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Z=E: 24 #571% perfluorocyclobutane (PECB) 7|1E 83k AE3lE HE 8474 poly (biphenylene—
co—sulfone) ether FE8A (SPBS—X) & AZsIch AL trifluorovinylether 753 oF Iutol| Z3kel=
kAo T, Rt bl a3k Ela S E (post—sulfonation) &) 394 TS 3tk
Trifluorovinylether 718-% o Tl £388R= biphenylAl$} sulfonylAl ©x18 3981901, biphenylAle] &3
£ 20 mol%olA 60 mol% 7k ZHshdA s=l3lrt wheBde] 433e B3 99 TEIAT folnt
(PBS—X). 34E381= chlorosulfonic acid(CSAYE AME3lo] FEG oM, o) B3] et BEIEE 7Ae
AEAEZ AT TH-NMR, “F-NMR 9 FT-IR 242 E3l0], Az 398, U 2 23450 43
Ao 7 AR AEE HNBISICE 2o CSACY tiel] 2E3} /& 7FAE biphenyl7]e] gego] 7 gl et
o] 2 (EC), Tre 9 oleAswr} F718Hs A% B3, SPBS-609] 729 §& 2539(25~80 C)
oA Nafion®-11580}F & o] 2AEX (80 T: 0.08 S/cm at RH 100%) & vreRfgith

Absiract: A series of partially fluorinated, sulfonated poly (biphenylene—co—sulfone)ether containing
perfluorocyclobutane (PFCB) groups were prepared for fuel cell applications through three synthetic
steps: synthesis of trifluorovinylether—terminated monomers, thermal cycloaddition and post—sulfonation.
Two kinds of trifluorovinylether—terminated monomers were synthesized and statistically copolymerized
via thermal cycloaddition to obtain a series of polymers containing 20—60 mol% of biphenyl units (PBS—X).
The post—sulfonation of PBS—X was carried out using chlorosulfonic acid(CSA) to obtain copolymers
with various sulfonation levels (SPBS—X). All the synthesized compounds, monomers and polymers were
characterized by 'H-NMR, ®F-NMR and FT-IR. Tt was confirmed that the ion exchange capacity (IEC),
water uptake and ion conductivity of SPBS—X increased with the increment of sulfonated biphenyl units.
Particularly, SPBS—60 showed higher ion conductivity compared to Nafion®—-115 at 25~80 TC.

Keywords: sulfonated polymer electrolyte membrane, fluorinated polymer, fuel cell, poly (arylene ether
sulfone).
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9] F5o ule} S o2 w3er ABARANPEFC; proton exchange
fuel cell) 9 273 vghg ABAX(DMFC; direct methanol fuel cel)
g RE AfAR AAREE $4 ol w9 (PEM; proton
exchange membrane) < A&4X¢] A% 4D 582 F981= I3
FEoEH Hojd uisiky, WhiEly, ol&dxxE 7 vF DuPont
Ake] FE2AER] Nafion®o] i Ags 1w gkt 34x)gk Nafion®
2 80 T olde] a2 oA ol dre] FAst A3, wghg 2
ELW W B AR & 7H Bl BARECE XA
pA=

olefet HE4A BE] TAEE siEsy] A8 ExlolddolH)
EAZ(PAES; poly(arylene ether sulfone)) A" Z&joljg) 2o
e 2#E(PEEK; poly (ether ether ketone)) 7,072 Eajou)x=
(PI; polyimide) A E3} 7k wslad] UgA nRAE 24
o= A7t FUs) A= et BelsaA deiduke Bl A
AU, 32 2% Heor2) B8 o] XATE B PEE /KA
7t Nafion®5r} #ake] HE] T2 B8] Nafion®} 4413
OIRAER #E B T Urh AT, gElgaA] Al e
o] AEW] B 4] 1Al vl8)] 259 (hydrophobic) ]
FER] deldge] B2 SR Q% Z1AE B4 Adle 2>
FAEE oplett). olElgh Holr] ¥ E4AY] nEARE Bl
S| TR B g BAE ok AR Wi S U A
L7 gFH) ¢ =2 Wiles 52 g7l 25 e8kriA 18
lol] AR B2 78 —hexafluoroisopylidene bisphenol(6F) —
& FEHOTE B8 BE B4 nEA A g vt
BRET gk BR B 3Rzl Axs 9% gzd 240 15
2] 3R] perfluorocyclobutane (PFCB) 718 X&8= IEA=
71E2] @kl 6FA LAl wigl) BATES Wol HorE 4
ROTF WS LA S8 GAkEE A, WA B okt g
HoF vk oIyt Aeely gtk o B %) voo S0 AT
o 25k PFCB718 ¢} biphenylene ¥ 318} s
B3 At WEgEor HAEslTe] Fgo] Bo5R] ¥ Ags)
¥ Nafion®% 7} |7 ) I vIsh o] 2AER 3k 88 F
5107 L=

