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E2: B 9Pox] £E3} SEBS/HIPS o232 epoxidized polybutadiene® divinylbenzene 7FAZ 7+
FAA A @ SF3PPH o 7 Az o) £E3) whe-2 3 silver sulfates ARSI FEsIGITE B

3, ote) 71REA], SESE, T4 oA AT 9@ 2EHAS st we) SEsTE AR
Z7Veko) wel 271819101, 10 wt% HIPS7} £ uhe] £F3157) kAt 120814 83.6%% 7Fd &A1 1t
ERgr), w8t whe] $aat o] LSS SEINEI) 213l wel S8l o Ho 43.8%, 1.14 mea/gell
). 2] A7)AFRE 20 wi% HIPS7} S8 Jol2mghze] 83 Q - cmC2 7P Rekon] A7|AE%EE 10 wi%
HIPS Z3o] 1.22Xx 107 S/emE 7P $raigit). w3t o] 7|AFEN, REelae &3 s 5
7hlelon, £238 A% BELAGRS 153204 kegf/em?o| STk

Abstract: The cation—exchange membrane which was sulfonated styrene—ethylene/butylene—styrene
(SEBS) block copolymer containing the high impact polystyrene (HIPS) was prepared via post—sulfonation
and casting method using the epoxidized polybutadiene and divinylbenzene as crosslinking agents.
Post—sulfonation was carried out with sulfuric acid as sulfonating agent and silver sulfate as initiator in
the nitrogen atmosphere. The basic properties of membranes, degree of sulfonation (DS), water uptake,
ion—exchange capacity (IEC), electrical resistance, and modulus have been examined. DS of membrane
increased with increasing the sufonation time. The maximum DS of membrane containing 10 wt% HIPS
was 83.6 %. The water uptake and IEC of membranes gradually increased as increasing the DS. The
maximum water uptake and IEC of membranes were 43.8 % and 1.14 meq/g, respectively. The lowest
electrical resistance of membrane containing the 20 wt% HIPS was 83 Q - cm? The electrical conduc—
tivity of membrane containing 10 wt% HIPS was 1.22x 10™* S/cm. The modulus of membrane increased
with increasing DS and these values were 153 and 204 kgf/cm® before and after sulfonation, respectively.

Keywords: SEBS/HIPS, casting, crosslinking, sulfonation, water uptake, ion exchange capacity, electrical
resistance.

M B

Aie) FA0= AHerigle
2% g Bedsl S

| Bk 9ok =3), 3pidge) 1
SER A gt FAIAR A 733t

FHZ A72dste] FH AR BEEE CO, A7
A SEE AR Aea 5] ARAA Terihds g @
Aol a3l Gl Agelnt Iplelle Wedt gl SHE 1
2alo] LS WRE] S 71ee] T2 AT el
olgld 29E Has) ol w& FEL Aol a7EE 17 &

F

tTo whom correspondence should be addressed.
E—mail: tshwang@cnu.ac.kr

608

2 M2 oA 2A19] Ardto] 753 Qs Aotk
olejgh Az FHe9] Aks % WrIERH oleudyt
g o] g8 FAo] FEWIL Qltk: ol 75 ol E Folee Al
o elgh 4 ol oleely srowa ARAA," A% 97)
B 9 BB A4 A ez A W SE3EE
2 Fp) o BT 2es AZTY, A B &

o & HA &85 3tk



Epoxidized Polybutadiene/divinylbenzene-&

OJe}ek ol ofe] 74 E40]

heke: Q7EE 9, 2 A
d& 7Hokeal ) 9 wjo) 2 49 vke Zapy ** d F3o)
£9) o] ISt e A =8 NAH Ar 0 q};}@g

SR AR A Az = glofok s HaAl ther] du 24
ol A B3k & glojof ik’

A AR T Q1 o) 2w gk o‘jg_zjx]ol] AT Gl B4
A <Fol 2w (Dupont: Nafion,”® Gore: Gore—select, Asahi:
Aciplex & Flemion %), styrenes 7|42 A3} o] &wsiut
(Tokuyama: CMX & AMX, Asahi: CMV & HJC ), rubber
J:‘vj—xl—é AR wHDais—Analytic: S—SEBS) 5] it} skx)qt,

B0 B9 frelde] 257} o} 80 T o) 2hon o ¢k
”01 ol 7hAe] vt A1) ujEA) ghe) ik A5} wley
931 QJr}o

