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Synthesis and characterization of sulfonated poly(arylene biphenylsulfone ether)
copolymers containing hydroquinone moiety for polymer electrolyte membrane
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1 Aol k= 4,4bis[(4-chlorophenyl)sulfonyl]-1,1'-biphenyl(BCPSBP), %3} slo| =27t 4,4-sulfonyldiphenol
£ o]8stol 2 Se|(ordHl BlEdAE oH2) I5EAE sk o159 B4 HrIstir: A
718t 4Z351E slo| =R im0 BE.gof we} PBPSEH-HQO0, PBPSEH-HQI0, PBPSEH-HQ302] 122173
A2 PSSk Al SEUAS] 22 NMR, IR, GPCE A183to] HABHgIIL GPCoA] ﬁﬂv‘_ﬁ%
ZFEEL- 62,000-213,000 g mol ' o], o] PDIE= 1.66-4.04%(ch TGAS}F DSCE Fate] AEAS A8,

3Afe) o] £3FYE 7} Hol ol U2} Teh Tupets Wob Hou, T2he A 5stalet. a583 EC,
olltetiz SESkE Slo|ERT Egol SVl uel SUIetg. kA s el Sast ol
& HAEEE 60T 2 100%A 5= OF 94 mS em'o] ek ST AT RE 2 Aol x5t wet

S HEHQlS ‘Eﬂ?ﬂxl & EAPdsduto s Ahgd 4 Qlrk

Fa0o] : HE3ME ST HHEAE olH2), LA, 24, IEC, o]edEe

Abstract — In present work, sulfonated poly(arylene biphenyklsulfone ether) copolymers containing hydroquinone
moiety were successfully synthesized using 4,4'-bis[(4-chlorophenyl)sulfonyl]-1,1'-biphenyl(BCPSBP), hydroquinone
sulfonic acid potassium salt(sHQ), 4,4'-sulfonyldiphenol and evaluated their characteristics. Three kinds of polymer
electrolyte membranes, PBPSEH-HQO00, PBPSEH-HQ10 and PBPSEH-HQ30 were prepared by using mole fraction
of sulfonated hydroquinone(sHQ). The structure of the fabricated polymers was analyzed using NMR, IR and GPC.
The Mw(weight-average molecular weights) of the polymers were in the range of 62,000-213,000 g mol”, and
the molecular weight distribution (Mw/Mn) varied from 1.66-4.04. The thermal analysis of the copolymers was
carried out by TGA and DSC. The temperature of Tase, and Taio was decreased with the mole fraction of sHQ
but T, was increased with the mole fraction. The water uptake, IEC and ion conductivity were increased with
increasing the ionic cluster of the polymers. The proton conductivity equal to 9.4 mS cm’ was measured for the
PBPSEH-HQ30 membrane at 90C and 100% relative humidity. From the observed results it is clear that the prepared
hydrocarbon membrane can be considered as suitable polymer electrolyte membrane for the application of PEMFC.

Key words : Sulfonated poly(arylene biphenylsulfone ether), polymer electrolyte membrane, thermal analysis,
IEC, ion conductivity
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A AR (fuel cell)+= EFSHAR| = ] AA]e]
gholuf Fxlo] =dasial "41*1011 A ek E

71E} f71E 59 ARE TFokal ASARE Ak

= %ﬂ—e— ARgoto] Alel/ gk RESo A Y=
FAE o183t efgtouAE 7| A= LA
A= A2jolth. ARHR] = T G-8(°
&~ 60%), HEFAQA el oA
o2 Tkt Ao AMgVEs, AL AXHA U
7o A7 So] AHo] Qlal, F7]7]e] o]EL
A, AFsAE 59 58 A, 7S B A=A
GO 0§ TRt #AlE LA ol2MA] 58
wopt Hfeit

