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Chonnikan Tansuriyavong 2007: Modidfication of Poly(arylene ether sulfone) for
Lipase Covalent Immobilization for Biodiesel Production. Master of Engineering
(Chemical Engineering), Major Field: Chemical Engineering, Department of Chemical
Engineering. Thesis Advisor: Assistant Professor Nanthiya Hansupalak, Ph.D.

111 pages.

The aim of this research was to study 2 kinds of Poly(arylene ether sulfone) modified
with amine group used to immobilize lipase with covalent bond. The amined polymer was
activated with glutaraldehyde. The effects of glutaraldehyde concentration and activated time
were investigated. Also, the effect of temperature on lipase activity, and the effects of
temperature and pH on immobilized lipase were studied. And the distribution of enzyme on
membrane surface was confirmed with Scanning Electron Microscopy and Atomic Force
Microscopy. In addition, The stability of immobilized enzyme on pH and temperature were
investigated. Finally, The immobilized lipase obtained from the optimal conditions was
characterized and used as a catalyst compared with free enzyme in the transesterification
reaction for biodiesel production. From this experiment, it was found that the immobilized
lipase on amined polyphenylsulfone gave the highest activity yield of 97.45 % with the
glutaraldehyde concentration is 0.075 %w/v and activated for 2 hours at 30 oC, then
immobilized with lipase concentration 140 mg/ml in phosphate buffer solution that have ionic
strength 0.05 M, pH 7 at 37 oC for 3 hours. The stability on pH and temperature were found to
increase with immobilization. When the 5% weight immobilized lipase was used as a catalyst
for biodiesel production from jatropha oil, the methyl ester content obtained was 11.15 %. In the

case of using free lipase, the methyl ester content production was 9.13 %.
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Modidfication of Poly(arylene ether sulfone) for Lipase Covalent Immobilization

for Biodiesel Production
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nNIAAIAYTN (Stearic acid, C18:0) 5.11
wasunsa luTuBuR (Total saturated fatty acid) 21.28
n3a lo1adn (Oleic acid, C18:1) 44.88
n3Aa 1uadn (Linoleic acid, C18:2) 33.83
wasunsa vl liSud (Total unsaturated fatty acid) 78.71

A

AW NTAUNAABAT ATUIFIMITAYAT Ta1UIeNY |5 (2550)



10
lulettaa

= . . =2 g‘ % di‘ a A 9y 3} C =
luTefiwa (biodiesel) ueaa Hniwdamasnansalanaunuiigull Tnsiaen

a 9 A B2 Y A Y 091 o A [ A I Yo
ﬂlcﬂahlﬂ Nﬂﬂ!ﬁhﬂﬁiﬂamENmJumumclfmﬂﬂ LEAIANNITINN 3 llaga’lm’ﬁﬂi%]‘l@ﬂﬂ

9
o o @ A

A s A Y A v o dAA @ a s
nIoseuaaannyta laanmsuniiunesrie lviudainiinga lvdu (lasndwe lsa,
. . ] A o o Y A IS @ '
triglyceride) PNUATEUIUMIMAATfULeaneaed laglynia tia v5e lanla Wudusa
Aaaa 9 4 I Aa o 4 a
ﬂgﬂima}z"lmaﬁmai (ester) Hagnayesea (glycerol) WunaanuyN (AULNITNITNS

MINAIU ANGUNUTIHYT, 2545)

v 9
3197 3 gaautianamenmuazmunaiivewiniuly Todra

Kinematic Lower Cloud Flash Sulfur
Methyl Cetane Density
viscosity heating point point content
ester s Number . . (g/)
(mm’/s) value (MJ/1) O o) (Wt%)
Peanut’ 49(37.8°C) 54 33.6 5 176 0.883 -
Soybean" | 4.5(37.8°C) 45 33.5 1 178 0.885 -
. . 0.880
Soybean 4.0 (40.0°C) | 45.7-46 32.7 - - . -
(15°C)
Babassu 3.6 (37.8°C) 63 31.8 4 127 0.879 -
Palm’ 5.7(37.8°C) 62 33.5 13 164 0.880 -
0.872-
. 43-4.5
Palm . 64.3-70 324 - - 0.877 -
(40 °C) .
(15°C)
Sunflower’ | 4.6 (37.8 °C) 49 33.5 1 183 0.860 -
Tallow" - - - 12 96 - -
Rapeseedb 4.2 (40 °C) 51-59.7 32.8 - - 0.882 -
Used .
.| 94830°C) 53 36.7 - 192 0.895 0.002
rapeseed
Used corn .
. 6.23 (30 °C) 63.9 423 - 166 0.884 | 0.0013
oil




M319N 3 (A0)

Kinematic Lower Cloud Flash Sulfur
Methyl Cetane Density
Viscosity heating point point content
ester , Number \ . (g/)
(mm’/s) value MJ/) | ( C) (O (Wt%)
0.830-
Diesel 1.2-3.5
. . 51 35.5 - - 0.840 -
fuel (40 ©)
(15°C)
JIS-2D°
2.8(30°C) 58 42.7 - 59 0.883 0.05
(gas oil)

8L ‘Srivastava and Prasad (2000)

*Varese and Varese (1996)
“Yamane et al. (2001)
17: Fukuda (2001)
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e aanudeunildieu lad liaunsashaw'ldues Penicitlium chrysogenun li'lavan13

nu: Reed (1975)
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3. TassaanazuSnanssveslanla

Wong (1995) Tagaadaves lanlavzilsenevudie uSnwi liveui (hydrophobic

' a { g’ . o 1 { g a o ' a .
areas) ¥INNNUTIUNVOUN (hydrophilic areas) ttazdslaiundurdudaia Fanan aa (lid)

T Aa o

=& a =N 1 4 9 A A A Y v d 9
G])’\‘iﬂ18111!ﬂﬂ%%mﬂilﬁmliﬂﬂl@ﬁl@uq%wfJEI amwmumLﬂ@ﬂﬂ“lwcwmmmamu"l%mnm

