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Preparation and Properties of Novel Cross-Linked Sulfonated

Polybenzimidazole Membranes for Fuel Cell Applications
TONG Jing-jing, FANG Jian-hua, GUO Xiao-xia, YING Li-bin

(School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200240,
China)

Abstract: A tetraamine monomer, 4,4’-bis(3,4-diaminophenoxy)biphenyl (BDAPB) was randomly copolymerized
with a dicarboxylic monomer, 4,4’-dicarboxyldiphenyl ether (DCDPE), and another tetraamine monomer,
3,3’-diaminobenzidine (DAB) in Eaton’s reagent (the mass ratio of methanesulfonic acid to phosphorus pentoxide

was 10:1) yielding a series of polybenzimidazole copolymers (PBI-x, x refers to the molar fraction of BDAPB in
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the tetraamine monomers). The resulting PBI-x were further post-sulfonated and subsequently covalently
cross-linked (cross-linker: bisphenol A epoxy resin) to give a series of covalently cross-linked sulfonated
polybenzimidazole copolymer membranes (S-PBI-x-Cy, here, y refers to the molar ratio of epoxy groups to
benzimidazole groups). The thermal stability, mechanical properties, water uptake, swelling ratio, proton
conductivity, radical oxidative stability and single cell performance of the exchange proton membranes were
investigated. The prepared cross-linked membranes exhibited good mechanical properties. With an increase in
molar fraction of BDAPB moiety, the proton conductivities of the membranes increased remarkably. As the molar
fraction of BDAPB reached 30%, its proton conductivity was higher than that of Nafion 212. The covalent
cross-linking treatment led to reduction in membrane swelling ratio, and the higher cross-linking density, the more
significant reduction in swelling ratio. The single cell assembled with the S-PBI-30-C15 membrane exhibited
excellent performance (H»-O>), and its maximum output power density reached 1.11 W/cm? at 90 °C and 70%

relative humidity, which is higher than that of Nafion 212 (0.95 W/cm?) under the same conditions.

Key words: fuel cell ; sulfonated polybenzimidazole; cross-linked membrane
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ol SR 0 72 4B, FERRRL BB AT L 3R AF T T2 ST o SRIM, Nafion®BEIAEEMN S B Bt Rk
(A TS e, SRR 2 . Bt TARR IR 2560, R R sA . mae
JO - A A — B AZ AT Y — A B A TR

TORIEKME (PBD) 2 —H05 3 s 07, BRI AERE, W ER A R MR R, 7R R
IR B R AR AU 5 P 0 LA R e A2 e o PRI B IR 15 44 B 5| N REIRHE S AT AP A ) FRL b o 1
AEH ), RIS A PBI B — A EERHERTE ®BA0UKT (>300%) F, RMEETETARET, K
JRT SRR E, HHMEFEENT R TLEE 200 C) , HFR T8 FREEE A, MEIHLIEREM
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215 SR T 52 1) SR I I R A B R R AR R A i P T 80 °C R BRI IUA A4k, FL= 4 (B AL B A 22, S T
BE— B SRR RE , AR SCA T — R DU B Ak 4,47 (3,4- T SRS 2K (BDAPB) , K2 5 DCDPE
Jo 53— RO e Sk DAB BEAT IO SR, sl b W A DO e SR IR P B B2 b, #1148 T — RBR IR IF R
B, R)E, DURIABIR B FITE 100 °CF X il £ (K 2R R SL R AT IS A, AT — R
FUH LI FERAL SRR IFKIE (S-PBD) , [FEIRS, 57 #if S-PBI I BEVATIK, SR XU A — 4 K H- il Bk
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1.1 R

5-SA-2-FHFEEIR NG A4, Adamas AF]; 44°-TRREEICE: 4, TCI AW]; DCDPE: 73#r4d,
NP2 EBR AR DAB: 23#r4ll, Acros A#]: #/Bk (PA/C) : Zphral, 10%%#iE, Adamas
AF W A 45K HMEE (BADGE) : 70#r4ll, Admas A#]; FAEA . KIREM. TR
T HETH (DMSO)  NN-HIEZFEHE (DMAC)  1,4- 5N, KA M NN-—H 3 HFE % (DMF),
N-FEEMERE B2/ (NMP) « RIFBRIER (Weo,= 20%) VKEEIR . To/K 2B WKRARER: /r#ral, [EZ4ER i
FRFARAA

