
Solute configuration energies of Mg-Zn-Y alloy 
Shigeto R. Nishitani, Yosuke Yamamoto, Yoshihiro Masaki, and  

Yuichi Sakamoto 
 

Department of Informatics, Kwansei Gakuin University, Gakuen 2-1, Sanda 669-1337, Japan. 
nishitani@kwansei.ac.jp 

 
The excellent mechanical properties of Mg-TM(transition metal)-RE(rare earth) alloys have been 
reported to be due to the query microstructures with the long periodic stacking order (LPSO).  The 
LPSO Mg alloy, its typical composition of Mg97Zn1Y2, shows 18R structure with the long period 
stacking sequence of the mixture of hexagonal(h) and cubic(c) layers.  The added elements of Zn 
and Y are observed to be enriched in the cubic layers.  The mechanism of this microstructure 
formation is one of the key issues of the newly developing light-weight Mg materials. 
In this research, we have explored the energetic investigation on the LPSO structure by the first 
principles calculations in order to reveal the mechanism of LPSO formation.    Monte Carlo 
simulations show two possible scenarios for explaining the LPSO structure formation; one is the 
periodic stacking fault induced and the other is the ordering of solute atoms induced.  We have 
constructed a few lattice models using MedeA and calculated the structure energies using Vienna 
Ab Initio Simulation Package (VASP) code. The cut-off energy was 600 eV and the k-point meshes 
were determined from the dimensions of models. 
As shown in Fig. 1, 18R structure with pure Mg 
locates on the segment between pure cubic (3C) 
and pure hexagonal (2H) structures, which means 
that the additions of Zn and Y should stabilize the 
18R structure at the ground state.  Single 
substitution of Zn or Y with Mg in hcp and/or fcc 
lattice shows no clear difference.  The Zn-Y pair 
substitution with Mg, however, shows a notable 
decrease of energy from the isolated single 
substitution.  In 18R structure, the nearest 
neighboring Zn-Y pair with Zn locating on c site and 
Y locating on h site, is the lowest energy among the 
several c and h configurations.  Fig.3 shows the 
energy dependence on the periodicity of solute ordering.  Number on x-axis shows the ordering 
period. The atomic configurations named (a) parallel and (b) reverse for period of four shows on 
the right panel.  In hcp-Mg, 6 or 7 periodic structures show the relatively low energies, which 
indicate the solute ordering in hcp-Mg occurs before the stacking ordering of 18R Mg.  The energy 
difference, however, is relatively small and the other possibility will be discussed on the symposium. 
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表 4.2: Y，Znのペアが 2つ含まれた 2H型Mgの合金モデルの相互作用エネルギー．
Y，Znのペアの現れる周期 4 5 6 7 8 9

相互作用エネルギー [eV] (a) 1.4026 1.3883 1.3808 1.3841 1.3949 1.4059

相互作用エネルギー [eV] (b) 1.3850 1.3876 1.3859 1.3866 1.3926 1.4032

図 4.4: Y，Znのペアが 2つ含まれた 2H型Mgの合金モデルの相互作用エネルギー．
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3.2.2 計算結果と議論
積層周期毎のエネルギー
純粋なMgの 2H∼3Cの計算結果を図 3.5に示す．また，構造エネルギーを表 3.2にまとめた．
図 3.5より，常温で 2Hが 3Cよりも安定となり，実験結果と整合した．また，3Cに近づくに連
れて，エネルギーが高くなることがわかる．さらに，2H∼3Cの構造エネルギーと積層周期比と
の間には，線形依存性があることがわかった．つまり，18R構造は複雑な構造を有するが，Mg

の中だけでは安定化するとは限らないということが理解できる．そして，18R構造が 2Hより
も安定化するためには溶質原子との相互作用によって安定化することが示唆される．

図 3.5: Mgの積層周期毎の構造エネルギー．

表 3.2: 2H∼3Cの構造エネルギー．
2H 18R 4H 6H 8H 3C

Energy[eV/atom] -1.5424 -1.5384 -1.5367 -1.534 -1.534 -1.5294
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Fig. 1 Pure Mg structure energy against 
stacking sequence ratio of c- and h-sites. 

Fig. 2 Energy dependence on solute ordering periodicity.  Number on x-axis shows the 
ordering period. The atomic configurations named (a) parallel and (b) reverse are 
schematically drawn for the period of four shows on the right panel. 


