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ABSTRACT

Transport of ionic species through ion exchange membrane found several
applications for water effluents purification and metal ion separation. To enhance
the transport performance, the effect of electric field was introduced in this work.

The transport of U(VI) and Th(IV) species in nitric acid solutions across cation
exchange membrane was investigated. In this concern, different parameters
affecting the transport were studied. These parameters include; nitric acid
concentration in the feed solution, stripping solution concentration and applied
electric field. From the results obtained the permeability coefficient of U(VI) and
Th(IV) were calculated. Based on these informations, a process for separation of
thorium from uranium is developed.

Key Words: Cation Exchange Membrane/ Uranium / Thorium/Electric Field/
Cationic Flux.

•• /••:'•-;;••• INTRODUCTION

Interest in the development of efficient techniques for separations of ions is a stimulant for
constructing new membrane systems. Ion exchange membranes became commercially available about
thirty years ago. These early membranes were sulphonated and animated derivatives of usually,
phenol-formaldehyde polycondensates (l). The properties of some commercially manufactured ion
exchange membranes used in electrodialysis processes is reported (2), they are made of a copolymer of
styrene and divinyl benzene. The basic chemistry of their preparation has been described many times
and is well summarized by Helfferich (3). These membranes have fixed ionic group to the matrix that
permits intrusion and exchange of anions or cations from external source.

The electrodialysis process has a potential use in the separation and concentration of radioactive
elements from different streams (4|5). It is based on the electromigration of ions through a cation or
anion membrane that permits the passage of positive or negative ions, respectively.

More recently, work has been carried out on an electrodialysis process. This work has generally
used organic membranes and has been aimed at studying the use of cells for the removal of
radioactive isotopes (6) from aqueous streams. Other workers have studied the migration of strontium
cations across membranes (7>s'. Fission products and uranium were separated by using liquid
membranes (9>.

When ion exchange membranes applied in Donnan dialysis (DD), these membranes allow the
concentration of metal ions from dilute solutions of salts ('°"'4) in a transport system composed of feed
phase (M2+,A~), cation-exchange membrane (CEM) and strip phase (H+, A").

The effectiveness of polymer membranes in DD is, however, sometimes limited by low
transmembrane fluxes. To enhance the transport performance, the effect of electric field was
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introduced in this work. The results presented deal with fluxes as the fundamental property of ion-
exchange membranes and factors that characterize electrodialysis as the techniques for recovering and
preconcentrating metal ions.

EXPERIMENTAL

1. Reagents:

All reagents were analytical grade products and obtained from BDH, England. Uranyl nitrate
hexahydrate, thorium nitrate tetrahydrate were used for all solutions.

2. Membranes and membrane cell:

Commercially available perfluorosulphonic cation-exchange membrane (Nafion-120, Dupontde
Nemours. USA) was used in experiments. Prior to the experiments the membrane was immersed in
distilled water for 24 hours. The membrane had an effective area of 8.04 cm2, a thickness of 0.28 mm,
ion-exchange capacity 1.1 mol/1 and porediameter of 0.02 u.m. The experimental cell shown in Fig.l.
was fabricated from perspex with two compartments (half cells), each with a capacity of 100 cm3, for
holding the feed and strip solutions. The half cells had magnetic stirrers to agitate the cell liquids at a
rate of 600 rpm. A constant vollage of 30 V was applied to the electrodes.

3. Electrical measurements:

A DC power supply type AS 1164-2 was used to apply an external voltage in the 0-30 V range.
The variations of electrical potential and current were measured by a digital multimeter from 10 mA
to 2A and lOmV to 30 V ranges.

4. Analytical methods:

Uranium and thorium solution samples, were analyzed spectrophotometrically (15) by using
Arsenazo I and III as complexing agent, respectively. Absorbance was measured at 596 and 660 nm.

5. Transport experiments:

Series of experiments were carried out to study the effect of nitric acid concentration in the feed
solution, hydochloric acid concentration in the stripping solution and current density on the transport
of lg/1 U(VI). The volumes of the feed and stripping solutions were 75 cm3 and the applied voltage is
30 V. Recovery and preconcentration of U(VI) and Th(IV) were carried out. The feed and stripping
solutions of 200 and 75 cm' volume, respectively, were thermostated at (298 °K). The initial
concntration of U(VI) and Th(IV) were 1000 and 100 ppm, respectively. The applied voltage is 30 V.
The permeability coefficients (P) of U(VI) and Th(IV) were calculated. Diffusion experiment was
carried out to determine the cations diffusion flux without applying electric field for 4 hrs. The initial
concentration of U(VI) was 1000 ppm. Transport of Th(IV) in presence of U(VI) was carried out at
the optimal conditions for U(VI) transport. Separation of Th(IV) from U(V1) was carried out. A mixed
solution of 1000 ppm U(VI) and 100 ppm Th(IV) was prepared. A voltage of 30 V was applied to the
electrodes and a constant current density of 30 mA/cm3.

RESULTS AND DISCUSSION

1. Transport of U(VI):

1.1. Effect of nitric acid concentration in the feed solution:

The effect of nitric acid concentration in the feed solution on the transport of U(VI) is shown in
Fig.2. It can be seen that the recovery factor (RF= 1 - CM,f / C°M) increases as a function of time and
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reaches its maximum value at 0.005N concentration. The cationic flux, J, was calculated by applying
the following relation(16).

