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Abstract
Thesis Tille Preparation and Characterization of Composite Membrane

of Poly(ether-imide) /Poly(vinyl alcohcf)

Author Mr.Wallop Trewjumroen
Major Program Polymer Science and Technology
Academic Year 2009

Absftract

The aim of this work is to prepare the composite membrane of Poly(ether-
imide), (PEl) /poly(vinyl alcohot), (PVA) for reducing surface fouling of ultrafiltration
membrane. The work can be divided in 2 steps. Firstly, PE! support membrane was
prepared from 15 wt% solution of PEI in N-methylpyrrolidone (NMP), water used as
non-solvent. PEl support membrane was fabricated by using immersion precipitation
method. The surface of PEl support was then treated with 4, 6 and 8 wi% of
ethanolamine solution (AEOH) at 80°C for certain period of times. The amine group of
AEOH directly reacted with imide ring of PE! and the hydroxyl group of AEOH is then
expected to improve the hydrophilic property of the PEl membrane surface and
covalently bond with PVA. The effect of the reaction time on the morphology (Scanning
Electron Microscope, SEM), weltability'(Contact angle and Water absorbance ratio),
transport_properties (Water permeability and BSA rejection) and mechanical properties
{Tensile test) of membrane were investigated. It was found that PEI membrane medified
with AEOH solution of 6 wt% for 20 min was suitable for support membrane. The
second step, modified support membrane was coated with PVA solution (3, § and 10
wi%) with 25 wt% glutaraldehyde (GA) as crosslinking agent. The result showed that
the water permeability of composite membrane was less than that of modified
membrane but higher than that of unmodified membrane. An increase in PVA content
causes a decrease in water permeability. Base on the protein and oil emulsion filtration
experiments, the anti-fouling properties of the membrane were evaluated, and the
results showed that the PEI/PVA composite membrane improved resistance to protein
and il fouling. It was found that PEI support membrane coated with PVA solution of 3
wi% and heated for 3 h at 50°C offered the best characteristic of composite membrane

useful for ultrafiltration.
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23 FTUUNITNTAILDILNANLTH (Mode of filtration) (Fau1 S5z3auinnur, 2543)
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naiiuagAunsTIUMIINY (Funas gunsint. 2547)
ATEUIUMITIMUTRR VN TAULINTEUIRANIATEIN T RuUNA SR uszUY
nyad uazfiantonisinavssarstlouiln 2 gﬂuuuﬁa
234  asnsasuuviamanionisnsesiuuaigfa (Dead—end filtration)
minsadnvutasiodunisileusirrrsazanlufianuidiainiuiu-
s c‘ A & v oa o A al t i b " J
Wsueagf 2.5 ‘ﬁam'lnmﬂm‘sa:awuaomg,mﬂuummmnmmsumw (A0 (cake)” &9
= -3 L Al ! o i %) e
myazryvandnitlianudumumilraiioin nIsvintdldndanstadesiass au
o v A e e & e da X o oo
anﬂamqﬂm'miaomam%ﬂwtanmnﬂw AIUUNITNTAINVY dead — end F9ilms
¥ r o A L A v '.
uu:ﬁ’;‘l’n'lmﬂ'nmamm:muﬂs:naumuaqmmmmﬁn o Tydudl uas
gnfiumansaInuun:
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2.3.2  mInTesuuy1asng (Cross-flow filtration)
msnsesvuvinaradunisilansrasarssniudvisiusunisaiain
(VIS ¥ P 4 ) a . « d o
AufignIny inasadnaiilan HaGunin cross-flow w3a tangential flow 3 2.5 Fuiu
A ar 1 IEI r- L7 L =Y s -t P s
wwyhldinegnrldiunszurumseesludadunay  wluflaiasin ssanflainsiu usz
Tulasfaestu laomstlonansazasuuylnaueiinsvasusadon vldasazmunme
- v ol 5 & [ L4 -3
aymassnInAImhyIL danuminseslugduuynazrededliaanisia
concenfration polarization (CP) USLItUHHIVUNLINELLTY aamudafinmsaauvaadnifiog
1 z ) b T ] 4=f
v guinik Jamudmsaaasvasdand blunirininulugluusmsnsaauuy  dead-end
nf = s a sfd LTI 7] e 3
@wlh 25)  Samnsaadmivsmasmsilinnadudugs duunisdszgndlsly
g AtdSuanuiion wasvomniwlalasflamsiuyinsrnafivdnlng
anﬂ:n'mﬁws:uulugﬂuuumsn'saouuu‘lﬁam'\aﬁmsﬂ?zqnm"lfmu
1 3 1 3 L% A A =3 4 J
adnwIwanoiu Ussgndldiulugamwnssutlsnanaims  efesdn nrsudaia
o ¥ A a a ¥ v A \
uasmsthiailuds ma'aulvmluuﬂ"')uumJi:qneﬂﬁ’ﬂu'lumwammnavlﬁwmmu Tandn
ANuETInanN3 (cross-flow velocity) Iuma@inszuufisnyszana 1-5 mrs

gﬂﬁ 2.5 gﬂuuumstﬁmzuumaauuu‘ﬂﬂmu uazuuytnaring

(39141 FrzTauruny, 2543)




i3

talien
{c)
F 3
N
£ Hand
AMMHUVITEAD
viénd s
ATNMUIB UIAND

IR 1381

(b) (d)

31]1‘?1‘ 2.6 msqmé’uﬁﬁmadamﬂé’n‘f (a) mInsasuuriiaany (b) nirusaIuFURURET
sewinadnd uszmsgadurainisnsaileats () msnsasuuuinasng
(d) nLFRINMUGUANTTEN I HEnS WaEMIgaAUIBINIINIAd InaTIN
(50w Fazsaumnr, 2543)

24 madalaBuiiaIdu (Phase inversion techniques) (Finas gunsim, 2547)
maaSrauwmmnsaaiorlanawds ldun maftaaduneisu (Phase-
inversion  techniques) M IUnIR-laTIvasfldunafmad (track-etching) nrstady
wolwad (stretching) W3an13HUUUSHINGSY (sintering) udluioal fiidinsinvins
ok F-Y -, s A ) - b L, 4 A'
wisnsninafiaiadwiredsn Jairlddelaontszaransfweidrodiazanaf
wEzEl udimanaisaratonadrefasuundunszan wazthadinluiia (hand-
N . u g‘ A b [] ! ] Ad
casting knife) WWaainauatiiar iduisaslduduwannusmiouduifianammannSuin
= eln 3 ] & 1 LN bt l’d'e' A A ] g
gsasmovedweinl ndlnuilawinsdadndndaaiofiamununfiuinin
P Aa

wazegdadnadinanuudasivesunumdani s isuuusuidany
| 1] e & 2 A LY F o £
v1eld wasuidzngunsuuaninags wazbilsuinestafldsslomimsdimdown dad
' LY [V Y o .
yinndi lagtawaznszuaunisfildusedudy 1dud nszuaunitlulasiaiastu
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(microfiltration) NILUIUNTBRATIFRATTN (ultrafitration)  nszLIMMITWIIUHRIATTY
(nancfiltration) waznszuIvmMssealyFaiunay {reverse osmosis)
4, - - - . , & - -
lufiftndfsdiEmsiadnnumusulasmailamadutiassurimm tnafiaiain-
L b A E " [} =
1'1a%wuzﬂuns:mumsﬁﬂm:unmmag'lmﬂmﬁmnu (TU ®VITAZRI1UWBAINDT
A a
(homogeneous polymer  solution) T¥vrvvaziianisusmiaduranva lasas
v P a o o v E P
UsznaudroaniSaedwesann wasWafiuSunaainafwafioy vinvuidan
Fo T o - -y " 4 I~ & A‘ Jc:t - "
HSmmresvaduasunnasiiansudiarenatoiiugiutile waznaninSumned-
[ [~ ] o ) o al 1 &, - &
wasagwznaiugasing dredhasuniaisylaslfinainaduasouiaaln
ol

gﬂ'n 27

Bopm 2009 Z2Z/0CT/03 K

A o oM aa au A A
3171 27 mwdarrasasuIusaupasvied idduyaelsd naznaidaluuiadon
MonafiaaduIsiTh (Immersion precipitation) as23gaudatinaile SEM
(Wu, et al., 2006)

maassuunumarsinafiniaduneitui 4 5% ldud imefueadudrfiva-
LIWIHBLITU (Thermally Induce Phase Separation, TIPS) Btautatssudndifiaiam-
IWBLITU (Evaporation Induce Phase Separation, EIPS) Wiitasaufadivlmianivalssn
(Vapor Induce Phase Separation, VIPS) uaz@ulyagsuwitla@fiadu (Immersion
precipitation, non-solvent Induce Phase Separation, NIPS) sinsuanandly 4 5599w
aQﬁmﬂﬁﬂmiﬁﬂﬁiﬂmaama‘nﬁﬂmmunﬁ’manmnﬁ'wfim'lmina‘ﬁmﬂ‘lﬁﬁoff

® 55 TIPS: tﬁaﬁﬁlﬁﬁﬁﬂ:muwaﬁma%’ﬁqmnqﬁaﬂm AMARVNTAIWNITRERY
paadhszaaaasi liiiansusnidaiadn sanituuendaviazasaanlasdtms
fia wIamyzne niemamIisdomsiliudeg (Freeze drying)
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= ~ & L oY
® 355 EIPS: FsazauveiasiaiNInnresHanyaInIaza s 2 Tua
F=3 A ] Foy A ' e
Tﬂﬂ'ﬂuﬂ“udizl?\{ldﬂﬂ uazdnsfianiteszinanin 'l%‘i:%')']\)ﬂ’ﬁ‘itl?:ﬂﬂ'lﬂ"lﬂ:ﬂ'lﬂﬂ’ﬂJJ
a a &
ﬁ"l”'ﬁﬂh&ﬂ'\‘iﬂ:ﬂ']Uﬂﬂﬂlua‘?’ﬂtﬂﬂﬂd waztnamsuomylaing

el - ¢ o & L et o
® 35 VIPS: msusnidgveIRsacaunamasiAadvainmsunsduvedloa1f
R = a - S v - o P
lFaarnacamdrlilussezarewa ey mam'lv.umfﬂuaugirﬁumm‘nmuu‘la'naa
.J 1 kg I ) ] 1 b g
s bilfdhazawednamiudasihylulasesfaunwm
asl . e er e & e Aa a oA = o v
® 75 Immersion precipitation: (HWITMIAdYsENEMNIINTIge taziunld
o v Yaadh e o Vb el P
naumuIuPuluawddsi Asilsnanosamulifwissmmnamelulawniing
I3 h 2 ] - had ﬁ: 1! [ B )
POITEVURIIRNTIAN (Ternary system) ldlA Wadnaf arvhaszay uasain bildda
azany
ol N . . o ) & - '
1u5% Immersion precipitation Luamm's'uugﬂmsa:muwaamm LW MTRERY
=) b g a ‘4 - ) T
watinasaruaiasmofimmeay sdinanaTasaune it e FaIuuLARNTEIN tas
o L 2 - L2 ol A [} ‘J LE o -
Ainidunduidvuedoluia (adinrswdaeluarsi lailddaniazaty suifianms
- ~ . [ ¥ P - ' o~ [V o
uanlfsunuszniaimazaunuasini e secaonafwefiiansyuananmin
r A Y o~ A o
wrndan @snlildavinazans) nasiuszuuvssinasvess lasrasnanwaniledl
L L2 A’ - d - A‘ A 3 L2 [ 7 ]
anatniueitowaius fpsmnmmdwiovasumunnilarliialagauysal dou
" y , v g .
gssnardnianiisaznanmiudasialulassaauuusy aNunI T8I TuAY La
v - a 1 w X A s s
snwaRagWIngasTTassun sk anasiued fiudaudmasds
12y Fiiavasviefnes silavavdivinazany siavasaisnidunds dandsznauriTasany
r-y -3 - A b 2 - r-3 & A [
vwafiua¥ gila wazgungizasarsiiissazarenefefiiamsiudinatmin
weufldy anznsszms tazmsrm bids Tamanizadisdasudlunmsuanilaon
At o J 1 kgt
yasgavhasaronua i lildaaviasany

25 MIQARKYBINNLLH (Fouling) (THNDy gunsIn, 2547)
Tﬂﬁﬁ":’lﬁagmﬂﬁwmaau'lmf'aﬁ’nﬁauu"ﬁﬁ‘hifﬁamfwﬁuuﬂﬁuﬁ'ﬁauﬁ'us'ﬁﬁ'u
uaynnnaasasd wazraufiasdudafonuizasuium sanaliruidanureuia
903 uJ:Jmmtﬁu‘lﬂﬁﬂﬁﬂﬁtﬁﬂmiqﬂd’umaemmnm L‘s'unﬂﬁn;]m'mfﬁ'h “Msiians
AAARYBINILTI (fouling) s'i‘fomitﬁﬂmiqmi‘wn YWY sxderalRuTIONENT
18an (selectivity) UazAanT (flux) 8989 NIAANNTYAARTDINNLIK HioANFERNTB
LML 3 Shune fs eTmdnuwAANLTYH (cake fayer) tﬁﬂmsqm‘fuﬁgmm
LT (pore  blocking)  uastfinisgadumulugiuuiusy (interior  pore  fouling)
laglawzmafiemsgasumelugvasuumnziinnavesgiiines Aeznimsine
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wardhemuszatnguonuuusRlasn ua:mn’ﬁy’uaﬁmﬂﬁtm:aguuﬁwaotmjm‘m
Walanadradulassihessudfnesddnnn t‘%unm?qmﬁ'mfwh "TUi9a (gel  layer)”
Tﬂnﬁa'lﬂuﬁ‘:gﬂlmumsmawmr.umummminuﬁa'lﬁ’ 2 szuviuddzszuninsiiia
n'ﬁqmoi’utﬁﬂifw‘fnzﬁmaﬁiadwlﬁn%

mIatiavInadnInuTe mnuﬁomiaxﬂuﬂ?‘am?qﬂé’ummé’vgna:mmﬁmu
AT ua:mulugw;u -'i‘mﬁﬂ'lﬁei'lﬂé’ntﬁaﬂm ua:nwﬁ'nﬁ'u’[maqmﬂﬁuuuﬂao
Tanvmsufiadudronslnfidudan uaz%uagliﬁ’uqmé’numzmmmmmu LAZRITREANY
llﬂ::ﬁﬁm':ﬁ.f].lNﬂ?ﬁd?ultioﬁﬁﬂ1nu§'dﬁ:ﬁu uﬂ:qﬂé’m:‘lﬂmmmﬁwaanm"*:mi"u‘lﬁ uas
Fufludasdrvhanuszaradrsamsaiifimunzay aw Fziaurun, 2543) Tﬂaﬁ‘gﬂ
SNWOENEN qmawl'nﬁ\sﬁtﬁﬂ'i‘}’uuuu’lﬂununﬁm?awmuuuu%'mﬁ'u fin tianinmiazgy
BB vﬁaTmaqaﬁﬁwﬁmumu‘m (cake layer) MIAEAUVBIBYMS ﬂ%aTmﬂqﬂﬁ'
Uithmgeilavasznias (pore blockage) ua:msuﬁaﬂ'ﬂaomgn'maqmu‘fn'm'm;w;u
tlﬂ:n'ﬁgﬁlaﬂn’w'lugmm (interior pore fouling) Eﬂﬁ 2.8 Tﬂuﬁ cake layer Uay pore
blockage (N8 upuTinan1nld (reversible fouling) daumsvintMifan 1iuau
Wnadmbhuanuslasadonafiamslalasianing dmmseefianialy gnsaatfu
T iauiiuaawlalle (irreversible fouling) uiudaslFmsiaiilumstinann

pore blockage

eake layer

5 L.

interior pore

Electrochemi s .
“pore plugging

adsorption impmgement

,:: e - o ar
3Uf 2.8 anpasminiian i (Junay gunsm ,2547)

WnfmannneshlivdndanssuddnhlWamaninmsindumadoua
gl gzh?'t 2.9 "ﬁmaﬂaﬁ’nummﬂﬁewhqﬁwaammmuﬁ'ﬁgw;wmmﬁw‘]Lﬁuuﬁ'u'uma
YoIdagnazang ﬁm%’ummumﬁ'ﬁgw;uuuuuu',u uazfinwagnpminniiagnazany
(gﬂﬁ 2.9 (n) mydadnieafiavufiesusrini ﬁv'wmﬂgw?u WRUMFTAMT
AntuaszasuauIuilhuiowuias matnindIgnazaBIEgnAIIlanLINYTH




