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KOMBUHUPOBAHUE TEXHOJIOT U
AJOBbbIY METAJIJIOB HA OCHOBE

BE3OTXOIHOI'O BBIIIEJTAYMBAHNU A

B.B. Kongpatbes', A.A. ipsukos', E.A. lycesa?, IJ1. KosenkoBa?, P.I. lybposun®
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2 IpKyTCKUIM HaLMOHa bHbIA UCCNef0BaTeNbCKUI TEXHUYeCKUI YHuBepcuTeT, MpkyTck, Poccus
3 TocymapCTBEHHbI MOPCKOW yHUBEPCUTET UMeHn agmupana @.®. Yinakosa Hosopoccuiick, Poccust

Annomauyusa: PaccmorpeHa npobsema mopaepskaHusi MIMHEPaIbHO-ChIPbeBOM 6asbl M MUHMU-
MM3aIUY HETaTMBHOTO BO3MENCTBMSI TEXHOJIOTMI Ha OKPYSKAIOIIYIO TPUpPOIHYio cpeny. CBepx-
3ajaveit MCC/IeMOBAHNAST SIBJISIETCST KOMOVMHMPOBAHME TEXHOIOTUI pa3paboTKM MECTOPOSKIEHMI
TaK, YTOGBI TPV BIMOJHEHM TEXHOJIOTMUECKMX IIPOLIECCOB MPeAbIAYIIEro Tamna mepMaHeHTHO
CO30aBaJIUCh YCIIOBUS IJIST peausaluiu caenyolero stana. [lokasaHo, YTO OCHOBHbBIM 3JIeMEH-
TOM pellleHusT TIPO6JIeMbl SIBJISIETCSI OCBOEHME TEXHOJIOTHI 6e30TXOMHOrO M3BJIeUeHusl moJies-
HBIX KOMITOHEHTOB 13 XBOCTOB IlepepaboTKy. MeTofbl MCCIeOBaHMsl BKIIIOUaeT B ceOst aHau3
ACIeKTOB TOPHOT'O ITPOM3BOACTBA M TPOrHO3MPOBAHIME HATIPABIEHNI Pa3BUTHUS TEXHOJIOTMIA [0~
ObIuM 1 060TAIIEHNS TBEPIbIX MMOJIe3HBIX MCKOIIAeMbIX Ha OCHOBE MX KOMOMHMpoBaHus. Jlera-
JIM3MPOBAHA KOHIIEIIMSI COBEPIIEHCTBOBAHMS IIPOLIECCOB JOOBIUM 1 MEPEePabOTKY B YCIIOBUIX
CTOXaCTUUYECKOTO PasBUTHMSI BIMSIIONIMX (akTOpOB. [IpuBemeHbl cBemeHust 00 M3BJIEYEHNN 10
80% paHee TepsieMbIX METaJIJIOB ITPY IepepaboTKe XBOCTOB oboraiienus nosmmMetaioB Camo-
Ha, yruist [lon6acca u skente3nuctbix kBapuutoB KMA. [lana Tumnmsatyst METOIOB COBEPIIEHCTBO-
BaHMsT TIPOIIECCOB BhIleIaunBaHus B fAesuHTterpatope. ChopmymipoBaHa mpobsiemMa yrpoyHe-
Hust 6asbl MOGBIBAIOIIMX OTPAC/IEN ITPOMBILIIIEHHOCTH. [IpMBemeHa Mozesib [JIsT OIpeeseHs
HpI/I6bIHI/I oT KOM6I/IHI/IpOBaHI/[H TPagUMIIMOHHBIX ¥ MHHOBALVIOHHBIX TEXHOHOFMﬁ. HpMBeHEHbI
pesysbTaThl TPOrHO3HOM OIIEHKY BO3MOYKHOCTE) BapyaHTOB BhIlliejaunBaHus. B KauecTBe Be-
IYILIero 0603HaYMIaCh KOHIEMIIVS Pa3BUTHSI PECYPCHOM 6a3bl META/UTYPriUy 3a CUET KOMOMHU-
POBaHMsSI TEXHOJIOT I JOOBIUM 11 OBOTAILEHVSI DY/ ITO KPUTEPUIO M3BJIEYEHNSI METa/UIOB U3 HeIp.

