Interaction energy between cluster and additions in Mg-Zn-Y-LPSO
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- Cluster and solute atoms 7
__Stability of cluster o
Each Zn or Y solute atom is located on the 1st 14 h
through 6th layers separated from the L12 cluster, B r':
which are 8 to 13 layers in Fig.6(a). A few sites on .
Table.1:calculation results of each model. each layer are necessary to investigate. The 10 h
MgssZngYs MgopaZngYs possible configurations are shown in Fig.6(b), .
FromleV] | -153.441  -375.406 which are parsing from the top. Because of the 5 'OO 7 h
ota . . . . L _ S 3 C
| - | FonseleV] | -4.043 1,046 hcp _stack_lng, odd and even I_ayers are different o080 s «
Fig3:Possible site for L1z cluster in the configurations. Four possiblesites are marked as O 4 h
slug model which constructed 2x2 unit 0 through 3, which are also used in the following 3 h
sells of hep base plane. T S e 2 ¢
two calculated results., 1
OA-layer OC-layer
Table.3:total energy and cluster energy whem Y : Y _ (a) (b)
P introducing a few of cluster in same layer. || - four sites - three sites | | | | o | |
number of dluster | 1 > 3 7 . 1,3,5th layer . 2.4.6th layer Fig.6:Schematic drawings of the slab mode_l for mvestlgatlng. the interaction
number of cluster | 1 | 2 3 4 2% ALOAT oRr s AT T - between cluster and solute atom; (a) side view and (b) top views of odd(left
oo 200200800 —e — =21 models constructed by addition panel)and even(right panel) layers. Possible sites for the solute atom are marked
of Zn or Y. as 0 through 3.
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Fig.4: the cluster structure in the Mg alloy of Fig5:Side views of calculated L12 cluster doesn’t show any notable ]
the hcp structure. The figure above is L12 configurations before and after relaxations. : ; should be swept out from -375.12 Pl 1 5 3 4 5 6
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the stacking fault layers
where the clusters are
precipitated.

number of layers from Cluster
Fig.7:Energy dependence on the located
layer of the Zn solute atom.

cluster. Cluster in hcp structure by moving as
below the atoms in the red frame hcp-
Cluster(a),(b). I

nor separating from the L12
cluster.

Fig.8: Energy dependence on the located
layer of the Y solute atom.
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| Effect of atom on stacking fault formation |

The other critical change 1s observed in the solute l
atom effect on the stacking fault energies. The model
of the calculation 1s schematically drawn in Fig. 9.
Two blocks below and above the stacking fault layer
were displaced each other along [1 -1 0 0] direction.
The energy changes during the sliding with and
without Zn and Y atom pair are compared. The atom
positions and the outer size are relaxed only along the b e L ;
z-direction. : '
Fig. 10 shows the energy changes of the two blocks
| displacing along [1 1 0 0]. Note that

the energies at d=1.0 mean the real stacking fault
energy, and at around d=0.5 energies take

maxima, which mean the activation energies of the
stacking fault formation. Not only the

stacking fault energy, but also the activation energy of
the stacking fault formation with Zn-Y

solute pair added model show the one third of those
without Zn-Y solute pair.

Modified scenario

96.12 1. Zn and Y condensed layer induces
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4. further Zn and Y are swept out or step
away from the stacking fault,
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Fig.10: Energy changes on the displacement d along [1 "1 0 0],
where solid and dotted lines represent the models with and i
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Fig.9:Schematically drawn illustrations for staking fault
energy change, where the block drawn by dotted lines
indicates the upper half of the slab and is displaced
along [1 "1 0 O] direction against the lower half of the
slab.

Repeat 1-4 process.

without Y-Zn solute pair respectively.

For considering the Zn-Y simulataneouly introduction,
there are a few tens of patterns. For the first step,
give a name to independent site as a,b,c..., and then
consider those combination.

Interaction between L12 cluster and Zn-Y pair

Table 5 shows an example of the calculated results,
where Zn and Y are introduced in the sites of blue and
yellow circles at the C-layer. Its combination number
become thiry, but we obtained only five different
values. This reduction is of course due to the
equivalent symmetry.

Fig.12 shows the interaction energy change
depending on the distance between the cluster and
Zn-Y pair before and after the relaxation.

Before the relaxation, the energy dependence is not _ : v ) i
monotonous, where the first layer shows the most Table 5: Calculated results where Zn and Y are introduced 3802 S ¥y v A
stable and the second layer jumps up then further in the sites of blue and yellow circles at the C-layer. o S . ' ____________ y i
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Fig.11: Schematically drawn illustrations
which is distributing the number.
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layers show gradual drops. After the relaxation, the

energy drops monotonously as increasing the
distance.

The final results indicate that the additional Zn-Y

solute atom pair should be swept out from the
stacking fault layers where the clusters are
precipitated.
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Fig.14: Interaction energy drop due to the longer distance
between cluster and Zn-Y pair.
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