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   .      

         
          

. ,       
         

 ,       
,      .  

    .     
        

  [1]       
 Fe-C3.6-Cr32 (  ABRADUR 58)  Fe-C0.12-Mn7-Cr19-Ni9 (  INOX B 

18/8/6)   -    , . 
        

          -
    3       
     .    

     [2]    
       

      .  
          
   ~ 60 HRC.      

,         
        

  Fe-C1.75-Cr25-Mn1.23 (  SURODUR) [3].   
       400 – 600 ° ,  
    ,    

    -     
~ 52 HRC.       30 %. 

     FeNbC   
    40 - 80  . %     

 ,         [4]. 
          

 Fe-Nb35-C5-Al7-Ti2.5.       Volvo,  
   .     1,5 

     ,  
    (~ 60 . %)   NbC  10-30 , 

   ’   .   
 ,        

    2 .   [5]  
  Fe-C-V-Cr-Nb-W        

   Hardox 450      ~ 2   
 ~ 12 ,        

   M23C6  MC.      
  140-150   Hardox 450. 

 .       
     ,  

          
 ( )        . 
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  .     
         

      08   3559-75.   
   17  4756-91 . %,  -354  

7885-86,   NbC  6-09-03-6-75      
 .        

 CarlZeiss,       EVO 40XVP  
   (BSD).      45  
   .     
 .        

    .       
     3000 ,    

   .      
 Calphad     ,   

   [6]      GES   
  Thermo-calc 2003p.     
    1,       

      2. 
 

 1 –     , . % 
   17 NbC

1 70 0 2 28 
2 74 6 2 18 
3 69 13 2 16 
4 67 19 2 12 
5 65 24 2 9 

:   
 

  2 –     , . % 
  Fe Mn Nb Si C 

1 63,93 17,62 - 8,61 6,84 
2 63,80 17,81 1,35 8,70 8,35 
3 63,43 16,56 2,71 8,09 9,21 
4 62,50 15,79 3,88 7,71 10,12
5 61,69 15,11 4,93 7,38 10,88

:   
 

      (FeMnSiC) – NbC ( . 1) 
,          :    

 NbC,  ( ),  ( ),    ( ),    
M5C2     Fe8Si2C.     

        ~ 1500 . 
           150 

.   NbC       
,    5 2    Fe8Si2C  
    + NbC+       

         
.       

  2 – 5     :      
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 NbC ,    ~ 1500 ,  
    NbC   .   

         5 2,   
     .   

       ~ 1000 ,    
 ~ 900 .  ,      
     , NbC  .    
       
       ,   
    ,      . 

      + NbC  + NbC+ . 
  NbC      ( . 2)   

:  NbC   ;    
      ;   

    NbC       
   3   5 2.     

 NbC    2, 3, 4  5   ~ 3, ~ 6, ~ 8,5  ~ 10 . %, 
.  

 

 
 

 1 –     FeMnSiC – NbC 

:   
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 2 –    NbC    

   2 -5 
:   

 
     ,  

    Fe-Mn-Nb-Si-C  ( . 3) ,   
    ,      ,  

    (  ~ 3 )  NbC 
 .         

,     . 
 

 
 3 –     Fe-Mn-Nb-Si-C   

(  NbC ~ 10 %) 
:   

 
        

NbC     ,      
   NbC  0  10 . %    

       20  35 HRC.   
        ,  
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    .  ,   
      –   

NbC  0  6 . %       ,  
  NbC  6 . %     
 ,    10 . %   54 HRC.    

           
  ,       NbC     

         
 ’ .  ,     NbC   

  ,   . 
 

 
 4 –     Fe-Mn-Nb-Si-C   

(  NbC ~ 10 %) 
:   

 
.       

        
    ,      

    . ,    
           

110 13       6 . %     
 (       .    

  - 54 HRC      
 ,      
     (46 HRC).   
       

      . 
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Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine 
Formation of Phase Composition, Structure and Properties of Electric Arc Coatings of 
Fe-Mn-Nb-Si-C System for Hardfacing of Working Surfaces of Earthmoving 
Equipment 

The purpose of the study was to establish the regularities of formation of the structure, phase 
composition and properties of electric arc coatings of powder wires based on high-alloy (manganese) steel with 
niobioum carbide additions using CALPHAD method together with expiremental investigation of structure and 
properties and obtainig the hardfacing material with high impact arbasive wear resistance for earth moving 
machines equipment. 

Using the free energy calculations of a multicomponent system by the Calpad method, a pseudobinary 
phase diagram of a highmanganese steel  - niobium carbide system was constructed. The use of the diagram 
made it possible to predict the phase and elemental composition of electric arc coatings made of powder 
electrode materials. The proposed alloying system allows to obtain a surface layer consisting of two phases: 
manganese austenite and niobium carbide in the form of dispersed inclusions. The results of measuring the 
hardness of the arc coatings of the proposed doping system show that increasing the content of niobium carbide 
in high manganese hardfacing alloy from 0 to 10 vol. % leads to an increase in the hardness of the surface layer 
from 20 to 35 HRC in the undeformed state and from 46 to 54 in the deformed state. The results show that the 
presence of disperse NbC inclusions in the amount of more than 6 % by volume increases the intensity of 
hardening of the surface layer during deformation due to the formation of microregions with high level of 
internal stresses. 

According to the results of theoretical and experimental researches, a system of doping of powder 
electrode materials was developed to strengthen the working bodies of earthmoving equipment, which operates 
under conditions of considerable dynamic loads in abrasive media. It is established that when alloying electrode 
materials based on manganese steels close in composition to 110G13L steel, niobium carbide significantly 
increases both the initial hardness (before deformation) and the hardness after deformation. The obtained value 
of the hardness of the deformed layer - 54 HRC significantly exceeds the hardness of the serial high-manganese 
alloys (46 HRC) hardfacings. 
electric surfacing, powder wires, high manganese steel, niobium carbide, hardening 
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