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7 A A
FrHY
A7 1
SEBS(polystyrene-b-poly(ethylene-co-butylene)-h-polystyrene) =2l F3](polymer backbone)o] ZH7}A|
(side chains)el] 44 HAYE (hydrophilic pendant)®EA A 4% 4R F (hexyl quaternary ammonium) (HQ

A#, 244 AU E (hydrophobic pendant) &4 EA X3} WlZY (fluorine-substituted benzoyl)S LT E
A -2424 HlAHE SEBS(hydrophilic-hydrophobic comb-type SEBS)E ¥3sl:= Sol2 wshut,

ol

Ol

S
2

A1

A7 A /‘é ANE (hydrophobic pendant)i/ﬂ B2 %3k Wiz (fluorine-substituted benzoyl)& Hx=ZFQ
3] vl ¥ X% wlZz<A(pentafluorine-substituted
benzoyl) %9] 01: el AL ERJoR Fe= % sl SEBS(hydrophilic-hydrophobic comb—

gole myo,

<
k=]

@D

w2
[e2)]
(os)
N
i
B
i
[0
2
i

7] 2424 AU E (hydrophobic pendant) 24 &4 X8 HlZ YU (fluorine-substituted benzoyl)S HEFEZF L
2 X3 wxY(pentafluorine-substituted benzoyl)el AL EAHoR 3= HFA-2FA  HAY
SEBS(hydrophilic-hydrophobic comb-type SEBS)E X 3$tél= So|2 w3huf,

AT 4

A7) HAFEAd-4254 WA SEBS(hydrophi lic-hydrophobic comb-type SEBS)& B4 Azt 7M7)} Z7)&o] o}
g W5g ZRle] dAdAel FTUketE AS §Ao=R dtve WFA4-4AA 94 SEBS(hydrophilic-

-type SEBS)E ¥ &3t S0l nshut

U‘

hydrophobic com

A7) H4A-244 =12 SEBS(hydrophilic-hydrophobic comb-type SEBS)+: &4 dxpe] sl=7F =71gl wh
2t AF Y% (current density)et 33 ¥ Wi (peak power density)7} F7Fehs A& EHOR dh= AFA
-9 1148 SEBS(hydrophilic-hydrophobic comb-type SEBS)E ¥3}sl= S-o]= skl

A7) R -4254 WA SEBS(hydrophi lic-hydrophobic comb-type SEBS)& AFA o2 /A3 A &
=4 W24 (hydrophilic comb-type) SEBS(HQA-SEBS)ell Hldle] ©f & o] ZFelxyr) dAE ZAS 540w

_3_
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3= HeA-AaAl "WIAE SEBS(hydrophilic-hydrophobic comb-type SEBS)ES ¥383}+= So]2 w3,

A7 R A4 M14HE SEBS(hydrophilic-hydrophobic comb-type SEBS)E AFAd oz /A3 wA] &e 3
=4 W2 (hydrophilic comb-type) SEBS(HQA-SEBS)d H]&}e] U] =& &<4=&(water uptake, WU)I t©] <&
HE S (swelling ratio, WS e AL EAo=Z = IAFA-244 vIAE SEBS(hydrophilic-hydrophobic

comb-type SEBS)E X33l o] ushul,

A3 8
poly(styrene-b-(ethylene-co-butylene)-b-styrene) (SEBS) AFTEF F5EA (triblock copolymer)E 6-

BHC(Bromohexanoy! chloride)®} ¥F&2- 3}o] 6-bromohexanoyl SEBS (BrHex-CO-SEBS)ES A 3t+= WAl

271 BrHex-CO-SEBS®] 7}¥.d7”|(carbonyl group)ES 32| TFAQ} triethylsilaned AF&3te] <4 7](alkyl
group) = &Y (reduction)*]# 6-bromohexyl SEBS (BrHex-SEBS)E &HAdst= WAl

2}7] BrHex-SEBS®} 494 #W E (hydrophobic pendant)®A EA X8 W ZYU(fluorine-substituted benzoy
07\171 BERrIAN Z2oadxd AWE-T18ZE (bromohexyl fluorobenzoyl pendant-grafted) SEBS

E-718 2 E (bromohexyl fluorobenzoyl pendant-grafted) SEBSel| ths]
TMA oz Aoz, Al INUE(hydrophilic pendant)@A A 43 R HF(hexyl quaternary
ammonium) (HQA)¥}, A4 Y E(hydrophobic pendant)ZA E2A& X8 WZU(fluorine-substituted

benzoyl)S ZHZE FFE3 34A -4 HUI2E SEBS(hydrophilic-hydrophobic comb-type SEBS)Z w}id &}
GA; S X385 A -AA H148 SEBS(hydrophilic-hydrophobic comb-type SEBS)ES ¥3}sl= 20>

v AetZEF e 23 W% (pentafluorine-substituted
benzoyl) <9 01“ sl AS EHo= e HFA-49A WAE SEBS(hydrophilic-hydrophobic comb-

type SEBS)E E3tats ol wdhel Ay,

A7) 244 Y E (hydrophobic pendant) 24 B4 28+ WlZ <Y (fluorine-substituted benzoyl)& HEFZFQ
Y X% WxA(pentafluorine-substituted benzoyl)?l AE EAoR 3= IFA-2FA  HAY
SEBS(hydrophilic-hydrophobic comb-type SEBS)E Ea3sl:= o] ndul A|xHY .

A7 11

A7) JgA]-2474 "lAE SEBS(hydrophilic-hydrophobic comb-type SEBS)+ &4 X9 /l4=7} S71g] o}

_4_



[0001]

[0002]

[0003]
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g M4 muele] dAXo] Fykeste AS EAoR sl A4A-A4A Ward SEBS(hydrophilic-
hydrophobic comb-type SEBS)E ¥ &3l 20| waul A xHy

AT 12

A7) AeAd-A2Ad Wake SEBS(hydrophilic-hydrophobic comb-type SEBS)E E24 Axe) 757 Z713to] uw}

2} AF WX (current density)® M3 A2 U (peak power density)’} F7}sle AL ER o= 3= A
-2 Wl4k4 SEBS(hydrophilic-hydrophobic comb-type SEBS)E Xgab= £o]2 wdhuf Az,

7] R4A-294d Y14 SEBS(hydrophilic-hydrophobic comb-type SEBS)& AAdo=® /fAs) A ke %
4 W43 (hydrophilic comb-type) SEBS(HQA-SEBS)ell ®lste]l 1 & o2 E#AE7E FAFE AE 5=
3l H4A-444 HlAE SEBS(hydrophilic-hydrophobic comb-type SEBS)E ¥ 3+al ol mehd Alzxw
‘?3

ATE 14

A7) HAFEAd-4254 WA SEBS(hydrophi lic-hydrophobic comb-type SEBS)E AFA oz /A3 A &
(s}

44 ¥4+ (hydrophilic comb-type) SEBS(HQA-SEBS)®ll ®W|&}e] U] ¥& &<4&(water uptake, WU)I} ©] &
HEE(swelling ratio, NS 2= AL EAo=R 3= IAFA-254 HIAE SEBS(hydrophilic-hydrophobic

comb-type SEBS)E ¥ ¥ sl o] nd A=y,
o] v
A2 sk A8 AMgEo R A%k 37

o
A AAA SR weEA Gitea gl A
HHow Az WA= I8A Ve
[e]
[e)

¢

2L

.
< Wt 7k e A8 Z X (anion exchange membrane-based alkaline fuel cell, AEMAFC)& i1 &g
Aol o we A 39 98 (oxygen reduction reaction, ORR)S & 4= 9lo] H] AFEA Ful<]
&o] 7besly gk, H] FE3F g3l A Z2] ™ (non—perfluorinated hydrocarbon polymer) 7|¥Fe] So] 1L
39 (anion exchange membrane, AEM)S &&3lmz ofo]e wH9 7|dk o1& X (proton exchange membrane-
based fuel cell, PEMFC)oll ®lalA 2 7H4 BAHS zh=th. ofo wheba] ARNAFC: Ad 10d3F & #4ls

7

o

olglgh FHol = EF-3taL, AEMAFCE Al 2k A &ol lo] PEMFCOl H|al] ofd3s] 3t FAA vk, o]z
A2 AY7EA7F JAIRE 58] PEMO. 24 Nafionol] W= vbgh & o] Axke &, 334 AR E
ARM A7} ob2] s A 3k Ak F o7k Hal vk, mebx ARMARCTE 71<E¢] PEMFC 7]&s ddi=
=2 pH 24 3leA 4418 o] (hydroxide ion) A& 2

e W Gy st F2 A (52 ¢ZE]) S e ARMS] Jie] HgA ot
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AEM®] 4F3} o] 2 HEEE FAFE =52 o]& 3 A5 (ion exchange capacity, IEC)E 2zt PEMo| )3
A3 e Holn, o] OH 7} 2 e o] o]EA (ion mobility) (H oiul)el 7118}, Yubdow
A a1EZ}(ion-conducting polymer)ol A o] HEEE =U 4 = AHHo|HAE
7HE rast e IECE =olv Aok, ey IEC7F =obAlH dld “H(membrane) 2] WU(SH&)o] M2
P A5 zZgo] okstE = glon | oo whg}l Bl WS (swelling) S *

)
T
=
=
=
)
e
o
o
rlo
2
ol

of B84 EA #AE xSk Ad. weba, od digh A=FH ok [ECE HEsH S7HAI7IA @i O
o] ARLE 7M1= AolH, o] digte] A5 ARM /S 18] 5o},

