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Abstract : The polyethersulfone (PESU) hollow fiber membrane was prepared by non-solvent-indeced phase separation with
PESU as membrane material, polyvinylpyrrolidone as porogen, N, N-dimethylacetamide as solvent, and water as non-solvent addi-
tive. According to the microstructure morphology of the membrane, the outer surface pore structure, such as the opening ratio,
average pore size, pore size distribution and its full width of half maximum were characterized. The influence of the air gap height
relative humidity, drafting ratio, coagulation bath temperature, and spinneret temperature on the surface pore structure were
explored. The results show that the hollow fiber membrane with good outer surface opening can be made under the conditions of the
air gap height of 30 cm, air gap humidity of 70%, draw ratio of 1, the coagulating bath temperature of 70 °C and the spinneret
temperature of 30 °C; the increase of the air gap height or its relative humidity can increase the outer surface pore opening ratio. At
70% RH, the surface pore opening ratio attains 18.13%,and the average pore diameter reaches up to 0.23 pm, but the pore uniformi-
ty gets worse. When the numerical value of drafting ratio becomes bigger, the outer surface pore opening ratio shows a decreasing
trend, the average pore size decreases significantly with the improved distribution uniformity of pore size. The effect of increasing
the coagulation bath temperature is mainly to be conductive to the opening of outer surface pore. With the increasing of spinneret
temperature, the surface pore opening ratio decreases until dense cortex appears. The pure water flux of the membrane reaches 530.6
mL/(m’+h-mmHg) under the condition of coagulation bath temperature of 70 °C.

Keywords : polyethersulfone ; hollow fiber membrane ; outer surface pore structure ; average pore size ; pore size distribution

BIEMEE  WEM, BT 0L, FEIF5 ) o vh s R 4t g TR Aot el fb 5 TR AL
WeRs B : 2023-06-20
SRR LI, B, M, 55 . A T X SRR 2 R L A R AT AL A A (4 2 [, TR SEL L 2023, 51(8): 57-65.
Shen Shiyu, Zhao Dong, Yuan Binrui, et al. Effect of spinning process on outer surface pore structure for polyethersulfone hollow fiber

membrane[J]. Engineering Plastics Application,2023,51(8):57-65.



58 AR

2023 4E, %5 51 4,45 8 1

15 P B TR 2 — P A o 2R R BE T 3R A v )
IREFBAE . MBS T H HTIRYT 2R BB, ]
FEBR MLV A8 3R DAAERE I D68 , DA T4 v
FAAE BT, FHARL A I B R0 LA i A £L
1 KA AT FEAEBRACHZE P iy [ s £ B8 B 1 5 3
FAEHAE SR R REF(PESU) B HAR 519
PAE R AR e M, T BT R0 7 2 R
PERE L) 2 F T 28 0 2 b s

il 25 PESU s 21 4 i 22 SR FH AL TR 5
A3 B (NIPS) A T W5 25 5 1A il IS B 277 22 3%+
WSO 22385 i &l —BARBRERASGA
A 700 08 B i1 3 v K A -3 R T BRI, 280K
Ve BV AN S 15 2 AT G e 32 2
BRSPS Ei G N ETE 3 A TSN e 73 F4
ZE AR R B 1 YA IR LA R IR T B 45 T2 ke
TE R AEAE T, JETT N v as 2 2 5 R 23 ) s 43t
T AR Khulbe 2519 2L PESU/ZR £ %4 i & Hi i
(PVP-K90)/N, N-— H 3k Z, ik e (DM Ac) IiE il 22 3 il
JIES BF 5T & PR BRIE S M 10~50 em B, 36 i FLAE Bl
PR IEE R Y HE I G K S EE B A 70~90 em
i, FLARZ W), [ /NFLIE 2R o Tsai S UBF5E T
SRR EE R SR (PSF) LS F4 1 5200, 45 SRR W BE
SBRIE L AN, RS2 B RS S i AR AR 4G
M. BRAR I 201 PSF/PVP/DMAC “H 22 Wi 4 2 1
I, BF 5 2% B 1A TRLEE T B RIS, AR R S5
FIARY HOE SR , 415 PSF [ fhk i $2 1 , sk
FGRS , FLBR TR . B DTl S & T PESU H
23 LR AR, AR T v [ YA B R A BRII B
A LUA RO KSR I FLAR T AP K =454 B 48
ARALIZA Mg iR ALER fb . Wang S5 WF9E T 8t
VAU P82 X T J AL R RS TR S5 14 5 i), 4 A i L
(60 °C) N, I S AR I X HL A 36 12447 A3
WAy AR RS = A E . RIS S 48 T PSF
hos SRR, AT R BRI LA L B 51
Bifi o U 22 SR ) SE T8N . Peng S5 IFFE AR
Bt PSS B S A, JEE A T FLAR R P vl A0 L 25
Fig ROT AR S B0 R A3, Mok S5 AR Ak ik il 45
1Y) PESU 25 ZF4E BRI SN, B e W At 2, JEE PN
HMESIE I RE R /N o H L AT UL, 2s SR 4E R
SERIIE 5 97 22 T 2B UIAH DG, a4 il £ 12
20, TR S G RG2S R A R AR 2
FPEREIFN 2 N FH 5 R ) G HE

