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Table 1 Designed compositions of as-cast alloys
Mass fraction/%
Li Al Zn Y Mg
Mg-8Li-3Al-3Zn 8 3 3 0 Bal
Mg-8Li-3Al-3Zn-1Y 8 3 3 1 Bal

Alloy composition

5
o
<) 35.48
g — - lO [ | — —
0.75 15.48 25
25 V.26
100

1 frffikier el

Fig. 1 Schematic diagram of tensile specimen (Unit: mm)
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Fig. 2 XRD patterns of as-cast Mg-8Li-3Al-3Zn-xY (x =0,
1) alloys
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Fig.3 SEM image of as-cast Mg-Li alloys: (a), (b) Mg-8Li-3A1-3Zn; (c), (d) Mg-8Li-3A1-3Zn-1Y
K2 BGARBM S 4 Mg-8Li-3AL-3ZnxY (x =0, 1) AeilrHras B
Table 2 EDS results of each phase in as-cast Mg-8Li-3A1-3Zn-xY (x =0, 1) alloy
Phase Mole fraction/%
Position
Mg Al Zn Y O

A MgLi,Zn 69.09 0 21.19 0 9.72

B ALY 19.24 48.03 2.79 29.94 0

C MgLi,Zn/MgLi,Al 73.09 11.32 15.59 0 0
FERAG RS B 3 IERLTHEER, 13440 MPa, JE IR 9 N 9646 MPa: &5

FSF>500 pm. & 3(c) AT &AL SF 2954 100~200
um, OINY J5aERifS 224040 . fR¥E Hall-Perch
A A HRLIR /N AT LR = & S I 5REE . thAh,

Al 5 Y HZEEHE T KE Al LR, HE— &~
B BB T AL RN, B TR E S S0

ke

22 Y X457 Mg-8Li-3A1-3Zn &€& FMEERY
A
4 R NESBEA 4 Mg-8Li-3A1-3Zn-xY
(=0, DIE RS- LK. B 5 FimEs
Mg-8Li. Mg-8Li-3Al-3Zn % Mg-8Li-3A1-3Zn-1Y &
U B R e AR R PR L S5 A T 4 RS Rl
REIN Y I, 454 Mg-8Li-3A1-3Zn IHTHisRE A

PUGAZHENDHI 25" VE 335 T 1954 Mg-8Li
S PEREAIEL, AL AT Zn FOINNAE A & AL
FEM 103 MPa 4K 3| 134.40 MPa, i 3% A
63 MPa K 3 96.46 MPa. 58{kIC&K Al Al Zn [
TN 32 T Mg-8Li & 4 AT iz 550 A e Al
B {H ALF Zn BN TR RS EAR, BRI A
AR EMN 14.0%F% K 7.5%. KL Al
A Zn EREERN 1% YORESE) G, %8
Mg-8Li-3A1-3Zn-Y & 4 I Pt 38 55 A0 e i ot B
54 189.99 MPa Fll 128.2 MPa, &4 HIPiHismE .
JeE AR5 P PR T 41.4%- 32.9%. LAk, Ft Y
I, A SR KRR 7.8%, R ATHEA
M

Y HIESIN—J7 0 KR i w1 & & b i
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Fig. 4 Comparison of true stress—strain curves of as-cast
Mg-Li alloys
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3Zn-1Y & G FHUEE 3 5 AT R 58 B (% Bl

Fig. 5 Comparison of tensile and yield strength of as-cast
Mg-8Li, Mg-8Li-3Al-3Zn and Mg-8Li-3Al-3Zn-1Y alloys
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Fig. 6 Fracture morphologies of as-cast Mg-Li alloys: (a), (b) Mg-8Li-3Al1-3Zn; (c), (d) Mg-8Li-3A1-3Zn-1Y
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Effect of Y on microstructure and mechanical properties of
as-cast Mg-8Li-3Al-3Zn alloy

SONG Wen-jie', DONG Hui-ping', LIU Jie', ZHANG Guang®, LIU Yan-hui'

(1. College of Mechanical and Electrical Engineering,
Shaanxi University of Science and Technology, Xi’an 710021, China;
2. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The magnesium-lithium alloy is the lightest metal structural material and has great application value in
the fields of aerospace and transportation at present. However, the development and application of as-cast
magnesium-lithium alloy are greatly limited because of the low absolute strength. Three strengthening elements of
aluminum (Al), zinc (Zn) and rare-earth element yttrium (Y) were added to obtain the as-cast Mg-Li-Al-Zn-Y alloy.
The purpose is to use alloying to enhance the mechanical properties of Mg-Li alloy. The phase composition,
microstructure and mechanical properties of as-cast Mg-8Li-3A1-3Zn-xY (x=0, 1) alloy were compared and
analyzed by X-ray diffractometer (XRD), scanning electron microscope (SEM) and mechanical properties testing
to reveal the reinforcement and fracture mechanism of rare-earth element Y on as-cast Mg-8Li-3A1-3Zn alloy. The
results show that the microstructure of the as-cast Mg-8Li-3Al-3Zn alloy mainly consists of matrix a-Mg, AlLi and
MgLi,Zn phases. With adding 1% Y (mass fraction), the AILi phase disappears and a large amount of
high-temperature hard phase ALY enrich at the primary a-Mg grain boundary. Moreover, the microstructure is
significantly refined. Comparing with Mg-8Li-3Al-3Zn alloy (134.40 MPa, 96.46 MPa and 7.5%), the
Mg-8Li-3Al1-3Zn-1Y exhibits an optimum combination of tensile properties with the tensile strength, yield strength
and elongation of 189.99 MPa, 128.2 MPa and 7.8%, which are improved by about 41.4%, 32.9% and 4%,
respectively. The improvement of the mechanical properties is attributed to the secondary phase and grain
refinement strengthening. By analyzing the fracture morphology, the fracture mode of as-cast alloy is changed from
cleavage fracture to quasi-cleavage fracture.

Key words: Mg-Li alloys; yttrium; microstructure; mechanical properties; enhancement mechanism
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