Polymer(Korea), Vol. 39, No. 4, pp. 635-642 (2015)
http://dx.doi.org/10.7317/pk.2015.39.4.635

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

al
=

UIAMME 0|88t ETFE-g-PVBSA/ZIP Sfo| HE % SN 24
E|X|M* - f7}Qg s MESp
A A7 A A T4 FHE AT
R A L R e i e A R

(20159 1€ 5¢ HF, 20159 29 139 424, 20159 29 274 A€)

A

Radiolytic Preparation and Characterization of ETFE-g-PVBSA/ZrP Membranes

Ji Sun Choi*, Ga Young Baek**, Joon-Yong Sohn**** and Junhwa Shin*'

*Research Division for Industry and Environment, Advanced Radiation Technology Institute,

Korea Atomic Energy Research Institute, 29 Geumgu-gil, Jeongeup-si, Jeollabuk-do 580-185, Korea
**Department of Polymer Science and Engineering, College of Engineering, Chungnam National University,
99 Daehak-ro, Yuseong-gu, Daejeon 305-764, Korea
***Department of Energy Engineering, College of Engineering, Hanyang University,

222 Wangsimni-ro, Seongdong-gu, Seoul 133-791, Korea
(Received January 5, 2015; Revised February 13, 2015; Accepted February 27, 2015)

=5 & dFolHe Y aj2d Ve o] &dte] Tt 2B ZE S-S 7HK poly(ethylene-alt-tetrafluoroeth-
ylene)-g-poly(vinylbenzyl sulfonic acid)(ETFE-g-PVBSA) B8 AZ3 §, X 23F EAHO|E(ZrP) U YA
S93F ETFE-g-PVBSA/ZP 2+ A %231}, ETFE-g-PVBSA 2te] ZZE o] Z/1a42 w9 7P Ui ¢
Ao ggo] Frkshs A& B8N OH, ETFE-g-PVBSA/ZP 7o SEM-EDX®} TEMEAS F3lo] o} Ujie]
BH(S), A2FHF(Zr) 222 A(P) Y&o] At BELE 243te] 7P Ui YA 224 BEE 2L RIS
o} BEgh whe] olew gy g 18lal d T BAS S5t EUE ZrP e Ao gk d3d2 Aot
son, AR A HE s EUH 2P v PRk gl wE @A) A W 2kt
Alzg Tl 7P Ui RS Eehel el 257 Skl R WolAe 2704 @A A ==
AL RIS

Abstract: In this study, poly(ethylene-alt-tetrafluoroethylene)-g-poly(vinylbenzyl sulfonic acid) (ETFE-g-PVBSA) mem-
branes with various degrees of grafting were prepared by a radiation grafting and ETFE-g-PVBSA/ZrP membranes were
then prepared by introducing zirconium phosphate (ZrP) nanoparticles into an ETFE-g-PVBSA membrane. The ZrP
nanoparticle uptake of the grafted membranes was found to increase with an increase of degree of grafting (DOG). SEM-
EDX was applied to observe the relative cross-sectional distribution of sulfur (S), zirconium (Zr), and phosphorus (P)
meanwhile TEM was applied to observe the surface distribution in the ETFE-g-PVBSA/ZrP membrane. The effects of
the introduced ZrP nanoparticles were evaluated by measuring the ion exchange capacity (IEC), water uptake, and TGA
of the prepared membranes. It was confirmed that the cell performance of the ETFE-g-PVBSA/ZrP membrane was
improved at a higher temperature and lower relative humidity condition by the introduction of ZrP nanoparticle.

4 of
ol

rr
L

o

ofr

Keywords: fuel cell, radiation grafting, proton exchange membrane, zirconium phosphate.

SEoh WA AL 3]

S M= AP S 083 =

A EE dele 2 we B B A )
AE o8 THA} 7HE1e e e Rolme] Bol 7}

A<
o S

"To whom correspondence should be addressed.
E-mail: shinj@kaeri.re.kr
©2015 The Polymer Society of Korea. All rights reserved.

