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Abstract. There was for the first time determined the possibility of using the natural mineral pyrite as a sulfidizer. The
mechanism of sulfur transfer from the pyrite mineral to oxidized minerals with the formation of easily floatable copper
sulfides was studied. To supplement the sulfur content in refractory oxidized copper ore, pyrite (FeS,) was used. It was
introduced into the pulp based on the reaction of formation of easily floatable copper sulfides. In order to achieve the
maximum values of the copper recovery into the concentrate and to determine the optimal parameters of the current
density, the concentration of sulfuric acid, the sulfidizing agent, pyrite, the electrolyte temperature, the duration of
the electrolysis, there was studied electrochemical sulfiding of the Zhezkazgan oxidized copper ore according to the

method of mathematical planning of the experiment.
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Introduction

At present, due to the gradual depletion and
limited reserves of high-quality mineral raw
materials and the growing needs of the national
economy in non-ferrous metals, it is necessary to
involve in the processing of more complex and
difficult-to-dress ores, including oxidized ones.
There is a large stock of flotation stale dump tailings
where copper is in the form of oxidized minerals
and it is time to re-process them. From the practice
of copper concentrating plants it is known that with
direct flotation of oxidized ores, the copper content
is 0.5%. The degree of the recovery does not exceed
75% and the quality of concentrates deteriorates. In
this regard, various combined schemes of processing
oxidized ores are used by scientists to maximize the
recovery of valuable components [1-4]. The main dis-
advantages of the known methods are relatively low
copper recovery into the concentrate, the technolo-
gical scheme complexity, a relatively high tempera-
ture and high energy costs. Sulfidation compared to
other methods of processing oxidized minerals has
the following main advantages: the degree of copper
recovery into the flotation concentrate increases to

KA 90% or more; sulfidated oxidized refractory ores are

further processed as sulfide ores according to the
existing generally accepted technology. The authors
of works [4, 5] carried out studying electrochemical
processes during the directed transformation of
oxidized mineralsintosulfide ones, i.e. when changing
the technical and technological properties of copper
minerals, which allows increasing its recovery into
the flotation concentrate by more than 10-15%, which
in turn will lead to expansion of the raw material base
of the mining industry, due to the involvement in the
processing of complex substandard raw materials,
will increase the use of minerals through the disposal
of associated valuable components.

The purpose of our research was to determine
the possibility of using pyrite, a widespread natural
mineral, which is a part of refractory oxidized copper
ores, as a sulfidizing agent; studying the mechanism
of sulfur transition from the pyrite mineral to oxidized
minerals with the formation of easily floatable copper
sulfides.

Experimental techniques

Anthropogenic complex dump oxidized copper
ores of the Zhezkazgan depositare mainly represented
by such copper minerals as chrysocolla malachite,



azurite, turquoise, chalcosiderite, cuprite, tenorite,
etc. that are practically not amenable to traditional
methods of flotation dressing. In addition, significant
intergrowth of minerals is observed in these ores,
which significantly complicates the processes of their
dressing by the existing methods. In the world practice
difficult-to-dress oxidized copper ores are processed
in various ways [1-4]. The main disadvantages of
the known methods are relatively low extraction of
copper into the concentrate, complexity of the tech-
nological scheme, a relatively high temperature and
high energy costs.

The promising methods of preparing complex
copper ores for flotation are electrochemical methods.
The authors of works [2, 3] carried out electrochemical
studies aimed at changing the surface properties of
minerals that are part of difficult-to-dress copper
ores.

The basis for the development of new
electrochemical methods of preparing oxidized
copper ores for flotation was the work carried out
for studying the voltammetric behavior of copper
and its oxidized and sulfide compounds: chrysocolla,
cuprous and cupric oxides, copper sulfides: Cu,S,
CuFeS; in aqueous solutions [4-8].

