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Abstract. Based on comprehensive studies, including methods of elemental, X-ray phase analysis and
mineralogical studies of solid slag and dust samples, quantitative ratios of the forms of finding copper, lead and
precious metals are determined, a mechanism for the distribution of gold and silver between converting products is
established. It is shown that the loss of gold and silver under the conditions of converting of copper-lead matte is
associated with their redistribution between converter slag and dust. It was established that the loss of gold with
converter slag and dust is determined by the content of mechanical losses of copper in them. Loss of silver in the
slag is determined by the content of lead in them. As a result of mathematical processing of the compositions of the
converting products, the regression equation of pair correlation is constructed, which describes the dependence of
the gold loss in slag on the mechanical loss of copper in it with a high correlation coefficient (r = 0.92). An increase
in mechanical losses of copper in slag from 0.5 to 0.95% leads to an increase in the gold content in slag by more
than 1.5 times. An increase in the copper content in the form of sulfide in dust from 1.5 to 3% increases the gold
content in dust from 2 to 7%. Unlike gold, silver is highly correlated with lead. An increase in the content of lead in
slag from 17 to 25% increases the silver content in it from 100 to 150 g/ t. It is shown that in the process of converting
copper-lead matte, it is necessary to provide measures to minimize losses of copper and lead in slag, which will
reduce the gold and silver contents in them and significantly increase their extraction into blister copper. To reduce
the loss of gold, a solution is necessary on the one hand, the task of reducing the mechanical loss of copper with
slag, and on the other, minimizing dust removal under conditions of converting copper-lead mattes.
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Introduction

Since copper is the second functional metal after ~ sulfide concentrates in two stages: the first one is the
iron, the copper production process has an important ~ Smelting operation where copper matte is obtained,
value. The most common method for the production ~ and then the second one is the processing of matte by
of copper is the pyrometallurgical treatment of converting to produce blister copper. Almost all
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metallurgical plants producing copper, as well as
lead, consider processing of mattes in Pierce-Smith
converters.

The theory and practice of converting of copper
matte is well established and is described in detail in
the scientific literature [1, 2, 3]. Nevertheless, despite
the extensive theoretical material [4, 5, 6], the issues
of the behavior of gold and silver as well as the
studies of the causes and factors affecting their
extraction into blister copper remain to be further
investigated. The study of this issue has an
exceptional interest from the point of view of the
complexity of the use of raw materials [7] and
increasing the extraction of precious metals into the
final product. This shows a great interest in studying
of the issue particularly related to the process of
converting of copper-lead mattes obtained in lead
production [8, 9].

A distinctive feature of lead mattes obtained by
KazZinc Ltd. in the processes of mine reduction and
mine contractile smelting is elevated lead content up
to 30 (wt.)% [10]. The high concentration of lead in
mattes has a significant effect on the behavior of
precious metals in the converting process. It is clearly
seen from the results of industrial data: an increase in
the lead content in converter slags to 35% leads to an
increase in the concentration of silver and gold in slag
to 200 and ~ 1.0 g/t, respectively. The circulation of
converter slag in the “smelting - converting” chain
leads to an increase not only in the total losses of lead,
but also in precious metals due to their “smearing”
between the smelting products [11].

It is noted that the integration of lead with gold
and silver is not entirely unambiguous as it is
considered in metallurgy. This is especially
pronounced for reduction smelting with the
production of copper-lead matte. In article [12], it
was established that the losses of gold with slag in the
conditions of mine contractile smelting of lead
intermediate products and recycled materials does
not depend on the lead content in matte and slag. An
increase in the losses of gold with slag is
accompanied by an increase in the mechanical losses
of copper in the slag. Under oxidizing conditions of
converting even greater increase in the mechanical
losses of copper with slag is expected due to the
increased content of magnetite in it. Therefore, the
study of the behavior of gold in the process of
converting of copper-lead matte depending on the
mechanical losses of copper with converter slag
requires additional research. According to our view,
creating conditions for deep sublimation of lead and
reducing losses of lead and copper with slag will
significantly increase the extraction of gold and silver
into blister copper. The relevance of the study of this
issue is enhanced by the fact that a significant
concentration of lead and copper in dust (including

the sulfide form of copper) leads to an increase in the
losses of gold and silver with dust as well, reducing
their overall extraction into blister copper.

