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Abstract.  Overview of foreign and domestic research on the utilization of various industrial wastes in the production of building products is presented, as well as some 
results of the works of the Mining and Metallurgical Institute of Satbayev University. Utilization of large-tonnage industrial waste, primarily from mining and metallurgical 
and fuel and energy complexes, into building materials is cost-effective and is aimed at solving environmental and social problems. Tailings of the processing plant of the 
Akzhal mine were studied as a filler for mixtures for strengthening fractured rock masses in a quarry, as well as disturbed pillars and ceilings in underground workings. 
Significance of the results obtained is expansion and reproduction of raw material base of building materials industry through technogenic waste processing and develop-
ment of resource-saving technologies.

Key words: technogenic waste, environmental impact, environment, utilization, building materials, efficiency, environmental safety.

Құрылыс материалдарын алу үшін техногендік қалдықтарды қайта өңдеудің перспективалары
Андатпа. Құрылыс бұйымдарын өндіруде түрлі өнеркәсіптік қалдықтарды кәдеге жарату бойынша шетелдік және отандық зерттеулерге шолу жасалған, 

сонымен қатар Сәтбаев университетінің Тау-кен металлургия институты атқарып жатқан жұмысының  нәтижелері келтірілген. Ірі көлемді өнеркәсіптік қал-
дықтарды, ең алдымен тау-кен металлургия және отын-энергетика кешендері қалдықтарын  кәдеге жарату экономикалық тұрғыдан тиімді, сонымен қатар эко-
логиялық және әлеуметтік проблемаларды шешуге бағытталған. етін кері әсері және оларды қайта өңдеп, құрылыс саласында қолданудың тиімділігі баяндалған. 
Карьер беткейлерінің жарықшақталған тау жыныстарын нығайтатын  және  бұзылған жерасты қазбалары төбелері мен  кентіректерін беріктейтін ертінділер алу 
үшін Ақжал кенішінің байыту фабрикасының қалдықтары зерттелді.  Алынған нәтижелердің  маңыздылығы –  техногендік қалдықтарды  қайта пйдалану және 
ресурс үнемдеуші технологияларды әзірлеу есебінен құрылыс материалдары өнеркәсібінің шикізат базасын кеңейту және молайту.

Түйінді сөздер: техногендік қалдықтар,  экологиялық зардап, қоршаған орта, қайта өңдеу, кәдеге жарату, қүрылыс материалдары, тиімділік, экологиялық 
қауіпсіздік.

Перспективы переработки техногенных отходов для получения строительных материалов
Аннотация.  Представлен обзор зарубежных и отечественных исследований по утилизации различных промышленных отходов в производстве строи-

тельных изделий, а также  приведены некоторые результаты  работ горно-металлургического института Satbayev University. Утилизация крупнотон нажных 
промышленных отходов, прежде всего, горно-металлурги ческого и топливно-энергетического комплексов в строительные материалы экономически эффективна 
и направлена на решение экологических и социальных проблем. Исследованы хвосты обогатительной фабрики рудника Акжал в качестве заполнителя смесей 
для упрочнения трещиноватых горных массивов на карьере, а также нарушенных  целиков и потолочин в подземных выработках. Значимость полученных ре-
зультатов – расширение и воспроизводство сырьевой базы промышленности строительных материалов за счет переработки техногенных отходов и разработки 
ресурсосберегающих технологий.

Ключевые слова: техногенные отходы,  экологическое воздействие, окружающая  среда, переработка, утилизация,  строительные материалы,  эффек-
тивность, экологическая безопасность.

Introduction
In recent decades, transition to «green» economy, i.e. effi-

cient use of natural resources and improving the well-being 
of citizens of Kazakhstan through economy diversification 
and creation of new jobs, improving living conditions for our 
citizens took particular significance in many countries of the 
world, including Kazakhstan. 

On the territory of the Republic, according to the State 
Cadastre, in dumps, tailings and storage facilities of mining 
enterprises about 30 billion tons industrial waste are stored 
including: 72,5% – waste overburden, 25,7% – enrichment 
tailings, 1,8% – waste from metallurgical plants (table). With 
annual output of industrial waste of 1 billion tons, no more 
than 100 million tons are usefully consumed.  The rest pollutes 
the environment gradually accumulating in it [1, 2]. 