635

S (grafting) 714 WA ¥ & e} oA E ol
slo] F 714 ool A= the S4e] IRA A PE
APV 7\&mA, A B 8 ol uliiR) £4
Ak TS BYY 5 9

DR ER IR AR IER B
2 AMg e ARiA) HoplE $63
234 v Az SAEE AT



636 FHAA

ASHA = G&o] vg- = g7 0]7] wjitol A7}
A B AT o] XIggE]o] gt} 1 FollME At A
a2 = A5 A A (polymer electrolyte membrane fuel cell,
PEMFC)$} 2% W ghe 1§ 7 %] (direct methanol fuel cell,
DMFC)= 7402 w8t 548 7 Al v dajld=
AHEBhE AEAXEMN, FA AdA R de o] &E L 9l
= A Al 2l H{EF e 2 E K perfluorosulfonic
acid, PFSA)AI%-2] DupontA}2] Nafiono] 717 Zo] A5
3L 9tk 23y PFSAZAIES] LA}t B 7hAo] ulg- =&
ool et S FEPdEolA A ol HEAE fAIst
= 80°C o] LEoAM = Fi o] AEETt sk
S 7L 2lof o] tiA|E] flgh AsA] 2 A
7+ A7 Ebs] RS Aok oA AEHA] 2t
Az 71e FolA, AR 2R o835 A=A | A
Z 71edMe T2 Wsleh, WEAd 2 71A1A S40] ¢
=8k FEP, PVDF % ETFE 53 2> 47 324 5ol

ol

S A7) B900] 48 TYLE IRAE EQSHe @
F7h F YA o]t ARAA o] TS o
A7) NS BE, ol B 2§70 FF L B
S WA AR, S, 801 5O A 24} 242 =
Aol ARAA Bl HAsPL Fssirhs FHS

AT B AN EA IIEAF DEof| ka2
2El# (styrene) & EAF ZYPZE TR} AES ©YEAY
A3k ul A (vinylbenzyl chloride, VBC) ©3A|E I8 ZE
71 & =E3} 95 st vduld sE4F A871E
W3 2 o] HEwe] ) vekE £
H A8HdA] 9IS Az
2} A d v AB8HA S 22100 °C o AHellA 75
whggdo] E AL Y W A H=
Uom g&XoR dAYE T F U=
< 7HKAA b) wEbA As8AA]
Qg Weto 2 {r1EA A
S H7¥ste] 222100 °C ©] el
WA WA 2 g4 Mg EE
frAlshs -7 Eeete] o] H
- T/
Azd 53 FrlhkskE 13
FAete] e TN E we d
T ol AEEE fAIsh= ZoE dEA Utk &
} A 25%F E29|0| E(zirconium phosphates, ZrP), 3l H 2
Z- 2] ;H(heteropolyacids), =% 3429 (metal  hydrogen
sulfate) 53 242 F7] 4 ol A=A = 274 75
Fa ol Ax 9L ste 758 EEEN FE L2
PEMFCE- 332} v 7akg 9)8) o] ARS-=| 5 ek
2 AT e & Aol JiEe A ey 7]
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=& o|83l] AZE poly(ethylene-alt-tetrafluoroethylene)-g-
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poly(vinylbenzyl sulfonic acid((ETFE-g-PVBSA) 2o 7]
Ui AR A23g IO E(ZP)E X3P oE st
o X593 74 o] HEAdo] I A8HA e A%
szt sl om EA%7EE Falstaat sk WAk
HLd 7]zl olsf aeZER VBCO 1 ZEE(DOG)]
we =YE ZeP T HsE dEER A, =9E ZP Ui
YAl EE %= SEM-EDX®} TEM ©]H|X| & F3to] &9l
SIGiT). gk g vl o] ewdgT, s 2 E T
4 2o T WA e H7EE AAE] AsdRel A
4317] 93 A5AA] A wre MRl 7heAde Fjlst