The purpose of this work is to study the
mechanism of losses of gold and silver with converter
slag and dust under conditions of converting of
copper-lead mattes.

Methods of conducting technological
experiments

From the theory and practice of converting
copper mattes it is known that the main factors
affecting the distribution of non-ferrous, noble and
related metal impurities between the conversion
products are their matte content, slag composition,
matte metallization and temperature. Acting in
conjunction, these factors determine a very complex
picture of the transition of non-ferrous metals to slag.
It is impossible to quantitatively describe this whole
set, not only theoretically, but also statistically,
according to factory data. When conducting
statistical analysis, significant difficulties arise due to
the lack of factory data. Thus, in KazZinc Ltd, in the
process of converting copper-lead mattes in shift slag
analyzes, the content of copper, noble and related
metal impurities (As, Sb, Pb) is not determined.
Given these shortcomings, in the experimental part of
the work, first of all, the task was to identify the
influence of the most significant factors on the
distribution of non-ferrous and noble metals between
conversion products, to determine the most important
dependencies characterizing their losses, and to
construct the corresponding statistical dependencies.

During this stage of the work, the main attention
was paid to the analysis of these conversion products
- copper-lead matte, converter slag and dust. For this,
the results of monthly factory analyzes of matte, slag
and dust samples were taken and comprehensive
studies were carried out to determine the total
elemental composition of the samples. In total, data
from 65 samples were processed, which is quite
enough to identify significant dependencies.

Comprehensive studies of sample compositions
included the X-ray spectral microanalysis method
using a Super Probe 733 electron probe
microanalysis (Jeol, Japan). In order to increase the
reliability of the results and evaluate the statistical
analysis, the elemental composition of matte,
converter slag and dust samples was additionally
studied using an Agilent 7700 Series ICP-MS
inductively coupled plasma mass spectrometer.

Additional mineralogical studies on the surface
structure of solid air-hardened matte and slag
samples were carried out using a Neofot microscope
(Carl Zeiss AG, Germany). Micro and morphological
analysis of the surface of individual slag samples was
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carried out using a JEOL EDS System (USA)
electron scanning microscope.

X-ray diffractometric analysis was carried out on
a Cu Ka - radiation, B-filter. Conditions for recording
diffractograms: U = 35 kV; [ = 20 mA; 0-20 survey;
detector 2 deg / min.

Results and discussion

Converting of copper-lead matte at KazZinc Ltd.
is carried out in 12-ton converters with the addition
of quartz flux containing 65% SiO,. Flux
consumption is 2 tons per ton of produced blister
copper. The converter is equipped with 10 tuyeres
with a diameter of d=38 mm to supply air blast. Air
consumption is 7.5 thousand m?/h.

Around 60 tons of matte per day are processed
in the converting stage with incomplete loading of
production capacities. The blister copper obtained
during converting corresponds to the BLC-1 grade
(Cu - not less than 95%; Pb - not more than 2%) and
BLC-2 grade (Cu - not less than 90%; Pb - not more
than 4%) and is regulated by the requirement of CT
AO 30884350-004-2007.

As the results of article [8], it indicates that the
distribution coefficient of copper varies widely -
from 25 to 45, depending on the variation of its
content in matte in the range from 30 to 45%. The
final lead content in blister copper is strongly
correlated with the content of non-ferrous metals in
the matte: under converting conditions, the lead
content in blister copper decreases with an increase
in the total content of non-ferrous metals in matte.

