AP26100713 Fundamentals of creating sustainable asphalt concrete pavements using secondary polymers and lignin to solve environmental and infrastructure problems

The project aims to solve current problems of road construction and recycling of plastic waste in Kazakhstan through the modification of binders for asphalt concrete pavements. Possessing significant reserves of natural resources, Kazakhstan is actively developing an industry aimed at deep processing of hydrocarbons and obtaining valuable polymers. In the west of the country, a large-tonnage polypropylene production plant (“KPI”) was launched, and construction of a polyethylene plant is planned. In this regard, the volume of production and use of polymers increases, which leads to a significant increase in plastic waste that creates environmental problems. The project envisages the development of scientific foundations for the processing of this waste and their use as additives to asphalt pavements. This will reduce the amount of microplastics in the environment, increase the durability and wear resistance of road surfaces, reducing the cost of their maintenance and minimizing the negative impact on the environment.
Aim of the program
The objective of the project is to develop fundamental principles for the creation of new asphalt concrete pavements that are resistant to climatic and mechanical impacts using recycled polymers (PP, PE) and lignin, aimed at solving environmental problems of plastic recycling and increasing the durability of road surfaces. The implementation of the project will improve the road infrastructure of Kazakhstan, reduce the environmental burden through the recycling of plastic waste, and stimulate the use of biomaterials in construction.
Program objectives
1. Development of modified bitumen compositions. The project involves the creation of stable and durable asphalt pavements by including three-component systems in the formulations, including primary and secondary polymers (PP and PE) and lignin. This will improve the performance characteristics of the pavements. It is planned to study the effect of polymers and lignin on the mechanical properties of asphalt compositions, which will be assessed through rheological tests using rotational viscometry and dynamic mechanical analysis, as well as adhesion and cohesion studies. 
2. Study of rheological and thermomechanical properties of compositions. To analyze the effect of additives on the rheological behavior and resistance of compositions to temperature changes (from -40 to +230 °C), experimental studies will be conducted, including TGA, DSC, DTMA, DMA, morphological studies using optical and electron microscopy, IR spectroscopy and analysis of volatile components of mixtures. These methods will allow a detailed study of the rheological, thermomechanical and operational characteristics, including the coefficients of thermal expansion of materials.
3. Development of laboratory regulations for optimal compositions. This stage includes the development of detailed regulations describing the methods of preparation and modification of asphalt concrete using recycled plastics and lignin. The regulations will cover the stages of preparation and testing of materials, and will also determine the process parameters necessary to achieve optimal characteristics in various climatic conditions. 
4. Conducting climatic tests of modified asphalt concrete pavements. Tests will be organized to assess the durability of materials under conditions of sharp temperature fluctuations, high temperatures, high humidity and UV radiation. These tests will determine the resistance of pavements to aging and the effect of additives on their climatic resistance.
5. Development of recommendations for the preparation of asphalt concrete for various climatic zones. The task is to develop recommendations for the selection of the fractional composition of fillers, as well as determining the optimal components for various types of loads. This will ensure the adaptation of asphalt concrete to the operating conditions of Kazakhstan and their use in different climatic zones of the country.
6. Creation of a database of properties of modified bitumen compositions. The data on the physical, chemical and rheological properties of materials obtained during the research will be systematized in a database, which will facilitate their further use in scientific research and in practice in the road industry. The database will become a valuable resource for engineers and scientists involved in the development and testing of new road surfaces.
At the application stage, the technological readiness level (TRL) for the development and processing of biodegradable polypropylene-based composites in Kazakhstan is estimated at level 2 on the TRL scale. By the end of the project, it is planned to achieve level 6 readiness. During the work, methods for obtaining composites will be developed, their characteristics will be studied, samples of fibers and films will be obtained, and their structure, properties and decomposition rate depending on the composition will be studied in detail. An array of scientific data will be created, including the results of experiments, analysis of the chemical composition, structure and mechanics of the obtained materials. These data will be presented in the final report, patent, monograph, conference reports and scientific articles (Polymer / Recycling / Journal of Composites Science, etc.).
The scientific supervisor of the project is Shambilova G.K., Doctor of Chemical Sciences, Professor. Since 1985, she has been engaged in the rheology of polymer solutions and mixtures; experimental rheology; physical chemistry of polymers. The author of 3 monographs, 5 textbooks, has over 200 publications, including 24 in the journals of the WoS, Scopus database, 7 patents. Winner of the state grant "Best University Teacher-2019". She completed advanced training courses, internships in Russia, Canada, Poland, China and universities of Kazakhstan. Since 2005, a member of the Rheological Society named after G.V. Vinogradov. In 2018-2020, she managed the project of grant financing of the Ministry of Education and Science of the Republic of Kazakhstan AR No. 05131475 "Fundamental patterns of rheological properties of nanocomposite polymeric materials". Will manage the project, participate in the preparation of work plans, scientific and technical documentation, testing of samples, processing of experimental data and preparation of publications.
The project will involve 9 researchers and 1 accountant, including a production engineer.
Naukenov M.Zh. – Leading Engineer of the Civil Defense Department of Kazakhstan Petrochemical Industries Inc. (KPI). Has experience as the Head of the Department for Ensuring Mechanical Integrity of Equipment at Atyrau Oil Refinery, Head of the Expert Department of Kazakhstan Research and Development Research Center. Research interests: instability, surface phenomena, polymer processing. As part of the project, he will be involved in research into the physical and chemical properties of the resulting polymer compounds.
