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Abstract: An Al-7.5Mg-0.48Sc-0.162Zr-0.48Mn alloy was produced via laser powder bed fusion (LPBF). The mechanism
of the influence of the forming process parameters on the forming quality was discussed, and the influence of the heat
treatment process on the microhardness and tensile properties was revealed. The results show that the relative density of the
LPBF-processed Al-Mg-Sc-Zr samples reach 99.8% at the optimized forming process parameters. With increasing energy
density, the size of the molten pool gradually increases. Excessive energy density leads to the formation of circular pores,
whereas low energy density leads to the formation of irregular pores. The microhardness of the LPBF-processed
Al-Mg-Sc-Zr alloy increases with increasing heat treatment time. After annealing at 325 “C for 9 h, the microhardness
increases to 158.7 HV,,, which is 30.3% greater than that of the as-built samples. After annealing at 325 C for 2 h, the
LPBF-processed Al-Mg-Sc-Zr alloy achieves excellent tensile properties, with a tensile strength of 538 MPa and elongation
of 9%.
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Tab.1 Process parameters of the samples

Process parameter Value
320, 370, 420
600, 1 000, 1 400, 1 800

Laser power, P/W

Scanning speed, v/(mm-s™)

Layer thickness, D/pm 30
Hatching space, H/p.m 190
1.3
LPBF ,
:HF 1.0 mL,HCI 1.5 mL ,HNO; 2.5 mL,
95 mL, LECIA DMR
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,  0.5mm ,
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Fig.2 Size of the proportional tension specimen with a diameter
of 6 mm
2
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3 LPBF Al-Mg-Sc-Zr

:(a) 600 mm/s, 320 W; (b) 600 mm/s, 370 W; (c) 600 mm/s, 420 W;

(d) 1 000 mm/s, 320 W; (¢) 1 000 mm/s, 370 W; (f) 1 000 mm/s, 420 W; (g) 1 400 mm/s, 320 W; (h) 1 400 mm/s, 370 W;
(1) 1 400 mm/s, 420 W; (j) 1 800 mm/s, 320 W; (k) 1 800 mm/s, 370 W; (1) 1 800 mm/s, 420 W
Fig.3 Optical microscopy images of the microstructures of the LPBF-processed Al-Mg-Sc-Zr samples: (a) 600 mm/s, 320 W;
(b) 600 mm/s, 370 W; (¢) 600 mm/s, 420 W;(d) 1 000 mm/s, 320 W; (¢) 1 000 mm/s, 370 W; (f) 1 000 mm/s, 420 W; (g) 1 400 mm/s,
320 W; (h) 1 400 mm/s, 370 W; (i) 1 400 mm/s, 420 W; (j) 1 800 mm/s, 320 W; (k) 1 800 mm/s, 370 W; (1) 1 800 mm/s, 420 W
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4 :(a) 122.8 J/mm?; (b) 64.9 J/mm?; (c) 31.3 J/mm’
Fig.4 Cross-sections of single tracks at different laser energy densities: (a) 122.8 J/mm?; (b) 64.9 J/mm’; (¢) 31.3 J/mm?®

5
Fig.5 Dimensions of a single track at different laser energy 6 LPBF Al-Mg-Sc-Zr
densities
Fig.6 Microhardness of the LPBF-processed Al-Mg-Sc-Zr alloys
, N 152 31 44 um, subjected to different heat treatments
152 pm< (190 pm), (303%), 1587 HV,,.
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’ Fig.7 Stress-strain curves of LPBF-processed Al-Mg-Sc-Zr
o ,325°C/9h ,Al-Mg-Sc-Zr alloys subjected to different heat treatment processes

hEIM  https://www.cnki.net



Al-Mg

+ 825

€ $07/2026 ,
Sc . Zr Als(Sc, Zr)
’ ’ o 325 c,Cj
/2h ,Al-Mg-Sc-Zr .
, 538 489 MPa,
9%, )
LPBF Al-Mg-Sc-Zr 325°C/2h
3
(M , ,
64.9 J/mm®* ,
99.8%
2) LPBF Al-Mg-
Sc-Zr ,Al-Mg-Sc-Zr
, 325°C/9h ,
30.3%, 158.7 HVy,,
(3) 325°C/2h , LPBF
Al-Mg-Sc-Zr ,
N 538.489 MPa
9%
(1] . . , ,
. - ,

2017, 41(2): 77-80.
ZHU X G, SUN J, WANG L F, CHENG LY, WEN S S, YANG Y.
Microstructure, properties and inclined plane forming quality of a-
luminum alloy by selective laser melting[J]. Materials for Mechan-
ical Engineering, 2017, 41(2): 77-80.
[2] s , s . AlSi10Mg

. ,2024, 51(16): 228-239.
YAO S G, DONG Y H, LI X L, XIE M H. Causes of defects in
selective laser melting of AISi10Mg[J]. Chinese Journal of Lasers,
2024, 51(16): 228-239.

[3] , , . ; ,
Ti-6Al-4V [J1.
101-104.

LIANG X K, DONG P, CHEN J L, DAN T, WANG M, HE J W.