ARA= AR dsfde] Sl met JA &
2| ARZAAFC), At A=RMA(PAFC), 8-5&
AT ARHAAMCEC), aAkske A=I*(SOFC),
A E A= HA|(PEMFC) 2 X‘@“ﬂ‘i}i O#E'
ZAA(DMFC)7} 3tk o] A5 FHE, Al &
AAA RS vzl At WEOIE}

o|AEA mEAAee 2 A= 1960 EH

o ul= FEARE IHEAA| A0l 2wEEFQ] Nafion
L sk, AR ARHA]E o]l 2nshato 2

rlr rﬂ

AREE]0] 931 QT [2-8]. Nafion2 B4} Ujof] £3EA
2L 7HA T Q= 25A Tl FARSo| BHEA

AR 2984 998 2= 22 FHo{Qlt) Nafion &
AR Wekshy, WAkshY, gt o] dS 7t
AlaL glew °]U1 sk Ar=Ae A 7HA
Aot =2 7 AlRA] sk SAMAEE
o] EA0 & Q% e A7 ok EL A
FAA ] AEE= LREAPS YRS a0l K
Zuto 2 49| Ago|loft ARS| g=olA ST
2 ol Y= g dlfof gith weba AmzdAe|
AREEE ALEAPIRS: ¢fol 2 wgl ufo 24 S0l
Aw/dm FAlel 3feka, G4, 71A14 9 A7)skehE
Y/ ZHRAIAL Qlofof gt [4,9,10]. of=fgt vHEA
Al AR AR Heksly] flste] WRkSA aE
Atof| ZF2EA7], &FEAY] 5& EYT TEAPAE A
aho] A-tE|ar Qlok 1 o®=A], Xk Fejobddl
of[H| = «=¥E(sPES), wE3HH Ea]o|n|=(sPl), =&
3t ZejolE|=ofe|2 AREGSPEEK) 5©] Tk [11-13].
1 Z EejotdAloE|EsEA LEAHSPES)= E4,
slelA ehy do] f=ato] E Folell $-8o] 7ks3t
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nEAolt). 5|, Felolglelel=A TEAL AR
AR $Aao0l2 w3 Wmembrane)S FATH= &
A=A ANgE 5 glom, vt siksile SEs)
%(sulfonated) ZejolddoE|24] 1EAS AL 5=
Tt [14-18].

B Ao to| =2 F= &4 (hydroquinone
sulfonic acid), 4,4'-H]|A[(4-Z2aHU)dEY]-1,1°-
vl (4,4'-bis[(4-chlorophenyl)sulfonyl]-1,1'-biphenyl)
4 4.4'-sulfonyldiphenol(Bisphenol A)S A3l &
FIAE et olge] FREA, Eu)/skerAA
A W AR AL ZARE Bul olUg}, o] TEAE
Aaksto] A 75k A2S mletsle] mEAA )R
ot AR A (PEMFC)Z9] o] 7HsA4S Aqrslaz)
gtk

2-1. A|2F
4,4'-Bis[(4-chlorophenyl)sulfonyl]-1,1'-biphenyl
(BCPSBP), hydroquinone sulfonic acid potassium salt
(sHQ), 4,4'-sulfonyldiphenol, anhydrous potassiumcarbonate
(K2CO3), 1-methyl-2-pyrrolidinone anhydrous (NMP)
o} ERol2 AldrichAFof| 4], N,N-dimethylacetamide
(DMAc)+= Junseirtoll 4] el on vHg- 7 50C
oA ISARE 82 & 2 AASKL ARSI

2-2. &Zs|E 2|02l HiHIZAE of[H|2) (BPSEH-
HQ) S&&e| &

BCPSBP(5.0 g, 9.93 mmol), sHQ(0.23 g, 0.99 mmol),
4,4'"-sulfonyldiphenol(2.24 g, 8.94 mmol), K,CO;3(3.02
g, 21.85 mmol)¢f] EF9l 33 mL, DMAc 124 mLE
go e dean—stark A=)ska 150 C oA 6417 aL
uiskgict 71 & 190 C 2 52 L83 204)7F B9
WRESIAAL, 71 % S5 500 mLof| BR3- E3hea
3] 7keto] Bhg-S FRAIFE 50C R 255 &+
6AIE HRRE F 7eF =il IAE ik doixl
IAof 10% FH4AREH 30 mLo} Awfe] HigkES- 713l
24A7E 2ol A wRket F, SRt migks R Alofr
o 7R A=A, 90T oA 2447 Zg 7Ax38}o]
PBPSEH-HQI0(6.1 g, 2>& 81%)< il PBPSEH-
HQI10: FT-IR(KBr, cm’) 3624, 3093, 3066, 2973, 2593,
2443, 2176, 2035, 1918, 1796, 1580, 1486, 1469, 1405,




