i+l

NRC Publications Archive
Archives des publications du CNRC

Dislocation climb in ice observed by etching and replicating
Sinha, N. K.

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. /
La version de cette publication peut étre I'une des suivantes : la version prépublication de l'auteur, la version
acceptée du manuscrit ou la version de I'éditeur.

Publisher’s version / Version de I'éditeur:

Journal of Materials Science Letters, 6, 12, pp. 1406-1408, 1987-12

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=ee8b085c-cad7-4¢c15-b7f7-8¢cb177b08671

https://publications-cnrc.canada.ca/fra/voir/objet/?id=ee8b085c-cad7-4c15-b7f7-8¢cb177b0867 1

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at

https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’acces a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la

premiere page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

National Research  Conseil national de C dl*l
Council Canada recherches Canada ana, a



Ser

TH1
N214d National Research Consell national
no. 1526 @ Council Canada de recherches Canada
c., 2
BLDG Institute for Institut de
Research in recherche en
Construction construction

Dislocation Climb in Ice Observed
by Etching and Replicating

by N.K. Sinha
. | ] NRE - CIST) B |
Reprinted from 1
Journal of Materials Science Letters RC
Vol. 6, No. 12, December 1987 LIBRARY
p. 1406-1408
(IRC Paper No. 1526) MAY 26 1y
BIBLIOTHEQUE
IRC
CHRC -~ IC1aT
Price $3.00
NRCC 28860

Canadi

8006 356




RO

ABSTRACT

Etching and replicating in conjunction with a microtoming technique and scanning electron
micrography has been used to provide evidence in polycrystalline ice of climbing of basal
dislocations on planes parallel to the c-axis.

RESUME

On s’est servi de attaque & 1’acide et de la réplication, en association avec une technique de
microcoupe et la photomicrographie éelctronique A balayage, pour prouver 1’existence, dans
la glace polycristalline, du phénomene de montée des fractures basales sur des plans
paralleles a I’axe c.
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Dislocation climb in ice observed by etching and replicating

NIRMAL K. SINHA

Institute for Research in Construction, National Research Council of Canada, Ottawa, Canada

Ice belongs to the family of hexagonal crystals usually
existing in nature at temperatures greater than 0.8 T, ,
where T, is the melting point in Kelvin. At these high
temperatures a single crystal of ice deforms, when
loated, primarily by slip on the basal plane because
non-basal slip is significantly more difficuit. In a poly-
crystalline state, however, both types of slip have been
observed [1]. Polycrystalline ice creep also involves
dislocation climb, and because of the high tempera-
tures involved, diffusion-controlled climb of disloca-
tions on planes normal to the basal plane may even be
the rate-controlling process during steady-state creep
[2]. Etching and replicating in conjunction with a
microtoming technique developed earlier [1] has been
used to provide evidence in polycrystalline ice of
climbing of basal dislocations on planes parallel to the
c-axis.

The process of etching and replicating ice surfaces
has been described in detail [1]. Briefly, it consists of
preparing the required surface of ice to a mirror finish
by carefully removing the disturbed surface layers by
means of a microtome with a freshly prepared blade.
The surface quality is examined visually using both
reflected light from a distant source and an optical
microscope. The surface is then coated with a dilute
solution (1 to 10%) of polyvinyl formal (Formvar) in
ethylene dichloride and allowed to dry under controlled
conditions. As the solution dries it etches the specimen
to different degrees depending on concentration and
drying condition. Thus the process allows both etch-
ing and replicating to be conducted at the same time.
When dry, the plastic replica is peeled off or the ice is
removed by sublimation. Replicas up to 80mm x
120mm have been made in this way, providing large
areas for examination. The replica is mounted on a
large glass plate with the replicated surface facing
upwards so that it can be observed with an optical
microscope. If required, selected areas are prepared
for examination with a scanning electron microscope
(SEM) by vacuum deposition of a layer of carbon
followed by plating with gold.

