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Figure1l-1  Schematic representation of charge-mosaic membrane.

(C :+); cation-exchange domain.

(A: -); anion-exchange domain.
Low molecular weight non-electrolytes can not pass through a charge-mosaic
membrane because of solute rejection of the membrane.



Table 1-1 Various membranesto desalt

NO Membrane Abbr. Driving-force Output
Pressure (P)
1 Reverse Osmosis RO Water
A P,1=0
) Electro-Dialysis ED Electric current (I)  Salt and water
Diffusion
Ch Mosai
3 aree osdle cM =0, AP=0, AC Sl
Piezo
=0, AP, AC Salt
(2) Figure 1-2 (ED) ED
A K)
Cl
ED
100ppm

 cl Z.cr
e cr “r—=Cl <« CI
+ -
Na*=rr> Nat =t Na* =t
N Na" D>
d c d c d

Figure1l-2 Schematic representation of Electro-Dialysis.

A: Anion-exchange membrane, K: Cation-exchange membrane,
¢: Chamber concentrated solution, d; Chamber diluted solution.
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Figure 1-4a Microdomain structure composed of block copolymers.
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Figure 1-4b Charge mosaic membrane prepared by utilizing lamella structure.
TEM photograph of penta block phase separeation microstructure (lamella).lz’ 13
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Figure 1-6 Shapes of microgel cluster by computer simulation of 1000 particles.
fr: repulsive force, fa: attractive force D: fractal dimension.
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Figure 1-7 (a) Regular arrangement of p4VP-microgel (diameter: D=250nm).?
(a) Surface (D=250nm), (b) Crosssection (D=250nm), (d) Crosssection (D=700nm), (e)
40 mol % quterization with CH;I of (a).
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Figure 1-8 (b) Regular arrangement composed of p4VP-microgel and pSt

microgel.
p4VP/pSt = 1/2 mol/mol, p4VP 260nm, pSt ;190nm.
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Figure 1-9 Various methods to prepare charge mosaic membranes by using
microspheres.
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Figure 1-10 Concept of charge mosaic membranes prepared by using 4VP microsphers
(A) in matrix (linear pSSS copolymer: Cp). (Method al)
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Table 2-1 Recipe of preparative conditions of 4VP-microspheres, and results of

particle size distribution®

AAM DVB DVB DY SD 9 cv¥
Code (9) (9 wt% nm nm
A1° 1.0 1.0 9.1 230 23 10.0
A2° 1.0 9.1 324 36 1.1
VP-2° 5.4 4.8 308 23 74
A3° 0.1 0.9 301 59 19.6
A4 0.0 0.0 347 92 26.5

a) 4VP; 10ml, V50(initiator); 0.2g, H,O ;500ml.

b) Average of particle diameter by DLS.

¢) Standard deviation of particle diameter by DLS.

d) Coefticient of variation (SD /D).

e) Microgel (inner crosslinked microsphere).

f) Non-crosslinked microsphere.
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Table2-2 Particle size distribution of A5 ¥

DY SD 9 cv?
Code nm nm
A5® 346 13.7 4.0

a) Observed by SEM.

b) Average of diameter particles by SEM.

¢) Standard deviation of particle diameter by SEM.

d) Coefficient of variation (SD /D).

e) Ratio of diameter particles: A5/A2=1.24, A2: Seed polymer.

Table 2-3 Recipe of preparative conditions of Poly(SSS-co-AAm) , and results of
GPC?

SSS AAmM
V50 H.0 Mn Mw/Mn
Code 9) (9) ’
Cp 12 4 0.5 100 48000 3.3
a) Gel Permeation Chromatography TOSO: PW-type.
Table 2-4 Size of microgels and DVB feed
Micro DVB DY D> D,
sphere (wWt%) (dry) (in water) (in methanol)
A2 9.1 280 324 490
VP-2 4.8 308 - -
A3 0.9 301 314 700
A4 0 347 - -
A5 Seed 346 - -
polymerizn.

a) Average of diameter particles by SEM.
b) Average of diameter particles by DLS in H,O
c¢) Average of diameter particles by DLS in MeOH

19



Scheme2-1

1. ionic elements

= = surfactant free
(S CH7=CH polymerizn.
8 | + + | .
N CONH,
4VP DVB

v AAM
1 2 3
N N
surfactant free N =
polymerizn.
1+2 —»
4
N
A2, A3 microgel
N <)
surfactant free
polymerizn.
e
Anion exchange o
ke A4 microsphere
Cation exchage CH,—CH\-foH,— CH
\ element © CONH,
SosNa /) N

Cp, linear polymer

Scheme2-1  Materials of ion-exchange elements for charge mosaic membrane.
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Figure2-6 SEM A2 A5

MeOH
MeOH A2 A5
A2 AS
4VP
Figure2-7 A5 MeOH TEM
AS A2 (seed) A2 4VP

AS A2

r
gall eSkY

Figure2-1  SEM image of p4VP microgels (A1) and p4VPmicrospheres (A4).
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Figure 2-2 SEM image of microgels (A1) and microspheres (A4) mixture.
Al (w)/ A4 (w): a; 75/ 25, b; 50/50, c; 25/75.

Figure 2-3 SEM image of A2 on Teflon plate.
(a)Air-side, (b) Teflon-side (air dry).

