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Abstract 
With the change in the economic structure, many mining enterprises of the mining countries of the world cease to function, one of the reasons 

for which is the weakening of the mineral resource base for the production of metals. The state strategy  for the development of states in increas-
ing the contribution of the extractive industry to the economy, therefore, the search for reserves to increase production, first of all, strategic and 
valuable, is a very urgent scientific and production task. Restoration of the potential for the production of non-ferrous metals is possible with the 
involvement in the exploitation of substandard raw materials for traditional mining and processing technologies. Back in the middle of the last cen-
tury, priority was given to development systems with open or unsystematically filled with mining products, which reduced the quality of ores and 
increased the cost of metals. The development of depleted reserves of metal deposits is possible by new leaching technologies based on the conver-
sion of metals into easily soluble compounds and the subsequent extraction of metals from the collective solution. This technology was implemented 
in the extraction of polymetals at the mines of the USSR and Russia. Increasing the production capacity of enterprises by attracting substandard 
raw materials for traditional technology can ensure profit, especially when combining a new technology with a traditional one. It is important that 
it becomes possible to extract all the target components contained in the tailings, which increases the recoverable value of the raw material. The 
peculiarities of the localization of ore deposits are favorable for the allocation of areas of concentration of lost ores within the spent ore bodies, and 
their leaching with the supply of reagent solutions and the release of metal-saturated solutions through wells from the surface.
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Introduction

As a result of the reform of 1990, with a change in pricing policy 
and a reduction in financing for geological exploration, the mineral 
resource base weakened and a shortage of profitable metals for 
mining at mining enterprises previously subsidized by the state was 
revealed [1,2]. One of the directions of survival of such enterprises is 
the strengthening of the raw material base by involving off-balance 
ores, sorted poor ores and tailings of raw material beneficiation in 
production [3,4,14].

The share of the mining and processing industry in the structure 
of the gross regional product of Russia is about 10%, so innovative 
improvements in the extraction and processing of mineral raw  

 

materials provide important economic advantages.

Modern ore beneficiation technologies are not always effective 
in the processing of metal-poor mineral raw materials.

In the recent past, open-pit mining systems have been used in 
the development of deposits, which have contributed to ore losses 
of up to 20% and dilution of up to 60%. Thus, the amount of ores 
lost in the Sadon deposits (Republic of North Ossetia) together with 
disseminated rocks reaches 30 million tons. At the deposits of the 
Sadonsky ore cluster, passive reserves are confined to the flanks 
and deep horizons of the deposits. 
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The Tyrnyauz fields were developed by floor-chamber and 
sublevel caving development systems. At the fields of the Urup 
group, development systems with the backfilling of the mined-out 
space are used only when extracting reserves under the Urup River. 

In the case of open-pit mined deposits, ore recovery does not 
exceed 85%, and ore dilution with rock does not exceed 30%. 
Substantiation of ways to modernize the development of such 
deposits on the basis of substandard raw materials is the goal of 
many studies in this area, but the relevance of this problem only 
increases over time.

Outcomes

The main reason for the low quality and high cost of production 

is that the reserves are depleted with the advanced extraction of 
rich ores [5-7,16].

Natural and man-made factors reduce the possibilities for 
the effective use of traditional technologies and stimulate the 
search for new technologies for the profitable development of the 
remaining reserves. At most deposits, especially valuable and rare-
earth ores, the mined space was either left open or haphazardly 
filled with waste from workings, which moved downwards during 
undermining and reduced the quality of subsoil use. High quality 
indicators during the development of the primary treatment 
chambers decreased when the pillars were extinguished (Figure 1).

Figure 1:  Technology with an open worked–out space and pillars: 1–mountain slope; 2– sediment boundary; 3 – purification chamber; 4–
pillars; 5– not beaten ore; 6–beaten ore; 7–chamber in preparation; 8–pillar; 9-drift

Cost-effective operation of deposits of this type is possible 
with the use of innovative technologies based on the phenomenon 
of chemical oxidation and conversion of metals into easily soluble 
compounds with subsequent extraction from solution.

In the last century, zinc and lead were precipitated from mine 
effluents with chemical reagents at the deposits of the Sadonsky 
ore cluster, and an underground leaching mine functioned, and 
cathode zinc, zinc oxide, zinc sulphate and other products were 
obtained from the concentrate. An important advantage of the new 
technology is the possibility of almost complete recovery of metals 
that are currently migrating into the environment [8-10,15,18].

Increasing the production capacity of enterprises by attracting 
additional resources can make the enterprise profitable if 
the smaller, but more metal-containing ores are processed by 
traditional methods, and a larger part is leached at the site. In this 
case, the end-to-end recovery factor can even exceed the value of 
conventional processing. 