EHE MY T 25 RAGHELR TR
1o B B LA 27 22 A2 AP AT B B [ T R Tt
MR 3 45 DR 28 0 A 3 T FL &+ 1R s i, 1 FH T
R PR LR S BRI AR AR, DL
WA L 25 R B R RIS
1 LIES
1.1 EZRMA

REFR(PES): Atk 5= TR AG BRA 7 5

B I e . PVP-K90, By AR, T 4 B 58
L TAHBR A

DMAc: {244l 1T g AL AR A BRA 7 5

H A2zl R AR FRA ]
1.2 EZBMNEREEL

WS SRR 22 LA e IR A Sk
PR F

T 4> BOPL : ESFS 400 7, | S8t Sk A B
|

e

U5 TR : DZF B, G055 AT IR

!

Al

F, B XU I T 46 : DHG-101 B, 492471 77 31
A BR AT

Y kB H B 7 B B BE (SEM): Nova
NanoSEM 450 %!, S5 [# FEI /A Al

B . NDI-8T 8, - 7 Hit A A A BR 2>
Al
1.3 G RERAT R LU &

B A FRELZ 60 °C1H IR T % 24 h 1) PESU &
PVP 511, ¥ — & il DMAc 5 H,O Bt IR &5
5], 8k J5 B PVP I 1 T DMAc Bt £ 3 h, 5 )5 8
PESU A DMAc H it 4 3 h, F8 50 it Jr 15 51 %
BB W 25 22 W (AT FR 2280 K HL 22 W e
AN EPEA P ERE 12 h 5. K DMAcH
H,0 #% Jit it 43 B BUG 7t 3 B R4 50 B R 22
R HI L hse o LR 50 5E PR 28 R i ik
s 22 Sk — o v B R A BE NS
KA BIE A A I 22 T 5 2218 fe 5] AK
VETE , B Je W22 TR R A OIS o B ISR 4 1 s FH 7K
it 24 h, i O rh2s SRR 9 DMAc DL PVP Jid
T4, SR T IR E T 60 °CAKIA b B 2 h, P
HUE T H R 808 30% MR PR L 12 h LU
B AR A TE 55 °C TR



VRN, 55 « i 8 12000 SR

23 SR AN T LA FA ) 2 59

1.4 MiX5RAE

L3 T 45 F e MF B BCE A AT < B AR L BB R
AN E T G R B I S s 4 b B )
FH SEM F148— 5 JIOR AR % 0 #1 3= T SEM JE 3 14
A, il 3 Matlab 25 5 B FLAR ST iR T, 20 A I
1§ KRB NR 1h FLAR R DA ST LB, SR 1
F gauss BB FLAE R ST EAT AR AR 15 2 4L
(EY i

ali 7K 38 g B 10 MR T S B 22 28 A R AR
B, FHAB JREGT 19 i 2 5, 1 AB ST MR [ I 15 3
HF, RN EZETE0.028 MPa (4% /7 .36 °C T fii
FH 2B F oK SR IR 6 Je AL S35 1 30 min, SR
18 5% 30 min PN 38 o 4 4 B 2tk i i, B 6
WA AR EIEE R

_ 0
Kur = NwLDP (1

AP K, —HIE R 5, mL/(m’-h-mmHg);

