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The purpose of this study is to analyze the stability of LPSO (long period stacking
order) 0 structure and its deformation mechanism such as kin formation in Mg-Zn-
Y alloys. We have performed various molecular dynamics simulations on the edge
dislocation in LPSO structure, deformation twin, and kink formation in Mg-Zn-Y
alloy. Morse potential functions for Mg, Zn and Y are calibrated by fitting to the ab-
initio DFT results. First, we simulate the edge dislocation in two type LPSO structures
where Zn6Y8 or Zn6Y9 clusters are periodically precipitated in 2D-plane. The edge
dislocation can glide the slip plane just beneath the cluster (without Zn or Y atoms);
however, the CRSS for dislocation glide increases fifth higher than that in monatomic
Mg. On the other hand, the edge dislocation cannot glide on the slip plane with Zn/Y
atoms, that is, the edge dislocation cannot cut the cluster, while new dislocation
nucleates and glides from the other slip plane with much higher CRSS. Next, we have
performed [0110] compression simulations on monatomic* hep-Mg” . 18R-Mg” and
LPSO with Zn6Y9 clusters to discuss about the effect of the structure and composition
periodicity in LPSO on the resistance against deformation twin. All models shows
smooth stress peak around |¢|=0.250 0.05 and second stress increase after the stress
drop. The first stress peak is caused by hcp-;bcc transition and the crystal rotations
of 90 or 85 deg. are observed in monatomic hep-Mg and 18R-Mg, respectively. On the
other hand, the crystal rotation cannot be observed in the LPSO since the rotation
is derived by passage of slip while the slip is suppressed by the strong Y-Y bond in
Zn6Y9 cluster, as same as the dislocation case. Finally, we have performed simulation
of [2110] compression and [0001] shear, to discuss about kink formation. All models
show definite stress peak, since the bce transition largely absorbs the compression in

[2110] direction.
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Fig.3.6 Stress-strain curves of Mg model under shear (edge dislocation model

Table 3.2 CRSS of each layer evaluated in this simulation

layerl layer2 layer3 layer4
ZngYs | 0.091[GPal | 0.16][GPa] 0.30[GPa] 0.41[GPa] (at least)
ZngYq | 0.075]GPal | 0.09[GPa] | 0.55[GPa] (at least) | 0.81[GPa] (at least)
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Fig.4.2 Simulation models for twin formation

Table 4.1 Number of atoms and dimensions of simulation cells

number of atoms | lz [nm]| | ly [nm] | [z [nm)]
hep-Mg-compression 291600 49.9 5.8 23.4
18R-Mg-compression 291600 49.9 5.8 23.4
LPSO-compression 197100 49.9 3.8 23.4
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4.2.4 Mg-Zn-Y LPSOOOOOO

04190000000000000000000000000000 4.2004.210
0000000000 42004210 atomeye 100 000000000000000
()000 () 00000000000000000000000000000000
00000 (b)00]=0.04500000000000000000000000000
0000000000000 MgOOOOOOOO0000000000000(b)00
MgOO beeD0 00000000

04200)00000000000000004.18)0000000000000
0000000000000000000520000000000000000000
(c)00000000000000(d=000400000000000]¢=080000
00000000000000000004.20d)0000000000000000
000000000000009400000421(e) - (000000000000
0000000421(g)00000000000000004.180000

0000000000000000000000000000000000000
00000000000 hep-MgO18R-MgOOOODODO0O000000000000
0000000000 [0001)000000000000000300000000Y
0000000000000000LL,00000000000000000000
(0001]0000000000000000000000000000

2 |
2 |

initial © Y(Gd) @Zn(AD) Mg ¢=0.045

(a) (b)

Fig.4.18 Magnification of (a) bee domain, (b) sheer band

44



, [GPa]

Compressive stress, |o

-1.8

Stress
Enegy

@)

(b)

O

®

)

1 -1.802

1 -1.804

1 -1.806

1 -1.808

-1.81

0O 0.03 0.06 0.09
Strain

0.12

Fig.4.19 Sheer-strain, Energy curve of LPSO

45

Energy [eV]



(a) ce=0.000 evc)ezay mg

(b) ¢ = 0.045

(c) e =0.052
O

de=008 O

Fig.4.20 Snapshots of atoms colored by Mises strain (hcp-Mg,|e|=00 0.08)

