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Abstract. The purpose of this study was to investigate the technology of granular ceramic aggregate based on clay of 
Atyrau deposit, with a focus on improving the mechanical and thermal properties of concrete to achieve best efficiency 
and sustainability in construction. The methods employed in this study included chemical analysis, X-ray phase analysis, 
electron microscopy. Using these methods, the physical-mechanical and chemical-mineralogical characteristics of the 
ceramic aggregate were determined. The study presents solutions to the problem of providing the construction industry 
of the West Kazakhstan region. It highlighted the key characteristics of the material, its structural features, and its 
effect on concrete properties. The study presented the errors occurring during the application of granular ceramic 
aggregate technology and identified the reasons for their occurrence. The functioning of the technology was analysed, 
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N. Bekkaliev et al. (2021) focus on the problems associ-
ated with the shortage and excessive cost of crushed stone 
used in construction, especially in reinforced concrete struc-
tures and road construction. To solve this problem, it is pro-
posed to use road construction expanded clay aggregate, a 
material based on clay processing, which can replace crushed 
stone and be used as a thermal insulation material (Tassy-
bekov  et al.,  2020). The authors also propose to integrate 
industrial wastes such as metallurgical slags and ashes from 
combined heat and power plants (CHP) into the production 
of road construction expanded clay aggregate. This study 
did not investigate the effect of proportions of industrial 
wastes such as ash from CHP on the physical and mechani-
cal properties of road construction expanded clay aggregate.

Ye.  Ryltsev  (2017) presented a method of production 
of ceramic porous aggregate using oil sludge addition to 
montmorillonite clay. This not only improves the quality 
of the aggregate, but also contributes to the utilisation of 
waste and the replenishment of the raw material base with 
new materials (Khrystych, 2023). The economic benefit of 
this method is the reduction of raw material and production 
process costs (Astakhova & Astakhov, 2024). This study did 
not investigate in detail the effect of oil sludge additive on 
the environmental resistance and environmental sustain-
ability of ceramic aggregate. A. Hotovkin (2023) conducted 
experiments to create expanded clay by introducing loess-
like loams into bentonite clays. The results demonstrate the 
transition of loams from non-swelling to medium-swell-
ing clays. Increasing the content of bentonite clay from 
20 to 50% was accompanied by a decrease in the average 
density of samples and an increase in granule strength by 
2.5-3 times. This study did not analyse the effect of differ-
ent proportions of components on the structural features 
of expanded clay, such as its porosity and granule shape.

The purpose of this study was to comprehensively an-
alyse the influence of a range of factors such as heat treat-
ment temperature, structure changes, industrial waste 
proportions, on the properties of ceramic aggregate, con-
sidering its physical and mechanical characteristics. The 
objectives of this study were to analyse the physical and 
chemical properties of clay from the above-mentioned de-
posit, including mineral composition and particle struc-
ture, to develop and optimise granulation technology for 
the production of ceramic aggregate, and to evaluate the 
effect of aggregate on the mechanical properties of con-
crete and its stability.

INTRODUCTION
The study of granular ceramic aggregate technology for 
clay-based concrete represents an essential stage in the 
development of the construction industry. This is condi-
tioned by the potential improvement in the mechanical 
properties of concrete. The use of clay as an aggregate 
brings environmental sustainability, reducing depend-
ence on artificial materials. Alumina (a key component 
of clay) may be available and cheaper than conventional 
building materials. The unique properties of clay, such 
as good thermal and acoustic insulation, offer opportu-
nities for creating energy efficient buildings and improv-
ing living conditions. Research into this subject can lead 
to the development of new materials and construction 
methods, contributing to the continuous improvement 
of the industry.

The problematic of researching the technology of 
granular ceramic aggregate for clay-based concrete lies in 
the need to determine the best method of creation and im-
plementation of this material in the construction sphere 
(Kolesnikova et al., 2023). Researchers face challenges such 
as determining suitable physico-chemical characteristics 
of clay, developing an efficient granulation technology, 
analysing the effect of aggregate on concrete properties, 
and assessing the economic and environmental feasibility 
of the technology.

