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FINE-GRAINED CONCRETE BASED ON WASTE FROM THERMAL POWER PLANTS
AND METALLURGICAL ENTERPRISES EAST KAZAKHSTAN REGION

WbIfbIC KA3SAKCTAH OBJIbICbIHbIH X390 XX9HE METAINYPIUA
K9CINOPbIHAAPbIHbIH KANAOLIKTAPbI HETI3IHOE ¥CAK TYWIPLUIKTI BETOH

MENKO3EPHUCTbIU BETOH HA OCHOBE OTXOA0B T3l U METAIITYPITMYECKUX
NPEAMNPUATUAN BOCTOYHO-KA3SAXCTAHCKOU OBNACTU

Abstract. The relevance of industrial processing of waste from thermal power engineering and mining
and metallurgical complex (MMC) enterprises in order to obtain effective concrete is due to the need to
obtain building materials with improved characteristics and low cost, on the one hand, and the problem of
catastrophic volumes and condition of man-made waste stored in the East Kazakhstan region, - with
another.

The purpose of the article is to analyze methods for producing effective fine-grained concrete solutions
with the addition of waste from thermal power engineering and mining enterprises located in Eastern
Kazakhstan.

The article describes the features and scope of application of fine-grained concrete mortars. The need,
possibilities and prospects for using technogenic waste for the production of building materials, products
and structures have been studied.

Compositions of fine-grained concrete were selected based on technogenic raw materials - ash and
slag waste and metallurgical slag. The study showed that the introduction of fly ash and metallurgical slag
into concrete improves the physical and mechanical properties of products with significant savings in
cement. The applicability of the studied technogenic raw materials in fine-grained concrete has been
proven, resulting in a wide range of applications for the material. The study showed that based on the
obtained indicators of strength, frost resistance, abrasion, corrosion resistance, resistance to alternate
wetting and drying and other improved characteristics, these concretes can be recommended for the
production of small-piece concrete products (curbs, artificial paving stones, paving slabs, side stones,
facing slabs, concrete tiles, etc.) and in road construction. The mobility of fine-grained concrete mortar
allows it to be used for sealing seams and cracks in monolithic concrete and in the installation of reinforced
cement structures, including large ones.

A significant environmental effect from the processing of technogenic deposits in the East Kazakhstan
region is shown.
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slag waste; metallurgical slag; fine-grained concrete mortar.

AHOamna. TuimOi 6emoHOap any makcambiHOa Xbifly 3HEP2emuUKachl XeHe may-KkeH mMemarsnnypausi
keweHi (TMK) kacinopbiHOapbiHbiH KandbikmapblH 6HepKacinmik kalima eHOeydiH e3exkmiriei 6ip xarbiHaH
6HiMOiniai XaKcapraH XoHe 63iHOIK KyHbl meMeH Kypbliibic MamepuandapbiH any KaxemminigiHe, eKiHwi
XarbiHaH Llbirbic KasakcmaH 06rbICbiHbIH ayMarbiHOa >XUHanamblH MmexHo2eHOIK KandbiKmapObiH
anammbl Kenemi MeH Xxal-kyUi npobnemacbiHa 6alinaHbiCmbl.

MakanaHbiH Makcambl — Llbirbic KasakcmaHOa opHanackaH Xblly 3Hep2emuKachl XoHe may-KeH
6HOIpy KacinopbiHOapbIHbIH KanoblKmapbiH KOCY apKbiibl muimOi ycak mydipwikmi 6emoH epimiHdinepiH
any adicmepiH manday.

Makanada ycak mydtipwikmi 6emoH epimiHOinepiH kondaHy epekwersikmepi MeH Keremi cunam-
marnfaH. Kypbinbic MamepuandapbiH, OylbiMOapblH XoHe KOHCMPyKuuUsinapbiH 6HOIpY yWiH mexHo2eHOIK
KandbikmapObl natdanaHy Kaxemminiei, MyMKiHOIKmepi MeH nepcriekmuesanapbi 3epmmeroi.

¥cak mydipwikmi 6emoHHbIH Kypamdapbl MexXHO2eHOIK WuKi3am — KyJ1 MeH KOX KasOblKmapbl XoHe
memarnnypausnbiK wiak HeziziHoe maHOanobl. 3epmmey 6emoHFa Kyrnodi XeHe memarnnypausisibiK KOXOb!
eHeizy uemeHmmi alimaprbikmall yHemOel OmbIpbIn, eHIMHIH gbu3uKasibiK-MexaHUKasbIK KacuemmepiH
XXaKcapmambiHbIH Kepcemmi. 3epmmernemiH mexHo2eHOIK wuKi3ammblH ycak mydipwikmi 6emoHda
KondaHblnybl danendeHodi, HomuxeciHoe mamepuandbi KonidaHyOblH KeH ayKbiMbl natida 6ondbl. S3epmmey
KkepcemkeHOel, arnbiHFaH Oepikmik, asi3ra mesimOoinik, mo3yra me3simOinik, KopposusiFa Mme3imMoiniK,
Ke3ekmecin cynaHy mMeH Kerimipyee me3imOinik xoHe backa O0a akcapmblriFraH cuiammamanap HeaisiHoe
by 6emor0apdsi ycak 6emoH bylibiMOapbiH (6oporopriep, xacaHObl mecemoep) eHOipyae ycbiHyra 601adsbI.
macmap, mpomyap makmarnapsl, Oyliprik macmap, kanmay makmarsnapbl, 6emoH nnumkanapbl xeHe m.6.)
XKeHe XXor KypblnbicbiHOa. Ycak mydipwikmi 6emoH epimiHOICiHIH KO3fanfbilumbifbl OHbl MOHOMUMMI
b6emoHOarbl migicmep MeH cbi3ammapObl eepMmemu3ayusiniay YWiH XoeHe apmamyparaHfaH uemeHm
KOHCMpYKUusnapbIH, COHbIH iwiHOe ipi KypbirbiMOapdbi opHamy ywiH natdanaHyra MyMKiHOIk 6epedi.