Figure 2-4 SEM image of A2 and A5 on glass plate (Air-side).
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5138 2AEY

Figure 2-6 Change of mocroscopic of A2(microgel) and A5(seed type) during exposure
in MeOH vapor.
Duration time; A2 :( a) Smin, (b) 60min, A5 :( ¢) 1min, (d) 80min.
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MeOH Vapor

Figure 2-7 TEM image of seed type 4VP microsphere (AS) treated with
MeOH vapor.
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10 wt Mel
4VP (Mel(mol) / 4Vp(unit mol) = 0.25 1.09) 12
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- y=15939x—312?3C}
R?=049617
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A 1030cm™)/ A(1030cm™+1600cm™)

1

Figure 2-8 Calibration curve for extent of quaterization (mol%) of p4VP with

Mel in MeOH.
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Figure 2-9 1R Spectrum of quaterization of p4VP polymers with Mel in
MeOH at room temp., 24h.
(Polymer concn.:10% A4 MeOH solution.)
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Figure 2-10 IR Spectrum IR of quaterization of p4VP polymers with Mel in

water at room temp., 24h. (Polymer concn.:2% A2 aq. dispersion.).
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Figure 2-11 Intensity ratios of characteristic absorbance and feed ratios (CH3I /
(P4VPunit+CHs;l), mol /mol) after same reaction time.
o 10 w% A4 MeOH solution, ()2 w% A2 aq. dispersion.
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Figure 2-12 Variation of particle size and size distribution with extent of quaternization
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Q Wwet Wdry
Scheme 2-2
VP MeOH DIB
VP
IR 3
2-4-2
Table2-5 pAAm G.A.
Q

Table 2-5 Relationship between Q and degree of crosslinking by G.A.

code GAJPAAm N state of membrane
mol/mol %
SN-1 1.00 370 soft
SN-2 0.75 245 hard
SN-3 0.50 230 hard
SN-4 0.25 300 hard
Cp pPAAmM unit G.A. 0.75-0.50 mol
0.25 G.A.

PAAmM 1/2
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1. Crsdlink of Cp

Cp + oHCe >"cho  crosslink
—>
HCI vapor
G.A.
SOgNa.

HCH,0-CH,NH SOsNa

)\/\/\)\/\

wkio;\/

SOgNa

2. Crosdlink and quaterization with DIB of p4VP microspheres

crosslink
and
Al-A quaterization
mixture .
A4 |~
DIB
=\ PN

Scheme 2-2 Crosslinking of anionic and cationic elements.
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31
13
Table 3-1 Stability of mixtures of anionic and cationic polymer in water
Mix.
Plymer State
No.
1 Cp ¥/ Aqt.” coagulation
2 Cp/A dispersion
a) Linear poly sodium salt of styrene slufonate.
b) Quaterized microgel of poly (4vinyl pyridine).
Table 3-1
VP A) 4
(Aqt.) (Cp) Cp

(unit) / p4VP (unit) = 1 (mol/mol)
Mix. No.1
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2-5

3-2
VP

(1) A2

(2) A2

A2

Mix. No2 Cp 48000 2
) 4VP
VP
SEM K
A2/Cp
(A2) A2
MeOH
A2 Cp
Cp
Cp
Cp
Cp
Scheme3-la b
A2 Cp IpSSS
IR 1600 cm™ 1030cm™
Figure3-1 Table3-2 IR

Figure 3-2
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(Schemes-1a)
(1) Scheme 3-1a
Table3-2 BI1-B5 A
SEM (B) (®)
SEM E

W ¥ Re-dispesion

© ater

Mixed solution of ionic
component in water (B) (E)

Scheme 3-1a Treatments to investigate dispersion structure of mixed microgels.
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(2) Scheme3-1b

A2 Cp (pSSS ) Table 3-2 B-5
(A) ( )( KST-90UK
© (D)
(DLS) (D)
4 PEN KEN INC:LAZER ZEE METER MODEL )
C) IR 31 A2
(mol%)

Filtration Air-dry
—

DLS

r / (D)
Cp aq. (B)

{ potetial

(E) Ultra sonic wave

Scheme 3-1b Treatment to investigate adsorption of anionic
polymer (Cp) on cationic microgel (A2) of A2/ Cp mixture.
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pSSS unit / p4VPunit
(mol/mol)

VoA T
0.025 I |

0.1

’ |

1.0 L :
}'1 (]
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| | || | | |
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wavenumber cm™

Figure 3-1 IR spectrum of Cp / A2 mixture.
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Table 3-2 Relationship between ratios mol and weight of A2 ¥/ Cp® mixture

code No pSSS unit/ p4vP

umit

(mol/mal)
Bl 0.025
B2 0.10
B3 0.25
B4 0.50
B5 1.00

a) p4AVP/DVB=10/1(w/w):A2 type, polymerization method-a.
b) pSSS/pPAAM=75/25(w/w).

In{concn. :mol )=-4_B1+5, 1{ABS)

=

PSSNa,/P4VP(ml/ml)

e

¥

A 1030cm™)/ A(1030cm™*+1600cm™)  (x 10%)

L
e
O3

Figure 3-2 Calibration curve of pSSS unit / p4VP unit (mol/mol) Vs ABS ratio.
In Y=-4.81+5.10x 31

Y = pSSS/p4VP(mol/mol), x=A1030cm™)/ A(1030cm*+1600cm™)
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A2
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Table3-2 B1-B5(Cp / A2)
SEM
(2)

A2 (4 p4VP unit Mel
lem?
Y% 30 (mA)
(K)
K =1/p =(UR)(I/9)
K : (electrical conductivity) Q'm™* p
| (thickness) m s (area) m R
Q
3-4
3-4-1 A2/Cp
(1) A2/Cp SEM
A2/Cp
Figure 3-3
SEM
Fig.3-3
A2
Cp pSSS 2 mol%
A2 Cp 2mol%
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(EVA)
2 A2qt-1
100y m

(3-2)
(resistibility) Qm

(electrical resistance)



pSSS/ p4vP
(unit-mol / unit-mol) anginal re-dispersion

0.025

0.1

Figure 3-3 SEM image of cast on glass A2/Cp mixture.
(a) Scheme 3-1a (B), (b) Scheme 3-1a (E)
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(2) A2 Cp (pSSS )
A2/Cp  pSSS/p4VP=1(mol)/(mol) A2 IR
Figure 3-4 Cp (3-1)
pSSS unit / p4VP unit = 0.01 (mol/mol) ; 1mol%
150nm A2 VP
p4VP 2.7% A2 40% pSSS

Cp 57

(M A Cp

gl JWen
i | i [
[ | iy
\ II:'“ ‘I’ -'| |{\| f '|'|_'|r'|-"'.-,‘.'|l ||]"I‘
1R R e
| 1
. | e | %l |
ll = E i .E I|_,II
£ ;“: ! | '
: - & %
; :
- SO3

FEAMUSLE" LWE#-11

Figure 3-4 IR spectra of A2 after filtrated mixing solution with Cp.