ATt

N

M. B Aolla] ARESE 25 um F79] poly(ethylene-alt-
tetrafluoroethylene) (ETFE) =F2 Asahi Glass Co., Ltd.
(JapanpilA #3K5om, TRl VBC(vinylbenzyl chloride)
= Sigma-Aldrich Co., LLCOIA Y3t oA EAH(acetic
acid), ZHF8FEA(H,0, 30%), AFPHEF (NaOH), 93kt
EFNaCl), HZF229e(DCM) 28] <142HH,PO,)&
Showacl| 4] 18} 3L, thiourea(99%)= Acros Organics, °l|
EH2 S DC chemical Co., Ltd, 28] 3 SA|F3AEFZF
(ZrOCl,-8H,0, 99%)S Alfa Aesarol A T3kt & 23
oA AR Akt Gull= F7HAR1 BAIA ]le] ARg-st
ATH.

ETFE-g-PVBC 8 HM|=. & Aol A8 ETFE 2
5x25cm A2 A2, EFE-S AAS] Q1] oplEe
2 AIAZ 3 Ax3le] VBC/DCM(4:6, F-3]H]) g-allof] 2%
SISk, 2ol x)E gole [5E7F A4 FHEk] g &
ARz AARE AAS & Co® T == v (@A
AT, AT )R FolA A M
(5~50 kGy) ¥ AZHE(1-2 kGy/h)oll w2l ZAFEITH 2A}
7h e §, AR §elM ZfZEE wE 7ilo] DCM
godlol] go] 1A Al 2 Al F she] muk-g-El VBC
homopolymerE A AR, MZE 2h2 70 °ColA] 124]7F
FF RF BN Azt L ZEE ETFE-g-PVBC
uto] I ZE & (degree of grafting, DOG)S 2] (1) ©]-&
sto] AlLtstint.

DOG(%) = [(W W)/ Wo]x100 @)

71, W& 2B ZE Ae] ETFE 9 FAlo|H, w2 12
zeY F9o] ETFE 9 FAolt}

=3} 82, 93n 9@ (VBC) ZEAV}F 2 ZEH
ETFE-g-PVBC "}o] <3} 742 vt} o] Y=t
ETFE-g-PVBC 22 0.13 M thiourea/ollgkg -&-lloj] ]x]3}]
60 °CollA 1271 7F B¢t UFS- XA thiouronium salt’} X]EHE



HIAPAS: 0] 23) ETFE-g-PVBSA/ZrP 2] A% 2 54 24 637

ETFE-g-PVBTS 2}& A %330, wh-g-o] T & ofjek

o oz} Wl AlF3led 70°Ce] g eBolA AZ3IAT Ol
% 0.25M NaOH &9 <tell =]ated 40 °CollA] 12417k
HH-3-A17] ETFE-g-PVBSH -2 A| 23190, Wh3-o] it
T2 SRFE o7 | AFHS § 70°Ce] Ry A
%3}tk 71%% ETFE-g-PVBSH & H,0,(30% &4y
acetic acid(3:7, F-3JH]) 8ol FAJsle] AF200A] 12417 &
OP 3t on, Bhg & e SRFA o] ¥ AHE
5 70°Co] %l BN 7ixsle] E417F E9Y¥ ETFE-
g-PVBSA & AZxaHict,

ETFE-g-PVBSA/ZIP 80} NZE. £Z 477} £
ETFE-g-PVBSA "2 1 M ZrOCl, &%) A]sle] FE3)
Hh3-o] EE== 60 °CollA] 36A17F EJ Hhg-ate] A 1
of EAlsle T4 o] X|SES-S AT W]

W & mgE ZroCLS AlAS] S8l S/TE o83t
o 3 F 2 AlFE F 1 M H,PO, &0l IRk 60 °C
oA 12417k &< Whgate] B Yol A ESF o

