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ABSTRACT: The transport of cobalt and zinc through a carboxylic ion-exchange mem-
brane was investigated by using a system containing HCl as a receiver solution and
cobalt chloride or zinc chloride as a feed solution. The transfer rate was found to be
greatly affected by the H1 concentration in the receiver solution and metal concentra-
tion in the feed solution. The rate of transfer for zinc was about 25% higher than that
of cobalt under the same experimental conditions (0.5M HCl as a receiver solution,
0.1M feed solution, and 5 h dialysis time). © 2001 John Wiley & Sons, Inc. J Appl Polym Sci
80: 47–50, 2001
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INTRODUCTION

Much attention has been paid recently to the de-
velopment of metal transport in Donnan dialysis
using ion-exchange membranes. It was consid-
ered that the ability to transport metal ions
through the membrane can be improved by mod-
ification of the membrane’s physical and chemical
structure and properties.1–8

Wen and Hamil1 reported that the transport of
Cu21, Ni21, Co21, Mg21, and Fe31 ions through
sulfonated styrene-grafted or acrylic acid-grafted
membranes increases with increase of the mem-
brane ion-exchange capacity. Macenauer et al.2

studied the transport of divalent cations, such as
Ni21, Cu21, Co21, Zn21, and Fe21, through a per-
fluorosulfonate ion-exchange membrane (Nafion
427) with metal sulfate–sulfuric acid systems.
The efficiency of the dialysis was found to depend
on the initial concentration ratio of the metal
sulfate and sulfuric acid solutions.

Cox et al.9,10 described the effect of the nature
and ionic strength of a receiver solution on Donan
dialysis enrichment of Cu, Zn, and Fe using poly-
(styrene sulfonate)/polyethylene and sulfonate/
Teflon-based membranes. Other autors11–15 stud-
ied the transport of Ag1, Co21, Cu21, Zn21, Ni21,
and Fe31 through microporous membranes con-
taining an organic complexing agent in the pores
as a carrier.

In our previous articles,16,17 carboxylic ion-ex-
change membranes were synthesized and the
transport of copper and nickel through the mem-
branes was studied. The purpose of this article
was to investigate cobalt and zinc transport
through the carboxylic membrane based on the
poly(vinyl chloride)/poly(methyl methacrylate-co-
divinylbenzene) [PVC/poly(MMA-co-DVB)] system.

EXPERIMENTAL

Materials

The PVC used was Devilit E-70, a product of
Polychim (Devnia, Bulgaria) with Mn 5 9 3 104
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g/mol. DVB was supplied by the Koch–Light Lab-
oratories, Ltd. (England), and contained 54% of
DVB isomers. It was used as a crosslinking agent.
MMA was a commercial product supplied by
Reachim (Russia). Benzoyl peroxide (BPO), re-
agent grade, was used as an initiator for the po-
lymerization. All other chemicals used (CoCl2,
ZnCl2, HCl, EDTA, CH3OH, and CH3COOH)
were of analytical reagent grade.

Membrane Preparation

Fine PVC powder was mixed with a monomer
mixture containing MMA, 5 wt % DVB, and 2 wt
% BPO to prepare a paste. The composite ob-
tained was cast between two cellophane films and
heated at 373 K for 10 h. The PVC/poly(MMA-co-
DVB) polymer film synthesized was treated with
glacial acetic acid at 353 K for 3 h. The carboxylic
membrane obtained was washed consecutively
with acetone, methanol, and water. The mem-
brane used in this study had an ion-exchange
capacity of 3.41 meq/g (dry membrane in the H
form), a water content of 0.320 g/g, an electrical
resistance of 40 V cm2, and a thicknees of 0.180
mm.

Methods

Transport experiments were carried out at 298 K
using a dialysis cell with two compartments (47

cm3 each), equipped with a glass stirrer. The ef-
fective membrane area was 4.5 cm2. The compart-
ments were filled with CoCl2 or ZnCl2 (as a feed
solution) and HCl (as a receiver solution). Both
solutions were sampled periodically and the
metal concentration was determined by titration
with an EDTA solution. The HCl concentration
was determined by titration with a NaOH solu-
tion. The pH of solutions were monitored by a
pH-meter, Model OP 205 (Radelkis, Hungary).
The experiments were carried out at a stirring
speed of 700–800 rpm.

The membrane transfer rate J (mol cm22 h21)
was calculated by a linear regression technique
from the change of the concentration by the for-
mula

J 5 2V/S~dC/dt!

where C is the cobalt or zinc concentration in the
solution analyzed (mol/dm3), V, the volume of the
solution (cm3); S, the effective membrane area
(cm2), and t, the time (h).