The project implemented the idea of supplying a reagent solution 
from the surface through wells and dispensing metal-saturated 
solutions for processing concentrates at a hydrometallurgical plant.

The prime cost of 1 ton of metals was 352 rubles at the prices 
of that time, while the cost of metals extracted by traditional 
technology was 900 rubles per ton.

The new technology comprehensively solves all the problems of 
mining production: recovery of up to 70% of lost metals, profit from 
the sale of waste products and reduction of environmental damage 
from the storage of tailings.

The capabilities of the leaching technology are confirmed 
by the experience of 30 years of development of one of the 
North Caucasian fields, which was leached for 30 years after the 
exhaustion of conditioned reserves [11].

Mining enterprises of the Northern slope of the Caucasus are 
united by the fact that the mined ores are of low quality, which 
increases labor and energy costs during processing (Table 1).

http://dx.doi.org/10.33552/MCMS.2024.05.000625
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Table 1: Indicators of the quality of mined ores.

Deposits Form
Minerals

Loss % Dilution %
Breed Ore

 Sadonskaya Steeply dipping veins Shales, limestones, granites, 
porphyrites Galena, Sphalerite, Pyrite, Pyrrhotite 20 40

Tyrnyauz Steeply dipping thick 
strata

Shales, gneisses, granites, 
porphyries, diorites  

Molybdenite, scheelite, molybdo-
scheelite 20 50

Urupskaya Gently sloping strata of 
medium thickness 

Diabases, albitophyres, tuffs, 
sandstones  

Pyrite, chalcopyrite, sphalerite, 
bornite, hematite 15 30

In the Urals, copper is leached from lost ores. This scheme can 
be analogous to the leaching of metals from lost technologically 
exposed ores. The information accumulated during the extraction 
period on the geography of the lost ores makes it possible to 

identify promising areas for leaching within the mined-out area 
and apply the development system of leaching by wells from the 
earth’s surface (Figure 2).

Figure 2: Leaching scheme of lost reserves: 1 − solution preparation and processing workshop; 2 – ground surface; 3 − reagent solution; 4 
− lost ores; 5 – production solution; 6 – mine workings

Figure 3: Combination of field development processes: 1−heap leaching; 2 – sorting; 3 – enrichment; 4 – preparation of filling mixtures; 5 – 
work with reagent solutions; 6 – reagent solutions; 7 – high-grade ores; 8 – low-grade ores
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Increasing the activity of metal-containing minerals is achieved 
by treatment with surfactants in the created force field, when 

reagents are supplied to microcracks under high pressure under 
combined mechanical and chemical action (Figure 4) [12,13,19].

Figure 4: Mining complex for metal extraction by leaching: 1- reagent solution processing workshop; 2-underground leaching; 3-heap 
leaching; 4- leaching in a disintegrator; 5- metals; 6-tailings.

The results of activation leaching of metals from ore tailings are 
almost identical to the results of leaching in the disintegrator, but 

the same result is achieved within 2 orders of magnitude more time 
(Table 2).

Table 2: Extraction of metals into solution.

Leaching in the agitator Leaching in a disintegrator 

Tailings content, % Tailings content, %

Zinc – 0.94 Lead – 0.85 Zinc – 0.93 Lead – 0.82

Extract for 0.2-1.0 h, % Extract for 0.2-1.0 h, % Extract for 10c.,% Extract for 10c.,%

Extracted Remnant Extracted Remnant Extracted Remnant Extracted Remnant

23 77 16 71 28 69 24 62

The risk of natural leaching of lost stocks is reduced by the 
creation of a mine effluent management system, in which the 
reduction of the risk of chemical contamination is combined with 
the production of metals during the disposal of mine and dump 

effluents (Figure 5). 

Metal leaching technologies may be in demand when it is 
necessary to average the content of concentrates of different grades 
of ores under production conditions.

http://dx.doi.org/10.33552/MCMS.2024.05.000625
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Figure 5: The scheme of dump leaching by mine drains: 1− drains; 2− preparation of drains; 3 - irrigation plant; 4 − dump; 5 – spreading 
zone of solutions; 6 – reworking of the solution; 7 − concentrate; 8 – purified water.

Conclusion

Involvement in the production of substandard raw materials for 
traditional technology is a way to restore the potential of degraded 
mining enterprises. The implementation of this direction is carried 
out within the framework of the concept of combining production 
technologies, which includes leaching components in blocks, 
heaps and high-speed mills - disintegrators. The mechanochemical 
activation of the leaching processes in the disintegrator significantly 
reduces the time required to extract the same amount of metals 
into solution.
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