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Control method of chalcopyrite passivation in bioleaching
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Abstract: Passivation is a common phenomenon on the surface of chalcopyrite in the process of bioleaching. The ordinary leaching
and strengthening leaching by adding glass beads were carried out. The results show that the passivation of chalcopyrite was greatly
weakened in strengthening leaching due to the change of leaching conditions. The copper leaching efficiency was increased from
50% to 89.8% through adding beads. The SEM and X-ray diffraction (XRD) analyses illustrate that there are few jarosite precipitates
and weak passivation on the surface of chalcopyrite in strengthening leaching. In contrast, there are thick and compact jarosite
precipitate and obvious passivation in ordinary leaching, which hinders further dissolution of chalcopyrite.
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1 Introduction

Chalcopyrite (CuFeS;) is one of the most
wide-spread and refractory copper containing minerals. It
occurs in various copper deposits [1—3]. Recently, the
technique of copper bioleaching has been developed
rapidly due to its advantages such as short flow, simple
operation, low investment and friendly environment
[4,5], which breaks a new way for green exploitation of
copper ore. However, the bottlenecks of bioleaching,
such as low leaching rate and efficiency, limit its
development [6—9] because the insoluble passivation
layer on the surface of the chalcopyrite significantly
hiders the leaching efficiency [10—12]. Various leaching
methods have been proposed from laboratory in order to
accelerate the dissolution of chalcopyrite. There are
different options to enhance chalcopyrite leaching.
TODD et al [13] and WEN et al [14] retarded the speed
of chalcopyrite passivation by lowering pH of the
solution. But [H'] could reduce again due to the acid
consumption of the gangue mineral and bacteria. It needs
to keep the pH at a constant value by frequently
changing the environment of the bacterial growth and

mineral leaching, which will reduce the activity of the
bacteria. Some researchers [15,16] attempted to increase
the leaching efficiency of chalcopyrite through adjusting
[Fe’'] and maintaining the potential at about 450 mV. It
is difficult to prevent the formation of sulphate and
jarosite layer on the surface of chalcopyrite. CORDOBA
et al [17] and XIA et al [18] leached the chalcopyrite
with mesophiles and thermophiles. However, it can also
be observed that strong jarosite precipitation on the
surface of the mineral hindered the bacterial attack at
high temperature [19-21].

In this work, the glass beads are used to strengthen
stirring. The environment for the chalcopyrite leaching is
greatly improved and the passivation of the chalcopyrite
is weakened by a simple method. The copper leaching
efficiency is increased significantly.

2 Experimental

2.1 Leaching bacteria

The mixed thermophilic leaching bacteria were
provided by Biometallurgy Lab of Northeastern
University. It has better antitoxic characteristics and
oxidative abilities of sulphur and ferrous ions [22].
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2.2 Ore samples

The chalcopyrite samples from Shandong Province
of China were produced after flotation. The chemical
compositions are listed in Table 1. The granularity
distribution of the fine grinding ore is listed in Table 2.
Above 60% chalcopyrite granularity is <37 pum. Figure 1
shows the X-ray diffraction (XRD) pattern of the
chalcopyrite. It indicates that the main compositions of
the ore are chalcopyrite and pyrite.

Table 1 Main elements and composition of chalcopyrite
concentrate (mass fraction, %)
Cu Pb Zn Fe S
19.23 1.58 3.70 26.44 37.2

Table 2 Granularity distributions of chalcopyrite concentrate

(mass fraction, %)

<37 um 37-44 pm 44-74 ym >74 um
61.64 6.12 21.75 10.49
*+ *—CuFeS,
._FC81

0 20 40 60 80 100
20/(°)

Fig. 1 XRD pattern of primary chalcopyrite ore

2.3 Microorganism culture

The culture medium of bacteria was the 9K medium
[23]. The composition was as follows: 3.0 g/L (NHy),SO,,
0.1 g/L KCl, 0.5 g/LL K,HPO,, 0.5 g/ MgSO,7H,0,
0.01 g/L Ca(NO3),, 44.3 g/L FeSO, 7H,0. All chemical
reagents used were of analytical grade.

2.4 Experiment procedure

The biooxidation experiments were carried out in
Erlenmeyer flasks, which were put into an constant
temperature shaker incubator shaken with 185 r/min at
44 °C. Ten conical flasks with the volume of 500 mL
were divided into two groups for different samples. The
first group was for ordinary leaching experiment. The
mass concentration of pulp was 5%, and the initial pH
was adjusted to 1.6 with H,SO,4. The other group was for
strengthening leaching experiment. The stirring was
strengthened by adding 5 g glass beads with 5 mm of
diameter into the pulp.

2.5 Measurement

The potential value was measured by PHS-25 pH
meter. The reference electrodes were 213 platinum
electrode and 217 saturated calomel electrode,
respectively. Cu®" concentration was measured by EDTA
spectrophotometry with Optizen 2120UV ultraviolet
photometer. Fe®* concentration was measured by
potassium dichromate titrimetric method. The granularity
distribution of the chalcopyrite concentrate was
measured by 2000E Malvern laser particle size analyzer.

