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ELECTRO-LEACHING OF CHALCOPYRITE 

H: @lli and RR. Bertram 

Institut flir Physikalische Chemie, Technische 

Universitdt Braunschweig, Braunschweig, FRG 

Abstract: Samples of naturally occurring chalcopyrite were dissolved 

anodically under potentiostatic conditions in various electrolytes. 

Limiting currents through the supply of holes were not observed. Be- 

cause of the high current densities, even with a slight overpotential 

one observes a considerable resistance polarization depending on the 

conductivity of the electrolyte. A comparison with the results ob- 

tained through the leaching in the absence of current shows that the 

dissolution of the ore is strongly activated through the application 

of an external potential. 

1. Introduction 

Papers concerning studies of the hydrometallurgical working up of 

copper ores have been accumulating in the technical literatur in re- 

cent times [1-10]. 

There is certainly reason for thought since with the pyrometallur- 

gical processes for copper ore refining which are still mainly ap- 

plied today the environment is polluted considerably with SO, emission. 

Because of the increasing toughening of the environmental protection 

taxes, the copper produced via the pyrometallurgical method will be 

burdened with additional increasing costs. 

In face of the raw material shortage, one is furthermore striving 

to develop appropriate refining processes, such as bacterial leaching 

techniques [11-14], for ores up to now considered unworthy of mining. 

The hydrometallurgical working up of chalcopyrite, which is consid- 

ered to be the most important starting ore for obtaining copper, is 

not very effective due to its slight solubility in an aqueous medium. 

An activation of the leaching process is accomplished through the ad- 

dition of oxidants, such as iron(III) sulfate. Since chalcopyrite is a 

semiconductor, this indicates a corrosion process. Through the appli- 

cation of an appropriate external potential, one should be able to ob- 
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tain another considerable improvement in the leaching of chalcopyrite. 

2. General Remarks 

Chalcopyrite is a compound semiconductor according to its structure. 

As ore it occurs mainly as an n-type. In a previous paper [15] we have 

mentioned several aspects of the electrochemical behavior of semicon- 

ductors which we want to continue and complement here. 

By the dissolving of a semiconductor in an electrolyte, one can 

differentiate between an oxidative attack through holes and a reduc- 

tive attack through electrons when the appropriate electrophilic or 

nucleophilic partners occur in the electrolyte [16]. Both effects can 

be viewed as bond-breaking reactions whereby the surface atoms attain 

a radical character. These atoms can be leached out of the surface much 

easier than others whose bonds are still intact. 

The oxidation through holes is energetically even more favored the 

larger the energy gap of the semiconductor is. 

Therefore the oxidation of a semiconductor can be raised through 

all measures which lead to an increase of the holes in the boundary 

layer of the semiconductor, such as through excitation to cause the 

transition of electrons from the valence band into the conduction band, 

farther through appropriate enrichment, or through anodic polarization 

of the semiconductor with the aid of an external voltage source. The 

last method leads to an accumulation of excess positive charge in the 

surface layer of the semiconductor. 

Also the effect of an oxidant on the semiconductor can lead to an 

increase of holes in the surface layer ("hole injection") since a redox 

system with a high positive redox potential withdraws electrons pref- 

erentially from the valence band. Herein one should look for the rea- 

son why one observes by the leaching of chalcopyrite without current a 

raise in the leaching rate through the addition of oxidants. 

With a compound semiconductor occur intensified ionic portions, 

Fig. 1. In such a case, the first step of the oxidation consists of the 

depositing of the nucleophilic component of the electrolyte on the 

electropositive component of the semiconductor. The electronegative 

component maintain their radical character (1a) and can combine with 

other radical atoms (1b). In this way one can well explain the forma- 

tion of atomic sulfur during the leaching of chalcopyrite. 

Besides the recombination processes, there are also other possible 

reactions of the electronegative component with nucleophilic particles, 

such as under the using up of holes (1c) or through the injection of 

electrons (1d). 

