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Superplasticity, microstructural evolution and deformation
mechanism of super-light two-phase Mg-L.i alloys

CAO Fu-rong, DING Hua, LI Ying-long, ZHOU Ge

(Institute of Materials Forming and Control Engineering, School of Materials and Metallurgy,
Northeastern University, Shenyang 110004, China)

Abstract: The fine-grained sheets of Mg-7.83%Li alloy and Mg-8.42%Li alloy were prepared by melting and casting,
heavy rolling (reduction more than 92%) and nitrate bath annealing method, and their superplasticity, microstructure,
cavitation, fracture morphology and deformation mechanism were investigated. The diffusivities and Gibbs free energy of
a phase (5.7%Li) and S phase (11%Li) at 573 K were calculated to discuss the reason of superplastic grain growth. The
results show that a few cavitations distribute randomly and isolatedly in the gauge length in Mg-8.42Li alloy at 573 K and
1.67>107 s, The transgranular fracture appears at 573 K and 5> 10*s! in Mg-8.42Li alloy and dimple fracture along
grain boundary appears at 573 K and 1.67>107> s™' in Mg-7.83Li alloy. The maximum superplasticity of 850% and
920% are obtained in Mg-7.83%Li alloy and Mg-8.42%L.i alloy. Obvious superplastic grain growth at 573 K appears in
Mg-7.83Li alloy. The comparison of normalized experimental data with deformation mechanism map incorporating
dislocation quantities inside grains reveals that the dominant deformation mechanisms in two alloys are grain boundary
sliding accommodated by slip controlled by lattice diffusion.
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1 Mg-7.83Li Mg-8.42Li

Fig.1 Microstructures of Mg-7.83Li alloy and Mg-8.42Li alloy before superplastic deformation: (a) Mg-7.83Li, 648 K, 30 min

nitrate bath annealing, OM; (b) Mg-8.42Li, 648 K, 30 min nitrate bath annealing, OM; (c) Mg-7.83Li, 648 K, 30 min nitrate bath

annealing, TEM; (d) Mg-8.42L1, 648 K, 30 min nitrate bath annealing, TEM
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Fig.2 Stress versus strain curves of superplastic deformation

in Mg-7.83Li alloy and Mg-8.42Li alloy
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Fig.3 Photos of specimens with maximum superplasticity in
two-phase Mg-Li alloys: (a) Original specimen; (b) Mg-7.83Li,
573K, 1.67><107 s '; (c) Mg-8.42Li, 573 K, 5<10 *s™!
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Fig.4 Microstructures of Mg-7.83Li alloy after superplastic deformation at different temperatures and initial strain rates: (a) 523 K,
5%107* s (b) 523 K, 1.67<107° s 7% (¢) 523 K, 1.67><102 s (d) 573 K, 5<10*s'; (e) 573 K, 1.67=<107 5" (f) 573 K,
1.67><107s"

1
Table 1 Melting point and diffusivity of Mg, Li elements and different phases

Element  T,/K D293 K)/(10 *m*s™) D293 K)/(10 P m>s™) D573 K)/(10 " m>s™)  Dy(573 K)/(10 " m>s™)

Li 453 6.31<10° 525 - -
Mg 923 9.28><107° 0.33 5.14> 1072 2.88
a(5.7Li) 883 1.02>1072 0.86 0.175 5.53
S(11Li) 867 10.5 1.24 10.2 7.18

573K  « B 11Li a(5.7Li)  B(11Li)
[19] B 573 K Gibbs HCP a BCC g
[31]
Gibbs (AG) AG® = x(M)AGY, + (LDAGY, +AG, —TASH AG*
AG 0 AG 0

Mg-7.83Li 5.7Li 1
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x(Mg) x(Li) Mg Li 2 573K  a(5.7L1) B(11L1)
AG&g AGEi AG&g =8 476-9.184T Table 2 Free energy calculation for a and S phases at 573 K
0 — — ideal ideal _ AGE. ] ASKE s
AG;=3000-6.612T AS, AS i Phase x(Mg) x(Li) AGY/

(mol™)  (Fmol™) (Irmol™)

XS

—R(x(Mg)lnx(Mg)+x(Li)lnx(Li)) AG,;  Gibbs

o(5.7Li)) 0.82 0.18 -0.392 3.919 140
AG, =x(Mg)x(Li) {L,+L,(x(Mg)—x(Li))+L,(x(Mg)— A(LILD)  0.69 031 —2518259  5.147 -3 006
X(Li)+  +L,[x(Mg)—x(Li)]")} @ m 5
Lo, L, , L, cao B 573K
HCP( o L=—6856 L,=4000 L,= 1.67><1072 s
4000 BCC( Y Le=—18335+8.49T 630% m m 0.498
Li=3481 L,=2658-0.114T m 0.5 m
a(5.7Li) B(1ILD) 573 K
2 2 573K a(5.7Li) m
140 J/mol( ) A(11Li) =3 006 J/mol(
) 573K B o 3(b)
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5
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Fig.5 SEM images of cavitation evolution from deformation root to fracture tip at 573 K and initial strain rate of 1.67><10° s " in

Mg-8.42Li alloy: (a) =0, deformation root; (b) é=1.1, middle section; (c) e=1.6, middle section; (d) =2, near fracture tip



1914 2009 11

573 K 7=0.50;, L;
6(a) (b) Mg-8.42Li 573 K 1.67>< (23]
10%s"  1.67=<107s" ) o
6(c) 573K 510! ¢ = A{i] %(ﬂJ 4)
3c) 920% 6(c) di) b\ G
573 K 5<107*s™! . ,
( E; i=1-7
31.7 ym)™ (=1 - =2 i=3
i=4
=5 3 =6
6(d) =7 7
3(b)  850% Mg-7.83Li 573K ) A4 mop
1.67>107s"! gi G di
b D
2.7 Mg-8.42Li Mg-7.83Li (Dv) (Dy)
(Dv)
RUANO 23 G=18.4-1.082 410 %(T-273)
[9, 11] E=46-2.706><
107%(7-273) G=E/2(1+v) v=
R-W-S 033 b»=3<10"m
[33] Mg-8.42Li Mg-Li
n=2[(1-v)aL:t]/(Gb) (3)
n; v T Mg-7.83Li Mg-Li

6 Mg-8.42Li Mg-7.83Li 573K
Fig.6 Fractographs after superplastic deformation at 573 K and different initial strain rates in Mg-8.42Li alloy and Mg-7.83Li alloy:
(a) Mg-8.42Li, 1.67><10 > s '; (b) Mg-8.42Li, 1.67>< 10 s'; (c) Mg-8.42Li, 510 * s '; (b) Mg-7.83Li, 1.67=<10 > s
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Fig.7 Dislocation-incorporation deformation mechanism map

of superplasticity and creep at 573 K in two-phase Mg-Li

alloys
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