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[0096] A A]¢] 1: sPES FZ3 A TA

[0097] [¥H&-2] 1]

[0098]
@F F F@ 9 K:C0: F4F o
< 9 ! { ;, & — i
e EA o r ,‘:éi " DAc + Tomene. t° OF ]ri;”\ DQ'E_@)_"
F —~ F_. ~
6F-BPA FPS
Ho, 0
ELF
@ G} G ¢l
o TFIFS $ R . ‘. Q#‘@
J 1 Ho ;o

[0099] (A7) ®H&-2] 104, ni 3540]t}))
[0100] A}7] wkS-2] 1S HFeH, 4,4"-(MAEFozolAx 2 e d )

5 (4,47 -(hexafluoroisopropylidine)diphenol, 6F-BPA)Z} H|A-(4-ZFQ 2 d)-

filo
offt
%
il
kv
2
)
(L
)
rl

21 ¥ (Bis-(4-fluorophenyl)-sulfone, FPS)7Fe] =3tulL-S
(PES)(He&E 1)S FAsITt. old], dFAZA FiEEL7E EY9E 6F-BPAE Al
£39 = o] 3E 47 (perfluorinated) LE-AFel v 23] H3heS i=o]7)
1 gko] .

[0101] = v} PESY] sl W&k thH] 15 mol%e] =EARS =3ste] =&

3 s BN HEH

put?
il

2N EE(SPES)(HHEE 2) ToqAE A
=EshE PESY WS oA AA EE7F 7HY =2 A<l ol H Z27] (-ether

group) HE= GAtE|ollA dojH oM

ke
rlo

2

ZEZ3 o] 93 A} ALy Zo

A2 A25890.
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[0102] A A]d] 2: sPES-c1-Nafion % sPES-c2-Nafion A%

[0103] Nafion 2ol sPES7} ¥ % A ¥ o] wsg Huh(zEuh)

o

23 e Wyow A|Z3sHk. FAH o2 N-methylpyrrolidone(NWP) &1 of]
A7) A Ao 104 A E SPESE NMP tiH] 1 =y 2 2 =g o] A3 &
Sk, Zh7be] g2 Nafion-2129Fe] oFwHo| <3 IE3E 5 80 ColA

Axato] Nafion-2129 4bo] wl$ gk #USH fAF F Al ol waurg

F7+= 50~55 m%it}.
[0104] 2 A]9] 3: sPES-b3-Nafion 2 sPES-b9-Nafion A|Z
[0105] Nafion % sSPESE 2&3te] FAdE o] wguhg HIH(EY

e et 2o PP AxSAT. FANCD G| 20 FH

_|_,
-
[-‘>~
i

Nafion-212S NMP &wj=2 &w]X]3}(solvent exchange) #8S AX 3, NWPol 7]
A Ale 19] sPESE Nafion 100 %ol thste]l 717 3 T&uw 2 9 F&%= 33t

A AxAAds AFM ddstal 79 ol wdHg HedH(EdE Y=

AzZ3R o, Z+zHS sPES-b3-Nafion®} sPES-b9-Nafiono & W w3Fitt. ojuf, 2zt
=32 % 7= 50~55 m3ltt.

[0106] W] Lol 1: sPESTo] A|=x
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[0107] Nafion-2129+S A3 AF&3}#] &ar, A7) HAAld 13 &

=2
1o

ol
_

o

[0108] ®v]xZd)] 2: Nafion-212%

2020-07-21

301- 1#

1o
ot

4 SPES mE-AFZ=wE o] Fo 7l 50~55 im FAe] SsPESTHS A % 35}it).

[0109] Al FollA] A|¥E+= 50~55 um F7419] A8 Nafion-2128 4|8} th.

[0110] ®]xLe] 3: re-Nafion®}

[0111] Nafion 2 & %7} &2t Nafion &4+ 3
23k 50~-55 tm F712] recast Nafion(re-Nafion)=}S +H|3}5 ).

[0112] W]xLe] 4: sPES-c4-Nafions A=

[0113] N-methylpyrrolidone(NWP) &-ufjo] A7) 2 A|¢] 10 4]
NMP ] 4 S9E AelstaL, 7] AArld 29k L%

sl ol WG BPH( =AY S AxFH.

[0114] A3 1: PES 2 sPESS] H-NMR Z 1F NMR &AFEF

NMP &7 o]

=49 5 A

R

sHA %l sPESE
HHO 2 A A

=

j=)
34

[0115] A}7] A A4 104 A ZF¥ PES 2

~HERE ol gate] 3jtE Fx2E BAsY. O e =
ot

[0116] = 2= 7] AAle 1014 Alx¥ PES(a) =
Ed d¥E ek Aeln

SPESO| thale] H-NMR 2 °F NMR

2 2 39 YehfA

SPES(b) <] 'H-NMR 2~

[0117] & 3& A7) AAo 194 A FE PESY °F NMNR ~FEZH AE
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[0118] 7] = 2 ¥ 3& =35, A7) PESY a4 G-x+= H NMR =)
EdHo] 7.0 HA 7.9 ppm HH A WEE Faol dTstE dAE0] e, F

MR 2= Eglol A C-F A%e] AW (aliphatic) M2 E Felstgion], og Fd

o

PES A7 oA o §dE sls Fdsivt. F7hR 7] PES aLiARe] WAk
ZF(molecular weight, M.W.)< GPC(Gel permeation chromatography)E 3l <1t

A, FHFEAEEMn)©] 195,000 g/moliom, FxpaF EE - (polydispersity,

PD)7} 1.81%0t}. o= HEFA F3F

m°1'

b ke Al a1 ¥-2F(polycondensation-type
polymer)e] EAFFW.W) 7B FARSHA YERH ST,
[0119] HFdHol, A7) sPES E-A}e] 7% H-NRAFEHLS o] L&3lo] 3}st
A FxE BAstlon, Bo BEE #A4 S e @A ¥ sPES nEAE wabdHE
=

SEAV)Y] Fa ATE K atono @ AHEAT, o]F

oF. =Sk, 7.8 oA 7.9 ppmO2o] Ha | A7} o]5skaL, 7.0 (Ho)# 7.0 (Hd) ppm
oA BEF 7.2 ppmlz I FEo] W& A (dwn-field)Z oz olFxH S Folgt
F AT, 2 Y Ho, He B He = 350 BE A &l W (merge) = o] YEMS

o}

k>

[0120] F7}2 % £3}%(degree of sulfonation, DS)i= "Haa'9} WA 4=

=
e

5 (Mo, Ha 3 Hea) 7FO] A AEvEs Sl Al o, 1 A3

9] WES FAE FolA H, Ho B Ha®l AE8F ol 1291 A diulste], =
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Eo 5 A9 PE Fa50 ARG Fol 10.22 wasgon, £EREI} o

14.3%21 A& 2lskqlvh. 3 7] sPES nEAE ¥ AEe] 195,000 g/mol

rir

[0121] A& o 2: sPES-c1/c2-Nafions @ sPES-b3/b9-Nafionse] 9 3]

[0122] 7] AAe] 2, 304 AxH o] w3Hg E3hukQl sPES-cl/c2-
Nafions % SPES-b3/b9-Nafions¥} 4}7] H]ule] 1 WA 3¢9 sPESY, AF& Nafion-
2129 2 re-NafionZol| thsle] @ S Setow wjwsiglon, o1 AdE = 4
of et ATH. EE AFE 43 4 AYE AN F A, 5] ] A

Ale]l 29] sPES-cl1/c2-Nafions(coated membrane)= “7] H|xld] 29 Nafion-2129}

2

Hl skl o | 7] A Ale] 32] sPES-b3/b9-Nafions(blended membrane)+= *+7] H]

ol
%

e 39 re-Nafion¥} H]nl3}$it).