QO— B iR 22 YAl K AR R, mL/h;

N— P 22 i

L— 1 i s SR A, m;

D— R B NAE  m;

P—5 % /7 ,mmHg.
2 ZER5ite
2.1 A& EABE LI R T ILE MR

Mt 22 3 5 B [ 7 22 [R] i — BE s SR BR (B A
WA I e A A 43 B I Bk 3 0T o 90 AR R 222 AR
HARI AW &, T 3B AN He 2 55 W vk JE T = i
KR RN R — 2 R, T 3 1Y
KRR/ 205 R I flis A G2,
PR RE A AR TS F . IR L PR =
BE S PR IE B, BB B AR X BE R 50.8% , A
TRRBE R 15 em, WEHR IR BE Ry 30 °C, BEF K GER
L BE R 50 °C, A APAEEL 3 4% . AR B R 10~30
cm TE IR , % 58 S0BR e AR A R AR T FL 25 #
IEZI , SEMTE SIS R an & 1R

FH RSN T S 1 1 R B 1 LR 5 34 1L
2 Bt St e A AR A ] 2 W DL Bt SR FE PR
10 e 4K %5 30 om, AN R T h v 2 FLIZ i A
T2 KAL, FFALEIE IGE — 5155 9.655%; 1 ~F- 15
LA B b, S BE 30 cm B 1A% 0.250
6 pwmo Xf AN EFLAE A AT AR LB A S5 5
BT, 45 21 1 AR B sR AU £ 1K 3 5 FLAR 40 A1 i
el 4, HE 3R 4T LA BEAURR R B T

S BEEEE :a—10 cm;b—15 cm;c—20 cm;d—25 cm;e—30 cm

BT RSB T AR SEM

i Tl g o
- 107 /\\/ 1020 g
EN’: 8 70.15§
= ol 0105
0.05
Y70 1520 25 30
B /em
P2 RIS P LA R R PR L ]
0201 —— AUREEI0
015) RS

0.00

00 01 02 03 04 05 06
fLA%/um

B3 BONETTEALE G

LA A 2 55 1 0.165 9 wm /0 5] 0.104 4 pum,
R MEAPR T ALAR AT B S VEGE . X R Y
AR DA 2 S g 1 3 ok BRI, 23 5 a8 b i & Y
IKZE A, 3 23155 T IR A AR DR 0 )y
FHAZ I B A G s K ZE R AR S I R



60 AR

2023 4E, %5 51 4,45 8 1

0.17}
0.16}
0.15
0.14+
0.13F
0.12}
0.11+

0.10+ ‘ ‘ ‘-—“T ‘
10 15 20 25 30
AR em
4 FLERsM S

RELAS: T35 700 -5 AR 700 A ARG 8, 20 A SRR Rl 2
VN o T L A R R A O, AL R A K ]
1R R A FI 8 A 5 A B 22 10 2 FLA5 K4 0%
B 2RI R 2 K ALEE A o

R I DAAL Bt SR g B A BS n,  2E iR Ah 3R
A1 SR i B ) PR It R 4 T SRR A, OF
HLR Syt 2 5w aX #hA T >, —J5 i, AR 3
BV BE T 22 S N BT U ) 23 tE SR Rt 5 55—
J5 T, TER R AR BE R JE T R A AR R
Sl R A Y REHER N &%, Wi/ N R A W B A
AR T, e 22 LRIy - 2R o BRI, JE RS
BRI 2 A IR A R FLAR B AL, el 4 b 3 T
LRI
2.2 ARARMIRE TSN A T ILLE M e R

XA BB T K S5 AR IR oT DAY AR
BEE U R BE 20 om, BEARTEEE 30 °C, &8 [V KUk
SIREE 50 °C, AJKIREE 15 em, MGG . 16X
B A G B2 A7 50%~70% B [, 25 28 3 B A X
R AR AU XA D IR FL A5 R 152 L 7551 SEM B S
RN IR 5 N FLES R R ] 6 FNIEL 7 i o

(a) (b)
(©) (d)
FAXFRE : a—50%3b—55.5%; c—60% ; d—70%
5 ORIRIFHXIRE T AN SEM 2544 &

