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 MnFeCoNiCu 

. .  1, . .  1, . .  2,  
. .  3 

1
 . . . , ; 

2
 " ", ; 

3
 " ", 

    MnFeCoNiCuCrx   

  (   = 0; 0,5; 1,0; 2,0; 3,0 mol)   -  

   -9.    ,  -

         -

,        .    -

        :   

 + ’   +  σ-  ( 1+ 2+ +σ). 

,          σ- -

,      . 

:  ,  , . 

.  ,     , 

       – Fe, Al, Cu, Ti . 

 [1]   ,    , 

 ,     .    

   ’       5   

35 at.%.         , 

,      [2, 3]. 

        .   

     MnFeCoNiCu,    -

         [4, 5].  -

  –     ,    -

  MnFeCoNiCu.    ,     -

 - ,         -

  ,     ,  -
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.    -   -9   
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       ∼80…100 K/s.  

 MnFeCoNiCu   20 at.%  .
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   ,    -

 136°   250 g  15 s. 

.    MnFeCoNiCuCr  

  . 1.   MnFeCoNiCu    -   -

   = 3,6322 ( . 1 ).   0,5 mol    -

   – 1  2     = 3,6021  3,6632 -

 ( . 1b).       1-

,    72 mass%.     -

    ,     MnFeCoNiCuCr0,5.   

  ,     1 = 3,6087  2 = 3,6744. 

 

. 1.    MnFeCoNiCuCr     :  

a – x = 0,  – ; b – 0,5 mol,  – 1,  – 2; c – 2,0,  – ,  – 1,  

 – 2,  – σ-  ( ) FeCr); d – 3,0 mol,  – ,  – 1,  – 2,  

 – σ-  ( ) FeCr).     . 

Fig. 1. Diffraction patterns of alloys of the MnFeCoNiCuCr  system depending on the chromium 

content: a – x = 0,  – FCC; b – 0.5 mol,  – FCC1,  – FCC2; c – 2.0,  – BCC,  – FCC1,  

 – FCC2,  – σ-phase (type) FeCr); d – 3.0 mol,  – BCC,  – FCC1,  – FCC2,  

 – σ-phase (type) FeCr). Arrows indicate the diffraction maximum. 

         

 ( . 1). ,    MnFeCoNiCuCr2  -

    ( 1, 2, )  σ-   FeCr ( . 1 ). 

  ,    ( . 

2 ).  σ-  -         

[6],     (    ).  

       ,   -

    ,    σ- ,   
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,  .       1-  2- -

.   ,        

  ( 2, , ,  )    ∼0,25 µm. 

 1.  MnFeCoNiCuCr2  MnFeCoNiCuCr3

 , mass% 
 

1 2  σ-  

MnFeCoNiCuCr2 56,0 20,0 7,0 17 

MnFeCoNiCuCr3 23,0 29,0 19 29 

 2. 

MnFeCoNiCuCr  [7] 

   , mol 0 0,5 1,0 2,0 3,0 

 , el./at. 9,0 8,7 8,5 8,1 7,9 

 , J/(mol⋅K) 13,30 14,60 14,90 14,53 13,85 

 

      3 mol    -

       ( . 2).  

       

.    3 mol      

. ,     -  ( -  

),       σ- ,  –  1 

 ( -  ),   ’   2-  (  

).    ( 2)    ( )  . -

    -  σ-  . 

 

. 2.     MnFeCoNiCuCr     

   : a – x = 2,0; b – 3,0. 

Fig. 2. Microstructures of as-cast MnFeCoNiCuCrx alloys in back scattering electron, depending 

on the chromium content: a – x = 2.0; b – 3.0. 

         -

    MnFeCoNiCuCr  ’   ,      

   :     
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( . 2),  ,    [7];   ,    

 (Cr–Cu)       ( . 3) [8]; -

  σ-  (Cr–Fe, Cr–Co ),     

    σ- ,    . 

 3. , 

, kJ/mol [8] 

 Cr Fe Co Ni Cu Mn 

Cr 0 –1 –4 –7 +12 2 

Fe  0 –1 –2 +13 0 

Co   0 0 +6 –5 

Ni    0 +4 –8 

Cu     0 4 

Mn      0 

  MnFeCoNiCu    9 el./at.  - 

 (     8,2 el./at. [6]).   MnFeCoNiCuCr0,5 

    (8,7 el./at.),      

           -

   ,      

 1       2- . 

   

MnFeCoNiCuCr   -

 ,   

 8,5 el./at.   -

 ,    -

 ( . 2).   

MnFeCoNiCuCr2   

  8,1 el./at.,   

    

-  -  [6].   

 -    

 ,    -

    -

 - ,    -

   1-  

2- .    

    

  ,   -

  ( . . 1).   

    

   ( . 2). 

 ( . 3),          

        

 (   0  1,0 mol ),     -  

σ-   . 

   MnFeCoNiCuCr       

  - ( )   ( 1, 2, , σ).  

-  σ-       .   

 

. 3.   

      

MnFeCoNiCuCr . 

Fig. 3. Concentration dependence of Vickers 

hardness for MnFeCoNiCuCrx alloys. 
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-   σ- .   MnFeCoNiCuCr2  -

    ( 2)    ( ). - 

 σ-     ,  1  2,    

   . 

.     MnFeCoNiCuCrx 

    (   = 0; 0,5; 1,0; 2,0; 3,0 mol)   -

-     -9.    ,  

        -

 ,        .  -

           : 

   +   +  σ- -

 ( 1 + 2 +  + σ).       

-  σ- ,      . 

:  ,  , . 

SUMMARY. The six-component system of high-entropy MnFeCoNiCuCrx alloys with dif-

ferent chromium content (where x = 0, 0.5, 1.0, 2.0, 3.0 mol) was obtained by the method of ar-

gon-arc melting in the MIFI-9 furnace. Using the X-ray analysis, scanning electron microscopy 

and indentation, the effect of chromium on the crystal structure, microstructure and hardness of 

these alloys in the cast state was investigated. Depending on the chromium content, the 

MnFeCoNiCuCr  alloys have a mixture of the following phase components in their structure: 

two face-centered cubes + body-centered cubes + intermetallic -phase (FCC1 + FCC2 + BCC + ). 

An increase in the chromium content leads to the formation of a BCC structure and -phases, 

which is the dominant factor in the alloy strengthening. 

Keywords: high-entropy alloys, phase composition, hardness. 
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