A Aol

1389, 1322, 1299, 1243, 1203, 1150, 1105, 1073,
1024, 1012, 1002, 966, 918, 870, 836, 820, 796,
784, 758, 725, 692; 'H-NMR(400 MHz, DMSO-de)
§ 8.00-7.96(5.97H, t), 7.93-7.91(1.97H, d), 7.87-7.85
(3.14H, d), 7.37(0.12H, s), 7.22-7.20(8H, d), 7.10-7.08
(0.22H, bd), 7.01-6.98(0.14H, bd), 6.94-6.92(0.2H, d),
6.88-6.86(0.14H, d); "C-NMR(100 MHz, DMSO-ds)
§ 159.50, 159.46, 159.33, 159.29, 143.26, 143.17,
136.62, 136.59, 136.30, 136.26, 130.63-130.13, 129.05,
128.78, 128.64, 128.25, 128.04, 127.85, 120.24-119.89.

2-3. DEXIMEHEL M=

NMP 4.5 gof] PBPSEH-HQ 3534 0.5 g5 ¢
T 130 C oA 3A)17F wEks 5, =8 E3Res o
2jso] ol BWHLE o] felehg 80T oAl 2447 A
23 5, 120C oA 20417 Apde odglet 3 9
10% ARG 24417 T F| FSF= 35] Ao
AxSiel RA AL P,

2-4. =8

Fourier transform infrared(FTIR) 2~#E=-2 Nicolet

Impact 400 FTIR spectrometer~ ARESlo] =431

i, RO EEL slolslich. NMR A
E -2 Brucker 400 spectrometerg Abg5lo] 245}
3l DMSO-ds 8900 11EAE LA |AH 42004

=213}tk Gel permeation chromatography(GPC)=
Tosoh Corporation(HLC-8320GPC)S AMS-51o] Ht
BAjeRe SR AR ASUeS BE o
2] Universal Testing Machine(UTM) (LR5KPlus
SKN, Lloyd)y& o]-83}o] Z45}¢Ict Differential scanning
calorimetry (DSC)2} thermogravimetry analysis(TGA)
= TA Instruments Thermal Analysis SystemA}2] Q10
7 Q50 AMESIAL, AAE Zefsn] £ 10TH
exE 2an A3k oleAEEE AFRure
2.5 cm x 0.5 cm 7|2 THEAT BekkTech conductivity
test cell-S AR831¢] PGZ 301 Dynamic EIS Voltammeter
o B S, s e oﬂ@ars 100% 7}

HZAA 30T, 60C L 90CE 2% H3}
A1 st

_l

Bl Slol =l o] myke MEsiE Bel(oldl MEIHAE ofdl2) BEIAI) AT 5

EAH7} 123
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I. To\uene J
II. 10% H2S0,
150 190‘@ J 50% 4

fotoptch-otootod)

PBPSEH-HQO00 : x = 0.5, y = 0.5 (acid 0%)
PBPSEH-HQ10 : x = 0.9, y = 0.1 (acid 10%)
PBPSEH-HQ30 : x = 0.7, y = 0.3 (acid 30%)

Scheme 1. PBPSEH-HQO0, PBPSEH-HQ10 ¥ PBPSEH-
HQ30 F5gAlel o4
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Fig. 1. PBPSEH-HQ Z%34 2] FTIR AME. Line 1:
PBPSEH-HQO0, line 2: PBPSEH-HQI10, line 3:
PBPSEH-HQ30

=ZE5E Z2|(oF2 HImAE oj[E|=) (BPSEH-
HQ) S&ee| &
Scheme 19¢f AJA|= A4 HH o2 BCPSBPE 7|
07 sHQS} 4,4'-sulfonyldiphenol @] H|&S =&
3}o] "1-2-319itt. PBPSH-HQ10-> BCPSBP : sHQ
4,4'-sulfonyldiphenol = 10 : 1 : 90]32, PBPSH-HQ30
< BCPSBP : sHQ : 4,4'-sulfonyldiphenol = 10 : 3 :
79 B 1|2 AMgsIol DRAS TSI TGN

