % recovery at 45°C
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Figure 6. SEM micrographs of andrographolide (a) original material and the
precipitates obtained by GAS at 35 °C from andrographolide solution in acetone with
different CO; flow rates (b) 5 mL/min (¢) 10 mL/min (d) 15 mL/min
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Figure 7. Effect of temperature on % recovery when using CO, flow rate of 5
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Figure 9. Effect of temperature on % recovery when using CO, flow rate of 15
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Figure 12. SEM micrographs of particles precipitated by GAS at 35 °C using CO,
flow rate of 15 mL/min from andrographolide solution in (a) acetone (b) ethanol (c)

methanol



Table(s)

Table 1 Amount of andrographolide extracted using ethanol

Amount of Weight of andrographolide (g) per
No.of extraction '
ethanol (mL) 100 g of ground dried leaves
1 100 1.08
2 100 0.03
3 80 0.02
4 80 0.01
5 80 0.01




Table 2 Amount of andrographolide extracted using different organic solvents

Weight of andrographolide (g) per
Solvent
100 g of ground dried leaves
DMF 1.48
Acetone 1.28
Methanol 1.27
Ethanol 1.08
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