wahd], 2 Aol Ulgiedo) $38la AESA] g A
o S 7R Jukn AEEE PRCBYE X33 - B4
A Asfalete] Az} Ar)skels B3 whel Al 3],
AEBE 258 GolsiAl sh7] sl WhET] Wil Azt
ER3] Ao chlorosulforic acid(CSA)Yl thell 2F3 g4
] QU biphenyl? |9} AARER] 2E-E 7B o] @
of) AL FEIA| slo] ARelr] dEsL Bo] gl sulfonyl’ &
EE FHAE AT olE2NY G5 mEshikgE AX W

o
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o] Agsisie) whSEoiQ] dimethylsulfoxide (DMSO), acetonitrile
(CHCN), phenyl ethert= 424171914 calcium hydride (CaHy)
o} A B 5 At sl SR8 Zine (granule, 20 mesh,
99.8+%) = 0.1 M G4k 8oz FA3¢ F gk ol ES
2 A A F 140 TollA 3% Bt A3z st v A
RS- o olde] A 2 glol ARSIt

=251 2| T IRIE, dek, 18R] TREAS A8 TH-
nuclear magnetic resonance spectroscopy CH-NMR), “F—
nuclear magnetic resonance spectroscopy (°F—NMR) 3
fourier transform infrared spectroscopy (FT—IR)2 AHLSIiTh
"H-NMR# F~NMR-2 Bruker DRX—300 FT—NMR spec—
trometer® ARgEle] Ealglon) FT-IRE bio—rad digilab
FTS—165 FT—IR spectrometer& AH8510 7331900}, Gel per—
meation chromatography (GPC)£432 18R}e] EAeEe 13
7] $18] Waters 26902 &7d8l3itt. oL nE22(EC)-& model
720A pH meterd ©1-8310] 8351901, LCR tester (reactance
capacitor resistor tester, Hioki 3532—50) hitester impedance
analyzerg olg8l0] mREAEe] o] 2ATTE &39ck

CIZH|o] B4y,

4.4' -Sulfonyl-bis{2-bromotetrafiuoroethoxy)biphenyi2] HIZ(Com-
pound 1): ZARS sl W28 dean—stark) =3, 328 (con—
denser), 7143 19 {mechanical stirrer) 7} A28 1000 mL A}
TEFTo] DMSO 400 mL ¢} 4,4'—sulfonyldiphenol 51.07 2(0.2
mol), potassium hydroxide KOH) 28.05 g(0.45 mol)-& 5 5
120 CelA] 1217 B9t vheAIFIT) 9he- 3 B340 130 mLE 37}
3k 140 CToA 484171 B2t T4 FH31] #HlEE (phenolic) S
£33 KOHe| wre-orie] Pde £& 48] AAsislch ukg
Z Fke-S AW B8 &35] A ¥ dropping funnel ©)&
3o 1,2—dibromotetraflucroethane, DBTFE) 52.49 mL(0.45
mol)-& AHS] FYel WeAIHTt 16AKE ¥k F HeES TR
off 211 ethyl acetate(EAYE o]83d FE3IIth Lol £7 14
& magnesium sulfate (MgSOp & 01835} A% & ez 39
£ B3l B2 A, 78.32 g(0.129 moD & HE AES
AYTHES 64.4%). '"H-NMR(CDCl3, §in ppm): 7.26~8.02
(various m, 8H, CH arom.), ’F~NMR (CDCls, & in ppm):
~86.67 (s, 2F, —CFCFyBr), —68.86 (s, 2F, —CF,CF2Br).

