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Deformation mechanisms, current status and
development direction of superplastic magnesium alloys

CHEN Zhen-hua, LIU Jun-wei, CHEN Ding, YAN Hong-ge

(School of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: The active energy and constitutive equations of magnesium alloys formed under different conditions were
reviewed. The superplastic characteristics of coarse and fine-grained magnesium alloys were summarized. Then the ways
of superplastic deformation were briefly analyzed. The results show that the development trend of superplastic
magnesium alloys has been advanced remarkably and will be developed rapidly in the future. Obtaining high-strain rate

and low-temperature superplastic magnesium alloys, deducing cost, safety and environmental protection are the

researching focuses nowadays.
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Fig.1 Deformation mechanism maps for Mg alloys at 573
K(a), 623 K (b) and 673 K (c) (d is grain size, b is Burger’s
vector. Diffusivities through lattice and grain boundary are

designated as Dy and Dgg.)
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Table 1 Constitutive equations for different deformation mechanisms

Creep process Equation k
é=k(Dy /d*)ED’ | kT) o/ E 14
Diffusional flow . 1By 2( 3 X )
E=ky(Dggb/d)Eb” | kT) o/ E) 50
Grain boundary sliding
é=ky(D, /d*) o/ E)?
Lattice diffusion sliding . , Gb_o-o b2 7.59X 108
é=ky( ) (D
kT G Ad
Pipe diffusion controlled &=kya(D, /d*)o ! E)* 3.81x10°
é=ks(Dggh/d*) o/ E)? 7.04%107
Grain boundary diffusion . ., Gb (l-a)o—0y) 5, b
£=ki()————"%(5) Dy
kT G d
Slip
Harper-Dorn é=kg(Dy /b*)ED® | kT) (o] E) 7X 10"

Lattice diffusion controlled &=k, (Dy /b2 Yo /E) 6.67X 10
Pipe diffusion controlled &=kg(D, /6*)o 1 E)’ 5.38%x10°

solute-drag creep &=ky(Dg /b*)(o/ E)? 45

o . Gb o-0y 5 b’
Interface diffusion &=k (ﬁ)( G )2 (E)Di

Where /, is subgrain size, d is grain size, d,, is strengthen phase particle size, D; is interface diffusion coefficient, Dy is lattice

diffusion coefficient, Dgg is grain boundary diffusion coefficient, o is stress, o, is initial stress, E is elastic ratio, 7 is absolute

temperature, b is Burger’s vector, and G is shear modulus.
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Table 2 Activation energy and stress exponent various for magnesium alloys

Activation energy

Alloy d/pm Temperature range/K Strain rate range/s ' Stress exponent 7 for plastic flow
0/(kJ-mol ")
MAS 0.3 453 5.0x10* 2.63
AZ61 16.0 573-693 10731073 2 124
AZ61 17.0 598-673 10°-107° 2 143
AZ61 8.7 598—673 2X 10741072 2 91
AZ91 5.0 573 3X10%1.5%10™ 2 121
AZ91 9.0 573 3X1074-1.5X107" 2
AZ91 16.0 573 3X1074-1.5X107" 2
ZK60 2.0 523-773 2X107%-10" 2 118
ZK61 1.0 523-623 107-10" 2 118
ZK61 12 523 11072 2
AZ91 1.0 543673 107°-10° 2 121
SiCp/ZK61 1.7 598-773 107'-10" 2 81
Mg-0.8%Al 80.0 473-623 5X107°%-3x107° 5 135+10
AZ61 16.0 598-693 1X107-3.5%107° 5 159
AZ61 8.7 598—673 5X107°-10"" 7 80
Mg-0.8%Al 240.0 523-623 5X107°%-6Xx107° 3 140+10
AZ31 150.0 573-648 2X107%-7X 1072 3 122
AZ31 130.0 598-673 10°-107° 3 127
ZK60 3.4 423 1X107° 33
ZK60 22 523 11073 2
ZK60/SiC/17p 1.7 463 1X107* 2.63
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Fig.2 Diffusion creep model
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Fig.3 Ashby-Verrall model: (a) Initial state; (b) Middle state;

(c) Final state
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