AF7H] A7AHNE AHrE BAM 280, AR 2440
o ETFE®] polystyrene sulfonic acidg TIe)TEAA Azd
23} PEEK, PAES % PIS} 28 engineering plastic 5412 %
st} AxT wo] A7 9l ot} Nafionol] H)3l) Aso) whe
A e] ekt

59 ofd Be AE] Halel uFARL i Qo] B4
o] 938} styrene— ethylene/butylene~—styrene block copoly—
mer (°]3} SEBSZ A3H & o]8%F A2 AL whe] sjto] A7)
3L Qlrk 7Y oe I e e —r~r5h+ 3T} A= 54
o] wiur uhe} 47]A o] ol AR AXE vrog ALEl] s

ol 5] TS AT A2 uke) ATyt Ae s,

upebA], 3 3ol M epoxidized polybutadiene®} divinyl—
benzenes o83t 7kwrkgst EA7E Yol] 1743 do] 3950
o} 71714 £290) 9ralaL w8} whgo] folshr SEBS% &
do] % high impact polystyrene (0|8} HIPSZ #3h) & &3ta}
of 7o) et o) 978 SEBS/HIPS %olLwshate Az
slsich

5 ozl I8, SEE, ol wehesE ©y1AE U ule] A
7];{1:1:2 _7:<Xﬂo}_ U o]E EUHE cﬂ-,] ﬂ;ﬁ zﬂzz 2_

Al
A4 ¥

Aot & THE. & ARl AME-E SEBS AFE53H= ShellAb
9] Kraton G—1650(M,=101400, styrene contents=30%)-%
AHE-8F31, HIPSE Kumho petrochemicalrbe] HI 450 W
(styrene contents=90.7%)% A48tk SEBSS} 7hmA<l
epoxidized polybutadiene (013} BF—10002% AtHS ADEKA
At AFE ZUlE ARSI 2, HIPS] 7FaAQl divinylben—
zene (015} DVBR #3h) & AldrichAle] 4% 55% A|ekS &4 &
ARERITE T3 HAIAIQ) benzoyl peroxide (0)3F BPOZ #3H
+ LancasterAld] 75% Alek& AM6I91T SERSS} HIPSJ £
1,2—dichloroethane (®13} DCEZ. 338D 99 %A1okS AR,
T &AL 23 22 242 DuksanAle] 99% sulfuric
acid, silver sulfateE AME-313h

2ol HZE. w7, WA, et 2 AEFYTL 21
250 mL 47 Eek2Ae] 100 mLe) DCEE ¥ o37]o] SEBS$}

o] 43t 71w SEBS/HIPS <ol

w@e) Az 9

i

3 609

Table 1. Preparation Conditions of SEBS/HIPS Cation-Exchange
Membrane

Code SEBS HIPS BF-1000 DVB DCE BPO

No. () (g (g (@ (mL) (g
SH—10 135 1.5 2.7 0.3 100 0.15
SH-20 12.0 3.0 2.4 0.6 100 0.15
SH—-30 10.5 4.5 2.1 0.9 100 0.15
SH—40 9.0 6.0 1.8 1.2 100 0.15

HIPSE &892 1] 16 g ¥ 5 50 Cold 2k purgedtal 4
ARE RF wWRkste] 2215 L3RI 03719 7HAlql BF—1000
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HES &, nRbg ShkhE AASE ] f1ske] Kz 3k 70, 50, 30% &
2] FAabe]] =ApA 02 A AL, ELOhT?L o] W A &

=2E S

50 T Z5280x 247 B4t A2 A +E3bd SEBS/HIPS
ko]—@—ﬂ e Azl

R AHIER M SEBS/HIPS 9ol 2w gvle] 4E3 1
7} FZ goldty] Y8t Shimatzu FT—IR spectrometer

(IRPrestige—21) & ©]3lo] ATR "ol 28l 4000~400 cm !
ol scan number 15, resolution 4 cm™ 27102 FT-1R A
HEY FAg sk

