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(IFHUAEICAR RIS ) R A G T Z M AT R . B Ac B2 PEMFC 1 SGHEERIT:
Z—, HATNHIAELL Nafion JROMARZR M 2SR IR G 1), XA RHRAT B 1 o 5 L R AR
SR AR TR, HR B A | B AR | i A PP a8 3R LR iR R SR B4 B35 1) At
SEBRA T IR - AR, K AR AT B AR R ok AL RO ERR (SPAES ) fiF
SEH AR A AR McGrath %507 FURF ST 60, SPAES IRLEAT 5 % | AR e M Ak ¢ e ok

SPAES JEAE/K HhJE H 2 v il /K B A BE R S RS e MR A A ARG TR DRI, A28 N5 44 B %)
SPAES AT , A REMH S Lt i 1 T2 iR . HRTEE T SPAES BT 1 AC He A A5 0%
BR, RASR M- BRSSO N AU A TCHLA R R AR A kR X
TiRE TR, SUCEREMEMREA B ARCR. (H 20w S R M s A e A 5w, LA
IIET 20 TAERRE (10 120 °C) FARFRICR AIPERE, ISR ZIT Rt L AIFSE. ASCE L T —FoKiE
AR BA AN BT T H 2R 48 1 9 T 26 52 R A A 5 05 B AR [ Crosslinked sulfonated poly ( arylene ether sul-
fone) , CSPAES | BT F-AZ#fist, FFFSE 1 AR IkIE | HUAMEREFN BT 55 .
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LLAMGIEAL. PR EEET, MR AR 35 °C, #REEN 0. 005 g/mL () DMSO .
1.2 EELBEBEUBRSBRNRTIHRIENE K

BEVR 2 TR M(X/Y-Z) , Hod XY AR fk 24 SDFDPS SR {L 5. {& DFDPS fi% 8 /R
L, Z ARERACHER THB (s fb A K ARl Ak B S R i BE R L.

IREY) M(5/5-5) G R B, FE— AR B D K E | Ko . o0 - AR Y
MBS, EESUR R, A1 3960 g SDFDPS(3. 00 mmol) A 16 mL DMSO, % SDFDPS &4 % it
J& , MRUKINA 0. 7628 ¢ DFDPS(3.00 mmol), 1.0335 g BP(5.55 mmol), 0.0378 g THB(0.30 mmol) ,
0. 9060 g ffRHH (6. 56 mmol) S 16 mL 2K, G218 L 2 140 C I 4 h, SO ™Az 7K LR/ 7K S
PRI bR. SRR THEE S 165 C, fREFIREETEE NV 15 h. RN ZSH G, (5 1R IFF a4
FEWE. YRR AIK (L 500 mL) T, T AEG4RRBEY Y. REWa 28T /Kms
VRIS, U8, 7E 120 CRUMLRE T4 24 h, BBIREY M(5/5-5) (U7 >95% ). &R Rk, i
A% SDFDPS il DFDPS HYFCEHE LA K THB i, 45 HAT AN Rl £b B A SC I RE FE () L3R ).

1.3 BEHHE5ERTFIHR

BT R G W% T DMSO H, e e g, Gedts TR R [, 7580, 100 1120 C4& T4
1 h, SRJGTHZE 140 °C T4 15 h. AEGEUE, INALIAKR IR E. 4i/KIZH3k5 48 h 5, HA 2 mol/L
ERRRVE W R RS 72 he FHALKIRIHER 48 h, fEEAS LT, T 110 K 150 CHr0 T4 2 h.

1.4 EEESRIE

1.4.1 BFIXEHEAE BOUNE 7SR (IEC) MR =53], HEm T B A Y h a4
FEHERE LA B T SEAS 2. i (8t DU 745, 84 100 ~200 mg T FH4 A AL ZE 100 mL 119
M ECR 15% AR /KR (30 °C)RHL 72 h, SRJ5 1 0. 02 mol/L NaOH ¥ & B B ¥ p H ,
THFER NaOH S5 H IEC 1A.