Ubirbic  KasakcmaH 06ribicbiHOarbl mexHO2eHOIK KeH opblHOapbiH eHOeydiH almapribikmad
9KOJ102USIbIK 8Cepi KepcemirnaeH.

TyliH ce3dep: mexHoeeHOIK Kandbikmap, ycak myuipwikmi 6emoH; mexHo2eHOIK KeH OPHbI; ywambIH
Kyn1; yUiHOI; Kyr XaHe KOX KanObiKmapbl; MemarsiypaussbiK wrak; ycak mydipwikmi 6emoH epimiHoici

AHHOMauyusi. AKmyanbHOCMb MPOMbIWIEHHOU nepepabomku omxo0o8 npednpusmull menosHep-
2emuKu u 2opHo-memarnypaudeckoz2o kommnekca (TMK) e uensx nonydeHus aghgpekmueHbix 6emoHo8
obycriosrieHa He0b6X0O0UMOCMbIO MOYHYEHUS CMPOUMEbHbIX Mamepuasos C yiyYUWeHHbIMU Xapakme-
pucmukamu u HU3KoU cebecmoumocmbio ¢ 0OHOU CMOPOHSI, U Mpobremol kamacmpoghudecKkux 06bemMo8
U COCMOSIHUSI MEeXHO2eHHbIX 0mx0008, cknadupyembix Ha meppumopuu BocmouyHo-KazaxcmaHckol
obnacmu, — ¢ Opyeod.

Lenbio uccnedosaHus sierisemcsi aHanu3 criocobos nonydeHus 3gheKmusHbIX MeTKO3ePHUCMbIX
6emoHo8 pacmeopos C Uucronb308aHUeM omxodos npednpusamul mernosHep2emuKku U 20PHOA06bI-
sarowux npednpusamull pacronoXeHHbIX Ha meppumopuu BocmoyHozo KasaxcmaHa.

B cmambe npusedeHbl ocobeHHOCMU U cQepbl MPUMEHEHUST MEeIIKO3epHUCMbIX 6emOoHHbIX
pacmeopos. MN3ydeHbl HEO6X00UMOCMb, 803MOXHOCMU U MEPCneKmuebl UCMOIb308aHUSI MEXHO2EHHbIX
omxodoe 0n1s1 npousgodcmea cmpoumersibHbIX Mamepuarsos, usldenul U KOHCmMpPyKyud.

Ha ocHose mexHO2eHHO20 Cbipbsi — 30710WIIAaK08bIX 0MX0008 U Memasslypeudeckux Wakoe —
nodobpaHbl cocmasbl MesiIko3epHUcmoz2o bemoHa. WccnedosaHue nokasasno, Ymo esedeHue 8 cocmas
b6emoHa 3011bl, yHOCa U Memaiiypaudeckux Wiakos yriyduwaem gusuKko-mexaHudeckue ceoticmea u3de-
nud npu 3Ha4umensHoU 3KOHOMUU uemeHma. [okadaHa npumMeHUMocms UccredyemMoa0 mexHo2eHH020
Ccbipbsi 8 Mesiko3epHucmom bemoHe, obycriosneHa wupokas cghepa nMpumMeHeHuUss Mamepuana. Uccre-
dosaHue rnokasaso, 4Ymo MO0 rOJy4YeHHbIM oKa3amesiiM MPOYHOCMU, MOpPO30CcmolKocmu, ucmupae-
Mocmu, KOPPO3UOHHOU cmolKocmu, CcmOUKOCMU K MOMePeMEHHOMY Y8IaXHEHUI0 U 8bICYWUBaHUK U
Opyaum yny4YweHHbIM Xapakmepucmukam 3mu 6emoHbl MOXHO pekomeHdoeamb Osisi npoussodcmea
MeniKowmy4Hbix 6emoHHbIx u3desnuli (60pOrpo8, UCKyccmeeHHOU 6pycyamku, mpomyapHOU MiaumkKu,
6opmosbix KamHel, 061UlU0BOYHbIX Mum, 6emoHHOU Yepenuubl U rp.) U 8 OOPOXKXHOM CMpPoUMebcmee.
lModsuxHOCMb MenKo3epHUCMOo20 6emoHHO20 pacmeopa Mo3eosisiem UCobL308amb €20 05isl 3a0eniku
weos u weneli 8 MOHONUMHbLIX 6emoHax U 8 MOHMaxe apMOUEeMEHMHbIX KOHCMpPYyKUyul, 8 mom yucre
KpyrnHo2abapumHbIX.

lNokasaH 3Ha4YumernbHbIl 3Kono2u4eckul agbghekm om riepepabomku mexHO2eHHbIX MeCMOPOXOeHUU
BocmouHo-KasaxcmaHckol obnacmu.

Knrouyeenie crioea: mexHO2eHHbIe€ OmMX00bl; MESIKO3ePHUCMbIU 6EMOH; MEXHO2EHHOE MEeCMOPOX-
OeHue; 3ona yHoca; omeasi; 30/I0W/aKkoeble O0mxo0bl, MemarslypeudecKkull wrnaK; MeJsIKO3epPHUCMbIU
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6emoHHbIlU pacmeop

Introduction. Fine-grained concrete is considered to be of dense structure with an average
density of more than 2000 to 2500 kg/m? inclusive on cement binder and dense fine aggregate
[1].