38, PEM 224 7FF RAAFH o7 ALEEF+= A5 Nafiond A9 FZF 2L E A (perfulorosulfonic acid,
PFSA) ] Fx=2 Ho] lom & (sulfonic acid) S ZHe I4A 939 AgAde] WA A PIFE(EZZHEZ
ZRozddd) o] # HeEHo] HE5I Y =59 uA -2 (nicrophase separation)E Z s, o]

of wel 2 ol Ak AE UEHAZ FAEA drk. o]2 As) & o] A&7t 7Heske] 1 mequiv/g
T w2 IEC gholm= Eteta vl g2 o] AmkE uehiA @t

ABMOI A olsh o] AR IECEIol A R4 P2 Aol FaA ol AREE ko7 98 we wo| o
Told gtk $H, AFH-REA vlolARE mdlel e JRelE

Fol, 154 vholaz =

Holth, Hiel, WHH A=
Qdake] AE IEC @olA teE
A Q5 FHom ;

2
el g3 B REAE Fulas B

olef e Alme] Hgo] AAHO AT,
Aol 14 wol BeHT At AFE &

head group) Abololl o]l ZIF(spacer group)S EdA 4B AE Fol o] HALrld #AA
(flexibility) S Fg SAl] EgE fFEshes 44 34 el (hydrophilic comb-type)®] L&A} F-%
o Ao|t}. t-gE= AEMS [ECS] AT F7F flol® e o] HE AsS YeldAR, & gye g
Pt (Morphology) ¥ ©]2 1gk mjg- & o]& Zo|xE9] PO 2 ety H=gt FF&EW) I B&E dAdol
A #EE 7| = Selh.

o Zabsl o] L (hydroxide ion, OH ) AEme} 34 ARMS A4312 93] sl Ao & o]/t 1 9 247
g sl A g At mHo] S Folv= otk ARMO EEl, A kA At i x4
o] ZA%7](conducting head group)®] &7 1L o]E9 A oA A e} ol wetA A A @
o Ad 10odz7E o] sk FEdAe] REHER Fo] o|Folx gfon, FHTd= Hiu & AdAHAGS ZAE Ao

1=

2 g#A "ol oHZ E}Y(non-aryl ether—type)?] E¥E2 F&(polymer backbone) AFe] EAE,
poly(phenylene)(PP), poly(ethylene-co-tetrafluoroethylene)(PETFE), poly(styrene)(PS), spiro-ionene,
polybenzimidazolium(PBI), % poly(olefin)(PP <& PE) o] A% i},

Tk, o] A %7](Conducting head group) #FHFAAM = 3| 43 LEF7](quaternary ammonium group)”’} 7}
Z wo] &8y 9oy}, piperidium(Pip), pyrrolidinium (Py), 6-azonia-spiro [5,5] undecane (ASU), &
5-azonia-spiro [4,4] nonane (ASN)¥} 2 33 dRUE FEA4 Adx &3] A= o).

g J§
ddstel= A



[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

ZIHSd 10-2023-0021509

B el ol HesHE 2 A
2T o] 4] & (spacer group)S ¢

(e}
AR WY ARAE ARs =9l

Hodgo M= 73‘?/‘3 gooza aa Ado]d Z1E(hexyl spacer group)o] =UE ©]2 HE7](conducting
head group) ¢Jol =2 AFAE ze E47F A" AP E(fluorine-substituted pendant)E 743td 254
29o]A IF(enhanced hydrophobic spacer group)lo® =3 IFA-AFA HIAE (hydrophilic—
hydrophobic comb-type) SEBSE 7|@alsial, o5 MZL AEMO.ZA E&stuxl spgich. A4 ek 49
(Hydrophilic comb unit) o 2A&= A 4x} ol 7| (hexyl quaternary ammonium group)S, L33l A4 H
2 Y (hydrophobic comb unit) o 2ZAME Rx=ZFQ 2WlZ Y] (monof luoro-benzoyl group) (HQA-F,-SEBS) <}

1=

HelZ 20 2wl Z Y 7] (pentaf luoro-benzoyl group) (HQA-F5-SEBS)S  Z+zt SEBSY] W E (pendant)&E LT E

(graft)ste] eA-2a4d BIAE SEBSE A ekqltt.

=
o, 4
H
o
o
)
¥
oX,
|
[
¥
oX,
2
M
2
[
A C

H

=
TP o R Agido]l  EStEA AW E] <
2] = (membrane)?] =3t WUt A& A4S S F dor, B84 g

ol A A} F = AFE3F polystyrene-b-poly(ethylene-co-butylene)-b-polystyrene (SEBS)E =<
Z}eF(high molecular weight)< 7}*]‘3% 734 (hard) Z8]2€ @ (polystyrene) ¥ A4 (soft) poly(ethylene-
co-butylene) 7ol m]Al A&7} 2 Fo] 9= (well-microphase separated) 54S zk:= Agd#H o= 4= 7}
53 Eglo] =28 FE3A| 1EAF (triblock copolymer)o]tl. 53] SEBS:E AF<3l nle} ko] ulold o=

ol IE A (non-aryl ether-type polymer) FHE zt7] wjio] Fr71d oz odzkg] tAAo] 7|}, o]t
SEBS a1¥#-2F9] ZH7}A](side chain)ol hexyl quaternary ammonium (HQA) I} &4 X|&(fluorine-substituted)
HAHE (pendant) & E=Y3ste] EA(fluorine)el 7ol =71 oE& B wyol A4A-A5A HAE
(hydrophilic-hydrophobic comb-type) SEBSY] X Z=ZXA] (morphology) W3} % d8 XA Ay #7|3}s %
EEstet 54 wFaglon, o 344 Bl SEBS HH(HQA-SEBS) ¥} HlaLshgitt.

LT e 2

B odbgo] A AA el wr=W | SEBS(polystyrene-b-poly(ethylene-co-butylene)-h-polystyrene) Z&lH F
| (polymer backbone)®] Z7}A(side chains)ol A #HE(hydrophilic pendant)2A A 4z I EFH
(hexyl quaternary ammonium) (HQA)¥}, 24l W E (hydrophobic pendant)®2A E4 X3 Wz (fluorine-
substituted benzoyl)S I ZE 13} 9-244 HlAE  SEBS(hydrophilic-hydrophobic comb-type

ERcR il %
SEBS)E :EFstE Sole udhsS AlFgitt.

i}
o~
T

e

A7) 244 $IHE (hydrophobic pendant) @A E4 X3k W= (fluorine-substituted benzoyl)e H:=EFQ
A 2% Wz (monof luorine-substituted benzoyl)®} E}ZF e X3 W= (pentafluorine-substituted
benzoyl) 9] o] s} AL EHo= 3o},

A7) 244 FIHE (hydrophobic pendant) @A E4 X3k Wz (fluorine-substituted benzoyl)< HEFEFL
2 28l Wz (pentafluorine-substituted benzoyl)l AL EF o7 Fr},

A7) AeAd-4Ad Wake SEBS(hydrophilic-hydrophobic comb-type SEBS)E E24 A=) 757 Z713to] uw}
d Z=Hle] AAAel TUkeE AS EPo=R gt}

| XA -4474 "lAE SEBS(hydrophilic-hydrophobic comb-type SEBS)+ &4 X9 7/l4=7} F71s o}
2} AF Wx(current density)®t I3 A8 U (peak power density)”’} =718l AS EXo=® 3},

A7) HEAd-4254 WA SEBS(hydrophi lic-hydrophobic comb-type SEBS)& AFA o2 /A3 A g&
=4 H12+8] (hydrophilic comb-type) SEBS(HQA-SEBS)ol H|3le] ©] & o] FoAH7| dAH A EHo=
5
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A7) AFAd-4254 WA SEBS(hydrophi lic-hydrophobic comb-type SEBS)® AFA oz /A3 A &
=4 wlAHe (hydrophilic comb-type) SEBS(HQA-SEBS)ell H]3led ©] % 348 (water uptake, WI} © @&
HSE(swelling ratio, SNE 2= AS EH o= 3},

2 A Fe o] =W, poly(styrene-b-(ethylene-co-butylene)-b-styrene) (SEBS) AEE= F5

oo iz
)
od.
lo

A (triblock copolymer)Z 6-BHC(Bromohexanoyl chloride)®} 82 3}o] 6-bromohexanoyl SEBS (BrHex-CO-
SEBS) & sl wHAl,

471 BrHex-CO-SEBS®] 7}®.d7](carbonyl group)E 3}aFo] TFAS} triethylsilanes AR&3}e] 247 7](alkyl
group) E S+ (reduction)A]# 6-bromohexyl SEBS (BrHex-SEBS)E dHAdsts wHA;

A+7] BrHex-SEBS®} 44 W E (hydrophobic pendant) &4 E4 28t M%< (fluorine-substituted benzoy
S WMEAA BERRAA Z2oaHxYd AWUE-T2ZE (bromohexyl fluorobenzoyl pendant-grafted) SEBS
3

A7) BRI ZFoawlzd AWUE-18ZE (bromohexyl fluorobenzoyl pendant-grafted) SEBSel] th3f

ggro gz 44 AYE (hydrophilic pendant)ZA A 42 I F(hexyl quaternary
ammonium) (HQA)®, 444 IHAWE(hydrophobic pendant)®EA E4A& X8 wZYU(fluorine-substituted
benzoy DS JYZE F583 JAFA-2A HAE SEBS(hydrophilic-hydrophobic comb-type SEBS)E wj#a}
= ‘474],—3‘ EZstele= XA -2A WAE SEBS(hydrophilic-hydrophobic comb-type SEBS)E X8t 2o

ggel g

2 g o] HQA-¢F RxEFe 2wz~ (HQA-F1-SEBS), HElEF o= wlxY- (HQA-F5-SEBS) 1@ E SEBSE]

