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Abstract
Research relevance. With the change in the economic management system after
the 1990 reforms, state-subsidized mining enterprises of the North Caucasus ceased
functioning. One reason of reduced production capacity is metal production resource base
weakening caused by selective mining of deposits 'rich areas and cessation of exploration work.
The state strategy of the North Caucasus republics provides for increased contribution of the
extractive industry to the economy, which makes the problem under consideration very relevant.
Methods of research. The results of research carried out in the Republic of North Ossetia—
Alania were used to substantiate the possibility and effectiveness of hydrometallurgical
techniques of obtaining metals from ores. The research included the critical analysis and
technical and economic assessment of prospects.
Research results. Restoration of the non-ferrous metal production potential is possible with
the involvement of raw materials that are substandard for traditional technologies. The Sadon
lead and zinc plant, the Tyrnyauz Mining and Processing Plant and the Urup Mining and
Processing Plant used open stope mining methods as well as inconsistent backfilling with
waste material, which reduced the quality of ores and increased the cost of metals. Advanced
leaching technologies based on metals conversion into highly soluble compounds and further
extraction from a collective solution make it possible to develop depleted reserves of the
North Caucasian metal deposits. That technology was used at the Bykogorsky deposit for non-
commercial reserves for a long time. For the first time in mining practice, the technology was
also used to mine the Fiagdon group ore of the Sadon ore cluster. Rather limited experience of
a plant production capacity improvement shows that raw materials that are substandard for
traditional technologies can ensure the profitability of metal production when combined with
traditional technology. It is important that all metals are extracted when leaching into the
product solution, which increases the recoverable value of ores.
Conclusions. The localization features of the North Caucasian deposits are favorable for
the allocation of lost ore concentration areas within the spent ore bodies, their leaching, and
reagent solutions feed and metal-saturated solutions delivery through wells from the surface.

Keyword: metal; ore; deposit; condition; technology; leaching, extraction; economics;
ecology.

Introduction. The 1990 reforms made state-subsidized mining enterprises of
the North Caucasus cease or reduce ore production. Changes in pricing policy resulted
in mineral resource base weakening, exposing the drawbacks of field development
technologies [1-2].

One way of restoring enterprise capacities is using non-commercial ore underground
and using the products of sorting low-grade ore and tailing grading waste on the surface
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through hydrometallurgical processes including metals transfer into a mobile state with
subsequent precipitation [3—5]. The technology is known as mine hydrometallurgy and
is regularly applied in the mining industry.

Hydrometallurgical processes in mining and processing differ from traditional
processes. Their particular characteristics include providing channels for solution
filtration during loosening, ore crushing and grinding; metals solubilizing using
chemicals; precipitation of metals from solutions and sediment processing and
concentrates production on the territory of a mining enterprise.

Figure 1. Technology with an open stope: / — earth surface; 2 — sediment boundary; 3 — spent chamber;

4 — inter-chamber pillars; 5 — unbroken ore; 6 — broken ore; 7 — chamber in preparation; § — stump pillar

Pucynok 1. TeXHOJIOTHS C OTKPBHITHIM BBIPAOOTAaHHBIM IIPOCTPAHCTBOM: [ — 3€MHas IOBEPXHOCTD;

2 — rpaHuIla HaHOCOB; 3 — OTpaboTaHHas Kamepa; 4 — MEXKaMepHbIe IeJHMKHU; 5 — HeoTOWTas pyaa;
6 — oTOuTasg pyna; 7 — Kamepa B HOATOTOBKE; § — HAAIITPEKOBBIN LIEIUK

In underground blocks and heaps, hydrometallurgical and mining processes are
combined to achieve a synergistic effect [6-—8]. In the history of mining, hydrometallurgical
methods were used to extract metals from raw materials which contained metal that
could not be feasibly processed by traditional methods [9—11]. The history of leaching
development began with non-commercial and low-grade uranium ore processing and
continues with commercial ore reserves development on an industrial scale (Priargunsky
Mining and Chemical Plant). Mining waste treatment technologies as a way to expand
the mineral resource base of mining and metallurgy are considered in works [12—14].
Aspects of technogenic deposits impact on natural ecosystems are detailed in
articles [15—17]. The basic principles of obtaining, transferring and storing information
about the parameters of the technogenic cycle of a mining and metallurgical enterprise
are set out in works [18-20]. Ostroushko I. A., Khulelidze K. K., Gorodnichev A. P.,
Kondratiev Iu. I., Kelin V. N., Rostovanov S. E., Golik V. 1., Evdokimov S. I. and others
contributed to the theory and practice of metal leaching.

