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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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Abstract: The relevance of the work lies in the need to increase the volume
of metal mining to meet the ever-increasing demands of the population. This need
leads to the need to develop existing and create new innovative technologies for the
extraction of natural resources. The purpose of the work is to optimize the interaction
of technological approaches and technical means to increase the efficiency of
extraction and processing of metal-containing raw materials. Methodology. The
basis of the approach to achieving the goal is the search for an algorithm for the
interaction of methods for managing the efficiency of mining in the metal mining
process. The possibilities of organizing work using traditional technologies with
filling the developed space with hardening mixtures and new technologies with
leaching are being investigated so that the combined technologies improve each
other’s performance. Results. It is shown that the depletion of the mineral resource
base requires the creation of innovative technologies for the exploitation of natural
and man-made deposits. A methodology has been developed and the results of
studies on the completeness of metal extraction from nonconditional ores and
processing tailings, depending on the degree of their preparation, are presented.
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Conclusions. The formation of man-made mineral reserves with the depletion of the
mineral resource base of Russia determines the priority of creating extraction and
processing technologies with permanent optimization of technological processes
of extraction and processing according to the criterion of minimizing production
waste.
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AnHoTauus. JXYMBICTBIH ©3CKTLIITT XaJdbIKTBIH YHEMI ©CII KeJe KaTKaH
CYpaHBICTAphIH KaHAFATTAHJABIPY YIIIH METAIJI OHJIIpYy KeJIeMiH YIIFauTy
KaXETTUTIr. ByJ1 KaxkeTTutik Taburu pecypcTapabl OHAIPY/IiH KOJIaHBICTAFbI dKOHE
YKaHa MHHOBAIFSUTBIK TEXHOJIOTHSIIAPBIH JKacay KaXeTTuTirine okenei. by ocipece
KypaMblIH/1a MeTaJIbl 0ap KeHIep 1l OHAipyTe, OHBIH ILITH]IE OCHI KeHIEP/1i TayChUIFaH
