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ABSTRACT

Lead calcium tin alloy anodes have been used for copper electrowinning for many years. Prengaman (1) developed the first rolled lead calcium tin alloy anode in the early 1980’s. These anodes have remained virtually unchanged since that time. Improvement in treatment and filtration of copper electrolyte has improved anode life. The addition of about 50-200 ppm cobalt to the electrolyte has also increased the anode life. The cobalt decreases the anode potential and permits the increased evolution of oxygen which reduces anode corrosion, reduces the deleterious effects of manganese and increases anode life. However, much of the cobalt is lost in the bleed from the tankhouse. 

[image: 10HDC_2009]RSR Technologies has developed a new anode for copper electrowinning which contains cobalt as an alloying element in the traditional rolled lead calcium tin anode. In the copper EW cell, the anode produces lower oxygen overpotential. The cobalt in the anode is not lost into the solution, but remains on the anode surface and dopes the PbO2 corrosion product.  The cobalt is continually renewed at the anode surface. The new anode should enable operators of copper EW tankhouses to eliminate or greatly reduce cobalt additions to the electrolyte. This paper will describe the new anode, discuss some field trials, and estimate cost savings due to the reduction in cobalt additions to the tankhouse electrolyte.
BACKGROUND

The use of lead alloys as anodes for electrowinning of metals from sulphuric acid solution is attributed to the fact that lead becomes an insoluble, oxide producing, stable anode surface. The property of lead which accounts for this use is its ability to form an insoluble PbO2 corrosion film which can repair itself if damaged and prevent further corrosion of the lead anode. 

In metal electrowinning, oxygen is produced at the anode. Oxygen is either evolved as oxygen gas, oxidizing materials in the electrolyte, or it corrodes the lead anode. The main goal of anode lead alloy research is to develop anode materials which resist corrosion by the evolved oxygen.

When a new anode is placed into a copper EW cell, a layer of PbSO4 is formed on the surface. This layer is converted via the applied potential in the cell to PbO2. The oxygen generated at the anode surface reacts with the lead alloy to form PbO and converts both the PbO and the PbSO4 to PbO2. 

For optimum performance of the anode, the alloy should form a thin, hard, dense, compact, adherent layer of PbO2 on the surface. Such a PbO2 layer will not spall off, deteriorate or contaminate the cathode product.


ROLLED LEAD CALCIUM TIN ALLOYS

Prengaman (1) developed a rolled lead calcium tin alloy for copper electrowinning. The anodes produced from this alloy resist oxidation and enhance oxygen evolution due to the the unique grain structure which is imparted to the corrosion film. These anodes have been used in copper electrowinning service since the early 1980s. The combination of calcium and tin along with the mechanical working produced by rolling creates a material with high mechanical properties. The high mechanical properties and the stability of the microstructure produced by precipitation of precipitation hardening calcium-tin intermetallic particles prevent distortion of the anodes in service. 

The combination of calcium and tin as well as the anode grain structure reduces the rate of corrosion and promotes the formation of a thin, stable, conductive PbO2 corrosion layer on the anode surface leading to an improved anode life. Prengaman (2, 3) also developed methods to attach the rolled alloy sheets to copper bus bars to produce anodes while protecting the copper bar from corrosion by coating the bus bar with a layer of electroplated lead to improve its resistance to acid attack.

Anodes must have high corrosion resistance, structural integrity, and mechanical properties, and have a service lifetime greater than 5 years. Tin addition to the lead-calcium alloys is instrumental in developing the unique rolled microstructure of the anode which leads to corrosion resistance, long life, and high conductivity through the corrosion layer and improved oxygen evolution. The rolled lead calcium-tin alloy anodes have remained virtually unchanged since their development in the early 1980s.
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ANODE CORROSION

Understanding the relationship between anode chemistry, structure, and mechanical properties has lead to gradual improvement in the quality of the anodes. Despite the improvements in quality and in the understanding of the corrosion mechanisms, the anodes are still corroded by the oxygen evolved in the electrowinning process. Prengaman et al. (5) described the anode corrosion process and methods to decrease the corrosion rate. 

The anodes are corroded by the oxygen evolved at the PbO2 surface which diffuses through the corrosion layer to the surface of the lead where it reacts with the anode alloy to produce the PbO2 corrosion layer. It is important to produce an adherent PbO2 corrosion layer on the complete anode surface so that oxygen can be evolved efficiently.

As the corrosion product becomes thicker, it begins to develop small cracks parallel to the anode surface. These cracks eventually expand and result in the development of non-adherent flakes on the surface of the anode. These flakes can then be dislodged from the surface of the anode by oxygen generated at the anode surface beneath the flake. The rate of corrosion is related to the electrolyte temperature and the current density of the electrowinning cell. The higher the current density and the higher the electrolyte temperature the more rapid is the corrosion.


MANGANESE EFFECT

In addition to the operating conditions such as the electrolyte temperature and current density, the electrolyte often contains manganese. Manganese can react with the PbO2 surface corrosion product and form MnO2 and reduce the PbO2 to PbSO4 by the following reaction: 

Mn2+ + PbO2 + H2SO4 = MnO2 + PbSO4 + 2H+ 

The reconverting of the PbSO4 to PbO2 causes structural changes in the stable corrosion layer making it thicker, softer, less stable, less adherent and more susceptible to shedding. This trend was described by Prengaman (6).


