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Table 1  Chemical composition of the gradient cemented 

carbide WC-Co-Ti(C,N)-(Ti,W) C alloy (ω/%) 

Ti Co C N W 

5 8 6.25 0.2 Bal. 
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� 1  WC-8Co-5Ti-0.2N����� !"#$%�� 

Fig.1  Calculated phase equilibria closing to the sintering region 

of an alloy with the composition of WC-8Co-5Ti-0.2N 
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Fig.2  Calculated composition of cubic phase of WC-8Co- 

5Ti-0.2N along with temperature 
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Fig.3  Calculated composition of cubic phase of WC-8Co-5Ti- 

0.2N at 1450 8 along with nitrogen activity (N
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Fig.4  Calculated N activity (a) and Ti activity (b) along with the 

N content in WC-8Co-5Ti-xN at 1450 8 
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Fig.5  SEM morphologies of the cross section of alloy WC- 

8Co-5Ti-0.2N sintered under different nitrogen partial 

pressures at 1450 8 for 2 h 
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Fig.6  Distributions of Ti, Co and W elements of the cross section 

of alloys sintered under vacuum at 1450  8 for 2 h 
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Fig.7  Measured (symbols) and calculated (curve) Concentration profile for Co (a) and Ti (b): 
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Fig.8  Designed and manufactured industrial cemented carbides 

with thermodynamic and kinetic simulations 
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Development of Gradient Cemented Carbides Through Thermodynamic and 

Kinetic Simulations 
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Abstract: It is a powerful and efficient method for materials development and process optimization by grasping the thermodynamic and 

kinetic information of studied materials and further performing simulations. The quality of CALPHAD-type calculations is strongly 

dependent on the quality of the thermodynamic and diffusivity databases. Based on previously developed thermodynamic database 

(CSUTDCC1) and diffusivity database (CSUDDCC1), some simulations concerned during the research and development of cemented 

carbides, like sintering “carbon window” and cubic phase composition, were performed. Several gradient cemented carbides sintered under 

vacuum and various partial pressures of N

2

 were studied. The microstructure and element concentration in the gradient layer were 

investigated via SEM and EPMA. Thermodynamic and kinetic simulations were performed and agreed well with experimental data. 

Examples of thermodynamic and kinetic simulation applications in design and manufacture for gradient cemented carbides were shown, 

providing theoretical basis for the development of novel and high-performance gradient cemented carbides. 

Key words: CALPHAD; cemented carbide; gradient sintering; microstructure 
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