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Abstract—The behavior of chalcosine in leaching of carbonyl nickel synthesis residues with copper(II) chloride
solutions was studied. The chalcosine leaching was examined in relation to the chloride background concentration,

and kinetic features of the process were elucidated.
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At the present time, the annual world production
of nonferrous metals by pyrometallurgical method
tends to steadily decline [1-3]. Implementation of
hydrometallurgical processing of sulfide materials was
greatly motivated by the need to solve interconnected
problems of environmental protection, exhaustion of
rich deposits, reliance on sulfuric acid sales, and the need
for complex processing of raw materials and utilization
of harmful impurities. The main advantage offered by
leaching in chloride solutions consists in that it allows
sulfur to be virtually exhaustively oxidized to elemental
form. Also, the process can be run at atmospheric
pressure because of high leaching rate and utilizes smaller
volumes of solutions in subsequent stages because of high
solubility of metals.

Since the middle XX century, comprehensive efforts
have been dedicated to commercial use of hydrochloride
leaching of copper sulfide-based minerals. These efforts
culminated in development of the known processes that
are described in sufficient detail in [2—6]. Depending on
the first stage of decomposition of the sulfide materials,
the hydroochloride processes can be classed as leaching
with concentrated solutions of iron(IIl) and/or copper(Il)
chloride or as leaching with solutions characterized
by high concentration of the chloride ions, containing
iron(Ill) and/or copper(Il) chloride solutions, whose
oxidative power is restored, e.g., by supplying gaseous
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chlorine or air to the solution regeneration stage [2,
5-14].

In aqueous solutions, iron is stable both as Fe3* and
Fe2*, the standard redox potential of the Fe3*/Fe2+t pair
being 0.57 V (relative to silver chloride electrode), which
makes iron(III) solutions suitable for leaching of sulfide
minerals [15]. Earlier studies [6, 16—18] were concerned
with the use or hydrochloric acid and iron(IIl) chloride
solutions for leaching of carbonyl nickel synthesis
residues (SR). Meant by the latter is a sulfide product
whose phase composition is represented by chalcosine
Cu,S, cobalt pentlandite (Co,Fe)ySg, and pentlandite
(Ni,Fe)ySg. Those studies revealed conditions at which
over 99% copper passes into solution.

The standard redox potential of the Cu2*/Cu* pair
is 0.044 V, which makes copper(Il) chloride solutions
unsuitable for leaching of sulfide minerals [19]. However,
Cut ions can form stable chloride complexes in chloride
media, thereby increasing the redox potential of the
Cu2*/Cu* pair to 0.53—0.7 V, depending on the chloride
ion concentration. Thus, concentrated copper(Il) chloride
solutions are also suitable as efficient oxidants in leaching
of sulfides.

The advantages offered by copper(Il) chloride as
oxidant in hydrochloride leaching of sulfide minerals are
soft oxidation conditions and simple regeneration of the
leaching agent [14]. Also, copper(Il) chloride solutions
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are preferred for leaching of copper sulfide minerals,
chalcosine Cu,S, covellite CuS, and chalcopyrite CuFeS,,
because of a smaller amount of iron contained in the
leaching solutions.

Here, we elucidate the possibility and the features
of leaching of chalcosine Cu,S from carbonyl nickel
synthesis residues with copper(Il) chloride solutions
with a view to development of a hydrometallurgical
technology for this intermediate of copper-nickel
production process.

EXPERIMENTAL

For characteristics of the initial material and experi-
mental technique of SR leaching, see [6, 16—18].
Elemental composition of the initial material, wt%: Ni
3.8;C016.0; Cu33.0,Fe4.4;S 18.9; ZPM ~ 0.2. There is
about 50% chalcosine in the phase composition of SR.

The X-ray phase analysis of the samples was carried
out on a DRON-2.0 diffractometer with Cuy, radiation.
The content of the main components in solutions and
leaching residues was determined by known techniques
[17]. The mineralogical analysis of the samples by
reflected light microscopy was carried out with an
Ultrafot-3 Opton microscope with 0.2-um resolution. The
main phases were examined by the X-ray spectral micro
analysis on an MS—46 Cameca microprobe analyzer.

The copper(Il) chloride solutions were prepared
from chemically pure-grade CuCl,-2H,0. The chloride
background was created by dissolving reactive chemically
pure-grade NaCl, HCI, or NiCl,-6H,0, depending on the
required chloride background concentration.

