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Cation exchange membranes with sulfonic acid groups and anion exchange membranes containing amino groups,

insoluble in acidic and basic aqueous solutions, were prepared from poly (styrene sulfonic acid) (PSA) and poly

(vinyl alcohol) (PVA) and chitosan (Chito) and PVA. respectively. Using the PSA/PVA membranes in a diaphragm

cell, one side being adjusted to be acidic and the other basic, it was possible to transport Na' ions through the PSA/

PVA membranes from the basic-side (B-side) to the acidic-side (A-side) against the concentration gradient ofNa

ion between both sides of the PSA/PVA membrane. In the Chito/PVA membranes. Cl ions could be transported

against its concentration gradient fro, the A-side to the B-side. Their up-hill tansports of Na and Cl ions were

significaitl' influenced by the ipHI dififreice and electric potential dilTerence between both sides ofithe membrane.

1. INTRODUCTION were carried out at 'IC under magnetic stirring. ingr

a diaphragm cell conisting of two detachable part

Concentrations of salts by up-hill transport against
their concentration gradients of Na and Cl ions 3. RESULTS AND DISCUSSION
through cation- and anion-exchange membranes were 3.1 Up-hill transport of Na' ion
investigated under various conditions and mechanisms

for the up-hill transport of those ions are discussed. Changes in ithe concent ration of tihe Na- ion i It

Furhermore. improvements of the up-hill transport

efficiency were studied from the viewpoints of chemical 20

and physical structure of the ion-exchange membrane, A

and clectrostatic-chemiical transport conditions. - A

2. EXPERIMENTAL

PSA was synthesized by the method reported in a 0
previous paper". Chito had free amino group of 92%. 0 1 2 3 4 5 6 7
PVA. produced by Kuraray Co. Ltd., was an average Tim"e (h)

degree of polvmerization. 725 + 25 and degree of Figure I Change ofihe Na ion concentration on both 1des lhc
N kI'VA miembranc th time. Mmbrane. PSl PV -

'aponificiioln 88 -I moNl Transport eperiLents iji ,iiien ii. ;I
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time on the A- and B-side of the PSAIPVA membrane 2.0

are shown in Figure 1. in which initial NaOH on the B-

side was 0.1 M and initial NaCl and 11C7 on the A-side

were 0.1 M, respectively. The concentration of the Na' 10
ion on the A-side. which was acidic, increased; in .
contrast, that on the B-side decreased with time. Since - 0.5

the initial concentration of the Na' ion was the same 0.0

on both A- and B-side, the increase of the Na 0 I 2 3 4 5 6 7 8 9
concentration on the A-side suggests up-hill transport Time (h)

of the Na ion from the B-side to the A-side through Figure3. Change intheconcentration ofthe Cl iono both sideof
the Chito/PVA membrane.

the PSA/PVA membrane. As can be seen from Figure

2. 1p-hill transport fraction of Na ion was significantly

dependent on an initial pH on the A-side as an initial Inthe up-hill of Na and Cl ions by the PSA/PVA

pl I on the B-side was kept constant and that on the A- and Chito/PVA membranes. respectively, it was found

side was changed, and greater as pH difference between that sulfonic acid and amino groups in those membranes

the A- and B-side was larger. played an important role in fixed carriers. Mechanisms

for the up-hill transports of Na~ and Cl ions through
I00 o the PSA/PVA and Chito/PVA membranes, respectively,

are discussed in detail from the viewpoint of an
so -electrostatic interaction between the fixed carrier and

the transporting ion. The fact that the up-hill transport
60 - of those ions did not depend on only the fixed carrier

made using a neutral membrane from PVA clear, and it
40 -

was suggested that an electrostatic-chemical potential
t

S20 gradient between both sides of the membrane was ver

important. Furthermore, in order to improve the

0 C efficiency in the ip-hill transport of Na^ and Cl ions.
-3 -2 -1 0 the effects of the carrier concentrations in the PSA

Log (+) PVA and Chito/PVA membranes. the membrane

Figure2 Trasport nraction ofNa ion plotted against the initial denseness and the electrostatic-chemical potential
I ion concentration on the A-side gradient were investigated. and their mechanistm is also

discussed in detail.

3.2 Up-hill transport of Cl- ion
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