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=5 47 AT 7IAIR 7ol 93 A4S AU 2l vlEl] aramid segment ) AT EAJo0] S5t
U E2aldo] $578F sulfone segment® o} 7oz ZEIAE o] gslo] A AXL vho 2ol 2L71sAe o
Tl ofhe]= 3EAe] solubility 9} processability S #A1717] 418l 011718 Z¥= sulfonated ether sulfone
D}aﬂ]?} m—phenylene diamine “18] 3 isophthaloyl chloride® WFSAIA ol o2 Yeisle APTHTAE st

1 °|Z& acryloyl chloride®} WMAIA @ Bdel] 25 Zo) w418 1RARATHE il dojr miad
:rLXi]“ A 7k B8 nEat A8l oz AzEgon, AL $4E v 7 @A) W2 'H NMR,
FTIR, & 2ol 2Jsto] ERI=Ic dolxl Hafldeke o] ewshgddn) 8, Fa0l2dEs, 44 B4 5ol &
2*5]31‘3“4 sulfonated ether sulfone T5A4|9] 3Hgg0] 271342 o] L pshiel S8 F00) AT Ty) Z)3)

= o] #AECE Sulfonic acid sulfone segmentE 30 E%E 2He ukal Aajd 2] 7S o] 2wghgigo]
1.57 meq/g, TFE2 44 wt% ©Jste] TS BIOH, 7FE H Aol gk FEE 100%, 25 ol
A 3.93%107% S/emelich

Abstract: Aromatic copolyamides were prepared and their applicability to proton exchange membrane was
studied. The copolymer contains thermally stable and mechanically strong poly (rz—phenylene isophthalamide)
segments, and easily processable and good film forming polysulfone segments. For the copolymer, amine~
terminated sulfonated ether sulfone monomer, m—phenylene diamine, and isophthaloy! chloride were reacted,
and the obtained copolymer was transformed into crosslinkable prepolymer by the reaction with acryloyl
chloride. The prepolymer was thermally cured and converted into proton exchange membranes for fuel cell
application. Each reaction step and the molecular characteristics of precursor copolymers were monitored
and confirmed by 'H NMR, FTIR, and titration. The performance of the membranes was measured in terms
of water uptake, proton conductivity, and thermal stability. The water uptake, ion exchange capacity (IEC),
and proton conductivity of the membranes increased with the increase of sulfonated ether sulfone segment
content. Membrane containing 30 mol% sulfonic acid sulfone segment showed 1.57 meg/g IEC value, Water
uptake was limited less than 44 wt% and the highest proton conductivity up to 3.93x107% S/em (25 C, RH=
100%) was observed.

Keywords: sulfonated ether sulfone, rr—aramid, crosslinkable polymer, proton exchange membrane, fuel cell.
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old], fEdolR(T o FR(Tw ol Erie Ukl 54E 714
I 9tk dE 59, sulfonated polysulfone (SPSF), sulfonated
polyimide (SPI), sulfonated poly (ether ether ketone) (SPEEK),
sulfonated polybenzimidazole (SPBI), sulfonated poly (phenyl—
ene oxide) (SPPO), polyphosphazene 5-& 71 ¢2 & 4= Qlr}?
o}l 2 polysulfone (PSF) 8] 79+ PSF9 A &30 17 &
5! Fel2 o] A7} H 1 ], A D] F oF 20~40%
HEe] Wyt £E51E0] = JeE Wol AvEaL /lem,
40% &E7T =0 9= 1EARe] A9 Nafion®# -FARE HERE
Helvky ek gk

