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The main objective of this study is to propose a computational model for super
dislocation in Ni-based superalloys. We have conducted molecular statics/dynamics
simulations for evaluation of the anti-phase boundary (APB) energy, phase field simu-
lations for dislocation motions in 4’ phase and at /' interface, and NEB analysis for
energy barriers of APB formation and dislocation cutting through the 7 /4" interface.
First, in order to discuss whether we can evaluate the APB energy at high temperature
by static calculation only with changing the lattice spacing or not, we have compared
the molecular statics and dynamics calculation using the same EAM potential. In the
static calculation, the APB energy has decreased monotonically from 180.4mJ/m? at
0K, if we increase the lattice length mimicking the thermal expansion. In contrast, the
APB energy is always evaluated as 145.6+2.2mJ/m? by molecular dynamics simula-
tion, despite of the different temperature of 10K, 100K, 300K and 1000K. We have then
proposed a phase field model of super dislocation in the 4" phase (L1, structure) by
adding the APB energy term as similar as the Peierls energy term for Shockley Partials
in fcc. We have first demonstrated that this model can correctly reproduce the width
of a super dislocation in 4" phase according to the given APB energy. Then we have
applied this PF model to more complicated situation, i.e. dislocation cutting through
the v/~ interface. Dislocations cannot penetrate into the 4" phase, if we set two edge
dislocations in v phase and proceed to the interface with shear stress of 300MPa. On
the other hand, if we increase the shear stress to 400MPa, the two dislocations cut into
the 7' phase and form a super dislocation with constant width of 30b (Burgers vector).
Finally, the energy barriers against APB formation and dislocation cutting through
the v/ interface are evaluated by NEB analysis. We have obtained the minimum
energy path for APB formation and shown that the atom migration is same as the
Shockley partials in fcc and their energy barriers are 371.8mJ/m? and 479.7mJ/m? for
leading and trailing partials, respectively. On the other hand, the minimum energy
path for an edge dislocation has a single peak to cut into the 7/ phase, and it’s value

is evaluated as 0.80 x 10-3eV/A.
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Table 2.1 Potential parameters for p(r)

BAT s
Ni 3.6408 1.0000
Al 3.3232 0.6172

Table 2.2 Potential parameters for ¢(r)

D (eV) o (A1) R(A) g (eVA?)
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
¢(r) = D{1 —exp[—a(r — R)]}> = D —2gp(r) (2.14)
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Fig.2.2 Schematic of domain decomposition
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Fig.2.3 Schematic of slip plane and Burgers vector.
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Fig.2.4 Phase field profile on slip plane.
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Fig.2.5 Schematic of dislocation motion and corresponding Peierls potential.
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change in this direction: V 7//n
FanxX V=0

(same to dislocation line)
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(slip plane)
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gradient vector \
(normal to dislocation line)

Fig.2.7 Schematic of gradient term.
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Fig.2.8 Finite difference lattice.
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Fig.2.9 Two-dimensional linear elastic system.
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Fig.2.11 Two points Gaussian integration.
doooooooo200000oooon
1 1 2 2
| [ femdsdn = 305 £l m)w, (2:70)

i=1j=1

O000w;,w; 00 211000000000 ,y00000000000000000
gbouogbogbgoobooboobobbob

Eu} = {fs} +{/} (2.71)
(k] = ; ;[B]Z[D]U[B]ijl‘]’ijwiwj (2.72)

gobbooggbobobuoooobbbuoooobbooooboboboooobon
gobbbooogobobooogbobod

(KU} = {Fo} +{Fp} (2.73)
(K] = lengnt (k] (2.74)
{Fo} = elz t{fﬁ} (2.75)
{Fp} = :é::t{f; } (2.76)

22
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Fig.2.12 NEB method.
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Fé1) = ;<1 + cos(m(cos 6))) (2.79)
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Fig.3.3 Simulation model for static analysis.
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3.3.2 UUOOOOOO4O

O0000DOO000DO0O00NAlDODOoOOoOooAPBOOOOODOOOO
0000000 3.1)0oooooo APBOOOODOOD3.10000APBOOOOO
0000000000000000000145.6+22mJ/m?000000000000
OONisAlD L1, 00 1110APBO DD O OO OKarnthler O O 175+15mJ/m?G2 0 Sun
00 1444+20mJ/m?“) 000 00000000000000000000000O00

30



Table 3.1 Antiphase boundary energy by EAM potential.
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10K -2689.10063 | -2688.78991 145.3
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1000K -2600.49401 | -2600.16611 147.8
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Fig.4.3 Distribution of phase field in 4’ phase.
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Fig.4.8 Distribution of phase field under shear stress of 7,, = 300MPa.
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