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Microwave Leaching of Chalcopyrite - Possible
Improvement in Hydrometallurgy

Havlik, T. (1)

The leaching characteristics of chalcopyrite concentrate pre-treated by a new meth-
od and leached in water were investigated in this study. In the pre-treatment phase
the chalcopyrite concentrate was mixed with acidified FeCl, solution and exposed to
a microwave field. The dry paste of chalcopyrite with FeCl,*6 H,0 was exposed to the
microwave field for 15 minutes. The originated intermediate product was leached in
ordinary cold water during 5 minutes. The copper leaching efficiency achieved was
55.2 %. The duration of the microwave pretreatment, intermediate product leaching
time in water, chalcopyrite / FeCI3 mixture ratio, water addition into dry mixture as
well as HCI addition into mixture were investigated in this case. The optimum condi-
tions for this new pre-treatment method in laboratory scale were defined.

he most common raw ma-
terials for copper hydro-
metallurgical treatment are
chalcopyrite concentrates.
Unfortunately, these are also consider-
ably resistant against leaching process-
es. Although at present the pyromet-
allurgy of copper is predominant, the
hydrometallurgical and biometallurgi-
cal methods for chalcopyrite treatment
have become more common. The main
reason for the increasing interest in hy-
drometallurgical processes lies proba-
bly in the variable raw material quality
as well as in the ecological legislation,
which is becoming more stringent. Fig.
1 shows the tendency of copper hydro-
metallurgical production [1, 2].
Our previous works have been focused
on finding effective methods of chal-
copyrite leaching in comparison to
classical leaching methods, which use
acidified ferric chloride or ferric sul-
phate leaching solutions [3, 4].
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When ferric sulphate [5, 6] was used
as a leaching medium within the tem-
perature range 20 - 99 °C, the chalcopy-
rite leaching resulted in a change of the
leaching mechanism. At temperatures
20 - 40 °C the apparent activation
energy was E, = 12 kJ/mol. The rate-
controlling step was the leaching agent
diffusion onto the leaching surface.
At higher temperatures the apparent
activation energy E, = 69 kJ/mol was
detected. The rate-controlling step was
the chemical reaction kinetics on the
leaching surface. The mineral surface
was covered by solid reaction product,
e.g. elemental sulphur.

Within the temperaturerange 3.5-95°C
the leaching curves for chalcopyrite ex-
hibited the parabolic character with ap-
parent activation energy E, = 55 kJ/mol
in ferric chloride medium [7-10]. The
overall reaction rate was controlled by
chemical kinetics, probably by the gen-
eration of an elemental sulphur layer on
the leached mineral surface.

[12-14] was used, the more effective
leaching of chalcopyrite was gained.
The copper yield was higher than with
all the methods described above. The
highest efficiency is achieved at ca.
20 °C defined by the solubility of ozone
in the aqueous solutions. The advan-
tage of these media is that they do not
require any regeneration.

Because of the temperature dependen-
cies of the ozone solubility in the aque-
ous solutions, it was impossible to de-
termine the activation energy value for
the ozone leaching.

However, the experimental results
revealed that the chemical reaction
on the leached mineral surface is rate
controlling.

The leaching of chalcopyrite in the sul-
phuric acid in the presence of ozone
atmosphere does not depend on the
acid concentrations. Sulphuric acid is
needed only to avoid iron hydrolysis.
The process is accelerated with the
increasing ozone concentration in the
working atmosphere.

Chalcopyrite has also been leached in
the high - frequency field [15]. Likewise
above, no activation energy value could
be determined. That is because when
using high - frequency energy, only
process leaching temperatures near the
boiling point of solution are possible.
The heating rate was extremely high
and the leaching efficiency higher than
with the methods described above.
Not only increasing ferric ion concen-
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Material | Leaching E, t Cu effeciency | Mechanism Feature
medium | [kJ/mol]| [°C] (120 min
leaching)
Fe,(SO,),+ 12 20-40 | 0.36/40°C |mass transfer | elemental sulfur
H SO, origination
Fe,(SO,),+ 69 40-95| 7.99/95°C |chemical re- |elemental sulfur
H . SO, action origination
FeCl, + 55 3.5-95]| 14.85/95°C |chemical re- |elemental sulfur
HCI action origination
FeCl, + 31.2 45-80 | 16.57 /80 °C | mass trans- | no elemental
HCI + fer, sulfur sulfur observed
CCl, dissolution | on interface
CuFes, in CCl,
H,SO, + 22 23.4/22°C |chemical re- |no elemental
0, action sulfur observed
on interface
FeCl, 104 | 27.4/104°C |parabolic reaction in solid
VHEF hea- kinetics mass | state
ting transfer
FeCl3 104 33.2/104 °C | parabolic 900 W
microwave kinetics mass
heating transfer

