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Cu-Cr-Zr (CuCrZr) alloy, which is one of the presentative precipitation
hardening alloys, is a promising candidate for electric device materials and
thermal management in automobiles and aerospace. It is necessary to control
the morphologies/distribution of precipitates and solute content within the Cu
(fcc) matrix of CuCrZr alloy, which are dominant contributors to determining the
mechanical properties. Laser powder bed fusion (L-PBF) enables the
manufacture of complex-shaped metallic components via a tremendously rapid
solidification process, resulting in supersaturated solute Cr in L-PBF processed
CuCrZr alloy. In this study, we investigated the strengthening mechanism of L-
PBF-processed CuCrZr alloys via the microstructural change after heat
treatment.
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Experimental

Rectangular alloy samples (15760 x 60 x 70 mm?®) were fabricated using the
gas-atomized CuCrZr alloy powder and SLM280PS machine (SLM Solutions
GmbH, Germany) under a laser scan speed of 0.6 m/s and laser power of 400
W. The applied laser-scanning hatch distance, powder-bed thickness, and beam
focus size were 0.07 mm, 0.03 mm, and 0.08 mm, respectively. The L-PBF
sample was heat-treated at 500 °C for 1 h. Tensile tests were conducted at
room temperature. The microstructure was characterized via transmission
electron microscope (TEM, JEOL JEM-2100F/HK, Japan).
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Results and Discussion

The ultimate strength of the L-PBF CuCrZr alloy (250 MPa) was 2.3 times
increased after heat treatment at 500 °C shown in Fig. 1. It was found that the
fine Cr-rich phase is distributed within the Cu matrix shown in Fig. 2. Such Cr-
rich phase was precipitated from the Cr saturated in the Cu matrix during the
heat-treatment. That is, supersaturated Cr in the Cu matrix due to the rapid
cooling rate of the L-PBF process contributed to the significant strengthening
after heat treatment.
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Fig. 1. Nominal stress-strain curves of L-PBF and subsequently heat-treated
CuCrZr alloys.
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Fig. 2. STEM image and corresponding EDS elemental maps of L-PBF CuCrZr
alloy sample heat-treated at 500 °C for Th.
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