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Fig.4 OM images of AlSiMg; samples manufactured at a laser power of 120 W with different scanning speeds: (a) 300 mm/s, (b) 600

mm/s, (¢) 800 mm/s, and (d) 1000 mm/s
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Fig.5 OM images of AlSiMg; samples manufactured at a laser power of 160 W with different scanning speeds: (a) 500 mm/s, (b) 700

mm/s, (¢) 900 mm/s, and (d) 1100 mm/s
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Fig.6 Evolution of the porosity of SLM-formed samples with the

laser power and scanning speed
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Fig.7 SEM image of SLM-formed samples
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Fig.8 SEM images of SLM-formed samples with laser power of

160 W and different scanning speeds: (a) 200 mm/s,

(b) 500 mm/s, (c) 800 mm/s, and (d) 1100 mm/s
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Fig.10 Hardness vs scanning speeds of SLM-formed AISiMg;

alloy at different laser energy
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after aging treatment at 150 ‘C for different time

2200 Present work

A
1800 A ta e MA‘“ 4 "

Hardness, HV/MPa

1200 ..

800
SLM-formed Al-Si-based Alloys and Composite

K 13 SLM EJE Al-Si REH 4 M HE A M BT 910

Fig.13 Hardness of SLM-formed Al-Si-based alloys and
corresponding composites
.:|: Ay
3 gn 1@

1) T SLM BRI P A H BRI, i
b Al-Si-Mg & &G St E Mg & &, 3k
4 SLM L& HE & &8 B Algs19Sis.73Mg;3 050

20 Mg & &1 AlSiMgs 4845 4 HAT 8 1) SLM
WIETE, WOt A 160 W F3K1E SLM SJEAE i
LB ICT 0.5%. HWOCTIH K 160 W, FAHH &
200 mm/s I, FF 5 B AT AL 0.07%.

3) RHAEWOCH R, SLM BB FE &
WSt At K. AR a-Al % Mg
LR RN Z, PN EMHV)EH TS, &K
5 0(1940+30) MPa. 40 K WUk (AT i, SLM &
& AISiMg; £ il 48 150 “C i 25 A B 5 i 3 743 30 B (2 42
TE, IS Ak A B R 1 B KB B (HV) 24 (2100 £ 20)
MPa, ZE TIATIRIE SLM WK Al-Si fl Al-Si-Mg
B S IO NS A A RE . B S (0] Bl ARG s
I 20 A B P05 85 A K R

4) AWFEH SLM 8 E il B AR G G e it T Ik
ATk

SE 3K

[1] Guo N' N, Leu M C. Frontiers of Mechanical Engineering[J],
2013, 8(3): 215

[2] Lu Bingheng(/ F1H), Li Dichen(ZE¥%42). Machine Building
& Automation(WUHIIE 5 B 3)1k)[]], 2013, 42(4): 1

[3] Gu Dongdong(Jiii 4 %), Shen Yifu(ik LAjth). Aeronautical
Manufacturing Technology(Fi 7= Hli& H A)[T], 2012, 404(8): 32

[4] Chen Jilun([% 55 %2), Dong Peng(# M), Zhang Kun(3k ) et
al. Electromachining & Mould(F8 N T. 54 H)[J], 2014(1):
66

[5] Jeng J Y, Lin M C. Journal of Materials Processing

References



5511

e AR EXEOUR LRI AT AlSiMg; &<

* 3949 -

Technology[J], 2001, 110(1): 98
[6] Kempen K, Thijs L, Humbeeck J V et al. Physics Procedia[J],
2012, 39: 439
[7] Takata N, Kodaira H, Sekizawa K et al. Materials Science and
Engineering A[J], 2017, 704: 218
[8] Yang K V, Rometsch P, Davies C H J et al. Materials &
Designl[J], 2018, 154: 275
[9] Bai Y C, Yang Y Q, Xiao Z F et al. Materials & Design[J],
2018, 140: 257
[10] Aboulkhair N T, Simonelli M, Parry L et al. Progress in
Materials Science[J], 2019, 106: 100 578
[11] Zhang J L, Song B, Wei Q S et al. Journal of Materials
Science & Technology[J], 2019, 35(2): 44
[12] Pedersen L, Arnberg L. Metallurgical and Materials
Transactions A[J], 2001, 32(3): 525
[13] Maamoun A H, Elbestawi M A, Dosbaeva J K et al. Additive
Manufacturing[J], 2018, 21: 234
[14] Read N, Wang W, Essa K et al. Materials & Design[J], 2015,
65: 417
[15] Guo M X, Ye Y, Jiang X H. et al. Journal of Materials
Engineering and Performance[J], 2019, 28(11): 6753
[16] Dai D H, Gu D D, Zhang H et al. Optics & Laser
Technology[J], 2018, 99: 91
[17] Wang M, Song B, Wei Q S et al. Material Science &
Engineering A[J], 2019, 729: 463
[18] Prashanth K G, Scudino S, Klauss H J et al. Materials
Science and Engineering A[J], 2014, 590: 153
[19] Geng Yaoxiang( Bk 3% #£), Fan Shimin( # i &), Jian
Jianglin(fij YL #K) et al. Acta Metallurgica Sinica(%: )& %
R)[3], 2019,
[20] Zhou L, Pan H, Hyer H et al. Scripta Materialia[J], 2019,
158: 24

