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Abstract: A Mg-3.4Y-3.6Sm-2.6Zn-0.8Zr rare-carth magnesium alloy was fabricated via selective laser melting (SLM). The
effects of various solution treatments and aging regimes on microstructural evolution, precipitate characteristics, and
mechanical properties were systematically investigated through heat treatment experiments combined with scanning electron
microscopy (SEM), X-ray diffraction (XRD), and energy-dispersive spectroscopy (EDS), with optimal heat treatment
parameters identified. The results indicate that the as-SLM alloy has fine equiaxed grains (3.8 pm) consisting of an a-Mg
matrix, a eutectic phase (Mg, Zn);(Y, Sm), and Y,O; oxides. The compressive yield strength (CYS), ultimate compressive
strength (UCS), and strain of the as-built samples reach 406 MPa, 509 MPa, and 16.7%, respectively. Following solution
treatment at 500 ‘C for 12 h, coarsening of the grains to 5.52 pm reduces the CYS to 381 MPa while increasing the UCS
to 528 MPa. Quantitative EDS analysis reveals the maximum rare-earth (RE) element concentration within a-Mg. Solution
treatment facilitates RE dissolution into the matrix and subsequent precipitation of dispersed RE-rich phases, whose
redistribution underpins the enhanced UCS from 509 MPa to 528 MPa, with favourable compressive strain retained at
16.4%.
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Fig.1 Powder morphology after ball milling treatment: (a) SEM image of the powder and elemental distributions; (b) EDS energy
spectrum of the powder; (c) particle size distribution of the powder

’ 516.8 C, (Mg, Zn)(Y, Sm)
Tab.1 Process parameters 509.3 C, a-Mg s
Processing parameters Value 5093 C , ,
Laser power /W 60 ;L—><x-Mg+(Mg, Zn)3(Y, Sm)[w] 3 610.7 °C
Scanning speed V/(mm-s™) 300
Thickness of powder layer 7/pm 20 ’ ’
Hatch spacing S/pm 80 ’
Substrate material ZK61 5~10 C, ’
) Smart-Lab X 480.500 510 C,
s 2 )
0.02°, 10°-90°,  HXD-2000TMC/
LCD ,
’ (e} 16 k)
0.5 mm, 200 g, 10 s,
(DDL-300)
s 0.5 mm/min,
R SLM
o 2 DSC
Fig.2 DSC curve of the as-cast alloy
2
3 )
2.1 5
2 SLM Mg-3.4Y-3.6Sm-2.6Zn-0.8Zr( (Mg, Zn);(Y,
,%) (DSC) o Sm) Mg (Y, Sm)Zn
2 ,DSC 509.3 ) ,
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3 .(a) 480 ‘Cx4 h; (b) 480 “Cx12 h; (c) 480 Tx16 h; (d) 500 ‘Cx4 h; (e) 500 ‘Cx12 h;
(f) 500 “Cx16 h; (g) 510 ‘Cx4 h; (h) 510 Cx12 h; (i) 510 ‘Cx16 h
Fig.3 Microstructures of the alloy under different solution parameters: (a) 480 ‘Cx4 h; (b) 480 ‘Cx12 h; (c) 480 'Cx16 h;
(d) 500 'Cx4 h; (e) 500 Tx12 h; (f) 500 Tx16 h; (g) 510 Tx4 h; (h) 510 'Cx12 h; (1) 510 Cx16 h

2
Tab.2 Parameters of temperature and time for solid
solution treatment

4h 8h 12h 16 h
480 C v v v v
500 °C v J v J
510 C v v v v
Mg, Zn)y(Y, Sm) o-Mg
4 o
o 480 500 C ,
510 'C ,
(3.8~6.3 pm),
480 'C 500 C o
a-Mg ,
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Fig.4 Grain size changes during the solid solution process

