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Effect of Spray Angle on Adhesion Strength of Copper Coating and
Particle Impact Behavior in Cold Spray *

Koichi TAKADA®, Kazuhiko SAKAKI**, Takuya IDEMOTO™*, Daiki YuTO™*

Coating adhesion is a critical factor on coating technology. However, the adhesion mechanism of cold sprayed coatings has
not understood sufficiently yet. Therefore, there is a limitation to apply cold sprayed coating to industrial products. Generally,
shear localization that occurs at the interface between a particle and a substrate during particle impact has a notable effect on
adhesion strength of cold sprayed coatings. In this study, spray angle is focused to improve the shearing area and force. And
also, the effects of spray angle, substrate hardness and surface roughness on adhesion strength of copper coatings were
investigated. The spray angle was varied to six different levels: 30, 45, 50, 60, 75 and 90 degree. Used substrate materials were
mirrored or blasted mild steels and mirrored aluminum alloys. In addition, morphology of individual copper particles and
coatings were observed. As a result, the adhesion strength of copper coatings on mirrored steel substrates increased with a
decrease in the spray angle. The morphology of copper coatings varied depending on the spray angle. Porosity ratio of a
coating increased with a decrease in the spray angle.
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Fig.1 Schematic of impact and adhesion process of sprayed
particles.
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Fig.2 Cross-section illustration of the cold spray nozzle used.

Table 1 Cold spray conditions.

Gas type Nitrogen
Nozzle intake pressure P; 3
Operation gas | [MPa] (gage)
Nozzle intake temperature 623 to 673
Tgi [K]
Powder feed rate [g/min] 15
Gun traverse speed [mm/s] 20 to 40, 500
Spray distance [mm] 15
30, 45, 50, 60
Spray angle [° T T
pray angle [°] 75 90
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Fig.3 Schematic of spray angle of cold spraying. “ 8"
indicates spray angle.
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Table 2 Powder and substrate materials.

Material Copper
Feedstock [yyean particle size [um] 19
powder
Vickers Hardness 84HV0.02
Material Miid Steel Aluminum alloy
(SGD3KM-D) (A6063)
Substrate | Vickers Hardness 220HV0.1 77HV0.1
Surface pretreatment Mirrored (0.03) .
.21
(roughness (Ra) [um]) Blasted (7.91) Mirrored (0.21)

Fig.4 Typical SEM image of copper particles.
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Fig.5 Relationship between spray angle and adhesion strength

of copper coatings.
(a) Copper coatings on mild steel substrates.
(b) Copper coatings on aluminum alloy substrates.
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Fig.6b Morphologies of copper particles on blasted mild steel
substrate with 8 = 90°
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Fig.7 Surface morphologies of mild steel substrates after film
detachment by tensile test. (a) mirrored surface and
f# =90°, (b) mirrored surface and 8 =60°, (c)
blasted surface, and 8 = 90°.
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copper coatings on polished substrates.
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