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=8 2 #5719 perfluorocyclobutane (PFCB) 715 $Hysh= AdE3shd - E47 poly (biphenylene—
co—sulfone) ether ¥ (SPBS—X) & A|Z5139t) A|lZ3142 trifluorovinylether 1= OF Weto]l ¥3H5h=
Ao 3, weEaRy) RksEEe] A%g el1 3 E8H(post—sulfonation) &) 3% TS SISt
Trifluorovinylether “155-& F Wtol] ¥35= biphenyl A2} sulfonylZ]l @S /35111, biphenylAl9] g
< 20 mol%old 60 mol%7HA F&shdax g3k}
(PBS—X). $4E3H= chlorosulfonic acid(CSA)E ARl FallE|gl o, o]F Fall thefst HEshes 7=
TEAES eIt 'H-NMR, “F-NMR @ FT-IR £4& E3l0], Alx8 33, ek 9 S350 Al
2oz PAHUTE FRISIITE Ad2olx] CSAel thal] dEs) @48 7<= biphenylZ|9] §Fdo] S5kl wet
ol 2135 (EC), & Y olRAEEI} Tk AeE B31al, SPBS—602] 74 b2 =5991(25~80 ©)

oA Nafion®—-115KH1} £ o] AT T

HSRHe GETS B A FERATT Qoizch

(80 C:0.08 S/cm at RH 100%) & eIt

Abstract: 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, YF—NMR and FT-IR. It 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 C.

Keywords: sulfonated polymer electrolyte membrane, fluorinated polymer, fuel cell, poly (arylene ether

sulfone).
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9] £5o ue} 24 ol&w st A AR (PEFC; proton exchange
fuel celD) &} 24 wlgkE A5 (DMFC; direct methanol fuel cell)
2 FEEch WAz AMEE F4 o] (PEM; proton
exchange membrane)> 57X A5 4 a8 3¢5k A
FEo=ZH Hojd vjstely, uhikeld, oldT%E 7 ls DuPont
ALe] FHEAAER] Nafion®o] & AMgw] 31 glrk! 3149k Nafion®
< 80 T ol & 4] o] Exe] A% Ash HehE A
220 9l BEAA] T2 52 7H Fo| AR XA E 1
Sk

olefst AEAA W2] wARE s Q8 EejotHdlelH|
EXE(PAES; poly (arylene ether sulfone)) 7™ Za]ole| 2o
B ZAE (PEEK; poly (ether ether ketone))7,'%712 Zzjoju)=
(PL; polyimide) A" 53} 22 el WA w8A1E $4
O A7t Es] Xy Qlry 'elra] A W A
2FB1E, B 2% HAoMe] H2 oRAEE T s 7HAA
Tk Nafion® R} ko] HEZab] 2918 %38 Nafion®3} FARH
Ol HEE Bk E& 7 vk 3HARE BhelpaA] atautel| ek
9] HEAW] B9 A Al ]84 (hydrophobic) ©]
FEsle] dalfdute] =2 SR ISt 7A1E] £439] Asliel 22
EAEE oIttt o]t WellA B EAAS] Al 'l
A TR T TS A ol AR W e e R A
o7 ASHk st o= Wiles 520 A7l olehd &l
Aol] A5391 B4~ 1% —hexafluoroisopylidene bisphenol (6F) —
< FREAoE EQIs Wt A et Asideke] s8 iAot
BE 3 QIEE R Bl uRal AES 915 thEs]
Z9] 3R] perfluorocyclobutane (PFCB) 71E ¥E&8h= 1A=
7128 ®slkraAt 6FA Aol vlal AR Wol AR
Qlors ke §38, st /Al P, Ul S Tkt
How B AT7h A Ik B 2940 Yoo T2 AT
o]l °Jshd PFCB7|E 323t biphenylene W A Asduke]]
S A77E K o AESEO] o] folskA] ghal AHEs)
¥ Nafion®u2} H)w s wf v vhsh o] A T% ks S
AATEY

A, 2 AgrelM= Histebdo] peratar AdEs)
o] A& 7ML vkl A5ER= PFCBYIE 3kst
A Akl Az} A7)skeka EAdel Tl
JESI T 2GS golstA sh7] flall WHEkeule] will o
i=]

