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Preparation and properties of polyether sulfone/ethylene-acrylic acid composite membrane
YANG Shenglong'*, WU Xiao"*,LUO Zhu'
(1. College of Materials & Metallurgy, Guizhou University , Guiyang 550025, China;
2. Guizhou Institute of Materials Industry Technology, Guiyang 550014, China)

Abstract : Using polyethersulfone (PES) as the film-forming substrate, ethylene-acrylic acid copolymer (EAA) as the additive,
polyethylene glycol (PEG) as the porogen, and N, N-dimethylacetamide (DMAc) as the solution, PES/EAA composite membrane
was prepared by non-solvent induced phase separation method. Effects of the amount of EAA on the permeation flux, anti-fouling
performance, hydrophilicity and tensile strength of the PES/EAA composite membrane were studied. Scanning electron microscopy
and fourier transform infrared spectrum, pore size distribution test, tensile strength, water contact angle were used to characterize
and test the structure of the composite membranes. The results show that EAA effectively improves the hydrophilicity and retention
performance of the composite membrane. When the mass fraction of EAA is 0.8%,the PES/EAA composite membrane has the best
general properties. At this time, compared with the PES base membrane, the contact angle of the PES/EAA composite membrane is
reduced from 68.43° to 51.81°. The pure water flux increases from 8.42 L/(m’+h) to 153.68 L/(m’+h ), and the rejection rate of 1 g/
L bovine serum albumin solution increases from 94.12% to 99.32%.

Keywords : polyethersulfone ; ethylene acrylic copolymer ; composite membrane ; separation performance ; bovine serum

albumin

BB (PES)VE Jy—Fh 2 S PERE S0 IB E RS, B2 i T PES A B K 1 £ S 8™ &
AR, B DL AR E M IVERETE Ok RIS T S B0 S e T IR A e
R EVE LS RAFRY S oA RE ™ e il s A R T AR K AR BT TR R R AT AR
FIFLAA KRR A AR AR, A2 AU B T2 3 1R SR KA HUER & W I i 75 PES H) 1 B

EEWA: StMARHL R AT H GRS SR [2024]— 2 079 B BHA R [2024]— 5 069 BSR4 R [2024]— % 093) , 50 44 BHIFHLAG 613
RE ST HERI0 H (B RHA I A2[20231001 SR I A12[2024]002- 1), Hr e 5| -5 78 4: 351 H (B9RHG P51 #[2023]035)

BIEMEE : D, B, WA 00, B9 07 10y 52 A kR

WeFs BHA: 2024-07-23

S| e, I, B 50 RN LD IR 5 il 25 B PERELT]. TREWDRII H L 2024, 52(10): 13-18.
YANG Shenglong, WU Xiao, LUO Zhu. Preparation and properties of polyether sulfone/ethylene-acrylic acid composite membrane[J]. Engi-
neering Plastics Application,2024,52(10):13-18.



14 TAREHRLN ]

2024 4F 45 52 45 45 10 1)

SEUTR R 5 SR A RE BT R AR W S
FHEXT PES RAT 25K it , 358 T PES B5 2 1 119 2%
IKHEFA RO T G G

LIE-N TR LB Y (EAA) & 2 F 5 (C,H,) FI TN
IR (AAYFIH A SR A s LR i (454
FANE 1S, Hod n Flm A B ), e —
Fifs & B b B Bh s TE BB R A WA R,
I E4E T, AA BRTCHL A AE b PRI R 0
FARBRIAAAE . AN SR E R AP, M T
(FRSEREAR T EAA MR DR T IR 45 otk
AL 15 EAA A B ARXS BEARAY 25 5 B A SRR
I, T S BE LR IR , A W BE 2 (] (Y
BINK EAA R & B WEMBEVE . EAAR
P o A SR OT TR /3 SN (T R i v = 1 SN (=T 59
e DL R 5 SEORHA AR ZEPERY . BRI, O T 42 5 PES
SR K M RE ), ZE il A S EAA KR R 2 &
I K B, LASE S A IS etk