17

-1 s . ] 23 ko ~ n' ;j’ A a
wiawdiy udadnlsfian anudmwmumslwsrasdiinacamosafivtimiiosinmsta
ot ) L el - [y [
Friwasignazarstsdanalindndanas unsdfiwuwsmiisuwangulnalnindagn
v o - a & & .
aesnpdmian (U 2.9 (1)) Wrdsenfadwinnnimalugwgs ussuufoium laves
£ [ 1 7 * v s e =
auwauusuiudmlng mldmsdniudrgnazaslouwnlastufia axgnaiugu
=3 =) g [3 c! [] ] ] el
lalansdraainiadunan dnuuuusuidznming wazfuwralnginindagn
g a e X % o .
s (U 28 (W) Sz Punamemalugngi tasuuARmYT §OHS
L 7y L/ - bl A:I ) J
Wgmeai@msiniusmavasuudashbinnondiuuwudu

“

m ummmﬁwmywﬁnm‘ﬁugnasaw o) mmumﬂwmmpﬂﬂwmmmazaw

@) upnusiilvumgn ngdnhdgaazmesnn

g
llﬂ 2.9 ﬂﬂl:}m‘.ﬂ'ﬁ'lﬂﬂﬂ']'lﬂd‘ﬂE]Jlli&llU?lLﬂlﬁW‘inlW]ﬂ(ﬂ’N‘] I.'r‘![llJﬂ]J?.lW’lﬂﬂ’Jﬂﬂﬂwﬁ']ﬂ

(?ﬂ W a‘::sﬂmuun, 25643)

251  8nsilasiumsiiadsingnisoidiis

’J'ﬁ‘m‘iﬂamuﬂﬂngn’nmﬂﬂaaﬂmnmdmué”nﬂu‘ﬁ'oﬁmuﬁnﬂmqu
uazanszaumsfiadndslddomasmaiiaiuiu dszneunumoldmsviamn iy
MAARTEIY anIemMadEnsuy Fallnsawi madussufiavidndd (Field, ot al,
1995 and Howell, 1995) PynauTsLLAdAMNaRTUd mslfinafiamalalaslauiing
waznsiugawarsilawdrszuy saafananfenlFiaquuausu wazazduia
amygnsalumaenfinuicsuiudnsazast sndwunneafnsanmanens
HosnuvhiBanuudunan uafmnﬁmmm:e‘fumﬂﬁﬂﬂﬂﬁw:ﬁwﬁﬂmqmﬂ'ﬁ'qmmm
e waststoaastdinlunnfuscuy (Tansel, ef  al, 1995) Gamstdnatng
mﬂﬁﬂé]’aﬂsi'nfns‘wﬁ’mﬂuéaﬁﬁﬂﬁs:unﬁmmeﬁ’uquﬁa FunIatduszuuidedgig
datflng ﬂﬂqﬁuﬁﬂmﬁquaaumLu*m'lummﬂ'[ﬂnﬁﬂﬂ'lgﬂm Qmmwwaommuwﬁ
WAl ua:nﬁmmuﬁqmn'mﬁ'i“fu ua:mqmaatumumﬁm%’un'ﬁ'l'ﬁ’mum':muﬁ‘u uaxil
walifunstionadslussduding (Howell, et al., 1993; Howell, 2004 and Wakeman and
Williams, 2002)
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mimuqun’ntﬁﬂﬂﬂngn'ﬁnﬁhﬁan‘immnﬂam%umi'ﬁ’u‘[wm'lwn‘ﬁ’u
Iwlulasiaiasdn sansormldnansdsdaeiu (s dodiogn, 2544) 1du

o lFdanavinada lﬂﬁ:mﬂ'ﬁ'é'ﬂﬂms‘lmﬁ‘iw:ﬁw'lﬁﬁ'dgna:mu
aunsnchwamnuswldlaslianisgadulmamum 'lumm:ﬁn’rﬂfé'mwnﬁ‘lﬁﬂﬁga %h!
Twaymannadndadalugamusuld un:tﬂu’lﬂvlsi"i'ln'ls'l'ﬁ'é‘ﬂ'ﬂn'ﬁ'lwaﬁtgn:ﬁ'ﬂﬁ
mgmﬂs'me'f'Jﬁ’uuuun'hn'rﬂ'z?ﬁm‘ﬂn'ﬁ'lna'?:'e’h

* n1Ieegan (backwashing) winmIasauvesaymafiauiimfiomb
LAWsU M1 backwashing  (Huszuzg a:mmmm{fﬂm&maﬁagjﬁu‘%nmﬁm%
watusuesntd mitnisvi backwashing  gusavlanuuuususiiasiin uas
hotlow fiber  Lrinin aldmadlwannusuiiiilasaineflaTuilawinaiu (anisotropic)
snnifihuilodoiu (isotropic) twzaymafaagnylarsadvanmuu Jagn
fndasanldin fddnylunati backwashing fie nwsﬁﬁmagnmﬁwqmanm’lﬁaan
MATEVUNTATON mn'lai‘lei'ﬁﬁmmg,mﬂmmfuaanmmzuu DUMATERNTOTINGINY
awnm‘lumsa:mm‘%m’r’u Frzsansliaidndaassateaii

o vna@nssuunisannanng (cross-flow filtration) %agﬁuuum‘i
maauuui{‘%'mumm:gnwuﬁUuné'um{;'o feed tank f'oaﬁ'ﬂﬁlﬁﬂn'ﬁazﬁwaamgn'm
VI MAIRIINULLTHANRY uanmnﬁué’agﬂuunn'mﬁm:uunsaauuui{ﬁh'&'wﬁﬂmq
mslfnueaanusutinnin uanumsaasildiglunsiem

] 'l'ﬁ'ﬂ‘é‘mﬁmfmuf‘agam’tﬁagmﬂﬁ'azauu‘%nmﬂ’mﬁ‘ﬁmutum

m?mm}uﬂ'mﬁﬂﬂﬂn;]n'ﬁnfvh':ﬁo'[ué'n&m:ﬁgmﬁnmiﬁ:aumu'lu 3
709 Wasudaaznsed aunsanszvild 3 imsdaedn @1l suzlo, 2536) Ao

® MIUNTUEAMAITENNIMUTH (membrane  surface  modification)
tuutumﬁﬁqmam]’ﬁ'lu‘mmfm:Lﬁﬂﬂn‘ﬁaq\m'hmutumﬁ'mamf’: madenlftuuusui
yomnirdatrsaailgwininfiergeldunn udilassnunmidvzavdriniann
funudamaadl wazanudoud Miifasnamunsalumsliomine veiise
ufudsndenlfiumusitlizonsi edvalsfimumumusnilizsomifiaunsolsy
gt lraubile Tﬂnmﬂ.ﬁmuLumé’nﬁaﬁ’um'sﬁﬁqmauﬁmaufn aifiveutnfios
QaTUUURI ua:mu'lugw;maamaJmmﬁﬂﬁ’mummﬁﬁuﬁﬁwauﬁﬂﬁ

o muedsy uarmnliugnmnarsazanotlen (feed  conditioning  /
treatment) Lﬂumsmé’w‘%aaﬂﬁ‘%mmé‘:gna:mﬂmwﬁﬂﬁ’ﬁa‘lﬁ’lﬁﬂﬂﬂﬁa n3oUsU
ﬂmwm‘sa:mulﬁﬁﬂnw:ﬁﬂ:tﬁﬂﬂﬂﬁaﬁaaﬁqﬂﬁauﬁa:ﬂfmns:umnmmnﬁ'flu
Wty Feereitdneds s msuonwiss madumsed nsldanuden s
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« A " A & [ a = & ' P
muinfsafazney Seniummasanmuiadn® wasdumshofivszazoa
lunsiianife (Tansel, et al, 1995) 1ludn

y o d . . .
* msldrnmzmTinuimaneay (appropriate operating conditions)
o -t o ] ﬂl [1 = = e ﬂ!
Fivmnimatanrsuunmymasinesrefisssunsatsaamaiadnidldlaniion
o a o a A ar e g e .
manzarfigalumsaanianfiaviings fa madusswufisusedudud ussfidnanud
Twaraags (Brujn, et al,, 2002)
::Yd e ] 4 da - = £
nannfidninafianiafddszaniainlumsaameifadsingnisal

a v v [y w ~ , . |
W18 fa nvdedandr1un178ausIan (backpulsing) (Sondhi, et al, 2001) TIaa

3 ) . gt . 1 « gt ﬂl o b d
UANENTENINY backpulsing iUl backwashing fia 713157 uazusananilglunsvinli

o o ok o
aumangaaendnfnaiu laofl backpulsing Wunslnadoundy (reversal flow) 9z
= A) 9 A:l L7 " - [] 8
Hadunngsaumaiin 2-3 Wil dwnRdugs (8910 bar) lasldirarludnaig

.'J o el [ L 4 b gt - z Ay A = J [
(a2l < 1 Swnfl) drumsdndoudonidaussdumiunisinadaundvesiiaiudiu
1199 lasfianngi 30 wififenatolue wazfinarlunmsia backpulsing auar 5-30
Fwfl

r z L) - A 1
Tuseninniansaatuaztian1sazanuoayn1auRA L TUGEIRIHE

] va & [ e t F T e Py
Aaldiiarumdnniaea nazluvandoriueymevndmerafansgasuniafams

~ P o voowv v o w & ¢ v i
visauinadasaguyn Tamsiimsdadaudismadausauwiuezdioiliayaiad
a L [ o
dinduswdnugasananmnysudinaadlugilii 2.10

menibrane
periente feed

[P

reversal flow crossflow

o et o e o -

retentafe

gﬂﬁ' 2.10 MIMIANNFEDNNUUTUTENIN backpulsing (Sondhi, et al., 20071)
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AaoandlTINY aMuIndY wasTepziia lwnIdesenanedy
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Irianuazaautveaniy 2 Sovan vlﬂll.ﬂ']ﬁ WHAEAM UaEITNI

Al . An v
® DN (physical methods) winpsmsianuazenafld
o s & . - ) o
maasuutalgnaennauszuuihman 11U MTIAHIATIMNTING TITI0LRULTY
= da Y . a Y P g amad A )
WRanhdmhiums uﬂﬁﬂmmiﬂ:auﬁ%qmmu‘lﬂ‘s:ﬂmm«muu anisAndatianuey
Iuafa NMIYATUNREAND anmnmv&mmummmm'lmﬁnnﬂﬂﬁuanmm:tﬂugnnﬂu 9
4 1 | A v Jd L2 s ¥ [
(sponge balls) lFAvunummtuuva lasnsladewvashnfowialndifpenudusn
1 L2 Y A 1] 1 A v v
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Fwanfazauaan SEmenmwildnuuninais fa mIdInduNT (backwashing) 11
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1dlasnmstlenansazatonioldanudwdimadiumnaiilten dssrilvmazaiuauans
e fod L [ g [] [) ar ﬂi
ANAUNRABBNIININUILITH LRl BATFNEUNIIAT T NN IR AL BILTIAWT
=3 A - L 1) s - ) - c’ . wr
Ilunsidnssunifiadninidandlidige wazasfl (Vakatsuka, et al, 1996) madrandy
o 1 2 A o : [ % L v ¥
naiszninmnsasnIeanniiliaigdfunintasfesanaumemmhnieansin
AUFLNA
. Y A ol v '
Frnnemonnls ldnadtunsdindonsrsru ifawitnuyussnndinig
(3 s L7 [ o ] n. X 1 o J ] ,!' 1 A
qmmumu’lugwju mamnn'ﬁmonﬂuwanéfmﬂﬁmmwuag'lm:ﬂunmw a'lwuagnu
TlaTeIFIRAdH ttei'lm:u:mmﬁ’dﬁawwm'wlé’n'ﬁ'ﬂ‘omaﬂmazj AINUNNTENGIHIT
S A ° [ [ ﬂ‘n VA =y Ade oS e ra3 ]
maaidsdianusuiiu usniuittsylsilissnndwisailssansamédnn
¢  3Tnaiall (chemical methods) MIMAINAZAWNLTHGILST
a P et A o » v o w
wdl ssniiontelviinnisnudamnamsnin Tmumﬂﬂua'mn'l'lﬂa'ﬁqmmuwaem
Lrd - ﬁ: L - - Y-v_% b Lo -
waf szmeifinniIngasan vﬁafmmﬁn'lﬂm'mn'aﬂgn‘m'mum‘iqﬂﬂu viu nldife
1alaslads msdesaansiuszlindvasls@u uaznafemsdsznanBadon (Faur
Fasauiuud, 2543) Wudu
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LWIREMIURBNAT NsHERTUnSELIRMToaaT IRt tr (uomiinuid,  wen
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gasmnsy, unlsduanalng lhix wafie wedunsuonsesdafnrinaasagln
4 34 =y gl s nl o
W (Faw Faziaumud. 2543) ludu Taglassafrmaad aadlugui 2.11) wasaan@
J ‘J < L < =
namamwaunsaagdldluarm 2.4 Selasmlbudrdnsanalvenaddinesd
oo o ol VI A | o & o - o
luddndunedweinldsamb dntwdinbmefweisfiailuuadomiluaum waus
g et AU Y ¥ o, - oo Y 4 YA g
masoyldfdianuacildremilugduin taznsanufwusuiidnsusi lisa i
. P [ ) o ¢ A P
Wm'umluummmmsnm:ﬂunnmsmw"maauag'iumiazmu‘lﬁ' asnnaynind
3 ar o A 1 B AU oo A =
wrnsaguwindanwaeilifndamunsofituiuihessmusuies suanweddine s
*“ 13 v . o A’ L 2
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A wam sl L
13791 2.1 FUUANTIMUAMHIAINDABINGID hlﬂ

CENIE AN
Glass fransition temperature 216 °C
Density 0.950 - 1.68 g/cc
Water Absorpticn 0.000 - 0.540 %
Melt Flow 1,40 - 113 g/10 min

Tensile Strength, Ultimate 25.0 - 241 MPa
Tensile Strength, Yield 20.0 - 255 MPa
Elongation at Break 0.500 - 400 %
Elongation at Yield 0.700 - 15.0 %

27  woellifiausanagad (Poly(vinyl alcohol), PVA)
d L o = -~
asnnmululassainaaaned hilauaanoaad ariiwyflansanda (-oH) ey

Ve P . L7 a’ Py & ed [ ﬂ' ¥ [ 7] =i
mulugrolddmaen 3 liwedlaflausanazadiiir sunsafissazanodnle e
I & [V “ e, o~ - v o
Taon2 W guiifvas PVA '\lzmuaz‘jnumnun’[maqﬂ iwumTﬂum'hJmmmm:ﬁ?ﬂ‘lﬂmu

o a¥l_a .
Famaail : viaRlaflauaanaaad (Poly(vinyl alcohal), PVA)
gaslaseaihe : OH
gasluiana : CoH,0
[ ¥ b
amusraInadnes - waauds mansnazanohlé
[-3 J [ Pt ;’ at
anuniia : Auaginhminluana

2.8 ﬂﬁﬁ‘%mﬁtﬁmﬁ’aaﬁuwaﬁé‘mafﬁ‘luﬁ (F.Santoso, et al,, 2003)
flasvnmelulasairsvomeddine o lud faludnfy Fodlungifianuos
(fudiinlasilan (electrophilic) Faiaaladamsdmaniiandlefan (nucleophilic) (3%
wanluily (NH,) uarlaasendaniy (-oH) iludu é’otfu‘lumﬂﬁﬂmuiﬁorf'ffuuutﬂimsyw
vasneddinafdludiialasnsdmssmaniiandlefnidr i fsorasdrunies
afuefaludladnfil FaljAimaunsafietuld 2wy fe madsuaninfadas
ladounselsdwioufntonlalaslade wasdfisonsl 2 fa mafuamnfndae
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= = r) £ aan o - as P
ﬁ"ﬁﬂ?:ﬂ0U?’l']ﬂlillll%%?ﬂl‘a’ﬂﬂ'l'lﬂ{]ﬂ‘iﬂqQSHEH‘UH muam'lugﬂn 242 uar2.13