EEZHE Y. 7RARME A3 A AT SEBSHIPS ool
wetate] SESe g wto] FAMSERE S35k #EdT =
A& Aate] BUS 9] 3} 192 wkE 5 cm x5 em AR
A o139 FAE 48 & 4] (1) el vislsle] SEBS/HIPS
ool eute] £EIHTE Hsgich

w,-mw
M,
WixF
Mm

Degree of Sulfonation (%)= xlOO o))

o71M, & &3t A SEBSHIPS the] Z3kola, i &3}
% SEBS/HIPS <ol2w@hto] Fafo|th M8 My HaSO48)
styrene?] #x1E0In F= SEBS Y styrene®) #-8& Uepdich

£%. SEBSHIPS ol2ude] e8¢ 538 Asto
kS 3 cm X 3 emE 2R & FAE S35k S5l AAAA

°|-J\°

Z08] HEAIZ Q** ol wgut W AHF4(free water) E Al
A FAS ST T A (2) ol sl e 2t
Water Uptake (%) :Mx 100 (2)

dry

Polymer (Korea), Vol. 33, No. 6, 2009



610 #gA - o] 54
o7, Waets He3Ele) ko] BAlO]n], W= AZAEe) ule)
2o},

Ol2ug8% &3, SEBSHIPS ¥o|ndue] o) mghga

& 270l ojsf S7galick ol 1 g& 1 N HCIR 73] A
H3haL SR & ¥ o) 3 AEe oy 250 mL ”‘W—}—%‘rj
o] Y3 ©97)¢] 0.1 N NaOH E589 100 mLE ¥ mHksaA
24XI3F FRt B TP & dAEke) AEdE sl 50
mL AAEEAT0] Yo ¥, AlETgdl AN eks 2~3 We 3
7¥ka EHH‘S}D@H 0.1 NHCl 558907 AAslgion 4 (3o
2 o] 2mITS AN

(VNaOH % Nxaon )— (Vch x HC])
Weight of sample

IEC(meq/g-dry) = 3)

A71A, VoSt WKeows 28l AR HCIF NaOHE] u]o]r,
Nic®t Meons =29 558 Yepdr,

ato] M7Ixgh SEBS/HIPS Yolzudute] A7 A%e &4s}
7] $18ke] 3522-50 LCR HiTESTER (Japan) ] 2—compart—
ment cellS AFE3}0) Bho] W71 AL SATE AR =4
S 95l ¥E 15 emX 1.5 cm® Asled 24417 £9 0.5 M
NaCl EF=-g90f HAAZI F FPAelel] T2AT) Aol =
=5 vk )3t Aol 71 F 0.5 N NaCl g9l 27 48ks
SHR) T 5 25 AAS . M Sante] A4S 3 (R) 8o

c
(HIPS} é

BPO, DVE 2, BF-1006

* 95T

By GryoHyH- 8oy

[
@ L @

(SEBS}

¢

{Crossiinked SEBS + HIPS)

HCs=CH,

HC=CH

LH Al H H
2
bpF.4000 ¢ c—%—cw,-»é~cuz- =

]
ﬁg\ v\raﬁf'woo

o HoH
CH, CH, HC™

it

@HﬁﬁpHﬁHg—Cg}
H CH,

H CHy CH
—C—G—CHE-CHA—
M, BH
M
Mt

H Gt Ho Bengngugn -}CHHM
]i;iCHZCH:cHzCH%—C 6} {@ EHEHE %ﬁ:ﬂl

. ﬂgp&

] (o]

A @) E B ANAF g Fepdek

ER(Q-Cm?’)=(R1fR2)»A (4:)
71, R A71E8E Ao Bhe 7 § 54 ARl e
IS AAT §- AajEe] A/AZE veRdch £9, AR 2] &

& €A e,

oto| M7|MEE, SEBS/HIPS %ol nglute] Arjdees &
Bal7) Slalol ko) W71AIR 3k olgaled A (B2 WERE
ARSI

(5)

L
S =
o(S/cm) Y

o7IA, o ol2AEEE Wl L2 2] F(em) E Hehdth

T8 FRE U] AVIAEHO) ol AF Be] $A WA (m) & o
ERdick
SEM BEEZX] #& SEBS/HIPS oolemginte] RZIZA|E 7

1) 91819 Jeolr k2] Model JSM—840) SEME o43]e] A&
Z W3S ol wWig-g 3000M% sk &E ARE platinum
coating®to] 43153tk

ato| BESA AlH. SEBS/HIPS ofolewdtte] pEeiie
ASTM D882 Al&ubiel) w} specimens: A8k, ©JE& 70 T
FF 2B ] @8] AFxAZ] F Instronrle] UTM(Series IX