According to S.  Montayev & M.  Ryskaliev  (2020), ce-
ramic porous aggregates, which are natural or artificial 
porous stone materials with a bulk density not exceeding 
1,200  kg/m3, find application in modern construction in 
the creation of lightweight concrete. These lightweight 
aggregates are usually produced by thermal treatment of 
the clay raw material, followed by screening or crushing 
and subsequent grading. Ceramic materials have thus been 
successfully introduced into concrete production, occupy-
ing their specialised niche (Kutsenko & Kutsenko,  2022). 
This study did not investigate the effect of different heat 
treatment temperatures of clay raw materials on the prop-
erties of ceramic porous aggregates. S. Montayev & D. Ma-
jit  (2021) propose a simplified technology to produce ce-
ramic aggregate with low bulk density. The essence of the 
method is thermal treatment of clay shale at a temperature 
impact of 700-800°C,which leads to cracking of grains and 
reduction of bulk density by 1.5 times compared to conven-
tional methods. This study did not investigate the effect of 
changes in the structure of ceramic aggregate on its me-
chanical properties.

which is critical for determining its efficiency, its potential for development, and for identifying possible improvements 
in the operation of the respective industries. The evaluation of the performance of concrete with granular ceramic 
aggregate, the rationale for the use of this material, the limitations in use, and the impact of these limitations on the 
quality of the final product were discussed. The study proposed recommendations aimed at optimising the application 
process of granular ceramic aggregate, improving the reliability of concrete, and considering a range of factors affecting 
production and operational aspects

Keywords: construction; natural resources; exploitation; component; engineering system
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MATERIALS AND METHODS
The study of granular ceramic aggregate technology was 
conducted using various methods. Functional method in 
the study of this topic contributed to a more profound un-
derstanding of the properties of clay Atyrau deposit and 
optimise its use in the technology of granular ceramic ag-
gregate for concrete. The synthesis method helped to form 
the best material composition and improve its properties 
to increase the strength and stability of concretes; to high-
light key findings, draw general conclusions, and generalise 
the findings. The systematisation method helped in organ-
ising the data, identifying relationships and creating a uni-
fied model for better learning and optimising the material. 
The comparison method in the study helped in identifying 
the most effective technology options, determining the 
best parameters and selecting the best solutions to create 
a quality and competitive material. The chemical analysis 
method helped to determine the composition of the raw 
materials, identify interactions between components, and 
control the quality of the material produced, thus improv-
ing production efficiency and ensuring compliance with 
standards. The method of X-ray phase analysis in the study 
contributed to the identification of crystalline phases in 
the material, determination of structural characteristics 
and phase composition, which is key to understanding the 
formation of the material structure and its properties. The 
electron microscopy method facilitated visual analysis of 
the microstructure of the material, revealing its morpho-
logical features, particle sizes, and distribution of compo-
nents, and provided a detailed understanding of the inter-
nal structure of the aggregate.

The study of granular ceramic aggregate for clay-based 
concrete was carried out in Zhangir Khan West Kazakhstan 
Agricultural University. Loam from Atyrau deposit was se-
lected as the main raw material, while ash from Ekibastuz 
State District Power Plant (SDPP) was used as a modifying 
component (Fig. 1).

Kazakhstan (ST RK) No. 992-96 (1996) were used to evalu-
ate their properties in laboratory conditions. After trans-
porting the ash and clay samples, analyses were carried 
out to determine their physical and mechanical properties 
and chemical and mineralogical composition. Firstly, the 
raw materials were dried in an electric desiccator at 70-
80°C until a final moisture content of 5-7% was achieved. 
The dried clay components were then pulverised in a lab-
oratory ball mill until they passed through a sieve with 
1 mm aperture size. The obtained powdered raw materials 
were dosed using electronic scales and transferred into a 
metal spherical bowl for further mixing with water. Initial-
ly, the raw materials were mixed in a spherical bowl un-
til a homogeneous texture was obtained. Then water was 
added to the obtained mixture in the volume of 20-28% of 
the weight of dry material. After the introduction of water, 
the raw material mixture was subjected to stirring until a 
homogeneous ceramic mass was obtained. This mass was 
used to produce pellets of different sizes: 5-10  mm, 10-
20 mm, 20-40 mm. The formed pellets were then subjected 
to drying in a desiccator at 70-80°C until constant weight 
was achieved. After drying, the pellets underwent a firing 
process in a rotary kiln at 1,000°C. After firing, the pellets 
were tested for physical and mechanical properties. The 
samples obtained after firing were thoroughly calcined 
granules coloured light red.