Tab 1: Chalcopyrite leaching kinetics and mechanism results [5]

tage. Both high-frequency and micro-
wave field have the advantage that the
perfect pulp stirring is achieved by boil-
ing, without any mechanical facility. An
excellent overview of microwave leach-
ing was given by Al-Harahsheh [18].

In this paper a new method of mi-
crowave leaching is described. This
method is based on the pre-treatment
in which a mixture of chalcopyrite and
ferric chloride is prepared and heated
for a short time in the microwave field.
Also a small amount of water or HCl is
added in the mixture. By the solid-state
chemical reactions, easily soluble com-
pounds can be produced, and these can
be transferred into the solution after a
short time leaching in ordinary water.
The achieved copper extraction effi-
ciencies are much better than in all the
cases described above (Tab. 1, Fig. 2).

Experimental part

The experiments were carried out with
chalcopyrite concentrate from Cuba
with the chemical composition of
32.3 % Cu, 28.4 % Fe, 31.9 % Sand 5.61
% of insoluble oxides determined by
AAS method. The fraction -80 +60 pm
was separated by screening and used for
leaching in most of experiments. The
X-ray phase analysis of the concen-
trate revealed that the sample contains

mainly chalcopyrite CuFeS, (JCPDS-
ICDD index 9-423), a small amount of
quartz SiO, (index 5-490) and silliman-
ite ALSIO, (index 10-369).

To carry out these experiments, a mi-
crowave oven with an adjustable power
(up to 900 W) and microwave frequen-
cy of 2450 MHz adapted with special
devices for heating and leaching was
used. Fig. 3 shows the scheme of the
experimental apparatus.

Results
Microwave action influence

Initially, 2 g of chalcopyrite, an equi-
molar amount of ferric chloride (6.5 g)
and 5 ml water were used in the experi-
ments. This mixture was exposed to the
microwave field for 1, 5,10, 15, 20,45 or
60 min. No temperature was measured
during the experiment. The originated
intermediate product was leached im-
mediately after the heating using cold
water (normally 200 ml). Fig. 4 shows
the copper dissolution efficiency as a
function of time of the microwave ac-
tion and the influence of both water
and HCl used in the charge.

Fifteen minutes of microwave action
was observed to be the best time for the
heating of chalcopyrite - ferric chloride
mixture. As shown in Fig. 5, all cop-
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Fig 2: Comparison of various kinetic chalco-

pyrite-leaching curves

per available was dissolved practically
immediately, and no more copper was
dissolved even after 24 hours. For that
reason a five minute leaching period
was defined as the standard leaching
time in the following experiments.

Influence of the leaching water
amount

Fig. 6 shows the influence of the leach-
ing water amount on copper efficiency.
It can be clearly seen that 200 ml is an
optimum amount of leaching water for
the defined charge amount. The bigger
volumes uselessly dilute the leachate.

Influence of the ferric chloride
amount in charge

Fig. 7 shows the copper leaching effi-
ciency as a function of the ferric chlo-
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Fig. 3: Scheme of apparatus for microwave

leaching
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Fig. 4: Influence of leaching time on copper
efficiency at various time periods of micro-
wave action.
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Fig. 5: Copper efficiency vs. leaching time
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Fig. 6: Copper efficiency vs. leaching water
amount dependence

ride amount in charge. It can be seen
that the optimum amount of ferric
chloride in the charge is the stoichio-
metric amount of salt.

