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Shape memory alloys (SMA) based on titanium nickel (TiNi) are functional materials in 

high demand across various modern, high-tech industries. Every year, during the development 

and exploitation of titanium nickelide products, the requirements for their mechanical and 

functional properties increase. The functional properties of TiNi SMA are sensitive to their 

structure, meaning they can be adjusted by changing the structural components of the alloy. 

Thermo-mechanical treatment (TMT), which includes plastic deformation, enables the structural 

state of various metal materials, including SMA TiNi, to be effectively and purposefully 

influenced. Experience gained from using different TMT schemes to form TiNi SMA structures 

with specific structural element sizes that offer optimal functionality shows that it is possible to 

enhance various technological parameters in TiNi SMA processing. The overall objective of this 

work is to conduct a comprehensive study of the influence of various deformation schemes 

(compression, ABC pressing and rotary forging) and initial microstructure on the formation of 

the final structural-phase state and the combination of properties of TiNi SMA after the 

deformation at temperatures of polygonization and ageing processes. 

It has been demonstrated that the initial state of TiNi SMA (following various ageing 

processes) significantly affects the deformation behavior and formation of the alloy's final structural 

and phase composition, even after severe deformation. ABC pressing of Ni-enriched alloy at 

temperatures between 300 and 500 °C results in the formation of a submicrocrystalline structure. As 

the deformation temperature decreases, the average size of the structural elements decreases from 

265 to 190 nm, with the accumulation of true strain e = 2.1. Following ABC pressing, an increase in 

hardness occurs alongside a decrease in deformation temperature and an increase in accumulated 

strain. The highest value of the maximum completely recoverable strain was achieved as a result of 

ABC-pressing at 300 °C (e = 2.1). Forging at a temperature of 430–480 °C with e = 1.4 was found to 

lead to the formation of a mixed submicrocrystalline and nanosubgrain structure. Increasing the 

accumulated strain to e = 2.6 was found to lead to the formation of a mixed nanocrystalline and 

nanosubgrain structure with an average structural element size of 80 nm. This structure increases the 

maximum completely recoverable strain by 10%, which is several times higher than the 4% value in 

samples after reference treatment. This shows the potential of using this processing method to 

produce long rods for the medical industry. 
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High-entropy alloys (HEAs) are promising candidates for Generation IV nuclear reactors 

due to their enhanced radiation resistance and mechanical properties [1]. The Cantor alloy and its 
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derivatives serve as ideal model systems for studying fundamental radiation damage mechanisms 

in concentrated solid solutions. Oxide dispersion strengthening (ODS) is commonly used to 

improve radiation tolerance by introducing nanoscale oxide particles that act as dislocation 

barriers and defect sinks. However, the stability of oxide particles under fission fragment 

irradiation—typically simulated by swift heavy ion (SHI) irradiation—remains insufficiently 

studied. High electronic energy losses can cause amorphization or phase transformations in oxide 

inclusions, potentially degrading alloy performance. 

In the present work we investigated the radiation response of ODS CoCrFeNi under SHI 

irradiation. The alloy was synthesized by spark plasma sintering (SPS) at 980°C at the Institute 

of Materials Science, Vietnam Academy of Science and Technology. Samples exhibited a single-

phase FCC structure with dispersed oxide particles ranging from several to tens of nanometers. 

Microstructural characterization revealed two nanoparticle types: Cr₂O₃ and complex Y-Si-O 

precipitates. 

SHI irradiation was performed using 3.7 MeV/nucleon Xe ions at the U400 cyclotron 

(FLNR JINR) at room temperature to a fluence of 5×10¹¹ cm⁻². Microstructural analysis of the 

near-surface region, where the electronic stopping power was ≈38 keV/nm for the metal matrix, 

revealed latent track formation in oxide particles with diameters of several nanometers. No 

significant changes occurred in the FCC matrix structure. The study provides important insights 

into oxide behavior under severe irradiation and demonstrates the practical value of CoCrFeNi as 

a representative system for probing radiation effects in multicomponent alloys. 

The work was funded by the Russian Science Foundation, The Russian Federation (grant 

No 25-72-10101, https://rscf.ru/project/25-72-10101/ ). 
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Improving the performance of industrial components operating under intense wear and 

high-temperature conditions necessitates the development and application of high-performance 

coatings based on advanced materials. A key factor is creating coatings that combine high 

hardness and ductility, thermal stability, and oxidation resistance, thereby ensuring a long service 

life and reliable equipment operation. This study focuses on the development of AlCoCrFeNi-

based high-entropy alloys (HEAs), synthesized via arc melting, for high-temperature 

applications. The microstructure, elemental distribution, and phase composition were thoroughly 

characterized using scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy 

(EDS), and X-ray diffraction (XRD). Mechanical properties, including microhardness in as-cast 

and annealed conditions, as well as tensile strength after annealing, were evaluated. Heat 

treatment (annealing) was performed in a vacuum at 1000 °C for 6 hours. The research 

demonstrated that the obtained materials achieved an optimal combination of hardness up to 618 

HV0.1 and tensile strength up to 677 MPa. The observed improvements in both microstructural 

and mechanical properties, achieved, in particular, through composition optimization and 


