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Abstract: The mechanical properties and microstructure of high-entropy alloys (HEA) of the CoCrZrMnNi system 

produced by vacuum-induction melting are studied depending on the change in the Zr and Mn content. The effect of the Zr 

and Mn percentage on the microstructure and mechanical properties (Young’s modulus, nanohardness, microhardness) of 

the high-entropy alloys of the CoCrZrMnNi system is estimated. The relationship between varying the percentage of Zr 

and Mn and changing the grain size and mechanical properties of high-entropy alloys is studied. The structure, chemical 

composition and distribution of the intensity of characteristic X-ray radiation of atoms are studied using scanning electron 

microscopy. The study by scanning electron microscopy methods has demonstrated that in CoCrZrMnNi alloys, with  

an increase in the zirconium content and a decrease in the manganese content closer to the equiatomic composition,  

the material structure became more homogeneous. Changing the percentage of zirconium from 8 to 28 at. % contributed to 

the grain size reduction from 30 to 5 μm and a more uniform elemental distribution. The Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 alloy 

demonstrated the highest nanohardness (10 GPa) and Young’s modulus (161 GPa) during instrumental indentation with  

an indenter load of 50 mN. The Сo20.4Cr18.0Zr7.9Mn33.3Ni20.3 alloy has the lowest nanohardness, Young’s modulus, and mi-

crohardness among other alloys, which may be related to the coarse-grained structure with a grain size of up to 30 μm. As 

the indenter load increased to 5 N, the microhardness of the Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 alloy decreased compared  

to the Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 alloy, which may indicate more universal mechanical properties of alloys with 

equiatomic zirconium content. 
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INTRODUCTION 

A new class of metallic materials, high-entropy alloys 

(HEAs), possessing the necessary physical, mechanical and 

operational characteristics, are materials consisting of five 

or more elements in equal or similar concentrations [1–3]. 

An increase in the number of elements improves mutual 

solubility, facilitating the formation of a single-phase solid 

solution [4]. Some promising technological features of 

HEAs include high hardness [5], good wear resistance [6], 

excellent strength at both high and low temperatures [7; 8], 

and good resistance to oxidation and corrosion [9; 10].  

The unique characteristics of these alloys are due to  

the intrinsic properties of a multicomponent solid solution, 

such as a distorted lattice structure [11], a cocktail effect 

[12], slow diffusion [5], and nanoscale twinning [9]. 

Among the HEAs, a comprehensively studied and 

promising material is the equiatomic CoCrFeMnNi 

composition called the Cantor alloy [13]. Although this 

material has a multicomponent chemical structure, it forms 

a single-phase solid solution with a face-centered cubic 
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lattice [14]. Due to this structure, the material demonstrates 

high plasticity at room temperature with a relative elonga-

tion before failure of ~71 %. However, the key disad-

vantage of the Cantor alloy remains the relatively low va-

lues of yield strength of ≈220 MPa and tensile strength of 

≈491 MPa, which significantly narrows the area of their 

practical application [15]. In this regard, an urgent task in 

the development of the HEA of this system is to find me-

thods for improving the strength characteristics without 

compromising on the reduction of plasticity. 

In recent years, much work has been focused on  

the development of new HEA compositions with good 

mechanical characteristics [16]. A promising direction 

for improving the mechanical and functional properties 

of alloys is alloying with well-studied elements, for ex-

ample, by adding zirconium [17]. Zirconium alloying has 

been studied to improve the mechanical properties of 

both light alloys [18] and steels [19], but the influence of 

zirconium on the mechanical properties of high-entropy 

Cantor alloys with Zr content up to 30 at. % has not yet 

been studied. The expected strengthening mechanism 

associated with Zr modifications in HEA is pinning of 

dislocations, which can be caused by a strong lattice dis-

tortion. This distortion, in turn, can be caused by substi-

tution defects, vacancies, or phase mismatch [20]. Based 

on the study of the CoCrFeNiZr system alloy, the work 

[17] discusses the effect of zirconium on changes in  

the alloy microstructure, but does not investigate  

the dependence of changes in mechanical properties 

and structure with an increase in the zirconium content 

with a simultaneous decrease in the content of another 

component.  