=
FH3I] Aol chlorosulfonic acid(CSA) el sl 2Z3}
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o] 3= biphenyl7]2} HARER] T35 7HAIAL Qlof AR WAl

off ZAP} 78| slo] g2l AEsE D0 = sulfonyl7 &
LS HElE Alxslo] ol e 259 1EshikeS AA W
T TAIE Aet § el dEst S AA A A
o Alzslglk Alzg Ak deffdute) o] 2ughs 2 (EC),
T, ol T ARAA HowAe] distets SA4S =
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o] ALg3IAL) Hke-g1iel dimethylsulfoxide (DMSO), acetonitrile
(CH5CN), phenyl ether= 247917194 calcium hydride (CaHy)
o} oA ke $- 21k slelld SFeISith Zine (granule, 20 mesh,
99.8+%)& 0.1 M it 8o r sl § vehEy} opELS
2 AR Al 5140 Celld] 8 g1k 305 SSitk L] Al
o2 1 oo Al 2 glo] ARgSIsith

=8 J| FE SR, Wk, Al PREAs Sl TH-
nuclear magnetic resonance spectroscopy(lH—NMR), p—
nuclear magnetic resonance Spectroscopy(lgF—NMR) T}
fourier transform infrared spectroscopy (FT—IR) S AFE3}iT)
'H-NMR#} ""F~NMR-2 Bruker DRX—300 FT-NMR spec—
trometer2 AREslo] =435t om, FT-IRE bio—rad digilab
FTS—165 FT—IR spectrometer= ARt 48193t} Gel per—
meation chromatography (GPC) &4 AatAe] RS 113}
7] 13l Waters 26902 S7g33ick o 2w 3EF(IEC) 2 model
720A pH meterE o831y 5431310, LCR tester (reactance
capacitor resistor tester, Hioki 3532—50) hitester impedance
analyzers o|gsfo] 1A o] 2 s S5tk

CIEHI2| &8

4.4 -Sulfonyl-bis(2-bromotetrafiuoroethoxy)biphenyl2| HIZ=(Com-
pound 1): AA29)7] sl Y—El{dean—stark) E3, *¥7}7](con—
denser), 71414 wR¥|(mechanical stirrer) 7} 321 1000 mL A}
TFZel~Fel DMSO 400 mL2} 4,4'—sulfonyldiphenol 51.07 g(0.2
mol), potassium hydroxide KOH) 28.05 g(0.45 mol) & 3t &
120 CollM 14RF &<t jEgAIZIE: Whe- 5 &7l 130 mLE 7}
SFaL 140 Colr] 4841KF 52t 4] S-Fslo] 3= (phenolic) E
=43 KOHE whg-c=4E e 55 ¢hds] AAsialtt vk
= FHS-S AsKE B8 kds] AlASE $- dropping funnels ©§-
3}°] 1,2—dibromotetrafluoroethane, DBTFE) 52.49 mL(0.45
moD) = 8] Fleh REeAZIE 164K 1k8- 5 Rk S
of] J-31 ethyl acetate (EA) & olg3to] FE3I00tE Qofxl f71
< magnesium sulfate MgSO,) & o]g-3lo] A% & a7l A9
S Z3lo] 2] FAsIar, 78.32 g(0.129 mol) 9] HE AYES
AATHEE 64.4%). "H-NMR(CDCls, §in ppm): 7.26~8.02
(various m, 8H, CH arom.), ""F=NMR (CDCl3, §in ppm):
—86.67(s, 2F, —CFsCF2Br), —68.86 (s, 2F, —CF2CF2Br).

4.4' -Bis(2-bromotetrafluoroethoxy)biphenyl2| M|IZ=(Compound 2):
A1) slelld -8 ERY Wzt7), Z1A1A w7 |7h R
1000 mL AFEEk~=e DMSO 400 mL %} 4,4'—diphenol 38.39
(0.2 mol), KOH 28.05 g(0.45 mol)& I3 $ 120 ol 14]
ZF 59k HESAIFATE WS $ E5<ll 130 mLE F7Fskal 140 Cell
A 48ARF &1t 3] SFsle] FlsY SEA9 KOHS Wheo=
HE] A 55 8] AT Bke T ks sk =
S k3] AlAS F dropping funnel ©]-8-51] DBTFE 52.49
mL(0.45 mol) & Z1%8] Fdap REEAZATE 1641F HEg- §- 1k
o ool AL EAE olgste] FESIIh okl 1=
MgSO,E olgate] 1z - A7kl AdS Fafe] £l skl
11, 51.67 g(0.095 mol) &] HF WH== LUAHTFE 47.5%).
TH-NMR(CDCls, § in ppm): 7.30~7.60 (various m, 8H, CH arom.),

=
==
5




TEAANE ARAA G P

M

YF—NMR (CDCls, & in ppm): —86.38(s, 2F, —CF2CF2Br),
—68.51 (s, 2F, —CF.CF2Br).