Table 3-3 BSF DLS
A2

A2 Cp
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3)

A2

A2

3-4-2
(1)
A2/Cp

Table 3-3 Particle sizes of A2 filtrated from A2/ Cp,q.-system

code D SD

nm nm
A2 205 41
B-5F? 236 64

a) Filtrated from B-5 mixture soln.

¢
C Table 3-4
Table 3-4 potentials ¥ of A2 and its treatment of Cp
polymer ¢ potential(mv)
A2 +37
B-5F -0.5
a) Voltage: 100V, solvent: water.
BSF
Cp pSSS A2
MeOH
Cp
1 1 16
(A2)
SEM
SEM
Figure 3-5(a-d) SEM (Fig. 3-5a-c) A2

45
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wt% A2
17 wt % (Fig.3-5d) A2

A2
25-30wt%

Figure 3-5 SEM micrographs of membranes surface composed of A2 in Cp matrix.
A2 (wt %): (a), 62.9; (b), 49.5; (¢), 28.9; (d), 17.5.
p4VP (unit mol)/pSSS (unit mol): (a), 4; (b), 2; (¢), 1; (d), 0.5.

¥ (K ) Figure 3-6
(EVA)
A2qt-1(100% 4
EVA A2qt-1 o 20-30 wt %
40 wt %

70 wt %
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A2 15 wt% (1)
SEM K A
A 20Wt%

0.04

0.03

(7 'm™)

0.02

K

0.01f

0 10 20 30 40 50
Wt(%)

Figure 3-6 Electrical conductivity (kK )and A2qt-1 content in EVA matrix.
OA2qt-1, AA2 (calc)

3-5
1. A2 Cp A
Cp
A Cp p4VP 60mol%
A Cp
4 Cp A MeOH
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2. p4VP (A2 A2qt-1) 20-25wt%

3-6
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Hik=1 ==Rivs R EL)
D nm 150 ANEFEnm
Va nm’ 1.77x10% ADKIE
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m3p =1g51021nm3 ....................................................................................................... (2)
g VP  p4VP unit:MW=104
Nx NTMWL04 oo 3)
1nm® VP
NY=(3) / L0 I e 4)
A VP
NA=NY Ve %)
VP
Y v 1\ VOSSR (6)
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1€ (VX (3ATT ) e (7)
A VP
Vb= 4/3 10 (D/2 de) e, (8)
A VP
NA=(Va VD XNV )
A VP VP
P(%)=(Nd) / (NQ)X100...........oveerreerrerreereeereeeeseeeeeeeeeesseeeeeneenn. (10)
2.
(1) iodomethane (Mel), glutaraldhyde (GA) ( V-50),
10G

(2) 4VP A2 2 1 2
3) Cp 2
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4-1
Cp 4VPp
Al A3 A4 Al/A4=1 (w/w) p4VP /pSSS=1 (mol/mol)
KCl glucose
a (1) KClI Jkal
(2) KCl1 Ps) (3) KCl vy @
a (5
4-2
4-2-1
D)
Cp  pAAm/G.A=I(mol/mol) a MIFEA-DEF TR
H L,
(2)

Adqt-1 10wt% A4 MeOH BiEEFVYRAME(A4E) FOERaDIFEELF T
WMELT-, _A2qt-1 A2
A2qt-1/ poly(St-co-Bd)=1 (wt/wt)
ZOtXa®E & F CURIEEL p4VP

4-2-2
(1) a
Table4-1 Figure4-1
p4VP-unit / pSSS-unit=1(mol/mol)

A. Cp p4VP
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(unit) /pSSS (unit) =1(mol/mol)

pAAm (unit) / G.A. =1(mol/mol)

B 100p m
C 7
Cp Al pAAm G.A.
D 10wt %
4 DIB / MeOH 7
p4VP p4VP( 50 mol%
Mel / MeOH 7
F KClI K" Cr
2
p4VP IR
p4VP 4 2-1
Table 4-1 Recipe of charge mosaic membranes®
Membrane Anionic-exchange component Cationic-exchange
. component
NO (p4VP unit mol) (pSSS unit mol)
A1" A39 A49 Cp?
M1 1.00 - -
M3 — 1.0 —
1.0
M4 — - 1.0
M4-2 0.50 — 0.50
a) Prepared by process-a, pAAm (unit)/G.A. =1(mol/mol).
b) DVB/4VP/AAM=10/1/1(w/w).
c) DVB/4VP=10/0.1(w/w).
d) DVB/4VP=10/0(w/w).
e) Poly (SSS/AAm)=75/25 (w/w).
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Figure 4-1 Preparation of charge-mosaic membrane (ex.M4-2)

A1A4

Cp (matrix)

1. Cast on glass plate.
2. Air drying.

e (@] (] Crosslinking of matrix phase
2 SN with glutaraldhyde in HCI gas
atomsphere.

1. Neutralization with CH3COONay
2. Washing with water.

Crosslinking and quaterizing of p4VP
with DIB in MeOH vapor.

Quaterizing of p4VP with Mel in
MeOH vapor.
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4-3
4-3-1
Figured-2

Charge-Mosaic-membrane

| ) |L
7 '\ / N
.' Y k

) ; Ilr ) '|

KCI

Figure4-2 Apparatus for the measurement of solute flows

M, membrane (100 pm in thickness,(a) 5 cm, (b) 1.5cm in diameter); I (C; ) and II (Cyy)
compartments (volume of solutions (a)210ml, (b) 70ml ); F, teflon-stirrer ; T,
thermometer ; E, Electric conductance meter.,S,magnetic stirrer.
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a: Sem  b:1.5cm (C) KCl
a:210m b: 70ml (Cn)
25 Cy Kl KCl -

TOC TOC-5000A

4-3-2
(1) (Flux) Jkel Jglucose  Jsaccharose
Cn (mol cm™ s
(2 Ps, Permeability
(1) Jka (4-1)
Ps= Jka/C"i C'| (cmise) 4-1
cli,ci cuC
3 (Jv  volumeflux)
4 G G
Jv.em hh
(4) (a , Selective Transport)
glucose saccharose  KCl
a (glucose sacchrose) (KCI

JKCI /ngucoseor J saccharose

4-4
4-4-1
Figure4-1 a
Figure 4-3a DIB a E IR

MeOH DIB p4VP
50mol% 4VP

55



DIB
MeOH p4VP

Mel 4 Fig.4-3b

4VP 4

-+
= # i
I @
> 1] /
N =
- >
4 —1—= e S —
2 0D LBo0O = O o | N e | 1

Figure 4-3a IR-spectrum of quaterization with DIB of 4-2 membrane.