KEH OpBIHJapbIHAH aJyFa KaThICTHI. JKYMBICTBIH MaKcaThl KyYpaMbIH/Ia MEeTaJl1 6ap
MUKI3aTTBl OHJIPY MEH OHICYIiH THIMIUILIH apTThIpy YIIIH TeXHOJIOTHSIIBIK
omicTep MEH TEeXHUKAIBIK KYpalJapJblH e3apa iC-KUMBUIBIH OHTaHIaHIBIPY.
OnuicreMe. MakcaTka *KeTy TOCUTIHIH HETi31 MeTanmapasl OHAIpy MPOIIeCiHIe Tay-
KEeH OHIIPICIHIH THIMILUTITIH 6acKapy OIICTEpiHIH 63apa OPEKETTeCy aITOPUTMIH
131ey. OHOIPUITEH KEHICTIKTI KaTaTaThlH KOCMAJapMEH TOJTHIPA OTBIPHIIL,
JOCTYPIIi TEXHOJOTHSUIAPAbI JKOHE OIpIKTIpUIreH TexHonorusamap Oip-OipiHiH
KOPCETKIIITEPiH jKaKcapTaThIHAAN jKaHa IIaiiManay TEeXHOJOTHIApbIH KOJJAaHa
OTBIPBIM, XYMBICTAPABl YHBIMIACTBIPY MYMKIHAIKTEpl 3epTTenenai. 3epTreyiep
KaTaWTaThIH KOCTajap MeH IaiManay KyHphIKTapbIHBIH MaCCUBTEPIH OipiKTipyTe
Oaca Hazap ayiapa OTBIPBIIL, KAl KAOBUIJAHFAH /ICTEPMEH JKY3€ere aChIpbLIaIbl.
Hormxenep. MuHepanapl-IAKi3aT 0a3aChIHBIH CAPKBLUTY I TAOMFH KOHE TEXHOTSHJIIK
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KEH OpBIHAAPBIH NMai1aaHyIbIH HHHOBALMSUIBIK TEXHOJIOTHSIAPBIH KYPY/Ibl Tajall
eTeTiHi KepceTireH. Meranaapipl KOHANLIUOHEPICHOCTeH KeHICP/ICH JKoHE KaiTa
OHJICY KaJIBIKTapbIHAH OJIapIbIH JaibIHAATY JOpEKECiHe Kapai aly TOJIBIKThIFBIH
3epTTey 9JICTeMeCi d3ipIIeH/Ii KoHEe HOTHXKeNepi KenTipinai. KoHquusieik emec
KEeHAEp/EH >KoHe OalbITy KaJABIKTapblHAH METalAapiAbl aly TEXHOJOTHSACHI,
OHBIH 1IIiHAE MPOLECTIH MEXaHOXMMUSUIBIK aKTUBALMACHI 0ap BIIBIPATKBIILITHIH
KYMBIC KaMepachIHJa eTKeH-Ter kel kepceTinreH. Kopvsimuinoviiap. Peceitnin
MUHEpaIAbI-IIMKi3aT 0a3achbIHbIH CapKbUIyBIMEH MUHEpaIAapAblH TEXHOTCHIIK
KOPJapbIHBIH KaJbINTacybl OHAIPIC KaJNABIKTApbIH a3alTy KpUTEpHii OOMbIHIIA
OHJIpYy MEH OHICYAIH TEXHOJOTHIIBIK IPOLECTEPIH TYPAKThl OHTAWIaHIBIPYMEH
OHJIpY JKOHE OHJCY TEXHOJOTUSUIAPBIH KYPYAbIH OachIMIBUIBIFBIH AHBIKTAHIbI.
AJIBIHFAH HOTIDKENIED Tay-KeH OHJIpY cajaJapbIHbIH KaHa KOCIMOPBIHAAPBIH CaTy
KOHE KYMBIC iCTEN TYpFaHIapblH KaHFBIPTY Ke3iHIe, COHJal-aK KbI3METKEpIiep
MeH OiTiM amymIsIap sIH OUTIKTITITIH apTTRIPY YIIiH MaiIaTaHbLTy bl MYMKIH.
Tyiiin ce3mep: eHIipy, OH/ICY, KEH, METAJLI, IIaliMaay, MacCUB, 3ePTTEY
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AHHOTanus. AKTyaJbHOCTh paOOThI COCTOMT B HEOOXOIUMOCTH YBEIHUCHHS