7@2 g_@z c CHC c
cn
&hs §

(e é ?«n
CH2
SOH SO,
{:gﬁpHpthgcgﬁ
H g i

{~2@{H5”3H§ }

Hy80,

P Samd. N

Agy604

Mo
Wt _ch

Hz

3H OgH

(Sulfonated SEBSHIPS)

Figure 1. Preparation mechanism of sulfonated SEBS cation—exchange membrane containing HIPS.
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Figure 2. FT—IR spectra of (a) SEBS membrane and sulfonated
SEBS membranes containing (b) 40; (¢) 30; (d) 20; (e) 10% HIPS.

i

3 611

=

SEBS W} wldl1e]gl #x)gk H-8-& do7)7) WEos AlsEr
ul Yol] ©el¥ HIPSE F& butadiene®] SEBSS} 7t S0} 34k
o) FhwTz FE} olglg] HhgAdo] Welx7] Wit o R Alay
At

g 1 0l2wsey 8. E3|E gejsto] Alxsk SEBS/
HIPS ofol2mdhate] &3} ARl wiE g0 Bigks 73t
ol=d 1 A3} Figure 49l Yeht glth Figure 404 B vie}
7o) SEBS/HIPS 2] e5=-8-2 3o} &3} Al whet Z7F
F9.0m 10 wt% HIPSE Edtebal £E3} whgo) 12087 8=
& W ok 43.8% % 7V A YeRTh olgAl £E3 AR F
7k9} SEBSS] £3F ulgo] $715 g-go] A vehs ol
B EEY 1R Q8 A5ge] 37t Wl ZoE AEA
w580l Z/HES 40 wt% HIPSE 293198 ul 71 =4
ehR=d] 77 o)+ 2He] ZhA] HIPSS] $330] Hopsle] uket a1
A FAaAQ] eko g Qs ulzhe HIPSS] &4 mhieel 210 A
gk

Figure 5% SEBS/HIPS <ol ghahe] 3ol w& o]

90

il 607340
80}

s

- = 7030

70} | —&—80420

60

9

[= e G010

2 el
i P
g %0 { >

3

»g 40

5}

Q30

o>

o]

o 20

10

10 20 30 40 50 60 70 80 90 100 110 120
Sulfonation time(min)

Figure 3. Effect of HIPS content and sulfonation time on the
DS of the SEBS/HIPS cation—exchange membrane.
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Figure 5. Plot of IEC and sulfonation time in the SEBS/HIPS
cation—exchange membrane.

Table 2. Electrical Properties of the Sulfonated SEBS/HIPS
Cation-Exchange Membrane

Code No. S’ulfenation Thickness Electrical resis— Electrical
time (min) () tance(Q - cm?)  conductivity (S/cm)
20 1422 282 4.73E-05
40 1306 152 6.46E-05
60 1284 109 8.72E—05
SH-10 80 130 100 9.58E-05
100 1014 93 1.05E-04
120 946 89 1.22E-04
20 1334 341 417E-05
40 98.2 220 59.94E-05
60 95 172 7T4TE-05
=20 g 95.8 150 867E~05
100 97.6 113 8.97E-05
120 108.6 83 1.14E-04
20 124.6 378 3.30E~05
40 1394 290 4 81E~05
60 1514 263 5.76E-05
SH=30 80 161.4 260 6.21E-05
100 108.2 131 8.26E-05
120 105.6 110 9.60E~-05
20 133 535 2.49E-05
40 1016 279 3.64E—-05
60 103 230 4.48E-0b
SHH0- g 1126 200 5.63E-05
100 88.4 137 6.45E-05
120 104.2 121 8.61E—-05
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Figure 6. Effect of HIPS content and sulfonation time on the
electrical resistance of the SEBS/HIPS cation—exchange mem—
brane.
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brane.

Table 3. Modulus of the SEBS/HIPS Membrane Before and after
Sulfonation

Modulus (kgf/em”)  SH-10 SH—20 SH-30 SH-40

SEBS/HIPS membrane 70 85 124 153
Sulfonated membrane 148 152 172 204
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Figure 8. SEM morphology of (2} SEBS membrane; (b) HIPS membrane; (¢) SEBS/HIPS membrane; (d) sulfonated SEBS/HIPS

membrane.
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