Polymer (Korea), Vol. 33, No. 6, pp 608—614, 2009

Epoxidized Polybutadiene/Divinylbenzene2
0|28t 71 SEBS/HIPS Y0|2mehto| xix U S4
F|27] - 0|24 - gheuy’

Febvistu o813t}

(2009 7€ 28 A<, 2009 9€ 79 %, 2009 99 8Y A=)

Preparation and Characteristics of Crosslinked SEBS/HIPS

Cation Exchange Membrane Using Epoxidized Polybutadiene/Divinylbenzene

Yongjae Choi, Hong Suk Lee, and Taek Sung Hwang'
Department of Chemical Engineering, College of Engineering,
Chungnam National University, Daejeon 305—764, Korea
(Received July 28, 2009, Revised September 7, 2009, Accepted September 8, 2009)

epoxidized polybutadiene?} divinylbenzene 7}wA|= 7}
HES-2 321 silver sulfates ARES10] @8 &=
5, S8, g, olRude R AVAE 9 REUAE ERIEISI) we] eFEsEE WA
S7Kkel vt Skl oM, 10 wt% HIPS7F &3k vk <Eshier) whgARE 120404 83.6%% 7P =7 |
Epsith megh o) ) o] w3 RS SESIETL S wit STRsIle M F ) 43.8%, 1.14 meq/gell
o} 2ko] A7|AES- 20 wt% HIPS7} &3kl dolemdiato] 83 Q - cm?C® 71 wekon] AZAEEE 10 wi%
HIPS &3tuto] 1.22x 107" S/emz 7P $<319ic), B3k uko] 7|AIA A, REeis &2} T7185s 5
71l om, EEs) A BEeAghe 153204 kgf/cm™o] itk

ATollM 433} SEBS/HIPS <ol 2w hhS
g 0l SEspb o g A zalint. uho) 43}

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 1.22X10™* S/cm. The modulus of membrane increased
with increasing DS and these values were 153 and 204 kgf/cm2 before and after sulfonation, respectively.

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

resistance.
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A AREE L Q= o] 2w kS Agidx|e] ARE AL Qe EA
7 oFol w3 (Dupont: Nafion,”® Gore: Gore—select, Asahi:
Aciplex & Flemion %), styrenes 7|2 AFE-3F o] & whut
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whEba, B AAqtoll A= epoxidized polybutadiene™} divinyl—
benzeneg ©€3%F 7hnkg B2 Wel] adAo] giE o]
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Al 2 mE2 2 Ao AM8-8 SEBS A EdE A= ShellAb
9] Kraton G—1650(4=101400, styrene contents=30%) <
AR89 31, HIPS+= Kumho petrochemicalAFe] HI 450 W
(styrene contents=90.7%) & AH3-3F3lth. SEBS2| 71w A9l
epoxidized polybutadiene (°]5} BF—10002% 332 ADEKA
AR AES IU|E AREEFI A, HIPSE) 7FuAlel divinylben—
zene (013} DVBE #3h-& AldrichA}e] <25 55% Aloke A 5
ARE3IATE 523k 7iAIAIR] benzoyl peroxide (0]3F BPOZ H$hH
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Table 1. Preparation Conditions of SEBS/HIPS Cation-Exchange
Membrane

Code SEBS HIPS BF-1000 DVB DCE BPO

No. (g) (g) (g) (g) (mL) (g)
SH—10 13.5 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 U= ro] 15 g 92 5 50 CollA] 22k purgestal 4
AIZE B3t wRsle] 215 S8AI7I of 7)ol ZkaAlQl BF—1000
S SEBS?] 20%, DVBE HIPS?] 20%2 717} ¥ar 1417 &<t
Hksk o3 1889 1% BPOE YWl 1087 wikele] &3t S-S
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uRS A Z3loIh ! whe] #2718 Table 104 B nls} 7ok
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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.
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Figure 3. Effect of HIPS content and sulfonation time on the
DS of the SEBS/HIPS cation—exchange membrane.
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Figure 4. Effect of HIPS content and sulfonation time on the
water uptake 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. Sulfonation Thickness Electrical resis— Electrical
time (min) (um) tance(Q - cm?  conductivity (S/cm)
20 142.2 282 4.73E-05
40 130.6 152 6.46E—-05
60 128.4 109 8.72E-05
SH=10 80 130 100 9.58E-05
100 101.4 93 1.05E-04
120 94.6 89 1.22E-04
20 133.4 341 4.17E-05
40 98.2 220 5.94E-05
60 95 172 747E-05
SH=20 80 95.8 150 8.67E-05
100 97.6 113 8.97E-05
120 108.6 83 1.14E-04
20 124.6 378 3.30E-05
40 139.4 290 4.81E-05
60 151.4 263 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
40 101.6 279 3.64E-05
60 103 230 4.48E-05
SH=40 80 112.6 200 5.63E-05
100 88.4 137 6.45E—05
120 104.2 121 8.61E-05

Figure 6914 ®i= ule} 7o) SEBS/HIPS o] &m gk} 174
R EsE ARG HIPSE] §Hdo] wobdas d7|A3o] ol
S B3 om 20 wt% HIPSE 93819 #1235+ SEBS/HIPS
Jolewghute] A7) gho] 83 Q - em’® 7F¢ SHAl VFERsiT
St 9] A7 EE8) ARRle] S wet ol A
5 Holom HIPSS £t S715 wolAl= Zls Erls)
oM 10 wt% HIPS7} g5 o2 ghhe] M7 - T w7} 1.22
X107 S/em® 71 7 VeRgrh
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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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Figure 7. Effect of HIPS content and sulfonation time on the
electrical conductivity of the SEBS/HIPS cation—exchange mem—
brane.

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

Modulus (kgf/cm?) 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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Epoxidized Polybutadiene/divinylbenzenes ©]-&3t 7} SEBS/HIPS oFo]2w o] Az 4 E4 613

(c)

Figure 8. SEM morphology of (a) SEBS membrane; (b) HIPS membrane; (¢) SEBS/HIPS membrane; (d) sulfonated SEBS/HIPS
membrane.
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