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Abstract: Saline water electrolysis, known as chlor-alkali (CA) membrane process, is an electrochemical process to gen-
erate valued chemicals such as chlorine, hydrogen and sodium hydroxide with high purities higher than 99%, using an elec-
trolytic cell composed of cation exchange membrane, anode and cathode. It is necessary to reduce energy consumption per
a unit chemical production. This issue can be solved by decreasing intrinsic resistance of the membrane and the electrodes
and/or by reducing their interfacial resistance. In this study, the electron radiation grafting of a Na' ion-selective polymer
was conducted onto a hydrocarbon sulfonated ionomer membrane with high chemical resistance. This approach was effective
in improving electrochemical efficiency via the synergistic effect of relatively fast Na* ion conduction and reduced inter-
facial resistance.

Keywords: Saline water electrolysis, Cation exchange membrane, Electron radiation grafting, Surface modification,
Energy consumption
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Grafting agent :
sulfonated polystyrene

SO3M

oM’

kt : sulf i poly(arylene ether sulfone copolymer (BP$32, x=0.32)

Fig. 1. Schematic diagram of CA membrane composed of
BPS32 and SPS.
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FHE AFREH olewdutol A2l Sulfonated
poly(arylene ether sulfone) random copolymer (IV =
1.47, M, = 41,400 Da, IEC = 1.50 meqg)= F &3
[12]9] wet gHdstar, Aleheto] AHg-stlom BPS32
(£E3% = 32 mol%, Fig. )2} HE3dth 18 =E

S-S 9 uEAl &3t £ 2F W (sulfonated
polystyrene, SPS, M, = 75,000 Da, IEC = 543
meqg ) AHHEE 9l AHEE k8- sulfonic
acid, 99 wt%)< A 1r}¥ =] X ] oK(Sigma-aldrich)
ERE st Exe] AAQle] AHEE AR A
ZAE A S RETIE AEE] A EFve H3
anode & AZE 9 F3IIEF(sodium chloride,
99%)> 217t o}9-3(Wowpack, Korea)d AFx3}st
(Samchun chemical, Korea)lAl F43t] AH&-3l3it.

A A fh A A tiE AR 7
4:7](Normal-conducting RF linac electron accelerator)
g o]&3ste] Ptk AANL 1.4 MeV, 0.5 mA
21A 122-1442 ¢ ZAEAT 2ARIFES 10
kGy-100 kGy®] H{]ellA Ao=| it} 50°C thFE
AN 1AIZE T8 &, Method II[12]°] 23 A2 &
AR @7 EsE Folugato] Azt AxH
Folem et ATl whe} BPS32/SPS-ZAMI &
o= yWHdth o £° BPS32/SPS-10 AN
10 KGyolA sAI2AF & 9 AES ondth. |4
71Es A BWrke Azl dafjd@AE 93 = 25
cm’, CNL energy, Korea)ol anode®} cathode® Z+2t
Ti foam ZAS(H T4 = 340 £ 0.5 um)3} carbon
plate 1=(CNL energy, Korea)S 283}l 30°ColA]
sttt @rzids] @A L8HE oA
aHEe 317] 4 (1ol 23] Alat=E

Energy consumption [ MWh } = (1)
ton Cl,
1,000,0009 C', 1MW
( Tton Cl, ) < ( 1,000,000 I/I)
1 Cl,production [L]  1day _ 1mol Cl, _ 7099 Cl,
( Applied power [ W] day 24h * 224L 1mol Cl, )

mol%)E Zv= £E3 Ze2HAHE IHZ-AZ A
St AR ZAFS &3 BPS329 W) g vk
< =3ty FAEAEFHE A o2 Q) HF
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Fig. 2. X-ray photoelectron spectroscopy data of BPS32 (left) and BPS32/SPS (right).
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Fig. 3. Scanning electron microscope(SEM) cross-sectional
images of (a) BPS32 and (b) BPS32/SPS-100, and trans-
mission electron microscope(TEM) image of (c) BPS32 (d)
BPS32/SPS-100.
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Fig. 4. Proton conductivity of BPS32 and BPS32/SPS
membranes.
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Fig. 5. Energy consumption of CA system on the basis of
Cl, production.
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