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Adsorption of Steryl Glucosides in Biodiesel
using Cation-Exchange Resin
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C-R (m) 0.75 way (M) 1.5 wt%

puduRusBLdumuLUUTaeaunarans (n) pseudo first order uag
dj -] A o L 74

() pseudo second order; ipvmnnassiigaumail 70°C uagld

C-IR (@) 0.75 uay (A) 1.5 wt%

anuduRUSILdunLUUTaesaaunarmans (n) pseudo first order uag
dl -] AJ a E 7

(%) pseudo second order; WaNINTVINaDINgUnNI 75°C wagld

C-IR (W) 0.75 uaz (M) 1.5 wt%

o o ¢ ' o o a a o v °
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(n) pseudo-first-order Wae (V) pseudo-second-order; HANSNAGDY
(W) 0.75 %wt, (W) 1.5 %wt; Han1sAMING: (—) 0.75 %wt, (=) 1.5 %wt

v o ¢ 1 (Y P a P ] & o
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(n) pseudo-first-order Wge (u) pseudo-second-order; HaN1INAADY
(W) 0.75 %wt, (R) 1.5 %wt; Han13AIU: (—) 0.75 %wt, (—-) 1.5 %wt
NS IEIIN g AU 1an Tlgamall 75°C Wednalaglduuudias
(n) pseudo-first-order Wge (¥) pseudo-second-order; RAN1INAGDY
(W) 0.75 %wt, (M) 1.5 %wt; HANSANUIRL (=) 0.75 %wt, (—) 1.5 %wt
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v v

(m) FovazmIanaweslSinuanesanglalyd
a S A =
lelawesunsgaduainelanglaladfigamgl (n) 65°C, (1) 70°C uae (R) 75°C
Y W €a Y o < v dyy ° a ¢
anuduiusgadudmiulelumesumsgaduinlaainuuudiasauuy (n) uaudes,
a a 17 5| a °
(W) WuaRY Uaz (A) LIaLEY Ngunni 65 °C
o/ L ~a -] a/ a A o
anuduiusifududmivielumesumsgaduildanuuudiasuuy (n) uaudles,
= . A o
() Wundy waz (A) Wiy Mgamall 70 °C
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(v) Wyundy uay (A) WY Ngumgil 75 °C
¥ 0 | ! v o o
UNTIMLAAINANISAUIN ge 11 Ce 197 Inelduuudnans (n) Wiundy uas
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b2 o a‘ ' ] a
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a o <
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a < a o 4 g
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[ a o = @ <
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[ aQ v 4:1 a =
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a < 9 1Y) 4 9w
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pudFuSIdunuuuusassaunarans (n) pseudo first order uay
4 o - a ° v
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Title: Adsorption of Steryl Glucosides in Biodiesel using Cation-Exchange Resin
Researcher: Assoc. Prof. Dr. Duangkamol Na-Ranong

Faculty: Engineering Department: Chemical Engineering
ABSTRACT

“Adsorption of steryl glucosides in palm oil derived biodiesel using cation-exchange
resin was studied. Batch adsorption experiment was performed under isothermal condition in
the temperature range of 65 -~ 75 °C in order to investigate effect of temperature on
adsorption efficiency, adsorption isotherm and adsorption kinetics. The results revealed that
steryl glucosides in biodiesel was effectively adsorbed on the selected cation-exchange resin.
Increase of temperature in the range of 65 to 70 °C increased adsorption efficiency of the
cation-exchange resin, however, the adsorption efficiency decreased when the temperature
was increased beyond 70 °C. Adsorption isotherm was evaluated based on Langmuir,
Freundlich and Linear models.  Linear isotherm was the most suitable for predicting
adsorption of steryl glucosides using cation-exchange resin. Kinetics study was evaluated
according to pseudo-first-order and pseudo-second-order models.  Behavior of steryl
glucosides adsorption was suitably predicted by using pseudo-second-order model.

