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In this paper chalcopyrite, CuFeS,, has been selective leached by H,SO, as leaching agent (170 g/dm?) in procedure
of hydrometallurgical production of copper. Mechanical activation of the chalcopyrite resulted in mechanochemical
surface oxidation as well as in the mineral surface and bulk disordering. Furthermore, the formation of agglomer-
ates during grinding was also occured. Surface changes of the samples using infrared spectroscopy and scanning
electron microscopy methods were investigated before and after leaching. The leaching rate, specific surface area,
structural disorder as well as copper extraction increased with the mechanical activation of mineral.
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Utjecaj mehanicke aktivacije halkopirita na selektivno izluzivanje bakra sumpornom kiselinom. U ovom
je radu halkopirit, CuFeS,, selektivno izluZivan sumpornom kiselinom (170 g/dm?®) u postupku hidrometalurske
proizvodnje bakra. Mehanicka aktivacija halkopirita rezultirala je mehanokemijskom oksidacijom povrSine te
nepravilnoSéu povrsine i unutrasnjosti minerala. Nadalje, takoder se dogadalo stvaranje nakupina tijekom
mljevenja. PovrSinske promjene uzorka istrazivane su prije i poslije izluzivanja uporabom infracrvene spe-
ktroskopije i metodom pretrazne elektronske mikroskopije. Za karakterizaciju ¢vrstog ostatka poslije izluzivanja
koriStena je rentgenska difrakcijska analiza. Brzina izluzivanja, specifi¢na povrsina, strukturna nepravilnost i
izdvajanje bakra povecavaju se s mehanickom aktivacijom minerala.

Kljucne rijeci: halkopirit, mehaniCka aktivacija, izluZivanje sumpornom kiselinom, selektivnost

INTRODUCTION cally activated minerals. The rate of leaching may be sensi-

tive or insensitive to structutral changes. The differences in

Base metal sulphides are an important source of vari-
ous metals. They are typically intergrowth and due to the
complex nature of their ores, the hydrometallurgical tech-
nique is the very convenient way of extracting the desired
component. If it is possible to extract the metal from an
ore selectively, the subsequent processing steps become
less complicated.

Mechanical activation seems to be a favourable pre-
treatment process for the processing of sulphides prior to
the leaching with significantly enhanced metal recoveries
reported [1]. This increase in leachability may well be due
to a combination of mechanically induced structural defects
and chemical reactions involving the mineral and the local
environment. Senna [2] analysed the effect of surface arca
and the structural disordering on the leachability of mechani-
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reactivity of the mineral components of ore, as well as the
differences in solubility of the reaction products, can be used
for selective leaching of metals from minerals [3 - 6].

The aim of this paper is to analyze the influence of me-
chanical activation of chalcopyrite CuFeS, on the selective
leaching of copper in sulphuric acid medium.

EXPERIMENTAL
Material

The investigations of selective leaching of copper were
carried out with chalcopyrite CuFeS, (deposit Slovinky,
Slovakia).

The specimens contained admixtures of pyrite and
quartz. The chemical composition was: 31,55% Cu, 31,44%
Fe, 32,54% S, 4,11% SiO, and 0,24% insoluble residuum.
The particle size of applied CuFeS, before mechanical ac-
tivation and leaching tests has been under 170 pm.
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Mechanical activation

Mechanical activation of the mineral under study was
performed in a planetary mill Pulverisette 4 (Fritsch, Ger-
many) under the following conditions: weight of mineral
- 20 g, grinding means - 25 pieces of balls with diameter
15 mm and 5 pieces of balls with diameter 25 mm, mate-
rial of grinding means and chambers - tungsten carbide,
grinding time 5-30 min, relative acceleration of the mill
- b/g = 10.3. The planetary mill has been applied as a
model milling equipment in order to perform the effective
chalcopyrite surface and bulk disordering.

Leaching

The leaching was performed in a 500 cm? glass reac-
tor into which 400 cm? of leaching solution (170 g/cm?
H,SO,) and 0,5 g of chalcopyrite was added. The low slurry
density has been used in order to contribute for elucidation
of leaching mechanism. The leaching was performed for
120 min at 90 °C with a stirring rate of 8,33 s!, atmos-
pheric pressure and in absence of oxidizing agent. Only
atmospheric oxygen was present in glass reactor. Aliquots
(1 em®) of the solution were withdrawn at appropriate time
intervals for determination of the contents of the dissolved
copper and iron by AAS.