The compressive strength of fine-grained concrete is 10-40 MPa and higher. The strength
depends on such factors: cement activity; type of slag used; grain composition of sand,;
hardening conditions, temperature and duration of heat and moisture treatment, etc. Fine-
grained concrete is somewhat more amenable to deformation.

Fine-grained concrete is a very popular building material today.

The main advantage of fine—grained concrete is its mobility, so the mixture is often used in
the repair of seams, cracks, when sealing various deformations of building structures. Before
waterproofing works, the screed is often prepared by pouring a fine-grained concrete mortar. It
is suitable for the production of curbs, paving slabs, arches and other small-piece construction
products intended for the improvement of urban areas. High indicators of strength, water
resistance, frost resistance of fine-grained concrete allow the effective use of fine-grained
concrete for road construction [2].

We will highlight the main areas of application of fine—grained concrete mortars:

— production of small-piece construction products by casting;

—sealing of seams and cracks in monolithic concrete;

— installation of various reinforced cement structures, including canopies and arches for large
spans and impressive spaces;

— manufacture of concrete pipes of small and large diameters, including pipes for the
removal of aggressive media;

— construction of thin-walled structures with complex or thick reinforcement;

— construction of rubble buildings and structures;

— installation of road surfaces;

— construction of structures and buildings on sand pits;

— manufacture of elements and structures for the installation of hydraulic structures, etc.

The main component of the investigated fine-grained concrete is slag sand and granular slag.

The technology of high-strength fine-grained concrete provides for the optimization of the
grain composition of the aggregate, intensive mixing in forced mixers, the use of effective
methods of compaction and hardening of concrete.

Products made of fine-grained concrete must have high strength, frost resistance, wear
resistance, durability. It is not always possible to obtain products with such characteristics from
ordinary cement-sand concrete. Natural sands often have a low size modulus (for example,
sands mined in the quarries of the East Kazakhstan region have a size modulus of 1.2-1.4 and
higher). According to the requirements of regulatory documents and the recommendations of
scientists, the use of such sands in concrete is not allowed, since this inevitably leads to a
significant overspending of cement [3].

Therefore, for fine-grained concrete, it is advisable to use other aggregates that ensure the
achievement of the necessary characteristics of concrete within the established norms of cement
consumption. In this regard, attention should be paid to the possibility of using additives and
aggregates of concrete prepared on the basis of waste from coal-fired thermal power plants and
the mining and metallurgical complex of the East Kazakhstan region. It should be noted that the
resource in the form of man-made waste on the territory of East Kazakhstan region and other
regions of Kazakhstan is truly not limited, although their properties in different dumps may
have significant differences.

The purpose of the article (work) is to analyze the methods of preparation of effective fine-
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grained concrete solutions based on waste from coal thermal power and enterprises of the
mining and metallurgical complex of the East Kazakhstan region.

The objectives of the study are defined as:

1) perform a literature review on the research problem;

2) to study the composition of waste from the dumps of thermal power plants and
metallurgical enterprises of East Kazakhstan region;

3) experimentally investigate the characteristics of fine—grained concrete prepared with the
addition of ash and slag - waste of East Kazakhstan enterprises;

4) formulate conclusions about the efficiency of using man-made waste from the heat power
plant and the MMC for the preparation of fine-grained concrete.

Literary review. Currently, the issues of the use of man-made waste in order to reduce the
cost of construction materials have become very relevant. The importance of the research
topic is also due to the difficult environmental situation in the East Kazakhstan region, on the
territory of which there are huge volumes of man-made waste. The dumps of coal-fired
thermal power plants and mining and metallurgical enterprises have a particularly heavy
environmental burden on the region, as they adversely affect the state of three environments:
the lithosphere, air and reservoirs. The situation is also aggravated by the fact that most of the
toxic industrial waste storage facilities in the East Kazakhstan region are in an emergency
condition or close to it. Processing of man-made waste, thus, not only reduces the cost of
concrete building materials and products, improves environmental quality indicators in the
region, but also reduces the amount of investment (and very significant) for the construction
of new dumps.

The idea of using man-made waste for the production of building materials is by no means
new.

At the moment, scientists have proved that the secondary use of ash can improve the
environmental situation that occurs after the generation of energy by coal-fired thermal power
plants. In a number of works [4], [5], [6] and others. It is shown that the chemical composition
of this type of waste improves the physical, mechanical and operational characteristics of
concrete and construction products.

In addition, convincing data have been obtained that the involvement of heat power plants
[7] and mining and metallurgical industries [8] in the processing of technogenic waste can
significantly reduce the cost of construction materials and products.

On the issue of the use of ash and slag waste for the production of concrete, the work was
studied [9]. The authors of the article analyze in detail the ways of effective use of ash and fuel
slags in the construction industry. The methods of obtaining effective concretes with the use of
waste from the mining and metallurgical complex are substantiated.

Studies have been conducted on the use of man-made waste as raw materials for the
production of building materials, taking into account the environmental factors of their impact
on the environment [10].

In articles [11] and [12], an ecological and toxicological assessment of artificial mixtures
created on the basis of ash and slag waste is given.

At the same time, the problem of manufacturing fine-grained concrete based on man-made
waste has not been studied enough to date. Here we can mention only a few works published in
the last three or four years.

The analysis of methods of utilization of ash and slag of thermal power facilities for the
needs of production of fine-grained solutions is presented in the work of N.I. Buravchuk and
0.V. Guryanova, where the authors experimentally proved the effectiveness of compositions of
fine-grained solutions based on raw materials of technogenic deposits for the construction of
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road surfaces [13].