4.4’ -Bis(2-bromotetrafiuoroethoxylbiphenyl] HIZX(Compound 2):
ZARE-7] sl d-28 EY, Wz, 71A1E wab ) ZEd
1000 mL AFEElAg0) DMSO 400 mL sk 4,4 —diphenol 38.39
g(0.2 moD), KOH 28.05 g(0.45 moD-& 13 3 120 Told 14]
7+ B WA ke & B4 130 mLE 5718k 140 T
A 48A17F Fek F] SRSl WY SE Y KOHS vhgo &
FE AYE S &A8] AASISE e 5 BNRSE dAshe B
S 98] AASF F dropping funnel& ©}&3k] DBTFE 52.49
mL (0.45 mol)-& #33] F=dsh vhgAAch 1641KF ¥k - Wke-
E& THTo B3 EAE olgsiol 238l ol e
MgSO4E o3l Az ¥ Az A9 Fao £ AR
i, 51.67 g(0.095 moD) & #F WHES LA (FE 47.5%).
"H~NMR(CDCl3, 8 in pprm): 7.30~7.60 (various m, 8H, CH arom.),
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F~NMR (CDCl3, & in ppm): —86.38(s, 2F, —CF,CF2Br),
~68.51 (s, 2F, ~CFoCFoBr).

4.4'-Sutfonyl-bisttriflucrovinyloxy}biphenyl2| HjZ=(Monomer 1): 2
289715 @777 A 500 mL ATEEksFel com—
pound 1 39.53 g(0.065 mol), Zinc 12.75 g(0.195 moh-& 43t
& B4 CHaCN 200 mLE Wi wRlshis 4 78 s5AA
Sk 304 F RESE-S ANERE o] 838le) =R dichloro—
methane (DCM) S 2 A&zl AZFolE T8l AS & oHdg
AE Az AxE BYES ey dEs w3l 29
AFH131, 16.32 g(0.039 mol) &} FF YHES SHHTE 61.2%).
"H-NMR(CDCls, & in ppm): 7.20~7.98 (various m, 8H, CH
arom.), *F~NMR(CDCl, 8 in ppm): —118.2(1F, dd, cis—CF=
CF2), —124.9(1F, dd, trans—CF=CF2), —135.5(1F, dd, cis—
CF=CF32).

4.4'-Bisftrifluorovinyloxy)biphenyl®] MZ&(Monomer 2): 2459
Jrakel Al Bz A& E 500 mL ARSI compound 2
4352 g (0.08 moD), Zinc 15.69 g(0.24 moD)-& FY3t & B
CHsCN 200 mLE ¥l wRkshaA &g 718 S5A1A 800k 21
AR F SRS GAEETIE ol 83l] 4 A DCMOR Mst
o] AEFLE B8 AR F oA A 7zl 2y A4
B Auppld AEe B3jo] 7] A8I%E, 20.17 g(0.058 mob
o] 2% MBS AYUTHEE 72.8%). 'H-NMR(CDCls, § in ppm)
7.16~7.55 (various m, 8H, CH arom.), ""F—NMR(CDCls, § in
ppm): —120.0(1F, dd, cis—CF=CFy), —126.9(1F, dd, trans—
CF=CFy), ~134.7(1F, dd, cis~CF=CF2).