[0123] &= 4= 7] AAlo 2 2 39 sPES-cl/c2-Nafions 2 sPES-b3/b9-

rl

Nafions¥} A7) vlad] 1 WA 39 sPESY, A8 Nafion-212%F % re-Nafions=o]

U e el Aol 47 % 42

Y

%3}

ne

, 7] AAd 29 sPES-cl-
Nafions 2 sPES-c2-Nafions& 47| H|nle]| 29] A& Nafion-2129t3} B w3dle] QF

AR FAR 2 FAE AS Fdelv. vrt, F7k2 sPESS] ol 2 T

%
)
HE
rlo
o,
o
K
ol
ol
o
—r
N
1o
X
g
>,
=
)
*
§.
=X
1o
=5
'
o
fr
-z
V)
K
o,
of\
o
jiu)
A

(delamination) == d4to] HAsTh. ol& Tl "9 SA4S A F

= A =Y PO 1 FUk % 2 FUw x4e] nY B Axsts
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[0124) =3} 2}7] A A]o] 39] sPES-b3-Nafions ¥ sPES-b9-NafionsS AHy
B, A7) Hlad 39 re-Nafion®t#} w]wale] who] mj1ng 3w 7 ASHA F FAH

lovl, F7b2 sPESSl FFol 0 T mrk ®& AT ARF we] et B4

[0125] 21 & o 3: sPES-c1/c2-Nafions ¥ sPES-b3/b9-Nafions$] FT-IR #4

[0126] 77] A Ao 2 2 3¢ sPES-c1/c2-Nafions 2 sPES-b3/b9-Nafions}
A7) vlalef] 2 2 39] A8 Nafion-212% 2 re-Nafion9oll tisle] FT-IRS ©] &3}
of 7% A4S AAeien, 1 Aye = 5o YER AT

[0127] = 5% 7] AAld 2 3 39 sPES-cl/c2-Nafions 3 sPES-b3/b9-
Nafions®} A}7] dHlule] 2 2 39 /48 Nafion-2129 2 re-Nafion}e] FT-IR 4]

A3E ek Relth. 4] = 5

it
ﬂ&

ZshH, RE =2 Nafion B=& Nafion 7]
who] Estulbo] 7] wjio] 1205 cml®} 1150 cmlol Al Nafiond] &4 %<l -CF9} -S0s
o] HthA A HH TR (asymmetric stretching) ¥ IS <13tk 3 SPES L
217} 7hE sPES-c1/c2-Nafions$®} sPES-b3/b9-Nafionsoll &= 1247, 1576 2
1487 cmlo A o= ofH Z(aryl ether) ¥ W3F=FHo] o]FZA3t(aromatic double

bonds)e] A% HEo= QF ¥IAE

ot

stolakoith. ®hH, Nafion-2129 2 re-

NafionZh-& 1450 U] 1600 cmte] H oA o]# st JHAELS HolA &gpomn o]
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S ¢ T UdAY.
[0128] 213 ¢ 4: sPES-c1/c2-Nafions 2 sPES-b3/b9-Nafionse] o] 2w 3l&
SPES-b3/b9-Nafions ¥}

m

=i
re-Nafion®}o] tjjs}o] o]

%@l sPES7} Nafionol 285 39S

=
=

=i
=
& (Water uptake, WU) % H&&

171 3% 1o YERHRAT.
] 2 (mass) o

ol
1

S

ZEWCE), S WW) ¥ B85 (SR) H7t
[0129] 7] AA]e] 2 ¥ 39] sPES-c1/c2-Nafions
A8 Nafion-212%

ICE),

-

1

-
-

%

oA

a

o1 2} (factor) =4
A4

| WlaLe] 1 WAl 39] SPES
313 o

Al
=

&7
=4
v dx=7]e] We FEEmilli equivalent)S UERE A FEA IECE 2o o] &4
1| X &=

2382 (ion exchange capacity,
(swelling ratio: SR)S

[0130] o] %8 (lon Exchange capacity, IEC)& L&}
FE W)l HEA sk =
IEC7F =4 H4E H2

i =

=Y (ion conductivity)<} &+
IEC(experimental IEC)TE AH-%7] A%

AyEH o2
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(0131] [& 1]

(%) TaE(%)
13 IEC (Water Uptake) (swelling ratio)
o (meg/e) - - 20T | 80C | 20T | 80T
X0 X A (AL) (AP (AL (AD
EE;%E‘%H 0.95 3.8 5 7.1 10.7 7.9 11.4
- )
w:}f_‘;ﬂﬂ?} 0.92 14.1 32.9 9.8 19.4 10 21.1
)R a
(Spgg‘i_ﬂf“ﬂagiom 0.04 16.1 32.3 7.5 15 10.3 21.2
(SPEéé‘.lﬁ]JaEiom 0.96 16.4 33.2 7.6 15.8 10.5 21.5
| B L)
ni‘—?a?]icin 0.81 12.1 23.4 1655 | 95.2 9.1 18.2
EREE : SR IR e
oA Nl | 0:85 14.2 24.7 20.8 | 36.9 9.0 16.6
8419 3 090 | 17.1 | 4r.2 | 303 | 5 8.5 3.8
(sPES-bO-Nafion) . £ .2 30.3 h0.4 8.5 13.6
[0132] 7] 3 1¢] o] 2mFGF(IEC) AxE Fxahu, 47] e 29

Nafion-21292 0.92 meq/g, 7] AA]o| 29] sPES-cl-Nafion % sPES-c2-Nafiont
Z}7} 0.94 meg/g, 0.96 meq/g= YEFUHRATE. HEZF A7) Hlale] 39 re-Nafion
0.81 meg/g, 71 AAld 39 sPES-b3-Nafion 2 sPES-b9-Nafion Z}7} 0.87
meg/g 2 0.90 meg/ge] #*S YERATE.

[0133] ¢4, A7) AAjd  2(sPES-c-Nafions)e] A% A7) wluld
2(Nafion-212) ¢} f+AFSH IEC S 7HA&=dl, ol wl$- AL <] sPES alwAl7}
EghEo] g gk F7(0.01 WA 0.23 m)e] FZ¥ = (coated membrane)o] A

o] Nafion-2129] IECo| & FaFS T4 7] WEds & F AAT. =3 H7}

r

% sPES®] o] F7FEF IEC kel tha F7Fehe As SlskSlT).
[0134] w3+, A}7] ®]xLo| 3(re-Nafion)e 7% Nafion 2 %7} H#AHH
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Nafion &AtNS o] 83te] A2t (membrane-casting) 3o = 23] A7) Huld
2(Nafion-212) ¢} H|w3dle] ¥ W& IEC #S YellAoh. olxy duzxow
Nafion &S A3t A9, ALgste &ulo] wel o2 IEC @S YUEIUA H =1
o] Nafion 4k We] Nafion ZLEA7F &wijx|8F A A ALY Aujd o]
WA S| ot

[0135] %7 & 19 &) Z23E =, AA sPECE Al x3+ A7
Hlae] 1(sPES)Y ¢ A7) Blule] 2(Nafion-212) ¢} vl 3S o, H|S=3F IEC %t
S ZEoWAME dAstA W s s UERT. o= sPESTF YR thE