, 480 500 C 2
EDS ;
5 SLM .
5 ( 5a), EDS
RE , 5b ,A RE
4.61%, B.C.D.E 4
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4.89%,
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5 SLM :(a) a-Mg :(b) A
Fig.5 Microstructure and elemental content of SLMed alloys: (a) internal calibration points of the a-Mg matrix; (b) element content at
point A
6 ; ) ;
o o-Mg o (0.05~0.15),
s EDS , o
(Y, Sm) , 3 , s -
o RE , SLM 3 0.15 ,
Y+Sm (4.89%, , ) ) °
,a-Mg Y .Sm , SLM
480 500 C o
5 , Y+Sm , SLM (83.6 HV)
o 500 Cx16h (75 HV), (406 MPa)
a-Mg Y+Sm , 5.28%, (509 MPa) (381,528 MPa)
500 Cx12 h , o
16 h : 500 Cx12h :(SLM
- (3.8 pm) Hall-Petch ;@
3 a-Mg Y+Sm , (Mg, Zn)y(Y, Sm)
Tab.3 The average content of Y+Sm element in the ,
a—Mg matrix
(mass fraction/%) ’ © ’
4h 8h 12h 16 h ., RE ,
480 C 4.72 4.91 4.73 5.01 , (5.52 pm)
500 'C 491 5.03 5.23 5.28 , 1oy
, , SLM ,
Y .Sm (Mg, Zn);(Y, Sm) , Mg Y. Sm Zn
Y .Sm o o , RE
Y .Sm , o RE
500 ‘Cx12h o ,
2.2 ) ,
7 500 Tx12 h ,
o 7 , °
, o 8 500 Tx12 h
( 0~0.05), o 8a ,
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6 Y+Sm :(a) 480 “Cx4 h; (b) 500 ‘Cx4 h; (c) 480 ‘Cx8 h; (d) 500 ‘Cx8 h;
(e) 480 “Cx12 h; (f) 500 Cx12 h; (g) 480 ‘Cx16 h; (h) 500 ‘Tx16 h
Fig.6 Position of Y+Sm content under different solid solution treatment parameters: (a) 480 Cx4 h; (b) 500 ‘Cx4 h; (c) 480 ‘Cx8 h;
(d) 500 “Cx8 h; () 480 “Cx12 h; () 500 Tx12 h; (g) 480 ‘Cx16 h; (h) 500 Tx16 h

° SLM
[20]
8b 8a s
7 500 ‘C/12h s RE
Fig.7 Compression test results for the alloy solidified at
500 C for 12 h ’ ’
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8 500 ‘C/12 h :(a) ;(b)  (a)
Fig.8 Compression fracture surface of the alloy solid soluted at 500 ‘C for 12 h: (a) morphology of the fracture; (b) local enlarged
view in (a)
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(509 MPa) (16.7%) °
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.3
, 4h ,
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, 4~12 h 10 SLM XRD
Fig.10 XRD pattern of the SLMed alloy
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, Zr Zr
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, Mg a=0.320 nm, ¢,,=0.520 nm,
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Zr s s
Mg o , Zr
9 0.6%, 654°C ,Zr
Fig.9 Variation in the Vickers hardness of alloys with different ’ ’
solid solution treatment parameters , 7r
23 ’ °
10 SLM XRD ,SLM Zr 0.8%,
Mg-3.4Y-3.6Sm-2.6Zn-0.8Zr a-Mg . °
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11 (Mg, Zn)y(Y, Sm)
Fig.11 Schematic diagram of dissolution for the (Mg, Zn)y(Y, Sm) eutectic phase
) N ) o ,SLM
0 Mg-3.4Y-3.6Sm-2.6Zn-0.8Zr
’ ’ 3
“ 7, (1) 480,500 510°C3
o Hall-Petch 1, 0~16h , 500 CxI12h
o=0tKxd"? () Y .Sm ,
L0, o 500 Tx12h,
: ( ) ) :
,K,  Hall-Petch , :a-Mg+ (Mg, Zn),(Y, Sm) +Y,0; —a-Mg(
, , kq Y+ RE  (Mgu(Sm, Y)5)+Y:05 .
;d o 3) Mg-3.4Y-3.6Sm-2.6Zn-0.8Zr
Mg-3.4Y-3.6Sm-2.6Zn-0.8Zr , 406 MPa,
, 3.7 pm 5.52 pm, 509 MPa, 16.8%, 500 Cx12h
. , , ., 381 MPa,
o , 528 MPa, 20 MPa, 16.4%
381 MPa, (3.8 ~5.52 pum)
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