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PREPARATION OF EXTRACTANT-IMMOBILIZED CAPSULES 

Solvent (or extractant) impregnated resins are generally prepared by contact 
of a synthetic resin with an extractant diluted in a suitable solvent, followed by 
solvent evaporation and extractant deposition into the matrix of the resin. An 
alternative process has been proposed for the manufacturing of extractant 
impregnated resins. It consists in the immobilization of the extractant (or the ionic 
liquid) in a biopolymer matrix constituted of alginate. The process has been 
previously described by Mimura and Outokesh group [1,2]; the method was recently 
modified by Vincent and Guibal [3-7]. The process consists in three steps: 
• The extractant (or ionic liquid, IL) is mixed with gelatin in an alkaline media (at 
appropriate temperature, i.e., melting temperature of gelatin); 
• The resulting solution is mixed with sodium alginate; 
• The solution is distributed dropwise into an ionotropic gelation solution (CaCl2). 

The gelatin in alkaline media allowed making compatible the mixture of the 
hydrophobic extractant with alginate solution: gelatin acts as a dispersing agent. 
Alginate contributes to the process as a shape forming material: the drops of 
alginate-gelatin-extractant form spherical particles after being extruded into the 
ionotropic gelation solution (Figure 1(a)). 

Fig. 1. Cyphos IL-101 immobilized in biopolymer capsules: (a) surface 
microphotograph ; (b) microphotograph of a cross-section ; (c) P distribution along 

the cross section shown on (b) figure (dot line) (using SEM-EDAX analysis) 

This concept was applied for the immobilization of Cyanex 301 and Cyphos 
IL-101 (trihexyl(tetradecyl)phosphonium chloride, R2R'P+,C1") for the preparation of 
a series of resins, which were used for the sorption of palladium, platinum, gold, 
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bismuth, mercury in HC1 solutions. SEM-EDAX analysis (on a cross-section) shows 
the homogeneous distribution of the extractant in the particle (Figure l(b,c)). 

The process was also applied for the encapsulation of a series of other 
alkylphosphonium compounds, changing the counter anion: dicyanamide (Cyphos 
IL -105), bistriflamide (Cyphos IL-109) and tetrafluoroborate (Cyphos IL-111). The 
SEM analysis of a cross section of these different ILs is shown on Figure 2. The 
aspect of the cross section changed with the type of IL: with Cyphos IL-101 and IL-
105 the internal porous distribution was characterized by small-size holes 
(corresponding to IL vesicles in the composite biopolymer matrix) while with 
Cyphos IL-111 large holes were observed. This difference is probably related to the 
differences in the physical properties of the ILs: contrary to Cyphos IL-101 and IL-
105, Cyphos IL-111 is solid at room temperature. During the ionotropic gelation the 
decrease of operating temperature leads to the appearance of large vesicles 
containing "solid" IL agglomerates. 

Fig. 2. Comparison of cross-sections of capsules loaded with different ILs 

RESULTS AND DISCUSSION 

After metal sorption SEM-EDAX analysis allows determining the 
distribution of the extractant and the metal along the cross section. Figure 3 shows 
the example of Bi(III) recovery from HC1 solutions using Cyphos IL-101 
immobilized in alginate capsules for two types of resins (C3L: 1.1 mmol IL g"1; 
diameter: 1.6 mm); C2S: (0.97 mmol IL g"1; diam.: 0.47 mm) [3]. 
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Fig. 3. SEM-EDAX analysis of Cyphos IL-101 particles loaded with bismuth: (a) 
partially loaded particle; (b) saturated particle 
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Figure 3(a) shows that P element (tracer of IL) is homogeneously distributed 
over the cross-section, while Bi was only adsorbed at the external layers of the 
particles: the saturation of the resin was not reached. This figure shows that the 
sorption probably obeys a shrinking core mechanism: the sorption front 
progressively moves from the surface to the interior of the particle without forming a 
concentration gradient. At saturation of the resin (Figure 3(b)), Bi(III) is distributed 
homogeneously in the whole particle indicating that all the reactive groups (Cyphos 
IL phosphonium groups) are available. 

The sorption mechanism consists in the ion exchange of chloride ions (on 
Cyphos IL-101) with chloro-metal species. Figure 4 shows the example of Au(III) 
sorption [4]: the stoichiometric ratio IL/Au(III) close to 1 corresponds to the 
reaction: R2R'P+,C1" + AuCU" <-• R2R'P+,AuCl4" + CI". However, in some cases, 
depending on the possible changes in the speciation of the metal (with chloride 
concentration), this rule was not systematically verified [6,7]. 
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Fig. 4. Au(III) sorption isotherms for Cyphos IL-101-immoblized resins (changing 
the size of resin particles and IL content; [HO]: 1 M) 

Alginate matrix is not stable in alkaline media (due to Ca2+ exchange with 
monovalent metal cation, such as Na+), the resins cannot be used at pH above 5. 
Acidic solutions are generally more appropriate. Tests performed at different HC1 
concentrations for Hg(II), Cd(II), Bi(III), Pd(II), Pt(IV), or Au(III) showed that 
sorption capacity remained quite high (about 1 mmol metal g"1) even at HC1 
concentrations as high as 2 M. The presence of competitor anions influences metal 
sorption due to their competition effect for reacting with phosphonium cation. 
However, even in solutions containing high nitrate or chloride concentration (around 
2 M), sorption capacities remained higher than 0.5 mmol metal g"1, making possible 
the use of these materials for the traetment of industrial effluents. In the presence of 
competitor metal cations (such as base metals), the impact on sorption capacity 
depends on the speciation of the metal in HC1 solutions: for those metals that do not 
form anionic chloro-complexes the sorption capacity remains almost unchanged up 
to concentrations as high as 5 g L"1; while for metals forming chloro-anionic species, 
a significant decrease is observed in the sorption capacity (for example, Zn(II)). 
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Uptake kinetics is controlled by intraparticle diffusion, especially when using 
dry resins. Figure 5 shows the kinetic profiles for Pd(II) sorption using Cyphos IL-
101 immobilized in alginate capsules [7]; they are compared for different initial 
metal concentrations and for both dry and wet resins. Drying the resins resulted in 
much longer contact time for reaching equilibrium. The kinetics are described by 
simple models (i.e., the pseudo second-order rate equation), though the resistance to 
intraparticle diffusion cannot be neglected. The kinetics profiles are controlled by 
parameters like particle size, metal concentration, or sorbent dosage, contrary to 
parameters such as agitation speed. The weak effect of agitation indicates that 
kinetics is not controlled by the resistance to film diffusion. 
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Fig. 5. Comparison of Pd(II) uptake kinetics for Cyphos IL-101 immobilized 
capsules for different lots of resin ([HO]: 1 M; W: wet and D: dry res) 

The metal can be desorbed using nitric acid or thiourea in HC1 media, 
depending on the metal. The desorption reached, depending on metal, between 60 
and 90 % and the sorbent could, in most cases, be re-used for at least 3 
sorption/desorption cycles. 
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