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Fig. 1 Metallographs of magnesium alloy: (a) {1012} twin (10%hot rolling); (b) {1011} twin (20% hot rolling)
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Fig.2 Twin computational models of Mg: (a) {1012} twin model; (b) {1011} twin model
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Fig. 3 Stress—strain curves of two models
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Fig. 4 Microstructures of twin model in compression process: (a) Microstructure of {1011} twin model; (b) Microstructure of

{1012} twin model; (a;)—(b;) Relaxation state of twin model; (a,)—(b,) 13th steps microstructure of twin model ({1012} twin

boundary beginning to migrate); (a;)—(bs) 43th steps microstructure of twin model ({1011} twin boundary beginning to migrate)
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Fig. 5 Migration mode of twin boundary: (a) “Step” migration mode of {I011} twin boundary; (b) “Bow” migration mode of

{1012} twin boundary
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Fig. 6 Basal plane will translate into prism plane in {1012} twin boundary migration process: (a) Blue balls representing basal
plane atoms and yellow balls representing prism plane atoms before migration; (b) Blue balls representing prism plane atoms and

yellow balls representing basal plane atoms after migration
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Fig. 7 Process of surface transformation: (a) Schematic diagram of atomic arrangement for {0002} basal plane and {1010} prism

plane; (b) Steps of surface transformation
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Fig. 8 Periodic interfacial dislocations on {1011} twin interface: (a) Purple solid lines representing dislocation lines; (b) Yellow

arrows representing Burgers Vector of dislocation; (c) White spots in dark field image of {1011} twin representing periodic

interfacial dislocations; (d) Black spots in bright field image of {1011} twin also representing periodic interfacial dislocations
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Fig. 9 Basal dislocation spilling up at interface: (a) Slip of basal dislocations; (b) Reaction between basal dislocations and

interfacial dislocations
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Mobility comparison of twin interfaces between
{1012} and {1011} for magnesium alloy

LI Heng', LIU Zhao', ZHANG Zhen?, PENG Jing-hua’

(1. Institute of Industry & Equipment Technology, Hefei University of Technology, Hefei 230009, China;
2. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Deformation twinning is one of the main plastic deformation modes of magnesium alloy. Two main types of
twin are {1012} and {1011}. There have great differences between the morphology of two kinds of common twins.
{1012} tensile twins mostly form in non-basal plane oriented grain. Once the twins have formed, it will expand rapidly,
and gradually engulf the matrix. Thus the morphology features of {1012} twins are mostly lenticular. However, {1011}

compression twins mostly form in basal plane oriented grain. After the formation of these twins, it is difficult to expand
laterally, and the morphology features of {l011} twins are mostly narrow-flake. The combination of molecular
dynamics method and microstructure experiment observation is used to establish the atomic models of two kinds of twins.
In addition, the size and loading mode of the two models are consistent. This paper contrasts the mobility of two kinds of
twin interfaces through analysis of stress—strain curve, microstructure and interface migration mode. And the reasons for
the difference interface mobility are explained from the point of view of atomic motion and dislocation slip. The
simulation and experimental results show that the stress required for {1012} twin boundary migration is lower than that
for {1011} twin boundary. The migration of {1012} twin boundaries presents “bow” shape mode, while {1011} twin
boundaries migrate with “step” mode. Actually, the migration of {1012} twin boundaries is the process of mutual
transformation of Basal planes and Prism planes. Interestingly, the atomic arrangements of Basal plane and Prism plane
are similar, thus it is easy to implement the mutual conversion process. However, it is found that there are periodic
interfacial dislocations on the {l011} twin interface by TEM observation and simulation results, and the interfacial
dislocations will hinder the movement of twin interface. It is also found that there are basal plane dislocation spiling up at
the interface; it can provide energy for the migration of {1011} twin boundaries. Therefore, {1012} twin boundaries
are easier to form large-scale and rapid migration than {1011} twin boundaries.

Key words: magnesium alloy; {1012} twin; {1011} twin; mobility of twin interfaces; molecular dynamics simulation
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