COBALT ADDITIONS TO THE ELECTROLYTE

Cobalt is added to copper electrowinning electrolytes to prevent the deterioration of PbO2 on the anode surface caused by the deposition of MnO2 and to improve oxygen evolution. Cobalt additions were first described by Hyvarinen (7) and more recently by Yu and O’Keefe (8). The beneficial mechanism of cobalt on the anodes is due to the reduction in the oxygen evolution potential of the anode facilitating easier oxygen evolution. Cobalt ions are adsorbed onto the PbO2 lead corrosion product resulting in decreased anode corrosion, reduced or elimination of MnO2 deposition on the anodes, longer anode life and improved copper cathode quality. Analysis of the cobalt content of the PbO2 corrosion product varies between 50 and 2500 ppm depending on the concentration of cobalt in the electrolyte. 

[image: 10HDC_2009]Cobalt is added to the electrolyte in most copper EW tankhouses. Based on a survey of 34 copper EW tankhouses, Jenkins et al. (9) found that cobalt concentrations of the electrolyte varied between 

50 and 300 ppm. To maintain the cobalt content of the electrolyte, it must be continuously added to the electrolyte to make up for the bleed of electrolyte from the system to control impurities in the electrolyte. Cobalt additions vary between 100 and 800 g/l ton of copper cathode in the plants. Loss of cobalt in the electrolyte bleedstream is a major operating expense of a copper tankhouse. During the high cobalt price spike in 2008, some tankhouses reduced bleed and allowed the iron content to increase. Although the increased iron level in the electrolyte affected the current efficiency adversely, the decrease in current efficiency was offset by reduced cobalt usage.


LEAD CALCIUM TIN COBALT ANODES

RSR Technologies has developed a new anode for copper electrowinning. The new anode contains cobalt as an alloying element in the rolled lead-calcium tin alloy anode. The anode produces a lower oxygen overvoltage compared to the same rolled lead calcium tin alloy anodes which do not contain cobalt. The depolarization may be as much as 140 MV compared to a pure lead anode. The beneficial effect of the cobalt on the reduced oxygen evolution potential is achieved in the rolled lead-calcium-tin alloys used for the anode because the cobalt dopes the corrosion product and makes it more efficient at evolving oxygen. 

When the corrosion layer is created on the rolled lead-calcium-tin anode containing cobalt, the behavior of the anode is similar to that of a rolled lead-calcium-tin rolled anode containing no cobalt but operated in an electrolyte containing 200 ppm cobalt. Unlike with conventional anodes, there is little or no cobalt required in the electrolyte with the rolled lead-calcium-tin anodes containing cobalt in order to achieve the beneficial effects of cobalt on oxygen evolution. However, small cobalt additions to the electrolyte can enhance the performance of the new anode.

In addition, the corrosion product developed on the rolled lead-calcium-tin anodes containing cobalt is thinner, more adherent, and less subject to formation of PbSO4 than the same anode material without cobalt. Once the corrosion layer is formed, it is fully doped with the cobalt added to the lead anode alloy. As the corrosion layer builds and spalls, the new corrosion layer which forms is also doped by the cobalt and maintains the lower potential for oxygen evolution.


TEST RESULTS

Table 1 shows the effects of the cobalt on the anode potential. The base material is the normal rolled lead-calcium-tin anode material. The anodes were cycled to create a corrosion layer in 180gl H2SO4. Alloy (2) was doped with 120 ppm cobalt alloy (3) was doped with 150 ppm cobalt. Material 1 A was the base anode alloy cycled in 180 g/l H2SO4 with addition of 200 ppm cobalt.

The base material has been demonstrated to have an anode potential of about 20-30 mV lower than pure lead due to the doping effects of tin on the PbO2 corrosion layer. The stable anode potential was 2.13 volts.

Material 2 doped with 120 ppm cobalt showed anode potential of 2.08 volts which is reduction of 50 MV compared to the base lead-calcium-tin alloy.
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Material 3 doped with 150 ppm cobalt showed a stable anode potential after cycling of 2.03 volts. This is a reduction of 100 mV compared to the standard base lead-calcium-tin anode material. Material 1A is the base material cycled in 180 g/l H2SO4 doped with 200 ppm cobalt as would be expected in a copper electrowinning tankhouse. The potential was reduced by 110 mV compared to the base metal anode. The material doped with 150 ppm cobalt had nearly the same depolarization as the base metal inn 200 ppm cobalt electrolyte.


ECONOMICS

The reduced anode potential of the cobalt containing anode is about 100 mV compared to that of the conventional rolled lead-calcium-tin anode. With a current density of 300 A/m2, the savings are estimated at $3.00 per year per anode.

Much more important is the reduction in the amount of cobalt required in the electrolyte. The normal consumption of cobalt is 100 to 800 g/ton of copper. Assuming a reduction of an average of 200 grams of cobalt per ton of copper a tankhouse producing 20,000 tons of copper per year and a cobalt cost of $20.00 per kg would yield a cost reduction of $80,000 per year.


CONCLUSION

The anodes used for electrowinning of copper are generally made from rolled lead-calcium-tin alloys developed by RSR. These alloys perform very well but suffer increased corrosion in the presence of manganese. Cobalt additions to the electrolyte reduce damage from the manganese, extend anode life, and improve cathode purity. Cobalt additions are costly as the cobalt is lost in the bleed. New anodes from RSR Technologies which contain cobalt in the anode alloy can give the similar reduction in anode potential as cobalt addition to the electrolyte. This results in cobalt savings as well as extends the excellent anode life.
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