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TECHNOLOGICAL RESOURCES
FOR IMPROVING THE QUALITY AND COMPLETENESS
OF USE OF THE MINERAL RAW MATERIALS

Abstract. It was noticed, availability of the own mineral reserves is a guarantee of stable development of the
economy, the industry, including smart-technologies and cyber-physical systems. Due to non-renewability and
exhaustibility of these resources, the processes of their extraction and processing should be subject to the special re-
quirements, which provide the integrated and full use of all the components contained in mineral raw materials. The
place of Kazakhstan in the world by the reserves of various kinds of minerals and the role of mining and metallur-
gical complex (MMC) in the country economy are shown. The data on the minerals extraction and production over
the past 5 years are provided. It is noted that in the deteriorating situation on the world metal markets there is an
urgent need to diversify the MMC, providing increasing comprehensiveness and completeness of all the useful
components contained in mineral raw materials and the mastering of the subsequent repartition. Also a strong de-
mand for noble, rare and rare-earth metals for the needs of high-tech and knowledge-intensive branches of industries
is taken into account.

The urgency of the scientific work acceleration is based, aimed at the development and introduction of new
technologies, processes and technical tools, providing a more complete extraction in a marketable product of all the
components contained in the ore. It is proved that such results can be achieved with the full conformity of the tech-
nology of ore processing to its natural properties and technological characteristics.

It is shown that all technologies of geological-prospecting, mining, mineral processing and chemical-metal-
lurgical industries, providing increasing comprehensiveness of the mineral useful components extraction, consist in
increase their numbers, enhancing the values of the coefficients of their extraction in the concentrate, metal. These
solutions are the technological resources to increase the quality and completeness of the use of mineral raw material.
It is illustrated by specific examples. It is calculated that the total revenue from the sale of related noble and rare
metals exceeds the income from core metals (copper, molybdenum) in 9.33.

It was noticed, introduction of scientific developments of the scientists - geologists, miners and metallurgists of
Kazakhstan — by the full and integrated use of mineral raw material (including oil, uranium, coal) into practice will
significantly improve the efficiency of the natural resources sector and the economy as a whole. At the same time it
makes an invaluable contribution to the development of high-tech industries and provide srapid joining of Kazakh-
stan to the number of the 30 most developed countries of the world.

Key words: mining and metallurgical complex, noble, rare and rare-earth metals, technological indices of
minerals processing, useful components, integrated use.
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State of the integrated use of mineral resources. Availability of the own mineral reserves is a
guarantee of stable development of the economy, the industry, including smart-technologies and cyber-
physical systems. Due to non-renewability and exhaustibility of these resources, the processes of their
extraction and processing should be subject to the special requirements, which provide the integrated and
full use of all the components contained in mineral raw materials.

Regarding the assessment of the issue status in Kazakhstan it should be noted that in the last century
by the geologists of the Republic under the leadership of an outstanding scientist, academician of the
Academy of Sciences of the USSR Kanysh Imantayevich Satpayev, were discovered and registered reser-
ves of all the mineral deposit exploited now [1]. It is ranked first in the world reserves of zinc, tungsten
and barite, the second place by the reserves of silver, lead and chromite, the third place by the reserves of
copper and fluorite, the fourth place by the molybdenum reserves, the sixth place by the gold reserves.
Kazakhstan is the biggest thenium producer (second-third place), beryllium (first-fourth place), titanium
sponge (second place), tantalum, niobium, gallium, technical thallium, arsenic (third place), uranium (first
place), vanadium (fifth place), bismuth (sixth place) [2, 3]. Such resources have allowed our Republic to
enter the top ten mining nations of the world. Mining and metallurgical complex (MMC) has a great in-
fluence on the formation of macroeconomic indicators of the country. Share of the industry branch is 13%
of Gross Domestic Product (GDP), 23% - in the total industrial production, 48% — in the production of
manufacturing industry output, 20% — in the country's export [4].

In addition, under the leadership of K. I. Satpayev the scientific foundations and pioneering tech-
nologies were created for extraction a variety of metals from complex ore raw material. Thanks to this
currently Kazakhstan is the biggest producer of rhenium (the second-third place), beryllium (the first-third
place), titanium sponge (the second place), tantalum, niobium, gallium (the third place), vanadium (the
fifth place), bismuth (the sixth place), etc. [5].

Dynamics of extraction and production of the base metals over the past five years is characterized by
the data in the table 1. They imply that the production volume of the mining and metallurgical complex is
located almost on the same level. However, most of them are exported to the foreign countries in the form
of a concentrate, even as raw materials, the value of which by one or two orders below the value of the
finished product of the second-fourth stage of processing.

The global financial and economic crisis of recent years demonstrates the unpromising character
of the industry branch policy. So, in 2015 demand for the production of MMC decreased sharply (in 1.3—
1.8 times), and its prices fell in 1.5-2.0 times.