Evaluation of the effectiveness of combining mineral additives in fine-grained concrete was
performed by A.K. Khalyushev [14].

It should be noted that there are earlier (10-15 or more years ago) studies of the properties of
concretes produced on the basis of ash and slag waste and metallurgical slags, including on the
basis of technogenic deposits of the East Kazakhstan region. However, we cannot fully use the
results of these studies: firstly, because the properties of raw materials obtained from man-made
deposits vary greatly depending on the timing of their storage in dumps, secondly, the require-
ments of standards for the quality of building materials are being tightened, thirdly, construction
and production technologies are being rapidly updated construction materials and products.

We see that the scale of the research problem clearly does not correspond to the number of
scientific research in this area undertaken in the last few years. In addition, there is no data on
the implementation of new projects for the processing of man-made deposits in the East
Kazakhstan region and on the organization of mass or serial production of fine-grained concrete
based on waste from thermal power plants or MMC enterprises in the region.

Thus, further studies of the properties and characteristics of fine-grained solutions prepared
on the basis of waste from technogenic deposits of the East Kazakhstan region are necessary.

Materials and methods of research. In this paper, the influence of fine additives and fillers
from ash and slag waste and metallurgical slags on the properties of fine-grained concrete is
investigated.

The objects of the study were selected ash and slag wastes of Ust-Kmayenogrsk thermal
power plant and non-ferrous metal slags of enterprises of the East Kazakhstan region.

Experimental studies were carried out on the basis of the laboratory of D. Serikbayev EKTU
(Ust-Kamenogorsk, Kazakhstan).

Fine additives were used for research: fly ash, ground copper-nickel slag, fine-grained
aggregate from ash and slag wastes and metallurgical dumps.

In order to use ash and slag waste from thermal power plants and metallurgical slags in the
technology of fine-grained waste, technological samples of technogenic were selected and a
comprehensive assessment of its quality was carried out.

Sampling was carried out in accordance with the instructions of generally accepted methods,
the requirements of regulatory and governing documents, state standards. According to the
current legislation and standards, sampling of technogenic waste is carried out by employees of
thermal power plants and metallurgical enterprises together with representatives of the
environmental service or environmental authorities (in the case of sampling from man-made
waste landfills or ash dumps).

The total specific activity of natural radionuclides is determined by gamma-spectrometric
method according to GOST 30108.

For our research, employees of thermal power plants and metallurgical enterprises
transferred only those technogenic raw materials that successfully passed radiation and
toxicological control in factory laboratories.

The method used in our study is based on the principle of point sampling. The selected slag
samples are placed for natural drying in air at a temperature of 18-20 °C and then ground to
pieces passing through a sieve with a cell of 3 3 mm, and samples weighing 200 g are taken
from them by quartering for subsequent analyses. The remaining part of the sample serves as a
backup (control). Ash and slag samples weighing 200 g are crushed to an analytical powder
according to GOST 10742 and used for subsequent analyses.

Analytical-laboratory and physico-mineralogical studies of technogenic raw materials con-
sisted in obtaining primary information about the chemical and material composition of ash slag
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and metallurgical waste based on GOST 25592. The chemical analysis of ash and slag compo-
nents and the content of sulfide sulfur were determined in accordance with GOST 8269.1. The
grain composition of slags was determined according to GOST 8735. The specific surface of
fine—grained ash and slag mixtures and the residue on the sieve Ne 008 were determined
according to GOST 310.2, the bulk density and grain density of the slag component were
determined in a dry state according to GOST 9758.

The uniformity of the volume change of fine-grained ash and slag mixtures was carried out
in a mixture with Portland cement at a ratio of 1:1 (cement : ash) according to GOST 310.3 by
boiling samples in water. The resistance of slag crushed stone against silicate and ferruginous
decay, frost resistance was determined according to GOST 8269.0, weight loss during
calcination in ash and slag components — according to GOST 11022. The content of free
calcium oxide in the waste was determined according to GOST 23227. The humidity of ash and
slag and metallurgical slag mixtures was determined according to GOST 8735.

After the assessment of the chemical and material compositions of technogenic raw
materials, prototypes of fine-grained concrete mortar with the addition of waste were made and
their physico-mechanical and technological tests were carried out in accordance with the
requirements of standards (GOST 18105, GOST 10180, GOST 27006, GOST 10060, GOST
13087 GOST 12730.5, etc.). Samples of fine-grained concrete mortars were tested on
workability, bending strength, compressive strength, sulfate resistance. frost resistance, abrasion
resistance, corrosion resistance, resistance to alternating moisture and drying.

Results and their discussions. Ash and slag waste is formed as a result of thermochemical
transformations of coal, and stored on the surface in dumps, and the inorganic part of the fuel in
boilers. The genesis of their formation is different, as are the properties. Their composition and
properties are influenced by both the composition of the carbon-containing rocks of the mineral
components of the fuel, and the conditions of firing and combustion. The formation of burnt
rocks occurs during a long (decades) self-ignition in ash dumps [15].

Ash and slag waste from Ust-Kamenogorsk thermal power plant is represented by fly ash
(dry selection ash) and ash and slag mixture. Fly ash is captured by electrofilters and shipped to
cement trucks. Part of ash and fuel slag (ash-slag mixture) the hydraulic ash and slag removal
system is sent to the dumps. The ash-slag mixture contains, as a rule, up to 30% of fly ash [16].
The chemical composition of the studied technogenic raw materials is acidic, the content of
silicon oxide is more than 50%.