Keywords : biodiesel, palm oil, adsorption, steryl glucosides, cation exchange resin
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=2 Y a a d
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13.1. ﬁm-nms@méi'fuama%aﬂq‘lsuﬁlulu‘laﬁwaﬁmﬁmmnﬁnﬁuma‘uﬁ'saw%uuamﬂﬁauﬂisﬁ;mn
nevimavnassmsgaduwuunsiigamaiineilugag 65 - 80°C

1.3.2. ainuuuiaeseduelelamesunisgeduansianglaladlululefivaveasdunaniudon
Uszquan Tngfinnsanuuusiass 3 siadldiuialy tdun wuudasdlelamesunisgadu
wuusaadles, wwurgundy uasiuuidady

1.3.3. asruvudnasseSuseaumamansmsgaduainslanglalelululefiwaveusiuuan
WaguUszquan Tnefesanuuusnaesiildfuily 18ur wuusraes pseudo-first-order Way
KUUIIADS pseudo-second-order
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lulefiea, shifuundy, msgedy, awmesanglales
biodiesel, palm oil, adsorption, steryl glucosides
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2.1. lulefwa (biodiesel)

A’ =) A =3 3 lo’ L% LY QU ] A 1
Tisfwaludiomdsinanlimniaiiuisuaylvtudmslneiunseviunmsmans SSonin
UjfSemsdieaneiiiady (transesterification) InevhufSenduansuszneuneanased wazilans
N a)d t{ 1 t Qs 1 aaa a o a
Usneuflgvisidusns wu ledexlensonlas (NaOH) Judisejiten iieduansussneudafaie

awmeiveinsaluiiu (fatty acid alkyl ester) uagindivesen (glycerol) Wunawaosld

1
CH,0—C—R'
0 o CH,OH
I NaOH |
CHO—C—R' + 3CH;0H —— » 3CH,0—C—R' + ?HOH
O
{ I CH,0H
CH,0—C—R"
triglycerides fatty acid alky! ester glycerol

d aaa « aay @
UM 2.1 Unnsemsudiodinesiaduy

2.2. ruaadfvaslulofiaa

lulewatignauiflndiAssiuinlufion wilideunnsniude lulofiaiduaslillnuagl
=Y =2 L) g o A o 5 e
seda fgauligeds 120 °C dawhlufwailyeulwitgmgll 64 °C uenandululefigadudu
& a 4 1 a a o = ¢ v & a
Weawdiazown  daeiudssdvinmmsmiludiveamseseud  awnsaldifudemadsdaensdy
= (=4 3 ] s g LY L4 1 = P2 % = a 14
insssguffiwasauiuashumaiui s ludaduunzaudioldnuiuindosfiwasougdls

2.3, dudeunlululefiwa

a & a ’o’ LY ] = v o ed o [ a )
ENL‘\]@UUI‘IJI‘UIE]ﬂL"?I’rfl3.1’1’«3’lﬂU’]NUW‘Uﬁi@‘LﬂJN‘UﬁWTﬂU’]M’M ‘L‘UIE)G]L‘ZJQ BAEUIIINVYUNBDUNNT

a A

nanlulofiwaluljisemudieawosiiady  Audeulululofisa wu  lulunduwelsd
(monoglycerides) landiwelss (diglycerides) tasnaiwalsn (triglycerides) nimlusfudass (free fatty
acid) am%ﬁaﬂ@ﬁﬂlﬁ (steryl glucosides) “1@4



24, ama‘%angiﬂleuﬁ (steryl glucosides; SG)

ama‘%aﬂaiﬂl%ﬁtﬂuaﬁﬂiaﬁnauaw*ﬁw‘lﬂimmaiaaLLaunaIﬂas?iaﬁﬂLmvﬁ’ué’wﬁuﬁdna‘lﬂ%ﬁﬂ
’Iuﬁiiu"mmunwuamaiana‘[ﬂlfzwﬂuiﬂ"uaaLamamwamaianaiﬂlmm (acylated steryl glucosides;
ASG) Fauanslaifidn muummmmauma’LuluIammaﬁzmmumﬂuumqummnulﬂ lunsguiums
wamluiammauanmnmuuasmﬂgnimmmmaamaiWLﬂsuuLLm msﬂsvna‘ummamwamasang’lﬂ
1mﬁ§aﬁqﬂf]ﬁ%mm'mﬁl,aaLma‘%ﬂmﬁué’wLﬁuﬁu hliimduansussnovawedanglaledty  uay