Scientific results

The process of electrochemical sulfiding was car-
ried out in a thermostated glass electrolyzer with the
volume of 0.5 1, a titanium cathode and a lead anode
were used as electrodes. The anode and the cathode
spaces are separated by an acid-resistant filter cloth.
Crushed ore (class content — 0.074 mm in ore 65%)
was mixed with the solution of sulfuric acid, at the
W:S ratio equal to 3:1. The chemical composition of
the oxidized copper ore of the Zhezkazgan deposit is
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shown in Table 1.

The resulting pulp is loaded into the cathode
space of the electrolyzer and subjected to electrical
treatment under conditions of intense mixing. After
electrical treatment, the pulp is fed into the flotation
machine. During flotation, the consumption of butyl
xanthate is 120 g/l, the blowing agent T-66 is 70-80 g/t.
Flotation is carried out on the laboratory F-237 FL-A
flotation machine. The experimental data obtained
are shown in Table 2.

The results of chemical analysis show that the ore
under study contains mainly a finely disseminated
difficult-to-open mineral: chrysocolla that is
practically not amenable to flotation. In addition, the
content of total copper and sulfur in it is relatively
insignificant. As a result, the amount of sulfur
present in the ore is insufficient for copper sulfiding.
Therefore, for the first time, to supplement the sulfur
concentration in the ore, a natural mineral, pyrite
(FeS;) is used as a sulfidizer. It is introduced into the
ore pulp based on the reaction of formation of easily
floatable copper sulfides.

The sulfidizing mechanism consists in the
following:

- during the cathodic polarization of oxidized
copper minerals, the latter is upon impact restored to
the elemental state according to the reactions:

chrysocolla CuSiO; + 2e + 2H' — Cu’+ HxSi0;, (1)

malachite CuCOs @)
Cu(OH),+4e+ 4H" - 2Cu’ + H,CO, + 2H, 0,

azurite 20uCO; 3)
Cu(OH),+6e+6H" - 3Cu"+ 2H,CO; + 2H,O.

Table 1 — Chemical composition (in %) of oxidized copper ore

CaO

Cuor

Cuyia

Siot Fe

Na,0

Tio,

Sio,

A|203

MgOo

1.2

0.96

0.16

1.46

0.10

0.21

76.1

1.86

8.4

0.21

Table 2 — Copper recovery into concentrate. Experimental data (&, ,) and calculated data (g, ;)

No. €cu,» €cu,p No. €y, €cup No. €y, €cup

1 89.63 89.0828 10 92.34 90.8395 19 82.37 85.6829
2 88.15 91.7254 11 97.03 95.7244 20 91.34 87.7998
3 85.64 90.0301 12 94.66 89.2916 21 96.77 93.4242
4 95.81 93.7934 13 96.38 96.4862 22 90.82 95.5358
5 97.11 93.6056 14 95.67 93.3069 23 87.67 93.2513
6 95.98 97.5403 15 84.00 89.6737 24 89.94 88.4815
7 98.87 95.7483 16 93.78 92.2085 25 95.63 90.9082
8 93.69 91.3126 17 87.99 84.2875

9 86.41 90.1359 18 89.08 88.8665
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Then, freshly formed very active copper, upon
contact with the natural iron sulfide mineral, pyrite
(FeS,) introduced as a sulfidizer, passes into easily
floatable copper sulfide:

Cu’+ FeS, — CuS + FeS, 4)

©)

In order to achieve the maximum values for copper
recovery into the concentrate and to determine the
optimal parameters, electrochemical sulfidation of

FeS+Cu’—2e — CuS + Fe™.

the Zhezkazgan oxidized copper ore was carried out
according to the method of mathematical planning
of the experiment [9], which independent variable
values are given in Table 3.

After sampling the experimental data (from Table
2) to the levels of factors and averaging the samples,
scatter plots of partial dependences were constructed
(shown in Figure 1). The approximating functions
were selected taking into account the physical
meaning of the studied dependences.