The chemical composition of metallurgical technogenic deposits of the East Kazakhstan
region is represented by silica (67+72%), alumina (10+12%), calcium oxide (2,6+4,5%) [17].

Table 1 provides information on the chemical composition of ash and slag used for the
preparation of prototypes of fine-grained concrete.

Table 1. Chemical composition of the initial technogenic raw materials, weight %

of tflla:;fnple SiOz | AlOs | Fe:03 | CaO | MgO | TiOz | SOs | Na2O'KoO |mmm*
Fly ash 51,27 | 2249 | 932 | 295 | 1,69 | 095 | 093 4,67 5,63
Metallurgical slag | 69,75 | 10,21 | 4,25 | 2,78 | 1,08 | 1,06 | 2,18 4,12 4,57
Fuel slag 53,88 | 24,40 | 11,20 | 2,40 | 2,15 | 056 | 0,50 | 3,89 0,97
*Calcination losses

Table 1 shows that technogenic raw materials contain mainly free and bound oxides of
silicon, aluminum, iron, calcium, magnesium, potassium, sodium, sulfur.
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In addition, crystalline, vitreous and organic substances can be isolated in the composition of
waste from technogenic deposits of East Kazakhstan region. According to the results of
physico-mineralogical studies, the crystalline substance is represented by quartz of various
modifications, magnetite, hematite, mullite. Of the minerals that are neoplasms, silicates,
aluminates and calcium aluminoferrites, similar to cement stone minerals, are noted. When
burning coal, a number of thermochemical transformations do not have time to complete before
the equilibrium state occurs. The product of such an incomplete process is a vitreous phase of
variable composition. It makes up a significant part, especially in the halls of acid composition.
The products of clay minerals occupy an intermediate position between the crystalline and
vitreous groups of substances. The unburned fuel particles present in ash and slag wastes and in
metallurgical slags are amorphized to varying degrees, are different from the initial solid fuels
and charge and are in the form of coking products and graphitized carbonaceous matter. These
substances are resistant to oxidation and environmental influences.

Table 2 shows the compositions of experimental and control samples of fine-grained
concrete.

Table 2. Compositions of fine-grained concrete containing technogenic raw materials

Component content, kg/m? Saving

CO::J%;;IO” Cement | Fly ash Asrt:]i:;rlﬂ rse]ag Meta!::églcal sand cement. %
1 500 200 - 1570 — 43,8

2 600 150 1520 - _ 32,6

3 700 - 1570 - _ 21,3

4 600 150 - 1520 _ 326

5 500 200 1570 - _ 43,8
Control 890 - - - 1520 -

The study showed that the introduction of fly ash can improve the workability of rigid
concrete mixes, reduce cement consumption, reduce voidness by 3-7 %, water demand by 5-
7 %. The strength gain of fine-grained concrete on technogenic raw materials can occur both
under normal hardening conditions at a relative humidity of at least 90 % and a temperature of
20 (+ 2) °C, and during heat and moisture treatment [18].

The data obtained indicate that concretes containing technogenic raw materials (ash and slag
waste or metallurgical slag) have high bending strength. Figure 1 shows the dependence of
bending strength on compressive strength for three types of concrete: ash concrete (curve 1),
concrete based on copper-nickel slag (curve 2) and ordinary fine—grained concrete (curve 3 —
control).

It can be seen from Figure 1 that the highest values of bending strength have ash concrete,
the lowest — ordinary concrete. The increased strength of ash concrete is associated with a
pronounced plasticizing effect of ash, which contributes to the formation of a more
homogeneous and dense structure of concrete.

It should be noted that particularly dense and durable concretes of classes B22.5 — B40 can
be obtained using the technology of vibration compression (vibration stamping) [19].

Another distinctive feature of concretes based on technogenic raw materials is increased
sulfate resistance. Observations of the expansion of samples during alternating saturation in a
solution of sodium sulfate and drying show that in ash concrete and concrete based on
metallurgical fine slag deformations comparable in magnitude to deformations of conventional
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concrete appear with a significantly larger number of test cycles.

In figure 2, the curve for ordinary concrete is located to the left and has a steeper rise than the
curves for concrete with heat power plant and metallurgical copper-nickel slag. The influence of
ash and slag on the sulfate resistance of concrete has a physical and chemical character. The
physical nature of this phenomenon is associated with a relative increase in contacts between

particles and the formation of a more homogeneous and dense concrete structure [20].
1
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Figure 1. The dependence of the bending strength of concrete on its compressive strength:
1 — fine—grained ash concrete; 2 — fine-grained concrete based on metallurgical slags; 3 — ordinary
concrete (control)
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Figure 2. Kinetics of the development of linear deformations of concrete during cyclic
tests in Na»SO, solution: 1 — composition with the addition of metallurgical slag; 2 — composition with
the addition of ash; 3 — control composition

The physicochemical character is due to the pozzolan properties that ash and slag waste and
burnt rocks are able to exhibit. The result of the manifestation of pozzolan activity is the binding
by mineral additives of free lime formed during the hydration of cement and the formation of a
significant amount of cementing substances. At the same time, the contact layer has a more
developed and less defective surface, more resistant to deformation manifestations and the
effects of aggressive media [21].