MudIay

—t0.-0t0- 0ot
l + NaOH, H,0

—1§0.0t0-00r

71l 2.12 me§ufiovaddmestluddmslndsulansenlod (n- -Chul Kim, et al,,2004)

FogeNestoteom

R': -4, -akyl, -aryl
Y ! -alkyl, -aryl
R -H, -alkyl, -aryl

inifial amine attack Rkﬁ,‘r\",ﬂ’
H

SO,

A oy o st ol (=]
31 2.3 UfATmesindussinadBime 8 lud (F.santoso, et al,, 2003)

nmIfAdmuainedtmadalud v 2 VAT wuisindfeddulnaiihadnlu
Tassafn Foluufiselalasladain viumyarfuandan (-cooH) tindululaseai
vaanaddinaiBlud warlwlfadorecini wudiingdafin (vH) Radululaseat
usIvafdinedd lud mﬂiﬁoﬁﬁuﬁlﬁm‘fui{ﬁmﬁu*iao‘l'wiaﬂ.ﬁﬁ%mﬁ’wgﬁaﬁfuﬁu u ny
lalaloloouua (NCo) Hudu

Lﬁnﬁ'm'ﬁﬁmim'ﬂmaﬂ%ﬁwaawaﬁ'é‘ma?‘é"luea'ﬁ‘le?’ﬂ%’uﬂ;ﬂmw%’nmnﬂﬁﬁ%m
Talavleda wazy fATonosludu vuiriingarfuandn uasnilefin thatuniolu
Tawaivanaddinefalud uaxdlavhnmsfiesonlanahsvemedlfisusanaaad
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J 13 LK ] L% .‘-J’ = A
(PvAY Siinylaatenlodagihmamumnlulanaiuluana innzasiunaddinaialudgn
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Idmnsdiudyelanaiudiainsofandonsniunedhfiaueanesedduiur:
L7 A 13
loandlasldasazaonganseailad (glutaraldehyde, GA) ilusmaTanyMIszning
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lassadaasneddmasdladiiimdivdyslansaiidunailifiauzanased lay
v | P A o v - &
langivimatenfedudaadlupii 214 Tasiinsldmsazawnganseadlad
1 ] - rj bt =y o = o~
sewihawylaasandaresunusuiidaulsinnuned lhlaueanaasd
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2'1.]71 2.14 ﬂgnimnﬂ’m's’m:mﬂn'm‘ﬂaumwm amaaama‘sa‘luﬂnmn'ﬁﬂmﬂn’mm
L o= FY I3 P £ w oA
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20 owidpiiilaades
294  msaawls@rvomatisw (Surface membrane modification) Tasns
IS ST HIINNDRINB T NN
in-Chul Kim tssagiz (2004 \dvnnvfinsavaimediafiwlnansafif
1f1nunfmﬂqa 200 (PEG 200) Afdasutialuuiusunanditaiouein PEl uaufil PEG
Tagsl avP ludavhasms mnmyadowuduflotBinm PEG 200 luweBwesnaud
Winmnniuasiinadedimsinii (Rejection) Tasmsazmuildlunmasmeunis
finiuda vmﬁmﬁﬁu‘lnﬂﬂaﬂﬁ'ﬁiﬂnunTutﬂqﬂ 600 (PEG 600) FamuiilaySinmies
PEG 200 lwumusnfiadouldiuSuounnis fimssnii (Rejection) axilenannin
wazAanSuesmrsa sl muusKesidiaaa naidevnisasiorey uas
URHUHAEUN TG UINIINGT (Morphology)  TBRUNUITUNLTY ANMIAEIBIFWIRIAIN-
winilieiouldveiisnsasfinandronn ludmasnusuiivinsiaseen PEIL vyt
é’nwmwaqw;ummumﬁﬁ'num:ﬁﬂé’wﬁuﬁvﬁa (Finger-like pore) Indnvasviaiiuad
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p | . i
waufifinIna PEG 200 wWuddnwasasszaumezilisuulas lasfigvesamysu
sefianwaadonuriani (Sponge-like pore)

L a8 A “= A
Khayet (2004) ldvhmsdSudpanmiinsesuausuiiimaesey PEI
lasmsnay PEI iy laRTninadayaalinefuad (Oligomeric fluoropolymer) TasSunss
crt ot 3] gt
i1 amdsuan il (Surface modifying macromolecules, SMMs) lunsaouuium
A fad A 1 - s 1 -
wlfinafiaft3ondy idadutreiin lasdindiznevvssaisazatuviefinesas
o " - ¥ O A v
Usznaudinuss SMMs 2 Wadidudlambmin uazPEl 15 % lambmin wuwmiids:
A > A P v e oa [ o -
Danpausiuuduung mman‘lmuam’lnmunom‘sﬂmﬂ;aﬁmwm Wainiasegay
‘: +* e -~
wansundiimaadsylddroinafiatandisdldladiinasensminlaaan (X-ray
' - “
photoelectron  spectroscopy) wudiiyeaTudsingagduiniu tmwmiiviimadiudy
a A o t7 - a a . A o
gnwmiidsdasiufidnnpiunanledlnuaiayealsneded uanlaviimsiagyy-

i 3

FUAE (Contact  angle) wmwmmnnﬂLamLumﬁ‘hj‘lﬁﬁﬁnwﬂ%’uﬂyan‘mﬁv
lﬁaou'mmﬂaa‘%'ulums SMMs ﬁﬁﬁnwm:‘lﬂ'ﬁauJwﬁeﬁﬂﬁ'ﬁwué’uﬁﬂﬁ’i’ﬂ‘lﬁﬁmqam"u
sl iS S vanniia

Bowen tazAnie (2005) taVnmsa3sy LasfnnansMEIamizysdlyy-
WwikkssfidamIeiosnmIney PEL ussdalslwiieaveddinasiimesalan
(Sulfonated poly(ether ether kelone), SPEEK) Tﬂzmua'ln’htumumﬁlﬁfmwtﬂ?uumn
PEI waSPEEK a:fiamugomifinnndu 39 SPEEK axmltisaumuiivnnsadorlad
aruauiufianiu ua:ﬂé’nimmim‘%qn%ﬁdqlﬁuﬁu HANINRUMTANAUT B
Tmdouasalsd (NaCl) tta:wa‘ﬁlﬂﬁﬁu'lnaﬂaﬁﬁﬁtfﬁnﬁn'[utﬂqa 1500 (PEG  1500)
Wiy dlathmsamessumIgigIunaingt (Morphology) tuausuiivhmstadoale
axtsznavludan Tudruumn (Top fayer) Hanwasfndradurenia ua:n‘_%nm'ﬁgmaq%’u
{Support layer) ﬁé’nwmﬁﬂﬁwﬁ’uf{dﬁa

Li-Qiang Shen itazamie (2006) I@MNsIaTHuasuHay uasasieaay
dnumsianizvesusuarafiaiouindaliiunwoddmaalud (Sulfonated
Poly(ether-imide), SPEI) iU PEI &9 SPEI gtasuldonilfizondalndu lasmut
PEI fimljisonnunsansalsdalviiniada (Chiorosulfonic acid, CSA) Tu 1,2 lanaalsd-
INU (1,2-dichloroethane) Wyl tﬁas:u:na'}‘lun’mﬁﬂﬂﬁﬁ‘%mmnﬁ DATIHIUT DY
csAPEl lunihodrues SPEI  fiezmunndu namimasssusaslwifinindloiinindiy
5o sPEI TuwalafuaufivhninaSouein SPEVPE ginlfamareIgiuIUIH
Windu tm:muLumﬁﬁ'mﬁm'%'uu‘lﬁ’ﬁﬂ'nu'rfamf'lmn'ifuv'?af{mﬂ:‘ﬁ'ﬂmlunn%:ﬂ
(Sulfonated group) Fiiadnunasldndnues PEI
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Yan-giang Wang uazaniz (2006) ldvnmignmanudmniunisgadiy
Tulséin uazauifinnsfususasunnymivinisiesoeen wesanessaliu (PES) uas
soufiuaahfidaladn (Soybean phosphatidylcholine, SPC) Afdnwmziludanm-
Hawsiwanusu laslfinafiatadunasiulumseiouuwsm 1innuddonuinia
W5 SPC 1nin yuFuAEaaa wawiidingadsulilsivaaiasas Fatvaniiaa-
mmﬁ'ﬁﬂmsm‘%‘um:ﬁauﬁ'ﬁﬁmmumigﬂ'ﬁ'ﬂﬂ‘sﬁu wdeWanduasanysw PES 1
iy SPC AlddmanandiawSoudisufummyusuiiaionn PES Alifinisuay SPC

Yong Fang Liang tazaate (2007) Tavnsdaanedt uazvinmséinmnnns
auanoninees waswianilioullsasau (Acid-base proton exchange
membranes) ftasuuandalwavedinsy uazPel Tan wuwswiladnrldazisznan
ldhugasdon fedrufiilunsa ussdmiifwus Tandalvinanadwadddnumuis
nsa @ PEL Janpanimug lunmsedouanuswesld NMe (iuaarazans udavin
manssszaewedafasunudunszan uszthadelufla (Hand-casting knife) tazay
'?';qnmqﬁ 60 pergarioa iwas 10 $3lu Wembtmumiiedsatéiaumiton
Warntu wassui@vamonmiain wwswiedoldsdianiddmmudeniauay
dadfoy  whomanudon  enaiosmennaian waziidnasuanilRewmlssy
(lon-exchange capacity, |IEC) ﬁz;m

Ayse wazanz (2007) ldvnneisndaaniaswedmunusulaonsldy
wederladlslwlasnmvinunedinfidusanlad (PAN-g-PEO) Afldnwamiunafineind
lassa9nd1ond (Comb copolymer) W&yl PAN tumum‘%mﬂummmuﬁm PN
winfevhn1siiiy Comb copolymer 1ndu i Wdndianfinin uddmsiniullsin
luandranuunmin Tﬂﬂwn'i'aann:ﬁmu'\:ﬁnﬁqﬂ fia  PAN-g-PEO doaiilaveasrofi
afonTdszinm 20% werdaalsznaudan PEO  39% Sssmazilannsafiszaanisidia
mMIgadi kashaneasanredwuiuswldd ua:iwﬁqﬂ

Twmidunsdautsfirvenuuuss Tasnisugunuwedwadsfiiadue:
wu*:"ra:m'lﬁ'mummﬁﬁnwﬂ%’uﬂjﬂamwﬁvﬁmwu'ﬁaniﬁﬁmnﬁ'ﬂ %aﬁ'amm‘lﬁmmhagu
fudiw wanomin sxfievdndiinnin wassulefiiudmatniuaauanusuiid iy
NN azho'liﬁm'mﬂ‘i:%n%mwmammlmu%uagﬁ'unﬁt'z'f’[ﬁ'u'lﬁmamaﬁma? nas
YsunswedivafAussmiu uanmmfumnﬁwaﬁmm‘moﬁmmqaaanmmﬁmumum’lu

LWINININENGIY
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2.9.2 m*sé’fﬁuﬂsﬁwaammum‘fmym'sﬁﬂﬁtﬁmmjﬁ

UWHINNLLTH

NAW-WUN uazamz(2000) ldvnsiaioumasususiiow Infainsdu
nnviedeladlsiulad (PaN) Fold NMP (Hiudrvnasans Tasvhmsadonludasdin
J5¥I19 PAN UAsNMP @ 10/90, 15/85 uaz20/80 wastdudlamimin waziimsly
Tnfsalzavented maiudpanmwiavassuus inmyiensidmnaiia FTIR
wuwﬁ'uan%anfﬂa@u’%rzmr‘?n'uaommmuﬁ‘ﬁnmsﬂ%’uamwﬁd FamaSusnmfiaves
Lumumﬁ%:dma@iaé’mgﬂuﬁn:mlammLum wardnwnzanurahvanuuulag
wassAnmaSuemmiud i vasanureuiimniy unnBuaitnang-
wn wfinnddonuasdseslidnsasimdaad s lnaseudnd uazdnisiniy
nuaufiniu

Lori E. uazanez (2000) lavmisfinmnalnanisialatiadafinnes Pel
inasuaam lad Taolunislolasladaiinsldloanilansonlad  waznsaasdn a9
WwausHATIMsERsNInveds ludasimsinfsudionefitainlada {Poly(amic- acid))
Fanmmassanu Lﬁaﬁ'm*mjuLuummﬁm’%‘uu‘lﬁaa'luaﬁa:muT‘mﬁuu"laman
Legel aandrdu 0,02 Tuan 1fuan 40 wifl T"mﬁ'umi'«ium‘lu nnezTRn aandudn
0.1 laad duiasn 30 wifl wnm‘jﬂﬁuan%ﬁﬂﬂﬂngagjuuﬁ'zmnﬁ'qﬂ wazflovhmsia
YUFATH YT qué’uﬁﬁﬁ'fﬂ‘lﬁﬁmaﬂaoLﬁamm‘nﬁ"s'uuLﬁﬂﬂﬁ'ﬂtMlUWﬁ”lﬂ’lé’ﬁﬂ
UG5

NAM-WUN uazantz (2001) lavimseisawmatnndalssneuafian i
Fawsiuan waRarladlsiulad (PaN) Follususesit wasviofialud  (Polyamide
(PA) watuswiivhmaadoldd pa tﬂwﬁguﬁ'z'aa‘hﬁamﬂﬁﬂﬂﬁf‘i‘%mﬁ'm'm%amiaﬁ'u
susasiulandaniusslansfin Hmunsneivuldnintmlendu (Piperazine,  PIP)
$unvlasumlsesnanalsd (Trimesoyt chioride, TMC) uufinuas PAN Aflanfvandan
agjuuiiines PAN %amm'mai”ﬂoﬁ’uﬁ:‘laaaﬁn‘lﬁmnﬂﬁﬁ‘%mszm‘w teflunuanivend-
3n nnrammaassnuTenuTndsssnouiivmsniou de: Suadesdnd uazdd
mannnk fuduanusuuonla@anawlsan (Multivalent ions) axtwavdnd uazdimas
ﬁnﬁuﬁqauﬁiﬁuﬂu Tuluianlaasu (Monovalent fons) 21w 1'lﬁ'n‘§ﬁq~1 uazAINs
Anudid

Li Na uszntue (2000) lovinmsiadoa uasfinmdnyoitiannzyedaa-
WﬂLﬂi'ﬁ'ummumﬁmmmﬂﬂm?qﬂﬁu‘lﬁ' lasnisidnedhilauaanasad (PVA) afay
wauugmiaionen vedeslnalulad (PAN), wadhiladduyeslsd (PvDF), luran
8 (Nylon 6) 1nuamyistnvindafinanumduduvasmazas PVA tazszazinanlu
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MIARBURITAZAIY PVA  UnauTwnndn sdnduashifidiaass udertlosiums
tﬁﬂmsqﬂﬁuﬁmqﬁmﬁmﬁuuﬁummumﬁ'lﬂﬁ"mmﬂﬁan PVA

Weixing Yu uazaniz (2001) lévnsuiudpamnfianeflufifiadla
uanlalasHfidulaialaud (Poly(biphenyl dianhydride — p — phenylene diamine)) lagls
UiAslalasleds uasildlumaSuanwindiulwinadenlasenlod Taomusdua-
waniiedoalduniFate fu Tnnadoalaedled 1 Tumd fgmngd so aee-
wraldoa Wwiaan 20w v\é'ammfmju'lumm:mun‘iﬂ‘lﬂmﬂaﬁn 02 Tus§ 7
qmﬁqﬁﬁ'ao MNHAMINARAINUIT §Iunadia FTIR  wuduSiamfivesuasusnld
Unnguiativendda uazdayasinnimasendis XPS waz AFM wuhfizesumysu
‘lait‘%'auTﬂuﬁﬁ'zﬁmgm'sz'czﬁﬂ'zwé’natjﬁ 20-50 WAlwang