In this study, the authors study three compositions of 

high-entropy alloys of the CoCrZrMnNi system with  

a change in the concentration of zirconium and manganese 

in the alloy from ≈5 to ≈30 at. %.  

The aim of this research is a detailed study of  

the microstructure and homogeneity of the distribution of 

elements in the produced alloys depending on the increase 

in the Zr content with a simultaneous decrease in Mn; ana-

lysis of the effect of zirconium additives on the change in 

microhardness, nanohardness, and Young’s modulus of 

CoCrZrMnNi alloys; and selection of a composition with 

optimal mechanical properties. 

 

METHODS 

In this work, the authors investigated as-cast high-entropy 

CoCrZrMnNi system alloys with different zirconium and 

manganese contents (Table 1) produced by vacuum-

induction melting. 

Samples were cut from the produced ingots on  

a DK7732 M11 jet-type electrical discharge machine.  

To obtain a high-quality microsection surface for re-

search, during grinding the authors successively moved 

from one sandpaper to another with continuously de-

creasing sizes of abrasive particles and then polished  

the sample using a special cloth and paste. To identify 

the microstructure of the samples, etching in a reagent 

consisting of HNO3 and HCl in a ratio of 1:3 was carried 

out; the etching time was 10–30 s. 

The structure and elemental composition of the samples 

were studied using scanning electron microscopy (SEM) 

(KYKY EM-6900 device (China) equipped with an Oxford 

Xplore energy-dispersive analyzer (UK)) with an accelerat-

ing voltage of 30 kV, a filament current of 2.20 A, and an 

emission current of 150·10−6 A. The distribution of the in-

tensity of the characteristic X-ray radiation of atoms was 

obtained by scanning along the line using X-ray microana-

lysis to determine the concentration heterogeneity of the 

alloys. This analysis was carried out on etched areas rang-

ing from 80 to 600 μm in length.  

The microhardness study was carried out using an HVS-

1000A microhardness tester. The load was constant for all 

processing modes and was 5 N. The nanohardness and elas-

tic modulus were measured using a NanoScan-4D nano-

hardness tester. The measurement method is indenting  

a diamond pyramid (indenter) with recording the force and 

depth of loading and subsequent calculation of hardness 

and modulus of elasticity in accordance with GOST 8.748-

2011 (ISO 14577). Measurement procedure parameters: 

indenter is a triangular Berkovich pyramid; loading time is 

10 s; unloading time is 10 s; maximum load maintenance 

time is 10 s; applied load is 50 mN. 

 

RESULTS 

The microstructure of the as-cast Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 

high-entropy alloy produced by vacuum-induction remelt-

ing is shown in Fig. 1 and demonstrates a dendritic struc-

ture. The distribution of Co, Cr, Zr, Mn, and Ni was identi-

fied by mapping techniques. According to the data of con-

ducted X-ray microanalysis, the content of elements pre-

sented in Table 2 was identified in the interdendritic (Fig. 1, 

spectra 1, 2) and dendritic regions (Fig. 1, spectra 3, 4) of the 

Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 alloy. The dendritic region is 

enriched in chromium and manganese, reaching 42 and 

29 at. %, respectively, but is depleted in zirconium 

(≈1 at. %). The grain size of the chromium-enriched dendritic 

“islands” was 30 μm. Based on the distribution of  

the intensity of characteristic X-ray radiation of atoms shown 

in Fig. 2, one can conclude that the distribution of chromium, 

manganese and zirconium atoms is non-uniform. 

In the alloy with a Zr content of 7.9 % and Mn content 

of 33.3 %, a quasi-uniform distribution of manganese, 

cobalt and nickel was identified (Fig. 3). The rest Zr and 

Cr elements demonstrate large-scale non-uniformities. 

The dendrites consist of an equimolar solid solution of Mn, 

Cr, Ni (Fig. 3, spectra 2–4), with the absolute amount of 

each component slightly higher than the nominal. Zirconi-

um is mainly concentrated in the interdendritic regions 

(Fig. 3, spectrum 1, Table 3); these regions are also en-

riched in Ni and depleted in Cr. The interdendritic phase of 

the Zr-free alloy contains grains consisting of Mn and Cr. 