Taking into account that the process of converting of
copper-lead matte is carried out without adding any
cold additives, a significant influence of the
composition of the matte, in particular the content of
copper and lead, on the distribution of gold and silver
between the converting products should be
considered. It was established in article [12] that the
losses of gold with slag under the conditions of mine
contractile smelting is mainly determined by the part
of mechanical losses of copper in the slag. Moreover,
the more mechanical losses of copper with slag, the
greater the losses of gold with it. At the same time, it
was shown that an increase in the content of lead in
slags only slightly affects the loss of gold with slag.
The lead content in the slag shows a close direct
relationship exclusively with the silver content in the
slag. Therefore, it can be assumed that the main
indicator determining the losses of gold with
converter slag and dust is the proportion of
mechanical losses of copper in them, and the losses
of silver is determined by the content of lead in these
products. To check the offered approaches, the
samples of converter slags and dust were subjected to
X-ray phase and elemental analysis methods as well
as mineralogical studies. 12 samples of converter slag
and dust were examined. The phase composition of
the converter slag and dust showed good constant
regardless of fluctuations in the content of copper,
lead, gold and silver in them. The results of a
semiquantitative X-ray phase analysis of converter
slag and dust samples are shown in Tables 1 and 2.

Table 1 — Results of semi-quantitative analysis of converter slag

Name of the phase Formula Composition, %
Chalcosine Cu,S 0.73
Copper oxide Cu,0 4.41
Intermetallic compounds Cus(As, Sh) 1.11
Lead oxide PbO 23.84
Zinc oxide Zn0O 3.14
Fayalit Fe,SiO4 41.97
Magnetite Fes04 4.41
Arsenic oxide As,05 2.15
Antimony oxide Sh,0s 0.3

Table 2 — Results of semi-quantitative analysis of converter dust

Name of the phase Formula Composition, %

Lead sulphate PbSO4 31.06
Lead oxide PbO 23.71
Chalcosine Cu,S 5.38
Copper oxide Cu,0 0.21
Sphalerite ZnS 5.04
Iron oxide FeO 0.9

Arsenic oxide As>03 15.28
Antimony oxide Sh,03 9.56
Silica SiO; 2.32
Calcium oxide Ca0 1.23
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Mineralogical studies of solid samples of
converter slag showed the predominant presence of
copper in their oxide form (~85%). The proportion of
copper identified as a mechanical suspension of
matte is ~11.5%. Insignificant amounts of
intermetallic compounds of copper with arsenic and
antimony as well as ferrites were found.

Lead was found mainly in the form of oxide
bound to quartz in silicate and in small amounts in
the form of dissolved metal and sulfide, which is in
good agreement with the data of work [15].

Lead was found mainly in the form of oxide
bound to quartz as silicate. Lead in the form of
dissolved metal was detected in negligible amounts.
Arsenic is presented in the form of oxide (As;Os),
which is associated with the silicate part of the slag.
Antimony is represented in the form of its oxide
(Sb20s) and partially in metallic form (Sb°®). The
results obtained are consistent with the data of [14,
15].

The main part of iron was found in the divalent
(Fe?*) form bound to fayalite (~78%). The part of

ferric iron (Fe**) in the form of magnetite is ~ 5%.
Also intermetallic compounds of iron with antimony,
ferrites and a small proportion of iron sulfide were
found.

Lead in converter dust is represented mainly by
sulfate (55.61%) and oxide (43%). The proportion of
sulfide component of copper in dust is ~80%, oxide -
16.3% of the total copper content in dust. The
presence of a significant part of copper in dust in the
form of a mechanical suspension of sulfides is a
source of gold losses with dust.

The obtained results of the elemental
composition of converter slag and dust by calculating
their rational composition, taking into account the
data of semi-quantitative X-ray phase analysis and
mineralogical studies, showed good agreement with
each other and with the results of direct determination
of the elemental composition by using Super Probe
733 and an Agilent 7700 mass spectrometer.

Table 3 shows a sample array of the elemental
composition of the studied converting products.