Infrared spectroscopy
Measurements of infrared spectra were performed

using an infrared spectrometer SPECORD IR 75 (Carl
Zeiss, Germany) by using KBr disc technique (Kossler,
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Figure 1. Infrared spectrum of chalcopyrite CuFeS, mechanically
activated 30 min: a) before leaching, b) after leaching

Slikal.  Infracrveni spektar mehanicki aktiviranog halkopirita,
CuFeS,, u trajanju 30 minuta: a) prije izluZivanja, b) po-
slije izluZivanja
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1976). The infrared spectra of standard probes of sulphates
(CuSO,'5H,0, FeSO,-7H,0, Fe (SO,),-9H,0) were taken
in order to compare the standard data with the patterns for
products of surface mechanochemical oxidation of studied
chalcopyrite under study.

XRD analysis

The X-ray diffraction measurement were carried out
using a diffractometer X Pert (Philips, Netherland) work-
ing in the 2 0 geometry with CuK  radiation. The XRD
lines were identified by comparing the measured patterns
to the JCPDS data cards.

Scanning electron microscopy

Scanning electron micrographs were obtained on a BS
300 scanning electron microscope (Tesla, Czech Republic).

RESULTS AND DISCUSSION
Surface mechanochemical oxidation

The surface properties were studied using infrared
spectroscopy. This method enables the identification of
new compounds formed on the sulphide surface as a result
of mechanical activation. Due to a low bond strength of the
sulphides, they become instable. In some cases the bonds
broke and thus during mechanical activation in air, the ap-
pearance of oxidic compounds like oxides, sulphates and
oxysulphates can be expected. Their characteristic peaks
occur in the range of 700 - 2000 cm™"[8, 9].

The infrared spectrum of CuFeS, on Figure 1.a shows
that the mechanical activation resulted in mechanochemi-
cal surface oxidation of the mineral. The appearing sul-
phates are characterised by peaks at 1085, 625 and 473
cm™. The rest of the peaks belong to admixture of quartz
(1183, 1013, 793 and 513 cm™) and water in the KBr
tablet (1630 cm™). In literature [10, 11] it is stated that on
the surface of mechanically activated CuFeS, both copper
sulphate (CuSO,) and iron sulphate (FeSO,) are formed.
Moreover, the appearance of Fe(OH), or Fe(O)(OH) is also
possible due to the atmospheric oxidation of fresh surface
of crystals of natural CuFeS, [12].

Acid leaching

The rate of leaching of sulphide minerals is usually
low, especially in the case of H,SO, application at atmo-
spheric pressure without oxidant addition. When oxidant
is added the leaching is usually enhanced [13 - 15]. Only
few sulphides, e.g. ZnS, NiS, CoS and FeS are soluble in
dilute H,SO, solutions [16]. Sulphuric acid is a cheap and
plentiful material emergent consequently from the sulphide
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values of the ores being processed [17]. The rate of sul-
phide leaching can be enhanced by process of mechanical
activation [1].

Leaching of chalcopyrite in concentrated H,SO, solu-
tions takes place at a reasonable rate between 150 - 250 °C.
In this temperature interval there is aformation of elemental
sulphur, copper and iron sulphates. The overall reaction is:

CuFeS, + 4 H,S0, —
CuSO, + FeSO,+28+280,+4H0 (1)

The process has the advantage of forming elemental
sulphur, but the disadvantage of solubilizing iron and the
necessity of regenerating H,SO, by decomposing the ferrous
sulphate. However, below 150 °C there is no reaction [18].

We have tried to achieve relative good recoveries of
copper and iron metals by using H,SO, acid leaching at 90
°C and at atmospheric pressure. The selected results for
mechanically inactivated as well as for mechanically acti-
vated CuFeS, during 30 minutes are given in Figure 2.

There is a very small efficiency in Cu and Fe metals
extraction for mechanically activated CuFeS, (Figure 2.a).
In this case the recoveries are not higher than 6 %. How-
ever, the maximum recovery of 36% Cu and 24% Fe has
been obtained for CuFeS, mechanically activated during
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Figure2. Recovery of metals into the solution, Me vs. leaching time
t, for CuFeS,: a) mechanically inactivated, b) mechani-
cally activated 30 min

Slika2.  Izdvajanje metala u otopinu, metal nasuprot vremenu
izluZivanjat, za CuFeS,: a) mehanicki neaktiviran, b) me-
hanicki aktiviran

30 minutes (Figure 2.b). This is in agreement with infrared
spectra on Figure 1.b from which it follows that an acid
leaching of mechanically activated chalcopyrite resulted
in a nearly complete disappearance of peaks characteristic
for Fe and Cu sulphates. However the absorbance curve
is not flat as a consequence of admixtured SiO, (quartz).
Quartz is refractory in H,SO, medium and that is why is
still present in the infrared spectrum after leaching.

