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7 A A
FrHY
ATE 1

317] 3}sha 19 %S 7HR+= BERRAA #HEeEF 9 2 -SEBS(bromohexyl pentafluoro-SEBS) <} 7FuAlS Ag
3l 7}al SEBS =g ¥ el SolL weluf

(ghek4 1)

AT 2
A 18el]l A,

A7 JtaAl= telgoldl(dimethyl  amine,  DMA), HEgHE-1,6-3 A elt]o}dl (tetramethyl-1,6-
hexanediamine, TMHA) 2 EA(tWdoln=wE)H & (tris(dimethyl aminomethyl)phenol, TDMAP)E o]Fo]
A oA AElE o= kel sha SEBS vhe EdEhE ol wE),

7% 3
A2&el lojA,

A7 Efla(ydgoln] w=mg)H &= (tris(dimethy]l aminomethyl)phenol, TDMAP) 7}ul#]:= <=A+3}7](OH group)
£ 7} 7bal SEBS wHe X geleE ool nldhe,

AT 4
A2gel de) A,

A7) BE R HAEeEF 9 2 -SEBS(bromohexy! pentafluoro-SEBS)¢} 7FuA|E AgHsl 7Fal SEBS 2] Wk :
DMA-SEBS < TMHA-SEBS < TDMAP-SEBS ¢] <o 2 #HXA+= 7}l SEBS @& ¥ 33t &

A7) B2 R HeEF 9 2-SEBS(bromohexyl pentafluoro-SEBS) 9} 7FuAlS AE3t 7}ul SEBS whe] o)L A
MHA-S DMA-SEBS < TDMAP-SEBS ¢] =22 #X]:= 7}ul SEBS #h& ¥ gsle Sol wghdt,

A7) BRREAA HElE 2 Q 2 -SEBS(bromohexyl pentafluoro-SEBS)Q} 7FuAlE ZAE3 7Fxl SEBS 9 = DMA-
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SEBS o] TMHA-SEBS =} 2 TDMAP-SEBS wtRt} =2 d4-& (Water Uptake, WU)S 2t 7Ful SEBS uhs ¥ 33}

T el skt

L

A7) BER A HElET e Z-SEBS(bromohexyl pentafluoro-SEBS)¢} 7FuAlS A3 7lmw SEBS @& &1r] 3}
g2 2 Ul gehA] 4 F ooln shel FERE Zte S 5F0R g sk SEBS e X FstE ol
3wk,

(3434 2)
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T% 8

SEBS a¥-xle} 6-B2RAAL=A  A3E(6-bromohexanoyl chloride)E ©o]€3 Zd-HZE o}
(Friedel-Craft acylation) ¥F2S %3&] SEBS alEx}o]] BE R ;AL (bromohexanoyl) 7](group)’} =4
Br-Hex—CO-SEBS 3s}3t&& vhdste oAl

2}7] Br-Hex-CO-SEBS 3}g&o] He}ZF o mmlxd ¢3tE (pentafluorobenzoyl chloride, PFBC)Z olﬁf‘& zg
d-F2ZE ol (Friedel-Craft acylation) WH$2S &3 Br-Hex-F5-CO-SEBS 3}3+&E2 uldsl= A,
7] Br-Hex-F5-CO-SEBS 3&}3t&Eo] EglodeAd gl (triethylsilane)d EZEZFZOIANE ’\(trifluoroacetic
acid)&  o]&3to] Y (reduction)dte] 3sh7]  &EHA 19 FRE e HEHRIA HEEFLR-
SEBS(bromohexyl pentafluoro-SEBS)S A|Zsl= ©@A; S ¥33504,

A7) BErda felE T Z-SEBS(bromohexyl pentafluoro-SEBS)SF 7FuAlE Agrsl 7wl SEBS =& ¥ &3}

37E9

A8l glo1A,

A7 JtaAl= Yvlgoldl(dimethyl  amine,  DMA), HEgHE-1,6-3 A ¢lt]o}dl (tetramethyl-1,6-
hexanediamine, TMHA) 2 EA(tWdoln]=wE)H & (tris(dimethyl aminomethyl)phenol, TDMAP)E o]Fo]
A el A o] sl Zhal SEBS The EFEHE ol wgkuh Az,

A3 10
A9grel oA,

A7 Efla(ydgoln =mg)H &= (tris(dimethy]l aminomethyl)phenol, TDMAP) 7}ul#]:= <=A+3}7](OH group)
= 717 7ba SEBS WS Taleli Sole walul Azupy

ATE 11
A9gel he) A,

A7) BE R HAEeEF 9 2 -SEBS(bromohexy! pentafluoro-SEBS)¢} 7FuA|E ZAgHsl 7}al SEBS 2] Wk
DMA-SEBS < TMHA-SEBS < TDMAP-SEBS ¢] <o 2 #HX+= 7}l SEBS @& ¥ 33t= &

AT 12

A9l lojA,

A7) BRREA #HEeEF 2 2-SEBS(bromohexyl pentafluoro-SEBS) 9} 7FuAlS A3k 7}nl SEBS o] o] A
LE=5% TMHA-SEBS ¢ DMA-SEBS ¢ TDMAP-SEBS ¢ $£o & HAA+= 7l SEBS 9 X d3l= Lo]2 nstut
A ZH
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A3 13
A9grell o] A,

2R #HAe}EF 2 2-SEBS(bromohexyl pentafluoro-SEBS)®} 7huAlE& A3tet 7kal SEBS 2 % DMA-
u S 7t % TDMAP-SEBS “HH.t} 2 F4=& (Water Uptake, WU)& 2zt 7hal SEBS & ¥3at

A7) B2rala HAESF ¢ 2-SERS(bromohexy! pentafluoro-SEBS)$} 7FulA|E Adst 7} SERS 92He 31r] 3+
skl 2 WX 3] 4 F ol sy FRE e S EH O R sk Jhal SEBS WS ¥ 3ehE Sol uwEyt
Az
(g}sha] 2)

(8heh4 4)
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ggol g9
7l & & of
Bowme Jhw SERS RS ¥Fbetes ol mdhet 9 o]o] Axubwle] #ak Aot}
Hl 4 7] &

A AdowA #4 Avs AT
A QT Wmae Fat ud
olaltt. olE@ Fa A A%

S Qe A Ao FEwn ,
£ oA WEE A7) dEd giw oA A% A
5 =

A3 (water electrolysis: WE)

2 ol rir

5o ox
=2 =2
fo
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e
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Wér
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Ok do ooy T
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o oof M B
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o 2
o

we} oZke] AN M3l 42 dl(alkaline liquid electrolyte water electrolysis: AWE)3}
A3f (proton exchange membrane water electrolysis: PEMWE)S] F71X|7} tiEA o2 AL8FH o]

rlot 2

L)
il
Uy

02
©
N

2 oy O

N
y, Mo

=1
o

Fe] A Hald A AE)E A8 48 £ FA
Asjdz AR, =2 pll =, 9714 27 SN = Li‘%*g Wk (oxygen evolution reaction, OE
4 Z7ol mlEfA Hh wEA dojubA] FHw, g HulE ARSE 559 F24 EAL glonR 4ol
Shut s (PEMWE) ol A oF 2] b8 nl#as o] ARgo] 7hesith. o= s dzteld IAA dajd
dale 7P vl AA e s 71e T shvE diitE a4 A 4 d s g AREE ol gkt

gy, aeE &7 dald £ (30-40 wt% KOS 7o 2 317] wliFe] ¥ F7|2HE o]ikale(C0
of =84 TS I Wb obUe}, PEMWEC] Hla] e o] M= gl }ehA QbAoA of
Sl

A W AN Fae B Sw e BANS % i

o,

A o Z oo nd
o

g, ol m@H A (PEMIE) = & o] AER 3 a ui7AdelA 7ild w2 A Aeo Qs &
2 HA dald sl vlE] s 9 aeR 4 ALl Jhedkd, EF AAZF opd 1Al dsjdu
(polymer electrolyte membrane)s M@= AREStmZ Zdafofor QI A H-4 A7 gla #He hE&
W A AT Thestth. olE@ AHom Qe At 200d3E Fol wmeket el (PEMIE) o B AT

5L 7REe] o] ol A gkt

Ty AedE AFEEtE o] wdYH(proton exchange membrane)o] wjg- atzfolar, Ao HES F70]
7}E3 A ZAANA FEH7] Wi e olF AY 4 = platinum (Pt), iridium (Ir), ruthenium (Ru) &=
2o a7te] Audg FulE Ay 7] dol 4 A ¥]go] e S JHHT

¢

o

=

7

A

oo wal & AA A E A} ol w3t A (PEME) Y] <FHS F5357] st oz Sol
a3kt =43 (anion exchange membrane water electrolysis: AEMWE)e] thdlt 57} 53] S718tL =