Knruessle cnosa: reopecypchbl, MeTaJlJIbl, JOObIUA, O6OrallieHne, BbIlleIauBaHue, Te3MHTe-
rparop, u3BjieueHue.
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Abstract: The article discussing the problem connected with sustaining mineral resources and
minimizing the negative impact of technology on the environment. The primary objective of
the research is to combine field development technologies so that the current phase operations
create conditions for the implementation of the next phase. It is shown that the main element
of solving the problem is the development of technologies for waste-free extraction of useful
components from processing tailings. Research methods include analysis of aspects of mining
production and forecasting directions for the development of technologies for the extraction
and processing of solid minerals based on their combination. The concept of improving min-
ing and processing processes in conditions of stochastic development of influencing factors is
detailed. Information is provided on the recovery of up to 80% of previously lost metals during
processing of tailings from the enrichment of polymetals from Sadon, Donbass coal and fer-
ruginous quartzites of the KMA. A typification of methods for improving leaching processes
in a disintegrator is given. The problem of strengthening the extractive industries is formu-
lated. A model is presented for determining profits from combining traditional and innovative
technologies. The results of a predictive assessment of the possibilities of leaching options are
presented. The leading concept was the development of the resource base of metallurgy by
combining extraction and processing technologies based on the metal extraction ratio.

Key words: georesources, metals, mining, enrichment, leaching, disintegrator.
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Introduction

The priority of mining production in
Russia took shape in the 17th century due
to the use of a water wheel, mills with a
hydraulic wheel and washing and other in-
novations of that time.

Nowadays, the problems of depletion
of mineral resources and the negative im-
pact of technology on the environment
have become more acute [1-3]. Issues of
disposal of mining and processing waste
form the main problem on a global scale
[4-6].

In this context, the main objective is
the development of waste-free technolo-
gies for the extraction of useful compo-
nents from processing tailings, and the re-
habilitation of lands previously withdrawn
from economic use.

Major disadvantages of exploitation of
mineral deposit is nonuniform extraction
of reserves [7, 8] and incomplete recovery

30

of components from extracted raw materi-
als. The practice of extracting only a part
of elements is harmful because the cost of
valuable components not extracted from
tailing during processing is comparable to
the cost of extracted valuable components
[9, 10].

In the 16th-17th centuries, mining tech-
nology received lifting and drilling ma-
chines, a fan, drainage devices, etc. The
period of the 1950-70s is characterized by
the development of field geophysics, phy-
sical chemistry, physical and technical mo-
nitoring and technology for the enrichment
of low-grade ores of non-ferrous, rare and
precious metals, diamonds [11].

A significant part of the book value of
fixed assets of the Russian economy is con-
centrated in the field of extraction and cir-
culation of georesources [12, 13], which
explains the relevance of the problem under
consideration. Extractive industries provi-



de more than 25% of GDP and about 50%
of the country’s exports.

Methodology

Studying the historical context and fu-
ture trends provides an insight into strate-
gies for optimizing mining and processing
procedures in the face of unpredictable
developments in external and internal fac-
tors [14, 15]. This methodology involves a
comprehensive analysis of mining opera-
tions, including an assessment of the cur-
rent state of technology, its effectiveness
and environmental impact. Forecasting fu-
ture developments includes not only tech-
nical aspects, but also economic, environ-
mental and social factors that may affect
the industry [16-18].

Combining different mining and pro-
cessing technologies is a complex process
that requires a deep understanding of both
individual methods and their interactions.
This includes analyzing the possibilities
for integrating new technologies into exis-
ting production chains, as well as assess-
ing the potential benefits and risks of such
a synthesis. The development of a concept
for improving production and processing
processes is based on a detailed study of
historical data and forecasting changes in
influencing factors. This includes the ana-
lysis of stochastic models that can help pre-
dict likely development scenarios and de-
termine optimal strategies for adapting to
changing conditions.