Ji = Nj / At = Am.z / Mi. At g-eq. cm'2 .sec'1 (1)

where, Am = mass variation (mg), Ni = g. equivalents of species passed through the membrane, A=
membrane area = 8.04 cm2, t = time(s), and Z=valancy of ions. The cationic flax of U(VI) obtained
is 5.2x10~8g.eq.cm"2 sec'1.

1.2. Effect of HC1 concentration in the stripping solution:

The effect of HC1 concentration in the stripping phase on the recovery of U(VI) is shown in Fig.3.
The recovery factor, RF, increases as the HC1 concentration increases from 0.1 to 1.5M to reach a
maximum value at 1M HC1 concentration, 0.98 with a cationic flux of 5.2x1 O^g.eq.cm^.sec"1. The RF
at 1.5M HC1 is more or less similar as the RF of 1M.

1.3. Effect of current density:

The experimental data concerning the influence of current density, i, on the U(VI) flux is shown in
Fig.4. It is obvious that the flux increases as the current density increases from 5 to 25 mA/cm'2 to
reach a maximum value of 5.1 xlO^g.eq.cm^.sec"1 at 25 mA/cm"2.

2. Recovery and preconcentration of U(VI) and Th(IV):

The transport of U(VI) and Th(IV) through the membrane was studied. Typical results are given in
Figs. 5(a,b). Fig. 5a gives the concentration of U(VI) and Th(IV) in the feed and stripping solutions
against time. It can be seen that after 2 hours, the concentration of U(VI) in the feed solution is 1.7 x
lO^M and in the stripping solution (cathode side) is 2.6 fold the initial concentration i.e. 0.01M. After
90 minutes, the concentration of Th(IV) in the feed solution is 1.7xlO"5M and in the stripping solution
is 2.6 fold the initial concentration i.e. l.lxl0"3M. From the previous results. Applying electric field
enhances the transport of U(VI) and Th(IV) through the cation-exchange membrane and efficient
concentration was achieved. The cationic fluxes of U(VI) and Th(IV) are 8.3xlO"3 and 7.8 xlO"8

g.eq.cm'2.sec"'.

The permeability coefficient, P, of U(VI) and Th(IV) was calculated according to the following
equation (17).

P = KV/AS (2)

where, V is the volume of the feed solution, cm3, A is the membrane area, cm2, S is the porosity of the
membrane, 0.02 \im, and K is the rate constant of metal ton transport which can be obtained from the
slope of In C/Co Vs t according to the relation

In C/Co = -Kt (3)

Plotting of In C/Co Vs t for U(V1) and Th(IV) is shown in Fig. 5b. The permeability coefficient, P,
of U(VI) and Th(IV) evaluated from the slopes of strainght lines in Fig. 5b according to equation 2 are
2.1xlO7 and 1.7xlO7 cm2/sec, respectively.

3. Donnan Dialysis:

Diffusion experiment was carried out without applying electic field. The driving force is the high
concentration of stripping solution. The number of moles of U(VI) transffered through the membrane,
Q, as a function of time is shown in Fig.6. It is clear that Q increases very slowly with time to a
maximum value of 2.1x10"3M after 4 hours, compared with 4.lxlO"3M after 75 minutes at 30 V.
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Fig.3. Effect of [HCI] in the Stripping
Solution on the Transport of Uranium
Through Nafion Membrane at 30V.
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Fig. 5. The Permeation Rate Constant of
U(VI) and Th(IV) Through Nafion
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The recovery factors are 0.5 and 0.98 and the cationic fluxes are found to equal 8.2x10"10 and 5.2
xlO"8 g.eq.cm~2.sec~', respectively. The diffusion constant can be determined according to Fick's first
law(18).

D
C M - CM,S

where Jd = diffusion flux, g.eq.cm"2.sec"!.
e = membrane thickness = 0.028 cm.

C°M,CM,S - initial concentration and the concentration in the stripping solution.

Thus the diffusion coefficient, D = l.lxl 0"8 . From the previous results, it can be concluded that
diffusion effects are low compared to the transport under the effect of electric field.

4. Transport of Th(IV) in presence of U(VI):

The recovery factors of U(VI) and Th(IV) as a function of time is shown in Fig.(7). It can be seen
that RF of U(VI) and Th(IV) are 0.4 and 0.97, respectively and the separation factor was found to
equal 2.4.

CONCLUSION
- The optimal conditions of U(VI) transport are 0.005 N HNO3 in the feed solution and 1M HC1 in the

striping solution at 30 V.
- Recovery and preconcentration of U(VI) and Th(IV) were found to equal 2.5 and 2.6 fold the initial

concentrations, respectively with a permeability coefficient of 2.1xlO7 and 1.7xlO7 cm2 /sec.
- The cationic flux of U(VI) without applying electeric field is found to equal 8.2x10"'° g-eq.cm"2.sec"'.
- The separation factor of Th(IV) from U(V1) is 2.4 with a recovery factors of 0.97 and 0.4,

respectively.
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Fig.7. The Recovery Factor of Th(IV) in
Presence of U(VI) Through Nafion
Membrane at Constant Current Density of
25 hiA/cm2
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