FdE 254 9 JAFAY A5 Gy e SUtE 98 nadde o] wdlk S (IE0)S F7HAIA
S 8402 FYAH T

H A 63%%
(molecular simulation) ZA¥}e}% L3}, olgjst Axtz W} At o
w s, 4, VAAQ BT A XSG A & b B dtE e

Y
H
e
m
[P

2y
o
Y
H
e
m
B
2
=)
fol
o

X,
2

N
N
o,
)
s
iv)
i)
it
i)

ox
I
iy
oft
w
=
o]
»
‘[-11%
i)

x

X,

I
o,
i
o
o
BN
)
i)

A=
T
ER, HAF-SEBSS) A% @ 3UE ol Aw AU Fushs BC TRe| o Fe2HE Yl 1.45

1& (a) HQA-SEBS, (b) HOA-F\-SEBS 2 (c) HQA-Fs-SEBS H-lufell Al o1& ARM 4F olmAe} (d), (e), ()
500 nme] #HEel 48] Z17ke] 3D olml o]t

T 2% (a) HQA-SEBS, (b) HQA-F,;-SEBS ¥ (c) HQA-Fs-SEBS ute] Ziti A E# o]l <3k 3D 4 thololz=lo]
o},

% 3% HQA-F,-SEBS9] ol 92 ZFo|t},

% 4% HQA-SEBS, HQA-F;-SEBS, HQA-F;-SEBS #&]ute] $#-#3 I1Molt},
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>

12 (b)) FE A

= RUSHES =1

e
4

% 5% HQA-SEBS, HQA-F\-SEBS, HQA-F;-SEBS #2=+e] (a) TGA Aalgel 7]9ket & Ae)
ot}
I 62 -50T~20CellA (a) HQA-SEBS, (b) HQA-F,-SEBS % (c) HQA-Fs-SEBS®] DSC €3} 3 (b) 471 &4 ¢
o] & T o)t

L 72 (a) 1M KOH, 80 TCollA gk & 500 AZM7A] vhFgt A7 AR A 54 Wygow 44
HQA-SEBS, HQA-F,-SEBS, HQA-Fs—SEBS -&whe] s}8h2 <hd7d, 2 (b) IM KOH, 80 TCellAl 500 AlxF A&k <&
ZHe] HZE(AS) Aol 549 47 24 Eelwhe] [EC 1ot

M
&
<t

2

% 82 (a) HQA 60%, B4 X3 FIHE 20%2 o= Fu|E ARM AZ9 d853X 445 (HQA-SEBS, HQA-F,-SEBS,

N

HOA-F5-SEBS:= 95% RH 2 60 ColA] 2003} 400 nl min © §%C% Hy/0, ARE AL&ate] 34), (b) HQA-Fs
SEBSS} v Ea - Sl 719k ARMES] ARMAFC ¥= dE Wioh dF WS Yehlls 2gzeln

% 9% (a) BrHex-CO-SEBS, (b) Briex-SEBS, (c) Briex-F,-SEBS 2 (d) BrHex-Fs-SEBS®] H MR 2] Eo|t}.
T 10> HQA-SEBS, HQA-Fi-SEBS, HQA-F5;-SEBSS] 371A] th& E&wo] digh ATR-FTIR ~FEF 9 7 FAMS
LUeble= e zel.

= 112 (a) BrHex-Fi-SEBS 2 (b) BrHex-F;-SEBSS] 'F NMR 2% E e o]t}

T 128 EA 4R 7 o2 9 ARxlo|th: (a) HQA-SEBS, (b) HQA-F-SEBS ¥ (c¢) HQA-F;-SEBS.

% 13 HQA-F,~SEBS #@]9tell tgh SAXS Z =2 ut¢io|tt.

% 14% (a) HQA-SEBS, (b) HQA-F,-SEBS 2 (c) HQA-Fs-SEBS ©holl A @& TEM mo]=w 12| o]t}

T 158 20 @ 80TAAY (a) 38 (water uptake, WU), (b) H&HE(swelling ratio, SW), (c) HQA-F,-SEBS
2yt & A&7 Yehie g Zolt),

= 16+ HQA-SEBS, HQA-F,-SEBS, HQA-Fs-SEBS #2]%r9] (a) EFHEA(TGA) 2 (b) AIAFAFLEZA(DSC) A4
o]tt.

T 172 (a) 80TolA 500 AlZE &<F IM KOH &< A7 A(F2 A)F F(&AF4) (&2 A Alg)elAY
374 trE BT A E S ATR-FTIR ~HEH | (b) 80TolA 500 A7k =<¢F IM KOH &4 A& & 3714 & &
g N Eo) tist $Y-¥y el

wgg YAl Aok FAF g

ogel ¥ el BAE, UE BAE, 545 € o|gEe VE AuEy naAw oae wuHe Ards
g Bad 4Dl olaln Aot el B wEe el AWsE AAAEl 245 g dE gz 7
s 5= ek, o3lel, o7l AvlEE AR AN Yol AASHL AN ¢ =S 2L 54
o A&l A B o] Aol FR3 Awd & dES a7 S8 AFHE ol

B oA, TR EE AT 5 Solt WA Al AE 54, 2R, W, B4, P8,
BE EE o]5S 2RT Aol EATS AFselE AolA, st Ei 3 o de] B BB 274, WA
A, FAeL, FEE EE 5L 21 A% EA EE ¥ AL vel wAlsd @t som ol
Hofo} g

Y WAEA o @, B BANGA A 4E 0 we 2108 mHsE BE 54, @ 9/EE R,
oleld A5l BAHOR T2 A5 FA oldF ke At ° WA 349 e 234l v
DA Fo| B, WE A "eproleh fojo oja) £AHE Ao@ olasHolof Atk E@, B /ANA £
Mt ANHE A9, olde M Adoln, e AHHA @i @ ol|d W A9 Axgozvy Ay
grol T A7) AulgriAe] wE e gAY, d vebst, old@ Wt 45 AYss 4%, v A
HuA g @ Axgonyy Avgel 3 YY) AU mdshe mE 45 g
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1. A ¢ 494

1.1 A%

2El@ geFo] 42%<1 Poly(styrene-b-ethylene—co-butylene-b-styrene) (SEBS, A1536HU)E ®|=F I }Eo A
435l 2™, 6-BHC(Bromohexanoyl chloride)(97%), F43<4F0)5 (AICl;) 2 EvEolyl-g& N (e 45 wt%h) <

Alaml =g A (Sigma-Aldrich)oll A 3t F7F AHA flo] AFE3FItl. TFA(Trifluoroacetic acid) (99%),
—ZFoEMzd A= (>98.0%), 2,3,4,5,6-AEFEFL2MEY H8E(>98.0%) S s TYoREE A

th. TES(Triethylsilane) (98%)= <3} o|AFE2 S, Koreaolx]l wiglsigitt. thE2 dstAEL 25 o 3aol A
dalar F7F Al gle] A&kl

1.2. HQA- and fluorobenzoyl- 1|

[

E(grafted) SEBS H(membranes) A%

BrHex-F,~SEBS 2 &9 FZHG A48 Z22IXE SAGwih) o2 Azt 95 oJgste] 7ARE 2

ol Far, &A= 48A17F o) A shivk. As 27 30-40mm) S BIAWO] 40°C el

A Egugolwl & (45wt%) ol 48A17F BT} 4% Pﬁ}%( uatermzed) s TrESY. 7Y Egdgelnl s AlASH

71 98 wre wrEgow ol (D.1.)= AHEIL, 1 M KOH(aq) &Hel 48 A|7F Sk ©@7h =487 (OH )

Feje] S Az, e I KOHE AASH] A8l Dol (D.1)E AHEAL, 54 A 2443 53
1ol g2 4% FFe3rr. FE2A HQA-SEBS #WHE#21S BrHex-F,-SEBS Al

o
it
il
_1
;o

2. A5 9 B9

2.1. A2 4z GdEE-(HQA)F ZF o =2wizdo] g E SEBS =H(HQA-F,-SEBS, 1) A%

HQA- 7153t H4A SEBSOl F7HA] 279 B4 X3 244 FS(fluorine-substituted hydrophobic unit)
S, ExZFo2wxd 7] (monof luorobenzoyl group)®} HEFEF2 2wz 7] (pentaf luorobenzoyl group)”}
=99 HEA-24A4 =114 (hydrophilic-hydrophobic comb-type) SEBS 1& t}e3} & wiylow dAsadct
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0
%
Cl 5
R
31 B e e

TFA, TESIH

2
Br5J

Ccl-—R

—
AICl3;, DCM ‘ O 3 O O

, 42 mole®e] ~E]d (styrene) &S zZF= poly(styrene-b-(ethylene-co-butylene)-b-styrene) (SEBS) 4F
3584 (triblock copolymer)E 6-BHC(Bromohexanoyl chloride)®} Friedel-Crafts o} 3}(acylation)
k25 3}lo] 6-bromohexanoyl SEBS (BrHex-CO-SEBS, 2)& $HAd3F%it}. o]w] 6-bromohexanoyl chloride H] &<
SEBS9] styrene &% thH] 60% mole H] &= ¥F&-3}% T},