COOH

El1 EAAZE#g
Fig. 1 EAA structural formula

H i, EAA 76 H A sk b (A WF o8 38 22 | i e
EELE A SR D o AT HAWRM
ININEAA BRI ik op, 2 0 BN, I, 28R
FRAERHIS AR 4> 2 46 T PES/EAA A L, IF
W T B (SEM) i B I AR 2T APl
(FTIR) . B4R LIRS R GiWE5E T PES/EAA
A NS5 FIPERE
1 SKIE#ES
1.1 EZRM#

PES: E6020P , &[] L 4 Je Ak~ /A A 5

EAA: 5980, AA it 5 5350 >20% , 45 14 i 1) i
%4 300 g/10 min, % £ K 0.91~0.94 g/m?, 3£ H
DOW /3l 5

R FE(PEG): 41124 20 000, 1 ARFBHEA:
BRI

N, N-—-H 3 2, k2 (DMAc) : Tl 2%, i [ 1 5y
Febzz vl

A 1L B T (BSA) : BT Rz T35 (i) A R
Al

EETK L Al

1.2 EBMNEREEL

SEM: KYKY-EM6000, It 50 HRMEMYU 4 A %
ABRTAEA ]

FTIR Y : NEXUS670, 3E [E JE & 1R A Al 5

LHN-AT UL ST 721G-100, _FIREASCH 4
M AR A BR AT 5

FLAE 2 1A% : 3H-2000PB, D1+ {54 g8 Bl 47 (b
T BR A

TTRERRHREGHL . 5567 , 55 R T A 7 5

& A HI ML HLK6N3125H, 7 M % B A 3hik
BHEABR A

BT 5t R A P R e S = A
1.3 XA &

B PR I— 2 T T8 PES, EAA Il PEG
BT S OB, PN — 2 =AY DMAC T, ¥
— MR E T 80 cCHyTE M A 5 h A T i+ 8 h,
TE BB 15 5 14 237 B 5 R, [RIIRETE 80 °CT1 e
02 ho BRI P IR AR ZE T ML B B, 1)
H— 2R L 400 nm (& AR, ) 58 8 R 5 AR
P B B AR R TR R 30 °CAYEE [ 1A K
HrE 2 min 15 5] PES/EAA & A I, 55 BUH K5 51
) PES/EAA & & BiE T LB /K h DL L BRA L
A, HrP ARSI EAA TR0 B0 AN [ EAA
BN 0%, 0.2%, 0.4%, 0.6%, 0.8%, 1%, 1.2%
i1 JE 43 5] fi 44 S~ EO, E0.2, E0.4, E0.6, E0.8, E1,
E1.2. HERA24 hib ok ab 3
1.4 w5 E&AE
1.4.1 SEM &

TS A B %) 2 T RT AT, AR P A F R [
JE TR b 38 G e B AT 1 A0 i 4 b
M E A E T SEMARE o h it T E A
TR SR 5 R LS
142 FLAEMR

HUE S RS 1Y 55 AR B e T LRy
BrSCEE B, AT LA
143 FTIR 447

¥ TR0 R A IR B TR & L R 2
B R F ) R, 1E 4 000~500 cm™ i £k H N
M IZ R 5 FTIR 5 1A .

1.4.4 K3 bk A AR

BYEC—/IN T8 A A ot [ Tk b,

P T S AR 25 B /K T 3R T, 3E



M, 5 RBEN L 05- IR TR A N

i
=iy
3
&=
B
o>
[Ny

15

Sk 5 AL BSOS 2Kl /A . 3K
D HCT- 1A
1.4.5 (4 58 IR

H5- 1 75 B PES/EAA & A I F AR 2% i 25
1 mmx10 mm BYFE S, FIL DT REAT BHA S LR GB/
T1040.3—2006 I H B P s i
146 JEHEERARYGENE

BYHC— IR i 2 R R e
FEBHBAR O A ZE K, FT 3 B IO, 281K
o SRR Z 0.1 MPa {fi /K it Bk T4
SE, FH/INGERR S A2 1 Y, 10 SRS 3 VA P R SR ) ] £
FIIZ T[] B A 20 A3 o AR FR v, Ol A K
()AL S A 2lK i i J

v
J=5 (1)

A SO RS i A TR, B m

P 7K 1 g/L BSA VW, FH ik 7 ik
EEIE T, PR FH E AR A R I 3 it ) i A 5 3]
%) SRR 375 S W A R Y B, R A BSA TR B A
Al 2R 40004 RO B €, RIS 1 W Bk €, i i
ANRQYHR AL TR R,