The North Caucasus republics have favorable conditions for profitable production of
non-ferrous metals and involvement of substandard raw materials through technologies
based on hydrometallurgical processes. The share of mining and processing within the gross
regional product does not exceed 10%. The North Caucasus republics were assigned the
task of developing the mineral resource base through new field development technologies.
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Advanced ore processing technologies make it possible to extract into concentrates
the richest part of mining and processing waste. However, secondary tailings cannot be
used in the production of goods due to the presence of metals.

Research objective is to analyze the practice of using hydrometallurgical leaching
processes at mining enterprises of the Republic of North Ossetia—Alania.

The history. The Sadon lead and zinc plant has been operating since 1853, when
the Sadon mine and the Alagir silver-lead plant were built. The reserves of the Sadon

Figure 2. Scheme of metal extraction: / — reagent solution processing workshop; 2 — underground
leaching; 3 — heap leaching; 4 — leaching in a disintegrator; 5 — metals; 6 — tailings
Pucynok 2. Cxema no0blum MeTawioB: / — IeX MEpepadOTKH PacTBOPOB PEAreHTOB; 2 — MOJ3EMHOE
BBIIETAUMBAHNE; 3 — Ky4YHOE BBIIEIAUMBaHUe; 4 — BBILIEIAUYMBAHNE B JIC3UHTErPaTope; 5 — METalIbl;
6 — XBOCTEI

deposits account for about 2% of Russia’s lead reserves. In Sadon, in the territory of
ten deposits, polymetallic ores were mined using open stope mining methods (ore losses
were up to 20% with dilution up to 60%).

Low ore quality and high cost of metal production were caused by open stope mining
methods. Another reason was early production of rich ore and reserves depletion.

The stope was kept open or filled with discrete rocks which moved downwards as
the chamber was undermined, forming a mass of discrete dilution rocks. In the course
of mining the chamber reserves, ore quality was satisfactory, but it often decreased to a
rejectable quality level during pillar recovery (Figure 1).

The plant capacity reach 745 thousand tons per year. There was a time when Ossetia
fully met the USSR’s demand for lead and 2/3 demand for zinc. Since the 1970s the
plant carried out the plan for concentrates, mainly by means of raw materials brought
from offsite.

The amount of ore which was left in the Sadon deposits and may provide a basis for
metal leaching, reaches 30 million tons. Active reserves are localized in the Sadon and
Arkhon deposits. The most possible raw material base may be provided by the reserves
of the Bozang area of the Djimidon deposit.

Hydrometallurgical processes of ore processing. Profitable development of the
North Caucasus reserves is possible with new technologies based on hydrometallurgical
processes of ore processing and metals transfer into a mobile state with subsequent
precipitation. The Republic of North Ossetia—Alania was the first region to make an
attempt to use such technologies.

At the Fiagdon mine, 32 tons of zinc were precipitated from mine discharge
in 48 days. At the Arkhon mine, 40 tons of zinc were precipitated from mine discharge in
51 days.
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For the first time in world practice, commercial ore leaching was carried out in
1974 at the Kakadur deposit of the Fiagdon group. During the project implementation,
60 tons of concentrate containing 15% zinc were obtained. Leaching technology differs
from traditional technologies in that it ensures the recovery of metals previously lost
in tailings. Their total cost can be by several fold greater than the cost of the recovered
metals.

Profit from the involvement of previously unused mineral resources in processing
increases when traditional technologies are combined with advanced leaching
technologies. The value of the rate of recovery is comparable to its value when producing
metal using traditional technology. This increases the recoverable value of ores being an
important factor in choosing a mining method.