,2014, 14(2):

Microstructure and mechanical properties of selective laser melt-
ing Ti-6Al-4V alloy[J]. Applied Laser, 2014, 14(2): 101-104.
[4] , , , , ;
TA15 [J].
,2025,45(3): 131-141.
LEI'Y,CHENB Q, YANT Q, WU Y, QIN R Y, SUN B B. Effect

SRl ES PRI

https://www.cnki.net

[10]

[11]

[12]

[13]

[14]

[15]

of laser scanning speed on macroscopic morphology and mi-
crostructure of TA1S5 alloy fabricated by selective laser melting[J].
Journal of Aeronautical Materials, 2025, 45(3): 131-141.
ZHANG DY, ZHANG P, LIU Z, FENG Z, WANG CJ, GUO Y W.
Thermofluid field of molten pool and its effects during selective
laser melting (SLM) of Inconel 718 alloy[J]. Additive Manufactur-
ing, 2018, 21: 567-578.
s . B/GZ151K
[J]. ,2024, 14(12): 83-89.
DINGY W,DUL,WULM,KELD,HUW X, LIAO HG, FUP
H, LI F, DAI Z, PENG L M. Microstructure and mechanical prop-
erties of B/GZ151K Mg matrix composites fabricated by laser
powder bed fusion [J]. Nonferrous Metals Engineering, 2024, 14
(12): 83-89.
ZHANG Y, WU Y J, PENG L M, FU P H, HUANG F, DING W J.
Microstructure evolution and mechanical properties of an ultra-high
strength casting Mg-15.6Gd-18Ag-04Zr alloy[J]. Journal of Alloys
and Compounds, 2014, 615: 703-711.
LE K Q, TANG C,WONG C H. On the study of keyhole-mode
melting in selective laser melting process [J]. International Jour-
nal of Thermal Sciences, 2019, 145: 105992.
SELTZMAN A H, WUKITC 8 J. Surface roughness and finishing
techniques in selective laser melted GRCop-84 copper for an addi-
tive manufactured lower hybrid current drive launcher[J]. Fusion
Engineering and Design, 2020, 160: 111801.
BONNERIC M, BRUGGER C, SAINTIER N. Effect of hot isostat-
ic pressing on the critical defect size distribution in A1Si7Mg0.6 al-
loy obtained by selective laser melting[J]. International Journal of
Fatigue, 2020, 140: 105797.
BUTLER C, BABU S, LUNDY R, MEEHAN R O, PUNCH J, JEF-
FERS N. Effects of processing parameters and heat treatment on
thermal conductivity of additively manufactured AlSilOMg by se-
lective laser melting [J]. Materials Characterization, 2021, 173:
110945.
Al-Cu-Mg [J]. ,2016, 43(5): 84-90.
ZHANG H, NIE X J, ZHU H H, ZENG X Y, YANG C H. Study on
high strength Al-Cu-Mg alloy fabricated by selective laser melting
[J]. Chinese Journal of Lasers, 2016, 43(5): 84-90.
WANG P, GAMMER C, BRENNE F, NIENDORF T, ECKERT 1J,
SCUDINO S. A heat treatable TiB,/Al-3.5Cu-1.5Mg-1Si compos-
ite fabricated by selective laser melting: Microstructure, heat treat-
ment and mechanical properties[J]. Composites Part B: Engineer-
ing, 2018, 147: 162-168.
s s 7075
[J]. ,2023,43(11): 33-41.
YIN J, CHEN W T, ZHAO G H. Study on the microstructure and
properties of laser additive 7075 aluminum alloy by microalloying
[J]. Applied Laser, 2023, 43(11): 33-41.
.(Er-Zr) SLM Al-12Si
1. ,2023, 43(1): 59-65.
NIE G H, ZHANG M, WANG J G. Effect of (ER-Zr) on mi-

crostructure evolution and property strengthening of automotive

5 )



+ 826

FOUNDRY TECHNOLOGY

Vol.47 No.07
Jul. 2026

[16]

[17]

[18]

SRl ES PRI

Al-12Si alloy prepared by SLM [J]. Applied Laser, 2023, 43(1):
59-65.

MONTERO-SISTIAGA M L, METENS R, VRANCKEN B, WANG
X B, VAN HOOREWEDER B, KRUTH J P, VAN-HUMBEECK
J. Changing the alloy composition of A17075 for better processa-
bility by selective laser melting[J]. Journal of Materials Process-
ing Technology, 2016, 238: 437-445.

SPIERINGS A B, DAWSON K, DUMITRASCHKEWITZ P,
POGATSCHER S, WEGENER K. Microstructure characterization
of SLM-processed Al-Mg-Sc-Zr alloy in the heat treated and
HIPed condition[J]. Additive Manufacturing, 2018, 20: 173-181.
ZHANG H, GU D D, YANG J K, DAI D H, ZHAO T, HONG C,
GASSER A, POPRAWE R. Selective laser melting of rare earth el-
ement Sc modified aluminum alloy: Thermodynamics of precipita-

tion behavior and its influence on mechanical properties[J]. Addi-

https://www.cnki.net

tive Manufacturing, 2018, 23: 1-12.

[19] LIR D, WANG M B, YUAN T C, SONG B, CHEN C, ZHOU K C,

[20]

(21]

CAO P. Selective laser melting of a novel Sc and Zr modified
Al-6.2Mg alloy: Processing, microstructure, and properties [J].
Powder Technology, 2017, 319: 117-128.

GONG H J, RAFI K, GU H F, JANAKI RAM G D, STARR T,
STUCKER B. Influence of defects on mechanical properties of
Ti-6Al-4V components produced by selective laser melting and
electron beam melting[J]. Materials & Design, 2015, 86: 545-554.
MOGUCHEVA A, YUZBEKOVA D, KAIBYSHEV R, LEBED-
KINA T, LEBYODKIN M. Effect of grain refinement on Jerky
flow in an Al-Mg-Sc alloy[J]. Metallurgical and Materials Transac-
tions A, 2016, 47: 2093-2106.



