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Fig. 2. Equivalent circuit in a diffusion dialysis system with

a charge mosaic membrane

BRIBHHEIC DD IEEL THIRES T D09,

INETIZE A/ BRI IR~ —T L REG0 =
FAET YR EED, L—F—rS5T7 BB Iy
a B VR0, I7 R BEEGT), FEEIECORE D
JFETIERAM TN TE T, 2O T ISBAI B 5 56
Tuy LB RE AV EHEIC LV ERIS
72— D Desalton®| %= W VBRI R A9 HZLN
WAESN TS, LA L ZOREIE K 1 FE O RS R 5 C
HY, EBHT I 2 DR I8 E 2 Ff =72\ e & o R
SSEAT DI, BRGNS ST,

RUE =7 a— b (PVA) I BV Z X0 s b E
A B INS DT LR TEDT O OB A 38 o &
BEATEINSE DM TED, £z, eRaf v L iss
NVELVT VT ER (GA) CEIRT B4 — /W EWT 524

TRy FHHESNE T DI ENTED, PVA B —ALLT-
A A AT F OB R RS, W B - (L2 2EAE
I DAY —BEE I XD, A ARE SAETERKL,
O AR EE L m WA A B E A R T I E NS N
TWA,

HEE & IIEAEE DR R IC B W TR R 243
% PVA SRy 1 EME ORI E T HIEIZ X0 S FLME
FHA blca—T 40752 CIEREE, AtEEEE
T HZET CM BREAERILT-, 2L CTOED EV VB AR
BBRPRMEA R T HZ LA MERLT,

FZCARMFIETIL, KFHERE72 5% LI O E 2
AT HZET, JTEENTIZ LD BRI 2.5 DH A T8 T &
BT HEE CMIEOIERAZITH, ZL CZOEE CM iz
PURCYu B LT R IO P B CRIZE L, FIo %
HIES DL TTOMRD (BN E A FRNT 2, FI-EE 18
WEEE TR D 2 1 M OWr i i i 2 5~ 5, L CHkL
BN ERICIVES CM EO B R IRNEE G
Do

2. ARAE
2.1 ERAFEE

Poly (vinyl alcohol) [PVA145H: ({771 My = 198000]

Poly ( vinyl alcohol-co-2-acrylamido-2-methylpropane

sulfonic acid) [AP-2: Z71]
Poly (diallyl dimethyl-ammonium chloride)
[PDADMAC: ALDRICH]

Vinylon paper [E' =1 : #8771

Polyestel paper [73U = A7 /LA : (B9 FAT 352 UK

Sodium Chloride [NaCl: 7477417 A7 8]

Sodium Sulfate [Na;SO4: 57147 A7 ()]

Hydrochloric acid [HCI: 7747 A2 (K]

Sulfuric acid[H,SO4: 747 A7 (1]

Glutaraldehyde [GA : FnYAfiE T34 FK)]

Potassium Chloride [KCl: 1747 A7 (]

Sucrose [C12H»O11: T 74T A7)

Methyl violet [AF/L/SA AL R FOYE M T340

Methyl orange [AF VAL Y F T4 T AV (K]
2.2 PVAREYAVRBEDER
<KRYT—BFRFAE>

PVA LRV F A Tlo% PDADMAC (20 wt%) DA
SRR A 3 wi%el L, BN 7.0 g [T DI EL
THNERZHZAN, BiAF L KER)<—RE 8§ wt%iZ
125IINA, ARG RKELE (Chemi Chemi—200: 42 H
Bk et 2 VT 1,000 rpm THEFRL 72235 120 °C
T2 REEVINBNUN SR S BT, 8, R ~—3sik o

-194 -



TR B IO R ETT>7, £7o, PVA LRI =42 Th
% AP-2 DAL B I EA 90 W% L, 28N 7.0 g2
IRBINTHELU TNER AN, BAA > KERT~
—IRE 13 wi%lZeB X0z, ARG R (Chemi
Chemi—200: 28 B} FRE A1) 2 JHV T 1,000 rppm T
FRLZ2 35 1200C T 2 FERRDINENUN SRS BT, tafiii%,
R~ —IRIR ORI L OIS A1 To72, Fig. 3 12 AP-2
& PDADMAC OfEiERERT,
<H|E>