U

[ Y [ [ 1
wilfnseowazeenld moludaszidiudiuilivewi eduaasaiilulududsiinali
o ) Yy  a 0 q¥ [ a o vy = a Ay J
yourhgudwnlndy aa sz lddhdaawsaidlaeonlddionssdegavesuinun lusenih
4
wlddumasadnlludald wazezllsusuninasiaeluda samiudiulgasen s
ponuuiumansudl dauuSangs Gactive site) vodlanld Usznoudlonsaeziilu (amino

v 1 9 9
acid) 3 A1 NiSesaglnanu Fend azagladn Insuea (catalytic triad) FInsaozid Tuiie3 i

[ 4

1 Ia [ @ 1 a A
laun nsaueas@n (aspartic acid) l¥dyanyal Asp AaAouIAe danaw (histidine) 19

o o 4

. o 9 A ~ . Yo o 4 Y a
dyany His UASAIFANYND 1HITU (serine) 1%ﬁq1,aﬂym Ser Taglaseas19vensnozil

9

Y '
% [ =

= a a dyc,’ a A a o Aaaa
Tusis 3 UEANANNINTN 3 Gﬁﬂﬂilﬁmﬂgﬁgkla@]ﬂ ll‘Vlﬁl,L’ﬂﬂ HlﬂuﬂilﬁmﬂlﬂﬂﬂWﬁWWﬂaﬂiﬂT
1 do A a 42’ a 1 1 Y o Aaaa Y a I
531431\1&@14‘1%11ﬂ‘]_l%Uﬁl@]iﬁﬂlﬂﬂﬂluiuu%ﬂmtﬁﬂ ﬁ')uﬂﬁ]lﬂﬂTﬂ“U”IVI”I‘]JQﬂ'iEJ"IGlWLﬂﬂL‘IJH

a o o’qﬂzl v v 9 !
wammmuuﬂzﬂmﬂumma@a"lﬂ

COOH 5
/'
Asp H2N———C———Ckb———c//
N -
o)
H
HOOC
His H,N——C——CH,—C C|3H
H NH\ N
CH
COOH

Ser
H2N_C_CH2_OH

H

v Y
M 3 Taseadnveansaozi Tuiie 3 vialuazas ladn Insuoavued lanle

N WUAT (2542)



URnIeuaNmeda (Acylation)

O
f. ﬁ) v R, “Wg‘(l)
~EL C—
Rl\O/C)\RZ A o ‘|3 R,
o !
COOe-----HN<e\N ----- H—Q: ——» <COO-----HN . @\N-----H---O> T
Asp Ser Asp Ser R,OH
His His
Ugnseaaenjieda (Deacylation)
! o R ’ <‘(|)e
NN 2
\— |
co@mmy” Ny N 6 —» oS TN, G
Asp Ser Asp Ser RZCOOH
His

His
a4 nalnmadinlgase luninaswelanla

Nu: Usal (2547) ez Wong (1995)

f.
COO@----HN/\N
Asp —

His

2.

Ooe-----HN/\
Asp
His

Ser

IC
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4. nalamsnil{nsenluuinanssveslanla

{ < 1 a a
U519l (2547); Wong (1995) 31NNINTA 4 MU NTADLH TUTTU (serine) TUUTLIN
' o Y A I Y Iya I 1 . a a a
e lanla sihihnidluda1vsidnasous (nucleophile) aznsnozil Tuganaw
. 1aa o Y A Y [
(histidine) ©3013dNA Tara vzsimindluda Ts Taua (protonate) 30 IUIMBT AU
o 3 Y a qu’ ] a a1 ~ 9
(general base) azdunauiuldnsaozd Tuns 3 A lunzaz ladn Insuea szlidiuneddos
1 1 @ Y] 1 A 9 a aaa 9 a
TagaseluszniemasimsaaisaIvessudasa uaie ldnandnvosllfnsomad ninozi

v A 1 a

1 da'd 9 ~ [ @ o [N o Aaan
Tuwmainee nauAUgaNINIAN W‘if]iJ‘Vl%%i]‘]Jﬂ‘]JG]i‘]JﬁmﬁGlGl’ﬂTﬁJﬁ@hlﬂ ﬂﬁllﬂﬂﬁ‘lfl1ﬂ§]ﬂi&ﬂ

U

vodlanla Fudowydie Tvavesdanau agshmihidudi s Tame Aeusnlisasou

1 =~ an = o Y A g o Yya [ a ax
%Wﬂﬁﬂg'hlaﬂﬁ’é)ﬂ%a"ll@\‘i%ﬁu LLamiu%mwmmﬂumﬂﬂmaﬂmauﬂ Iﬂ&l@@ﬂ%ﬂuﬂl@ﬁ%iu

1z lihlengdumimsueiia (-co-) vesduamsa il lanandn R, OH vigaoen lAou uaz

ISR S =

[ a o [ 09/’ ~ Qle = 1
Naimaeluedaeu lsil (acyl-enzyme) @yl a. duiuiFenduaouan n. 99, 1
aaa a 1 a a 1 a o Y 4 o’/’
URAseuAuMgtoFa (Acylation) Aomsaunyjiodavesdudiasalinuou lxl vimiuudie
a J IQBJJ aaa 1 a 4 ] a
Faou lad szdgiuneuvell§iseraarenyjioda (Deacylation) tlotenwyjosasen 11an
o A 1aa a Aan A o Y A 2 o ~

oulwl Taaisuninryoian Ivavedanay iimhndlunuuesawaivzuenlsason

Y

o o a - [ ] J
@) nnTuanavesih M lmimeamsnszduldlseyueslensonda (oH) Tdlznziunyans

A a 4 Ay Yo q Ya A

votlavouedaou lail (31 1) wai lamldinanisvgaveinanandaf 2 Ao R,COOH Haz

k4
v o 4 o 1 a
N INUU a1§yjammmu”lmmzﬂauqﬁmwmu (qi“]J 9. 48T R.)
5. mﬁﬁnmmm"lmﬂa

L4 a S J ' o 1 o 1 = s <
Lau"lclfmmi;aumﬂ mﬂLL”]J\‘]GHiJﬂ’JHJi]1L‘W1$ﬂ®ﬁ1lmuﬂﬂuhlﬁ‘iﬂm°b'@hliﬂ ponmilu 3