The redox potentials of the solutions were measured
using a V777 voltmeter, with an Ag/AgCl silver chloride
reference electrode and a platinum indicator electrode.
The published standard redox potentials are also given
relative to Ag/AgCl.

To assess how the mathematical models we used
fit the experimental data with the significance level of
0.05, expressed as the determination coefficient R2, we
employed STATISTICA 6 program.

Studies dedicated to complexing of copper in chloride
solutions showed that Cut in concentrated solutions
forms chloride complexes CuClO, CuCl,, CuCl3-, CuClj-,
and even dimers Cu,Clz-and trimers Cu;ClI3-. In dilute
chloride solutions (0.001-0.1 M CI-) near the boiling
point of the solution, the dominating species is CuCl9
complex, and in more concentrated solutions, CuCl,~ and

Table 1. Standard free Gibbs energies of formation of copper
sulfides and Cu(I) and Cu(II) chloride complexes according to
[9, 21, 28]

Formula kAJCr}r(Z;?)sl:‘ Formula kAJCr}Ez)Sl”I
CusS ol 8535 | Cl'som) -131.14
CuSsol) 53,55 | CUom +50.20
Cu* ol +64.96 | CuCl o) 248.03
CuClom | _66.80 | CuCl? ~373.46
CuCly qom | —196.95 | CuCl; ~511.20

CuCl3-complexes. At chloride concentrations above 7 M,
CuCl}- complex can be formed [19-21].

The available data about complexing by the Cu2+ ion
are somewhat inconsistent. At low chloride concentrations,
the dominating species are aqua complexes, and in
more concentrated solutions, CuCl* and CuClY [22].
At Cl- concentration of 2.5 M, CuCl; is formed, and at
5-10 M CI, CuCl3-. At the same time, Collins et al. [23]
showed that, at 7' < 75°C and chloride concentrations
within 0.2-2.2 M, there is no complexing; at 5 M Cl-, the
CuCl* complex dominates; and at temperature increased
to 125°C, CuCls and CuCl;- are formed.

Nevertheless, the most recent EXAFS (Extended
X—Ray Absorption Fine Structure) data

[21, 23] suggest that, under the conditions chosen
for studying the behavior of the phase components of
the carbonyl nickel synthesis residues with copper(Il)
chloride, free chloride concentration in solution of 4-8
M and temperatures within 20-95°C, the Cu* and Cu2*
ions occur mainly as CuCls, CuCls-, CuCl;~and Cu?*,
CuCI*, CuClY, respectively.

Numerous studies [6, 24-27] showed that leaching
of chalcosine Cu,S under oxidative conditions involves
formation of covellite CuS which is further dissolved to
yield elemental and/or sulfate sulfur.

Based on the above-said and the Gibbs energies AGyg
of the chemical reactions calculated with the use of the
data from Table 1, we estimated the thermodynamic
probability of decomposition of chalcosine in copper(Il)
chloride solutions.

Our results suggest (Table 2) that the first stage of the
reaction of Cu,S with the solution components, involving
recrystallization to CuS, can proceed already under the
standard conditions [reactions (1—4)]. However, the route
of the process is governed both by the initial state of the
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Table 2. Gibbs energies of the reactions of dissolution of
chalcosine with copper(IT) chloride in chloride solutions under
standard conditions

Reaction kAJCIini)gl%l
First stage
CUZS (sol) + CUCF(SO]n) +3CI” (liq) =
CuS + 2CuCl} gig (1) .04
CusS (o1 Cu2+(soln) +4Cl i) =
CuS + 2CuCl, gig (2) ~4.66
CUZS (sol) + CUC12 +2CI° (iq) — CuS + 03
_ -3.
2CuCl 2 (lig) (3)
CUZS (sol) + CUCIZ +6CI” (iq) CuS +
2CuCl; @ | o8
CUZS (sol) + CUCF(SO]n) + 5CI” (i) ~ CuS +
b +7.38
2CuCly (o ®)
CUZS (sol) + CUC12 +4CI” (iq) — CuS +
2- +6.39
2CUC1 3 (liq) (6)
CuyS (soly + CU*'(sqimy + 6C1 ig) =
2 (sol) 27( ) (liq) 4676
CuS +2CuCl 3 (lig) (7)
Second stage
CuS (g1 + CuCl, + 6CI i = 2CuCl} + 1494
S(sol) (8)
CuS (sol) + CuCl, + 2CI° (liq) =
_ +16.72
2CUC1 2 (lig) + S(sol) (9)
CusS (son + Cu* et + 4CI iy =
Gob (ol 0 +17.09
2CuCl 2 (lig) + S(sol) (10)
CuS ooy + CuCl’ o + 3CI™ iy =
Gob ol 0 +17.71
2CuCl 2 (lig) + S(sol) (] ])
CuS (sol) + CUC]Z +4CI” (liq) —
I +28.14
2CuCl 3 (lig) + S(sol) (12)
CuS (o1 + CU” o) + 6CT™ i) =
o) T ol o +28.51
2CuCl 3 (lig) + S(sol) (13)
CuS sol + CllC]Jr soln. + 5CI7, lig) —
coh ol o +29.13
2CuCly (somy + Sesoly (14)