WATF25 zb= 83l 4 7 (hydrocarbon) AlEe] iAfol |, &E3 L7 14.3%%

[0136] wFHo A}7] A A)e] 29¢] sPES-cl-Nafion 2 sPES-c2-Nafiong E

FAel dEkgle]l 7] wlale] 2(Nafion-212) 9k Hl=gh k& YEth 2 s

o
p~)
rlr
(7]
O
m
w
]
M
2
il
iR
e
g
oo,

=15

o= BEpdta, JYylew v|sd 2o o

He e olfn Bafol wA

o

EHo] oheh B QA AR EAWRE

547 FAelaL, sPES ALEA7F Nafion®he] <FZrdoel vwig- ghAl =R =AY wiE

[0137] 3FH, A7) 2IAlo] 39] sPES-b3-Nafion 2 sPES-b9-Nafion®] 74-%

A 7FEl sPESLEA}o] dtefo] Z7)ste] uwhel Abr] B uld) 3(re—Nafion)°ﬂ Hl sl A 3

o
12

T& ol TUkeslen, olHdk Ad 180 TlollA 53] Fegrh. dukz

o7, o]&HEA #-AEH(ion-conducting polymer membrane), o], ©] Q=
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2}(ionomeric membrane)?] &S 2% Zvto] wlgl FUbEHA HW, 2 AxE
o] x=wo] mEZ =] (morphology)el &JE3HAl Huh. 53] SdddE EHgue] A9

olg3 Lol wWE F4& F7pEo] & AL wEl=27 (hydrocarbon) ILE-AFS]

N

SPES9}  FH=AAl ARl Nafionibe] AR YsiA = dd EEEA
(morphology) 7t @/ H 7] wiitol, o2k el sPES & F7hel wet o
< T Al ® vl (sPES-b3-Nafion < SPES-b9-Nafion). HE=3F o|23t Ay T&
3k SEM, ARM Bl SAXSe] A dlolEel ojs F7tE &]lstit.

[0138] %7] £ 19 H&E(SR) A5 Fxotd, AEE2 7 o A+
2+ 4 (dimensional stability)S &R13t7] 9k A=, 7} w&59 Zo] Wa(in-
plane) ¥} 77 W& (through-plane)2 229 FFE(SWS 20 T 2 80 TelA 574
SFATE.

[0139] *A}7]1 A Ao 29| sPES-cl-Nafion % sPES-c2-Nafione] 7 -9-ol &=, vl
$ A& ko] sPES F-A7F Hrbgow <le] Zo] W3l(in plane direction: A4
Dol td FE-&LS 7] vlad 2(Nafion-212)9F Al FAFsE 3hs LER AT

gy #ZE Zo| F7 W3l(through plane direction: Ap)o] td F&E&S AV

i

Hlae]  2(Nafion-212)o] Hls] oii Fhaeke AS Felsdnh. olgs A=
Nafionoll HaiA Aoz vte F4gWU)dt 77 B&&S Kol sPES LAt
7} Nafion?] <FZ(both sides) W (surface)od]l #E¥Ho=w FYEHO Nafion

membrane Witoll A Eo o3 FEFd g0 A HY] WEIS & 5 AT
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1

1ol
=

Lo

[0140] A}7] H]xle] 2(Nafion-212) thH] A7) Ao 29 =¥y =&

i

S Ay (swelling) &4 B =2 A9 G2 AA Aeell) 75 =4 38

AN Fk =Ho

_

WHal= Eotd E2l9o] A% (elongation)¥} 4= (contraction)

o
rE
e
2@
ol
A
o,
=
X
e
o2,
5&
X
i
rr
0%
oft
ol
oy
e

(o3

<& (hygrothermal stress)E <]

(cracking) ¥ = A4 9A] JAIE 4 5S4 5 AT

[0141] A7) A Ae] 39] sPES-b3-Nafion @ sPES-b9-Nafione] 7%~ o] ¢}
- e AdEds deddn. S, EA=d 539 A7) vlae] 3(re-
Nafion)ol|l H]s|A A=(20 C) 2 12(80 C) 3slollA do] wrak AL 7HAS)

= WhdHo FA Wk RS AA SUFskglo, o]efdt S sPESS] FEFol

—

of sPESE EFst] A& AAldl 39 SR=Y HFe] As FAl I

swellingS JAZ = g5 9ulgn. olds HlE¥A % (anisotropic

7d3Fo] Qltl. 80 TCollA FA wWske HH

ot
I
oL,
o
fifo
o,
rlu
ftfo
[-'O
0%
N
=

=]
2

3(re-Nafion)(25.2%) 2 7] A Ao 39| sPES-b9-Nafion(50.4%)E W] HH, F

w ZH7kel Sk A = 4 3l
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(fluorinated hydrocarobon)= 2zt Nafionol|l H|8jA] sPESE WlAlg] S zte= oot
Sk(rigid) ©3}4=A(hydrocarobon) AlE 9] EAo]m g o] F FA} Alojo A A
Be g oolo] wpE Ewdd REZFE X (morphology) S 2zt dAto] e AYS &

T AT R o] g HleH WY AT sPESS] FEol TS E A B

[0143)] 213 o] 5: sPES-c1/c2-Nafions ¥ sPES-b3/b9-Nafions?] Aol &A

2 2o digt A HEZF FUt

[0144]) 7] 2 Ao 2 2 39] sPES-c1/c2-Nafions 2 sPES-b3/b9-Nafions}
A7) vlaid 1 A 39 sPESY, AF8 Nafion-2127F 2 re-NafionZol] tsle] 4

o] &M == (proton conductivity) ¥ Eof 3 W HEZS FAHEACT. AV

=3
)
X

7+ Eo 2%7F 20 WA 80 Tol ZAolA AAsIFon, A=zt
(contact angle) SAS Tl ZF 2 qwWo M5 2 5o AAS 383
o, 2 A3= 7] % 2 % = 6 2 79 YERYATE.

[0145] &= 62 7] AAle] 2 2 3¢ sPES-cl/c2-Nafions 2 sPES-b3/b9-
Nafions®} Ab7] Hlale] 2 2 39 A& Nafion-212% % re-Nafion=}e] F4o]24d

S g7} A3E e e zoln.
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[0146] [& 2]

—— {mgggg) Fao]2HEE(nS/cm)

ge) | ot 0T 60 T 20 T

e N 0.95 4.1 6.9 11.9 2
et 0.92 93.9 127.8 173.9 217.7
R 2 | e 07 4 131.7 180.6 226.8
(e 2 | 0.6 80.7 116 158.1 198.3
ki S 0.81 102.7 135.3 175.1 203.7
et 2 | oo 20.8 127.2 167.3 195.2

LRI 66.1 90.2 123.8 143

[0147] %71 3£ 2 9 &= 69 Aol ofstd, BE o] 259 F7hel w
& Fho|2ALLET FUbeke AES B Felsitl. A7) Hlale] 1(sPES) Y
735 A7) vlae] 2 2 3(Nafion-212 and re-Nafion)ol] H]8jA] & A 3] & G40

SHAEEE YeERJSlor, o= sPESS] e &ZIE(DS)o] 7|g AdS &

[0148] 3+H sPES &A= uj$ QFAl =¥ 7] AAlo| 29| sPES-cl-

Nafion= 7471 Hlald] 2(Nafion-212)¢] |3l thi 52 Fhol2dEEE YERR

C}. o]+ sPES-cl-Nafion©] Nafion-212¢l H]al] &9 gr=Fo] 20 T2} 80 TolA =
T tAh 718 A Aol 9o, sPES-cl-Nafiono| A ¥l olsir & A%

sEol T7Fe 7] wliEoltt. o]’k A= F&3ki= TGA, DSC9 morphology 2}
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= A F7rE SRlH I
[0149] wHHoll, =Y FA7F 25 9 FAE A7 AAlo 29 sPES-c2-