Table 3 — Elemental composition of sample array of converting products

Composition of metals, (wt.)%

Products 1 ¢y | Bb | Zn | Fe sb | s | cao | siox | [Aub | [Ac,
git g/t

288 | 1942 | 675 | 1371 | 3.02 | 1.06 | 2536 | - ; 121 | 997

2819 | 1976 | 684 | 128 | 2.8 | 1.02 | 2585 | - - 127 | 1037

Matte 3693 | 2409 | 495 | 996 | 322 | 193 | 1836 | - - 258 | 1245
358 | 2876 | 424 | 787 | 402 | 175 | 1715 | - - 282 | 1513

4041 | 2966 | 296 | 562 | 594 | 262 | 122 - - 358 | 1570

4297 | 2642 | 413 | 888 | 391 | 154 | 108 - - | 2407 | 1430

838 | 5585 | 286 | 038 | 1636 | 321 | 506 | 012 | 048 | 275 | 1276

823 | 5275 | 32 | 020 | 11.89 | 325 | 512 | 015 | 052 | 28 | 1215

Converter | 683 | 5136 | 386 | 063 | 1065 | 22 | 476 | 011 | 038 | 25 | 1186
dust 776 | 5012 | 354 | 07 | 1235 | 225 | 488 | 013 | 032 | 246 | 1152
611 | 4769 | 425 | 083 | 1023 | 192 | 423 | 014 | 026 | 15 | 1096

513 | 4613 | 432 | 09 | 948 | 18 | 42 | 015 | 025 | 158 | 1009
712 | 2365 | 156 | 1778 | 16 | 034 | 015 | 122 | 2017 | 250]| 125.35
788 | 2308 | 218 | 1823 | 145 | 026 | 017 | 12 | 2089 | 260| 115.60
645 | 2009 | 380 | 2158 | 131 | 02 | 014 | 085 | 1848 | 235| 108.65
Converterslag ™ 2015407 | 341 | 2021 | 121 | 022 | 013 | 072 | 1732 | 227] 14423
555 | 17.1 | 442 | 2236 | 115 | 011 | 011 | 045 | 16.32 1.72| 10050
536 | 1702 | 435 | 23.89 | 1.1 0.1 01 | 035 | 15.58 1.68 | 100.00

943 | 13 - - 053 | 0.60 . - - 1107 | 7751

962 | 144 ; ; 058 | 052 - - ; 925 | 6975

, 929 | 07 - - 068 | 048 - - ; 787 | 5851
Blister copper |5 1e T080 | - o7 | om | - i ~ | a3 | 4701
881 | 146 ; - 083 | 0.80 - - ; 374 | 3328

875 | 16 - - 09 | 076 - - - 307 | 4710
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The obtained data is well aligned with the
results of article [8] and allow calculating the detailed
material balance of the process of converting of
copper-lead mattes taking into account the content of
sulfur, gold, silver and slag-forming components in
the converting products (Table 4).

The calculated values of copper extraction
into blister copper are ~ 80%, which is associated
with its losses with converter slag and dust, 15 and
5%, respectively. High extraction of lead into
converter slag (57%) significantly reduces its total
extraction into dust, which is only 42%.

In the framework of the copper and lead
extractions, the indicators for the extraction of
precious metals are not entirely favorable. The
extraction of gold and silver into blister copper is ~
92 and 94%, respectively. A significant part of the
gold is lost with converter slag (gold recovery into
slag - 6%). The recovery of silver to converter slag (~
5%) is slightly less. Extraction of gold and silver into
dust, constituting 2 and 1.3%, make negative impact
to their total extraction into blister copper. Finding
the way to reduce the loss of gold and silver with
these products requires further research to identify

the causes and nature of these losses.

A primary analysis of industrial data made it
possible to establish that the gold content, both in the
initial matte and in the converter slag, practically
does not correlate with the lead content in them. It
was not possible to establish its relationship with the
total copper content in the converter slag as well. At
the same time, as mentioned above, the gold losses in
fayalite slags are determined by the content of
mechanical losses of copper in the slag and are
directly dependent on them [12].

Apparently, this pattern should also apply under
the oxidizing conditions of the converting of copper-
lead matte. It is known that the higher is iron content
in matte [16], the higher is part of mechanical losses
of copper in slag. At low concentrations of iron in
matte, typical for copper-lead matte, with an increase
of the copper content in matte, the increase of the
sulfur content is expected, which leads to increased
mechanical losses of copper in the slag. This
statement is supported by the dependence shown in
Fig. 1, where a high correlation coefficient, r = 0.82,
characterizes a strong relationship between the
considered values.