NQY (Wong, 1995) Adil

1 § I § ] o 1 o ] 4
aquitl eyl lalad liianusumnzaedumisouluanaveslasndie l5a
Ufnsegduiinlduoudy swiimsuanalasunyjieda ldnndwmisuu lasiegandiveson
o 1 dy 1 ~ s ¥ d o Qg)/ 9 o = I a
ulminguilvzdos lasndiwe lsa ldauysal asiuz Idnsaluiuuazndiweseadlunaa
[ 4 1 J I3 a J. aaa
A uavrany landwe lsauaz TuTundiwe lsailudumosNiden (intermediate) Tuilgnzen
Y o 1 4 U dy 9 1 . . .
& dreesvoaenlainguilldun wulwilanlaan Candida cylindracea, Corynebacterium

acnes, Staphylococcus aureus 0% Pseudomanas fluorescens
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nqui 2 Whueu i lanailinnusumnzudumiadi 1 uay 3 (1, 3-specific lipase)

vuluanalasndelsd #elalasladlnsndie l5d Iansa luiudase uaz 1,2- w0 2, 3-
[ I v

lande l3d uaz'ld 2-TuTunde 5@ uaiilosnin nawe lsan 1ansin luedes sl a1y

a o

' 42 a A g ; MY & o & 9 & a s
ﬂ’]ﬁﬂ@ﬂu”lu“UUﬂilglﬂﬂﬂ'ﬁ!ﬂﬁ@ufl”lflﬁﬂ;ljl@"]favnzlﬁhlﬂﬂaﬁﬂmcﬂqﬂﬂ']mﬂu 1, 3- hlﬂﬂal“]fﬂblﬁﬂ

aaa l

J 1 a I I3
uaz 1- w50 3- IuTundwe lsd uad Idilgaseimsdesnasdnauyseine: ldndiresoa
E4

naznsa luiudease dedrveslandanquil 14un Aspergillus niger, Pseudomonas

o 9
fluorescens, Mucor javanicus, Rhizopus arrhizus, waz lanaansivn

oA 3 A o ' a o =
nqui 3 Whueulxl lanladlinnusumzderiansaluiuuuluanaveslasndise
ok @ A Aado = way A Y o a ag
lsagaou laiangaunion lu hiliqueantiadel sndweou lainngaunidurawinanu
1 aan d‘ 1 U dgl L% a 1 .. .
awnsalumsisalgisniuanansuiuediuriaves lanld wu lanlavin Penicillium
' aaan Y d :ll Y a 'Y a

cyclopium 15RAsen lagegaiieensasauiluluTueFandiwesoauanil laleFandwosoa

w30 lasedandweson anuaio lumsiswlfnseszandiag
6. Ufnsenveslanla
aan = aan U dy
Ufnseveslanlall 4 JfATen (Villeneuve er al., 2000) $9l

6.1 Ufnsenlalas lada (hydrolysis) Ao 1Ufnsodesaaeiuszoanesaoil
R-C-OR, + HO —> R-(-OH+ R:OH
O O

s 5 Jfnsenlalas lada

aaa any ) aaa [ o o
6.2 URnsenemnesWiady (Esterification) 30 URAIeIMsduATIZHIDAINGS (Ester

. A Aaaa 9 1Y) J o A I ~ 4
synthesis) A9 ‘]JQﬂifJ']fT'iTQWH‘ESL?)?(LTIf’Jﬁﬂﬁﬂﬂuﬂ”l!ﬂuhlﬁﬁﬂal‘ﬂfﬂllﬁﬂ

-C-OR, + H,0

1

Rl-ﬁ-OH + R-OH —> R

|
0 0

M 6 Unsenedmeiilingu



Aaaa 4 an o . . A Aaan [ 4
6.3 UgnssmaudiomnoIWiAdy (Transesterification) An UHnTedunIIzriOw

7Y a &Y d! 9 aaa (] Aaaa A
maimwummﬂiﬂ%uu “ﬂﬁﬂﬁ%ﬂﬂﬂﬂﬂﬂﬂﬂﬂiﬂ?ﬂﬂﬂ 3 ‘]J{]ﬂﬁfﬂﬂﬂ

6.3.1 ﬂﬁﬁ?mazcﬁﬂ”lac% (Acidolysis)

Rl—ﬁ— OR, + R;- ﬁ OH — R,-C-OR, + R,-C-OH

|
o) o) 0 0

Mmui 7 URATo10:% Ia lada

6.3.2 Ufnsoueaneaed lade (Alcoholysis)

R-C-OR, + R-OH —» Rl—ﬁ— OR, + R,-OH

|
0 0

d’ aaa o a
M 8 1URAseweanseaed lade

6.3.3 UfnTeeziiTulada (Aminolysis)

R- ﬁ OR, + R;-NH, —» Rl-ﬁ-NHR3 + R,-OH

o O

mwi 9 URRTeez Tulade

Aaaa a o an o‘/ . . A Aaaa [} =
6.4 UfATeD AR IEANDITIAFY (Inter-esterification) A0 URsoFunT 1z lngna
4 ti' [}
150 15a91nmsuanlasunsa luiu

R ﬁ OR, + Ry (
0 0

4

~OR, —> R, ﬁ OR, + R, {-OR
0 0

d' aaa a 4 an o
MNN 10 URATdUNBTIOMNOIWIATY
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o lain3agal

4 oA o o '
tou la3in3931) (immobilized enzymes) naeds o laifgnimuanionInueglu
Ao 9 ~ Id? 9 A @ =\ A [= WY =1 g’ 9
Youwania 13 0198 Twanalnadudismseuiuszinll nie lutinuszall azareirlden
d? A n 9 =\ Y ¢ A Y] 1 Aaa A J I~ ] 1
Yu 150l Idiae Tnalonladuldeuanaomzdansalgnsenduveunar nareidludusa

aaa

UgAsoniluvewdisuazi§iTen (solid catalysts) (U514, 2547)

