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 The relevance of the research topic is determined by the priority areas of science 

development in the Republic of Kazakhstan for 2024–2026, namely: «Ecology, 

Environment and Rational Use of Natural Resources» and «Energy, Advanced 

Materials and Manufacturing». 

       The aim of this dissertation is to develop a production process for granular 

ceramic aggregate based on clays from Western Kazakhstan, ensuring that the 

material meets the required physical, mechanical, and performance properties. 

   To achieve this goal, the following objectives were set: 

- to analyze the current state and future prospects of technologies for producing 

granular ceramic fillers; 

- to investigate the physical-mechanical and chemical-mineralogical properties of 

loam from Western Kazakhstan and man-made raw material components; 

- determining the influence of ceramic body composition and heat treatment 

conditions on sintering, structure formation, and pore formation processes; 

- identifying patterns in changes to the strength, thermophysical, and performance 

characteristics of granular ceramic aggregate; 

- development of optimal compositions and technological parameters for the 

production of granular ceramic aggregate; 

-  assessment of the potential for practical application of the developed material in 

construction. 

    Research methods. 

- a literature review of domestic and international sources, including an examination 

of patents for inventions and utility models, as well as global experience in 

researching the use of clay-rich rocks mixed with industrial waste in the production 

of building materials; 

 - investigation of the chemical, mineral, and particle size distribution of clays from 

Western Kazakhstan; study of the physicochemical characteristics of fly ash from 

thermal power plants and granulated blast furnace slag; conducting electron 

microscopic studies and testing in accredited laboratories;  

 - pilot-scale testing of granulated ceramic aggregate for use in concrete; 

- description of methods for the experimental production of granulated ceramic 

aggregate; 

- characterization of the methods used to analyze the structure and properties of raw 

materials and finished products. 

   Scientific novelty:  

- the possibility of producing a granular ceramic aggregate for construction 

purposes, which ensures the formation of a strong microporous structure under 



optimal heat treatment conditions, has been scientifically substantiated and 

experimentally confirmed. 

- the patterns of influence of fly ash from thermal power plants in the range of          

10–30 wt.% on the sintering and structure formation processes of granular ceramic 

aggregate have been established, manifested in the intensification of glass phase 

formation and controlled pore formation. 

- a complex strengthening effect of granulated blast furnace slag in ceramic 

compositions has been revealed, due to its glass-phase state and participation in the 

formation of a glass-crystalline matrix during firing. 

- the mechanism for the formation of structure-strengthening crystalline phases 

(mullite, anorthite, wollastonite, and the glass phase) during firing in the temperature 

range of 950–1100°C has been established, which ensures an improvement in the 

physical, mechanical, and thermophysical properties of the filler. 

- optimal compositions of ceramic slurries and technological parameters for the 

production of granular ceramic filler have been determined. 

    Scientific propositions put forward in the dissertation defense: 

- theoretical foundations have been developed for the production of granular ceramic 

aggregate based on loam, including the stages of raw material preparation, granule 

forming, drying, and high-temperature firing, which ensure the formation of a 

strong, microporous material structure.  

- the use of loam as the main raw material component for the production of granular 

ceramic filler without the use of scarce natural fillers and traditional fluxes. 

- the optimal compositions of fly ash and granular blast furnace slag in ceramic 

masses (10–30 wt.%) that ensure an increase in strength and a reduction in the 

average density of the granular ceramic aggregate, achieved through the formation 

of a glass-crystalline matrix and the burnout of residual carbon. 

- the use of the developed granular ceramic filler in lightweight concretes and 

building structures is demonstrated, as well as its resource-saving and environmental 

efficiency due to the utilization of man-made mineral waste. 

       Practical significance: 

- оptimal compositions of ceramic slurries and processing conditions have been 

developed to produce granular ceramic aggregate with specified physical, 

mechanical, and thermophysical properties;   

- formulations and technology for granular ceramic aggregate as a coarse aggregate 

in lightweight and structural-thermal insulation concretes have been developed;  

- the raw material base of the ceramic industry has been expanded by incorporating 

up to 30% of man-made mineral waste, such as fly ash from thermal power plants 

and granulated blast furnace slag, into production, ensuring resource-saving and 

environmental benefits by reducing waste storage volumes; 

- technical specifications and technological regulations for the production of 

granular ceramic aggregate have been developed, along with an assessment of the 

technical and economic feasibility of implementing the technology. 

    The candidate’s personal contribution lies in formulating the research problem, 

developing a methodological approach, conducting experimental studies, analyzing 



and synthesizing the results obtained, as well as formulating scientific conclusions 

and practical recommendations regarding the technology for producing granular 

ceramic aggregate from clay-rich rocks found in the Western Kazakhstan region. 

     Reliability of the research results. 

     The laboratory tests were conducted at the testing and research laboratory at the 

Zhanagir Khan ZKATU. The reliability of the experimental data is ensured by the 

use of standard and proven research methods that comply with current national and 

international standards, as well as by the use of modern analytical and testing 

equipment, and has been confirmed by pilot-scale industrial tests. 
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