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Abstract. In the context of intensified housing construction and the transition to a
"green" economy in the Republic of Kazakhstan, the demand for energy-efficient and
environmentally friendly building materials is increasing. Against the backdrop of a
shortage of high-quality clay raw materials, the use of ash and slag waste (ASW) from
thermal power plants in the production of construction ceramics is becoming especially
relevant. Chemical and phase analysis of ash and slag from Pavlodar TPP-3 and
natural clay from the Paviodar deposit has been made in the study. X-ray fluorescence
analysis (XRF) and X-ray diffraction (XRD) methods have been applied using Bruker
equipment. The data obtained have been interpreted according to current international
standards. Ash and slag materials contain up to 61.19% SiO: and 18.61% Al:Os, as
well as significant amounts of fluxing oxides (CaO, MgO, K:0), which help reduce
sintering temperature. The clay is characterized by high Al:Os and Fe:0s content,
which makes it suitable for the production of red-fired ceramic products. X-ray
fluorescence analysis confirmed the presence of such phases as quartz, mullite, and
anorthite in the ash and slag, and kaolinite, illite, and feldspars in the clay. An
integrated approach to combining ash and slag with clay allows to optimize the
ceramic mass formulation, improving its plasticity and strength. The use of ash and
slag waste in construction ceramics ensures technological efficiency and solves
environmental problems by reducing industrial waste volumes, expanding the raw
material base, increasing production profitability, and supporting sustainable
development.
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7KD0 KYJ KOXK KAJJILIKTAPBIHBIH KYPAMBIH 3EPTTEY

A.X. Taxuposa*® | A M. Paxumos!' @ , I. M. Paxumona! @ , JK.B. Paxumosa! @
B.B. Japuuxun?® | A.K. Angynraposa’®

«O6inkac CarblHOB aThiHIarbl Kaparan bl TeXHUKANBIK yHuBEpcUTeT» KeAK,

100027, Kaparaunnbl, Kazakcran

?HoBocibip MeMIeKeTTiK TeXHUKANBIK yHUBepcuTeTi, HoBocibip, 630073, Peceit denepanuscel
3XanbIKapanislk 6i1iM 6epy koproparuscsl, Anmatel, 050028, KazakcTan

Anpatna. Typ2uin  yil  KYpolIblCbIHbIY — KAPKLIHOBLIbIRbL ~ HCIHE — «HCACDHLILY
9KOHOMUKa2a kouty scazoauivinoa Kazaxcman Pecnyoaukacvinoa dHepeusniblk muimoi
JHCOHE DKONOSUSANILIK MA3a KYPblIblC MAMepUanoapblHa KaxicemminiK apmuln Keneoi.
Konouyusnvix caz wuxizamelr manuibl 6012aHObBIKMAH, KYPbLIbIC KEPAMUKACHIH
eHOIpyOe vy dnekmp opmanviebinvly (AKI0) kyn-gooxc kanovikmapwin (KKK)
naoanawy epexute e3ekmi 6ovin omip. 3epmmey oapwvicvinoa Ilasnooap K30-3 kyn
Kootcoapwl men Ilagnooap keH OpHbIHbIY MAOURU CA3LIHA XUMUSLIbIK HCIHE (Pazanbik
manoay  ocypeizindi. Bruker ocabovizbin  Kondama  omulpvin,  peHmMeeHOIK
¢ayopocyenmmi manoay (PDT) owcone pemmeendix ougppaxyus (PH) adicmepi
Konoauwlnovl. Tanoay oepexmepi KONOAHbICMARLL XAILIKAPAILIK CMAHOAPMMAapaa
catikec mycinoipinoi. Kyn koo kypameinoa 61,19% oeuin SiO: scone 18,61% Al>03,
COHOAQU-aK KYUOIpy MeMnepamypacviibly mMeMeHOeyine blKnal ememin @aroc
oxcuomepiniy (CaO, MgO, K>0) aiimapavikmaii monwepi oap. Caz Al>O3 scone Fer03
KYDAMBIHbIY — JCOAPBLIAYbIMEH — CUNAmMmanaovl, OY1 OHbIH  Kbl3bll  HCAHEbIUL
Kepamuxkaivly OyubiMoapobl OHOIpyee HCAPAMOBLIbIZbIH — KAMMAMACLI3 — emeoi.
Peumeenoix ¢hnyopocyenmmi manoay Kyn KOJNCLIHOAZbI K8APY, MYJIIUM JHCIHE
anopmum, caz0agvl KAOAUHUM, WIIUM, Oald WNAMmapsl CUsKmol Gazanapoviy
bonyein  pacmaovl. Kyn Koocoapwt men cazovbl  Oipikmipyoiy KeuwteHOi macini
KepamMuKaivlk —MACCAHbIY — peyenmypdacvlH — OHMAWIAHObIPYed, —UKeMOLlIK — neH
bepikmikmi  orcakcapmyza.  Kypwoiivic  kepamukacvinoa ~ KKK-vin  Konoawy
MEXHONOUANLIK MUIMOINIIKMI KAMMAMACHI3 emin KaHa Koumatl, COHbLMEeH Kamap
MexHO2eHOIK Kai0blKmapobly KOJeMIiH a3aimsin, WuKizam 6a3acvli Keyelmy, eHOipic
MadbICMBLIBIRBIH  APMMBIPY HCIHE MYPAKMbl 0aAMY MYACHIPLIMOAMACHIH  KO10Al
OMbIPLIN, IKOA02USIBIK MiHOemmepOi weuleoi.

