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Summary

For a new insight on the dislocation motion in oxide dispersion strengthened (ODS)
ferritic steels, we have performed several molecular dynamics simulations on the inter-
action between dislocation and Y503 nano cluster in bee-Fe. Here, we don’t distinguish
each Y and O atom but treat as monatomic pseudo atom of “Y,03 prticles” and rep-
resent their behavior with two body potential form as same as Johnson potential for
Fe. The potential parameters are fitted to the real hcp-Y,O3 by using the ab-initio
DFT calculation, for the equilibrium lattice length and bulk modulus. First, we set
an edge dislocation and proceed to bump into Y203 nanocluster, changing the cluster
diameter and periodic distance in the dislocation line direction. When the diameter
of the precipitate is 0.6[nm], edge dislocation cut through the precipitate without re-
ceiving resistance. When the diameter is larger than 0.9[nm]|, the precipitate attracts
the dislocation line and bends it both in the approaching and penetrating process.
This tendency is more clear if we change the periodic distance since the line tension is
weakened with larger interval between precipitates. The change in the stress distribu-
tion around dislocation core reveals that the core stress is relaxed when the dislocation
cross over the precipitate. Then we have performed similar simulation on screw dis-
location. Screw dislocation shows vertical motion at about a few nanometer away
from the precipitate leaving high-energy atoms (jogs) and passes through the interface
between the precipitate and bce-Fe matrix. Finally, we have also simulated the screw
dislocation passing between two precipitates, changing the spacing and diameter of the
precipitates. In the case of the diameter of 1.0[nm], the dislocation are attracted first
but immediately slows down at the point of 4.0[nm]| away from precipitates, expect
the precipitate spacing of 0.0[nm]| or contacting two cluster. With the small spacing of
0.5[nm] the screw dislocation changes the slip plane and passes the precipitate-matrix
interface, as preciously mentioned. In the simulation of 2.0 diameter, it is clear that the
dislocation begins to glide before the blunting point in the stress-strain response, and

the O[nm]| spacing precipitates attract the dislocation earlier than the other spacing.
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Fig.2.1 Fe energy curve.

Table 2.1 DFT calculation condition.

Y03 | Fe

Number of ions 2 2

Number of electrons | 16 9

Number of bands 12 10
Cutoff energy [eV] | 296.9 | 495.0

Number of k points | 153 83
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Fig.2.3 Y503 energy curve.
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Fig.3.2 Setting of edge dislocation.
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Fig.3.3 Periodic distance between Y503 precipitates.
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Fig.3.4 Motion of edge dislocation on the slip plane.
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(a) Initial configuration (b) After dislocation cutting

Fig.4.4 Morphology change of precipitate by cutting of screw dislocation.
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Fig.4.6 Change in shear stress(screw dislocation model).

24



4.2.3 O00O0OOOOOOOOO

0000000 10m]000000000 :000000000,0000,00
000000000 w00000000000,0050m 00000000000
0D47000,048000.000,000000 10m000000000000
0000000000000000000,0000000000 0000000
00000.000000000000,00000000000000 5nm]000
000000000000000000000000.0000,000000 5[nm)]
0000,000000000000000000.6,0.93.0nm0000000000
noooo.

000000 0.6,0.9nm] 000, ¢=30000fs| 0 0000000000000000
0,00@000000 ¢=40000055000[fs| 0000000000000, 00000
0000000.00000000000000,0000000000000000
000000,0000000000. 000 ¢=40000055000[fs) 000000000
0000000000000000,0000000000000000000. O
0,00000006mm00000000000. 00000000000000,
0000000000000490000,000000060m000000000
00000. 000000000000000 [11000000000000,0000
0000, t=42000 - 53000[fs) O O (b)(c) 00 0000000000,0000000
0000000000, (¢)-()0000,000000000000000000
000000000000000000. 00000, ¢t=0000 65000(fs)00 00
000000000000490000000.y00000000000, [112]00
01000000000.04100,000000000000000000 0.6[nm)
00000000000000,0000000000000000. 000000
0000 06nm 00000000000, 30000f|00000000000000,
51000[fs| 10 0000000000000, 00, d=0.6nm](04.9(c))00,0000
0000000000000000000,000000000020000000
000000000000, 00,000000 09mm]0000000, 04700

25



0,048000,00000009mm0000000000000000,0000
00000000,00000000004110000000.00,0 ()0000
000000,00000000000000,000000000 (30 (¢)()000
00)000000000000.0 ()0000,00@0000 40000[fs]0000
000000 (0.09nm))00000,000000000,00000 (0 (b)000
0000.0000,0 ()00000000000000000000000000
000. 000000000000 (()00000000000000000000
000,00000000000000000000000000000 (0 (). O
()0000,00@1I0000000000000,00000000000000
0000 (0 (b). 00000000000 (d)@GE)000000 t=48000[fs] 00 00
0000000000000000000000000000000"drag’0000
0.00000 (d)@Gv)0(+i)0000000000000000000000000
00-0000000000000000000000. 00000 3.0nm0000
0000004120000000.0000,0000000 (000000000
000,00000000000000000,00@0@00 (d)@i)0((vi)0000

gobboooobbbo,gobbbuoogobbbooooboog.

- T T T T T T T - 14F P N =
14 without precipitat without precipitate

------- 0.6nm [ r ——----0.6nm
k" 091m 12_—-—-0.9nm -

1
m]

—————— 1.5nm
r —-—- 3.0nm

10 |

—————— 1.5nm
r—-—- 3.0nm

10

center of precipitation center of precipitation

Position of dislocation[nm]
Position of dislocation[n:

B L ] L ] L ] L ] L 1 ] . ] . ] ) ]
0 20000 40000 60000 80000 0 20000 40000 60000 80000

Times[fs] Times[fs]
(a) 5.0[nm] (b) 10[nm]
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