A scheme of metal extraction using hydrometallurgical processes is shown in
Figure 2.

Table 1. Indicators of the quality of mined ores (North Caucasus)
Ta6auna 1. [Toka3aTeau kadyecTBa 100b1BaeMbIxX pya (CeBepHblii KaBka3)

Deposits Form Rocks Ores Losses, % | Dilution, %
Sadon group Steeply dipping Shales, Galena, sphalerite, 20 40
veins 1-5 m thick | limestones, pyrite, pyrrhotite
granites,
porphyrites
Tyrnyauz group | Steeply dipping Shales, Molybdenite, 20 50
up to 130 m thick | gneisses, scheelite,
granites, molybdoscheelite
porphyries,
diorites
Urup group Low dip beds Diabases, Pyrite, 15 30
1-5 m thick albitophyres, | chalcopyrite,
shales, tuffs, |sphalerite, bornite,
sandstones hematite

The Kakadur field development project involved feeding reagent solutions from
the surface and delivering production solutions for processing through wells. Zinc
precipitation was carried out with sodium biocardonate or zinc dust. The concentrate
was headed for the hydrometallurgical plant. With an installation productivity of
150 m? of solutions per hour and 60% extraction of metals from ores, the cost of 1 ton
of metals was 352 rubles, while with traditional technology it was 900 rubles/t.
The new technology ensured the extraction of up to 70% of metals lost under the
traditional method, generated profit from selling recovery by-products, and drastically
reduced the negative impact of tailings on natural ecosystems.

The leaching technology capabilities have been confirmed by the experience of the
Bykogorsky uranium deposit, where uranium was produced for 30 years at a content
twice as low as the balance threshold.

The North Caucasus enterprises’ experience is united by the use of technologies
with rock mass natural management, associated ore losses and dilution, and negative
consequences of storing tailings. The low quality of extracted ores increased the cost of
metals (Table 1).

A close analogue of the new technology is the practice of extracting metals into
solution from ores using aqueous solutions of reagents and delivering them to the
surface for processing. Mountainous landscape contributes to that scheme together
with the possibility of using data ascertained during the ore extraction, which makes it
possible to identify ore field areas promising for leaching.
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Figure 3. Leaching scheme of lost reserves: / — workshop for the preparation and processing of solutions;

2 — the earth’s surface; 3 — reagent solution; 4 — lost ores; 5 — production solution; 6 — mine working

Pucynox 3. Cxema BbIIeNauMBaHMs MOTEPSIHHBIX 3aIacoB: / — II€X HMPUTOTOBICHHS U IepepabOTKH

pacTBOopoB; 2 — 3eMHas MOBEPXHOCTb, 3 — pAacTBOP pEarcHTOB; 4 — MOTEPSHHBIC pPY/IbL;
5 — IPOAYKIIMOHHBII PacTBOpP; 6 — IMaXTHast BEIpaboTKa

Figure 4. Combined technologies of leaching metals and substandard raw material: / — heap;
2 — underground leaching blocks; 3 — pile; 4 — activator; 5—8 — preparation group; 9—// — sorption-
desorption group; /2—16 — supplement group; /7 — pond
Pucynox 4. KomMOHHHpOBaHNE TEXHOJIOTHI BBIMIETAYMBAHUS META/UIOB U3 HEKOHIWUIIMOHHOTO CHIPHA:
1 — xyu4a; 2 — OJIOK MOJ3€MHOTO BBIIIENIaYnBaHus; 3 — OTBAJ; 4 — aKTHBATOP; S—8 — TPYIINa MOArOTOBKH;
9-11 — rpynma copOuuun-necopoumu; /2—16 — BcrioMoraresbHas rpynna; /7 — npyxn
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Prospects for the Sadon deposits development. Underground leaching of metals
from ores left in goaf using reagent solutions may be an analogue of the future
technology for the Sadon deposits development. At the Taboshar deposit (Central Asia),
after mining commercial ores, non-commercial ores were caved in and flooded with a
sulfuric acid solution. At the Degtyarskoye deposit, copper was leached from lost ores
using water. That technology was also used at the Meggen field (Germany).