4.4'-Sulfonyl-bis(trifluorovinyloxy)biphenyl2| H|Z=(Monomer 1): 2l
29718kl WZ717F A2k 500 ml AEER~= o] com—
pound 1 39.53 g(0.065 mol), Zinc 12.75 g(0.195 mol)-& F3t
T H<= CHsCN 200 mLE ¥ wylshdaA &5 718l Al
Atk 30ARE - HheES YlEel71E ol8ste] =k dichloro—
methane (DCM) 02 Al¥ale] 7555 S3ll A& $ o3
e Axsileh Az Adas Helybd 29 Fato] w9 4
Ak, 16.32 g(0.039 mol) 8] HE WIS AATHTE 61.2%).
"H-NMR (CDCl3, & in ppm): 7.20~7.98 (various m, 8H, CH
arom.), “"F=NMR (CDCl3, 8 in ppm): —118.2(1F, dd, cis—CF=
CF2), —124.9(1F, dd, trans—CF=CFy), —135.5(1F, dd, cis—
CF=CF,).

4.4'-Bis(trifluorovinyloxy)biphenyl2| H|Z=(Monomer 2): 2 A&-$]
718l A WZ717F A2 500 mL AEEERA~F ol compound 2
43.52 g (0.08 mol), Zinc 15.69 g(0.24 mol) = Y43t & F
CHiCN 200 mLE ¥ wRksPAA &5 718l 3HRAlA F300k 21
AR & WEES RIS olgste] 4= Ak DCMOE Al=s)
o] AFTolE B3l A8 F s T AxsIgink AxH A
e el Ads Ssie] 1] AAlsIiaL 20.17 g(0.058 mol)
©] HF WIES AJATHEE 72.8%). "'H-NMR(CDCls, § in ppm):
7.16~7.55 (various m, 8H, CH arom.), "’F=NMR(CDCl3, & in
ppm): —120.0(1F, dd, cis—CF=CFs), —126.9(1F, dd, trans—
CF=CFy), —134.7(1F, dd, cis—CF=CF).

e EKIe| $M(PBS-X). WY 1A PBS—205 o= 59, 10
mL schlenk Z2}~71°f] monomer 1 1.641 g(4 mmol), monomer
2 0.346 g(1 mmol), phenyl ether 3.97 mLE 2}2} ]38+ = 9k4
8] g3l w7k wnkeSick galE 89 U] AaE A
S3f oF=3t HA| £ freeze—thaw WS o83t REZ7] Y12] 1kax
£ $Hds] APABISIT) Whe7) WS ol=sto® SRR £ 225 C
o] 7T2AIF 52F RESAIFLE ¥ & AWIE-S A7) phenyl ether
of garR1 $- mEkEel AstAlzict AE e Fefsle] 100 C
of|A 24 ARF ERF X3 AZBITHTE: 88.7%). IR(KBr): hexa—
fluorocyclobutane (962/cm). GPC (M,: 44593, My, 84350).

"H-NMR (CDCls, § in ppm): 7.15~7.48 (various m, CH arom.),

YF—NMR (CDCl3,  in ppm): —128.4~-131.8.

HES} e DERISPBS-X) H 2 HIZE Alzd Ad antAke] A
F3} Wk CSAE ol&3fe] Arfsisint. AES]) Whe-2 Y 11
Z}] biphenyl ¥HEERIE H7tE= CSAS 555 & (biphenyl
unit = H]2] 24ul) 07 117g3l0] AAEIILE Y 1A} SPBS—
20 c= 59, A Z9710M AEER1el DCM 115 mL 9}
e 17382} PBS—202 1.3 g(biphenyl unit 0.654 mmol) &+
]l & ¢bds] g3l w7kx] wRks & DCM 35 mLe} CSA 1.05
mL (15.7 mmol) &&-8-1-S- dropping funnel- ©]83lo] 1713t 5
QF ASAHTE HhE B k= S Askarl AekAl wRkslsl
tl 48417 & HESESME-S. AXE) S Sl AN F A
7 5772 pH7F 70] E w7k ARSI oA Az AdES
WEARE 80 T WFLBofA] 24AF 7x3lo] gulje) xefe] B

w27 4433} Poly (biphenylene—co—sulfone) ether 212 A %9} &4 139

k3] AASIATE AFE RS dimethylacetamide (DMAc)
o] 10 wt%2 =l F 2l $loll '3 F 80 C Wy 22oA
24 A7 &t xSt ue AT