A o w Y da
1. mﬂﬂ]ﬂﬂm@ﬂﬂ1§1%!@uﬂmuﬂﬁﬁg

[

P AA o ~ A
oy lyivaseivasinauinuie 1518, 2547) Ae
Ja [} =t
1.1 oulaidasy liades
a Y Y v A A Y o o
1.2 oulyivasy I ludovas lideisanse ldasuden (batch)

Ia 1
1.3 ewlyioaseu in virro 1¥11Y multi-enzymes system 131 18

4

Ja Y ya 4 9 o Y a a0 Y
1.4 Lau"lmmﬁiz fﬂﬂ%ﬁlﬁllﬂﬁ]ﬂ'ﬁill!'f]uvl“b'll’!,1\155]ﬂﬂﬂﬂﬁﬂiq‘ﬂﬁﬂ@uﬂﬁﬁl%ﬂu

Ja Y a o 9
1.5 ulmivaszazmaviuadliluasazarsvessumasauazpanaa i lviuen
n Y A o = a & o dy =
o0 1u1a taziivanneu lxninluTdsau sunamsdudlouludnvazasiudlouTisau
(proteineous contaminants) Iagimzaeglusmsrznaiiuaznouiienssequgamvaiitazi

= a 09/’ v Y 9) ad Q' a 1 A ] 1 = OBJ}
¥ved 1UsAuFaiu %Lwﬂaeﬂ”lﬂ@eﬂ%ﬂﬁmmwmm NATIADHIUNUIYLINDNAI

Ia o aaa o 3 qu; ]
1.6 L@u"l“]illﬂﬁig ﬁﬁm’;xmﬂgﬂimmmw azuumﬁﬂﬂm%"lummzﬁﬂu

A A v )] ¢
ﬂ§$UUUﬂ”|3LL‘]J§§J‘]_]@”IWT§ Wﬁﬂq@]ﬁ"ﬁ’iﬂiiﬂ\lﬂ@]ﬂﬂslclflﬂull“]flluuc]

Y 4
1.7 oulaidase dalngazarndr avamlumsazansld azfuaziiunldlu
dnazduswlfnsofiduvewdalild fwald liamunsolFauiunTewulfnsailszan

199 195U Wad ladfiua (fluidized bed), 1WALS5Y (packed bed) luszuudoiifoald
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Ja =9 Y
1.8 tou lsidase lugaamnssudldunums 15augs

Ia J a S d A o Y 9 '
1.9 L’é)u"lcmaﬁiﬂuwaaﬁaum& (intracellular enzymes) L‘JJ’[’)UTJJ'IGI,GD'QTL!@'OQW'IH

4
AIzUIUMIAnALasiUTgninew
Ja T Aa 1 9q Y [ Y a
1.10 1o laidasznenuaol s Tudnvazveamsgamaly myduialulsmaunn
Y A o w Ja " A g A o 1 Y 0
aedadinaveseu laidaszarl Juiluneeniith lugmsunilamlasnisi
= s = 79 ¥ Y ! ' ] S a
maTuTadveweu lainsegilunlszgndldauluaaie od1elsnaw nansznuiihann
J = I Y 1 ]
ou lainTaginlidremui

0 ¢ =
2. Waﬂi$ﬂﬂmﬂﬁﬂ15ﬂ1!ﬂiﬂcﬂuﬂ§3§ﬂ

a J 4
U514 (2547) Anssueu laioagnniznunsziou 110991nM509 Tanaved

Jo W aa § 1 ] §
oulainudingelinalid Insegdawila (conformation) 1laen'li) nazeniinadewijniine

Y ece .

Aa 1 9 z;‘ d =R = o v @ A (] tﬂy = o
GlumnmﬁQﬂ3EJLLa$ufJﬂmﬂumu"lﬁwmdgﬂmﬁmﬂﬂm1ﬂ‘1JGlﬁJmmﬂﬂ"lmﬂmuﬂmamu niIo

1Y) AN o 9 1 o J =R & g a s <@
%Uﬁmmmaﬂymzm’maaﬂﬂmmsmammaﬂmau%miqgﬂmqgﬂmmmaﬁmmq

Y

d
3. Yonvoueulwiiniezy

Y A d X A 1 aly ¥ d? o o 2
doauoueu lminTegil Ao dwnsonuaegungil lagedu uazdiansaiinuld
1 =\ { 4 4 = @ Ia
Tugeiitesnnevuilonlssueuiueu lsidase (free enzyme) (Gonchar and Auslender

9

1996; Bayramoglu ef al., 2002) 3 Tomaniiy activity taziadesamnveaen lal 1aa1350 14

E4
=2 Y]

AR T vq ¥ o A a ¢ MY & A "o

wizay awnso s 18 vez iz auiuniowulfnsaiou land1d Nelivuiuglsedn
[ @ Ja o = 'Y o Y a =

WY (supporter) LHALANHUSUDIFUNNTA (substrate) L@ullcﬁilﬂu'lu'lﬁiﬁllﬂﬂ@\?vnclﬁﬂﬁqw‘ﬁﬂ
o Yy A [ d A = Y VA = [ 9) 4
ﬁmﬁamﬂmulﬂﬂmmuﬂmau'l%mm’qwﬁ Ll,azqwmﬂﬁmgﬂmumam&unum'iclsmauulﬁm

oase (1519, 2547)



a d o ¢ = l
4. voasFunIzHNITIuNIns Ao laa]

v
L= a

a c’d‘ 9 = 4 a .
Waamaiﬂﬂumimqmu%u UMINDALUDITI TNV ALY U hlﬂIG]"lﬂu (chitosan)