These studies were carried out to assess the suitability 
of raw materials for the production of ceramic aggregate 
(expanded clay aggregate for road construction) and ce-
ramic paving stones. X-ray phase analysis was carried out 
on a DRON-3 diffractometer using SiCa radiation in the an-
gle range of 80-640, with a method sensitivity of 1-2%. Clay 
powders passed through a 0.315 sieve were subjected to 
X-ray phase analysis. Chemical and mineralogical compo-
sition of the raw components under study was determined 
using scanning electron microscope JSM-6390LV with en-
ergy-dispersive microanalysis system, X’Pert PRO MPD 
X-ray diffractometer and inductively coupled plasma mass 
spectrometer ICP-MS Agilent 7500cx from JEOL, Japan.

The methods employed made it possible to determine 
the physical and mechanical characteristics, chemical 
composition and structure of the materials, which is im-
portant for assessing their suitability in the technology of 
production of ceramic materials. This comprehensive study 
has contributed to a better understanding of the properties 
of the raw material components and the optimisation of 
the technological processes in the production of granular 
ceramic aggregate.

RESULTS
To provide high quality building materials and improve 
the performance of concrete mixtures, clay-based granular 
ceramic aggregate technology is being actively developed. 
This innovative process involves the use of specially treat-
ed clay as the main component to create granules that are 
subsequently incorporated into concrete (Moreno-Maro-
to et al., 2023).

Figure 1. Ekibastuz State District Power Plant
Source: compiled by the authors

Clay samples were taken directly from the quarry and 
standards including the State Standard of the Republic of 
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The study of clay of Atyrau deposit revealed a range 
of characteristics that determine its properties. Chizh-
sky drying sensitivity coefficient (Cd): the estimation 
of this parameter is within 63-66. The drying sensitiv-
ity coefficient is an index reflecting the change in the 
volume of clay material during drying and allowing to 
judge its plasticity and moulding ability (Bandura  et 
al.,  2024). These studies indicate a plasticity num-
ber of 10-11. The plasticity number is a measure of the 
plasticity of clay and is defined as the difference be-
tween the yield strength and the compressive strength 

(Lotero  et al.,  2021; Shumakov  et al.,  2024). The range 
of average clay density values is 1,210-1,240  kg/m3.  
Average density is a measure of the mass of clay material 
in a unit volume (Ghonaim & Morsy, 2023). Chemical and 
mineralogical composition: clay of Atyrau deposit dif-
fers by absence of montmorillonite component. Instead, 
mixed-layer formations with hydrous mica and kaolinite 
are present. This indicates the composition of the clay 
and its mineral composition (Mahmoodi et al., 2023). Dif-
ferent ones have been found in clay, each characterised 
by its lattice parameters (d/n) (Table 1).

Table 1. Lattice parameters of crystalline phases of Atyrau deposit

Quartz Feldspar Calcite Hematite

d/n = 4.23·10-10 m
d/n = 3.18·10-10 m

d/n = 3.02·10-10 m d/n = 1.839·10-10 m

d/n = 3.34·10-10 m d/n = 2.018·10-10 m d/n = 1.686·10-10 m

d/n = 1.974·10-10 m

d/n = 2.286·10-10 m d/n = 1.912·10-10 m d/n = 1.590·10-10 md/n = 1.813·10-10 m

d/n = 1.538·10-10 m

Source: B. Kanagaraj et al. (2023)

These data provide information on the structure and 
composition of the crystalline components of clay, which 
can be vital for understanding its properties and potential 
applications in various fields. The Atyrau loam data include 

high-resolution images of the clay microstructure (Fig. 2), 
showing particle morphology, structural features, and par-
ticle sizes. The clay of the sample under study is character-
ised by a certain chemical composition (Table 2).

