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B A geFo] 2dH FEEAA Sulfonated poly(arylene ether sulfone)
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1 622 VA BXA Y FFE 2 mol/77}Z] sH7HHEA FRHEHY E5EE Sk, & EAAY §FE THAE
FTEAE AUHBBC-40Bx). AZH EAFE o FF5HAES chlorosulfonic acid (CSA)E AFE-3l 34 E 3} (post-sul-

fonation) 3} THSBBC- 40Bx) Azd 33E, GFA, A4 2 FFAHEL IH—NMR, “F-NMR % FT-IRE4-& E3}o]
BEHCE FAEHUSS FAstth BAFH Y £5FFHA(SBBC-40Bx)= A A o] ol %—7}?;01] upe} o] w3k
TY(IEC), &€ ¥ °l AEE7t Z7bete 2SS HYTh

Abstract: Partially fluorinated poly(arylene ether sulfone) block ionomer membranes with different branch degree for
fuel cell applications were investigated. A sulfonable monomer, a non-sulfonable monomer and a trifunctional branching
agent were synthesized and the sulfonable monomer was oligomerized to obtain block structures. The oligomer was then fur-
ther polymerized with the non-sulfonable monomer and the branching agent. The mole ratio of oligomer : non-sulfonable
monomer was fixed at 4:6 and the content of the branching agent was varied from 0 to 2 mol% (BBC-40Bx). Post-sulfona-
tion of BBC-40Bx was carried out using chlorosulfonic acid (CSA) (SBBC-40Bx). All the synthesized compounds were
characterized by 'H-NMR, ""F-NMR and FT-IR. It was confirmed that the ion exchange capacity (IEC), water uptake and
ion conductivity of SBBC-40Bx increased with the increment of branching agent content.

Keywords: branched block copolymer, partially fluorinated, fuel cell membrane, sulfonated poly(arylene ether)
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ZF02d¢43 vk-3(fluoroalkylation)¥} Zn H7H
(Zn-mediated elimination)?} 22 F ©A 9 g
53t A 29 trifluorovinyloxy”] & 7}A]
A5 AL EFFTTEAY AxE A
SAGol Aoldle Y E sk
dA/51eA kAT dsteaA 1EA
247} &5 =[33,34] PFCB (Perfluoro-
cyclobutane)®t 22 B4 IFS TEA Fd 2&
Ho g TYste] dASATH CSAE AH&ate] 2o
A AE3Z &40] = biphenyl S]] Adgz o

2 AE3 N7 ¥ DMAcd =9 Xﬂ‘ETO}‘}&U} 23].
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2.1, AY M=

Wgol AHgE ThEES] Ak AldrichALRHE T
skl Abgstdnh WhSgmiE AFEE  dimethylsulf-

oxide (DMSO), acetonitrile (CH3CN), phenyl ether, tol-
uene, dichloromethane (DCM)-2 calcium hydride (CaHy)
EA st 2f FRFsI ALY Zine (Zn, gran-
ule, 20 mesh, 99.8+%)E 0.1 M hydrochloric acid
(HCI, DC chemical)T&4 o2 2435t & e
oM Eo® At AlHT & 140°Coll A &7 &t X



FE-E47 Poly(Arylene Ether Sulfone) E50°] 2

T AzxsA

GEFA o} XA Al Z8<] 4,4-biphenol (BP, 97%),
4,4"-sulfonyldiphenol (SDP, 98%), 1,1,1-tris (4"-hy-
droxyphenyl) ethane (THPE, 99%), 1,2-dibromotetra-
fluoroethane (DBTFE, 99.5+%)3 dimethylacetamide
(DMAc), potassium hydroxide(KOH, flakes, 90+%),
chlorosulfonic acid (CSA, 99%), sodium hydroxide
(NaOH, 99.99%), sodium chloride (NaCl, 99%)E H]%
g ymA AokEe o ol FAAAY flo] AHg-skT

22. 59 &
A e FEEAY FREAS AdA I
713 (NMR, Nuclear magnetlc resonance) &3
('H-NMR, "F-NMR)3} 2 9]4 F4(IR, Infrared spec-
troscopy) w3 AHEsHATh NMR #3H ¥ IR &
3 Bruker DRX-300 FT-NMR #37, Bio-Rad
Digilab FTS-165 FT-IR 1?—%74]—;— 77k AbgstaTh Al
29 FFHAY BAFS Waters 2,690 F3} A =2w}
EJY3(GPC, Gel permeation chromatography)Z =
gt At