Conclusion. Based on the results of the study , several main conclusions can be formulated:

1) the source of replenishment of the mineral resource base for the construction industry can
be waste from mining and metallurgical enterprises, coal industry and thermal power
engineering. A huge amount of ash and slag and metallurgical waste has accumulated in the
dumps in the region. Accumulations of such waste in terms of quantity and quality of suitability
for use are man-made deposits that are as valuable for the construction industry as they are
dangerous for the environment and human health;

2) research and practical experience have proved that from technogenic raw materials (ash,
metallurgical slag, ash and slag waste), with appropriate preparation, it is possible to obtain
small aggregates of various sizes for the production of fine-grained concrete mortars;

3) the article shows the positive effect of ash and slag materials and metallurgical slags on
the physical and mechanical properties of concrete, as well as the possibility arising from their
use to significantly reduce cement consumption (up to 45%) without deterioration of the
properties and quality of concrete give reason to recommend them for wide use in the
technology of concrete mortars;

4) according to the obtained indicators of strength, frost resistance, abrasion resistance,
corrosion resistance, resistance to alternating moistening and drying and other improved
characteristics, these concretes can be recommended for the production of small-piece concrete
products (curbs, artificial paving stones, paving slabs, side stones, facing slabs, concrete tiles,
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etc.) and in road construction. The mobility of fine-grained concrete mortar allows it to be used
for sealing seams and cracks in monolithic concrete and in the installation of reinforced cement
structures, including large-sized ones;

5)

the results obtained are recommended for introduction into the production of building

materials, products and structures, and also contribute to solving environmental problems of the
region associated with large volumes of man-made waste from mining, metallurgical and
thermal power enterprises of the East Kazakhstan region.

10.

11.

12.

13.

14.

15.

16.

17.

References

GOST 26633-2015. Interstate standard. Concrete is heavy and fine-grained. Technical conditions
[Electronic resource]. — Information system “Paragraph”. — URL: https://online.zakon.kz/ (access
date 10/03/2023)

Batrakov, V.G. Mineralized concrete. Theory and practice [Text] / V.G. Batrakov. — M.: ABC, 2022.
- 624 p.

Gusev, B.V. Assessing the effectiveness of using a conditioned mineral additive based on ash and
slag mixtures of thermal power plants in concrete production technology [Text] / B.V. Gusev, A.N.
Nabokov, T.P. Shcheblykina // Concrete Technologies. — 2020. — No. 5-6. — Pp. 38-41.
Khudyakova, L.I. Use of ash and slag waste from thermal power plants: review article / L.I.
Khudyakova, AV. Zalutsky, P.L. Paleev [Electronic resource]. - URL:
https://cyberleninka.ru/article/n/ispolzovanie-zoloshlakovyh-othodov-teplovyh-elektrostantsiy/viewer.
(date of access 04.10.2023)

Astafieva, O.V. Waste from mining enterprises in the Urals is a promising source of mineral
resources [Text] / O.V. Astafieva // Mining Journal of Kazakhstan. — 2017. — No. 4. — P. 40-43.
Belyakova, E.A. Ash and slag waste from thermal power plants and prospects for their utilization
[Text] / E.A. Belyakova, R.N. Moskvin, V.S. Belyakova // Education and science in the modern
world. Innovation. — 2022. — No. 5. — P. 157-157.

Abdrakhimov, V.Z. Aspects of the use of waste from the fuel and energy complex and the chemical
industry in construction production [Text] / V.Z. Abdrakhimov, A.V. Kolpakov // Ecology and industry
of Russia. — 2022. — No. 3. — Pp. 41-44.

Zhalgasuly, N. Possibilities of using technogenic waste from mining enterprises [Text] / N.
Zhalgasuly, Z.A. Estemesov, M.K. Sartbaev, A.V. Kogut // Science news of Kazakhstan. — 2017. —
No. 3(133). — P. 108-122.

Iguminova, V.A. Analysis of methods for recycling ash and slag waste / V.A. Iguminova, A.E.
Karyuchina, A.S. Rovensky. — Text: direct // Research of young scientists: materials of the VI
International. scientific conf. (Kazan, January 2020). — Kazan: Young scientist, 2020. — Pp. 21-25. —
URL: https://moluch.ru/conf/stud/archive/357/15509/ (access date: 10/04/2023).

Kachaev, G.V. Ecological and toxicological assessment of artificial mixtures created on the basis of
ash and slag from coal thermal power plants [Text] / G.V. Kachaev, G.A. Demidenko, N.V. Fomina
// Bulletin of KrasGAU. —2019. — No. 9. — P. 163-165.

Sartbaev, M.K. Development of technology for obtaining construction materials from enrichment
tailings / M.K. Sartbaev, N. Zhalgasuly [Electronic resource]. — URL: http://www.vestnik.
nauka.kz/wp-content/uploads/2017/09/8-Zhalgasuly.pdf (access date 10/06/2023)

Fedorova, N.V. Prospects for the use of fly ash from thermal power plants in the Rostov region
[Text] / N.V. Fedorova, D.A. Shaforost // Thermal power engineering. — 2017. — No. 3. — P. 53-58.
Khalyushev, A.K. Assessing the effectiveness of combining mineral additives in fine-grained
concrete [Electronic resource] / A.K. Khalyushev, V.V. Prudnikov,

S.A. Stelmakh, E.M. Shcherban, M.P. Nazhuev // Internet journal “SCIENCE”. — Volume 9. — No. 5
(2017). — Access mode: https://naukovedenie.ru/PDF/25TVN517.pdf (access date 10/06/2023)
Buravchuk, N.I. Fine-grained concrete based on technogenic raw materials for road surfaces [Text]
/ N.I. Buravchuk, O.V. Guryanova // Innovation and expertise. — 2021. — Issue 1 (31). — From 152-
159.

Rakhimov, M.M. On the issue of using technogenic waste in the production of binders and concrete
[Text] / M.M. Rakhimov, N.R. Khabibullina, R.Z. Rakhimov // Construction Bulletin of Tatarstan. —
2014. — No. 2. - P. 57-60.