3HA poly (p—phenylene terephthalamide) (Kevlar) €} poly (s
phenylene isophthalamide) (Nomex) 2} & aramid+= polyben—
zoxazole (PBO), polybenzothiazole (PBT) &} tl&o] Zujjd
aEAE BREY, 73 447 high—strength, high—mo—
dulus 52 Fold 71714 E43& 7HIT ot A eaditow
Q) ti-tel f7] Bufiells HA 93 52 453 wiEe] 3Rk
715 A 38 HSlel Ak 7HAA Stk 948t A4S 7= aramid
2] AR o] 83P] S8t ol MK d7E0] BuEly 53]
AZ0t membrane 0.2 E8317] #1314 Meier—Haack 5~ p—
aramidel] B4EC 2 A3 sulfonationS AlA AE47) € membrane
024 sufonated PPTAZ EH33193tE 6 slxiah Ale] gt 7
2 Hx 9 Bo] Mk o] A8 o Viale2 0|28 X,
Q517] 913l sulfonation® @9} sulfonation FA] 942 WFAIE
AMgalo] PPTA B35S @46k niAtos Apgaginy’
o] wlof o] 27|17} &-¥ m—aramid FFEAS wAlelg el
07 o]8sl= 52 ATE0] AR

H Aol = vigide] Sl f718ulel tigh -gsiido] of
= AL 9Jrial SE m-aramidE o]-&8lo] Hajukogde] 7
A& ERIsle] Mokow, AF 84 FEE TP ol udhs Y-S
Hedalr) 218199 sulfonated ether sulfone segment® 7K m—
aramid WHFFHAE I Vo= siodnk 8l dETEdAE
ES ) nEARES 2R FEEE s 71 Ae) okt
= A, imide ZE% v IR2 amide A olA oF 1€ 4= gl 71
el 7V, w2 g BHES 2he iRk Qi el A9 A
Al Abgo] Alghd 5 Qvks A 55 Tidle] HlmE W Exjek
m—aramid WETEA] Ll o]F Adle] =9€ Helle] WTAlE
st ol F 7hiAIA Felghe Alxsks FEIE silch

ghH, 7k WhE-E o] 8gt o 2w EEke: 2 3y} WAES v
A 182 Ag2RE Faluhs Az 39, v g8 W AAE,
F& 7 A, D RS TRE ek 9 4 ook A
wizel] Wol o]go] =11 glon, Exjgo] A2 AAlE ol ge -
I o] vluA A9H F& vlge2 T 3go] 7ls3lci 4
UTE ofejst Tk AIARIE o183 PEM 974= of8] 717 ey
7t & & 0o, A BRI A-9718 o183} ionical 7} A
287 f7IRbgoY o|FAE 55 o184t covalent 7Har A|ARICF
e 4= Qlck Tonical 7hiis AW 221t 714 B2 S
Fele 7wz, AP @7 22424 PBI, aminated PSFO]ut
PEEK 50| 3lom A nEx}2:= SPEEKe|Y sulfonated poly
(arylene ether sulfone) S-& dZ & 4= 9lth?™2 Covalent 7}

A|AELS: 0] 85R= WP 9 2= polyatomic alcohol} sulfonic acid
groups®) A7t v 2% Kerres7} 12kl W sulfinate groups
9] alkylation 7k ¥ Bol A3, o] HlelE TFHAL FAkE
T Uil ethynyl 2153 X@ska o5 7haAlA e vl
S up 78w allyl 10 F end capping 7 @ 7hrsks W
P = azide groupt @) ZkmAlzle B 9 acryloyl 71
& &8 74w 2 2 trifluorovinyl ether 715 F53A0] &
QJeh & o Ho= UVE B8l 7hAlyle wi 5o Qlek™ & ol
= end—capping W& 3 7Hz 1E3-2] o] uliize] ofulo] oF itk
o Q= mr-aramid WHTZFARl acryloyl chlorided ¥HAIA
olzEy |7} el X)3hel ATAIS I, oF FRIEER Gr}
AlA BE AR Hgsiolrh dolxl FE-2 Ak W ofg] TR
A& S3to] o]mgeto w2 FhaAE BRRlate] Hatth