Lo

o

]
=

5
=5

o

o] % BrHex-CO-SEBS 29¢] 7}¥.d7”](carbonyl group)ES #&<] TFA ¢} triethylsilanes AR&3}o] &7 7](alkyl
group)® Y (reduction)*]# 6-bromohexyl SEBS (BrHex-SEBS, 3)Z A&ttt (EA% 1), &=} 29 A4
7439 7] (carbonyl group) @AEl9] a-protond o] HE7| OH ionoll 93] ¥-uFS(side reaction)S Z
ko] ARMO] W FA S 7AAA 4 gJoug AEVE FYstE Ao o).
sk, o] AZ7|(conducting head group)®t AL 2 (polymer backbone) AlelE Z A3k Zolo] whA
(between Ce—Cg) S o] A] “1E(spacer group) oAl Hojreg]:= Aol Y AEMO o] 2dxwe}l o7ty

!

rr b
o
o
b1

teog  A4A FY (hydrophobic unit)C2A] ExZ R0 2wz ZF=Elo]=(4-fluorobenzoyl chloride)
o} AetZForgMxd F&EElo]=(2,3,4,5,6-pentafluoro-benzoyl chloride) & Z}Z} Friedel-Craft ¥+32
o] &3l BrHex-SEBS 39} WH&3slo] HzmEaA ZRo@wlxd IHAWE-T1#2 E (bromohexyl fluorobenzoyl
pendant-grafted) SEBS 4 33T (BA% 1), sl EAE BrHex-F,-SEBSS.2 Ww3lglon Feol 7)<

PeZRoauwzd FRgolre T ZEH)S BrHex-F;-SEBS (HEIZF o2

il

=
ZF A A Y R sk tx B ' MR I} FT-IRES o83k E33FAWH (spectroscopic method
) Edlo] AT, $4, H MR spectrumol 4 SEBSE o} 3k (acylation) ¥HS3h ol 7]% SEBSS] W
o] F|F3= YIAE (6.3 - 7.1 ppmol A Hza) Qo] =& Wk =4 ¥ T (aromatic proton peak)(Hla)ﬂ
7.5 7.8 ppm Abole] XG4 UEwrow . ma Bzwu=a 24 (bromomethylene proton) (H) T 7(pea

k)¢ 7+ d 7] (carbonyl group)el] <173+ #€#: (methylene) ) 937} Z+zF 3.40 ppm&t 2.95 ppmoll A A|
A vEhd AE FeA wkgel AEAeR dojdt A& FUSSITt (= 9a). SEBSOl BEEE ALY
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[0058]

[0059]

[0060]

[0061]
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5a’

(bromohexanoyl group)7} E% A% = 71%531% (degree of functionalization)= H'oF H' 2 H* =9
AU JE HE ALtete abEsiglen, oF 6092 AT

theow BEmaA-de] b d] (carbonyl group)®] e (reduction) H-NMR =HEH 24S E& 2l
3ttt (= 9b). =, 7FEd”](carbonyl group)o] <17583%F wlg€dl <=4 (methylene proton) I3 (2.95 ppmell A
0 o H)7b 39 Foll 9ds] Ak m A2 G4 3= (proton peak) (H') 7 2.55 ppmoll A LFEFRTE.
F7F o7 aRA}F 20014 7.50~7.86 ppmell A #EEAE Wk A A(aromatic proton) ) peak: ILEA}
3011*1% 7.04 ppn (H)OZ 927} o531 SS BR3TH (£ 9a 2 % 9b). ol 27E Saja 7ud
g9l (carbonyl reduction)o] A&A O 2 (quantitatively) ¥ BrHex-SEBS 3& &A3sIASS st

FI-IRE ©] 8¢ vl RJ2AHE Ba] 7k d 7] (carbonyl group)®] #H9E& Frhd oz gelsiqirt. 5, opa
3}%l SEBS (BrHex-CO-SEBS, 2)oll4 W= C=00] &3+ 2% X & (stretching vibration) & Q13 S ¥ =

(1680 cm Oﬂ/ﬂ)ﬂ 3 WS o] & TEAF 39 E ERE] Ao, o]E T o] AFHon dojys
< gelsglg (= 10).

o] % BrHex-SEBS 3o A4 4 (hydrophobic unit)Q2A EWxZFQ 2ZWlZY 7] (monof luorobenzoyl group)
o} HelEFo 2wl EY 7] (pentafluorobenzoyl group)’} =JH AL "H-NMR and ' F-NMR spectroscopic #4]%
B8 &

gt §-A, - NMROl Al BrHex-SEBS®} 7+ F79] olds) whg A E (BrHex-Fi-SEBS ¥ BrHex-Fs-

SEBS, 3)olAE MEe WEE ga Aaw, B 2 1)7b 7.5-7.8 ppnl WA BRHAT, WA 4
A S22 07 2,95 pprel A BRH G et 2,95 pprel A BER B 9 1 v3E wsh g
2okt (= 9¢ ¥ % 9d). ﬁi 28+ #AlH E (Fluorine-substituted pendant)2] 13]14‘5 A% (grafting
degree)+= BrHex-F,-SEBSol| A H + H*' ¢} H + H /\}019} BrHex-F5—-SEBSel A4 H*I ¢} H + H /\}O]Q E g SR

(relative integral ratio)®Z%H 20% 92 2133t}

24502 “F NR spectradl ®Ew-Zzozwlzd I#|ZE (monof lurobenzoyl-grafted) SEBS (BrHex—Fj-

SEBS)®] A9 -106 ppmollA] @Y Fpeak’t UYERow (& 1la), HESZFoRAZRY IgZE
(pentafluorobenzoyl-grafted) SEBS (BrHex-Fs~SEBS)¢] 749 -140, -151 % -160 ppmollA Al &7/ EA ¥3

} gamgion, Aztel N3 AEut 20 12w FANAG (5 11b). oF Fa Tremwzy TYxs
(fluorobenzoyl—-grafted) SEBSs 47} A4 o= A EQ S-S &Q33ict.

HOA-¢} EF o @z o] 1 ZEH SEBS HH(HQA-F,-SEBS, 1) 1 = thg} o] Ad=dct: Aoz F F
9] bromohexyl fluorobenzoyl SEBS 4 (monofluorobenzoyl SEBS and pentafluorobenzoyl SEBS) &< (CHClsoll
A3 wth FE)o] Teeh Al Skl oa] w Alze AREH AT

A 4z FEF-(HQA)H EFewmdlxzdo]l e =g SEBS 2H(HQA-F,-SEBS, 1) #AxE 9fa TVA &4 oz A

getogx "ol B4 4213} (heterogeneous quaternization) ¥ Wt (EAE 1). dojd 7z HQA-
functionalized monofluoro benzoyl SEBS and HQA-functionalized pentafluoro benzoyl SEBS =H(membrane)-
Z}7} HQA-F-SEBS X HQA-F5-SEBSo.Z wWwellvh. HEgh, R o224 AFA EFF 29z 4Y 7] (hydrophobic
fluorobezoyl group)”7} SEBSel| I E (grafting)H A &2 HQA-functionalized SEBS U} (membrane)%= IL¥-=}
35 TMASH WHE-& Fall 7)ok 22 WHo R dom o]E HQA-SEBSS.= " Hatqltt.
ATR-FTIR Rl ¥ EA& o]&3ste] ZE oA BE7|(bromide group)”} HAZR AFH oz H3HAS
AsATE. =, H¥ 3 646 cn A9 C-Br stretchingell |35t ) A7F 9443 Atebdlar, 1,635 em ol C-
st A2 I3 vegtt (% 10).

o

N stretchingol &

mputo 2 Aol ed We|wES KOH F&o Aelstel O FEle “Hmembrane) E& VUL
< YERflen (& 12), NMP, DMSO, DMF, CHCls;, THFE (38l iFE9 f7]&wlel £3l=X
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2.2, 94 43 FREF-(HQA)F ZFo2wizdo] TZEH SEBS 2H(HQA-F,-SEBS, 1)¢] A} £
XA A7) AFH(SAXS) A4S FElA A4 4aF dRE-(HA) I EFeEwxde] @ EW SEBS (hexyl
quaternary ammonium— and fluorobenzoyl-grafted SEBS membranes) (HQA-F;-SEBS and HQA-Fs-SEBS)2] &4+

(morphology)& &3l o, o] H|EA AHE 21X E SEBS (non-fluorine pendant-grafted SEBS) (HQA-
SEBS) ¢} HluLsith (& 13).

1, HQA-SEBS &-2]ute] SAXS sj'ol A= Ef2gk 37de] 1af ojlewr I a7t #EHen, o FHAAS)
A A55 v A-FAH(micelle-like) A4S 2= FEgo] JAHUSS HoFEr, Wi, ZFoa2dl o] 1
Y ZEF SEBS (fluorobenzoyl-grafted SEBS) (HQA-F;-SEBS 2 HQA-Fs-SEBS)®] ZA-%-, 1:42:439 #go=w 1}

e SA4AQ g3t vdebsten, ol 3 A4 9 72(BCC) FAE SIS (& 13). dybH o
AEMo] FFElgh AHEE] 3/ (phase separated morphology)< 7Fd wl o] % %7] (ion-conducting head group)
k] SRl FHAXA HH, o] & o] HXE Ad(ion—conducting channel)®] o2 o]ojx R}
T84 o] HEI} o]Fox A H©ul. weld A¢A E4-X3F SEBS(hydrophobic fluorine-substituted
AEEE 7 Aoz 7|gi€r.