Based on the graph (Fig. 4), one can conclude that two 

compounds are formed in the 16–36 μm and 56–68 μm  

regions. In these regions, the concentration of manganese 

and nickel varies from 6 to 46 at. %. 
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Table 1. Chemical composition of the studied samples of as-cast high-entropy alloys based  

on the CoCrZrMnNi system produced by the method of vacuum-induction melting 

Таблица 1. Химический состав исследуемых образцов высокоэнтропийных сплавов в литом состоянии  

на основе системы CoCrZrMnNi, полученных методом вакуумной индукционной плавки 

 

 

Co, аt. % Cr, аt. % Zr, аt. % Mn, аt. % Ni, аt. % 

19.8 17.5 15.3 27.7 19.7 

20.4 18.0 7.9 33.3 20.3 

18.7 16.5 28.9 17.4 18.6 

 

 

 

     
 

 

     
 

 

     
 

 

Fig. 1. Elemental mapping of the Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 alloy.  

1–4 are sections of X-ray spectral microscanning. The arrows indicate the areas of dendrites measured in diameter 

Рис. 1. Элементное картирование сплава Сo19,8Cr17,5Zr15,3Mn27,7Ni19,7.  

1–4 – участки микрорентгеноспектрального сканирования.  

Стрелками показаны области замеряемых дендритов по диаметру 
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Table 2. The results of X-ray spectral microanalysis of the HEA presented in Fig. 1 

Таблица 2. Результаты микрорентгеноспектрального анализа ВЭС по спектрам, представленного на рис. 1 

 

 

Spectrum 
Element, at. % 

Cr Mn Zr Co Ni O 

1 10.27 25.29 16.26 25.43 22.75 – 

2 39.21 26.94 0.92 15.83 9.64 7.45 

3 42.33 29.06 1.00 17.16 10.44 – 

4 33.63 29.45 4.08 18.96 13.88 – 

 

 

 

 

 

 

Fig. 2. Analysis of concentration heterogeneity of the Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 alloy a line length of 600 m 

Рис. 2. Анализ концентрационной неоднородности сплава Сo19,8Cr17,5Zr15,3Mn27,7Ni19,7 вдоль линии протяженностью 600 мкм 

 

 

 

Analysis of the images obtained using SEM demonstrates 

the presence of elongated grains in the microstructure of  

the alloy (Fig. 5, spectrum 1). Despite the fact that the result-

ing high-entropy alloy has a non-equiatomic ratio of ele-

ments, among which Zr is predominant (Fig. 5, spectrum 1), 

its content in different regions decreases to 3 at. % (Fig. 5, 

spectrum 2) simultaneously with an increase in the content of 

Mn (30 at. %) and Ni (32 at. %). Elemental mapping demon-

strated a uniform distribution of nickel, manganese, and  

cobalt (Fig. 5, spectrum 3). The microstructure analysis per-

formed using SEM and a built-in EDS detector confirmed  

the non-uniform distribution of zirconium and chromium 

(Table 4), as well as the formation of globular inclusions 

containing Zr (Fig. 5). 

Based on the distribution of the intensity of characteris-

tic X-ray radiation of atoms shown in Fig. 6, it is possible to 

conclude about the non-uniform distribution of chromi-

um, manganese and zirconium atoms. The size of 
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Fig. 3. Elemental mapping of the Сo20.4Cr18.0Zr7.9Mn33.3Ni20.3 alloy.  

1–4 are sections of X-ray spectral microscanning 

Рис. 3. Элементное картирование сплава Сo20,4Cr18,0Zr7,9Mn33,3Ni20,3.  

