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forfeited foreign markets by the domestic market, regarding the fact
that the pattern of the demand ecologization becomes increasingly
more noticeable;

Fourth, three ascertained challenges facing the Russian fuel and energy
sector (the green transition, retargeting of sales markets, demand ecologi-
zation) offer both adverse after-effects and new growth sources which can
facilitate better sustainability of the fuel and energy sector in Russia. In the
gas industry, this means integration of natural gas and natural hydrogen
recovery and manufacture of energy products at high added value. In the oil
industry, this means a gradual rejection of oil recovery and replacement of
oil by renewable sources, for instance, hiomass.
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MINERAL-INDUSTRIAL MEGA COMPLEX —

THE BASIS OF SCIENTIFIC

AND TECHNOLOGICAL PROGRESS

Introduction

Industrialized mining countries establish mining-
related sectors connected with minerals, oil and gas,
metallurgy, chemistry, fuel and energy, nonmetals and
construction. These sectors deal with geological explo-
ration, extraction and processing of raw materials for
production of feedstock for manufacturing industries.
Operations in all these sectors start with extraction
of mineral reserves from the subsoil. Technologies and

The mineral—industrial mega complex (MIMC) in Kazakhstan is described. The place of the com-
plex in the world mineral resources and reserves is shown, and the volumes of the main products of MIMC
during the last years are given. The high-priority objectives of MIMC in modern conditions are highlighted.
The mathematical models of mineral raw materials at each stage of mining and processing are given. On
this basis, recommendations on integrated and comprehensive utilization of mineral resources are given.
The technical and economic criteria are substantiated for selecting effective methods for extraction of
rare earth metals (REM) from multi-component ores. It is shown that new technologies and equipment
adaptable to natural and process properties of a raw material from a particular mineral object can provide
high level of REM extraction in order to worthily represent MIMC in the world market of rare earth metals.

equipment used in mining and processing of minerals are
the same in principle but have different designs to be
adaptable to various industries.

Similar in essence but different in purpose, min-
eral mining and processing works should be integrated
to single mineral industry mega complex (MIMC). Such
approach can help objectively estimate the role of MIMC
in advancement of science and technology, and effectively control production
of process feedstock for the high-tech manufacturing industries.

History of civilization exhibits its direct connection with the use of
mineral resources of the Earth. Depending on the level of processing of
mineral raw materials to be used as implements, ancient sophists identified
the Stone, Bronze and Iron Ages [1-51.

Starting from the mid-18% century, civilization developed under the
influence of the science and technology progress based on the mass use of

technologies
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widely ranged high-quality metals and alloys for creating production tools—
various-purpose machines.

Having taken its rise in the middle of the 20t century, the scientific
and technological revolution worked greatly on the pace of industrial deve-
lopment. It became possible to transit to high technologies and equipment
based on the use of earlier unknown diverse alloys of ferrous, nonferrous,
noble and rare earth metals extracted from minerals [6-17].

As seen, at all civilization stages, the product of the mineral—industrial
mega complex is a physical and technological basis of the scientific and tech-
nological progress. The science and technology progress, in its turn, is what

EURASIAN MINING. 2024. No. 2. pp. 49-52 49



ECONOMY, ORGANIZATION AND MANAGMENT

initiated and is initiating innovations in all sectors of economy, including the
mineral-industrial mega complex [9-19].

Mineral-industrial mega complex

A mineral-industrial mega complex (MIMC) should be understood as an
aggregate of existing (projected) sectorial industrial complexes dealing with
geological exploration, mining and processing of natural or manmade mineral
raw materials for the production of a feedstock for manufacturing indus-
tries. MIMC comprises the geological exploration, hydrogeology, oil and gas,
mining-and-metallurgy, mining-and-chemistry, fuel, nonmetal and mining-and-
construction complexes. The structure of MIMC is described in Fig. 1.