Sartbaev, M.K. Extraction of metals, production of cellular concrete and binder from ore dressing
tailings / MK Sartbaev, N. Zhalgasuly  [Electronic resource]. - URL:
https://www.elibrary.ru/item.asp?id=26075701 (access date 10/07/2023)


http://www.vestnik/

Ne 4, 2023 323 «IKTY XABAPIIBICBI»

18.

19.

20.

21.

22.

10.

11.

12.

13.

14.

Kazbekova, G.K. Development of technology for obtaining construction materials from enrichment
tailings [Text] / G.K. Kazbekova, M.K. Sartbaev, N. Zhalgasuly. — Aktobe, 2021. — 87 p.

Buravchuk, N.I. Experience in the use of burnt rocks from mine dumps in road construction [Text] /
N.I. Buravchuk, O.V. Guryanova // Ecological Bulletin of Russia. — 2018. — No. 5. — P. 42-47.
Ivanov, V.V. Physico-chemical properties of ash and slag waste from the combustion of KATEK
coal [Text] / V.V. lvanov, I.V. lvanov // Surveyor. Vestn. — 2018. — No. 2(125). — P.55-57.

Fomenko, N.A. The use of oxidized brown coals to improve the environmental safety of ash and
slag waste disposal: dissertation, ... cand. those. Sciences: 25.00.36 / Natalya Aleksandrovna
Fomenko; National research those. univ. — M., 2019. — 110 p.

Engineering chemical and technological center “Ash and slag waste. Part 2: Economic benefits of
processing [Electronic resource]. — URL: access date 10/08/2023).

Cnucok nutepartypebl

FOCT 26633-2015. MexrocyQapCTBEHHbIN CcTaHAApPT. BeToHbl Taxenble M Mernko3epHUCTble.
TexHuyeckme ycnosus [OnekTpoHHbIn pecypc]. — MHdopmaumnoHHas cuctema «lMaparpad». — URL:
https://online.zakon.kz/ (naTta obpawueHns 03.10.2023)

batpakoB B.I'. MuHepanusoBaHHble GeToHbl. Teopus u npaktuka [Tekct] / B.I. batpakoB. — M.:
ABC, 2022. - 624 c.

l'yces B.B. OueHka 3EKTUBHOCTU MNPUMEHEHUS KOHAMUMOHHOW MWHepanbHOW [obaBkM Ha
ocHoBe 3onoLunakoBbix cmecert TOC B TexHonormun npoussoactea 6etoHoB [TekcTt] / B.B. lNyces,
A.H. Habokos, T.I1. lebnbiknHa // TexHonoruu 6etoHoB. — 2020. — Ne 5-6. — C. 38-41.

Xyanskoa J1.L. Vicnonb3oBaHne 305OLUMaKoBbIX OTXOAO0B TEMMOBbIX 3MEKTPOCTaHUMN: o630pHas
ctatba / J1.W. Xypsakosa, A.B. Banyukun, TJI. lManees [OnekTpoHHbin pecypc]. — URL:
https://cyberleninka.ru/article/n/ispolzovanie-zoloshlakovyh-othodov-teplovyh-elektrostantsiy/viewer.
(naTta obpaweHuns 04.10.2023)

ActadbeBa O.B. Otxogbl npeanpuaTuii ropHoaobbIBaoLLEero Komnnekca Ypana — nepcnekTuBHbIN
WCTOYHUK MUHepanbHbix pecypcoB [Tekct] / O.B. ActadbeBa // [opHbIn XypHan KasaxctaHa. —
2017.—Ne 4. - C. 40-43.

Benskosa E.A. 3onownakosble otxodbl TOL, n nepcnektusbl nx ytunusauum [Tekct] / E.A. bens-
koBa, P.H. MocksuH, B.C. benskosa // Obpa3oBaHue 1 Hayka B COBpeMEHHOM Mupe. NHHoBaummn. —
2022. - Ne 5. - C.157-157.

A6gpaxumoB B.3. AcnekTbl MCMNOMb30BaHWS OTXOAOB TOMIMBHO-3HEPreTUYECKOro KOMMIeKca U
XUMUYECKOW MPOMBILLNEHHOCTM B CTpouTenbHOM npousBoacTee [Tekct] / B.3. A6apaxmumos, A.B.
Konnakos // Qkonorunsi u npoMbllneHHocTb Poceuu. — 2022, — Ne 3. — C. 41-44.

>Kanracynbl, H. BO3MOXXHOCTW NCNOMb30BaHWUS TEXHOrEHHbIX OTXOA0B FOPHbIX NpeanpuaTui [TekcT]
/ H. Xanracynel, 3.A. EctemecoB, M.K. Capt6aes, A.B. Koryt // HoBocTn Haykm KasaxcTtaHa. —
2017.— Ne 3(133). — C. 108-122.

UrymuHosa, B.A. AHanns cnocoboB ytunusaumm sonowunakoBbix otxoaos / B.A. UrymunHoBa, A.E.
KaptounHa, A.C. PoBeHcknx. — TeKkCT: HenocpeacTBeHHbI // iccnegoBaHus MOMOAbIX YYEHbIX:
matepwuansl VI MexayHap. Hayd. KoHd. (r. Kasanb, suBapb 2020 r.). — KazaHb: Monogon yyeHbin,
2020. — C. 21-25. — URL: https://moluch.ru/conf/stud/archive/357/15509/ (pata o6palueHus:
04.10.2023).

