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Summary

In order to discuss about the ralationships between unstable stress drop and deter-

minant of atomic elastic stiffness By},

on thin plate, nanowire of bcc iron, as well as grain boundaries. First, we performed

we performed molecular dynamics simulations

tensile simulation on bulk, thin plate and nanowire. Bulk model shows smooth arch of
stress-strain curve against the [001] tension under the strain control, without generat-
ing defects by local deformation until later point after the peak. It is revealed that the
average of detBj; becomes negative at the stress strain peak so that we can conclude
that the bee-Fe reaches global instability before the local deformation. That is, the
stress-strain curve will show rapid elongation at the point if we implemented the sim-
ulation by stress control. (110), (111) surface thin plates, (111)-(110) nanowire also
show smooth arch of stress-strain and the average of detBf; becomes negative at the
peak. Thus we can conclude that these surface and edge structure are not preferable
for local deformation such as dislocation nucleation so that the system would deform
rather by collective changes, e.g., phase transformation. On the other hand, (001) sur-
face thin plate, (100)-(010) and (110)-(110) nanowires show rapid stress drop by the
emergence of local deformation, before the global instability. Then we made laminate
structure of tilt and twist grain boundaries for various Sigma value ranging from 1 to
99. The change in the grain boundary energy against misorientation angle is discussed
with the difference of detBf; from bulk state and the number of negative det Bf; atoms
under the no-load equilibrium. Furthermore, we performed tensile simulations on the
(111)%3, (332)X11 and (112)X3 tilt grain boundaries, in the direction normal to them.
The (111)X%3 shows cleavage cracking at the boundary, after showing the extension of
boundary disorder only 1 atomic layer just above and beneath the grain boundary. Be-
fore the extension, the atoms show negative det Bf; on the extended adjacent layer. On
the other hand, the boundary disorder continues to extend after the first stress-strain
peak until the border of crystal/disorder travels to the opposite side in the laminate
of (332)X11. The laminate shows strain hardening and finally cleavage cracking at the
boundary, since the crystal structure is changed by the travel of the boundary. We can
observe negative det Bf; atoms at the leading edge of the traveling border. The (112)33

«
177

parameter cannot distinguish the twin boundary of (112)X3. Finally, we perform the
shear simulation to the (111)X3, (332)X11 and (112)X3 tilt grain boundaries, in the
direction parallel to them. (332)X11 shows the extension of boundary disorder by the

shows same tendency in the motion of negative detB::, while the central symmetry

travel of the border above mentioned. Defect nucleation or dislocation emission from
grain boundary is observed in (111)33, while disorder emerges in the middle of crystal
far from the boundary in the laminate of (112)¥3. In the both cases, negative det By}

atoms are observed in the defect area precursory.
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Fig.1.1 Image of 36 x 36 silicon nanopillar array.?!
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Fig.3.4 Snapshots of (100) surface thin plate. Red coloured circles indicate
det Bf; < 0 atoms.
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Fig.3.5 Change in the averagell standard deviation of detBf;l] and stress-
strain curve of thin plate of (110) surface.
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Fig.3.6 Snapshots of (110) surface thin plate. Red coloured circles indicate
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Fig.3.7 Change in the averagell standard deviation of detBj;lJ and stress-

strain curve of thin plate of (111) surface.
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Fig.3.8 Snapshots of (111) surface thin plate. Red coloured circles indicate
det Bf; < 0 atoms.
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Fig.3.13 Snapshot of the (110)-(110) surface nanowire. Red coloured circles
indicated detBf; < 0 atoms.
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Fig.3.15 Snapshot of the (111)-(110) surface nanowire.Red coloured circles
indicated detBf; < 0 atoms.
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Fig.4.1 Schematic of simulation cell for tilt grain boundary.
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Fig.4.2 Detail of atom configuration at (332)X11 symmetric tilt grain boundary.

gboobon

O00000000000000000 43000000 :00000000460/20
gobooboboboobooboobuooboobobbobooboobooDbOon
gboobgboboobooboobgobooboboboboobooboobon
O000000000000000000000000 5nm|00000000 200

gbogobuooboooxboilibuoobooboobooboobbobbon

37



goboogd

Fig.4.3 Schematic of simulation cell for twist grain boundary.
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Table 4.1 Simulation condition for symmetric tilt grain boundary under tension[
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Fig.4.8 Snapshots of (332)X11 symmetric tilt grain boundary around the 1st
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Fig.4.9 Snapshots of (332)X11 symmetric tilt grain boundary around strain
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strain curve of (111)X3 tilt grain boundary.
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Fig.4.11 Snapshots colored by distribution of negative AES atoms and defeat
atoms distinguished by central symmetry parameter around the 1st

(ii) Central symmetry parameter

stress peak ((111)X3 tilt grain boundary).
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Fig.4.13 Snapshots colored by distribution of negative AES atoms in (112)%3
tilt grain boundary. Red coloured circles indicate detBj; < 0 atoms.
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Table 5.1 Simulation condition for symmetric tilt grain boundary under shear[

GB. patturn | X11(332) ¥3(111) %3(112)
Misorientation [deg] 50.4 70.5 109.4
Cell length:Lz [4] | 113.88  105.35  109.21
obo0d Ly 214.30 217.06 224.87
000 Lz 105.57 10543  105.36
Number of atoms 218400 204360 219648
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Fig.5.1 Schematic of shear simulation.
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Fig.5.2 Change in the averagell standard deviation of detBj;l and stress-

strain curve of (332)%11 tilt grain boundary.
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€,,=0.1381(peak) €,,=0.1400 £,,=0.2500

Fig.5.3 Snapshots of (332)X11 symmetric tilt grain boundary under shear.
Red coloured circles indicate detBj; < 0 atoms.
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Fig.5.4 Snapshots of (332)X11 symmetric tilt grain boundary under shear
(central symmetry parameter).
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Fig.5.5 Change in the averagell standard deviation of detBj; and stress-
strain curve of (111)X3 tilt grain boundary.
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€,,=0.1074

£,2=0.1081 €y,=0.1091

(i1) Central symmetry parameter

Fig.5.6 Snapshots colored by distribution of negative AES atoms and defeat
atoms distinguished by central symmetry parameter around €,, =
0.1074 ((111)333 tilt grain boundary).
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CL—Z €,.=0.1300(peak) £,-=0.1305 £,,=0.1310

€,,=0.1350 €y:=0.1400 £,,=0.1500

Fig.5.7 Snapshots colored by distribution of negative AES atoms around
stress drop at €, = 0.13 ((111)X3 tilt grain boundary).
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Fig.5.8 Snapshots of (111)X3 symmetric tilt grain boundary under shear
around stress drop at €,, = 0.13 (central symmetry parameter).
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Fig.5.9 Change in the averagell standard deviation of detBf;lJ and stress-

strain curve of (112)X3 tilt grain boundary.
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(a) £,,=0.1920 (b) €,2=0.2200 (c) £,2=0.2201(peak)

(d) £,,=0.2207 (e) £,:=0.2235 () £,,=0.2260

Fig.5.10 Snapshots colored by distribution of negative AES atoms around
stress drop at €,, = 0.2201 ((112)X3 tilt grain boundary).
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Fig.5.11 Snapshots of (112)X3 symmetric tilt grain boundary under shear
around stress drop at €,, = 0.2201 (central symmetry parameter).
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