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Abstract: In this study, crosslinked SPS/TMPETA membranes were fabricated by solution casting of various com-
positions of sulfonated polystyrene (SPS) prepared by sulfonation of polystyrene (PS) and trimethylolpropane ethoxylate
triacrylate (TMPETA) crosslinker followed by an electron beam irradiation. We confirmed that SPS polymer was suc-
cessfully prepared by the introduction of sulfonic acid group in PS from the results of FTIR analysis and measurement
of sulfonation degree. The degree of crosslinking of the prepared membranes increased with an increase in absorption
doses and crosslinker contents, which was obtained by measuring gel fraction. The effects of the crosslinker contents were
estimated by measuring water uptake, chemical stability, and mechanical properties of the prepared membranes. It was
confirmed that the introduction of crosslinked structures in SPS membranes improved the water uptake, chemical stability,
and tensile strength. Also, the results of the electrochemical analysis showed that membrane area resistance increased with

an increase in the degree of crosslinking.

Keywords: ion exchange membrane, crosslinking, electron beam, sulfonated polystyrene.
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ME. 2 Aolx] AREE polystyrene(PS, GPPS 25SPIyS
LG Chemical. Co., Ltd (Korea)olX] T+ 3taA L, &3E3} 6t
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(DCE)# dimethylacetamide(DMAc)= Showa Chemical Co.,
Ltd(Japan)oll X +43F3th. gk 71aA91 trimethylolpropane
ethoxylate triacrylate(TMPETA, M,~912)+ Sigma-Aldrich
Co., LLC(USA)IA Fdstiom & Aol AR e

ASHE 1 8 glel Agaa

PSe| =&3 HI8. PSe| = z18y
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S AT

SPS/TMPETA 8} XM= % XM ZAL 2 AollA A
2% 1.88 meq/ge] o] 2w 3HgTFES 7HA]= SPS(SPS-1.88)2
7} A TMPETA S 95/5, 90/10, 85/15, 80/202] F-A v =
DMAcol 5o 10% 898 A2t & vl Alzd 84
< 72283k 70°C vacuum ovenollA 7AZ31tHTable 1).
SPS/TMPETA”} Al 2] S %A (EB-Tech, 1.5 MeV)
S o]g3}od 50, 100, 200 kGy MO = ZAVS I TE A}
it uhe faE| A E28)3 F, 2447F F2F 1 M HCle
A § SHTE 7 2H AFsk] g thReske EE
S AAsIATE AFE 2-& 70 °C vacuum ovenol| A AZ3}
o] Jzp oz ZARE SPS/TMPETA 212 A21tHScheme 1).

FTIR AHEH A, PSo] &E3} o7& ERIsh] fI8)

o] Aol ¥4 (FTIR, Brucker Co. Tensor 37) FX|E 9]

g

Table 1. Composition of SPS/TMPETA

SPS TMPETA Sample name
(%) (%)

95 5 SPS/TMPETA (95/5)
90 10 SPS/TMPETA (90/10)
85 15 SPS/TMPETA (85/15)
80 20 SPS/TMPETA (80/20)
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2o

SINGY> R

\7
A%

EB irradiation

ol we SR 49

Ao

A T

O30
/j

TMPETA (trimethylolpropane ethoxylate triacrylate)

Schme 1. Scheme for the preparation of crosslinked SPS/TMPETA membrane.
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Figure 1. FTIR spectra of (A) polystyrene; (B) sulfonated polysty-
rene.
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Table 2. DS and IEC Values of SPS

Polymer H,SO,:Styrene IEC DS

y (mole %) (meq/g) (%)
SPS-1.52 45:55 1.52 20.7
SPS-1.88 50:50 1.88 26.8

3lo] 7k %2 SPS/TMPETA & #| %313t

AR o7 A SPS/TMPETA 2He] 7k A+ A3t
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100

(A) SPS/TMPET A (80/20)

Gel fraction (%)
2
]

20

0 50 100 150 200
Dose (kGy)

100

(B) SPS/TMPETA - 200 kGy

80 - ]

60

40 |

Gel fraction (%)

1 1 1 1 1
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Crosslinker contents (%)

Figure 2. Gel fraction of the irradiated SPS/TMPETA membranes
as a function of the (A) irradiation dose; (B) crosslinker contents.
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EZa719] =18} 1740 cm™ F-2ollA] TMPETA 7haAo] &
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o s}5t4 Aoz 7tart ol FAHe-S HEe] ERIT
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R = R

S 1
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2 o] 2w g} SHpg-2 ko] V|A|A BAS oFSAT]=
Q¢lo] H7% 322 Figure 4= AAN O 2 A %H SPS/

(B)
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Figure 3. FTIR spectra of irradiated SPS/TMPETA (80/20) mem-
brane (A) before; (B) after measuring gel fraction.
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160
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™
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Figure 4. (A) lon exchange capacity; (B) water uptake of the irra-
diated SPS/TMPETA membranes as a function of the crosslinker
contents.
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Figure 5. The chemical stability tests of the prepared (A) SPS-1.88;
(B) SPS/TMPETA(95/5); (C) SPS/TMPETA(80/20).
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Figure 6. Mechanical property of the irradiated SPS/TMPETA
membranes as a function of the crosslinker contents.
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Figure 7. Membrane resistance of the irradiated SPS/TMPETA
membranes as a function of the crosslinker contents.
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