Influence of the water amount in
charge

Fig. 8 shows the influence of water
amount in charge on copper efficiency.
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Five millilitres of water for a defined
charge (2 g CuFeS, ) give the optimum
copper dissolution efficiency. The
increase of water amount causes the
situation according to which the rela-
tive part of microwave radiation will be
absorbed in water, and that is why it
will not influence the solid state chemi-
cal reaction. The additional increase
of water amount causes the pulp crea-
tion instead of paste, like in the clas-
sical leaching cases. In such case the
chemical reaction will take place in the
liquid-solid state and not in the solid-
solid state.

Influence of HCI in charge

Fig. 4 shows the similarity in the
leaching curves, when water or HCl is
used in charge. The copper efficiency
in both cases is practically the same.
However, the experiments with vari-
ous concentrations of HCl added in the
charge were carried out. The results are
shown in Fig. 9.

Although the copper efficiency is
higher at HCI concentrations in the
range 0.25 - 0.5 M/L, using pure water,
better or at least similar results can be
achieved. The reason could be again in
partial consumption of the microwave
energy for the interaction with HCL.
The comparison of the results achieved
by leaching of chalcopyrite pulp in
the microwave field and the results
achieved by the heating of chalcopy-
rite and ferric chloride dry mixture
followed by leaching in cold water re-
veals that the latter is a more effective
method, as shown in Fig. 10. Moreover,
by this new method not only higher
copper efficiency is achieved, but the
efficiency is practically achieved im-
mediately after starting the leaching
experiment.

Stability of leached metals in the
solution

By heating of chalcopyrite-ferric chlo-
ride mixture the solid state reaction
takes place according to

CuFeS, + 4 FeCl, = CuCl, + 5 FeCl, +
28 AG’,, =-167.365k]/mol (1)

The reaction takes place on the solid-
liquid phase interface, and because
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Fig. 7: Copper efficiency vs. ferric chloride
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Fig. 9: Copper efficiency vs. HCI concentration
in charge

of a relatively small interface area its
progress is also relatively slow. Both
soluble copper and iron ions are
transferred into solution. As follows
from eq. (1), the presence of the acid
is not necessary for the reaction, but
the acid medium (pH < ~ 2) is neces-
sary to avoid hydrolytic precipitation
of iron from the solution. However,
in the next step of solution treatment
iron causes technological troubles,
which increases the price of the entire
process.
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Fig. 10: Leaching of chalcopyrite pulp in

the microwave field compared to the pre-

treated chalcopyrite - ferric chloride mixture

leaching in cold water

A big amount of energy is coming to

the system by the microwave heating of

chalcopyrite-ferric chloride mixture.

The reaction (1) takes place in solid

state and whole charge volume, not

only on the surface like in the previous

case. Both cupric and ferrous chlorides

are well soluble in water. That is why

placing both of them in cold water is

sufficient for their total dissolution.

Due to the absence of acid in the sys-

tem, or presence of a very small amount

of acid, the pH of the solution is stabi-
lized at a higher value (pH = ~ 4). This
one does not ensure the stability area

of soluble iron ions in the solution.
Iron starts gradually precipitate by hy-
drolysis, and only copper remains in

the solution. This is a very significant

advantage of this method, because the

automatic separation of metals in the

solution occurs. The precipitated iron

in the goethite form can be filtered out.

Fig. 11 shows the goethite precipitation

from samples being under microwave

radiation for various time periods

within the range from 1 to 60 minutes

followed by the leaching in water for

five minutes.

Conclusions

The advantage of this new pre-treat-
ment method combined with the
leaching in cold water is as follows:

B simple process;

B reactions take place under normal
pressure;

B extremely short reaction and leach-
ing time;

B cheap and neutral leaching medium
- water;

B copper leaching efficiency is the
highest among the methods which
have been investigated;

B ecological advantage - no acid in the
leaching process;

B the availability of commercial mi-
crowave equipment for this pre-
treatment.

Microwave leaching of chalcopyrite

seems to be a new promising method

for copper extraction. A comparison
of the chalcopyrite leaching results in
various leaching solutions with sev-
eral leaching methods reveals that the
microwave leaching is a very effective
leaching method, giving the best cop-
per extraction of the methods studied.
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Fig. 11: Hydrolytic precipitation of goethite from lixviant
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