Nafions EE 4 2% WA 7] wlad 2(Nafion-212)0l H|S|A F4o]=

AEE7F T ZAAsRth. ol#dt At sPESEHe] T F7hel 93 o Ad F
7h2 ek w], sPES-c1-Nafion(100 nm 7)ol H]3lA sPES-c2-Nafion(230 nm

A A3 FAZE 9 130 it FAFFASANE ol @ % AFo] A vhehg e

[0150] =3k sPESS} Nafionzle]l E#=3 H3tukel AF7] A Ao 3(SPES-
b3/b9-Nafions)] 74-F-ol+= WFx2l A7) wlale] 3(re-Nafion)el] H|3jA RE =
A% YoM Fhol2dE Tt HAastglon, ojdg A3k H7lE sPESY ¥
Fol S7tETE AT, o= HIMAE AREE sPESY 3ol FUIHOEMN olF

wAzEe] &5 (agglomeration)ol o AZelol 7I1d AdS & 5 dem, o]

K

B %3k ARMS} SAX Aol A EelE Qi Tt

rlr

[0151] = 78 A7) Hlne] 29 (a) Nafion-212, 7] Al 29 (b)
SPES-c1-Nafion % (C) sPES-c2-Nafion, 7] H]ule] 39] (d) re-Nafion, A7] 2

Aol 39] (e) sPES-b3-Nafion % (f) sPES-b9-Nafion, *}7] H]xle] 12] (g) SPES

A}

membranesell tHeh =ol W3 W HE4S ST 2= dEhd Aoln. dnbH

o2 Nafion®o] H=5242 =3 @l aAde] Al nls] A4 e

r FI

w=d o= 7 = Nafionoll= &4 dAke] H]&o] ol =of disll & AFA
= 7] wiEolth. & oA AFE-gE SsPESE H]E W2 =3t (low DS)E 2=
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el Ade W £5AS HiE nEAYAE EFsta Nafiondt W alslo
M Bo 9 2 A54S Zdev. =, 7] sPEse 4 s YA ",
[0152] A7) = 7& Z=zsbd, 7] vl 2(Nafion-212)9F H]nld] 3(re-
Nafion)o] HZ=7+e 717 88.18 ° % 88.49 ° & FAFSHAl SAH Ak, v, A7)
A Al o] 2(sPES-c-Nafions) % A AJo] 3(sPES-b-Nafions)e] 749 =5 Nafionol] H]

7 8

[¢]

rlo

A W A7 A7 BEHAIL, sPESO] FHgo] FrhEl whet o]

ot

ARE o = ddrr. =, A7) AA o 29 sPES-cl-Nafion: 77.53 ° ©]al, SPES-

c2-Nafion: 74.96 ° & 7+438t9 L, o2 E3&) Nafion? Aol sPES a&x7F 2 =

[0153] &3+, 7] A Ale] 39 sPES-b3-Nafion> 83.64° = 77| H]ul<
3(re-Nafion)ol| H|3| =& W& FXE YEUJA O, sPESO] FEFo] E& SPES-
bo-Nafion= 76.53 ° 2 Al wrolxlth. o]& sPESILEAFS] F7bel wEbA] Nafion
HTh= sPES(66.13 ° )9 W AAES wEptithe AS & F AT

[0154] A& o] 6-1: sPES-c1/c2-Nafionse] SEM & EDX 4

[0155] 7] Al 29] sPES-cl/c2-Nafions¥} 7] ®lalde] 2 2 49] A&
Nafion-212, sPES-c4-Nafionsel|l tiste] 3™ 2 WS SEM(scanning electron
microscopy)= Eall SAsklen, o8 Tl ZYH He] 1Y ofFst &Y
g E3dute]  wAFRE #eleelti. ®d EDX(Energy-Dispersive  X-ray

spectroscopy) wAls &3l ZF B W EE=EA} 7t Hvhs Ak

ARAS e A2E aE0e] A vng ddsn. 1 Ads &) ¥ 3
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2 = 8 % 120 YERHSITE.

[0156] &= 8<% (a) 47| vlaLo| 2(Nafion-212), A7) A A 4 2¢] (b) sPES-
cl-Nafion % (c) sPES-c2-Nafione] 3™ SEM o]w]X]e} (d) 7] Hlule] 2(Nafion-
212), 7] AAld 29] (e) sPES-cl-Nafion 2 (f) sPES-c2-Nafion2] T+ SEM ©]
njxjoltt. 7] = 89 (a) WA (c)& AHEW, 7] vluld 2(Nafion-212)+=
3kH(smooth) ¥ S Hol= whAC A7) AA]do 2= Nafion® Aol sPES F® %
- AZl(rough) FEE FHS YEAAT. E=3F (d) WA (HE A3EA, (e)
SPES-c1-Nafioni= sPESHFo] °F 0.1 me] F745 YehiH, (f) sPES-c2-Nafion:
°F 0.23 mm TS A3 sPESTe] P RS T 4 AU

[0157] &= 9+ A}7] H]xle] 4(sPES-c4-Nafions)oll th3s}o] sPESHre] Nafions
omyy geld ARS dEhd Aot A7 = 98 sk, sPESTe] A
2] (delamination) ¥ = A& g213}3lth (Figure S9). ©]=1dt &2 sPES7F A
g ool e d(rigid)d WA ALY sPESol HEAS AWE AEA
(perfluorinated aliphatic polymer)Ql Nafion¥} FxF o= th=7] wio] o]z

A

A7 A

o

g @de] Al 7 As & 5 AAv. W, AT AAl4)

AL

[0158] ©o]& &3, sSPES aliAte] HEAHo= EA& Yl (partially
fluorinated unit) S =951, £FEIF}ES 14.3%% AHor yUdE 7o) o3t

3

ol

-~

Aol mRZo] Jlod AL o F AATH. AAw HE}EIF BT S SPES
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© 2 Nafion %S FHEPS v olzjd =y we] & ~ 4= (swelling) 4o

[0159] &= 10 20 kve] 7k Akgk =7 sfell x40l (electron beam)ol

ols] &A% 7] Hluld 2(Nafion-212)2] SEM o|w|A|t}. A7) & 108 FE35Hd

d

20 kel 7h% AN AWl wmEHE wo] £42 47 o] 3 (degrade)

[0160] = 118 A7) 2 A4 29 (a) sPES-cl-Nafion % (b) SPES-c2-
Nafionoll ot EDX 4] A5 el Flo|t).

[0161] &= 12 A7) W]

&l

o 29] (a) Nafion-212, (b) C, (C) 0, (d) F ¥
(e) S YAt thdk SEM-EDX €A W3 olm x| e} A7) A Ad 29 (f) sPES-c2-

Nafion, (@) C, (h) 0, (1) F % @) S YAl dig+ SEM-EDX

(e

ENIE

o

oju A o] t}.

