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W OE UEBBA/RZBAARNERBEERE RAT/ M RS & RTLE, BE 1F E R R
BAREANEYR TRAARZ _BEKRPRISBBENEN. AAAREKRT 0%, 4 3 HB
W B R, B A Y 7E V5 R R A T IR S Bl o, BT R RO S5 H . AN [R) P R NMP L DMF
DMAc. DMSO 25 85 1 % 79) o, B #4350 £ Vg 1B 487 9T (48 FF U 38 80 0% 160 % TL B 18 0 BB o9 59 g R B 1 22 300
AR EFFRER D, HAEHBRRTREL B BRNEELAXE.

XRE RZ_E, BERR, HMAEREK

HMEAERASEMAERN—-TEENE,
HeBEhE2IREEm/ SR E, HEEX
FETZHEN - MRE"Y  HE LR
. EPRAMEEREAR —BEBEEDN YL
(binodal) , $FBBM A K E , MHBR LZEHEXR
BE. ARk R ERRTRNNEL
HEMBEE B2 _BREESFURERBEKER
HE NEEREREN AL ZEAERNFIERE
R R EREREESTE 70% ~ 80%,
FE43 g i 7R 2 BURR B 70 O B 5 v 8 L 4RGE .

AXFHBEEFEM AR PES/PEGHE Il #l
BAEMAMILE SR TE I RAKESIES
BREBNEASS BT/ 485402 LB
FRARZ _BEN AL, BOBEROHR, 8
A B L S Y/ B i R
B A M S — B RS YERAER
ROHEERSARAAR, FREEZFR
A W WA 43 B N 7E 8 A P R R A R B
LERE , BAXEM SRR AR W . A
SEFHABRZ _EI N IR ERRY
LB FLEA .

1 ZBEHS

1.1 WM

i 6 B B B IR, ( polyethersulfone, 8] B% PES),
EHREBHML T 7,4 F &7 20 000, FFHEH
¥HO2I.ABFHBAARL _B(PEG), 7 rE
400. FR B —_HEZ B (DMAC) , —HFEF

Bt (DMF) , N-Ff 2e-2-nlk i G B (NMP) , — HF P8
(DMSO) , C FARERE .
1.2 HHEE

HEUERSYHER KEPLHRKENEL
THERESHRMAERLSERSZHNELZZ
BE.AARMREMA -SENREBR, M
H24h BESHEGOR ~80%, FFRHEBYERT
e AERPMARENEZ _FE . HHEE3Y
—BrMERE £adBERERE, ERBER R
AR, ESSYHE —ENHE,{IAACEHES
B AL, 48 A KI5 P 4R SR 8E B LB, R B AP B R
ABEMA ER BEFSSPET.
1.3 B E{Est N

TRAEMMEKHER R RBBEYFHAEX
A RIS E AR R R KALE BE e
FHBEERENE, KP/KBRAE GTL-D B
AEMEMN EWE , NEESTH 0.1 MPa, M|
BN 9 om’ s WA E W E R B ATLE, M AT
SR ZMBHL 30 min.
1.4 BRIBSEHMHNE

JEE AR A B A& JEDL 4 ¥ B ISM-T20 B
PR MNE, MERERTLE P
HUAFHR FHRELZERK FERBRIE,
E T ES T A 35 B (Sputter
coating) I — B & B BT &S AT UB A
:: 8
1.5 S5 HE RO R B M E

PRI RS BEE I BE R R BT B R
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HES NDJ-1 B, B REERT .
2 ER5itie

2.1 REAZERNESH

BHERHENEF A= cAE ST, A
L,Z=ABH=1TRA NS.S.P BB AR IR
H BRI S, Binodal & E N A FEENER
EHAX , Binodal £% 5 & 2% (spinodal ) €8 Z [6] 2
ER X, 4 T HP A EE L RZ-ERKIES S
BOEEL (tie line) REENER AWM (PRYFH
&Y H (PP), Spinodal RAFAANAREX, 4T
Heb BB LB RS _HMERABEIE A sy
EEMRSE.

HERN ANEBRBEABRERRE, —BREE

R R REMHLE, (DBR-BHESE(A>E
8), )BBEERZ(A>BR) . FAREEIEX
R B PULILBSEAT 1.
2.1.1 HMBELSBHEFHGE  HER
EREARBEG BEEEGEEEHSBEIRN, ER
#A il 1 iR BRSNS ERERR A—~B.
FEEAXAEERIZE REBNEFES
L, AREB A LR TR IFLAR
ZH(LE2).

Binodal

Spinodal

Fig. I Ternary Phase diagram
P: polymer; S: soclvent; NS: nonsolvent;
AB: gelation; AE: liquid-liquid phase separation

Fig. 2 SEM of PES membrane cross-section with no

exposure time

2.1.2 RAT/EBEHE HRIEFEBETE
b BER-BAASE, UIRBFILFPREHBIR
AR, AR RATRBEHBRTIZ FHETE
TE 2 S F & 4RI FR 4 A4 B (dry process) , TR &
e 5 B W o 52 R I B9 58 S48 73 5 (wet process) .

