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Figure 1. Suggested chemical structure of PSF based graft copolymer
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Scheme 1. Synthetic route for chloromethylation of PSF
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Scheme 2. Synthetic route for ATRP of PSF
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Figure 4. 'H NMR spectra of CM-PSF macro initiator. a, 1.7 ppm (CH; in PSF and CM-PSF); b, 4.6 ppm (CHxCl in

CM-PSF); ¢, 7.0~8.0 ppm without 7.2 ppm (Aromatic protons in PSF and CM-PSF); 7.2 ppm peak is the proton of CHCI;,
1.6 ppm peak is the proton of H,O
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Figure 7. "H NMR spectrum of CM-PSF macro initiator and a graft copolymer, PSF-g-EtSS. a, 1.6 ppm (CH; in PSF and
CM-PSF); ¢, 7.0-8.0 ppm (Aromatic protons in PSF and CM-PSF); d, 4.3 ppm (-SO,-OCH,CH3) 2.5 ppm peak is the
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Figure 10. Membrane resistance, Ry, of the PSF-g-SSA

(PSF75) membranes as a function of water uptake

3.5 BRFEMERDOHMASRELEEKELDOR
%

Fig. 11 (2353172 PSF-g-SSA [ oD fig KRS /7 Lk
GIKRO A% T, PSF-g-SSA JED K-S /K =R DN
VR RIS IR LTS, G KM 1.5 LUF
C 10 MPa L D5 |5RVIRFEEZ R LT, THAREGA A 234
JEECd D CMX D [RISAEIZ BT 55 [BEV IR 1% 30 MPa LA
ETHLN, ZORED PVC BUHAT O SRR A AL T

-37-



BHOIZHKIL T, PSF-g-SSA MIE X FAZ A 720 B VL
ThHZEND, PSF-g-SSA DA AL A MR /31T =
B BRIE 2 T DLV LT, Z D7), RIAL
Ry AR R EE XFERELT, 20 ki
PSF-g-SSA /77 MEEGREZa—T 4 7 $5HZLT, &
BB B S A A 9 T 28 SR A A AR O (R L
HWRFCED,

3.6 BN FEREROEERSIUVBMNGRELIRS
KELDOER

Fig. 12 |Z PSF75 Z M\ Ti5H4172 PSF-g-SSA D H)

AR T E ORI A R T, BIAEEAY 1.0 120

1FE, A A BRI @O ERAR A 72 A A 2T D),

FIBEERPIAERWZE, KRV —CORBERT25
728, ZORIORE RIS DI BT A 4 R
EENZ 5, RIS TRIELTZTIRAA L R TH D
CMX O#iiFEI% 0.98, BEHTIE 3.0 Qem? THLHDITRIL
C, PSF-g-SSA JEITNRE KD 1.3 DRI W-CENEG
3K, 0.90, BEHEPT, 1.8 Qem?, F72MEE KRN 0.8 DS
BT, 0.93, BT, 2.3 Qem? Z7RL, Hillk(4
B O EERER 7R L T2, ZAUE, PSF-g-SSA
TR IR O EEHE /Y - PSF MO, BiAA
ML T2 D SSA 0O 77 MEFN BB FEIAFAEL T4
T RNETCRR T DEEE A T AR LB Z B,

4. %

AWFFE TIIAERAIERIE 3 i\ R Y A LR PSF #71
2 AF AL LT CM-PSF ~27 a5 (MI : CM-PSF) &
L7z, ZLCZOEHE D FICRFBEZ L
(ATRP) % FHWT, HIEHIC EtSS Hia 4575 PSF-g-EtSS
777 MEES R AL, 55Tz PSF-g-EtSS O
Wo W T AAERLLU 7=, 2D EtSS FEA K4y fiEL
THAA AL 72D SSA IZEH T DL THAA A&
#afii (PSF-g-SSA i) A /ERIL 7=, /ERL oD A4 %2
WD [EC, W5 KSR, BEMITRE, BT, Bhavkm S
ZRHm L7,

A L7 MI @ 'H NMR A7 MUVRIEIZ I 2
FB7aaAF LD CMME FRIIE (Chss) Z 7RSI
HZET, 7anAF ALER (CPon) DRI ATRE THHZE
NI 72, £7220 MIZ EtSS #4277 M4, Ky

50
_ o
©
o
= 40 f
§ O
8 o
% 30 f
<
2
[} O
& 20 r
o Q
2 Go
S 10 f

O
0 1
0 1 2 3 4 5

Water uptake [-]

Figure 11. Membrane resistance, Ry, of the PSF-g-SSA

(PSF75) membranes as a function of water uptake
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Figure 12. Dynamic transport number, ¢, of the
PSF-g-SSA (PSF75) membranes as a function of

membrane resistance

i CHFH A7 PSF-g-SSA D [EC 13777 NEAIRED
EtSS WS CHlH fTEETHY, ATRP (ZLVIEHE D
BT IT7MEEARERE G TELIE AL,
VERIL 7= PSF-g-SSA DS 7K=L ML D CPov 1213
EAERAFE T, IEC ORI 72, F7- Bt
1% CPom [IZEA IR T S AR OB b
L, BEE KRN 0.7 LU ETIEHIRA A 22 i CMX KD
HIRWERBIA SO, FEEKEN 3.8 OFEIZRW T
HIRWERHL, 0.25 Qem? Z7R U7z, A4 RHBED R