o0beMa JTOObIUM METAIIOB JUIS YAOBJICTBOPCHUS MMOCTOSHHO YBEIMYUBAIOIIIUXCS
3arpocoB HaceleHHs. DTa MOTPeOHOCTh MPUBOAUT K HEOOXOIUMOCTH pPa3BUTHUS
CYIIECTBYIOIUX M CO3MaHWd HOBBIX MHHOBAIIMOHHBIX TEXHOJOTHH W3BJICUCHUS
HPUPOJHBIX pecypcoB. OCOOEHHO 3TO KacaeTcsl JOOBIYM METaJIOCOIepP KaIlnX
pyZl, B TOM YHCJIE U JOOBIYM 3TUX PyA U3 00eIHEHHBIX MecTopoxaeHuit. Llennb
pa6OTBI 3aKJIFOYac€TCsd B OITHUMH3allUU B3aI/IMO)Z[eI‘/‘ICTBI/I$I TEXHOJIOTHYCCKUX
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MPUEMOB U TEXHHYECKUX CPEACTB AJSl MOBBIMICHUS 3(P(PEKTUBHOCTU HOOBIYH U
nepepadoTKH MEeTaJUIOCOAEpIKaIero coipesi. Metoponorus. OCHOBY mMoaxona
K JIOCTHDKEHHMIO LM COCTaBJISIET MOUCK AJITOPUTMa B3aUMOJACHCTBHS METOHOB
ynpasieHusT 3QQEKTHBHOCTBIO TOPHOTO MPOM3BOACTBAa B Ipolecce 00bIYN
METaJuIoB. MccneayoTest BO3SMOKHOCTH OpraHU3alud padoT NpH UCTIONb30BaHUN
TPaJULHMOHHBIX TEXHOJIOTHH C 3alloJIHCHHEM BBIPA0OTAaHHOTO MPOCTPAHCTBA
TBEPICIOIIMMH CMECSIMH M HOBBIX TEXHOJIOTHI C BBILIECTAYUBAHUEM TakK, YTOOBI
KOMOMHHMpYEMbIE TEXHOJIOTUH YIIy4dllIaiy MMoKa3aTeaun apyr Apyra. VccnempoBanus
OCYLIECTBIISIIOTCS ~ OOLICTIPUHATBIMH ~ METOJAaMH €  AKUCHTUPOBAHHUEM
Ha KOMOMHHMPOBAaHMHM MAaCCHBOB U3 TBEPACIOIIMX CMeced M M3 XBOCTOB
BhllenaunBanus. Pesynprarsl. [TokazaHo, 4To HCTOILEHNE MUHEPAIbHO-CHIPHEBON
0a3bl TpeOyeT co3AaHus] MHHOBALIMOHHBIX TEXHOIOTUH 3KCIUTyaTalliy IPUPOIHBIX
W TEXHOTCHHBIX MECTOpOXKIeHHH. Pa3paboTana MeToaMka W TPUBEACHBI
pe3yabTaThl UCCICA0BAHUM MOTHOTHI U3BICUCHUS METAIIOB U3 HEKOHINIIMOHHBIX
Pyd M XBOCTOB IepepabOTKM B 3aBHCHMOCTH OT CTENEHH HMX MOATOTOBKH.
Jeranu3upoBaHa TEXHOJOTHS M3BJICUCHUS] METAIOB M3 HEKOHIMIMOHHBIX
PYO M XBOCTOB OOOTaIICHUs, B TOM 4Huciie B paboueil kamepe Ae3WHTErpaTopa
C MEXaHOXMMHYECKOW akThBamuend mpouecca. BrBoasl. ®opmuposanue
TEXHOTCHHBIX 3allacoB MMHEPAIOB IpH HCTOLICHUH MHHEPaAIbHO-CHIPhEBON
0a3p1 Poccun 00ycOBIMBAET NMPUOPUTETHOCTh CO3JAHHSI TEXHOJIOTHI JOOBIYU
U TepepabdOoTKH C TEPMAHEHTHOM ONTHMHU3AIMEH TEXHOJOIMYECKHX IPOLIECCOB
00BN U MEpepadOTKH MO KPUTEPHIO MUHHUMH3ALHMK OTXOAOB IMPOM3BOJCTBA.
[Tonmy4enHble pe3ynbTaThl MOTYT OBITH UCIIOJIB30BaHbI IIPH CTPOUTEIHCTBE HOBBIX
W MOJCpPHHU3ALNU JCUCTBYIOMINX NPEANPUITHH TOPHOZOOBIBAIONIMNX OTpaciei, a
TaKXe 15 IOBBILICHUS KBATU(HUKALNU paOOTHUKOB U 00YYaIOLIUXCSL.