Table 1
Concentration waste by regions of Kazakhstan

Кесте 1
Қазақстан облыстарындағы байыту фабрикаларының қалдықтары 

Таблица 1
Отходы обогатительного производства по областям Казахстана

Regions Quantity Reserves, thousand tons  Area, km2

Akmola 11 76834,50 12,30
Aktobe 8 30675,30 6,30
Almaty 5 47914,90 2,99

East Kazakhstan 39 887914,57 19,57
Zhambul 6 44188,93 1,58

Karaganda 37 2809342,13 89,20
Kostanay 4 611101,70 27,45
Pavlodar 2 8770,86 1,23

South Kazakhstan 5 142355,30 3,52

Геоэкология



Горный журнал Казахстана №4’ 2023

58

According to the data of the State control and supervision 
over natural resources, share of consumed waste in the re-
public is 18-20%. For example, in 2007, percentage of waste 
utilization was 16%, in 2008 – 18,98%, and in 2009 – 20%. 
However, this indicator in the recent past in the industry of the 
former USSR was 29%. It remains extremely low in compar-
ison with world practice. In Western Europe (France, Germa-
ny, Italy, England), this figure is up to 58%, in North America 
(USA, Canada) – up to 63%, in Japan – up to 87%, China – up 
to 37% [3-5].

In addition, construction scale-up in Kazakhstan requires 
considerable amount of minerals for building materials indus-
try. Intensification in this direction is associated with use of 
industrial waste instead of primary natural resources to reduce 
cost of building materials. Use of mining solid waste in the 
building materials industry is cost-effective than production of 
building materials based on the special extraction of mineral 
raw materials.

Methods
Study of technogenic waste composition was carried out us-

ing modern methods of physical and chemical research: x-ray, 
differential, thermal, petrographic, chemical and related equip-
ment. 

Results
Relevance of development (processing) of technogenic 

mineral formations is dictated by fact that they occupy vast 
territories, easily blown off material is source of increased 
environmental risk for regions of mining and metallurgical 
complex. Constant increase in the volumes of various types 
of waste generated in the mining and processing industries 
and their storage in storage facilities and experience of us-
ing such facilities in industry allows us to consider them as 
sources for obtaining secondary raw materials and building 
materials.

Purpose of this work, carried out by Mining and Metallur-
gical Institute of Satbayev University, is to consider the possi-
bility of сompehensive use of technogenic waste in the areas 
of their disposal.

To determine possibility of using technogenic waste as sec-
ondary resources, it is necessary to carry out a set of the fol-
lowing works [6]: 

1. Shooting technogenic waste for mapping and determin-
ing their actual volumes;

2. Sampling of technogenic waste to study their composi-
tion;

3. Conducting research on the samples composition to de-
termine direction of their disposal;

4. Improvement of waste processing technologies to extract 
valuable components from them;

5. Technology development for obtaining effective building 
materials from waste rock;

6. Production of pilot batches of building materials.
Determination of  actual occupied areas and waste vol-

umes will be carried out by the Department of Mine Survey-
ing and Geodesy (under the leadership of E.O. Orynbasaro-
va), equipped with a complex of modern mine surveying and 
geodetic instruments (robotic electronic total station, 3D laser 
scanner, drones, aerial photography from UAVs – uncrewed 
aerial vehicles.

One of the enterprises where non-metallic rocks, enrich-
ment tailings are formed and where research works  is current-
ly being carried out is Akshatau Mining and Processing Plant 
JSC, which receives feedstock from the Akzhal mine.

Survey results of workings at the Akzhal mine (in the quarry 
and underground horizons) showed that the largest number of 
fallouts is associated with fractured rocks, and the volume of the 
fallouts increases as the workings stand. Observations of work-
ings passed through fractured rocks revealed that they are stable 
for a month. After two or three months, stabs up to 10-15 cm in 
size are formed. Stinging and falls develop within six months, 
the collapse of the roof occurs in the form of domes. This dra-
matically increases volume and labor intensity of tunneling op-
erations, as well as the cost of fixing and repairing workings [7].

To prevent collapse of workings passed through fractured 
rocks, anchor bolts with metal mesh and sprayed concrete are 
used. However, rocks exfoliation roof of transport drift and 
significant rocks destruction indicates that this support does 
not solve problem of ensuring stability of workings and does 
not prevent the development of deformations. As a result, after 
2-3 years of standing workings, lining is destroyed and a major 
overhaul is required. Therefore, effective solution of fixing and 
controlling geomechanical properties of rocks is of particular 
importance for adjacent rock mass and for underground work-
ings passed through fractured rocks. 

One of the most common hardening methods is rock ce-
mentation. Rocks cementation in quarries begins from the up-
per platform of the ledge, where fans of vertical and inclined 
wells are drilled. Cement slurry is injected into them until mas-
sif is completely saturated [8].

