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ABSTRACT 

Microencapsulation of extractants in polymeric matrices constitutes a new method for treating industrial residues and 
mining di lute aqueous solutions, to recover or remove efficiently their heavy metal contents. The system is based on lhe 
extraction and sorption of metallic ions in a microcapsule (MC). This process presents the possibility to extract, separa te 
and concentrate the heavy metal contents from dilute solutions by means of a practical and simple process. 

ln this study it was investigated the synthesis and the hydrometallurgical capacity of the microcapsules containing 
trioctilamine (TOA) as extractant. The manufacture of these microcapsules was carried out by free radical suspension 
polymerization using different composition of styrene and divinylbenzene. As initiator it was used benzoyl peroxide. ln 
order to measure lhe hydrometallurgical capacity of MC, the content of the extractant inside them was previously 
determined. 

The results of the microcapsules preparation h ave showed that it was possible to obtain yields ranging up to 82% (mass 
weight). The total amount of TOA retained inside the microspheres varied from 0.43237 to 0.05244 mmol TOA/g MC. 
Copper and zinc uptake experiments were accomplished from aqueous solutions prepared at laboratory. The results of 
lhe experiments showed the high efficiency of the proposed hydrometallurgical method. 
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1. INTRODUCTION 

Many industrial processing systems generate polluted wasle walers, for example; leaching of oxide ores with sulphuric 
acid in mining activities and treatment of ceramic materiais in a process with hydrochloric acid. From lhese processes 
are originated discarding solutions in sulphale or chloride medi um containing variable amounts of Cu( II), Zn(ll), Cd(ll) 
and larger amounts of Fe, ali of them above lhe allowable environmental discharge limits. These acid solutions can 
contaminate surface and groundwater bodies (Bilek, 2004; Weber et ai., 2004). 

Solvent extraction (Valenzuela et ai., 1995; Kinoshita et al.,2004) is the one of the most important techniques used for 
lhe separation and recovery of metais from lhes e type of waste solulions, but it has some disadvantages, like the need of 
large quantities of organic solvent and the lost of the solvent and extractant in the aqueous phase due to the solubility of 
the organic phase in the feed. A method to overcome these disadvantages is to immobilize the extractant in a 
microcapsule which consists of a polymer membrane ofhigh porosity, which acts like a support for the liquid extractant 
(Kamio et ai., 2002, 2005, Syouhei et ai. , 2002). This way, microcapsules presenta large specific interfacial area, high 
selectivity, with a minimal use of organics solvents, and ease of phase separation which makes them a good alternative 
to conventional technologies. 

The microcapsules are prepared by free radical suspension polymerization method (Valenzuela el ai., 2005) using 
different composition of styrene and divinylbenzene, lhe monomers we employed in this study. The MC contains the 
extractant trioctylamine (TOA) in the fonn of a protonated amine sal! due to the HCI addition during the polymerization 
process. It acts by an anion-exchange mechanism for chlorine-complexes ofheavy metais like copper and zinc. 

ln this study it was investigated a) lhe synthesis of MC, b) lhe measurement of exlraclanl encapsulated inside lhe MC 
and c) the hydromelallurgical capacity of lhe trioctylamine-conlaining microspheres for Cu and Zn extraction from 
aqueous solutions. 

2. EXPERIMENTAL 

2.1 Microencapsulation 

The synthesis of microcapsules was carried out in a batch-lype reactor. The monomers, the polymerization initiator and 
lhe extractant (trioctylamine) were dissolved allogelher in toluene. This phase was dispersed in an aqueous phase which 
contains distilled water, HCI for the prolonalion of the amine and arabic gum lhat acls like a protective colloid allowing 
the stabilization of small drops thal are generated by mechanical stirring. As initialor for the polymerization was 
selected benzoyl peroxide. The microcapsules were prepared using different composition of monomers slyrene and 
divinylbenzene. The divinylbenzene monomer produces a branched polymer structure like a porous three-dimensional 
net. The polymerization was achieved by heating at 75°C during 3 hrs, in an inert atmosphera (N2), retaining the 
extactant (liquid) inside lhe microspheres produced. Once obtained the polymerized microcapsules, lhey were 
repealedly washed with distilled water and then dried at room temperature. The trioclylamine forms lhe amine salt that 
can undergo reactions of ionic exchange wilh divalent metais from chloride solulion as it is shows in the following 
equations: 