Table 4 — Average material balance of the process of converting of copper lead mattes

Name of the | Q- Cu Pb Zn As Sb Fe N Si0: Ca0 Au | Ag
oducts [ ty, | ¢
P"u‘-L'/"IHIHIHIHIHIHIHIHIthg/t
Loaded:
Matie 60 | 83 |353 | 2118 | 259 | 1554 | 34 | 204] 38 | 228] 07 | 042 | 1515 | 9.09 | 15.08 | 9.05 2405 | 17906
QuartzFlx | 12| 17 516 | 062 680 | 8.16] 30 | 036
Total: 7100 2018 1554 2.04 228 0.42 971 9.05 0.36
Produced:
Blister copper | 18 | 25 | 948 | 1706 11| 02 | nd 09 [016] 06 | 001 | nd | - | nd | - | nd | - |nd| - | B6I] B3
Converter slag | 42 | 58 | 7.46 | 3.13 | 21.1] 886 | 3.86] 1.62] 1.19] 05 | 0.17] 0.07 | 229 | 962 ] 0.12 | 0.05] 1923 | 8.08 | 0.83 | 035] 2.13 | 1203
Dust 12| 17 | 83 | 099 | 54 | 648 | 35 | 042|135 | 162] 20 | 024 | 083 | 01 | 416 | 05 | 066 | 0.08| 0.08 | 001] 237 | 1125
Total: 7100 18 1554 204 28 042 971 9.5 8.16 036
0,2
[
0,18
0,16 e @ .-
® . - ® e
_= 0,14 P — o
%)
%) e 4 .-
0,12 ®
®
01 (S) = 0,001 + 0,004*[Cu], r = 0,84
0,08
25 30 35 40 45

(Cul, %

Figure 1 - Change in the content of sulfur in converter slag from the content of copper in matte
Hereinafter, data from the general array corresponding
to minimum, average and maximum contents of copper in matte
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The results of the elemental analysis of
converter slags by sulfur content (Table 3), as well as
XRD data (Tables 1, 2) and mineralogical studies,
allowed to carry out calculations to determine the
content of copper sulfide component (CuzS) in the
slag for each point of the industrial array and analyze
its connection with copper content in matte. Figure 2
shows the dependence of the content of the sulfide
form of copper in the converter slag on the content of
copper in matte: the mechanical losses of copper in
the converter slag increase with increasing copper
content in matte. A high correlation coefficient (r =
0.93) shows a close relationship and minimal scatter
of data on the graph, which indicates a high reliability
of the results and the accuracy of the calculations.

The adequacy of the dependence of gold content
in the converter slag on the calculated value of the
content of sulfide component of copper in the slag
was checked to assess the losses of gold with
converter slag. As a result of mathematical
processing of a full array of industrial data, the
regression equation of pair correlation is obtained,
which describes the dependence (Au) —f (Cu.S) with
a high correlation coefficient (r = 0.92). A graphical

(Cu2s), %

view of the dependence is shown in Fig. 3. It is seen
that the losses of gold with converter slag is
determined by the mechanical losses of copper in the
slag: an increase in the mechanical losses of copper
in the slag from 0.5 to 0.95% leads to an increase in
the gold content in the slag by more than 1.5 times.
The result obtained is supported by the opinion of
A.V. Vanyukov that the loss of gold with slag is
determined mainly by the presence of a fraction of
the mechanical loss of copper [16].

Using the above method, the sulfide component
of copper in the converter dust was calculated and its
relationship with the gold content in dust was
analyzed. As in the case with converter slag, a direct
dependence of the gold content with the content of
the sulfide component of copper in dust was
established (Fig. 4).

As can be seen in Fig. 5, unlike gold and silver,
both in converter slag and in dust strongly correlates
with the total lead content in them. This indicates the
prevailing role of lead and supports the statement that
lead is an active collector of silver, irrespective of its
form in converting products.