Peng Wang uazani (2002) lévnnsiansnasisunsyann veftafian
Inanan (PEG) uazwalhriladfiwyealsd (PvDF) launsldinafianaraw lasil PvorF
duaenysugudnimaeieudin PEG  Tashwmusugmlunluansazas PEG
WEIMITAIE 0 TN UM EINRIURLHRLBNLILTH HanTInaaesmuTsdnTananile
Usinos PEG unfinysstunuswiinnniuudiilavhmsansseudasmaiin SEM wud
mmmaogtuumm‘laiﬁn'mﬂﬁ'ﬂuuﬂm wonuianuiuiioUinem PEG  Aunudn
PVDF 1nin i vlﬁ'n'fﬂaaﬁ'nphuumm'nmé‘ofnmmum’g’um'lua'ﬁa:ms]:ﬂ‘i?mtﬂu
e 42 gl ﬁﬁi'ﬂnﬁtﬁmﬁumwé’n*ﬁ’maa«f’nmummumdamjmumumm‘lu
amsazanllsin semanaaasiluaaslwiiniwnusuiiinsde PEG  sunsoaams
qﬂe'fmaa'[ﬂsﬁuﬁﬁ'm?agmaommum'lﬁ

Jianxin Tang uszaniz (2003) ld5upAmasamumnedielad 6 4
mmslelaviadanaiiolus slasldlmasslaasontodfionadudun 0.02 Tua§ uas
wnmuaaandudu 001 luarflumslalasladanefialud 6 ussmisinand
(Refluxing) 11 36 T 1 wisnituimanafarfvassnusuiihanslalasleds
dolaalnfinndla’ing (Oligonucleotides) tilavhminasaudasinaiia ATR-FTIR Wuny
taiin (-NH,) ﬂi'mgagu%nmﬁwmujmumﬁmm'sﬂ%'uﬂ;mmwﬁd

Wolfgang Albrecht Uazamiz(2003) dvnmsuaniswnaud tudlasnslgls
ssUsznauiaiin (Amines) F9Guni1 “nszuanmsezfiudi (Amonation Process)” Yinli

. q . . r
Tdwgelad Oy uusmalswdnuas PEI dauaaslugin 2.15
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CH;

Rt oICe oW Okl

+ NHR-spacer-X
Hﬁacer-x
- 0@ @j‘; Ojl

A ann : o v
31 2,15 UJAToIzndn PEL wazernlsznawmaiiy (Aninic modification) filsznausiae

wiigaasnifiavi: X

3 Lo Lo A >~ )
JIMMINATIERIY ATR-FTIR muﬁm'luzﬂn 2.16 uaaslitininmsas-
-~ w [ X A | I . o ° [ A v
finsuin v PEI inma@audany Aminic modifier aaoviusslarnansviluusunlds
Y ;
auudgavilnniu (Strong hydrophilicity)
o a f o -~ v
gﬂn 2.16 URAIRIUNANYaILNNILTH PEl Ao uasnadnenlsinaan
Y- = 1 -~ tJ
aslsznavianaziauiataiin (Hexamethylene diamine) laglsinnfia ATR-FTIR 112
gudumstial fAmszninaiu PEN wasienazafidnlatadiy

z
5
A
S‘ 183 1) 1.5 1508 (=] 1¥0 1X0
% PEI
2
o
2

Wa B8 awe  ake  &Ma I%B dwe 00 2m0
Wave number [cm™}

ﬂ: - b = A 'l o] fored
31 2.16 BwhwsamnduvesnedBinaiBlud (PEI) naznadBna i8ladiivhmaiy
amwihdansaniianlaaiin (A1)
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=l

4 a o ' P
UJBW"U'ITW{'Ilﬂ%ﬂﬂlﬁﬂualﬂﬂﬂﬂ'ﬁ:ﬁ’n\ﬂﬁNI.UTN PEI Laztyatysu PEI Ny

b - v ~ 1 a a' J
neaudsfrdsenanufiiulaeiiu (A1) wudhsuinguas A1 UsingAafiianein

1660 cm’’ f‘fmlﬂutﬂmﬂﬁuﬁuﬂmn'\‘sﬁﬂmacm\g’ms’u afirvasngialud (c=0 lu -g—NH—) uaz
1550 cm” Fafhwauninfinanintsfavaaniuse N-H vaenlalud vindurnsasungy
sansnaglidhiensaafiwlaein mansadihU§isony PEMNdudunsarsunan.
dlud

F.Santoso ttazaniz(2003) lavnnsdnmseiouesdiuninanads tud
(Aminated polyimide) MatuH PEI Sefidnraidunundaanflansdu uandor
nmasandsfresauTu PRl dsfAimazinduenusuildisnsominun -
lasHaiasdu uazmnn'rmﬂamtﬁaﬁﬂmﬁ'ﬂqué’uﬁmaoﬁdwmum TRt LRV
mmumﬁv‘nﬂﬁﬁ‘s‘ma:ﬁLm'i’uﬁmﬂﬂaatﬁanaﬂum'iﬁ'aﬂﬁﬁ%ma:ﬁtwﬁ'umm‘fu waz3y
avillaszozimlinmsiiad fiounnni 30 wifl kanfermsiadannisfurhuses
W (water permeate) wu*hLﬁaizu::nm‘lumiﬁqﬂﬁﬁ%umﬁw}fumn'ﬁ%umwnanf'lmn

Wolfgang Albrecht uazansiz(2004) ladeJouuuiusumgalsznauszning
waﬁﬁ'mas"ﬁ"luﬁﬁ’tﬂwﬁv’ug'm wazfitusaavediofdwlaiaiin (Poly (ethylene diamine),
Pei) Faluwadwedreuidt Mimadsudatudimiuszlnntand (wzit Pei
Usznavudsedufimunil §isodalls mlkaansowmiousnoimdasznoy
gRalnafifial Wandgs na:mmmaﬂﬁtymﬁtﬁm’tnmsqﬂﬁ’u‘lﬁ’ Woug131Tn
mm'l'fi’m:mum‘suun?'mn'm;utm

Jin-Sek Do U&EAH(2004) ‘leTﬂﬂm'sf’fatﬂ'i’l:ﬁwaﬁ'é"lmfwum‘mﬁﬁmmﬂg
TussdvunTuas Faadurannmbhwednfidulnanas (Poly (propylene glycol), PPG)
Aunedslud Saudunwediednledalatafintasines (Poly (amic acid)- co —(amic aster)
TasaSparmi§AsonasineBilndu Esterification)  Tasluamddod wuiudlavnms
avvdavdinafia TEM 1u1a7 mgwummﬁm‘%uu‘lﬁ’n:ﬁmmaa%ﬂm:ﬁuuﬂmum g
atf3zwing 20-30 wiluiues

Yuzhong Zang Uasaniz(2006) lavinnsiadou uasfnmndnunedans-
Fawsdumanusulasmsedsaumumen PVA fvmaivenneda TaslumaHduls
msazanlmdandadadluasiud nneddoruiwmumiiedoelafanm i
i wandarmafuenadatusadlmdondara aslugradud svldnd wasen

w e e & " o A ' oy )
ﬂ']?nﬂﬂuﬁﬂ'\lwuqéﬁlu l”ﬂﬂ']n'ﬁ')ﬂ&iuﬁuﬂaﬂu’i'ﬁ]:ﬂﬂ']ﬂﬂﬂdlﬂaﬂ'rl”l‘]ru'l‘l'%'ﬂﬂ{l

Tandvudaaiiuyinig
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P. Srinivasa Rao U8zatz(2007) amsdinnmsiaToianysuney
stwin PVA uaPEl Ifleldiuon 1, 4 lasenism(i4 dioxane) lumsnanasezriams
Lﬂ‘%uuLﬁum:whamummuﬁuﬁﬁwm‘nﬁnmingmsaammf (Glutaraldehyde, GA) fiti
wihfidansening PYA (U PEF futausunssfi il ldvimady A WUTUNUILTHHRY
fivnsidy GA fdand wnznIRAdena Tt w(Selectivity) AEININUMUTHHANT
Tilévnsiée ca

Nidal Hilal Uazaniz(2004) lédvinmstsugninfinmusuiivhannwed
Luaﬂﬁaaﬂmiqmﬁumo"ﬁdmw (Bio-fouling) TelddanaravfeuuniiZedlalad & .Coli
mom"rﬁ'ui‘fﬁ'urmwaﬁ’hﬁﬁﬁmﬁaa‘l‘w{ﬁ'ummna'?lmﬂlﬂmﬁaa:ﬁimumﬂ?mm
Quaternized 2-(dimethylamino) ethyl matacrylate, (QDMAEM) 9MNHaNy338nuIMNY-
tumﬁmm'sﬂ%'uamwﬁwmmsnﬂwmsqﬂﬁuﬁtﬁﬂmnuunﬁl‘%a"loi’ NI TR
nmJ*'s’uamwﬁmmjs:qmnagu’%nmﬁ'nmammum

mdsiifaquszadeshmaedauumusunedsinesslad (el 19T
A 1ﬁamm‘;‘m‘]aoﬁunmﬁmnw‘sqwé’maammum (fouling) mme;ﬁtﬁan’l'z‘f’
PEl iflasnnimaiueirfiafiianaudasadonedia farumumudennydan uazail
1ifluathed uaxwaﬁluaa“nﬁm{ﬁm‘{ﬁoﬁ*ﬁu’lﬂmm%’wh1aqaﬁmmsnﬂ%’uﬂ§mwé‘m
1af} (Chemical modification) tflattdnuutasssialrauinle wiolWansaiielfism
wazfandaduiusaaiitunedweiladniizeuh

NMP t‘}mﬁan'l*ﬁ'tfiué"zﬁ'm:mmﬁaamn Lﬂl&ﬁ')ﬁ']ﬂ:ﬂ’]ﬁﬁ%ﬂ%ﬁﬁﬁ‘f’)ﬁd
ansnazann PE difluagned Fawn Sseiauwmn. 2543) wazaansaviaiulddmnia
(Wu, et al, 2006) -‘fmgn'l'ﬁ'tﬂum‘sﬁ‘hﬁﬁﬁ'f'zﬁﬁﬂ:ﬂwﬁ'{lﬁmsm“’mummusuﬁ’aumﬂﬁﬂ
mAadwldig




34 @sadl
- walbimaiBlud (Poly(ether-imide), PEl) nAalasuSin General Electronic
aampiinduuria (Glass transition temperature) 217°C A1MMWIYL o4 gumndl 25°C
3
1.27 glem

b 01QU0-OH

37 3.1 TanoarowafBnasalud (Poly(ether-imide), PEI)

- wfialwlsilan (N-Methyl-2-Pyrrollidone, NMP) n@alaau3in Fiuka Co., Lid

fbwinTuiana 99.1 g/mol 9aifisa 204.3°C

Ql?/
;a‘li’?i 3.2 wiialwls@lan (N-Methyl-2-Pyrroliidone, NMP)

- waRlrilausanazad (Poly(vinyl alcohol), PVA) shwtinlanana 47,000 Hia
lauu3sh Fluka Co., Ltd.

HO\,(/\O/\.){OH

51t 3.3 wadlaRiauasnasad (Poly(vinyl alcohol), PVA)
=

32




Since 1853. flymAaa 170°c wminluiana 61.08 fanudndums 1.07 glem”

3.2

33

tomIuailud (Ethanolamine, AEOH) Wialaoyu3n CARLOERBA Quality

OH
"2" /\\/

gﬂﬁ 3.4 lamIna ludl (Ethanolamine, AEOH)

Imasunaalsd (Sodium chioride, NaCl) Naalauu31¥ Lab-Scan Co., Ltd
lalmdswlalananaalsoairia (Di-Sodium
Na,HPO,.2H,0) wialasiSn UNILAB Co., Ltd

orthophosphate,

InvimBouanalsd (Potussium chioride, KCI) Haalau$iim Ajax Finechem

nvimBoulalalasiouvlaaila (Potussium dihydrogen phosphate, KH,PO,)

HANlAUUIN OREC™

nyalalasnaadn (Hydrochloric acid, HCI) aadutu 37% waalagum

Lab-Scan Co., Ltd

naeNIeadlad (Glutaraldehyde, GA) AautTuTw 50% HAalasu3in Fluka

Co., Ltd

Tuudiuanayiiu (Bovine Serum albumin, BSA) #ialauu3in Fluka Co., Lid

nau
wnluis

& oo
qﬂn‘smm‘naﬂ

finna¥

Yula

uriausiinin (Magnetic bar)
wROANLA

Fauanasiail

WHww Ry

urauia

NIzUaNaN

(deoiiuay naalaguitn PUMA
g]”muquﬂ'nu%u
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34

winnszandgmuiadle

SNAMIBTIMBMUTH

TufiaSaunudidy

waanunuuldanufou (hot plate stirrer) nanlag Heidolph % MR3001
wRndua Wialag Casio Tu HS-3

malufiiaasd

WSasTInmuaziion 4 uaz2dunibs ndalag Mettier

30 ian TN (digimatic thickness gage) ATNBIDYA 0.01 mm Hialay
Mitutoyo 34 547-401

lﬂ'%'aai'ﬂqmﬂqﬁ UREANTUERNT

dauauiau udalaguFiin Memmert

daugyame HialasuSin Precision

i@Sdanidinmsivy

IS BInaRauEIIANTISY (tensile testing machine) HaalapuS¥n LLOYD L
LR10K

m’%aeé’ﬂ'}?unﬂaauzﬂé’muai MUNIATINU ASTM D412 1Y Die C
nﬁ'aqqam‘smfﬁlﬁnmaw.mm%mnﬂ@l {scannig eletron microscopy, SEM)
wialag JEOL Co., Ltd Ju JSM 5200
wiasyFuinnuadafududsusasunlnsiitaed (fourier transform
infrarared spectrometer, FTIR) ndalay Bruker 7:11. EQUINOX 55

drah3ou (water bath) HEalasy5n MERIT TECH
daanasavilszninminsnssaanusuuuulaay (Dead-end  Testing
Unit) fa3ufl 3.5
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V nitrogen cylinder balatice:

4 -
3N 3.5 gansasuiilans (dead-end stirred cell)

damaiulasion
NiSuanuau
NAIAAMVAU
Wamsazaruilan
RIEMIIUTIRNIL Y

I

winiltan
J .IJ = 1
vasmINEilsy 2 daunidy

N

Fundemagoudszinamnisnsssunumuuniianis (Doad-end  Testing
Unify aansavmsnagausanmsinavenhrmwuusnldasit

1. daysuaaduudwnaurnaiduduguings 410 wuiities 19U
wrwsasuswiuamy Guil 5 ;illﬁ‘ 3.5) thznauidhiunedinlilinses

2. thaedwmifldnsasdetuaedimiifiuasilon Guiie gﬂﬁ' 35) lauldie
Tulasian 99.99% dhwsatudulunisnses

3. tfaiinanliuanuausnidse wazndnfuanuauludama t‘ﬁeﬁﬂeﬂaq
AUsagy i 'lm‘r"‘umaun'nﬂéaumwé’uajﬂaé’uﬁtﬁumsﬁau’lmﬁ ATUIEAL
fmué’m’mmﬁmm’mé’lﬁ.ﬁﬁﬂaqﬁumiﬂau @Gufl 3 31Jﬁ 3.5) (Hundnd
dundniSuanusiiuysndon

4. ﬂ'au‘]ﬂﬂ'aumqm‘fum‘hg‘{ﬂaé‘uﬁﬁ'{'ﬁ’nsaamsﬂam:‘lnan'hfjﬂaé‘uﬁﬁlﬁ‘mao
unduweiienlnasenvnassmiBlinses
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5. (Huwaiteniapsanhndnniaunuduie
P “ A . v - - o &
6. NInagauntINIInaNNaRAINi g davsalianuduaiifeesriannsse
v - r.Y ‘.J 4 a - ‘i o
Wndnwaditen lasgahninuwaiitenmslunaingivue