A basal dislocation that lies parallel to the glide
plane can be detected readily by the formation of a
centrally depressed, elongated etch pit at the point
where it intersects other planes. If the intersecting
surface is normal to the basal plane (000 1), then the
etch pit is symmetrical with respect to the central
depression and its long axis is parallel to the c-axis
or (0001) axis of the crystal. Examples of tiny
elongated-dislocation etch pits on the {1120} surface
may be seen in Fig. 1, where large evaporation pits [1],

with their major plane parallel to the basal plane,,

clearly show the direction of the crystallographic axis
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Figure I Scanning electron micrograph of a replica of large-
evaporation and minute-dislocation etch pits on {1120} surface.
Dislocation etch pits are elongated parallel to <000 1) axis.

-

of symmetry. The central depression corresponds to
the core of the dislocation.

The depth of the central depression can be con-
trolled by suitable choice of etchant concentration,
thickness of etching layer, and vapour pressure
(evaporation time). Etch pits with depressions as long
as 200 um along the core may be produced in this way,
corresponding to a stationary dislocation [3]. When

Figure 2 Scanning electron micrograph of etch features of basal
dislocations inside a previously deformed grain.
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observed by SEM, these etch pits give the appearance
of “whiskers” in the replica and have, in fact, been
used by the author to remove the ambiguity some-
times associated with the correspondence between
etch pits and dislocations [1]. For most studies it
is sufficient to develop only the centrally depressed,
elongated etch pits by choice of the etching conditions
because whiskers often obstruct the view.

Movements of dislocations can be detected by etch-
ing and replicating the required surface while the
material is under load. Only the slowly moving dis-
locations can be detected by the formation of etch
tracks along the paths traversed by the line defects.
Mobility of non-basal [1] and basal [3] dislocations has
been demonstrated. If the dislocations are blocked
then pile-up may occur, as shown in Fig. 2 for basal
dislocations in a previously deformed ice specimen.
Note that the pile-up direction is normal to the direc-
tion of the long axis of the etch pits.

Climb of basal dislocations out of their slip plane
should produce etch tracks parallel to the long axis
of the etch pits or the (0001) axis while etching
prismatic surfaces under a load. Both slip and climb
usually occur, producing etch tracks at right angles
to each other so that the replica resembles a fabric.
Occasionally the author has noticed only etch tracks
parallel to the (000 1> axis, corresponding to the
motion at right angles to the direction of slip. An
optical micrograph of such a replica is shown in
Fig. 3. In this case the ice was transversely isotropic,
with the {000 1) axis of the grains randomly oriented
in the plane of isotropy and the replicated surface.

Most of the etch tracks in Fig. 3 extend from one
grain boundary to the other, indicating that the grain
boundaries act as sources and sinks for the dislocations,
and that dislocations generated at the boundaries
travel to other boundaries through the matrix. Non-
uniformity of the stress field is also evident in this
micrograph in the form of patches of high-density etch
tracks. These high-density patches are closely asso-
ciated with triple points (for example, top right corner
of the centrally located small grain, Fig. 3) or turning
points in the grain boundaries. Some of the etch tracks
have one end at a grain boundary and the other end

Figure 3 Optical micrograph exhibiting a few grains and etch tracks
corresponding to moving dislocation.

Figure 4 Etch tracks and a ““whisker” corresponding to the core of
a dislocation.

terminating abruptly at a point inside the grain
(particularly in the central area of the micrograph).
Scanning electron micrography (Fig. 4) shows that
such etch tracks seem to start at the boundary and end
inside the grain. The end points of the climbing dis-
location are revealed by the formation of whiskers,
indicating that for some reason dislocation came to a
stop while the etching process continued along the
core of the dislocation. In the replica it appears as a
whisker. It may also be seen here that some of the etch
tracks have ends without whiskers.

Fig. 5 shows a bent whisker at the end of a track and
a series of etch tracks with different widths corres-
ponding to different velocities. As the whiskers are
very delicate, they are often not stiff enough to stand
on their own. Instead, they fall back on the surface,
as may be seen in Fig. 6, which also shows many
elongated etch pits that indicate the direction of the

Figure 5 Bent whisker at the end of an etch track, and tracks of
different widths showing different dislocation velocities.
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Figure 6 Etch pits, whisker and etch tracks.

c-axis. Fig. 7 shows two whiskers of different length,
signifying that one came to a stop earlier than the
other. Fig. 7 also provides an opportunity to estimate
the density of the basal dislocations in the ice from the
number of etch pits, which are rather uniformly distri-
buted. The density was found to be about 6 x 10°m™>.
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Figure 7 Different arrival times indicated by whisker lengths.
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