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PROSPECTS FOR TECHNOGENIC
WASTE PROCESSING FOR PRODUCTION
OF CONSTRUCTION MATERIALS

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.
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KypbLibic MaTepuaaIapbiH a1y YIIiH TeXHOTeHIIK KAJABIKTAPAbI KaiiTa oH/IeyliH nepcrneKTHBAIAPbI

Anjarna. Kypsuibic OyifbIMaapbiH OHAIPYAE TYPIi OHEPKCINTIK KaIAbIKTAPAbl KOZIETe jKapary OOWBIHINA IIETEIIIK JKOHE OTaH/BIK 3epPTTEy/Iepre MOy jKacasFaH,
coHbIMeH Karap Cor0aeB yHHBEpCUTETiHIH Tay-KeH METauryprusi HHCTUTYThI aTKapbIIl KATKaH JKYMbICBIHBIH HOTIKENEPi KelTipinreH. Ipi kenemai eHepKaCinTiK Kai-
JIBIKTap/Ibl, €H aJbIMEH Tay-KeH MEeTaJlTyprus K9HE OThIH-9HEPreTHKa KEIICHAePi KalAbIKTapbIH KJIEre )Kapary SKOHOMHKAJIBIK TYPFbIIAH THIMJ, COHBIMEH KaTap 5Ko-
JIOTHSUTBIK XKOHE JICYMETTIK NpoOieManap/abl merryre OarbITTalFaH. eTiH Kepi acepi KoHe oylap/ibl Kaiita eHJier, KYPbUIbIC CalachIH/1a KOIIaHY/IbIH THIMALTIr OasHAaIFaH.
Kapbep OeTkeitepiHiH )apbIKIIaKTaIFaH Tay )KbIHBICTAPbIH HBIFANTATBIH JKOHE Oy3bUIFaH )KepacThl Ka3z0anapbl ToOeepi MeH KEHTIpEeKTepiH OepiKTelTiH epTiHaiiep amy
yuIiH AKKaN KeHIIIHIH 6aibITy (haOpHKaChIHBIH KaIIbIKTaphl 3ePTTEIII. AJIBIHFAH HOTHKEICP/iH MAHBI3IbUIBIFE — TEXHOTCHIIK KaJIAbIKTapbl KaiiTa IiiJanaHy jKoHe
pecypc YHEMAEYII TeXHOJIOTUSIIap bl 3ipiiey eceOiHeH KYPhUIbIC MaTepualiapbl OHEPKACiOiHIH MUKI3aT 6a3achblH KEHEUTY KOHE MOJIANTY.

Tyitindi co30ep: mexno2enoix KanoblKmap, dK0N02USLILIK 3apoan, KOpUlazan opma, Kaima oH0ey, Kaoe2e Jcapamy, Kypblible Mamepuanioapsl, muiMOiliK, JKOIOSUSIbIK
Kayincizoix.

HepCﬂeKTl/lBLI nepepaﬁoTKn TEXHOI'€HHBIX 0TX0A0B /IJIfl MOJY4YC€HHUS CTPOUTEIbHBIX MaTePHAJIOB

Annoranus. IlpencraBieH 0030p 3apyOeKHBIX M OTEUECTBEHHbBIX HCCIIEIOBAHMI 110 YTUIM3ALMM PA3IHYHBIX IPOMBIIIIEHHBIX OTXOIOB B IPOU3BOJICTBE CTPOM-
TEJbHBIX U3IEIMIL, a TAKXKE HPUBEACHbI HEKOTOPhIC PE3yNIbTaThl PAadOT TOPHO-METAILTypPruYecKoro HHCTUTyTa Satbayev University. YTumusamusi KpyIHOTOHHAXKHBIX
MPOMBIIIUICHHBIX OTXOJI0B, IIPEJK/IE BCEr0, TOPHO-METAJLTYPrHYECKOTr0 U TOIUTMBHO-DHEPIeTHYECKOT0 KOMIIEKCOB B CTPOUTEIILHBIC MaTepHalIbl 9IKOHOMUUYECKH d(GhekTnBHA
M Halpap/ieHa Ha PEelIEHHE SKOJOrMYECKUX U COLMabHbIX mpobieM. Mcceenosanbl XBOCT 060oraruTeibHON (aOpuKu pyHUKa AKKall B Ka4ECTBE 3all0JIHUTENs cMeceit
JUIsL YIIPOUHEHMS! TPEIMHOBATBIX TOPHBIX MACCHBOB HA KaphEpPe, a TAKXKe HAPYIICHHBIX IENTHKOB U IIOTONIOYMH B MOA3EMHBIX BBIPAOOTKAX. 3HAYMMOCTb IOJIYUEHHBIX pe-
3yIbTaTOB — PACIIMPEHUE U BOCIPOM3BOACTBO ChIPhEBOM 0a3bl IIPOMBILIICHHOCTH CTPOUTEIBHBIX MATEPUAIIOB 34 CYET MEPepPabOTKH TEXHOTCHHBIX OTXOJ0B M Pa3paboTKu
pecypcocOeperaonyx TeXHOIOT Uid.

Knrouesvle cnosa: mexmnozenivie amxot)bt, JKolo2u4eckoe 803()8126"18146, OKpyocarowjas cpeba, nepepa6amxa, ymuauzayus, cmpoumeilbHvle Mamepuaol, 3(1)(1)6}(—
MUBHOCMb, IKOJ0CUUECKAS bezonacnocme.

Introduction On the territory of the Republic, according to the State

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.

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

Kecme 1

Kazakcman oonvicmapuvinoazol daitbimy hadpuxanapwviibly Kaai0blKmapol

Tabnuuya 1

Omx00b1 00602amumenvHo2o0 npouseoocmea no oonacmam Kazaxcmana

Regions Quantity Reserves, thousand tons Area, km?

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
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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 compehensive 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.
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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 CaCO, are recorded on
the X-ray pattern, with interplanar distances, d/n, A: 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; CO,— 39.4; SO, — 2.0; MgO — 1.5;
SiO, — 2.5%; Fe[S,] — 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 (CaCO,) — about 95 — 97% and
silica (Si0,) — about 2.5 — 3%.

Derivatogram (fig. 2) shows only one endoeffect at 950°C,
representing decomposition of CaCO, into CaO and CO* ac-
cording to the equation: CaCO,=CaO+CO?1. 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-
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Figure 1. X-ray of Akzhal mine tailings.
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Figure 2. Derivatogram of Akzhal mine tailings.
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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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Figure 3. Building materials produced from MMC waste.
Cyper 3. KMK KaJIbIKTapbIHAH HIBIFAPHLIATHIH KYPHLIbIC MATEPUAJIIAPHI.
Puc. 3. CtpoureiibHbIe MAaTEPUAJIBI, BbIycKaemMble u3 orxonoB I'MK.
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