The object of study and production activity in all above-listed complexes
are mineral deposits, and the product of each complex is a feedstock for
the next process stage. These components of the mineral-industrial mega
complex are shown in Fig. 2.

The product of the mineral—industrial mega complex is a feedstock for
the construction, metallurgy, machine engineering, chemistry and other
high-tech industries.

Geological exploration complex is a family of different specialized geo-
logical agencies engaged in geological exploration aimed at studying occur-
rence, formation, structure and material composition of minerals and rocks
at specific deposits.

Geological exploration is carried out at promising objects of certain raw
materials after proper appraisal and appreciation. Geological exploration is
aimed at provision of reliable data for tenable geological, technological and
economical evaluation of a commercial value of a mineral deposit. Regarding
oil and gas reservoirs, their structure is studied, productive strata are iden-
tified, and potential oil/gas/condensate/water flow rates, reservoir pressure
and other characteristics are determined.

The end product of this complex are the proven mineral reserves of a
certain quality and at a certain deposit. This is a framework for the design
and operation of mines and processing factories.

Hydrogeology complex is a group of special agencies and services which
study origination, occurrence, composition and flow patterns of groundwater,
as well as interaction of groundwater with rocks, surface water and atmo-
sphere. The studies are the source data for the design and operation of water
supply, irrigation and melioration structures, for the analysis of environmental
impacts of hydraulic engineering (water reservoirs, etc.), as well as conse-
quences of utilization of underground, drink, process, mineral, thermal and
waste water, and deep disposal of industry waste, and for the prediction of
water ingresses in traffic tunnels and in surface or underground mines.

The end product of this complex is the hydrogeological information about
a certain object for the construction and operation of groundwater utilization

| Mineral and Industry Mega Complex |

| Geological exploration complex |<——>| Mining-and-chemistry complex |
|<——>| Fuel complex |
]

| Mining-and-metallurgy complex |<——>| Mining-and-canstruction complex |

| Hydrogeology complex

| Qil and aas comolex Nonmetals complex |

I Fig. 1. Structure of mineral—industrial mega complex

Mineral-Industrial Mega Complex
I

1
Feedstock produced
by a constituent complex

[
Mineral deposits
of a constituent complex

I Fig. 2. Components of mineral—industrial mega complex

structures, as well as for the determination of feasibility of domestic and
industrial water supply.

0il and gas complex is a system of plants concerned with production,
transport and processing of ail (oil industry) and gas (gas industry), and with
distribution of oil and gas conversion products.

0Oil and gas products are various fuels, benzene, kerosene, liquefied
petroleum gas, diesel, oils, fuel oils, bitumen, paraffin, various solvents,
lubricants, soot and natural gas.

The products of the oil and gas complex are the feedstock for the chemi-
cal, power, aircraft, light, automobile and railway industries.

Mining-and-metallurgy complex is a cluster of ore mines which sup-
ply raw materials for ferrous and nonferrous metallurgy to produce cast
iron, steel, roll stock, tubes, hard components, wire rods, ferro-alloys, coke-
chemical products, refractory materials, hard alloys, graphite products,
nonferrous/noble/rare earth metals and their derivatives (alloys, foil, wire
rod, wire, etc.).

The product of the mining-and-metallurgy complex is the feedstock for
the civil and industrial engineering, machine engineering and instrument mak-
ing, rocket and missile engineering, atomic and hydrogen energetics and all
hi-tech industries.

Mining-and-chemistry complex is a totality of plants engaged in
mining and processing of raw materials for the chemical industry — apatite,
phosphate ore, common and potassium salts, sulfur-, boron-, arsenic- and
barium-bearing ore, natural sodium sulfate, sodium bicarbonate, barium sul-
fate, iodine, bromine, etc.

The main products of the mining-and-chemistry complex are potash fer-
tilizer, phosphate fertilizer, sodium chloride, natural sodium sulfate, borate,
brassil and natural sulfur. Sulfur is mainly produced in processing of oil and
natural gas (95%).