34 35msivy
3.44  nsedasnaswiuuan {Membrane preparation)
natadsumsuglenwddoil musanldlaomaadoaasum
wuwilon mmersin precipitation) laggansarinléasd

et

2
P Muvvmmrmnwe
-
\\
N
"

.
AT

Membrane Phase inversion Casting

cl £ -3 Lo
517 3.6 matednmsnysulasmaiiatadunofou
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1. 1OTUNRITALRINBADINETAluAdAMMNTUTY 14,15 UL 16 wi%
audaulanlddrviazats NMP  waztliannusanunssazanuwed-
Binefdlud 40 2 3°C Wwmsarmpiidnwastihwiladoi
2. mmsa:muwaﬁﬁma%”é“luﬁamuup&um:an'lmjﬁmuqumm%u
&t 50 + 5% RH warilwamsazasihwsiufainauslaons
udddrsilavhafldy (doctor blade)
3. '\jmma:mnﬁﬁ'm'nﬂ'mm'ludwt{'mé"uﬁ‘uﬁ uﬂ:ﬁwm*ﬁjmﬂunm
15 Wi nz‘l@i’uduﬂﬁuﬁﬁé’num:tﬁummumﬁmnju
4. ﬁnmulmuﬁm‘%ﬂu‘ld’ﬂjuludniﬁ%‘amﬁaﬁﬁﬂeﬁma:muﬁazj‘lumu-
Wi ﬁ'ﬁm?muquqmnqﬁ 70  3°C e 2 $2lua
5. ajmuumm’tna"mf'mﬁ:'nﬁqmﬁgﬁﬁaa 32 + 2°c 1ilwaan 24 $alug
iiaidadvhasaoeenlinug
3.4.2 nmsaaulszoanaLTH (Surface modification of membrane)
Tumsdandsftvaauuum musomidlanbhwswsuiedorldenn
ol 3.4.1 3yl fAseresiutu (amination reaction) Tngmstdmiazanuianilualae
Frsnansornlanodt
1. wunmusuinadealduimsdautsanmuia Tﬂumﬂhmmusmju
Iussazanienmluatlud Affenududu 4, 6 ez 8 wibmudiey
laggamgd 9o £ 2°C ke 10 uar 20 wif
2. uumivhmsdaudsanmnfnndadmiingu 45 ad1 lar
midsasazaenm luan ludfmdsssnainiuusm
3. m’hmumwﬁmmsé‘m‘%uﬁauuﬁ"z’lﬂauﬁqmngﬁ 50°C \Dulaan 24
Falag
3.4.3 nmsiadsanususniBelsenauy (Preparation composite membrane)
lumistaSsuanuswdadsznavamsainldlas nastnedladia-
waanased wiafevsiuwiivvenuuuminssawlssnminud laungaseatladidn
ddontane Ssusarildeail
1, mtumumﬁﬁwmié’ﬂuﬂsﬁdm'\jum'lu g138Ea 0¥ Bd 1o fla-
woanagadAfindudu 3, 5 uaz 10 wit wazlimsnaungaisead-
Todl 1909 25 wi% @asnsuaa 4:1) waan 1520 wift

A ° b 2 A -
2. mummenmnmaﬁamtm‘lﬂaunqmnn‘,u 50°C tflwinaen 3, 4, 5
waz 6 Tl anudey
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3.5 msm‘mﬁauqmé’nﬁmwaommum
w ¢& &
351 nanadsuna n?fmnau

9 A = a v
1. hwmwsuiitadoaldluds 3.3 dalinsnasvmratdumgudnans

Y 4.10 cm
2. Yaauwwityniusuarglulasiined tfsriaunuaduvas
LALUTH
3. dsznouwuunmdinugansasuvlaats wazinndumsiianly
naaulitiuanstian
o 1 A ‘,v [ [y L o 3 ' d o
4. saurdvandiindu lagnssaimrinaadinaiilandaliiandininn
[ o A A o o Iy o
anuanaIRdanpRuUUIE fgunTad i ldausuntsn 1
o g
it

J =£ {1)

A LY . 2
i J, fo Wang vasiwalien (Um.h)
- ey ‘,
Q fa Yhnouwalitenfiehuiuuiusu (L)
A fis finhfveswswsuiiasminnufisnianisine m?)
[=) A [i] "=
At fia nanfiiiuiesiten (h)

5. Yhminaraun1InIal 3 ad1 da 1 minasaslasmsAsummius
Tnilde 1 a%s MovmusduaismInareL Wdndudazads Tadmin
maﬁmmqnnmmuﬁﬁmuﬂ'luucia:m?maao
352 anmwniseanlmim
LUTHIaInsruINnIsLEn sz ud19 9 afidnstdouliiadan
(hydraulic permeability, L,) flnandrai uanadaaedt 3.1 Nafien L, ffuadiawe
NI PINNUTHAE T Hadad dnduaninduidmunusw A suiuanaduds
aum3fl 2 Tasansam L, ldenanudusainavsznin g 0y Ap wiheaas L, i
fould fa ms ' Pa’ wla m’ N 57 wiadndlAnimatnhuassaam
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J,.=L,AP (2)

w 3

d = 4 g P
tha J, fa vland vauvaiiian
L, fa dmsdanldiiasmg

AP &a auan

@15197 3.1 anmmasaabihHNILTY ( A.J. Asenjo, 1990)

-~ L7 F=9 :f - -
sHaMUTU fanlseAndnsFuen (S.m”.Pa’)
Tulasaiasiu 138 x 10 ~5.54 x10™"°
danlaiaITi 26x10" —40x 10"
wiluilaiasti 923x 10" —4.94 x 10
aaRluBRAUNEY 2.77 x10™ -3.95 x10™

3.5.3 NIsNAdaUNISANN®
o o e & v
1. Mnmeaadniionts 3.4 laounufhnaulasnsldrisaszany BSA
o & o P o o o P
Alanudutu igiluasazarptvived uaziinnsldauaunaf 1
J =t s AJ
Bar (100KPa) Tva13asans BSA annsawesonldail

A = Lo o L
M990 3.2 MmIeIBua1Iazay BSA luasazarstivibed Aflanududn 191

#15tadl U3anm (n3a)
B8SA 1
NaCl 8
KCi 0.2
Na,HPQO,.H,O 1.44
KoH, POy 0.24

wngma idinhauiidiines 1805 w3y pH Wil 7.4 dhe Hel

5 1 [ T J
2. MMessy 3 A% 6a 1 N1INaasy LesTisuRalduatngynns

ANNUETT
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a 14 1 ® gt \e - L l!t
3. wmsazany BSA firluuumelihinsiaanuduiu lasldiadas
o r eyl (1 !
uv TumIm calibration curve v ImeranuFuRUITzA d1ns
Q@anau (Absorbance) Wazaniiduduausah ldmanmid c, 16

086
45 //'
04
/ y=0533x
03 R c 0.999
= /
02 /
01 /5
0 02 04 06 08 1 12
ATBAEHIUO)

A (s Y N J ] a wr g ] ] 2
Un 3.7 718813 calibration curve ‘]]’\'lf\}'!nﬂ’lﬂ’l']Hﬁ&]ﬂuﬁitﬁ'l'l\‘lﬂ"lﬂ"ﬁﬂﬂﬂﬂ%

Eufd

(Absorbance) UazaMaldut

a ' v o ) ~ P
4, AMMITURAINITNANUFITIOILNNUIN TInTtdTsuinauiils
- ¥ L] LY e | 1
2ATIHIN lﬂ“ﬂ?'\”lﬂ&!l‘ijuﬁlﬂﬁﬁ’ﬁﬂ:ﬂ'w BSA fiMuuLlUIuG D
A 4, v A
RYTAERY BSA Yﬂ-ﬂﬂh“l&iﬂlﬂiu ‘]I\‘lﬂ’lu'lm‘lﬂﬂﬂﬁuﬂ"ﬁﬂ 3

R=((1-(C, - C,))x100 @)
dle R fo snmsliisaniy

¢, fia anududwsasssazavlmnaiiion
a (Y o
¢ Ao anududusasssasatluassngiilon
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3.5.4 MINAIUFNURAINAMNINABLTIAY (tensile properties testing)
MnmaseuaNaIgIn ASTM D412 lasvnmisdadunasauaingay
s w w '
lugufl 3.8 mawmSawnwsulsanudlunimanen 5 mmmin landaathe 1 g0
e ‘ ) & . o Ay
wltFudradnlummearovattatens 3 3u rminasashgungiives (25 £ 0.2°c)
L e o = a ' v '
LATAMUTUFNHNTEO + 5% FsnuTnsmaianumMunudansafa (tensiie strength)
[ of ) £ 5 a . [ 2]
aaunsfl 4 wasdrulafiiudnisiia o 99979 (elongation at break) fagUN3A 5

Tensile strength (MPa) = F'/ 4 (4)

A o
Wa F fa unfildbaanue (N)
Aa & Ad o ou Py A 2
A fla fiufimhaauasFunagavraclifa m’)

L~1
=)

Elongation at break (%) = ( =x100 . {B)

(]

A o A Wy
We L fe ssuriBunasausunsadan ldouaa (mm)
A L3 *
L, fia srpzimuanaunmasay (mm)

- 311 3.8 Tunageuauiuad (Die C) MSUMnaseuaTIINUABUTIA

3.5.5 msmwmmﬂﬂﬁ'ﬂmtﬂawaamjﬁaﬁ%’m’ﬁatnﬂﬁnijf‘%‘ﬂ{mm-
avasourlsusaauninsalnd (Fourier Transform Infrared Spectroscopy, FTIR)
ﬁ'm'nﬁnmwy;ﬁeﬁfmiaotumu‘mﬁﬁnnwé’muﬂsﬁa wazmTapuulag
ﬂamaj’ﬁoﬁ'ﬁ'uﬁlﬁﬂ%uné'w1nmLﬂ%‘umi"]mummm%ws:nau Tamirdratrizwe 2
om x 5 om MNNIAFELAT9nE 600-4000 om” FuANSIIN 32 ats MHinafianns
nagey lagmsldinafin ATR-FTIR (Attenuated Total Reflection Fourier Transform

Infrared)
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3.5.6 msmmaa:us’f'aané’naqamsﬁﬁfﬁLﬁnmammuﬁaom’m (Scanning
Electron Microcopy, SEM)
maainudathaasuausuinlasmsdaduanulidanuniolsznmn
1 cm Kaz817 5 cm ?:u%'u@'f')aziw'lu'luTmmummﬂs:mm 6 Talua uazynTIRnYIA
uarfauuuyiInadinios taisudlonas ua:ﬁﬂ‘lﬂm'smauﬁmnﬁaaqam?ﬂﬁ:ﬁLﬁn-
AIBULULFBING (3% JSM — 5200LV, JEOL)
357 MINANDUNNTUAT
naespuiatnvasanuslasnisddurnliianunalsznm
2 em UAzEN72 3 em hiwamiitasoy ld@assunuriunszan tm:ti’;‘lﬂnﬂﬁamguﬂ”uﬁﬁ Tay
ms’lfﬁ’tﬂ‘aiaﬁﬂqué’uﬁﬁ % Dataphysics 491 %unm:ﬁqmﬁwqué’uﬁ'ﬁ‘s:h’hmnﬂﬁq
AuUfILTK 5 dunis tesmidady TﬂuLamLumﬁﬁmmmauiw:ﬁa;ué’uﬁmzuﬁw
noath wasfwas desninuuswusildfanuramii é’agﬂﬁ 3.9

~:  Hydrophobic | Hydrophilic
T brops " Drop

P r s s
31]7! 3.9 anumm'i’:ﬂquama

3.5.8 msnﬂaanmfisammsn‘lum‘sgwﬁ’mfﬂ {water absorption test)

duilnmInaRaUMAINATIIN ASTM D570-98 lasnsdnsudatalid
aanasznIt 2 om WAz 2 cm ﬂq%uﬁ"m:ha'lﬁﬂu'luﬁauqrytqumﬂuwm 24
Falus nniudbitduliediata? udrdviminfusnedralaslfietaefafiiiany
azldne 4 Sunidy (W) tté’?ﬁ't%ﬂﬂﬁﬂﬂ‘lﬂij;;'lﬂ\f’l Wansunmftmuahiudiathan
Fuidnuinesnnnfindradedaonszaisnsas Fatminiud W) ¥nTImasssi
gunnil 26 £ 0.2°C uasfianutuduying 80 + 5% f‘i"nmmmtﬂa-i’;%um"lunﬁgﬂ'ﬁ'mfﬁ
Tasmsldaumsi 6
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% Water absorption = (W, —W,)}/W,)x100 (6)

A v [ ¥ ] ¥
o W, fa shnidndaugui
W, fia hmiinudeduh

o 4 A
359 nisviidadifudnisifeonsisresnaflofianeanagasunia
LHLUSHTASY
¢ o & A PR ' o
TunamudesidudnisiBaur s sazarowei Lilanaansgaduuiinues
Y % ove
WwayswaInsannlaail
1. guiminsunawefsusisgisacanavad Lilausansaad lauil
mnangesead ladannuduiiu 25 wiee 1uda
2, duuswutaiaudrnaitazaiswei liflawaanasad  anuvade
[ “w '™
3.4.3 Lanmimdinin
g a [ ¥ A o 4 “
3. shwnusuiedouldluds 2 Wadninagu 24 91y udnthllauly
] + -
uks Falnin
M o
4. Ynmsfawioeugunin 7

%Crosslink= ((¥, —W,) - (¥, - W,)) x 100 7

W, -W)
ag r-3 y wr [T ] - = =
wa W, a9 ﬂqﬁuﬂll.ll]I.'.IJ‘)"HJ.WNﬂﬁulﬂﬂaUﬁ'ﬁﬂ:ﬂ'}UNﬂﬂ‘lﬂuﬂ-

weanaTad
P} 4 w— d - 1Y 3 = 4
W, fa dminwnusufitadaudioasazaiowsi Lilaueanaaad
v s A r-3 4 -y =
w, fo hminwaysuiedsudivasazaoved hilaueanssad
L) [ ¥ 2 [
nasvhmstilusia 24 9 lysudnildaulwuds

3.5.10 NITNARAUANNAWNIBNITAA
inmwsmslufiedoaldinnds 3.4.1, 3.4.2 1a23.4.3 Fhmmageums
ihemsgadudsaansarmmeseyldlas
1. dasammivasssidwamuswewlddmsndoenhnduad ()
Tﬂﬂ‘l‘ﬁ’m’%’aoﬁanﬂaau'lugﬂﬁ 35
2. Jaubwdndute 1 wimanlssnminduilussazarnlysiu
BSA (J,)
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v A 1 g .I-l A a
3. awwmwswichunmsnyasaazanslls@uluinaun lifil sy (De-
. P - w yoouor
ionized water) 111387 5 Wil WEIMARBUBRIINITIMATBIINANS)
¥ oA
anaTmily (J,,)
o o A L ]
4. swindeininmvsaunuaiiinauinlsng (% Recovery) la
-
1Faunifi 8

FRR (%) = (J—“’l]x 100 @)
JwO
e  FRR(%) fio Ysintnmzasuuswihnduanldlng

4o (Uhm’) e vandumusuluaenduduneniminas
Tulséin

J,, (Uhm?) e Wanduuuswwdismibumpinsaslysiu
Tianuazana

5. funamanydumunnlunsing (total fouling layer resistance,
m") Fafurarurasarnudmmilumsiwefiaansadundtld (R,
= reversible fouling layer resistance, m'1) sazanuswmulumsina
flalanunsodunduld (R, = irreversible fouling layer resistance, m")
Faannsaiwanldnafl (Famr Ssrsammnr, 2543)

R =R, +R, = ab __ap ©)
ﬂwJp nw‘]wo
AP AP
R, == (10)
qw‘]wl ”waa

A a v o YT Y
Wa R Aa wamanvasandmumulumsinafisnsodunaule
r-S A lJ L et b
R, o anudwnmlunisiwaflisnsoadunauld

' o Af v
Ap  fie madvasanuaunliiuaisazant (trans-membrane

pressure, Pa)
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o = ¥
N fn  anunllavavarsazansansuiliawsiy (viscosity of the
1 1 A -3 g ot g a' -y
permeate) vy 0.89 X 10”7 Pas &miuian gonad
25°C
A ' - v oA [ o
J, 0 drvianraniwariumgslldwmInsssasazaslusin
A ) “ & ¥ [ v P - v v e
fis aandranimainisdauunsunniasl)sinndadadaas
1!
J, e dmandusseazainlaiu

J

wi

[ V g o w o
6. MnInarauttwianniute 1-3  uduldsumsnasauiiuidun
voqor . a V e
wranaaslwi Faldususaaisuldlas nsnauiawiulnéon-
gafrFaalusandin g1 udnh Wusmniindu 500 mi