FEERRBRESSFPHABRKEENMIE, &
W- WA B R ELE, AR 2N
A~ER ATEYNBELREHIBHFER,
FZEAERFILEHN TRMEINRENFE
MEHTH TEAEH . BARRZ_ENHBA
B, R4 EER, B B BN L TLER MK
KERSGYMBHNARSYHIEERAGYRER
b EREAREBREEN BL B, —$H
SHEERBRENRILE.

MG, WaEsrENGEREARERER. 5
BEYVHERTENEL REBRESREE
BT HETRMATESYRER, —KRDT
7% \FEEERENEE BUENEE, TE A
e HILEEREE S8R REE T, RINRE
EEAMERMBBEE L LRI ENERBT
%, HERFE I RE SR B 5% e
2.1.3 RAT/EZEH PES BILBEAERNESE
mAE  AEBEAUHEREHRMILRESERE
# ,BEEKE . SREYHEFEENRHITER
FEEEDEAGLHIEE RBEHBETE
EEEREER AL, WEAE, BEE LI
g4 ;I A AR B 4, A MBI K R 10 PES/
DMA/Z. MR RS SR AL BRI IS, A
BEBTY —BOBEFERS(DEFBRETER
B PVP ST R AT, B R R R AR B, et
Bag A ME AL B R . () FBERP RN
FEFHER, M R-80 &, R ERAYEN B
MR EKAZE. QOREHFRBER, EHAKR
REF AR ENARZ_EEIERENER
KEHR,EHENE ERBIRAR, X E &R
B TR TTER AR D, S RSB
BEE 5SRAYRAHEEZENRESYHEEL B
MRZHESRAYHEHETHHERKEBRZ
EHRNAREYH, EERFENERERE
RABXETRN. '

2.2 EHHEEEMNERESEHER

22.1 BZ-B&EHEW  RIOEZAEK
F PES/PEG/BEM P, AR Z BB SERK
LB S, A A TR, R 8 T EFREESS
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REE AL E, AR RBRO AN T E,
LRIEMNTEMN ST 10%, P2BFIRL

b

ig. 3

BB EREAESNAE RENEE(NE3).

e SEM photographs of PES membranes with different PEG conce:

TEMESENORER 5% . FEBETHEZLC

o

a) PEG 80%, b) PEG 77.5%, ¢) PEG 75% ; Casting solution: 15 wt% PES; S: DMF; Casting procedure: 7 min exposure time o air,

gelled in water at 25°C

WE 7 EEWRE N 80% &M PES YR E W
15%0 , A RPBERNEKERE 5%, SBERMK, &
REAY PESEBRN T HEER, BREYWUEK
FHAERTE, AN EERMEERL EEX
rh e RE AL AT, #8488 o BE RO, HIERE B B OR
ZAEW, WA (DFR(ATREFERER
BREW , R BRI AR .

WMEZ BN 77.5% MR, S8 A EH
FHEMUEAEREAETWARBER(EE 32
3c thE) , REME VR ILESHS, HHZK
BERERZPBEASENENESREGYERL
BZ RN 0% HIE RN BE—& , (BE K
FRELRER HABHN A TEABAERZER
FEAAEERNE, SRR .

WRZ RN 75% LAE , BMEEFIREE 109%,
BEREEAFILFRG W, X R ¥ RMFLIBRA R
EEH IR PERRE—S N, AR
FAESBN RS TEHARAWED BHE, KR@
ERATHFFILRR G (LA 30) . HR L MK
E#—BNTF 5% LG, BRNELEEER SHE 3
(c)FEM, ERBMILERT BB, Ao HiEE.

MEIJUEH, EEKRP PEG ¥ FE H R
%, BUE R, W R R, BEILR /BT m.
BREMTHSEERPENRE S L, BERK
ERE . BAFEERNPHHEMTTRE HTE
HEMRINELEER, RZ, WA,

Table 1 Effect of PEG concentratioin {wt% ) on waler

flow and bubble point of membranes

WAL EEHRNE. YREYREREN, BEEA
BRITILEH ReWEERRN ERA LN
18% 21% B, BEFLAR AR/, BB 7Kl B /b (R &
2) EEFRBAARPRSYHRENE N, KT
Pz MR, ERAE R A g
FoE R BT, — 7 TE 3t LB 3R TR RO R 45 ) S B AR
HFBRELEEEAERK, BB L
m;B—FE, RN TFERBEERNESY
HEHEE MAUERERELRLEENRS
Y AHAERT A, R R E A Yk E I,
FEFLEB/N, BEELBELD .

Table 2  Effect of PES concentration (wi% ) on water flow and bubble

point of membranes

PES concentration Water flow (/¢ Bubble point
{(wt% ) {mL/min""-cm *-MPa"') P(MPa)
i2 602 0.073
15 213 0.131
18 109 0.255
21 55 0.337
2.2.3 HEDENFENER iR

EMER N N-—REP BRI (DMF) , N, N-ZH
H Z. Bt (DMAc) , N-F 5 i wg ke B (NMP) , —
TEHR (DMSO) LA K BHA BRI C P mehe , fE M E R
i 2 5% 1 (A9 9% IR 0 28 B9 L& R O o A
W &), FEREASRIE S IR RE
B R TR LR 3.