Aol WS FEsiditt. vhgo] ¢haE e SFRTo| ¢ 2
gl AZgk 3 1M HCI 980l 2477k 59 A8l AkA]
] (acidificationys}] ZrP W= AP} E4¥ ETFE-g-PVBSA/
ZrP B A 23 tH(Scheme 1). ©1% SR742 4= X1 Al
23k 5 70 °CZJ~5—£E°1W Az 3 kel YAIE Z4 st
/\1 (2)__ Eaﬁ 7rP -61— 71]/\]-0]—03\1:]—

ZrP uptake(%o0) = [(Wzw—Wo)/ Wo] 100 @

Aq7\X, Wa= ZrP 13k=]7] Z9] ETFE-g-PVBSA 22| 54|
olW W= ZtP X3HE F°] ETFE-g-PVBSA/ZrP 2o -
Aleltt.

- *_622 Z gz gzj_ ETFE film

Poly(ethylene-alt-tetrafluoroethylene)

gamma-ray \ é Poly(vmylbenzyl chloride)

(HC— E—} I E_}

1) Thiourea
—_—

2) NaOH

3) H,0,

SO,H
ETFE-g-PVBSA

-ty

H

-8

1M ZrCLOo 1M H3PO,
—_— EPTTT——
1M HCI

..... Zr4t SO;H  Zr(HPOy),
ETFE-g-PVBSA/ZrP

Scheme 1. Preparation scheme of ETFE-g-PVBSA/ZrP membrane.

SEM-EDX &X. WA JgiZg o2 A %% ETFE-g-
PVBC %3} ETFE-g-PVBSA ® 283 ZrP W= Q2P =
A% ETFE-g-PVBSA/ZrP 2] ©HS #3517] $J3ll SEM-
EDX(Horiba, 7200-H, ¢r=71Z2Z A LA+ AEEA)E
o] &3ttt AxE v NA Aol @ & TEAIA A

S FHISI SR, EDX REolA] AlzE B g e
3 A 23F 2L A4k AiE EEE A6 B4
Els=g

TEM &H. #|1=%¥ ETFE-g-PVBSA @3} ETFE-g-PVBSA/
ZrP |} ﬁ”d«] ZZA= TEM(EOL, JEM 2200-FS TEM,
7| 2SR DAL AHEEH)S o83t J"Jrﬂ;}(’io
), EDSHAS AAlste] 2F O] ZiP Ui YA
EAS 3 B89

o2 E%%(IEC lon Exchange Capacity) M. 42F-<
7] 272 automation titrator(Mettler Toledo, DLL22)E ©]&-

skt xﬂzﬂ ETFE-g-PVBSA =3} ZrP %] 3 ETFE-g-
PVBSA/ZtP 92 1M NaCl gl 2417+ HA| 8 F

_4

Aol AdE HCI S NaOHZ A3t A9 4 (3)01]
oJ3)] IECE 7 &E}MEP.
IEC(meq/g) = M(meq/mL)x Y(mL)/W(g) €))

o714, N& &3 NaOHe| ==2% T
NaOH®] ¥mL)yelH, W= Alse] Ax F IOIU}

g8 (Water Uptake) &H. g+
AZE TS 24X7F B Ao SRF4 7}% 13} 5, ¥4
of £715 mEA AAst v FAE 585

& o83t Artait.

Water uptake(%) = [(W,,—W,)x100])/W, (€))

e

A7, W= SHT A F =] FAlClAL, W Uz
ghe] FAolTt.

o =2k BAM, o Sk 24 AH|(TA, SDT Q600)2] 3+
ol AIEE L F7] #9)710lA 509014 700 °C7HA] 10 °C/
minZ 255 22|HA| ETFE-g-PVBSAS} ETFE-g-PVBSA/
ZrPe] A T W3k SR AFEL] RlolE H]
BT