Table 1 — Extraction and production of minerals for 2012-2016 years

Product name Units 2012 2013 2014 2015 e
Coal Th. Tons 120510,9 119 860,1 113 843,5 107 3188 911217
Uranium Th. Tons 20,9 22.5 22,83 23,80 24,08
Tron ores Th. Tons 259978 25241,8 246283 17111 14 670
Tron in ore components Th. Tons 7360,3 6 919,7 6250,5 32836 3100,3
Chromium ores Th. Tons 52331 52550 54104 53828 50486
Manganese ores Th. Tons 2975.0 28521 26173 1625,7 14504
Copper ores Th. Tons 38352,9 417317 38 660.,6 42 420,1 699543
Copper powder type Th. Tons 367 161 350 837 293 948 492 346 377 079
Lead -zinc ores Th. Tons 4 805,6 4909.9 5260,2 5380 5263.1
Zinc in zinc concentrate Th. Tons 370.5 361.1 346.6 3425 2935
Lead in lead concentrate Th. Tons 38,5 40,8 37.8 40,7 60,5
Gold ore type Tons 21,134 23219 26,680 30,97 36,07
Silver ore type tons 963,179 963,580 976,434 1303,361 2093011
Bauxite ores Th. Tons 4852.0 51702 51928 4682.6 4391.8
Asbestos Th. Tons 2412 2433 2132 179.8 1821
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Technological capabilities of increase the integrated use of mineral resources. In such a situation
there is an urgent need for diversification in the mining and metals sector, which should start with a
comprehensive and full use of all the useful components contained in mineral raw materials and the
development of subsequent stages of processing. Most of the mining and metallurgical enterprises of
Kazakhstan often do not extract from the raw material the precious components (platinum, gold,
palladium, rhenium, osmium, thallium, etc.), concomitant to the core metals, and they go to waste of the
processing and metallurgical industries. At these enterprises the extraction coefficient is very low (about
0.4) [3]. This paradox stems from the fact that by the process of the approval of the deposit's reserves, the
concomitant useful components often are not estimated and so are not put to the balance sheet. There are
no requirements to the subsoil users on extraction of useful components, identified in ores in the process
of the deposit exploitation.

At the same time it is known that with the development of high-tech and knowledge-intensive manu-
factures (electronics, robotics, aircraft and rocket construction, space technology, software, nanotech-
nology, nuclear, solar and hydrogen energy, biotechnology, genetic engineering, etc.) demand for noble,
rare and rare earth metals grows very quickly. Moreover, the cost per mass unit (ton, kg.) of these ele-
ments is in a thousand times higher than the cost of core metals (copper, zinc, lead), and the cost of
osmium is more than a million times greater.

In this connection, the question of accelerating scientific work aimed at the development and in-
troduction of new technologies, processes and equipment to ensure a complete recovery in the commercial
product of all the components contained in the ore, becomes extremely relevant.

The solution of this major problem could be based on the account of the features of substance tran-
sition from one state to the other, respectively, by the geological exploration and mining extraction works,
enrichment and metallurgical processing. Selected technologies and means of processing should ensure
the maximum extraction of useful products at the each of these stages. These results are achieved with full
accordance of the ore processing technology to its natural properties and technological characteristics [2].

By this the control of amount and quality is carried out on the basis of the mathematical models of the
material composition of the mineral raw (MR) at each of the processing stages, represented in the form of
[5,6]:
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where, M, are the ore mass at the counter of the balance reserves; M. is mass of the extracted ore; My, is
mass of the lumpy rock, removed from ore mass; M, is mass of the all concentrate (concentrates); M, is
mass of the tails of enrichment; M, is mass of the /-th finished product (metal); M,, is mass of the whole
finished product (all metals); M., is mass of the waste of metallurgical processing; m; is mass of the i-th
component in the balanced reserves; &, is the coefficient of ore extraction of mineral; &, is the coefficient
of removal of the i-th lumpy rock from ore; & is the coefficient of extraction of the i-th component from
ore into the concentrate; g, is the coefficient of extraction of the i-th component from ore to tails; €,; is the
coefficient of extraction of the i-th component from concentrate to metal; &, is the coefficient of extrac-
tion of the i-th component in waste of metallurgical processing; n is the number of all the components in
the reserves volume, including waste; r is the number of components extracted from ore; p is the number
of minerals extracted from ore to the concentrate; s is the number of components extracted to tails; q is the
number of minerals extracted from concentrate to metal; / is the number of components in waste of
metallurgical processing.

By the wide used technologies of the ore extraction and processing, n>p>q, €,.=0,5+0,97 (the low
limit corresponds to underground mining, the upper limit — to open-cast mining), &,=0,15+04,
£,~0,4+0,98, £,=0,02+0,5, £,,=0,85+0,98, &,,=0,02+0,15.

For the sustainable exploration of the mineral reserves, full and comprehensive use of MR at every
stage of its processing it is necessary to perform a certain amount of the survey and measurement works,
as well as provide the possibility of application of the advanced and efficient technologies of processing.
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