A}g e} AR eldl WS Fastort [14]

FTIR A~BEZHL ©7]E5%]9] 7]%7|(functional group)

51 2~ 9 Aeolct [19,20]. Figure 12
FTIR AZE A 1003 cm™ o] 4] HlJ—ﬂ”OﬂEﬂE(Ar-
0-Ar) 2] £4 132 018t 4= )tk 14862} 1580 cm’
ol WS 11e)9] C=C olF AT AE o3t 5
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A m|30lc) E3F 10129} 1024 em™& sHQO| &E
*P7M =4 maolu# 1471 em™ & 42} Z7F8ke A

2B 011:} SEAL ] PBPSEH-HQoooﬂ H3j)
sHQA Hl&-S =7 A} 5 sHQO| &Zi|9] &
% o=7t ded A= ﬂi o, RA} FHof|A]
SEA] B Y™ St HolthE AS ¢ &
ot} [14,18].

Figure 22] 'H-NMR AZE % TNEEAR A
& PBPSEH-HQ00S 1¥ AZEo|, sHQES zizh
10%9} 30%2 AFR3to] 3HAJ5 PBPSEH-HQ103}
PBPSEH-HQ30-& Z+z} 23} 3tﬂ 2dEHo]| ey
Ak =E4o] §l= HQY CQ}DA F= 6 = 7.08 -
7.23 Afole] vpepdth skARE &EAbo] 9l sHQE
ARgSEO] ILEAE TEol AW &EA7L Qe fe
e 6 = 743 THE o)FsHA "k EA T4
o] 4] BCPSBPE 7|&o & sHQO| B8-S %4319
oow, 7|E=4d H HAH] i8] sHQO] &4

RO pan0] HAME B O 24| &EAPY E(degree
of sulfonation = DS)E &435}3it} [19]. A4 DSE
Atsto] & Ax}, sHQ7F ot aliAk= DS7} 15
oF 328 AA| o R T 254 =A Uit ofal,
ZWEZA R ALESE 4,4'-sulfonyldiphenol©] sHQX.th
PAA ofiel wApe] Aol oJsfiA sHQRETH= 4
Ao Ao qFo] IEAL ol Folgt Hew A
z+=e),

/gt aEARe] EApRke] Wt HRE 2
40Col|x] DMF §uiE AMg3to] GPCE &743H32>
™ 71 glo|ElE Table 19 QoFsl3itt. HHEARH M)
© 62,4600014] 213,1907F4] At 2o FEAek

=

AB cD EF
«P—\/ﬁysj/ ) 4 >—¢—ox /fs~\ >—/ﬁ>75~< /fo*

Reference PBPSEH-HQ00

Gy AE
cD

8.‘4 8!3 8}2 8!1 8.‘0 7!9 7.‘8 717 7.I6 7?5 7.I4 7!3 7.‘2 7!1 7‘0 6!9
ppm
Fig. 2. PBPSEH-HQ Z-%%142] 'H-NMR AZE3. Line
1: PBPSEH-HQO00, line 2: PBPSEH-HQI10, line 3:
PBPSEH-HQ30

Ol{X|Z3= AM19¥ 2% 2010

(Minax)-> H| 2L 3-53A|(PBPSEH-HQO0) ol 4] 3 &
A Mumax = 59,580 g mol )& - whd, PBPSEH-
HQ10x2} PBPSEH-HQ30- 8 ExeiMux =~ 41,870
742,950 g rnol'l)O] AojFT) 2 HFEAZES 15,610-
128,000 g mol™ 2] ¥, PDI(My/M,)= 1.70]14]
4.0 Atole] Fho] dojFirt.

