BhpEs 1413

SR G A M & m T RN 5 F A 7 BB 0O B 56

ez e, W OER, BB, =EERE

YRR TR ZERY, 21 0 R R R TR

B B eV AU4E(CM) BEIXGA A g (N &) LA 2ei)g (P J8) 2z Bl LIcis a2 A 35720, ik
FERBLRE S ABLA BRE) 1L LT, A A LR A A AR RE R E R T O E AR T 5, DT | JEENTR T,
WKL AR KA T DI ENRATHETH Y, WRIEPEL VK= R — AR AN TOWRKAE BRI TE D, LLRTD
MR IBN T, B AV HIEREE AW BB T IC LD E S FTRE ThHHZ L Z MR LTz, £ CARMFSE T, KRR L
D% HLAENEOREE | e O, BV AV i B LS Z U8 OBEA TTEE G228 T, JEBEHT T 20 DH IR EE L |
EWEFEIERMEA A TG CM IRO/ERARETLIZ,

B A A A kit HE CdhD poly(vinyl alcohol-block-2 -benzil sulfonic acid sodium salt) (PSS) &f&A A4 A Hks iR TH D
poly(vinyl benzene trimethyl ammonium chloride) (QBm) Z ¥ L 7=k a BBIEE IC Y L, RV~ —IiR A 2 AT
LT 7 AV BIU LRG| — B O EE CRIFELEE 28 L TRy ATV, BEFA RS Z TR LT, D%,
BB OB P LG ZATO Z & CHIHITE CM A (ERLL 7, BN IO M L BOENT S E , 7 2~ A7 1A
a—7 | BROESREFIEMEE (SEM) IZEVTo7,

ARFIE TR UL PVA SR CM JBED | f2A A2 ZRHEIGS L O A ZSHSEIRI T E 24, 1,604 pm, 363
meJ*ﬁﬂmm®iﬁ%L VB30 um OTEHEE RS — IR SN E A S S CH O LD MRS Tz, Tz,

BHITE CM EOIEBGENT B DR R A B ER SR S EMRNT LI2 L ZANG | @5 T EBRE O L3 I3 51
PEWEME AL 72, Zhud, B OB BN ISR BN . JEER TE R O ShE #1236
TR LT 70 Th D, LinL, B E R IE I ML S 50 F B E O LR DI A LTz, 2
[ D Ff FEFE B NIN T DI IR BEICKOIEE KERHEINL C, JEEME DOFEiE fi?)lm@iot_kiﬁﬁlfzb
2

AW CTIERIL7Z CM B, iR B3 SN EBARE R 2 FF D A &7- Desalton®& rigg L C BEMRE i R IE
300 43 @1f@otﬁ)&%”ﬂ%R@L¢ IZFRWTIEIR 6 RV MEZE R LT (0 = 262, Desalton®13 o = 39), £/, i
BV EEIUEBMEZ R U A VBRI IR ~ — IR 30 wt.%., GA R 0.20 vol.%DEF ThHY | fich B /KN
KW TH T2,

St EfEEEAMER AT T HR~— O EZHRI 2 T, LR EREL . BB R4 b 3528 T
Jka DA EZATH, SHIZ, ZOFFA 7 EAE MOTIEBOEIT RICB W TADRBRR P EE D LAMER LRI
E@*ﬂ:;éﬂﬁﬁ%%ﬁﬁ&é?m'@&)éo

1. ARE# YAV BT B E 2R IR S E R S DT LA 6
EPAIRTEIELNT, GA A AR E A M ThD, TOHHE LU T, FPAVFEBRISE DR RAY2

TR AICRLAIL , ZNENOR BRI A BmL g b, A S A 2 FRICEE 528 T Fig.