WG um

R

20; N L1024
o JFHFLE
| - L 1020
=]
< g
S o6 2
12t 016 NGl
= 012 =
K sl R
0.08 &
4r 0.04
50 55 60 65 70
ABRARXT IR /RA
El6 AT FLR BT FLARRE T AL Tk fh 28 4]
0.18}
e JBRHS50%
o 015 e BARHSS.5%
7’\% 0.12k -, +E\K%IRH6O%
i ¥, —— < BERHT0%
X 0.09] '
g 0.06f 7 1
003 3 h
L L L Ot L
0.00-56750.15 0225 0.3 0375 0.43

LA /um
7 BT AL MG

HH T 5 B2 181 6 B, Bt 2 A< AR R B 1R
I 41 3 T L 20 7 v /0N T 9 B FL R AR SR IR B AL
HIFALEE P2 FL A% B A R O 1 B2 %) e T 3
S BRARRHEBE K 50%~55% I, XFHFFL& SR LR
JLPTEm . P S B XHRE 2 60% K LA -1,
AT KRGS SR TR ALZEA , 76 BRI B R 70%
I, P LR AT 55 5] 18.13%, [A] I 3 2 L A%t ik )
0.23 wm. H1 7 B FLAR 20 A A R 4 PR K LA I
] 8 B FL AR 43 A1 2 W 55 25 B mT LR B, 2 U 5
0.110 7 wm 3% K % 0.140 7 wm, ¢ B Fifi 25 4 B AH %o
MBIE M AP R LA R iy 22 e . &
B PR AE— S BRI BT AR B = 2
WA A T, I 22 1E A E [V I J0 1 57 R i
Az s Y B T R 1] 05 [TV DR 1, 3 T M
b, il 29 J5 S i A K B . AR I 1 i
Bt K 28 AT AR o, JHE 5 BB A 3 1 4% Ak
SRR, EAH 7] B (5] PN 95 37 2 A B A 3 1T 1) Hk B
2 15 TR R 1 BV A A2 DX TR 1/ N A

0.145
0.140}

g 0.135¢

= 0.130}

=

% 0.125}

3 0.120-
0.115}
0.110}

.\I

l/.

50 55 60 65 70
S BRAHNT /%
B8 FLAR A2 5



VRN, 55 « il 8 20 SR D 2 2P 4R RSN R AL SR ) 61

¥io BEREIESEEEAAL, BIBEEIA i S0 M 4%
PRIEE TG OL T AR AZ AR E A BE [ 5 Ak 2Lt 47
BZAA AR RSN R AL . PRI, s AR
255 S HNR I UK FLAR B FL 2548, (H AP 1 AL
BISIPE T
2.3 EAPEHTE N R @I M e

BEE B E 20 om, ST 50.8%, M
Bl EE 30 °C , B [ K BRI EE R 50 °C, AZKTR
JER 15 emo FERMETECH 1~3 M5 RS P B9
AR ECE X RS N R FL A5 R 1 52 L 7551 SEMJE
LSRN 9 Fr 7, FLASF R AE W 10 AR 11 fp
No

A9 UK 10 AT L& BR, A AR A 45T 1A i
A LA 2, HO R 2 A, AL

(a)
(©) (d)
(e)

FERC a— 115 s b— L5 f 524 5 d—2.5 1% s e—3 1
B9 Al EECT BN I SEM K
20 0.28

13l —= LR

—— L H0.24
16}
14l 1020 &
12¢ 10.16 g
10t S

10.12

gl \/\/
6L 10.08

10 15 20 25 30
AENPFEEL
FE10  BREm LRSI FLAR M 2 5 B L e 34

L4%/pum

L%
q:

S i N A O N e SRR (R S B U
1B IR LA R R 22 . B 11 LR Sy
A7 HE 238 535 5 R D % T 12 (R FLAR Ao A 2 0 5 445 SR
W, B AR BN, IS R 0.147 9 pm I
/NE0.084 5 pum, MEEHE K E 0.101 3 pum, H o341
SIPERR R 29 30%, = R AR RO s , b Ad
IVDARURTES NI Sty B ai i) R Rl SO
Wit 52 38— TR B AR 5% s 5 1) Hof JIE P A Bt ) 5% A ]
B K FES S IR ALE 055 . Ik,
FEMEEORT L5, ol RIS R LR S M i 1Y)
AN FLEEAE (LA R ST AR /N

