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Figure 1. The structure and characteristics of PVA based
ion-exchange membrane treated with 2 step cross-linking

process

Figure 2. Chemical structure of polycation, PDADMAC
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Figure 3. 2 step cross-linking process of PVA based anion-exchange membrane

Table 1. Cross-linking conditions of PVA based anion-exchange membranes

condition type

Ist cross-linking conditions

2nd cross-linking conditions

electrolyte solution Cga (vol%) electrolyte solution Cga (vol%)
A saturated Na,SO, 0.01 — —
B saturated Na,SO, 0.01 3M NaCl 1
C saturated Na,SO, 0.1 3M NaCl 10
D 3M NaCl 0.05 — —
E 3M Na(Cl 0.15 — —

These membranes were cross-linked at 25°C.

Cross-linking time:

1st, 24 h; 2nd 1.0 min.
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Figure 4. 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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Figure 5. Apparatus for measuring dynamic 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 M NaCl; J, sample

membrane. The effective area of the cell is 8.0 cm?.
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Figure 6. Water content, H, of the anion exchange
membranes as a function of polycation content, C, in the
membranes. Cross-linked conditions: <, type A; O, type
B; @, type C; A, type D, A, type E. Annealing
temperature: 160°C.

KRB ZRL TS, ZHUE 3 M NaCl 28 T 2GR ©
ZEAB LT AR NSO, %6 Do JE B IAIR CLMB LT
FV. EOHE B #EEDS BB T2 THHEE 2B
%, “BBEARIEEATOZL T, T OMEE K SRIT— BT
WEEAT ST ED RO & K FR AR UIZZE LD, B
ENERDBENE R FE N R HZ L TZO R DA RLIZE
Exbihb,

- 182 -



3. 2 BENROENSFHFAUEFELOER

Fig. 7 \[ZBERBiEE D T T4 &4 BEOBBRER
T, RPN S KN T L b I LT, Z
UL Fig. 5 X0, I D@ A F 4 S8 B0
OIEE KRN LR L2 D, BT T4 &8 &N
N3 22 TIRNIZEDZ DA TF X VDAL
S BREER LR U2 THDHEB 2 LD, AT
THERLEBEICE W TRBEWRFEZ RO
condition type A DT, HoFHTF AL EH &N 20
wt% DOETHY | FDfEIT 2.2[Qecm?] Th-7-, [H5f:
THEL =M EATERE (AM-1; 7 AR2) Tix 2.3
[Qeem?® ] THY, ZDOZENSTHIRIEEEIE [R5 O T
EATHIENNHEAL, SOICHEB LA G52 T,
FVRERS A A T DO ERS IR T& D,
3. 3 BEEROEEKEKEFHE

Fig. 8 \CVERLL 7-faA A AS HAE D JEHR BT & B 7k =R
EDOBRERT, W HOBIZIWTHIEE KRN
T DI DI CTIRIRHUTRA LTz, [FIEERRE STl S 7k
KOWNMITES FHF A GH BEORINEEET 57
D, BT AT A EHEENEINTHE, GKREAT
DEEF VT — DTN T D, ZIUIEN DA A
NI SR D/ S AN 52 L% B R 95 0 TR
T 2EE 2N, F2, ZORIY, BRROFEEHIZL

120
100 |
80 |
E
5]
S 60 o
o< A
40 |
A
A
2o 3 o .
. ¢ ° 8 ° o
0 10 20 30 40
Cpcl/ Wt%

Figure 7. Membrane resistance of the PVA/PDADMAC
membranes as a function of polycation content, C,, in the
membrane. Annealing temperature: 160°C. Markers in this

figure are the same as those in figure 6.
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Figure 8. Membrane resistance, R,, of the PVA/PDAD
MAC membranes as a function of water contenrt, /, in the
membrane. Annealing temperature: 160°C. Markers in this

figure are the same as those in figure 6.
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Figure 9. Transport number, 3, of the PVA/PDADMAC
membranes as a function of polycation content, C, in the
membrane. Annealing temperature: 160°C. Markers in this

figure are the same as those in figure 6.
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Figure 10. Membrane resistance, R, of the PVA/PDAD
MAC membranes as a function of transport number, #4, in
the membrane. Annealing temperature: 160°C. Markers in

this figure are the same as those in figure 6.
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Summary

Anion-exchange membranes with a semi-interpenetrating network structure were prepared by blending
poly(vinyl alcohol) and a polycation in varying polycation ratios, changing their cross-linking conditions.

An aqueous solution of a mixture of poly(vinyl alcohol) and polycation, poly(diallyl dimethyl ammonium
chloride) was cast on a plastic plate to obtain a self-standing membrane. The membrane obtained was annealed at
160 °C for 30 min to 1 cross-link the polymer chains physically. The membrane was cross-linked chemically with
glutaraldehyde (GA) under the three different types of cross-linking processes: type A, cross-linking with a mixed
aqueous solution of saturated Na,SO, and GA solution; type B, cross-linking with 3 M NaCl and GA solution; type
C, cross-linking with type B solution after cross-linking type A solution.

The water content of all the membranes increases with the polycation content, Cpc because the osmotic
pressure in the membranes increases with increasing the number of the charged groups in the membranes. The
water content of the membranes can be controlled by changing cross-linking conditions: annealing temperature,
GA concentration and the types of the chemical cross-linking.

The membrane resistance decreases with increasing water content, and is independent of Cpc, because the
ionic path in the membranes increases with increasing water content.

The membrane resistance decreased and the dynamic transport number increased with increasing Cpc.  The
membranes with type A cross-linking have lower membrane resistance than those with type B cross-linking. The
dynamic transport numbers of the latter membranes are higher than those of the former. The membranes
cross-linked at high GA concentration have almost the same transport number as a commercially available
anion-exchange membrane, AM-1 (Astom Co.).

The membranes are prepared cheaply and have high mechanical strength. The membranes have enough
permselectivity for ions and have almost same value of membrane resistance. Hence, the membranes in this

study will have potential application to the desalination of salt water.
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