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Abstract

We report, an analytical study of thermally activated transport of perfect dislocation loops with high-
mobility in terms of a line tension model, where the dislocation loops are assumed to be flexible strings with
line tension. The activation energy and saddle-point configuration of the dislocation loops are analytically
expressed within the framework of the present model. The activation energy increses with the loop length
and converges to a finite value. However, the features of the thermally activatied motion remarkably
changrs depending on the loop length. If the dislocation loops are longer than a critical length L., the
saddle-point configuration is the well-known double-kink type. On the other hand, if the dislocation loops
are shorter than L., the saddle-point configuration is the so-called trivial solution, that is, the dislocation
loops overcome the potential barrier without changing their shapes except for thermal fluctuations. The
former is regarded as dislocation-like transport, while the latter is point-defect-like migration. Therefore,
as the dislocation loops grow, a transition from point defect to dislocation substantially occurs.
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Fig. 1 Dislocation loop within the line tension
model. A flexible edge dislocation with
Burgers vector parallel to the z axis is on
a circular cylinder. The potential barrier
has maximum at z = 0 and minimum at
z = +b/2.
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Fig. 2 Schematic view of the saddle-point con-
figuration of the disocation loop of the
double-kink type. Parameter z, indicates
the magnitude of the bow-out of the dis-
location.
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Fig. 3 Saddle-point configurations of the disloca-
tion loop of the double-kink type. Lines
A, B, C, D, and E correspond to the
saddle-point configurations for a variety
of values of the bow-out of the dislocation,
2o = 0.05b, 0.3b, 0.4b, 0.48b, and 0.498b, re-
spectively. The characteristic length L. is
defined in Eq. (12).
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Fig. 4 Activation energy E, versus dislocation
loop length L. Lines A and B correspond
to the saddle-point energy of the trivial
and double-kink type solutions, respec-
tivery. The solid line represents activation
energy realized within the present model.
The values of zo, bow-out of the disloca-
tion, are exhibited at some points

{111} -plane
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Fig. 5 Schematic view of formation of an edge
dislocation in BCC by groth of SIA
clusters in {111} plane. Open circles
present SIAs (crowdions perpendicular to
the plane).
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Fig. 6 Upper limit of the activation energy in-
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respond to the cut-off lengths p. =
0.707b, 2.0b, and 4.0b, respectively. Lines
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Fig. 7 Schematic view of double-kink formation
on a straight dislocation.
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