1–4 – участки микрорентгеноспектрального сканирования 

 

 

 
Table 3. The results of X-ray spectral microanalysis of the HEA presented in Fig. 3 

Таблица 3. Результаты микрорентгеноспектрального анализа ВЭС по спектрам, представленного на рис. 3 

 

 

Spectrum 
Element, at. % 

Cr Mn Zr Co Ni 

1 5.98 26.24 14.00 20.65 33.14 

2 45.92 21.78 1.00 21.75 10.55 

3 16.33 40.62 1.46 17.69 23.91 

4 45.92 21.78 1.00 21.75 10.55 
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Fig. 4. Determination of concentration heterogeneity of the Сo20.4Cr18.0Zr7.9Mn33.3Ni20.3 alloy a line length of 90 m 

Рис. 4. Определение концентрационной неоднородности сплава Сo20,4Cr18,0Zr7,9Mn33,3Ni20,3  

вдоль линии протяженностью 90 мкм  

 

 

 
Table 4. The results of X-ray spectral microanalysis of the HEA presented in Fig. 5 

Таблица 4. Результаты микрорентгеноспектрального анализа ВЭС по спектрам, представленного на рис. 5 

 

 

Spectrum 
Element, at. % 

Cr Mn Zr Co Ni 

1 18.31 16.27 24.26 23.21 17.95 

2 10.74 30.21 3.87 23.18 32.00 

3 12.76 22.28 19.65 20.98 24.32 

 

 

 

the areas of non-uniform distribution of elements is up  

to 10 μm (Fig. 6). 

The change in nanohardness and microhardness in 

CoCrZrMnNi alloys with an increase in the zirconium content 

and a decrease in the manganese content is distributed non-

linearly. Thus, in the Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 alloy,  

the nanohardness values obtained in the interdendritic phase 

enriched with zirconium were 11 GPa, which is higher 

compared to the measurements carried out in the dendritic 

region equal to 9 GPa. These nanohardness values are the best 

among the other alloys studied. With an increase in  

the indenter load from 50 mN to 5 N, the microhardness of 

the Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 alloy decreases compared 

to the Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 alloy by 10 %.  

In general, the trend of increasing zirconium content has  

a positive effect on the increase in the microhardness of  

the material changing from 295 to 553 HV0.5 (Fig. 7, Table 5). 

Thus, the alloy with the element content close to equimolar 

Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 alloy demonstrates better harde-

ning ability compared to alloys with a nominal zirconium con-

tent of 7 and 15 %. Mechanically (elastic modulus),  

the Сo20.4Cr18.0Zr7.9Mn33.3Ni20.3 and Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 
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Fig. 5. Elemental mapping of the Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 alloy.  

1–3 are sections of X-ray spectral microscanning 

Рис. 5. Элементное картирование сплава Сo18,7Cr16,5Zr28,9Mn17,4Ni18,6.  

1–3 – участки микрорентгеноспектрального сканирования 

 

 

 

alloys differ little, demonstrating very similar values – 

122.73±10.37 and 109±10.41 GPa, respectively. 

The microstructure of the as-cast CoCrZrMnNi alloy 

with nonequimolar Zr (8 at. %) and Mn (33 at. %) contents 

(Fig. 8 c, 8 d) consists predominantly of large dendrites 

with an increased chromium content of up to 46 %  

(Table 3). An increase in the zirconium content in  

the interdendritic regions of the Сo20.4Cr18.0Zr7.9Mn33.3Ni20.3 

alloy reached 14 at. %. With an increase in the Zr content 

and a decrease in the Mn content closer to the equiatomic 

composition, the structure of the material became more 

uniform and the grain size decreased from 30 (Fig. 8 a, 8 b) 

to 5 μm (Fig. 8 e, 8 f). The smallest dendritic grains are 

found in the Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 alloy, located 

from the edge of the sample to the center. 

DISCUSSION 

In Fig. 1, the interdendritic phase of the Zr-free alloy 

contains small spherical inclusions (10 μm in diameter) 

consisting of Mn and Cr oxides. The formation of such in-

clusions has been previously noted by several authors.  

Apparently, inclusions are difficult to avoid when produc-

ing materials melted in a vacuum-induction furnace [21]. 

The reason for their presence is partial oxidation of  

the charge material, as evidenced by the data in Table 2 

obtained by the X-ray microanalysis method. 