£z

2.3. ChEke] &y
2.3.1. 4,4’-Sulfonyl-bis(2-bromotetrafluoroethoxy)
biphenylel M=(zletE 1)

71Al1A A7) (mechanical stirrer), 47}~ FYUT,
-2~Ei(dean-stark) E# ¥ WZt7](condenser)7}
428 1,000 mLe] AF-E2t2~F0 DMSO 450 mLo}
SDP (51.07 g 0.2 mol), KOH (25.56 g, 0.41 mol)Z

T T 120°Col A 2417 FF wEEAI T W
toluene 150 mLE 7} 140°Col A 36417 &<t
H] S73te] 3= (phenolic) ELEZ I KOHS 1t
o 2RH APE =& 4A3 AAsAG B F
‘1%—% At 55 g8 AAS &

r:L

| R
o

1 o o

3

dropping

o] &3] DBTFE (48.86 mL, 0.41 mol)Z ‘d
Qe WS AT 2447 WS F W3EL
of F11 ethyl acetated ©]&-3te] F=3tAh A
7148 MeSOE ol gt Az F delsba 2
St &8 AA o}&h, 80.02 g (0.132 mol)2]
ZF YHEL AAHEE : 65.8%). 'H-NMR (CDCl,
0 in ppm): 7.26~8.02 (various m, 8H, CH arom.),
YF-NMR (CDCls, 0 in ppm): -86.67 (s, 2F, -CF.CF>Br),
-68.86 (s, 2F, -CF>CF,Br).
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2.3.2. 4,4’-bis(2-bromotetrafluoroethoxy)biphenyl
o M=(&EE 2)

ZIAA wwk7), ik FUAT, 9-
of WZ77b A" 1,000 mLe AFZEtAaIo)
DMSO 450 mL$} BP (3839 g 0.2 mol), KOH (25.56
g, 041 mol)E F3 T 120°C A 2417 FF 1S
A AT HES 3 toluene 150 mLE F7}skal 140°Col
A 36A7E B FH FRe deY 2UEdd
KOHS W30 2HE APd ES s AAs A

g F BRkes Adste 2o ¢AE AAR F

2 EY 4R

mol)E %173 s
=S ST 5':51 ethyl acetateS ©] %3}04 —

g ojgsteq Hdx &
de7Aa #H %6}04 £ 24111 3L, 55.08 g
(0.101 mol)® HF HAES ﬁ?it}(fg :50.6%).
'H-NMR (CDCL, 0 in ppm): 7.30~7.60 (various m,
8H, CH arom.), "F-NMR (CDCL;, 0 in ppm) : -86.38
(s, 2F, -CF,CF,Br), -68.51 (s, 2F, -CF>CF,Br).

2.3.3. 4,4"-Sulfonyl-bis(trifluorovinyloxy)biphenyl
of Miz=(cHA 1)

A7k FATe ¥4717F Z2E 500 mLe AT
Zg2gd 3EE 1 (60.8 g 0.09 mol), Zn (17.65 g,
0.27 mol)Z FY3 F CH;CN 250 mLE 91 o
WA 36417 B ERAZAG WES ALY
o] -§-5}od —’F el DCMo.2 AlHe § Ag Hdzxs)
ot 4oz 1S A 2Es Fote] £
Astg AL, 23.37 g (0.057 mol)9] HF AHAHES 43
(% : 63.3%). '"H-NMR (CDCl;, & in ppm) : 7.20~
7.98 (various m, 8H, CH arom.), PEF.NMR (CDCls, 0
in ppm): -118.2 (1F, dd, cis-CF=CF>), -124.9 (1F, dd,
trans-CF=CF>), -135.5 (1F, dd, cis-CF=CF>).
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2.3.4. 4,4 -bis(trifluorovinyloxy)biphenyl2| A=
(ctzks| 2)

A&7t YT 247178 A= 500 mLe| A
Zdgtxagd FFE 2 (544 g 0.1 mol), Zn (19.61 g,
0.3 mo)E FY3 T CH;CN 250 mLE 23 Kk}
HA 3041 B FFAZAT MEES ATV E
o] &3t £xd DCMOE AAHF & AF Az
o dojzl fr1dS AgrtA ZEs 5ot 28 A
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4 ARE - AeE
AsFAIL, 2521 g (0.073 mol)?] HE HAEL Al
(5& : 72.8%). '"H-NMR (CDCls, 0 in ppm) : 7.16~

7.55 (various m, 8H, CH arom.), "F-NMR (CDCls;, 0
in ppm): -120.0 (1F, dd, cis-CF=CF3), -126.9 (IF, dd,
trans-CF=CF>), -134.7 (1F, dd, cis-CF=CF).