A= Ast nRAAF S ARgSte] =
A5tSl=tl, Table 20 Yehd AAH, 7|E=4<
PBPSEH-HQO00°] 30.0 MPa& =2 7=2 Uehj
o, PBPSEH-HQ302 25.4 MPa= Aftjzl o=z ko
7*5—% E@lﬁl‘% ol 59 I E= IEAs At

25| AR 4= Q= 7IAIA s 2L Qi

Tg% 7k EA A ARgSto], 2314 A7ist
o] Z73}F3It) Table 29} Figure 3of A|AIgH H}Q} z
o] 7]ZE219] PBPSEH-HQ00°] 219°C & Lehy<l
LI} Z71EEE HA oA PBPSEH—HQ3O
[e)

]_

70

24 OCE 4741 SAE T AR} AREe] o] 7]
S7IRITAL 4 ofo] @ e At

Table 1. PBPSEH-HQ F5¢A) 9] 4~H - E-X = (number
average molecular weight = M,), FA|3E FE=}
H(weight average molecularmass = My,), 2|t}
A (maximum molecular weight = Mia) 2
PDI(polydispersity index)

Copolymers Ma My Maax PDI
[g/mol] | [g/mol] | [g/mol] | (Mw/My)
P]?_IPS(])EOH_ 128000 | 213190 | 59580 1.66
P]?-IPSFOH_ 15610 | 62460 | 41870 4.00
PI;PQS;E;{- 18570 | 75130 | 42950 4.04

exotherm —
-
V]

50 100 150 200 250 300
Temperature (T)

Fig. 3. PBPSEH-HQ 152} 3 2 uke] DSC 1)L, Line
1: PBPSEH-HQOO, line 2: PBPSEH-HQI10, line 3:
PBPSEH-HQ30
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Table 2. PBPSEH-HQ 153} A8| 2 19] 4 Z 3% (degree " -
of sulfonation = DS), QA= Ty W T, 12 ///’j. -
DS | Tensil Ta[C] K s ™
. ensile d © s -
Copolymers Mol% by 'H| strength T 2o e e
sHQ [C1] 5% |10% g °23
NMR | [MPa] £ . H
PBPSEH- 2. A o0
0 0 30.3 21 50 523 = s
HQOO 2139 g7
SEH {//// 7lf?lézteruptake
PBP - 04 - . oo
HQI10 10 15 28.7 232 | 453 | 500 T g T T
mol% of HQ
PBPSEH-
HQ30 30 38 254 240 | 309 | 477 Fig. 5. PBPSEH-HQ T Ex}As|d 2ol sHQ HH-S 24

Weight loss (%)

T T T T T T T 1
100 200 300 400 500 600 700 800
Temperature (C)

Fig. 4. PBPSEH-HQ 1Ex}A 52 2re] TGA 1L, Line
1: PBPSEH-HQOO0, line 2: PBPSEH-HQ10, line 3:
PBPSEH-HQ30

(ionomer effect)?] A}l LX|5H= A
[16,21].

TGAE= 2|7} =gt ZHke] HallaakS 40-800C
7] £ 10CH 225 oo Z451t) Figure 4
9} Table 25 HWH 5% FFEAo] WA 2E=
PBPSEH-HQ000] 509C 2 Ueh|gl, 22177}
Z71E4E AA Jolx PBPSEH-HQ30L 309C=
zxﬂ;]mr,]. 10% %aké_/ﬂo] Hl—/\ﬂt's‘} 2% PBPSEH-
HQO00] 523 CE YehfiglaL, &&4k7)7} —ﬂﬂ—ni
A ol PBPSEH-HQ30L 477C =2 ZA=|glch
30-200°C, 200-350°C 121, 450-600C Ao]o] Hek
al 247 B SZA] 2 F2ARE] Bl osh

mlo

o % glrt

Ao oz} [22.23].
Water uptake(F-2hH= A2 Q3 52 ¢
= AEE A3 3 Aol whEolRl Haful

150 C ol 4] 24A17F AFAzSE H, o4 Az 3|
Aubo] W Wan) & SHBIL SH40l 24401F B
5 7lo] wle] SRS sohlal ojgls Hald
ato] W) Z4FICE 0] 20 ofzle] 41 o]

o] W2 water uptake®} IEC

slo] 4223151917 Figure 59| ez LrEhfjolck
AbE]l =2 2]= PBPSEH-HQ00-2 1 wt%, PBPSEH-
HQ10< 5 wt%, PBPSEH-HQ30L 12 wit% = ¢lo]

A} [24].

