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DISORIENTATION ON THE “SPECIAL - NON-SPECIAL GRAIN
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{Recened 9 Ocrober 1987)

The triple junction method is used to study the transformation of a special to a non-special
boundary on specimens with a fixed angle of disorientation and variable small-angle twist
component. Both the introduction of the twist component and the change 1n the angle of
disorientation depress the transformation temperature, although very slightly.

Earlier studies [1, 2} have shown that a “special boundary - non-special boundany™ transformation is
observed on tilt boundaries in tin near 217 coincidence disorientation, with a sudden change in the
mobility of the migrating boundaries, increase in the activation energy of boundary migration and
change in its dependence on the angle of misorientation. Salient points appear on the temperature
curves of surface tension at the moment when the special properties of boundaries are lost. It was
shown that the salient points on the temperature curves and the position of the sudden changes in
mobility were entirely dependent on the angle of boundary misorientation, and the region of existence
of 217 boundaries with special properties was constructed from those data. Extrapolation of the
boundaries of that region to low temperatures shows that the angular range of existence of special
boundaries coincides with that of boundaries with a “special” structure [3, 5]. On that basis we had
assumed that the disappearance of the special properties on 17 boundaries observed in our experi-
ments was accompanied by a change in their structure involving the “disappearance” of the secondary
grain boundary dislocations accommodating the deviation of the misorientation of the angle of the
special boundary from coincidence misorientation.

Thus, we established in [1, 2] how the temperature at which the special properties of [001] tilt
boundaries are lost varies with the angle of misorientation ¢ and distance from £17 coincidence
misorientation ¢ =28-07°. The {001], and [001], axes of the first and second crystals remain parallel on
variation of angle ¢. However, the precise lattice site coincidence characteristic of CSL also breaks
down where  is constant if the [001] axis is misaligned. This disturbs the correspondence of (100)
lattice planes on the boundary, with the appearance of walls or networks of grain boundary dislocations
of another kind, being different from the secondary grain boundary dislocations entering the boundary
due to a change in angle ¢ [6].
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The purpose here was to study the influence of the twist component on the “special — non-special
grain boundary” transformation where the angle of misorientation remains constant.

The “special - non-special grain boundary” transformation point was found from the position of
salient points on temperature curves of boundary surface tension. It had been found in {1, 2] that these
features are to be observed just as the grain boundaries lose their special properties, the position
depending only on the parameters of boundary misorientation rather than other thermodynamic,
kinetic or geometrical factors. The temperature dependences of surface tension of those boundaries
were found, as in [1]. from the value of the angle at the tip of the triple junction formed by that
boundary and two other tilt boundaries with equal angles of misorientation. The misorientation of the
two “reference” boundaries was [1] p,=(90—¢.) / 2. In this study ¢, =28-3+0-5° 50 ¢,=30-9°. This is
beyond the limits of the range of existence of a special boundary as found in [1. 2]. A series of tricrystals
with triple junctions was grown (Fig. 1), such that the misorientation parameters of the “reference” tilt
boundaries remained unaltered, the misalignment p, of the boundary in question was constant,
¢, =28:3x0-5 but a twist component §, varying from 0 to 8 (+0-5°) was introduced (Fig. 2).
Specimens with triple junctions were grown by the method of oriented crystallization in SHP argon
atmosphere in a boat of special-purity graphite from tin SHP-0000 with a nominal impurity content of
less than 107 at.%. The specimen with a triple junction was machined from the tricrystal (see Fig. 1)
and chemically polished in a solution of HNO,—~40% HF. The angle at the tip of the triple junction was
measured on an optical microscope after annealing treatment in a high-temperature attachment.
These treatments were given in SHP argon atmosphere, the temperature being constant within +0- 3°,
Other features of this procedure and the results of control experiments are described in [1].