(Cu2s) = -0,25 + 0,02*[Cu], r = 0,93

25 27 29 31 33

35 37 39 a1 43 a5
[Cu], %

Figure 2 - Dependence of the content of mechanical losses of copper
in converter slag on the content of copper in matte

2,80

®

(Au), g/t

(Au) = 0,76 + 1,96*(Cu2S), r = 0,989

0,50 0,55 0,60 0,65 0,70

0,75 0,80 0,85 0,90 0,95 1,00

(Cu2s), %

Figure 3 - Dependence of the content of gold in converter slag
from the content of copper sulfide in it
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4,00

3,00

(Au) in dust,

% Au = 0,86 +0,27*Cu2S, r = 0,97
1,00

0,00
1,2 14 1,6 18 2 2,2 2,4 2,6 2,8 3

(Cu2S) in dust, %

Figure 4 - Dependence of the content of gold in the converter dust
from the content of copper sulfide in it

160,00

150,00

140,00 (Ag) = 12,47 + 5,0*(Pb), r = 0,82

130,00 _ 5

120,00

(Ag), e/t

110,00 ookl ) °
100,00 =
90,00

80,00
16 17 18 19 20 21 22 23 24 25

(Pb), %

(A)
155

150
145 Ag = 89,47 + 1,08*Pb, r = 0,92 -
140 ’

135 N

Ag in dust, g/t

4o . T IO
125

120
32 34 36 38 40 42 44 46 48 50 52

Pbin dust, %
(B)

(A) - in converter slag; (B) - in converter dust

Figure 5 - Dependence of the content of silver from the content of lead
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Thus, the study results show that the loss of gold
and silver in the conditions of converting of copper-
lead matte are associated with their redistribution
between converter slag and dust. Decrease in the lead
content in the initial mattes can be considered as one
of the conditions for optimizing the process of
converting of copper-lead mattes. In cases where it is
not possible to reduce the lead content in the obtained
mattes, it is necessary to minimize the lead content in
the converter slags. This leads to maximize the
extraction of silver in blister copper. More complex
solutions are required in order to reduce the losses of
gold: solving the issue of reducing the mechanical
losses of copper with slag, and on the other hand,
minimizing the amount of flue dust under conditions
of converting of copper-lead mattes.

Conclusions

1. The mechanism for the distribution of gold
and silver between converting products has been
established based on the comprehensive studies,
including the study of elemental and phase
composition, the determination of the quantitative
ratios of the forms of metals by mineralogical studies
of converter slag and dust samples.

2. It was established that the losses of gold
with converter slag and dust is determined by the

content of mechanical losses of copper in them. It is
necessary to consider measures to minimize losses of
copper and lead in slag in order to reduce the losses
of gold and silver in the process of converting of
copper-lead mattes.

3. It is shown that the process of converting of
copper-lead matte is accompanied by a large amount
of flue dust. The increased copper content in dust in
the form of a sulfide suspension (~ 12% of the total
copper content in dust), even minor, but still is a
source of gold losses with dust, contributing to a
decrease in the total gold recovery into blister copper.
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MbICTbI-KOpFacbIHAbI WTENHAEPAI KOHBepTepney:
anTbliH MeH KYMICTiH WnaKneH XofanbiMbl

DocmyxamegoB H. K., AprbiH A. A., XKonpgac6a#u E. E., KypmaHcentoB M. B.