R= (CU_C) x 100% )
Cy

2 FERE5FR
2.1 MM

K12 I AN EAA & 5 ¥ PES/EAA & & i SEM
s K. IWE2 /T LLE B 7R RGN EAA B,
A FLAR AR B UK S5 A FLAR 254 s BB EAA BN
A TREIR T B P i 2k 45 4 il A5 R ) 4 A5 0K B
2L U T R R R K A LR G . S A3
PES/EAA & & XY SEM % 11 25 ) B 7T LLE
M EAA Ft /DI EAA TR B 3 B B K
AERTRMS B EAA SRR K, WTUFEEL2 &
A A SEM & i & 21 I Sk (4 PR SR B2 3k i A5 A 1)
PERE TR, FEAR T A /KR 5

&l 4 A6 EAA & & 1 PES/EAA & 4 5 Y L
o MIE 411 B0 0] LU H PES B F- ¥ FLAR 75
0.025 wm, 7ER I EAA J& , 52 G B FLAE AT B S 4
LR 1~5 5 TEEAA S B ETHISET
EAA TE R (4 50 O 300, (A5 I A FLAR 243
{7 EAA 1Y T8 53 B0 1.2% B, BREA% FL A2 S T
TR, X RN EAA TN ik Z2 i 7 AR T AR

(a) EO * (b) E0.2

(c) E0.4

(d) E0.6

(2)E1.2
K2 R EAA &Y PES/EAA & 4 I SEM i 4 44 I8 A
Fig. 2 SEM cross section structural photos of PES/EAA composite

membrane with different EAA contents

S50 T EAA TEREH ) 0 B, S BURIERICR A
U /N T I FLAR . X5 SEM B H R JESRARFAIE AR
fbash—3.
2.2 FITR 547

EO I B0.8 & 4 I A4 FTIR 3% 1A 5 7w .
M S AT LI i, PES FE A PES/EAA B A B 1%
WEFEAKRL, AN T EAA (95 A A A 5 2k 28 PES
SRR I I A B RURAR , 3 2 BRI
C—H (1 576.63, 1 484.83,123.24, 1 148.39, 718.14
em), FIEO EEEAH L, E0.8 &4 IR 19 2 1 B BE 4]
FEBINT C=0 (178031 cm™ ), XULHIZETIN T
EAAJ5 , 1T PES/EAA & & i & R ELIE AT, (45
BERER KRR R
2.3 EAA4 &% PES/EAA £ &1 % KL%k

KA fi £ 08 R/ INTT DA S50 W A2 A PR s )
SR K PERE , 38 H N O T MR K HE i A £ R
AN, ERVERE AL . AR EAA % 5 1) PES/EAA
B AR KR A I 6 Bis . HRPEE 6 Ry R AT
PIE B YI7E EAA S i8I ,PES/EAA R A



16 ARSI 2024 4F 55 52 34,45 10 1]

§ 100
G 6
= 4
(a) EO ' (b) E0.2 2r
070.024 0027 0030 0033
Diamater/um
(a) E0
30,
251
< ol
(c) E0.4 (d) E0.6 £
é 15
Z 10}
=
5 L
%00237 0.0246 Sigifaster?p?iéA‘ 00273
(e) E0.8 16 (b)E0.4
_14f
< 12t
2 10}
g 6F
=l
(2) E1.2 2r
3 R EAA 9 ) PES/EAA & 4 I SEM 45 I 97006 008 010 012 014
Fig.3 SEM surface structural photos of PES/EAA composite Dl(ir)n%tg_ré”m
membrane with different EAA contents 14
B 114) 29 THT 422 i 71 38 20 bl N, AR SRR 3G I . 7E 21
= NASEN 2 s 10+
EAA 5T it 53 50CR 0.8% B, HET45 2] 1) PES/EAA & 3 o
= [ YR 5‘? B ) A I : . CEy |2 g
A BRI 2 K RO SR A2, 2 fih A VTR 68.43°FAIG 2.l
51810, B THEH EAA & REEGRIN , 5 43 K 1,
TR LS AR A BT PES/EAA B4 IR R 5% 2t
e L2 N% I=WAS: . | ‘ ‘ ‘ ‘ ‘
KRS R o 172 EAA Ui S UK T 1% I, PES/ %.04 0.06 0.08 0.0 012 0.14
EAA 05 K HE 5 1T 5, 50 D EAA 7 kY Diamaterum
I BOLAE S # rh 2 AR AR X 5 SEM It 4 7RI EAA # 5t PES/EAA & A THIGTL 2
§|J E]’(j % %—ﬁ[ o Fig. 4 Pore sizes of PES/EAA composite membranes with different
2.4 EAA 433 PES/EAA 540038 3% EAA content