Figure 1 shows that the dependence of copper
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a —on the current density; b — on the concentration of sulfuric acid; c — on the temperature; d — on the amount
of addition of FeS2; e — on the duration; points — experimental data, lines — according to the equation

Partial dependences of copper recovery into concentrate




recovery on the current density has a clearly defined
maximum in the region of 150 A/m? Apparently, at
current densities above this value at the cathode, the
rate of the competing reaction of hydrogen evolution
increases, which leads to a significant decrease
in the copper recovery rates. With increasing the
concentration of sulfuric acid (Figure 1, b), the reverse
dissolution of oxidized reduced minerals and freshly
formed sulfides occurs, i.e. copper is contained in
the pulp mainly in the form of ions, therefore, the
copper recovery indicators deteriorate significantly.
The effect of the temperature (Figure 1, c) leads to
acceleration of the process of interaction of all minerals
with the electrolyte solution, while the process of
solution neutralization is accelerated, which in turn
reduces the opening of the surfaces of minerals and
the electrical conductivity of the pulp. The sulfidizing
agent, pyrite FeS, has a significant effect on the
copper recovery and tends to saturation, the most
complete sulfiding of copper minerals occurs at 70%
sulfur content in pyrite. Probably, at the indicated
concentration, the amount of sulfur is sufficient for
the process of sulfiding of all the oxidized copper
minerals. Further increasing the concentration of the
FeS, sulfidizing agent has practically no effect on the
copper recovery into the flotation concentrate. With
increasing the duration of the process (Figure 1, e),
the recovery of copper naturally increases. It follows
that in the range of 60-120 min, the reduction reaction
of oxidized copper minerals and the process of
formation of copper sulfides proceeds completely.

The resulting dependences were determined by
the correlation coefficient R and its significance ¢
(Table 4).

Pasgen «MawwuHocTpoeHune. MeTtannyprusy» Bl

For the degree of copper recovery into the
concentrate, the equations obtained from Table
4, taking into account significant functions, are
generalized by the Protodyakonov equation:

[(—0,0002* + 0,05447 + 89,375) X
[91,8704°(96,341C /%) x ©)
X (—0,0003FeS; + 0,0907FeS, + 86,564) ]
x(0,00027° +0,07247 + 88,238) |

Eou =

Comparison with the data calculated directly
by direct substitution of experimentally determined
values gives R=0.9152 and ¢,=3.75>2, indicating the
adequacy of the description of the experimental data
by this equation. The confidence interval calculated
through ¢; [10] is 4.165%. Using the resulting equation
(6), a nomogram was constructed for the copper
recovery into concentrate (Table 5). According to the
nomogram, the optimal areas of the factors taken into
account are visible at other values.

Conclusion

Thus, a new method of electrochemical sulfiding
of complex oxidized copper ores was developed. As
a result of the studies, for the first time, natural iron
sulfide, pyrite, was used as a sulfidizing agent for
oxidized copper ores. A mathematical model of the
copper recovery into the flotation concentrate was
obtained and anomogram for the extraction of copper
into the concentrate was calculated. It follows that the
given sufficiently high degree of copper extraction >
95.0% can be achieved at the current density of 25-150
A/m?, with the addition of sulfidizer, pyrite (FeS;) 75-
125% and with the duration of 60-120 minutes.

Table 3 — Factors and their levels

No. Factors Factor levels
1 Current density, A/m? 50 100 150 200 300
2 | H,S0, concentration, g/I 5 15 25 40 50
3 | Temperature, °C 25 35 45 55 65
4 | Sulfur content in pyrite added as a sulfidizing agent, % 50 75 100 125 150
5 Duration, min 10 30 60 120 150

Table 4 - Correlation coefficient R and its significance t; for particular functions of the degree of copper recovery

into concentrate

Function R Condition t; > 2 Significance
£c, =—0,0002i% + 0,0544i + 89,375 0.888 7.250>2 significant
€cu = 96,341 C20Y 0.737 2.06>2 significant

€., = 0,0678t + 88,819 0.000 0<2 insignificant
€c, =—0,0003FeS? + 0,0907FeS, + 86,564 0.879 3.319>2 significant
€c, =—0,00027% + 0,07247 + 88,238 0.971 28.930 > 2 significant
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Table 5 — Nomogram of copper recovery into concentrate (extracted < 95,0)
FeS,, i, A/m? 25 75 150 200

