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Influence of Heat Treatment on Multi-scale Mechanical Properties
of Cold-sprayed Nickel Coating™

Takayuki KuwasHIMA™ T, Kazuki Noro**, Hiroyuki Waki***

Mechanical properties of heat-affected cold spray coatings are important. However, the mechanism of multi-scale property
change by heat treatment is not well-known. In this study, cold sprayed nickel specimens heat-treated in several conditions
were prepared to investigate the influence of heat treatment on the multi-scale properties. Young's modulus and modulus of
rigidity were measured by a free resonance method. The microstructure was observed by electron backscatter diffraction
(EBSD) . The EBSD analysis indicated that the crystal grain size of an as-sprayed coating was finer compared with feedstock
powder. The crystal grains grew with increasing heat treatment temperature above 673K. The kernel average misorientation
map showed that the strain in the coating disappeared drastically at 673K, and then the hardness decreased. On the other
hand, the coating porosity increased with increasing heat treatment temperature above 873K, and then the elastic moduli
degreased. It was concluded that microstructure of a nickel coating via cold spray changed with two different scales by heat

treatment. First, microscopic strain in the coating was released, and then the macroscopic porosity increased due to diffusion.
Keywords : nickel coating, heat treatment, Young's modulus, modulus of rigidity, internal friction, hardness
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Fig.1 Secondary electron images of used powder.
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Fig.2 Schematic diagram of cold spray system.

Table 1 Cold spray condition
Gas He
Process gas pressure 0.62 MPa
Carrier gas pressure 0.69 MPa
Heater temperature 600 K
Powder feed rate 10 g/min.
Spray distance 15 mm
Pitch 3 mm
Traverse velocity 50 mm/s
Coating thickness 10 mm
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Fig.3 Schematic diagram of Young's modulus-measuring
device.
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Fig.4 Schematic diagram of modulus of rigidity-measuring
device.
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Fig.5 Schematic diagram of measuring principle for internal
friction.
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Fig.6 Secondary electron images of cross section of cold sprayed
specimen in each heat treatment condition (in plane).
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Fig.7 Relationship between heat treatment temperature and
porosity.
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