KitroueBble cioBa:noObua, mepepaOoTka, pyna, MeTajll, BbILIETaYMBaHHE,
MAaccHUB, UCCIICAOBaHNE

Introduction. Metal leaching is a technology that allows transferring metal
from mineral to solution and extracting it from solution, bypassing a number of
processes of traditional technology. According to the technological features, the
technology options are divided into borehole, shaft, heap and combined, combining
the capabilities of all types (Malozyomov, et. al., 2024; Konstantinova, et. al.,
2021). Depending on the place of leaching, in-situ leaching and heap leaching are
distinguished. Leaching on an industrial scale is used in technologically developed
countries (Nussipali, et.al., 2024).

For the cost-effective development of such reserves, there is a need to apply
new technologies, including options for processing by leaching metals from ores
and ore dressing wastes that are substandard in terms of metal content. The use
of such technologies, in particular physical and chemical methods, is complicated
by the complexity of the structure of the polymetallic, copper and tungsten and
molybdenum deposits being mined, as well as by the multi-type and multi-grade
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nature of the ores (Batuhtin, et.al., 2016; Kondrakhin, et.al., 2023; Malozyomoyv,
et.al., 2023). The priority direction of increasing the efficiency of mining enterprises
in the operation of underground deposits is the involvement in the processing of poor
and lost ores, as well as tailings of enrichment and metallurgy. It is realistic to do
this, as the waste of enterprises are technogenic deposits ready for metal extraction
by new methods (Kravtsov, et.al., 2023; Kondratyeyv, et.al., 2020; Gozbenko, et.al.,
2016).

Recent studies have laid the foundations for the concept of rational environmental
management, including the application of geoinformation technologies in solving
three-dimensional geo-ecological problems, predicting the geomechanical state of
the massif when mining deposits, and studying the impact of improving the quality
of enrichment waste in the utilisation of primary processing tailings (Adigamov,
et.al., 2022; Martyushev, et.al., 2023; Golik, et.al., 2023). The direction of activation
of metal-containing raw materials during leaching in disintegrators is being
developed. A number of works establish regularities of changes in geomechanical
conditions under changing conditions of mining operations, regularities of
influence of mechanical activation on structural characteristics of materials and
others (Semernik, et.al., 2023; Tynchenko, et.al., 2024; Konyuhov, et.al., 2020).

The considered problem is given attention in foreign literature, for example,
increasing the efficiency of copper leaching by mechanochemical activation of
ores, extraction of uranium and molybdenum from copper leaching solutions using
ion exchange, extraction of uranium from sandstones by acid in-situ leaching, the
influence of force on the efficiency of metal leaching, etc.

Materials and methods. Comprehensive study of gold extraction technologies
from substandard raw materials includes the study of leaching regularities,
establishment of relationships between the parameters of raw material extraction
and gold recovery, and justification of effective options for metal extraction. Based
on the research results, the concept of gold leaching from substandard mineral raw
materials is formed.

Results and discussion. Massif condition management. The most common
technologies used in the development of valuable ore deposits are characterised by
filling the excavated space with materials. The ore body is divided into chambers
and pillars excavated at different times. Layer systems differ in the direction of
layer excavation: upward and downward (Khekert, et.al., 2021; Brigida, et.al.,
2024; Zaalishvili, et.al., 2024). If a layer of wedged structural blocks is created
above the excavated space, mixtures of reduced strength can be used. In case of
downward excavation by horizontal excavation, the strength of the concrete slab is
set by directive: not less than 1.5 MPa. Indicators of ore-bearing massif condition
management are improved when conditions of volumetric compression are created.
Variants of transferring the embedding massifs into the volumetric compression
mode are presented in Table 1.
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Table 1. Methods of converting arrays to compression mode

Exposure time | Option Terms of use
Preliminarily | Anchors in lateral rocks Unstable host rocks
At the same | Feeding the mixture to the ore No restrictions
time The inclination of the walls of the chambers | Unstable ores

Creating a shielding gap Unstable rocks

The survey Unstable ores and rocks
With a lag Differentiation of the strength of the mixture | Depending on the

conditions

The array hardening methods are illustrated in Figure 1.

a b c
Fig. 1. Methods of solidification of the array: a — the inclination of the walls of the chambers to the
ore; b — the supply of the mixture to the ore; b — anchoring

The works of I.V. Baklashov, V.I. Borsch-Kompaniyts, M.A. lofis, D.M.
Kazikaev, L.A. Krupnik, M.V. Kurleni, etc. proved that the load-bearing capacity
of a material under volumetric compression increases significantly (Golik, et.al.,
2023; Akzharkyn, et.al., 2024; Kheker, et.al.,2023). The failure of the specimen
in compression occurs due to the development of shear stress at an angle to its
axis. Lateral pressure increases the strength of rocks, which explains the prevalence
of technologies with embedding with solidifying mixtures. At the Cobar mine
(Australia), with 10 tons of volumetric compression on a press and 0.1 MPa lateral
pressure, the compressive strength was 0.7 after 7 days and 1.2 MPa after 80 days.

