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Abstract This study is focused on the investigation of the effect of substrate surface pretreatment on the interfacial
bonding between a Ti6Al4V coating, prepared by supersonic laser deposition, and a substrate. Prior to the deposition, the
substrate surface is pretreated by three different methods, namely polishing, grinding, and sand blasting. The phase
composition and roughness of the substrate surface are analyzed using an X-ray diffractometer and a surface profilometer,
respectively. An optical microscope is employed to analyze the interfacial bonding between the coating and substrate,
while the bonding characteristics between the particles and substrates with different surface roughness, is numerically
evaluated using a finite element model based on single particle impact. The results indicate that the coating detaches from
the substrate treated by grinding owing to the formation of titanium-oxide ceramic phases on the substrate surface.
However, the surface roughness of the polished substrate is lower than that of the sand blasted one, and thus, the coating/
polished substrate interface is more tightly bonded. The numerical simulation results demonstrate that because of the
undulating characteristics of the substrate surface, the particle/substrate interface shows inhomogeneous temperature and
strain distributions, which prevent close bonding between the particles and substrates.
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Fig.1 Morphologies of Ti6Al4V powder and substrate. (a) Micro-morphology of Ti6Al4V powder; (b) macro-morphology of
Ti6Al4V substrate with different pretreatments
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Table 1 Mass fraction of chemical composition of Ti6A14V powder and substrate
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Table 2 Process parameters for SLD-Ti6A14V coating
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Fig. 2 Computational models of Ti6Al4V particle impacting Ti6Al4V substrates. (a) Smooth surface; (b) rough surface
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Table 3 Material parameters of Ti6A14V for simulation'”

]

Parameter Value
Density /(kg-m °) 4428
Young modulus /GPa 110
Poisson ratio 0.33
Specific heat /(J-kg 'K ') 580
Heat conductivity /(W-m ™ '-K™") 7.955
A /MPa 862
B /MPa 331
N 0.34
C 0.012
M 0.8
T, /C 1605
T, /C 25
Reference strain rate /s 1
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Fig.8 Deformation morphologies and temperature distribution diagrams of Ti6Al4V substrates when Ti6A14V particles collide with

different surface conditions. (a)-(c) Smooth surface; (d)-(f) rough surface
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