% | Cu,s0, T, Min 5 30 | 45 | 60 D) 30 | 45 | 60 5 30 | 45 | 60 5 30 | 45 | 60
87.8 1 85.4184.8|84.5|89.5| 87 |86.5|86.1[90.2 | 87.7|87.1|86.7|89.4|869|864 | 8
87.8 1 85.4184.8|84.5|89.5| 87 |86.5|86.1[90.2|87.7|87.1|86.7|89.4|869]|864| 8
87.8 185.4 | 84.8 845|895 | 87 |86.5|86.1|90.2|87.7|87.1|86.7|89.4|869 864 | 86
87.8 185.4184.8|84.5|89.5| 87 |86.5|86.1[90.2|87.7|87.1|86.7|89.4|869]|864| 8
89.4 | 87 |86.4| 8 |91.1 886 | 8 |87.7|91.8|89.3|88.7|883|91.1|885| 8 |87.6
89.4| 87 |86.4| 8 |91.1/|886| 88 |87.7|91.8/89.3|88.7|883|91.1|885| 8 |87.6
89.4| 87 |86.4| 8 |91.1 886 | 8 |87.7|91.8|89.3|88.7883|91.1|885| 8 |87.6
89.4 | 87 |86.4| 8 |91.1 886 | 8 |87.7|91.8|89.3|88.7883|91.1|885| 8 |87.6
91.1 |88.5| 88 |87.6]92.8|90.2 |89.6|89.2 |93.5]|90.9|90.3|89.9|92.7|90.1 | 89.6 | 89.2
91.1 /885 | 88 |87.6|92.890.2 | 89.6 | 89.2 | 93.5|90.9 | 90.3 | 89.9 | 92.7 | 90.1 | 89.6 | 89.2
91.1 /885 | 88 |87.6|92.8|90.2 | 89.6 | 89.2 | 93.5|90.9 | 90.3 | 89.9 | 92.7 | 90.1 | 89.6 | 89.2
91.1 |88.5| 88 |87.6]92.8|90.2 |89.6|89.2|93.5]|90.9|90.3|89.9|92.7|90.1 |89.6 | 89.2
93.2 1 90.6 | 90.1 | 89.7 | 95 [92.4|91.891.4|95.7|93.192.5]92.1|94.9|92.3/91.7 913
93.2 190.6 | 90.1 | 89.7| 95 |[92.491.891.4|95.7|93.1|92.5]92.1|94.9|923/91.7|91.3
93.2 190.6 |90.1|89.7| 95 |92.4|91.8|91.4|95.7|93.1|925|92.1,949|923|91.7 913
93.2 /1 90.6 | 90.1 | 89.7 | 95 [92.491.891.4|95.7|93.1|92.5]92.1|94.9|923/91.7 913
89.1 | 86.6 | 86.1 | 85.7 | 90.8 | 88.3 | 87.7 |87.3|91.5| 89 |884 | 8 |90.7|88.2 | 87.7|87.3
89.1 | 86.6 | 86.1 | 85.7 |90.8 | 88.3 |87.7|87.3|91.5| 89 |88.4 | 8 |90.7|88.2|87.7|873
89.1 | 86.6 | 86.1 | 85.7 | 90.8 | 88.3 | 87.7 |87.3 | 91.5| 89 |88.4 | 88 |90.7|88.2 | 87.7 873
89.1 | 86.6 | 86.1 | 85.7 | 90.8 | 88.3 | 87.7 |87.3|91.5| 89 |884 | 8 |90.7|88.2 | 87.7|87.3
90.8 | 88.2 | 87.7 | 87.3 1 92.5 | 89.9 | 89.3 | 88.9 |93.2|90.6| 90 |89.6 924 |89.8|89.3]|88.9
90.8 | 88.2 | 87.7 | 87.3 | 92.589.9 | 89.3 | 88.9|93.2|90.6| 90 |89.6 |92.4|89.8 | 89.3 | 88.9
90.8 | 88.2 | 87.7 | 87.3 1 92.5|89.9|89.3 88.9|93.290.6| 90 |89.6 |92.4|89.8 | 89.3 | 88.9
90.8 | 88.2 | 87.7 | 87.3 1 92.5 |89.9|89.3|88.9|93.2/90.6| 90 |89.6 924 |89.8|89.3]|88.9
92.4189.8 89.3|88.9|94.2|91.5| 91 |90.6|94.9|92.2|91.7|91.2 | 94.1 | 91.5|90.9 | 90.5
92.4189.8 189.3|88.9|94.2[91.5| 91 |90.6|94.9|92.2|91.791.2 |94.1|91.5|90.9 |90.5
92.4 189.8 89.3 889|942 |915| 91 |90.6 |94.9]92.2|91.7|91.2 |94.1|91.5|90.9 | 90.5
92.4189.8 189.3|88.9|94.2[91.5| 91 |90.6|94.9|92.2|91.7|91.2 |94.1|91.5|90.9 | 90.5
946 | 92 |914| 91 |96.4|93.7|93.1|92.7|97.1|94.4|93.893.4|96.3|93.6| 93 |92.6
946 | 92 |914| 91 |96.4|93.7|93.1|92.7|97.1|94.4|93.8/93.4/96.3|93.6| 93 |92.6
946 | 92 |91.4 | 91 |96.4|93.7 |93.192.7|97.1|94.4|93.8/93.4/96.3|93.6| 93 |92.6
946 | 92 |914| 91 |96.4|93.7|93.1|92.7|97.1|944|93.893.4|96.3|93.6| 93 |92.6
90 | 87.5| 87 |86.691.8|89.2|88.6|88.2|925|89.9|89.3|889 |91.7|89.1| 88.6 | 88.2
90 | 87.5| 87 |86.691.8|89.2|88.6|88.2|92.5|89.9|89.3|889 |91.7|89.1|88.6|88.2
90 | 87.5| 87 |86.691.8|89.2|88.6|88.2|92.5|89.9|89.3|889 |91.7|89.1)|88.6|88.2
