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Table 1. The properties of anion-exchange membranes.
Membr  Thickness Transport Water content Tlon-exchange Molality of
(m) number of (g Ho0/g dry capacity fixed charges
anions* Cl-membr) (mmol/g dry membr (mmol/g H.0)

without anions)

STA-1 96 0.98 0.06 0.31 5.17
STA-2 104 0.99 0.14 1.13 8.04
STA-3 118 0.98 0.23 1.78 7.73
STA-4 90 0.98 0.10 1.09 10. 90
STA-5 101 0.99 N.11 1.05 9.55
AM-3 111 0.98 0.17 1.65 9.71
IE-DF-17 230 0.98 0.17 0.56 3.29
KSA-10 640 0.95 0.05 0.08 0.32
KSA-15 780 0.97 0.36 0.52 1.45
KSA-20 1210 0.97 0.36 0.89 2.49
KSA-25 690 0.96 0.14 0.63 4.38
KSA-30 990 0.92 1.04 0.33 0.32

* Calculated from the membrane potential in 0.1//0.2 mol/kg KCl system.
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Igble 2. FThe difference between two standard chemical potential differences
Apa® — Aupy°(kd/mol), estimated from the experimental results of BIP and
membrane resistance at 1000 Hz.

Membrane Molality, mol/kg
n. 001 0.003 0.01 0n.03 n.1

STA-1 3. 84 5.22 6.76 7.00 0.21
STA-2 0.97 1.76 2.82 3.40 4.721
STA-3 1.23 1.08 1.47 2.08 3.11
STA-4 1.48 2.79 3.63 4.09 5.03
STA-5 2.20 3. 26 4,65 4. 80 5.22
AM-3 0.32 1.92 2.71 3.38 4.19
IE-DF-17 1.15 1.32 1. 80 2.47 2.00
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Fig. 1. Bi-ionic potential across anion-exchange membranes against
electrolyte concentration for KC1//KIDs system. Hembranes; (O) STA-1,
(0) StA-2, (O) STA-3, €O) STh-4, (O) STA-5.
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Fig. 2. Bi-ionic potential across anion-exchange membranes against
electrolyte concentration for KC1//KI0. systiem.
Hembranes; (O) Neosepta AM-3, (db) Tosflex IE-DF 17.
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Fig. 3. Bi-ionic poteniial across anion-exchange membranes against
electrolyie concentration for KC1//KI0: system. Hembranes: (O) KSA-10,
(O3 KSA-15, €O) KSA-20, (O) KSh-25, (O) KSA-30.
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Fig. 4. Hembrane resistance for STA-1 against frequency by impedance
analyzer at various concentrations; (©) 1X10-7, (&) 3%10-%, () 1i%10-
() 3%10-2, (@) 1%10-* in KC1 solution.
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Fig. 5. Hembrane resistance for STA-2 against frequency by impedance
analyzer at various concentrations; (O) 1X107%, (&) 3%10-°3%, (O) 1X10-2,
() 3%10°%, (@) 1X10-' in KC1 solution.
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Fig. 6. Membrane resistance for STA-2 against frequency by impedance

analyzer at various concentrations: (O) 1X10-°, (&) 3%10-°, ([J) 1X10-%,
(O) 3%10-2, (@) 1%10-' in KIDs solution.
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Fig. 7 Hembrane resistance for STA-1, STA-2, STA-3, STA-4, STA-35 against
elecirolyis conceniration. Hembranes: (O STA-1, &O) STA-2, (&) STA-3,
(3) STa-4, (O) 5TA-3 in KCI(CO, 2,0, 0) and KI0: (89,4, H,®)
solutions. 5 Hz.
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Fig. 8. Hembrane resistance for Neosepta AM-3,Tosflex IE DF 17 against
electrolyte concentration.Membranes; (O) AH-3, ([O) IE-DF 17 in KCl(d),ﬁ])
and KI0s (O [P solutions. 5 Hz.
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Fig. 9 . Membrane resistance for STA-1, STA-2, STA-3, STA-4, STA-5 against
eiectrolyte concentration. Membranes; (OJ STA-1, €O) STA-2, (&) STA-3,
(o) sTA-4, (O) STA-5 in KC1(O-O,4,0,0) and Ki0; (89,4, B, &)
solufions. 1000 Hz.
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Fig. 10. Hembrane resistance for Neosepta AM-3, Tosflex IE-DF 17 against
eleciroivie concentration. Hembranes: (O) AH-3, (O) IE-DF 17
in ¥C1(O,3) and KI0: (@, ®) solutions. 1000 Hz.
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THE DEPENDENCE OF CONCENTRATION OF EXTERNAL SALT SOLUTION
ON THE PROPERTIES OF ION-EXCHANGE MEMBRANES

Masayasu TASAKA and Ryotaro KIYONO
Department of -Chemistry and Material Engineering

Faculty of Engineering, Shinshu University

Summary

If the transport number of counterions in a membrane is idealy unity, the
composition of the membrane is nearly constant even if the concentration of the
external salt solution changes. However, the mobility and the state of counter-
ions in the membrane may change with changing the concentration of the external
solution. Now, the dependence of the change in external salt solution on the
properties of membranes is interested in this field. In this work, the depen-
dence of the change in the external salt concentration on membrane resistance
and bi-ionic potential (BIP) was studied using anion-exchange membranes which
have various degree of cross—linkage and charge densities.

Test membranes STA-1~5 made of hydrocarbon(Asahi Chemical Industry, Co.,
Ltd.), Neosepta® AM-5(Tokuyama Soda Co., Ltd.), Tosflex® IE-DF 17(Tosoh Co.,Ltd.
) and poly (4-vinylpyridine-co-styrene) membranes are used as anion-exchange
membranes. The measurements of BIP were carried out for KCl/membr/KI0; systems.
Membrane resistance was measured for XCl1 and KIOs solutions in the range of 5 to
1000 Hz using LF Impedance Analyzer 4192A(YHP Ltd.).

The absolute values of BIP increases with the increase of the external salt
concentrations even though the transport number of counterions is unity. The
value of BIP increases with the increase of fixed charge density, with the
increase of the fraction of water in the membrane and with the increase of the
fraction of hydrocarbon membrane matrix. The value of BIP for hydrocarbon-type
membranes is greater than that for fluorocarbon-type membranes, if water content
and fixed charge density are nearly equal to each other. The contribution of
the change in mobility ratio of counterions on BIP was estimated from measuring

membrane resistance. It becomes clear that the change in the difierence in the

standard chemical potential plays also an important role in the concentration

dependence on BIP.
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