I 9 a J o d a 14 . a
maqTaa (cellulose) 1T UAY LAz WOALNDTFUATIZTH IS noaw lud (polyamide) nwoa Ing ln
au (polypropylene) Wodd lasu (polystyrene) woaesau (polyethylene) WOAINNAWNIOEAT

a Aax = .. I Y
189 (poly(methyl methacrylate), PMMA) 1181 woaensau luiiu (polyethylenimine) 1 uAY
9) a d o = Y =\ ~ 1 a 4 a 139 A .
M5 1BNOANDT TUATIEH AIUNIZUIININGINNINDANDITITUEIA LUANUUDA (Bryjak and

% da'

Kolarz, 1998) A4
1 a =1 d' [ [] = Y
4.1 ﬂuﬂ’]u@@qmﬁﬂuﬂllagwL@‘Kﬂqullﬁﬁllag‘ﬂuﬂ@ﬂ’lﬁﬁl@ﬂﬁﬁ’]ﬂﬂ’l\?%'JﬂWWllﬂﬂ

Y Y
42 Auaniaven e ez lure i (hydrophilic-hydrophobic) @815
[ [ 4 1 o
Usulaseaduanudeans'ld lasmsaon Taue U3 (co-monomer) MHUL ANYULHINT

[ J
AUATIEH

4.3 1IN (morphology) enunsalasuuiasld lasmsidenvilauazasinos

o [ 4
(inert diluents) YUSNMMNTHAUATICH

[ a o a 1o J o {
4.4 MsUSUENINED (surface modifications) mmifm115538ﬂ15;@uwgwaﬂ%uﬁ13

mﬂﬁ n5eN (reactive groups)
ad =
5. 3EMIn3 ey

ad =2 J [~ ad 1 = A A v W
nmimqgﬂmu”l«vmmgﬂu 3 ﬂ‘ﬁal‘l”iﬂJuG] (‘]Jﬁm, 2547) A9 NITIFDNNUAINYI NI

d‘ 1 Y ti! = = [ dy
FIONUIN UAZNITHONN BINTIYALIDYAAIU

an A v o . . . =3 I Y A [ Y
5.1 IIMIFDUNUAINYY (Carrier binding method) myasueu lsialemsiouiua
wga unsanszit1 1 3 35Ae A5n139AtUN1INIBAIN (Physical adsorption method) 35015
A 9y o a . . . an A Y o J
Woudenuse loaaiin (Tonic binding method) HAZITMIONAIINUTL IAIaUN (Covalent

binding method)
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5.1.1 AMIgAFUNNNENIN (Physical adsorption method) 1D NMTAAFUUDT
3 dy a [ d' [l oy am = Qddy = [
ey lsiuiuEIMeuenvedIgn luazaeti 35msasegUatte lulinansznude Insg
aa A A o A a dg’ [ ' dou o !
sienuda wesnn ilinusziiinedu uazusumeziuszrinueu ladfdmgioaunn

Y
Y o w v

v 1 v b4
ruiumaidnganavin lddannsaiti ldie mngnudamgesnmme saiuseimaaulu

A J I @ 4
FpHvtlusiuse laTasau (hydrogen bonding) 1159911410018 (van der waals force) 11AY

Y
ad A

A A J o .. . A~
laTlasTlsinowmesiendu (hydrophobic interaction) 1Az 35 Ho193NAABNINNTTUVD
J Y 3 9 Y @ ¢ A v o w .
u laithaandesludnyuzvesmavyuiivouou lalieduNUFUNATA (stereospecific
4 a, J o o v §
effect) M3n3uou lainae351% 14 Taenauasazatoou lminudingsnldns neld
a Ly A g yx v o o 7 = o Y d‘
annzimnzay 19 Ame 1dimssuiu mmivuenieu lxiignaseenaaaiensimies
A Y 1 @ Aa Y =2 dY addy Y J 4 .
Wiominies Aredndanganienldnsegiionlaidie354 1aun wuTnTud (bentonite),
=\ . 1 v o . Y
waunarseuo e (calcium phosphate gel), DIUNWIUA (activated carbon), AINTU (porous
. 2 4 .. aQ . a 14 a
glass), Tnaunsa (acid clay), mlea lud (kaolinite), 8¢9 U1 (alumina) LAZTWOANDIHITUFIA

o1 utly Ny eaaIY

5.1.2. 33mM35¥eua83iuse 19981in (Ionic binding method) ABMTHONTLH I
= Jou o ~ [l g’ Y o a Y ] o Aa Y =X
Tsavveuou lainudings ldazaeirTaeldiuse looiln dmedrsdamgenieuldnse
4 A, y 1 { ] a
siiou lanide351 1dun arsfitioyyauanalaeuilszy (on-exchange residue) 15U Wod
< s a J o 7 % o
udnA115@ (polysaccharide) ttazwodwos duns1en Wudu Fsoyyadszyludinguaz lu
4 1 Y] ] . 1
oulaidesaany wu eulwilioyyallszauan (anionic residue) 15U ng Inog luad
(glucoamylase) Lmzé’]’awqqﬁaugaﬂi £901 (cationic residue) 1% DEAE-cellulose tta2 DEAE-

sephadex Wudu

A, 4 [ 14 4
5.1.3. Ama¥eudeiuse 1A 11ausn (Covalent binding method) ADM3L¥0N
Y

@ U o o 9 o d axdax Y o = ~ =
‘Wu‘ﬁ%i%ﬂ’J”NL?J‘LJhl%llﬂ‘]JWJWq&ﬂ’!ﬂwu‘ﬁgiﬂﬂmuﬂ IBUUFUINADHININNG R ﬂ"li@'idg‘ﬂ

Y @ o o 9y _am o dy
memmﬂmnaummmmm"lﬂ 7 I5Y0Y) ANU

ad . A Y @ 1 4 Y
n. 2% laoz 1% (Diazo method) ADMIA3 1WUTZ Tz IO Lol Aanea
[ Y '
Wileuius laoz Tantlon (-N"=N) Sonnszuaumsiian Taee Taslniedu (diazotization) 131 ¢

