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Effects of additive elements on molding of Cu alloy in metal additive manufacturing
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Synopsis: In recent metal additive manufacturing industry, Cu and its alloys have attracted more attention owing to their high
electrical conductivity. Since the laser absorption rate of Cu is much lower than those of Fe-based alloys and
Ni-alloys at the wavelength of 1064 nm of Yb fiber laser widely used in laser additive manufacturing, pure Cu
powder with relatively large thermal conductivity is thought to be difficult to obtain high relative density by laser
additive manufacturing.
The purpose of this study is to develop a Cu alloy which enables both of high relative density and high electrical
conductivity by laser additive manufacturing.
In this study, the effects of Zr addition to Cu on relative density and conductivity in built were investigated, and
Cu-0.8%Zr showed good combination of relative density, 99%, and electrical conductivity, about 90% of pure Cu, in
built. It tells that Cu-0.8%Zr is currently considered to be the best Cu alloy to obtain molding by laser additive
manufacturing.
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Table 1 Chemical compositions of Cu alloy gas atomized
powders (mass%).

Cu Ni Fe Cr Zr Si P
Base Bal. 0.01 0.010 0.01 0.01 0.002
2%Ni Bal. 2.05 - 0.01 0.001
2%Fe Bal. 2.00 0.01 0.001
2%Cr Bal. 0.001 0.001 1.98 - 0.01 0.001
2%Zr Bal. 2.05 0.01 0.001

: Not analyzed
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Table 2 Chemical compositions of Cu-Zr alloy gas atomized
powders (mass%).

Cu Zr Si P
0.80%Zr  Bal. 0.78 0.01 0.001
0.50%Zr  Bal. 0.42 0.01 0.002
0.30%Zr  Bal. 0.20 0.01 0.002
0.15%Zr  Bal. 0.16 0.01 0.001
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Fig.1 Effect of wavelength on absorption rate.
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Fig.2 Effect of energy density on microstructure of molding.
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Fig.3 Effect of energy density on relative density of molding.
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Fig.4 Microstructures and relative density of Cu alloy molding.
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Fig.5 Electric conductivity of Cu alloys.
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Fig.6 Effect of temperature on electric conductivity of Cu-2%Zr.
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Fig.7 Microstructures and relative density of Cu-Zr alloy molding.
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Fig.8 Electric conductivity of CuZr alloys after 800 degree
heat treatment.
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Fig.9 Bright-field images of Cu-0.80%/Zr.
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