AR RAZE obd Fol mBTH(ARM) & ARSShY] wiiel el A dejd s e Y &
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P m, WATE Eohe Abge] sbssh] wlEe] ol waw FAss wwstel nu Re v

o]zl So]2 gy A (AEMIE)o] A S0l 3t (anion exchange membrane: AEM)-2 WA

14 5, 478 A9 tAHALE TF-ok gtk ShANE Fol

AE A (ARMFO) ol AFEHIE AAES vFoz ALEH o g7] wiol

2 WFUH(AEM) 9] Ay WFAde] o8] ol nghdt S| (PEMVE) ol H3l W Zo= HIE
PR,

B, B ol ARG WTY P A 5 e S0l wATARDE sjEe] Aol

°
%0
°

3 | 9ol wEHH(PEM) 22X HEZF 2 7wk (perfluoroalkyl-based) F2(polymer backbone)9} «=¥&
AH(sulfonic acid)E& X338t 4 (side chain) & T4 %] A+ Nafiond o|v] A&3txo] da] AL&EHL 9
E e, fol wEHE o JEAQl Hes Hole A MEEA gFtoew, w844 (hydrocarbon)
do] nER F4 o 42 I EFE(quaternary ammonium, QA)©] o] HXE7](ion-conducting head group)=A]
dd 2AE F2 ARSI Aok, olHE AAEY AF FE Sole uddr 7hk &ZE] Ax A (anion
exchange membrane-based alkaline fuel cell, AEMFC)ollA So]& w3eH(AEM) .2 Al&Eo] gl AEZA 1
F2} F4 (polymer backbone) Z+= HHeFS: A9 2] PES(poly(arylene ether sulfone)), PEK(poly(etherketone)),
2 PPO(poly(2,6-dimethyl-1,4-phenyleneoxide) &2 EAE0] =2 Al&F o] g},

gy, oledk FFXRELS uEA F4 W aryl-ether FZ2E XS 7] wEo| 44ksF o] & (0H-)ol 23k F
& ¥4 (nucleophilic attack)ell &Js|x LFEA F=219] 3l (degradation)”7} ZF o] 842 QbgAdo]l A
A7E

st Zo=E  dEsoen, old wE HE B2 T-EolX+=  poly(terphenyl), poly(carbazole),

poly(dibenzyl), poly(fluorene), poly(fluorenyl-co-terphenyl), poly(dibenzyl-co-terphenyl),
poly(biphenyl), poly(benzimidazole)®} Z-& non aryl-ether type? W& Al 1EX FH= F==2 AL}
3 Ay, T3 PS(polystyrene), NB(poly(norbornene)), SEBS(poly (styrene-b-(ethylene-co-butylene)-b-

styrene)), PE(polyethylene), PVA(poly(vinyl alcohol)) &3 & non aryl-ether type9] X% Aldel
A ESE ARNSY] L EA TR o] 8 QY.

rot

A, o] HA%7](conducting head group)®+F quaternary ammonium (QA), piperidinium(PI), triazole
quaternary  ammonium(TQA),  6-azonia-spiro[5.5]undecane(ASU),  imidazolium(IM),  morpholinium(MO),
carbazolium, azepanium(Aze), pyrrolidinium(Pyr), pyrroline(Pyl), quinuclidinium(Qui), Isoindolinium &
o] &85 glom HEV|9 FiFe FFofl webA Est= ARNY o] HEZuf 1A QbgAd Tl Apolrt

E3], 18 FH2A SEBSS F$ A-83l9 (commercialized) LA (rubbery) iL¥E-A}o]™ | triblock +ZFol
o]g AF 27 (phase separation) 43 &7 non aryl-ether typed IEAR 943 &z U4 (alkaline

stability)S zZte Ao E &dex] Qo] ARM AAE Zo] &&xo] gtov}, 182 F4f(polymer backbone)”} A
W= X} (aliphatic chain) &2 o]Folx AgAow e % T (tensile strength)er 37| #23k
(sticky) 54 uli&d @ wto gz A X377 w9 o8 oFdS 2zt .

3t QA-functionalized SEBS®] 729 vl%- & 35&(water uptake, WU)E <134 Foixl 2] < (membrane)
o] A W& (swelling, SW) o] A= 5 W B4 5SS z2HA . olof M4Ad-454d BlAg
SEBS(hydrophilic-hydrophobic comb-type SEBS) #2F(strategy) % 7}ul(crosslinking) X =F(strategy) &=
=Qd5te] olye BAlHS sAds] st

k1
Mo
Y
>,

>
i)
>,
>
o
i
i)
)
t
rlr
Lo
o
)
o

2 (physically or chemically) $1Z3%}= 7}ul(crosslinking)+ ©]

2RE doxl 7wy niEar dad we] £ JdHY A 28 €4, 7AF AT d@A gk Qb
A (alkaline stability), B3 =LA AA7]A o},
Z7(alkaline condition) 3}ollA] ZEdt= 2 AEMo] o]#jdh %4

oA Y =, & AP E e | oig- F838kch. ol#g THA 7Fwd SEBS AETAE o] &

sl ok (AEMs based on crosslinked SEBS)S F&-& wWolgit},

ks
<

dmrxog 7iwe] 7§ uEA AME7EY] W E A(network) BAS FalAd nEAY

Ao @M o] HEE(ion conductivity)E SFAl ¥z @S kil Ak, AEMO] Zh= ¢
H A3l (water electrolysis, WE) A(cell)2] &8 EAo) 4oz 9

o FAhv 7tuy 1EA v G Etsta stae] 8-S AlgetA #Hr).

o
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ol Aol HetEZ e =W (pentaf luorobenzyl) 7](group)S SEBSOl =qiate] M= gol ket A
ANg Mkt o]e} o] AgAdo] Zrshel SEBS iLAH(SEBS with enhanced hydrophobicity) ZFE] fojxl
ol mEute] A9 943 AR (phase separation) 5A4S XS on = B, 335ty A n g4
o]& Mol A A FUE frEskrt

B i)

& 0001) 55531 A10-2184530%

gige] g
S dst = HA

F2 o2 ArEe y7d 2 A Aes ZE ol wET(ARM) sfde]l ottt B AW & ol Ak
. —

o= 3T
ok U W A A4S 2 Jh SEBS B E@ehe Sole mav W o]l Azud @ Aol

HA 9] djd Y
2 ityo A= o]# ek HebE = 2l A (pentaf luorobenzyl) 71(group)”F =& SEBSO 7}al7] 24 tiwEolrl
(dimethyl amine, DMA), HIEZwE-1,6-FAM Ao} (tetramethyl-1,6-hexanediamine, TMHA) ¥ Eg (Y d]
golu| =m &) #H &= (tris(dimethy]l aminomethyl)phenol, TDMAP)S Al&3le] 7twd S-o]L wduks 7)dalaz}
sttt (= 1). olwl ai@dats 7FuAlES SEBS aLwAbel wkgol s 33l (corresponding) 42 ¢HEH(Q
Ao= H3sHAl €t

ohAl a4l DMA, TMHA % TDMAP= 7halxle] S8k 8wk ofye} A=7]2A9] d3s SAld #3354 "rt. o]
£ EalA Thael o&) sl Sol wEHe o] HEwUl AStE a3E A=V AAES FAlA B
SHAl Ho] Axre HAE HASE o= Jdsgitt.

E3] TDMAP 7tA1¢] A% Ex ol OH7](hydroxy group)E 2Ztal glow ol & Wi 43 o] 2(0H )¢
F2ATS FEA FHHoR EE4 JtuE FEE § UE BY olyE, dldste 2ol uEute] M4
L3 SHAAA o] Arret A A Ed FUAZ § S Aoz JYEidiet (2 1)

B oahgoe] o AXNFHg wEw, sty &84 19 F2RE JHAE H2rdaa eSS 9 2 -SEBS(bromohexyl
pentafluoro-SEBS)$} 7tulAlE Ag3st 7kal SEBS 9 E sl Sol udhdl,

A7 7taAlE gegoldl(dimethyl  amine,  DMA),  HIEZWE-1,6-3Aelt]oldl (tetramethyl-1,6-
hexanediamine, TMHA) 2 Eg2(tvdolv]-wd)H = (tris(dimethy]l aminomethyl)phenol, TDMAP)=Z o]Fo]
2 FoA AEE o= s 5 QU

A 71 Ef]a(ddgolu] w8 #H = (tris(dimethy]l aminomethyl)phenol, TDMAP) 7}ulAl:= <=Ak3}7](OH group)
A

g 714 5 Aok,

A7) BRRrEA eSS F 9 2 -SEBS(bromohexyl pentafluoro-SEBS)$} 7FuAlE ZAdFsk 7} SEBS 4o WEE
DMA-SEBS < TMHA-SEBS < TDMAP-SEBS9] o = AX|:= AL 5oz 3},

_9_
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A7) BEraa AEZEQ 2 -SEBS(bromohexyl pentafluoro-SEBS)¢} 7FwAlE A3t 7}al SEBS 2he] o] & A
T TMHA-SEBS < DMA-SEBS < TDMAP-SEBS®] o= AXE AL EF o= gt}

A7) BErEa #HEeZFE 9 2-SEBS(bromohexy! pentafluoro-SEBS)$} 7FuAlE A8t 7}al SEBS =+ = DMA-
SEBS ®Fo] TMHA-SEBS ®} 2 TDMAP-SEBS ®FH.T} -2 8l=& (Water Uptake, WU)E& 714 4 Sltt.

A7) BErala AEelEF @ 2-SEBS(bromohexyl pentafluoro-SEBS)$} 7FuA|E Agrek 7Ful SEBS e &}7] 3}
g2l 2 U= 318 4 F o= sy FERE e S 5AHoE g,
(g}sh2] 2)

e

g o] o2 AX e wEwW | SEBS mEAFS; 6-H2 R EA:Y 935 (6-bromohexanoy! chloride)& o]&
3 Zgldl-ggZE ol 3h(Friedel-Craft acylation) WSS  Z3&] SERS ITEAle] HERIAALY
(bromohexanoyl) 7](group)’} =¥ Br-Hex-CO-SEBS 3}g&< wl#dsl:= oA,

_10_
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[0052]

[0053]
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47) Br-Hex-CO-SEBS 3}aHEo] #e}Z=o
d-Fg} 2 E o} A3} (Friedel-Craft acylati

Wz 935 (pentafluorobenzoyl chloride, PFBC)E o] &3 g
n) WS %3 Br-Hex-F5-CO-SEBS 3}3t&S wl@ddt= ©HAl;

g I

271 Br-Hex-F5-CO-SEBS 3}gtEo] EgoldAd e (triethylsilane)¥ ETZFQ ZolAEAM(trifluoroacetic
acid) S o] &3l ZA(reduction)dted 3} 32 19 FERE JIXE BERIAN AZFoR-
SEBS(bromohexyl pentafluoro-SEBS)S A| %3t @A, & Eghsly

