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Abstract

Various processes of dislocations and point defects in ice crystal have been
revealed by “in situ” observations using X-ray diffraction topography with powerful
sources. Based on a comparatively small value of the stacking-fault energy derived
from observed shrinkage rates of faulted and unfaulted dislocation loops, it is con-
cluded that the common dislocations (B.V.= % <1120> ) on the basal plane in ice crystal
are dissociated. Faster movement of dislocations on the non-basal plane than on the
basal plane were observed as characteristic features in continuously taken topographs
of ice specimens under loading. The well-known easy glide on the basal plane of ice
which at a first sight seems to conflict with the above anisotropy of the mobility of
dislocations can be attributed to the much less dislocation density on the non-basal
plane than on the basal plane.

Observations of the growth process of dislocation loops in quenched-in specimens
supplied us with values of both the formation- and migration energy of self-interstitials
in ice crystal. Comparing the above values with that of the activation energy of self
-diffusion in ice measured by the tracer method, the interstitial mechanism for the self
-diffusion in ice is concluded. Observed climb motions of the dislocation loops (B.V.=

<0001> ) under uniaxial stress parallel to the c-axis clarified directly that the dis-

location loops generated in quenched-in specimens are the interstitial type and the
climb has a superior importance than Nabarro-Herring mechanism in diffusional creep
in ice.
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Fig.1 Burgers vectors in ice
crystal.

Fig.2 Partial dislocations in ice, (2) B.
V.=p+e¢/2, ®BBV.=0p,
broken lines indicate layers of
cubic structure.
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Fig.3 Repulsive force vs. separation
between parallel partials p: and
P2 on the basal plane.
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Fig.4 X-ray topographs showing fast movement of dislocation
jogs lying on non-basal planes of ice crystal. (a) belore
applying stress, (b) double erposure before and after
applying stress, (c) 3 hours after removal of applied load.
Schematics on left side indicate shapes of jogged dis-
locations (B.V.= % <1120> ) as indicated by circles on the
topograph.
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Fig.5 Dislocation velocity vs. shear
stress on the basal plane in ice,
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Fig.6 Growth process of dislocation loops and dipoles in an ice specimen quenched from —11°C to
—41°C. Time after the completion of quench is indicated under each topograph.
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Fig.7T Time variation of the radius of
dislocation loops and the length of
dislocation dipoles growing in
quenched-in specimens as shown
in Fig. 6.
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Fig.8 Temperature dependence of the
diffusion coefficient of self-inter-
stitiale in ice derived from the
application of eq. (2) to various
data as shown in Fig. 7.
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Fig.9 Climb motion of dislocation loops of inter-
stitial type under uniaxial stress. (a) positive
climb under compressive stress, (b)negative
climb under tensile stress.
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Fig.10 Shrinkage process of a quenched-in dislocation loop under compressive stress, (a) during
quench, an embrio of a dislocation loop is indicated by an arrow,. (b) grown loops after 2.5 hr

after (a), (c) just before loading, 11.3 hr after (b), (d) shrunk loop after 5.4 hr after (c), (€)6.8 hr
after (d).
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