CuZ* complexes and the resulting chloride complexes of
Cut, i.e., by the equilibrium of the system. Dissolution of
covellite under the standard conditions [reactions (8—14)]
is thermodynamically hardly probable.

At the same time, Lundstrom et al. [12, 19] reported
that, at 363 K, an increase in the copper(Il) concentration

o
1.0

4 8
‘crr

Fig. 1. Copper(Il) recovery a from SR vs. chloride
concentration in leaching solution ¢ci-, M. t=2h, T=
363 K, CuCl,: Cu=1:1. Composition of the solution:
(1) NiCl, and (2) NaCl + HCl.

from 0.1 to 1.0 M results in stabilization of the Cu(Il) and
Cu(]) ions, which makes formation of CuCI* and CuCl,-
chloride complexes most probable. Simultaneously with
increase in the free CI-concentration from 1.2 to 2.7 M,
the CuCl3- chloride complex is stabilized, and the redox
potential of the CuCl*/CuCl3~ pair increases to 0.53 V.
Further increase in the free ClI” concentration to 12 M
caused formation of CuCl, and CuCl}- complexes, the
redox potential of the CuCl,/CuCl3- pair being 0.7 V. The
equilibrium rate constant of the redox reaction

CuyS (gop) + 2CuCly + 12C1 i = 4CuClF + Sy (15)
can increase by eight orders of magnitude, as follows
from the equation In K, = nFFADE®/RT, where n is the
number of electrons participating in the conversion of
the substance from the reduced to oxidized form; F,
Faraday number; R, gas constant; and 7, temperature of
the process. The standard electrode potential of chalcosine
is 0.31 V [29, 30].

Based on the above-said, we carried out experiments
to elucidate how the amount of the copper(Il) chloride
spent and the chloride concentration affect the degree of
decomposition of chalcosine from SR. We found that, at
chloride concentration of 4 M and temperature 368 K, an
increase in the copper(Il) chloride concentrations beyond
the stoichiometric amount for the overall reaction (15)
leaves virtually unaffected the degree of copper passing
into solution (47-52%).
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Fig. 2. Kinetic curves of dissolution of chalcosine with
copper(Il) chloride: () recovery and (1) leaching time,
min. (a) cc- =4, ceycr, = 0.4, ey = 0.5 M sol - lig = 1:
10 and (b) ¢c-=38, ceycl, = 0.4, ey = 0.5 M; sol : lig =
1:10. Temperature, K: (/) 293, (2) 313, (3) 333, (4) 353,
and (5) 373.

To elucidate how the dissolution of chalcosine
from SR with copper(Il) chloride is affected by the
chloride background concentration (Fig. 1), the chloride
background was created with nickel chloride solutions
(curve 1) and a 1:1 sodium chloride—hydrochloric acid
mixture (curve 2). It is seen that, with increasing chloride
background concentration cq;_to 8 M, the degree of
copper passing into solution increases stepwise: Without
chloride background, no greater than 32% copper passes
into solution within 4 h at 95°C; at ¢,,_ within 1-4 M the
copper recovery does not exceed 50%; and at ¢, of § M
78-86% copper is recovered. The curves exhibit identical
runs, with higher recovery achieved in the presence of
hydrochloric acid.