Overall, the proposed research method-
ology is a multi-level approach that takes
into account a wide range of variables and
provides comprehensive guidance for mak-
ing informed decisions in the mining in-
dustry. This allows not only improving cur-
rent processes, but also contributes to the
development of new, more efficient and
environmentally friendly methods of mi-
neral mining and processing.

The capabilities of technologies with
leaching, as a subject of combination, are

assessed by the amount of extraction of
useful ingredients.

Discussion

The study of the current situation in
the Russian mineral resources industry has
revealed a number of problematic aspects.
One of the key challenges is the lack of at-
tention to recycling and reuse of secondary
resources. This is due to the fact that it is
more profitable for mining companies to
focus their efforts on expanding their main
production, which provides an immediate
increase in profits. This strategy, although
it seems economically justified in the short
term, ignores long-term consequences, such
as the depletion of natural resources and
environmental degradation.

The sustainable recycling of secondary
resources requires an integrated approach,
including not only technological innova-
tions, but also changes in legislation, eco-
nomic incentives for enterprises, as well as
increased awareness and responsibility at
all levels of management. This will create
conditions under which the processing of
secondary resources will become not only
environmentally, but also economically at-
tractive. An important aspect is the deve-
lopment and implementation of advanced
technologies that can make the recycling
process more efficient and less costly. For
example, the use of new sorting and clean-
ing methods can significantly improve the
quality of the resultant secondary raw ma-
terials, making them competitive with pri-
mary resources [19-21].

In addition, it is necessary to intensify
scientific research in the field of waste
disposal, which will not only improve the
existing methods, but also open up new
ways for the use of recycled materials.
This may include the development of new
materials that can replace traditional ones,
or the creation of new products with high
added value. In general, to improve the
situation in the mineral resources sector of
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Table 1

Methods for improving leaching processes in disintegrator
MeToab! yny4LueHus npoLeccoB BbiliesayMBaHUSA B Be3MHTerparope

Stimulation method Result

Implementation

Vibration

Increased response surface

Shacking of disintegrator working body

Chemical treatment

to solution

Activation of metal extraction

Preventive treatment
with reagents

Russia, it is necessary to take a series of
measures aimed at stimulating utilization
of secondary resources. This will require
joint efforts of government, business and
society, as well as willingness to change
and innovation at all levels of the produc-
tion economy.

About 80% of ores at depths greater
than 1500 m are mined underground. When
developing potash and iron ore deposits,
the loss of minerals in the subsoil reaches
60% [22]. Integrated mining combines tra-
ditional ore extraction for factory process-
ing and in-situ leaching [23].

Directions for improving the combined
technology of metal leaching in a disinte-
grator are systematized in Table 1.

The process of beneficiation of metals
from substandard raw materials obtained
as a result of mining operations is a key
stage in strengthening the mineral resource
base for the metallurgical industry. This al-
lows not only to maximize the recovery of
valuable metals, but also contributes to a
more complete use of extracted resources,
which in turn increases the efficiency of
the production process. Disintegrator leach-
ing is an innovative method that converts
mining waste, such as tailings, into valu-
able metal products. This process not only
helps reduce waste volumes, but also pro-
vides an additional source of raw materials
for metallurgy, thereby reducing the envi-
ronmental burden. Disintegrators use me-
chanical action to break down solid parti-
cles, which increases the surface area for
chemical interaction during the leaching
process. This speeds up chemical reactions
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and increases the recovery of metals from
the tailings. Thus, the use of disintegrators
in the leaching process opens up new ho-
rizons in waste management and resource
conservation. The increased use of leach
disintegrators could revolutionize the me-
tallurgical industry by not only recycling
waste but also returning it to the produc-
tion cycle as a useful raw material. This, in
turn, can significantly reduce dependence
on primary sources of metals and contrib-
ute to a more sustainable and environmen-
tally friendly production system.