A . . o aaa
gdNY aromatic amino group (R-Y-NH,) ﬂ\‘lﬂgﬂi A

=
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NaNO, / HCl Enzyme
R-Y-NH, —» (R-Y-N=N)CI —» R-Y-N=N-enzyme
oA Y o 4 Qddy 9 1 PR 1 a a =\ 1aa
L@u]’lc]iﬂ‘i/lﬁTN"lﬁﬂﬁﬁN‘Wl!‘ﬁgjﬂfﬂlaumIﬂf]?]‘ﬁu]lﬂuﬂ L@UIICHNVINWH’OmJIUE’)ﬁﬁgNﬁQ’ONﬂ”I

Twansonyiluean lansonda

A, 4 @ 4 4
v. FmaveualenuszilyIng (Peptide binding method) Ao M31¥ 0N

' s o P o S o 7 % o
:iw’nﬂmaqamu”lcﬁmgazqua @38W1!ﬁ$!ﬂﬂ1ﬂ@ﬁ\1lﬂ§1$ﬂ (-CO-NH-) Gﬁ\ifl 2 aNHUY ﬁ@

@ 1 4 a 1 a o I
1) Mwngeiivgmsuenda (-COOH) wagnyjozil 1u (-NH,) gnith lniu
v A 1 Aaaa (] v 4 I 4
oyiusn laelfnsen 1w oyusved acid azide , nan lsau To Talaenua Wudu uduion
[ 1 a J 1 Aaaa Ao o Y v J o dy
nuviyezil Turesou lawl dedraljisendingigninliiueiusaae lsa il
SOCl, NH,-enzyme

R-COOH —» R-COCl —» R-CONH-enzyme

] 1 o a J
2) IFarsaruuiu 1dun a3 1u'led ' lud (carbodiimide) , Woodward’s
[ @ o s A o Jd a 4 1
reagent K 1fludnanadraiusznlling weowusenl) Indinadiunda arsaiuuiuszgn

aognduAuUAUAL

a a Ty A 4 19 4
A. AMsaunIdana (Alkylation method) ADMIFENUTE IANAUN
1 ] a a o a I v 1 J o
serany ozl Tu Tuedn wieda lvasa veveulainunyia’laq (halide) vosdmgau

alkylation @ Q‘]Jﬁ n361

BrCH,COBr Enzyme
Cellulose-OH — Cellulose-OCOCH,Br ———
BrCH,COOH,

dioxane

alkylation

— Cellulose-OCOCH,-enzyme



4. BMIFeNUIL AT ﬁﬁfﬁﬁﬂ: (Bifunctional reagents binding

4 D e ¢ A , & A
method) MIIFOVUYINTZHINAINYY wazeu lai AI8a151¥9UVI4 (cross-linkers) HI9L1 O

=1

1 1 A o o [ A 4 A I = Y
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o Y 4 a, a o Aaaa
Tuvesdanganuon lad A1e75msad193Wiua (Schiff base) A9n3en

2 H,0
Carrier-NH,+ OHC-(CH,),-CHO + H,N-enzyme
Carrier-N=CH-( CH,),-CH=N-enzyme

Schiff base

an A v ¥ aaa 2 . . . S
9. ’J‘ﬁﬂTﬁL‘]ﬁJiJﬂ‘]JGl’JWENWJEJ’]JJ‘]ﬂ’iEITQQ (Ugi reaction binding method) 1]
Fuauveamsim ldasdszneululfisodeliznoudiony laolnsen wu ol

Neenlua (isocyanide, R,), o0 lag (aldehyde, R)), Alau (ketone, R)), M5UDNTa (carboxyl,
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~
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wgah lazaenh Aed193EmsiFounudmegsdrol§nsergl Tashdingadinyasuenda

(R-COOH) falnzen

R-COOH+  >NCH,CH,CH,NC + CH,CHO + enzyme
@mgy)  CH

3

(3-dimethylaminopropylisocyanide)
lCH3 CH,
—» R-CONCHCONHCH, CH, CH,
|

enzyme CH,
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5.3 35M31eR Y (Entrapping method) 1u3Tmsasegiuuusmen laivass 131

[ [ 1 a 4 A ] 9 Ja Yy A ~ Yy = [] 9

oIV IMNENDAINES HIoreRueU lsidase AdreBouahoon1diasduniula
. = Y an dy 1 = Y ax =\
(semlpermeable membrane) mimmuklwmmwgmﬂmqmﬂmimmu”lcwmmﬁmqmm
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a d‘ d‘ Y a Aa A d v d' a v
mOvenmevadluneasysaudmes valwunlyluaniay
1. woadalu (Polysulfone, PSU)

Ao & a oA Y 4 P
woada 11 (Polysulfone) (Hunodmesni Insaad1anadavunnuonemes ved 4,4

lanaels latltiada vy (4,4°-dichlorodiphenylsulfone) tiaz idWuoa 1o (bisphenol A)

Haluoa 1o 4.4 lanaols laWliiada Tvly

oﬂ C»%.’ O

woasa lvlu

o 11 Tassadumaniveanoadaliu uazuousmes 4.4’ lanas s ladliadalnuuay

Jatluea 1o

A Yoo

Y [l
woada IMungIveldlumsnaaesil T¥en1ansaii weada Inugwa(Polysulfone,

U

A 9 o Y] d a o =\ 9 = [ ~
UDEL) waai%ﬁmaﬂymaam Waamamugma (PSU) 115985 19Mund LaaafanIwi 11
I o a a SN » 1 =\ < = =\ g’ o A
Lﬂumaﬂuwmﬁ@mwaamaimaﬂymﬂﬂiﬂmmzummmm ITUYI uumuﬂimaqamaﬂ
Y v
AUIUIU (number average molecular weight, M, ) N1 26,000 uawﬁmﬁﬂimaqamaa

a

Y 1 v
AN (weight average molecular weight, M. ) 11111 56,000 Faiiguugiinaiansugau