12 44-= G-BEA-MERXEE) BE (BANPB) HIGH

BANPB 2 Hf SCERIrb il i (1 77 ikl 4%, BRI R~ 5, ERSRY N 500 mL TR =
R AN 54.34 g(0.315 mol) 5-F-2-HFEF % . 27.90 g(0.15 mol 4,4’ - —F2FE B4 L K 200 mL DMAc,
WETIHEHE, FrIE RS VARG NN 45.54 ¢ (0.33 moD) TE7K KoCOs; 2%, (EEE FH#E 30 min J5, FHE
2120 C/RM8h: HAJSTHEZ 140 C/RBL20h J5, KARRAIEER, HHRBEREIN 1 L FEE-KE
W CRRREE 1:4) , [BEIRE O, &a, <EHPRMER TR WERE A, i, Yk
Ry, BT HEBA T 60 C T4 10 ho TR =Y H DMAc 217 H 450, 53R H 6
A, 72N T1%.

1.3 44-— G4-—“HEEEE) BEE (BDAPB) K&K
BDAPB % 18 SCHRZFT G (7 0 %, BRI RN R Bds, RV T ) 500 mL TR =3
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A, ARUIN 18.32 g (40 mmol) BANPB. 50 mL Z.f#. 150 mL 1,4- S /N 1.0 g 8% %, =ik

FHERE 30 min J5, THEZE 90~95 C, L2180 50 mL KA A 50 mL ZEE VR GVAWL 7E 5 h AN,
FHAEZIRSE FARSE N 36 hy ARG, W ENEEIR, KRR I HIL A GUIE, 15 RBAR R INAZ) 100
mL DMF, B % @I E, g, HIaamaEmeN 2 L 87 Kd (B8RP A B
NaHSOs, Biib/=#RAERAA)  BREREAOUUE: REHESFRREEREAE7 Y, Mk, PR 4
FEE), FFETESMAT T 60 CTFTHE 10h, 25N 82%.

1.4 REFKILRY (PBI-x) K&K

ERASRYTE, TR 250 mL =30 4K M 0.597 ¢ (1.5 mmol) BDAPB. 2.889 g (13.5 mmol)
DAB DL A 90 mL it f CHASRER 5 T4k BRI ROy 10:1) .« =R M HEHE 30 min J5, THREZEZ
80 CAH[E A4V . AHMEREIE, A 3.87g (15 mmol) DCDPE, % iE#HHE 30 min J5 FHREZEZ) 80 C
BRI ERVEM . G RBAERTHEZ 140 CHFAEMLIREE F4kS2 R B 20 mine {5 1R I0#k, 5 KRk R4
2280 CRHEIAREICKIREYY, BRKEQGLRY. %2R EB KRB G, FldE
w=2% [MBRER S K ISR P %, BRI RS 7oK vk, #hiE, R, 8T
1 120 CFF4E 10 ho %R IFBKMEILR Y6 24 PBI-10, (X BE710°45 BDAPB FIT o U Jiie 5 A 1) JEE
IRGIEUN 10%) .

K _EIRFERER J7:4 T PBI-20. PBI-30 11 PBI-40.

1.5 BRACREFEIKMEILRY) (S-PBI-x) KIEEL

RS R R 100 mL =200 K I 4.0 g PBI-10 A1 40 mL & MHARER - 76 =55 T $ £ 30 min
JG, ¥R RTHRZEL 60 C. FFREWTEEEME, HRNAERTIIZE 100 C, FAEMIERE T 4kEE R
12h. RMEEHRTG, BERBREL 60 C, BINKEIOKREEYTH, BRLRFEY). SRR £ 5
TFAKIRE B, FHE w=2% BRI S KIS R P 2, 5 P 2B FKue b . HhoE, (s ] 7=
Y, FETREAMA ST 120 TR 10 he iz 49 S-PBI-10,  GX B #+<10°4it BDAPB JiT i
VU 2 B R BE 2R 73 B 10% ) o

KH R TES T S-PBI-20. S-PBI-30 i1 S-PBI-40.

