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Table 1 Chemical composition of AIMgScZr alloy powder (wt%)

Mg Sc Zr Mn Si Ti Fe Al

463 074 027 047 0.11 0.16  0.04  Bal
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B 1 AIMgScZr & & RSB RHRHE
Fig.1 Morphology (a) and size distribution histogram (b) of AIMgScZr alloy powder
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Table 2 Volumetric energy density of laser powder bed fusion under different laser powers and scanning speeds (J-mm™)

Laser power/W

Scanning speed/mm-s '

600 700 800 900 1000 1200 1400
400 66.7 57.1 50.0 44.4 40.0 333 28.6
450 75.0 64.3 56.3 50.0 45.0 37.5 32.1
500 83.3 71.4 62.5 55.6 50.0 41.7 35.7
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Fig.2 Specific dimensions of the tensile specimen
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Fig.6 Evolution of molten pool and defect morphology of as-printed AIMgScZr alloy: (a) P=400 W, v=900 mm/s, (b) P=450 W, v=900 mm/s,
(c) P=500 W, v=900 mm/s, and (d) P=500 W, v=1000 mm/s
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Fig.7 Microstructures of as-printed AIMgScZr alloy with laser power of 450 W and scanning velocity of 900 mm/s: (a) overall view, (b) marked

region b in Fig.7a, (c) columnar crystal of marked region ¢ in Fig.7b, (d) marked region d in Fig.7a, and (e—f) grain microstructure of

marked regions e and f'in Fig.7d
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Fig.8 Inverse pole figure (a) and grain size distribution histograms (b—d) of as-printed AIMgScZr alloy: (b) integrated region, (c) coarse grained

region, and (d) fine grained region
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Fig.9 Pole figures of integrated (a), coarse grained (b), and fine grained (c) regions of as-printed AIMgScZr alloy
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Fig.10 Microhardness of as-printed AIMgScZr alloy
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Fig.11 Tensile strength (a) and stress-strain curves (b) of as-printed AIMgScZr alloy
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Fig.12 Fracture morphologies of as-printed AIMgScZr alloy: (a, d) 400 W, 900 mm/s; (b, e) 450 W, 900mmy/s; (c, £) 500 W, 900 mm/s
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Process Optimization and Mechanical Properties of AIMgScZr Alloy Fabricated by Laser
Powder Bed Fusion Using Coarse Powder

Li Ning', Jia Yuting', Xu Dingneng’, Fan Haiyang', Yang Shoufeng'
(1. Yantai Research Institute, Harbin Engineering University, Yantai 264000, China)
(2. Hunan Dongfang Scandium Industry Co., Ltd, Changsha 410000, China)

Abstract: With the advancement of laser powder bed fusion (LPBF) additive manufacturing, efficient utilization of powders outside the
conventional particle size range (15—53 pm) has become critical to improving powder efficiency. This study investigated process optimization,
microstructure, and mechanical properties of coarse AIMgScZr alloy powders (53 —150 um) in LPBF. The controlled variable method was
employed to analyze parameter effects on density, defects, microstructure, and mechanical properties. Results show that the coarse powder
exhibits a narrow process window with high sensitivity of forming stability to parameter fluctuations. The optimized parameters are a layer
thickness of 100 um, a laser power of 450 W, and a scanning speed of 900 mm/s. This parameter set achieves a relative density of 99.3%+0.2%.
Microstructural analysis reveals fine equiaxed grains near fusion boundaries transitioning to columnar grains within molten pools, without
observable secondary precipitates. The as-printed samples show a microhardness of 99.7+8.9 HV ,, tensile strength of 336.5+8.0 MPa, and
elongation of 12.7%+0.4%.

Key words: laser powder bed fusion; AIMgScZr alloy; coarse-particle powder; microstructure; mechanical property
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