WY NEXO| SM(PBS-X). W 1EA} PBS—-20S o B9, 10
mL schlenk Z&F2=¢) monomer 1 1.641 g(4 mmol), monomer
2 0.346 g(1 mmol), phenyl ether 3.97 mLE Z}} 253k & 9
8] gl wizkd] anksisict g3E £ U] ALE AlAEY)
8] o}B2 1A & freeze—thaw WS o)&3l0 91:27) 18] Ak
& 3] AAESIc) vhe7) UlRE ol2o® 2N $ 225 T
ox] 72ARE B ESAIEE RhE- 5 AIE-S 439 phenyl ether
of Z3AR] & wiggo] FsAIZCE AYE FHAEE B8l 100 T
oA 24A1ZE B9 WY AZSIICHEE: 88.7%). IRKBr): hexa—
fluorocyclobutane (962/cm). GPC (M, 44593, M,: 84350).
"H-NMR(CDCl3, & in ppm): 7.15~7.48 (various m, CH arom.),
¥F—NMR(CDCls, § in ppm): —128.4~—131.8.

MES| UE DEXISPBS-X) W 9t T A2 9y wdxke] A
F3} b2 CSAE of8ste] AABigict. AES whe- dg af
Z}2] biphenyl ¥R H7EE CSAS F52 eH(biphenyl
unit & ¥ 24uh) o7 17gsle] A @Y 1EAF SPBS—
208 A= 29, dh Bl A7Eekagel] DCM 115 mLe}
a4 PRS—20¢ 1.3 gbiphenyl unit 0.654 mmol) ek
3 & &3] gaiE WK @k & DCM 35 mLe CSA 1.05
mL(15.7 mmol) E3E4E dropping funnels 018313 17 5
ot HBAFTE HhE Bl 25 RS RIS FeiAl kel
o} 48A17F & wheEEME-S e R S5l AT £ g
Z SFe] pH7E 70] E w7hA] Asisic). o]gA Axg HEs
TERS 80 T AF LB 24A17F AZSo] fujo) Agke] B5

B4 AZ3} Poly (biphenylene—co—sulfone) ether @8} Azt 54 139

3] AT AdE 1ERE dimethylacetamide DMAC)
off 10 wi%E =]l & fuld foll 783 £ 80 T 2Felx
2417t S}t Azste] WS Az

alg(Water Uptake) B8, 7123 A¥E3l nBaiwe] FAZ &
A3 F 2ol 24417 FEAZ] T 7o} 2he] BRlel B &
& wohlla B&E ] FAE 781 oy A& o]gsio] Al

A8

8F4& (Water Uptake) = Pover Waer 160

dry

A7), Wt Wiyt 27 2428 93} 489 o) FAE Vet
Wik

OIRWEEENEC)S] 8. Axy 282 IEC £72 Fisher
9] AL olgBiGrt? MEsl yEA 7ixE v BAE 23S
T 10 M @Ak S8l 15A1F B2t FAlsle] 4EW1E —SOsH
Helz 98] xFAT T SRR AFEe] deirl B pHr) 70)
2 w7k 2823) AAsIITk 2.0 M sodium chloride (NaCl) &8
ol 15AIE B0l —SOsHE —SO3 Na™ FElE XgA)2] 3 0.1 M
sodium hydroxide NaOF) £-8& o}438l0} H73ei3ch

o)L EEF(EC) = ”vami(mmol@

s

A7M, Wee AZE Bl BA, AWeore 258 NaOHE) o,
Georrs 270] AF29 NaOH £989] B 352 77} Jehich
0|2FME={lon Conductivity) Y. oA EE &4 Ao 24A17F =
QF EA; Bk SH5o) A, BaE 2EA IS ol AT
248 Aol 1A T LCR testerE og3slo] k1 V, 1000 Hz
oAl 5 MHz9] i B9l AgE S48 o] LHEEE o)
glA 73t Ble] A8 gh 01831] o A& ol g3le] ARSIt

/
o= M(S/cm)

o7, RE me] AR, 1 & ATl A (em), S= FE o
A (cm?) & 22 ek

HO—Ar—0H s BICF,C o
Ar— e eps— - Al
2) BrCF,CFoBr 1CF2CF0~Ar—OCF,CFoBr
compound 1 27
In
S —— Fal =FCO——mAr—QCF=CFy

monomer 182

Ar= _®_§—®— : compound 1 & monomer 1
s
or

Scheme 1. Synthesis of monomers.