CHRMX| Ms "It Z+7e] MEA(membrane electrode
assembly)e-2 A|Z% =he] Y& Hol| 0|7} I¥¥E GDL(gas
diffusion layer)2 335l ZH]O}OiU]- Sl S22l 20 wt%
Pt/C(Alfa Aesar, USA)$} 20 wt% Nafion ionomer(Sigma
Aldrich, USA) €2 A[2-35}o] A|Z23191.2™, screen printing
WS ARE-3te] GDLO ¥ ate] FH| 8Tt PEMFC T4
AR s B7rE S8l FaIAe 3715 27 Aset Abst
AZH FHA M, 0.15 MPa 4 sloA thefd &%

Polymer(Korea), Vol. 39, No. 4, 2015



638 FHAA - 71

7H5271(80 °C, RH 100%; 100 °C, RH 70%)s 24 3}HA|
we)4A 45 B71E AN

an o EE

b=}

2 AolMe AR EEHE WS o83t ETFE-g-
PVBSA & A %3 & 2 &)
ETFE-g-PVBSA/ZrP 2+ 7<ﬂ Z319e}. Scheme 1> ETFE-g-
PVBSA/ZiP te] Al IS HF3 10, Table 13}
Table 2= #|%% ETFE-g-PVBSA @3} ETFE-g-PVBSA/ZrP
we] 712 BT AHE Aste] veEpiIth Alxd =
2 galuidul A (VBC) Tl e] g ZES(DOG) Wk
ETFE-g-PVBSA27, ETFE-g-PVBSA43 =123 ETFE-g-
PVBSA632.2 HHeom, 7P Ve Y2t =99 9o
ETFE-g-PVBSA/ZrPS 2 %™ &1t}

Figure 12> "APd Zejizeo]] Js) #|x¥ ETFE-g-PVBSA
2ro] 2 ZEL(DOG) that ZrP Wie YA1e] g W)
£ HojFr) AlxH o] T TE S| 57}%‘?% =€
ZrtP Wi 47 ghe] Al ksl e #EE o St
ol ZYZESC| Tt wt Zr* 01%01 Ade 3
= = 28717t S7Yel7] wiEoltt,

Flgure 2e ZrP e dAFe] =9 A Fof who] vhis &

2t SEM-EDX ZH24], AlxH 259 D}U%ﬂ v‘?‘z?_% %
(S) | g_fr_-a-(zr) 8] o]/\].(PH /\h:ﬂz% ‘6]—
t}. Figure 29] (a), (b) & (cy= ZH2t ETFE-g—PVBC ETFE-
g-PVBSA ¥ ETFE-g-PVBSA/ZrP 2+2] SEM-EDX &4 Z
Folt}, &E3} w3 2 A9l Figure 2(aplM= &, A==
T 22| QlAke] IR & Wi, &E4 AT =
AE Figure 2(b)°ﬂ/\1“ glo] wh Yo HlwH y2A BE
Ho S I F AATh ZrP Y= YA =Y E

Table 1. Comparison of ZrP Uptake, IEC, and Water Uptake
Results for the Prepared ETFE-g-PVBSA Membranes after
ZrP Loading

Sample ZrP llptake IEC Wa'[er0 uptake
(%) (meq/g) (%)
ETFE-g-PVBSA27 9.12 1.11 17.2
ETFE-g-PVBSA43 15.6 1.6 25.2
ETFE-g-PVBSA63 21.9 1.91 353

- =S - AES)

Figure 2(c)oIA & &3} s X = a;
HwA y2A4 2 £x=o] IS #ET F AU o=
WA T z8o) o8] A|%" ETFE-g-PVBC o] £¥3}
4 283 ZrP U A7} =YE ETFE-g-PVBSA/ZIP
9712] Scheme 1904 HoRE= Az o] vlwd 2 213
S B Tk

Figure 3(a)¢} (by= #1Z¥ ETFE-g-PVBSA 3} ETFE-g-
PVBSA/ZrP ¥ ¥H o] REZZXE B3 TEM o|u]x|o]t},

25

20

-
[3,]
1
[}

ZrP uptake (%)
s
1

0 | [ TR A i PR A FEss S PR S
25 30 35 40 45 50 55 60 65

Degree of grafting (%)

Figure 1. ZrP uptakes of ETFE-g-PVBSA/ZrP membranes as a
function of the degree of grafting.

