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Summary

Dislocation behavior in the v/~" microstructure of Ni-based superalloy, e.g., nucleation
of misfit dislocation at the v/~ interface, dislocation pinning by 7' precipitates and
nucleation of superdislocation in precipitates, play important roles in characterizing
the mechanical properties of superalloys. The scale of the microstructure is less than
sub-micrometer and the width of v channel, where dislocations glide, is reduced to
0.05pm in some superalloys, so that atomic study is indispensable for understanding
the phenomena. In the present study, several molecular dynamics simulations are
conducted on the dislocation behavior in the idealized /4" microstructure in which
cuboidal NizAl precipitates are arranged in the pure Ni matrix. Tensile simulations of
the [001] direction are implemented with a periodic cell that has eight cubic precipitates
in order to investigate the nucleation site of dislocation in the idealized microstructure
with no defect other than the /4" interfaces. The results reveal a new mechanism on
dislocation nucleation as follows: (1) a closed loop of a partial dislocation nucleates at
an apex of +" precipitate and propagates in the v channel toward adjacent precipitate;
(2) the loop branches two partials bridging two adjacent ' precipitates when it reaches
the interface; (3) the two partials glide in the opposite direction to each other to extend
the stacking fault between them under the resolved shear stress caused by tension;
and (4) dislocation pinning takes place at the edge of cuboidal precipitate since the
dislocation terminal, gliding on the intersection between the slip plane and the ~/+'
interface, has no way to proceed further. Then, the behavior of edge dislocations,
nucleated from a free surface and proceeding in the v matrix toward ~' precipitates
under shear force, are simulated and observed in detail. Dislocations are pinned by the
v" precipitates and bowed—out in the v channel, then they begin to penetrate into the
precipitate from the edge when they are piled up. The local stress for the nucleation
of the "superpartial” dislocation is evaluated to be about 3GPa. It is also suggested
that a dislocation line splits into a superpartial in the 4’ precipitate and an unstable
loop of partial dislocation in the v channel at the edge of 7' precipitates, when the

edge is sharpen in the atomic scale.
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Fig.1.1 Typical morphology of the microstructure of Ni-based superalloy.
The «' precipitates appear in black while the v channels are white.
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B(F#a)

[NSRIE

N
Etot - ZFa(ﬁa) +

O0000p, 000 0000000000 0OOF,(p,) 00000 p,000000O0
O000000000¢u(r**) 000 r*00000 0 00000000000

O0000Op, 000000 pOOOnn pﬁ(raﬁ)DDDDDDDDDDDDDDDD

neighbor
Pa = Z pﬁ(raﬁ) (22)
B(#a)
ogooood
NiO Al0 200000000000000F, (5)0F,,(5)0pg0p,,0é (r)Od,,, (r)0

huy(r) 000000000000

(Z)NiNi (T) = ¢N1Ni (T) - 2gNiIONi (T> (23)
ﬁNi (ﬁ) = FNi (ﬁ) + G P (2'4)
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ﬁAl(T) = P pAl(T) (2'5)
F(p) = F\(p/S.) (2.6)
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p(r) = Sré(ePr 4 2%2Pr) (2.7)

¢(r) = D {1 —exp[—a(r = R)l} =D = 2gp(r) (2.8)
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OO0 Ap=0.010000

Table 2.1 Potential parameters for p (r).

B(ATY) S
Ni 3.6408 1.0000
Al 3.3232 0.6172

Table 2.2 Potential parameters for ¢ (r).

D (eV) a (A1) R(A) g (eV A3)
Ni-Ni 1.5535 1.7728 2.2053 6.5145
Al-Al 3.7760 1.4859 2.1176 -0.2205
Ni-Al 3.0322 1.6277 2.0896 0

22 0O0O0OOOO

221 00000

000000 (Molecular Dynamics; MD)O OO O OOOOOOOOOOOOOOOO

gboooodgn

20
Ladr

dt?

— F° (2.9)
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Fig.2.1 Schematic of bookkeeping method.
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Fig.2.2 Schematic of domain decomposition.
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Fig.3.2 Change in mean stress in the relaxation process with fixed boundary
condition (I).
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