Lummnmiﬂssnauamaaana’lﬂlszmL'UumiwwmLﬁnuaa m’mmmm‘lumsavaw“luluiaﬂwaamlm

mammnmamameamaianqiﬂlmm Hlegamgfihas muanansalumsasanevesanaianglales
' a = o [y & o
lululeduwafianashe AeliiAndunsneuduniu Saduamgueslymiinseseueiaseudgndu

e

1
/o
/0 OH
- HC H,({
o ¢ o © _ (o}
oH NaOH I
+ CHOH ———— OH + CH;0—C—R
HO o
OH on
acylated steryl glucoside steryl glucoside fatty acid methyl ester

o
JUR 2.2 Ujifsmnudieameiiinduresediamnanesanglalasiululediva

2.5. n139agu (adsorption)

magadu (adsorption) Wiunsyuiunisilianavesansgngadu (adsorbate) gnAsgaLiINGR
fiflavesansgadu (adsorbent) Yadefifinasiomsgadu Idun puinuasiuiiiovesmsgady dnuue
Tﬁsqammqmamwmsmammaqm@mwaumgn@m% Amdunsasng qmmu‘lum's@mmu
nanlunsgady magedvannsawdimusdariinsnduagafignaaduiuinvesmsgady
sanifumsgadunenienw (physical adsorption e physisorption) waensgeduvnaell (chemical
adsorption V38 chemisorption) flawnmedl 2.1,
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n19199 2.1. ms@m‘umqmamwuasmi@mumamﬁ

A3 nmsgaduninientw n1sgaduniund
wsansgaszninluang WsUneed wsdlaraaud
Amnufeuvenisgadu fAdn 20 KJ/mol 50-400 kJ/mol
gamglifinnisgadu ' i g
\g‘tJLLUU"ﬁgu"zJa\iﬂ’]i@mTU monolayer WLag monolayer

multilayer
nsUseynaly annsovnfiuiitoduianay annsamsnInIgadu
PNFNTUTBIAATULA uwarmedula

2.5.1. nalnnsgasy

mimﬂ%’mﬁumimﬁauﬁwmi (mass transfer) mnuﬁ”aw‘%ammmmmE'J'wammaw'%amam*’ﬁq

mmwmuuwum‘ummmmu FuRntudu 3 Sumeu deif

duneuil 1 msundnieuen (external diffusion) (Huse EJquLaqa‘uaaﬁ’agﬂ@ﬂ%’msmﬁauﬁlﬂmwag
FOUUANVBIARATY ‘

‘Uumauw 2 msuninialy (intraparticle d|ffu5|on %38 pore diffusion) L‘LJui‘“EJ“VﬂaJLaﬂa‘Ua\‘imﬂﬂm
Fuisnsznadlilugnuvesiagadu

Fumeudl 3 mMsgadu (adsorption) LﬂuiuaqmLﬂmmiLmummaamanm%’uuuwﬂuswwmaawumé’h
ﬂﬂ‘d‘U mimumﬂ‘lusuauumaanmsmflummEJmeNWaﬂéw'%aLLiwmﬂu WiiAnty
Mg fiawdeuiy

s

2.5.2. msUsedlussansnimvesiigady

nsUsziiudszansnmuesdiagaduiiansanlianndesasnisanaswonsgadu (percentage
of reduction) USinainsgadiu (adsorption amount) wagmsidengadu (selectivity)

1. %’aaasmiaﬂawmmigmﬁ’u (percentage of reduction; %reduction)

) YR pu| o o
aumi%’a&Jasmiamaalf;luaumsmmauwuémaammLﬁm%uﬂummswamamaaﬂﬂq Wigy
) Y a ° =
AuANUdNIUSUAY Aualdainaunisa (2-1)

C -
%reduction = OC—CSleoo (2-1)
0 .