& 7 AR EAA % i T PES/EAA B A PR 4L
K. MIE 7RI LIAS 5 EO JEEAH L, PES/EAA
AR 2likGE B 2B FIHE TR S, Y
EAA TR0 0% 361 0.8% i , PES/EAA &
I 11 21 7K 3 1 DA 8.42 L/A(m?-h) 32 FF 3 T 153.68 L/
(m’+h), & T+ TO# T 18 A%, X J& T BEAA /U 7E

4000 3500 3000 2500 2000 1500 1000 500

PES/EAA & S IEMIBCRIE R . HI2 Y EAA i) Wavenumber/cm™!
HOR T 1%, PES/EAA S 45 19 2K 4 12 T fe TR Eos BIBETIREE

Fig. 5 FTIR spectra of EO and E0.8 membranes
%, X2 T EAA &3 15 I, {443 EAA 75 PES/



WL, 45 - RBED 205 TNIRTR 5 ] o S rEfE 17

90 69.6771.01

By v
1 I

I

go| 6843 67.78 o143
D ol 7 587
70| . B,
. el & 18

60, —
S0k 2

40/
30,
201
100

Contact angle/(°)

o/ =y =y By P B B
EO0O EO0.2 E04 E0.6 E0.8 El1 EIl.2
Sample

K6 ARl EAA &L PES/EAA &4 IR il A
Fig. 6 Contact angles of the PES/EAA composite membranes with
different EAA contents

160~ 153.68

= 100 88.06

60~ 52.63

Water flux/(L-m

44.21

21.05
| 8.42 10.53

EO0O E0.2 E04 E0.6 E0.8 El EIl.2
Sample

K7 RIF EAA &1t PES/EAA B4 IR M ALK 1
Fig. 7 Water flux of PES/EAA composite membranes
with different EAA contents

EAA RGP LA A RIS, 3528 T34 OB AL,
H B EAA &5 (938, PES/EAA &2 4 K 1) fLA%
RIERR BRI S AR A RE T .
2.5 EAA%43 3 PES/EAA A48 £09%h
AN[F EEA & & F i PES/EAA & G X1 g/L
BSA BN B R E 8 Fn . i s ] LA,
5 EO BAR LG, ZEAIN T EAA Z 5 ,PES/EAA &
XT 1 /L BSA AR R W] 0 19K, Bl EAA 7%
YA, 25 EAA BT 73 50K 0.2%~0.8% B, I
PES/EAA & &% 1 g/L BSA IR I # B KA AEFa

100 - 99.86 9986 00 43 o0 3)

98.43
98 - 97.53

96 -

oq 9412

BSA rinterception rate/%

92 -

90

EO E0.2 E0.4 E0.6 E0.8 ElI EI.2
Sample

K8 R[E| EAA & itHI PES/EAA A IEA) BSA i FA %
Fig. 8 BSA interception rate of PES/EAA composite membranes with
different EAA contents

FETE99% LA L, UtBH T a2 EAA et i & $2 7t
PES/EAA B A IR A B MERE  (HE EAA T il £
ff, PES/EAA & A 19 # B4 PERB IR AL, ixX 2 Ko
EAA & it 2, HAE R i 0 Bt AN A, B8 1 i
HIZER , (1175 PES/EAA &2 A KR BE R PRI
2.6 EAA4F 5 PES/EAA B &I 3Ab 3% B %k
K19 A F EAA & & N PES/EAA B &7
i B K, PR 9 o] DU HY , T 46 1R BO IS 1 4 fif
5 A 4.757 MPa, B & EAA & & (934 1, EAA B
N TR GG () 2500, 845 S AR A AR P S AT (1 454
KA T EVFARAL , A EO 21 E0.6 JIEE 1 Fi7 4 5% 5 B#
T 46.9%, 1% & K N EAA IR T I A A AR
FER AT I R AR 45« (EBE A EAA TSI & 1) 4k 223
%, 11T EAATE PES 52 & IR (1 N 35 b kA2 A1 2R, 3
51O A T PN S 4 R A TR L, TR Ik A5 B )
55 P SR A o

