KeMmipaiH €3 KaXeTTUIKTepi YIIiH, acipece dKOJOTHUIBIK KepCceTKimTep OoibIHIIa TaOuFu
ra3 >KOHE MyHal IIbIFBIHIAPBIHAH aWTapibIKTall TOMEH eKeHl Oenrim. Auaiina, XaabIKapaslbIK
SHEpreTUKa areHTTIriHiH Oaranaysl OoibIHIIA [3], Ka3ipri TYThIHY KapKbIHbI OOWBIHIIIA MYHAHIbIH
Oapmnanran Kopaapsl 30 xbpU1ga, an ra3 - angarsl 50 xxpuiga Taycbuiazsl (6ipak KazakcTtanHblH onaH
Jla KoJaiuiel Oonammarel 6ap [4]), an keMipAiH KOpbl €H KapKbIHABI Nainanany kesinae 200 Kpuira
co3putanel [5]. Kaszipri TaHma Kemip TEXHOJOTHSUIAPBIH JIaMBITy Ka)KETTUIIr eNIKIMIEe KYMOH
TynslpMaiiael. Kanran OTBIH pecypcTapbl aijieKaifa KbICKa Mep3iMre jkeTelli, COHbIMEH Oipre
oJIapAbIH KYHBI dJJIeKaia skorapbl. JIYHHEKY3UTiK KOMIp MHCTUTYTBIHBIH MOJIMETTEepl OOMBIHIIA,
KOMIp OHIIpYyre jKapamjbl OPTaHWKAIBIK IIBIKKAH OapiblK MUHEPAIAAPABIH JHEPTETHKAIBIK
oneyeriniy mamameH 90% kypaiiapl. JIyHHEXY3UIIK SHEPreTHUKalbIK CEKTOPIBIH Jamy
MEPCIEKTUBAIAPbI OHBIH PECYPCTapbIHBIH KOJDKETIMALIIriHE alTapabIKTail Toyenai. by typreiian
aNFaHga, KeMmip OHEpKociOi MyHaii-ra3 eHepKociOiHe KaparaH/a KaKChl JKaFaaima, JAeMeK, Y3ak
Mep3iM1 TEPCIEeKTHBAa JYHEPreTHUKa CATACHIHBIH IMEPCIEKTUBAIBIK Calachl OOJIBIT TaOBLIAIBI.
byrinri Kazakctan ymmH Herisri OTBIH pecypchl — kemip. KazakcTaHHBIH KeMmip ©HepKocioOi
IKOHOMHUKAHBIH ipi callaJIapbIHBIH 0ipi 0016 Ta0bLIa b [6].

CnucoK HCIoJIb30BAHHBIX HCTOYHHKOB

1. dyken6aeB K JI. Ka3zakcranHblH sHepreTukacel. 1 ToM Anmarsl. Feuibiv; 1995 xbin. O.
276.

2. OmusipoB BK, AmuspoBa M B. DHepreTHKasibIK KayilCi3[aiK, dHEPTUs THIMIUIIT >KOHE
SHEPreTUKANBIK 1aMyAblH TYPaKTbUIbFbl. Anmatsl. 2010: 277.

3. OmusapoB B.K., AmmspoBa M.b. Kazakcran KeMipiHIH JKbUTy SHEPTHSCBHIHAA >Karybl
3aybITTap MEH ipi KazauaslkTap. AnMater 2012:304.

4. Onrap b, UnueB I, CmarynoBa I', MepranumoBa A. CaHIbIK MOJECINB/ICY YHTAKTAIFaH
nemrepae a3or okcuarepinin Ty3inyi. Umkenepnik JKYPHAJI FouibiM KoHE TEXHOJIOTHUS MIONYBI
2020:171-175.

5. AnmuspoB b, MepranumoBa A, JKanmaramberoa Y. KeMipaiH TepMUSUIIBIK KOJIAAHBLUTYBI
MalChI3 OHJEY TEXHOJIOTHUSICHI Ka3aHIbIKTapAblH caknHackl. Latv J Phys Tech Sci 2018;H 2:45-55.