A7) R Rl AeEF 2 2-SEBS(bromohexyl pentafluoro-SEBS)9} 7FuA|E ZAg3sE 7kl SEBS 9 ¥3H3}
S0l wsho] A FHWHS Ale3t)

Br

uge] a7

EodldoAdE AetE 2 29 (pentafluorobenzyl) 7] (group)”t EE  SEBSo] 7lnrv|=A tlwgolwl
(dimethyl amine, DMA), HIEZWE-1,6-AMAt]o}ql(tetramethyl-1,6-hexanediamine, TMHA) E Eg]2= (U4
Yol v &) ¥ 3= (tris(dimethyl aminomethyl)phenol, TDMAP)& AF&3&te] 7hwd o] wehubs |33},

247 DMA, TMHA 2 TDMAPE: 7bitdle] o} Wb ohe) Awsl2Ae] dae EAel aa Ak, o2 £
A Fhae] els] SlRals Sole walute] o]& AEEA} Pasts FAE Awvle]l AN EaA waeA ¥
ol AExe] Pas Hrste 5 o),

E3], TDMAP 7}aA]e] 79 &2 Yol OH7](hydroxy group)E zta glom

FaAR}S FAA FUHHR EY4 JtuE FET 5 Jds BRk olyg, dEske
T3 SUAAA o] AEEe} A e e FuAd § 3

Houbyo A sidbEl TMHA-50x-SEBST} TDMAP-50x-SEBSS] 744~ w2 ZufaFs Al&sto| = &
8-shE ARMO BlE WA ke bl A Hes HIth ol Fa & i s &
TMHAS} TDMAPC. = 7}ul gt H-2]ube] 7Z-9- ARMWES AAlZ=A 71sAd-& JERSITE.

¥

EHe Aue 49

T 12 7Fwd Br-Hex-F5-SEBS 2 &2} v 1(50x-SEBS)9] F+2& Ug:= A %o},

% 2= (a) Br-Hex-CO-SEBS 4, (b) Br-Hex-F5-CO-SEBS 3¢] 'H MMR 2#E2 . (c) Br-Hex-F5-CO-SEBS 3¢] F

MR 2= E& 2 (d) Br-Hex-F5-SEBS 2¢] 'H NMR =% E & o]t}
1

T 32 Br-Hex-CO-SEBS 4, Br-Hex-F5-CO-SEBS 3 % 3w Fe)el, Br-Hex-F5-SEBS 2¢] FT-IR
O~

T 4= AR UE JtuAR 7FasE 50x-SEBS 2 19] Al o)t}

% 5% 50x-SEBS #t=¢] IR A EHo|t},

ki
o

© DMA-50x-SEBS(a), TMHA-50x-SEBS(b) @ TDMAP-50x-SEBS(c) 7}il 3 50x-SEBS 2ol thdh Bry,o] it
XPS FHA B3y 2 zou},
72 DMA-50x-SEBS(7174 ), TMHA-50x-SEBS(3}%) 2 TDMAP-50x-SEBS(-7)2] IR A~FEHo|t},

ki

ki

ki

8 50x-SEBS o] (a) M0E ZH= Yol 7], (b) OH & Z ol 719 WA EE $4=(RDF) 1 Lo

_11_
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=
= 9% 50x-SEBS o] (a) TGA Z# = L (h) DSC Lef=Zolt},

X 102 (a) 50% RH Z=z1ellA 50x-SEBS 9e] §-8-w3 4, (b) Astd 2549 th4s SEBS AEM 2 SEBS
Z1RF 7Fa ARM[ 3% 13 B adh 50x-SEBS =re] ¢ A4S vEhE 1= o)t}

11

o

Az x23 3F F2d A 50x-SEBS o] 4 FHEE YEhd 2ol

k1

% 12% (a—c) 50% RH Z7olAe]l ARM W o]ux] 2 (d-f) 20° ColA] 24A]7F &9t EoA =8 At &
50% RH F7olA Ax® AFM FW olmx] Z (g-i) TEM EW o]n|Ao]t}: (a,d,g) DMA-50x-SEBS; (b,e,h)

TMHA-50x-SEBS; (c,f,i) TDMAP-50x-SEBS.
= 132 tE ZluAlZ 7FalE 50x-SEBS 9He] SAXS 2 9d& YeRlE )Xo},

2
% 14+ (a) & & 50x-SEBS =9 A fsle AEE o %, (b) 50x-SEBS =3} vl el o
IEC o] AF+fsld A% vl ggxolt),

=]
o
ro,
=
o

% 15% 50x-SEBS =] 20TC~80ColA 9] 35 (A) Wl F413) o] ALEXE Tgxolt),

% 162 (a) 20 CollA F43F 50x-SEBS wo] 4=2t3} o]

50x-SEBS o] IEC §-A& e =o|t}.

T 172 864A17F B2F 80TelA 2M KOH &< A2 (5, &Zed g A1g) AEAA) 2 F(HF24) 3719
A2 e g AEd 9§ FI-IR 2FE Yo},

= 18% (a) 60 TollAl 120A7F <k AT AJeko R xE]dt & 50x-SEBS o] & x4 Zdl= 2 (b-e)
DMA-50x-SEBS, (c—f) TMHA-50x-SEBS, (d-g) TDMAP-50x-SEBSS] A}xlo]t},

T 19% IM KOH €902 70C A %o A FAA-3-50, TMHA-50x-SEBS =+ 2 TDMAP-50x-SEBS 9he] ARMWE wHed
A Aes YRl E 2o,

= 202 TMHA-50x-SEBS  TDMAP-50x-SEBS 3} t}& 4% S0l we=e] ARME @ A A5S ¥udk 2
g zolt},

gy A7) g FAH g

olgel ¥ el BAL, UE BAE, 545 € o|dEe AYE Aumy naAw oae wue s
& B34 A ol Aolth. e B wge o4 AYst AAdEd @454 g3 e U 74
s 5= ek, o3le, o7l AvlEE AR AN Yol AL AN ¢ =S L 54
o A%Aels) W we] Aol FR3 AgE f dEF #7] 98] AFHE Aol

WA, EGS EE AL Sol golt AN Aol JAY B4, 24, 9A, 4, YL,
BE EE 0|52 2RT Aol EARE AFselE AolA, st 1 olge ThE BB £1, W,
T4, TARL, PRE EE oJ5S 2¥W A5 EA Er 27 AL Vel MASA 9t Aow ol
5

oom 9 oo
o
ro
v}

G gAEA gt @, B Al AsE AR 2w 2A EdEsE BE 2%, @ R/EE Zde,
oleld 2AEe] BAHOR T2 A5 FoA oldF e At ° WA 349 e B34l v
DA Fol R, WE A "eproleh Gojo oja) £AHE AoR olaHolof Atk E@, B /AN £
ME ANHE A9, olde M Adoln, W AHEA @i @ ol|d W A9 Axgozry Ay
grol T A7) AulgriA e wE ghe EgAT. d vebst, old@ Wt 45 AYsE A%, v A
HEA g @ Angrovy Augel £38 A7) AugAE Tdse BE 457 Tead

2 el o AAFe w2d, 3
pentafluoro-SEBS) &} 7tuA S A sk

(gheh4 1)

o 19 FEE e

H
bl SEBS oh& EFehs Fol gk,

N
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[0060]
[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]
[0069]

[0070]
[0071]

ZIHS3d 10-2024-0104543

A7 7taAlE gegoldl(dimethyl  amine,  DMA),  HIEZWE-1,6-3NAelt]oldl (tetramethyl-1,6-
hexanediamine, TMHA) 2 E2(tddolv]-wd)H = (tris(dimethy]l aminomethyl)phenol, TDMAP)=Z ©]Fo]
oA Aeld o= vl = Q).

A7) Efa (v doln =g = (tris(dimethyl aminomethyl)phenol, TDMAP) 7}aA)E= 42k&}7] (OH group)
s 7H 4 .

A7) BERala AeEF 2 2-SEBS(bromohexyl pentafluoro-SEBS)9} 7FuA|E ZAE3E 7tnl SEBS whe] WE+=
DMA-SEBS < TMHA-SEBS < TDMAP-SEBS?] =0 & AAE AL EAHo=Z 3},

A7) BRR a2 HAEE 2 Q9 2 -SEBS(bromohexy!l pentafluoro-SEBS) 9} 7FuAlES At 7bal SEBS whe] o]& A
E= = TMHA-SEBS < DMA-SEBS < TDMAP-SEBS®] o2 AX|+= AL EH O 3},

A7) BErEs #HEelZF 9 2-SEBS(bromohexy! pentafluoro-SEBS) ¢} 7FuAlE ZA3sk 7}al SEBS =+ = DMA-
SEBS o] TMHA-SEBS ®} % TDMAP-SEBS WXt} =& 3t4=& (Water Uptake, WU)S 7F& 4 Ut}.

