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The Plastic Deformation of Iron Whiskers in the Temperature
Range 20~230°C

Kyojiro KANEKO and Adkimitsu OKURA

Synopsis: ‘

Iron whiskers were examined by tensile test in the temperature range from 20°C to 230°C, and the

In those curves serrations appeared, this being affected by the

Microscopic observations of deformed whiskers showed that
The upper and lower yield stresses were also obtained

The upper yield stress showed a linear relation to

stress-strain curves were obtained.
diameter of whiskers and test temperature.
the serrations corresponded to the slip steps.
with regard to the diameter and the temperature.
the logarithm of the reciprocal of the absolute temperature, and the lower yield stress presented a
strong temperature dependence in the temperature range 20~75°C and a weak one in the range 120
~230°C. From those results it was concluded that the serrations might be due to the formation of
the simplified slip bands.
(Received Oct. 6, 1970)
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Fig. 1.

The schematic apparatus of the tensile
machine for elevated temperature:
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The stress-strain curves at room temperature changing with the diameter of the
whiskers, The tensile direction was (100), the strain rate was 0*1~10 per minute.
It was confirmed by the microscope during tests that the deformation was the
Luders nature. d is the diameter in micron.
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. The stress-strain curves of the diameter
about 20 micron varied with the atomo-
spheric temperature. Each curve is phot-
ographed form the chart in experim-
ents. After the sharp yield drop, thestress
fluctuation appears as the temperature
increases and becomes the serration. d
is the diameter in micron, and the
stress can be calculated for each tempe-
rature,
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Photo. 2. The deformed whisker at 200°C after
rupture. The large deformation steps
are formed when the periodic serrations
appear on the stress-strain curve. The
steps do not consist of a single slip
system, but rather of complicated sys-
tems. The diameter is 30 micron:

X760 (3/5)
Photo. 3. The tip of the ruptured whisker by
tension at 200°C.
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Photo, 4, The heavy deformation steps and slip
lines deformed at 200°C. When the
cross section is rectangular, the growth
direction is (100>, and the four lateral
faces are {100}. When macroscopically
observed, the slip directions and planes
are equivalent to (111) and {112}.
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Photo. 5. The stress-strain curve of a specimen
in Photo, 6. A whisker was tensiled at
200°C, and stopped before the rupture
occured. Six abrupt stress drops occurred
after yield, and six periodic serrations
are shown. The diameter is 284 micron,
the upper vyield stress is 3°'9kg/mm?,
and the lower yield stress is 2° 1 kg/mm?2.

(x 130 7/8)

Photo, 6. Three lateral faces of the specimen correspond to the stress-strain curve in Photo. 5. Six
largely deformed places can be observed. Such a large deformation step was not observed
on specimen immediately after the yield drop before the first serration.
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Fig. 3. The upper yield points represented as a
function of the reciprocal of the diameter
at each temperature. The diameter is the
square-root of the cross sectional area.
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Fig. 4. The lower yield points represented as a
function of the reciprocal of the diameter
at each temperature. The diameter is the
square-root of the cross sectional area.
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Fig. 5. The average upper yicld stresses against
the diameter at each’ temperature. Each
value is calculated from Fig. 3 using the
equation ¢=a/d+b, where ¢ is the ave-
rage upper yield stress, d the diameter, a
and b are the constants evaluated as fol-
lows; 20°C; 650. 3 &-0.6, 75°C; 280'9
& 4+9, 120°C; 259°0 & 0-4, 170°C;
1651 & 1-0, 230°C; 149°1 &-0°6.
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Fig. 6. The average lower yield stresses against
the diameter at each temperature. Each
value is calculated from Fig.4 using the
equation g=a/d+b, where ¢ is the ave-
rage lower yield stress, d the diameter, a
and b are the constants evaluated as fol-
lows; 20°C; 137°3 & 11-2, 75°C;88°'7 &
2:0, 120°C; 676 & 0'9, 170°C; 68-9 &
0-3, 230°C; 55-2 & 0-6.
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Fig. 7. The diagram of the logarithm of the yield
stresses vs. the reciprocal of the absolute
temperature at the diameter of 20 micron.
The upper yield stress represents the linear
relation ship and the lower yield stress
changes the gradient at the temperature
from which the serration appeared as
was shown in Photo. 1.
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