(a) Before quaterization, (b) After quaterization.

56

4VPp



() . ]
| /ﬂi ﬂ\\| | ﬂ| Ilf
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1200 1000 800

1600 1400

| |
2000 1800
wavenumber (cm™)

Figure 4-3b IR-spectra of M4-2 membrane quaterized with DIB and Mel

(a) Before quaterization, (b) After quaterization
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4-4-2

[& A 72 AL 5 (& 1 55 3 (Q. Equilibrium
Swelling Degree) M KELY Cp THY. BAXTURBEEDIE Q D/NMELY A (A4

Adqt-1, A2qt-1/ poly(St-co-Bd)=1(w/w) ) ERE LR THS.

Q (Myet/ Mary - 1) (%) Mary Myt
Figure4-4 KCl/ glucose Cn
Table4-2 Fig.4-4
(1)
Cp 120 Cn G Cn 50%
Cq glucose 3.5x10”mol/L KCl
1.5x10" mol/L glucose ( 2.5x10° mol/L)
1.4 KCl 0.6
Cp Q 370%
(Cn G ) Cn
G Cn KCl1
glucose
KCl
a Jrkar/ Jgiucose)
a =0.51
2
A4 KCl  glucose A4
KCl glucose
Adqt-1

poly(St-co-Bd)

58

4 p4VP



A2qt-1 a

Cp
A2qt-1 A2qt-1
poly(St-co-Bd)
| o
0.03 F et -
: I /’, T
o /’
£ 0.02 i
N
= _ il
O i il
S
S _ il
0.01 _|
0.00 -

Time (h)

Figure 4-4 Dialysis through ionic exchange membranes composed of Cp, A4 and
A2qt-1.Concentration change of solutes (KCI and glucose in Cj side) against dialytic
time, Cp-membrane; KCI(o ) / glucose(e® ) , A4 membrane;KCI( ) / glucose( A ),
A2qt-1 membrane; KCI (O ) / glucose (m ), the initial concentration of a mixed
concentration of KCl and glucose in C; are each both each 5x10  mol/L, volume of

solution: 70ml , area of membrane :1.76 cm’.
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Table4-2 Flux (Jsiue), dialyic separation (@ )and Q¥ of

cation and anion exchange membranes

. . Jkal ngucose
Charge PSSS(unit)fp4vP(unit) (mol/cm?sec)  (mol/cm?sec) . N
Membrane mol/mol 107 107 (Jcr / Igiucoso) %
cp? 0/1 1.5 2.9 0.51 370
Adqt © 1/0 - - - 405
A2qt-19 1/0 0.62 0.48 1.00 -

a) Equilibrium Swelling Degree.
b) Cation exchange membrane.
c) Anion exchange membrane.
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4-4-3 (Jsolute) (a

A Al A3 A4) Al/A4(w/w))
Cp a
Ml M3 M4 M4-2%2 Jsolute

a Table4-3

Table4-3  Jsoue, O , and Q of charge mosaic membranes®

JKCI ngucose
2 2 a Q
b Composion” (mol/cm“sec)  (mol/cm“sec) .

Membrane Xlo_g xlo_g (JKCI/Jqucose) (/0)
M1 A1/Cp 16 0.43 37 108
M3 A3/Cp 37 0.33 10.7 £
M4 A4ICp 5.6 2.9 21 122
M4-2 ALA4/Cp® 7.4 0.39 18.1 62

a) Prepared by process-a.
b) p4VP unit/ pSSS unit =1 (mol/mol).
c) Al/Ad4=1(w/w), p4VP/unit / pSSSunit=1(mol/mol).

Cp/A=1(mo/mol)DLLETHELI-FBEIELETa >0THY. BTV A VEDH
HEHL T =, M1, M3, M4 (F& QAL A3, A4 & Cp MOERAZILT- A IO E
EHAVETHS, M4 [ Al/Ad=1(w/w)& Cp DoFAREILI- A DESLI-REEY
1IETH 5.

Al E AL ZREBLIEIEDAD A BHIEXY Ik & a [FRELGT=,

COFERIT AL DY A4 IO TEREL TSI EERELTLNS,
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4-4-4, (M4-2)
M4-2 (KCl Tkel (Ps) av)
(a))
M4-2 Table 4-4

Table 4-4 Charactertics of M4-2 membrane

b | on-exchange Microsphere
p4VP"/pSss? L )
capacity 9 content ¥
Membrane
Cation Anion
(mol/mal) 1 1 (Wt%)
(meqv g7) (meqv g7)
M4-2 1.0/1.0 1.8-2.0 1.8-2.0 23.4-26.1

a) The membranes were adjusted to100um (dry) in thickness, cast.
atroom temperature.
b) Al/A4=1 (wt/ wt).
c) Poly(SSS-co-AAm), pAAm(unit)/G.A.=1mol/mol.
d) Calculated as crosslinking reaction of G.A. / pAAm unit= 1.0-0.5 (mol/mol).

(1) Kcl (Jken)
Figure 45 M4-2 G KCl (ken)
() (Jxar)
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Ji o (mol cm™s™)
S S
| |
0
| |

p—
<
el
|
|

10—10 ] . ] . ] . ]
103 102 107! 10°

Cye (mol L™

Figure 4-5 KCl flux, Jgc through M4-2 membrane against initial
concentration CKClI.

@) (Ps)
Figure4-5 Jka Ps Figure4-6
Ps Kl (C'
Ps KCl
(0] streaming current
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107 |- -

Ps(cm s?)

10‘4 l 1 l 1 l 1 l
103 102 107! 10°

Cyol (mol L™

Figure 4-6 Dependence of permeability coefficient, Ps. on KCl initial concentration of
CKClI in CI.