KauaeB I'.B. Qkonoro-Tokcukonormyeckas oLeHka WUCKYCCTBEHHbLIX CMEeCceW, CO34aHHbIX Ha OCHOBE
3onownakoB yronbHblx TOL [Tekct] / I.B. Kavaes, I'A. OemungeHko, H.B. ®omunHa // BecTHuk
KpaclAY. —2019. — Ne 9. — C. 163-165.

Captbaes M.K. PaspaboTtka TexHOMnormv nonyyYyeHus CTPOUTEMbHbLIX MaTepuanoB W3 XBOCTOB

oborawenns / M.K. CaptbaeB, H. JKanracynbl [OnekTpoHHbIi pecypc]. - URL:
http://www.vestnik.nauka.kz/wp-content/uploads/2017/09/8-Xanracynel.pdf  (gata  obpaluenus
06.10.2023)

depoposa H.B. lNMepcnekTuBbl MCNOMb30BaHMSA 301bl-yHOCA TEMMOBbLIX 3MeKTpocTaHuun PocTtos-
ckol obnactu [Tekct] / H.B. ®egoposa, [1.A. LLladopocT // TennoaHepretnka. — 2017. — Ne 3. — C.
53-58.

Xantowes A.K. OueHka a(pheKTMBHOCTN KOMOMHMPOBaHUS MUHepanbHbIX A00aBOK B MeNKO3ep-
HUCTOM GeToHe [AnekTpoHHbIn pecypc] / A.K. Xantowes, B.B. MNMpyaHukos, C.A. Ctenbmax, E.M.
Llep6aHb, M.M. Haxyee // WUHTepHeT-xypHan «HAYKOBEOEHWE». — Tom 9. — Ne5 (2017). —
Pexwum goctyna: https://naukovedenie.ru/PDF/25TVN517 .pdf (aata obpaiyeHuns 06.10.2023)

C.A. Crenbmax, E.M. Llep6aHb, M.MN. HaxyeB // WHTepHeT-xypHan “Hayka”. — Tom 9. — Ne 5
(2017). — Pexxum poctyna: https://naukovedenie.ru/PDF/25TVN517.pdf (gata goctyna 10/06/2023)


https://online.zakon.kz/
https://cyberleninka.ru/article/n/ispolzovanie-zoloshlakovyh-othodov-teplovyh-elektrostantsiy/viewer
http://www.vestnik.nauka.kz/wp-content/uploads/2017/09/8-Жалгасулы.pdf

«BECTHUK BKTVY» 324 Ne 4, 2023

15. BypaBuyk, H.N. Menko3epHucTbIi 6ETOH HA OCHOBE TEXHOTEHHOTO ChIpbs ANA JOPOXHbBIX NMOKPLITUN
[Tekct] / H.W. BypaBuyk, O.B. lN'ypbsiHoBa // IHHOBaTuWKa u akcnepTtusa. — 2021. — Beinyck 1 (31). —
C. 152-159.

16. PaxvumoB M.M. K Bonpocy ucrnonb3oBaHUSA TEXHOrEHHbIX OTXOLOB B MPOWM3BOACTBE BSDKYLUMX U
6eToHoB [TekcT] / M.M. Paxumos, H.P. XabubynnuHa, P.3. Paxumos // CTpouTenbHbIN BECTHUK
TaTtapctaHa. — 2014. — Ne 2. — C. 57-60.

17. Captbaes M.K. M3BneueHne metannos, Nnpon3BoacTBa SS4EMCTOro 6GeToHa M BSXKYLLEro U3 XBOCTOB
oborawenna pya / MK. CaptbaeB, H. >Xanracynbl [OnekTpoHHbii pecypc]. — URL:
https://www.elibrary.ru/item.asp?id=26075701 (naTta obpaiueHus 07.10.2023)

18. KasbekoBa, [.K. PaspaboTka TexHONMorMm nonyyeHuss CTPOUTENbHbIX MaTepuarnoB M3 XBOCTOB
oboraluenus [Tekct] / I'.K. Kasbekoa, M.K. Captbaes, H. XKanracynel. — Aktobe, 2021. — 87 c.

19. BypaBuyk H.A. OnbIT ncnonb3oBaHMa 060XCKEHHBIX NMOPOA, M3 KapbepHbIX OTBaNoB B OOPOXHOM
ctpoutenbctee [Tekct] / H.UN. Bypasuyk, O.B. N'ypbaHoBa // Okonornyeckuii BectHuk Poccun. —
2018. - Ne 5. - C. 42-47.

20. iBaHoB B.B. ®u3nko-xummnyeckne CBONCTBa 30M0LLUMAKOBLIX OTXOO0B OT CxuraHus yrnen KATOKa
[Tekct] / B.B. NBaHoB, N.B. ViBaHoB // Mapkwengep. BecTH. — 2018. — Ne 2(125). — C. 55-57.

21.domeHko H.A. TlpMMeHeHWe OKUCNEHHbIX OypbiX yrrnenm Ans MNOBbLILEHUS] 3KONOrM4ecKomn
6e30nacHOCTM yTUAM3aLmMKn 3010LUMNAKOBbIX OTXOA0B: AUC, ... KaHA. Tex. Hayk: 25.00.36 / Hatanbs
AnekcaHgposHa ®omeHko; Hau. uccnea. tex. yH-1. — M., 2019. — 110 c.

22. IlHiXeHepHbI XMMUKO-TEXHONOTMYECKNIA LIeHTP «3oroLnakoBble oTxoabl. YacTb 2: QkoHoMUYeckasi
Bbiroga nepepaboTkn [OnekTpoHHbIM pecypc]. — URL: pata obpaiyenns 08.10.2023).



https://www.elibrary.ru/item.asp?id=26075701