TWOIETHS (Fig. 1), ZOIOREEZH T D720, F 21T IORBEREREMHIN DR B2 T2
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7o T, 2O [E] B I3 RE I & PR R ST AR U DR
BAZIVAED, 2L T4 Ok et 352 L
W TED, BV A i BRI IR 1231 DK
BWTCHREFESS, EXRBITEICRDL G EEL T
FEEN TS 1),
INETICEPAIFHBIIIR~—T L RES0 =
FHETYIVREE D, L= =TT NEAE 2D Y
BERIRS L0 I e EEE 41710 BEfETE 078D
FIETIER-AM TN TE T, ZOHTH ISBAL LD 5 56
Tuy B ERE AV EREIC LV ERIS

7B — D Desalton®I L i VEE AR L i & 47 L CIR0 19,

ZDEE 7R o/ N i S AT 2 (1IE-Lab) 2511
HRENDETITE -7, LA>L Desalton®) 3 K i fg 0D S
DNEETHY, F-ZORIE, B AV EBRIZRSKRD S
NDEWEMETRREZA T D0, FRIMAKDEBEKIEIZ
RA[ R I AR ERPGE B IEAMENZ & PRI T A
ZEABAVEL M T TS T2 | JEBHT IS 2 DI A 78
JEE R 72\ R E O AR T 5720 BUEIZIRFEN
S Tng,

RUVE =L 7 )L — /)L (PVA) IZAREHIED —FE T, Bl
RHEDIEEITERLS IRAKITRIEE WO 2 A 5, PVA
IXIREN S A AR Y~ —TH Y | IO ER BT L R
DIRFREEIZIFERIELLT W, ED7 | BMLER IR
DGR EBEIR A BN D2 LN TED, Zha W EE i 4E
FEE, FERLEE OB X0 | DR A 580 BE oA
B EAEINSE L2 LN TED, 72, PVA O 1
HICAFET DeR e L a7 V2 LT VT ER (GA) T
BRAIRT 2 — W DL TR~ — A 2G5
EMTED, ZHUTEY  KEEPERY ~—"Th % PVA DBIK
PEE 2D S8 RIS ESEHZENTREL 2D, ZD LD
IR TERRGHATO ZE AL FEMEEE & ), (LR 4G %
P EHELEW AR O ZENTE | MR O ARFEH N
L DM R DWW EBAS LN TED, PVA X —RE
UToA A BRI R WK Z FE D | B - (L5210
B Z LAY — 4GRS (Fig. 3) 12X, A3 AR5
REFERCL ., VOSBRI SR & i A A i A R
ERHBNTND,

TR T, (1) mHRAIREZ A 3 R e =
T V= LD R RIS L D05, BaA A A Ha 5
JE . () FHNAIC XD m R POE R M A 7 i

Fig.1. Schematic diagram of a charge mosaic membrane

H

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

(W~ IR
—i— &

% SRR
g J

a charge mosaic membrane

Fig. 3. Schematic diagram of the structure of a PVA-based

ion-exchange membrane

(3) FEBHTIEICT 2, KEALNE S e E A R E DT
FRIEDRENLHATHZ LT, JEBHTIZ LD DS AT HEZ2 8T
FIRE T A 7 EBIROB R T-7,
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2. ARAE
2.1 fEREE
Poly(vinyl alcohol) [PVA: (ffKuraray Mw=198000]
Poly(vinyl alcohol-block-2-benzil sulfonic acid sodium
salt) [PSS: (fKuraray]
Poly(vinyl benzene
[QBm: (ffKuraray]
Glutaraldehyde [GA:FnYEATEHE T- 24000
Hydro chloride acid [HCl: 747 A7 (1]
PotassiuCMhloride [KCl: T~ 5545 27 (]
SodiuCMhloride [NaCl:F %717 A2 (#]
Sucrose [ A7 B — A FNYEHEE T 2E00]
2. 2 PVAREVAIRBEEDESR
<RV~ — IR >
FTE#D PSS & PVA %, A¥—F—F 7% Ai7= 200
mL =7 AN, BAA L KRZINA T 2O =57
FA2% 100°COKIEHFITAN, 2 FEEINEEFRL TRY
v —ElEfESETL, TOR, BiRETHRmSEZ PSS &
PVA DIRATRIRZTEIEL , ZORIRER)~—IEIR A LL
72, RERICHTEED QBm & PVA %, AX—F—F v 7%
AXTZ 200 mL =7 AT A L, BiAA T KEINZT=,
ZO= 47T A% 100°COKIBHIT AL, 2 REHEIDHNEL
HHRICIORY v —2 RS-, 0%, B ETHN

trimethyl ammonium chloride)