: compound 2 & monomer 2
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Figure 1. **F—NMR spectra of compounds, monomers, and PBS—50.
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g lm

FaletChy |y P
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l ci0sH
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2| J\HOQB{ OQH}: 2|m
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Scheme 2. Synthesis of SPBS—X.

j}

2 HEE

MES| 2 nERle] §H. PRCR71E &k 9g 181 34
£ 9% deE iy 2UEAREY 2vAle] $499E B
dolgon 7 AxHAL Scheme 1o VERIGTE T2l veht
ulgl o), Hlsd &3 DRTFESR] fluoroalkylation WH,
ZnZ wiAIE §F triffuorovinyloxy TEOZ2] WHEHE E3lo] dof
ok Fluoroalkylation ¥1&-2] 79 KOHSS) 25438} 98- % o)
A, o] APIER B k91g 5 5AER] tetrafluoroeth—
oxy (—OCFsCF-H) 712 et ueby, 15089 3eE-2 97)
A3 EFGhE o183 Fu) SFA €8F 2 AAY e FL
gt PF-NMR F28248 o) sHEs) dep) aaos

BE[H, 4347 A2%, 20104

Table 1. GPC Data of PBS-X
Non—sulfonated M M, PDI
random copolymer
PBS~20 - 44593 84350 1.89
PBS~30 53767 106719 1.98
PBS—~40 23432 63003 2.69
PBS—50 50724 99603 1.96
PBS~60 41335 86079 2.08

WHEAEE FRIE < AR T, 1 EHE Figure 1) vERIIT

PECR7|E 8hgah= 4= g4 183 28 (thermal
cycloaddition polymerization)-& S8 £gslien], 1 & Z4E
39S Bo) Az A 1A IS AL Scheme
20l VERNZITE Aol CSAS) thell A8} 84] 31 biphenyl
A Do H4ES FAdo) Y sulfonyld] BEEAIE Thekl E 1)
(2:8, 3:7, 4:6, 5:5, 6:4) & Z3}0] PBS—20°14 PBS—60714)
5 279 RS dglon, GPC E4AFE Table 17 HERAg]
o} sekel] AR A8 3 Op-NMR Ao o)Eds B4y
A9 —120(1F, dd, cis—CF=CFs), —126(1F, dd, trans—CF=
CFy), —134(1F, dd, —CF=CF2 ppm°] Al&}x|1, PRCB7]9] &
A 1321 (CDCl, 8 in ppm): —127.9~-133.4.0] Ve }= A3}
FT-IR #4235} gAlo) 5984 9]39] ~OCF=CF2(1834 cm™)
7} 9oiA 3L PRCB(961 cm™ ) 3271 VeR b= A€ S84 40)
HEH o o|RoF LS A 4 9t “F-NMR, FT-IR &
XA E Figure 17 Figure 29 27 Yehilgith

A oRAe] HED} Y32 ARROA] CSAE AESA 2 ALg-8}
of o}FolAth HEZ3AE hiphenyl WIEDLY] B vjg HESHAQ)
CSAE 43t £ wi(24v)h R T3 2o AE3 o] =
biphenylAle] Mg o2 FMFEEAZAC), &S 98- DCMe) t}
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Figure 2. FT—IR spectra of monomer 2 and PBS—-50.
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Figure 3. FT—IR spectra of PBS—50 and SPBS—X.

¥ B H1E A A TRAS S F AEHAA CSAS
A35] HshalA WgAZOH, BEAE €Yl e} nEA)

15/do] 713101 DCMC25E] H&8E g #3s = 9sich
O|ZRE ZE3] greo] AYPHE HHF T FAF & Tk
Figure 39] FT-IR #4143 & &5 9721 1020 cm '}
1095 em ™8] Ao w MEAN) Ay pRAe] AeRo R ¥9)
Hge-g g 4 ik ®

Y OEXo| gX EM BM TGAE o] §3)o] A3} gke At
AES] BES 39 93 gFgAdS Eldleion Figure 4% Figure
5ol 4z} veRjigich, AEs ke A WY 2E4PRS-X) B A
450 TollM Fakart dohle Aoz Rol dAow g ¢k
% 28 FRIE ¢ QIgit) v, ME3 vle T Uy pEAS
(SPBS—X)2 3ol 24 Aggar) dolul= 28 333 5= ¢l