Figure 2. Cross-sectional SEM micrographs image and EDX pro-
files of (a) ETFE-g-PVBC; (b) ETFE-g-PVBSA; (c¢) ETFE-g-
PVBSA/ZrP (red: sulfur profile, green: zirconium profile, and blue:
phosphorus profile).

Table 2. Comparison of DOG, DOS, IEC, and Water Uptake Results for the Prepared ETFE-g-PVBSA Membranes

Sample Dose rate Dose DOG DOS IEC Water uptake
(kGy/h) (kGy) (%0) (%) (meq/g) (%0)
ETFE-g-PVBSA27 2 14 27 71.6 0.96 13.4
ETFE-g-PVBSA43 | 25 43 70.1 1.31 23.6
ETFE-g-PVBSA63 50 63 68.2 1.63 32.7

Zan, #3948 A43, 20153



WAE 0}8%

Zr Kal P Ka1

St ETFE-g-PVBSA/ZtP Bte] Al 2 B4 £ 639

Zr Kal P Ka1l

Figure 3. Surface morphology TEM images of (a) ETFE-g-PVBSA; (b) ETFE-g-PVBSA/ZrP with zirconium ion (red dots) and phosphorus

ion (green dots) mapping.

Figure 3(a)-12] TEM ©|v|X]= BF o] v H vfj118] &
FHIE Hol= Aol Figure 3(b)-191A= = e 347
Fejo] e AAEol 93 Y o5 AFe = . 5
A7 Felo] Ui JAEY AR YAE s f5
EDS #2412 AJ3J5l9ith. EDS £412 53 ZrP v YAt
T=Y=7] A DAL Figure 32 (2)-29} (a)-3914+= = 2
o] A2xFF} ibo] A R] b2 vk, ZrP e YA}
7} =9% Figure 39] (b)-2¢} (b)-3014= AZ23F3 Qile]
9 x| v 2A Bl g RIS o9 22 A
= Figure 2°] SEM-EDX A<} 34 ETFE-g-PVBSA ©t
o EYE ZrP Wi YA 2ol W el B a2A
ZF FaxEo] USS BT glow, A7A 0= ETFE-g-
PVBSA/ZtP 2to] Scheme 12] A|lZ2pg ol oJs|A] 4522
2 A AZFJTE HAFA T

Figure 4= A|ZH uhe] o] 2w 3E-3(IEC) 7S HojFh
AzE 2ro] Y ZE o] FrIgtel| wt o] 2w gk §F
A F7Vhal s &S F Jor, ZrP Y AP =
Y Fo] o] =YE]y] o] wtH) o SUteleS HF
sk dukd o g 7] the YA =€ =] IEC 32
Aashs Zo2 dEA e, 71 e 4R =9
o] HA A Sk Aol Wil 24 719] e
A 5] 7] wjFo)] AhH O & [EC Fro] WolA|Al |2 2
TollMe o]¢k Rt Z [EC7t S715e #ES 5 USl=,
ol =YE ZiP U YA 4 0l F Q
< Xt 7] Wiz o AXITE

Az o] g zEgd wE & Hsl= Figure 50

¥ 4
3
[

>

2.0 = ETFE-g-PVBSA/ZIP

{ A ETFEg-PVBSA {
1.8
1.6 ]

1.4

>

i gl

1.2 1
1.0

> HH

0.8
0.6
0.4

lon exchange capacity (meq/g)

0.2

0.0

T % T X T
25 30 35 4 45 5 55 60 65
Degree of grafting (%)

Figure 4. Ion exchange capacity of ETFE-g-PVBSA and ETFE-g-
PVBSA/ZrP membranes as function of the degree of grafting.

et SollA B3zl IECe] Ao} rR7 K2 2z
Ego] I7IETE T B3 9 Svtsle AS dEst
gor, zrP U YA7F =% ETFE-g-PVBSA/ZrP o]
o 52 &S Hole AS ERIsK dolA AF3l%
o], Az ol ZrP We YAE EYTOEA o] wet &
8719 S7I= lal ggel I S7HE AR Bofxint