Classification of hardening mixture components increases the strength of
hardening mixtures in 1.2...1.5 times, and cohesion in 1.2...2.5 times. The efficiency
of chamber mining by alternative variants: continuous and two-stage excavation is
evaluated by comparing the present costs:

Vo= [(N+ AE) - (N,+ 4,£,)]4
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where O - economic effect, rub.; E - discount factor; K, - capital investment
in two-stage excavation, rub.; K, - capital investment in continuous excavation,
rub.; C, - unit cost of production in two-stage excavation, rub.; C, - unit cost of
production in continuous excavation, rub.; A - annual volume of concentrate
production in continuous excavation of chambers, tons.

The results of evaluation of chamber mining options are given in Table 2

Table 2. Indicators of ore extraction options

Indicators Units | Two- Solid
studio | The slope | Protective Feeding the
of the walls array mixture to the ore
Contents in balance sheet stocks % 0,2 0,2 0,2 0,2
Dilution of ore % 15,7 11,4 12,6 9,1
Ore losses % 6,7 5,6 5,9 6,5
Extraction into concentrate % 86,1 88,6 88,1 89,6
Content in the concentrate % 59,2 59,2 59,2 59,2
The cost of processing 1t of ore rub. | 42,72 42,72 42,72 2,72
Cost of extraction of 1t of ore rub. | 152,6 146,3 145,5 147.8
The cost of 1t of metal in concentrate | rub. | 85374 75502 78525 74053
Economic efficiency of 1t of metal rub. - 9871 6848 11321
Savings from mining 1t of ore rub. - 24,71 16,76 29,12

The methods of determining the allowable exposed roof spans differ (Table
3). Combination of mining technologies with filling the mined-out space with
solidifying mixtures and leaching tailings contributes to the creation of the condition
of volumetric stress state of rocks. In order to ensure the effectiveness of combined
technologies, mine fields are divided into areas safe in terms of stresses. Combined
technology is recommended for mining gold, uranium and copper ores, which
are united by common origin, dispersion, presence of iron sulfides and uneven
distribution in the ore body (Podoprigora, et.al., 2024; Shutaleva, et.al., 2022).

Leaching of metals in blocks. The block is prepared by a system. The upper
part of the chamber is equipped with an irrigation system, and in the lower part -
excavations for collection of production solutions. Optimization of intensification
processes, improving the quality of extracted metals and reducing energy costs
allows the use of pulse currents. Mixing of the raw material crushed to a coarseness
of 0.2 mm with solvent also contributes to this.

Leaching in the disintegrator forms microdefects both on undisturbed areas of
the mineral and near crystal clusters, and inside the host gold minerals - develops
channels for access of the leaching solution to metal particles. During long-term
storage of tailings, oxidation of sulfides in areas with limited oxygen access is
slow, while in the beach part of the tailings pond it is faster. Enrichment processes
are being modernized through the use of hydrometallurgical processing operations.
Leaching alone does not ensure the reliability of the process, as it takes a long time
for reagents to penetrate deep into the mineral particle, so leaching processes are
intensified.
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Extraction of metals from solutions is carried out on ion exchange resin. After
removal of impurities and metals the sorbent has residual capacity: for gold (up to
0.08 mg/g), for the sum of impurities (up to 0.7 mg/g). At electrosorption leaching
metal concentration in the liquid phase increases by 11 %, concentration in solution
decreases by 15 %, and sorption capacity of resin increases by 12 %.

Sorption leaching is carried out in a cascade of several apparatuses (pachukes),
following the principle of counterflow. The pulp is fed into the first unit and
discharged from the last pachuk. Fresh anionite is loaded into the next unit along
the pulp flow, and saturated resin is removed from the first unit. After cyanidation,
the slurry enters the first sorption pile, is pumped to the twelfth pile by elevators,
and the resin moves from the twelfth to the first pile. Pulp separation takes place on
screens installed in the head of the pachuca. The pulp passes through the screens
and flows through a chute into the next packhouse. The resin is rolled into the same
pachuca, from the two outermost nets it enters the resin stream and is discharged
into the next pachuca. Schiber distribution of resin through the chain is carried out
when the equilibrium capacity of resin at a given sorption stage is reached. After
dewatering, the resin is fed for regeneration and the spent pulp is directed to the
tailings pond.