Figure 2. Scanning electron microscopy image of Atyrau loam
Source: compiled by the authors

Element %

oxygen (O) 52.79

sodium (Na) 0.96

magnesium (Mg) 2.15

aluminium (Al) 7.58

silicon (Si) 18.62

sulphur (S) 0.23

chlorine (Cl) 0.64

potassium (K) 1.92

calcium (Ca) 9.84

titanium (Ti) 0.28

iron (Fe) 5

Table 2. Weight percentages of the elements of the clay sample under study

Source: compiled by the authors



166

Technology of granulated ceramic aggregate...

Architectural Studies, 10(2)

These data provide information on the chemical 
composition of clay, which is a key aspect when inves-
tigating its properties and possible applications in var-
ious fields including construction, ceramics, and oth-
er industries. As a result of scientific and experimental 
studies, the main physical and mechanical character-
istics of ash were determined. The particle size anal-
ysis of ashes shows the content of different fractions 
depending on the particle size. Particles larger than 
0.25  mm represent 5.98%, while particles within 0.05-
0.01  mm are represented by a fraction of 43.07%. The 

specific surface area of ash, a significant parameter, 
indicates the surface of its particles and ranges within 
3,200-3,700  g/cm2. The true density of ash, which re-
flects its mass per unit volume, is within 1.75-1.84 g/cm3.  
Bulk density, which is the mass of ash per unit volume 
when bulked, ranges within 675-740 kg/m3. The data on 
the chemical composition of the ash (Table 3), which in-
cludes significant amounts of silica, aluminium oxide, 
calcium, are essential for determining the characteristics 
of the ash, its properties, and possible applications such 
as construction, cement, or other building materials.

Name of raw 
material

Oxide content, wt. %

SiO2 Al2O3 TiO2 CaO MgO Fe2O3 P2O5 F SO3 CO2 Na2O K2O para

Ekibastuz SDPP ash 57.7 24.5 - 1.1 1 4.1 - - 0.13 - 1.57 - 8.7

Table 3. Chemical composition of ashes obtained from Ekibastuz SDPP

Source: compiled by the authors

Each of the chemical elements in the composition 
of Ekibastuz SDPP ash can influence the production  

technology of granular ceramic aggregate for clay-based 
concrete (Table 4).

Element Influence

SiO2 (silica) Affects strength and stability. Supports the formation of strong structures 
in ceramics.

Al2O3 (aluminium oxide) Takes part in the formation of crystal structures, affecting mechanical 
properties. May also affect colour and thermal stability.

CaO (calcium oxide) Can serve as a binder and improve the properties of ceramic material. 
Affects strength and stability.

MgO (magnesium oxide) Affects mechanical properties and thermal stability. Can be used to 
regulate rheological characteristics.

Fe2O3 (iron oxide) May affect the colour range and structure of the material. A small amount 
can be positive for mechanical properties.

Na2O and K2O (sodium and potassium oxides) Affect the chemical and physical properties of clay, can activate the ash 
binder.

P2O5 (phosphorus oxide), SO3 (sulphur oxide), F (fluorine) May affect glass transition properties and improve material strength.

CO2 (carbon dioxide) Affects carbonisation characteristics, which may be essential in the firing 
process.

Table 4. Influence of elements on material properties

Source: compiled by the authors

These elements can be adjusted in the granular ce-
ramic aggregate production technology to achieve best 
properties for clay-based concretes (Lu et al., 2023). The 
research area related to the development of ceramic com-
position for the creation of ceramic aggregate (expand-
ed clay aggregate for road construction) and ceramic 
paving stones is defined by the maximum permissible  

concentrations of the components expressed in per cent 
by mass. In this area of research, the concentration limit 
ranges were established as follows: loam from Atyrau de-
posit – from 70 to 90%, and Ekibastuz SDPP ash – from 
10 to 30%. Three different ceramic compositions were 
considered and each of them is characterised by certain 
percentages of raw materials (Table 5).