Experimental leaching of oxidized zinc was carried out at the Yuzhnaya vein of the
Arkhon mine (Republic of North Ossetia—Alania). The reagent solution was fed into the
goaf, and the production solution flowed into a collection tank.

Table 2. Extraction of metals into solution (the Sadon deposit), %
Tabnauna 2. U3Biedyenue MeTasjioB B pactBop (Cagonckoe MmecTopo:xaenue), %o

. Leaching in agitator 0.2—1.0 hours Leaching in disintegrator 10 s.
Content in tailings, % - -
Extracted Residual Extracted Residual
Zinc — 0,95 24 72 28 69
Lead - 0,84 16 71 24 62

As far as the environmental protection is concerned, the technogenic extraction of
metals from tailings in a closed, controlled medium with the generation of secondary
tailings available for unlimited use is an environmental measure, and its effectiveness
has not yet been assessed representatively.

A possible scheme for lost reserves leaching at the Sadon deposits is shown in
Figure 3.

If the extraction of metals from tailings by traditional methods is ineffective,
surfactants can intensify the process. Tailings are activated by combined mechanical
and chemical action in blocks, heaps and in a high-speed disintegrator mill (Figure 4).

The results of experimental leaching of metals from tailings of the Sadon deposits
are summarized in Table 2.

The new technology is based on transferring some hydrometallurgical processes of
metal extraction to the field of mining, which makes the technology more economical
by eliminating a number of flow processes. The economic effect of using the new
technology increases with a realistic assessment of the damage from storing tailings left
from processing metal-containing mineral raw materials on the earth’s surface and in
the subsoil.

Conclusions. The lost potential of North Caucasian mining and processing
enterprises can be restored by combining traditional and advanced mining methods
based on hydrometallurgical processes. The technologies are combined by extracting and
processing rich ores using traditional technology and extracting metals in disintegrators
with mechanical and chemical activation of processes.
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I'mppomeTannypruyeckne npouecchl BbINeIAYNBAHUS HA TOPHBIX NPeANPHATHSIX
Pecniy0inku CeBepHas Ocerusi—AJiaHus

Pazopenos 0. 1!, Mlypeirun 1. H.', Taéapaes O. 3.2, Myayxos K. K.%, Boiikos H. C.?

! FOsxHO-Poccuiickuii rocynapcTBEeHHBIN MOMUTEXHIYECKHH yHIBepcuTeT, HoBouepkacck, Poccus.
2 CeBepo-KaBkasckuii ropHO-METaITyprudeckuii HHCTUTYT, Biagukaskas, Poccust.

* VpanbCkuii rocyIapCTBeHHBIN TOpHBIH HHCTUTYT, ExarepunOypr, Poccust.

