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During the past few years considerable efforts have been devoted to studying the potentialities

of surfactant-based organized systems for the development of new separation techniques (1). The

systems considered include micelles, microemulsions, reversed micelles, vesicles, amphiphilic block

copolymers, etc... One of the major interest of these systems, if we exclude reverse micelles, is that

they can operate in a mostly aqueous media, whereas classical extraction/separation processes require

the use of an organic solvent. For this reason such processes appear quite attractive from the point of

view of the environment, especially if one considers the fact that they can be applied to remove

different kinds of pollutants from contaminated water.

Provided that a pollutant can dissolve in the hydrophobic core of a micelle or that it can be

electrostatically bound to the micelle surface, it can be removed from the aqueous continuous phase

with sometimes a very high efficiency. The separation of the micellar pseudophase from the aqueous

phase is usually achieved through the use of semi-permeable membranes with pore diameters small

enough to retain the micellar particles. Hollow fibers or ultrafiltration equipments have been used for

this purpose.
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An abundant literature exists now on this topic and the removal of different sorts of pollutants

was reported using the preceding techniques : organic compounds (1) (dyes (2), polycyclic aromatic

hydrocarbons (3), etc..) or metal ions for instance (1, 4-9). However, not all the problems associated

to the use of organized colloidal systems are solved. The major ones concern the passage of the

monomeric surfactant across the pores of the membranes and the recycling of the micellar pseudo-

phase, not speaking of the problems that can be brought by other substances solubilized in the

solutions to be treated.

Besides their role in pseudo-biphasic extraction micellar particles can also play the part of

mobile carrier in liquid membrane transport processes. In that case, reversed micelles were shown to

be able to transport ionic solutes through an organic phase in which they are insoluble or very poorly

soluble (10). Conversely the transport of hydrophobic substances by oil-in-water droplets was also

demonstrated. The selectivity of such processes is depending on the binding constant between the

substance transported and the droplet, and it may also depend on the mechanism of the interfacial

transfer at the organic/water interfaces.

In this talk, we will address some specific points of interest regarding the use of micellar

systems for the separation of ionic solutes, especially metal ions. We will first show the strong

analogy existing between the "pseudo-biphasic extraction" occurring in micellar systems and classical

solvent extraction. Then we will discuss some kinetic aspects of metal complexation and their

implication for performing kinetic separation of metal ions. Finally we will consider the transport of

ionic solutes by reversed micelles using liquid membrane techniques.

Analogy between micellar extraction and solvent extraction

One way of using micellar systems to perform metal ion extraction consists in solubilizing

lipophilic complexing agents in the hydrophobic core of the micelles (6, 7, 9), similarly to their

solubilization in the organic phase in classical biphasic extraction. Metal ions dissolved in the

34



continuous aqueous phase will be complexed or not, depending on their affinity for the micelle-

solubilized extractant, the microscopic micelle/water interface playing a part analogous to the

macroscopic organic/water interface in biphasic extraction. The yields of extraction (after

ultrafiltration of the micellar pseudo-phase) when parameters such as the extractant/metal ratio or the

extractant hydrophobicity are changed, show similar trends as those reported in the case of solvent

extraction, but only diluted solutions can be treated that way.

Kinetic separations

The rate of complex formation is known to considerably depend on the nature of the metal ion

involved (11). However, in most instances, the reaction rate is too fast for separations on a kinetic

basis to be possible. One advantage of the micellar processes is to make feasible such kind of

separation of metal ions, which implies a strong retardation of the reaction kinetics. Quite a good

Ni2+/Co2+ separation could be achieved by taking advantage of the electrostatic repulsions between the

cationic micelles solubilizing the extractant and the metal ions themselves (12, 13). The time

parameter must then be taken into account in the procedure used, since the ultrafiltration step must

immediately follow the mixing of the micellar solution with the solution to be treated.

Liquid membrane transport

Reverse micelles can behave differently in the way they can transport ionic solutes across

liquid membranes. For instance, the nature of the surfactant used may be responsible for large

differences in the mechanism of the liquid-liquid interfacial transfer. This is manifested by the fact

that the flux obtained for metal-ion transport will depend or not on the nature of the associated anion

(10, 14). Two different modes of transport may occur : either the ion-pair is transfered from the

source aqueous phase to the micellar carrier via the organic phase, or the reversed micelles can open
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at the interface by coalescence with the interfacial surfactant film, thus favoring a direct transfer. A

strong effect of the anion on the measured flux of metal ions is observed in the first case, but not in

the second one.

These different aspects will be discussed and illustrated by experimental results.
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