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     « -10», -

        
       -

 1,1    c    10  [9]. 
          -

 (  .%) 75%Fe–25%Ti  75%Fe–20%Ti–5%B4C  -   
  6,25 M /  [6, 7],       

    25 %     100–600 
,         ~5 . 

      [11]    -
     Fe–Ti–C–(B)     

 1,7  5 ° /  (     1100 °   -
   = 180 ),         -
    –     14  30 /   

    –    10  20 °C/c. 
     

     (   
ISO 643:2009)     « - »  -

  «ImageJ»,   –   « -3»  
  [11]. 

     ISO 6508-1:2013,  -
 ,    -    1 1  

 4 80/63,    « -2»   –
. 

       (   
19265–73)   6 5. 

 
  

,        10 ° /c  
     Fe–Ti–C   0,5  ~3,5 ,   
 Fe–Ti–C–B –  0,5  ~2,5,        -

         .  
     20 ° /c    
     Fe–Ti–C  ~2,3 ,    Fe–Ti–C–B – 

 ~1,5  ( . 1): 

 
1 – Fe–Ti–C; 2 – Fe–Ti–C–B 

. 1.          
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    ,     -
           

        
 , ,   ,   -

   ( . 2  3): 

  
  

  
  

Fe–Ti–C (° /c):  – 10;  – 20; Fe–Ti–C–B (° /c):  – 10;  – 20 
. 2.    ; 50 

 

  
  

1 –   ; 2 –    
. 3.         

Fe–Ti–C ( )  Fe–Ti–C–B ( )      
 

 ,   Fe–Ti–C    -
     (  50  30 HRC)  , 

,    ,    ,   
         1 % ( -
,     ,       

) –      Fe–Ti–C–B   
,         -

 (  48  70 HRC),  .      -
    20 ° /c   0,2 % (   7 

 ,     6 5   60 HRC) ,   
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  ,    -
         

  -   –   -
   ( . 4): 

  
  

1 – 10; 2 – 15; 3 – 20 ° /c 
. 4.      Fe–Ti–C ( )  Fe–Ti–C–B ( ) 

     
 

 ,       -
    Fe–Ti–C–B    20 ° /c  

 1100 °     0–180  (   60 ). 
     ,   

    180      
     ,     -
 ( . 5  6): 

 

 
1 – 0; 2 – 120; 3 – 180  

. 5.         
 20 ° /c   Fe–Ti–C–B 
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1 –  ; 2 –   

. 6.           
  20 ° /c   Fe–Ti–C–B 

 
 

     ,  -
     Fe–Ti–C–(B)  10  20 ° /c , 

     ,    -
     ~3,5  ~2 . 

 ,       
   Fe–Ti–C   ,    -
        -

       50  30 HRC (   
 ). 

,  , ,     Fe–Ti–C 5%-  -
    -    -

    20 ° /c    
  1100 °    180  – ,   , -

   (  48  70 HRC)   (  7   
   6 5). 

 
         

 10  20 ° /c  -     ,    
   Fe–Ti–C–(B). ,    

  20 ° /c       1100 °   
180            ~3,5 

 ~2      Fe–Ti–C–(B),    70 
HRC,    7  ,     6 5. 

 :  , -  , ,  
. 
 
Experimental data about impact of heating rate in range from 10 up to 20 °C/s under spark 

plasma sintering on grain size, structure and mechanical properties of Fe–Ti–C–(B) carbide 
steels system is given. It was established, that increasing heating rate up to 20 ° /s in 
consolidation mode with holding temperature of 1100 °  during 180 seconds leads to decrease of 
mean iron grain size in material structure from ~3.5 to ~2 m and allows to obtain Fe–Ti–C–(B) 
carbide steels system with hardness of 70 HRC and wear-resistance seven times higher than of 
tungsten-containing HSS M2 steel. 

Keywords: heating rate, spark plasma sintering, carbide-steels, grain size. 
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