Tyiiin ce3nep: Kyn-Kooic, KYpolivbic Kepamuxacel, hazanvlk KYpam, aiioMUuHuLl
cunukammapbl, Qaoc Kocnanapwl, bICMulKKA MO3iMOINIK
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HAVYHAA CTATBA

HCCIEJOBAHUE COCTABA 30/I0IIVIAKOBBIX OTXO10B
oI AJisA IPUMEHEHUA B CTPOUTEJIBHOU KEPAMUKE
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SHoBocubupcKuii TocynapcTBeHHbIN TeXHuueckuii yausepcutet, HoBocubupck, 630073,

Poccniickas @enepanus

AHHOTAUMA. B ycrnogusx unmeHcuurayuu HCUlUWfHoO2o CMpoUmenrbcmed u
nepexooa K «3€neHouly dKkonomuxke 6 Pecnybnuke Kazaxcman e6o3pacmaem
nompeoHOCb 8 IHEP20IPPEKMUBHBIX U IKONOSUUHBIX CIIPOUMETIbHBIX MAMEPUATAX.
Ha ¢one dedpuyuma KoHOUYUOHHO2O 2NUHUCMO20 CbIPLSA 0COOVIO AKMYATbHOCHb
npuobpemaem  UCNONBL30BAHUE  30J0UWAAKOBLIX  omxo0oe (3LIO) TOI] s
npouzeoocmee CmpoumenbHoU Kepamuku. B uccieooeanuu npogeden Xumudeckui u
Gaszoswiii  ananuz 3onownaxos Ilasnooapckou TOI[-3 u  npupooHnoti 2auHb
Ilasnooapckozo MeCmopOANCOCHUSL. Ipumenenwvi Memoovl
penmeeno@ayopocyenmuozo ananuza (P@A) u penmeenosckoti ougppaxyuu (PI) c
ucnonvzosanuem obopyoosanus Bruker. [lanuvie ananuzoe unmepnpemuposamvi 6
coomeemcmeuu ¢ OeucCmeyroWUMU MeHCOYHAPOOHbIMU CMaHOapmamu. 3010WnaKu
cooepacam 00 61,19 % SiO>u 18,61 % AlO3, a makawce 3HavumenvHvle KOIULECMBA
Garocyrowux  oxkcuoose  (CaO, MgO, K>0O), cnocobcmsyrouux CHUNCEHUIO
memnepamypol chekanus. I 1una xapaxmepusyemcsi nOSbIUEHHbIM COO0epHCaHUeM
ALO3 u Fex03, umo obecneuusaem ee npuecoOHOCmMb Ol NPOU3BOOCEA
Kpachodcayumuxcsa Kepamuieckux usoenuti. Penmeenognyopocyenmuulil ananu3s
noomeepoun Haiuyue maxkux ¢has, KaxK Keapy, MyJLium u aHopmum 6 30j1oullake, u
KaonuHum, uiium, nofesvie wnamol 6 2nuHe. Komniekcuviti nooxoo K couemaHuro
30/I0ULIAK08 U 2NIUHbL NO380JsAem ONMUMUSUPOBAMb peyenmypy Kepamudeckoll
MAcCol, YIYYWUMb NIACMUYHOCb U NPOYHOCMb. [Ipumenenue 3010uL1aKOBbIX
0mMX0008 8 CMPOUMENbHOU Kepamuke obecneuusaem He moabKo MeXHOI02UYECKYHO
aghhexmuenocms, HO U peulaem IKOJIOSUYECKUE 3A0aUU, CHUNCAS 0OBeMbl
MEXHO2eHHbIX OMX0008, PACUIUPSS Cbipbedylo 6a3y, Nogvlulas peHmaderbHOCHb
npou3800cmea U NOOOEPAHCUBAL KOHYENYUIO YCIMOUUUBO2O PA3GUMUSL.