SH72 QBm & PVA DIRGIRIR A IS LT, ZOWH AR
V~—¥R B & LT,
< B>

PN~ —8iR A, B ZR-FEEE Iy L, Fr AN O
AT VAR SCFHEE AR D, 20 RIS E A O
B, R~ —IREE A BITHIUH S b UL
RS, —E O E TRFELE LB L TRy A& T
7= (Fig. 4), ZDtk, 60°COFRY L —h L T—Bizfps
B CEAUMEREGT, HBONET, BIESRAET
T 160°C, 30 4y MEMLERAAT N, o E B4 JER . iR
PESAE T CHTERED GA KIRIKICATER 2SS
TEBIREAT o T2 1% |, A AL KITIRIEL TRAF LT,
Table 1 (ZE VAV AFEREDOIERZAME (1), (2) 1R
~—IREOFHRAERT,

A7 HR) <7 — EHAEESEB/ X)L
/ =
—)

Fig. 4. Preparation of a charge mosaic membrane by

coating method

Table 1. Preparation conditions of charge mosaic membranes

Sample DChe DCpa Cross-linking 9Csa Ve

[wt.%] [wt.%] solution [vol.% ] [h]

CM1 0.05

CM2 30 30 3 M NaCl 0.10 16

CM3 0.20

CM4 0.05

CM5 50 50 3 M NaCl 0.10 16

CM6 0.20

CM7 0.05

CMS 80 80 3 M NaCl 0.10 16

CM9 0.20

Annealing conditions: 160 °C, 30 min
Cross-link conditions were 0.1 mol dm?, 25 °C
Cross-link acid was HCI.

¥)Polycation contents. ®’Polyanion contents. © GA concentration. ) GA immersion time
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2. 3 [BIBERE

B i 3 L OMEWr i O BRI LT VAN ~v A/ n AT —
7’ (KEYENCE: VHX-1000) , 35X OVEA T E 1 B ST
(KEYENCE:VE-8800) % Fl\ N TiT- 72, MW O#IZ2 D
BRI A A CIEL , BEBR AL LT,

W,
=100 )
Wpc + WPVA
W,
C, =—"—x100 @)
Wpa + WPVA

Coe : RUBTFAVRIE [wt.%]

Con : RUT =B [wt.%]

Woe : RUBFALEE [g]

Wea = RIT7=AHE [g]

Weva :PVA EE [g]
2. 4 YREEHTERER

Fig. 5 (R 93E % VLT KCl BLOARZE—ADHE
BB A T o7, 7ANK AT AR 25D L
ORI, Cell T {ZHiAA27K 100 mL, CellI1 (2 0.1 M
PAEHAIE (KCl, AZ7m—2R) /KIEEHK 400 mL % A, ifit
W AS—T —THEESE T, FrEDKHHNC Cell I DFE
WIRIREARIEL, X 3). @ITRAL TERIEHR J
[mol em? s} ONEAREL P [em? s )& R L7, KCl D
TR T EE B R E (HORIBA ES-12) 2V, 27— 2D
BEIXIRREY 77 (05 ml) LiZ#, 7o—A oV
I aARICIVRERRE L, £, B EIRIR
B E BRI L & B INE IR o SEFRL .
X G HWTHELE,
_v'ac!

J. = 3
' SAt @)

J.d
h=cr—cr @

V'oiCell I OfiAATAkE  [m]
d I [m]

AC; :Cell I O [mol L]
Cl Cell T DRI e [mol L]
G Cell T ORIHIEEE [mol L]
S EARmEAE [m’]
At AR [s]

)

K
Il
v

3. MIRMBREBR
3.1 [RBEEHTEHEE

Fig. 6 ([ZIERLI-EVF AV FER (CM2) DT T XL~
AR A=A I LR EBEE T ELZ T, BN FANIC

CM membrane

Celll

Celll
lon-exchange 0.1NKClI
water 0.1N Sucrose
100ml >

Magnetic ) 400ml

Stirrer Magnetic

Stirrer

Fig. 5. Schematic diagram of a cell using permeation

experiment

Polycation layer : 1604 pm I | Polyanion layer : 363 um

Fig. 6. A photograph of the surface of CM2 membrane
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AFNA LTV BLUOAT VAL ALy NIV E L7