ﬂﬁﬂﬂiﬂﬂﬁﬂﬂ%‘iﬂitﬁ:ﬂa nIviaaad

mu%‘%"ﬂi{ﬁfi’mqﬂi:mﬁLﬁ'aﬁ‘aomsm?ﬂaJLammeaﬁ’umnwaﬁﬁmm’é“lmf
(poly(ether-imide), PEI) Failuiaysuillairawia ﬂ%’uﬂ;ﬁﬁﬁm’msﬁanﬁ'}mnfu la
muasaudusmusndalaneusswihanuususassy PEL uszauialn (active layer)
Tnwedliiflaneanagad (poly(vinyl alcohol), PVA) dawsmiaioaldlantdiinsda-
wisfrradnuuswsedsuinnunisiafaudrnansazary PVA lasldansazats
ngasanilad (glutaraldehyde, GA) tlnmsidanynesznionylaasendsfifluysu
ﬁﬂ"ﬂLtﬂméﬁﬁ'umg‘la‘smanfﬁﬂmaa PVA ROt EE BTN n It W8 sy 13093y
uaztwiadla Pva Welldumumifinnasamih wezfanuudousslumsialy o
moldanuai 485nsiliiluaidig nmgn sl fismmauaiieiuldlasasalag
ludasldduimSemaduudalag ymdsoilldiiaiy Tuaoundn fa aenfl 1 maasoy
twsusasian Pel Tasldinafiansnie (Phase inversion) uasbuuauusuitlduneda-
wlsdnanIazany AEOH Lﬁimﬁ'wgLtﬂmauu”amm:ﬂ"dﬁmﬂ'hmmmﬁwﬂﬁﬁ?mﬁ'v
PVA & uazaandl 2 Aamaiadonisaumwdelsznaunas PE! uas PVA lasfinoandoa

o X
aIU

41 wipasiuTwsasuunuiisninainadisazarawadBinasdlad (Poly
‘l | I 3 s
(ether-imide) support membrane, PEIl) flaldiwnrsdaulsin (Unmodified PEI
support membrane :UPEI)
av Xe o [y ) ‘é A
lwnwisiidasmuadouamusugwlnszaudaanfiaiassu dadwaumumni;
LT o ‘1 o)
winswatinyszanm 2-20 wilwuas uazusedbaudildlumsuenans da 100-1,400 Als-
thaaa wia 1-14 Bar lfiRausnaymeniadagnazmonfiminluanaludas 1,000 -
500,000 a1aa Tl wuniumeanld wanumwriiedaanfaiastuainilaseatiouuy
1 . v oa & o Y & o
laisnanas (asymmetric structure) lagnlsznaudrofisuuufisessudangusassy (support
pLp Yo o o
layer) Aflumalnginiduiedwandiuaadluzuf 4.1
Twomiseitlald PEl axanuludarmasmoufialnlsslaa (1-methyl-2-pyrrolidone,
- A 4 + b4 L u:’ A [ e
NMP) TamaSoufinnududyu 15 uaz 16 % lasdwiin wazlfbuiuarsnlalsdan
arans maadsauunuswldlfinafianmsusniva (phase Inversion) uazyinsaseuiua-
. P . o LA F-9% A‘ [ 1]
wissuwidan (immersion precipitation) TagialumaaSsuausulaslsinafintiorle
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a daa U . va  Xa '

wnwmwsilalisnnasiiiaTuun skin - upper layer) uazldfaitiznanamwinlng
v A a A o .

(Macrovoid) nsanszuanadsiialie S5nd “Finger-like structure” (W, ef al., 2006)

4 o E [V 4 as o
biD] Lﬂ%‘ﬁu?ad?un']ﬁuuu ﬂ\“Lﬁﬂ\ﬂ.uEﬂn 4.1

Upper skin layer

1 o ) v =
3 4.4 mwdarnausu PE Madoalaslfinaila Immersion Precipitation

faIunIe 350 1

700
= 147.8x
600 v *
¢ Unmodified 15% PEl /
500 |
= B Unmodified 16% PE( /
E 400 :
=)
% 300 %
Ll
200
100 ¢ y=10.47x
g8
0 g8 [ :
0 1 2 3 4 5
Pressure(Bar}

$ e v 4 A L= ad L,
E!.lﬁ 4.2 ﬂﬂﬂ‘ﬁ:ﬂ']ﬂﬂw}}ﬂdm&llU?'Po'ﬂlﬁ‘i’ﬂu’ﬂ'mﬁ']‘iﬂ:ﬂ'lﬂﬂﬂﬂﬂlﬂﬂ%ﬁ?ﬂﬁ?ﬂ??&ll‘ﬂuﬁlu

& a~
15 wi% Kas 16wt% fanuanlunmmasay 1, 2, 3 Ua: 4 Bar

- ] 1 4 nv =1 J 1 Clﬂ 5
mstiatesinvimalugadsiizfaiiasnmnsenieifiduaiarseas PE uas
. ) d [ A s Sou¥ oo
NMP anfuadllludrerasmsililddrhasaomluomiddvildhialiidans
AJ “r 1 o q a4 ¥ [] v r- B‘
uanuagunuagdasaiirsenitaiiazaisfo NMP  uasiit twiedn NMP  wasihhiivn
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wasdiniuldiluoted (strong affinity) W8NIINIK NMP ﬁ’oﬁauﬁﬁﬁﬁmm‘ﬁauiﬂqa
(hygroscopic property) (Baker R.W, 2000)

dathwmumfdslddwmsdaulstrfiesnannasazsy PEI anandudu 15
wazie wi% wiamsinadhuasniuamym Aanudusdieg @s 1, 2, 3 uaz4 Bar
mu§rau é’quaﬂﬂugﬂﬁ 4.2 Wurhnmnauduinssswiedanduanin uazaad
AlFlummasavnuswissesriaiuiuniduass fmnsamududaldamuduln
managovs s nisinarenidiuiusuimnd ndrsdednsansmaladi
dnvnsrnumuskriadaanflawtn eadahudmamaimsdudmaaiiring
LUALUTH (Water permeability, W,, L/m’-h-Bar) "fommmm‘lﬁmnmm'&'u'lunﬂﬂmaagﬂ
fl 42 PINMIFMIUKUIIEIMT W, = 147.8 Um'-h-Bar Wz 1047 Lim*h-Bar §1m3u
WASWAIDNMNEITRERNE PE! 15 UAE 16 wi% anuday

msduthwsosiemunuskan PEI Aflanududy 15 uaz 16 wt% wandad
Muflasrmemunilavessnsasmofiuand oty msazaefidanumiiaunndy vlims
wantawssznindamassamolnasasaonedwed wasihdainosililddani
azmufiadulddr Mbtmusuieieldaianummuimnnndy donalvmslnady
dinsaaiinauanandamsezarowedwafanuiduduuinin anumdudnuas
mm:ﬂwwaﬁLua?‘ﬁgo'i{uﬁnaeiaﬂ‘s:‘ﬁn‘ﬁmwn'ﬁmaa'ﬂﬁ nsviunusasmaldluanad
unin Snsserednsmmadldteoss donaliiiamauanuldousswitadaiazas
wazasf lilddinazaoAasutasderalifioniy wazEbagwnaI TN
e i ua:uﬁogw;m:n:qﬁaﬁu‘lé’mn% Mlignaumeslunusuiiswatinasdona
IiAaanusmumudatndud nadsnuum

aninlunuddeiBedenuuuruiiadonnnmsasais PEL 1Tudn 15 wi%
Wasvnfidmsdusursnirdwnius tasdlfndunnninuiiedouen
F1INEY PEl ANUTUTYW 16wi%

42  msans§iersznine PENwazansazanstaniinatlad (AEOH solution)

ilssmnmululaseaioves PEI fina)8lad (imide group) lay ugﬁ‘luﬁtﬂunajuﬁ
mnaunaudiinasan wiadidnlasflan (electrophiic group) fisnansnrinlfftonivasi
aauldrudiinaseu wiaarsdmanftandlafliin (nucleophlic reagent) 194 sslsznay
lofiu FoufiseniliiatuGaniy osiudw’ (amination reaction) uanfieyfAssrdniin
datuyiv PEI tﬁﬂmn‘éauan‘m‘ls?ﬁ*ﬂﬁ'mUT'ﬁTuLﬂqﬂé‘v’um TasmaRausmuarnnsn
Wald2 wuy em:ﬁ F.Sataso URZAMMCIEUD RO degradation by transamidstion ua:
degradation by hydrolysis é’ellﬁﬂﬂugﬂﬁ 4.3
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S OO

RY: -H, -akyl, -
Initial omine attack | RL P, -R? ) 2k, -aryt
% Y : -akyl, -aryl
R®: -H, -akyl, -aryl
AN y
N/ .
/
B j"zfl/\
/’1\‘\
R'\ /‘\H/“ﬁ \\
degradation by ,/ H ™. degradation by
transamidation hydrolysis

D0

-

highly aminaled PEI, soluble in water

l
(AN Y\n,R‘ ﬁ’\k,?\n,a’
% C#UH P

Pr ana ’ . . . o h of 1
UM 4.3 UJTTmnaenin PEl kazmmbsznaialiu (aninic modification) itsznausdaomy
UHAIRNURLANIE X (F.Satoso, et al,, 2003)

o b 2 et st "4 ¥
lurussuilldiGonldasazas AEOH ilnasdaudsinilasnniasazans
L 24 13 5 A :‘ L) 1 [l oDy ]
AEOH  Vrtnavdrswylaasendanfianureni warisdldemafindfisonaiide
ik o o o d ' aaa P a At aa d Py
Wlddn uazdefiniafiufimaindliujisounuiunuiiaadlofininganivefla
° L - A’ L o ) Fa) A =
589 PEl lagass ibiaummdluduansan tdniieladifadin uasldngloasandaiiiiu
£ e A
Bavzdauaaslugui 4.4
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.\/ °
a@( \Cj\ J/i\ ) Y N}“{; | ED
& o

' +NH,C'H,CH,OH (AEOH)

W G OO

P §
AVAVEN -
'\O &_&J\u. N !/(;H .

PET}

k - £/= (Amination
}/.) \o}“
O

A £ paiy o ' a A& '
Eﬂﬂ 4.4 ﬂ;}nw’mﬂ'm*n%:mﬂmwszwm PE! wazg31fsznay AEOH

£ + e LA [
1%0‘]1%’)’0[11116“‘1151’]'5?1:3'38 AEOH fflanutdutu 4, 6, Ut 8 wit% 'l%ﬂ”l‘iﬂﬂllﬂﬁ'-
Y o L o - P A
N’J'ﬂiNl&!lltll'i%ﬂlﬂ%ﬂﬁiﬂﬂﬁ'ﬁﬂ:ﬁ'w PEl 15 wi% llﬂ:l'ﬂ'i’lﬂ’l‘luﬂ'ﬁﬂﬂllﬂ‘iﬂ'llﬂ'mu10,

a A v P
20 waz 30 wfi Seearsilavinsfinensatuared 4.1

P ~ ’s
611579 4.4 &nen i lumsdatlsAnyuTH PEI

o anmglwnsaandsiamausn
fat19
[AEOH], wt% natnandsiia, wi

UPEI - -
M410 4 10
Md420 4 20
M430 4 30
M610 6 10
M620 6 20
MG30 8 30
M810 8 10

A ol | LY & ao L - e L £
Wodudwit AEOH  IévlASmduinium PE uemddbiildlfinadla

o CJ“ [3 &t As = A
ATR-FTIRMMINMINATAAE D800I PEl flou tasnavaaulsfdy v eh 4.2 ﬁ?l]

a P ol Y e [ -
waumsgantuusBudnavamiiiduilnnglulasaiives el adslidausin
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‘:I r= £ 1 et
A9 4.2 anUﬂ'ﬁﬂﬂﬂﬂullﬁdﬂ“\‘h’ll‘iﬂ'ﬂﬂsjﬂﬂﬁﬁﬁ'ﬁ%ﬂ80 PEI

(a9nin (cm™ . najHendn
2968 iumsauuuuiiauaaiuss c-H tungwfialumsldndn
1777 waz 1720 n'rsé’uuuuﬁwamagﬂﬁuaﬁa (C=0)
P8IURIND lared
1356 msdunuuiaras c-N vansuwandlud
1236 migananvamyiined

A A § & ol
31’71 4.5 Uar 4.6 U899 ATR-FTIR 'uaotumum'n'lmﬂuﬂimua: LT
o a hett - + + | =
AvntaaulsdidrsiTazany AEOH aitudu 4, 6 LRz Bwt% w10 wah

MB10

Absorhance

o

L1133 4 SEEEEREE I S —

3650 3150 2650 2150 1650 1150 650
Wavenumber (cny?)

311 4.5 ATR-FTIR w83 UPEI, M410, M610Uaz M810
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4
¥
[ =4
o
£
[=3
[%]
=1
L4
3000
a
(1
=
[x}
£
[+]
h
£
< M8
ME1s

MA1s

UPEL /

1850

850 650

(b)

o y
31 4.6 ATR-FTIR 984 UPEI, M410, MB10Ua: M810 () Mstfuwaafidhumits
4,000-2,500 cm’* (b) waasnsamulsafidunsde 1850-650 cm’™




53

A A " P 4 . AY M ves a o
deRnsanuisuifisusidnayseninaumusuatdlidaaulsia  uaziumusui
o - Y I o
AARUTHIGI8R1TaEA AEOH ATty 4, 6 WAt 8wi% muﬁm‘lu;;ﬂn 45 1az 4.6
[ w o o A - o A ) |
uas WA wianavsesnnusuiidandsin Sudssaauinauiinisulanuilasatng
< ve oA
Anldda nuda
l:: k- ] r '1
1. fmquaoﬁﬂﬂmtmmumw 1780-1720 cm’ AR
o A 44 g A d .
2. UnnghRafiauaduwlszuio 1660 om *mtﬂu.m'naﬂumtammsﬁmaam&
~ ' 14 A A
a3uafla c=0 'ﬂmmuua‘lm‘f uaz1550 cm a9illwaunauivganidauas
Yiuss N-H 'uamgta'lmf
A A -1 -1 - |
3. mmgwaoﬁﬂmamﬂauﬂi:mm 2935 cm  WaT 2873 cm gwumaqmnﬁﬂ
784 C-H 9983 AEOH
o o a -1 L oA a
4. mwgwmwﬂnLamﬂauﬂszmm 3600 cm giiutilasaniiavay -OH

a‘ = Ll :‘ L " L
$1990N 4.3 ﬁ?ﬂ{lﬂﬂﬂ'ﬁ@ﬂﬂauuﬁéﬂ%?‘l?ﬁl?ﬂﬂﬂd“ﬂﬁél{‘ﬂuﬂEN PEI naawlsiiay

fIarany AEOH

naifaridn LauAin (em™)
1550 WunsBaas N-H lungialad
1660 ifiumstiavas c=0 tumjtalud
3600 tinsdavas OH

naunsasindvansosgdimsssaig - AEOH mansaiyfidondy
» A L - b

PE! leludiumiarsunindlud Fiaenndasnbinansi98u89 Wolfgang Albrecht RazaM:
oy o el P} & w~ a
Fltrrnvawiawlaeiin wasdanysin

A = A ¥ A A’

Wefinsangf 4546 wudnlleanaduduussarsazaiy AEOH  gadums

e . -1 I d A
wasnilassasfafidunilatae 1550 — 660 cm™ uay 3600 cm - Suihularaluiuany
snuaiarazvesmyielud usswylaasenBamudwil uandrviwdnlddanufsanugs
P a et & e vy A

gasfinfidumbuinadianaganniu vinnsufswuassansasgidiusany
iudurasmsazary AECH goiu hlidasniaifiad jAsendaldsan
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43  MsAnudutAadtunuTHIaITy PEl nawilazsuasaatlsfiaragivazany
AECH
bt AVlvA s Ad [] Adn, s 1] s
Tluradafilafnunifedn il adasutfuauiuIusassuain PEl douLasraIna-
[y oA Y] w L o

wlsdrarsazany AEOH el ldiuamususassvnmmnssuluansin S omuny s
=9 1 A. A L7 Ar ‘:! E Rt T “J
1Farlsznaudelyl fRdasiinsdeilednfinadallfidetsznine PEI waz AEOH 1infia
AU UTHYBIRITREAY AEOH UazIRT IUNIAAULT

431 @MFIMINIBDILNNUTH

= - . o =t - Ao
Anmdnigruinsrrednutusuiiinisiedsylalasfinuifio uas
e L T - [ cz 1
MAKGT TV HUULYTH Tmumﬂ'ﬁnaaa'gamsmfatﬁnmauuuuaaanfnﬂaw’ﬁnnm
vanfvansaemslulassadisssuuumiieionld Sodmgwinmassannusuin
L1 1 L A L - FJA L ¥
aanaman'mh:qnﬂ“lmwm}aemmum mMaasudaaFuswiIngfif teznmidarg
o e - a [ o~ »
gaayuusu PEI Agdlddaudsio uasdanlsfidasa1iazany AEOH srunsanagauday
a o

tnafla SEM usalugui 4.7-4.8
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199 QoOTAI .