Most likely, such pattern is due to the change in
stability as CuCI* < CuCl{ for the chloride complexes in

(@)
0.06

2.7 3.1 3.5
103/T

Fig. 3. Calculation of the kinetic parameters for
dissolution of chalcosine with copper(II) chloride at
chloride concentration of 4 M. (1) Time, min; the same
for Fig. 5. Temperature, K: (/) 293; (2) 313; (3) 333; (4)
353; and (5) 373; the same for Fig. 5. (a) Jander equation
and (b) In K~1/T dependence.

the initial solutions and as CuCl; < CuCl3- for the chloride
complexes formed during the reaction. Mineralogical,
X-ray phase, and X-ray spectral microprobe analyses
showed that, at Cl- concentration of 3—4 M, chalcosine
is exhaustively substituted by covellite; insignificant
amounts of Cu,_S (x < 1) sulfides are also present.

Figures 2a and 2b characterize the chalcosine leaching
rate in relation to temperature within 293-373 K for the
chloride concentrations of 4 and 8 M. The experiments
aimed to elucidate the limiting stage of chalcosine
dissolution from SR with a copper(II) chloride solution at
the chloride concentration of 4 M showed (Fig. 2a) that,
within 2-h leaching, the system attains equilibrium. The
experimental data suggest (Figs. 3a, 3b) that, over the
temperature range examined, the dependences obtained
adhere to the Jander and Ginstling—Brounshtein equations

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No.5 2009
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Fig. 4. The In kg, —1/T dependence for the first stage of
dissolution of chalcosine with copper(Il) chloride at the
chloride concentration of 8 M (E = 7.2 kJ mol-1).

0.28

Sl (b)
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2.7 3.1 3.5
103/T

Fig. 5. Calculation of the kinetic parameters of dissolution

of covellite with copper(Il) chloride at the chloride

concentration of 4 M: (a) Ginstling—Brounshtein equation
and (b) In &~1/T dependence, E = 49.4 kJ mol-L.

[31] describing the kinetic features of heterogeneous
processes with diffusion-limited rate:

[1-(1-a)yBsp =K+
[1-230—-(1-0)?]=K;5T,

where a is the proportion of the spent substance; T,
reaction time; and &, reaction rate constant.

The plots of these functions for the achieved con-
versions exhibit virtually identical runs. The apparent
activation energy of the process was estimated at
15.7 kJ mol-1.

Herreros et al. [11] examined dissolution of djurleite
Cu, 475, isostructural with chalcosine [28], in a copper(II)
chloride solution at chloride concentrations ranging from
0.6 to 1.3 M at temperatures within 293-353 K. Those
experiments showed that the process is controlled by
the chemical reaction with the activation energy E, =
35 kJ mol-1.

A decrease in the activation energy in dissolution of
chalcosine from SR is most likely due to an increase in
the chloride concentration in the leaching solution. In this
case, dissolution of chalcosine is controlled by diffusion
of the oxidant through a layer of the freshly formed
covellite, rather than by the chemical reaction.

At free chloride concentration increased to 8 M,
chalcosine is dissolved virtually exhaustively (Fig. 2b).
The first stage takes very brief time: Within 10 min at room
temperature chalcosine is exhaustively recrystallized into
covellite [reactions (1-7)]. The second stage consists
in dissolution of covellite with formation of elemental
sulfur during the reaction [reactions (8—14)]. This stage
takes longer time: Only after 60 min of leaching at 7' <
353 K the system attains the equilibrium. The two-stage
nature of dissolution of chalcosine suggests a change in
the leaching mechanism. Similar results were obtained
by Ruiz et al. [24], Rajko et al. [25], and Cheng and
Lawson [26].

Figure 2b suggests that, over the temperature range
examined, the copper recovery from chalcosine linearly
varies with time up to 0.50, which corresponds to
conversion of chalcosine, contained in the synthesis
residues, to covellite:

a= kchalct >

where o is the proportion of spent chalcosine, and k.,
reaction rate constant for the first stage.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 5 2009
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Using the rate constants derived from the slopes of the
straight lines in Fig. 2b, we estimated the experimental
activation energy from the slope of the Arrhenius curve
at 7.2 kI mol-!, which is characteristic for diffusion
processes (Fig. 4).

For two consecutive stages, the proportion of dissolved
covellite can be calculated by the method proposed by
Ruiz et al. [24]:

Oy = (0 —0.5)/0.5; o >0.5

The leaching time in the second stage of the reaction
is defined as T ,,= T — T 0, Where 7 is the total leaching
time, and tg,., time of exhaustive recrystallization of

chalcosine into covellite.