1.0 M A7 —AFFHRIZ —BRIZIE S B TR SRR L
AT UV AR EIZEBW T PET 74V ADORIZEIB AL
72NEDNT PET 74V A BICE DX FRA B, SR
7o AR~ — VIR O KIS e o AT 27 THD B
VW14, Fig. 4 \2Rd CM BERLT] 2 Az Bt TR
L7eARY~—¥ kA Ny, SREEEIZ 0.05 MPa O /)%
AT HIETRY ~— VIR A RHA EIcF v AT, 2
D%, 50°C DRy L —b E TS, H50
TR E ST 160°C T 30 43 RIBVLER ATV, #2f5
HEAWEL -, O, BIESRSE T CHIERED GA
IKEHR N E FERR IR S B 5 2 L TR B2 G 21 T o 7=
#%, 0.5 M @ NaCl¥RIZIRIES B IRFEL 72, Table 1 (284
LS S U TN I
2. 3 EEKEDAE

TERIL 7= PVA REV A/ IO 5K EE R ET DT
DI, B OREOEE & Wy [g)EWE LT, £z,

Q OH /by
-C-CH-/ -C-CH-
Hz C=0

(@)

GA ZBHIAA L KIZ 7 ARIREESE, BN
L7V B & W [gla @ LT, BEE KR H [-)IE
(HEANBRH L,

(Wy — Wp)/1.0

H= ()
Wy — Wo)/ 1.0+ (Wp/1.3)

ZZT, 1.0, 1.31FENEIUK, R)V~—DHEERT,
2. 4 FEER

TERLL7= PVA REV AU R ONE Bl a4 757
DIZEDO Yt 51T o7, BITIZ T, BRI L 7= Y1
RNZH Y RUTIEE 5.0 X 104 M AT VAL U P /KIEIRIC 1
BEERIES YT, D, 5.0X104 M AF/LAL ok
RO TNV EA 5| E BT, 1.0 X107 M O KClKE
TECHEZ, IRIZ 5.0X 10 M AT L 3A ALy KKK
(21 RERESE T, ZD1%, 5.0 X104 M AF Lo A4 1
YRR OY 7 VA 51 E BT, 1.0X10° M O KCl
THEE, 1.0X10°M O KCl KIEEHIZIR{FLT-, Fig. 5
WCAF NS F Ly REATF NV A L VDR E R,

AA BB 7 —

T N
=
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Fig.5. Chemical structure of (a) methyl violet and (b) methyl orange
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Table 1. Preparation conditions of PVA-based CM membranes

Support D Cpe % Cpa 9 Capms ® Coa
Sample
layer [Wt.%] [wt.%] [mol.%] [vol.%]
CM-A-1 -
CM-A-2 0.01
Polyester paper
CM-A-3 ) 3 90 0.93 0.05
without press
CM-A-4 0.1
CM-A-5 0.2
CM-B-1 -
CM-B-2 0.01
Polyester paper
CM-B-3 ) 3 90 0.93 0.05
with press
CM-B-4 0.1
CM-B-5 0.2

Annealing condition:160 °C, 30 min.
Cross-linking base solution: 3M NaCl.
Cross-linking condition: 25 °C.
Cross-linking time: 24 h.
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Fig.6. Apparatus of membrane potential measurement
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Fig. 7. Schematic diagram of a cell using permeation

experiment

(a)

Fig. 8. Microscope image of the surface of the charged
mosaic membranes: (a) CM-A-4 and (b) CM-B-4. The
purple color parts correspond to the cation-exchange

domains, the orange color parts to anion-exchange domains
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Fig. 9. SEM image of the cross-section: (a) the support membrane and (b) polymer coated membrane

of CM-A-4
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Fig. 10. SEM image of the cross-section: (a) the support membrane and (b) polymer coated membrane

of CM-B-4
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Fig.11. The membrane potentials, /J¢p, of CM-A-X Fig.12. Changes in the concentrations of KCI and sucrose, C;,

membranes as functions of a KCl solution, C; in the low-concentration side chamber as a function of
permeation time, ¢. Solid circles, KCI; open circles, sucrose.