No. of 
structure Bulk density, kg/m3 Compressive strength, MPa Water absorption, % Heat transfer coefficient, 

W/mK

1 1,230 8.7 26.4 0.41

2 970 9.3 31.1 0.28

3 860 12.8 34.4 0.21

Table 5. Characteristics of ceramic compositions

Notes: firing temperature – 1,000°С
Source: compiled by the authors
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During the analysis of changes in physical and me-
chanical properties of experimental samples depending on 
the composition of raw materials the following regularities 
were revealed: introduction of ash from Ekibastuz SDPP 
within 10-30% leads to an increase in the strength char-
acteristics of samples of expanded clay aggregate for road 
construction. When fired at 1,000°С, an increase in strength 
of up to 12.8 MPa is noted. While the average density of the 
samples decreases, ranging within 860-1,230 kg/m3. These 
results of scientific and experimental studies also indicate 
the acceleration of sintering and crystallisation processes 
in ceramic masses with the addition of ash from Ekibas-
tuz SDPP (Cantero et al., 2021). From the results of X-ray 
phase analysis and electron microscopic analysis it follows 
that the samples contain the following crystalline phases: 
quartz, needle-shaped crystals of mullite, as well as melted 
grains of feldspar and hematite. There is an increase in the 

glassy phase content due to partial melting of clay minerals. 
The formation of crystalline and glassy phases at 1,000°С 
favours the formation of porous and robust microstructure 
of pellet samples. The change in the average density values 
of the samples is associated with the formation of porous 
structure due to the burnout of coal residues present in the 
ash. This conclusion is confirmed by analysing the micro-
structure of pellet samples made both without ash addition 
and with ash addition up to 30%. Samples produced with-
out the addition of ash have a dense structure with small 
micropores. Whereas the pellet samples with ash addition 
up to 30% exhibit a characteristic complex porous structure 
due to sintering. Based on the obtained findings, the devel-
opment of the technological scheme of production of ex-
panded clay aggregate for road construction based on clay 
rock processing with the use of corrective additives involves 
a detailed investigation of technological stages (Table 6).

Stage Description

Extraction  
and preparation

Search and study of clay rock deposits; assessment of clay raw material quality; laboratory analyses; 
extraction using mechanical or hydraulic methods; transport of clay raw material to the production site.

Sorting  
and classification Mechanical sorting and removal of impurities; classification of clay raw materials by particle size.

Addition of correcting 
agents

Adding corrective additives to the clay mass to correct chemical composition and improve properties; fine-
grained additives to improve the flowability of the mixture.

Mixing  
and moisturising

Mixing of clay mass with additives in special agitators; moistening of the mixture to achieve optimum 
consistency.

Moulding Pressing or extrusion of the mixture to create moulded products (slabs, tiles).
Drying Pre-drying of formed products at controlled temperature and humidity.

Roasting Subjecting products to firing in furnaces with a certain temperature and time regime to give strength and 
resistance to external influences.

Glazing (as required) Application of glaze on the surface of products to improve decorative and protective characteristics; 
additional firing step to fix the glaze.

Quality control Conducting tests for strength, water absorption, geometric dimensions, and other characteristics; rejecting 
products that do not meet standards.

Packaging and storage Packaging of finished products according to customer requirements; storage in warehousing conditions.

Shipment Organisation of transportation and shipment of expanded clay aggregate for road construction to 
customers or construction sites.

Environmental measures Implementation of waste recycling and reuse system; compliance with environmental protection standards.

Table 6. Technological stages of ceramic production

Source: compiled by the authors

It is vital to emphasise that the specific processes and 
parameters will depend on the specifications of the clay 
raw material, the requirements of the expanded clay and 
the corrective additives used. In addition, local standards 
and regulations should be considered when designing the 
process flow diagram.