Probably, the alignment of dendritic grains is associated 

with the direction of heat flow during solidification. In all 

the studied alloys, a quasi-homogeneous distribution of 

cobalt atoms was noted in elemental mapping (Figs. 1, 3, 5), 

thereby the percentage content of cobalt corresponds to 
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Fig. 6. Determination of concentration heterogeneity of the Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 alloy along a line length of 246 m  

Рис. 6. Определение концентрационной неоднородности сплава Сo18,7Cr16,5Zr28,9Mn17,4Ni18,6  

вдоль линии протяженностью 246 мкм 

 

 

 
Table 5. Changes in the mechanical properties of CoCrZrMnNi alloys depending on changes in the zirconium and manganese content 

Таблица 5. Изменение механических свойств сплавов CoCrZrMnNi в зависимости от изменения содержания циркония и марганца 

 

 

Average value 

Indenter penetration depth,  

nm 

Nanohardness,  

GPa 

Young’s modulus,  

GPa 

Microhardness, 

HV0.5 

Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 

425.41±0.28 10.05±1.03 161.67±20.57 484±58 

Сo20.4Cr18.0Zr7.9Mn33.3Ni20.3 

745.22±43.63 3.48±0.38 122.73±10.37 334±35 

Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 

454.30±23.45 8.95±0.83 109.96±10.41 537±57 

 

 

 

 

 

0

1000

2000

3000

4000

5000

6000

7000

2 22 43 63 83 104 124 144 165 185 206 226 246

p
p

s

μm
Cr Kα1 Mn Kα1 Co Kα1 Ni Kα1 Zr Lα1

28 Frontier Materials & Technologies. 2025. No. 1



Konovalov S.V., Drobyshev V.K., Panchenko I.A. et al.   “ Structure and mechanical properties of high-entropy alloys…” 
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Fig. 7. Optical image and loading–unloading graph of instrumental indentation of CoCrZrMnNi alloys: 

a – Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7; b – Сo20.4Cr18.0Zr7.9Mn33.3Ni20.3; c – Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 

Рис. 7. Оптическое изображение и график разгружения – нагружения  

инструментального индентирования сплавов CoCrZrMnNi:  

a – Сo19,8Cr17,5Zr15,3Mn27,7Ni19,7; b – Сo20,4Cr18,0Zr7,9Mn33,3Ni20,3; c – Сo18,7Cr16,5Zr28,9Mn17,4Ni18,6 
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 a b 

     

 c d 

     

 e f 

Fig. 8. Microstructure of CoCrZrMnNi alloys with different zirconium and manganese contents: 

a, b – SEM of the Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 alloy using SE and BSE detector;  

c, d – SEM of the Сo20.4Cr18.0Zr7.9Mn33.3Ni20.3 alloy using SE and BSE detector; 

e, f – SEM of the Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 alloy using SE and BSE detector 

Рис. 8. Микроструктура сплавов CoCrZrMnNi с разным содержанием циркония и марганца:  

a, b – СЭМ сплава Сo19,8Cr17,5Zr15,3Mn27,7Ni19,7 с использованием SE и BSE детектора;  

c, d – СЭМ сплава Сo20,4Cr18,0Zr7,9Mn33,3Ni20,3 с использованием SE и BSE детектора;  

e, f – СЭМ сплава Сo18,7Cr16,5Zr28,9Mn17,4Ni18,6 с использованием SE и BSE детектора 
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the nominal one in the studied alloys, which is consistent 

with the data of [22]. 

It is worth noting that the microhardness of the non-

equiatomic Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 alloy (537±57 HV0.5) 

(Table 5) exceeds the value for the Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 

composition close to equiatomic (484±58 HV0.5) [29], and 

the lowest values are observed in the alloy with a Zr content 

of 7.9 at. % and a Mn content of 33.3 at. %. This may be 

due to a finer grain structure reaching a size of about 

5 μm and a more uniform distribution of elements  

in the Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 alloy compared to  

the Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 и Сo20.4Cr18.0Zr7.9Mn33.3Ni20.3 

alloys. A similar pattern of changes in mechanical pro-

perties at nonequiatomic concentrations of Fe and Mn lead-

ing to an increase in the micro- and nanohardness of 

CoCrFeMnNi alloys is observed in [15]. 

Dark particles are present in the electron microscopic ima-

ges shown in Fig. 7. This may be due to contamination of  

the material mainly by particles coming from metal oxides 

during sample preparation using jet-type electrical discharge 

equipment. Thus, in the work [23], a similar phenomenon was 

observed after milling the alloy of the CoCrFeNi system. 