Sample membranes: CM-A-X (X=1,2,3,4 and 5)

Table 2. Comparison of ionic transport properties between the CM membranes: membrane thickness (d), KClI flux, (Jka),

sucrose flux (Jsuc) and salt permselectivity (akci).

d Jxal Jsuc oKl
Sample
um 10" mol cm™s™! 10" mol cm?s™! -
CM-B-3 109 34 0.007 509
CM-8M 190 30 0.013 2300
CM-9@ 100(dry) 110 0.96 115
CM-10® 1 200 12 17
Desalton®® 200 9300 240 39

LTV A /BRI S WERERINMEZ RUED, O Jkald CM-8 D) 5.3 Z0fE, CM-9 D) 1.4 204,

WRARITMEWMEZ R LU=, 23U, BV AU R R CM-10 DI 547D 4 D, Desalton®D 60 55D 1 D
KTV ARG U CZERR R HMEL Kcmuﬂmfn ZRUT-, F77, CM-B-3 D a3 CM-8 DI 545D 1 DI,
#HITAHD, FNLL FIcAZa— 2O BB A IHEI L8 E % CM-9 DOH] 4.4 fZDfE, CM-10 @ 30 {ZDfili, Desalton®D
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720, MEEENELARD, 1E, ARFEEOAA L ER
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4. 5

ABFZE TITHE A RIE O A 2 BHE LT CM JEIZfE
M 2R 2B EORE{bZ1T 72, £7 PVA,
T FF Mo EME Tod 5 Poly (diallyl dimethyl-
ammonium chloride) (PDADMAC) & 7 =74 M5
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No. 1521

Development of Charge Mosaic Membranes with High Ionic Permselectivity and

High Mechanical Strength (II): Optimization of Porous Support Layer Structure

Mitsuru Higa, Kenji Hori, Akio Kamimura, Nobutaka Endo
Yamaguchi University

Summary

The aim of this study is to prepare CM membranes having enough mechanical strength to perform
piezodialysis. Hence, we optimize porous suport layer strucure of CM membranes prepred by coating method.

A CM membrane was prepared by coating the two solutions of PVA-based polyanion: poly(vinyl
alcohol-co-2-acrylamido-2-methylpropane sulfonic acid) (AP-2) and polyanion: poly(dially l1dimethyl- ammonium
chloride) (PDADMAC) on a support membrane. The membrane obtained was annealed at 160°C for 30min, and
further cross-linked by immersing it in glutaraldehyde solutions with various concentrations. The CM membrane
was soaked in an aqueous solution of methyl violet for 24h to stain the the cation-exchange domain in violet color
so that the thickness of the domain size could be measured by using a microscope. To determine permselectivity
for electrolytes, permeation experiments were performed in a diffuion dialysis system consisting of a CM
membrane and two aqueous solutions.

The microscope image of the membranes indicated that the thickness of the charged layer and the support
membrane were ca. 30 [Jm, and the width of cation- and anion-exchange layers were ca. 400-500 [Jm and 300 [Im,
respectively. The membrane potential data indicated that the charge density of the cation-exchange layers was
higher than that of the anion-exchange ones. The permeation experiments of KCl and sucrose showed that the
permselectivity for KCl through the CM membrane prepared in this study was about 13 times higher than that
through Desalton®, which was prepared by a micro-phase separation method. The CM membrane showed
higher mechanical strength then commercial ion-exchange membranes. From these results, the ionic
permselectivity will increase by optimizing the coating conditions and cross-linking conditions. Hence, the CM

membranes will have potential application to desalination at low salt concentrations.

-202 -