Tyiiinaeme. 11ak neH MmaHHBIH KaTThl ChIHAMAIAPBIH 3JIEMEHTTIK TalAaybIlHaH, PEHTTeH 1 (as3aiblK TalAaybIHaH JKoHEe
MHUHEPAIOTHSUIBIK 3€PTTEYJIEPIHeH TYPaThIH KEIICH Ii 3epTTeyJIepAiH HETi31H /e MbIC, KOPFAaChIH JKOHE aChbUT METaIJap/IbIH
TaOBITy TYpJIEpPiHIH CaHABIK KAaTHIHACHI, KOHBEpTEpJey OHIMJAEPIHIH apachlHa alThIH MEH KYMICTiH OeuiHin Tapanmy
MEXaHM3Mi aHBIKTAIBIHIBI. MBICTBI-KOPFAChIH/IBI LITEHHIH KOHBEpTEpJey KE3iHAE aIThIH MEH KYMICTIH >KOFaIybl
OJIap/IbIH IIUIAK TIeH IaH apachblH/a KaiTa OesliHin TapanybIMeH OaiaHbICThl eKeH Tl kepcerinreH. lllnakrapmeH sxoHe
LIaHIAPMEH aITBIHHBIH JKOFaIybl OJap/laFbl MBICTBIH MEXaHHUKAJIBIK )KOFAIBIMBIMEH OalIaHBICThI EKEH/IITT OPHATBIJIJIBI.
[lmaxkTarel KYMICTiH >KOFaJbIMbl OHIAFBl KOPFACHIHHBIH MeJIIepiMeH aHbIKTanaabl. KoHBeprepiiey eHIMIEpiHiH
KypaMblH MaTeMaTHKaJbIK ©HJCY HOTHXKECIHJEC KYNTBHIK KOPPEISLHSJIBIK perpeccus TeHaeyi Kypbuiapl. Tenuey
LIJIAKTAFbl AJITHIHHBIH JKOFAIBIMBIH OHJIAFbl MBICTHIH MEXaHUKAIIBIK JKOFAJIBIMbIHA TOYEJIUIIrH JKOFAPhl KOPPESLIHs
koapdunuentiMer (r = 0.92) cumarraiigsl. [1lmakTarsl MBICTBIH MEXaHUKAIBIK skoransiMbl 0,5-Ter 0,95% -ra apTybl
[IJIAKTa AITBIHHBIH 1,5 eceieH actam ecyine okeneni. [llagma MpIcThIH cynbduaTi Memmepi 1,5-Han 3 %-Fa neiiid apTkaH
Ke3Jle IIaH KYpaMbIH/a alThIHHBIH Meulepi 2-1eH 7%-ra neiin apraasl. Kymic KOpracklHMEH ©Te ThIFbI3 OaiJIaHbICTHI.
[InakTarsl KOpFacbIHHBIH Meuepi 17-nen 25% -Fa neiiH )KoFapbuIaybl OHBIH KypaMbIHIaFb!l KymicTiH MemmepiH 100-
meH 150 v / 1-xa nmediiH apTTeIpamsl. MBIC-KOPFAacHIHIBI INTCHHIACPAI KOHBEpTEpiey Ipoleci Ke3iHIe MBIC IIeH



https://doi.org/10.31643/2020/6445.21

Complex Use of Mineral Resources. Ne3 (314), 2020 ISSN-L 2616-6445, ISSN 2224-5243

KOPFAacBhIHHBIH MIJIAKIIEH JKOFAJIBIMBbIH MEIHJIIHILE a3aiTy LIapajapblH KapacThpy KaKeT, OyJI ojlap/blH KypaMbIHIAFbl
aNTBIH MEH KYMICTiH MeJILIEPIH a3aiTajpl )KOHE Kapasibl MBICKa Oellill alyblH €Joyip apTThIpyFa MYMKIHIIK Oepeni.
AJNTBIHHBIH JKOFaJIBIMBIH a3aiTy YIIiH, Oip ’KaFblHAH, MBICTBIH IIJAKIIEH MEXaHUKAJIBIK JKOFAIBIMBIH a3aiTy, eKiHIIi
JKarbIHaH, MBICTBI-KOPFaChIH/IbI INTEHH/IEPIHIH KOHBEPTEPIICY KaFIaibIH/a IAHHBIH IIBIFBIMBIH a3aHTy KaXKeT.

Tyiiin ce3mep: MBICTBI-KOPFACHIH/BI ITEIHH, 1IUIAK, IIaH, METaJIapAbIH )KOFaJIBIMAApPbI, 06N ary, MbIC, alIThIH, KYMIC.

KoHBepTpoBaHMe MegHO-CBMHLOBbIX LUTENHOB:
noTtepwu 30o50Ta U cepebpa co LWnakom

HDocmyxamepoB H. K., AprbiH A. A., XKongac6au E. E., KypmaHcenTtoB M. B.