5 4757
£ 4284
< 05 4
S 4+ 3.522 3.6143 I
£ T 2.863
537 1 2.526
27 T
(o]
7 2|
5
|l i

O 1 1 1 1 1 1 1
EO0O E0.2 E0.4 E0.6 E0.8 El EI.2
Sample

9 RIE EAA {1kl PES/EAA B G I i 2
Fig. 9 Tensile strength of PES/EAA composite membranes with differ-
ent EAA contents

3 &g

(1) 38 52 R A HE 7 77035 5 A0 23 125 1% il % PES/
EAA & &1, fil & 2 A B2 TR LRGSR, i
() EAA LL/INBURE XS 5] i 43 BCAE R ) 2R T A R T

(2) EAA (MU Nl 52 5 IS 1 25 4 A= A8 4k 5 )
BF EAA H R L BLAT SRk MERE 3 0 T R A 5
KPERES

(3) 24 EAA J5i 2 70 BN 0.8% I, il 7 15 2] (1)
PES/EAA & & EMEREfAE. LI PES/EAA B A JIE
55 4li PES JE B AH LU, 7K 2 il /1 68.43° B& I =
51.81°, 4li /K 18 & 8.42 L/(m*+h)$2 5 & 153.68 L/
(m’-h), Xf 1 g/L BSA #1948 B A8 94.12% 4 =
%99.32%.,

S & 3k

[1] JIANG S,QIAN H,ZHANG P, et al. Facile membrane preparation

strategy to reinforce permeability of polyethersulfone (PES) micro-

ultrafiltration membrane for drinking water treatment[J]. Journal of



18

AR

2024 4F 45 52 45 45 10 1)

(2]

(3]

(4]

(3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

Materials Research,2023,38(9):2 369-2 378.

GOWRIBOY N, KALAIVIZHI R, KALEEKKAL N J, et al. Fabri-
cation and characterization of polymer nanocomposites membrane
(Cu-MOF@CA/PES) for water treatment[J]. Journal of Environ-
mental Chemical 10(6). DOI: 10.1016/j.
jece.2022.108668.

OUALD F,ZINADINI S, ZINATIZADEH A A, et al. Development

and investigation of high - flux antifouling NF PES membranes

Engineering, 2022,

decorated by aniline oligomers and application for wastewater treat-
ment[J]. Polymers for Advanced Technologies, 2024, 35(1). DOI:
10.1002/pat.6234.

JIANG S, XIAO S, CHU H, et al. Intelligent mitigation of fouling
by means of membrane vibration for algae separation: Dynamics
model, comprehensive evaluation, and critical vibration frequency
[J].  Water 2020, 182. DOIL:  10.1016/.
watres.2020.115972.

ZIOUI D, TIGRINE Z, ABURIDEH H, et al. Membrane technol-

Research,

ogy for water treatment applications[C]//Proceedings of the Interna-
tional Conference on Communication, Computing and Electronics
Systems, Istanbul: International Journal of Chemical and Environ-
mental Engineering,2015:9-12.
YANG X, HUANG J, YANG F, et al. Metal-organophosphate
biphasic interfacial coordination reaction synthesizing nanofiltra-
tion membranes with the ultrathin selective layer, excellent acid-
resistance and antifouling performance[J]. Journal of Membrane
Science,2022,653. DOIL: 10.1016/j.memsci.2022.120521.
ABDALLAH H, EL-GENDI A, KHEDR M, et al. Hydrophobic
polyethersulfone porous membranes for membrane distillation[J].
Frontiers of Chemical Science and Engineering,2015,9:84-93.
MOUSAVI M A,REZA MORTAHEB H, BAGHBAN S M. Hydro-
phobizing polyether sulfone membrane by sol-gel for water desali-
nation using air gap membrane distillation[J]. Polymer-Plastics
Technology and Materials,2021,60(1):47-59.
ZHANG C, WU H, FENG S, et al. Fluorination as a powerful tool
for improving water/salt selectivity of hydrophilic polyethersulfone
[J]. Journal of Membrane Science, 2023, 687. DOI: 10.1016/j.
memsci.2023.122030.
RIAZI H, ARABI SHAMSABADI A, GRADY M C, et al.
Method of moments applied to most-likely high-temperature free-
radical polymerization reactions[J]. Processes, 2019, 7(10). DOI:
10.3390/pr7100656.
PETERS C D, LI D, MO Z, et al. Exploring the limitations of
osmotically assisted reverse osmosis: Membrane fouling and the
limiting flux[J]. Environmental Science & Technology, 2022, 56
(10):6 678-6 688.
SAEKI D, YONAMINE G, MATSUYAMA H. Effect of hydro-
philic polymer modification of reverse osmosis membrane