T2k

Water uptake (Wt%) = (Wyet - Wary) / Wary) x 100

Ton-exchange capacity(IEC)+= &3 2afof &ZEAL
719 FE o 4= YA FAF EF A=A, ﬁ*% il
FAute] LA (Wey)S ZA3}L 2.0 mol L'l NaCl
FHG Tl 24A]7F Rgic o] & Qe EA|7}
SO;Na & &ZAIY O R 2|3hE|3l, Lo wjxag
gl golS 715k the, 0.01 mol L' NaOH £olo
2 AAS UK Vion= Aol AGE 89 mL,
Crooni= NaOH -§H9] £<). T12]al o] A5 AR
slo] 4=x]3} 3}l Figure 5¢f 1)=& Yehigich
AxtE 7R PBPSEH-HQO002- 0 meq g, PBPSEH-
HQ102 0.13 meq g', PBPSEH-HQ30-2- 0.37 meq g
2 Aot [17].

IEC = ((Vnaor % Cnaon) / Wary)

ol AFRUE 2.5 cm x 0.5 cmE Y
= 5 100% 71594 30C, 60C W 90C 2 252
WISP7 IR Sk o] A8 AMsled ole
AETS gl

o (mS em) = (L / (RXWxT))

ot} 02 OJLHEES LhehfT, LS ure] o]
(em)E LR, R A3HQ)0l1L, W ute] Yol
(cm), 1831 T+ 9] F=7|(ecm)E W3lt} Figure 6
o)Al PBPSEH-HQ00-& &EAlo] glons nE o

4o
Yo
°H
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Fig. 6. PBPSEH-HQ 1 EALHa|Aute] o] - =: 12
. Line 1: PBPSEH-HQO0, line 2: PBPSEH-HQI0,
line 3: PBPSEH-HQ30(30°C, 100% 752 7)

oA 09] gro] Wrgkar, PBPSEH-HQ10-& 30°C, 60C
2 90C 9] Z+z}e] L% o)A 0.2, 0.6 L 2.0 mS cm™
0]9)3, PBPSEH-HQ302 ZHzhe]l 2w ofA] 4.0, 5.2
2 9.4 mS em’' 9] EAJo] byt

4. 4 E

2 AolA= &E3E slo] =& F|i=(sulfonated
hydroquinone), 4,4'-H|A[(4-2229|D)dxEd]-1,1’-
H]#]'d(4,4'-bis[(4-chlorophenyl)sulfonyl]-1,1'-biphenyl)
T} 4,4-sulfonyldiphenol-2- ARE-5F0] SHH- 2R 0] 62,460
213,190 g mol'(PDI:= 1.66-4.04)Q] &£E3lw =
(oFE= vHEAEE o€ 2)9] I5TAES st
oAtk Az FEFAC] T2 NMRI} RE A145
of ZI5l, EESYEE 'H NMRAZER ] ¢
HB|Z Foto] 15%2} 32% 2 AA| Y2 FHc) ot
S7HEISES RIS o590 Qs 25.4-30.3
MPag TRApHs|dEo R S5 ALE wiat 7]
) g ZHev). TGA? DSCE o84 dhie
AN A, EAe) o) espgst wolklel] ureh
Tas% 2} Taiow= ot o, T4 - Asdh= A
< Belsllth. B4S, IBC % oS AEEL %3
B SlolEm sl Br-go] S7hte] nret S7hsteic
TR Ao A Fagh ofole Mk 60C Y
100% AeigEol A oF 9.4 mS cm™o]let £ AT
oflA AAIGE TolpaA] WHE Y] XSS
FRFAY nRALY] RS ok M AIZICH,

BAXE nEAA Lo R ALgE THsAo] 9)

r2 oN

o

OlX|SS M193™ HM2= 2010

A =

£ g AR AAeld A7 Al o)
2152009T100100606) 0.8 23| gl Th

x =
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