P

AzPEols BTk 50 T F-2olA 30 A% 22t s
Atk ol BEAle] E90E AEW|Y B2 B A% 0E <l
& e 2o SHHE 2 vERIh TR 8 = 250 T
B HEAP)S] Ealel] 93t Fgzkart BEEI0E niE AE
2719 =8dell ol A&} HEct aiEake] 44 g AsEA|
g 3Rt delde) QX (PEMRC) 9 ibEel A% 2%(80 )
B} i 52 2ielA 83 Ealt dofvhs 210 E Hof @30

100

80

Weight{%)

60

PBS-60
— — — PBSS0
—————— PBS-40
s PRS-30 ;
~~~~~~ PBS-20 ~3

40+

100 200 300 400 500 600
Temperature(°C)

Figure 4. TGA thermograms of PBS—X.

100
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40t
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Temperature(°C)

Figure 5. TGA thermograms of SPBS—X.

. PPl FAHSITE wHEO 2 450 T F2elN 1A FARS
o] B Qe A AV} BEEH L

MFES| BiphenylA| 22ARIR| SM(EC, Water Uptake). 1LEAF 7
sldeo] A 4457 fars B olRWEEE s w
A Ao FrEg 7o o) o] SPeM ol dwTe) §
g0 23 FES viHE IEC TEAF Asfaduke] 2443

= IR 4
71l ke st 8aole) & wEAe] =Y 2EW7 )

YE ol WIAIES} S7I8laL Fholo] A& 2o
$o8 g ol o2 Ay FEEE uet o) FsAY A
s = uine) 2 BAEy) A9 HOY, 05" 59 FeE e
= RoR deiFn?

A 1EAF A SPBS—X 9 tiRTEo 2 AME Nafion®—
115, BPSH5-PI10, HQSH-25, BPSH20~PI20¢] IECe] w&
g 249452 Flgure 634 Table 200 Z42F Vehigich Nafion®
—115%} SPBS—X¢] IECZt 74 Fisherd] A%< o]l &
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Figure 6. Water uptake of SPBS—X, Nafion®-115, BPSH5-PI10,
HQSH~-25, BPSH20—-PI20 as a funtion of IEC.

Table 2. Electrochemical Properties of SPBS-X, Nafion®-115,
BPSHS-PI10, HQSH-25, BPSH20-PI120

Sutfonated random IEC IEC (mmol/g) Water
copolymer (mmol/g) (at DS 100%)  uptake(%)
SPBS-20 0.75 0.93 3
SPBS-30 1.06 1.36 9
SPBS-40 1.38 1.78 18
SPBS-50 1.81 2.18 42
SPBS-60 2.27 2.56 72
Nafion®-115 0.99 - 10
BPSH5-PI10* 1.09 1.13 22
HQSH~257 14 - 52
BPSH20-PI120° 1.71 1.78 97

“Data obtained from refs. 24 and 25.

319k ? 012 23 biphenyl/sulfonyl T2 & nle] w2 [EC
gre) WslE 2793 23 2ol CSAe) thsl BE3) 848 71A
= biphenyl®] o] 218k whe} IECZke] 0.75-2.27 (mmol/g)
2 B SR AEE 2otk Y 22 ArERE A& kg

2 bipheny7 SR AMA O Qo 2E BIE 5 YIglow,

biphenyl719} sulfonyl”]2} S5 Ao 2N IEC #& 94 &
AT 9SS IS

w5 glalrdAlel F8 B4 nEAl deldely] [BCo e &
& W31E vl 99 Roy, Lee 59 478725 Figure 6
7} Table 291 22} vehfigich Alzs|olzl K8 B akxt 23]
ABHSPBS—-X)& Roy, Lee 5] A3% BPSH5-PI10, HQSH-
25, BPSH20-PI1208} 22 B3] At el vl sl
& o, Wiles 52 7270 oju] 2ejE wigl go) @l
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Figure 7. Proton conductivity of SPBS~X and Nafion®-115 as a
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