37}4] membrane®] ENd X =(tapping mode) AFM (Atomic Force Microscopy) A ©lH|A|& ZF73lo] SEBSS] =4
(side chain)oll E4-X% HAE(fluorine-substituted pendant)®] L2 ¥ (grafting)el ™WZ morphology<]
H3ls Babelgivl. SEBSE 2 AR 2 AYEd YweaAd AEE A (well-ordered nanoscale phase-
separated morphology)S 2zt AEEE T5 A (triblock copolymer)el™, walx 3 71X HQA-7]53H%
SEBS 9 (HQA-functionalized SEBS membrane) E5F 917l Yelde dE@/Fd@a 4254 E5 (hydrophobic
block) @} o1& 71] #AEE 144 =Wl (hydrophilic domain) el 5818t A2 (phase separation)”} ¥zt
HATH (= 1

w3, B4 X3 Wlxzd 2| E SEBS(fluorine-substituted benzoyl-grafted SEBS) (HQA-F,-SEBS & HQA-Fs-

SBS)9] A9 dubEel 44l Blae Zelv (hydrophilic comb-type polymer), HQA-SEBSSb= U2 ZERAE
ERATE. =, HQA-SEBSS] 74-9-, o] Fel=H7F &4 7144 ol F492 x5 AT (& la). W
W, B4 X8 WxYd TP X E SEBS (fluornine-substituted benzoyl-grafted SEBS)S] Z-9- o] F&#|AH &
Helo] 2 PYAHE I} (E1b, 1o). H3, B4 YA (fluorine atom)e] AG7F F7hgtel] webr] 344
Zrle] AZAdAdo] dAAEE AL (HQA-F-SEBS<HQA-F5-SEBS) &lslitt (= 1b, 1lc, le, 1f). o] &HHA &
= (styrene block)ol ZFe =Wz FHAE(fluorobenzoyl pendant)”} =9 = WA %-’F—é HQA o] ZefF
oF B4 % wlxzd MUE(fluorine-substituted benzoyl pendant) 7+e] dshs] njs gl 7]QlsiH, o]
2 olsl A e dato] gL wdsla o] MY 7he] Ao dFakE Y] %QE Sipsa =

SAXS ¢} ARM 9oll, 37}A] "H(membrane)®] wA| 7 2] Aol diste] TEM &4¢] 3=t (= 14). TEM ©]
o] o] T FH9L SFE o] ZexHd ddsta, We 99 AT WS et HEREF LR
Wz 2#ZE SEBS (Pentafluorobenzoyl-grafted SEBS)® (HQA-Fs-SEBS)9] A% <F 40 nm =7]9] FA =

Held 3 & AddE ol AMEs 7K "l A 28 Fx27F FEEHA JEE T (5 14e). ¥, ®
2Hlzd APE X E SEBS(monofluoro benzoyl pendant-grafted SEBS) ©F (HQA-F,-SEBS)<] 74-%- <F3t
2be o]l SHA (-~ 32 nm A7])7F #AAFANSH (& 14b), H|EA AF SEBS (nonfluorine-substituted
SEBS) H(HQA-SEBS)ell A= 7] A #e|7f #hzex] &dnt (= 14a). o3 A= A3 LAFd s Zhe 54
22k Wlzd FHE (fluorine-substituted benzoyl pendant)”’} Z#ZE Ho| uwpgbr X144 (HQA group) 2
258 AITHE Abold] Frkd E98h EaddoR AsiA Z ddd ol AMEs e wA A £ FH
o] gAHo e ougirt. o]= %A A ¢ SAXS HARM AFe} dA gt

ESd!

A

i

o
FHHog Adxoz ZAY A4 7Y AARE 54 H
Materials StudioE ©]-&3] T 7% (mesoscale) A|E# oA 2
g

oe) mEA TREZ ol Ao vz xzto R wiElsldtt,

% 29 3349 oAl B & A%, P RE RN A84-A5Y Ee] FRe Fyol nEH9
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ok, a8y, B4 X% AYE (fluorine-substituted pendant)7} =@ F4Al-44=A0 ¥4+ (hydrophilic-
hydrophobic comb-type) SEBS (HQA-F;-SEBS: = 2b ¥ HQA-Fs-SEBS: = 2c¢)9 A 254 7123 (3A) e
A Cuﬂ‘ﬂ(ﬂ'a‘f*ﬂ)J HlEo] &g or /fAst 5= &2 gkl A
SEBS (HQA-SEBS: k= 2a)oll wHlaf %Sk}, ol A3 254E 22ZWlZA7] (fluorobenzoyl group)<t
217391 HQA group Tholl €934 nlsddow <8 A=2E A ol o & o] FY eV} dAEY
wolth. sid AF= SAXS, AFM 2 TEM #4] dijelA #EE viete X gt 2 A3 AEEFoEdlxd

Y ZE SEBS (Pentafluorobenzoyl-grafted SEBS) = (HQA-F:-SEBS)ollAl 7} W& Ad=Z A4dE & 7529

o] Fe|aH7F wEHE .

20 912+ (hydrophilic comb-type)
=

2.3. HQASE ZFe=wlxd HAPUEV JgZEH vlA3 SEBS(the HQA- and fluorobenzoyl pendent-grafted
comb-type SEBS)®9] IEC, &, H-&&(swelling ratio) 2 HE

Ion exchange capacity (IEC)+= ##% o] &Ast= ol AE7|9 =& yEll, IECE water uptake
(W), ol Axx, X4 A, 7144 A= 2 A5 3384 &S 5 =2 AR F shuolr).

3714 kel o] 2HQl IECEHS H-NR ~HEW BA A¥E sjutewn AEshodnt. A AFH ke 2ol
HQA group® 7]%3}=(functionalization degee):= SEBS W AE]@(styrene) 3T ohH] 20%S 218
fluorobenzoyl pendanti= 60%% I3} th. ~E|do] &4 X3 Wlxd ADE(fluorine-substituted benzoyl
pendant)”} I welA] o]23 [ECE ZAastes 43S e (HQA-SEBS > HQA-F,-SEBS > HQA-Fs-

SEBS) (% 1).

2]

¥ 1
Membrane < IEC ¢ Water uptake « Swelling ratio® = Contact
(mmol g )< (%) (%)< angle
(deg.)~
- IEC2 IEChe 20°Ce 80 °C+ 206« 80 °C< <
HQA-SEBS< 1.63< 1.51 ¢ 150.0 < 1659 < 223 & 479 < .3 <
=0.09« =10.26 +14.3¢ £2.1 +4.1€ =]:9 &
HQA-F-SEBS<  1.57¢ 1.49 < 1219 « 150.0 ¢ 220 ¢ 39.0 ¢ 80.5 <.
=0.06< +]11.3¢ +]2.1€ =[.9¢ +2.4¢ +3.1¢
HQA-Fs-SEBS<  1.51¢ 1.45 < 117.8 < 136.7 ¢ 18.4 « 36.8 « 84.7 <.
=0.06¢ +9.14 =10.2¢ =1.6¢ 13 +2.0¢

AEC: theoretically measured from 'H NMR spectra.«
Y[EC: measured by acid—base titration.<
cSwelling ratio: measured through-plane.«

H *‘7524?_ [EC (experimental [EC)E A3, A
gt Wiz HAWE(fluorine-substituted
Shd o] &4 IECY A& LA 5Tt

oo g A-a17] JAA (back titration) 7|HE o]
H2 IEC #2 IEC o]Z3kel wla]l thh @A e
benzoyl pendant)”’} Z#ZEHol wata A=A [ECY
(% 1).

X
_‘EL

ﬂl
e i
e

—.~
ay |
B :
ol
rlr
oM,

o
rlo

o

oz, W(E<+E)d swelling ratio (SN2 20C 2 80T 2% ZHolAd SAHIIY (£ 1 2 = 15).

ot wpel o], IEC7F AF we (5, 2 EAx A3 HWxd FWHE(fluorine-substituted

benzoyl pendant)”7} grafting®d =7} Z71shol whel) WU o SW 25 A . FES AL IEC ZAaFE o]

WU 2 swel ghago] ufg z10m o]t A3 HQA-F:-SEBSOlA WS FE=elx olglgt A= IECY HAa
7z

ol ol B4 X3 Wizd AYUE §4 (fluorine-substituted benzoyl pendant unit)<]
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o

icia=

X A4 =& 7|W(static sessile drop technique)<S ©]&3 HEZ SHAAN A EZ A2 HQA-F,-SEBS

ul (HQA-F;-SEBS ¥ HQA-Fs-SEBS)¢] ¥WH ZL&A4S *
B %%k SEBS(HQA-SEBS) ¢} Bl 3lch(% 15¢). dlddlz2, A5 2=+ SEBSY ZFe 2wz