For example, the leaching of pyrite does not lead to the formation
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of atomic sulfur but mainly to the formation of sulfate. The in pyrite 

as Bae occuring sulfur can therefore not attain the necessary electro- 

negativity for a recombination process. 
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Fig. 1. Oxidative attack by holes of a compound semiconduc- 

tor with a structural change of the surface in an electro- 
lytic solution (schematically). h” = holes, X = nucleophilic 

reagents, S* = intermediate radicals in a localized surface 

state, ,6= agsumed electronegativities of ions in the crystal 
(6;< 85 < 63). The valence states in chalcopyrite are still 
disputed at this time. 

In analogy to the mentioned qualitative attack of a compound semi- 

conductor through holes, one can assume by the reaction of such a semi- 

conductor with electrons that processes with electrophilic components 

occur under the consumption of electrons. 

For the leaching of chalcopyrite without current applies after 

Dutrizac and MacDonald [5] for sulfuric acid solutions containing 

iron(III) sulfat the following overall reaction 

CuFeS, + 2Fe,(SO,),—e= CuSO, + 5FesO, + 2s° (2) 

According to the mentioned scheme, still other bonds of the elec- 

tropositive components must be broken, for only then are particles in 

a position to leave the surface and to pass into the electrolyte. 

Since copper and iron ions have been detected in the solution, due 

to electroneutrality there must occur also a kathodic process, namely 

the reduction of rer ions. The leaching of chalcopyrite without cur- 

rent can thus be interpreted as a corrosion process with the following 

half reactions 

2+ 2+ Oo CuFes, + in ee Cur” 4 Pe" + Gs (2a) 

4Fe>* —eer ites 4h (2b)
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The electrode potential at chalcopyrite measured in the absence of 

current represents thus the mixed potential of the corrosion process. 

Since the mixed potential does not represent a thermodynamic equilib- 

rium, the determination of the Gibbs free energy (or free enthalpy) of 

chalcopyrite from this potential appears to be unreliable. 

Characteristic for such a kind of mixed potentials is their depend- 

ence upon stirring and their poor reproducibility. The results of the 

measurements of the zero current potentials at chalcopyrite in sulphu- 

ric acid solutions containing curt and re" showed a poor reproduci- 

bility in solutions with cut and a dependence upon stirring of ca. 10%. 

In solutions containing iron the electrode potential was found to be 

stable and only slighty dependent upon stirring. The stability of the 

potential in the solutions with feo points toward a high exchange cur- 

rent density of the redox process. 

3. Experimental 

The naturally occuring chalcopyrite used to prepare the samples 

comes from Mitterberg (Austria). The analysis of several samples yiel- 

ded an average composition of 34.5% copper, 30.5% iron, 34.9% sulfur, 

and nickel, calcium, and magnesium less than 0.18%. 

With the aid of a diamond drill several cylinder-shaped samples with 

a diameter of 0.7 cm were removed from the polycrystalline ore. The 

volume of the samples ranged from 0.03 om? to 0.2 com>, The specific 

conductivity of the ore went from 2.4 a en | to. 9.4 a7 em™ Hall= 

measurements indicated that one was dealing with an n-semiconductor. 

To avoid interfering layers in the transfer of chalcopyrite to the 

diverting metal, the contact to a brass support was made with a conduc- 

tive epoxy adhesive solder on silver basis (Epoxy Products, Ftirth) or 

with a colloid silver (Acheson Colloiden, Scheemda, Netherlands). In 

some cases the contact area of the ore was dusted with gold before the 

samples were glued onto the diverting metal. 

The cylinder-shaped ores along with the diverting metal were encased 

in epoxy resin (Scan-Dia, Hagen) and the front area of the electrodes 

was cut and polished. 

The experiments were conducted in a glass cell with a three-electrode 

arrangement under potentiostatic conditions with a voltage scan of 

2 mv: s~/ in stirred electrolytes under an argon atmosphere. The elec- 

trodes used were a 3.5 M calomel reference electrode, a Luggin capil- 

lary, and a counter-electrode out of platinum.