The morphologies were observed by SSX-550
scanning electron microscope (SEM)/energy disperse
spectroscope (EDS) produced by Japan Shimadzu
Company. The phases of the ores were analyzed by
D/MAX-RB X-ray diffractometer produced by
Netherland.

3 Results and discussion

3.1 Potential and Fe** concentration

Figures 2 and 3 show the variation of potential and
Fe?" concentration ([Fe%]) in the process of bioleaching,
respectively. The potential is higher in the ordinary
leaching than that in the strengthening leaching, while
[Fe’'] is lower in the ordinary leaching than in the
strengthening leaching. Taking ordinary leaching for
example, the leaching process can be divided into three
stages: the initial stage (0—9 d), the middle stage (9—18 d)
and the later stage (18—30 d) shown in Fig. 2. In the
initial stage, the potential of solution firstly decreases
sharply and then increases slowly. It is because Fe
preferentially dissolves from the ore, resulting in the
increase of [Fe'] to 8.32 g/L and the ratio of [Fe*"]/[Fe*']
increasing. The potential decreases from 509 mV to 419
mV after leaching for 3 d. As the time increases, [Fe’']
decreases from 8.32 g/L to 1.95 g/L due to its oxidation.
The ratio of [Fe*]J/[Fe’"] is reduced and the potential
rises to 458 mV. In the middle stage, Fe’" is leached out
from chalcopyrite and is oxidized to Fe’'. Since the
speed of leaching is faster than the speed of oxidizing,
the ratio of [Fe’')/[Fe’’] also rises. The potential
increases slowly from 458 mV on the 9th day to 527 mV
on the 18th day. The leaching rate of Fe is extremely
slow in the later stage. [Fe*'] is nearly reduced to zero
after leaching for 24 d in ordinary leaching, while it takes
30 d in strengthening leaching. The potential ascends
quickly to 696 mV after leaching for 30 d, when all Fe**
is oxidized to Fe*" in solution.

3.2 Copper leaching efficiency

The changes of copper leaching efficiency with
bioleaching time in ordinary leaching and strengthening
leaching are plotted in Fig. 4. It can be observed that the
process of leaching can be divided into three stages: the
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Fig. 3 [Fe?'] changes with bioleaching time

initial stage (0—9 d), the middle stage (9—18 d) and the
later stage (18—30 d) under both ordinary and
strengthening leaching conditions. In the first stage, the
activity of the bacteria is lower. Therefore, copper
leaching efficiency increases slowly, which is
approximately 9.11% in the ordinary leaching and
11.41% in strengthening leaching on the 9th day. As the
time increases to the middle stage, the bacteria activity is
enhanced after it get used to the environment. As a result,
copper leaching efficiency rises sharply under the direct
oxidation of bacteria to ore. However, the leaching
efficiency is 83.51% in strengthening leaching, much
higher than that (44.11%) in the ordinary leaching on the
18th day. In the later stage, copper leaching efficiency
nearly ceases due to the decline of the bacteria activity. It
reaches about 89.86% in strengthening leaching, while it
is 50.14% in ordinary leaching after leaching for 30 d. It
indicates that the passivation is enhanced as the activity
decreases and potential increases (above 600 mV) in
ordinary leaching. In contrast, copper leaching efficiency
is higher in strengthening leaching; the passivation is
probably suppressed due to the addition of glass beads.
The result is consistent with the fact that the leaching
efficiency is higher at lower potential [24,25].
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Fig. 4 Copper leaching efficiency changes with bioleaching
time

3.3 Analysis of leaching residue
3.3.1 XRD pattern

Figure 5 presents the XRD patterns of the residues
after leaching for 5 d (the initial stage), 10 d (the middle
stage) and 25 d (the later stage) in ordinary and
strengthening leaching, respectively. It can be observed
that the main composition of the residue is chalcopyrite,
pyrite and sulfur after leaching for 5 d (Fig. 5(a)). They
are the same in ordinary leaching and strengthening
leaching. The sulfur is probably formed by reaction (1)
[26—28]. After leaching for 10 d, the main composition
of the residue in ordinary leaching is also the same as
that in strengthening leaching. Compared with the
residue 5 d ago, jarosite appears as a new component
(Fig. 5(b)). The jarosite is presumably formed by ferric
ion hydrolysis according to reaction (2). As the leaching
time increases to the 25th day, the compositions of the
residue maintains the same in ordinary and strengthening
leaching (Fig. 5(c)), which are chalcopyrite, pyrite and
jarosite. Moreover, the XRD results show that the
composition after 25 d remains the same as that after 10
d. It indicates that the residue does not change with
increasing the leaching time.