1.4.2 BoREFMR AN WK i & 8 8RN 78 43 WK 5 BB T3 AS. B 100 ~ 200 mg
FEMTE 25 C EBEF/KPIRIILS h J5 , PRER RS TR E (W) . SRR R B A s bAE T, 17120 <C
T3 h, FRE(W,). R LIHEBERK R (WU) . WU =[ (W, - W,)/W,] x100%.

W4 18] 7 JEEAE 25 CCOKHIREL S h, DAFE 70% MR T W RCT brife, FLRREREREJ7 1) (A, ) FIAR ] (AL,)
B9 R SF AR B R B R ST AR, B Ae, = (e —10) /e, AL = (1-1.)/1_, Hrfo 11 53R K iy
JEEEFNEAR, ¢ F1 1A 537N 70% MR BERYJREE R EAR. 130 °C B RGTHARBAE @ e 2 bl T, SR AR
AT E , RLETTE] 24 h.

1.4.3 JiF B E AT TRV 5 0 555 H R R A A 2= TS R AT, {8 Hioki
3532-80, MR 10 Hz ~ 100 kHz. HEALZ BIHE A 0.5 com. 10 BE 24 i 76 2 4G R I B 4 o) 2
(SHINYEI SRI01, HA) F5Ep. BiFFHEE o HAN o =d/(LwR)ITESR. b d &2 MHEHTZ
IAEE S, LA o 43 BIFR R BEAE 70% 18 B AR RS R AR EERISE B, R 37w BHAT 22 85000 7 {A.
MBIEHR 100% 0, B 5 HR o THEAA 2 P IR HCHE SR ISR K Hh 4 S Bl g >

1.4.4 HlAER  BERPURM:GETE T BEM EHZX ML ( Orientic TENSILON RTC-1150A) b 58 . A 4%
1425 °C, 50% FHXFHREE , RAHEE A 2 mm/min. A OB | WP 7 A K KiK.

2 HR5HE

2.1 SDFDPS HI& 5 RAE

SDFDPS Z: MR SCHk[ 20 ] Jy kst DFDPS 5 & MR IR S N 45, ASSCHEA 0y i A Tk, B
N E R 32 20 h, BARGRFR A S RT RSN, &1 124 SDFDPS A9 'H NMR %, nfLLEH, L6 F
F &R0, A HE 22 g B, FIASDFDPS HAT 55 = i 2l .
2.2 EMERSRE

Scheme 1 ARG YNGR BN B Rl SCHRBIRR A0 2R 55 Bk O 1o 0 A 15 R A U R N, FEIEE 7R 4
BN 3% ~T% ) THB FE4E F4i S M. 321875 DFDPS 5 SDFDPS FYHCEH L L K = B BE A1 B4k THB
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Scheme 1 Syntheses route of the CSPAES
Table 1 Properties of CSPAES membranes
THB "/ IEC/(meq - g~1) Dimensional change wue Proton conductivity/( mS - cm ~1)
Polymer  nsprpps® 7prnps o . 25 C 130 € 50% 70% 100%
(%) (dL -g~") Cal.7 it Al At, Al, a, ) gy RH RH
M(5/50) 5:5 0 3.6 2.08 1.96 0.14 0.15 st s 68.4 9.9 35.4 168.6
M(5/5-3) 5:5 3 3.7 2.10 1.91 0.13 0.12 — — 60.2 — — —
M(5/5-5) 5:5 5 4.2 2.11 2.08 0.12 0.12 1.04 1.14  60.5 11.9 38.3 268.3
M(5/5-7) 5:5 7 4.3 2.13 1.94 0.12 0.07 — —  59.8 — — —
M(6/4-3) 6:4 3 6.0 2.44 1.98 0.20 0.24 — —  156.9 23.7 63.8 231.2
M(6/4-5) 6:4 5 6.9 2.46 2.43 0.10 0. 66 0.98 2.88 123.5 17.4 59.7 260.5
M(7/3-5) 7:3 5 5.6 2.77 2.75 0.46 0.57 s' s 293.8 22.4 74.3 251.0
M(7/3-7) 7:3 7 4.3 2.79 1.94 0.12 0.06 st s 59.8 13.2 44.2 153.8
Nafion 112 — 0.91 — 0.12 0.13 — — — 22.9 47.5 139.0