Changing the zirconium and manganese content has  

a significant effect on the nanohardness, microhardness, and 

Young’s modulus of the CoCrZrMnNi alloys, which can lead 

to various structural transformations and mechanical charac-

teristics. Thus, in the study [16], a similar effect was ob-

served from varying the percentage content of Fe and Mn 

from 5 to 35 at. %, which led to a nonlinear change in  

the strength properties of these materials, which are decisive 

for the use of HEA in modern structural materials. The con-

ducted studies confirm the assumption about the strengthen-

ing effect of HEA with an increased zirconium content. 

 

CONCLUSIONS 

It was found that the production of high-entropy alloys 

of the CoCrZrMnNi system by vacuum-induction melting 

contributes to the production of alloys with a heterogeneous 

structure and various mechanical properties: 

1. An increase in the zirconium content in  

the CoCrZrMnNi alloys from 8 to 28 at. % contributed to 

the formation of a fine-grained structure and a more uni-

form elemental distribution. 

2. The Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 alloy demonstrated 

the highest nanohardness (10 GPa) and Young’s modulus 

(161 GPa) during instrumental indentation. At the same 

time, the Сo20.4Cr18.0Zr7.9Mn33.3Ni20.3 alloy has the lowest 

mechanical properties (nanohardness, Young’s modulus, 

and microhardness) among other alloys, which may be due 

to the coarse-grained structure. As the indenter load increased 

(5 N), the microhardness of the Сo19.8Cr17.5Zr15.3Mn27.7Ni19.7 

alloy decreased compared to the Сo18.7Cr16.5Zr28.9Mn17.4Ni18.6 

alloy, which may indicate more universal mechanical pro-

perties of alloys with a zirconium content of 20 at. %. 
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Аннотация: Изучены механические свойства и микроструктура высокоэнтропийных сплавов (ВЭС) системы 

CoCrZrMnNi, полученных вакуумно-индукционной плавкой, в зависимости от изменения содержания Zr и Mn. 

Оценивается влияние процентного содержания Zr и Mn на микроструктуру и механические свойства (модуль Юн-

га, нанотвердость, микротвердость) ВЭС системы CoCrZrMnNi. Изучена связь варьирования процентного содер-

жания Zr и Mn с изменением размера зерен и механических свойств ВЭС. Исследования структуры, химического 

состава и распределения интенсивности характеристического рентгеновского излучения атомов выполнены c ис-

пользованием сканирующей электронной микроскопии. Методами сканирующей электронной микроскопии про-

демонстрировано, что в сплавах CoCrZrMnNi при увеличении содержания циркония и уменьшении содержания 

марганца ближе к эквиатомному составу структура материала становилась более однородной. Изменение про-

центного содержания циркония с 8 до 28 ат. % способствовало уменьшению зерна с 30 до 5 мкм и более однород-

ному элементному распределению. Сплав Сo19,8Cr17,5Zr15,3Mn27,7Ni19,7 в ходе инструментального индентирования  
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с нагрузкой на индентор 50 мН продемонстрировал наибольшее значение нанотвердости (10 ГПа) и модуля Юнга 

(161 ГПа). Сплав Сo20,4Cr18,0Zr7,9Mn33,3Ni20,3 обладает наименьшими параметрами нанотвердости, модуля Юнга, 

микротвердости среди других сплавов, что может быть связано с крупнозернистой структурой с размером зерна 

до 30 мкм. По мере увеличения нагрузки на индентор до 5 Н микротвердость сплава Сo19,8Cr17,5Zr15,3Mn27,7Ni19,7 

снижалась по сравнению со сплавом Сo18,7Cr16,5Zr28,9Mn17,4Ni18,6, что может указывать на более универсальные ме-

ханические свойства сплавов с эквиатомным содержанием циркония. 

Ключевые слова: структура; механические свойства; высокоэнтропийный сплав; вакуумная индукционная 

плавка; сканирующая электронная микроскопия; модуль Юнга; нанотвердость; микротвердость. 
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