DISCUSSION
As a result of the study of clay from the Atyrau deposit 
in Western Kazakhstan, it was found that these materials 
are suitable to produce granular sintered ceramic aggre-
gate for concrete. The use of large tonnage secondary re-
sources such as Ekibastuz SDPP ash improves the physical, 
mechanical, and technological properties of ceramic ag-
gregates. X-ray diffraction and electron microscopic anal-
yses showed the presence of crystalline phases including 
quartz, mullite, feldspar, and hematite, and an increase in 

glass phase content when the clay minerals were melted 
at 1,000°C. This favours the development of a porous and 
durable microstructure of the granules. The use of Ekibas-
tuz SDPP ash in the ceramic mass also favourably affects 
the thermal conductivity of the sintered ceramic material, 
which can increase energy efficiency in the construction of 
buildings and structures.

N.T. Sithole & T. Mashifana (2020) analysed the crystal 
phases of clay samples using X-ray diffraction. X-ray mi-
croanalysers were used to determine the lattice parameters 
of quartz, feldspar, calcite, and hematite. The findings of 
the researchers were as follows: quartz – d/n = 4.05·10-10 m, 
feldspar – d/n = 3.42·10-10 m, calcite – d/n = 3.10·10-10 m, he-
matite – d/n = 1.75·10-10 m. Lattice parameters of crystalline 
phases of clay from the study of N.T. Sithole & T. Mashifa-
na (2020) and Atyrau deposits have differences. Quartz and 
calcite have larger lattice parameters compared to clay 
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from the Atyrau deposit, while feldspar and hematite have 
finer lattice parameters. These differences may indicate 
different formation conditions and history of these clays, 
which requires further geological investigation to fully 
understand their origin and properties. Additional stud-
ies may include analyses of impurities, sample formation 
conditions, and the effect of temperature and pressure on 
lattice parameters.

G. Bumanis et al. (2022) investigated the chemical com-
position of oil shale, because its strength makes it an ide-
al material for wall cladding, flooring, and other building 
elements. The researchers provided weight percentages of 
the following elements: oxygen (O) – 48.2%, sodium (Na) – 
1.15%, magnesium (Mg) – 2.8%, aluminium (Al) – 6.4%, sil-
icon (Si) – 22.1%, sulphur (S) – 1.05%, chlorine (Cl) – 0.75%, 
potassium (K) – 1.5%, calcium (Ca) – 10.2%, titanium (Ti) – 
0.4%, iron (Fe) – 6.55%. Slate has a higher silicon content, 
which may have a positive effect on its hardness and re-
sistance to high temperatures (Kruglov et al., 2023). On the 
other hand, clay is distinguished by its higher aluminium 
content, which may give it increased ductility and ability to 
form ceramic products. The high iron content of oil shale 
can give it a distinctive colour and affect its strength prop-
erties (Nguyen,  2023; Nenastina  et al.,  2024). Apart from 
chemical analysis, studies may include physical properties 
(ductility, hardness), thermal properties (heat capacity), 
structural studies (X-ray diffraction analysis), mechanical 
properties (strength), environmental aspects (environ-
mental stability) and technological capabilities (processing 
processes, compatibility with other materials).