1.6 PBI-40 Fl S-PBI-x /i T3 #efE f 1 &%

7] 20 mL 784> T HETE M NN 0.5 g PBI-40 BA K 10 mL DMSO, fHHEMRG, FHAHULIE, FHIEHR
FEAAM T IIE, SRJEREGERG IR b, BT SR FT 80 C R4 5 he KM ANILEIR H8 T,
SR 5 BT HRE R S IR 24 h, DARR AT T RE B AR VA o A IEECH BE T, B JS B T | mol/L HaSO4
BT 80 CREIET 24 h, BT TACH . BJE, KEECE, HEE KRS, B THEAMME ST

120 ‘C T4 10 h, 153 PBI-40 Jii T3 #fiK .
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KR _FIRFIRE G714 7 S-PBI-10. S-PBI-20. S-PBI-30 Fl S-PBI-40 Jii 732 Jii.,

1.7 TERRE (S-PBI-x-Cy) K& 5K 7 #

] 100 mL T A =S+ NN 0.6 g S-PBI-10 PLX 10 mL DMSO, ERSMAY FFHES 120 'C, Wil
PR SRV . KRS R R R R, M BADGE, 5 HIT InSc kIR AL 1 4R (1 BN B A
SR PRI EE T K R (S-PBI-x IIH04 43112 LLITA BlA AL s A3 IR AL T 5D 1 15%. 7870 B 43y
SIJE, KRGS IE, FHEGUR M FBOE, SRR R R B b, BT E R T 80 C RS
h.

KB B3R T, BT 150 CHEAMAE AT SR B 10 he KR, AAEE T HE T EER T
R 24 h, DABREBP AR AT RE M TR ARVE T R BT, BEJS E T 1 mol/L HaSOs ¥ T- 80 C TR
W24 h, BT, &R, BRI, HEETKEESE, BT EAHMEST 120 C T 10 he
REAL R IR R AZ I I Ay 42 2 S-PBI-10-C15, FLrf 157 g A A I A S 5 15 K B (¥ 4 o ) B 2 L

S-PBI-10-C5. S-PBI-10-C10. S-PBI-20-C15. S-PBI-30-C15 F1 S-PBI-40-C15 t1.3% FE AR 77 V1175

1.8 W 5RAE

) HL I A8 e T AN (35 A 23R BR A 7] Spectrum 100 )+ FERRFE R SR R SF404h (ATR) I
Ry BT REMERRIGNL (& E BRI A ] Instron 4465 1)« W5 FTFARESL 958 5 mm, A9 &K
A 4em, HiMEEE 2 mm/min, WHREEH 30 C, BIEH 70%;: HEMT (TG) : KHEE TA L
7] Perkin-Elmer TGA 2050 Y #EE 73 B AXAE No 73 € , iRy 40~700 °C, JHEEZY 10 "C/min.

Pt E A AR E N K — D R A YEAE 80 C [ Fenton 7] (3 pg/mL FeSO4 1 3% H20: (1)
KD, IR AR IS AR 8] C ) RIS AR R (1)

FH TR i 5 P P K PR B A ELAE R GBS 122 Bk (— AN BRIMEBE S5 & — MR L), X i1 ab T
WEDIRAS, KD AR HHER . B2 #HAE (EC) RAMMITENE, 73— NERE 4
IEC, BAEMH Tilk: 1) SRRMEEEEE ST, 2) R GPKMERSE & 511 57k 2 E B il (1947 2 IEC,
B BoR S WKL 25 5 O B 70 o - AR AR AR

Jrid— e WERRFRE TR IORE R 0.2~0.3 g, BIFEJS N 50 mL AR 1 AU S AAN T (29 0.02 mol/L)
i, ZIR R B 10 he BERKER 10 mL R, RS @ U 10 SRR VAT i 52 CRFH B 3l FLAL 30 2 AR AT 5 )
AT 3 K, BCFIIME . R4 T A3 HE A CIEC (mmol/g) -

IEC = 5(10-Cna0n - Crcr Vicr)/m (1)

Fort Cxaon N NaOH VRIS, Cuar N HCLIEWIIKIE, Va4 3 U0 5E THFER) HCL 1 U~ 244
B, m TR SREA I T A

TP ERRFRE T IRIRE S 0.2~0.3 g, BIREJETAN S0 mL MRS, IR R R EE= R
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BRECH, JF A EE SRR =, WA VR, IS TR ARG IF, I CRIRE N
A EACIN IO Z IR AT E - IRAE LR A S EA R IEC (mmol/g) -
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IEC = Craorr VNaon/m ()

FEELAR (MEA) 4%

W B8 8 IE IR M SE R AT Nafion 212 23 B3k A% 5 cmx5 em I IE 5 K75, iM% (Johnson Matthey, Pt fi
R 0.5 mg/em?) #HK 2.25 emx2.25 em KNI HE . 44 TR IFR LA IR A Nafion 212 JiE 43 7l R AE
P AR ], FERJENL EHEAT R . 0 T IR SRR AR B, B S 150 T, 6 MPa, 5min; X T
Nafion 212, #2479 120 'C, 3 MPa, 3 min.