KuaroueBsble cnoBa:. 3onownaxu, cmpoumenvHas kepamuka, (hasosvlili cocmas,
anoMocunukamsl, gurocyrouue 0006a8KU, MepmoCcmouKoCcmo.
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1 INTRODUCTION

In the context of active housing and infrastructure construction in the Republic of Kazakhstan,
there is a steady growth in demand for ceramic building products. Such products are in demand due
to their high strength, durability, thermal resistance, and compliance with modern energy efficiency
requirements.

The development of building ceramics in the Republic of Kazakhstan holds one of the key
positions in the state policy in the field of industrial and housing development. This direction is
reflected, in particular, in the national project «Strong Region — Driver of Country’s Development»
for 2021-2025, the main goal of which is to improve the quality and affordability of housing.

Additionally, within the framework of implementing the Concept for the transition to a «Green»
economy, emphasis has been placed on expanding the use of environmentally friendly and energy-
efficient materials, including ceramic products. The regulatory framework also supports these goals:
current building codes and technical regulations contain requirements aimed at ensuring the quality,
safety, and environmental sustainability of construction products on the domestic market.

Despite the presence of significant reserves of natural clays, certain regions of Kazakhstan are
experiencing a shortage of high-quality clay raw materials, which affects the sustainability and
volume of ceramic product manufacturing. According to the Ministry of Industry and Construction
of the Republic of Kazakhstan, in 2021, domestic enterprises provided only 44% of the internal
demand for ceramic bricks, highlighting the need to seek alternative raw material solutions.

One of the potential solutions may be the use of ash and slag waste (ASW) from thermal power
plants (TPPs), which allows for the simultaneous resolution of resource conservation and
environmental safety issues. According to statistics, approximately 1.9 million tons of ash and slag
are processed annually in Kazakhstan, accounting for less than 8% of the total amount generated. The
Committee for Environmental Regulation and Control of the Ministry of Ecology and Natural
Resources of the Republic of Kazakhstan estimates that over 17 million tons of ash are sent to ash
dumps each year. Projections indicate that without large-scale utilization, the total volume of
accumulated ash and slag could reach 1 billion tons by 2030.

Against this backdrop, the scientific and practical importance of developing technologies for
processing ash and slag as a component of forming masses for construction ceramics is increasing.
Among the fundamental works dedicated to this area, it is worth noting the monograph by S. Zh.
Saibulatov, S. T. Suleimenov, and A. V. Ralko titled «Ash-Ceramic Wall Materials» (Saibulatov
et.al., 1982), which provides a detailed examination of the mechanisms of mineral formation, phase
transformations, and strength characteristics of products based on ash and clay.