021}

0.18}
*\é 0.15}
012}
- 0.09+
= &
=006 4

0.03}

10750.150 0.225 0.300 0.375 0.450
fL4%/um

11 BRI LR A

0.15}
0.14-
g 0.13

Ein .
oos] N
T 15 20 25 30
A
12 FLRA LIS
2.4 BB 5 AN R T LA MR

58 [ IR 5 A 2= R R 8h 1 2 R R A 6
B, FEAR KRR EE L sg i 35 A W oy T4 1z 8 DL
VAS )5 = 700 A KL S B0 T 352 M B 7 3% T L
SERIIIE A B B AR B R 20 om, BRI
R 54.6%, WA IR BE A 30 °C , Bt [ A KR K
15 cm, K YEVATRLIE 9 50 °C, A ARA5E 3 1% . 1E 30~
70 °CIAE PN, 2555 Bk [Vl 3 A8 A T S A1 3% T L
SEF 2R A5 5 A T SEM JE S0 KL FLAS A RFAE
W 13~ 15 fiR .

P 13 FIEL 14 1 DL & PR, B 25 58 10 v 1R 3 1Y)
Fh, FFFLR B WA E] 13.57%, FH LR SR L
IR TR B [V I 1R R 70 °CHF A E] 0.114
pwmo I 15 AR 16 [ FLAR S A 2 06 55 v] LA HY
Wi 5 P [V T T v, 2 0 B SRl N R, X




AR

2023 4E, %5 51 4,45 8 1

62
. .
(a) (b)
. .
(©) (d)
.
(e

EE BRI :a—30 °Cb—40 °C30—50 °C3d—60 °Ce—70 °C
P13 R IRSERE AL R IS SEM &
16

o JFILE
” Py |01

1012
12
1ol 1010 5
gl J0.08 &

FFALH/%

YfLA%/um

3040 s0 e 70
BEE I/ °C
B 14 BETFFLAR B4 FLAR BE VR [ 1A R R AR Ak it 2R 1R
0.18} e BER30°C
0.15 s BEER40°C

—— BEIAS0°C
—— BElH1A60°C

= 012k
= —— B[R T70°C

% 0.09¢
= 0.06
0.03¢

0'007 L L L L L L ]
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
FLA%/um

1S SN THAL RS
PRI Ay B [ VA L B T 0 5, SR B 4y TR SRR 1
SO, SRZEAREE DRSS , DT A5 A A A A BT 0] 5
[ B, B8 [ v /K 1 i) 22 80 B8 sl g i)
LB 8B Fl 2 0 T ) T 2L O P AL R
PVP [i1] S [ {547 B E AR, A T A1 A 2R
IR KM T FLARIG I . 223 i N BE R 2 K R

0.15-
0.14F

g 013

ﬂ%o.lz— — —

g‘? 0.11+ \/

3+ 0.10F

0.09F

0.08f
0.07

30 40 50 60 70
BEERIE/°C

B 16 FLARS 2 v
SR B R G I AR S B AR . AR TR [E 4L
BF, 7K 434 BiCE B2 B A R TR AR A A i KB
JRALZERE o SRRV AEBE A A 70 °CHY KB &
{58 (3] Y ek B VRIS , A P A . F e ] O,
P2 R B VA TR S AR A SR T LS F4 R R
2.5 AR TR SN R & SLLE MG YR

P SB E EE R 20 em, AR RH R E R
52.7%, &t [ KGR EE R 50 °C, ATKIREE N 15
em, ZEEEL3 . 16 30~70 °CHYTE TN , F22m
T2 AR A Xo) S A TR FL 25 AR A S ), 75 38 I Ah 3R T
SEM B LA K ALEE AR AN 17~ 19 IR

(e
AR IR :a—30 °C;b—40 °C;¢—50 °C ;d—60 °C ;e—70 °C
#1117  AS[EmEHR IR N 14 3& 1 SEM K]
P Pl 17 AT DL it 7 Mo i B 1) T 5, B 3 1T
FFALE - FLAR I /N B 3 A0 36 1 TP R B0 2
2o B 18 =M, WA I B B 30 °C T %5 & 40 °CHY,