O, EROIVIIEA A A HEN (QBm) | ??é@ VEBGA A2
AR (PSS) &7~ d, ZOHFELVAMTE CIERL7=E W
A Ui BN LR A A A AR & A A A AR I S
TEIZ D BEL T AN A RS Z A L TV DI ED R Iz,
ZOZEIVIHIEIC > THERL 7o B A ff BRI L,
F AL R ~— LT =F R~ —BAA L IEE S LT
AF L ar T I AEFERUISNEE 2 Hib, TERLRE
(ZFUNTIE, oA A AZHARHIR & 5 A A A2 A Ik 3 5
LUWMRIZZ22 D IS B A AT o 7o hy . RIETIER LT
B, B TORET I TRaA A AR & 5 A A 28
BAGEIE OIES B2 IFIE R TOFRIZB WA A &
HATEIDWRD ST BWREVFER GO, ZLTHEELY
BTE U745 RS OWE L, FEA A ZHAEI I 1,604 pm,
WA A ASHAREIR T 363 pum CTdH-o7=, Tk, R
VA F A L BSHEDKEEED R T =A L ERROREE LS
FNTE®D | v ARRFICARY I F A TR SIS 3> 12728
EEZBND,

Fig. 7 |Z CM1 @ SEM (ZX5EW A 717 B W 5
BAmrd, ZOFELIEMHE (RY~—J@) 1349 30 pm,
X 50 pm THY, IFHE RIZE— IR ~—)E
DIEESNTEY, EABEMHEE AL TODHIENHERT
72,

3. 2 EEKERLEFFIREDREEK

Fig. 8 (Z/ERL 7BV A/ faf AR OB 5 K 3 (H) L2845
FlIEEE (Con) DBIRZ R T, FERLIZAETORY ~—R
FEIZIRWNT, Coa OEINIfEVY H T LTz, ZhiZ

0.65
o
060 | Y
A
T A
055 | [ ] z
0.50 : . .
000 005 010 015 0.20
Cgalvol.%

Fig. 8. Water content of CM membranes prepred in this

study as a function of GA concentration, (CGA)

Coa DEENNTLEVPVA OB R 33 L R 23 L0 2E4E
SNAT | EREEDNEIZ20 | BRI Szl T
bHEBEZBND,

FTo, CruBEUNCre 330, 50, 80 wt %k fif FEARY ~—if
FEDSEEINT DI BN IR D=3 [ 22038 N3
DIDIEE KFITIM T DL TSN, WThose
AW T, AT~ —IREE 30, 50 wt %D fi
DEKRBIZEIZAEC R oT, ZOEE | A4 A HATH
L fEA A ARSI D BRI B AE L TWDTEMND,
CM frf EEAEIED 2N E KRB LT 728 , 2O X5 7efH
MZERLTZEEZBILD,

3. 3 MABENMRBRICKIERERVIFERERED
BT
Fig. 9 |2 CM1, CM2, CM3 (25115 KCl L D AZ 11—

( “,.-" /
.

‘\ 3 -.-A -

o3 X
Yo

Wty \

lf .éil.,/.J /08 .u,,-l-} I‘. 5
Fig. 7. A SEM image of the cross section of CMI

i G

membrane
0.25
®.0 : CM1
M. :CM2
0.20 A5 I CM3
@
£
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°
£
Eo
&
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10 20 30

t'103sec

Fig. 9. Time-concentration curves of KClI (solid) and sucrose
(open) in the permeation experiment using CMI-3

membranes
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AP PEDRRRFEAY, (C-r #hfR) 273, KCI DIREEIL, AV
0— ADPFE L L CE LM U, 2V E E R E
FECEY, HAFEE SO AL O EBMEES =&
L. SDHWSITRRIC L Ay 0 — 2D E A S -
T2 ThHHEEZ BN, KCl O C-t iDL CM3,
CM2, CMI1 DJIETEEINL 72, ZAUT GARED mWIEE
T RS A A DD KCl OF @ S
L2 LD, AT — 2D C-t BFROMEZ T CM3,
CM1, CM2 DIETHEINU 7z, BEEARED @I AUT LI
DI — R A7a— A& JVEERTHES 2
BNDN, A RIOFEFICBNTIE, 2O X578 LS
N7y ZHUTBRIEIC L5 B 2 2 AN,
TERBB DTN DD KOFEMRRE DS MNEEEE 2 5
D,