6. TI'opoxosckuii M.A., fuxocku 3, JlokByn @K, Kapnenko E.W., Meccepne B.E.,
Ycerumenko A.B. TlnasMaiblk TEXHONIOTHS apKbUTbI KOMIPAiIH YHTAK YKaHYBIH YKaKCapTy HOJIOTHS.
Combust Sci Technol 2007;179(10):2065-90.

7. Yemenxuii FO.M., JlexktepeB A.A., boiikoB J[.B. Kemenai TeXHOTOTUSHBI TaMBITy TEpEH
nypu HojoruscbifikatroH fll[1-39- Ka3aHBIHBIH a30T OKCHATEpiHEH anbIHFaH rasaap Axcy I'POC 11
MITH. Onektp cranimsuiapsl 2012;He11:214.

UDC 621.1
THE USE OF ASH AND SLAG WASTE FROM THERMAL POWER PLANTS
Musa Aigerim
musa.aigerim01l@mail.ru
Thermal Power Engineering M098-7117-22-01 master student,

L.N.Gumilev Eurasian National University, Astana, Kazakhstan

Keywords: ash and slag waste, building materials, hydroelectric power plants, valuable
trace elements, geopolymers, aluminum-silicate microspheres

Introduction

In the modern world, with the undeniable growth of electricity production, the problem of
waste management from thermal power plants is becoming more urgent than ever. Among the
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various wastes generated as a result of energy generation, ash slags occupy a significant place and
pose a significant challenge to ecology and sustainable development.

Ash slags occur during the combustion of hydrocarbon fuels in thermal power plants and are
a mixture of mineral and metal compounds. Despite their strength and stability, ash slags have
become the object of careful study in order to develop innovative methods for their disposal and
reuse.

In this context, the use of ash and slag waste as a secondary resource is becoming a
promising research area. This approach not only helps to reduce the amount of waste released into
the environment, but also provides unique opportunities for creating sustainable and efficient waste
management systems in thermal power plants.

In this study, we focus on the potential use of ash and slag waste in various sectors, from the
construction industry to the production of building materials.

Methodology

The analysis of effective methods and technologies of their processing will become a key
component, allowing not only to solve the problem of recycling, but also to actively implement the
principles of a closed cycle of resource use.

Production of building materials

The production of building materials using ash and slag waste from thermal power plants is
an innovative and environmentally sustainable approach aimed at solving the problem of waste
disposal and creating products that contribute to sustainable development.

Main part

Cement production.

Several studies have examined the use of ash and slag waste from thermal power plants
(TPP) and hydroelectric power plants (HPP) in the manufacture of cement with mineral additives. It
was found out that the physical and mechanical properties of these wastes depend on the
composition of the materials used, the volume of mineral additives and the specific surface area.
The introduction of 15% acidic ash slag from thermal power plants into the composition of cement
makes it possible to obtain high-quality materials. The use of mineral additives in the amount of
30%, including waste from the Shulbinskaya HPP (15%) and granulated slag of JSC ArcelorMittal
Temirtau Metallurgical Combine, contributes to the creation of cements with high strength
characteristics. Also, the ash obtained as a result of entrainment is suitable for the production of
gypsum binders. Adding it to the raw material mixture in a volume of up to 20% leads to an
increase in the strength and water resistance of the resulting compositions.

Production of concrete.

Waste from the thermal power industry is a potential resource for the production of various
types of concrete. Concretes created on the basis of ash cements are not only not inferior to
conventional cements in terms of characteristics, but also exceed their water resistance. An example
of the possibility of producing heavy and fine-grained concretes is the experience of Ekibastuz
HPP-1. Using ash and slag waste in its natural state, it is possible to produce heavy concretes of the
B30 brand, and fine—grained concretes of the B25 brand in the ground state. As a promising filler
for lightweight ash concrete, non-burnt ash gravel obtained from high-quality fly ash and silicate
blocks acts. It has a significant advantage — the thermal conductivity is more than 1.5 times lower
compared to expanded clay concrete. However, the use of ash and slag waste in silicate concretes
does not always bring the expected results, since it can lead to the formation of a highly porous
structure, causing low strength and water resistance of the material. To eliminate this disadvantage,
the concretes are treated in a sulfur melt modified with liquid glass, which creates a protective
hardening and water-resistant coating. Sulfur concrete containing sand and ash slags instead of
water is prepared in the presence of a modifier — phosphorus (I11) chloride. This material has high
density, strength and low water absorption, making it suitable for use in road structures, tiles and
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side stones. It is important to note that the content of fly ash from thermal power plants in concrete
by more than 50% of the volume has a negative effect on its quality, manifested in a decrease in
strength and frost resistance. To prevent negative consequences, it is necessary to improve the
quality of fly ash. For this purpose, various methods are used, including the use of high-voltage
electrical separation. This method allows you to separate the organic remains of the ash from its
mineral part.

