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Read and Shockley
Theoretical Predictions



L&
T [
L[]
|+ _
i)
n |
B ll I o
i n | 9
N B I
1L B - -
i 3 |
b L] ] ]
LT Ll

(b)

Fia. 1. Simgle grain boundary showing (a) two grains with common crystal
axis and (b) method of joining and dislocation model.

"Dislocation Models of Grain Boundaries", W. T. Read Jr., and W. Shockley,
"Imperfection in nearly perfect crystals”, ed. by W. Shockley, chap.13,
(Wiley, New York,41952) p.352-370.
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(a) Grain boundary plane
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"Asymmetric tilt grain boundary structure and
energy in copper and aluminium",
M. A. Tschopp and D. L. Mcdowell, Phil. Mag.,

Vol. 87 (2007), 3871-3892.
They used EAM potentials.
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“Absolute interfacial energies of [001] tilt and twist grain boundaries in copper.”
N.A.Gjostein and F.N.Rhines, Acta Metallurgica, Vol. 7, May 1959, 319.

~ig.4. Dependencies of grain boundary energy on misorientation for [0O01] tilt
poundaries at 1065C. Solid line represents the curve calculated from equation (1),
using the large angle parameters.
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G. C. Hasson and C. Goux, Scripta Met., 5 (1971), 889.
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E = E()H(A — log (9)

A. Otsuki,
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VASP calculations for
tilt boundaries

Al



VASP calc. conditions

Pseudo Potentail :PAW
Relaxations: outer relax by hand
fix calc after relaxations

INCAR
Energy Cut off:273.15eV
IBRION = 2 #Relax 1ons with
conjugate-gradient
ISIF = 2 #Relax 1ons, calc stress
EDIFF = 1.0e-05 #criteria for electronic
SC-1loop

EDIFFG = -0.02  #criteria for 1onic
relaxation loop
KPOINT
Use automatic 100
length=50%ue to no d-electron for Al
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VASP calculations for
tilt boundaries

Cu



VASP calc. conditions
Pseudo Potentail :PAW-PBE

Relaxations: outer relax by hand
fix calc after relaxations

INCAR

Energy Cut off:273.214eV

IBRION = 2 #Relax 1ons with conjugate-
gradient

ISIF = 2 #Relax 1ons, calc stress

EDIFF = 1.0e-05
#criteria for electronic SC-loop
EDIFFG = -0.02
#criteria for 1onic relaxation loop
KPOINT
Use automatic
length=100 due to d-electron
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EAM analysis:
local energy,
strain field



local enerqgy

* local energy and force from the firstprinciples

- Under construction by M. Kohyama(AIST),
Y. Shiithara(Tokyo->Toyota-TI)
* R Kobayashi(Nagoya TT)

+ using a fitted EAM potential
. first nearest neighbor i = AZGXP(_p”J') — VP
J
- Cohesive energy(3.39eV) 5
— B .y
- equilibrium distance(ro) g Ej:{ xp(—qTis)}

+ vacancy
formation energy(0.8eV)

-+ p=3.0 at rO

20
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Temporary conclusions

- Small angle Al and Cu(100) tilt boundary shows
difference on the slopes at O and 90 degrees.

+ Inconsistent with experiments results.
* Need smaller angle, larger super cell, model.