The transfer fraction (a, %) was calculated
from the relationship

a 5 ~Ct/C0! 3 100

where Ct is the concentration of cobalt or zinc in
the receiver solution after 5 h dialysis time (mol/
dm3) and C0 is the initial concentration of cobalt
or zinc in the feed solution (mol/dm3).

RESULTS AND DISCUSSION

The transport of cobalt and zinc through a car-
boxylic membrane, based on the PVC/poly(MMA-

Table I Results of Transport Experiments

Feed Solution
Receiver
Solution

Transfer Rate
(J 3 105 mol

cm22 h21)

Cobalt Zinc

0.01M CoCl2 (or ZnCl2) 0.1M HCl 0.65 1.15
0.3M HCl 0.85 1.25
0.5M HCl 1.25 1.32

0.1M CoCl2 (or ZnCl2) 0.1M HCl 3.35 4.40
0.3M HCl 3.74 5.01
0.5M HCl 4.37 5.43

Figure 1 Dependence of cobalt concentration in re-
ceiver solution on time and HCl concentration: (E)
0.5M, (L) 0.3M, (F) 0.1M, and (X) 1.0M HCl.
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co-DVB) system, was investegited under various
conditions. Figure 1 represents the dependence of
cobalt transport through the membrane on the
time and concentration of HCl in the receiver
solution. The acid concentration was varied from
0.1 to 1.0 mol/dm3 and the feed solution was 0.1
mol/dm3 CoCl2. It can be seen that the amount of
cobalt removed from the feed solution and appear-
ing in the receiver solution significantly increases
with increase of the H1 ion concentration in the
receiver solution up to 0.5 mol/dm3 and during the
first 5 h of the experiments. The transfer rate
increased 1.3 times when 0.5 mol/dm3 HCl was
used as the receiver solution, compared to that of
a 0.1 mol/dm3 HCl solution (Table I). The transfer
fraction of cobalt was about 21.4% after 5 h dial-
ysis time.

Figure 2 shows the changes in pH of the feed
and receiver solutions, respectively, with the time
at different H1 ion concentrations. It was found
that the pH value in the feed solution decreases
up to 1.8 during the first 5 h in the case of 0.5M
HCl as the receiver solution [Fig. 2(A)]. For the

Figure 2 Changes in pH of (F) feed and (E) receiver
solutions with the time and HCl concentration: (A)
0.5M; (B) 0.3M, and (C) 0.1M HCl. Feed solution: 0.1M
CoCl2.

Figure 3 Dependence of zinc concentration in re-
ceiver solution on time and HCl concentration: (E)
0.5M, (L) 0.3M, and (F) 0.1M HCl.

Figure 4 Changes in pH of (F) feed and (E) receiver
solutions with the time and HCl concentration: (A)
0.5M, (B) 0.3M, and (C) 0.1M HCl. Feed solution: 0.1M
ZnCl2.
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receiver solution, the pH changed slightly up to
24 h. It can be supposed that the cobalt is trans-
ported from the feed to the receiver solution by
the diffusion flux based on the concentration gra-
dient and active transport driven by the H1 flux
through the membrane. The mobility of H1 ions
in the membrane phase is higher than that of the
Co21 ions.

The results obtained for zinc transport through
the membrane are shown in Figures 3 and 4.
Figure 3 shows the dependence of the zinc trans-
port on the time and acid concentration in the
receiver solution. The amount of zinc transported
through the membrane increased when a higher
concentration of HCl in the receiver solution was
used. It was found that the transfer rate of zinc
was about 25% higher than that of the cobalt
under the same conditions (0.5 mol/dm3 HCl as
the receiver solution, 0.1 mol/dm3 ZnCl2 as the
feed solution, and 5 h dialysis time). The transfer
fraction observed for zinc was found to be about
23.9%. Figure 4 shows the change of pH in the
feed and receiver solutions during the zinc thans-
port.

The investigation carried out and the results
obtained regarding the effect of the initial metal
concentration in the feed solution are shown in
Figure 5 and Table I. The receiver solution was

0.5M HCl. As can be seen from the figure, the
transfer rate of cobalt and zinc decreased with
decrease of the initial metal concentration in the
feed solution. The rate of transfer of ions observed
for 0.01M CoCl2 (or 0.01M ZnCl2) was 3.5–4.0
times lower than that of 0.1M MeCl2 as a feed
solution.

On the basis of these results and the results
obtained for copper and nickel,17 it could be sug-
gested that the mobility of the corresponding ions
in the membrane phase decreases in the order
Zn21 . Co21 . Ni21 . Cu21. The transfer rate of
the ions was greatly affected by the H1 concen-
tration in the receiver solution and the metal
concentration in the feed solution.
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Figure 5 Effect of the initial metal concentration on
the transfer rate: (E) zinc, (F) cobalt. Receiver solution:
0.5M HCl.
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