In this regard, main characteristics of waste from the 
Akzhal concentrating plant were studied, the X-ray pattern 
and diffraction characteristics of which are shown in fig. 1, 
from which it can be seen that they consist of calcite, therefore, 
reflections (peaks) characteristic of СаСО3 are recorded on 
the X-ray pattern, with interplanar distances, d/n, Å: 3.8665; 
3.3498; 3.0404; 2.8446; 2.496; 2.2847; 2.0952; 1.9127; 1.77; 
1.6287; 1.60; 1.5236; 1.4393.

Chemical analysis showed that the waste rock mainly con-
sists of,%: CaO – 54.6; CO2 – 39.4; SO3 – 2.0; MgO – 1.5; 
SiO2 – 2.5%; Fe[S2] – about 0.18. Based on the results ob-
tained, it can be stated that the non-metallic rock of the Akzhal 
deposit consists of limestone (СаСО3) – about 95 – 97% and 
silica (SiO2) – about 2.5 – 3%.  

Derivatogram (fig. 2) shows only one endoeffect at 950°С, 
representing decomposition of CaCO3 into CaO and CO2 ac-
cording to the equation: CaCO3=CaO+CO2↑. The weight loss 
reaches more than 305% of the sample weight.

Based on the results obtained, we have proposed a solution 
for strengthening fractured rocks containing filler, cement and 
process water. To reduce cost of solution as a filler, it was pro-
posed to use tailings of concentrating plants.

Additionally, a dry superplasticizer Neolit   400, which is 
produced by Neochim (Russia), has a high water-reducing 
ability and makes it possible to reduce the water-binding ra-
tio in systems by more than 20%. With a decrease in the wa-
ter-binding ratio, the durability and density of the developed 
mortar increase, with a simultaneous decrease in shrinkage 
and creep deformations during the curing of mortars. Addi-

Геоэкология



Горный журнал Казахстана №4’ 2023

59

Figure 1. X-ray of Akzhal mine tailings.
Сурет 1. Ақжал кеніші байыту фабрикасы қалдықтарының рентгенограммасы.

Рис. 1. Рентгенограмма отходов обогащения рудника Акжал.

Figure 2. Derivatogram of  Akzhal mine tailings.
Сурет 2. Ақжал кеніші байыту фабрикасы қалдықтарының дериватограммасы.

Рис. 2. Дериватограмма  отходов обогащения рудника Акжал. 
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tive is well compatible with Portland cements, cement – up to 
37%, tailings of processing plants – up to 52%, Superplasticiz-
er Neolit   400-0.11-0.16 and the rest is water.

The technical novelty of created solution was confirmed by 
the patents of the Republic of Kazakhstan for invention [9].          

Discussion
Studies analysis carried out in underground workings also 

showed that the highest technological and technical and eco-
nomic indicators of fixing mine workings by shotcrete method 
are achieved due to the correctly selected composition of con-
crete mixture, taking into account specifics of specific min-
ing, technical, geological and hydrogeological conditions of 
workings. Therefore, we are currently working on a feasibility 
study for use of common and recommended new composition 
of shotcrete mortar.

Use of waste from mining and metallurgical complexes is 
one of the urgent problems not only in Kazakhstan, but in all 
countries with developed economies. Technogenic waste pro-
cessing can become promising direction for business devel-
opment in Kazakhstan for production of competitive building 
materials and make important contribution to improving envi-
ronmental situation (fig.3).

Use of secondary raw materials will reduce need for pri-
mary mineral resources, there will be no need for specialized 
quarries for development of clays, sands, etc. that violate nat-
ural landscape.

Technologies development for production of building mate-
rials based on technogenic waste, contributing to the develop-
ment of industrial and innovative potential of the state, respect 
for natural resources and environment, should be considered 
as the most important scientific and practical task, solution of 
which is directly related to environmental safety in the dis-
posal of billions of tons of waste in industrial regions [10]. 
Economic efficiency of waste use is determined by the fact 
that technogenic raw materials have already been extracted 
from the bowels, crushed to a finely dispersed state and laid 
in dumps. 

Conclusion
1. Processing and utilization of MMC waste into building 

materials is aimed at solving environmental and social prob-
lems in regions with a developed mining and metallurgical 
industry.

2. Rational organization of waste processing process, com-
bined with efficient modern equipment, makes it possible to 
obtain products from secondary raw materials with a cost 
2-2.5 times lower than for similar products from primary raw 
materials, with a comparable product quality.
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