In the process of extracting metals from
oxidized ores, various leaching methods
are widely used, including sulfuric acid,
chloride and ammonium leaching. These
methods can effectively extract valuable
components from ore using a variety of
equipment such as autoclaves, which are
closed reactors that can withstand high pres-
sure and temperature, vats for processing
large volumes of ore, and heap and in-si-
tu leaching, which allows treatment of ore
immediately at the site of its mining. One
of the most innovative and promising me-
thods is heap bioleaching, which uses mic-
roorganisms to extract metals from ore.
This method is particularly effective at low
temperatures, making it ideal for the use
in the Far North where traditional methods
may be ineffective due to freezing of rea-
gents and materials. Bioleaching is an en-
vironmentally friendly alternative to tradi-
tional methods as it reduces the consump-
tion of chemicals and energy. In addition,
this method makes it possible to extract
metals from ores with low contents of va-
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Scheme for combining geotechnologies for field development
CxeMa KOMBMHUPOBaHUsI FEOTEXHONMOMUIA Pa3paboTKu MECTOPOXKAEHUS

luable components, which was previously
considered economically unfeasible. Heap
bioleaching at sub-zero temperatures is
becoming one of the key directions in the
development of modern ore processing
technologies.

Improvement of metal mining occurs
through minimizing costs for unproducti-
ve operations.

A whole range of works to combine
various technologies includes both extrac-
tion of valuable ores with subsequent pro-
cessing at a production plant, and leaching
of metals in specialized blocks, heaps and
even disintegrators. This entire process in-
volves a thorough study and application
of modern technologies for the extrac-

Table 2

tion and processing of minerals, which re-
quires specialists to have deep knowledge
and experience in this field. It is important
to note that within the framework of this
set of works, the product quality control,
constant updating of equipment and the
search for new methods for improving the
production process are also carried out. In
short, activities related to the combination
of various technologies are an important
and multifaceted area in which each stage
plays its role in the overall picture of creat-
ing high-quality and competitive products
(Figure).

The analysis of accumulated waste from
ore processing at non-ferrous metallurgy
plants makes it possible to estimate the

Potential feedstock for combined processing technologies
MoTeHumanbHoe cbipbe AN KOM6MHMPOBaHHbIX TEXHOMOMMI nepepaboTKu

Not ext- Metals
racted, % Tin | Tungsten | Zinc Lead |Molybdenum | Copper | Nickel | Average
Maximum 35 30 26 23 19 13 10 35
Minimum 58 50 47 39 53 36 25 22
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Table 3

Metal reserves in processing tailings

3anacbi MeTannoB B XBoCcTax oboraLueHunst

Loss, Mt
Copper Zinc Lead Nickel ALO, | Molybdenum,t | Gold, Kt | Silver, Kt
8,0 9,0 1,0 2,5 33,5 200 1 12

losses of technologically exposed metals
(Table 2).

The tailings of flotation of non-ferrous
metal ores in waste from industrial sub-
sectors, which is used in the vast majori-
ty of cases, contain reserves equivalent to
new deposits (Table 3).

Based on the results of the analysis of
technologies involving metal leaching, their
capabilities as a combination element are
estimated by extraction ratio, %:

 underground leaching in blocks 50-
60 for 1 year;

e leaching in stacks of 20-70 for
2-6 months;

e leaching in a disintegrator 20-70 for
1-5 minutes.

e The influence of the factor of com-
bining traditional mining and processing
technologies with leaching technologies
consists of the following components:

* increasing the volume of production
of commercial non-ferrous metals [24];

* increasing the competitiveness of do-
mestic plants through import substitution
with rare metals extracted during leaching;

e drastic improvement of the environ-
ment in the mining regions;

 return to production of land within
the mine waste.
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Conclusions

Intensification of the development of
the resource base of metallurgy is carried
out by combining mining and processing
technologies with an increase in the recov-
ery of valuable components from the ex-
tracted raw materials.

Issues of waste generation and storage,
as aspects of the objective of the mineral
resources sector development, are solved
by combining traditional and new deposit
development technologies.

Currently, there is a tendency to move
from bulk extraction of various types of
raw materials using powerful equipment
to selective extraction.

The methods have been developed to
evaluate palliative technological solutions
associated with metal loss.

The method of leaching metals with the
application of high energy in activators, for
example, in a disintegrator, is being deve-
loped, making it possible to bring extrac-
tion to the level of sanitary standards from
the liquidation of processing tailings sto-
rage facilities.

The effectiveness of combining tradi-
tional and innovative technologies is de-
termined by the solution of the proposed
model.
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