2 LITERATURE REVIEW

A number of works by Russian and Kazakh researchers confirm the applicability of ash and
slag waste (ASW) as a plasticizing and fluxing additive that improves the technological properties of
ceramic masses (Nemushchenko et.al., 2024; Malchik et. al., 2016; Vatin et.al., 2016).

Using the example of ash and slag from the Tolyiatti Thermal Power Plant, their ability to
correct the plasticity and thermal resistance of ceramic mixtures was established (Safronov et.al.,
2021). Other studies (Abdrakhimov, 2019; Gostev & Karagulov, 2020; Abdullaeva & Takibaeva.,
2024; Aleksandrova & Korchevenkov, 2017) demonstrated the possibility of producing solid M150
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bricks with the addition of up to 25% ASW, as well as a reduction in energy costs for drying and
firing processes.

Industrial examples have also been implemented in Kazakhstan: at Pavlodar brick factory No.
3, the addition of 12-15% ash and slag from TPP-1 helped eliminate shrinkage and cracking of the
clay mass, increase strength, and improve the geometry of products (Lazareva & Kulikova, 2016).
Ash and slag from the Ekibastuz GRES-1, containing up to 25.7% AlO3 and SiO; were successfully
used, demonstrating strength up to 17 MPa when fired at 1000-1050° C (Akhmedyanov et.al., 2015).

In addition, the formulations developed in the Pavlodar region with the participation of ASW
confirm the industrial applicability of this approach (Aryngazin et.al., 2022; Shaimerdenov &
Shukurov, 2024; Vyshar et.al., 2023; Aldungarova et.al., 2021).

Additional research once again confirms the expediency of using ash and slag waste from
thermal power plants in the production of ceramics. A comprehensive assessment of the ASW
composition revealed the presence of reactive aluminosilicate microspheres, which improved water
retention capacity and enhanced the physical-mechanical properties of mineral-based materials
(Kosivtsov et al., 2021). A modern approach to incorporating ash and slag waste into ceramic
technology was demonstrated in a study focusing on three-component mixtures composed of
aluminosilicate loams, ASW from thermal power plants, and fluxing additives such as cullet and silica
gel. These additives enhanced mineral formation during firing, reduced the required heat treatment
temperature, and increasing mechanical strength compared to binary compositions (loam + ASW)
(Gur'eva & Doroshin, 2024).

3 MATERIALS AND METHODS

X-ray fluorescence (XRF) analysis was conducted using a Bruker spectrometer S2 Puma, and
identification and quantification of crystalline phases using X-ray diffraction (XRD) on a Bruker
diffractometer D6 PHASER. Both instruments are calibrated according to the manufacturer’s
standards and certified references, ensuring metrological traceability and high data reproducibility.

In the case of XRF, the pressed tablet or fused bead method was used, depending on the nature
of the sample. For finely dispersed samples, pressing with an inert binder under a pressure of 20 t/cm?
was applied (ASTM C114-23, ASTM E1621-13). Calibration was performed using CRM/ERM
standards with expected concentration ranges. Spectrum recording was performed at 50 kV — 50 mA
(Rh tube), collimator — 0.5 mm; calculation — by fundamental regression with peak overlap correction
and verification using internal control samples (RSD < 2 %)).

Samples for XRD were ground to < 63 pm in a planetary mill, ensuring random packing. Bragg-
Brentano geometry was used with Cu Ko tube (A =1.5406 A), 40 kV — 40 Ma, slit — 0.6 mm, graphite
monochromator. Scanning parameters: 5° —70° 26, step 0.02, 1 s/step. Qualitative phase analysis was
carried out according to the ICDD database PDF 4+ (2025).

Quality control included repeated measurements every 10 samples, laboratory blanks, and daily
adjustments. This allowed keeping RSD below 0.5% for major elements (XRF) and < 1 % for peak
intensities (XRD).

Figure 1 shows the ash and slag waste used at the Pavlodar TPP-3 and clay from the Pavlodar
deposit.
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Figure 1 — The studied ash and slag waste and clay [author’s material].

4 RESULTS AND DISCUSSION

This study aims to assess the suitability of ash and slag waste from the Pavlodar region thermal
power plant for the production of building ceramics. The efficiency of ash and slag use is determined
by their compliance with the physical and chemical requirements for clay raw materials: dispersion,
phase composition, oxide, and impurity content.

