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Abstract This study investigated the preparation of high-strength Al-Mg-Sc-Zr alloy samples by laser melting deposition
technology. The effects of energy density and powder feeding rate modifications on the density, microstructural evolution,
and mechanical properties of the deposited samples were investigated using metallographic, scanning electron
microscopes, microhardness, and tensile properties at room temperature. Results showed that under a constant powder
feeding rate, the deposited samples’ densification behavior and density gradually increased with an increase in energy
density. This trend became more significant with an increase in the powder feeding rate. Hence, when the powder feeding
rate was set to 5.5 g/min, the density of 50150 J/mm” samples specifically increased from 97.88% to 99.47%.
Nevertheless, the sample with the best comprehensive mechanical properties was deposited under optimized technological
conditions, namely an energy density of 100 J/mm” and a powder feeding rate of 2.5 g/min. Its density, yield strength,
tensile strength, elongation, and microhardness were 99.51%, 268 MPa, 450 MPa, 18.4%, and 120.18 HV,,,
respectively.
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Table 1 Chemical composition of Al-Mg-Sc-Zr alloy powder

and substrate

Mass fraction /%
Mg Sc  Zr Mn Zn Cu Fe Si Al
Powder 5.87 1.01 0.37 0.54 0.3 0.01 0.1 0.0360 Bal.
Substrate 4.64 0.76 0.27 0.54 0.2 0.01 0.1 0.0028 Bal.
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Fig. 1 Laser melting deposition additive manufacturing system
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Table 2 Process parameters of deposited samples under different conditions
Number
1# 2# 3t 44 ot 6# TH# 8t O 10# 11# 12#

Powder feeding rate /(g-min™") 2.5 2.5 2.5

Energy density /(J-mm™*) 150 100 75
Laser power /kW 3 3 3
Scan rate /(mm-s ) 5 7.5 10

2.5 4.5 4.5 4.5 45 55 55 55 5.5

50 150 100 75 50 150 100 75 50
2 3 3 3 2 3 3 3 2
10 5 7.5 10 10 5 7.5 10 10

P2 ORGSR R i SRS 75 A RS o Ca) EARURE ity 5 (b)) Aiase Ry JBORE 032 8 5 (o) A il R

Fig. 2 Sampling position and size of deposited sample and tensile sample. (a) Deposited samples; (b) sampling position of tensile

specimen; (c) tensile specimen size
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Fig. 3 Microstructure and defect images of deposited samples with different conditions. (a) Pore defect; (b) lack of fusion defect
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Fig. 6 SEM images of deposited samples with different energy densities. (a) (e) 50 J/mm?; (b) (f) 75 J/mm?; (c) (g) 100 J/mm?;
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Table 3 Statistics of average grain size

Energy density /(J-mm™") 50 75 100 150
Average diameter of single grain /pm 6. 628 7.331 7.646 13.801
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Fig. 8 Effect of process parameters on the hardness of deposited Al-Mg-Sc-Zr alloy
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Fig. 9 Stress-strain curve and performance comparison of deposited samples. (a) (b) Tensile specimen, powder feeding rate of 2. 5 g/min,
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