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Formation Mechanisms of Titanium Carbonitride  
by Thermal Process   
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Abstract  
 Titanium purity 99.7% was carbonitrided in acetylene-ammonia mixtures for 2 h at a 
temperature range of 1,150-1,250 C. Flow rate of acetylene and ammonia was set constantly at 0.4 
and 10 cm3.s-1, respectively. The samples were then characterized by Knoop hardness (HK) tester, a 
scanning electron microscope (SEM), an x-ray diffraction (XRD) and energy dispersive x-ray (EDX) 
analyzer. The XRD patterns showed that TiC0.7N0.3, TiC0.3N0.7 and TiN phases which was in agreement 
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with the EDX results. The maximum Knoop hardness value was 3.2 times of the non-carbonitrided 
sample. The SEM micrographs of the nitride and carbonitride samples showed a rough surface. 
 

Keywords: TiN, TiCN, Knoop hardness, Carbonitridation 
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  (Materials and methods) 
  99.7 %   (Rod shape)  
20.0 mm   1-2 mm  (Diamond saw) 

 100, 400  1000  (Alumina)  1  0.3 m 
   (Polishing) 

  (Chamber)  1 
  (Evacuated)  (Rotary pump) 

 (Absolute pressure)  17.33 kPa  10 
cm3.s-1  

   10   (  5 ppb) 
  (Furnace)  1,150 C 

 
 10 cm3.s-1  0.4 cm3.s-1  2  

  
  1,200  

1,250 C  (Knoop hardness; HK) 
 MXT- 7 Matsuzawa Seiki  50 gf  (Dwelling time)  5 

  (XRD)  Cu - K   BRUKER 
AXS company series D8 ADVANCE  JCPDS software (Powder Diffract. File, 2001) 

 45.0 kV  35.0 mA  (SEM) 
 (EDX)  Jeol: JSM-6335F  
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 1  Schematic diagram  
 

 (Results and discussion)  
  
 

 
 

 2  
                                             
 

 2  
   : log Q = 1.2522(log H) - 0.9816 
   : log Q = 0.7445(log H) + 0.1049 
   : log Q = 0.6983(log H) - 1.3899 
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   10,10 
 0.4 cm3.s-1  

 38.02, 15.85  26.30 cm  
  XRD   
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  TiN  TiC0.7N0.3  (George, 
Wayne and Menachem. 998: 345)  

 
 TiN  TiC0.7N0.3   (Zhao. et al. 

2002:581)  TiC0.7N0.3  TiC TiN  
thermodynamically stable  TiC (Wicks and  Block. 1963: 124)    TiN  
TiC  

  O2  5 ppm 
 1,250 C  TiN  TiC0.3N0.7  1,200 C 

 
     

 

  Knoop  

 
 

 4  Knoop   Ti 
 

  4  HK  Ti  load 50 gf   HK  specimens 
 Ti   136.8 kg.mm-2  specimens  Ti        
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 1,150, 1,200  1,250 C  2   403.4, 412.0  
439.8  kg.mm-2   HK  

    1,150, 1,200  1,250 C 
 2.9, 3.0  3.2            

  HK  

  HK  1,150 C  1,200  1,250 C  1,200  
1,250 C   
HK   
XRD pattern   
 

  SEM  

 
 

 5  SEM micrograph  Ti   
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 6  SEM micrograph  Ti  
     1,150 C  2  

 

 
 

 7  SEM micrograph  Ti   
      1,200 C   2  
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 15  SEM micrograph  Ti  1,200 C 
 

 
 

 16  EDX spectra  Ti  1,200 C 
 
 



6363

Sakon Nakhon Rajabhat University Journal

Volume 4 No. 8 : July – December 2012

;  4  8 :  –  2555 
Sakon  Nakhon  Rajabhat University  Journal; 4(8) : July – December 2012 
 

 

63 

 
 

 17  SEM micrograph  Ti  1,250 C 
 

 
 

 
 
 
 
 
 
 
 
 

 18  EDX spectra  Ti  1,250 C 
 

  13 – 18  EDX spectra 
 Ti  1,150-1,250 C  2 h  1,150 C 

 150 m   1,200 
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C  1,250 C   39.57 : 8.32  23.70 : 8.84 
atomic%    XRD 
  18 

 
 EDX  

 EDX  SEM  
 

 1150 C   XRD 
 TiN  1200 C  1250 C   

XRD  TiN  TiCN   
  

    
 

  
 

 99.7%  substrate 
 

  
  1.    
      1.1   

 10 : 0.4 cm3.s-1  (TiCN) 
 1,200 C   

 
  (TiN)    

  2.2  Cubic  space group  Fm3m 
 Cubic  space group Fm3m (02-0942) 

 Cubic  space group Fm3m   TiN, TiC  
 TiCN   Sodium Chloride Structure  TiN 

 TiC  TiCN   
1,150  C  TiN  
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  2.3   3.2  
 TiN  TiCN  XRD  EDX     

  2.4  substrate  SEM 
 clusters 

 
  2.   
 2.1 

    
 2.2  AFM  
 2.3  
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