[0162] [%& 3]

Element Mafion-212 (atomic %) sPES-c2-Mafion {atomic)
CHK 341 481
oK 5.1 8.2
F K 5985 413
S K 1.2 2.4
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il
o

[0163] 7] % 3, = 11 ¥ = 12 Zshd, A7) AAld 29 F 58
2 "ol W] dojyA] gkkom | EDX WA A= A7) Hluld 2(Nafion-
212)°] F-9=}e] H]E&o] 59.5% thH] FE I sPES-c2-Nafion®] F-Yzpe] H] &)
43.1%% ZFAekgith. whd | A7) Blale] 2(Nafion-212)¢] C YA H] &S 34.1%0) A
8 F sPES-c2-Nafonoll A 48.1%= Z7}sk AL Q5. olgs AAE E3
23 39 WAS ALEste] greA Alde] sPES aLEAM7F Nafion-212 membrane

o
vl

o
2
ox
of
X
o
f
Ky
ol
i
32
mo
tlo
fob
ot

PN
T AT

[0164)] 213 o] 6-2: sPES-b3/b9-Nafionse] SEM T EDX 4]

[0165] A}7] A A4 39 sPES-b3/b9-Nafions™} A}7] H]nd 3¢9 re-

Nafionol] th3s}o] SEMI} EDX #4415 E3 2 g9 ¥ RE X e 7z H3tus
TASE 9ARAS Ed A9 dAE0e A HuE s, 1 Ay

=87 % 4 2 = 13 2 140 YERAA.
[0166] = 132 7] v]xld] 3(re-Nafion)3} 7] A A]d] 39] (a) SPES-b3-

T

]_

ol
i)
O>~

Nafion 2 (b) SPES-b9-Nafion®] SEM ¥W ojujx|o|t}. 47| &= 138 F=x

=

7] ¥lald] 3(re-Nafion)= A7) BlaLe] 2(Nafion-212) ¢} mpx7kx 2 71523 WS

!

oo,
o
o,
ot

el Y. =3 7] A Ao 39 sPES-b3-Nafion®™ H]<23dl S H

_] U

T dom, o= VEHow g AT sPES(3 T HU)S Nafion £-9o] H7Igtoe
2 2l&) sPES-b3-Nafions 9] w52 Nafion membrane® =LA th=# &7] o
Folth. tiuk, uw Ao ZAx Azl Nafion-2123= 93] FEEHE=E 399

S YERHAT. R, sPESO] o] %2 sPES-b9-Nafione] ®H2 7Ho]
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—

Hom, v W& sPES Ak ghe] g o] A AT
[0167] F7}= sPES-b9-Nafiond] o]#3t SHAFHLS Sl SEM o] 1] =]l A

A2 FHAE Hol= A 1 A Fol dis] EDXE ©]&3k H

El
ML
1
re
4

(comparative spectroscopic analysis using EDX)S 33}t & 14+ 7] A
Alel 3] sPES-b9-Nafion®] &l et (@) oIF& DI (b)) F¥ F99
SEM-EDX 4] A5 yekd Zlolth.

[0168] [%& 4]

sPES-b9-Nafion; dark area SPES-b2-Mafion; perimetric
Element : :
{atomic 95) area (atomicss)
CK 824 793
oK 5.2 0.6
FK 4.5 69
5K 78 43

Ol

[0169] A7) % 4 ¥ = 14

i
o

=

1A, gdie "] Epx &

1
i)
&
2
>

C-x}e] uEL 79.3 2 82.4%, F-A=}e] NS 5.2 U 9 gyz Al FAE A7)
nlale] 2(Nafion-212) FEwolAde] EDX A¥e} w9 g2 AL & £ ). o=
71 Al 39 sPES-b9-Nafion= ohd 3P <ol Nafion iLiEAH7F obd sPES
RS0 Y vteE AL gudit. wI P AE Hol: oFe Y (dark
area)oll A A} Bl go] 82.4%9F F(S) WA M Eo] T.MEA FH FA] &

292 B &(79.30)F FLAAF v (4.30)ET ST, oleldt BA A zRE o
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T8 9o -= 4¥E3 1F (sulfonated group)o] 2ol &= AL &4 5 ATt

[0170] 23 o] 7: sPES-b3/b9-Nafions] AFM A

[0171] 737] wlale] 1 =] 39] sPES, Nafion-212 ¥ re-Nafionz} 37| 4
Alel] 2(sPES-cl-Nafion) 2 2 A]o]| 3(sPES-b3-Nafion)ol| ti3s}e] AFM(atomic force
microscopy)=  °]&3ste]  olexm  weo]  BE=Z X (morphology)E @ FUIE
At 1 AyE = 159 YERYQLTE.

[0172] = 15+ (a) Wlale| 2(Nafion-212), (b) 2 Alo] 2(sPES-cl-Nafion),
(c) vl 3(re-Nafion), (d) A A]dl 2(sPES-cl-Nafion) 2 (f) H]:le] 1(sPES)el
gk ARM 4] A3E vERd Aol 7] & 159 A7) Hlale] 2(Nafion-212) %}
Hlalskgls w, sPES S® - ©he] A (topography) WIE AvET Ao ®
A71 AAd 2(sPES-cl-Nafion)e] 75 ofwAl #FH= &4 9 (dark
hydrophobic region)¥} 817 ##= = XA 49 (bright hydrophilic region) 7t

ot 4 ¥ e Uede S8 4 gtk thw, 471 A6 29] sPes-

N

cl-Nafion= 7] Hlald] 1(sPES)S #o] = HA ZdA =g HF-E(yellowish

part)e] UEF= RS FRI8IGITE. o] & &3l Nafion-2127F W] sPESHo] A4

SHA dAE AS & 4 A, T 7] AAle 29] sPES-cl-Nafions ©] 2 gt
e BEAAM F 9 47 e 4 7t yEldesE A @Akard 3 El (pseudo

hexagonal morphology) & #&& 4 AATt. olelgt A $%3h= SAX HlolH
ME F712 A=),
[0173] &+, 7] A Ao 32] sPES-b3-Nafiont 7] Hlulof| 3(re-Nafion-
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212)el ®l& A oFAl YERUe A FYQd o] ZFe|~E|(large dark
hydrophilic ion cluster) o] Yelton, o] SEM W ojujx| 9} F<%éls=
SAX dataclA] A3k ule} 7ro] sPESS} Nafiong& e Eaudzt s~ 3pA ol A

Nafion®+ol sPES L EA}7} BAFEWHA] sPES L8317

AC)
olo
N,
2,
12
tlo
ot
X,
i
pov)
o,
o

PN
% & ATt

[0174)] 21 & o] 8: sPES-cl/c2-Nafions % sPES-b3/b9-Nafionse] WXRD %

SAXS E-A

[0175] A7) A A]d] 2 2 39] sPES-c1/c2-Nafions & sPES-b3/b9-Nafions ¥}
A7 Blald 1 A 3¢9 sPESY, A& Nafion-2129F 2 re-Nafion9ol o 5}¢f
WAXD(wide angle X-Ray diffraction)3} SAXS(small angle X-ray scattering) 4]
= AAsilon, 2 Axes & o160 YEWATE.