U

(glass transition temperature, Tg) 528 190 aersasod
2. woanHadalvlu (Polyphenylsulfone, PPSU)

woaiadalnu (Polyphenylsulfone) Hunodmos i Taseadrsfiadadunnueue

wesued 4,4° lanas Iy ladlfiada Ty (4,4°-dichlorodiphenylsulfone) tag luTluoa (biphenol)
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luuea 4.4 lananTs laiiada vy
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woantada lvu

i 12 Tassadumaniveaneailiiada lny uazueusmos 4.4’ lanas1s latliiadalnu

uaz luluoa
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N 9 )

woatlflada Tnuidise1¥lumanaassil i¥en1tanmsniin weailiadalvu 5aaes
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(Polyphenylsulfone, RADEL R) 30 9dayanbaidedn fineadalnugaa (PPSU) T
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Taseardramand udasaanni 12 uaziiimin luanamasa1us iy (number average

Y

v Y
molecular weight, M, ) 111111 24,000 tazitimiin luanamasauiiiniin (weight average

a a

molecular weight, M ) 10U 63,000 @qﬁqmwguﬂmﬂmmwfm (glass transition temperature,
= ana @ AR~ o a a o'd'd
T,) 1l5zana 220 earnyared woaldaga lvusiaasts Wumes lunaraanneawesni
[ 1 =1 < ~ =& a L&Y 1 Yo Y] Aa o
anvuz 15 lauazlinnuuds wmilenr Fanedweiaenanldsumsaivayuannuienleya
s o A s o A va o
NOBANUFWOAMDS (Solvay Advanced Polymers) Uszinaansigomsn guautianililveq

a o axa o 4 [ A
waacﬁamugma wazweantaga I uisiAae s LanInIn13 19N 7



a [

m919i 7 quenianilivesneddalrlugaa (PSU) uazwediliiada Ivuisiaaes (PPSU)

AaaNIif A1
PSU PPSU
Thermal stability/heat resistance 1 1
Flammability/heat release 2 1
Impact resistance 2 1
Dimensional stability 1 1
Hydrolytic stability 1 1
Withstands steam sterilization 1 1
Withstands steam sterilization with morpholine 3 1
Chemical resistance-organics 3 2
Acid resistance 1 1
Base resistance 1 1
Biocompatibility 1 1
Transparency 1 1
Colorability 1 1
Processability 1 1

1o

Y A = o o 79 Y 1 Ay 29 o
AU 2 1D LWEJQW’E)ﬁTWi‘]Jﬂﬁ‘]Ji%Qﬂ@Gl%@]NG] NABINTUAYINUDIINA
(% A A9y o w A J a A c;
52AU 3 v UUoNanIe mandszaninind

N http://www.solvay.com (2550)
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X% d' d' v a v = Y a d
mddgninededlumsiiuvileduldnuneames
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Ansiinsansgomin (1avi 6,878,803) 52135 MatANny luTas (Nitrating) 1Az M1

Y]

= . . a a 4 a a o a Y 9 o A
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] a a a d o )
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a a a 4 o a A
wTaneawes Wavaneluasazarwez 1Usan Ina1s (Aprotic polar solvent) a1 1NTT AT

. S A A 4 . a 4 .
(Reducing) TA8TAI%FU019UA (Reducing agent) d15a2a1002 1U5A0 IWa1s (Aprotic polar
1 1 a 4 4
solvent) Nansodenlyla 1aun lawianes weoned (Dimethylformamide, DMF) 'la
a 4 a [ 4
WNaeI¥AENIYA (Dimethylacetamide, DMAc) latuniaganon lasa (Dimethylsulfoxide,
A a a . AaAa A 4 .
DMSO) #5e wialnlsalau (N-methylpyrrolidone, NMP) 3344 (813U (Reducing agent)
1 4 aaa v @ a {
1aun Tandonla’nTe Tud (Sodium dithionite) (Na.sub.2 S.sub.2 O.sub.4) 15813 AnFuUNAN

QKRN 60 B3 180 DIAUTAITYA

Y] 4 o [ vAa
Ghosh et al. (2000) ANHIMITFUATIZH MITWUNAUANEYE tazAmauTiAvDd |y
wsaNeada Wy WuDTY (Nitrated polysulfone membranes) Iagazatenoadalvuly 1,2 la
I3 Jd a a o
Aa0 1591 (1,2 dichloro ethane) 1HNANUTNYU 20 WoFiFud wunsa luasndudy i

a =

aaa { 1< )
Unsenngargl 55 esrussarFea Wunal 1 93153 30 1N anaznou luanisy (Hexane)
I a o a o ) a s
ladluTumsanoadaliu dredrooz s lau nazi ldudimeldgyaimea dweawesn 1a
o 1 a J J <3 o 2’ @
Tiuilunrumuusu Tasazaewodwes 25 Wledidua lasihmin Tumsazaenauvos 1,4
laooniy (1,4 dioxane) taz lawnaszHiaa (Dimethylacetate, DMAc) 1i1ansazate 1nseq

a

' I ' { [ !
LLﬁSLLWﬂ@ﬂL‘IJuL!Nu‘]J‘L!ﬂi%ﬁ]ﬂﬁﬂﬂﬁ?ﬁ@W] NaIINATASAYTLLNY ﬁQﬂlﬂ{]ﬂJ 20 94971
=~ dy [ 4 I d o a FY) a o 1 A o
IFUBYT ANVUFUTUNNT 40 SIGHET uTUJlIL‘]JiLWIllﬂhl‘LI’JLﬂ§1$W NWUN "lummwaacﬁahlu
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(Polyvalent anionic electrolyte)

YR a I'd wvAa a ad A d v A
Son et al. (2002) lagnuIMIAATIZHAMANTIAYDINDADZTAUDIMOIFa TWu T

~ oa.;l 1 a o A o k4 a 1T A kY an P~
Fendugmedda lvlugina (PSU) Ngnilsuilysdiemsimunieliudieasmsuani/asy
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Y £4 v v
dszgay Tasmsdiudganudrtivzsunmbieaen stgnie lumsdu aauny lulas
w11 lihmgduaawluiia (Phynyl ring) dremsiaunsa luainiagnsadansn (HNO,/HSO,)
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Taseasudreeiiloo1s wolisinguuud Auaasdemsiinglulas (1532em™ ) uavz