In the course of reaction the leaching agent attacks the
plastically deformed cores of CuFeS, particles, the def-
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fectiveness of which increases with the time of mechanical
activation. The iron content in the leachate is practically
constant and only copper is preferentially leached. Tka¢ova
etal. [19] found the same tendency for a series of mechani-
cally activated CuFeS, leached out in HCL.

The deeper insight into the bulk behaviour of the me-
chanically activated and leached chalcopyrite is illustrated
by the XRD pattrens in Figure 3. There is an evidence of
small amounts of crystalline copper sulphate CuSO,-5 H,O
in mechanically inactivated samples of CuFeS, which is
consequence of mineral aging in the air environment (Figure
3.a). The bulk sample of CuFeS, is strongly amorphized
as can be deduced from the pattern changes (Figure 3.b).
Moreover, the copper sulphate peaks are no more visible
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Figure3. X-ray diffractometry of CuFeS,: a) mechanically inacti-
vated; b) mechanically activated 30 min; ¢) sample b) af-
ter leaching in H,SO, C - chalcopyrite CuFeS, (JCPDS 35-
0752), Q - quartz SiO, (JCPDS 33-1161), P - pyrite FeS,
(JCPDS 06-0710), S - sulphur S (JCPDS 08-0247), * -
chalcanthite CuSO,/5H,0 (JCPDS 11-0646), A - iron
sulphate hydrate Fe,(SO,),(OH),-2H,0 (JCPDS 18-0644)

Slika3.  Rentgenska difrakcijska slika CuFeS,: a) mehani¢ki ne_
aktiviran; b) mehanicki aktiviran u trajanju 30 minuta;
¢) uzorak b) poslije izluZivanja u H,SO, C - halkopirit,
CuFeS, (JCPDS 35-0752), Q - kremen, SiO, (JCPDS 33-
1161), P - pirit, FeS, (JCPDS 06-0710), S - sumpor, S
(JCPDS 08-0247), * = halkantit, CuSO,5H,0 (JCPDS 11-
0646), A - Zeljezov sulfat dihidrat Fe,(SO,),(OH), 2H,0
(JCPDS 18-0644)
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which is consequence of its strong amorphization. However,
the iron sulphate hydrate Fe,(SO,),(OH).-2 H,O has been
detected. The same mechanically activated sample has been
leached out in H,SO, medium and also X-ray examined
(Figure 3.¢). The presence of elemental sulphur as the only
solid phase is in a good agreement with the reaction (2) and
scanning electron micrograph in Figure 4.d. There is no
evidence of some new copper and iron sulphide phases as
a consequence of chalcopyrite phase transformation during
mechanical activation.
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Figure4. Scanning electron micrographs of chalcopyrite CuFeS,:
a), b) mechanically inactivated (170 pm); c), d) - mecha-
nically activated (20 min); a), c¢) before leaching; b), d) -
after leaching

Slika4.  Pretrazna elektronska mikrografija halkopirita, CuFeS,:
a), b) - mehanicki neaktiviran, ispod 170 pm; c), d) - me-
hanicki aktiviran 20 minuta; a), ¢) - prije izluZivanja; b),
d) - poslijeizluZivanja

The promotion of leaching by mechanical activation
is a phenomenon common for many minerals [1, 4, 20].
However, the selective effect of the grinding upon one part
ofthe crystal lattice is a characteristic feature for minerals
with close - packed structural units [21].

Figure 4.a shows the graines of chalcopyrite before
leaching. The surface of the leached chalcopyrite (Fig 4.b)
is more rough and small particles are sticked to the bigger
ones. The small number of sulphur particles can be seen
in right side of this picture. The mechanical activation of
CuFeS, results in a greater portion of finer particles and
the formation of agglomerates which may have dimensions
comparable to those of non-activated particles (Figure 4.c).
The sample after leaching (Figure 4.d) have much more
roughed surface in comparison with Figure 4.b and it seems
the small grains are more compacted probably by coating
with elemental sulphur as observed by Dutrizac [22].

CONCLUSIONS

On basis of the obtained results it is possible to conclude
that mechanical activation affects the selectivity of leaching
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of chalcopyrite CuFeS,. Mechanical activation resulted in
an increased specific surface area, structure disorder and in
the appearance of sulphates on the surface of CuFeS,. The
products of mechanochemical surface oxidation are easily
soluble and thus in the initial step of leaching positively af-
fect the rate of copper and iron extraction. With the increase
of mechanical activation in time, the number of structural
defects of the mineral increases together with an increase
of specific surface area. It has been shown that increase of
copper leaching apart from the leaching of iron is influenced
by mechanical activation of the mineral.
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