A7) B2 HAEE 2 Q9 Z-SEBS(bromohexy!l pentafluoro-SEBS)9} 7} AlE AdHslt 7}al SEBS = &lr] 3}
skl 2 x| g}eha 4 F o= st FRE e As EPow gt

(gsh4 3)

_.+N_
s
(3814 4)
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[0072]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

ZIHSd 10-2024-0104543

BE RN -HElEF 0 2 -GFBS, (Br-Hex-F5-SEBS 2)°] §4 & 54

2ol 2gdEs Ze vty A 9o s Y 4 22RE A (bromohexyl) 7]19F HER-EFo =
(penta- fluorobenzy 712 &7 zre= SEBS iE A} (Br-Hex-F5-SEBS 2)& th&z o wlyoam 3Asich
(BAZ 1),

= AgHow 9] 7MsdH(commercial) SEBSOl AlCl; Fulel 6-BER A=A 9 5HE(6-bromohexanoyl
chloride)E o] &3t Zg]d-38} X E o}a3}(Friedel-Craft acylation) ¥H$-2 =3j SEBS ili-x}o] B 2R IAL
%2 (bromohexanoyl) 7](group)7} =¥ Br-Hex-CO-SEBS (4)S A &titt.

olojx  A4A H7FA (hydrophobic side chain)e =4S Ha FIE 40 FEESFozwzxd H3I}
(pentafluorobenzoyl chloride, PFBC)E o] &3 Z#dl-He}LE o}23}(Friedel-Craft acylation) ¥H$-$
3] Br-Hex-F5-CO-SEBS (3)E t}.

ol

o] = =

o], BRudAL-Y  (bromohexanoyl) 719 HEFEF Q. 2ZWMZU(pentafluorobenzoyl) 7o A= F
carbonyl(-C=0) 71& Ezgo|eAd |l (triethylsilane)¥ EZ]EF 2ol ELH(trifluoroacetic acid)S ©]&
slo] 9 (reduction)dte] BER&A HAEZFQ 22 -SEBS(bromohexyl pentafluoro-SEBS), (Br-Hex-F5-SEBS 2)
& dsisid.

ojuj, L&A= (bromohexanoyl) 719 HEFEF 2 2l (pentaf luorobenzoyl) 71& Y3 ol f
o] f‘ﬂf“i} aRAe] FZxol| JhREd (carbonyl) 7l(group)”ZF Al & Ag- &7l =71 StolA Gkt o]
(hydroxide ion) (OH)& &A T4 (nucleophilic attack)oll 2814 ©]& HZ7](ion-conducting group) I

= 82 F(polymer backbone)?] 3l (degradation) 59 H¥4¥F3(side reaction)eS Z e 4 A7) wjiEo]

1:110

oR
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[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

ZIHSd 10-2024-0104543

SR N 6-bromohexanoyl chioride , AICI o i
~t~ N ity J R
S / P ichloromethane C\ 1 iIC )
C LJ [ (] NP S s
= R e c room temperature , overnight

4
Br
~ et i
e P I’j% pentaflucrobenzayl chloride , AICk; \Er(x ﬂ\/\%\l‘ q
167 1) 5. ¥ J N
o

dichloromethane 1 !7J

Cl
I = room temperature , overnight o] o \ g
F F =S F__q }..F
F { =
F

Ho ) K
) ry\q\ trifluoroacetic acid 5\‘}1\/\ o !
| gl ¢ |

triehtyl sliane
chioroform

i F
105°C 48 h 2 F@F

7+ A Ao A e TR g Fx BAL H NIR F-338Fx EA(spectroscopic analysis)< ©]-&3le] &
(= 2). &, Zgd-g8 2 E o} 43} (Friedel-Crafts acylation) ¥F$ 3 Br-Hex-CO-SEBS (4)o] =
21%] B2 18- (bromohexanoyl) 7]ol ©)&) AAE WHEEE 3] (aromatic peak) (He,)®F W& k2] (benzyl

position) %A=} ¥ = (proton peak)(Hip)o] ZFzF 7.89 - 7.47 ppm T 2.48 ppmoll Al M EA 7= AL 2<¢ls)

o

w3 2R AA-Y (bromohexanoyl) 7]olA 71¢1El B &9 (bromine) & X&) €249 proton peak (H)¥} 7}H
Y (carbonyl) ¥=}g] 42l proton peak (H;) ©] 22t 3.43 ppm, 2.96 ppmollA A Zo] YEIUE ZS FaiA
Br-Hex-CO-SEBS (4)¢] B34 o= A5 glstalrt.

F7tH o2, BERIAAR-2AU (bromohexanoyl) 719 7R d (carbonyl) <AFE] €49l proton peak (H;)¥ B =27
(bromine) A& ©2A9] proton peak (Hy) +e] Adidd A& v ArS &3 SEBSe x| =g# Y
(styrene unit)2l < 80 mol%7} B2 X &A= (bromohexanoyl) 712 7|53} (functionalization) HSS &
QlskSiTt.

A Age wpel o] SEBSOl ESQl¥ BEREAL-(bromohexanoyl) 719 7]%581& (functionalization
degree)o] W& 7§ o]2RE dolzl HE o]ud IEA}F(ion-conducting polymer)e] IEC7} 74 sle] &
ol ALkl Ryl oy Hrt. wEhA B dyois 2 [ECE B3 5% o Axx % A HF
(cell performance) X = 98] <F 80 mol% = 7153} (functionalization) 3}AT}.

52 2 Br-Hex-CO-SEBS (4) &4 o]%, B 2R &AW (bromohexanoyl) 717} Q& A &L SEBSE] aromatic
o Fe}ZF e 2% U (pentafluorobenzoyl) 715 A4 99 (as a hydrophobic unit) 24 E=dett. A
Al 53} ek XA} A (fluorinated aromatic proton peak) (Higi7): 7.89 - 7.47 ppmoll A YEFGA F
=4, o]+ Br-Hex-CO-SEBS (4)2] o}A3} wWhak= <Xzt 9= (acylated aromatic proton peak)(Hs )3 3
(overlap) =o] YERA =},

23} Wk 9 (fluorinated aromatic unit)®] benzylic proton(Hy) peak”} Br-Hex—-CO-SEBS (4)¢]

t
(o

benzylic position proton peak (Hi; 2.48 ppm)el]l H]alA o w2 ZF(down field) 2.96 ppmoll Al Aj=Zo] e}
U+ A& T8l Br-Hex-F5-CO-SEBS (3) 7} A&d oz dAHE RS 3259},

ol W, =3 W

ot

= w2 %A X (fluorinated aromatic benzylic proton) (Hy) peak: Br-Hex-CO-SEBS (4)9]
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[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0096]

[0097]

[0098]

[0099]

[0100]

2 S8 10-2024-0104543
Ft8.d (carbonyl) 7] Gabg] €49 H; peak®t 53 (overlap) ¥ o] vyehbAl k.

utehA |, HELEFQ 22 (pentafluorobenzoyl) 719 7]153+& (functionalization degree)- Br-Hex-F5-CO-
SEBS (3)9] H; ¥ A (peak) ¥} B.EZRIANA-2 (bromohexanoyl) 719 MAEFEF o 2wl = (pentaf luorobenzoyl) 7]

7} 2% E3E Hy 4 peak @ AthE el AHE v)E AAFSE gholl A Br-Hex-CO-SEBS (4)2¢] H; peak¥} Hy peak 2] A+t

Al A nE W oz AXEon, o5 EulEZ SEBSS AA AE# JH(styrene unit)e <F 10 mol%7}t

HAEZF o 2 %Y (pentaf luorobenzoyl) 712 7]%53H functionalization)H &S <189 T).

3k, BroHex-F5-CO-SEBS (3) & 'F MR 3 E# (spectrum)ol A oF 140, -152, =123 -160 ppmll A 3 7}2]
ob-F ¥ A (Aryl-F peak)7} Yebes A& FallA 1 725 F7HH SR Rl (&= 20).

ek o 2 &Y (reduction) ¥ 3 H; ¥ A (peak) 7} 7}R.d (carbonyl) 719 &< (reduction)ol] o8] =& =
1 (up-field)el ¢k 2.5 ppmo. & o]5a}A Har, o]o ue} 7]¥E It d(carbonyl) 7] Apgjo] ¥l& H, A%

(benzylic Hs signal)o] AM&A WA=,

HU

u}x-71A] 53} Whek=(fluorinated-aromatic)e] W& <99 <Al ¥ A (benzylic position proton peak)
(Hi) EE??} HePEF Q2 2l 2 (pentafluorobenzoyl) 717F =¥ WeF(aromatic) ¥ HEtZFozwlzd

(pentafluorobenzoyl) 7] Atele]l F}R d(carbonyl)”]7} &< (reduction) el Wz} =L benzylic proton
peak (Hy )7} A WA, 712 benzylic position proton peak (Hy) ¥ =& 271 &(up-field) Z<l oF 2.5

ppml &2 ©]F3}A FT}.
=, Br-Hex-F5-CO-SEBS (3)2] 2.96 ppmollA WERF 7}H d(carbonyl) DA}g] ¥2o 9+ proton peak (Hs)9f

1
wd o kA% ¥ (fluorinated aromatic benzylic position proton peak) (Hi)7F H NMR 2

3 e

HEH (spectra)dllA] A3 Algz AL B Bzl A-AElEZF ¢ 2 -SEBS(bromohexyl-pentaf luoro-SEBS)
(Br-Hex-F5-SEBS 2) 7} 48402 FARYLS FAadct (= 2d).

m-[lI
i

FT-IR l1‘]""j10“”(compalr21tiv«a spectroscopic methods)S ©]&3A Z+ A wAlM e F2E FrHHo=z &
013k tF (& 3). =, Br-Hex- co SEBS (4), Br-Hex-F5-CO-SEBS (3) o4 7}1.d 7] (carbonyl group) (-C=0)°l

ot 73k &4 peak (1680 e - 1600 cm ) 7} vbERG WA | Br-Hex-F5-SEBS (2)olA ¢+d3] Algkxl AL &
3 3 WkSo] A ow APHUSS Felstgity. 3k MESF e Zul %A (pentaf luorobenzoyl) 717F £

%) Br-Hex-F5-CO-SEBS (3)¢} Br-Hex-F5-SEBS (2)¢] 79 1480 cm ., 1320 cm . &3 1110 cm oA Aryl-F
peak 7} YEh= A& Sl fd FRE Sl

M=Z T JtuAlZ Jtwg 50x-SEBS =] Az 9 A

Br-Hex-F5-SEBS 2 a1 &A}¢} A= t}E 7}wA [DMA(dimethyl amine), TMHA(tetrametyl-1,6-hexanediamine) %
TDMAP(tris(dimethylaminomethyl)phenol)]&  AF&3}] in-situ A2} (membrane—cast ing) oAl 7}
(crosslinking) & FAlol X&ste] A F7<] 7kal 2 (50x-SEBSs) S A&t (&= 1)

Br-Hex-F5-SEBS 2¢] Br groupd] thdt A £7F¢ 7luAlel EH] S (molar ratio)& EF 50 mol%l2 FU3HA
zAsP. & Nuge A FFH TE BT 50402 2. oldd A FF stuAzr EA 29
< 3 I8l 4% IR F(their corresponding quaternary ammonium) o2 AT tha] e A FFHe
A2 T2 7taA7E 2 Este AR thE dEr]e 93E A Hrt.

o]% oz 7SS TMA(trimethyl amine) &Moo 2 Xe]sle] 7luA9F wH-331#] &k HollE Br-Hex-F5-
SEBS 29] Br 7](group)< tetramethyl quarternary ammonium (TQA)S.Z #A3St o]F ZHFHOoZ KOH &Hoz
g ste] SFo] == A1 (0H-)7] FEfe 7tuws AT, A= oE 7FwA] =, DMA, TMHA, 2 TDMAPO. = 50% 7}l
H Al FF9 SEBS 7bauhe 7hzh DMA-50x-SEBS, TMHA-50x-SEBS 2 TDMAP-50x-SEBSO.2 w3l on, dojxl
Al FFe Zraeke BE 35 - 40 um F79] flexibled FEl2 AHAT (= 4).