At the stage of cyanide treatment of the resin from the impurities on it desorption
occurs, for example, for Sadon conditions: iron - 43 %, copper - 96 %, silver - 47
%, gold - 10 %. Increasing the intensity of leaching makes it economically feasible
to use it for tailings processing with an additive effect - increasing the efficiency
of ore dressing. Directions for using the phenomenon of metal leaching to manage
stresses in the array:

- in the block with the formation of leaching tailings;

- in heaps and percolators with the formation of raw materials for the manufacture
of solidifying mixtures;

- in disintegrators with activation of raw materials for the production of
solidifying mixtures.

The peculiarity of the technology is that the same extraction of metals in the
disintegrator is achieved in seconds, and in the agitator in 15-60 minutes, or 2
orders of magnitude more. The loosening factor of the ore mass in the block is
1.15-1.20. At diameter of blast holes 100 mm ore yield from 1 m of hole is 6-7 m3.
When using AC-8 granulite, the consumption of explosives is 1.3 kg/m3 of rock
mass. The leaching process includes the following stages:

- movement of solvent to the surface and within the pores of minerals;

- chemical reaction of ore and solution;

- displacement of the metal-bearing solution into the solvent.

Sulfide minerals interact with solvents according to the scheme:

Me S + 2NaCl + H,SO,+ 0,502 = MeCl, + S0, + Na,SO, + H,0

In the separation of metals from chloride solutions, the best precipitant is caustic
soda, the cheapest reagent is calcium hydroxide, and the most suitable reagent is
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soda ash. Metal transfer within the block occurs due to the difference in metal
concentration in solution and on the mineral surface. Leaching in film-drop mode
is preferred over leaching in flood mode. The application of the technology is
limited by the ore’s ability to slump. The ore is irrigated through perforated pipes.
A spreading zone is formed around the wells when solutions are delivered, and area
spreading occurs when large volumes of solutions are delivered. The solution can
be fed through horizontal wells drilled in the roof of the destroyed interstorey pillar.
In order to wet the ore in the dead zone, large portions of solutions are periodically
fed between the wells, creating a hydraulic flow regime.

Solutions are captured at the base of the blocks, where metal-containing
solutions are transferred through mine workings or boreholes. To prevent migration
of solutions outside the block contour, impervious curtains are created or solidifying
mixtures and resins are injected. The peculiarity of leaching in the disintegrator is
that a portion of the reagent solution is fed into the mechanical working body, where
the extraction of metals occurs simultaneously with the destruction of crystals. Solid
particles of tailings are an additional abrasive, facilitating the process of conversion
of insoluble natural compounds into soluble ones. Fine grinding reveals the binding
properties of minerals, reducing cement consumption. Under the same conditions,
the strength of concrete set in activated water at the age of 28 days increases by
30-40 % (Fig. 2).
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Fig. 2. Dependence of concrete strength on reagents: 1 — hydrochloric acid; 2 — chloric acid;
3-anolyte by irrigation; 4 — anolyte in a disintegrator; 5 — average results

Grinding ores before leaching to 0.1-0.2 mm is not always sufficient to open
them. Therefore, the leaching efficiency is increased by activation of the process.
In the layer adjacent to the solid phase, the working solution moves slowly.
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The connection between the upper layers and the inner layers of the mineral is
weakened, metal-containing particles separate and increase the concentration of
matter in the boundary layer. The throughput of the layer is reduced by the presence
of small mineral particles. The leaching rate is increased by the vortex motion of
the solution created by the disintegrator. Mechanochemical treatment affects the
metal deposition parameters. Management of metal leaching efficiency is reduced
to creation of conditions for mineral opening on the contacts of aggregation and
minimisation of losses of valuable components.

