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Abstract

     This article presents the results of a study of the processes of nitriding of alloyed steels. It is 
shown that to obtain a high hardness of the surface layer of steel, it is necessary to obtain dis-
persed nitrides of alloying elements in the surface layer of steel. The resulting nitrides have high 
hardness and are an obstacle to the movement of dislocations in the steel, thereby strengthening 
the surface layer of the steel.
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     It is known that phases are formed in the Fe-N system: α-phases (nitrogenous austenite with a 
face-centered cubic lattice) [1, 2]. At a temperature of 590°C, the α-phase represents the eutectoid 
decomposition γ→α+ γ’. When supercooling the γ-phase by the shear mechanism, it represents a mar-
tensitic transformation. Nitrogenous martensite (α ‘ - phase) has a tetragonal body-centered lattice 
[2, 3]. A separate γ’-phase is a solid solution of Fe and N nitride, the ε-phase is also formed during 
nitriding and is a solid solution of Fe3N. In the Fe-C-N system in steel, the main strengthening phase 
is ε-carbonitride Fe2-3(N-C) formed during nitriding, the carbonitride phase obtained by simulta-
neous diffusion of carbon and nitrogen into steel has high hardness and high wear resistance. In the 
γ-phase, carbon practically does not dissolve, and the γ-phase is a solution of nitrogen and carbon 
intercalation. According to [4]. The introduction of nitrogen into the cementite lattice facilitates the 
formation of the carbonitride phase. Carbonitride with a cementite lattice is formed in the process of 
nitrocarburizing at a temperature of 680°C. When steel is nitrided, cementite, after saturation with 
nitrogen atoms, turns into ε-carbonitride. It has been established in the studies that during the nitrid-
ing of alloyed steels, phase points are formed, which are also formed during the nitriding of iron, only 
during alloying does the composition of the phases and the temperature intervals of their formation 
change. Studies have shown that in alloyed steel, due to the nitrogen content in the ε-phase, the hard-
ness is increased to HRC 63.
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     Following the nitride zone during nitriding in steels, there is a layer of the α-phase, which is the main part of the diffusion layer. 
Refractory alloying elements increase the solubility of nitrogen in the α-phase. During nitriding, the mosaic blocks are also refined and 
the α-phase lattice is distorted. The overall change in the defectiveness of the crystal structure of the α-phase depends on the nitriding 
temperature. When nitriding in the region of 500-600°C, the α-phase zone provides ferrite grains, and at a higher temperature of more 
than 600°C, a darkly etched zone is formed, also consisting of ferrite grains. Moreover, the darkening of ferrite grains increases with an 
increase in the content of alloying elements. During slow cooling after nitriding in steel, a γ’-phase of an acicular character is released 
from the α-phase. All alloying elements to some extent reduce the diffusion coefficient of nitrogen in the α-phase and, accordingly, 
reduce its depth.

     The structure of the nitrided layer is formed not only at saturation temperature but also during subsequent cooling. During cooling 
of the nitrided layer, the α-solid solution decomposes. This decay is strongly influenced by the rate of cooling. If there is a slow cooling, 
then simultaneously granular needle-like nitrides are formed that are released from the α-phase. The properties of the nitrided layer 
are determined by the structure that was formed during the saturation of the steel with nitrogen and subsequent transformations 
occurring during cooling. Two phases have high hardness: γ’-phase and nitrogenous martensite α’-phase. All alloying elements reduce 
the thickness of the nitrided layer but significantly increase the hardness of the steel surface. It was found that the high hardness of the 
nitrided layer is obtained by separating dispersed nitride alloying elements from solid solutions, which distort the α-phase lattice and 
serve as an obstacle to the movement of dislocations.

     Moreover, the greatest increase in hardness corresponds to the nitriding temperatures at which nitrides are actively formed. The ni-
tride layer forms strong elastic distortions of the crystal lattice of the α-phase. These distortions prevent the movement of dislocations 
and contribute to the hardening mechanism of the steel. By changing the temperature and time of nitriding, it is possible to fix various 
stages of nitride precipitation in the diffusion zone and thus control the degree of steel hardening. When alloying steel with several 
elements, the degree of distortion of the diffusion layer is much higher than that of steel alloyed with one element. Therefore, complex 
alloy steels tend to have higher hardness than low alloy steels.
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