Profonation: [R3Nlor~ + [HA]aq 

Exchange: [R:~NH+Atnt! + [B11q 

2.2 Morphology of MC 

[R3NH+A-lorg 

[R3NH+Bl)rt! + [A-Lq 

(I) 

(2) 

The microcapsules generated by the explained method were observed with a Jeol JSM 6500F, field emission scanning 
electron microscope. The samples were plalinum coated prior to measurements. 

2.3 Determination of extractant adsorbed in the MC 

The microspheres contains the extractant in the protonated fonn, therefore for lhe determination of the quantity of TOA 
adsorbed at lhe MC, the amine was regenerated by contacting lhe microcapsules wilh a Na2C03 solulion in a shaker for 
one hour. The microspheres were filtrated and dried, being lhen the conlent of TOA quantified by potenliometric 
titration using HCI04 as titrating agent. 
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2.4 Hydrometallurgical Extraction Experiments 

These extraction experimenls were made using a synthetic solutions prepared at laboratory which contains I 20 mg/L of 
each metal (Cu and Zn). The pH was adjusted at a value of 2 with hydrochloric acid. The extraclion was made in a 
Polyscience orbital-shaker apparatus, conlacting 0.2 g of microcapsules with 20 cm3 of the aqueous solution containing 
zinc and 0.4 g of microcapsules wilh 40 cm3 of lhe aqueous solution containing copper. Sorption runs were carried out 
during 24 h, enough lo allow equilibrium to be reached. The microcapsules were separated by filtration and the metal 
concentration in the resulting aqueous solution was measured by atomic absorption spectropholometry in a Perkin 
Elmer 311 O apparatus. 

3. RESULTS AND DISCUSSION 

3.1 Microencapsulation 

Table I show lhe content of monomers and TOA added in the synthesis of microcapsu\es and the mass yie\d obtained. 
All the TOA percentages are referred to lhe content of TOA on lhe total mass of organic compounds. 

Table I: Preparation of Microcapsules, Serie I. 

Divinylbenzene% 
Styrene% 
TOA% 
Yield% 

MC-1 MC-2 MC-3 MC-4 MC-5 
71.9 63.1 64.3 63.5 71.5 
28 .1 36.9 35.7 36.5 28.5 
12.8 7.0 I 0.1 5.2 8.4 
1NR 57.8 NR 26.0 57.0 

MC-6 
70.7 
29.3 
4.2 

45.7 

lt was possible to synthesize different microspheres by polymerization in suspension with different proportions of 
divinylbenzene and styrene. The maximum yield percentage obtained was 57.8 % for MC-2. lt can be observed that a 
higher amount ofTOA extractant could inhibit lhe polymerization reaction. 

From these preliminary results a second series of microcapsules were synthesized, containing all of them 20% of 
Styrene (Table II). 

Table II: Preparation of Microcapsules, Serie 2. 

MC-8 MC-10 MC-11 MC-13 MC-14 MC-15 
Divinylbenzene% 80 80 80 80 80 80 

Styrene% 20 20 20 20 20 20 
TOA% 4.3 6.6 8.4 II. O 12.1 14.7 
Yield% 82.1 65.5 66.7 62.0 56.7 48.6 

It was found a higher yield for allthe forrnulations with 20% of Styrene. By other hand, it was synthesized a third series 
of MC with a content of 45% styrene. ln this study it was not added HCl to the aqueous phase trying to 
microencapsulate the extractant in its amine form as comparison to lhe amine-salt fonn. However, it could not be 
possible in ali these experiences lhe synthesis of microcapsules, confirming the role of this acid to conforrn the 
microcapsules with TOA. Furtherrnore, lhe amine-salt would be the active species for metal extraction. 

lt was generated a fourth series of MC, which were prepared using around a 40% of styrene content. This series allowed 
to increase the amount of TOA in them. (Table III). Ali the forrnulations with a high content of TOA showed 
agglomeration of lhe microcapsules, and a rubbery consistency witch is not good for its application. 