L.  Jones & R.  Urbano Gutiérrez  (2023) investigated 
the properties of granite, as it is widely used for facing 
facades of buildings, laying tiles, creating countertops, as 
well as for the construction of bridges, roads, and other 
infrastructural objects due to its strength, resistance to 
wear and tear, and aesthetic appearance. The researchers 
performed a chemical analysis which showed the following 
results: oxygen (O) – 60.32%, sodium (Na) – 3.1%, magne-
sium (Mg) – 0.78%, aluminium (Al) – 10.15%, silicon (Si) – 
20.85%, sulphur (S) – 0.23%, chlorine (Cl) – 0.45%, potassi-
um (K) – 2.6%, calcium (Ca) – 1.92%, titanium (Ti) – 0.4%, 
iron (Fe) – 2.3%. Both granite and clay samples contain 
oxygen (O) and silicon (Si) in appreciable amounts. The 
presence of aluminium (Al) in both samples, but in dif-
ferent concentrations, which may affect their mechanical 
properties. Granite contains a high percentage of oxygen 
and aluminium, which is inherent in granitic rocks that 
are often used in construction (Linchenko  et al.,  2022). 
Clay has higher iron (Fe) and calcium (Ca) content, which 
makes it more suitable for ceramic industry (Soralump et 
al., 2023). Additionally, the geological origin, mineralog-
ical composition, moisture absorption, electrical proper-
ties, biological effects, development of new compositions 
and evaluation of the economic viability of clay and gran-
ite can be investigated.

N.P. Martins  et al.  (2021) conducted a study on sed-
imentary clays. The particle size analysis shows that  

particles larger than 0.25 mm account for 8.50% and par-
ticles within 0.05-0.01  mm account for 38.20%. The spe-
cific surface area of clay ranges within 3,000-3,500 g/cm2. 
The true density ranges within 2-2.2  g/cm3 and the bulk 
density varies from 800 to 900 kg/m3. Comparative analy-
sis with ash results shows that clay has higher percentage 
of coarse particles (more than 0.25 mm) and less percent-
age of particles within 0.05-0.01 mm as compared to ash. 
The specific surface area of clay is also slightly less than 
that of ash. The true and bulk densities of clay exceed the 
corresponding values for ash. J. Migunthanna et al. (2022) 
investigated the chemical composition of ash obtained 
from coal fired power plant, because it can be effectively 
used as an additive for building materials which helps in 
improving the mechanical and thermal properties such as 
strength and stability. The results are presented as weight 
percentages of the following elements: SiO2 – 62%, Al2O3 – 
20.2%, TiO2 – 1.5%, CaO – 0.8%, MgO – 0.9%, Fe2O3 – 5.5%, 
P2O5 – 0.2%, F – 0.05%, SO3 – 0.3%, CO2 – 2.1%, Na2O – 1.1%, 
K2O – 4%. Comparative analysis of chemical composition of 
ash obtained from Ekibastuz SDPP and ash from coal-fired 
power plant (CFPP) revealed the following differences and 
similarities. Both sources have high SiO2 content, indicat-
ing a considerable presence of silicon in both ashes. CaO 
content is similar in both compositions, while MgO, Na2O, 
and K2O contents are almost absent. While Ekibastuz SDPP 
ash contains a higher percentage of Al2O3, CFPP ash has a 
higher Fe2O3 content. It is also noted that TiO2, P2O5, F, SO3, 
and CO2 are present only in CFPP ash, which may affect its 
properties and applications. These differences emphasise 
the need to consider the chemical composition of ash while 
evaluating its potential use in various industries, especially 
in the context of construction and material production.

G.S.  dos Reis  et al.  (2021) proposed a technological 
scheme for the production of ceramic tiles from clay and 
waste sludge from the ceramic industry. Extraction and 
preparation of raw materials, including prospecting and 
exploration, quality assessment, and laboratory analyses. 
Sorting and classification, including removal of impurities 
and classification of raw materials. Addition of enhancing 
additives such as hydrogen compounds to improve ductil-
ity. Mixing and moistening to achieve best mixture con-
sistency. Moulding through pressing or extrusion. Drying 
and subsequent firing in special kilns. Glazing and, if nec-
essary, re-firing to fix the glaze. Quality control including 
tests for strength, water absorption, and geometric di-
mensions. Customised packaging, storage, and dispatch. 
Environmental measures, including waste management 
systems and compliance with environmental standards, 
are also a significant step.

The discussion of clay-based granular ceramic aggre-
gate revealed the prospects for the use of this material in 
the construction industry. The discussion helped to empha-
sise its potential as a functional and effective component 
for concretes, with certain properties that contribute to 
improve the mechanical and environmental performance 
of construction materials. This material not only provides  
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opportunities for sustainable utilisation of natural re-
sources, but also ensures the stability and high strength of 
the final concrete structures.