A 13 :J L -9 ¥ F
‘gﬂn 4.7 gﬂmu SEM 1adtsusunaaulstingrsaisazany AEOH 4wt% goinQd 90
o A M v -
Rl e (a-b) winusuililddandsin (b-c) 20 Wil (c-f) 40 wift

o o o a oA a v e
Ui 4.7 usasnsulamunlasdaugwineniin @) wasnwaaseved
‘:EU ] b £ A\ ‘l s o
wnlTk (197) inawdsiideaissans AEOH anududu 4 wi% aaawdséh
T . ) Aq M v P s> o o rel el o
dmu dwiuusitlilddaunlin wehiffidneaeinGorlifznie weadle
P P o i Aa L s (e
finsanfinnaau wuhnfvaseuumuisiiiawiniinnuwuiriany 1.89 £ 0.14
I oA oA . i d v
Mm waz macrovoid @danumzAa tiiaiia (Finger tke structure) fanuniadveum
A ks r-9 Id =1 3 s
128+ 025 MUm Wawwruwgmbhanaaudsduiune 20 wh woiavea-
Ly o A=’ a
winuanaan waruinmldsesuonnngzifiuwa 141 £ 0.22 pm Hudwauann uss
d -3 s £ oY A‘ 3 h oA A‘ 3
Weafnranmudarninaladlaudiowiurinanilognausmalugladraiiafianuiy
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Artuunueadiin 097 £ 0.23 Um wazdavalumsdaudsfinuduiu 40 wadt
woruiitausindiuam Qﬂﬁ 4.7 (e)-{f)) Tha) uﬂ’wugﬁqmumnﬁ’ﬁdﬁmmﬂ'lmg'ﬂs:mm
110 +0.25 UUm -fmﬁmmﬂwhﬁ'mmun'i"mlaqw*gwuwm’lmjﬂﬁ'ﬂm‘f?ﬁa AUl
sansusznwglvastwianindunfnussssuusudlanalunsanlsimuin
dasnniiamadauamnunidin (degrannadtion) FiSantoso  uazamzaBuliin
maRensnuss PEI mansadialdassuuvanmsdandsdsssliznaneiin da ms
t%auamwmaamuT'ﬁvm‘ﬁLua?ﬁuﬂ:mnéauammﬁmmnmnngm’luﬂ"lumu'['ﬁmn
Hiwld ﬂ'mmﬂn‘uﬁﬁ'ua'mﬂ;ﬂ’lﬁmuﬁ Santoso  wazaozaiuely eoil Waalums
el Ao mielumidandsinveauniusudiossazas AEOH fiusstzoman 979
wnndluduas Pel diRadfiSonunglafivees AEOH  vinldsumindluduanaan
Hianatalud ua:ﬁ’:’l}ﬂ-ﬁ'ﬁﬂ‘laﬂsan“ﬁmﬁﬂﬁﬁwaammum PEI §tl wahidlnrzpzinainm
'lnn'ﬁﬁwﬂﬁﬁ"‘imu'm'ifu fifvesunnui PEI Lﬁﬂn'méauﬁﬂ'iwuwﬁmm'lﬁ’gﬁag'fu‘lﬁ
ﬁuﬁauﬂwﬁuuugmﬂﬂaan ﬁ'qNahi’mum‘mé’nmm:ﬁ’lﬁfi'm'rs“ﬁummfwqq UREZMITNNNH
Tyséusfia BSA d
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a Aan 4 v g & v - Py ¥
el 3o usenmaFeusnmani i bigmgwinegasusnusuiidainnsaaus-
s . ﬂ: LR Y ] o ¥ o
finduasazany AECH Aianudutudrsnuiianuuandanu
d 1 A s - L A L o, et
Wasnnhwuuiwhignaaulsiamy AEOH 8 wi% iaaaudsialdiinng
A = 1 [:3 ] g L] t A a'
Fananngadfmhadesais Jelimunsnumahanfnsde ) tesniwausun
£ L3 1 A ] ] [] :‘ ] .-J =Y =
wisuld wWszuazuandy Wak lnagaudiniyivarimssani wdilafianyanfisanny
34 A b A 1 - -y (%] “
a4 was 6 wi% Janwaemudavannlduinuezmsiiasansesfiamsialdimmin
asnulunuidsuludrudaludldvnsanmanuduiusssrssaudsiialannsld
AEOH ety 4 uay 6 wi%
=
4.3.2  nsANEAMNTaLEIZ NI THIaITUN ot arnaInIsARn SN
argEsasastanilnarlud
A ' av v =t e vy ood
e ndnuiduiidasnsiadsmuniysuiflianusamiiifioaanas
L q sl r=3 A ] ¥y
ANANIEY wuIwluszeinanssuaunsnsasansdinanldsén maagmﬂﬁlu'ﬁamh
yood v ¥ v a o B ¥ o4
ttmuaauaglum maumtumﬁmw-ﬁauﬂw:ﬁ'l'ln"[mﬂqammﬁunummﬂuwmn
-~ L 7 ar et A Y o§ r-s
mﬁm'uaqtummm;m:tﬁznnmzuﬂnTular;mimmmu'lmmaaan‘lﬂmnmnﬁwaawu-
v A
win Saufiamsdhalamarnzluanauenhmanusumagnis (Funas, 2547)
l'l ~ ' 1 :ln g -]
Tasnm WAtnsedrsienioulflunms@nsmenusamhvasunsn fia
m‘si’mgm%’uﬁﬁ (contact angle, CA) Tewinefwaausn uazfinameni udadalsh
o - - ' Y va 1 da A o
anu n'mmgnmjmemnmw‘lummmuan‘lﬂad'mmﬁq'n'nmmaemmmunﬁ‘;w;uu
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ﬁEA | Ao [ ¥ 8
ANMINUIUAAIDONNUUTH (roughness) (TInAu (Zhu L-P, et al, 2008) waunlu
msdnamaremnbvasunumuiiznpulagmsiayududanildon ueluanuiv
s lahias (Zhu L-P, et al, 2008, Thaniguchi Zhu L-P, et al 2001,Zao W Zhu L-P, et
s L4 o :r v A‘ 44 B
al, 2008) Hinslfinafiaitllumsiinnanuremnbenuuusubuiiosdu vensninly
a‘m%’mﬂﬁ’ﬁnmﬁ'ﬂﬂﬁmwaomigﬂfﬁ‘um (water absorbance ratio, WA) (Zhu L-P, ef
v " .
al, 2008, Arthanareeswaran, et al,2009) ﬂfamwatwuﬂ'nuﬁ'n%aﬁa'lun'n'ﬁnﬁ'm'nu'ﬁau
v - P
Wgadu iy mgﬂn 410
s s L*3 1 r A Y gl
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Preparation and Characterization of Poly(ether imide) Support Membrane for Ultrafiltration
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Composite membrane
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ABSTRACT

Poly(ether imide) (PEI} support membranes useful for preparation of ultrafiltration composite membrane were
prepared from 15 wt% solution of PEI in N-methylpyrrolidone (NMP), using immersion precipitation method. The
surface of PET support was treated with 4 wi% of 2-aminoethanole solution (AEQH) for certain period of times. The
cffect of the reaclion time on the morphology, weltability, water permeability and mechanical property of
membrane were investigated. The chemical structure change during the modification process was monitored by
ATR-FTIR, which indicated that hydrophilic functional groups were formed on the PEIL support. It was found that
water permeability of modified PEI support membrane was relatively high compared to origin PEl membrane.

These characteristies offer the formation of new type of composite membrane.
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Introduction

Poly(ether imide), PEI is an attractive
material for membrane formation because of its
excellent film formation and mechanical properties as
well as a good thermal and moderate chemical
resistance {Albrecth e af, 2003) Howsever, the
hydrophobic character of PEI causes heavy fouling on
the membrane surface when solution containing
substances likes proteins. Membrane fouling leads to a
flux decline (Albrecth et ai., 2007) and increases the
operation cost by requiring extra process of cleaning
(Dai et af, 2008). Increasing membrane surface
hydrophilicity can effectively reduce membrane
fouling (Wang er «f., 2007). Many modification
methods  for improving the hydrophilicity of
membrane such as blending (Asatekin e al., 2007,
Wang et al, 1997), copolymerization (Wan ef al.,
2005; Zhao et al., 2008) and surface modification
(Albrecth ef af., 2003; Albrecth er al., 2007; Zhang et
al,, 2005; Wu et al,, 2006; Santoso ef al., 2003) were
reported. Surface modification is a technique to
generate  covalently bond chemical group on
membrane surface. At this technique, the membrane
surface is treated with e.g. plasma, UV laser ablation
or chemical solution (Albrecth ef al, 2003). Surface
modification by chemical solution is an interested way
to make membrane surface more hydrophilic. This
method presents the advantages of simplicity, creation
a surface with high hydrophilicity and low cost
operation.

Albrecth et al. modified PEI membrane by
wet-chemical treatment, using poly{cthylene imine)s
(Pei) as modifying agent. The hydrophilic PET
merﬁbrane with amine functional group, which can

bind covalently with second modifier obtained. Using
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modifies with high aminic nitrogen such as Pei,
diethylenetriamine (DETA), N-MethylaminoproPyla
mine (MAPA), 2-aminoethanole (AEOH), etc. was
reported by Santoso ef al.. They found when DETA
and MAPA were used as modifier, water permeability
was significant increased with longer treatment time.
From this data, they concluded that treatment with
modifiers with containing high nitrogen content resulis
in a functionalization of PEI membrane accompanied
with the strongest opening of the pore system.
Albrecth et al. modified PE] membrane was a two-
steps treatment process by using two modifiers DETA
and Pei, respectively. The result showed that by DETA
treatment, the pore system of membrane was opened
resulting in a strong increase in water permeability,
The amount of amine groups increased with Pei
treatment.

In this work, AEQH was used as a surface
modifier because of no detail in chemical structure
change, morphology, weltability of PEI membrane
modified with this substance. It is expected that AEOH
can generate hydrophilic functien group i.e. hydroxyl
group (-OH) which allows the covalent bonding with
the second modifier in order to obtain the composite
membrane. The aim of this work was to prepare of
poly(ether imide) support membrane with high water
permeability and.hydrophilic functional group (-OH)
for the formation of ultrafiltration composite
membranes. The wet chemical modification was used
by using 2-aminoethanole. The effects of the reaction
time on the morphology, wettability {contact angle
measurement and water uptake) water permeability,
and mechanical propertics of membranes were

investigated.




R ional Graduate
éaNazgzggh%zn%%%E,e_

XS, CEAU it Ktrn Wien Userirsily

Sebranrm 5213 L CTAR

Materials and methods
Materials

PEI (ULTEM 1000%) was kindly supplied by
NOK Precision Component (Thailand) Ltd. Anhydrous
NMP was purchased from Aldrich. NMP was used as a
solvent. AEOH supplied from Carloerba was used as a
modifying agent. All reagents were used without any
further purification.

Membrane preparation and modification

The membranes were prepared by the
classical phase inversion method in water as coagulant,
15wt % PEI solutions was cast on a glass plate with a
casting rod in an environment of 50 3+ 5% relative
humidity. The thickness of the cast film was fixed at
250 Wm. The cast filins were then immediately
immersed into a 25 °C water bath for complete
precipitation, The membrane was removed from the
glass plate and washed thoroughly in large amount of
distillated water. The membranes were stored in
distiltated water until being vsed,

For the modification, the PEI membranes
were heated in 4 wi% AEOH solution, Reactions were
carried out at 90 °C for the indicated time of 10, 20 and
30 min, respectively. The modified membranes were
then thoroughly washed with the distilled water to
remove absorbed modifier and dried at 50 °C for 24
hours before further use.

Surface Characterization

Specimens were prepared by cuiting the
casting film into pieces. The surface of the film was
then carried out using Fourier Transform Infrared
Specrometer (FT-IR), Attenuated total reflection
mode (ATR-IR: Equinox 55, Bruker), For the contact
angle measurement, a water droplet of a constant

volume is put on the surface of a membrane by using
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an automatic interfacial tensiometer (Kyowa inc). The
angle was measured after 17 ms of contact of
membrane with the water droplet.
Water uptake mesurement

Pure water uptake was measured by ASTM
Method D 570-98. The equilibrium amount of liquid
water sorbed by a sample film was determined by
immersing it in pure water, blotting it between two
pieces of filter paper and weighing. Pure water uptake
was calculated as follows:

Water uptake = (W -W /W) x100
where W_and W, are weight of swollen and dry
membrane, respectively.
Membrane morphology observation

The cross-sectional morphology of the
obtained membranes was characterized by SEM (JSM
5200). The membranes were cut into a piece of various
sizes. These pieces were immersed in liquid nitrogen
for a period of time and then broken. The fraciured
membranes were coated with gold for producing
electric conductivity before analysis.
Transport properties

To measure the transport of modified
membrat_les, the UF experiments were carried out
using a stirred dead-end filtration cell laboratory-scale
system. All experiments were conducted at room
temperature and at pressure of 100 - 400 kPa.
Tensile properties

Tensile strength and efongation at break for
various membranes were tested by Universal Testing
Machine (LLOYD) with load cell of 100 N. The
measuremnent was carried out at room temperature and

puli rate of 5 mm/min.
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Results and discussion

To prepare PE] membrane supports for
Ultrafiltration membrane, Phase Separation method
was used by using NMP and water as solvent and
non-solvent, respectively. The membranes bad an
asymmetric structure consisting of an asymmetrical
structure consisting of two skin layers {a top and
bottom skin layer)} and a finger-like support layer or
macrovoid. Generally, this structure is obtained when
the casting solution is immersed directly into the non-
solvent bath (van de Witle ef al., 1996)
Modification of PET membrane support with
AEOH solution

Albrecht et al. reported that the electrophilic
imide group of PEl can react with a nucleophilic
agent such as amines. A carbonyl group of the
imide ring of PEI should then react with amine
group of AEQH. One amide group is formed and a
second amide group is covalently bound with
methyl group in the main chain of AECH. According
to this reaction, the hydroxy! groups (-OH) are also
formed on the surface of PEl membrane as shown in

Figure 1.

+30-0t0-0%0

\I/ H,NCH,CH,OH (AEOH)

~H0. 01000}

Figure 1.Expected reaction for the functionaliation of

PEI membrane using AEOH modifier,
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Figure 2 FTIR-ATR spectra of membrane surface:
parent  PEl membrane (UPEI} and PEI
medified with AEOH (MPEI}.

In order to confinn this expected reaction (Fig.
1), FTIR-ATR technique was camried out and the
resuls are displayed in Fig. 2. The main changes are
found: The deformation vibration of the CONH group
formed by functionalization arises between 1660 em’
(C=0 stretch of CONH group band) and 1550 em”
(N-H band of CONH group). The peak around 3300
em’ corresponds to the ~OH stretching peak. These
spectra verify the reaction of PEI with AEOH
tesulting in a formation of hydrophilic group such as
amide and hydroxyl functional groups on the surface
of PEl membrane.

For the future work, the appearance of —OH
groups will be used for the formation of coyalent
bond with poly(ethylene glycol) with diisocyanate
crosslinking agent to obtain ultrafiltration composite

membrane,
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Characterization of PEI membrane surface
modified AEOH
Hydrophilicity and water uptake

The hydrophilicity of nodified PEI
membrane was studied by using contact angle and

water uptake measurement,

&0

modification time {min)

{b)

60

40

20

S\ .
10 20

water uptake (wt%)
oo
<

0 30

m odilication time {min}

Figure 3 Contact angle (a) and water uptake (b) of
PEI membrane at different modification

times.

In Fig.3, a decrease in water contact angle and an
increase in water uptake of modified PET membrane
indicated that the hydrophilic of PEI membrane was
improved. The results suggests that the improvement
of hydrophilicity may be atiributed to more
hydrophilic functional group such as amide and
hydroxyl groups appeared at the membrane surface.
Transport properties and Morphology

Water permeability with respect to the
treatment time was shown in Fig, 4, Tt can be seen that

water permeability of the PEI membrane was
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significantly increased with longer modification time
as reported by Santoso et al. However, it was noted in
this work that the membrane modified for 40 min was
too fragile to be tested. Thus only membranes
maodified with AEOH for 10, 20 and 30 min were

studied.