AHEZ} wEHlA Z71gck. =, HQA-SEBS(77.3° ) < HQA-F1-SEBS (80.5° ) < HQA-F5-SEBS (84.7° )& &
o

& 949 Bges agyel 27H1ES b,

e a9 wel A4 a28Ee 24

G 254 EFeEHMEY ADE(fluorobenzoyl pendant)®] w=Siell o]
il

3FFe] e wEHlAM =2 gs dEhY (>100%) (= 15a). ©
I

=
(polymer structure)ell 7]¢lgic}. 53], ZFoawlxd AT E(fluorobenzoyl pendant)7} F71& o2 =dH
A -2 ¥4 (hydrophilic-hydrophobic comb-type) SEBS (HQA-F,-SEBS and HQA-Fs-SEBS)e] 7% Aut
Q1 (typical) AEMel H]&|A] IEC div] & WUSF e HEE&(SW)S vepllon, o] 38 ARMAFC A 24
& FeLE M F AdSS HAFEY, duizlow Rauo WUyt 283 S o, 4138 o]
et = Qe ol Ade] Ao 2 AREEVE FEE 4 Ak, 2y WirF AYAAl = ,
WA (ke ) o] w57 HAste] o] MEL7E WolA A Hw Hgh, WUt oW el #Egk 3

u

At Y A AstE x#sHr] ditolt).
HQA 9o ZFe=wlxd #HWE(fluorobenzoyl pendant)”’} F7HHoz2 =9

(hydrophilic-hydrophobic comb-type) SEBS (HQA-F;-SEBS ™ HQA-Fs-SEBS) ##]=+e] OH =

i)
~

—

uorobenzoy! pendant)7} =% A %S HQA-SEBSe] 23}
FolA APFAHS olHYSE AF(S, 2% FTUk wg Axxr)

oA SAePa, 1 AyE ZFoMxd AUE(f
} (¢}
of we}t o] FAto] 7}&3E Y] wWEoltt (F 2 2 & 3b).

o mmslth, A ERe eln

1
i I
Z7ksh)el BEHYD, o] REI} ol

X* 2
= Conductivity (mScm ™)< Conductivity <
Membrane < At 95% REL
HQA-SEBS«<  20.1 £1.0¢ 325=1.1¢ 46.0=2.1¢  63.6+1.6¢ 544 x0.51<
HQA-F;-SEBS< 22.4=1.2¢ 356+09¢ 49.5=x1.3< 71.2£1.28 12.85+=0.20¢
HQA-Fs;-SEBS< 23.9=13< 376=x1.7¢ 61.1£1.2¢ 87.0x3.1¢ 14.37 = 0.39<

E3], IFA-2FA4 ¥l (hydrophilic-hydrophobic comb-type) SEBS (HQA-F;-SEBS % HQA-Fs-SEBS)& EE&

=4 &% HYoA A WA (hydrophilic comb-type) SEBS(HQA-SEBS)Ol ]3] =& o] ALEEE veh

Worn, &agd MHES B o] FT/EFHE ol AEEVF A dEwr. &, FFoENxd ddE
1

(fluorobenzoyl pendant)”} =915 %] €F& HQA-SEBSS] A=m:= 20C9 80CoIA 247 12.4 2 36.6 mS cm =
Ak, wkA | HQA 9o etEF o 2 %xY T E (pentafluorobenzoyl pendant)7} 714 o8 IgZEH
(grafted) F4Al-24 Hl2Hs (hydrophilic-hydrophobic comb-type) SEBS (HQA-Fs-SEBS)e] #ujute] HExm

= 20T 80T ZH7F 23.9 mS em - 2 87.0 mS em = WA =i vbEPRTh sl mhe] A9 3744 wF Fof A]

7b4 ke [ECY WU Zhol® B8t 7bF =2 AxEE vebd AL morphology 41 Aol Al velhd uvf¢)
o] BCC Fx9] o] FH2=H Aol 93l o] ME Adoe] & ddgly] wEd AoR AlRHT. FrM4o

= oA O o]E9 =X 73t

o,

Z AYE I1E(pendant group)® EUH EA(fluorine)d && H7] &

o]Z &3 NREo] My AEF e 2MEY AW E (pentafluorobenzoyl pendant)7} F7HH 02 A -A5A
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[0089]

[0090]

ZIHSd 10-2023-0021509

o=

H1 28 (hydrophilic-hydrophobic comb—type) SEBS (HQA-Fs-SEBS)7} A A AEMFCol]l 2 &A] ol Aeg F+3d

F 9 A9e FARAT. WS B ol AEEJ A A 45 AR e AR, A A5 FF
& WAE Fo AeuEE w4 WA THE @ A5EA0l] Wt

3 | HQA-F,-SEBS oS A A8dA] 5 2719 95% AR % 80T =7 dlolAd o] AxEsE: &4
vk, 1 A BoA9 o] AR% Awsl npAAAZ HQA-F.-SEBS7F o] 7 FolAE 14.37 mS cm ©O.%

=2 AEEE HYEY (% 2), o]= <A AFM, TEM 2 XRD 59 REZ=X] Ao A% uiel o] 3
g LRI P HE o] AYES FAEe] e AusE 27 StAE O oS aFHon Ay u
=]

om gk, Wbl A4 A 54 94 958 Aoz Jue,

A FFO HAF,-SEBSs 1 Felwtel 9 54% TAT o183 533

%, A w2y
Rl IS0EAA Skl Y Edel pasRon, o ALY Sl o Fu) oY %—%k Eaolgle
S CIF F Al Fa e Al dede. 5% WA g dan SR 50CE deldus
BHAIL, ol M o Freznwd

TS, Al7FAl HQA-F,-SEBSs 1°] feldol &% (T)E AlxFAN & (DS0)S ol &3] At dubdo=
SEBS triblock copolymerdllA= 7719 F3lo] FEHE T, (A2 Zoddd S

gast Ade] 2 AR v3)7F BEEn. ey B ool A e ik (HQA-F,-SEBSs, 1)ellA]
Adel ZyoldAg SEBS Fajo] AAA ] 7198k Lito]l -22.5 9 4 T Apole] mjg- e 2o wE

HAG (= 16b). o= 2=H# S (styrene unit)ell s A4 AL =2 HoAY G ZEE (> 60%)
2 Qg g AadEe A4gAo] AstE o] B FAHAAME AFAEA] e Aoz o),

rr

rr

w3, B4 X3 ADE(fluorine-substituted pendant)7} =gl weld a8z B4 o] SRS T,
2 v AEHA 71 THHQA-SEBS (-22.5TC) < HQA-F-SEBS (-14.1T) < HQA-Fs-SEBS (4.1TC)). o]= <A
morphology &4 Z3folA AFd npe} o] &4 A& Wxd7] AUEYF SEBSOl ZHZEEHEA 2T Ao
g4 e gl 7IRlehE sk AoE AlmEth. 5, EAVF AgE fryl 1] Agh Van der Waals & 2ol
o wg e L Zte v Ae] EEldEdl AaHEZE dF 1 AR xR AdHo Lo TUME x9

ggoz E-HyE 348 S AE SEBS FE W] UIAA EAS BAEGY. Al R 289 BT
Aowle Fe wdo]l IEAFUAY (= 4 FH F 3. EI, EA XI wlxd JHZE SEBS(fluorine-
substituted benzoyl-grafted SEBS) (HQA-F,-SEBS ™ HQA-F5-SBS)2 AFA A|IWHE T EV] AHEHR e

~

2,
offl

:Cg

e

F>

N

ot

3

BN

o,

N
N,
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[0091]

[0092]

[0094]

[0095]

[0096]

[0097]

[0098]
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¥ 3
Membrane ¢ Tensile« Break+ Young’s
Strength at elongation modulus¢
(MPa)+ (%)< (MPa)<’
HQA-SEBS¢ 8.8¢ 237.9¢ 26.4¢€
HQA-F;-SEBS¢ 18.7¢ 376.6< 40.2¢
HQA-Fs-SEBS¢” 21.7€ 306.5¢ 63.9<

THHo R, HA- 9F FFoe=EWlxd APEY agZEH IFA-A5A BAE SEBS w29 (HQA-  and
fluorobenzoy! pendant-grafted hydrophilic hydrophobic comb-type SEBS membranes)®] A% $-43 &4, 7]

1
AH e 2 AL FARGO, olF Fa A4 ARAAR Be 4§ 1Y ANHA,

DSCE ol8ste] & 8 ol thsto] 24k, Al A& dA &
2604 o] &g AESH: W FaF 4UL = Be G FUE FiFol Hm, ol web Reluhe wd
s A—}E] J

(water-holding capacity)< AEMQ] A=m= % EA R wjg o84 Hrt.

TGA Aol A, 100T o]&tollA B&EE FTF £ (weight loss)S EgH o2 &9 (physically absorbed) =
o] &2of V|18, o] o] HAE &&el & JEFES vAA Ferh. ey 100T o] FHEH HMEY] FI &
E(126TC) oA A WA= T &AL o] HE7](ion-conducting group)®t ZdtA Az LS sl 3}
Koz 4y A% 4 (bound water)e] £ Fas, ntz o] A3 S=(bound water)e] o] Ez|Y

42 (wvater-holding capacity)® #&eo] v}, mabAl 7+ AEMS] A3 & e AU 126T7HA9 F S &4
oA Hul 100C7HA ] S5 &45 WA A 5 k. tRk, TAE o] &3] SA e £ ¢ Ay

yep AA Eed digk 243 o HE&S UEhE A gkl A g

of WE FiE FH £H B&S 87.52 E 82.41 wt.%9l whd e FFeo] FEF &4 12.49 2

. X ZF 0 2% 7] (hydrophobic fluorobenzoyl group)’} =%
ol webA a8 By B B YAV =Y e dld 287 2= (vater-holding capacity)el
Z713kS om g}, o)g 3k Ay oM 95% RH 271 slol Mo Axx Aekax X3},

rir
o

# 4
Membrane < Water content (%)< Ratio (%)<
Totale Freec Bound+ Free/Totals Bound/Totals
HQA-SEBS¢’ 4.56¢ 4.16< 0.40¢ 91.19¢ 8.81¢
HQA-F;-SEBS¢ 3.45¢ 3.02¢ 0.43¢ 87.51¢ 12.49¢
HQA-Fs-SEBS¢ 3.04¢ 2.52¢ 0.52¢ 82.41¢ 17.59¢
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[0099]

[0100]

[0101]

[0102]

[0104]

[0105]

[0106]

[0107]

[0108]
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S gHe ANTORA 7 B B5ES Fob BASACLCE 6abe, E 5). ©l
5 %

T2 AEE Ao, dSC

JH

i
)
&
4r
K
of
oft

2, ., 0 = 44 86 A7t Al wet
Tt Ayl sidshe 7 el wEAd &e dArt HA=
I gt o] Aol wet 7 v)=9] HEF o
do} o] & = FForiy A FFS AMdSIH.