¥ F3R MEA 73 2 78 S efts i) B b, I35 [ Scribner 2 ) 850e BRBE B IIR-T & X6F o et 1k e ok
VR . PHARES I N 100 co/min, fb2EitE bR 1.2; FIMSESIRIE N 200 co/min, fL2itatin 1.5,

B HEN 100 kPa. BAHLVMIREIEHIZE 70 « 90 C, FHMAI B KIAE X EE BN 70%.
2 ER5vH

21 R RIFRMILEINE R G RIE

TEOR IR ORI ¥ B B TR IR 5 5 A DU L AE 2 R RR B AR AT . S T R RO IR
(120~140 C) ELAETE (190~210 C) K. A0k UG5 G B, K R 4& DCDPE 5 Pi#h
VUJtz §i4% BDAPB #l DAB f£ 140 C F#HAT7HE4E 5% (B 1D, s il w b DU iz AR i A s ) 2 b, B
HiE T — R AV R I KL I Y) PBI-x. %R A R IE AR, S 20 min J5 A RN A 5 RITE A&
1o JEE R R Vo

DA AR R B AL 05T BT 4 I SRR R BRI IR T 100 °C FHEAT S REALALHE, 73 T — R A1 Y
AL SRRk (S-PBI-x) o TERMBRER A, Bk MRk SIRIO R F45 4 (R0, TBRAA
SR FE PR R I BK PSR BH 25, AT 5 Z ARE I R s R BAL . BEAh, 0 T DAB Soc s RN, JSEA
(23 27) R A B AR REAR 58, PRI, DAB 276 b 2 ASRIMEME K AR AL SR . AH B, 7£ DCDPE #11 BDAPB
ikl BT RREE R —E IO HE R T, FLR G R, IR EE DAL I A B RS /N, Bk, DCDPE
A BDAPB 4 4 B o i ORI R AL, T RARAERAE SOBE . Horr, BDAPB 4544 B oCH BRI B il ik,
Tk 5 408 (52010 56 R AR BA SR, . DCDPE S5 R S0 HA 1 2 AN 2RIR IR, AHAR AT AR 44k . BDAPB &5
BT IR R AR 1 2 MR MRS, REER&IRE (1100 C) FARERA . WIELL L
AILAHENT, BDAPB 45k B ui 2 A 4 Mk 5, DCDPE &£ A 2 Mi#Efbhis (B 1D .

P 2 /& PBI-40 % S-PBI-10.S-PBI-20.S-PBI-30 il S-PBI-40 {1 £ #MR SO Bl T X L2 K A 7E 1630
om AERH I T — ARSI, RS U KR ER b C=N ISR B, R T KRR () i Th T
Ji s T T 23 AL 5 1 B8 A D0 1 080 em! J2 1020 et b HA B T Tl TR 322 141 00 A Sl R B ) ok i 4 4 3 e



W, S IR AR B SRR IR IR AT AL 5 46 5 7
UEIA T BRI I 5N o BeAh, BT B IR IR IS I 3 400 em! A#R A — M 5 HLA 58 A IR

e, V1) TR IR HE AN K 531 CRE R 1) O—H AR 4 HR 3l S DKL SE (1) N—H {145 R 5] . PBI-40 £ 3 200 cm!
A — AR T E 9 LR 55 O R HAC e, U Jeg D R MR ) N—H i 4 R 3

Jit & B B AR FF RS L ZE ) PBI-x £ & T R AT ¥4 # T DMSO. DMAc Al NMP S84 LA, &Eonth R
IF BV fRYE . S-PBI-x (AR YE S5 A5 1 rh iR 2% B BAES 7475, S-PBI-x HANEEAVA T DMAc Il NMP,

HAET# DMSO. Jii TR S-PBI-x £ DMAc. NMP 1 DMSO 3 ANE fik o

H,N 0 NH, Hy H, Eaton's reagent
n HOOC O COOH + nx/100 + n(1-x/100) -
)~

2
BDAPB 140 °C, 20 min
DAB

DCDPE

E : : : H : : ' ' 20% Fuming sulfuric acid

H x/100 H 1-x/100 100°C, 12 h
PBI-x (x =10, 20, 30, 40)

x/100 HO;S

j SO3H
< :< i :sos HO s
HO s
S-PBI-x

B 1 S-PBI-x &L ~=EK

Fig. 1.Synthetic route of S-PBI-x

(a) PBI-40 |

]
:
(c) S-PBI-20 |
|
|
]
|

! i

3500 3000 2500 2000 1500 1000
Wave number /cm’!
B 2 PBI-40 /% S-PBI-x [I4T /MR Ik 1 K]