| O =T

4

Alef. 4—Dichlorodiphenyl sulfone(Aldrich, 98%), sulfuric
acid(fuming, 30%, Aldrich), 3—aminophenol(Aldrich, 98%),
potassium carbonate (Aldrich, 99%), 1,3—phenylenediamine
(Aldrich, 99%), isophthaloyl chloride (Aldrich, 99%), acryloyl
chloride (TCI, 95%)+= =2 AAIQle] AMEsSISiT Sul2 AR
toluene (Samchun Pure Chemical Co., Ltd, 99%) ¥} dimethyl
acetamide (DMAc, 99%, Samchun Pure Chemical Co., Ltd.,
Korea), dimethyl sulfoxide (DMSO, 99%, Samchun Pure
Chemical Co., Ltd., Korea)+= calcium hydride® 45-8- A%k 3
et ZFale] AA) 31991, benzoyl peroxide (BPO, Fluka che—
mical) ¥ methanolell A% 3}e] ALE3515Ic} Triethylamine
(Aldrich, 99.5%) 3%} AAgul2 AME chloroform(99%, Samchun
Pure Chemical Co., Ltd., Korea), dichloromethane (99.5%,
Samchun Pure Chemical Co., Ltd., Korea), isopropyl alcohol
(IPA, 99.5%, Samchun Pure Chemical Co., Ltd., Korea)+= ¥
o] QA glo] AHg-aelth

S-DCDPS2} S-DADPS Tih|2] Bt 35 4 —~Dichlorodiphenyl
sulfone T £E3F5 A)717] 218l B wigl go] ZIeE ]
t}, 4-Dichlorodiphenyl sulfone} #A8HH6E0 mL, 30% SO3) &
500 mL round-bottom flaskoll ¥ & 6A1ZF 53k 110 TElelA
wRIEI3I). Sulfonic acid 152 749 JAAF WS X8 Wkgo]l
Qeto] FalEed|, BASMEE o835 vEE-2 F3ll sulfonation Wt
So] Kt MRS AR0E A3l & APk THFE Wk F
1 ] NaCIR salting outAIAFoZH A40] JHEE 4&
ek AM3S Wi WES-ES 10 N NaOH 890 2 FA3AAH
31 thA] 3B NaClZ salting out AJAFCE F1-E91 NaClE 1
ofl7] 13l SF<ret IPAZF 30/70(w/v) 02 411 S0l 23] ol A2
AL SErh AZPE ES FET T D] &% sul-
fonated dichlorodiphenyl sulfone (S—~DCDPS) @2 9%l
o] 82 oF 60% x0Tk

Scheme 13} o] S—DCDPS @4 (sodium salt form) 4.91 g
(10.0 mmol)-& 3—aminophenol ©3A] 2.40 g(22.0 mmol) 7}
potassium carbonate 1.80 g(13.0 mmol), DMSO 40 mL, toluene
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204 A

20 mL9} A Dean stark trap2 E31 24 Aol 160 CTollA
8A1ZE BEEAIZ) $ E7) toluene S $H313] AAFI 170 CollM
12/ BhG-& A7) 28 e X anke-g s ok whe 5
288k NaClzh KCIE: FE1E Sa] 28] 31 488 [PAC] &4
A1 sulfonated diaminodiphenyl sulfone ¥4 (S—~DADPS)
{sodium & potassium salt form) & €480tk Potassium salt$
el sodium salt form 027k} PEEE 9HE7) 98 acid form S
298217 o2 U] sodium formOE HIFe) Folu) 1ei7) %H
24171 B1E 30 Toll 7AE - acid form &2 7] €18 HCL 1
mmol(37%, 1.49 g ¥} S—DADPS W4 5 ¢(7.85 mmoD & ikt
F gejekal S5l S SF’*C} ’L\J.L 0.1 M NaOH &
A3l S—DADPS 9SS 78 3 [PAC] AZAA HE] & A%s)
o SIES Ao 82 o 70%013ck

10.0 mmol

{1} DMSO 40 m!
Toluene 20 ml
K,CO; 13.0 mmol

160°C, 8h
170°C, 12h

1 {2} HC1(37%) 20 mmol

Scheme 1. Synthesis of S—=DADPS.