RESULTS

Figure 3 gives the temperature curves of surface tension of the boundaries (related to the tension
of “reference” boundaries). Each of these curves has a salient point. T, the temperature at which that

salient point is observed falls as §, the twist component increases. In principle, this effect is the same as
that of an increase in Ay the deviation of the angles of misorientation ¢, from Z17 coincidence
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misorientation: Ap=|p,~p;|, but the decline of T, with growing 6, is several times slower:
dT_ /d(Ap)=12-5 K/deg, and dT, /df,=2-6 K/deg. Figure 4 is a three-dimensional graph showing the
range of existence of special boundaries in coordinates “temperature-angle of misorientation-twist
; component™. The region of special boundaries £17 is in the form of a narrow plate perpendicular to
the axis of ¢ the angle of misorientation. The relatively slow decrease in the temperature at which
special boundaries are transformed to non-special grain boundaries with increase of the twist com-
ponent shows that the value of that component is slightly dependent on the shape of that region, as
determined in experiments where A6, =0.

DISCUSSION

In [1, 2] we found that 2Ay the angular range in which special boundary properties are observed
coincides with the range of misorientation angles in which special boundary structures are observed.
Within that range are so-called secondary grain boundary dislocations (SGBD), which accommodate
the deviation of the angle of misorientation Ag from coincidence of the misorientation. dr the distance
between these dislocations depends on Ap:

dr = bs /(2 sin (Aq/2)).

Here b; is the Burgers vector of the SGBD. which is dependent on the period of the complete pattern
shift lattice (CPSL) for given X. The distance dr varies considerably in the range where special
boundaries exist beside coincidence misorientation. Bevond that range the periodicity of boundary
structure is governed by the angle of misorientation ¢:

dy = b j(2sin(q/2)).

Here b, is the Burgers vector of lattice dislocations. The value 4, is slightly dependent on the angle
of misorientation where ¢210—15°. This is because the properties are closely dependent on ¢ in the

region where there are special boundaries, and vary slightly with angle of misorientation beyond the
bounds of that region.

Furthermore, if it is assumed that the transformation “special — non-special grain boundary” is a
transition of the first kind it is then possible to examine the equilibrium of the two grain boundary
phases at the point of transition {1]. The curve of grain boundary phase equilibrium is defined by the
surface analogue of the Clausius—Clapeyron equation:

ary _ A (_43)
dg )1 ASS \dy /i (h)

AS® here is the entropy change on transition, while 4 — is the specific area occupied by a mole of
material in the boundary. Below the transition point the boundary surface energy is changed by the
value AE the energy of the SGBD wall when the angle is increased by Agp:

AE = (»—Ob:—) sinAg (l = ;\q'\. (2)
4l — v). 2nr, )
Here r; is the cutoff radius, and G and v are the elastic moduli. There are no secondary grain boundary
dislocations in the boundary structure at temperatures above the transformation point and, in first
approximation, it can be taken that the surface tension is not dependent on the angle of misorientation.
Then Ao=AE in Equation (1) and
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In [1] it was found that the 4 / AS® value found from (3) agreed very well with evaluations for a typical
“volume™ phase transition of the first kind in a thin film.

What happens to the structure of a boundary when a twist component is introduced? A small-angle
network of screw dislocations appears on the boundary to compensate the discrepancy of (001) planes.
Screw dislocations in small-angle boundaries are known to maintain their individuality right up to
melting point. Nevertheless, when lattice dislocations intrude into large-angle boundaries they disso-
ciate to SGBD with small Burgers vectors [6]. If a network of screw dislocations did not interact with
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Fig. 5. Curves of the transformation temperature of special boundaries £17 to houn-
danes of the non-special type as a function of the angle of misorientation Ay ( @ jand
twist component 8y { D).
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SGBD on a special boundary then the transformation temperature of special £17 boundaries in a
boundary of the non-special type would not change on introduction of a twist component. According
to our results that interaction amounts to the energy of special boundaries with a twist component
being higher than where 8, =0. This depresses the phase transition point on the boundaries as the twist
component grows (Fig. 5). One can assume that the energy of an SGBD wall is increased by the defects
which develop at points of intersection of SGBD with screw dislocations of a small-angle network or
the dissociation of one of the families of lattice dislocations of a small-angle network on a grain
boundary dislocation with small Burgers vectors.
The authors would like to thank S. I. Prokofiev and Ye. I. Rabkin for useful discussion.
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