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Table 1  Chemical composition of nickel-based alloy powder and substrate (ω/%) 

 C Si B Cr Fe Ni Mn 

Substrate 0.27~0.33 0.17~0.37 - 0.60~0.90 Bal. 2.75~3.10 0.30~0.60 

Powder 0.80 4.00 3.5 15.50 15.0 Bal. 3.00(W) 

 

 

 

 

 

 

 

 

Â 1  NiCrBSi +Zref 

Fig.1  Microstructures of NiCrBSi+Zr coating: (a) the whole coating, (b) lower part, (c) middle part, and (d) upper part 

 

 

 

 

 

 

 

 

 

 

 

Â 2  NiCrBSi+ZrdEefC XRDÂm 

Fig.2  XRD pattern of NiCrBSi+Zr composite coating 
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Fig.3  SEM image and EDS line scanning analysis of ZrC  

particles area 
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Fig.5  Relationship between scanning speed of laser beam and 

advancing liquid-solid interface 
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Fig.6  Hardness profile of composite coating 
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Fig.7  Indentations on the cross section of coatings: (a) NiCrBSi 

coating and (b) NiCrBSi+Zr composite coating 
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Behavior Characteristics of In-situ Formed ZrC Particle Reinforcement Composite 
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Abstract: Mixed powders of zirconium dioxide and graphite were added into Ni-based alloy powder, and then the ZrC particles reinforced 

NiCrBSi composite coating was prepared on mild steel by laser cladding. Microstructure, phase and composition of the NiCrBSi+Zr 

composite coating were characterized by scanning electron microscope (SEM), energy dispersive spectrometer (EDS) and X-ray 

diffractometer (XRD), respectively. The morphology, formation and growth mechanism and distribution of ZrC reinforcements were 

studied, and the hardness of the coating was investigated as well. The results show that ZrC reinforcements are uniformly distributed in the 

upper part and the middle part of the coating. The morphologies of ZrC are mainly triangle, quadrilateral similar to rhombus and long-bar 

shaped, which is attributed to obstruction from the interdendritic growth, collision and sintering caused by high convection and repulsion 

between solid-liquid interface in the molten pool. The hardness of the composite coating is improved by ZrC reinforcements and carbide 

such as M

23

C

6

. Therefore, the hardness (HV

0.2

) of the composite coating can reach 7200 MPa. 

Key words: in-situ synthesis; zirconium carbide (ZrC); particles phase; formation mechanism 
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