(axt+1) HzN \©N H2

CRR

St e

237

Crosslinkable Mode! Macromonomer2| &A1.% 7tw7} 7F53t
macromonomer ] 24! 33HE-g THEY] 98l S—-DADPS ©EFA)
{sodium salt form) 0.40 g(0.63 mmol)°l acryloyl chloride 0.57
mL (6.30 mmol) & end capping agent® ARg-8le] HAJ&teich
(Scheme 2). S~DADPS @] (sodium salt form) & DMAc 10
mLell 3591 3 kg Fofl A7 R= Ak F3IF7) $18) triethylamine
< 0.35 mL (2.52 mmol) oI5 308 B A 30t A
3l BEgo17] white] ice bathd o}83le] A&0% v 2A17F B2t
WhE - Aok 42RE vEEE- o] AAE $- Fd gl chloroform
250 mLell HAAZ F filtersted Azxsigich

OPloi LCIS|E HHEIFEHL| Y. S35TE 83 Scheme
39 A A w23} 2ol aromatic amide?) segment$! 1,3—
phenylene diamine®} ionic 25-& 7} S-DADPS wHkA)sle] &
FE 7:3, 8:2, 9112 2| o] wIEES USRI BXEo]
20003} 500022 =HA 3171 9131 o913} isophthaloyl chioridef]
S 238 E=m7) 7:3, BARE 200008 248) 9
3} 1,3—phenylenenediamine 0.23 g(2.1 mmol) ¥ S—DADPS %+
24 0.60 g(0.90 mmol)-S DMAc 20 mLol| <1 3 whg3o] A3
71 HCIE F30A F71 980 triethylamine 0.56 mL (4.0 mmol)-&

l Acryloyl chloride
SO Na
Q o ]
Me_nﬁoﬂ_gﬁyoﬁnﬁ/
i
o

d";"i@»‘ﬁ

ran

l Acryloyl chloride

(o]
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Scheme 3. Synthetic route of crosslinkable random copolymer.
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WolFp 308 ERF w2tk 022 g(2.0 mmol) & isophthaloyl
chloride® 15 mL dichloromethane®]] $H43] 521 & AxolsS
Eal HH3] droppingAl# Tk ¥k 1087 W= 0.22
g(2.0 mmol) 2] 1,3-phenylenenediamines 718l &z ¢k
AshA) oplog WadsiaA ok wkge] Fik §F 200 mLe)
dichloromethane®] FAXAZ|1 filter % triethylaminee] 2Js) A}
AR saltE AAF7] F8l methanol® 1] W A8 & F A
Z3190r) 91%2) &8 VERIIT

Crossiinkable HHBSEMH(C| &Y. oF wrdo] ofle R ¥ oligo—
merel| acylation ¥+&-© 2 acryloyl chloride® AR&8l crosslinking
site?] o] FALE X|ERlch 7} 7:3, ERlEe] 200008 &
Y o ddo] olo R ¥ FFEA] 0.87 g(0.44 mmol)& 40 mL
DMAc®] =21 3= olloz Aoisld dTFANE P98 wel ot
FERE S Foll A7le A F3RIAT7] $18] 0.20 mL(1.80
mmol) &) triethylamine® ¥ol531 30% $2t WwHMAIZITE Acryloyl
chioride7t Z4H3] Whg3l7] W&ol ice bathE ©)g38le} Ao vt
% 0.40 mL (4.4 mmol) ¢ acryloyl chloride® ¥ 2417} Z<} 1t
S F ALoA 4ARE NEES T AAE F 23 4Rl chloroform
150 mLol| FARZ & filters}e] triethylaminedl )3l A€ salt
E AANT7] 8l methanolZ o8] ¥ A&3) & 3 Azt
92%9] &5 Bk

Yol watatel M=, 7} 7:3, BAEES 200028 FAEE
7 7t 7VEst AP Z =3 1 g thermal initiator £ benzoyl
peroxide 0.03 g(3.0 wt%)S DMF 5.0 gol] 50)1L o] £3-g-e
0.45 ym membrane filterE ©1851 filter3t3 1, TH& L&+ &
o] Fo] 1AIRF < 60 T, Np #-9)7] slelld zizsisict. 1 &
80 C, N2 9710014 4A12% 90 CollA 241 72273 Az vt
2 2ol B fejselr Eelsislck vixEle R ool mtukg: )
Z317] $181e] 0.5 M HoSOy g-lefl] 2A17F B4k 291 &, 8
ol 1ARY 1t Aeiet & THE Ao FUCh Az ool i
ghuke 5ol B aslsict