Abehe dl AREEer, 2 A & 5

rﬁ: o
oL 2 rlo

=

Membrane’ Water content (%)« Ratio (%0)<”

Total« Freezingg Bound+’ Freezing/< Bound/«
Total# Total#

HQA-SEBS+ 150« 104.22<  45.78< 69.48< 80.52<
HQA-F,-SEBS¢ 121.9¢  38.52¢ 0.43¢ 83.38¢ 90.3¢

HQA-Fs-SEBS¢ 117.8< 14.57< 103.23¢ 12.36¢ 105.44¢

fon ]
o
T
w2
=
(oe]
w2
rlr
()]
@
()]
[0¢]
=
fo
i)
ot
&
o
ol
o
f
pah
(o
i)
fon ]
o
T
=
o
=
(oe]
w2
o,
fon ]
o
T
e
o
=
(oe]
w2
rlr
)
N
N
a
(]
oo
=N
o
[0}¢]
©
(@)
—
=
fo
i
=z,
Hi
o

- +
Zbe P-4 Ay F2E YAk Aol dld ARNe] RaeES gHgkS F

A FAF AFEAT. F2A Ashs =Ed)

2.6. HQA- B2 X3 #AdEZE agizEE SEBS ##] 9 (HQA- and fluorobenzoyl pendant-grafted
hydrophilic hydrophobic comb-type SEBS membranes)®] &zke] <44

A7 ARAA FERD F, Be pH ¥ S 2% 27 SoA A A% 2 47 U

AEM®] e SHAAde
< R3] 9% "5

N

Webel 37hA] whe] zre] kg S deletr] SAsiA Zb Eelehs 80CT2l IM KOH 8-l 500 A7k 59t A A]
A AZF R o] ARLE ZAEG I, 500 A7 Foll zH 2he] [EC i, IR 2FEY 2 A4 549
wEste] Azl Wgel we WskE Adsgih

A

o)

A, AEE 3

all
b

o

F 2 ADYUE JHZEVF F85A 252 HQA-SEBS &9t H d A

Fo] 500 AlZF Foll= ALEe] 83.20 o2 FSAFATE. W, B4 X3 ddE agzZE v

(fluorine-substituted pendant-grafted membranes) (HQA-F,—-SEBS 2 HQA-F;-SEBS)2 500 A|Zt Fo|= 77} %
=

|

N
O

7] AEES 93.8% E 96.6% T+ FASIIE (& 7a). ol 24 S T3P B4 AR Q) AAE
7F =8 nEA F2IF fFEEV] doltl. ol oA Bl 4, VA A= Ayel AR, B4 X3
AUE T ZE oA 4" A B2 4 I o)#e ale] HHor zgsle dd Ealute] g)st

Fbom 7t vhe] o) QPgA HAE olF9) IEC g H4stel el HAE A wlaws

7}
HQA-SEBS #-2luh2 %7] IEC %9 88.7% =S %3 WA | HQA-F,-SEBS % HQA-F;-SEBS #2luh2 747} %7]
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[0110]

[0111]

[0113]

[0114]

[0115]

[0116]

[0117]
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IEC 72l 93.3% 2 96.6%°] °|2%& =2 o2 ALY ol A% FA&3 vlg diolr),

(<3

o=, 27FA HQA-F,—SEBS ®te] 71AIA U5+ (mechanical durability)E ¢olir] 93 zb o] ozg

H2E d59o §¥-¥3E& FXM(stress-strain curve)s FA3F] HQA-SEBS A} vlusigitt (& 17). 1
A3, 371A RE By &7t 4o w=EFH o]Fo] o F(tensile strength)9} & (Young's
modulus)S FAH Ao A& (elongation at break)o] ZAshe AES AQdut. o83t Aegde ue =W 47t
2 34 stollA sl A AAE A F2 Fo g 7tk (plasticization) & 7RISk AoE &
g}, o5 FalA 500 AlgF Hote] dZE] AR BlAE o] Fo|m uho] ARbACl ZAX EAo] AA W

F7H o2 dzke] kA HAE AFe] Zb ZElute] tigh FI-IR 29 ERS F43te] 72240 ¥stE #ast
k. 1 A BE wol A F(peak)®] AE W= ZA UQoH Th, 1,631 am oA C-N A

Sol Slgsts WAst i oFslEolon], 3,388 cn oA 9] 0-H AFe] AF %o SPs WAL thh 3
stE Atk (% 17b).

o213t AHRES E3|A ulol U E Bl (non-aryl ether type)o] ¥ FHE 7|vke & 3 SEBSo| HQA-7]
5 3}(HQA-functionalization) % &4 X3 AYUE X E(fluorine-substituted pendant-grafting)S =3F
A3 -2242 (hydrophilic-hydrophobic) %<2 FAE T &gl A= 43 ol 3t (anion

exchange membrane)S &H ¢ JS5S & 5 U

2.7. HQA- ¢ B4 X% ‘_EE7} O ZEH  SEBS @ 9H(HQA- and fluorobenzoyl pendant-grafted
a2 4

hydrophilic hydrophobic comb-type SEBS membranes)?] <1 A A

Zt vhg o] gote] AAl ABHA R AE TteAAS dotry] A A HeS AT 95% RH 2 60T
% 23 FelA /0,5 A8E AFESRe] AlZEA] 9 (HQA-SEBS, HQA-F,-SEBS and HQA-F;-SEBS)®] +5 =4
(polarization curves)¥ =¥ WX (power density)E A3t (X 8a).

a A3 A s APES =91% 549 vt S7EE FHeith (HQA-SEBS < HQA-Fi-SEBS < HQA-Fj-
SEBS). 0.6VollA AF X (current density)s HQA-F;-SEBS®] 73-%- 460 mA Cm , HQA-F5-SEBS9] -9 500 mA

em "é’ veliglon | 33 A= Wx(peak power density)s Z-Z} 336 2 354 mW om 2 47} E?JE]X] &Fe

HOA-SEBS®] 0.6Vell A e] 15 Wi 400 mA cm ¢} W= A
8l = YebdTh (= 8a). HQA-F-SEBS Ze|whe] 7Hd -3 A& B olfv & wed 4L ddo=
o

=)
k
—~
i)
D
fob)
2.
ko]
o]
=
@
-
ol
a
=
w
oy
<
~—
[\]
(@x
Q
=
=
(@]
=
é
R
o)
e
ofrl

Q18] IEC thH] %S 39 o] HLELr FAEG Y] wiEos Agdct

npxjato 2 - A F79 B9 T b 53 AeS uebd HQA-F5-SEBS E@ @] A5S 7|FEo| HMaE SEBS
71k Be)ak @ B 238k AHE (fluorine-substituted pendant)E zte & §3 9 Eajwtel A%z vlust
At (= 8b). ARME] AA A AT Zn] g@XF olenm % HL- Jha FEF v o)&H, B otk
59 i) Wl A A 240 FFS Y] wlEe] A AT A HlaE old tpd Al G F 2HE9
aHFofof stz uf$ o}, o E Esta, B owhyeA sukek HQA- o HElEFeEwxd AWET)
TP ZEH SEBS (HQA- and pentafluorobenzoyl-grafted SEBS) (HQA-F5-SEBS)®e] 7§~ 7]&o| H.i¥ SEBS 7]%h

a2 Fde) A4A-97 O ZE 444 SEBS(hydrophilic-alkyl grafted hydrophobic SEBS)®} ®]ila}
o [EC giv] & A AHes Yehldet. ®3, o2 24 A3 AdE Jg=ZE 382 #29 (fluorine-
substituted pendant-grafted polymer membranes)¥= A& wHet Al A58 YelfAct. 53, 533 &4 &
A2 AA AfHEE e ZEu gy B O e dgHeE d SEBSS] =2 (side chain)oll Z1|=Z¥
(grafting)S F3|A zb A Wlae 3182 % (hydrophilic-hydrophobic comb-type polymer
structure) & 78 4 ATt

=

olgjg Ads Fa oA g HQA- 9F B4 X3 APEVE a#=ER SEBS 2 9H(HQA- and

ta] W4A-ag
3| a

o) =
A= &

fluorine-substituted pendant-grafted SEBS membrane)®] AEMAFCZ S A& 7}
4 S 2 =ZE Hx(grafting degree)$t ©] 2= (ionomer)®] ¥ Fo H#stE
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[0120]
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[0122]

[0123]

[0124]

[0126]
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3. 8

2 g vlold o€ 2 e} SEBS 2™ 4| (non-arylene ether—type SEBS polymer backbone)e] 27}
Aof &4 43} AR F (hexyl quaternary ammonium) (HQA)S %144 #W E (hydrophilic pendant)@A4], 12]il
B2 X8 Wz (fluorine-substituted benzoyl)< 444 T E (hydrophobic pendant) 24 =g 44~
24 ¥lAE SEBS(hydrophilic-hydrophobic comb-type SEBS)E A} 2% AEM A#ZEA] /Asidct. =3k, W
2204 A3 HAYE (monofluorine-substituted pendant)® HEFZF e X3 AYE (pentafluorine-

substituted pendant)& SEBS @7FAell =¥ (grafting)Fo =M A4 A7FA (hydrophobic side chain)el
=¥ EX(fluorine)d &7io wE s #a)9t (HQA-F-SEBS % HQA-Fs-SEBS) 2] & e} &}4 (morphological),
= 3}8H4 (physicochemical) 2 #A7)3}8F4 (electrochemical) S54d (properties)? A&S FAMEF oW, =1
ANE  AFA A7A (hydrophobic side chain)?} EUEA & =8 H4A 2148 SEBS(typical
hydrophilic comb-type SEBS) &, HQA-grafted SEBS (HQA-SEBS)<$} wW]w&}3ith.

a1 Ax A7FA(side chain)ell EQ® B2 (fluorine)d] ME57F %
OUE Fbe] nlEEAo] Frtete] Huh & wddd A %

)=]
(molecular simulation) A¥}e}x= AX]s}Itt. o]# gt 2
}.