-38 -



T EELER DI CTh DR LG O BfRIZB
T, ZOMEIEE KR 0.8 DIEICIHWTHIER, 0.98, %
L, 2.3 Qem? Z7RL, HIHRAA AR LD my O WERE
R UT, ETeZONRD e KW T3NS K ER O AN
OB LT3, G /KSR 1.5 LU T 10 MPall Lo
B KW IS D)2 R LT, A A 28 i3 PV C B4AT
D RFHARZ ML THDDIZH LT, PSF-g-SSA 33
FHEE A ST BN THHZ LD, PSF-g-SSA oA
T BRI 7 X m ORI R AT T A e RS
77

INBOREREY, 5%, RYALRS LM 2R K
ZHEHALL T, 20D T PSF-g-SSA 777 hMEEA K%
A—=T YT T HIET, EEIRA RS & A A R R -
IKISHL A A 9 D 28R A AR BN G DN D T LM
R TED,

SE
1) K. Marui, K. Tokunaga, Y. Terashima, H. Suenaga, A.

Kumano. Forward-osmosis hollow-fiber membrane

2)

3)

4)

5)

-39 -

element and membrane module. W0O2015020197 Al.
2015-02-12.

R. Kiyono, G. H. Koops, Mixed matrix microporous
hollow fibers with ion-exchange functionality,

J. Membr. Sci., 231, 109-115 (2004).

M. Higa, K. Toyota, T. Sugimoto, Characterization of
hydrophilic hollow fiber membranes prepared from
poly (vinyl alcohol), Desalin. Water Treat., 17,
199-203 (2010).

M. Higa, M. Nishimura, K. Kinoshita,
Characterization of cation-exchange membranes
prepared from poly(vinyl alcohol) and poly(vinyl
alcohol-b-styrene sulfonic acid) A. Jikihara, Int. J.
Hydrogen Energy, 37, 6161-6168 (2012).

J. Chen, M. Asano, Y. Maekawa, M. Yoshida, Fuel
cell performance of polyetheretherketone-based
polymer electrolyte membranes prepared by a
two-step grafting method J. Membr. Sci., 319, 1-4
(2008).



No. 1504

Development of Hollow Fiber Ion Exchange Membrane Having High lonic

Permeability

Yuriko Kakihana', Hideto Matsuyama', Ryosuke Takagi', Masahiro Yasukawa', Mitsuru Higa®
'Kobe University, 2Yamaguchi University

Summary

The goal of this study is to prepare novel hollow fiber (HF) type cation-exchange membranes (CEMs) from
polysulfone (PSF)-based graft copolymers. To this end, in this study, PSF with graft chains of poly (sodium
p-styrenesulfonate) (PSF-g-PSSS) were synthesized, and flat sheet PSF-based CEMs were prepared from the graft
copolymers. We measured the ionic transport properties of the obtained CEMs to evaluate the relationship
between the transport properties and the preparation conditions.

In order to prepare such a graft copolymer, a macro-initiator of chloromethylated polysulfone was prepared
by chloromethylation of polysulfone with chloromethyl methyl ether to introduce a chloromethyl group into the
polysulfone main chain. A graft copolymer was synthesized using atom transfer radical polymerization (ATRP)
by grafting p-styrene sulfonate (EtSS) on the macro-initiator changing EtSS content in the polymers. PSF-based
CEMs were prepared by casting a 1-methyl-2-pyrrolidinone solution of the graft copolymers on a teflon sheet and
drying in a vacuum at 80 °C for 24 h, and then by immersing the obtained membrane in hot water (95 °C) for 24 h
to remove the ethyl groups of EtSS by hydrolysis reaction.

The ion-exchange capacity (IEC) of the CEMs increases with increasing of the EtSS content in the reaction
mixture. The /EC has a good correlation with EtSS content in the reaction mixture. This means that the side
chain length of the graft-copolymer will be controlled by changing the EtSS content in the reaction mixture.
Mechanical properties (tensile strength) of the CEMs increased with the decrease in water uptake.

The dynamic transport number of the CEMs increased as the membrane resistance increased. The transport
number of the CEM (CM content = 8.4 mol%, and EtSS ratio = 46 wt.%) was 0.98, and the same as that of CMX.
The membrane resistance of the CEM was 2.3 Q-cm?, and lower than that of CMX, 3.0 Q-cm?  The flat sheet
PSF-based CEMs did not have any support materials although CMX had support materials such as PVC cloth.
Hence, HF type CEMs will be prepared from PSF-g-PSSS. The results in this paper indicate that HF type CEMs
prepared from PSF-g-PSSS will have both high counter-ion selectivity and high ionic flux. Therefore, the HF
type CEMs have potential applications to diffusion dialysis processes in many fields such as the purification of

acid or alkaline streams.
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