1 No Reaction 

Divynilbencene% 
Styrene% 
TOA % 
Yield% 

Table III: Preparation of Microcapsules, Serie 4. 
MC-25 MC-26 MC-27 MC-28 

62 .0 63 .8 61.0 61.8 
38.0 36.2 39.0 38.2 
9.5 11.2 13.6 16.6 
29.0 23 .6 35.7 36.6 

MC-29 
62 .7 
37.3 
19.8 
NR 
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ln order to avoid the agglomeration of the microcapsules and its rubbery appcarance, an additional amounl of dispersant 
was added to the synthesis fonnulation (arabic gum). Allhough it was employed larger quantities of the gum, it was not 
possible to polymeríze the microspheres. 

Fínally a fifth series of MC was synlbesized by increasing the slyrene contenl around 60% (Table IV). 

Divínylbencene % 
Styrene% 
TOA% 
Yield% 

MC-30 
41.8 
58.2 
7.2 
42.5 

Table IV: Preparation ofMicrocapsules, Serie 5. 
MC-31 MC-32 MC-33 MC-34 

40.1 39.1 40.6 40.3 
59.9 60.9 59.4 59.7 
11.2 13.1 15.2 18.3 
41.1 66.5 55.8 49.5 

MC-35 
39.0 
61.0 
12.9 
41.4 

MC-36 
39.0 
61.0 
19.9 
38.9 

This series allowed to increase lhe percentage of TOA incorporated in the microcapsules, being observed a maximum 
yield of 66.5% in the forrnulatíon MC-32. As can be seen by comparing results ofTable 2, 3 and 4, is notorious that lhe 
production of microcapsules is enhanced as the proportion of styrene monomer is decreased. And the incorporation of 
TOA ín the microcapsules in enhanced as lhe proportion of styrene increases. 

3.2 Morphology 

The obtained MCs were observed at the field emiSSIOn scanning electron microscope. lt can be seen tbat the 
microcapsules have circular and amorphous forros. ln addition, it is observed tbat in some forrnulations lhe 
microspheres are agglomerated. 

,. 

a) 

b) 
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Figure 1: a) MC 34, b) MC 32, c) MC 33 

3.3 Determination of extractant adsorbed in the MC 

The content ofTOA in the first series ofmicrocapsules determined by potentiometric litration is shown in Table V. 

Table V: Microcapsules of Serie I. 

MC-1 MC-2 MC-3 MC-4 MC-5 MC-6 
rnmol TOA/gMC NR 0.4324 NR 0.1 760 0.0599 0.0524 

mgTONgMC NR 152.920 NR 62.2540 2 1.1 837 18.5470 
% TOA retained o 55.9 o 30.5 15.6 14.6 

It was quantified the content of TOA in the second series of microcapsules by the polentiometric títration method. The 
results are shown in Table VI. 

Table VI: Microcapsules of Serie 2. 

MC-8 MC-10 MC-11 MC-13 MC-14 MC-15 
mmol TOA/gMC 2ND 0.0576 0.0567 0.1574 0.1425 0.3467 

mgTOA/gMC NO 20.4 20.1 55.7 50.4 122.6 
%TOA reatined o 20.3 16.0 31.5 23.7 40.5 

1t is clear from boi h Tables that not ali the extractant employed in the polymerization is retained in the MC. Part of the 
extractant is lost during the polymerization, by its dissolulion in toluene during lhe filtration step. 