©) (v)
Figure 4-7 Iv) (CY) 1.0 (mol/L)
Tt 10" 10%(mol/L)
Tt
(e)
(o] 1 Lp JviAmm Ap=01=0..... 4-2)
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Jv o

Vs Vw

0.025 — E— L

0.02 |- -

0.015F

0.01 |-

Jv (cm h™)

0.005

'0.005 [ l [ l 1 T
1073 1072 107! 10°

Cyq' (mol L)

Figure 4-7 Volume flux (Jv) through M4-2 membrane against initial concentration of
KClin C,
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. 46
electoro-osmosis

4) KCI
Figure4-8 KCl1/glucose KCI/ saccharose

0.02 -
2 I
- I
£ I
c L
= 0.01
8 |
0.00 -
C_1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 5 10 15
Time (h)

Figure 4-8 Dialytic separation of KC1(O)/glucose(@) and KCI([)/saccharose
(A) in aqueous solution by M4-2 membrane.

Figure 4-8 KCl/glucose = KCl/ saccharose (Cu )
Joome O Table4-5

KCl  glucose  saccharose
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Table 4-5 Solute flux (Jsolute)a) and a for KCI /glucose (sacchrose) mix. solution

through M4-2 membrane.

Jkal Jglucose Jsaccharose a b)
mol/ cm?sec mol/ cm?sec mol/cm?sec Jkcildgucose  Jicilsacchrose
1.1x107 3.9x10"? 9.6x10"" 28.2 114.7
(1 @ M4-2
Figure 49 KCl
KCl
Figure4-10 KClI glucose
Jv
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Relative KCI flux |-

i) 0.2 4 (& (.8

Membrane r ’ r ” . T - - - -

M4-2

A2qt-membrane

A4d-membrane

Cp-membrane :I

Figure 4-9 Jkc of charge mosaic membrane (M4-2) and ion exchange membranes.
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Conc. electrolyte

—

+H,0.
CI 5 0 < glucose >

. K* cr
Charge-Mosaic

(a) membrane el " |:| +

direction of domain &

CII

Dil. electrolyte

AlCp Y

(b) membrane

Figure4-10  Schematic representation of transport of charge-mosaic membrane.

(a) Low molecular weight electrolytes (KCI) can pass through sites of cationic domain
(+) and anionic domain(-)in charge-mosaic membrane. Water transfers with ions and
by osmosis pressure. Electric circuit is formed between the membrane and two solutions.
Dielectric matrix is formed by polyion complex. Non-electrolyte (glucose) can not
pass through charge-mosaic membrane. (b) Charge-mosaic membrane prepared from
p4VP microspheree and Cp-matrix O .
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Cp A4
A2qt Al A3 A4 Al/A4=1
Cp
1. Cp 370% KCl1
KCl
A4 A2qt KCl
a =05
2. Al A3 A4 Al/A4=1 Cp
KCl1 KCl1
4VP
, A4 A1/A4/Cp
3. Al/A4/Cp KCl1 Jkal
Ps) Jv) a)

4-6
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2 Al A3 A4 Cp iodomethane (Mel)
diiodobutane(DIB) glutaraldhyde (GA) poly(St-co-Bd)

G-10
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51

Al A3

(A4)

4VP
A5)
TEM

5-2

(1) FO+R a

p4VP

4VP

(A3)

p4VP
(A4
Cp
p4VP

(Al) VP
M4-2)

VP (Ad)
I p4VP

Fig.4-1
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(2 Zo+RX b (JE:M4-2b)

BEREASRATIL—MFYALETORR a 277A0FTL—MIEZ AT
THoKELEzZR., EKEEZ7OEZ7HRTHIAL, BEEEL-CEEBRLNTIO
R alRILTHS,

BIEDW A% Table5-112FEHT=,

Table 5-1 Recipe to prepare charge mosaic membrane composed of connected p4VP
; )
particle®

Membrane Anion exchange element
Code (p4VP unit mal)
A1” A2% A3 A4Y A5
M1 1.00
M3 1.00
M4 0.0 1.00
M4-1 0.70 0.30
M4-2 0.50 0.50
M4-3 0.30 0.70
M3-1 0.50 0.50
M3-2 0.33 0.33 0.33
M5-1 (0.5)9 1.00
M5-2 (05)9 1.00

a) A/Cp: p4VPunit/pSSS umit=1 (mol/moal), pAAmM/ G.A.=1(mol/mal)

b) High density crosslinked p4VP microgel with pAAm.

c) High density crosslinked p4VP microgel without pAAm, Seed of A5 microsphere.
d) Low density crosslinked p4VP microgel without pAAm.

e) Non-crosslinking p4VP microsphere without pAAm.

f) Seed type p4VP microsphere.

g) Seed polymer : p4VP microgel.

Ml M3 M4 A VP
M4-1 M4-2 M43 p4VP
(A1) VP A4 4VP
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I M3-1 M3-2 VP
A3 Al Al A3 A4
4VP ) Ms5-1 M5-2
A5 (III) M5-1 Ms5-2

5-3 ITEEREDAR
BENBRTLESBILEARLSOIZ. AEEVTAVEDCRHTHLIZ-EA
TURBMAEAS DEEEEEZTTOER aDHETEERSEL-,
1. Cp &:CP(pSSS (unit)) / G .A. =1 (mol/mol) DEEEZTOERaD A-DEFT
i L=,
2. MxJE:Cp(pSSS (unit)) / A(p4VP(unit), mol/mol : 0.8 / 1, 1.0 /1.0, 1.4/ 1.0,
2.0/1.0. A=Al/A3=1 (mol/mol) DM TTOER a DAETHAELIR,
3. Adgt lE: A4 B 70X ad E & F TREL-FE,

54
4-3-1 KCl/
Uk Jatucose Jkct/ Jglucose  O)
M5-1
(MW 62.0) (MW 106.0)
(MW 150.9) MW 194.8) (MW
180.6) (MW 342)
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5-5

