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Abstract 10 

  TiC0.79N0.21 coating was deposited on WC-Co cemented carbide by moderate temperature chemical 11 

vapour deposition technique and then annealed in vacuum or air in the temperature range of 700 -900 oC 12 

for one hour. The morphology, composition, phase component, residual stress, hardness and plastic 13 

deformation resistance of the coating before and after annealing were investigated by scanning electron 14 

microscopy (SEM), transmission electron microscopy (TEM), electron probe micro-analyzer (EPMA), X-ray 15 

diffractometer (XRD) and nano-indentator. The results show that after annealing in low vacuum, the grain 16 

boundaries of the coating surface are still clearly visible and small capsule or granular oxide particles are 17 

uniformly distributed on the columns surfaces of the coating. Coarse irregular particles enriched with W 18 

element are randomly located at the grain boundaries. After annealing in air, the coating is, however, 19 

oxidized to rutile TiO2 and oxidation rate increases with temperature. Dramatic coating oxidation is 20 

observed at 900 oC. With the increase of temperature, the residual tensile stress increases and 21 

compressive stress decreases after annealing in air and vacuum, respectively. The hardness and plastic 22 

deformation resistance on the cross section of coating are improved with temperature after vacuum 23 

annealing while opposite tendency is obtained for air annealing.  24 
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1. Introduction 27 

  Ti(C,N) is one of the widely used coating materials due to its high hardness and outstanding wear 28 

resistance. Various Ti(C,N) coatings have been prepared and characterized [1-8]. MTCVD (Moderate 29 

temperature Chemical Vapor Deposition) Ti(C,N) coated inserts are known to show increased toughness [5, 30 

9-10]. The MTCVD Ti(C,N) coatings often present a columnar structure with columns that grow throughout 31 

the coating. Many efforts have been made on adjusting the properties of Ti(C,N) coatings. It was found 32 

that the cutting performance of MTCVD Ti(C,N) coating was improved by 30~60% during continuous 33 

turning of carbon steel, alloyed steel and stainless steel by introducing C2H4 gas to a TiCl4-CH3CN-H2 34 

precursor system [6]. Fine grain sized microstructure (50-300 nm) together with equiaxed grain 35 

morphology increases the toughness of the Ti(C,N) coating without decreasing its wear resistance [11]. 36 

According to [12], MTCVD Ti(C,N) coating with a maximum hardness of about 40 GPa was obtained by 37 

doping Si (12 at. %) from TiCl4, SiCl4 and CH3CN and H2 gas system. 38 

  Numerous works have been done about the effect of annealing on the microstructure and mechanical 39 

properties of TiN, TiC and Ti(C,N) coatings. Many papers on annealing can be found for TiN coatings 40 

prepared by both PVD (Physical Vapor Deposition) and CVD methods. It is reported that annealing in air 41 

caused TiN coating oxidation at temperatures above about 450 oC [13]. The stresses within coating 42 

contributed to coating degradation at higher annealing temperatures. Indentation hardness was reduced 43 
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