E2(Water Uptake) 8. Ax9 A¥Esl piaute] LAS =
Aot & 2ol 2441 AR $ 7o whe] el FalE &
< Hohlar W8E uke] FAE S50 ol 2lE o] g3ste] A
Akttt

M/wet - VVdry x

dry

8+=8 (Water Uptake) = 100

A7, Wer2F Wanys 247 527 | a8 2] SAIE vt
wick

FHIR k3] XA & SHTE ARSe] e =< pHYL 70]
g uriA] 53] AFsISITk 2.0 M sodium chloride (NaCl) =84
ofl 15A17F ©70] —SOsHE —S0s Na* FElZ 2871 3 0.1 M
sodium hydroxide NaOH) &5 o]8-3fo] 23J3}3ic

o] 2w e-EF(IEC) = AV%[Cmon(mmol/g)

s

A7VelA, Wem AxH =] 7, AVons 458 NaOH®] %,
Geors 2780 ARE-El NaOH €-949] & 555 717} Yepdith
Ol2M==(lon Conductivity) &, o] &AEE =7 Foj| 24A)7F &
QF Al uks: Srroll HAAF) WaE TEAl EE o] R
=744 Ale]] 1171 F LCR testerE 01831 19+ 1 V, 1000 Hz
oM 5 MHzS] St RIflel Ads S8l ol ete= o]

A et uke] A gk o] gsio] o] A& o]g3te] ARSI
o= RL.S(S/ cm)

ol7]elA, R wke] A7, 12 AFAlele] ARl (em), S= fFE o
|4 (cm®) & 717t HeRdich,

HO—Ar—0OH 4*1)KOH BrCFCF.0-Ar—OCF,CFB
— Ay — _Ar—
2) BrCFLCFLBr 2Lt mAr LAtk
compound1 & 2
In
e F2C=FCO—Ar—OCF=CF2

monomer 18 2

Ar= ﬂg@— : compound 1 & monomer 1
or

Scheme 1. Synthesis of monomers.

: compound 2 & monomer 2
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Figure 1. YE-NMR spectra of compounds, monomers, and PBS—50.
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, Z919-S Scheme 10 YERIGITE 7ol ERG
vk} 7o), HlEe] F0EA3 DBTFESH) fluoroalkylation BHS,
ZnE w7RAIZ St trifluorovinyloxy “1E0 29 WSS E5lo] o]
ek Fluoroalkylation ¥F2-2] 79 KOH}] B4} kS % Ho]
A, olu] WIEE B WS F FAEER] tetrafluoroeth—
oxy (=OCFsCF.H) 715 Adsict webr, 1582 35S 47|
Al EFAE o] &gt FH] SHAl e B AAT ulf- T2
ek F-NMR 7S B3 shahEet 9t deses

E2|H, A34W A23, 20109

Table 1. GPC Data of PBS-X

Non—sulfonated

M My 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

S-S SIS 5= 9)19lal, 71 APE Figure 1o YeRIC

PFCB715 sk ik 94 1283l 1713 (thermal
cycloaddition polymerization) & &3l T&sIoH, 71 & &
3} 2SSl sl i RS AdEIi AEdS Scheme
20] ERASITE 2ol CSA thal A3} &4do] )= biphenyl
Al D2l AE3S} Edo] gl sulfonylAl SIS TlFst E 1)
(2:8, 317, 416, 55, 6:4) 2 Fg3te] PBS—2014 PBS—60714
5 E£He 7EAE dglon, GPC ¥443= Table 190 YRS
o}, seAelA 1Al M3 5 YF-NMR Aok o243 B4
91 —120(1F, dd, cis—CF=CF»), —126(1F, dd, trans—CF=
CFy), —134(1F, dd, —CF=CF2) ppm®] Al#}A1, PFCB7]9] &
A} 93941 (CDCls, 8 in ppm): —127.9~-133.4.0] LR = 73}
FT-IR #4245} vgA)e] 5484 9]=19) —~OCF=CF,(1834 cm ™)
7} 910142 PECB(961 em ™) 327} Uehhs 218 Saii d4do]
AEH o o]FojF gL g8 5 Utk F-NMR, FT-IR ¥
2 A= Figure 13} Figure 201 22 YeRYS]C