a. With a 0.5 g/dL DMSO solution of CSPAES in a salt form at 35 °C ; b. Calculated from the feed molar ratio of sulfonated sulfone to non-
sulfonated sulfone; c. determined by a titration method; d. at 25 °C; e. determined at 60 °C and 50% , 70% , 100% relative humidity; respec-

tively; f. dissolved or swelled beyond measure.
JiT"H NMR Al FTIR X RGP AT T4HRAE. AW M(5/5 -5) Fl M(5/5 -0) fRZRETE 155 35
T B AR R B AR R TR 2. AL, M(5/5-5) 1 THB 2L b i T 594k 24 i B TE 6. 85 4k (|
%), MARZEAT SR N Y M(5/5-0) FEMAR A BT 2L, SR G M(5/5-5) miZh e 8l 1 A2k
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Fig.2 'H NMR spectra of polymers M(5/5-5) (a) Fig.3 IR spectrum of polymer M(5/5-5)

and M(5/5-0) (b)
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. AR AR S R A 0 T AR A B F EE AW A, R T A O 2 e, E
3 HEAY M(5/5-5) BILLAMERE K. BERREEHA T O = S = O BERTFR AR X Bk 455 415 20 W i g 43 591 1
HLAE 1030 F1 1102 em ™' 4k, 1249 em ' A O FEHEMSE R R O = S = O BEAYIHSE IR S I,

MR 1 AT LVAEH, BR M(6/4-3) FIM(7/3-7) 51, A REYRER 1EC & E 5B E AR & 0k
(>90% ), RYIFTF S FRB N TE 4. M(6/4-3) i E [ 5 HIEA L BARAH 28 %, (BAT5IRIL )
T 81% L b M(7/3-7) (R B2 AT 69% , W] REZ T2 e R, 0 T PR G5 # P9 s 10 Tk
PR FE AN R 5 M o7 28 4 o 3L
2.3 WkEMR~TT

1 AT LAE W, BRI AR SF A8 28y TEC (EAIASHEFE i K/ EMIR 4T, TEC
AR R O R R A 1R, AE TEC AHIE B9 A5 10 T, 5 106 3 vy 1) S R K SR /N, RO A e o
M(5/5-0), M(5/5-3) Fl M(5/5-7) B AR TEC {8, HWR KSR AN SF AR L E 5 32 56350 I A 1)
B SN [RRE T EARLIEC 19 M(6/4-5) 5 M(6/4-3) KL M(7/3-5) 5 M(7/3-7),
Wil 5 A IR P S 3G, RS IR K R e R ARAESRARAT Ir F B. X T B2 R M AE R AW oy F Z E 51 A
SSRGS, BRI T o0 FA04E, /0 Z (A1 28 [ 25 S0 B, DA A I b R ARG 1 B 1) s i 1 AR i 7k

TEAVEIKAE DT, RZAZEEAY M(5/5-0) 7E 130 C/K PRI 24 h 5, CLIEM, MIIA 5% 388
B M(5/5-5), ISR TEC 185 T 2.43 B M(6/4-5) , £ 130 C/KPIZH 24 h i, I EA—E S0
BE. BRI AR Y, Zeat BHEACHE S0 1 45 1) CSPAES FE#5 A A2 Bk i B AERG e M T T AR Kbt .
EXFF M(7/3-5) FIM(7/3-7) ik, KA HA K GEAZHE, hTHIE IEC 40k 5] 2.77 F12.79
meq/g, B TE 25 CHHEKE/N, 12130 CHRE% T K.
2.4 WimgtERE