46



(e) e =0.094

(f) e = 0.105

© Y(Gd) @ Zn(Al) ~ Mg

(g) ¢ = 0.136

Fig.4.21 Snapshots of atoms colored by Mises strain (hcp-Mg,|e|=0.0940 0.136)

47



4.3 OO

LPSOODOOO0D0O (0110)00000000000000LPSO000O0O0000
00000000000 00000000000000000000000hepO0O
000 Mg hep-MeMO 1SROO0 D00 MO 18R-MeMO 18RO D00 ZngYy O O
0000000000 30000LPSONO000 [pI10000000000000
oooo

1. 0000000000000000 MorsedO 00000 Potential-2000 000
(0110)000000000000000000030000000000000
00000000000000000000000000000000000
00000000 0.400.8[GPa]d |e]=0.250 0.05 0 hep-Mg<18R-Mg<LPSO [
nooo

2. 000002000300 00000000DO0ODO0ODOODO beecUDObOODOODO
gbobobooooobbooggbobooogbobuooooboboobod

3. bheeODDODUDOUDDODOODODOUDODODOODODDO 0O0O)D0DODDOODOODO
OO0 hep-MgO 1I8SR-Mg OO OO OODOO OO0 OOOOOOISRODOO
becOOOODOOODODOOODOOODOODOOODOOODOOODOOOOODOOO
gboboobog

4. 0000 hep-MgO 1ISR-MgO OO O UOOOOOoOOoOoboooboooobooon
gbobogobodbooboboboobbuooboobobooboooobboon
gobobooooboboboooobboboooobbbuooooobo

5. LPSOU00DO0ODLOOODOOUODOObOOObOOOODOOOobDOoobDOoOoDOoO
OO00oO0boOdb0OObecObODOOOOODODOOOOLPSOOODOODOO
gbdboMghOoDooboboooboooobuooboobobobuooboboo
OLpsOO0OO0O0ODOODOOOOOO

6. LSOO OO0OOOOOOOOOOOOOOODOOOOOOOOOOOOOOO
gboobobobobobobobobobobuoobobobobobobo
gbobobooboobooboobooboobo

48



L] 50

Juoogdootddood
U Ooon

5.1 OOODOO

4 slip plane
r sheer stress

»

/ [«——
I eccentricity

» X » X &
y (a) y (b) y (c)

Fig.5.1 Deformation process of kink band

000000 LPSO0O0O0O0OOOOOOO00000 510000000000
00000000000000000000000000000000000000
00000000051()0000000000000000000000 5.1(b)0
00000000000000000000000000000000000000
00000000000000000000000000005.1(c)00000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000000MgZnYOOOOOOOOO0000000000000
00000000000000000000000000000000000000
000000520003000000000000000000 5.2(a)0(b)0(c)0
0000 [0110]0[2110)0[0001]000000000000000000000 (0001)

49



000(0001)000(0110)000000(0001)00000000000000000
00000(2IT0j0[1210)0 (11200 0000000000000000 [0110]000
0520b)00000000000000020000000000

(0110) (2110) (0001)

il

(a) [0110] rotaton-axis (b) [2110] rotaton-axis (c) [0001] rotaton-axis

Fig.5.2 3 types of kink-deformation in MgZnY alloy

20



5.2 U0OUOOOOOOONO

0510000 0110]00000000000000000000OOO0O0OO0
000000000000 000053()0000000000OD0O0ODO 00000
00000000 -0000000000000000000000000000 1/20
gbboobbuoobbtudyddgbbugbbzbu000buo0oboobboobn
O hep-MgO M 18R-MgOMM LPSOO O 30000 0D00ODO0ODOOOOOOODOLPSODO
0000000000000 S1000000 10K ODOOOOO53(b)00000
000000000000005.0x 107'00000000000 Uz0000000
000000000 1/20000000U000000000000000000
gooo

[0001] [0001]
Z
[0110] i /\
y sllp directon /\ U EUZQUX/Z)
. ‘ /\ N
/\ ux| @
/ . H
~ -
» X et X
Basal plane  [2110] [2110]

chunk region
(a) (b)

Fig.5.3 Schematic of simulation models for kink-formation

Table 5.1 Number of atoms and length of simulation cell
number of atoms | [z [nm| | ly [nm] | [z [nm]

LPSO 129600 38.4 5.5 14.1
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Fig.5.6 Snapshots of atoms colored by Mises strain (hep-Mg,|e|=0.0360 0.066)
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Fig.5.7 Snapshots of atoms colored by Mises strain (hcp-Mg,|e|=0.0710 0.085)
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