surfaces on organic adsorption and biofouling behavior[J].

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Colloids and Surfaces A: Physicochemical and Engineering
Aspects,2021,609. DOI: 10.1016/j.colsurfa.2020.125680.
DELRE C, HONG H, WENY M B, et al. Design principles for
using amphiphilic polymers to create microporous water[J].
Journal of the American Chemical Society,2023,145(36):19 982—
19 988.

H BT RORIR HH S SR X Sl A I M 1 K Bl
PERIBEFE[D]. KA - A Tl R, 2022.

XIAO Rui. Study on surface hydrophilic modification of poly-
ethersulfone ultrafiltration membrane based on tannic acid and
carboxymethyl chitosan[D]. Changchun: Changchun University of
Technology,2022. DOI:10.27805/d.cnki.gecgy. 2022.000713.
W W5, IR, % 4K TiO, AR BEIRAE & B A0 i 4 B bk
REBFSE]. B8R Tk, 2018, 46(2):58-61,75.

WU Xiao, YAO Yong,ZHANG Minmin, et al. Study on the prepa-
ration and property of nano-TiO,/PES composite membranes|[J].
China Plastics Industry,2018,46(2):58-61,75.

ILE, 225, Tt , 45 e SRR 0% T Ok BRIGT/ 2R e
BN £ S RERF S [0]. B0k Tk, 2021,49(6):19-22,55.
WU Xiao, SHAO Huiju, WEI Fujian, et al. Study on preparation
and properties of chitosan crosslinked SMA/PES nanofiltration
membranes[J]. China Plastics Industry,2021,49(6):19-22,55.
RAPHAEL B, SEBASTIEN P. Hyperbranched polymers with
high degrees of branching and low dispersity values: Pushing the
limits of thiolyne chemistry[J]. Macromolecules, 2016, 49(4):
1296-1 304.

GARDI S, GIANNONE L, SARTI G, et al. Influence of initial
season on PVC weathering[J]. Polymer Testing, 2023, 125. DOI:
10.1016/j.polymertesting.2023.108123.

HEINS K, KIMM M, OLBRUECKI L, et al. Long-term bonding
and tensile strengths of carbon textile reinforced mortar[J]. Materi-
als, 2020, 13(20). DOI:10.3390/ma13204485.

SHAN B, CUI R, ZHANG 8, et al. Synthesis and application of
poly (vinylamine-co-acrylic acid) macromolecule dyes with high
light fastness[J]. Textile Research Journal,2020,90(2):156-165.
LIU X, WW J, ZHANG S, et al. Amidoxime-functionalized
hollow carbon spheres for efficient removal of uranium from
wastewater[J]. ACS Sustainable Chemistry & Engineering, 2019,
7(12):10 800-10 807.

WANG Y, LIN Z, LIU Q, et al. Ultra-high mechanical property
and multi-layer porous structure of amidoximation ethylene-
acrylic acid copolymer balls for efficient and selective uranium
adsorption from radioactive wastewater[J]. Chemosphere, 2021,
280. DOI: 10.1016/j.chemosphere.2021.130722.

HASHEESH M, EL-KASHIF E F, MOHAMED A, et al. The
effect of activated carbon nanoparticles (ACNPs) on characteriza-
tion and mechanical properties of polyethersulfone (PES) ultrafil-
tration membranes[J]. Polymer Bulletin,2024,81:14 855-14 874.