Aol A E79 7w ZH(50x-SEBSs) ¢ % EA1LS gel fraction, FT-IR 3% 2 XPS(X-ray photoelectron
spectroscopy) = ©]&3to] olFolHrt. 4, 7huE P A R gRlsty] HEl gel fractions FAIPOH,
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[0101]

[0102]

[0103]

[0104]

[0106]

[0107]

[0108]

ZIHSd 10-2024-0104543

7 7}z 98.54%(DMA-50x-SEBS), 98.26%(TMHA-50x-SEBS) 2 98.08%(TDMAP-50x-SEBS)¢] =& 3t& zt= A

x 1
Membrane Code<? DMA-50x-SEBS«’ TMHA-50x-SEBS< TDMAP-50x-SEBS:
Gel fraction(%)<’  98.54¢ 98.26¢ 98.08«

t}S- o2 FT-IR spectracolA ©3}ag4ol 7]<lst= 743k C-H stretching peak (2920- 2850cm o A) 2 SEBSQ

)

I3k (aromatic)ol 71913} C-H bending peak (1738cm olA), ze]ar HMEFEZF2 2 7] (penatfluoro group)ell

3+ 3] 3 (peak) (14&‘30—146O<:m71 ol A) <ol 7}uLe] o]k C-N stretching peak (1625cm o) 7F Al FF/FS 7}

up w4 Aol AAHNSE FASYT (% 5).

Lo

El

sAEeE A

F5Fo 7t 9(50x-SEBSs)9] 7Fal=(crosslinking degree)E XPS(X-ray photoelectron
spectroscopy)E &3

s theat zro] BAlElYdtt (% 6).

=, Br-Hex-F5-SEBS 2°] Ztil 9li= bromohexanoyl group®] Br(C-Br e, 66.8 eV © Agtel]~|(binding
energy)E 7Fd)3k, 2zt ZhaAlel WGl o)) 42 9FE (quaternary ammonium)©.2 {AFhE o] Ho]gow =
A5k Br(NBr Ful, 66.28 evel A% AUA 7H)el i peakel WA W] (area ratio)® AEATE. 1
73}, DNA-50x-SEBS, TMHA-50x-SEBS, 1]l TDMAP-50x-SEBS Al 7}A 7hmhe] Br(C-Br 2 N'-Br ) B

= oF 47:53, 51149, 52:489] WAHE zh= Zlo® YERon, o= 37k EE He] dx Haeigld 50
molts] 7hiER A9 ol Fol B &L ofu]F,

A FF2] 50x-SEBS membranes & TDMAP 7}ulAle] A9 & F 7luA|9+= €2 hydroxy (OH) groupe] EAs}

o o] B2} A}&7Ee] Jbil(crosslinking) ol FrrAR oz Ao 753 A (site)7t EATS 9n)

= 33y el A F=F9 7t TH(50x-SEBSs)S deionized watero] @] ¥ % 50% RH (room

humidity) Z4A 3polA AZX3 F FT-IRS SAHSAY (= 7). L A3}, DMA-50x-SEBS, TMHA-50x-SEBS 9lo] &

1

T WAL 3346 an | Ho® o]E(shift)H AL ANSATH. o] Z Ha TONAP-50x-SEBS ko] 7S TDMAP 7}
6é (e}

WAL} B Apeld] F74A1 424 A3t (hydrogen bonding)o]l B HAFS AT,

ol

F3 Eo 93k 0-H stretching vibration peako] 3404 e Bl A $E® Wb TDMAP-50x-SEBSS] 7

F7H o2 dry % wet conditiono|A] 50x-SEBSs®] Wx(density)E =A3sIct (% 2). = A3}, DMA-50x-
SEBS < TMHA-50x-SEBS < TDMAP-50x-SEBS <=©. 2 dry @ wet F71(condition) EFolA W=7} 718t A2
Ak, TDMAP-50x-SEBSS] 7§~ lollA] Aw st npe} o] 53 Ha288 & Bt ojyg} Frl4o= 5404
S B 2EA 9 AsEs FEE 7] wWEe e 7 7FA 2H(DMA-50x-SEBS and TMHA-50x-SEBS) tj
H O & 9xE HolA Hr}.
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[0109]

[0110]

[0111]

[0112]

[0114]

[0115]

[0116]

[0117]

ZIHS3d 10-2024-0104543

* 2
Density (g cm™)<’
Membrane Code«
Dry< Wets
DMA-50x-SEBS«’ 1.063 £ 0.003« 0.977 £ 0.005<
TMHA-50x-SEBS«’ 1.094 + 0.005¢ 1.022 £ 0.007<
TDMAP-50x-SEBS+<’ 1.107 £ 0.004< 1.037 £ 0.005«

o= E(water) R FAkst o] (hydroxide ions) ¥ 2t HXE7]|(conducting group) 7+e] o485 £A5
Z3H(MD: molecular dynamics) AlE# o] (simulation)S ©]-83¢F RDF(Radial Distribution Functions) ZI4HE:
Za4 gstdoh(= 8). L ZA3 HE7](conducting group) I & Alole] Az A8 7§ TMHA-50x-SEBS
9 DMA-50x-SEBS= F 70°] peak(4.6 A B 6.0 A) ®-& yeERdA whA| TDMAP-50x-SEBSS Al 7He] RDF
peak(1.7 A, 4.6 A % 6.0 A)7} YElW} (= 8a). RDF Aol A 424 A% (hydrogen bonding) I} #2 H|¥F
23 4522 (non-covalent bonding interaction) € 1.6 ~ 2.9 A Alo]o] Yel}= whd | AAV|H A&
22 (electrostatic interaction) = 4.0 A o|AdA Ueys Aoz dax Urt.

olglgh AadS, A=E7]9 hydroxide ions AFo]e] AEZ-ge tigh ROF ZioM e sdatA #AS5HJT (=
8b). &, FABIZI(0H  group)e]l EASIE TDMAP-50x-SEBSE 474 23 ¥kS-(hydrogen bonding
interaction)(1.3~3.2 AdlA), o] ®3(ionic interaction) (4.6 AdA), gz AH7] HrE
(electrostatic interaction) (5.7 A°lA)el d|Fsl= & 3 /N2 RDF peaks e WHH | TMHA-50x-SEBS 3}
DMA-50x-SEBS+= 2.& A 7] Whg-(electrostatic 1nteract10n) (5.7 AollA)ell aF3l= RDF peak WS YERY
Ak, olE Bl FAsA FAks7] (0H group)©] £AISH= TOMAP 71l A (= ZX=7])7F DNA 2 TMHA®l H]sA]
5 ¥k olyg} =43} o] (water and hydroxide ions) ZFe] U Z3F FAATS A3t AL FrHH o=
3}

=3l

s} ol Eol

4 9
=2 7]

Oll

P U

oj¢} Zo] '"HET|et FAE o] W ARV E'HY e FE AL EAE

2 A% YE9 A (hydrogen bonding network) @ ©] H¥kS-(ionic interaction)ol 94
hydrophilic area) £+ ©] XA A< (ion-conducting channel)& AT 4 9
53 Rl TDMAP-50x-SEBSS] 79 Rt} ddH RE2A 9 o] AELg 714 o=z 7|yl

(developed

tH, ol

o
T
o

o ot
¥ 9 1
ofr

Y

i)

=
T

IEC, 3&(water uptake), = HH-&(swelling ratio)

IEC (Ion Exchange Capacity):® a¥x}o] FA S(per weight) ©]2 HX%7](io-conducting head group)? 7A<
Z milli-equivalent® Yeld AL owu]3tt}. [ECE water uptake (WU), o] HAEILES Zo] So]2 wsiute]
=9 -3y 9 W7ty B ddbel] §3S m A& 8 AAM(factor) o]t}

Az A =79 7al 9H(50x-SEBSs) ] o] &2 IEC(theoretical IEC)¥ AT-A IERF(precursor polymer)2l
Br-Hex-F5-SEBS 2 al¥-%}¢] HNR spectracl Al Hs signal®} Hp, signal® Azl HE H= 3] AL
bromine”] 2] Z4¢}, AFE3F mE A9} 7}l A| (Br-Hex-F5-SEBS 2 2 DMA, TMHA, TDMAP)e] & ZH=o 2 HE AKXk
Ak, 1 A DMA—50X—SEBS, TMHA-50x-SEBS, —22]al TDMAP-50x-SEBS®] theoretical IECE Z+Z+ 2.29,
2.14, 723 2.13 meq - g O % ANHAT