Ol2mEtsSaml &8, AR sodium ion®] proton & ¥1gk
ol 7kwd T3 membrane?] o2 EHE2(EC)& S8}
2ol 2l A7gs}odtt. 2 M NaCl &ol &5 24 A7t E<t Rt
8391 0,025 M NaOH -£94© 2 phenolphthalein end point 2
& siirk o] &g (mmol/g)2 4 (1) 23) ARklsiglon
VoS M€ 0.025 M NaOH 5-8-942] ¥ vehlis], B
blank titration& 13 NaOH 81| ¥-3& Vehllo], W2
Axd Al8S FAS Yehdt

O.OZSx(VNaO” -"VB)
I/Vdry

IEC = (1

ool W) F5EE tha) B o ARl VA

& HBUL FF50] 32 F3 WAET, 39 A 5 Aol
: F 2] 8 S A 54 F 08 o
2o 80 T2 Qe AL Vekd wpix) Azl dole 7
sioto] SRS 4 ol S8 AT, Wl B el

BAS Yeh L, Wiyt 229 ohe) 713 vehiict,

ot (=
dry

x100 (2)

SA0|RFEE, ofo] WEre] $40]EHEEE two—point
probe A, Coll 28 Z48lick vt impedencets 4192A LF
Impedence Analyzer (Yokogawa, Hewlett Packard) 2 AM-8131
1,% 16048C test leads probe®l 2]&] F331c} Impedence]
3L 25 T, 2ol 2F(AFEE 100%) o E3sislen, 2 (3)
(e}

2 FAOIEAEE (0) 2] A viehdnt,

c

L

7S 3

o=

6 FAO)1XAEE(S/cm), R £A4% impedence®]l, S&=
ofo)& W3] cross—sectional area(cm?), L #Z Alole] A

2 (cm) & bt
An A EE

S-DADPS $HA & &4, o]n] aleizl upe}® o] ulddhrto g
217} WFEES X)g)k wk-gol 2Jsko] sulfonation RFSo] B S~
DCDPSE AME3le] S—-DADPSE 3313t 2 Aeae
Scheme 1|4} Zo] AAFES AbxElsle] AA3sLa, o] o7&
NaOHZ X2]&le] AAYT2ZH free amine ] £48 S~
DADPSE &4 & o E3E7 uluwsle] 71525 Adee]
NMR spectrumE 9 5 %Itk Figure 1(a)+= proton?] o1 %
29 ionic 2HS 7F) S—DADPS el (sodium salt form) 2)
"H NMR spectrumg YeRIZT §uli= DMSOE AMg-315ic) 2
A Wk )8 kg WeEAl= sulfonic acid 53¢ proton®]
8.17 ppm®lA singlet, 7.6 ppm®lA4] doublet, 6.8 ppmell4] doublet
o= 1ERdar aminophenol”]9l 913= proton®] 7.02 ppmeA] triplet,
6.36 ppmeiA] doublet, 6.23 ppm@llA] singlet, 6.19 ppm doublet ©.
2 FU3k 882 vehal diamine 337} 5.25 ppmollA] singlet
©2 o} proton?] 28] vl&2] K2 veRde] ulel S-DADPS
7t & AEE HojErh

Crosslinkable Mode! Macromonomer2| &4 2 £A{ Model
compoundE TE7] 948l S-DADPS &4 (sodium salt form)
o acryloyl chloride ¥F8-A17 crosslinkable macromonomer
& A1) oF Wl 9l oltl 18] acryloyl 1822 )3k
A o= Ao A7]1 7lwE 3 57 Sl olFAde] A)A
ek 237 WiEo) 4402 'H NMR 92 (Figure 1 (b)) ¢lA]
S—DADPS @A)l | of7l 57291 5.259] singlet 37} A}
2R3 6.37, 6.22, 5.73°1 acryloyl?] ¢]1E52% 537} AT
w3k 10.2 ppmell o1 E 3137} singlet 2 VERG ZoE 3l
3k A¥} acryloyl chloride”} end capping agent® 2+ x|gH5| Qi
= A8 HolFEr)
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Figure 1. (a) 'H NMR spectra of diamine terminated macro—
monomer in DMSO—ds (b) acryloyl terminated model macro—
monomer in CDCls.