Electro-Leaching of Chalcopyrite 205 

4. Results 

If an anodic potential is applied to a chalcopyrite electrode, the 

ore dissolves with the formation of copper and iron ions and molecular 

sulfur. The electrode reaction can then, if one assumes that only holes 

are consumed, be described through the relation 

+ + + 
Coles, + 5h — a cu? + Fe" 42S. (3) 

Here we assume the consumption of five elementary charges since one 

can see from the current-voltage curves in sulfuric acid solutions 

with iron(II) sulfat that the oxidation of Fe*t occurs already with the 

least overpotential. 
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Fig. 2. Anodic current- potential dissolution curves 

obtained for natural chalcopyrite (M = molarity). 

Fig. 2 shows in semilogarithmic form the anodic current-voltage 

curves taken in different electrolytes. The current was recorded over 

six powers of ten (only five of them were plotted in Fig. 2). A lim- 

iting current through the supply of holes was not found. This fact co- 

incides with the results of Zevgolis [17] and Springer [18] , who have 

also taken current-voltage curves of chalcopyrite (Zevgolis in 1.53 M 

H,SO, /O.56 M NaCl, Springer in 1 M HC1O 4° 

The highest currents at the lowest Pel occur with iron(III) 

sulfate and the mixed electrolyte iron(III) sulfate- -sulfuric acid. 
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Through an external potential, the electron exchange between the chal- 

copyrite and the redox system can be strongly activated. 

An effect of the pH value on the current has not been established, 

so that iron(III) sulfate with the largest pH value in the starting 

region has the highest current density. 
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Fig. 3. Anodic dissolution of chalcopyrite in sul- 
furic acid. The plotted points are calculated with 
relation (4). 

At high current densities, the conductivity of the electrolyte will 

be determining the current, that is, there occurs a considerable resist- 

ance polarization. This effect shows itself first with iron(III) sul- 

fate which also has the smallest conductivity. In a previous publica- 

tion [15] a dependence upon the re"* concentration, the activity of 

the sulfate, respectively the pH value, was incorrectly assumed. 

Fig. 3 shows the results in sulfuric acid solutions of varying con- 

ductivity. In the range from 0.75 volt to 1.25 volt, the current-vol- 

tage curves can be reproduced relatively well (on the average better 

than 10%) through the relation 

2) oe 2 Ae -2 
i= (A, + Aa Az-n yay LAcm 7 J (4) 

n = overpotential [v] 

xX = specific conductivity (eo en 
of the electrolyte 

with the values given in Fig. 3 for the constants A, through Bo asa
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function of the conductivity of the electrolyte and the applied over- 

voltage. 
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Fig. 4. Anodic dissolution of chalcopyrite. 

This does not mean however, that, with a high overpotential the re- 

sistance polarization alone will determine the current. Namely, if one 

plots the curves shown in Fig. 2 linearly, Fig. 4, then the peculiari- 

ties of the electrode reaction appear again stronger in the foreground. 

The decrease of the current density after one volt can be traced back 

to the increasing coverage of the electrode surface with sulfur.Fig. 5 

is the linear plotting of the start of the current-overvoltage curves. 

In order to determine the current yield, the charge was determined 

at constant overpotential and the copper content of the solutions was 

determined (atomic absorption). In the mixed electrolyte of iron(IIT) 

sulfate and sulfuric acid, this yielded under the assumption of (3)for 

copper a current yield of ca. Tiel (10.2 + 6.1) 10- gramme copper per 

100 As]. 

In order to compare with leaching in the absence of current, similar 

chalcopyrite samples were put for one year into an iron(III) sulfate- 

sulfuric acid electrolyte. The copper which had gone into solution 

amounted to (4.37 + 0.2):10°" gramme copper. 

With an overpotential of only 0.05 volt, the leaching time would have 

been reduced from one year to ca. two weeks, and with an overpotential 

of 0.2 volt it would have been reduced to three hours. Of course, this 

comparison can be carried over only with limitations to an anodic leach- 

ing under technical conditions (packed bed or fluidised-bed electrodes). 
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5. Anodic dissolution of chalcopyrite. 

630.1 M Fe, (S04) 3, Cc. O.1,M H,SO0,/ 

Fig. 

d. O.1 M HNO 3, ee; On 1 MACY 

a. 0.1 M H5SOq, 

O.1 M Fe, (S04) 3, 

Future studies will be dealing with this aspect. 
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