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Seismic depth estimates arrived at do not take
into consideration the possible presence of low
velocity layers which are not unlikely in the area
as revealed by some of the boreholes,
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DEFORMATION BEHAVIOR OF POLYCRYSTALLINE ZINC AT 4-2°K

Y. V. R. K. PRASAD* anp N. M. MADHAVA#*

Engineering Materials Group, and Department of Mechanical Engineering, University of Maryland,
College Park, Md. 20742, U.S.A.

STUDY of the deformation characteristics of

metal at very low temperatures is of consider-
able interest in view of the restricted occurrence of
thermally activated slip processes. This Is parti-
cularly so in hexagonal close packed (h.c.p.) metals
because of the existence of only a Iimited number
of operative slip systems. Several h.c.p. metals
such as Be, Zn and Mg are brittle at Jow tempera-
tures! and therefore their deformation behavior
upto a reasonable magnitude of strain can be
studied only under compression. In this study the
nature of plastic deformation of polycrystalline zinc
including strain rate effects under compression at
4-2° K is reported.

Cylindrical specimens with 5 mm diameter and
13-6 mm height were machined from hot rolled
zinc material (99-9895) and were anncaled at
150° C for one hour in a paraffin oil bath. The
resulting average grain diameter was 0-036 mm.
Compression testing was carried out on an Instron
machine employing a compression jig which uses
spherical ball bearings for the axial application of
load to the specimen. The tests at 4-2° K and
77° K were conducted by surrounding the specimen
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with liquid helium and nltrogen,
contained in suitable cryostats.

The force versus cross-head displacement curves
recorded for the zinc material at 4-2° K and 77° K

respectively,

are shown in Fig. 1. After the material was
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Fig. 1. load wversus cross-head  displacement
curves recorded on  polycrystalfine  zine  ntaterial
deformed at 4-2° K and 77 K under compression.
deformed to some  plastic strain, the  cross-heud
speed and chart speed were changed by one order
of magnitude with a view to examining the ctfect
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of a strain rate change. The load—displacement
curves show the following striking features :
(1) The apparent work hardening rate of the
material i1s very large, being larger at 4-2° K
(= 340 kg/mm-) than at 77° K (= 240kg/
mm-~), and is about one-tenth of the shear
modulus of zinc material.

(i} The strain rate sensitivity of the flow stress
at 4-2° K 1s nearly zero, in spite of the high
work hardening rate. This implies that the
activation volume, v*, given by :

ve=m (A hfé/&ﬂ)rRT: (1)

which is a parameter commonly used to
express the eftect of straim rate (€¢) on the
flow stress (¢} at constant temperature (7T),
iIs therefore nearly zero at 4-2°K. In
equation (1). R is the gas constant and m
is an orientation factor approximately equal
to 6-5. The activation volume from
measurements at 77° K, was calculated to
be, 3 x 10°15 mm3.

(iit) The stress at which permanent deformation
occurs at 4:2°K 1s neally the same as at
77° K.

These features clearly indicate that the deforma-
tion process occurring at 4-2°K s essentially

athermal m nature and hence the occurrence of
mechanisms based on thermally-activated slip

processes can be ruled out. Alternately, deforma-
tion twinnirg and/or cracking are to be considered.
At thesc Jow temperatures, mechanical twinning
occurs in competition to slip since- the resolved
shear stress for slip is large under these conditions.
Moreover, because of the restricted number of slip
systems, mechanical twinning is an important mode
of deformation in h.c.p. metals at low temperatures.
It is known, in fact, that (1072) {[T011] twins
occur in zin¢ even at relatively higher temperatures2.
As deformation twinning is a shear process invol-
ving cooperative movement ‘of atoms through a
material volume within micraseconds, the tempera-
ture and strain rate do not appear to have an
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appreciable influence on the flow stress and hence
the deformation caused by twinning can be consi-
cdered as an essentially athermal process. This
appears to bc a good possibility of accounting for
the apparent zero activation volume observed in
the present investigation. In addition to the
twinning process, it is also possible that the yield-
ing of this material under compression is associated
witn the nucleation and growth of cracks which
are again normally taken to be athermal processes.
The propagation of cracks is thought to be rather
slow under compression as a result of which the
material exhibits reasonable ductility before, fracture.
Thus twinning as well as cracking processes might
ve responsible for the apparent athermal nature of
deformation of this material at 4:2° K.

It 1s perhaps interesting to compare the deforma-
tion behavior of zinc material with that of another
h.c.p. melal deformed at 4-2° K, namely, titanium.

Madhava and Armstrong® have observed that
polycrystalline  titanium  exhibits  discontinuous
dciormation at 4-2°K in a somewhat similar

manaer to that found by Madhava, Worthington
and Armstiongt. in stee] material. Deformation
twinning was suggested by these workers as the
probable mechanism for this observation. In zinc
material, however, the occurrence of cracking is an
added consideration besides deformation twinning.
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