90 | 87.5| 87 |86.691.8|89.2|88.6|88.2|925|89.9|89.3|889|91.7|89.1|88.6|88.2
91.7 1 89.2 | 88.6 | 88.2 | 93.4 | 90.9 | 90.3 | 89.9|94.2 | 91.5| 91 |90.6 | 93.4 | 90.8 | 90.2 | 89.8
91.7 1 89.2 | 88.6 | 88.2 1 93.4 | 90.9 | 90.3 | 89.9 |94.291.5| 91 |90.6 | 93.4|90.8|90.2 | 89.8
91.7 | 89.2 | 88.6 | 88.2 | 93.4 | 90.9 | 90.3 | 89.9 | 94.2 | 91.5| 91 |90.6 | 93.4 | 90.8 | 90.2 | 89.8
91.7 1 89.2 | 88.6 | 88.2 | 93.4 | 90.9 | 90.3 | 89.9|94.2 | 91.5| 91 |90.6 | 93.4 | 90.8 | 90.2 | 89.8
93.4 190.8 |90.2 | 89.8 | 95.1 | 92.5]/91.9|91.5|95.993.2 926 |92.2 951|924 |91.8 914
93.4 1 90.8 | 90.2 | 89.8 | 95.1 | 92.5/91.9 | 91.5|95.9 | 93.2 {92.6 | 92.2 | 95.1 | 92.4 | 91.8 | 91.4
93.4 | 90.8 | 90.2 | 89.8 | 95.1 | 92.5|91.9 | 91.5|95.9 | 93.2 {92.6 | 92.2 | 95.1 | 92.4 | 91.8 | 91.4
93.4190.8 |90.2 | 89.8 | 95.1 | 92.5]/91.9|91.5|95.993.2 926 |92.2 951|924 |91.8 914
95.6 192.9 1|92.3|91.9 |97.4 | 94.7 | 94.1 | 93.7 | 98.1 | 95.4 | 94.8 | 94.4 | 97.3 | 94.6 | 94 |93.6
95.6 192.9 1923|919 |97.4|94.7 | 94.1 | 93.7 | 98.1 | 95.4 | 94.8 | 94.4 |97.3 | 94.6 | 94 |93.6
95.6 192.9 192.391.9|97.4 | 94.7 | 94.1 |93.7 |98.1 | 954 |94.8 944|973 |94.6| 94 |93.6
95.6 192.9 192.3 1919 |97.4 | 94.7 | 94.1 | 93.7 | 98.1 | 95.4 | 94.8 | 94.4 |97.3 |94.6 | 94 |93.6
90.6 | 88.1 | 87.5|87.1|92.389.8|89.2 888 | 93 |90.5|89.9|89.5|92.3|89.7 | 89.1 | 88.7
90.6 | 88.1 | 87.5|87.192.3 |89.8|89.2 888 | 93 |90.5|89.9|89.5|92.3|89.7|89.1 |88.7
90.6 | 88.1 | 87.5|87.1|92.3 |89.8|89.2 888 | 93 |90.5|89.9|89.5|92.3|89.7 | 89.1 | 88.7
90.6 | 88.1 | 87.5|87.1|92.389.8|89.2 888 | 93 |90.5|89.9|89.5|92.3|89.7 | 89.1 | 88.7
92.3 189.7 189.1|88.7| 94 [91.4]90.8|90.4|94.7 921|915 |91.1| 94 |91.3|90.8 | 90.4
92.3/89.7 89.1|88.7| 94 |91.4/90.890.4|94.7|92.191.5/91.1| 94 |91.3|90.8 |90.4
92.3/189.7 89.1|88.7| 94 |91.4/90.8 90.4|94.7|92.191.5/91.1| 94 |91.3|90.8 |90.4
92.3 189.7 189.188.7| 94 |91.4]90.8|90.4|94.7 921|915 |91.1| 94 |91.3]90.8 |90.4
93.9/91.3 | 90.8 | 90.4 | 95.7 | 93.1 | 92.5 | 92.1 | 96.5 | 93.8 [ 93.2 | 92.8 | 95.7 | 93 |92.4 | 92
93.9/91.3 /90.8|90.4|95.7|93.1/92.5|92.1|96.5|93.8(93.2/92.895.7| 93 |924| 92
93.9191.3 |90.8|90.4 | 95.7 |93.192.5|92.1 | 96.5|93.893.2 928 |95.7| 93 |924 | 92
93.9/91.3 /90.8|90.4|95.793.1|92.5|92.1|96.5|93.893.2/92.895.7| 93 |924| 92
96.2 | 9359291925 | 98 953 |94.7 943 /98.8| 96 | 954 | 95 |97.9 |95.2 | 94.6 94.2
96.2 93.5/92.9/925| 98 | 953|947 /943 /98.8| 96 | 954 | 95 |97.9|95.2|94.6 |94.2
96.2 | 93.5]929 /925 | 98 1953 |94.7 943 /98.8| 96 | 954 | 95 |97.9 |95.2 | 94.6 | 94.2
96.2 | 935929925 | 98 1953 |94.7|94.3/98.8| 96 | 954 | 95 |97.9 952 |94.6 | 94.2
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Cynbgpudmeywi nupummi naiidanaHy apKolabl mexHozeHOi yiiiHdinepdezi KUbIH6alibIMblAAGMbIH MOMbIKKAH
MbIC pyoanapbiH 31eKMPOXUMUsAIbIK noaspusayusnay
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2ECEHBAEBA lynomupa AxmaduesHa, m.f.K., Kaghedpa meHaepyuiici, esenbaeva_keu@mail.ru,
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*aemop-koppecrnoHOeHm.