CuFeS,+4Fe*' —Cu*'+5Fe*'+28° 1)
K'+3Fe* +2S0,> +6H,0—KFe;(SO,),(OH)+6H"  (2)

3.3.2 SEM morphology

Figure 6 shows the morphologies of the residues
after ordinary and strengthening leaching of 5 d (the
initial stage). It can be observed that some cracks occur
on the surface of chalcopyrite due to the bacterial
oxidation. The mineral particles are in irregular
polygonal shape with a few deposits on its surface. The
granularity of the particles is similar to the original
chalcopyrite, which is <37 pm counting for 62%
approximately. In contrast, the share of <37 pum increases
to 78% in strengthening leaching. The granularity of the
ore particles is reduced resulting from the grinding of the
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Fig. 5 XRD patterns of leaching residue after ordinary and
strengthening leaching: (a) 5 d; (b) 10 d; (c) 25d

glass beads. In this stage, the copper leaching efficiency
is 1.25% in ordinary leaching and 2.98% in
strengthening leaching (Fig. 4).

Figure 7 displays the SEM morphologies of the
leaching residue after 10 d of ordinary and strengthening
leaching (the middle stage). More cracks are observed on
the surface of chalcopyrite due to the further oxidation.
Most surface areas of chalcopyrite are covered by the
loose jarosite deposits in ordinary leaching (Fig. 7(a)).
The share of ore particles with the size of <37 pm
reduces from 62% to 60.1%, indicating the increase of
granularity in ordinary leaching. In strengthening
leaching, it is difficult for the jarosite to attach to the
surface of chalcopyrite due to the grinding action of the
glass beads (Fig. 7(b)). Thus the leaching area is more
than that of the ordinary leaching, and the copper

Fig. 6 Morphologies of leaching residue after 5 d of ordinary
leaching (a) and strengthening leaching (b)

Fig. 7 Morphologies of leaching residue after 10 d of ordinary
leaching (a) and strengthening leaching (b)

leaching efficiency is 24% higher than that of the
ordinary leaching (Fig. 4).

SEM micrographs collected from the bioleached
residues after bioleaching for 25 d in two leaching
conditions are shown in Fig. 8. In ordinary leaching, the
arris of the ore particles disappear completely due to the
cover of the jarosite deposits (Fig. 8(a)), which prevents
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transportation of both electrons and ion species between
the mineral surface and the leaching medium. Therefore,
the copper leaching efficiency nearly ceases (Fig. 4). The
granularity in the size of <37 pm reduces from 60.1% to
48.9% because of the deposits. In strengthening leaching,
visible corrosion holes can be observed on the surface of
naked ore particles (Fig. 8(b)). In this condition, jarosite
deposits also occur, but they are broken by the impacting
and grinding actions of the glass beads. The copper
leaching efficiency is 88.5% in strengthening leaching,
which is twice higher than that in ordinary leaching
(46.6%) after the same leaching time.

Fig. 8 Morphologies of leaching residue after 25 d of ordinary

leaching (a) and strengthening leaching (b)

In order to further verify the inhibiting effects of the
passivation film on the chalcopyrite surface, 5 g glass
beads were added in the residue after leaching for 30 d
and the shaking leaching was continued at constant
temperature. The results show that compact jarosite film
was formed on the surface of the ore particles after
leaching for 30 d (Fig. 9(a)). However, it was broken in
30 min after adding 5 g glass beads, resulting in the
exposure of fresh surface of the chalcopyrite (Fig. 9(b)).
Moreover, the fraction of the particles in the size of <37
pm increased from 48.9% to 70.1%. The comparative
results before and after adding glass beads indicate that
the strengthening leaching conditions not only
effectively inhibit the formation of the passive film, but
also strengthen the leaching from the chalcopyrite with
compact passivation film. The impact and friction peel
the passivation film from the ore particles and promote
the further leaching.

Fig. 9 SEM morphologies of residues: (a) After original
leaching for 30 d; (b) Further strengthening leaching for 30 min
after original leaching for 30 d

4 Conclusions

1) Potential was lower in the strengthening leaching,
which is favored for the chalcopyrite leaching.

2) Jarosite can be observed in both the ordinary
leaching and strengthening leaching. However, it was
broken by the glass beads instead of attaching to the
chalcopyrite. The surface of chalcopyrite with compact
passivation film can be peeled from the ore particles in
30 min by strengthening leaching with the exposure of
fresh surface of chalcopyrite.

3) The granularity of the ore particles was much
smaller in strengthening leaching than in ordinary
leaching resulting from the grinding of glass beads. It led
to higher copper leaching efficiency due to the bigger
specific surface area of the ore particle.

4) Ordinary shaking in chalcopyrite leaching was
enhanced by adding the glass beads into the pulp. It
significantly weakened the passivation of chalcopyrite.
The copper leaching efficiency was increased from 50%
to 89.8% obviously after leaching for 30 d.
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