2. Y3ununsgadu (adsorption amount)

a ) : YY) = = Y 1 S L) 'y
aumsﬂimzumiq]ﬂszmL*TJum'mamwuﬁ"’uawimmaﬁwgn@m%mavm'aamwun‘uaa )
@ ° ) PN

gadu muaildeinaunisi (2-2)

[¢]

Wad

a

_ W, il (Co' CSG) (2-2)

3. MIldengadu (selectivity)

ﬁuﬂ'ﬁﬂ’ﬁLaﬁJﬂﬂﬂ‘UUL‘U‘L!F'nWiJﬁiJ‘WHﬁ‘UE)\‘iﬂ’ﬁLaaﬂﬂﬂ‘llUIﬂEJi’JiﬂJENﬁ'ﬁ A LN’EJL‘U?EJUL‘V]EJUﬂU

aseu anmaswnsmwumanﬂmu 2 %um (@15 A uagens B) weuriueg muradlaain
AU (2- 3)
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dat O

x100 (2-3)

2.6. wuuinaasleluasunisgadu
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2.6.1. wuudmaslalwnesuuaddes (Langmuir isotherm)

wuuhasdleluwesuuanilesannsaldeturensgaduredananauuududen (monolayer

adsorption) 16!
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2.6.2. wvvuiraedlelamesunuady (Freundlich isotherm)

Sl

G = KeC, (2-6)

) a o ' 9 Y <
NNAINS (2-6) aziiiuh arwamsalunmsgadufiauna (q) wsfunssiuara dadud
o w ' A
auna (Co) snNiasAAsy (n)
Tmeums (2-6) WeglugUaumsidunss

logg, = logK: + lLogCe (2-7)
n

2.6.3. lyudiaedleluyesududy (linear isotherm)

2.
s

wuuinaedlelawm ’EJ?QJL‘U\“]Lﬂut’i’]ﬂﬁﬂl‘ﬂﬂﬁ‘U’lEJﬂ'ﬁﬂﬂ"UUl‘lJiuUUVIllﬂ’liﬂﬂﬂﬂ"ﬁ‘U‘UE] d
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2.7. aunaA1Ensn1sgady

ﬁ]auwamammmmuLﬂuﬂamamwuﬁsvmwmmmmsn’tumimmuwL’Jmma6] furaandildy
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wuaﬁl‘unu Teiun wuugiaee pseudo-first-order Laguuudase pseudo-second-order

2.7.1. 4uU71889 pseudo-first-order

° & = ° t ] oa Vs
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dt
duiinInaunis (2-9) Tnpvauiun t=0 fis t=t uag q=0 &1 g=q,

Eﬁﬁﬁ——kfm (2-10)

(n{ge- ) = Ing,- kit (2-11)



2.7.2. UUU91a89 pseudo-second-order

wuudassilaunsaeduenisgadumaniilnedigngaduannsnifausamanaiit active
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— =ky(q - Y (2-12)
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q d t
A A (2-13)
0 (ge- qy) 0 _
t 1 .
—=—+ - (2-14)
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A ° ] o e/ o o 1 13
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UTuauLstu (%wt) 0.05-4 oS, L8
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3.5. NMSAIATITINANITVIAADY
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A 4 A A
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1 1 1 =
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3.5.3. myAATIZRAUNAMIANINITRATY
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1 a ° o a ¢ v [y P
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75 -136.99 |-9.60x10°| 0.5198 1.105 0.1119 | 0.6653 | 0.1758 | 0.8688
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M99 4.5.1. mmmauwamam%ms@m%umuqumaaauuu pseudo-first-order 8¢ pseudo-

second-order

pseudo-first-order pseudo-second-order
TCO) | %Wt | G, exp Qe ky R | %error Qe ky R | %error
of Qe of Qe

65 | 0.75 | 49197 | 4.8725 | 0.0047 | 0.8632 | 0.97 | 6.6667 | 1.1653 | 0.8445 | 26.20
1.5 |3.6328 | 4.2001 | 0.0066 | 0.9157 | 13.51 | 4.9826 | 0.5363 | 0.9344 | 27.09
70 | 0.75 | 5.7839 | 4.7016 | 0.0033 | 0.9801 | 23.02 | 6.3331 | 1.9411 | 0.9174 | 8.67
1.5 |3.8776 | 3.8493 | 0.0066 | 0.9423 | 0.73 |4.5704 | 0.7887 | 0.9674 | 15.16
75 | 0.75 | 45746 | 4.3842 | 0.0070 | 0.8642 | 4.16 |7.9554 | 2.1415 | 0.7639 | 42.50
1.5 | 39175 | 3.3105 | 0.0058 | 0.7772 | 15.49 | 5.0429 | 1.1040 | 0.9550 | 22.32
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