Loz Ao A =7 50x-SEBS membranes 19 2132 IEC(experimental IEC)S <24 (back-titration)
WS o] g5ty SASFT. 1 AF, DMA-50x-SEBS, TMHA-50x-SEBS, TDMAP-50x-SEBS+= Z+zF 2.25, 2.12 %
2.11 meq - gilfﬂ FAE YA (£ 3). =, Al £79 50x-SEBS ¥ 1 & O]%/}} IEC(theoretical IEC)®}t
A HAFgH A3 [EC(experimental IEC) %k% 7 E e BEURE, 94 AF3 XPS HolE o FriHo=m

_‘[:_
Al F5Fel SEBS 7taul B oF 50 mol%e] MRS JpAE AL P o Qﬂéﬁiv}.
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bz o 22 =33 (water electrolysis)olA &2 hydroxide iong AE3|FE "i7A (medium) 2 2HE-3}7)

o, AEMe] IEC7} E7184% &g membraneQI =& (water uptake, WU) W3 F7FsHAl o] =& o] &A%

grs ¢ 9. a8y UF 52 W & 7HAe= 49 9 Bxd F&(over-swelling)S =3, 9]

3 ASE (membrane) ol 7]1AZH, EVH 549 Astel A FrhHor &9 'sAad ("dillution

effect')oll 93l o] MEZ Hgh FASHA ®vh. whaba AEMe] Adet o] WUE fsle &2 o2 AER
3

g 7 Al S VA SAAE #AE ¢ A= IECE 2dske Ao Fasit

2

f

ro i Mo ru9

SEBS= duFA © & aliphatic chain®] elasticd EA wj&io] W3 (aromaic) 2#A 3 (polymer backbone)
71%ke] ARMECTH A A o2 Wuel W& (swelling ratio: SH7F wl$- =, B dWgoE= A /79 7MuAS
&9 7ty akAl o Al2E FE elasticd SEBS awAb 74zl HEd WUE oAlsta, FUHA R 71AA
_]

24 w3 4w ez sluesl
3]
p =y

il

o7 Al FF2| 50x-SEBS membranes 1 2] WU} SW 2 20 T2} 80 Cold A3tk (F 3). =L A3} DMA-
50x-SEBS, TMHA-50x-SEBS 1#]iL TDMAP-50x-SEBS®H2 20 CollA Z+z} 133.7%, 36.0%, 54.3%%, 80 ColA Z+z+
186.4%, 61.8%, 71.3%°] W& 7HA= Z& F<lskddtt. o] F8l DIAE 7talAl= ARE-3 DMA-50x-SEBS ©] 7
-, 42 F 7 tawrd vlaekls o vilg 2 5o WE e AS g@Rlsglvk. E3$F, DMA-50x-SEBS
= 20 T2} 80 TCollA TMHA-50x-SEBS ¢} TDMAP-50x-SEBS @} th®] <F 3u] o] ¥ SWE yepdyr. ¥hd |
TDMAP-50x-SEBS =2] 7d9- phenolic %2 7luAl= 2l&] A%< Al&(aliphatic chain) FEje] 7talAlel] H]
A Ao ® FAA (flexibility)e]l AL, T3F OH groupell 93 =24 o R 2a) WU & SR7F a3 #o=
ZasiA © AR dekEr).

olo]l H]3sl] TMHA-50x-SEBS:= 7FulA] W] #4138l aliphatic chainthexyl, Co)oll &8 &Aool aA 7184 &

o] A E3F9] 50x-SEBS membranes % 7FF Ze WIS ztE= Aoz dAukHr),

it

#* 3
Water uptake ] )

IEC (meq-g! ¥ Swelling ratio(%o)¢’
Membrane (%)<
Code< 20°Ce 80°Ce 20°C<  80°Ce

The*  Exp®¢ 20°C« B0°Cs

(A< (AD< (AD= (A<

DMA-30x- 2.25¢

2.29€¢ 133.7¢ 186.4¢'28.9< 30.3¢ 18.6¢ 27.9¢
SEBS+ +0.02¢
TMHA-50x- 2.12¢

2.14¢ 36.0¢0  61.8<7 53¢ 12.7¢  5.8¢ 9.7¢
SEBS+’ +0.02¢
TDMAP-50x- 2.11<

2.13¢ 543« T71.3¢<0 9.0¢ 167 6.7¢ 13.0¢
SEBS+ +0.02¢

stheoretical values that calculated by 'H NMR spectras’
Yexperimental values that obtained by back titration+

71AH 2 44 54

TGA(thermogravimetric analysis) <} DSC(differential scanning calorimeter) 3AES %34 50x-SEBS
membranes®] A& ot (thermal stability)S ISR AT (= 9). WA TGA graphollAl= FA Al A<
thermal degradation® &% AF TAE FAT F Ak (= 9a). &, 100 T HAedA #As= 3 HA 2D
ae T dol gl & 52 Eof FuE Q] Uehue @A (weight loss)olth. dE AE i
20 ColA 549 4 w50 2= W7F 245 (5, TMHA-50x-SEBS < TDMAP-50x-SEBS < DMA-50x-SEBS) &

A% gah e o 5 9
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T OAA AF gas JtaArr ¥bg 3 A E7](conducting head group)®  AE  HEQl quaternary

ammonium(QA) ] 3= Q13 LAYSHA wvrh. ojuf AMEE Z; ZFuA ] FFol wEk 1 'E"_H 257t 254 b2

A JehtE AS o 4= 9o}k, DIG(derivative thermo gravimetry) curve® E3 Bt} AH8slA AL7)o] 23

52 BAF B Az, DMA, TMHA, 18]3 TDMAP 7} A|E AFg3st 7palute) XJ_FJ],] 3}1 exw= 7}7b 249
Cell

T, 260 C, Zzg]ar 257 ColA ®a7t dojuys A& 391}, vpx|ste 2 450 - 500 A AEE 2

C
g 7+A4 50x-SEBSs] A} F=ao Hefo] 7)<k},

27 o7 0 - 140 T % W oA DSCS =Astg o, 7 Ax} A 259 50x-SEBS membranes =5 %
HE oA 53k T, (glass transition temperature) peak®] #FHE| A &l (& 9b). UWbH o= SEBS
triblock copolymer: F 709l M2 2 ddol(thermal transition) (&F -50 CollA4] amorphousdt segment <l
Zgolddl  7|WSEBS  F3Y (polyethylene-based SEBS backbone)ell 7]¢l3l= T,9F °F 60 TCollA hardd

polystyrene segmento] 7|%sl= 7, )& 7k, o]o] uks], 50x-SEBSs9] AH$-, HIAEHHA AHAIWHE

(polystyrene segment)oll 7|3t 7, o] 2% WA= I,7F VeERGR] @gkon | o]i= SEBSO| &7

(fluorine?])9] =S &3 Astd A4 9 7w 73 =9o= Qg 944 dgert FHASS on|shy,
=y

w3l A (wvater electrolysis)?t 7% = &% 272 60 - 80 T oA EH o= oIS on|3ir),

AEM & 33l (water electrolysis)ollXl F4k3} o] (hydroxide ion)& Z HEd|F= A o
S (anode) 9t %= (cathode) S HHAA F+= B U(separator)d &= slojok dt oo wlg} B9 A&
3H Hs-S 53 °k1(cathode)°ﬂ/‘1 A8 44 (hydrogen)©] &= (anode)Z 02, I8]31 &= (anode)ol A XA
AF4(oxygen)©] %= (cathode)Zo 2 Hoj7l= AR 22 W (cross-over)d A8 T3l S Q3lt}. o]= AEMWE
7P aFete s 2l }E"’ﬂ w2} = (cathode)ol A LAE = H7F S (anode) % o2 Wol7ts ' AR20H
(hydrogen crossover)' @7Fo] WA 4= 9lom  oli= AEMIE A(cell) 452 E3(degradation)S FT
3} 5

1)
ATk, wEbs 2@ (separator) ZA] ARNM-S lﬂ:‘?% A7 oA Qe 43 VAAA A 2w 4

~— T Aas

olo] wa} Al FF2 50x-SEBS membranes®] 7]1A1Z &S 50% RH(relative humldlty) Z7A oA -y
g %ﬁ(stress strain curve)E F743sle] B W&} T}, A3} TDMAP-50x-SEBSS] 7 9- elasticdt SEBS 7wk
o] mERIEE E5tal oF 18 Mpao] Ati¥o = lﬂ:‘?% 3 (stress) #S 7HA= 34\3 gelsh 4 o (=

1 (st
10a). ©]& TDMAP-50x-SEBS o] phenolic -3¢ 7[oAE zta o], oM 50 % RH =71 slollA] IR spectra
Sl Folgh ulel o] FrpH el FAAT o 9% Ea] %<l slal(physical crosslinking) &¥fol] ol t}
T 7FA 9 ] A S8 (stress) S HolA HE Aoz ddwEch. whA | DMA-50x-SEBSE 12.3 MPag] ¥
1% 2 (tensile stress) #t(value)Z zted] o] DMA-50x-SEBS o] zte %2 Wuol o3k 7143t &} u
o2 ek},

Hafo o

ru]o

, Al F7F<] 50x-SEBS membranes®] W& E(strain) a2 2% S (tensile stess)IE= Hhle] H3S H
a= ., TDMAP-50x-SEBS(56%) < TMHA-50x-SEBS(89%) < DMA-50x-SEBS (115%) <o 2 vEltow  ol&= &

% shast Gvtel 9% Ao waE),

L2 9 o
o N
32

F7FH o2 50x-SEBS membranes®] Young's modulus #S F3ol Hu¥E F3tE Ao SEBS Alde] Heut
(SEBS membranes with enhanced hydrophobicity) % SEBSE 7]y¥lo =& 7}al 2H(SEBS-based crosslinked
membranes) E¥ vlusATt (= 11). 2 23, M FF2 50x-SEBS membranes =T 7]& Z3tE 45449
SEBS AlFe] #2832 (red dotted box) % SEBSE 7]¥to.= g 7Fuwl9h(blue dotted box)Eel] WA 453 =2
Young's modulus #< Ze AS AT,

ok 0‘

3] TDMAP-50x-SEBSS] 7-9-, 7|2 SEBS Alde] ¥2qt 9 7}nd ARMsoll ®&|A <F 3u] o] w& <1 7

=
—_—I‘O
Z(tensile strength)®} Young's modulusS Zt:= 5 953 71A14 B4 e,

50x-SEBS membranes®] 53 7| AA EAS ulg oz A E7{9 50x-SEBS membranesd 4 FHEE F714
o7 =A3Pon, 1 A DMA-50x-SEBS (30.3 barrer) > TMHA-50x-SEBS (21.6 barrer) > TDMAP-50x-
SEBS(10.4 barrer)®] 22 4 FHE7F IA A (X 11). TMHA-50x-SEBS®] 7-9- 7FaA ol EA)38k
£ AW% Al (aliphatic chain) (hexyl, Co)2l 1% (entanglement)Z <13 DMA-50x-SEBS BF ti®] <F 2w A

o S T3 (hydrogen permeability)E YER®, TDMAP-50x-SEBSS] 74-%- OH-groupe Z=AZ <13 <=
gholl o8] @A AF&E (polymer chain) b 317 (packing)o] & =Hof Q7] wliel 7 W FHEE Ho

B b
N
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=
oleldt AES vigoR HIH AFAdS zHe SEBSH 3 79 JtuAlE =8 7Fald 50x-SEBS membranes
] ] ! T2 F3% (hydrogen permeability)E YeERAR S, 53] TDMAP-
3 A= QA& 7P s 54S YERISY.