5-5-1 EF?&-[H%%EE Q &ﬁﬁ.i (JKCIs \]glucose) BJ:U a o)*ﬁlﬁﬁ
%%Lf:ﬁ%%*f{7ﬂ§0)iﬁﬁ (JKCI ~ ngucose) t a BJ:U Q a)iﬂljiﬁ%%§ Table
5-2 ITFEDT=,

Table 5-2 Solute fluxes for KCI and glucose in mixed solution of charge mosaic

membranes
Jkel Jglucose
. Membran (mol/cm?sec  (mol/cm?sec a Q¥
Connection
e ) ) (Ik e Iglucose)
x10° x10°
Al M1 16 0.43 3.7 108
A3 M3 3.7 0.33 10.7 75
A4 M4 5.6 2.78 21 122
R M4-1 3.6 0.48 75 87
M4-2 8.6 0.47 18.3 82
M4-3 6.9 0.65 104 106
119 M3-1 6.2 0.063 95.7 62
M3-2 6.4 0.19 33.7 73
e M5-1 6.9 0.47 15.2 81
M5-2° 18.6 0.37 50.2 74

a) ( wet-membrane/ dry-membrane)-1 (%).

b) Al/A4 (w/w):3/7,5/5,7/3.
c) Ms3-1: A1/A3=1(w/w), M3-2=A1/A3/A4=1/1/1(w/w/w).

d) Seed polymer.

e) Proscces-a’: moisuture contet 10wt% in membrane before HCl-treatment.
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3.E-09 p
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2E-09 b
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1.E-09 b
OE+OO Il Il '}
0 50 100 150
Q

Figure 5-1 Relationship between Q and Jgjucose 0f charge mosaic membranes in Table
5-2.

2E-08 p
@<+ V52
2E-08 b
o
X
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@)O) ®
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0 50 100 150
Q

Figure5-2 Relationship between Q and Jk¢; of charge mosaic membranes in
Table 5-2.
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120
100 F
80 F

20 F

0 50 100 150

Figure 5-3 Relationship between o and Q for charge mosaic membranes.

(Table 5-2)

120 p

O « M31

80 F

40 }

o '} '}
0.E+00 5.E-09 1.E-08 2.E-08 2.E-08

‘]KCI

Figure5-4 Relationship between Jxc; and a  of charge mosaic membranes.
(Table 5-2)
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100 o)

80 F

s 60 F

40 }

@)

20 p
LB . o

0.E+00 1.E-09 2.E-09 3.E-09

ng ucose

Figure5-5 Relationship between Jgiucose and o of charge mosaic membranes.

(Table 5-2)

Figure 5-1 [CEEREE (QEY ILA—RADFE Ugueose) DERZEFE LD, Q A
100%{HEZHB A D E Jgucse [FRBICKELGYE AN ENT=, M4 [LIEZELE 4VP
SYARTITDAADLTRBLUIZETHY . Ad D Jgucose ERELT DI EMHIOT=,

Figure5-2 [Z Q & Jka DAARZETRLTZ, Q AV/NEKTEDHE Jka HE T RELGHIEM
[ZHY. A BAVIIMIEHTVAIENHIS, TOHFTREL Ik [F—FERIZH
AX7z7 A oRAELIZR(M5-2) THY . A OEFNARLLTNASIEZRELTL
%o

Figure 5-3 12 Q & a DEEFRZERLTZ, Q AREFLGEDHITHL a BN ETEY  EBIC
80%fHEICEM mATN . CHUE Q BNRELGDH L FRBIT/NEKGED, DR
EIEBAS A Jgcose DB KRIZEDEDTHY . SNLLED Q TIET ILI—REKCID
DREIETATREE D,

Figure5-4 12 Jxa & a DBERERLT=, Jka & o [FIFIXELBIBIRICH DD, o
MNELLKRECGO>TWDE(M3-1) D H Do Jka L ITIEKRIBLEEENELD T,
Jotucose VB LLNSRETHAZEZRL TNV,

Figure 55 12 Jgucose & & DBIRERUTZo Jgueose BNSKE D E o [EERBITKELAR
%o
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FERELT. T ILa—RIFEDFEERFE (FIE Q [CKEURTEL TSI EABHLM
[ZH21= Jka X QIZKBEFHMAHEYKELALY,

5-5-2

BENTEESMVEOEDIMUEERT ENERANDOIZ - B4R
A DEREZZ TREBRZRRL. AIELECAEZET o=,

QERRE IV a DBIEFERZE Table5-31Z/RLT=,

Table 5-3 Results of transport characteristrics of charge membrane 3

memNbor ane A/Cp® (moljclzKro%seC) (mgigréfge@ (ke /(‘]ngucose) 0
Cp 0/1 1.5 2.9 0.51 370
MO.8 0.8/1.0 13.6 0.61 15.7 97.3
M1.0 1.0/1.0 7.4 0.39 18.1 815
M1.4 1.4/1.0 3.9 0.36 10.7 87.3
M2.0 2.0/1.0 0.5 0.3 15 84.0
Adqt-1 1/0 - - - 40.5

a) Process-a

CDRMS, Cp BENKEFVEDE Q B RELALIERNBONT,

Figure 5-6()IXLEBIZ Q ZZEX . Jaucose EEDKILEAFREMNHEIMNRI-LDTH
%o Jgucose [£ Q DIEIZEH>TKRELE DS,

Figure5-6 (2) (&, $RUVEREE TEHMIC Jgiucose £ Q DIBEZ AL DTH LD, &
DB TE Figure5-6(1)ERICERMNBEICHR NI,

Figure 57 IZ Jxa & Q DEEFZEZETRLIz, Q AIFIXF—ETH.KCl OFEEREM
BIFICKECEDDIEVSHERIBONT, Q UNDERLLT Cp/A=1 LYRYD
BENKELGLIRD KO FBLELE>TLSIEERLTLNS,