AnHotanusi. Ha 0CHOBaHMM KOMIUIEKCHBIX MCCIICAOBAHUI, BKIIOYAIOIINX METOJBI IEMEHTHOTO, PEHTIeHO(Aa30BOro
aHaJIM3a ¥ MHHEPAIOTHYECKOTO N3yYESHUS TBEPABIX MMPOO IIUTAKOB U IBLIH, ONPE/IEICHbI KOJIMUYECTBEHHbBIE COOTHOIICHHS
(hopM HaxXOXKICHUS MEIH, CBUHIIA U OJIArOPOAHBIX METAJIOB, YCTAHOBJICH MEXaHU3M PaclpeIeICHHs 30JI0Ta U cepedpa
MEXAy NpOIyKTaMH KOHBepTHpoBaHus. [lokazaHo, 4To OTEpH 30710Ta U cepedpa B YCIOBUSAX KOHBEPTHPOBAHNUS METHO-
CBUHIIOBBIX IITEITHOB CBA3aHbI C MX NEpepaclpeeICHUEM MEX Iy KOHBEPTEPHBIM IIUIAKOM H IIBUIBIO. Y CTAHOBIJICHO, ITO
MOTEPH 30JI0Ta C KOHBEPTEPHBIM IIUTAKOM M TBUIBIO ONIPEAEIAIOTCS COAEPKAaHNEM MEXaHHYECKHX MOTeph MEIH B HUX.
ITotepn cepebpa B HIIaKe ONMpEAENAIOTCS COAEP)KaHWEM CBHHIIA B HEM. B pesynprate mMareMaTHieckod oOpabOTKH
COCTaBOB MPOJYKTOB KOHBEPTHPOBAHUS MOCTPOEHO PETPECCHOHHOE YPAaBHEHME MApHOI KOPPENAIHMH, ONUCHIBAIONIAS
3aBUCHMOCTb IOTEPU 30JI0Ta B IIIAKE OT MEXaHMYECKHUX MOTEPh MEIU B HEM C BBICOKMM K03(D(HUIIMEHTOM KOppEIsSLUK
(r =0,92). PocT MexaHHueCKUX NIOTEph Meu B ruake ¢ 0,5 710 0,95 % BemeT K yBEIUUCHHUIO COICPIKAHMS 30J10Ta B IILIAKE
Ooinee ueM B 1,5 paza. YBenudueHue coaepKaHus Meu B Buze cyiabduaa B meuiu ¢ 1,5 10 3 % yBenuuuBaeT colepkaHue
3osi0ta B mbuK ¢ 2 10 7%. B ormimume oT 30i510Ta, cepedpo CHIIBHO KOPEIMPOBAHO C COAEp)KaHWeM CBHHLA. Poct
coJlleprKaHUs CBUHIIA B 1wiake ¢ 17 10 25 % moBsiiaet cogepxanue cepedpa B Hem oT 100 mo 150 r/t. [Tokaszano, 4to B
IIpoecce KOHBECPTUPOBAHUA MCIHO-CBUHIIOBBIX IITEHHOB HeO6XO[[I/IMO npeayCMOTPETh MEPLI IO MUHUMU3AIUU MTOTEPH
MEJIY U CBHHIIA B IIUIAKaX, YTO ITO3BOJINT CHHU3HUTH COJEPKAaHHS 30JI0Ta U cepedpa B HUX M 3HAYUTEIHHO MOBBICUT HX
W3BJICYCHHE B YEPHOBYIO MeZb. [l CHIDKEHHUS MOTEph 30J0Ta HEOOXOAMMO PEIICHHE C OIHOW CTOPOHBI, 3aJadi
CHIDKCHUSI MEXaHNYECKHUX MTOTEPh MEN CO MIJIAKOM, U C JPYroi — odecrieueHne MUHUMH3AIUH IBUICBBIHOCA B YCIIOBHSX
KOHBEPTHUPOBAHMS METHO-CBUHIIOBBIX IITCHHOB.

KaioueBble ci10Ba: MeIHO-CBUHIIOBBII IITEIH, IUIAK, ITBIIb, TIOTEPH METAJUIOB, H3BICUCHHE, MEJIb, 30JI0TO, cepedpo.
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