Ash and slag from thermal power plants are a finely dispersed gray material consisting of
microspheres and angular particles. According to the data of the reclamation project for the ash dump
of thermal power plant 2, up to 88% of the particles are 0.25-0.01 mm in size, which provides
favourable conditions for the formation of a dense ceramic structure.

The composition of Ekibastuz ash and slag is represented by aluminosilicates, including
mullite, quartz, hematite, and magnetite. Chemically, the oxides SiO2, Al.Os, Fe.Os, CaO, MgO, and
TiO: predominate.

The established characteristics confirm the potential applicability of ash and slag from TPP-3
as a functional component in the composition of clay raw materials for building ceramics.

X-ray fluorescence (XRF) analysis allowed determining the mass fraction of the main oxides
in the studied samples: ash and slag from Pavlodar TPP-3 (Sample 1) and natural clay from the
Pavlodar deposit (Sample 2).

Ash and slag are dominated by SiO2 (61.19%) and ALOs (18.61%), which determines their
aluminosilicate nature. A significant content of Fe2Os (14.49%), as well as fluxing oxides K-O, CaO,
MgO, in total exceeds 10%, which makes it an effective component for lowering the sintering
temperature.

The clay is characterized by a higher content of Al-Os (28.39%) and Fe:Os (26.88%), with a
comparatively moderate proportion of SiO2 (51.08%), which contributes to its tendency for intense
coloration and the formation of a dense ceramic body at firing temperatures of 1100-1200 °C. The
comparative oxide composition of ash and clay is presented in Table 1.

Table 1
Comparative oxide composition of the studied samples [author’s material]
Name of the raw Oxide composition, mass %
material SiOz A1203 F6203 CaO MgO Na20 TiOz Kzo SO3
component
Clay 51.08 28.39 14.32 2.9 0.9 0.02 1.32 0.48 0.19
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ASW of TPP-3 61.19 18.61 7.64 3.86 3.46 0.09 0.95 3.36 0.4

The chemical characteristics of the ash-slag waste allow it to be considered both as a fluxing
and structural additive. The high content of fluxing components (K20, CaO, MgO) ensures a
reduction in the initial sintering temperature, while Al-Os and SiO: provide structural stability under
thermal exposure. The presence of Fe2Os contributes to the formation of an intense coloration.

The clay belongs to high-alumina, red-firing masses. The high concentration of Al.Os ensures
thermal resistance and shape stability during firing. The increased Fe2Os content determines the
characteristic dark-red coloration of the products. The combined data indicate the feasibility of
blending ash-slag waste with clay to optimize the recipe of the ceramic mass.

X-ray phase analysis, performed in the 20 range from 5° to 70°, made it possible to determine
the mineral composition of the studied samples — ash and slag as shown in Figure 2 and clay as shown
in Figure 3.

COMMANDER Sample ID (Coupled TwoTheta/Theta)

5,000~

4,000+

2,000

Counts

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Figure 2 — Diffractogram of ash and slag from TPP-3 in Pavlodar region [author’s material].

The ash-slag sample is characterized by an intense peak around 26.6° 20, which corresponds to
the main reflection of quartz (SiO2). Additionally, reflections corresponding to mullite (AlsSi2O13)
and anorthite (CaAl.Si-Os) were identified. The presence of a broad background in the range of 15—
35° indicates the existence of an amorphous glassy phase. Secondary peaks may be associated with
hematite (Fe20s) and rutile (TiO2), which supports the chemical analysis data regarding Fe and Ti
content.

The clay sample contains phase components typical of clay raw materials: kaolinite (peaks at
~12.3°, ~24.9°, ~38.5°), illite/muscovite (peaks at ~8—10°, ~17-20° ~26°), as well as feldspars
(orthoclase, microcline, albite) in the 28-31° 26 range. The presence of hematite is confirmed by
peaks in the 33-35° and ~54° ranges. An intense quartz peak (~26.6°) also dominates, indicating a
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significant content. The amorphous component, expressed by a broad background, is characteristic
of fine-grained phases and poorly ordered silicates.