Al F7F9] 50x-SEBS membranes®] & E|E(mophology)E AFM (Atomic Force Microscopy), TEM (Transmission
electron microscope) L& il XRD (X-ray diffraction)< o]-&3a] Hlxw % FA3}.

M 50x-SEBS membranes®] AFM ™ o]v|X|(surface image)S 50% RH 7 3d}ol|l A H]u3}e] Z} membrane?] ©]
£ A9 (ion channel)e A 2 B E vuwsdr; (= 12a-12¢). 2 A3, BE 50x-SEBS membraneso] A ©]

A #2E = W44 (hydrophilic) 993 WAl #&5 = &4 (hydrophobic) 99 7+ g7l YElRS
o oF 2 g}
S .

= =2 1

DMA-50x-SEBS®] -, =& Wloz 2s|A 424 (hydrophobic) thH] Z14+4 (hydrophilic) 99 (area)”} o 2
o] wAxH Qv AE gl F AN, AW o= o] Ad(ion channel)A 4 gelsty] oo, w3t
TMHA-50x-SEBS ¢] 79 %=, DMA-50x-SEBS 13401] H a4 o] W< (ion chamnel)o] © AZAEo] 9 RS ol

g JARE, o] F A 9 RFE Hojuk A FEE Hole A& ofyth. oo Rl TDMAP-50x-SEBS 9he]
A, 92 W= Estn dubdos z %%%(well—developed) o]2 A< (ion channel)< 3.3/‘3’8}34 wr}
FHE Y BEE Holv AL #5F 4 . oyd AAE JtuAl(EE AET])e| Fxd 71 AR 3t
o=l DMA, TMHA®F €], TDMAPS] 749 3=7F4 92l hydroxy group= 7FAal lo] 4 ZATS B3 B3 9 A}
o] sArgo] FFE7] otk

Sk, AEMWES A AEM®] EEZX]&= 50% RHZF obd, ¥ ZZ('in water condition') ©lA¢] BEZA L o
£ WE Zlow dddnt. a1y, B x2elA ST ¢ gle AR 71719 AR 1E A 25 WE S
’Jefoll 9] 50x-SEBS membranes®] AFM surface imagesE #413}3lth. ol& H38] 20 T Eol & B9 £ &
oA HAZAA HA| A (water electrolysis) & F73 FASE AHAA ] ZREZZAE & A
I, & A glo] SAHIARM images (& 12a-12¢)9F BluLdle] Al /2] 50x-SEBS membranes H5F &
FAE = AS 90T ¢ Uk, BHuh FAF o2, TMHA-50x-SEBS9He] 79 it =& wa-S AH
T 12e)elA 9] o] A (ion channel)o] ¥ dAAHo] v AL FAF F AAARF o] A (ion channel)
o A7l= & AFSHA &2 27 (= 12b)olAet vk o= ujs=sir). ¥HH DMA-50x-SEBSHHe] 75, <Fzhe
o o

ES HFe FHAA U S7kd 244 99 (hydrophilic area) ¥ (distribution)E Hol= AL g
T At (X 12e). o], 20 TolA DMA-50x-SEBSS] WU7F TMHA-50x-SEBS 2+ thu] <F 3.78) o} 3£7] wjio] 1
o e g B FEAgge Vst AR ddEnt. F5E AL, B A glol S A vsA oF
ko] B8 HFE el M2 surface morphologyZ} 71 o] W3 ASTDMAP-50x-SEBSC.2, | qhe] 72§
g2 5 7luAlE 717 membranes (DMA-50x-SEBS and TMHA-50x-SEBS)oll ®H]3jA] wrghwl o] Ad(well-

developed ion channel)<S BAsIH o2 <3 FHE A 28l& 7K AL AT = o (= 120). o8
A3E E3&), 'in water condition'oA TFEH+= 78 A% (cell performance of water electrolysis)+:
TDMAP-50x-SEBST}o] 7} =& 455 HY Zo =z Jdizc.

TEM surface image®%1S 3@ 50x-SEBS membranes®] morphologys 3712 o ® EAsgtt. ¢4, BE 50x-
SEBS membranesolA] Az (defect)’} #=HA Fton | #AdH(uniform) THEL vebidth. =3 DMA-50x-
SEBS < TMHA-50x-SEBS < TDMAP-50x-SEBS ¢] +o 2 © =& "UHE9 o] ZF#~E(ion cluster)E A3

ASS BST = YAt o= G ARNIIAM Y AEA T dXsF T (= 12g-121).
t}&-o 2 XRDE &3] =43 SAXS(small-angle X-ray scattering) Elo|E|Z %3] 50x-SEBS membranes®] o]
Ze]2Eo A7)9 MdS vt (& 13 2 ¥ 4). 1 A7} DMA-50x-SEBS ¢} TMHA-50x-SEBSS, 0.1459 A

A st q valueZ
Zel2HE JAs= A
%, 4.29 nm <l 7 7

<& g value #& 7lF2

7FA 3, ©]& Bragg's laws &3 A oF, 4.31 mm] d-spacing S ZEE o]
o13}it}y. whA | okA ARMI TEMel A 7H4 A E8]7F $5=3F TDMAP-50x-SEBS9] 73
01 nm®} 13.17 nm oA 2 7H€] 9] (peak) 7} F7FHA o2 Yetui vk, =, 71
1g, 1.89q, 3.07q 184 & 3709 o] & 2H A (ion cluster peak)”} }E}
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‘&3l TDMAP-50x-SEBS7} 7Fd A d € (aligned) & w25 7Ht

e As & © As @3, ol phenolic
ZhaA ol odk =223 (hydrogen-bonding) ol olsl g =he] Aol S7bshAl Ho] Bup wEE o]
A'd (well-developed ionic channel)S @38k, F¥ =3o] Fozrgo] o8 o =distd & L& Hol
T Bo® gyt
£ 4
Membrane code<” Scattering vector (A-1)< d-spacing (nm)’
DMA-50x-SEBS+ 0.1459(1q)< 431«
TMHA-50x-SEBS+! 0.1459(1g)< 431«
0.0477(1gq)< 13.17<
TDMAP-50x-SEBS+ 0.0897(1.89g) 7.01<
0.1467(3.07¢) 4.29¢

%A= cathodeol| Al AAFE OH (hydroxide ion)©] anode & ©]53FHA cathodedl Al H,2 AAE 7] wjiof,
o2 HELi AEMIES] A As3 HAAHEE T8 84 T ol ol wl, Al FF 50x-SEBS

membranes <] —’Fﬁﬁ} o] HE% (hydroxide ion conductivity)E 20 C - 80 C &% M99 E(in water)olAl
SAst ZtuA(EE AEr])e TRl o2 s e o] A% EAS #ESUTE (£ 5).

=4 A3, TMHA-50x-SEBS < DMA-50x-SEBS < TDMAP-50x-SEBS «=o.& W=7} Z718k% o n TDMAP-50x-SEBS7F
31.8 - 109.9 mS - om M99 FF B AREE YehlE AL 9 4 AL, TMHA-50x-SEBS 7} 31.0 - 92.1
ms - em o] WMo 7h e AREE YEhe AS RIS (£ 5). 28y Al TR/ AEMszHe] IEC o]
7} 9)7] wjEel IECe] W3 &= wiAg 5 M=% (normalized conductivity)ES AAFSe] vlus| Bk} (=
14a). 1 A3} o] AELo Azl £x¢ TF HAEXE(normalized conductivity) X IEC7} 7FF 2&
TDMAP-50x-SEBS Bto] 714 we AnEs ndrh. =, 714 Be A% 582 2= Aow ARHAY. ot AT
uto] AFM % TEM imageoll A <13t wmio} o], E(water)Ie] & Asxgo=w Qs 7HF FHoju mE =X
(morphology)& 2t7] wjio|t}.