Figure 5-8 IZR5NALIIT. Q AHFEYEHLLELTE a i BIHICEHHENSE
LRHDIERMNFONT=, Fig.5-7 LRICERTHSH . Cp/A=1 KURYDFEEL KCI
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Figure 5-6(1) Relationship Q and Jgucse for charge membranes with various
composition. (Table 5-3)
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Figure 5-6(2) Relationship between Q and Jgjucose for charge membraneswith various
composition. (Table 5-3)
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Figure 5-7 Relationship between Q and Jxc for charge membranes with various
composition. (Table 5-3).
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Figure 5-8 Relationship between Q and « of charge membranes with various
composition. (Table 5-3).
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LE COHFRMSTILA—ADBEBEE(L Q [CEO>TREEDY. Q DKEL
Cp DEBELMST ILI—ANEBL TSI EL H -T2,

KCI TlE, Q UNADEFA BB REICIFEITAEIEELTWDEEZLND,

M0.8-M1.4 D) —XDIE(Z. pSSS unit A 11mol%BEE| (M0.8) DRI,
p4VP16mol%iBE| (M1.4) IZETEA-LDTHD, _OHBETEREEST (VIR
DEENBEN TSN M4 TIET TKC DEREEBHN/NEKEHTLND, M4 T
FRD—EHNRFUEBMEZELTULSERSD (p4VP DA TEMSNTLDES) A
HY. BREIEIBBLOLEH>TWDEDERHNSD, pdVP 33 mol%iBE|D M2.0
TIEKCIDFEBIEMNGEYNSKIEOTINS, BAFTURIBETHS Cp EILQ BKE
WZHADDHBET Jka HVNEKGY  MBEEVAVIRETHLNICELGLHIEEHZRL
1=

553 RIEEYMIIE

Al A2) 4VP
@) VP
MeOH (1) VP
(111)
Table5-2
TEM
(1)1
Al A4
VP Al) VP
(A4)
TEM p4VP
(A) Jkets Jgucose EZBEE AT (F7=,

Al A4 Ml M4

82



Ml & M4 D a(FIFIFRCTHEA. Jka & Jgucose [FABIITH 7=, BIB . Jka
TIEM1<M4 THADIZHL T Jgiucose TIEMI>M4E DR TH STz M4AIZTDNT
[F Q BAREFVIEITEDST Jgucose BRI ST2EEZLND, —FH. Ml T Jka
MLEER/NSNCEICEYIEREL T o (FRICEE LGS T=,

TEM IZKYERTOMMEEZHELI-. M1 M4 TEM Figure 5-9
A BREEGERINTOLSE N THY. Cp M. BGERINS,
Fig.5-9(a) Fig.5-9(b) M1 M4 TEM M1 Cp
M4 A4
Cp

Ml M4 4VPpP

Al A4
MeOH

Figure5-9 TEM image of charge mosaic membrannes.
(a) M1 (A1/Cp), (b) M2 (A4/Cp).
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Ml

4VP

Cp-matrix.. |

A4

Cp
Cp
Cp Al Cp
M4  Cp A4 Cp
1
poly(SSS/AAm) Cp
G.A. poly(SSS/AAm)
MeOH
Cp
Scheme 5-1
NI
D
DIB
<
MeOH vapor
b a

Scheme 5-1 Schematic representation of microgel-like Cp formation in A4 bulk (salami

structure).

(a) Crosslink Cp-matrix phase, (b) After quaterization with DIB under MeOH vapor.
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5-10 Tables-2

JKCI A4 50wt% JKCI TOwWt%
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Al A4 Jke
M4-1 M4-2  M4-3 TEM Figure5-11
M4-1 Ml Al A4
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A4 Al Al/A4
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Figure 5-10 Transport Characters for charge mosaic membranes prepared by Al, A4

and Cp.
M1(Al), M4(A4), M4-1: A1/A4 =0.7/0.3(w/w) , M4-2: A1/A4 = 0.5/0.5 (Ww/w) ,M4-3:

A1/A4=0.7/0.3(w/w).
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Figure 5-11 TEM image of charge mosaic membrane prepared from
4VPmicrosphere /Cp .
(a) A4/A1=30/70 (w/w), (b) A4/A1=50/50 (w/w), (b) A4/A1=70/30 (W/w)
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A Al/A4 (W/w)
a b

Table5-4

Table5-4 Fluxes and dialysis selectivity of M4-2,b membranes

JKC| ngucose
Membrane (mol/cm?sec) (mol/cm?sec) a
NO. x10 xlO—Q (JKCI/ngucose)
M 4-2° 8.6 (118) 0.43 18.3
M 4-2b” 0.0725 (1) 0.00158 45.9

a) Procss-a ,cast on glass plate  Q=82%.
b) Procss-b, cast on Teflon Q=20-40%.

M4-2b D a [FREVHABEDIREEEE (FBH TS, QDEIZKDIHEND
BN, M4-2 EHEAR Jko DBHTVNEVDIFEOAEBEICERLTNSEDER
nnd,

Figure5-12 M4-2, M4-2b M4-2
M4-2b
TEM Fig. 5-12a Al
A4 2 p4VP
Al A2
A4  MeOH Al A4
M4-2 Al Ad
A4 M4-2b
Fig.5-12b Al
A4

TEM  Figure 5-13 M4-2a (Fig. 5-13a) Al
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Scheme 5-2
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Air-side

Interface
Glass-plate side Teflon-plate side

@ )

Figure 5-12 TEM image of micro structure of charge mosaic membranes (interface).
(a) Cast on glass plate (M4-2), (b) Cast on Teflon plate (M4-2b).
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Process— a Process— b

¥
L. o pECHER R

(Glass-plate side Teflon-plate side

Figure 5-13 TEM image of micro structure in charge mosaic membranes.
(a) Cast on glass plate (M4-2), (b) cast on Teflon plate (M4-2b).
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Scheme 5-2 Schematic representation of micro-phase formation of the membranes
on Tefron and glass different plates.

