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Abstract: In response to the challenge of synergistically enhancing the comprehensive strength and toughness of rare-
earth cast magnesium alloys, a small amount of Sm element with high aging hardening capability was introduced into
Mg-6Gd-3Y-0.4Zr alloy, which exhibits desirable plasticity. The approach ensures the enhancement of strength while
maintaining the plasticity, achieving alloys with high strength and high toughness. Under the conditions of sand mold
slow cooling casting for aerospace large-scale complex components, the microstructure evolution and mechanical prop-
erties of Mg-6Gd-3Y-xSm-0.47Zr (x=0, 0.5, 1.5, 2.5) alloys in as-cast, solution-treated, and as-aged states were
designed and comparatively investigated. The results indicate that the microstructure of as-cast Mg-6Gd-3Y -xSm-
0.47r (x=0.5, 1.5, 2.5) alloys mainly consists of a-Mg, Mg:Gd, Mg, (Gd, Y);, and Mg, Sm;. As Sm content is
increased from 0 to 2.5% , the tensile strength of T6-treated alloy is firstly increased and then decreased, reaching the
optimal at 1.5% , where the tensile strength, yield strength and elongation are 345 MPa, 220 MPa, and 4.5%,

respectively.
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Tab.l Chemical composition of alloy

o v wy/ %
it AR Gd Y Sm Zr Mg
1 Mg-6Gd-3Y-0.4Zr 610 315 0 043 &t
2 Mg-6Gd-3Y-0.5Sm-0.4Zr 5.92 3.08 045 040 Zft
3 Mg-6Gd-3Y-1.5Sm-0.4Zr 6.08 2.96 1.53 049 Zft
4 Mg-6Gd-3Y-2.55m-0.47Zr 590 3.02 2.66 046 Akt
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Fig.2 As-cast microstructure of Mg-6Gd-3Y -2Sm-0.4Zr alloys
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Tab.2 EDS results of as-cast Mg-6Gd-3Y-2.5Sm-0.4Zr alloys %

wy Ty

Gd Y Sm Mg Gd Y Sm Mg
A 545 2.87 1.56  90.12 0.91 084 0.27 97.98
B, 20.25 945 20.14 50.16 5.24 432 546 84.98
B, 2871 7.75 22.67 4087 861 410 7.12 80.17
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Tab.3 Mechanical properties of as-cast Mg-6Gd-3Y-2.5Sm-0.4Zr

alloys
Xk Brhrsk i/ MPa  J& IR 3R /MPa R/ %
1 210 125 6.5
2 221 132 5.9
3 226 149 5.2
4 235 156 4.0
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Fig.4 OM images of as-solubilized Mg-6Gd-3Y-0.4Zr alloy
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Fig.5 OM images of as-solubilized Mg-6Gd-3Y -0.5Sm-0.4Zr alloy
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Fig.6 OM images of as-solubilized Mg-6Gd-3Y-1.5Sm-0.4Zr alloy
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Fig.7 OM images of as-solubilized Mg-6Gd-3Y-2.5Sm-0.4Zr alloy
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Tab.4 Mechanical properties of as-solubilized Mg-6Gd-3Y-xSm-

0.4Zr alloys
a4 BETZ PO /MPa  JE IR E/MPa K2/ %
1 490 °C X 10 h 230 135 12.0
2 500°CX10h 233 137 12.4
3 510°CX10h 240 145 12.5
4 510°CX16h 230 135 11.5
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Tab.5 Mechanical properties of Mg-6Gd-3Y-xSm-0.4Zr alloys at
peak aging state

A PSR E/MPa JRIRERIEZ /MPa KR/ %
1 320 200 5.0
2 323 210 4.5
3 345 220 45
4 335 215 3.5

4 % ®

(D& Mg-6Gd-3Y-rSm-0.4Zr(x=0.,0.5.1.5 Fl
2.5, % ) A4 ik NS b T 40~60 pm Z 8], HLBE Sm 7%
LA A ORI N IE R s Mg-6Gd-3Y -2 Sm-
04Zr(x=05.1.5M25)F & HSHHAFEH a-Mg.
Mg:Gd Mg, (Gd, Y)s Mg, Sm-2H i, .

()85 Mg-6Gd-3Y-2Sm-0.4Zr(x=0.0.5.1.5
2.5) 4 4 3 S AE 490 °C <10 h, 500 °C X 10 h,510 °C X
10 h #1510 ‘CX 16 h ¥ A T2 TS L A 415 7y
22VERE , Hoh Mg-6Gd-3Y-1.5Sm-0.47r A 4 5if 8 Pk
U, BUPL o B JE IR SR EE AP A R 43 5 240 MPa,
145 MPaf112.5% .

(3)Mg-6Gd-3Y-2Sm-0.4Zr(x=0.0.5.1.5 F1 2.5)
A 424y WIFE 50,70 .80 1 80 h ik F i {E i 545 s W % Sm
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