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Table 1 Physico-chemical roperties of ion_..-exch.ange mémbranes

[EM for Highly
Commercial CEM | Commercial AEM | Concentrating Sea
Waler
Thickness (wm) ) 110~150 110~150 110~150
Statical Transport Number, :
(MP Method:0.5N/1,0N NaCl) >0.91 >0.93 >0.91
Electric Resistance ($2cm”) - N N
(AC1000Hz in 0.5N NaCl) 20~3.3 2.0~3.5 2.0~3.5
Walter Content (w1%) 15~16 15~16 15~16
(per wet membrane) )
lon-exchange Capacity (meq/g) 1.5~18 2.0—23 s g
(per dry membrane) i
Briltleness - s N
(Kg/em?) 3~5 3~5 3~5
Dynamic Transport Number - - -
(in 0.5 NNaCl) 0.95~0.97 0.95~0.97 0.95~0.97
Salt Ditfusion Coefficient = N 7 -
(meq/cm’h:N) (in 0.5 NNaCl) 0.006~0.008 0.005~0.00 0.005~0.008
Electro-osmotic Coelficient 0.0 N N
(mYmAlr) (in0.5 NNaCl) 0.0034~0.0036 0.0028~0.0030 | 0.0014~0.0018
Osmotic Coefficient(ml/cm hrlN) - N -
(in 0.5 NNaCl) 0.013~0.019 0.010~0.013 0.005~0.0095

CEM AEM
tc = Nat - % e l—tA
Transport Numbers of
Ions in Membranes
l_fc ST RS ClI- & tA.
— - Diffusion Coefficients
(Ks)c—= NaCl > (Ks)a of Salts in Membranes
- . Electro-osmotic Coefficients
Be = H0 = Ba of Water in Membranes
wilh ion
- - Osmotic Coefficients of
Ew)c o H0 —= 2 (Kw)a- Water in Membranes
by osmolic pressure )

dil conc dil

B ] . Electric Current

Fig. 1 Parameters in ion-exchange membranes

Table.2 Effective charge density (QCy) and ionic mobility ratio (r) of a blend
membrane mixed with PAN and PSSNa and commercial cation exchange membrane
(CEM)

Cationic PAN+PSSNa - CEM In water
Electrolytes  radii(A)  QC,(mol/L) r QC,(mol/L) r I
KCl 1.33 0.506 0.356 0.248 0.810 0.963
NaCl 0.97 0.495 0.226 0.364 0.777 0.656
LiCl 0.68 0.570 0.159 0.556 0.632 0.507
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Fig. 2 The relationéhip between mobility of Na* (@ _) and degree of hydration (H)
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Fig. 3 Charge effectiveness (Q) as a function of dielectric constants of solvents (gg) of
a commercial cation exchange membrane and anion exchange membrane. @,H, 4 A,
and V, respectively, indicate the calculated results for membrane K-101 in water,
dimethyl sulfoxide, ethylene glycol, methanol and n-propanol. O,[0,O,A, and V,
respectively. indicate the calculated results for membrane A-201 in water, dimethyl

sulfoxide, ethylene glycol, methanol, and n-proanol.
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Fig. 4 Effective charge density (QCy) as a function of methanol weight fraction (wy)
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Fig. 5 Mobility ratio of Li* to CI' (r) in a membrane as a function of methanol weight
fraction (wy)
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Study on Water Transport and Highly Concentrating Sea Water through Ion-

exchange Membrane

Akihiko Tanioka, Ryotaro Yamamoto and Tzu-Jen Chou
Department of 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 through ion-exchange membrane before evaporation. Recently it is desired that
the sea water is concentrated by 8 or 9 times to obtain the salt in the higher efficiency.
Reduction of the water content in the ion-exchange membrane is one of the solutions for
this process. ~ However, it decreases the effective fixed charge density (effective ion
capacity) and increase the membrane resistance. In this study, the effect of ion pairing
between fixed charge groups and counterions on the effective charge density and the
ionic mobility was studied, theoretically and experimentally, in order to develop the
ion-exchange membrane for highly concentrating sea water.

Cation exchange membranes which were composed of PAN mixed with PSSNa and
poly(divinylbenzene-co-styrene) containing sulfonic acid group in a polymer matrix,
and anion exchange membranes which were composed of poly(bﬁtadienc-co-styrene)
containing quaternary amine groups and PVA grafted with quaternary amine groups,
were used for the measurements. The membrane potentials across cation- and anion-
exchange membranes were measured for salt-aqueous and organic solutions.  The
experimental data were analyzed on the basis of the Donnan equilibrium and the Nernst-
Planck equation of ion flux.  The effective charge densities (QCyx) and the mobility
ratios of cation to anion (r=w,/w.) in the membranes were determined. It was
evidenced that the counter-ions prefer to make ion pairs with the fixed charge groups in
the low water content since the dielectric constant in the membrane is smaller than
water.  From those results it was suggested the introduction of OH group in the ion-

exchange membrane reduces the effect of ion pairing.
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