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Summary

Despite that extensive studies have been made of recrystallization of ice, the knowledge
of it is far from answering questions on it. Thus, not much data is available concerning the
formation mechanism of the preferred orientation of crystallographic axes of polycrystalline ice
resulting from recrystallization. Using polycrystalline ice samples, most of the past studies paid
attention mainly to a change, before and after recrystallization, in distribution of crystallographic
orientations of axes. However, they are not suitable for looking into the problem about how
the orientation of axes of a recrystallized grain is determined. Therefore, the present authors
conducted an experiment using a single crystal of ice in growing a recrystallized grain by the
strain annealing method.

A recrystallized grain was grown in the following procedures in the deformed matrix
(Fig. 1): First, a rectangular solid sample of single crystal of ice, about 4x5x4cm in
dimensions, was cut out as a matrix (Fig. 1-a). Next, using a band saw, grooves were
made in a gridiron pattern on the top face (Fig. 1-b). Then, after adjusting this face so
that it became vertical to the axis of the applied stress, the sample was compressed uni-
axially. The sample was deformed by about 20% at 263 K. By this time the gaps of
the grooves on the top face were closed up (Fig. 1-c). Then, the sample was annealed at
272.8 K (Fig. 1-d). Some of a large number of recrystallized nuclei formed at the top face
on which the stress was concentrated started growing toward the deformed matrix (Fig.
1-e). Time lapse photographs were taken to record the growth behaviour of a recrystal-
lized grain. The crystallographic orientation of planes of the growing grain boundary was
measured by the universal stage. Upon completion of recrystallization, measurements were
made of the orientation of axes of the deformed matrix and the recrystallized grain using
a transmission Laue method.

Using the data obtained by the experiment, Fig. 4 gives, in an equal-angle projection,
the relation of misorientation between the crystallographic axes of the recrystallized grain
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and the deformed matrix. In the figure the c-axis of the deformed matrix is related to
the center of the projection circle. This figure represents only a 1/6 quadrant of the pro-
jection circle because of a sixfold symmetry of ice. As shown in it, the misorientation
between the c-axis of the new grain and the deformed matrix is about 50°. However, they
have no low-indexed common crystallographic axis (e. g. <1010>, <1120).

As the c-axis of the recrystallized grain was related to that of the deformed matrix,
a Debye-Scherrer photograph was taken to study the origin of the relationship. Figure 7
gives such a photograph taken at the cut portion of the deformed matrix before it was
annealed, and Fig. 6 gives a photograph of the same portion taken under crossed poraloids.
Though recrystallized grains shown in Fig. 6 already started to grow before annealing, the
Debye-Scherrer photograph shows no sign of preferred orientation in this initial stage of
recrystallization. It is clear from this result that the crystallographic orientation relation be-
tween the recrystallized grain and the deformed matrix is characterized not at the nucleation
stage, but at the growth stage.

Figure 8 shows the growth process of the recrystallized grain under the crossed poraloids.
As shown in it, the recrystallized grain shows anisotropy in growth rate and facets are gra-
dually evolved on the grain boundary during the growth process. Meanwhile Fig. 9 shows
the crystallographic orientation of the pole of these facests. Thye are the crystallographic
orientation of the pole of the facet on the grain boundary seem from the recrystallized grain
side (Fig. 9-a) and from the deformed matrix side (Fig. 9-b).

It is clear from the experimental result that the crystallographic orientation relation between
the recrystalized grain and the deformed matrix cannot be explained by the past consideration
using the stress field as well as the thermodynamic equilibrium condition (e. g. Coincident Site
Lattice). The present authors attempted to discuss the phenomenon of growth of a recrystal-
lized grain from a standpoint related to the kinetic condition. Figure 10 gives a model of
growth of recrystallized grain. They assumed that grain boundary of the recrystallized grain
has two growth interfaces. They also suppose that the growth rate of each interface is the
function of the kink-density of the interface (Tables 2 and 3). As a result, anisotropy in
growth rate of the grain boundary is determined by the interface which has a smaller kink-
density than the other.

Crystallographic orientation of the recrystallized grain grown in the deformed matrix is
determined by the factor which contributes to an increase in the volume of the recrystallized
grain. If the shape of the recrystallized nucleus is a sphere, the factor is the growth velocity
of the grain boundary. At the first stage of the recrystallization growth, many ranodom
oriented small recrystallized grains contact with the deformed matrix. Though having the
same driving force, only a few new grains, which have the grain boundary that gives the
largest growth rate, are capable of growing into the deformed matrix. The orientation rela-
tion experimentally obtained between the recrystallized grain and the deformed matrix is
characterized by such recrystallized grains.

The grain boundary which has the largest growth rate is constructed by two {1122}
interfaces that have the largest kink density in both Tables 1 and 2. However, both tables
shows that anisotropy in kink-density is rather small near {1122} plane. So, grain boundaries
which are constructed by {1123}, {2243}, and {1011} planes are also capable of having a
similar growth rate. If the recrystallized grain has the grain boundary which is constructed
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by two {1122} interfaces at the initial stage of recrystallization growth, the c-axis of it has

the misorientation of 62° to that of the deformed matrix. If it is constructed by two {2243}
interfaces, misorientation between them is 50°.

They limited the consideration of the geometry of the grain boundary to the tilt grain
boundary. If the effect of rotation around the pole of the grain boundary is considered, the
misorientation relation is slightly dispersed (Fig. 11). It is considered that relatively large
scattering of the misorientation relation obtained by the experiment is caused by the effect
of rotation around the pole of the grain boundary and rather small anisotropy of growth
rate.

The cause of the grain boundary facet evolved during the recrystallization growth is
explained by the concept of “growth form” of the recrystallized grain.



