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According to our latest study of the electron localization morphology of the stacking faults in 
Mg alloys, the bonding environment around the fault plane produces the unique chemistry 
of deformation, which can be recognized as the HCP-FCC transformations in short-range. 
Together with the specific electron structure of particular alloying element, it has been 
confirmed that the strengthened tetrahedrons in the fault planes are as same as FCC-Al. 
Additionally, contributions of the alloying elements to properties of Mg-X alloys, i.e., 
equilibrium volume and bulk modulus, can be well described by �s���P���Œ�[�• law. 

Fig. 2 Schematic structure of Mg with (a) growth fault �t I1; (b) deformation fault 
�t I2 and (c) external fault - EF.  The fault planes are shown as (0001) miller plane.  

Deformation charge density 
�Œtotal: the total number of electrons per unit volume, which can be solved in the ground 
state through the well-known Kohn-Sham equations.  
�ŒIAM: the electron density associated with unbounded atoms, which is known as 
independent atom model (IAM).  P. N. H. Nakashima, et al., Science 331, 1583 (2011). 
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Mg is the lightest metallic structural material with a density of 1.74 g/cm3, in comparison with the 
densities of Al (2.70 g/cm3) and Fe (7.86 g/cm3).  This makes magnesium alloys particularly attractive for 
transportation applications such as automobiles and helicopters for weight reduction and higher fuel 
efficiency.  Magnesium has a hexagonal lattice with c/a=1.62.  One factor affecting the mechanical 
properties of Mg alloys is the stacking fault energy because stacking faults are closely related to partial 
dislocations, a primary deformation mechanism in metals. Since the main challenges in developing next 
generation Mg alloys are to increase the strength, the ductility as well as the high-temperature 
stability, the reduction of stacking fault energy could (i) enhance the twinnability of the material and 
decrease the twinning stress; (ii) decrease the steady state creep rate to improve these properties.  
 
In the present work, first-principles calculations based on density functional theory are employed to 
predict the stable (intrinsic) and unstable stacking fault energies of Mg alloys. Unique electron charge 
transfer tomography in each stacking fault can be identified clearly by electron localization morphology 
in term of deformation electron density. Effects of alloying elements with different crystallography 
structures on bond structures of these basal-plane stacking fault are investigated. The correlation 
between the stacking fault energy and electron charge transfer enhances the fundamental 
understanding of deformation in Mg and supports the designing of advanced Mg alloys. 
 
 

Fig. 1 Typical applications of the advanced Mg alloys. The significance of the high-
temperature stability of Mg alloys can be observed in the aerospace field. The 
importance of the strength and the ductility are shown in the structural materials used 
in the daily life.  
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�&�]�P�X���ï���d�Z�����4�Œmax charge density isosurface (a) I1; (b) I2 and (c) EF, displaying the 
unique chemical deformation in fault planes along <0001>.  
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Fig. 4 The 0.75 �4�Œmax isosurface of Mg, Mg-Al, Mg-Zn and Mg-Na with I1, I2 and 
EF. Only alloying elements in the supercells are plotted in black.  

W. Y. Wang, et al., Chem. Phys. Lett. 551, 121 (2012). 

Fig. 5 Doping effect on the 
formation energy of the 
basal plane stacking faults of 
binary Mg-X alloys. showing 
Mg-0.78at%X alloys with 
growing (I1) and 
deformation (I2) stacking 
faults and Mg-0.69at%X 
alloys with external (E) 
stacking faults. 
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Fig. 7 Elastic properties of Mg-Li alloys together with 
previous First-principles (F-P) data by Ganeshan and 
the experimental data by Slutsky, (a) elastic stiffness, 
�~���•�����µ�o�l���u�}���µ�o�µ�•�U���~���•���z�}�µ�v�P�[�•���u�}���µ�o�µ�•�����v�����~���•���•�Z�����Œ��
modulus. S. Ganeshan et al., Intermetallics 17, 313 (2009); 

L. J. Slutsky, and C. W. Garland, Phys. Rev. 107, 972 (1957).   

Fig. 6 Comparation between 
the First-principles calculation 
result and that calculated by 
�s���P���Œ�[�•���o���Á 
(a) equilibrium volume;  
(b) bulk modulus. 

�”0 �t the property of the multicomponent phase; 
�4�” �t the interactions among the constituents in the system. 
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