2.4, d2ctol| Trifluorovinyloxy?|2 7K 22|10
oo H=(BiphenylAl 2z|10{)
<5 =4 AA 3 monomer 25 AHE3tA 100 mLY

schlenk Zet2=el] S 2 (10.00 g, 28.88 mmol),
phenyl ether 30 mLE FU% 5 ¢4ds] &2 w7HA
WSS 83 Zol Freeze-thawH S o] &3te] &
dlE AU R AAE 43 AAFAG. W] W
BE ol22oz F7 AR F 200°Co A 15417 F<t
U2 A AT WS 3 methanold] o] €9 WY FF
FAE JAANAG AH 2 935 Fi9 gPanE
23 T 60°CoAlA 48417 Fo AF AxsATHF
£ : 95.4%). IR (KBr) : (961/cm, 1,820/cm), GPC (Mn
: 7,775 Mw: 16,654). 'H-NMR (CDCl;, 0 in ppm) :
7.14~7.55 (various m, CH arom.), "’F-NMR (CDCls,

0 in ppm) : -128.4~-131.8, -120.0 (1F, dd, cis-CF=
CFy), -126. (1F, dd, trans-CF=CF»), -134. (1F, dd,
cis-CF=CF>).

2.5. XA (Branching Agent)2| M=
2.5.1. 1,1, 1-Tris(4'-(2-bromotetrafluoroethoxy)
phenyllethane2| HM=(stg= 3)

500 mLe Ze}2Fo] 45 wit% KOHF
£ Y3 THPE (61.27 g, 0.2 mo)E A
A7 FQF WREAI T B 3 2y
254 9] potassium saltE AA T} 7]74]
a7bs FYT, dong EY P ity %w
1000 mLe] AFFZEt~ =39 DMSO 450 mLe #H&=Y
ZUEH 9] potassium salt, toluene 150 mLE
T 140°Col A 48412t &¢F FH SR/ FE
8] A, B & FHES AAste =&

A A % dropping funnelS ©]83}e] DBTFE
(78.66 mL, 0.66 mol)= Fsty whEAIF T
16A17E BEg & B3 ES /Tl Rl ethyl acetate
o] &3t F=skth. 4& MgSO,E ©]
gt dx & Ag7A g A8k
3, 77.14 g (0.091 mol)e] HE A
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45.75%). '"H-NMR (CDCl;, 0 in ppm) : 7.08~7.17
(various m, 12H, CH arom.), 2.18 (s, 3H, CHj),
"F-NMR (CDCl;, 0 in ppm) : -86.00 (s, 2F, -CF,
CF,Br), -68.08 (s, 2F, -CF,CF,Br).

2.5.2. 1,1,1-Tris(4’-trifluorovinyloxyphenyl)ethane2

M= (2X[A])

Aabe FYF ¥4717F A9 500 mLe A
Eehaad SE 3 (6745 ¢, 008 mol) Zn (23.53 g,
0.36 mol)Z CH3;CN 300 mLoll ¥ wkatH A 304
2t Fet BRAA U‘v‘i‘—ﬂl 71E o] &3t

HgEs o =

28 DCMe.z2 AlHg & F Adzxsin. ozl
T3S Ae7d ZEe Fetel By AAskla

AEO

339 g (0.062 mol)d HFRHES AAUHTE
77.56%). 'H-NMR (CDCl3, ¢ in ppm): 6.99~7.09 (va-
rious m, 12H, CH arom.), 2.14 (s, 3H, CHs), "F-NMR
(CDCl;, 0 in ppm): -120.1 (1F, dd, cis-CF=CF),
-126.9 (1F, dd, rans-CF=CF5), -134.3 (1F, dd, cis-CF
=CF,).