Subsequent analysis of the experimental data showed
(Figs. 5a, 5b) that, over the temperature range examined,
the dependences adhere to the Ginstling—Brounshtein
equation. The activation energy was estimated at
49.4 kJ mol-!, and this suggests a kinetic mode of the
process for the second stage.

Also, the kinetic curves of leaching of chalcosine
with copper(Il) chloride at chloride concentration of
8 M also adhere to the Erofeev—Kolmogorov equation
a = 1 — ekm where a is the proportion of the spent
substance; t, reaction time; and £ and n, coefficients
(coefficient n measures the deviation of the leaching
process from the first-order kinetic relationships). The
coefficient n for the first stage is close to unity, and that
for the second stage was estimated at 0.1-0.2.

Thus, our study of the dissolution of chalcosine
from SR in CuCl,—Cl'—H,0O solutions showed that
its decomposition is governed to a greater extent by
the chloride background concentration: At ¢q- < 4 M
chalcosine is recrystallized into covellite, and at c->
4 M covellite is decomposed, with ca. 99% copper passing
into solution at cc-~ 8 M and 373 K.

Earlier 18], we studied in detail the behavior of cobalt
pentlandite and pentlandite from SR in the FeCl;—H,0—
HCI and CuCl,~H,0-HCI systems. Those experiments
showed that, in oxidative leaching of SR, cobalt pent-
landite is dissolved with formation of thiospinel (M;S,,
where M = Co, Ni), which is associated with a defective
structure of the initial cobalt pentlandite.

In decomposition of cobalt pentlandite, iron which
isomorphically substitutes cobalt in the mineral structure
virtually exhaustively passes into solution, which results
in recrystallization of cobalt pentlandite into cobalt

thiospinel. At the hydrochloric acid concentrations
under 0.5 M and at copper(Il) chloride concentration
within 1-3 M no greater than 30-40% pentlandite was
dissolved.

CONCLUSIONS

(1) Study of the behavior of the phase components of
the carbonyl nickel synthesis residues in CuCl,~HCI-
CI-solutions showed that decomposition of chalcosine is
governed to a greater extent by the chloride concentration
in solution and the temperature of the process: At c¢-<
4 M chalcosine is dissolved with formation of covellite,
and at co- > 4 M covellite is decomposed, specifically
by 99% at c¢o-~ 8 M.

(2) At chloride concentrations in the leaching solution
under 4 M recrystallization of chalcosine into covellite
is controlled by diffusion, the apparent activation energy
being 15.7 kJ mol-1.

(3) At chloride concentration of 8 M in the leaching
solution, dissolution of chalcosine proceeds in two
stages. The apparent activation energy in the first stage
is 7.2 kJ mol-1. This suggests that the process is controlled
by diffusion of the Cu2* oxidant through the boundary
layer of covellite to the external surface of the chalcosine
particles. In the second stage, dissolution of covellite
proceeds in a kinetic mode with the apparent activation
energy of 49.4 kJ mol-1.

REFERENCES

1. Naboichenko, S.S. and Smirnov, V.I., Gidrometallurgiya
medi (Copper Hydrometallurgy), Moscow: Metallurgiya,
1974.

2. Hyvarinen, O. and Homualginen, M., Hydrometallurgy,
2005, vol. 77, pp. 61-65.

3. Habashi, F., Acta Metall. Slov., 2007, vol. 13, pp. 420—
433,

4. Hackl, R.P., Dreisinger, D.B., Peters, E., et al.,
Hydrometallurgy, 1995, vol. 39, pp. 25-48.

5. Dutrizac, J.E., Hydrometallurgy, 1992, vol. 29, pp. 1-45.

6. Kshumaneva, E.S. and Kasikov, A.G., Zh. Prikl. Khim.,
2007, vol. 80, no. 4, pp. 549-554.

7. Wilson, J.P. and Fisher, WW., J. Metals, 1981, vol. 33,
no. 2, pp. 52-57.

8. Guy, S., Broadbent, C.P.,and Lawson, G.J., Hydrometallurgy,
1983, vol. 10, pp. 243-255.

9. Hubli, R.C., Mukherjee, T.K., Venkatachalam, S., et al.,

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No.5 2009



778

10.

I1.

12.