ooz actslEl HEHIFEMS 8 Y EM. Figure 29]
A 25105 ppm¥ 10.1 ppmell] ofFjo|= Afe) &t w7 9} &
o] ofgl 0 R FHolQlth= 218 5.24 ppm 5.09 ppme] ¢}F! ¥
ol R1E 4= Sih

opjo]|= 3|38} ofle] F]H0) ulE-S Tl Al 1T = 3L

AT FZRACAN 2AR] ARGE olulol= Ao] Eolut ofule]

= 7321 10. 5 ppm®] Hall A& nlEo] #ARw 724& &1g <+ 3l
et Tde] olmjo]= w35 ekl 101 ppme] Hhes YEE B
ofrn Al gol met ofd Bxlo] 200091 27} 500091 22
AR RS B3l gEla ol o g AuslEl dld3E e uks-
A} triethylamine®ll 218} 3% salts TN AMSEE 77) Sl o
3t 23 =7} Holx|7] ujEell methanolZ o8] W Al&E sfiFE3ich
Crosslinkable HEZFEHI2| &4 X 4. Figure 3olAE 94
FAISE model 33221 crosslikable macromonomerdME Ko

ZoM, #1347 33, 2010

O3Na g4 c

d b a a b
H,Ngn%ggg_n@ﬁﬁgg‘é.n@ogg@;o@&ﬂrﬁ
x ylran

NaO;8

phenyl

10 3 6

Figure 2. 'H NMR spectrum of diamine terminated random
copolymer in DMSO—d.
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Figure 3. 'H NMR spectrum of acryloyl terminated random
copolymer in DMSO—d.

A 50] crosslinkable WHFFHANME F Tde] opglel 5.24
ppm& S—DADPSS] ¢}l 538} 5.09 ppm?] 1,3~phenylene—
diamine 2] o 9327} AR 6.37, 6.22, 5.73 ppmellA] acryvioyl
2 oA W=t AEAl AAEE FRIE ok L
oF gto] eyl e Hol ol FFEEAIAM acryloyl chloride® 1t
SAIA ohul thal AAE ofv|= H3e® 10.5 ppmeiiAe] Hyel
integration®] 7811 acryloyl chloride 2 Q18fl AAAG oF Wto)
ol =9] A YehY] whZel] Hy integration Bl&e] 98-S
BIItk olFAe] 99 acryloyl 1F0] AAGOZN Tl 7bsd
WAL FZTA ] o] Z o]FofRH s IS

HZMX|E Yo|2 watate] BAM,

O|2wE2d ) si4g: ojd A T8 AT
crosslinked WHZTEIA| ool maute] =83 ol 2wl gt
o] Avl= Table 17} 2t} o123 [EC 342 sulfonated ether sulfone
50| ZF8EE mol% st AFTFHAS £3F B8 nlgoR ARk
E3itk Table 19 B ol2mdhgad 3k olBx o= Akkd
2} AP E o84l 9 [EC ke vehint + 353 25 [EC #
< sulfonic ether sulfone 752 0] 10%1M 30% = Zoldel
we} F71sISih

1 oPde] 739l prepolymer®] £217} oleige) AdTSSH



Sulfonated Ether Sulfone- s X838 Crosslinkable m—AramidZl Ionomer?] @417 d52x] ool o4 207

$} crosslinked WRAFZFHAS] T o] 2meraleln] Z7ef ) 73t
[ECE °o}&3 [EC a7 fAKE ak& vehidek ol&udtelM 3
& 9] sulfonated ether sulfone =2l Zvle] ma} Z7lsiglon
ol euiale & sulfonic acid 252 Foff mle} 2pAde] F)81]
ujgel] ol wshgy} o]2w et g oA FYRIITHL ALE
=