COMMANDER Sample ID (Coupled TwoTheta/Theta)

4,000

° T T T T T T T
10 20 30 40 50 €0 T0 80
2Theta (Coupled TwoTheta/Theta) WL=1.54060
Figure 3 — Diffractogram of clay from the Pavlodar deposit
5 CONCLUSIONS

Based on the research results, the following conclusions can be drawn:

1. The chemical and phase analyses have confirmed that ASW from thermal power plants can
be effectively used as a functional additive to clay raw materials for the production of building
ceramics.

2. The presence of fluxing oxides (K2O, CaO, MgO) and amorphous glassy phases in the ASW
facilitates low-temperature sintering, while aluminosilicates (SiO2, A,O3) provide structural integrity
and thermal resistance of the ceramic body.

3. The studied ash and slag from the Pavlodar TPP-3 are compatible with the high-alumina red-
firing clays from the Pavlodar deposit, supporting the formation of dense, thermally stable ceramic
materials.

4. The use of ASW in ceramic formulations reduces energy consumption during firing and
contributes to cost saving in ceramic production.

5. Incorporating ASW into building ceramics promotes environmental sustainability by
reducing the volume of industrial waste and mitigating its environmental impact, while
simultaneously expanding the raw material base.

Further research should be aimed at optimizing the composition of ceramic products by

selecting an effective ratios of ash and slag waste.

133



QazBSQA Xatapusbicbl. Ne2 (96), 2025. KypbLibic

10.

I1.

12.

13.

REFERENCES

Saibulatov, S. Zh., Suleimenov, S. T., Ralko, A. V. (1982) Gold-ceramic wall materials
[Zolokeramicheskie stenovye materialy]. Alma Ata: Nauka Publ., 292 p. (In Russ.).
Nemushchenko, D. A., Larichkin, V. V., Muravyev, M. T., Neustroev, M. A. (2024)
Construction ceramics with high performance characteristics based on solid waste
[Stroitel’naya keramika s vysokimi ekspluatatsionnymi kharakteristikami na jsnjve tverdykh
otkhodov]. Vestnik RUDN (2), 136-154. https://doi.org/10.22363/2313-2310-2024-32-2-136-
154 (In Russ.).

Malchik, A. G., Litovkin, S. V., Rodionov, P.V., Kozik, V. V., Gaidamaka, M. A. (2016).
Analysis of the technology of using ash and slag waste from thermal power plants in the
production of building ceramics. IP Conference Series: Materials Science and Engineering, 127,
012024. https://doi.org/10.1088/1757-899X/127/1/012024

Vatin, N. 1., Petrosov, D. V., Kalacheyv, A. 1., Lakhtinen, P. (2011) The use of ash and ash and
slag waste in construction [Primenenie zol i zoloshlakovyh othodov v stroitel'stve] Magazine
of Civil Engineering, (4), 16-21. https://doi.org/10.5862/MCE.22.2 (In Russ.).

Safronov, A. I. & Safronova, S. A. (2021) Investigation of ash and slag materials of the Tolyatti
thermal power plant for the production of ceramic bricks [Issledovaniya zoloshlakovykh
materialov Tolyattinskoy TETs dlya proizvodstva keramicheskogo kirpicha]. Coal, June. 44-
48. (In Russ.).

Abdrakhimov, V. Z. (2019) The use of ash and slag material and nanotechnogenic carbonate
sludge in the production of bricks based on beidellite clay [Ispol'zovanie zoloshlakovogo
materiala 1 nanotekhnogennogo karbonatnogo shlama v proizvodstve kirpicha na osnove
bejdellitovoj gliny] Construction and reconstruction (2), 81-89. (In Russ.).

Gostev, A. V. & Karagulov, A. K. (2020) The use of ash and slag waste from thermal power
plants and montmorillonite clay in the production of ceramic bricks [Ispol'zovanie
zoloshlakovyh othodov TEC i montmorillonitovoj gliny v proizvodstve keramicheskogo
kirpicha]. Bulletin of KazNTU (3), 85-92. (In Russ.).

