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Relevance of the research topic. 
Sustainable development of the oil and gas industry is closely associated with the effective management of by-products generated during the extraction and processing of hydrocarbon feedstock, reduction of their environmental impact, and their reintroduction into the production cycle as secondary raw materials. The processing of oil and gas feedstock with a high hydrogen sulfide content results in the formation of significant quantities of elemental sulfur. At the Tengiz Field, this issue is of particular importance due to the high content of sulfur-containing compounds in the produced hydrocarbon feedstock and the continuous generation of sulfur as a production stream.
Long-term storage of significant quantities of elemental sulfur requires the use of industrial areas and may be associated with potential long-term environmental impacts. Therefore, sulfur generated at the Tengiz Field should be considered not only as a material intended for storage or as a commercial product, but also as a resource suitable for further processing. Reintroducing sulfur into the production cycle makes it possible not only to reduce its accumulation but also to create opportunities for replacing primary resources and producing materials with higher added value. In the dissertation, the principal advantage of sulfur recycling is also considered from the perspective of transforming it from a material requiring storage into a valuable material resource.
One of the promising approaches to the effective utilization of elemental sulfur is the production of a polymeric product through purposeful modification of its structural state, followed by its application in the manufacture of rubber products. Sulfur is one of the principal components of the vulcanization system used for rubber vulcanization. However, migration of conventional crystalline sulfur within rubber compounds and its crystallization on the surface create certain technological limitations. The behavior of polymeric sulfur, including insoluble sulfur, in a rubber matrix differs from that of crystalline sulfur and may reduce sulfur migration and surface crystallization prior to vulcanization.
At present, substantial scientific knowledge has been accumulated concerning the polymerization mechanisms of elemental sulfur, the stability of insoluble sulfur, and its application in rubber compounds. However, an analysis of the available literature demonstrates that these issues are often investigated separately. For the specific raw material represented by elemental sulfur from the Tengiz Field, the relationships between the properties of the initial raw material, the conditions for its conversion into the polymeric state, the structural and thermal characteristics of the resulting product, and its effect on the properties of rubber compounds have not been sufficiently systematized.
Therefore, a comprehensive study covering the interconnected stages from characterization of the initial Tengiz sulfur, its polymeric modification, and formation of the structure and properties of the resulting product to its application in rubber compounds and evaluation of the characteristics of the resulting vulcanizates is scientifically and practically relevant. This approach makes it possible to consider Tengiz sulfur not only as an accumulating by-product but also as a secondary raw material for obtaining a functional component for rubber products.
Correlation with the research and development plan. 
The dissertation was carried out within the framework of the research project BR24992882 “Development of New Technologies for the Processing of Industrial Waste with Improvement of the Environmental Situation in the Region”, funded by the Committee of Science of the Ministry of Science and Higher Education of the Republic of Kazakhstan.
Aim of the Research
To develop the scientific and technological foundations for the polymeric modification of elemental sulfur generated at the Tengiz Field and to substantiate the effective application of the resulting polymeric sulfur as a vulcanizing component in rubber compounds.
Research Objectives
1. To investigate the properties of elemental sulfur generated at the Tengiz Field and the specific features of its accumulation and storage, and to substantiate the scientific prerequisites for its effective utilization through polymeric modification.
2. To investigate the polymeric modification process of Tengiz sulfur and determine the structural and thermal properties of the resulting polymeric sulfur.
3. To determine the effect of polymeric sulfur on the vulcanization process of rubber compounds and the physicomechanical properties of vulcanizates, and to substantiate its optimal content.
4. To develop a technological scheme for the polymeric modification of Tengiz sulfur and the application of the resulting product in rubber manufacturing, and to substantiate the principal technological parameters and material balance of the process.
5. To assess the environmental and resource efficiency of the proposed technological solution and develop recommendations for its application under industrial conditions.
Research Objects.
The research object was elemental sulfur obtained during the processing of oil and gas feedstock at the Tengiz Field. The selection of this raw material was determined by its generation on an industrial scale, its high sulfur content, and the possibility of using it as a functional component in the manufacture of rubber products.
At the initial stage of the experimental studies, the physicochemical characteristics of Tengiz Field sulfur were determined. The chemical composition of the initial sample, the contents of the principal and impurity components, and its structural characteristics were investigated. The obtained results were used as baseline data for assessing the suitability of the sulfur for polymeric modification and for subsequent comparison of the properties of the initial and resulting products.