[0176] &= 162 7] AAle] 2 B 3% sPES-cl/c2-Nafions 3! sPES-b3/b9-
Nafions¥ “J7] Hlale] 1 WA 39 sPESH, -8 Nafion-2129} 2 re-Nafion9}ol
st (@),(b) WKRD 413} (c) SAXS 41 ZAyE YEeRd Aotk 7] & 1694
WXRD 41 Al (a) ¥ (b)E F=xstd, 7] vlae] 2(Nafion-212)9] 745
7he]l broad peaksE Ho|l&=dl, 17.3=(0)lA 9 EA A< I A= Nafion-2129]

AA A (crystalline) el 7|21t 39.1°(26)A 9 WaE= T3 o] A

l

&) (amorphous) < <lol 71gth. mEk, A7) Hlale] 1(sPES)OlA %= W3l 17.3° (2

©)¥ 23.5° (20)°A F 7N 54 %20 amorphous shoulder peaksE &H1e <
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[0177] A, 237] 2 Ao 29] sPES-cl-Nafions 3 sPES-c2-Nafions2] 73
271 Blale] 2(Nafion-212)9] 2784 93 vl AL FGo] A9 LA HE
wom o= sPES AFAI}F Wl A% AYESAY] wiel ud2eo] XRD R
AbeHA dEhd RS & AT, =9 7] AAld 39 sPES-b3-Nafions
SPES-b9-Nafionsol| A &= A7) H]uld] 3(re-Nafion)¥ U3 XRD 3j¥1S HFow,
olgigt Axtx A7|3F niel whz7FA| 2 Nafion aLE-A}oll sPES &7} A% FH7)
Ho] yul9] XRD AR} FARSHA YERd AE o 5 AU

[0178] &7] %= 1614 SAXS &4 Al ()& F=xsid, ¥7] w4
2(Nafion-212) % H]iulof| 3(re-Nafion)e] 5 ARl oo I A= 77 guax=1.34
A 1.46 AolA yEbgth. whA, A7) A Ao 2(sPES-cl/c2-Nafions) &} A A] ¢
3(sPES-b3/b9-Nafions) & 7% ol¢t& thE REZAE FAT 5 AUk, FAH
o7 7] Ao 29] sPES-cl-Nafionol A =0.8545 A ° -1 & u], g-squared ratios
(¢/q)? = 1:3:7°] H]|S&S Hol= pseudo hexagonal morphological I3 &S &
18 = AT, oA Y] = 159 ARM B9 BE 2 A9} UA e Afolt).
olglgt Ay= Nafiond 745 4420 AZEATI7E BANE =3 (side chain) 3 H
2 EA387] wFEo] aEx FH(polymer backbone) 7}7bolel AEA7I7E =W
SPES9} & Fxo] miExte] Hls] AdH oz HEr]el o]FA (mobility)7} o =

Tk, olol we}k Nafion W floll vl A2 o] sPESE ¥ Y= Il A

O>~

}7] vlale] 2(Nafion-212)¢] FW RZ2X|7} ¥Walo] A7l ZAow o2 Qs =

53t pseudo hexagonal structureE F/dshAl #th. WA sPES-c2-Nafione] 745
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LT g value GGl AW ojewm A5k HEEHA B=d o= SPES il

[0179] <t dlojgel A7l #2014 = A7) AA]d 2(sPES-cl/c2-
Nafions)oll 4] Nafion-212 tiH] sPES &FaFo] Ba-4= IECHLe] F7lshs whH, o]
AL = sPES-cl-Nafionol A 7 £ #S YERHATE. o83t Az Hg dhe

o] & AEEE IEC B oheh vlelmz Pre] WMsh] 9Pe wE AL & 4

)
ro
o
rlo
oy
=
r o

A0, sPES-cl-Nafion®] pseudo hexagonal structureol* &3}
(ionic domains)E A3 IS & & A
[0180] &+, 7] A Al 39] sPES-b3-Nafion 7] H|l1Le]| 3(re-Nafion)

(qrx=1.4498) ) H]&|lA 1 ZS q value (gnx=1.2184)E vtEFUIATE. o] Nafionol

rlo
g

SPES7H A7HEl Fol o 2 o] FelxHE @4 AYL i@, odd A

NI

b SEN T ARN Aol wEE vheh o] BAYP Bl SPTRE 4

i
i

S}
=t

i

o

dehs #7h9 gEAEelt. el sPES7E B wol Hrbe sPES-

o

bo-Nafionoll A= 5W e o] 37F #F= A Fokrh. o] sPES EA7F o

o
ol
X

g7d st

A =k o] H7MEAS u Nafiony} G34Ql ol S84 EH =]l

st

Xsba, o388 A 7k BAshy] wistolr o= 13 sPES-c2-Nafionol A<}
o] Nafion9] o] =w] ¥ A7} AlgxA | ALE & 5 AT

[0181] ol&3 F&) 4 ZAIE o

rlo
r>~l
ki
ki
i
%
o
[-40
r
>
)

-
e
f
gt)

Q- A7) AAd 39 sPES-b3-Nafion % sPES-b9-Nafions R A7) B ald
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3(re-Nafion)ol] H]3|A Za® o)L AEEE YelYATHE 2). o]gst Arx

o

7F = ok SEM, ARM 2 SAXS B4 Ao A vrebd A A2 Nafion LEAFS} sPES

AR Skl FAEQow | o]o] uwlela] sPES aLiA}e] FhaFo] Z7)skaE

=5 a2 A= s gAskH Heta A EE7F delu] Wil A &
AATE. 53] sPES ALTAFe] FFFo]l 9 THYE XIS HW ol ke 2 3

~E xYstier, sPESe] o]l S7bekel wEbA FeEE U)ol FREE Ak o

1)
ol
[e}[e]

gt SR GGl A= Feol g S & F U

[0182] 23 o 9: sPES-c1/c2-Nafions 2 sPES-b3/b9-Nafionse] TGA Z DSC

B
[0183] A7) A A]e] 2 2 39| sPES-c1/c2-Nafions % sPES-b3/b9-Nafions ¥}
7] Wlald] 2 2 39 Ag Nafion-2129 2 re-Nafion@ ol th3}le] TGA(thermal

gravimetric analysis) % DSC(Differential Scanning Calorimetry)Z o]&3lo] zt
Holulo] A A1) EA] (thermal degradation behavior)S &<Qlslion. 1 Ay
F5UA 7% = 17 2 189 eI
[0184] &= 172 37] A Alo] 2 9 39] sPES-c1/c2-Nafions % SPES-b3/b9-
Nafions¥} 47| Hlale] 2 2 39] A& Nafion-2129 2 re-Nafiontoll w3k TGA

A A, b), TeA B4 AFRHE ] & dE BAC) B I 2HEE o]

off

doldt & ¢ Wla(d)E HERA ot
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[0185] 3}7] ® 5% 7] AAld 39 sPES-b3/b9-Nafions3} H|ulel| 3(re-
Nafion)e] 23] THA2%(C) 2@ & 248 m)S YJebA Aoltt.

[0186] [¥& 5]

20 EE 2 Weight loss percentage
Membranes
Q) (%)
re-Mafion 387.55 14.6
sPES-b3-MNafion 38469 16.0
sPES-b9-Mafion 363.83 17.3

[0187] 7] % 5 ¥ % 179 ()& AHHEW, 7] vlud 2(Nafion-
212) 8] 745 280 CT7HA9] 2=m 9ol A = Wiiol] £3d &3 &vf Sl o3
A A (weight loss)7F @& E A o™, o9 280 A 400 T FitellA= 2E7HA

of G&l =EAVY B3, 400 WX 500 T FzrolAE a9 AxE =3

e

&l 9 500 TCo]Xoll A= PTFE backbone?] 3ol <oJgt FA A7l dofwtt).
[0188] 3+, A}7] A A4 2(sPES-cl/c2-Nafion)?] 7 $-olx= AF7] Bluld
2(Nafion-212) o] A3 s dAHo= v23h = HepliAt. 12y 280

WA 400 CollA =E4k719] Zefj7h dojd wi7zhbx] 2F W9 = ofg FA Ha

i

7] nAlae] 2(Nafion-212)9F A Alo] 2(sPES-cl/c2-Nafions){tell & #fol& H

ATt
[0189] =3k 4}7] A A4 3(sPES-b3/b9-Nafion)oll A %= mEzt7FA| 2 4 ¢HA] ¢
g B #ES B 5 ot olu, 280 WA 400 T2 WA UEE 23k
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RV ERCEIR Ik

rir
i
rhd

™

Zo M A7) Hlale] 2(Nafion-212)9F Ao A X] 35}

[0192] 3}7] % 62 #H|ule] 2(Nafion-212) ¥ A7) A AJof] 29] sPES-cl-
Nafion ¥ sPES-c2-Nafionel| tisle] & Hf 8%F(water-holding capacity)s <<l
al7] 943l TCAE ol &3t EA¢k A& velhd Folrt.