VRN, 55 « i 8 12000 SR

2P YR RSN R I ALAS 2R 63

JIE 2 1 S LA 1 0.236 7 wm /N A 0.199 3 um,
FFFLZE N 9.75% B4 2 6.06% ; ik — A5 FF 15 Wk Al U i
%250 °C LA L Bif D) 2 ofil S 2 1o R L 7= A 0%
JZ . FEI19 5K 20 By FLIR oA 2 e SE 45 SRR W L 1
30~40 °C Y [l P o e i Al O 2, 3R T FLAR 40 A
W FEF 0.171 9 wmJd/NR 0.119 3 pm. DA &5
B AR AT RT3 R ALAR , TR T e LR Y
BIsyk . 20T AL ) 25 A 2 ]
B RN B 26 BE el /N IR G) or T B e T 1
i oy TR 53 A W) S AR R iR 1
SRR F bR oA B T AR S A R B Ak, AT
it SR 1AL 285 A8 R B 2 o i i 8 44 v T sl N, L

oo
BANRIIE B K2
10; ) 10.25
e JFLR
8 - AL 1020 ¢
<6 015 &
a Or 10.15 @
T 4+ 10.10 &
5 B
L 10.05
of 10.00
30 40 50 60 70
WEH IR /°C
18 LR A V-4 FLAR Bt il Tk 72 ke £ 1l

0.16-

0.14} e WEHR IR EF30°C
= 0.12} —e— IGEHRR E40°C
% 0.10f
fﬂ 0.08}

i 006
= 0.04}
0.02}
0007 Il Il Il i Il Il
1075 0.150 0.225 0.300 0.375 0.450
fLA%/um
E19 A FE B
0.18-
0.17-
£ 0.16F
=
£ 0.15
&
30.14
0.13
0.12
30 35 40

ORI E/°C
F20 SRS EIETE
2.6 fRLAMEGLEKIEF
X FRBE I 1 T FLEEAE) | N B J2 TR 38 R S 4
JREEFHR S s B Sl K GE . BRI Al K
ML R 21 frs o i 210 075, AN R 48
ZRAE T R 22 1 2l 7K 38 i AR EE AR F) 300 mL/(m*+he

mmHg) & DL I Forfr ORRI B 4544, 0 BIHE B
15 B R 30 em AR EICH 2 £% (BE VA TR EE R 70 °C
130 °C By R IR I J5E A i 7K ik 3 e R
4% K : 364.8, 504.0, 530.6, 428.8 mL/(m’-h-
mmHg). 455 kA BRI AN T2 20~ PESU H
73 21 Y AR T 25 44 AR AL I O IF I, DA AR $6
7 P AN TR FL A5 FA A8 AL R TT 00 S22 1) 4 7K
il At v B O [V TR R ) R T A A
ORI B 1 $ i i T B A 2R R LR Y
Y/ INASF T4l 7K B G

700 -
600 -

500

400] .
s0f —
200/
100]

0

4fi /K38 5 [mL - (m> h-mmHg) "]

10 15 20 25 30
B /em
(a)
700,

600+

500

400} \/\
\I

300+

200+
100+

4li7K3E [mL- (m?-h-mmHg) ']

10 15 20 25 30
AENPATEL
(b)
700,

600 -

500+
400+
300 =

200
100+

4li7K 3@ [mL- (m?-h-mmHg) ]

30 40 50 60 70
SRR C

700+ ©

600
5001
400f TT—— o .
300¢
200¢
100+

4li 7K [mL- (m?-h-mmHg) ']