The product of the mining-and-chemistry complex is a feedstock for the
chemical, agricultural, light, power generating and metallurgical industries.

Fuels complex is a part of the fuel and energy sector, which deals with
mining and preparation of bituminous coal, lignite, bituminous shale, peat,
oil, gas and uranium for the heat and nuclear power engineering, and for the
chemical industry.

The product of the fuels complex is a feedstock for the chemical, metal-
lurgical, power and agricultural industries.

Nonmetals complex is a system of plants engaged in mining and pro-
cessing of natural and manmade mineral reserves for the production of con-
struction and fabricating materials: granite, dolomite, kaoline, marl, chalk,
feldspar, etc., as well as for the production of precious and ornamental
stones.

The product of the nonmetals complex is a feedstock for the construc-
tion, automobile, road, railway, aircraft, metallurgy, power generating and
light industries.

Mining-and-construction complex is a family of specialized construc-
tion organizations which select methods and means, and parameters of
building and construction works in operating and mined-out underground
roadways and tunnels to maintain long-term functioning of an underground
(or above-ground) object.

The products of the mining-and-construction complex are the under-
ground (above-ground) structures of various purpose (warehouses, sto-
rages, hydraulic power construction works, hospitals, subjects of science,
culture, tourism, sports, etc.).

The product of the mining-and-construction complex is the manmade
assets for the industry, agriculture, health care, culture and sport.

Overall view of MIMC is given in Fig. 3.

High-priority objectives of mineral-industrial
mega complex of Kazakhstan
The modern mineral mining and ferrous/nonferrous metallurgy in

Kazakhstan and in CIS countries typically faces worsening of geological con-
ditions at actual and planned mineral deposits, reduction of content of useful
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I Fig. 3. Mineral—industrial mega complex ( 7) and its consumers (2—13)

components in ore, complication of ore mineral composition, increased per-
centage of refractory ore, etc. [20, 211.

In such circumstances, only full-capacity and integrated utilization of
mineral raw materials can ensure competitiveness of business activities in
this field. A high-priority objective is to speed up development and intro-
duction of new technologies, processes and equipment aimed at complete
extraction of all useful components contained in mineral raw materials to an
end product, especially rare earth metals (REM).

Kazakhstan lacks specific REM deposits, while they are a prime source
of metals and alloys necessary for the high technologies. REM are mainly
contained in ferrous/nonferrous/noble metal ores, uranium, coal, oil, etc. For
instance, nonferrous metal ores contain more than 20 critical noble and
rare earth metals (gold, silver, platinum, palladium, ruthenium, selenium, tel-
lurium, cadmium, rhenium, indium, osmium, thallium, etc.). The same list of
associate REM is typical of oil, uranium and coal deposits [22—24].

Advanced and efficient technologies of mineral mining and processing
can be chosen from mathematical modeling of a mineral raw material at each
process stage. The mathematical models are given by:

n n
MN‘:Zmi;Msxzsexzmr’ Ir_aengnml’M _Sexzacr 1’

ex pp Ir? c m mw? [1)

where M, is the mass of regis-
tered reserves; M, is the mass of
extracted ore; M,, is the mass of
ore shipped to processing plant; M,
is the mass of lumpy rock removed
from the ore mass; M, is the mass
of concentrate(-s); M, is the mass
of tailings; M, is the mass of an i-th
end product (metal); M, is the mass
of the whole end product (all metals);
M., is the mass of metallurgy waste;
m; is the mass of an i-th component in
the registered reserves; n is the num-
ber of all components in the volume of
minerals and barren rocks; e, is the
mineral extraction ratio; €, is the coef-
ficient of removal of an i-th lumpy ore
from the ore mass; & is the extraction
ratio of an i-th component from ore to
concentrate; ¢, is the extraction ratio
of an i-th component from ore to tai-
lings; &, is the extraction ratio of an
ith metal to concentrate; €, is the
extraction ratio of an i-th component
to metallurgical waste; p is the number
of useful components extracted from
ore to concentrate; r is the number
of components removed from the ore
mass; S is the number of components
extracted to tailings; g is the number
of useful components extracted from
concentrate to metal; / is the number
of components extracted from concen-
trate to metallurgical waste.
= According to the existing mineral
processing technologies, the condition
that n > p > g is always adhered to. In
the generally accepted ore mining and
processing technologies: ¢,, = 0.5-0.97 (the lower limit is for underground
mining, the upper limit is for open pit mining), &, = 0.15-0.4, ¢ ; = 0.4-0.98,
gy = 0.02-0.5, ¢,,= 0.85-0.98, ¢, = 0.02-0.15.

