mr M EREE S TR

FHA0EFH 4 Vol.40, No.4
2024 4F 4 F POLYMER MATERIALS SCIENCE AND ENGINEERING Apr. 2024

http://pmse.scu.edu.cn

L3R 2 M/ s i A0 3R 7 BRER 32 BX 2 S IR R HI & S5 1% RE
RIGH, BHIE, G, B, R, R fh, FAT, WHH

GEMRAL L2 MR RS2 5 TRESA B, 7R 354K 132022)

WE . B igtRARIE T &, B4 T LR CHBEE(SPVA) A% R R 49 SPVA/A 4 55 4L 5 35 Bk BR 2 0% 8412 (Cr-
SSPxx)o R IERLMA KIEIRT F LA F Ak ATk ANBTHARTATN, AR R T, UK
AAMEAT AT AR A — b, RN, LA EKE 2N R TS £ 25 °Ch80 °CHT,
Cr-SSP30 i # 7 ik 0 FIAR A 3.7%427.6% 0 8 F SPVA STEE A MELAFAE ), VAR IR 9 45 45 AR 38 m T BE 69 B 1 | 3
% % 7| Cr-SSPxx B & 2L 38 3k #£ % 69 [ AT b Ak | SUIR L AR 69 P S 5 15 5 9 24K T b S-SPAEK I A= &5 AL 8 T M A%/
A 4k AL BR AL B 55 B ER) LA IR, Cr-SSP30 JE 49 7 BF 5 i XN 9.4x10° cm¥/s. B AR 5 B AL I T B /0 4 R s A0 32 55 Bk
BR A SR AR P, S B A A R T A R BT I A2 ) TR A G kAR AL S5 M RS AR BE R TR T, R TR R K
9 Cr-SSP30 B 69 1% % ££ 25 °CAv 80 °CEF dL AR 4 AL £ T 0.034 S/em 42 0.065 S/em, Rl i+ &2 B T & 69 i T

PE AR 9% R T3 T B RE L  (DMFC) 8948 Fl % 5K, 5 2 £ DMFC ¥ /32| & Al .

K B2 R) « (U BE R A TR 57 TR » T A 5 L0 s SR AR o 1 A e

FESES: XHEARIRAS : A

B 5 1% St RE VR H) H 28 45 Bk, A SR8 A U5 1) 75
K H w8, 577 A e A KL L it (PEMFC) B B A
15 AE R BRE Bh IR AT N Y LT ({4
3 R BORE e fRD SR BN R B BT T
RS RER AR 2 1, R T RS I (PEMD &
PEMFC [ B 4H i 53, A7 5% 5T+ M BH BT 7%
B A M , BB 5200 % PEMFEC (148 FH 14 g 5 77 a @
LA Nafion i AR 3% 1) 4= S0 R 5 DR] A (1 () B
S/ K AU AH 43 B8 43 7 4l AL T LA A R B TR
SYERED, Bz N TR R (EL R S I IE AN
2 v P PR 95308 3R % il R S AR 1 e b e 5
RUR T et — P R R Y, i Nafion 52 10H K}
W — BB A

H # , Nafion i 1) & A B 7t 32 24 HR AR X
Nafion I (A& ™ K i 4k 75 7 25 5% & W IE A ) (1) T
Ko IBIT R Nafion JE AT 215 BLAR AT DL A A

doi: 10.16865/j.cnki.1000-7555.2024.0067
ek H 41:2022-06-09

X E S 1000-7555(2024) 04-000

BB G H AR E M, R It 2 DR o A= 7
A B il L2 SR ok itk . TR AL 55 A RIS
T4 58 7 Tk T ol 10 R TR B Tt 2R I TV i 25, E
T A T2 H A B, R B A ) A
e 1A PR RESF SR A PR RE DR IL RS AL 57 B R E K
N Nafion [ 2 AR RH HE BT 700 5. WAL DT & iR
REWPEM M BN T35 BRI I 57 5 1% 2 1 5E
2B HL LA e R AL R, R TIPS
ST ORI R I 2, AR B RS AR PR 7 2
PERE , H 2 S BO ) IS8 20 48 ), 38 7 PR
JOORE R Y R R AN P A 1 o

SGENRTECE AR 7/lihk Y AN =R S NG’ 3B g £
GF BT LUA 2 PEM AR, SRR S5
PR B P B 5 4 <5 vk T DA B 5 A B R
W0 RS B HL TR BT i K R 0 B R N IR ) £
Ak RE s B A e AN OUAT DA R 2 B — bR

FEWH  HME AT T RRAEORWE 7T H (S JIKH20220238KD) , 75 M H SRR -2 & dt ik 5 : YDZI202301ZYTS299)
TR R, 2R R T AR LT HIWF 7T, E-mail: chl_111@126.com