50 40 50 60 fO
WO E/°C
(@
P21 R T LA RIStk i



64 AR

2023 4E, %5 51 4,45 8 1

3 Hig
K NIPS ¥l 45 T PESU 2 £ 4E i #5863+ T

AU g BE R AR X I B | 25 22 7 (AR L B 11 T8 Ui

J AR it R S 25 22 T 2 S RO IR AN R T FL S H Y

PHEVER . A N 30 om B N 70% %

Bt R 30 °C (BEIIHRLEE S 70 °C A= A% K 1 4%

() 25T AT AR SN R T T FLAS A #81Y PESU Hh s

ETHYRIGE 4 e SRR B B 8 AU X AT

{5 22 (i FP R T IT FLAR S P X LA IS R B 2

30 cm A A SRR TETTF L3 5 P B 290 9.66%

F10.25 pum s S BRI B 70% B A FFFL R 53

LA A3 515551 18.13% F10.23 wm. Bifids 22 {34k

B, A AL AR5 S FLAR I M LA 53 A1

RS pEstm, 3 AT r IS N R AL 20 1

F A2 T 70% 5 PR R 2 30%. RS ST T

FLAR G P FLAR BEBE A I R Y T e T4, e 5E

[ VAR IR R 70 CCI FFALARILEN 13.57% . THE AR

Mg s S RSN R AL R S PR TRER

PR B A R o T R ) 27K B 4R T 300

mL/(m’+h-mmHg), F BEEE A 5 0 T s i o,

5 [ EE 70 °CHf A 4l /K R 178 2] T 530.6 mL/

(m’+h-mmHg),

& & 3k

[1] Eduok U, Abdelrasoul A, Shoker A, et al. Recent developments,
current challenges and future perspectives on cellulosic hemodialy-
sis membranes for highly efficient clearance of uremic toxins[J].
Materials Today Communications, 2021, 27. DOI: 10.1016/.
mtcomm. 2021. 102183,

[2] Ismail A F, Abidin M N Z, Mansur S, et al. Hemodialysis
membrane for blood purification process[M]. Membrane Separa-
tion Principles and Applications,2019:283-314.

[3] Canaud B. Recent advances in dialysis membranes[J]. Current
Opinion in Nephrology and Hypertension, 2021 ,30(6):613-622.

[4] Verma S K,Modi A, Singh A K, et al. Improved hemodialysis with
hemocompatible polyethersulfone hollow fiber membranes: In vitro
performance[J]. Journal of Biomedical Materials Research Part B:
Applied Biomaterials,2018,106(3):1 286—1 298.

[5] s, 16177, KL)%, 45 . PVDF & fxd vhas S 4 ik s s i)
TAREERDY T L2020, 48(7):22-26.

Yang Jingkui, Xiang Li, Zhang Kaizhou, et al. Effect of PVDF
content on thermal conductivity of hollow fiber membrane[J]. Engi-

neering Plastics Application,2020,48(7):22-26.

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

Ishigami T, Kasuya Y, Rajabzadeh S, et al. Effect of solidification
rate of polymer solution on the die-swell during hollow fiber spin-
ning by non-solvent induced phase separation[J]. Journal of
Membrane Science,2014,472:194-201.
Wang D M, Lai J Y. Recent advances in preparation and morphol-
ogy control of polymeric membranes formed by nonsolvent
induced phase separation[J]. Current Opinion in Chemical Engi-
neering,2013,2(2):229-237.
Guillen G R,Pan Y,Li M, et al. Preparation and characterization of
membranes formed by nonsolvent induced phase separation: a
review[J]. Industrial & Engineering Chemistry Research, 2011, 50
(7):3798-3 817.
Peng N, Widjojo N, Sukitpaneenit P, et al. Evolution of polymeric
hollow fibers as sustainable technologies: Past, present, and future
[J]. Progress in Polymer Science,2012,37(10):1 401-1 424.
X238 . RTIPS ¥k 5 BEIR A ) 75 5 53 K ot B HCPE REAIT 50
[D]. Lifg : AEABLT R ,2018.
Liu Shenghui. Preparation, hydrophilic modification and proper-
ties of polythersulfone membrane by RTIPS method[D]. Shang
Hai: East China Unversity of Science and Technology,2018.
SRIEAR, SR ER  FE A, 55 ARV TV AR IIR) Xoh S B A v s 2T 2 [
P25 (0], TR RN FH , 2022, 50(5):8-14, 55.
Zhang Haoran, Zhang Lu, Jiang Jinhu, et al. Structural regulation
of polyethersulfone hollow fber membrane by non-solvent addi-
tive[J]. Engineering Plastics Application,2022,50(5):8-14,55.
Buddin M M H S, Ahmad A L. Influence of formulation and spin-
ning conditions on the morphology of PES and PES/ZIF-8 hollow
fiber membrane[J]. Applied Nanoscience, 2022, 12(11):3 287 —
3 296.
KT A ISR, 4 PVP X PESU Hh2s £F 2k B4 25 147
[7]. TARSRH L 2022, 50(7):28-34.
Zhang Lu, Jiang Jinhu, Zhang Haoran, et al. Structural regulation
of polyethersulfone hollow fiber membrane by PVP[J]. Engineer-
ing Plastics Application,2022,50(7):28-34.
i B0, B, I BRSPS S AR SR UM R Y
[J]. TARSIRI L 2015,41(12):1-5.
Zhong Jincheng, Zhang Minmin, Xiao Dengrong, et al. Research
on hydrophilic modification of polysulfone hollow fiber
membrane[J]. Engineering Plastics Application,2015,41(12):1-5.
Khulbe K C, Feng C Y, Matsuura T, et al. Characterization of
surface-modified hollow fiber polyethersulfone membranes
prepared at different air gaps[J]. Journal of Applied Polymer
Science, 2007, 104(2):710-721.

