EasEH 1
2025 4E2 A

7 v I #

MINING AND METALLURGICAL ENGINEERING

Vol.45 No.1
February 2025

AR KIS AR H & Al-Si-Mg &R AR

NEEREAR

i

(EAFBALEARYBE, 104 EHA 336000)

WOE. RAEOCE XA (SLM) BAREIA T & iR R AL-Si-Mg &4, JF 5% Al-Si-Mg &4 R4 OB S TR 016
SRR B A RE AT T X E . S5 SLM BRI 45 AL-Si-Mg &4 BIMZLE N a-Al FRFIFILL S St BikL, T Fe Mg 45
TCE WY EI TR AL , - Al A VR A AT S 06 1 AIK AR B2 DR S 5 SLM. R il 85 AL-Si-Mg & 4 b T 24 18.35 pum, & 4 N EB0 45 % B
1.91x 10°/m® , K HEFJE (117.8 £4.7) HV , HTHSRIE (436 £ 13) MPa, FEMIFR(7.98 +0.27) % , vL i T #ik Al-Si-Mg A4 I HH R P fE ;
SIM i AR £ 4 HSRALAILH] 4 TR Ak | A SR AL LS TR Ak AN S —AHSR AL 0 U [FIVE T, W 4Ll SR P i s

K WOGEXIEL; 3D FTED; BT AL-Si-Mg &4 B, PriismiE,; wmibplml; FEEsRib; d0iamfl; fissmfib
hESES: TG146 MERERERD: A doi: 10.3969/].issn.0253-6099.2025.01.031

XEHS: 0253-6099(2025)01-0166-05

Microstructure and Mechanical Properties of Al-Si-Mg Alloy
Prepared by Selective Laser Melting

LIU Yong
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Abstract: A high-strength Al-Si-Mg alloy was prepared by adopting selective laser melting (SLM) , and then compared
to the as-cast Al-Si-Mg alloy in terms of phase composition, microstructure, element distribution, crystallographic
characteristics, and mechanical properties. It is found that Al-Si-Mg alloy prepared by SLM consists of o-Al matrix and
eutectic Si particles, and the diffraction peaks of a-Al solid solution shift to lower angles due to the solid solution
strengthening effect of Fe and Mg elements. The Al-Si-Mg alloy prepared by SLLM has grain size approaching 18.35 pm,
the dislocation density of 1.91 X 10”°/m?*, the surface hardness of (117.8+4.7)HV, the tensile strength of (436 +13)
MPa, and the elongation of (7.98+0.27) %, presenting superior performance than the as-cast Al-Si-Mg alloy. The alloy
prepared by SLM technology is under the synergetic effect of fine grain strengthening, solid solution strengthening,
dislocation strengthening and second phase strengthening, and the ductile fracture is its main failure mechanism.
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Table 1  Chemical composition of Al-Si-Mg alloy powder %

Mg Si Ni Fe Mn Ni Al

0.30 10.50 13.50 0.55 0.45 0.05 N

HEAT SLM SERGHT , 7R AR T R AR #4741
AEFR AL 99.99% , HETIREE 70 °C, SLM SZ5 ]
TS-300A 434 44 il 1 1% 7 T2 2L Hh IPG-YLR-500 JG£F 3%
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I — R AT B S5, 4 SLM T 2S5 T . 3%
T 350 W, Al 1 500 mm/s, HL)E R
0.04 mm, JEHER 0.1 mm, A #-3.5 mm,

SLM # it il £ 5 , A Fe AR DD B AR ARE s
YIEIH 10 mm x 10 mm x 6 mm 377, A THHO0LH 20
fiE o, ARHEAR G AR R ) 2 A8 P X AR A T AL
WS A G, R A Keller 3457 (2.5 mL HNO, + 1.5 mL
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A1, n## % 0.5 mm/min,
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Fig.1 XRD pattern of Al-Si-Mg alloy sample prepared
by SLM technology
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Fig.2  Microstructure and element distribution of Al-Si-Mg
alloy prepared by SLM technology
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Fig.3 EBSD analysis results of as-cast alloy and alloy prepared by SLM technology
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Table 2 Average microhardness of as-cast alloy and Al-Si-Mg
alloy prepared by SLM technology

fh P2 B AMAE BE (HV)
SLM H A %6 4 R M 117.8+4.7
SLM A %6 4 124.1£5.9
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Fig.4 Stress-strain curves of as-cast alloy and Al-Si-Mg

alloy prepared by SLM technology

&l 5 S5 A SLM BRI AL-Si-Mg & 4 il
fifE B MU DR, 53 G 4 W 1 R T WL AR 3] /D
T3 R b P S, R T B A ok RO R
TR RELR B s 2 o Ao o R v B ot R 2 s P
I, T3 A A WA LA R B A RN B 1 2, EL a1
Wrdh = SWRHLE] . SLM HAR T & AL-Si-Mg & 4 W7
PRS0 ] 858 80 K 1) s, LI WA b 1 e 2 I
FER 5 BB LS S 20 /N 55 A UKL , 33 265 — A0 it
AT S T AHSR AL , PR T AR R,
SLM $ A il 48 Al-Si-Mg & 4 HAT 35 iy b o B Al
FEffE TSI A )

(a),(b) Hili&4; (c),(d) SIM BEAK & A4
5 $HIEF SLM HARFIF ALSi-Mg A€

BB E R S BT O 5R
Fig.5 Typical fracture morphology of as-cast alloy and Al-Si-Mg

alloy prepared by SLM technology after room-temperature stretch
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