The degree of ore opening in the process of preparation varies within 54...80 %.
Mineral activation model in the disintegrator:

A=f (E’ t, O, Kwr)

where E - energy input; t - processing time; Q - disintegrator productivity; K -
activation coefficient; r - radius of mineral particles.

When choosing the design of a disintegrator, the criterion of optimality is
not crushing, but destruction along the surfaces of cleavage. The most mastered
method of curing metals from solutions is electrodialysis. Indices of electrodialysis
deteriorate at increase of hardness of solutions, therefore solutions are preliminary
softened and desalted. The plant includes electrolysis units with ion exchange
membranes and electrodialysis units. The solution with mineralisation up to 3 g/
dm3 is released from the slurry and demineralised in cathode chambers. Two-stage
treatment of the anolyte at each treatment stage reduces the salt concentration by
about 50 %.The indicators of physical and electrical treatment are given in Table 3.

Table 3. Indicators of the technological regime

Processes | Capacity, | Pressure, | Temperature, | Current | Voltage, | Current density, A/m?
m’/h MPa °T strength, A A\
Softening 30 0,1 +40 600 30 300-500
Desalination 25 0,25-0,35 +40 200 300 100-200
The processes are characterised by parameters (Table 4).
Table 4. Process parameters
Parameters Units The initial solution Anolyte Dilute
The hydrogen index pH 6-7 7-8,5 6-7
Oxidative potential mv 100-300 100-150 100
Mineralization g/dm? 3 2 1
Rigidity g-eq/mV 8-2 7 7
Sulfates mg/dm? 500-800 300-500 500
Chlorides mg/dm? 400-900 300-600 300
Bicarbonates mg/dm? 150-250 — —

Metal ingredients are extracted from brines in the sorption-desorption column
SDK. The complete production cycle with tailings utilisation is shown in Fig. 3.
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Fig. 3. Scheme of preparation of hardening mixtures with activation of components: 1 — cement
warehouse; 2 — vibrating screen; 3 — slag warehouse; 4 — disintegrator; 5 — activated water; 6 —
vibrating mill; 7 — conveyor; 8 — pipeline; 9 — vibrationrators; 10 — block

Tailings processing in a disintegrator ensures that the activity of coarse particles
is unlocked and the activity of fine mineral particles is enhanced. The raw material
base of the North Caucasus mining industry includes more than 560 deposits and
ore occurrences, of which the most significant was the Sadonsky ore district. Ore
composition of the Sadonskoye deposit, %: galena 1.5; sphalerite 45.5; chalcopyrite
0.5; pyrite 12.015.0; carbonates 46; pyrrhotite 12. The Urupskoye copper-ore deposit
is composed of stratified and colonised quartz albitophires and their tuffs with the
strength coefficient on the scale of Prof. M.M. Protodyakonov 10...18. About 2/3
of ores of the Urupskoye deposit are disseminated, and the rest are continuous ores
(copper-coal, copper-zinc and zinc). The Tyrnyauz tungsten-molybdenum deposit
is located in the zone of intersection of the Tyrnyauz fault zone and submeridional
structure. Up to half of the reserves are localised in scanned marbles and the rest
in biotite hornfels and granitoids. The greatest impact on the performance of
underground development of ore deposits in the North Caucasus is caused by poor
stability of ores and rocks, abrupt changes in the localisation parameters of ore
bodies and intensity of tectonic disturbances.

Conclusion. The studies have substantiated the feasibility of using technologies
with metal leaching from metal-containing raw materials. The research results
substantiate the possibility of rock massif management by filling the excavated
space with the products of enrichment tailings processing and in-situ leaching
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of metals, as well as combining traditional and innovative technologies with the
preservation of the earth’s surface as a guarantor of environmental safety. The
behaviour of ore-bearing massifs when managing their condition by filling the
excavated space with solidifying mixtures and tailings of in-situ metal leaching
adequately obeys the laws.
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