[

L4
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(Thermooxidative stability) if1anas Tasnuniimyanasvestimiinly 10 Wesisud A 446
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Pugazhenthi and Kumar (2004) fnsmsshusumsuiusuen lad 1151 ui§nse
laTas laga (Hydrolysis) vouinfuTod (Olive Oil) ifoaTaeu lssiuunrune amo s
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11!&?’!?6& Biphatic Enzyme Membrane Reactor (EMR) waﬁma{ﬁﬁmﬂ%ﬁa Poly(methacrylate-
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Chowdhury ef al. (2001) fAinguautaveswedsa IluniumsUsulielagisoa
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lawedes niivy luTasimzegNnyjiusa (Methyl group) FUMzogiuA1s UOUDZABNVDY
4 F4 E4 i

e lardn FendUIUIFY 2 (Resin 2) 1NUUHUTFY 2 Ny nTeeuiinguy

4 { 1 [~ 1 a
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1.1 dfuas lasuanueyaizinngudisnIsudingzuiums nnamn
INTTUAT ANLIAINTTUAMAAT UMINNFBINEATAAAT

1.2 o lyd lanlanams M ianaan Pseudomonas fluorescens : EnzOS grade
Fluka, USA.

1.3 woawa 1Wu (Polysulfone, UDEL) 910 Sigma Aldrich, USA. ttazwoailiia
%a 10U (Polyphenylsulfone, RADEL R-5500) ﬁ'lﬁ'%’ummaumﬁzﬁmﬂ Solvay Useind

ANTgOINTM

2. ginsal

2.1 srawuneaszin laes (Elemental Analyzer , EA): model EA-2000, Perkin
Elmer dtamunoaszin laces: CHNS/O analyzer model PE-2400 dlamuneaszu lawes:
model CHN 2000, Leco.

2.2 Wisesnsudresudumsusa nio 1oWiiloe1s (Fourier Transform Infrared
(FTIR) Spectrophotometer)): model FTIR spectrum GX, Perkin Elmer.

2.3 HundssuunuuAns Tanuus H319uBN015 (Nuclear Magnetic Resonance,
NMR): model Avance 300, Bruker, Switzerland.

2.4 NA09YANITIAIDIANATOUYIIAADINTIA (Scanning Electron Microscopy,
SEM): model S-2500, Hitachi, Japan.

2.5 azaouiinesalulnsaladl (Atomic Force Microscopy, AFM): model NSG
01, NT-MDT, Russia.

2.6 anlnlas I Ias ﬁ!,ﬁ’é)'af (Spectrophotometer): model Anthelie Advanced,
Secoman, France.

2.7 M Tasun Inas il (Gas Chromatography): Column DB-WAX, Model GC

2010, Shimadzu, Japan.
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3. @sndl

3.1 TuTaswudu (Nitrobenzene): Synthesis grade, Panreac, Spain.

3.2 ﬂiﬂ“ffﬁ‘vﬁﬂ (Sulfuric acid 96 Lﬂﬂiﬂguﬁl): Analysis grade, J.T. Baker, USA.
3.3 N5 lUASA (Nitric acid 65 es L‘%uﬁ): Analysis grade, Merck, Germany.
3.4 1B U0 (Methanol): Analysis grade, Carlo Erba Reagenti, Italy.

3.5 1951UDa (Ethanol): Analysis grade, Merck, Germany.

a J A ag = . .
3.6 lawnasziniungs vise ALUOT (N,N-Dimethylacetamide , DMAc) :

Analysis grade, Carlo Erba Reagenti, Italy.

USA.

USA.

3.7 lawnaesuoued (N,N- Dimethylformamide, DMF): Analysis grade, Fluka,
3.8 ﬁunﬂaalliﬁ (Tin (I1) chloride Anhydrous): Analysis grade, Merck, Germany.
3.9 aaelsesuy (Chloroform): Analysis grade, BDH, England.

3.10 wialnlsalau (1-Methyl-2-pyrrolidone, NMP): Analysis grade, Fluka,

3.11 "lﬂmﬁacfiawaﬂ”lcvﬁ (Dimethyl sulfoxide, DMSO): Analysis grade, Riedel-

deHaen, Germany.

Italy.

3.12 leasdulaasa (Hydrazine hydrate): Analysis grade, Carlo Erba Reagenti,

3.13 n3alalasnaein (Hydrochloric acid fuming): Analysis grade, Merck,

Germany.

3.14 e laason loa (Sodiumhydroxide , NaOH Solution): Analysis grade,

Merck, Germany.

3.15 ngadad lasidudu 50 nlofidua: Analysis grade, Fluka, USA.

3.16 TnumanGowlalaTasinues Inswodivla (KH,PO,): Analysis grade, Riedel-

deHaen, Germany.

3.17 laTwunendonlalaTasinues Inswoaia (K,HPO,): Analysis grade,

Riedel-deHaen, Germany.

3.18 p-Nitrophenyl palmitate (pNPP): Analysis grade, Fluka, USA.
3.19 p-Nitrophenol (pNP): Analysis grade, Sigma , USA.

3.20 2-IWsWIUPQ: Analysis grade, J.T Baker, USA.

50



51

3.21 Triton X-100 : General purpose grade, Fisher, UK.

3.22 Gum arabic: Analysis grade, Ajax Fine chem, Australia.

3.23 Tmdoyla'laTasauodala (NaH,PO,2H,0) : Analysis grade, Merck,
Germany.

3.24 lalw@eylalasmuneanla (Na,HPO,.2H,0): Analysis grade, Merck,
Germany.

3.25 TyReumsvoiua: Analysis grade, Ajax Fine chem, Australia.

3.26 Coomassie brilliant blue G-250: Analysis grade, Fluka, USA.

3.27 nsaeaeIndudu 85 esidud: Analysis grade, Ajax Fine chem,
Australia.

3.28 ®1T01ATY M T5Au BSA (bovine serum albumin): Analysis grade, Fluka,
USA.

3.29 @M13U1M331U (Methyl heptadecanoate): Analysis grade, Fluka, USA.

3.30 n-Heptane: Analysis grade, Labscan, Ireland.
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