Tsai HA,Kuo CY,LinJ H, et al. Morphology control of polysul-



TR, 55 < 45 T 200 SR

23 SR AN T LA FA ) 2 65

[17]

[18]

[19]

[20]

fone hollow fiber membranes via water vapor induced phase sepa-
ration[J]. Journal of Membrane Science,2006,278(1-2):390-400.
WRAZ I, 7575 8 . SR 2 27 i E g o] o6 S VERE D] T AR 40
B FH,2020,48(3):39-43.

Chen Junbo, Fu Xiujuan. Preparation and properties of polysul-
fone hollow fiber membrane[J]. Engineering Plastics Application,
2020,48(3):39-43.

FVDHE RS TR S BRI VA I B A A A SR A 23
Rgs R SRR R R [J]. IR A 54K ,2006(5):26-30,41.
Lyu Shaoli, Zhu Baoku, Xu Youyi. Effects of coagulation bath

s o4

temperature on the structure and performance of polyethersulfone
hollow fiber membranes by dry/wet process[J]. Membrane
Science and Technology,2006(5):26-30,41.

Wang X, Zhang L, Sun D, et al. Effect of coagulation bath
temperature on formation mechanism of poly (vinylidene fluoride)

membrane[J]. Journal of Applied Polymer Science, 2008, 110(3):1

656-1 663.
SR, B AR, . 2 225 AR b R L xS Ll 1 SR
s SRR H LM RE RN [)]. R SR, 2014, 34(6):
6-10.

Zhang Jiemin, Zhao Baobao, Xu Tiancheng, et al. Effect of draw
ratio on morphology and performance of seven-bore polysulfone

hollow fiber membranes during spinning process[J]. Membrane

[21]

[22]

[23]

[24]

[25]

[26]

Science and Technology,2014,34(6):6-10.

Peng N, Chung T S, Wang K Y. Macrovoid evolution and critical
factors to form macrovoid-free hollow fiber membranes[J].
Journal of Membrane Science,2008,318(1-2):363-372.

Mok S, Worsfold D J,Fouda A E, et al. Study on the effect of spin-
ning conditions and surface treatment on the geometry and perfor-
mance of polymeric hollow-fibre membranes[J]. Journal of
Membrane Science, 1995, 100(3):183-192.

Aptel P, Abidine N, Ivaldi F, et al. Polysulfone hollow fibers-
effect of spinning conditions on ultrafiltration properties[J].
Journal of Membrane Science, 1985,22(2-3):199-215.

Khayet M. The effects of air gap length on the internal and exter-
nal morphology of hollow fiber membranes[J]. Chemical Engi-
neering Science,2003,58(14):3 091-3 104.

Ismail A F, Mustaffar M I, Illias R M, et al. Effect of dope extru-
sion rate on morphology and performance of hollow fibers
membrane for ultrafiltration[J]. Separation and Purification Tech-
nology,2006,49(1):10-19.

A S, 2t g, AR, 55 . SRR s 2T 1 Ay o 4 S i
FTERE[D]. TARSEARLN T, 2023, 51(6):15-21.

Lu Caiyun, Yuan Binrui, Zhao Dong, et al. Preparation of poly-
ethersulfone hollow fiber membrane and its microstructure regula-

tion[J]. Engineering Plastics Application,2023,51(6):15-21.