Abdullayeva, A. & Takibayeva A.T. (2024). Integrated utilization of ash and slag waste from
thermal power plants in the Karaganda region [Kompleksnaya utilizaciya zoloshlakovyh
othodov TEC Karagandinskogo regiona]. East-West (4), 17-26. (In Russ.).

Aleksandrova, T. & Korchevenkov, S. (2017) Ecological and technological aspects of ash and
slag wastes utilization. Journal of Ecological Engineering, 18 (4), 15-24.
https://doi.org/10.12911/22998993/74363

Lazareva, T. L., Kulikova, E. S. (2016) Investigation of the influence of industrial waste on
the properties of wall ceramics [Issledovanie vliyaniya othodov promyshlennosti na svojstva
stenovoj keramiki]. Technical sciences — from theory to practice, (2). 135-138. (In Russ.).
Akhmedyanov, A. U., Kirgizbayeva, K. Zh., Turekhanova, G. 1. (2015) The potential of ash
and slag from Ekibastuzskaya GRES-1 as a raw material for ceramics [Potencial zoloshlakov
Ekibastuzskoj GRES-1 kak syr'ya dlya keramiki]. Materials of the scientific seminar, Almaty:
KazNTU. (In Russ.).

Aryngazin, K. Sh., Zhulasheva, M., Abisheva, A., Takirova, A., Aligozhina, D. (2022)
Features of the production of cement asphalt concrete using fuel ash. Technobius, 2(1), 0012
https://doi.org/10.54355/tbus/2.1.2022.0012

Shaimerdenov, K. S., Shukurov, K. S. The experience of using industrial waste from Pavlodar
region for the production of building materials [Opyt ispol'’zovaniya promyshlennyh othodov

134


https://doi.org/10.22363/2313-2310-2024-32-2-136-154
https://doi.org/10.22363/2313-2310-2024-32-2-136-154
https://doi.org/10.1088/1757-899X/127/1/012024
https://doi.org/10.5862/MCE.22.2
https://doi.org/10.12911/22998993/74363
https://doi.org/10.54355/tbus/2.1.2022.0012

QazBSQA Xatapusbicbl. Ne2 (96), 2025. KypbLibic

14.

15.

16

17.

Pavlodarskoj oblasti dlya proizvodstva stroitel'nyh materialov].
https://do1.org/10.13140/RG.2.2.12932.83844 (In Russ.).

Vyshar, O., Stolboushkin, A., Rakhimova, G., Stanevich, V., Rakhimov M. (2023) Study of
the properties of overburdened rocks from coal mining: overburden — as a raw material in the
production of ceramic bricks. International Journal of GEOMATE, 25(107), 86-94.
https://doi.org/10.21660/2023.107.3771 .

Aldungarova, A., Aryngazin, K., Larichkin, V., Abisheva, A., Alibekova, K. (2021). Modern
trends in the development of the construction industry in the production of building materials.
Technobius, 1(3), Article 0003, https://doi.org/10.54355/tbus/1.3.2021.0003

Kosivtsov, Y., Chalov, K., Sulman, M., Lugovoy, Y., Novichenkova, T., Petropavlovskaya,
V., Gadzhiey, S., Popel, O. (2021). Use of ash and slag waste from thermal power plants as an
active component of building materials. Chemical Engineering Transactions, 2021, 88, 337-
342. https://doi.org/10.3303/CET2188056

Gur'eva, V., Doroshin A. (2024). Preparation of ceramic press powder based on
aluminosilicate clay raw materials and ash and sag waste from thermal power plants synthesized
by vitreous microspheres. Construction Materials, 4), 27-31.
https://doi.org/10.3303/CET2188056

135


https://doi.org/10.13140/RG.2.2.12932.83844
https://doi.org/10.21660/2023.107.3771
https://doi.org/10.54355/tbus/1.3.2021.0003
https://doi.org/10.3303/CET2188056
https://doi.org/10.3303/CET2188056