o AR AES) HhS2 Aol A CSAE dESHAIZ AR5}
o] o]FojAt}, HE3A|E biphenyl ¥HEER & v A E3A|Q1
CSAS U3t & n)(24u) 2 Far 2ol HES F4o] =
biphenylAlel] Aej] © 2 S |IZICE AdE8} Wk~ DCMel| th
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1 1 L
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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.
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Fot B 1S 7Re 9Y wiEAE S3ia7] 3 AEEAQl CSAS
3] AspAA WAz oH, AEAW 7} wylgel] wet Al
o] S718le] DCM O RYE AEEeE 28 B2
o|ZHE HES} Bkgo] MRS HHoR gl
Figure 3¢ FT-IR #4143} A&
1095 cm™'9] o7 HEW|7L iy At A o7 28]
8-S 18 4= ik

B TEKe| UM EM BM TGAE o]gslo] AEs) vk Hi}
A3} kS $o] A YA F918190 M Figure 49} Figure
5ol 2z ehfgic) A} Bk A 9 uEAHPBS-X) E9] 7
- 450 Tl AEAr) dofups 108 Hol dx o2 - ¢t
A3k 718 go1st 4= QIQiTk wbdof|, MES e & Ay uREAE
(SPBS—X)- 3utAlel] A Asiart dofuh= 218 328 = 9)
ek TGA 5% doll 12AE 120 CollM 16417 59 13-
AZPEE Byslal 50 T F-Zollx] A A=k 12o)
Ak o) Al Tlw AEA| 9} 5o et FAAToR ¢
o xlefe] Bo] &AER= 218 yepdich A ek 7= 250
Btola] AEAS] Falle] oJ3t Aeziavt AEEE* nlE
2k719] =9del] ofal] AdEs) ARt aEake] G2 QP Ak X
vl 18R} Aadet A (PEMFC) 2] AWkl 2K £5(80 )
RO} v 22 25ojx] 47 Falyp dofuhs A o7 Kol A% o

(e

b4

b

I

12
o
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100
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Weight(%)

PBS-60
— — — PBS50

sl ~=—=== PBS40
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Figure 4. TGA thermograms of PBS—X.
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Weight(%)

SPBS-60
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401

100 200 300 400 500 600
Temperature(°C)

Figure 5. TGA thermograms of SPBS—X.

T oPgEo] SRIEILE ko R 450 T Foll] aitAl FARE
o Fal= sk gk Thavt =g

ME3| Biphenyl| TEX[C| EM(EC, Water Uptake). 1154} 2
glddto] AnAA e A7) Qs w2 o)RAEEE 7AW
A Agsl E-88 7oL sith o] S ol dEEe) &
Fgrof] A7 A JgS M= [ECHES 1At dafidute] 2419
7l w9 FQ%k @ao|t) & Al =YE AEIE S
rE ol WERP|EL STkl GrAolRo] HELT9) o]
SOoF shdE pAoloR JdH e s w olss A
S o] B BAlew A8 H:0', HoOs™ 59 ez g
e Zow deizint”

AlzE A} Asder SPBS—X 9} thar o = A Nafion®—
115, BPSH5—PI10, HQSH—-25, BPSH20—-PI1202] IEC®]| u}&
S8 =943 Figure 63} Table 201 22} YERNSIC] Nafion®
—1152} SPBS—X9] IECEL 5792 Fisherd] AdHS olg3lo] =
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100:_ /A Nafion-115 [+
[ @ sPBs-20
so M sPBs-30
- [| @ sPBs40 *
X C| @ sPBS-50
2 60 ¥ sPBs-60
g N BPSH5-PI0 | €
S 4of © HasH-2s ¢
I Ll @ BPSH20-PI20
® r
= 20F ’
r Am
o @
:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
06 08 10 12 14 16 18 20 22 24
IEC(mmol/g)

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,
BPSH5-PI110, HQSH-25, BPSH20-PI120

Sulfonated 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-25" 14 - 52
BPSH20-PI120¢ 1.71 1.78 97

“Data obtained from refs. 24 and 25.

2319k o)1= E3) biphenyl/sulfonyl T2 & H]o] W} [EC
#re] Wals S5 A}, Aol CSACl sl s} 2& 71
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Figure 7. Proton conductivity of SPBS—X and Nafion®—-115 as a
function of temperature at RH 100%.
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