Scientific novelty of the research:
The study scientifically substantiates the relationship between the initial physicochemical properties of elemental sulfur generated at the Tengiz Field, the conditions of its polymeric modification, the structural and thermal characteristics of the resulting polymeric sulfur, and its functional properties in rubber compounds. The technological parameters required for the effective application of polymeric sulfur as a vulcanizing component have also been determined.
Practical significance of the work
The practical significance of the study is determined by substantiating the possibility of using elemental sulfur generated at the Tengiz Field, after polymeric modification, as a vulcanizing component in the manufacture of rubber products.
In the investigated tread rubber compound, replacing 1.8 parts by mass of technical sulfur per 100 parts by mass of rubber in the reference formulation with 1.3 parts by mass of polymeric sulfur reduced the formulation amount of the vulcanizing agent by 27.8%. At the same time, the reduction in sulfur content was not accompanied by a significant deterioration in the principal physicomechanical properties of the resulting vulcanizate.
For the formulation containing 1.3 parts by mass of polymeric sulfur, the tensile stress at break was 20.8 MPa, the stress at 300% elongation was 8.6 MPa, the elongation at break was 644%, and the tear resistance was 68 kN/m.
Based on the obtained results, a technological approach was developed comprising preparation of the initial Tengiz sulfur, its polymeric modification, incorporation of the resulting product into the rubber compound, and subsequent vulcanization. The use of polymeric sulfur in the rubber compound as a vulcanizing agent replacing technical sulfur makes it possible to reduce its formulation amount while maintaining the principal performance properties of the vulcanizate.
The proposed approach makes it possible to consider elemental sulfur generated at the Tengiz Field not only as a conventional material requiring storage but also as a secondary resource suitable for use in the manufacture of rubber products. Its practical application is based on establishing an additional pathway for introducing sulfur into the production cycle, gradually reducing the amount of sulfur intended for long-term storage, and increasing its functional value.
The following are the main points defended in this dissertation:
· The relationships between the physicochemical properties of elemental sulfur generated at the Tengiz Field and the possibility of its polymeric modification, as well as the scientific rationale for its processing as a secondary resource, taking into account the specific features of its accumulation and storage;
· The principal technological parameters of the polymeric modification process of Tengiz sulfur and the relationships governing their effect on the structural, physicochemical, and thermal properties of the resulting polymeric sulfur;
· The relationships governing the effect of polymeric sulfur on the vulcanization process of rubber compounds and its optimal content ensuring its effective application as a vulcanizing component replacing technical sulfur;
· The relationships governing the formation of the physicomechanical properties of rubber vulcanizates produced using polymeric sulfur;
· The technological scheme for the polymeric modification of Tengiz sulfur and the application of the resulting polymeric sulfur in rubber compounds, the principal technological parameters and material balance of the process, as well as the results of assessing the resource and environmental efficiency of the proposed technological solution.
The doctoral candidate's personal contribution lies in directly participating in summarizing and analyzing literary and patent materials related to the dissertation topic, choosing analysis methods, conducting theoretical and experimental research, and field tests. The main results and hypotheses of the dissertation were presented and discussed at the following international and national scientific conferences: M.Auezov South Kazakhstan University. International scientific and practical conference "One Hundred Concrete Steps. A Modern State for All" - a strategic path of industrial and innovative development of the country (Shymkent, 2015); "European research: innovation in science, education and technology" XV International scientific and practical conference. European research (London. United Kingdom, 2016); Izvestia National Academy of Sciences of the Republic of Kazakhstan. Series "chemistry and technology" (Almaty, 2016); News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technical sciences (Almaty, 2016); News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technical sciences (Almaty, 2017); International Journal of Engineering Research and Technology (India, 2020); Ecological Engineering & Environmental Technology (Poland, 2021); Republican scientific journal" Bulletin of General Science and education "(Astana, 2022); Republican scientific journal" Bulletin of General Science and education " (Astana, 2023). 
During a scientific internship at the Saint Petersburg State Technological Institute (Technical University), the work was carried out at the Department of Environmental Engineering and received a positive assessment.
Publications on the Research Topic. The obtained scientific results of the dissertation work resulted in 9 scientific publications, including: 1 articles in publications included in the list recommended by the Committee for Quality Assurance in Science and Higher Education of the Ministry of Education and Science of the Republic of Kazakhstan. 4 article in journals included in the international Scopus database. 4 articles in international and national conferences and collections of foreign conferences.
Structure and Volume of the Dissertation
The dissertation consists of 117 pages and includes 15 figures, 27 tables. The list of references used includes 80 entries. The content of the dissertation consists of: introduction, literature review, materials and methods of research, research results, their discussion and a conclusion.