23], HQA-F-SEBSS] 79 2 Add o] Ax UL Fula= BIC 729 o] Fe~EE st 1.45
mequiv/g o] B74a [EC ghol® BEhE 80ToIA 87.0 mS em 9] 7HE & ATEE et

w3k, HQA-Fs-SEBSS] A% B9 (water-retension capacity)e] =tiatEo] 3714 & & 714 =& A <
(bound water)?] =& Yellom, o2 Ad|A HA A=mHA F& 27 95% RH =7 SPAE =2
Ar=w=ol 3HA H4Al W1ake SEBS(hydrophilic comb-type SEBS) (HQA-SEBS) 2 &2 SEBS 7]1wke] AEMo| H]sj
A 4538 =& [EC tiv] A A5 (cell performance) (0.6 VO] H$Joll A 355 mA cm AF Dot 163 mW cm729]
3 Ae YUE(peak power density))S YERNYTE. T3, o]do] wxd & A <(alkyl chain)g &FA
HHE (hydrophobic pendant)® E$3 I5A-A4A H14E SEBS (hydrophilic-hydrophobic comb-type
SEBS) ol HBIA %= ©S sdE Aol

2 S S8 ARk i F2 Afolel z#Ho]A (spacer)E E{iete A U 2 (hydrophilic
comb-type structure)o] F7FHez & AFA(hydrophobicity)S Zte &4 X% AWE(fluorine-
substituted pendant)E E$3= A Fa IECY F7} ¢lol= d%(corresponding) Ea]%e] AE=Ee &
gststy EdS =d & e 2 HE ATt =g, AF dE9 93 Jd= DX (peak power
density)7} 2474 1.4 & 2.1 wf F7}ed o], & ¥ EMe s A
9] FdH AHEo] Fhest AH SRTY Aol

e
=)
o,
1o
we -
rt
to
fu
=
BN
e
[
)
[
[
w2
[e2)
[os]
w2
~N
2
=

i)
ol

o
N
it
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k1
N2
(VA

Log (Conductivity) (mScm™)
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1.95 L HQA'SEBS
¢ HQA-F1-SEBS
4 HQA-F5-SEBS

1.80

1.65

1.50

1.35

120 ] ] I ¥ I ' ] I I '

28 2.9 3.0 3.1 3.2 3.3 34 35

1000/ Temperature (1/K)
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Er4
25
— HQA-SEBS
| m— HQA-F1-SEBS
— HQA-F5-SEBS
20
@ 15-
o
=
v &
w
wn
2 104
w
5 -
04
I T T T T T T . T . !
0 75 150 225 300 375
Strain (%)
=
- {a) i — HOA-SEBS ’ I 1 Bound Water
100+ —— HQA-F -SEBS F 1 Free Water
: —— HQA-F,-SEBS
- 4
Fos i |
g g
£%] : i
2 :' 5 34
= : 2 T
Fos : 2 I I I
92+ i '
o o 75 100 125 150 175 200 U'UU“ oA ER ke o sammey

Temperature (°C)
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ZH6
2 [(a) ——HQA-SEBS e (b) ——HQA-F -SEBS
s Loosely bound water 3 Lricisly Hourkd fa—la:%
= N = A}
i ]
s g
3 W £
3 3
w (T8
~— Freezing point depression — = [Freezing point depression —
T v T ¥ T v T T T T T T 1 T o T T T T
40 -30 -20 -10 0 10 20 -40 .30 20 -10 0 10 20
Temperature {"C) Temperature ("C)
1860
g |(c) ——HOAF,-SEBS (d) E 1 Bound Water
£ i E 4 Free Water
(=4
2 Loosely bound water 120
R
z
= g
s g 2
w
g
40
=—— Freezing point depression — g
G p 1 -
-4;0 _:;u _2Io .1‘0 g'-_n 1'0 2'0 HQA-SEBS HOA-F1-SEBS HQA-F5-SEBS
Temperature ("C)
EH7
100 . il E =:;Loriéks
- : r
ey : L
R ____i T =3
801 = HQA-SEBS 124
—~ |- HQA-F1-SEBS
£ |-+ HQA-F5-SEBS 5
290 =
> @
3 E 08
2 a0 ]
5 w
o
0.4+
20 4
u Ll T T T T L
0 100 200 300 400 500 HOA-SEBS HOA-F1-SEBS HQA-F5-SEBS
Time (hours)
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E08
400
1.0 "
0.8+ ;.‘5’ T
T
> 06
- 200
H \
=]
= 04 %
L
b - 100
oo —x— HQA-F5-SEBS
—¢— HQA-FI-SEBS
—4— HQA-SEBS
0.0 T T T T T T 0
0 200 400 600 800 1000 1200

Current density (mA em™)

99

(a) BrHex-CO-SEBS

(b)

PPO-22-30A8F

F20C8N

H-PBFB-QA-26
PPO-43-ImD B8F0 2
0.5QB-g-F0.2
QA-SEBS0 2-g-PEGD-M

75-0A-HOA-xSEBS
SEBS-TMA
SEBS-CH2-0A-1.5
M-OH-1:1
XL100-SEBS-C5-TMA-0.8
QASEBS AEM-20
HOA-F5-SEBS

Power density (mW em”)

(b) BrHex-SEBS

ZIHSd 10-2023-0021509

Current density (mA/cm’)
400 800 1200 1600 2000
- : + _"_"Cu-:-nmw
— Peak power density

80, 100 (BRI PIC lonfing = 0dmgem’ H, 0, g Bow 1007100 ce min”

06 °C, 3% (R, PR P hoading = dmgiom”
I, 700, g flow 100071000 c min |
60°C, 100% (ML Pt losding * 0.Stmgcn’ H, A0, g fow 200 200em

SEC, 100t () PO bonding = 0. 5impiem” 18, 10, gas w100/ 100 miLmin'

|u|!“ |” =

=" 60 °C., 10wt i, sl Neaubing = 0 Amgiem" 0.1 Adfha achrssuse M, 10, gas flow 00200 cemin

=0 100t (RHD mewml lnading = 0 Sumgem’ 0.2 A7 hackpeessase, 1, gaa fiow 100200 ml, min’
————— 47, 95% (RH), U londing = O dmyicm’ 1, A3, gas flow 4007200 cc mim*

B0°C, 100% (L L, Py oading = 0.3 mg'om’ 15 Paig huckpresiure
0 °T, 100 R, P loading = 0, Semiscon’ 11, /0, gan ow 10 ml. min”
[ T 100 (R VRN Joadiing = 0

e —— 60, 160% (RH], PR PV loadiag
W, 0, g M 30400/1 000 s

i M

e’ 1, 0, s Mo J00°200 mal. mini”
406 myicm’ 258 KPy backpressise

0 'C. 100%% (K, Py i PYC losding = 9 mgiem’ M, 0, gas fiow 100 ml mn”
O, 4% (RHL P C loading = 0 dglom’ 1, O, gas Bow 200400 e e

T T T
800 1200 1600
Peak power density (mwiem’)

2000

=]

o

A 70 8B

(d) BrHex-F5-SEBS

23

A5 AU 38
Chwacal S0 ppm)
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Transmittance (%)

— HQA-F5-SEBS

— HOA-F1-SEBS

=—HOQA-SEBS

w— BrHex-F5-SEBS

e BrHex-F1-SEBS
— BrHEx-SEBS
= BrHex-CO-SEBS

o — SEBS

T

T T T T T T T T T T T
1600 1400 1200 1000 800 600
Wavenumber (cm™)

——
4000 3200

(a) (b)

T T ; ' N T T T T 7 rreTT—— T ey T T T
W 20 30 40 B0 60 J0 80 G0 <100 110 130 430 <140 150 160 2P0 18D 0 30 30 40 K 0 70 #0460 00 N0 10 10 M0 1
Chamical Shift jpam)

EHI2

(alEQA-SRS (b) HQA-F1-BSEBS
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EHI3
— HQA-SEBS
8 e HQA-F1-SEBS
— HQA-F5-SEBS

Log(Intensity) (a.u.)

0 T T T T T y T . T v
0.000 0.005 0.010 0.0‘15_1 0.020 0.025 0.030
Q Value (A ")
W14
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