AHOamna. Anraw pem cynsgpudmeywi pemiHoe maburu MmuHepana nupummi nalioanaHy MymKiHOI2i aHelikmandel. Mu-
Hepan nupummeH KyKipmmiH momblKKQH MbIC MUHEPAaA0apsiHa emin XeHingpaomayuanaHamsiH mMeic cynsgpuom-
mepiH my3y mexaHu3ami 3epmmendi. KubiH6alibimblnamelH MomMbiKKGH MbIC pyo0aanapbiHOAFbl KyKipmmiH, KYpamsiH mo-
AbIKMolpy ywiH nupum (FeS,) nalioanaHelaA0bl,0 NyA6Nara XeHinhao0mayuanaHamelH Moic Cyabpuomepi peakyuaceiH
my3y ecebimeH eHeizindi. Meicmol KOHUeHMpameka 66in anyobiH HOFapbl KepcemkKiumepiHe x¥emy yuwiH ¥aHe MoK
MbIFbI30bIFbIHLIH, KYKIPM KbIWKbIAbIHGIH, Cyabpuomeywi nupum KOHYeHMayusaaapbiHblH, 3AeKmpoaum memmnepamy-
PACbIHbIH, 31eKMPOU3 Y3AKMbIAbIFBIHbIH, MUIMOi napamempepiH aHbIKMay yYWwiH mombsiKKOH Me3Ka3faH meic pyda-
CbIH 31EKMPOXUMUSASBIK CYnbuOMeyiH sKcrnepumeHmmi MamumMamuKasnelK ¥ocnapaay a0icimeH emkizoiK.