13.

14.

15.

16.

17.

18.

KSHUMANEVA et al.

Hydrometallurgy, 1995, vol. 38, pp. 149—159.

Fang, Z., Eng. Chem. Metall., 1997, vol. 18, no. 3,
pp. 202-206.

Herreros, O., Quiroz, R., Longueira, H., et al.,
Hydrometallurgy, 2006, vol. 82, pp. 32-39.

Lundstrom, M., Aromaa, J., Forsen, O., et al.,
Hydrometallurgy, 2005, vol. 77, pp. 89-95.

Lundstrom, M., Aromaa, J., Forsen, O., et al.,
Hydrometallurgy, 2007, vol. 85, pp. 9-16.

Park, K—H., Mohapatra, D., Hong—In, K., et al., Separ.
Purif: Technol., 2007, vol. 56, pp. 303-310.

Tret’yakov, Yu.D., Martynenko, L.I., and Grigor’ev, A.N.,
Neorganicheskaya khimiya: Khimiya elementov (Inorganic

Chemistry: Chemistry of Elements), , Moscow: Mosk. Gos.
Univ., 2007, Vol. 2.

Kshumaneva, E.S., Kasikov, A.G., and Neradovskii, Yu.N.,
Zh. Prikl. Khim., 2005, vol. 78, no. 2, pp. 185-190.

Kasikov, A.G., Kshumaneva, E.S., and Neradovskii, Yu.N.,
Sbornik trudov 1l Fersmanovskoi nauchnoi sessii Kol skogo
otdeleniya Rossiiskogo mineralogicheskogo obshchestva
(Proc., II Fersman Scientific Session of Kola Division of
Russian Mineralogical Society), Apatity, 2005, p. 155.

Kshumaneva, E.S., Kasikov, A.G., and Neradovskii,
Yu.N., Trudy Vserossiikoi nauchnoi konferentsii i IV
Fersmanovskoi nauchnoi sessii, posvyashchennykh 90-
letiyu so dnya rozhdeniya akad. A.V. Sidorenko i dokt. geol.-
mineral. nauk I.V. Bel’kova [Proc., All-Russia Scientific
Conf. and IV Fersman Scientific Session Dedicated to
90th Anniversary of Academician A. V. Sidorenko and . V.
Bel’kov, Dr. Sci. (Geol.-Miner.)], Apatity: K&M, 2007,

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

pp- 299-303.

Lundstrom, M., Aromaa, J., Forsén, O., et al., Acta Metall.
Slov., 2007, no. 3, pp. 447-459.

Liu, W., Bruger, J., McPhail, D.C., et al., Geochim.
Cosmochim. Acta, 2002, vol. 66, pp. 3615-3633.
Sherman, D.M., Geochim. Cosmochim. Acta, 2007,
vol. 71, pp. 714-722.

Berger, J.M., and Winand, R., Hydrometallurgy, 1984,
vol. 12, pp. 61-81.

Collins, M.D., Sherman, D.M., and Ragnarsdottir, K.V.,
Chem. Geol., 2000, vol. 167, pp. 65-73.

Ruiz, M.C., Honores, S., and Padilla, R., Metallurg. Mater.
Trans., 1998. vol. 29, pp. 961-969.

Rajko, Z.V., Parezanovic, 1.S., and Cerovic, K.P., Hydro-
metallurgy, 2000, vol. 58, pp. 261-267.

Cheng, C.Y. and Lawson, F., Hydrometallurgy, 1991, vol. 27,
pp- 249-268.

Young, C.A., Dahlgren, E.J., and Robins, R.G., Hydro-
metallurgy, 2003, vol. 68, pp. 23-31.

Vaughan D.J. and Craig, J.R., Mineral Chemistry of Metal
Sulfides, Cambridge University Press, 1978.

Ospanov, Kh.K., Zhusupova, A K., Sharipova, S.A., etal.,
Zh. Fiz. Khim., 1999, vol. 73, no. 5, pp. 940-942.
Vol’dman, G.M. and Zelikman, A.N., Teoriya
gidrometallurgicheskikh protsessov (A Theory of Hydro-
metallurgical Processes), Moscow: Intermet Inzhiniring,
2003.

Korobov, A 1L, Visnik Kharkiv. Nats. Univ., Khimiya, 2004,
issue 11, no. 626, pp. 115-154.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 5 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