1] -

Cp (matrix) Al A4 vapor
Cast on glass plate Cast on Teflon plate
platefree platefree
MeOH,DIB : MeOH . DIB
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JRERTBEDHMELBEN NS EIEEE

I13&1% A3 D MeOH (239 S EMZRAL A2 @RS %, DIB TEELET
5HETHD. MBEVAVEIETOER a THEALT:,

COEFAIFEEDIERFIEI Table5-2 1IZRLT=,

M3 [ A3 DADIETHY. A3 DF 5% pAAm DFEWVSEBEEER 4VPIH/0OX
7D A2 ITEEFMAIEDN M3-1 THS. Jka [& M3-1/ M3=1.7 | Jgcose TIE
M3-1 /M3=0.19 [Z75oF=, COTENOBEBEED A2 NASTEDIE5H KCI
& glcose DHBEEEICEN TSI ELR LM ST, M3-1 DIED A2 & A3 DEHN%E
A4 [CEZHATEN M3-2 THD. COIRIE M3 EM3-1 DRREDHFEEF>TLV=,
Jkar 1& M3-1=M3-2>M3 THY. Jgucose [& M3-1<M3-2<M3 ThHotz, DFERIL
Al E A3 DHEFDEMI-DAEBATEY . BRI EENE (0 )£ 95.7 BEREVLD
ElEotz, Flz. A4 IET )L a—XDFE B LEIZIEEL TLVEWI EEFRLTLS,

M3-10D TEM EE%# Figure5-14 [Z;RLT=,

AVPI/O7IL (A2, ADHBEITEREEIZIENY ., A2 EAZDRAMVEILETNE
HoTHEY (A3 NHEMAKGESR: 250-350nm)(TEER) ). BEKETEBREELSIN
TWBIEhhh b, CnlEFOtER aDIFE E(DIB I2&5 MeOH ZAFHER T T
BB ISP ARAE & 2248) (THLNT A2 & A3 HYMeOH IZTHEELZ DIRETEIBESINT
LDEEZLND, A2 & A3 O MeOH IZX T 5EBEIE DLS Mo & &
490nm(CV=16.6%) . 780nm(CV=30%)THY. A3 QBN KENILERLTL
%o

M3-1 1F A2(ERIBEERE 4VP 2707 L) DFEENEEDZELGSOT. A3 DX
M CEHLTHY. CONELERAEEZBFICTLTLSLDERDHAS,

A2, A3 # PAAMm 3> THEDT Cp HEIXEBLELD T, EDQDLENENTE,
ZOHER. WELREVEEREZATIENFRSN, QHVNEGY, ChhJiL
O—RBEBEBALETEIHRERELI-LDEEZLND,
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Figure 5-14 TEM image of charge mosaic membrane using 4VP microgels 4VP
microgel; A1/ A3 =1 (w/w), matrix ; Cp.
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(3) 11
A5 FEED LB BETERE

O—FREH/ORTITERAVEEEBRELTIE MS-1 EM5-2 D 2 FBEZFRARLT-,
M5-1 [EFRER aTMS2 (FFAER @ THELEz, TAER aldF+AMB)DIT
RBIZBWT, BZBELEEBEOEKEE 3-5Wwt%h D 7-10wt%IZLIz3 D TH S,

Table5-2 [CfEZ B IEERLT=,

NSDIE(X AS D MeOH [Zx3 5 p4VP $8 (Ip4VP) DAHMEFALT, Al &
EIESE % DIB TORIELEHATZEDTHS, M5-1 EMS-2 (& Jgucose DIEIXFELC
THIDIZTHLT Jka & M52 DANKEL2 FEio1=,

Figure5-15a,b [Z M-5-1, M5-2 @ TEM BEE%:RL1=,

M5-1, M5-2 #(ZV—F®D A2 DHMEIIZ MeOH IZ&>TRHLT= IpdVP DFEHNERD
S, Z02 EEEDHICHRIL 500nm &Y, AS ITHLTEENK 1.4 512
HoTULV =z, M5-1 & M52 #EE T HE M5-1 kU M52 OAD, FEITHEHLE:
IpAVP TEFBEIN TSI N BN EN DM ofz, COEFEEDEDL M52 D Iy
EHEYRELTOWEERERHDND,

COEFMEDENIEARICENT, RBEIEORIDOIRE B 12HHEEZLND,
5. M5-1 TIEEKED 3-5wt%DIRETRBLELTODSDIZHLT, M52 &
[ 10-7wWt%DEKEMNZLVRRET Cp ZEBUEL-LDTHS,

T2 E D41t (MeOH &R K)IZH VT, AS hSBHLI- IpAVP OBEILSSIEE
KDKEZEWN(EEDINEL)MS-2 DADKEL TOFREREEENMELIZDLDER
nsd.
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2000 nm

Figure5-15 TEM image of charge mosaic membrane prepred by 4VP microgel (A5).
4VPmicrogel: AS; A2 (seed) / Ip4VP =1 (w/w), p4VP unit/ pSSS = 1 (mol/mol).

554 KCl LIEERTRAYDIEERME

M5-1 fRD KCILIFERERESYDIREBIERERET o -, EE2RBRELCEE
FLV=, 0.lmol  KCI

EERRED I > Figure5-16 IZRLTIz, CAMSIIIEEBHERE 7 F =D x Ut
FHRMEITHF BT IERERICHEIENEZ, CORREMSLEDOIFEERED
IEFE B (HERR) D5 F =135 250-300 THAHZ LD HI o=,

F-. COHRICERALEEZZTRICEZEYRLERALE, ZEID Jxa & 20 E
BD ko BEILTHAIEEHEFREL TS,
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Figure 5-16 Relationship between molecular weight of non-electrolytes and its Fluxes
(Jsolute)-

Non-electrolyte: Ethyieneglycol (E.G), Diethyleneglycol (EG2), Triethyleneglycol
(EG3)
Tetraethyleneglycol (EG4), glucose, Saccharose.

5-6 f&ih

FABEMNSAVP VAR T 7 DEERNCHABL-FTEES(VENRFLHER
ZB-OTARETIE pdVP SYARTITZEBHIVTEELTHEES(VEE
FARLUBEDORNEEEEIZEEEDERE IS DOWTEIRNT,
. RABL-FTEESFAVE. FEBERED Q . @ Jkar « Joucose DIEBEMEER R, £
DIERV IINA—RIZIFIF Q ITIRFEL TSI LD H M ofz, KCI [ Q DIRFFMEIXER
HoNBD. HDBERNKECEEL TSI LM o=,
2. REOAEEEZE TEM B TIToT=, Jkal & p4VP 2URRT 7 DEFEMEE AT
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