Production of ceramic products.

To effectively reduce the consumption of energy and mineral resources in the production of
ceramic materials, a promising solution is the introduction of ash and slag waste (ASH). Numerous
researchers are working on this problem, and their work indicates that waste from thermal power
plants (TPP) can successfully replace high-quality raw materials in the production of building
ceramics. The addition of ash and slag to the composition of the clay charge helps to reduce the fire
shrinkage of finished products, and during firing, the formation of wollastonite and hematite is
activated. Scientific research at the Yurginsky Institute of Technology is aimed at developing
methods for producing ceramic bricks through plastic molding. It has been studied that the addition
of ash and slag waste to the clay component should not exceed 15%, and the firing temperature
should be at least 1000 degrees Celsius. Studies also demonstrate that the modification of waste by
grinding has a positive effect on the physical and mechanical characteristics of the final product. An
increase in the content of fine particles of ASH up to 50% in the composition of the charge when
using the method of semi-dry pressing with a pressure of 25 MPa improves water absorption and
frost resistance of the resulting brick. During the production of ceramic tiles, waste from the fuel
and energy complex can also be included in the process. Formulas and technological standards have
been developed in the Republic of Belarus for the manufacture of terracotta tiles from man-made
products of the energy complex, represented by precipitation from chemical water treatment of
dewatering stations and thermal power plants. Research shows that by changing the content of the
main components, it is possible to vary the color and technical characteristics of the materials
obtained.

Road construction.

Ash and slag waste from thermal power plants is a multifunctional material for road
construction. They can be used for laying road embankments, forming foundations and all layers of
highways, as well as as a component of binders for strengthening soils, mineral powder and
additives to cement concrete. Studies have been conducted on the use of ash and slag from thermal
power plants in Darkhan (Mongolia) as part of road soils. It was found that due to the high carbon
content, acidity and low calcium content, ash slags do not provide good adhesion to the soil,
therefore, lime or natural limestone additives must be introduced for the composition of road
concretes. While the use of ash and slag from thermal power plants in the Trans-Baikal Territory as
part of cement soils makes it possible to obtain an effective material with high strength for road
construction. The addition of polymer materials to the composition of cement soils helps to increase
their frost resistance and crack resistance. The use of ash and slag makes it possible to create
complex binders, including metallurgical slags and Portland cement, which are suitable for
strengthening the foundations of highways and contribute to a significant reduction in the cost of
laying the roadway. Fly ash is a promising material for use as a mineral powder in asphalt concrete
mixtures. Studies conducted with ash waste from Bishkek TPS (Kyrgyzstan) show that fly ash-
based asphalt concretes meet state standards in terms of physical and mechanical characteristics and
exceed standard samples in terms of strength.

Agricultural industry.

Waste from thermal power plants has a high content of valuable trace elements and oxides,
which makes them a valuable resource for use in agriculture and forestry, soil reclamation, land
reclamation and other areas. These wastes improve the water-physical and agrochemical properties
of soils. In addition, being an effective source of potassium, they contribute to an increase in the
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content of exchangeable potassium in the soil by 4-8%. The recommended optimal rate of their use
is 60 tons per hectare. The maximum concentration of trace elements is found in the non-magnetic
fraction of ash, which makes it suitable for use as micronutrients. To achieve maximum effect, it is
recommended to use granular micronutrients enriched with bound nitrogen with prolonged action.
The introduction of fly ash into the soil in certain concentrations improves its fertility, stimulates
plant growth and the accumulation of macro- and microelements. The yield and composition of
nutrients depend on the type of soil, the amount of material introduced and the crops grown. Fly ash
has pesticide properties and, introduced into the soil, protects plants from many agricultural pests,
reduces the appearance of larvae, strengthens plant resistance to various diseases, and is also used
as an insecticide in the processing of garden crops. Ash and slag waste can also be successfully used
for the reclamation of disturbed lands, forming a fertile humus layer that supports the growth of
various plant species.