B A3 Az" ETFE-g-PVBSA/ZP 2] & ey A
< 5] fstd € TF S (TGA)S S35k oH,
Figure 6(a)y= ZrP Y= YA = 99 9] TGA A3}
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640 2 - )

40

m  ETFE-g-PVBSA/ZrP

A ETFE-g-PVBSA
35 9 i

30- 1

25

-r-u

20 +

15

p-—a—

Water uptake (%)

10

0 T K T . T ¥ T d T ¥ T ¥ T L T o T
25 30 35 40 45 50 55 60 65

Degree of grafting (%)

Figure S. Water uptake of ETFE-g-PVBSA and ETFE-g-PVBSA/
ZrP membranes as function of the degree of grafting.

= L}EM Zo]t}. Figure 6(a)2] TGA =4S H™, 200 °C
oA A AR A PAE Holet, o] AlzE e

gi”ﬂ(sulfonlc acid group)e] G-l 23k Zo|n,
380~410°C F-ZoA] Roix|= A 7+ ETFE 2He] =
AkEe] ARl o Aolnt. ZrP Wi ARPF =AEA] &
& ETFE-g-PVBSA63 29| FAKSo] Hallwe= Alxde] 380 °C
Rl Aol wksll ETFE-g-PVBSA63/ZrP ©H& 410 °C H-=
1 Ao Wol ZrP v At =Yl ofs) Alxd e &
g0l g E = AS AFT F UATh Eg ETFE-g¢-
PVBSA63 H}e] 480 °C ol 2kds] Zall=l= 2ol Hls)
ZrP Wie A =¥ ETFE-g-PVBSA63/ZrP || 73-$-ojl
= °oF 20%(w/w) =] Ao] Hof e AS I
dem o)= 2 AxH = Yol EAlehs ZiP e 4Rk
ShFolet & = St )¢} 22 A3h= Figure 6(bplX = $F
7 25k = 9t} Figure 6(by= I ZEL]| w2, & ZrP
e QRke] el e d S A4S BRIt Az
H 22 DOG7F S7FEF5 600 °C o] &=l = wo}
e de] I Fkske ZE ERlsion, Az whe
DOG 571t 37 ZrP Wi 4Ake] ol Tl S7telsls
< BoET

Figure 7% A% ETFE-g-PVBSA/ZtP o] ZrP W= 97t
3}kl w2 ETFE-g-PVBSA27/ZrP 2t} ETFE-g-PVBSA63/
ZrP o] @912 4% W7 AFE BolFT. Figure 7(a)
= 2% 80°C, AUlEE 100%eA S35t Z}olH, Figure
7(b)= =% 100 °CAlA &= 70%04 27401]/\1 =4t 4
o]t} Figure 7(a)ollA1€}F 2ol 5 o] EAls= =
AN e ZrP W= YR 3ol %fl%iZl s & FF
S FA %e 2oZ BRIy, 2358 ZrP vis YAk
o] Athz o7 2 ETFE-g-PVBSA27/ZrP o] °F7F &

%
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—— ETFE-g-PVBSA6E3/ZrP
- - - ETFE-g-PVBSA63

Weight (%)

T T T T T T
100 200 300 400 500 600

Temperature (°C)

—— ETFE-g-PVBSAG3/ZrP
) - - - ETFE-g-PVBSA43/ZrP
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Figure 6. TG curves of (a) ETFE-g-PVBSA63 and ETFE-g-

PVBSAG63/ZtP; (b) ETFE-g-PVBSA63/ZrP, ETFE-g-PVBSA43/7Z1P,
and ETFE-g-PVBSA27/ZrP.
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Figure 7. Single cell performance of ETFE-g-PVBSA27/ZrP and

ETFE-g-PVBSAG63/ZrP membranes at (a) 80°C, 100% RH; (b)
100 °C, 70% RH
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