RIZ Fig. 10 |2 CM4, CM5, CM6 (235115 KC1 KL VA
I a—APRED C-t M%7, KCIOPRE L, A7m—2A
CHEG U CE LML, AU E RIS, KA E
BIZBITDRAF L DEIMEESNIZZ L, 5Dy
TRRICEV A — 2O F B IfIS -l ThH L
EZ5N5, Ll KClOD C-t ifE DXL CM4, CM6.
CM5, A7a—AD C-t iFRDEEIL CM4, CM6, CMS5 D
JECEEIN U 72, ZOHEAIMETANZ GA I EE L OFEBEMES 2L
Abhiehotc, ZOBERELT, A EERLUZBECITIE
MR LA EREOR A BIZKRE R 2EN AL
72O ThDHEZZBND, ZHUIFHFHIEICE N T, R~
—ERD I HEN TRV ENRF EE 2 5D,
L8 ENENORI~—VEIROREEEA 2 708 H)—
(IR AR EHED DT, IE, AREEORA
AAENFELNEF AT EROERAATI ML ER S D,

3. 4 EfEERSAMLIEREBEBRROBER

Fig. 11 ([Z/ERLI-EVAVED | IEEME 5T 5HE
fi B R POT R NE () L EME Z IR R (Jka) DBIREZ
NFEIRT, 777 BT, Favbnk B E T A0E
E | m BRI S EME R AR T D EMERERE
FAIRERTHD, Fio, B GEL TN ETICH
HEINTEVA/MEREO T THLREL EIEELEND
Desalton®DfEZ R L TWD, ZORERMNG R~ — R
DL o 1T T2, ZHUTER O EEOFIE
DA D LI LV EREE N IR o T Teb LB 2 B

%

ARMFFE CTrERLL 7= A I 1 EBIED Jier 13 Desalton®D
Jxa DBEZE 300 730 1 L FICEEELTM0, a ITFERL
FIEERTOEFA/FMERICBWTEVMEZ /L, &
KT 262 &6 5LL bm\WVEMEIEIRMEZ R LTz, A5
TERLL 72 PVA SREW AV ERED H CRb B AL B
EH, ARG A R U7 R SCERE A e L

0.25
- ®. O CM4
* H.[] :CM5
020 | A/ I CM6
E
S 015
5
£
Eo010 |
&
0055
0.00 AL%)
0 10 20 30
ti103sec

Fig. 10. Time-concentration curves of KCI (solid) and

sucrose (open) in the permeation experiment using CM4-6

membranes
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®:Ccvmi1
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200 F M : CM5
A : CM6
- 150 ®:cm7
o ° M : CM8
A : CM9
100 + O : Desalton®
o | "o
°® C
A
G e o e eaeeny o ocvenn
1 10 100 1000 10000

Jkei/10"%mol cm2 s

Fig. 11. Relationship between perm- selectivity for KCI (o)

across CM mebranes and KCl flux
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72, Table 2 |ZZDFERZ T, CM3 (X alZBWTHEEIE
DI 10 73D 1, ITBERIRT NAEDR 2 5, =B X% v
IWVIBREEDOR) 154 1%, UL, Jka ([CBW T 4T
OB SGYE L g U TR MEZ R U Tz, ZAUTE R OFf
BIOENSOFIEL GA ICLALFRLERG I Lo s
DS L7020 | KClL OFimb I 722321 LL EicA7m
—ADFHWEIH LI-T-dLE 26D, 5%, R~ —
DFIH LSRR EAME SR 2 RE T 228 T Jka DM E
DHIRFCED, Fio, MERUI- Y AU i B S R A%
BT 5280, 10 MPa LA EDOFEAZMNZTh, Kighiy
X2 Tz, 2D 5% 2OV AU ERE
W IEBGBHT RICB W TRDREHE N EH L
BT, TEBTIC LA ME 2D T E Th D,