CONCLUSIONS
The findings of the study of clay of Atyrau deposit con-
firm its suitability for use in the technology of granulated 
ceramic aggregate, which can improve the properties of 
concrete mixtures. Analysing the characteristics of clay, 
including its plasticity, crystalline structure and chemical 
composition, provides important information on potential 
applications in construction and industry. Ekibastuz SDPP 
ash was investigated for its fractional composition, specific 
surface area, true and bulk density.

Chemical analysis highlighted the high content of 
SiO2, Al2O3, and CaO, which makes this ash a promising 
component for granular ceramic aggregate in construc-
tion. Analysis of physical and mechanical properties of 
the obtained granules at three different compositions 
showed a significant influence of the proportions of loam 
and Ekibastuz SDPP ash on their density, strength, water 
absorption, and thermal conductivity. As a result of the 
conducted study of raw materials for granular ceramic ag-
gregate, the main stages of its production were identified. 
These steps include drying, grinding, dosing, mixing, gran-
ule formation, drying, and firing at high temperature. The 
physical and mechanical properties of the finished samples 
confirm the differences in the characteristics for the three 
different compositions, which reflects the influence of the  

percentage of loam and Ekibastuz SDPP ash on the final 
material properties. As a result of analysing the physical 
and mechanical properties of ceramic samples with the ad-
dition of Ekibastuz SDPP ash varying from 10 to 30%, it was 
found that the use of this additive increases the strength 
properties of samples of expanded clay aggregate for road 
construction after firing at 1,000°C. Therewith, the average 
density of the samples decreases, forming a porous struc-
ture, which indicates the processes of sintering and crys-
tallisation in ceramic masses when using ash.

The findings obtained show changes in the microstruc-
ture of the samples, reflecting the effect of the additive on 
the formation of porous and durable granule structure. Clay 
is favoured in construction because of its high plasticity, 
thermal insulation, environmental sustainability, and dec-
orative possibilities. Compared to slate and granite, clay 
offers ease of moulding, effective thermal insulation, natu-
ralness, and aesthetically pleasing design. Further research 
can be directed towards the optimisation of the production 
process of clay-based granular ceramic aggregate, analysis 
of its effect on the mechanical properties of concrete, and 
the search for new methods to improve the performance of 
concrete structures using this material.
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Технологія гранульованого керамічного заповнювача для бетона 
на основі глин Атирауського родовища Західного Казахстану
Анотація. Метою цього дослідження було вивчення технології гранульованого керамічного заповнювача на 
основі глини Атирауського родовища, з акцентом на поліпшення механічних і термічних властивостей бетону 
для досягнення найкращої ефективності та стійкості в будівництві. Методи, використані в цьому дослідженні, 
включали хімічний аналіз, рентгенофазовий аналіз, електронну мікроскопію. За допомогою цих методів були 
визначені фізико-механічні та хіміко-мінералогічні характеристики керамічного заповнювача. У дослідженні 
представлені шляхи вирішення проблеми забезпечення будівельної галузі Західно-Казахстанської області. 
Виділено ключові характеристики матеріалу, його структурні особливості та вплив на властивості бетону. У 
дослідженні представлені помилки, що виникають при застосуванні технології гранульованого керамічного 
заповнювача, і виявлені причини їх виникнення. Проаналізовано функціонування технології, що є критично 
важливим для визначення її ефективності, потенціалу для розвитку та виявлення можливих покращень у роботі 
відповідних галузей. Обговорено оцінку експлуатаційних характеристик бетону з гранульованим керамічним 
заповнювачем, обґрунтування застосування цього матеріалу, обмеження у використанні та вплив цих обмежень на 
якість кінцевого продукту. В результаті дослідження були запропоновані рекомендації, спрямовані на оптимізацію 
процесу застосування гранульованого керамічного заповнювача, підвищення надійності бетону та врахування 
низки факторів, що впливають на виробничі та експлуатаційні аспекти
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