B Poly(Arylene Ether Sulfone) €2

fx|e] M=(BBC-40Bx)

S VA= EAEHe EE
kY

2.6. =% |

0I OOII

I:I

ALEL Oe BAA &F

::’4

&4 BBC-40Bx (x : A4 9] mol%)—gl AZE 93
biphenyl &2]1H, @A 19 & HE 4 : 622 I
star, EAAL FFE 0 mol% W 2 mol%7kA =&
A A 2359t BBC-40B22] 739, 10 mL2] schlenk
Z2t2~ 30| biphenyl < 1™(1.038 g, 3 mmol), T&F
A1 (1.845 g, 4.5 mmol), EA(0. 0835 g, 0.153
mmol), phenyl ether 9 mLE 247 FUg & 43 &

o|

oxl

sld wi7kA wwksit. &3l 5}5 o] Freeze-thaw'H] &
o] gsto] gafjE FAYFY 4HAE hdE] A ASHA
o WS WEE o202 F3 AZ F 225°CoA
727 Bk HESAH T WS- & methanold] Fo] &
&AW FTHAE JAANAGT. AFH 2 ARE
Bt 2N FEHAE FHE £ 100°CeH| A
24N E8F AF AZSFATHTE © 96.6%). IR (KBr)

: hexafluorocyclobutane (961/cm), 'H-NMR (CDCl3, 0
in ppm) : 7.02~7.93 (various m, CH arom.), 2.08 (s,
CH;) F-NMR (CDCL;, 0 in ppm) : -126.7~-133.8.
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Fig. 1. Schematic illustration of ion conductivity measuring
equipment.

2.7. 4&3t gtg & 2 M=E(SBBC-40Bx)
e LEAe] 2¥ES} W2 CSAE oo
U4 biphenyl ®eFA] WHERS T H7lEE CSAY =

£ - (biphenyl unit & H|9] 248])0. 2 1At A
Al 319t SBBC-40B2E o2 E9, A4 £9)7] 3ol
A #2230 DOM 190 mLsh BBC-40B2 2.5 ¢
(biphenyl unit 2.6 mmol)& 27} HHF FUT & &4
5 &ai2 w7bA awkgk g DCM 60 mL$t CSA
(4.15 mL, 62.3 mmol) E%-8%-& dropping funnel<
o] &3t 1At TS A AT W Bt 22 A
%% FAS L AetA wEketth. 4847 EQF whE

% pH7F 7°] @ W7kA DCMI} SHTE Ak A2
Atk oA Alxd BEAFHY HESH FTEA
T 120°C JE oA 2443 ¢ IF A=
Fo] gujet E& 43 AAstAT. HEsHH
AE 2 10 wt% HlEE DMAcol £3JA171 &
o R 7§ 228 (casting)3} A TF. A E(pinhole) B4 W
A8kl 8l 7] 12A1%F &9 2EF 50°CE A5
of ujo] FLELEE HA 5 oH, 120°Col A 24

ARE e A

v

[

_,_
£

0

2.8. 24 & ot

€ (Water Uptake)2l &H

2.8.1. &
SAE AzY HES TEAL TA(Way) S ZH
g & SR 244 S FAATL Aol e

wdo] 238 2 AN T FAWWE 24
A& ol galel A4

ofzf ol 4
- .W’IUE/ - W(T/I
&F<=&(Water uptake) = et A 100
VVdry
2.8.2. o|2uEE(IEC) S &H
AzE a2 [ECEH L Fisherd HAHE o]
S3tATH35]. AES 1 EA Zﬂfé% o FAE 53

g %, 1.0 M HCIZ&H o] 15A17 ¢ g7 A

£ -SO:H FH 2 $4d3s] A3A7 & 287 £ pH
7F 70 2 WA FRTE 83 AFSAT 2.0 M
NaCl=&9 o] 1547 97} -SO;HE -SO;Na JEj =
A1SAIZ F 0.1 M NaOHE A& o] g3t HAs4it

A K\’aOHQVa()H (

o] 2135 =(IEC) = W

mmol/g)

o7 Wee 2" 2o FA, A Vaont &E
NaOH9] &, CNaOHt Ao AHEH NaOHE 9 ¢
558 717 ek,

we i

2.9.3. o|2MEZ=(lon Conductivity)e &3

2447 B FRG BRAZ LA A A
olgAEE Z4 AFig el L. ol
544 A% eEo SEZH) Jhs e A o) ¢
A7l & LCR tester(Reactance Capacitor Resistor Tester,
Hioki 3532-50)% ©]&3td st 1 V, 1,000 Hz~5
MHz8| 5345 M 9lol A oo #3He ZAsAT o]
AREE ofgle] 4g ol g3ko] AT,

22 ZF3HH|(BBC-40Bx) 2| HE
SgA 2 283 BAAE 712 Az
EFo29Us} W Zn wiA
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Table 1. GPC Data of Non-sulfonated BBC-40Bx Membranes