[l 4 Sk CSPAES FEAI Nafion112 BEAG R -0 AR <k, HIE 4 AT LI, CSPAES Bk A7 FCfR i Al B

RIS F3 VA B AR L B TR 337K T Nafion1 12 A % P
fIRACIREE CSPAES 5 f) g AR Bt /N T 1 2 HK JE JEE 0 MG/5-5)_“73.7)
PIAIARACIR A M (5/5-0) B [l 1,26 GPa, R S

AR (A T 5% S M(5/5-5) 0 5 30 ff MgBS)

FAIRBERE R 1,52 GPa. [FE, A 7% SSHEHI B M 3 204 -y
(7/3-7) WA [OB i (1. 40 GPa) KT HIA 5% 381k 10 .ﬁf”"fﬁ

A M(7/3-5) (1.34 GPa). HtLA[LLAH, i T Y
SHHIBIA, A AR R T IR, P iy,
2.5 [RFEHRE Fig.4 Tensile stress-strain curves of membranes

F1HIH T 60 °C, 50% F1 70% {2 R Kok H A 7S, BB H T Nafion 112 (15 TS5 H,
K. 5 MJLFP CSPAES & Nafion112 Y HL SR BHIEE YR 1L R HHZE. CSPAES JI5 fif) AH %o 12 B 44K it
PEESHR , BIan, M (6/4-5) fEK P E BT S HFE K 260.5 mS/cm, JLFZAHE &1 F Nafion 112 X

- 1 : m%:i:f; (139.0 mS/cm) 19 2 £%, TI7E 50% FHXTIREE T 19 S HL 3
5 ° mgg:g HA 17.4 mS/em, f&T Nafion 112 (22.4 mS/cm). A
2 [ Nafionl12 2, B TEC B3R, TEAIRNR I F IR SR 40 5
F s W, AEAR T TEC B SSHERY M(5/5-0), M(6/4-
g oo 7) F A RS-0 S PR 1A £ PR S 3 A P 9 B
g AT I, ZEERE MR A T, B35 TEC AT R4

OO 10 R TS RNAESOT Rz —. TEBHK S, M(7/3-
RH(%) 5) 1 M(7/3-7) FEKH R L SR B B AR T I, X E
Fig.5 Proton conductivity of CSPAES 1T IEC K&, 7E/K P IEMKEK, I T &

membranes and Nafion112 at 60 °C MOE AT, RIkse 2 TAIHEE 2 &A1) He k.
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Syntheses and Properties of Directly Crosslinked Sulfonated
Poly ( arylene ether sulfone)s for Proton Exchange Membrane Fuel Cells

BI Hui-Ping, CHEN Shou-Wen" , WANG Jia-Li, ZHANG Xuan, GAO Zhi-Lin,
ZHANG Sha, TAO Ying-Yong, WANG Lian-Jun”
(School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract A series of crosslinked sulfonated poly (arylene ether sulfone)s were synthesized from 4 ,4’-diflu-
orodiphenyl sulfone ( DFDPS ), 4 ,4'-biphenol(BP), 3,3’-disulfonate-4,4’-difluorodiphenyl sulfone
(SDFDPS) and 1,3 ,5-trihydroxy benzene ( THB) by nucleophilic substitution polycondensation reactions. The
trifunctional crosslinker of THB was in the mass fraction range of 3% —7% . The structures of the polymers
were confirmed by 'H NMR and FTIR. The membranes were obtained by solution casting. The properties of
the membranes including the ion exchange capacity (IEC), water uptake, diamensional change, mechanic
property and proton conductivity were investigated. The results show that the water swelling is decreased after
the cross-linking treatment. For the CSPAES membrane of M(6/4-6) , with IEC of 2. 43 meq/q, it show pro-
ton conductivity of 260. 5 mS/cm in water at 60 °C, which is almost twice to that of Nafion 112.

Keywords Crosslink ; Sulfonated poly(arylene ether sulfone) ; Proton exchange membrane; Water stability;
Fuel cell (Ed.: D, 7Z)