CH—OH
H,C o

—OH + H0

Scheme 1 Synthesis of sulfonated polyvinyl alcohol
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Scheme 2 Synthesis of sulfonated poly(vinyl alcohol)/poly(aryl ether ketone) and structure of the crosslinked composite membranes
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Scheme 3 Preparation of the crosslinked composite membranes
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Fig. 1 FT-IR of the composite membrane Un-SSP20 and crosslinked
composite membrane Cr-SSP20
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Fig. 2 SEM cross-sectional morphology of (a) Un-SSP20 and (b) Cr-SSP20
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Fig.3 TGA curves of S-SPAEK, Un-SSP10 and crosslinked composite
membranes
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Fig.4 DTG curves of S-SPAEK, Un-SSP10 and crosslinked composite
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Tab. 1 Gel fraction, oxidative stability and mechanical properties of S-SPAEK, Un-SSP10 and crosslinked
composite membranes

Elastic modulus

Tensile strength

Elongation at

Oxidative

Samples /MPa /MPa break/% stability/h Gel fraction/%
S-SPAEK 1948 30 65.51 18.75 8.00 0
Un-SSP10 1838.80 58.76 15.17 7.50 0
UnSSP20 1786.47 52.09 13.96 675 .
Cr-SSP10 1961.43 67.86 1233 9.0 51.9
Cr-SSP20 1877.82 61.34 9.64 105 56.4
Cr-SSP30 1789.08 5371 7.76 135 63.6

Tab. 2 IEC, water uptake, swelling ratio, proton conductivity and methanol permeability of S-SPAEK, Un-
SSP10 and crosslinked composite membranes

Proton conductivity

e Water uptake /% Swelling ratio /% /(S-em”) Methanol

Samples . permeability
/(mmol-g") -
25°C 80 °C 25°C 80 °C 25°C 80 °C f(em™s™)
SPAEK 1.85 12.1 29.3 4.9 8.1 0.059 0.086 11.5x107
Un-SSP10 1.92 22.9 41.3 10.1 16.4 0.063 0.089 7.1x107
Un-SSP20 2.03 31.1 52.9 14.6 21.8 0.067 0.092 4.6x107
Cr-SSP5 1.84 16.4 324 8.3 13.7 0.058 0.086 6.2x107
Cr-SSP10 1.81 14.8 30.6 7.6 13.2 0.054 0.083 4.7x107
Cr-SSP20 1.69 10.9 242 6.1 11.5 0.046 0.077 2.6x107
Cr-SSP30 1.54 7.1 15.9 3.7 7.6 0.034 0.065 9.4x10°*
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Fig. 5 Proton conductivity of the crosslinked composite membranes
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SPAEK 4% ) fisf {2 ik A1 T ) T SR A AE — D, T LA
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Fig. 6 Proton selectivity of crosslinked composite membranes
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Preparation and Properties of Sulfonated Poly(vinyl alcohol)/Poly
(aryl ether ketone) with Pendant Sulfoalkyl Groups Crosslinked
Composite Proton Exchange Membrane

Hailong Cheng, Kanghui Han, Jiaojiao Sun, Rui Zheng, Ao Li, Liwei Luan, Dandan Guan, Lujing Tao
(School of Materials Science and engineering, Jilin Institute of Chemical Technology, Jilin 132022, China)

ABSTRACT: The sulfated poly(vinyl alcohol) (SPVA)/sulfonated poly(aryl ether ketone) with pendant sulfonic
acid groups (S- SPAEK) crosslinked composite membranes(Cr- SSPxx) with different contents of SPVA were
prepared by solution blend method. The Cr-SSPxx crosslinked composite membranes were obtained by heating
reaction at 140 °C . Fourier transform infrared spectroscopy (FT-IR) spectra show that the covalent band
crosslinked structure is formed between the sulfonic acid groups on S-SPAEK and hydroxyl groups on SPVA. The
scanning electron microscope(SEM) images show that the crosslinked composite membranes present better
compatibility and uniformity. Through the performance research of the series of membranes, it is found that the
crosslinked network structure effectively enhances the mechanical properties, thermal stability, oxidation stability
and dimensional stability of the crosslinked composite membranes. The swelling rate of the crosslinked
membranes shows an obvious decreasing trend with the increase of crosslinking degree. The swelling rate of Cr-
SSP30 membrane is only 3.7% and 7.6% at 25 °C and 80 °C, respectively. The Cr- SSPxx membranes exhibit
excellent methanol resistance due to the hindering effect on methanol of SPVA and the cross- linked network
structure increasing the density of membrane. The methanol permeability of the crosslinked composite membranes
is significantly lower than that of the S- SPAEK membrane and SPVA/S- SPAEK composite membrane. The
methanol permeability of the Cr-SSP30 membrane is only 9.4x10° cm?/s. Although the proton conductivity of the
crosslinked composite membranes is lower than that of SPVA/S- SPAEK composite membrane, this series of
membranes show lower proton selectivity. The proton conductivity of Cr-SSP30 membrane is 0.034 S/cm at 25 °C
and 0.065 S/cm at 80 °C, which can meet the requirements of direct methanol fuel cell (DMFC), and expected to
be applied in DMFC.

Keywords: sulfonated poly( aryl ether ketone) with pendant sulfonic acid groups; sulfated poly(vinyl alcohol);

crosslinked composite proton exchange membranes



