Brief information about the project

Name of the project

IRN AP25794979
«Development of fundamentals for the creating of polyoxide
catalysts for greenhouse gas utilization»

Relevance

The relevance of this project lies in the synthesis of cobalt,
magnesium, and other-based catalysts with tailored properties, in
the absence of noble metals (the most expensive components), as
well as the potential use of locally sourced natural clay in catalyst
formulation. Additionally, the project emphasizes a significant
reduction in energy consumption during catalyst preparation by
employing modern methods such as self-propagating high-
temperature synthesis (SHS) and solution combustion synthesis
(SCS), which enable the production of ready-to-use catalysts within
5 minutes under atmospheric pressure.

This project addresses the environmental challenge of air
pollution in Kazakhstan by targeting the purification of toxic
exhaust gases from motor vehicles. The objective is to improve the
hydrocarbon composition of motor fuels and to neutralize toxic
components in vehicle emissions.

Purpose

The aim of the project is to synthesize new highly efficient and
thermostable catalysts with specified properties and determine the
optimal technological parameters for catalytic processes of
processing methane, the main greenhouse gas in order to neutralize
harmful emissions.

Obijectives

To achieve the project goal, the following tasks will be solved:

- Synthesis of catalysts based on cobalt, magnesium, etc. with
specified properties, including carriers (including Kazakhstan
deposits) prepared by modern methods of self-propagating high-
temperature synthesis (SHS) and solution combustion synthesis
(SCS).

- Determination of the effect of the composition and method of
preparation of catalysts deposited on the support by testing under
various technological conditions and determining their activity
under optimal process conditions (temperature, volume velocity,
pressure, ratio of initial reagents and oxidants, etc.) in the process
of processing methane, the main greenhouse gas in order to
neutralize harmful emissions.

- Study of the activity and stability of synthesized catalytic systems
of selective action in the process of processing methane, the main
greenhouse gas in order to neutralize harmful emissions.

- Investigation of the elemental and phase composition, structural
and porous characteristics, as well as morphology and texture
properties, adsorption and redox properties of catalysts by
physicochemical methods (XRD, TEM, SEM, BET, TPR, TPD,
TPO, TGA-FTIR) and establishing the relationship between the
physicochemical characteristics of catalysts and their catalytic
properties.

Expected and achieved
results

Expected outcome:
- In 2025: Catalysts based on Co, Mg, etc., deposited on natural and
synthetic media by SHS and SCS methods will be synthesized.




- The activity and selectivity of synthesized catalysts in the process
of processing methane, the main greenhouse gas will be
investigated in order to neutralize harmful emissions.

- In 2026: The influence of temperature, volumetric velocity and
ratio of initial reagents on the process of catalytic conversion of
methane in the process of processing methane, the main greenhouse
gas in order to neutralize harmful emissions will be determined.
Synthesized catalysts will be studied by XRD, BET, PEM and SEM
methods.

- Highly efficient and thermostable catalytic systems will be
synthesized, allowing the selective processing of methane, the main
greenhouse gas in order to neutralize harmful emissions.

- In 2027: The stability of synthesized catalysts for processing
methane, the main greenhouse gas, will be investigated in order to
neutralize harmful emissions. The adsorption properties of catalysts
and the shapes of adsorbed molecules will be investigated by the
methods of TPD, TPR, TPO and TGA-FTIR.

- The relationship between the physicochemical characteristics of
the catalysts and their catalytic properties will be established. The
influence of the technological conditions of the process, as well as
the chemical composition, textural properties, microstructure and
morphology of the catalysts on the effectiveness of the reaction
under study will be evaluated for subsequent analysis and
establishment of the fundamental characteristics of the process.

- A final report will be prepared.

- For the period 2025-2027: Two (2) articles will be published in
journals ranked in the top three quartiles by impact factor in the
Web of Science database or in journals with a Cite Score percentile
of at least 50 in the Scopus database.
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Usage

The developed polyoxide catalysts are intended for the efficient
conversion of greenhouse gases, especially methane, and for the
neutralization of harmful emissions. The project results can be used
in systems for the purification of toxic vehicle emissions, in the
deep oxidation of hydrocarbon gases, in the field of environmental
catalysis, as well as in industrial gas purification technologies. In
addition, the possibility of preparing the synthesized catalysts on
the basis of local natural and synthetic supports makes them
practically effective for application in the conditions of
Kazakhstan.

Priority compared to real-
world alternatives

The proposed catalysts, compared with expensive catalysts based
on noble metals, are distinguished by lower cost, energy-efficient
synthesis methods, the possibility of using local raw materials, high
thermal stability, and effectiveness in methane conversion.
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