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Аннотация. В настоящей работе методом проволочно-дугового аддитивного производства (WAAM) на подложке из сплава 5083 форми-

руется покрытие из высокоэнтропийного сплава CoCrFeNiMn неэквиатомного состава. Авторы исследуют изменение микротвердости 
в зоне контакта системы покрытие – подложка. С помощью методов современного физического материаловедения проанализированы 
структурно-фазовое состояние, дефектная структура и элементный состав системы покрытие – подложка. Обнаружены физические меха-
низмы, способствующие повышению твердости в зоне контакта. 
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Abstract. In this work, a coating of a high-entropy alloy CoCrFeNiMn of non-atomic composition is formed on a substrate made of alloy 5083 

by the method of wire-arc additive manufacturing (WAAM). The authors investigated the change in microhardness in the contact zone of the coating – 
substrate system. Using the methods of modern physical materials science, the structural and phase state, defect structure and elemental composition 
of the coating – substrate system were analyzed. The discovered physical mechanisms contribute to an increase in hardness in the contact zone. 
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In recent years, researchers in physical materials sci-
ence have focused on high-entropy alloys (HEAs) [1; 2], 
which exhibit abnormally high values of mixing entropy, 
surpassing those of complex alloys. The HEA concept 
involves achieving maximum mixing entropy from five 
or more elements in various atomic ratios. This results in 
single-phase structures with significant lattice distortion 

and impeded diffusion, leading to enhanced strength pro-
perties and stability over a wide temperature range [3 – 5]. 
Developed HEAs show promise for applications in elec-
tronics, nuclear energy, transport engineering, aerospace, 
and other industries [6; 7]. The use of HEAs is expected 
to expand as new compositions are developed and their 
properties investigated. Currently, extensive information 
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is being gathered and understood about HEA synthesis 
methods, structural and phase states, defect substruc-
tures, and properties.

In this study, the change in microhardness within 
the contact zone of the HEA CoCrFeNiMn coating on 
the alloy 5083 substrate was analyzed.

The study used samples of the coating-substrate 
system, where the coating was a non-equiatomic com-
position of HEA CoCrFeNiMn, formed on a substrate 
of alloy 5083 using wire-arc additive manufacturing [3]. 
The hardness of the material was determined using 
the Vickers method on a PMT-3 microhardness tester 
with a load of 5 N. Studies of structural and phase states, 
defect substructure, and elemental composition were con-
ducted using transmission electron diffraction micros-
copy on a JEM2100 instrument.

The microhardness of the coating – substrate system 
varies from 9.9 GPa at the coating – contact zone boun-
dary to 1.5 GPa at the contact zone – substrate boundary. 
The microhardness of the coating and substrate is 3.0 and 
1.0 GPa, respectively (Fig. 1).

The significant change in the microhardness of the con-
tact zone is due to the structural and phase changes 
of the material when the coating is applied to the sub-
strate. X-ray microanalysis confirmed the chemical homo-
geneity of the coating and the presence of aluminum 
atoms, indicating their diffusion from the substrate.

Electron microscope images of the contact zone 
revealed the formation of a grain-subgrain structure with 
crystallite sizes ranging from 0.5 to 1.1 μm (Fig. 2, a). 
Within the grains of such a structure, chaotic and cellular 
dislocation substructures with a scalar density of approx-
imately 1010 cm–2 are present (Fig. 2, b).

Particles of the second phase were found within 
the volume of grains and subgrains, as well as at their 
boundaries. The sizes of these particles in the grain 
volu me range from 15 to 17 nm, and at their boundaries 
from 30 to 35 nm. Analysis of X-ray diffraction patterns 
established that the chemical composition of the second-
phase particles is Al3Ni.

Plate-shaped formations were found in the contact 
zone on the substrate side. Analysis of dark-field images 
and indexing of the corresponding X-ray diffraction pat-
terns allows us to conclude that these inclusions are iron 
aluminides of the composition Al3Fe4 .

Fig. 1. Change in microhardness of the coating – substrate system

Рис. 1. Изменение микротвердости системы покрытие – подложка

Fig. 2. Electron microscopic images of contact zone  
of the coating – substrate system: 

a – grain-subgrain structure;  
b – dislocation substructure

Рис. 2. Электронно-микроскопические изображения  
зоны контакта системы покрытие – подложка: 

а – зеренно-субзеренная структура; 
b – дислокационная субструктура
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 Conclusions

Analysis of the phase elemental composition and defect 
substructure suggests that the increase in microhardness 
in the contact zone of the coating-substrate system is due 
to several factors: the formation of a submicron grain-
subgrain structure containing nanosized second-phase 
particles, solid-solution strengthening resulting from 
mutual alloying of the coating and substrate, and the for-
mation of plate-shaped iron aluminides. Additionally, 
differences in thermophysical characteristics between 
the coating and the substrate may lead to the formation 
of internal stress fields in the contact zone.
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