Water permeability
(Ih kP
© =~ M WA W N @

0 10 20 30
modfiation time (min}

Figure 4 Influence of modification times on the water

permesability of PEI svppoit inembrane

The change in water permeability can be
explained by considering SEM photograph. Figure 5
showed the change the surface and cross-section
morphology of PEl membrane before and after
treatment with AEOH solution. Considering on the
membrane surface in Fig.5, the dense skin layer (Fig.5
(2)) of unmodified PEI membrane cracked when PEI
membrane was treated with AEOH solution (Fig.Sr
{b)).  Subsequently the pores underncath this skin
fayer were opened as shown in Fig.5 {c). SEM
phiotograph of the cross-section near the surface of PEI
membrane also show the opening of the finger-pore
(Fig. 5(d)). This suggesls an opening of the pore of
meodified membrane surface resulted in the increment

of water permeability.
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Fig. 5. SEM photographs of wnmodified PEI membrane
{a), modified PEl membrane (b), surface
magnification of modified PEI membrane (c), and
cross-section near surface of modified PEI

membrane (d).

Tensile properties

Tensile strengths and elongation of the dry and
wet membranes are shown in Fig. 6(z) and (b),
respectively. The tensile strengihs and elongation were
lower than that of unmodified PEl membrane. In
addition, dry membrane had higher tensile strength than
wet membranes. Although the tensile properties of
modified membrane were lower, they can sustain the

pressure normally applied during water permeability test.
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Conclusions

In this study, by using wet-chemical treatment
and as AEOH modifier, PEI support membrane was
covalently bound with modifier. According to this
reaction, amide and hydroxy! groups were formed on the
PEI support. The trend of contact angle and water uptake
confirmed the chemical stnicture change of PEI
membrane as well. The water permeability of PEI
membrane increased as modification time increased due
to pore opening of support membrane surface
investigated by SEM. These results suggest that medified
PEI support is useful for the formation of composite

membrane.
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Surface Modification of Poly(ether imide) Support Membrane for

Preparation of Anti-fouling Ultrafiltration Membrane
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Abstract
Asymmetric porous support membrane of

Poly(ether imide) (PEI) was prepared by using

2

*

immersion precipitation method from a casting
solution of 15 wt% solution of PEI in N-
methylpyrrolidone (NMP) and water used as non-
solvent, The surface of PEI support was treated with
4 wi% of 2-aminethanole solution (AEOH). The
¢ffect of the reaction time on the morphology,
hydrophilicity, pure water permeability, BSA
rejection and mechanical properties of membrane
were investigated. The chemical structure change
during the modification process was monitored by
FTIR-ATR, which indicated that hydrophilic
functional groups such as hydroxyl and amide
groups were generated on the PEI support. It was
found that water permeability of modified PEI
support membrane was relatively high compared to
parent PEI membrane.

Keyword: Poly(ether imide), Surface Modiftcation,
Support Membrane, Ultrafiltration
Membrane, Anti-fouling

1. Introduction -

Poly(ether imide), PEI is an attractive material
for preparation membrane support because of its
excellent film formation and mechanical properties

as well as a good thermal and moderate chemical
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resistance {1]. However, the hydrophobic nature of
PEI causes heavy fouling on the membrane surface
when solution containing substance likes proteins.
Membrane fouling leads to a flux decline [2] and
increases the operation cost by requiring extra
process of cleaning [3]. In addition, this polymer is
not very reactive because its chemical structure is
stabilized by mesomeric effect {4]. Therefore, it
could not physically and chemically interconnect
with secondary hydrophilic polymer such as
polyethylene glycol (PEG) or polycthylene oxide
(PEO) having ability to resist protein adsorption
[S}-18]. Although blending hydrophobic polymer
with hydrophilic component such as PEG and
polyvinylpyrrolidone (PVP) is frequently used and
less complicate way to produce hydrophilic
membrane, PEG and PVP could slowly diffuse out
of the membrane matrix during filtration process
[91.

The preparation of membrane support with
hydrophilic reactive functional groups would be
good for wettabiltiy inducing complete coating of
the hydrophilic polymers. In addition, such
hydrophilic functional groups on the support could
~ increase physical and generate chemical bonds with
the secondary hydrophilic polymer [10].

Surface modification is a technique to generate
reactive chemical functional groups on membrane
surface. In this technique, the membrane surface is
treated with e.g. plasma, UV laser ablation or
chemical solution [1]. Surface modification by
chemical solution is an interesting method to make
membrane surface with reactive functional groups
and hydrophilicity. This method presents the
advantages of simplicity and low cost operation.

Although PEI is a stable material, it is well known

that the backbone of PEI offers functional groups
suitable for wet chemical modification with suitable
modifying agent [1],[4]. Jang and Shin [11] used
NaOH as the modifying agent to increase interfacial
adhesion of epoxy resin/PEI for improvement
toughness of epoxy resin. Amines were also a
modifying agent for PEI [1],{2],[12],[13]. Albrecth
et al., [1} indicated that amination reaction between
PEI and poly(cthylene imine} (Pei) can be produced.
During this reaction, the imide groups of PEI reacts
with amine, subsequently imide ring is opened
forming new amide groups generated without
breaking of the main chains. By modified with high
aminic nitrogen such as Pei, diethylenetriamine
{DETA), N-methylaminopropylamine (MAPA),
2-aminoethanole (AEOH), etc. was reported by
Santoso et al., [12]. They demonstrated when DETA
as modifier with longer treatment time, the
wettabilty of PEI

transformation of hydrophobic imide to hydrophilic

was improved due to

amide. The water permeability was also
significantly increased. This is because of an
opening of the pore on the treated membrane surface
and thinner active layer resulting from degradation
of PEI. These results transferred the separation
property from ultrafiltration (UF) to microﬁltratiop
(MF) f1].

In this work, AEQOH was used as surface
modifier because of no detail in chemical étructure
change, morphology, wettability of PEI membrane
modified with this substance, In addition, AEQH is
low cost. It is expected that AEOH can generate
hydrophilic function groups i.e. amide (CONH) and
hydroxy! group (OH) which allow the covalent
bonding with the second hydrophilic modifier in

order to obtain anti-fouling ultrafiltration
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membrane. The aim of this work was the
preparation of poly(ether imide) support membrane
with high water permeability and hydrophilic
functional groups (OH) in order to stabilize the
second hydrophilic component in the membrane
surface and matrix. The effect of modification time
with AEOH solution on the morphology, wettability
{contact angle measurement and water absorbance
ratio) water permeability, BSA rejection, and
mechanical property of the membranes were

investigated.

2. Materials and Methods
2.1 Materials

Poly(ether imide) (PEL: ULTEM 10008) was
kindty supplied by NOK Precision Component
(Thailand) Ltd. Anhydrous NMP was purchased
from Aldrich. NMP was used as received. AEOH
was supplied from Carloerba. Bovine serum
albumin (BSA) with an average molecular weight of
67 kDa was supplied from Fluka. All reagents were

used without any further purification.

2.2 Membrane Preparation and Modification

The membranes were prepared by the classical
phase inversion method in water as coagulant. 15wt %
PEI sohitions was cast on a glass plate with a
casting rod in an environment of 50 £ 5% relative
humidity, at 29  1°C. The thickness of the cast film
was fixed at 250 pm by a doctor blade. The cast
films were then immediately immersed into_' a
distilled water bath at room temperature for
complete precipitation. The membrane was removed
from the glass plate and subsequently immersed in
distilled water at 70°C for 2 h in order to eliminate

solvent. Finally the obtained membrane was washed

again in large amount of distilled water. The
membranes were stored in distilled water until being
used.

For the modification, the PEl membranes were
immersed in 4 wi% AEOH solution. Reactions were
carried out at 90°C for 10, 20, 30 and 40 min. The
modified membranes wete then thoroughly washed
with distilled water to remove absorbed modifier
and dried at 50°C for 24 h before further use.

2.3 Chemical Surface Characterization

Specimens were prepared by cutting the casting
film into pieces. The surface of the film was then
characterized using Fourier Transform Infrared
Spectrometer, Attenuated Total Reflection mode (ATR-
IR: Eguinox 55, Bruker). Thirty-two scans were used

for each spectrum at a resotution of 4 e,

2.4 Hydrophilicity Studics

For contact angle measurement, the samples
were fixed flat on a glass slide using double side
tape and dried. The water droplet of a constant
volume was put on the surface of membrane by
using a contact angle System OCA (Dataphysics).
Water Absorbance Ratio (WA) was studied as
reported by Zhu et al., [14]; The WA was calculated
according to WA (%) = (Wye-Wag)/ Wy % 100%,
where w,,, and w,, represent the weight of dried
membrane and membrane soaked in water at room

temperature for 24 h, respectively.

2.5 Membrane Merphology Observation

The cross-sectional morphology of the
obtained membranes was characterized by SEM
(JSM 5200). The membranes were cut into a piece

of various sizes. These pieces were immersed in
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liquid nitrogen for a period of time and then broken.
The fractured membranes were coated with gold for

producing electric conductivity before analysis.

2.6 Transport Properties

To measure the transport of modified
membranes, the transportation experiments were
carried out using a stirred dead-end filtration cell
laboratory-scale system with the active area of 17.34
cm?, All experiments were conducted at room
temperature using an operation of 100, 200, 300 and
400 kPa, respectively. The solute rejection of
membrane was tested with 1 g/L of BSA in
phosphate buffer saline (PBS solution) with
pH=7.4. The BSA protein concentration in the
filtrate (C,} and the feed (C;) were measured by
specirophotometer (UV-model Lamda 25, Perkin
Elmer) at a wavelength of 280 nm. The BSA
rejection, R(%), was calculated according to the
equation: R({%) = (1-Cp/Cy x 100.

2.7 Tensile Properties

Tensile strength and elongation at break for
various membranes were tested by Universal Testing
Machine (LLOYD). The measurement was carried
out at room temperature and cross-head speed of 5

“mm/min,

3. Results and Discussion

To prepare PEI membrane supports for
ultrafiltration, Phase separation method was used by
using NMP and water as solvent and non-solvent,
respectively. The membranes had an asymmetric
structure consisting of two skin layers {a top and
bottom skin layer) and a finger-like support layer or

macrovoid. Generally, this structure is obtained

when the casting solution is immersed directly into

the non-solvent bath [15].

3.1 Modification of PEI Membrane Support with
AEOIH Solution
Albrecht et al.,

electrophilic imide group of PEI could react with a

{1] reported that the

nucleophilic agent such as amines. Carbonyl group
of the imide ring of PEI should then react with
amine group of AEGH. One amide group (CONH)
is formed and a second amide group is covalently
bound with methyl group in the main chain of
AEOH. According to this reaction, the hydroxyi
groups (—OH) are also formed on the surface of PEI
membrane as shown in Figure 1.

In order to confirm this reaction (Figure 1),
FTIR-ATR technique was carried out and the results
are displayed in Figure 2. The deformation vibration of
the CONH group formed by functionalization arises
between 1660 em™ {C=0 stretch of CONH) and 1550
em! (N-H band of CONIH). The peak at 3300 cm™
corresponds to the —OH stretching peak resulting form
—OH groups from ABOH. These spectra verified the
reaction of PEI with AEOH resulting in a formation of
hydrophilic groups i.e. amide and hydroxyl finctional

groups on the surface of PEI membrane.

+0.0to- 0o+

HZNCHZCHZOH (AEOH)

‘4o @{j@ Orof

HNCHCHOH
Figure ! Schematic reaction for the functionalization

of PEI membrane using AEOH modifier.
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Figure 2 FTIR-ATR spectra of membrane surface:
parent PEL membrane (UPEI} and PEI
modified with AEOH (MPEI).

3,2 Characterization of PEI Membrane Surface
Modified AEOH

3.2.1 Hydrophilicity

Several works used contact angle measurment
to study the hydrophilicity of membranes [16]-[18].
However, this method is difficult to definitely
interpret the surface property for porous membranes
due to capillary force within pores, and roughness,
etc [18]. The water absoybauce ratio measurement
was also studied.

In Figure 3, a decrease in water contact angle
from 84 to 60.4 degree was observed when
modification time was between 0 and 30 min. In

addition, a significant increase in water absorbance

‘water permaability (| m*h"kPa™)
- .

modiltsation time {min)

Figure3 Water contact angle and water absorbance
ratio of PEI membrane at different

modification times.
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Figure 4 Influence of modification time on pure
water flux on function treatment time (a)
and water permeability and BSA
rejection (b) of PEI support membrane,
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Fignre S

SEM micrographs of membrane surfaces and cross-section of wnmodified PEI membranes (a-b),

and modified PEI membranes for 20 min (c-d) and 40 min (e-f).

ratio from 9% to 79% of pure PEI membrane and of
modified PEI membrane for 10 min, respectively
was also observed. These results indicated that the
hydrophilicity of PEI membrane was improved, The
results suggests that the improvement of
hydrophilicity may be attributed to more hydrophilic
functional groups such as amide and hydroxyl

groups appeared at the membrane surface. This

improvement of hydrophilicity of membrane
implied a higher permeability for membrane in the
filtration process 18]
3.2.2 Transport Properties and Morphology
Membrane transport properties with respect to
modification times are shown in Figure 4, Pure
water flux as a function of operation pressure was

plotted in Figure 4(a). The result shows that an




128

increase in transmembrane pressure results in an
increase in water flux.

It can be seen that water permeability of the
PEI membrane was significantly increased with a
longer modification time as reported by Santoso et
al., [12] while BSA rejection presents inverse trend
due to a larger pores. It is noted in this work that the
membrane modified with 4 wt% AEOH for 40 mi.n
was too fragile to be tested. Thus only membranes
modiﬁed with 4 wi% ABOH for 10, 20 and 30 min
were studied.

The change in water permeability and BSA
rejection could be explained by considering SEM
micrographs. Figure5 shows the change of surface
and cross-section morphology of PEI membrane
before and after treatment with AEOH solution for
0, 20 and 40 min of different modification times.

Considering in Figure 5, the dense skin layer
of unmodified PEI membrane was observed with the
thickness of 2.5 pm as shown in Figure 5 (b). When
PEI support membrane was treated for 20 min, the
dense layer of parent PEI cracked due to
degradation of PEX (Figure 5 (c)-(d)) and the
thickness of dense upper layer decreased to about
1.5 pm as shown in Figure 5 (d). As a longer
modification time for 40 min the membrane without
dense skin layer (Figure 5 (e)-(f)) was observed. The
pores presented on the surface with the 12404 pm
in diameter. This morphology may cause the
membrane not sirong to study the transport
properties,

An opening of the pore and a reduction of
active layer of modified membrane surface can be
expléiﬁed as Albrecth et al,, {2] and Santoso et al,,
[12] These results provide an increment of water

permeability and a reduction of BSA rejection

=
a.
&
=
E)
o
2
B
2
B
8
modification tima (min)
140
®) . E3dry membrans
120 T Hwel membrane
100

% elangation

medificalion time {min)

Figure 6 Tensile strength (a) and % Elongation (b)
of PEI support membranes at different

modification times.

3.2.3 Tensile Properties

Mechanical property of porous membrane is an
important property due to during the filtration
process; the operated pressure is needed to drive the
filtration substance through to the porous
membranes.

Tensile strengths and elongation of the dry and
wet membranes were then studied and shown in
Figure 6(a) and (b}, respectively. Figure 6
demonstrates that both tensile strenéth and
elongation were lower than that of unmodified PEI
membrane. In addition; dry membrane had higher

tensile strength than wet membranes while %
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elongation presents inverse results. This result can
be explained by considering the result of
morphology change during modification. Although
the tensile properties of modified membrane were
lower, they can sustain the pressure normally

applied during water permeability test.

4, Conclusion

In this study, by using wet-chemical treatment
and AEOH as modifier, PEI support membrane was
covalently bound with modifier. According to this
reaction, amide and hydroxyl groups were formed
on the PEI support verified by FTIR-ATR. The trend
of contact angle and water absorption ratio
confirmed the chemical structure change of PE1
membrane as well. The water permeability of PEI
membrane increased as modification time increased
due to pore opening of support membrane surface
investigated by SEM. These results suggest that
modified PEI support is usefuil for the formation of
covalent bond or good compatibility with second
hydrophilic modifier to produce anti-fouling

ulirafiltration membrane,
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