Conclusion

The study of scientific articles from Kazakhstani and foreign researchers indicates that ash
and slag waste from thermal power plants is a universal material with a wide range of applications
in various industries, including construction, metallurgy, agriculture, etc. The extraction of valuable
components from these wastes opens up the possibility of obtaining various products. Moreover, the
integration of thermal energy waste into the industrial cycle not only reduces their volumes in ash
dumps, but also prevents the accumulation of new batches, contributing to the creation of waste-free
industries. This, in turn, helps to reduce the environmental impact and relieve the fuel and energy
complex.
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Pemenune npobiemsr 3HeprodapGEeKTUBHOCTH B HAIlle BPEeMsi MOXKET CTaTh KpPaeyrolbHBIM
KaMHEM B IIOJHOM peKOHCTpykuuu nsHeprocuctemel Kazaxcrana. IIpsmo ceiiwac mo crpane
HaOmonaeTcss eUIUT IMEKTPUUECKON SHEPTUH, U CpaBHUBAS TEHICHIIMH POCTa MOTPEOJICHUS K
NPOU3BOJICTBY, YPOBEHb JAe(UIMTAa JHUIIb TNPOJODKUT  PACTH, CTaBig TIOA  Yrpo3y
HHEPro0e30nacHOCTh CTPAHBI.

“ObecnieyeHre HHEPreTUYeCKOrd O€30MacHOCTH — OJHAa U3 TJaBHBIX 3ajad. Temribl
sHepronoTpednenus B Kasaxcrane pactyt u3 roja B roa. Ho HOBble HCTOUHHMKH SHEPTHH, KOTOPHIE
3aIlyCKaloTCs, HE COOTBETCTBYIOT TeMIlaM pocta. [1o cyTu, pasBuTue cTpaHsl HallpsIMYIO 3aBUCUT OT
cTabmIbHOCTH dHEpreTndeckor otpaciu’ — Kaceim-XXKomapt Tokaes [1].

B 2022 rogy aeduuuT 3MEKTPOIHEPTUH 110 BCEH CTpaHe ATUIICS BOCEMb MECSIIEB, TOTAA KaK
CTaTUCTUKA TOJBKO FOKHOTO PETMOHA TOBOPUT O Oonee mmutensHoM nepuoae. B 2023 romy
noTpeOIeHNe AIEKTPUUECKON IHEPTUM TI0 CTpaHe NOCTUTIIO 00béMa B pasmepe 115 mupa kBr*u,
TOr/1a MPOU3BOJICTBO cocTaBisteT Beero 112,8 mupa [2]

MporHozHeIA GanaHc INEKTPOIHEPTHK E4MHOA SHeprocucTeMsl PK. 20232029 | mapa KBT-u
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Puc. 1 - TIporao3nsrii 6ananc snmektposHeprun Kazaxcrana Ha 2023-2029 rona [2]

[Tonarasicb Ha HccleIOBaHUE AKTYaJIbHOCTH MPUMEHEHHS HCTOYHHMKOB albTePHATHBHOU
sHepretuku KamumberoBa ['.I1. [3], moTeHImMan npuMeHEHHsS albTEPHATHUBHBIX HCTOYHUKOB B
Kaszaxcrane J0BONBHO BBICOK, W HECMOTpPS Ha OOJBIIMNA CPOK OKYMaeMOCTH, HEXKETH Y
TPAIUIIMOHHBIX HCTOYHUKOB HHEPIUH, OSKOJOTUYECKM YUCTass HHEPIrusi — HE TOJIBKO CII0CO0
BOCTIOJTHUTH HEIOCTAIONIYI0 MOIIHOCTh MPSAMO ceiivyac, HO U 0e3 COMHEHUI MpaBWIbHBIN BKIIAJ B
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