4. %
AWFZECILPVA M7 my 7 B AR THA PSS LN
QBm =AW, EFORELEEEZ LI T HHET

PAOMEELER LT, Z0% | Ko T ROEME F-
ILFIEEME 25 TR E AW TIEEE TR 21 7o 2 &

CEMERRCIEEBARE T 2 EME RIS D
AT o7,

ARIETIERLTZ PVA REVFA VBRI L, A
B DR T EME O RPN T DI B
AU 72, ZAuE, B o B R B OB LR Vo
R EENEINL | JEER B IR O AN EIRIZ BT DT R,
KON R DB L2720 THD, Ll EfifEEIE R
PEIZBME R 28 ST, ZAu, BER Of 3B AL B i
NIF DAL RN IR PRI & DR FE LD HINL | 1235 T
22T X TN A~TIA EN DK - EDHDNL | &
AT HZ LT, FEEME OB R LT 70 L
BExD, Flo RETHER LIS A7 0 ERIX
Desalton®& FLig L C, BEAEETEAIL 300 77D 1 THHM),
AR BRI EEMEI B OO 6 i mV MEE R L (a=
262, Desalton®i% a = 39), F7=. &b m\ O EREIRING

WA R B AV M ERITIR) ~—RE 30 wt.%.
GA £ 0.20 vol.%DRFCHY | b Ik 2 512 LT
Thd, Ll EEBIE T TR LD, KA A
APIEFIRESAR—HETHHZ LMD TET,

P EORERIY, A%ITE D B OMH LML
MGG E el b 228 T, SOICEBEME R L O
e R R R E WA T AV i B IR F
HFFCcE5,

Table 2. Comparison of CM membranes prepared in this study with other CM membranes in literature

Cpe Coa 9CcA d Jkal Jsuc oKl
Sample

[wt.%] [wt%] [vol.%] [um]  [10°mol cm?s] [107° mol cm? s7!] [-]

CM1 0.05 93 331 0.025 134
CM2 30 30 0.10 109 2.72 0.045 60
CM3 0.20 103 2.04 0.0076 262
CM4 0.05 77 3.81 0.055 68
CM5 50 50 0.10 82 4.50 0.088 51
CM6 0.20 71 4.29 0.059 72
CM7 0.05 86 28.3 0.91 31
CM8 80 80 0.10 124 9.90 0.90 11
CM9 0.20 126 18.4 0.97 19

R-1 - - - 190 30 0.013 2300
R-2 - - - 100 110 0.96 115
R-3 - - - 1 200 12 17
Desalton® - - - 300 9300 240 39

R-1: FE/@ik, J Membr. Sci., 310, 466-473 (2008)

R-2: VTR VI, J. Polymer: Sci., 41, 1251-1261 (2003)
R-3: ZE XX /LR E, J. Membr: Sci., 65 (1992) 129
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Summary

A charged-mosaic (CM) membrane is made up of parallel arrays of cation and anion exchange elements
passing through the membrane. The membrane shows negative osmosis and permselectivity for electrolytes.
The permselectivity for electrolytes through the CM membranes is desirable for the desalination of water or
purification of biochemical materials or food additives. The aim of this study is to prepare CM membranes
having enough mechanical strength to perform piezodialysis. A CM membrane was prepared by coating the two
solutions of PVA-based polyanion: poly(vinyl alcohol-block-2-benzil sulfonic acid sodium salt) and polyanion:
poly(vinyl benzene trimethyl ammonium chloride) on a support membrane. The membrane was annealed at
160°C for 30min, and further cross-linked by immersing it in glutaraldehyde solutions. 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 cross section image of the CM membrane indicated that the thickness of the charged layer and the
support membrane were 30 and 50 pum, respectively, and the surface image of the membrane showed that the
width of cation- and anion-exchange layers were 1,600 and 360 um, respectively. The permeation experiments
of KCI and sucrose showed that the permselectivity for KCI through the CM membrane prepared in this study was
about 6 times higher than that through Desalton®, which was prepared by a micro-phase separation method. The
CM membrane showed high mechanical strength, and the ionic permselectivity will increase by optimizing the
coating conditions and cross-linking conditions. Hence, the CM membrane will have potential application to

desalination at low salt concentrations.

-123 -





