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Fig. 1. Suggested mechanism of fouling on an ion exchange

membrane
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Fig. 2. Apparatus for membrane resistance. A, sample
membrane; B, Pt electrodes; C, NaCl solution; D, water
bath; E, LCR meter. The effective area of the cell is 1.0

sz.
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Fig. 3. Apparatus for measuring transport number. A, power
supply; B, ampere meter; C, coulomb meter; D, voltmeter;
E, motor; F, stirrer; G, cathode electrode; H, anode
electrode; I, 0.5 mol dm™ NaCl solution; J, sample

membrane. The effective area of the cell is 8.0 cm?.
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Fig. 4. Electrodialysis system. The effective area of cell: 55 cm?.
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Fig. 5. Chemical structure of DBS
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Fig. 6. Apparatus for electrodialysis experiment. One
chamber of the cell was filled with a solution of 0.1 mol
dm™ NaCl and the other was filled with a mixed solution of

0.1 mol dm™ NaCl and faulant.
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Fig. 7. Electric potential between the probe electrodes, A¢p,
as a function of measuring time, ¢. Current density: 10 mA
cm™. DBS concentration: 500 ppm. Sample membrane: A,

AMX; O,ASM; O, CMS; &, GMA
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Fig. 8. Fouling behavior of DBS on the sample membranes
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Table 1. Water content, H, membrane resistance, R,, membrane thickness, d, transport number, ¢, of anion exchange

membranes
Sample HI[-] Run [Qem?] d [pm] t[-]
AMX 0.24 23 140 0.98
ASM 0.38 1.4 160 0.98
CMS 0.52 12 170 0.97
GMA 0.41 1.3 170 0.95
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Fig. 9. Voltage difference between the electrodes, Ap, of the
sample membranes as a function of measuring time, #, in
the membranes. Current density: 10 mA cm®. DBS

concentration: A, 500 ppm; [, 300 ppm; O, 100 ppm.
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Fig. 10. Voltage difference between the electrodes, Ap, of
the sample membranes as a function of measuring time, ¢,
in the membranes. DBS concentration: 500 ppm. Current

density:A, 10 mA cm™; [0, 6 mA cm™; O, 2 mA cm™.
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Fig. 11. Dynamic distribution coefficient, K, of the sample
membranes as a function of measuring water content, ¥, in
the membranes. DBS concentration: 500 ppm. Current
density: 10 mA cm>. Sample membranes: A, AMX; O,
ASM; [, CMS; &, GMA

BARERDWNE , Mo OV IV OB AT 251 (S3) 12 W TH
BTG YL B IR B RO E A AL S T & E D EE AR H]
B AL DORIEEADFAM AT 572, ZNHDFERLY
JA 3O~ N 7 ADE NS E B Y D7 7o)
TR G- 2 DOV TR LTS,

ARG TR LT3 R T O TH TS Y B e |
B B DO BN A FEAL—RE [ i AR OEZ 23N L
7o THVLATEIG YW IR B OB AN AW IR SR A+
795 DBS BENILIZ7=072 LB 2 6D, £, BiiE
DN ALK, B IS 720 & T5
DBS O &EAEMLTZ72b 72 % 2 Hib,

F72, FIRMICBIDEIED a1 o8, I ERIE
TR G K RO BN AR VB — 5] 5 oD e % 23k
D UTz, ZHUTIEE KD B B E S 23 L — X &
720777 M CHDH DBS OGBSI T=7-9572
EEZHND, o RERURE KEEHT5H ASM L
GMA [z el CAbhe GMA BEOD J7 3 BN — i h
BOEERIHI SN, ZAUTARIE R CTHS GMA %
WH B ERIELOS T HER A 35 DBS EOBFMEDMK
W EEZ His,

DEERENT T 7T N CdhD DBS MEEYZE DL
WG o0 ERTIEEL /25, TR CIRMEE K
ROPA NS EAREI TGN 72, ZhuT, G kR
DWW EREE DB 172 Gy T AR DKER
DBS MEFHEIIHE T D20 EB 20D, ASM L
GMA 54 el 358 GMA D J7 DM BAR B A 7R L
7o ZHULL IEET 70 T R DR EAE DZEZEY ASM
B 7 70V 7 DMBRES N BRI DS I T2 &5 2 5

(a) (b)
Ck Cl cr cr
+ + H,N* (CH H,N* (CH
CHN" (CHy), CH,N* (CHy), CH,N" (CH), CHA" (CHa)y
CH,CHOH CH,CHOH
i i
H, 0=g CH, o=g
——CH—CH;—— CH——CH;— CH—CH;—CH—CH,—CH— —(IZ:H—CHZ ?H—CHZ—?H—CHZ—CH—CHZ—?H—
| O:F CH3 O:|C
9 ! ©
— o
CHN" (CH;), CHN"* (CH,), — CH— CH,GHOH CH,GHOH
Ck cr CH,N* (CH,), CH,N* (CH,),
cr cr

Fig. 12. Chemical structure of prepared anion exchange membrane: (a) CMS-DVB, (b) GMA-DVB
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Summary

Fouling of an ion-exchange membrane is one of the most serious problems in their application to many
industrial fields such as water treatment, food industry, medical supplies and waste water treatment. In case that
electrodialysis (ED) consisting of an ion-exchange membrane and aqueous solutions of salts containing organic
substances, particularly macromolecules, organic fouling of the membrane occurs and deteriorates a performance
of the membrane.

In this study, novel aliphatic-hydrocarbon-based anion-exchange membranes (AEMs) were prepared from
glycidyl methacrylate (GMA)/divinylbenzene (DVB). Their ion-transport and anti-organic fouling properties
were compared with those of aromatic-hydrocarbon-based AEMs prepared from chloromethylstyrene (CMS)/DVB
copolymers and also with commercially-available AEMs, Neosepta ASM. We have measured the time—voltage
curves in an ED system consisting of an sample AEM, Neosepta CMX and NaCl aqueous solutions containing
sodium dodecylbenzene sulfonate (DBS) as an aromatic foulant, changing DBS concentration and the value of the
constant current during ED period.

The slopes of the voltage difference between the electrodes of the ED system with all the AEMs at 500 ppm
of DBS are higher than those at 200 ppm. The higher current density the system has, the steeper slope the
time-voltage curves have in all the AEMs. The slope of the voltage-time curve of the aliphatic AEM,
GMA-AEMs is gentler than that of the aromatic one, CMS-AEM and AMX. The slope increases when organic
fouling occurs during ED period. This implies that the DBS affinity factors for the aliphatic AEMs are much
lower than those for the aromatic AEMs and the commercially available ones. The aliphatic AEMs have lower
numbers of benzene rings than the aromatic AEMs and the commercially available AEMs; this indicates that
aromatic interactions (or m— interactions) are an important factor in organic fouling between aromatic foulants and

AEMSs with an aromatic matrix.
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