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The main objective of this research was to evaluate the potential of electrochemical bioleaching to extract
copper from pyritic chalcopyrite concentrates. Bacterial and chemical (uninoculated) shake flask leaching
of Sarcheshmeh copper concentrate at 15% (w/v) pulp density, 150 rpm and stirred tank electrochemical
bioleaching of the concentrate at ORP (oxidation reduction potential) ranging from 400 to 430 mV (vs. Ag/
AgCl), 20% pulp density and 600 rpm were conducted with and without pyrite addition. A mixed culture
of moderately thermophilic microorganisms was used in all bioleaching experiments at an initial pH of
1.5, 50 �C, Norris nutrient medium and 0.02% (w/w) yeast extract addition. The results of leaching exper-
iments in shake flasks showed that the addition of pyrite to the concentrate significantly increased the
efficiency of copper extraction especially in the presence of microorganisms. In electrochemical bioleach-
ing process, both the rate and extent of copper extraction were selectively (with respect to iron)
enhanced in the pyritic copper concentrate in which about 90% copper recovery was achieved from
the concentrate after 10 days. Analyses of optical microscopy and SEM/EDS revealed that pyrite remained
unaffected in the electro-biochemical system while chalcopyrite was preferentially dissolved. It can also
be concluded that at low levels of solution ORP, pyrite remains inert, which acts as a cathode site relative
to chalcopyrite and other copper sulfide minerals (galvanic interaction) leading to enhance the anodic
dissolution of the copper bearing minerals. Electrochemical system regulates the ratio of ferric to ferrous
iron at an optimum level where the dissolution rate of chalcopyrite is maximum. Sulfur oxidizer micro-
organisms intensify the galvanic interactions and the rate of electron transfer among sulfides by remov-
ing the insulating sulfur product.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Over the last four decades, bioleaching has been considered as
one of the most promising alternatives to extract copper from
flotation concentrates due to its environmental and technical
advantages. It involves the use of iron- and sulfur-oxidizing
microorganisms to catalyze the oxidation of metal sulfides in a
sulfate medium. Among copper sulfides, chalcopyrite which is
the most abundant copper bearing mineral is the most refractory
mineral to bioleach.

Pyrite usually is one of the most abundant phases in dirty copper
concentrates especially in the concentrates obtained from bulk flo-
tation of porphyry deposits. It has an adverse effect on the efficiency
of pyrometallurgical processes, so it must be separated from copper
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bearing sulfides which is usually performed by flotation method.
On the other hand, lots of studies (Berry et al., 1978; Mehta and
Murr, 1983; Tshilombo, 2004; Dixon et al., 2007; Majuste et al.,
2012) have reported that in leaching processes pyrite has a positive
galvanic effect on the dissolution rate of copper sulfides especially
chalcopyrite. Galvanic interactions play an important role in the
leaching of conducting or semi-conducting minerals by accelerat-
ing or retarding the dissolution of the minerals in aqueous solu-
tions. Berry et al. (1978) investigated the galvanic interactions of
chalcopyrite and pyrite and found that when pyrite and chalcopy-
rite were in contact, the resulting galvanic interaction caused the
chalcopyrite to be corroded more rapidly than the pyrite, which
was effectively protected. Mehta and Murr (1983) also reported
that the rate of copper dissolution from chalcopyrite increases with
the addition of pyrite especially in the presence of bacteria. They
reported that the increase is as a result of galvanic interactions.

A number of recent studies have reported that solution ORP
(oxidation reduction potential) is one of the main parameters
governing the chemical and biological leaching rate of chalcopy-
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