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Image Force Effect on the Separation of Partial Dislocations

in Bicrystals of Hexagonal Structure Zn—T1 and Zn—Be

A. AYADI AND O. KHALFALLAH
Laboratory of Microstructures and Defects in Materials, Mentouri University, Constantine, Algeria

We study the elastic interaction between a pair of partial dislocations, resulting from the dissociation of a
perfect dislocation, and a bimetallic interface. The forces that act on two partials dislocations are the forces due
to elastic interaction between the partial and image forces due to interactions of partial dislocations with interface.
We are interested in the effect of image force on width of the stacking fault ribbon between two Schockley partials.
We show that the separation of two partials dislocations is modified compared to that in the single crystal. It
depends on the ratio of shear modulus and the distance between the interface and the dislocation.
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1. Introduction

The perfect dislocations dissociate into partial dislo-
cations with creating a stacking fault. The differences
in mechanical behavior between the materials come from
the ease or difficulty for dislocations to dissociate. When
the dislocations are dissociated, they lose their mobility
and the material presents high work hardening ability.
We can thus characterize metals and alloys due to their
stacking fault energy which is measured from the dis-
tance of separation of partial dislocations. This energy
was derived by Read [1] for isotropic medium and by
Chou and Eshelby [2] for an anisotropic crystal, and it
depends on the crystal structure. This energy was de-
rived by Read [1] for isotropic medium and by Chou and
Eshelby [2] for an anisotropic crystal, and it depends on
the crystal structure. This energy is denoted ~y5 and is in-
versely proportional to the distance between the partials.
Studies of elastic interactions between dislocations and
interface made by Priester and Khalfallah [3-5] showed
that the image force in elastically anisotropic materi-
als plays an important role in the dislocation movement
vis-a-vis the interface. As well analysis of the image force
exerted on a dislocation near a bimetallic interface was
take in detail by Dundurs and Sendeckyj [6], Lin and
Lee [7] and Lin [8]. For this purpose we investigate the
behavior of dissociated dislocations near the interface.

2. Configuration of dislocations and studied
materials

An edge perfect dislocation, the Burgers vector b, lo-
cated in the basal plane (0001) of a material with hexag-
onal structure, can dissociate into a pair of Schockley
partial dislocations with the Burgers vectors b; and bs
according to the following:

g[lléo] = %[1010] + %[0110]. (1)
The leading partial dislocation is located at distance d of
the interface and the queue partial dislocation is at dis-
tance (d+1) from the interface, Fig. 1. They are parallel

to the interface and are in elastic interaction with it. The
interface is defined by its plane which is the basal plane
for the two crystals and its disorientation which is null.
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Fig. 1. Schematic of two partial dislocations near the
interface Zn—X. | — width of separation between two
Schockley partials, d — distance between the interface
and the leading partial dislocation.

The bicrystal consists of two metals of hexagonal struc-
ture, the first is zinc and the second is beryllium or
tellurium. The two metals are selected to obtain ra-
tios of shear modulus po/u; > 1 for Zn-Be bicrys-
tal and po/p; < 1 for Zn—Tl where pz, = 46.6 GPa,
tpe = 149.9 GPa and pr = 6.2 GPa [9, 10]. The two
partial dislocations are located in zinc crystal.

3. Results and discussion

Determining the separation distance between the two
partials, in interaction with the interface, requires the
calculation of forces acting on them: the elastic interac-
tion force, Fyj, by the Peach—Koehler law and the image
force, F;, by the theorem of Barnett and Lothe [9].

— The force due to elastic interaction, Fyj, between
the partials is calculated in a single crystal of zinc. It
controls the separation distance, [, of the two partials:

Fel = pznb*/2ml. (2)

— The image forces, Fi; and Fis, exerted on each par-
tial. They are controlled by their distances from the in-
terface: d for the leading partial and (d+1) for the queue

(302)
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where AF is the elastic energy of dislocation—interface in-
teraction. Fi; (Eq. (3)) is the image force corresponding
to the leading partial dislocation is located at distance
d, Fi2 (Eq. (4)) is the image force corresponding to the
queue partial dislocation is at distance (d + ) from the
interface.

The difference between the intensities of images forces
that are exerted on each of the two partial AFj, is due
to the different distances that separate the two partial
dislocations of the interface, d and(d +1). It induces the
alignment or combination between the two partial dis-
locations according to the image force is attractive or
repulsive.( the effect of the image force, it decreases or
increases the separation of the two partial? !) so it de-
pends on the sign and intensity of the difference of the
image force which is corresponding AF.

The new partial separation !’ under the effect of the
image force is obtained by the relation:

Fo = (uznb®/27l) + AF; = pznb®/(2nl'). (5)

We take the force of interaction misfit dislocation—
partial dislocation as a constant.

The elastic interaction energies, AFE, of the Shock-

ley partial dislocations with interface for the bicrystals
Zn—Be and Zn-T1 are shown in Table.

TABLE

Ratios of shear modulus and elastic interaction en-
ergies between partial dislocations and interface,
AFE, for the bicrystals Zn-Be and Tl-Zn.

Bicrystal Zn-Be Zn-TI
L2/ 111 3.206 0.133
AE [pJ/m] 58.153 —164.326
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Fig. 2. Effect of image force on separation of partials.
[ = 1.256 nm is the equilibrium separation of partials in
a single crystal of Zn.

When the interaction concerns a dissociated disloca-
tion, the width of separation between the two partial

dislocations is obtained by Eq. (5) and represented in
Fig. 2 according to distance d from the interface.

In Zn-T1 bicrystal (u2/p1 < 1), where Tl is softer than
zinc, the interaction energy is negative and the image
force is attractive. Dislocations located at a distance less
than the efficacy distance of image force are attracted to
the interface. Figure 2 shows that width of separation be-
tween the Schockley partials decreases as they approach
the interface. The image force favors partial recombi-
nation particularly when the partials are closer to the
interface.

In Zn-Be bicrystal (pu2/p1 > 1), where Be is harder
than zinc, the elastic interaction energy is positive and
the image force is repulsive. Dislocations at distances of
interface less than the efficacy distance of image force is
repelled. The separation of partial increases as they ap-
proach the interface, it passes from 1.2 nm to 3 nm for the
distance corresponding to the limit of validity of linear
elasticity of continuous media. The image force favors the
separation of partials and prevents their recombination.
These results agree with those of Lin [8].

4. Conclusion

The effect of image force plays an important role on in-
teraction of partial dislocations with bimetallic interface
in case of bicrystal of hexagonal structure. The image
force modifies the equilibrium separation of partials com-
pared to that in a single crystal. Separation of the two
partial dislocations depends on the ratio of shear mod-
ulus of the two materials which constitute the bicrystal.
The stacking fault ribbon issued from the dissociation
of a perfect dislocation is expanded under effect of im-
age force for a dislocation close to second harder crystal.
The image effect decreases stacking fault energy of first
crystal which contains the dislocation. The same ribbon
is narrowed when the second crystal is softer than the
first, then the stacking fault energy is increased under
the influence of the image force.
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