[0193] [& 6]

Membranes Water content in dry membrane (%%) Water ratio (%)
Free/ Bound/
Total Free Bound Total Total
Nafion 50 32 18 64 36
SPES-c1- 5.7 34 73 596 404
Nafion
sPES-c2- 54 30 24 5586 444
Nafion

[0194] 282 Asfd 2 (polymer electrolyte membrane)olx =<2 A

Ru)
Ir

-

-

o2 A=y A A 2 IS 7IAA HH, It o w PEMO] F45)

T

= E& o]2ug7|(ion-conducting group)ete] A AR S waEl “free

-

A~

water®<} “bound water"= & 4= QlU}. Bound water ©]- 7|} 7Fslk A

19S5 ksl HbH free water:s o] w379} AE LS A g BS

-

fols
N

ﬂl

o, AF5HAX 7} AA F5EE 90-95% RH(room humidity) 27 slollA & y4

-

i)
rot

o]l o] 2AEE Fr3aly] YA o] 3 bound water?] FH 7} w9 FQ3HC).
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[0195] A7) &= 179 (c) ¥ (d)¢ & 65 =, TGA ¥4 23 100 T
olale] WMol el FA ZAE free waterd o] o3 A £48 9
Hgth, eyt 100 T ol &EFH 220 T bl Edelr] 7R o] Wl
bound waterol <3+ A FHAE yepdth. olo upgl uEx dsfE e A 9]
bound water ¥ 220 CT7HA|9] AA FAZA tiv] 100 CT7HA & FA Fawks
o] Apolghal & 4 k. thyk, o]¢} o] TGAE o] &3] AT Eo ¢ Ay

ARl ghel ofy7] wWiiol Al =2 ¢ uiH] bound watere] W& AL A}

o
Kl
o

H] 4

<)

, 7] 3o 2(Nafion-212)%= 36%2] bound water H| &S 7}xlaL,

ol

>
S

Jol 29] sPES-cl-Nafion< 40.4%, sPES-c2-Nafion< 44.4%2] bound water

o

o

< HUTh. o]+ sPES aLiAbe] o3k ¥ o= <laf|A Nafion EHolA &

o
il

A= 2o Zwto] aapron A HASS o).
[0196] &= 182 7] A Ao 29 sPES-cl/c2-Nafionse} A7) H|uld
2(Nafion-212)¢ thgh DSC A1 SR 5B & A8 4 ZA3E vepd Zlojt).
[0197] &}7] & 78 H]mo] 2(Nafion-212) = A7) A Ao 2¢] SPES-cl-
Nafion 2 sPES-c2-Nafionol] thsle] & H-F &3S E1st7] $13] DSCE ]85}

bound water®] Al4ts Sd SAE & I =4 23E dEbd Zoln. olH 3 A

2 B e S s Azl 5 S5kl e, bound waterv THA] TE A
&+ ET("non-freezing water®)¥} *o]= ="("freezing water’)® i I 5 9l

e

_

(I

i,

A= B2 DSColA A Aol HasE #A#S 4 ¢le dbH free water

R

e B2 0C A odA F<EA (endothermic) “=7 I A (melting peak) S &
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Ak g okl AN F FEA wed dae HJAA Uer] die BEe T A
o] 58 TA freezing water= F3ith. webx 3] 39] melting enthalpy, A
Hi, & 53l freezing water?] &S 7A4kslal, total water content= 53 bound
water®] S AlMbete] T o18e mAIE oM, DSCo weA dARFEH ALE
AA Zo] stk Y] bound watere] H|ES E 7o UERHATE.

[0198] [%& 7]

MMembranes Water content in dry Water ratio (%4
membrane (%0)
Total Free Bound FreeTotal Bound/Total
Nafion 141 27 114 19.1 809
sPES-c1-Nafion 17.1 1.3 15.6 8.8 91.2
sPES-c2-Nafion 162 24 13.8 148 852

[0199] &7 &% 7 ® = 18% F=xsbd, 47| #Hlule] 2(Nafion-212)9
80.9%y} H|WFSw, sSPESO.E FE o]Fo] HU} B& 9F(85.2 E 91.2%)°] bound

waterS Zte= S g

et
39

th. A#A o= TeASH DSCE &% 855

o

(water-holding capacity)e] 45 S3l4 sPESEZHE 234 pristine Nafion-
2129] &5l F7keHA HE gelskaltt.

[0200] 21 & o] 10: sPES-c1/c2-Nafions 2 sPES-b3/b9-Nafionsg 7|AA &

4 A7}
[0201] “¢7] AAJell 2 B 39 sPES-cl/c2-Nafions % sPES-b3/b9-Nafions¥}

A}7] vlate 1 WA 39] sPES®, A& Nafion-2129F 2 re-Nafion®ol| tf3sle] S
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Astgion], 1 ARt ¥

L.

ol

-3 (stress-strain)S 743t 1 7]AAQ EAS

—] U

8 ¥ = 19o] YERASA L.

[0202] &= 19+ 7] AAld 2 F 39 sPES-cl/c2-Nafions %! SPES-b3/b9-
Nafions3} 4}7] wlule] 2 2 39 A& Nafion-2129 2 re-Nafion= ol sk 5= -
W3] (stress-strain) =4 1= E vteld A o|th.

[0203] 3l7] 82 50 % RH =AM 7t ®gule] o E(GPa), AAAE

(WPa) F g )] ZAA =48 54 AdE YER Aot

fl

[0204] [%& 8]

Membrane Code Young's Tensile Strength Break at
Medulus (GPa) (MPa) Elongation (%)
sPES 1.1 52.6 11.9
Mafion-212 0.10 15.5 268.4
sPES-c1-Nafion 0.15 19.8 316.8
sPES-c2-Nafion 0.14 19.6 296.6
re-Nafion 0.18 11.9 513
sPES-b3-Mafion 0.16 11.4 484
sPES-b9-Mafion 0.13 14.0 12.1

[0205] A}7] 3% 8 ¥ &= 19

i

Zz3pd, A7) A Ao 29] sPES-cl-Nafion
2 sPES-c2-Nafion®] 74§ Ab7] wluld] 2(Nafion-212)° ®]a] 3FehalS(1.1~1.24H1)
2 AFA=.3) 7 B Sl e, dEwS 7] vlate 2(Nafion-212)
H] ¢k 1.5uj(sPES-c1-Nafion) 2 1.4 vl(sPES-c2-Nafion) =7}8l3it}. ol#|3k Az}

+ SPES-cl-Nafion¥} sPES-c2-Nafiono] U329 7|44 A 7[EHo=Z {38}
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WA R degt P25 ZbeE sPES aLEAN(52.6 MPa) Tl ofd ZAIA<Ql 5/l
Awbror A7 FEASS ovget. wkwlel, 7] Hlald) 3(re-Nafion)©] 7
- 7471 wlate] 2(Nafion-212)ll WlsiA E4de] A Fasdles & 5 e,

ol @A QIR uhsh ol | M@ FHPoIA dojuhz miAre] Aujde] o

rl

[0206] &+, A7l AAJd 39 sPES-b3-Nafion> A7) H]ad  3(re-
Nafion)Z} Aol FALs 7[AIA 5SS YelAtk. ey sPESO] Fego] X}
O SPES-b9-Nafion®] 7% A7) Hlae] 3(re-Nafion) WH] & = ekl &o]