Fig. 2. FT-IR spectra of PBI-40 and S-PBI-x
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P 3 /2 PBI-40 £ & S-PBI-10 £, S-PBI-20 fifi. S-PBI-30 Al S-PBI-40 i) #4 & /3 # #i 2k . PBI-40 A 2
MKREP G, 40~150 CHIREIETFEG K2 IHER, 11 500 °C LA IR 2% S IR T3R50 B B2 K 43 i
IEH] 700 CRF, PBI-40 552 T5% K3 5B, PRI T SR IFRIEIL R IR S (M e e M e . 2k )5
3L S-PBI-x BT 3 MREFA. 1 DMREFAHILE 40~150 C, B KD HIER FHL
52 NRE T & HILTE 300~450 C, HREEREEEN M SEG 3 ADMRETFAHIIE 450 CLLL, HERA
PIEBER 7T 1KE] 700 CHY, S-PBI-x KK HLBHAE 40% /47, L PBI-40 HIZRBRFAR, K2hES
Py R R i ) R AR BT

100+
90
X
S 80
wn
[72}
«
E 704
)
= ’
= —— PBI-40 membrane VY
2 60 N
é - - --S-PBI-10 membrane Yo
~~~~~~ S-PBI-20 membrane Yo
4 S-PBI-30 membrane BN R
50 N
————— S-PBI-40 membrane T e
40 R

T v T v T T T T T T T T q
100 200 300 400 500 600 700
Temperature / °C
& 3 PBI-40 JEEAI S-PBI-x JI5 (1 ) 44 ok 5 Hh 2%

Fig.3 TG curves of PBI-40 membrane and S-PBI-x membranes

2.3 A R R IR A S TR I 11 ] 4%

ST RIR TR S-PBI-x 45 44 Hh A7 7 PR Ak I e 15 B P P R A 2 1) A BT P T T A ) 9 2 Bk, X
SR AW T B IR, KRR R AL B K . O T R S-PBIx MMk, Wi 4 fioR, ASCR
FHAUEY A SREALEWNACHER, ERGIRIE (150 C) R AIFFEIE 5 S-PBI-x A [k ML & A 4k,
FRRE, TGRS AT 24, Hi119 T — RGBT IR RSN SR S-PBI-x-Cy. FZFG M, Wy
fitid, BFRA Y S-PBI-x AT DMSO A HLAR, Uk, ANAEE R RGN, 7R A
KA S-PBI-x.

TR FACHR R BLR AR IRR S, A0 1 g BAYE T 10 mL 80 "C ) DMSO H 12 h, R JEI5E 3 )i &

>N

Bk, SERWR 1 PR, HR 1AlH, Frf B E IR R 9%LN, RUIAZB R M BON TR«



Hh . SF PORE LI R R AL SRR DRSS R A o) 2% 5 1k g 9

Nao}bw Nao}bﬂ W@H Nao}b/\l

N

Q&, Ar‘&j oy Proton transfer \N'A H
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n SO;Na S

B 4 LA A2 S N R T

Fig.4 Schematic diagram of covalent cross-linking reaction

% 1 S-PBI-x-C15 ZZHEIEAE DMSO ' 80 ‘C FiR 12 h 5 i &4 2k

Table 1 Mass loss of S-PBI-x-C15 membranes after being soaked in DMSO at 80 ‘C for 12 h

Membranes Mass loss / %
S-PBI-10-C15 5.8
S-PBI-20-C15 4.9
S-PBI-30-C15 7.7
S-PBI-40-C15 8.5

2.4 TR IEBRIEATIRR ¥ ) 214 B
AL TR IE IR AT IO O IR R IR R 2 FoR. T RUE H, XSS Ag A o ) R AF
IRLVERE, AL I ] 72 ~ 80 MPa, Wi SETE 25 ~ 70%, T AT T 1 A2 #1118 FH 25K
% 2 S-PBI-x-C15 i (1 fii ¥ G

Table 2 Tensile properties of S-PBI-x-C15 membranes

Membranes Tensile strength / MPa Elongation at break / %
S-PBI-10-C15 79.1+£0.8 259+0.4
S-PBI-20-C15 72.5+25 50.8 £9.7
S-PBI-30-C15 80.0+1.3 67.5+3.7
S-PBI-40-C15 75.1+3.7 49.7+5.3

2.5 TRALR IR FEDKMEAT BRI E) IEC TRk 2 R Ak 26