71 FolM BAEES 20008 FEZ # crosslinked WH-EF A
o] e o] EETF Fho] EAERS 500002 BT ¥ cross—
linked ALTZEA2] & gt AA & FRIBIC o=
7t 27t Uolde s 7k Wzt ot hydrophobicatA] 8
8l B9 A5/ V) o R Heink ey, o] gEe skt
= AP FETAY) Ao vlFFE B FXE Bk 2 Al
7l Ao o|Fold ol ol&ndte] 7hu YErt okl
5 Fggolu ol shggo] HolRle Z21g ERIsIltt o] 1
2} mol%7} 2+&- A9-o)= mr—aramid segment®] hydrophobic3t
E40o2 Qs o]EZQ IEC gkl vlal W k& 24 #tk

FA0IRMEE. ALFFEAS} crosslinked HEFFLA ] &
ol wgtete] 40 &AL Table 13 2t} o] &w@uto] =24
olEHEEE proton?] ©)% E24 ionic 28-S 7H sulfonated
ether sulfone 7552 % F71] W sulfonic acid 152 F71l
uje} ol on, WHFTFEAINE 1.36 meq/g®] IEC #elld 2.94
X 1072 S/em, BRlEko] 20009] crosslinked WHZZTA oA =
1.22 meq/g?) IEC #HelA 3.23x107% S/em k2, EA130] 5000
91 crosslinked ALFZTH A= 1.57 meg/g) IEC ghollA] 3.93
%1072 S/em k& VERISITE 7hrER] 5 A A A
2] 9 ol2HE® Sl 7] Fepdo] 42171 Hlont Bof ok
BARZE o BabA] BEo) shEli= @ide] BREIRIC) ZhvE we] 3
7Y Ble] FRIRE B Fef o] FRIFHSICE o) 1
2 malwr) 2L 739l mraramid segment® hydrophobicst
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Table 1. Characterization of Membranes

Membrane IEC(mmol/g) Proton conductivity Water uptake

Theory Experimental (Slem)® (%)
r'9/1 random® 0.68 053 6.29%x10™ 14.9
r:8/2 random 1.16 097 1.72x1072 335
r17/3 random 151 1.36 294x107? 68.2
m:2000r:9/1 XL2 058 049 467%107 92
m:2000r:8/2XL 1.0 1.05 235%1072 21.7
m2000r:7/3XL 133 1.22 3.23x107 385
m5000rH1 XL 058 056 7.19%x107 154
m5000r8/2XL 100 1.21 3.27x107 31.3
m5000r7/3XL 133 157 3.93x1072 438
Nafion 117 091 9.12x1072 17

“Ratio of meta phenylene isophthalamide/sulfonated ether sulfone. *Theoretical
molecular weight of prepolymer. ‘Measurement condition: 25 C, RH=100%.
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(0.91 meq/g®] IEC 0.1 S/em) o]l BISHA Tha: 2R 3k HoiFgick

HMo|M 22 E4: Figure 4 B4 crosslinkable HE5E
A o 7Aool wEere] FTIR spectrume]th 1650
cmlejlA] o= Agte] N—H 2] 3=7h Ve 1240 cm™!
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band®] &4 w7}, 1150 cm oA sulfone?] S=0 &4 w7k 1}
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A Ao 7k S0s9] 43 Ealjell 28 vehtar A dEk 2k
+= crosslinkable WHEFZEA N doldrh. m—Aramids} sul—
fonated ether sulfone segment®] BI7} 7:3, 8:2, 9:19) o] 35
oA o] E29) S019) wt%= 126, 9.7, 5.6% % sulfonated ether
sulfone T1E0] XAHE wi% s WHTFTAL) Bah B4S vigo
2 AkE9lo Figure 594 B50] TGA 8418 %381 3] ¥
@AY 039 d3] Fall wi%= o188 A FARRE: Balch
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Figure 4. FTIR spectra of crosslinked random copolymer.
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Figure 5. TGA thermograms of crosslinked random copoly—
mers.
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