Pecpepam
Axkmyanvnocme. C uzmenenueM KOHOMUYECKOU CUCTNEMbl XO3SUCMBOBAHUSL NOCIe pedhopm
1990 e panee Oomupyemvie 2ocydapcmeom eopuvie npeonpusmusi Ceseproco Kaexaza
npekpamuau  ynkyuonuposanue. Ilpuuunamu coxkpawjenusi npousgoOCmMEEHHON MOUWHOCIU
A6NAOMCA  0CNAbNeHue MUHEPATIbHO-CbIPbeBOU  0a3bl NPOU3B00CH8A MEMAilo8 BCledCmsue
6b100pOUHOL  OMPAbOMKY — O02AMbIX  YUACMKO8 — MECIMOPONCOEHUs. U NpeKpaujeHue
2eonoeopaszeedounvix pabom. Iocyoapcmeennas cmpameeusi pecnyonux Cegseproeo Kaskasa
npedycmampusaem yeemyenue 6kaada 000bleaiowell ompaciu 6 IKOHOMUKY, Umo Oendem
paccmampusaemyro npobiemy 8ecbMda AKmyaibHOl.
Memoouxka uccnedosanus. [l 000CHOBAHUSL — BO3MONCHOCMU U IPpexmusHocmu
2UOPOMEMALYPSUYECKUX MEMOO008 U3BNeUeHUs MeMALIo8 U3 pyo UCHONb308AHbL PE3VIbIAambl
svinonnennvix 6 Pecnyonuxe Cesepnas Ocemusi—Ananus uccied08anuti ¢ KpUmuieckum aHaiu3om
U MEXHUKO-IKOHOMUYECKOU OYEHKOU NePCNeKmus.
Pe3ynomamut uccnedosanus. Boccmanosnenue nomenyuaia npou3eo0Ccmed YGEHMHbIX Memaiios
B03MOJICHO NPU B0GIEYEHUU 8 IKCIILYAMAYUIO HEKOHOUYUOHHO20 OISl MPAOUYUOHHBIX MEXHON02ULL
coipvst. CaooHCKUll CUHYOBO-YUHKOBLLIL KOMOUHam, TolpHbIAY3CKULL 20PHO-MEMAyPeUtecKull
KoMOuHam u Ypynckuii 20pHO-Memantypeuteckuil KOMOUHam npumMeHsIu cucmemvl paspabomKu
€ OMKPLIMbIM UL DECCUCMEMHO 3ANOTHEHHIM NPOOYKMAMU 000bIYHbIX PaboOm GbIPaADOMAHHbIM
NPOCMPAHCINBOM, YMO CHUNCATIO KAYeCcmeo pyo U YOOpod#caio cmoumocms memanios. Oceoerue
obeonennvix 3anacos Cesepo-Kaskasckux Memaniuyeckux MecmoporcOeHuti 803MOHCHO HOBbIMU
MEXHONO2UAMU BbIUENIAYUBAHUS, OCHOBAHHLIMU HA NEpesooe Memaiios 8 lecKOpACcmeopumble
coeouHenuss U nocneoyiouemM UsnedeHul Memanlos U3 KowlekmusHo2o pacmeopa. Takas
mexHono2us OnumenbHoe 8pemMsi NpuMeHanace Ha beikoeopckom mecmopodscoenuu  0ns
OmpabomKu 3a6a1aHCOBbIX 3ANACO8, GNEPBbIE 8 MUPOBOLL 2OPHOUL NPAKMUKE — NPU OmpadomKe
pyo  Duazoonckoui epynnet  Cadorckoeo pyouoeo yana. CpagHumenvHo HeOONbULOU Onblm
VeenuyeHuss NpouU360OCMEEHHOU MOWHOCMU NPeOnpusimuil  NOKA3bleaem, 4mo npugieyeHue
HEKOHOUYUOHHO2O0 — Oid  MPAOUYUOHHBIX — MEXHONO2Ull  Cbipbsi  CHOCOOHO — Obecnedums
PEHMAbENbHOCb — NPOU3BOOCIBA  MEeMAio8  NpU  KOMOUHUPOBAHUU ¢ MPAOUYUOHHOU
mexHonoauel. Baxjcro, umo npu evliyenauusanuy 8 npoOYKYUOHHbLIL PACMEOP U3BIEeKAIOMCS 8Ce
Memanisl, Ymo nobluiaem U3eieKaemyo YeHHOCb Pyo.
Bu1600vt. Ocobennocmu noxanuzayuu Cegepo-Kaskazckux mecmopoxcoenutl 61a20npusimusl Ois
8vioeleHs 8 npeoenax ompabomanublx pyOHbIX Mel YUacmKO8 KOHYEHMPayuu NOMepsaHHbIX pyo
U UX BbIYENAYUBAHUA C NOOAUell PACMBOPO8 PeazeHmos U 8bloauell HACbILEeHHbIX Memailamu
PAcmeopos no CK8ANCUHAM C HOBEPXHOCHIU.

Knrouesvie cnosa: memaill; pyda; M@CW!OpOOfCO@Hue,’ Kom)uuwz; MmMexHoIocus, sbliyeradusanue,
usejlieyeHue, SIKOHOMUKA, 3KON02UA.
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