B AA Al ole sPES aEARe] UbFe]l A ool Hols W,

ol

Nafion¥}e] E@Y QoA TAsl= A o] &) 23]e 2o EAo] 74y
7] wjEolw, o]= oA SEM 2 SAXS AFoA EuUdd Hgguwo] 3 JAIS

Hete Avz 499 + Ao

N

, A7) A Ao 39 sPES-b3-Nafion 2 sPES-h9-

Nafionoll /] X5 A7) Blald] 3(re-Nafion)o] H|3te] $HAAS a4 FATGo=

-

W EE7h AR mERAE

i

27\, oled Ae AR Hgute] A
B Begy I S AR A% 492 299 A9 & & AT,

A ol#E AEe] FAo = ¢lafA] sPES-b3/b9-Nafionse] “FEAL HAE7)e] o3

O

(A Ak g A A HaTE 2dE Ade & 5 ANH.
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[0208] 71 A4 <1 b3 A &2l (membrane) o] AbsiebdA S Al
244 T 24 StelA Ao Ao Al 2HI fF¥E Fe T 54
< stuoltt. ol AsHA TF T LAdste HAbsE A+ 2o Z (peroxide
free radical)ol 2]3] &=} ¥ X (polymer backbone)©] -&ZS WAl L o]& <2l
sl w Bals xdsy] wEolth. oldl v] AAd 2 2 39 sPES-cl/c2-

Nafions % sPES-b3/b9-Nafions¥} A}7| vlne] 1 WA 3¢ sPESY, A& Nafion-

)

2129 3 re-Nafiongtoll tiste] =f &3] A4S Sdsklen, o Ays £ 9 ¥
T o200 YERIATH. AFe 7 E53}eS FE A F(Fenton's reagent)(3 T %%
H202, 4ppm FeS0s)oll <t $-of 80 CollAl 6 Azt H¥st 3, HAE H2E 5o vt

[0209] &= 202 Z%7] AAle] 2 B 39 sPES-cl/c2-Nafions % sPES-b3/h9-
Nafions¥ “J7] ®lald] 1 WA 39 sPESH, -8 Nafion-2129} 2 re-Nafiond9}ol
tale] (a) 80 Tolx #NE A 2F(FeS04 4 ppm L H202 3 FHu)ol st z =3at
o] Akst kA H (b)) HE HAE A5 2F 539 Apxlo|th.

[0210] s}7] &= 9+ 7} H&=te e Al T FA ZAass yEd 2o
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[0211] [% 9]

Membrane Code Weight loss(%)
SPES 613
Nafion-212 11
sPES-cI-Nafion 1.5
sPES-c2-Nafion 23
re-Nafion 34
sPES-b3-Nafion ig
sPES-h9-Nafion 271

[0212] 7] 3 9 9 %= 209 Aol ostH, 7] vlud 2(Nafion-212)°l

Hl3jA] Ab7] A Ao 29] sPES-cl-Nafion % sPES-c2-Nafions™ ¥ F7|7F =718

rlr
P
o
Job
r o
ot
-
¥2,
32
o
e
I
o|\
)
i
-
H
U‘I
=
>
N
&
fr
I
AC)
H
X
rlr
\"O
NS
o
=)

[0213] 3+, A7) 2 A4 3¢ sPES-b3-Nafions ¥ sPES-b9-Nafionse] 7%

%= SPESS] FFol FABLE Y vl Wi Pavt Holhs AL FAF £
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= ¥
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X
=

A5 o] wj$- e Abslord Al (oxidative stability)

iz

o
T

il

A=

[0215] 213 4] 12: sPES-cl-Nafions ¥ sPES-b3-Nafions<]

&4 Bt

A

T
-

28] FEoll dojA 4 71Ae] A 2291 (crossover)

al

AR

[0216]

FH o2 Nafiond} 72 PFSA(perfluoro

S,

l

2o

B

u}

T

;OL

oH

sulfonic acid)> 1 -

TA EIREE 60 ColA 5wt

%

o] SPESO.ZE

&}l A
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ol

=
=

Hol| sPES aLEAf
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[0220] 21 & o] 13: sPES-cl-Nafions ® sPES-b3-NafionsE ©] &3t £40]&

age dzdA A% Bl

[0221] A7) 2 Ao 2 2 39] sPES-c1/c2-Nafions 2 sPES-b3/b9-Nafions}
A7) vlatd 1 WA 32 sPESHF, A& Nafion-2129F 2 re-Nafion@2 o]-&3}o] <=

ol A5 A X (PEMFC) A FE &3 T A AF-S H/02, 80C 100% RH =

A
0o}
o
=
>
Y
Og){:,[‘
ol
O
¥
na
M
AC)
=)
Lo
J[m
oX,
1o

o Tt Q9% wiAlsly] YA RE 9

523 FAS zta, U3k o2 MEAse] A F7F olFojAT. I AdeE & 22

[0222] &= 225 7] A Ao 2 2 39 sPES-cl-Nafions 2 sPES-b3-Nafions

I A7) Blad 2 2 39 A8 Nafion-2129 2 re-NafionZS ©] &3k H./0, PEMPC

5~

o] WA FHAS Ve Aotk AV & 228 Fx3tW, 0.6 V potential oA
7] vlad] 2(Nafion-212)2] 7% 0.81 mA/cm2e] AFLEES Uelida, A7) A
of 29| sPES-cl-Nafiong ©]&3 @ A2 0.82 mA/em?S YERAST. T3, 7]
H] 2o 2(Nafion-212)+ 1.13 W/cm? 9] =34 % (power density)E YERA L, 4
7] Ao 2¢] sPES-cl-Nafion®] 7% 1.11 W/ecm? o &8 =2 yehyo] A7) H
ae 2(Nafion-212) ¢ A9 FASE 45 UEU= RS g2lssitt.

[0223] o]9} Zo], A7) A Ao 2(sPES-cl-Nafion)2] 729 ut

zt= WlolE B3l I EAE o] £3Fe] Nafion “HS A8 3}l Nafiono] 3=
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water 5o WE 2 HELo] 23
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AdS & F AU
[0224] =3}, A7) A Ao 39] sPES-b3-Nafion< 0.6 VoA 1.32 mA/cm?

o} 2.04 W/ecm? o] Al AHTS HPow, o

rr

2}7] Wl 3(re-Nafion)2] 1.40
mAZcm? 9} 2.52 W/em? o] ¥l tha $e A5 BT,

[0225] = 232 7] AAld 29 sPES-cl-Nafions, 2 AJdl 39 sPES-b3-
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| SAe1A,

ol

A8

[%d73 10]

T
T+

A58k

73 11]

o oA,

3}

A 10

o] &35 (lon Exchange capacity, IEC)©] 0.85 WA

ul o
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AE%7} 80.7 WA
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40 TA

20 WA
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[d+73 13]
A10el A A,
A7) o]l wEERe 50% Ao A dEo] 0.14 WA 0.15 GPao]aL, 1%

7 19.6 A 19.8 MPaol™, Ipekilgo] 296.6 WA 316.8%91 A A=A &

rfo

o] gk},

[ 14]

A108e] o] mETe T ARAA .

[ 15]

[ 16]

1082 o] wghuhs ¥ ek A7 AL

[d73 17]

7 FoldlaaE B S a2AE SHAA 7] ek 12 34 H
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