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1. Introduction
During copper extraction processes from oxidized minerals to produce cathodic copper the cobalt is accumulated in the refine and in leaching piles by means of mechanical drag and electrolytic purges, reaching concentrations of 60 to 110 mg/L. However, during the electrodeposition process, cobalt salts are added to the electrolyte to stabilize the surface of lead anode with a layer of , improving its quality and, consequently, reducing the formation of ladder slats that provide an increase in the cathodic quality. This article presents the results of study of cobalt recovery through electrodialysis using ionic exchange membrane cationic. 
2. MethodsFigure 1. Scheme Electrodialysis cell

The electrodialysis circuit consists of a cubic cell of two chambers with a cation exchange membrane were placed between the electrodes, at a distance de 10 cm, to form a separate anolyte and catholyte chambers (see Figure 1). Catholyte of volume 1 dm-3 containing 1 to 1,6 mol dm-3  and two anolytes 3 dm-3 in volume containing, the first: cobalt ions at a concentration of 100 mg dm-3 and 0,1 mol dm-3 HCl and the second: cobalt ions at a concentration of 100 to 1,000 mg dm-3 and 0.1 to 0.5 mol dm-3 . Catholyte and anolyte were circulated to each chamber using separate pumps.  The flow rate of both electrolytes was kept constant at 1 dm-3 min-1. A stainless-steel cathode was used. The electrolytes are fed from the lower and the outlet is from top by gravity.
Anodic overpotential curves (SPA) to determine the material of anodic electrode were realized (graphite or titanium) in order to avoid the formation of chlorine gas. To determine the current intensity of work potential-current curves (CVC) were realized to the cationic membrane. 
Finally, electrodialysis test was carried out for 8 h at 25 and 40°C and different current intensity 
depending on the results of the SPA and CVC curves, the parameters are show in Table 1. 
Table 1 Parameters of electrodialysis test
	Test
	Current
intensity (A)
	T (°C)
	Acid in anolyte
(M)
	 in Catholyte
(M)
	Cobalt
(mg dm-3)

	1
	0.02
	25
	0.1 HCl
	1
	100

	2
	0.02
	25
	0.1 
	1.6
	100

	3
	0.02
	25
	0.1 
	1.6
	1,000

	4
	1.5
	40
	0.5 
	1.6
	1,000


	5
	3
	40
	0.5 
	1.6
	1,000



3. Discussion and ConclusionsFigure 2. Anodic overpotential for titanium and graphite anode, and the area without gas formation.

[bookmark: _GoBack]The results of SPA curves (Figure 2) indicate that there is no gas formation to 0.03 A, using titanium anode while if using graphite anode there is gas formation according to the equation . On the other hand, the CVC curves indicate that there was not limit current in the 0 to 3 A section for all solutions (Figure 3). Then, a test was performed at 0.02 A in chloride medium (test 1), however, no cobalt traces were found in the catholyte. The test 2 and 3 was performed at 0.02 A in sulphate medium to different cobalt concentrations, but no cobalt traces were found in the catholyte. Figure 3. Profile concentration of cobalt in catholyte, mol dm-3.

The test 4 and 5 were developed using a cationic membrane with less electrical resistance, it can see from in figure 3 that it was found cobalt in the catholyte in concentrations of 173.3 and 449.2 mg dm-3, respectively. In conclusion, is possible recovery cobalt from acid solutions through ionic exchange with recovery rate of 21.7 and 55.85 mg dm-3 h-1 to 1.5 and 3 A, respectively with 0.45 and 0.48 Wh mg-1 specific energy consumption. These results give foot to continue the study of this processes and achieve recoveries on 1,000 mg dm-3, optimizing the process with the use of electrodes and membranes of less electrical resistance. 
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