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Relevance:

The use of aluminum alloys has an undeniable advantage over many other alloys, primarily
due to their low weight, good performance properties, high electrical conductivity, anti-corrosion
properties and sufficient mechanical characteristics. However, to achieve a high level of these
characteristics, alloying with expensive, usually rare earth elements, is required. This approach leads
to a sharp increase in the cost of finished parts. Ceramics of the MeSi type (silicides) have high
hardness and wear resistance. To solve the problem of improving the quality of aluminum-based
parts, it was decided to develop a composite ceramic material AlxFeySi. The uniqueness of the
material lies in the possibility of forming the AI8Fe2Si phase, which has a highly symmetrical crystal
lattice, providing the ability of the resulting composite ceramic materials to perceive plastic
deformation.

Project goal:

To develop a technology for synthesizing composite ceramic materials of the AlxFeySi
system using an additive method to improve the quality of the structure of materials and parts based
on them.

Expected and achieved results:

Results achieved in 2024:

- the Al-Fe-Si composite was synthesized by the surfacing method using aluminum plates, a
steel electrode, and powdered silicon. A material with a uniform microstructure and improved
mechanical properties was obtained,

- heat treatment modes have been developed that ensure phase transformation (B«>a, 60"
and the formation of a structure enriched with aluminum or silicon;

- the plastic deformation of the material was studied, the deformation parameters were
identified (up to 20%), high plasticity was determined (>5% under compression). Destruction occurs
sequentially, the nature of destruction is comparable to silumins;

- materials were processed at elevated temperatures, plasticity was improved, and destruction
during deformation was prevented.
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V.A. Andreyachshenko, M.K. Ibatov Optimization of the three-component Al-Fe-Si system
composition //  METALLURGICAL RESEARCH & TECHNOLOGY, 121, 3, 315.
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Expected results:

- the composite will be synthesized, heat treatment parameters will be developed, and a pilot
batch will be manufactured,;

- the plastic deformation of the material was investigated, including deformation at elevated
temperatures. The indicators of ultimate plasticity and the moment of destruction were determined;

- participation in two international conferences, publication of an article in journals indexed
in Scopus (CiteScore > 35) or Web of Science.

Figure 1 —Work of the research group on the study of composite
ceramic materials of the AlxFeySi system
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Information for potential users

The results of the project are applicable for the manufacture of machine elements operating in
difficult conditions and subject to intensive wear. The use of the new alloy as a structural material
allows for a significant reduction in the weight of finished products (more than 2 times) compared to
steel products, while the hardness of the new composite material is higher.

Scope of application

The scope of application of the project results is the automotive and mechanical engineering
industries. The target consumers of the obtained results will be mechanical engineering and
automotive manufacturing enterprises, machine elements operating in difficult conditions and subject
to intensive wear.
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