Table 3 Effect of various solvent on water
flow and Bubble point of membranes

PEG concentration Water flow Q/: Bubble point Ivent Water flow @/t Bubble point
solven
(wt%) (mL/min '-cm 2-MPa~') P{MPa) {ml/min"!'*em~2-MPa~!) P{MPa)
80.0 400 0.082 DMF 431 0.079
77.5 450 0.072
75.0 a0 0.060 DMAc 372 _ 0.074
NMP 350 0.085
2.2.2 {EZY PES S BME N BE s Tk DMSO 483 0.080
BB 12% 15% 18 % .21% , 18I0 A 4 fiR ¢-Caprolactam 304 0.093
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Fig. 4 The SEM photographs of PES membranes with different PES concentrations
a) PES 12%, b) PES 15% , ¢) PES 18% , d) PES 21% ; Casting solution; concentration of PEG versus DMF{wt% ) Wpgs: Wyye = 3:2; S:

DMF; Casting procedure: 5 min exposure time to air, gelled in water at 25C

X B A A B MR FLE R E LS W
o, iRHARNMEN TN EEAERARE,
HEREWEERETHIER P PES-PEG-EH| 3
AZANEE.ERP ETERERFRL NS
BRE, BN 5%, FURESWERR THER
REAE, LB B B R E S AR
23 BZ_EdRHNURBENRRE

¥E PES/PEG/Solvent % BE 4k 2 1, BB 1)
SRZ_EHLAXRESHREHTAEEE, L

HRER DA & BB RN TS

Fig. 5 The SEM photographs of PES membranes with different solvent

VERIB > PEG H# LW (WL 6) . FE&KE H,
BHERSESANERTEER BERZ
BRI, R R B SRARL, B REYE
BRIk LT BEY S TFRARSESS5E S ME,
£% A I8 4 PR , 56 0y v B B 78 0, T VR R
BELAE R I .S58 PEG S BT B2 E
W EEELE PEC 3B 70% ~ 80% B B /Y, (& E BRG
HEBE PEG & B L IEIF S04 A 1k i) X388, S 45 44
s B ETL.

a) DMF, b) DMAc, ¢) NMP, d) DMSO, &) =-Caprolactam; Casting solution: 15 wt% PES, 75 wt% PEG, 10 wt% solvent; Casting procedure :

5 min exposure time to air, gelled in water at 25°C

X—SERMHBETEFRSE L, — Bk,
HEEHAEARLHBENFERER . EdE
4 BE AT LA S50 A 43 B8 A 30 0 R O L T 9 D
3015 3 8 O 20 B UL, B AR BB R
WoALEN—-TMRHAREAHERREDRESN

FEHT ELAEHEERSBENN LAIXR, BT
EBRREEARERROEE.

SR RASBANELBENRZ_ERNR
ERHEERG, R _BEKAPER S HE
BRESYWNER.HEEH570% ~80% 5, A #
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BEFAFN RS, SR EEE
#0.1-~0.45 pm, FLEEH R 0 LUE S R
BAUMKREHTEN FRAEKREEXDIY
R A ETLGE SRR ERYEE K DRE
P, M0 B ] LASE i B B 7 L Bh I R PEG A9 LB
20k FRRERAMEAREERROEE f—®F
BEoERMABERmMATAER, iEEESIE

= Lh
=] <
T T

W
=
T

Viscosity of solution 77 (Pa-s)

10 MEEYERENEGET . AEESHME  LIELE
o \ . . 1 HETYRE, FAYMmARmEmILSBET
0 20 40 60 80 100 Rk % .

PEG concentration (wi%)
Fig. 6 Effect of PEG concentration on the visoosity of casting solution
Casting solution: 15 wt% PES, solvent: DMF; The temperature of
casting solution is 25C
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EFFECTS OF PEG ON PORE FORMATION OF POLYETHER SULFONE
MICROPOROUS MEMBRANES

CHEN Zhongxiang, ZHANG Ruifeng, CHEN Shanmei
( Ningbo Key Laboratory of Membrane Separation , Ningbo University 315211)

Abstract Polyethersulfone( PES) microfiltration membranes can be produced from PES/polyethylene glycol( PEG)/
solvent systems by dry/wet phase inversion process.Some factors influencing pore size of microfiltration membranes
are discussed including kinds of solvent and the concentration of PEG and PES . The results indicated that the surface
morphology and properties of microporous membranes were determined by the concentration of PEG and PES, and
the kind of solvent had little influence on the morphology of the membrane . In such casting solutions an increase of
PEG concentration from 70% to 80% (by weight) increased the viscosity of the solution significantly. It also
changed the size of polymer aggregates and the demixing rate of the casting solution in air and in water, therefore
PES membranes having different morphologies were obtained. By adjusting the concentration of PES and PEG,
mirofillitration membranes with various average pore size can be produced.

Key words PEG, Polyethersulfone, Microfiltration