¥ 5

OH- Conductivity (mS-cm-!)<

20 °Ce 40 °C< 60 °C<* 80 °C<
DMA-50x-SEBS < 31.04024¢  49.840.13¢  70.0£0.472  93.6£0.52¢
TMHA-50x-SEBS<  27.120.167  49.1+1.08¢  69.8+0.162  92.1£0.24¢
TDMAP-50x-SEBS¢  31.8+0.17¢  52.040.57¢  702+0.57<  109.9+0.80

Z7FA o2 50x-SEBS membranes®] IEC tH] %F HEEZE SEBS Alde &2 (membrane)d} SEBSE 7|ylo =
St 7} 2(SEBS-based crosslinked membranes), 2 38 A=) Tokuyama: A201%2} Fumatech: FAA-3 &3
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WSk (= 14b). 2 A3 Al 7FA] 50x-SEBSs EF+ 715 SEBS Ald 2] wh(blue dotted box)¥} SEBSE 7|Wk
2 3k 7Fa % (red dotted box), ZL#]al F83}E 9(black dotted box)ol H|3] H H& X+ AELE zte

AL 91519t 53], TDMAP-50x-SEBS:= Al 7FA] 50x-SEBSs % 7b8 W& IEC (2.11 meq - g )E 7Hdol® &
i

o222 50x-SEBS membranes®] 20 C - 80 T WH oA o] H=xE F3}& (hydration number: A valu
e)ol 3] JeEMATE (& 15). 9FA TSL?E]' vle} o] E-(water)S o] AX9 w/A (medium) = F&3ln=
3

ARMO A A=7] & HE 5 U= 29 A4, &, 8 (hydration number: A value)”’} ¥&45% dutygo=
g ol A 85 Ze AL vt}

- DMA-50x-SEBSell H]a|A] o] W& F8}&8 29k 312(80 C)ellA 7 e A
EEE YERAAT. 7 ES ol AE &8s YeEhi B} ub | DMA-50x-SEBSE 7HE & A valueZ
7Hell = =tskal TDMAP—SOx— EBSHIH] & 2= W o3l v AErEE YEhlSdT. o] DMA-50x-SEBS®]
#x3 43} e (over-hydration state)oll 2ls] 2t '3)A &y ('dilution effect')ol] 93] 238 o]
T g&o] ASH =AY wiEoltt.

g"]:z‘stzﬁ o]-qug
A 59 50x-SEBS membranes®] &Z+e] ¢FA A (alkaline stability)S elstr] $98) 2M KOH solution at 80
C =7 slollA 864413 &9t 2t BES RSt & o] Hxel IEC gh(value)] A9 U4 AlZtuich o2 ®
35 3o (& 16), FT-IR spectrums B3) 864A1%F A, & #u3vl (& 17).

]

WA o] Anio WIS AVEW Z7] AEX fiy] 864417t o]F AXE FA&o] Al A 9 wF 93.3 -
A% H9E UeEhi I F TMHA-50x-SEBS7F 96.1%2] 714 =& #A&S YERAY (= 16a). 864417
S 94.7 - 98 4%9] 1EC fFA&S b= AS AT = A%aL, 53] TMHA-50x-SEBSEHo] 98.4%<]

S HEE IECE fFAEtE AL F9 4 g (2 16b). F, o] AEE fA& 2 IC #X& &
S 3] TMHA-50x-SEBS > TDMAP-50x-SEBS > DMA-50x-SEBSY] o & =& Uzl ¢rA A (alkaline stabilit
S A= AE A, oelg AFAAS 7= ol R 94 JAS RERAE o&s AYdE 5 3

. = A2 g2 JlaA(Es A7) 7)jed & dA4% ZEZZ 2 (vell-developed morphology)] 73kA
o] wa} &z+e] ZA(alkaline condition) 3ol OH o <& 8184 28] (chemical degradation)S WU} &I}
Aoz odAdE & Y Aow wddrt, 53], TDMAP-50x-SEBS o] 7Z$-, OH o <%
7 FHefsk Aeow AHz WA zE] ¢ X (benzylic position)E 7FA3L Q) 2
7H =2 TMHA-50x-SEBS®2} vlwdle] 0.6 % 2po]Z A9 H|&=3 AAHEE 7iHxal & 4 9t (TMHA 50x-
N T
o

r-lu:
o
~~
oL
[e]
0Q
S
o
[aN
o
5
O
=}
~—
2

SEBSS} TDMAP-50x-SEBS+:= 864A)%F o] % Z}z} 96.1% 2 95.5% o] FAl&
= TMHA-50x-SEBS 2z} wlalate] 0.5%9] fo]l& <] H]52d [EC fA&S
o TOWP-50x-SEBSS] ohzre] SHAEsl Sharsl 20 Wb olueh, TP FhaLdlel 714l
7H FEE A BEE Holr] wlEd s|lY membrane?] 384 WA (chemical resistance)S AA7IEH 71¢)
3 oz yekEc),

o
I->

FrtH o7 dZke] g% E|A~E(alkaline stability test) ©]% FT-IR A#E=Z 9] BAS Eg uizte] 1+x
W32 ghelstitt (= 17). FT-IRoIA] TMHA-50x-SEBS¢} TDMAP-50x-SEBS F 7}A] e ¢4 % E|AE o] 3o %
Z W37 glo] A9 Fddoer, oF FI FxH WIE e Aow It oy, g &dE o4

T7F W& DMA-50x-SEBS BFe] 79 C-N stretching®l] 31%38l= peak(at 1630 cm )«] BTt HRE o]F <7t

sttt o2 Ea OH ol 93] HA%7](conducting head group)®] a7l d¥ APHUSS 3 5
o]r/}
AA .

Agsld, Al FF9 50x-SEBS membranest 2 M KOH solution at 80 C¢ <Z+e] %7 (alkaline condition) 9l
ME R 7)) g HE WEEY IEC T Wyt A e, ojyd - &z kA (alkaline
stability)+s BH]o}H o€ 2 F4(non-aryl ether backbone) TFZ& 2Zi+= SEBSO| F714 o2 E47](fluorine
unit)e] E£9& B3 25AdY 3t 9@ JFal(crosslinking)d E9S B3 nEA F2 2 AE7)(conducting
head group)®] <zte] ¢tgAel Z71El oz orEh, Wuk olu@} 50x-SEBS membranes®] 4F -] (phase
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separation) W3k 334 <A A (chemical stability)S 3AHA 7]+ 7]2181% T},

202 Al 7FA] 50x-SEBS membranes®] 2F3}oFA A (oxidative stability)S =33}7] 98l 60 CTolAl 120 A
7F =<t % A¥ (Fenton test)S &I (& 18a). L A3}, DMA-50x-SEBS, TMHA-50x-SEBS, TDMAP—BOx—
SEBS-> all® AlZF o] Z+7t 83.3%, 92.1%, 90%] A FAES UEhIATE. DMA-50x-SEBS®] - tHE F
& (TMHA-50x-SEBS, TDMAP-50x-SEBS)ol ®]slA Wlmz & A3 7+ (weight loss)E BFth. o]=idk AFakL 120
Al 7F Eotol A3} <A ® Bl AE(oxidative stability test) ©]3 Z} membrane® A W3S Edix = e
T AT (= 18b-18g). =, DMA-50x-SEBS o] 714 woll = A A Wals yYeldt. o1& F8lA DMA-50x-
SEBSEHe 4k3} ¢ %= HlAE Z7(oxidative stability test condition)ollA AAE #t]z(radical)el <]aH
7bg Bol Fa7F HAvha & ¢ o, & F TR st $Y9 23 StellA nlaA kA ek Akst gk

qog A3} eFY % (oxidative stability):® membrane?]
A ;. webA DMA-50x-SEBS 7} 71 W& Algl Qb T E Bo) &
o Ao} o] s o] 7HX= W A FE 54 7IQIEe Aow dvkEn.

™
rk?—‘ rlr o%

B A 53 gaE
mxjeto g2 - et ARMsS o] 8@ AEMWE @] dA el A~E(single cell test)E R3q3FT (= 19). A As
(cell performance)-> 50x-SEBS membranesE AF&3}le] 1 M KOH solution 2 70 CeolA F43F3it).

DMA-50x-SEBS ®t¢e] A9 H=d H & (swelling)oZ Qs At = A= A A (membrane electrode
assenbly, MEA)S] AlZbel wj$ o]elgo] Qqith. olo] wet TMHA-50x-SEBS F TDMAP-50x-SEBS § 7} mho.=

MEAE A|Zsle] ARMWE ©H91dA] B 2EE X&stsivt. 1 23}, TDMAP-50x-SEBS®re] 1.8 VellA] 740 mA - on’ 2

7+ %5% A5 BQ, TMHA-50x-SEBSUHe] 749 1.8 VOlA o] Hrh %3 W& 706 mA-cem o 452 g
Holok (2 19 2 % 6). ol & 2Z27 9 o HEL AEgH dXste AHBEA 4 £8 2 o2 HE
=7} 7}20 43+ TDMAP-50x-SEBS®o] 7}d =& Al A5 (cell performance)< YERJATE.
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Astel Hwalgdom, 1 A3}, TMHA-50x-SEBS ¥} TDMAP-50x-SEBS =+ %% FAA-3-50 (1.8 VOlA] 701 mA - cm )
Elﬂr =0 A s =S y_cmﬂr

#6
Membrane Code<’ TMHA-50x-SEBS+' TDMAP-50x-SEBS+' FAA-3-50+
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. =273
il 1,107 (2.0V)< 1.190 (2.0V)& 946 (2.0V)

AU

upx] ek o & TMHA-50x-SEBS I} TDMAP-50x-SEBS #2]ute] % membraned ©o]-&3% 4
o] 2 uFES o] &3 7|E %?ﬂ%oﬂ Ry 38 de 2zt vjus) E%Uﬂr (
w % (catalyst loading), ©]& (ionomer), &%, % (flow rate) 5 CTFY3F

b A el Hae ol

Aal des w383k &
20). AEMWES] A A% =

=
W= (parameters)Sol o]&3}

1 AT, B odrgol| A /g TMHA-50x-SEBST} TDMAP-50x-SEBSS] 79 wre Zujeks Al 3o ey 28
of Wiyl A83tE ARMo| Hla] wtx &e dd A XSS wrl. o]E Ea B ubgox e AgAlo]
3}¥l SEBSol TMHAS} TDMAPCO. 2 7}w 3k Eajube] -9 ARMIER A4 7HeAdS vy

ool MWE B ww@e, B odge] &ak slEReplM B A4 2bd Aol gloiA B we] A%
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