[21] Tang M, Pistorius P C. International Journal of Fatiguell],
2016, 94: 192

[22] Liu X H, Zhao C C, Zhou X et al. Materials & Design[J],
2019, 168: 107 677

[23] Ding X P, Wang L Z. Journal of Manufacturing Processes[J],
2017, 26: 280

[24] Marola S, Manfredi D, Fiore G et al. Journal of Alloys and
Compounds[J], 2018, 742: 271

[25] Hu Liang(#] 2%), Liu Yunzhong(X] ft /'), Tu Cheng(i& X)
et al. Materials Science and Engineering of Powder
Metallurgy(Fy K38 G APRVE 5 T[], 2019, 24(4): 365

[26] Fousova M, Dvorsky D, Michalcova A. et al. Materials
Characterization[J], 2018, 137: 119

[27] Prashanth K G, Scudino S, Klauss H J et al. Materials
Science and Engineering A[J], 2014, 590: 153

[28] Bai Y C, Yang Y Q, Xiao Z F et al. Materials & Design[J],
2018, 140: 257

[29] Li X P, Ji G, Chen Z et al. Acta Materialia[J], 2017, 129: 183

[30] Kang N, Coddet P, Chen C Y et al. Materials & Design[J],
2016, 99: 120

[31] Mance D R, Churyumov A Y, Pozdniakov A V et al
Materials Letters[J], 2019, 236: 676

[32] Aversa A, Lorusso M, Cattano G et al. Journal of Alloys and
Compounds[J], 2017, 695: 1470

[33] Zhou Y, Wen S F, Wang C et al. Optics & Laser
Technology[J], 2019, 120: 150 719

[34] Ponnusamy P, Masood S H, Ruan D et al. International Journal
of Advanced Manufacturing Technology[J], 2018, 97(4): 1

[35] Zakay A, Aghion E. JOM[J], 2019, 71(3): 1150

[36] Han Q Q, Jiao Y. The International Journal of Advanced
Manufacturing Technology[J], 2019, 102: 3315

Selective Laser Melting of AISiMg; Alloy with Super-hardness

Hou Yu, Geng Yaoxiang, Chen Jinhan, Luo Jinjie, Tang Hao, Xu Junhua, Yu Lihua, Ju Hongbo
(School of Materials Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract: A high Mg-content AlISiMg; aluminium alloy was designed for selective laser melting (SLM) based on the technical
characteristics of the liquid quenching in SLM. The effects of the process parameters and aging treatment on the microstructure and the
hardness of the SLM-formed AlSiMg; alloy were studied. The results show that all SLM-formed samples are composed of a-Al, Si and
Mg,Si phases. High laser energy density is beneficial to the formability of the samples. The minimum porosity of ~0.07% is obtained for
the sample fabricated at a laser power of 160 W with a scanning speed of 200 mm/s. The Mg element dissolved in a-Al and the proportion
of Si-rich microstructures increase with the increase of the scanning speed; as a result, the hardness of the SLM-formed samples increases
gradually. The maximum hardness of the SLM-formed sample reaches (1940+30) MPa. The hardness increases obviously after aging
treatment of the SLM-formed samples at 150 °C for different times due to the precipitation of nanoparticles. The maximum hardness of the
samples is (2100 + 20) MPa, which is much higher than that of the reported SLM-formed Al-Si and Al-Si-Mg alloys. A special Al-Si-Mg
alloy for SLM with excellent formability and mechanical properties has been reported in this paper.

Key words: selective laser melting; AISiMgs alloy; aging treatment; microstructure; mechanical properties
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