The analysis of the mathematical models (1) of amineral raw material at
each stage of its mining and processing shows that all technologies of geo-
logical exploration, mining, processing and chemicometallurgical circuits,
aimed at improved quality and completeness of extraction of the main and
associate useful components, consist in increasing the value of n, pushing
the values of p and g toward n, raising the values of e,,, €, &, €y
and decreasing the values of ¢, and ¢, This inference is reflective of
the essence of technological and organizational decision-making aimed at
enhanced completeness of mineral utilization.

Completeness of utilization of a mineral is evaluated using the formulas
of the worth of the mineral in rock mass, in extracted ore, in concentrate
and in metal:

n p q
VVore = Sexzmicr” W: = Eexzs ci i I‘ Z lgmlmlcl‘ [2]

i=1 i=1 i=1

where c; is the cost of 1t of an i-th end product.
The criterion (2) is important in substantiation of recovery of expen-
sive rare earth metals (osmium, rhenium, tantalum, etc.) from mineral raw
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materials while the content of REM reach only a few hundred thousandth per
cent. In such cases, the worth of REM by-recovery is comparable and even
higher than the worth of the main useful components.

It is shown in [20] that technological innovations and high-technology
equipment can raise the level of extraction by 2—2.5 times for noble and
rare earth metals and by 1.5 times for basic metals. The aggregate profit
of sales of associate noble and rare earth metals exceed the profit of sales
of basic metals (copper, molybdenum) by 9.35 times. Given the integrated
and complete utilization of ore, the present-day return on sales of the
mining and metallurgy sector products in Kazakhstan can be ensured at the
ore production volume at least 8—10 times less than the current mining
output.

Thus, multi-component ore deposits in Kazakhstan, together with ura-
nium, oil and manmade raw materials, are the stable source for the com-
mercial production of noble metals and rare earth metals. New technologies
and equipment adaptable to natural and process properties of a mineral
raw material from a specific deposit can ensure high level of extraction of
these metals.

For the large-scale introduction of integrated and comprehensive
mineral utilization activities, it is required that government legislation
develops and introduces economic instruments to stimulate maximization of
extraction of associate useful and valuable components from mineral raw
materials as the demand for such components grows in view of the needs
of high technologies.

Conclusions

It is shown that the existing sectorial complexes concerned with mineral
mining and processing are expedient to integrate in a single mineral—industrial
mega complex.

The leading role of the mineral-industrial mega complex in the progress
of human society, science and technology is validated.

The notion of the mineral—industrial mega complex is defined, and the
characteristics of the mineral—industrial mega complex as a set of geological
exploration, hydrology, oil and gas, mining-and-metallurgy, mining-and-chemistry,
fuel, nonmetals and mining-and-construction complexes are given.

The present-day high-priority objectives of the mineral-industrial mega
complex are displayed.

The mathematical models of mineral resources at each stage of mining
and processing are presented. They are used as a framework for recom-
mending integrated and comprehensive utilization of mineral raw materials.

The technical and economic criteria are substantiated for selecting effi-
cient methods of REM recovery from multi-component ore.

It is shown that new technologies and equipment adaptable to natural
and process properties of a mineral raw material from a specific mineral
deposit can ensure high-level recovery of REM to worthily present MIMC on
the global REM market.
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