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Microstructure and mechanical properties of Mg-Li alloy processed
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Abstract: The microstructure, mechanical properties and strengthening mechanism of Mg-Li alloys processed by severe
plastic deformation (equal channel angular pressing (ECAP) and rolling) and subsequent annealing were analyzed by OM,
SEM, XRD and tensile testing. The results show that the initial grains of the as-cast alloy are coarse and f phase occupies
the main position, while o phase distributes inside or in the boundary. Meanwhile, there are lots of precipitate phases
ALY and AlLi in the grain. Obvious dynamic recrystallization (DRX) does not occur during the deformation due to the
significant effect of dynamic recovery (DR). After a short time annealing, the alloy is completely recrystallized with grain
size refined to 27.1 pm (process of 12pra: ECAP, rolling and annealing). The tensile strength and elongation of the as-cast
alloy are 131.1 MPa and 47.1%, respectively. After the process of 12pr (ECAP and rolling), the elongation of the alloy
reaches 90.5%, while the tensile strength is improved slightly. This can be explained based on the effect of DR and
dislocation-coordinated deformation. Subsequent annealing treatment results in an increase in tensile strength (12pra:
237.6 MPa) and a significant decrease in elongation because of the dislocation source-limited hardening and grain
boundary strengthening mechanism.
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Table 1 Chemical composition of Mg-Li alloy (mass fraction,
o)l16l

Li Al Y Zr Mg

10.73 4.49 0.52 0.18 Bal.

Punch /
@,

Sample

1 Z5EIEH P R (ECAP) R B~ & B
Fig. 1 Schematic diagram of equal channel angular pressing
(ECAP)

WFEMHREEAE R Be B840, RIRRE KB R JE i
FEFZ [ —ANJ5 el 90°HEAT F—18 IR IH R )k
My 1.5 mm/s; SR BRI E TR Bk
1t 573 K NHHT 4 TRFE ., SRJ51E 473 K FRET 4
WEIRB R, BeJafE 373 K FRHT 4 IRE R, WAFEHr
JERE M 12 T B, SR AT SR ML R A0t
TN, PASGE RS TR N PR . K ECAP 48
T J5 WA FEAE 0 T REAT LA, IR T &N
15%~20%, J& NN 80%. XS G A R TIE
KALEE, B KIESE K 573 K, GEKIFIAY 8 min, £ 2
PRGN LT, Horh, 12p Roxh 12 JER
ECAP 45jE, 12pa by 12p JGIE KALEE, 12pr 4y 12p J&
LI, 12pra i 12pr JEiBR KAREE.

K H DMI 5000 (1] Leica 4 AH 2B T WAk 2121

%2 MgLi 580NN T T ESH(ECAP &K 4L
PIFE S

Table 2 Conditions of Mg-Li alloys (worked by ECAP,
rolling or combination of both techniques) with their respective

processing parameters

Process Parameter

12p 4p (Bc, 573 K)+4p (Bc, 473 K)+4p (Bc, 373 K)
12pa 12p+annealing (8 min, 573 K)
12pr 12p+rolling (80% thick reduction, RT)

12pra 12pr+annealing (8 min, 573 K)
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B2 & MgLi &4 Bids
Fig. 2
(a) Lower magnification; (b) Higher magnification

Optical microstructures of as-cast Mg-Li alloy:
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Fig. 3 XRD pattern of as-cast Mg-Li alloy
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Fig. 4 Energy spectrum analysis of precipitate phase in
as-cast Mg-Li alloy: (a) SEM image; (b) Composition of point
C; (¢) Composition of point D

F3 MgLi £ 4(2) 1 BIX AL 44T 45 2R
Table 3 Micro-area chemical composition analysis results of
Mg-Li alloy in Fig. 4(a)

Point in Mole fraction/%
C - 3.77 61.20 35.03
D 24.65 16.28 59.07 -
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B 5 AFRE Mg-Li &1 B

Fig. 5 Optical microstructures of Mg-Li alloys in different conditions: (a) 12p; (b) 12pa; (c) 12pr; (d) 12pra
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Fig. 6 Mechanical properties of Mg-Li alloys in different

processes: (a) Stress—strain curves; (b) Bar graph
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Fig. 7 Macrographs of specimens for as-cast (a) and 12pra
deformed (b) Mg-Li alloys after being stretched at room
temperature

B8 A% 12pra &Y Mg-Li 8 h T 50
Fig. 8 Tensile fractured morphologies of as-cast (a) and 12pra
deformed (b) Mg-Li alloys
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