Kinm ce30ep: mombIKKaH MbIC pyoacsl, 3AeKmposau3, YHmaKmay, Kamoo, aHoo, cyasguomeywi, nupum maburu mu-
Hepas, MoK Mbifbi30biFbl, 21EKMPOAUM, KyKipm KbIWKbIAbl, riomayus, 6eain any, cyabgudmi Mbic KOHUeHmpamel.

SnekmpoxumuvecKasa noaapusayua mpydHoo602amumbix mexHo2eHHbIX 0MeasbHbIX OKUCAEHHbIX MeOHbIX pyo
C Ucnosb308aHUeMm cyabghudusamopa nupuma
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*asmop-KoppecrioHoeHm.
AHHOMayus. Briepasie onpedesneHa 803MOHHOCMb MPUMEHEHUSA 8 KaYecmee Cysibghudu3amopa npupodHo2o MuHepa-

710 nupuma. M3yyeH mexaHu3m nepexoda cepsbi 0m MUHepasad NuUPUMa Ha OKUC/eHHble MUHepasbl ¢ 06pa3osaHuUem
nezKkogsiomupyemsix cynbguoos meou. a4 00nosHeHUs CO0epHaHuUs cepbl 8 mpyoHoobo2amumoli oKucaeHHol Mmeo-



B Tpyabl yHuBepcuteta Ne1 (90) - 2023

Hol pyde ucrione3oeaH nupum (FeS,), komopobili 8800UMCA 8 MynbIly U3 pacyema Ha Peakyuto 0bpa308aHuUsA ne2Kogpo-
mupyemoix cyno@udos meou. C yesnbto 00CMUIEHUA MAKCUMAsIbHbIX 3HaYeHUl Mo u3eaeyeHuro Meou 8 KOHUeHmpam u
onpedesieHUs ONMUMAsbHbIX MAPAMEMPOS M0 MNA0MHOCMU MOKA, KOHUEHMpPAayuu cepHol Kucsomel, cyasgpuouzamo-
pa — nupuma, memnepamypsl 31eKmpoaumad, npoodoaXumesnbHOCMU 371eKmposau3d, Uccae008aHUA Mo 31eKmpoxXuMu-
YecKomy Cysbguoupo8aHUIo e3Ka32aHCKoU OKucaeHHolU medHol pyodbi nposoodusau no Memody Mamemamu4yecKko2o
MAGHUPOBAHUA SKCepUMeHmad.

Knrouesole cnosa: oKucieHHas MeOHAsA pyoa, udmesbyeHue, 31eKmponu3s, Kamod, aHo0, cynbghudu3zamop, nPupoOHsIl
MUHepaa nupum, na0mMHOCMb MOKA, 3AeKMpPOoaAUM, CepHaa Kucsaoma, aomayus, ussanedeHue, cynbpuoHsili MeoHbll
KOHYeHmpam.
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