Monomer ratio (mol%)

Samples - - Mn Mw PDI
Monomerl Oligomer Branching agent
BBC-40B0 60 40 - 22,200 79,400 3.58
BBC-40B1 60 40 1 33,500 167,900 5.00
BBC-40B2 60 40 2 29,000 272,000 9.37
*PDI (polydispersity index).
HO—Ar-0H — H;:z:_a BrCFaCF0-hr —OCFCF8r | i
compound 15 2 i — @
B e ECTEO—A-OCECE P ho g ancf;m—{ H }Gmc}',ar
monomer 15 2 P
: Coumipenand 3
. i QCF=CF;
= g : oompoursd 1 & manomer 1 H
—@—g—@— E m i i
w FiC=FCO CFECF)
_Q_@_ - compourkd 7 & monomer 2 E B agent

Fig. 2. Synthetic procedures of compounds, monomers and branching agent for the preparation of branched block ionomers.

—OCFCF B

Compoundd |

Compaundi | CompoundZ?

® M oM s
Chamiaal I8 ppm|

40 TA A4S 40 B0
Ghamizal shill ippmi

& e - " A
Emadn lual A ey

AW i 18
Chemial bl [ppr)

—OCF=CF,

[ =

M AN AN e
CRamire 58 ppe|

L] | | [ Mcmoeard

A0 A A A
Cham bl el ippm)

E E
—e—t—
| |
| FiE—CF;
EBC40BZ
A am am am am

Rl @1 R8T | |

Fig. 3. "F-NMR spectra of compounds, monomers, branch-
ing agent and BBC-40B2.

0,

g
A At dFA e BAAE FHe
QE¢Zs} W33 Zn wi/HA AAREE HE

magel Al 21 @ A1 %, 2011

— i [ — - X - —
Femfeo—,  — ‘.-nl:ril:n:—-l-:l:m:ur- F—y go—t-t—aH, iy -ockeeE
= = o = K. '&' I = L

E_F
i L -
[ |
Fit—LF,

i -FCEm G, trans - FCm= CFy A i- I - FOC==CF;
ML B | VIRY U010 D | L._JJ.U_

PRm =120 <122 <124 =13 <128 =130 -132 =134 <138

Chamical shily [pam)

GPC data Mn Il PO

Biphamd aligamer 7175 16,554 2.14

Fig. 4. Analysis of biphenyl oligomer.

o] FRIIHHY EFFoE FHHUL e
o|FATA L7 BHYEE PFNMR E4E 53
FRAIA L GPCEA S Fato] EAFS 419
(Fig. 4). Fig. 39} Fig. 4] Yehd uvpo} o] glgHEe
EA 939 68 (s, 2F, -CF.CF:Br), -86 (s, 2F,
-CF.CF:Br) ppm3} o]54% &4 =<2 -120 (1F, dd,
cis-CF=CF,), -126 (1F, dd, trans-CF=CF,), -134 (IF,
dd, -CF=CF,) ppm, PFCB2| 3 =93 -127.9~-133.4
ppme A oZ Hol IJHE, GFA, EAA, ST
M7t AEAoE dAEHASS S5

=3
B Ao 44 biphenyldl &8lH, GEFA19] =
HE 243 BEEFTHAE Axstd EAES £49



BEE2%7 Poly(Arylene Ether Sulfone) B20]2x-muto] #7)31std EAo] U BAA o] a3 7
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T TR o W o R RARRA W iy 1 g
L e ol T T
- My
sEtmen nf e
ey 14,
L— i el n—a— e bd
il Bl =T
BaC-0H
o
ki—o—{ v bk B ]
e e —, rf
- g
SHECA0E

Fig. 5. Chemical structure of SBBC-40Bx.

. nty | wt
BBC-40B0
fa) 1 i T
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Table 2. Electrochemical Properties of SBBC-40Bx and Nafion®-115 Membranes

Samples IEC (mmol/g) Calculated IEC at DS 100% (mmol/g) Water uptake (wt%)
SBBC-40B0 1.47 1.78 25.9
SBBC-40B1 1.53 1.82 27.6
SBBC-40B2 1.71 1.85 35.1
Nafion®-115 1.02 - 12.9
10K-10K BPSH100-BP50" 1.38 1.57 68
SPIII-2.16/PVDF5* 1.74 2.16 58.5
Data obtained from refs. 38 and 39.
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