34T T A ) B Bl A SRR R DRI AN S IBEIE S-PBI-x-Cy [ IEC &K 28 DA A W 7K 28 () 44
MR 3 HTLLE S, FrEREEERER S X IEC, HSZMME & IE 3.16 ~ 3.99 mmol/g SES{H (3.37 ~4.17

mmol/g) BENHEIT « (HIXEEHE K45 %% IEC 1N 0.56 ~ 1.85 mmol/g (FEiAE ) 1% 0.35 ~ 1.60 mmol/g CSLIHED,



10 YR BT ¥
TR T HA CIEC. W 38T AE H, Toib2 4 X IEC i& /217 % IEC #iBE/E +1 BDAPB o0& & 113 K
MK, X2 HT BDAPB HICEA AL . KR AEIKE S IEC % YIAHE, 1EC i, WRKZEA
kR . ST R AW, BN IEC FVANK R MR BOR, ASBe% S, TEC A IK
FAR . X T AR, ST 5 190 (07 B e L JE 2 7 1 (R VA K SR AN AR, X AT R S BRI I 3R & 1 B 4 1

Ko

R 3 BN IEC K 80 CFIMB/KFAEIKRR CPEJIH: Al JEETT AL

Table 3 IEC, water uptake and swelling ratio (in-plane: Al, through-plane: At) at 80 “C of various cross-linked

membranes
IEC/ mmol « g? Water uptake / % Swelling ratio / %
Membranes
Theoretical Titration? Al At
S-PBI-10-C5 3.72(0.63) 3.56 (0.46) 106.8 28.7 32.7
S-PBI-10-C10 3.54 (0.59) 3.40 (0.45) 101.6 25.6 27.2
S-PBI-10-C15 3.37(0.56) 3.16 (0.35) 101.3 21.2 26.1
S-PBI-20-C15 3.67 (1.05) 3.48 (0.86) 116.9 22.2 32.7
S-PBI-30-C15 3.94 (1.48) 3.74 (1.28) 166.9 31.6 40.2
S-PBI-40-C15 4.17 (1.85) 3.99 (1.60) 197.0 44.3 54.1

' The data in parenthesis were calculated by deducting the protons bonded to imidazole rings (supposing that one

proton is bonded to one imidazole ring).

2 The data in parenthesis were obtained by method 2, while the rest were obtained by method 1.

2.6 TEAL IR IR ITBRIR R T B S

B S Fim & & A4l R R IR DK AZ IR 7 L S 3 (KD BEIRE R R. WA,
X AR —FE,  FLT - B R AR AR A T R oK. eAh, R4S S-PBI-10-C15 A1 S-PBI-20-C15 fF
RCIEC #BARAIC (< 1 mmol/g) , HEAMIE/RHE S FHEFE (£)0.1 S/em, 80 C) , XU SK1E

SLEEE I TR B R AT — € TR BN TEC sy (BDAPB #eRH LR B T& A mi®, BT



T, S R ek b P TR SR A K IS I 1 1 4% 5 e 11
HS RS . 24 BDAPB 1 EE/R A H0E 3] 30% A LA, BTl 4500 B 1 57 B 5 2 & T Nafion 212 i T

0.18-_ —m—Nafion 212
016 —eo— S-PBI-10-C15
16- S-PBI-20-C15
B} ] v —v— S-PBI-30-C15
: 0.14 S-PBI-40-C15
S ]
~  0.12-
2 ]
.; \
£ 0.10 \
: - \v
=
g 0-08_ \ \
S | ]
0.06— \ \
4 [ ]
0.04 ' . T T T T T T T T T T 1

1000-T/K!
B S 51 H S R EE IR AR O R

Fig. 5. Temperature dependence of proton conductivity
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Table 4 Fenton’s test results of cross-linked sulfonated polybenzimidazole membranes

Radical oxidative stability

Membranes IEC / mmoleg?

T1 /min T2/min
S-PBI-10-C5 3.56 24 37
S-PBI-10-C10 3.40 44 65
S-PBI-10-C15 3.16 63 77
S-PBI-20-C15 3.48 48 60
S-PBI-30-C15 3.74 34 43

S-PBI-40-C15 3.99 32 42
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