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Fig.1 Simplified view of the ion pairing phenomena.
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Fig. 2 Membrane potential of CEM12. Solid lines show the theoretical results.
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Fig. 3 Mobility ratio of cation to anion in a membrane (r) against methanol
weight fraction.
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Fig. 4 Charge effectiveness (Q') against membrane surface charge density at
Cy =1.02 [mol/1] .
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Table 1 Physicochemical properties of a blend membrane mixed with
PAN and PSSNa

W oater Cy IEC d
CEM12 12 1.02 0.130 26
CEM18 18 0.86 0.189 37
CEM23 23 0.75 0.225 47

Wyaer [Wt%] : water content of the membrane

Cyx [mol/1] : fixed charge density of the membrane

IEC [meq./g*dry membrane] : ion exchange capacity of the membrane
d [pm] : thickness of the membrane

Table 2 Effective charge density (QC,)

KCl NaCl LiCl
CEM12 0.52 0.61 0.75
CEM18 0.49 0.62 0.71
CEM23 = 0.48 0.65 0.70

QCy [mol/1] : effective charge density of the membrane

Table 3 Cation to anion mobility ratio in the membrane (r)

KCl NaCl LiCl
CEM12 0.87 0.43 0.15
CEM18 0.90 0.55 0.38
CEM23 0.92 0.68 0.53
In water 0.96 0.66 0.51

r [-] : the cation to anion mobility ratio in the membrane

Table 4 The value of charge effectiveness (Q)

KCl NaCl LiCl
CEM12 0.52 0.60 0.74
CEM18 0.57 0.81 0.83
CEM23 0.64 0.86 0.97

Q [-] : the value of charge effectiveness

Table 5 Center-to-centelj distance used for numerical calulation

Axa EIN:)
K* 3.32 3.32
Na* 2.83 2.83
Li* 2.57 2.57

ayxa [A] : center-to-center distance between fixed charge group and counter-ion
asp [A] : center-to-center distance between counter-ion and co-ion
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Study on Water Transport and Highly Concentrating Sea Water through Ton-exchange
Membrane (1)

Akihiko Tanioka and Ryotaro Yamamoto
Departmentof Organic and Polymeric Materials

Graduate School of Science and Engineering, Tokyo Institute of Technology

Summary

In order to produce the salt from sea water the concentration is increased by about 5 times by
electrodialysis procedure before evaporation. Reéently it is desired that the sea water should be
concentrated by 8 or 9 times to obtain the salt in the higher efficiency.  In principle it is necessary to reduce
the water transport based on the electroosmotic and osmotic flows. Preparation of the ion-exchange
membrane, which has low water content, is one of the solutions for this process. However, it decreases
the effective fixed charge density (effective ion capacity) and increase the membrane electric resistance.
In the previous report it was confirmed that the effective ion-exchange capacity and ionic mobility were
reduced in the system of salt-aqueous organic solutions in which the dielectric constant was smaller than in
water.  In this study the ion pairing between a counter-ion and a co-ion in the membrane was also
theoretically considered in addition to that between a counter-ion and a membrane fixed charge group, and
the experimental results compared with the theoretical ones. Experimental results showed that the ion
pairing between a counter-ion and membrane fixed charge groups was increased,  if water content of the
membrane was decreased, or the membrane fixed charge density was increased. The theoretical results
agreed with the experimental results, qualitatively. It was suggested that the increase of ion-exchange
capacity in the state of the low water content was not necessarily advantageous in order to develop the ion-

exchange membrane for highly concentration sea water.
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