3.4 HydrometaUurgical Extraction Experiments 

Once lhe extractant retained in the microcapsules was determined, lhe MCs were put in contact with lhe solutions that 
contained the metal of interest, by using the orbital-shaker apparatus at 30°C. After lhe contact, the suspension was 
filtrated and lhe metal content at the raffinate solution was measured by atomic absorption method. The amount of 
metal adsorbed in the MC was calculated from lhe mass balance between lhe initial and final concentration of metallic 
ion in lhe acid aqueous solution. The results oflhese preliminary experiments are shown in Figures 2 and 3. 

2 Not Detennined: It was not possible to determine experimentaly lhe conlent ofTOA for the 4% formulation. 
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Extraction of Cu and Zn 
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Figure 2. Extraction of copper and zincas function of TOA concentration, Se ri c l . 

Figure 2 shows the copper and zinc extractions using microspheres synthcsizcd by formulations MCl to MC6 at pH 2. 
It is observed that the extraction of zinc was greater than those of copper. The maximum zinc cxtraction was achicved 
using the MC-2 formulation (7% TOA), where was measured an extraction of 0.06885 mmol of zinc by gram of MC. 

ln Figure 3 is shown the extraction of both metais with the microcapsules from MC-8 to MC-15 as a function of thc 
amount of TOA extractant cmployed in the synthesis of the microspheres. lt can be observed that the zinc cxtraction is 
highcr than those of copper and it is also appreciatc that an excess of amine cxtractant in thc polymerization increases 
the metal uptake. 
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Figure 3. Extraction of copper and zincas function of TOA conccntration, Scrie 2. 

The next expcriments will be carried out using real waste solutions. However, and according to ali the experiments 
shown herein, it is possible to conclude that the synthesis of microcapsules is a very simple method that permit to obtain 
an appropriate support for the extractant, the active compound for metal uptake. 

4. CONCLUSION 

Thc results of thc microcapsules preparation havc showed that it was possible to synthcsizc differcnt microspheres by 
polymerization in suspcnsion using diffcrent proportions of monomcrs, obtaining yiclds ranging up to 82% (mass 
wcight). When a higher amount of thc extractant is added to the polymerization the yield of microspheres decrcascs, 
showing an inhibit bchavior on the polymerization reaction. Thc role of the hydrochloric acid addcd in thc aqueous 
phase is primordial to conform the microcapsules with TOA, without this acid the polymcric reaction does not take 
place. The acid gcnerates the amine-salt witch would be the active species for metal cxtraction. Howcver, not ali the 
extractant employcd in thc polymerization is retained in the MC; part of the cxtractant is lost by its di ssolution in 
toluene during the filtration step. The total amount of TOA retained insidc the microsphcrcs varicd from 0.43237 to 
0.05244 mmol TOA/g MC. 
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The production of microcapsules is cnhanced as the propmtion of styrene monomer is decreased. And the incorporation 
of TOA in the microcapsules in cnhanced as thc proportion of styrenc increases. The formulations with a high content 
of TOA showcd agglomeration of the microcapsules, and a mbbery consistency witch is not good for its application. 
The microcapsulcs have circular and amorphous forms observed by field emission scanning electron microscope. 

Coppcr and zinc uptake experiments werc accomplished from aqueous solutions prepared at laboratory. The extraction 
of zinc was greatcr than those of copper in ali cases and it is also appreciate that an excess of amine extractant in the 
polymcrization increases the metal uptake. Thc maximum zinc extraction was achieved using the MC-2 formulation, 
where was measurcd an extraction of 0.06885 mmol of zinc by gram of MC. The results of the experiments of metal 
uptake showed the high cfficiency ofthe proposed hydrometallurgical method. 

It is possible to concludc that the synthesis of microcapsules is a very simple method that permits to obtain an 
appropriate support for the extractant, the active compound for metal uptake. This technology appears as a promissory 
methodology in the field of the hcavy metal remova! from aqueous solutions prcsenting and interesting potential of use 
in decontamination of mining di lute aqueous solutions. 
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