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Irradiation Effects in Iron Whisker

Akimitsu OKURA, Junichi INAGAKI,

Yuichi TERASAWA, and Eiichi NAKATA

Synopsis:

An investigation was carried out on the formation and recovery of radiation defects of iron whiskers ir—
radiated by Rikkyo University reactor (TRIGA 11 type) and Kyoto University Reactor (KUR).

Iron whiskers produced by hydrogen reduction of liquid iron halide salt were irradiated to a fission
neutron dose of ~101 nfcm? (>1.28 MeV) at 194+1°K and the electrical resistivity changes (dp) were
measured during irradiation.

It was shown that 4p was proportional to neutron dose (@¢) in the present dose range, and the defect
formation velocity (i.e. d4p/dgs) varied with direction of neutron incidence.

On the basis of the present study it is suggested that the direction dependence of (d4p [dés) is due to
that of threshold energy.

On the other hand some whiskers have been isochronally annealed after irradiation and mechanical
properties, for instance upper yield stress, were measured using an Instron type tensil machine at —196°C.

Annealing after neutron irradiation was found to cause a softening effect on iron whiskers; the upper
yield stress remained unchanged on annealing temperature up to 330°C and then recovered steadily until it
returned to the unirradiated value at 500°C.

It is presumed that softening of iron whiskers is attributed to aggregation of point defects such as dis—

location loops.
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Fig. 1. Schematic diagram of production
apparatus for iron whisker.
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Table 1. Neutron irradiation conditions.

Condition I I m '
Reactors TRIGA T type KUR LTL ” 4
Power 0.1 MW 5 MW v 4
Neutron energy 0.2 Mev<En< 1 Mev| En>1.28 Mev 7 4
Temperature 70°C 19°K 30°K 19°K
Time 260 h 77h 72h 49h
Flux 2.0x 1012/ cm?- s 1.2x 1011 /nvt 2.1x 1011 /nvt 1.1x 1011 /nvt

Irradiation volum 1.9%x 1018/ cm?2- s

3.3x1016n /cm?

5.4% 101 n /cm? 1.8x 1016/ cm?
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Fig. 2. Relation between irradiation volum and
electrical resistance.
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Fig. 3-1. Temperature dependency of resistivity
for iron whisker.
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Fig. 3-2. Temperature dependency of resistivity
for iron whisker.
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Fig. 4. Relation between irradiation volum and
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16.5 4(100>,  Cp=1.94x10-3at.%

80.1 u{100y,  Cp=2.22x10-%at.%

68.6 u(110y;  Cp=3.37x10-%at.%

Table 2. Value of 4p and d4p/d¢, calculated

from Fig. 4.
diameter d(p) 16.5 80.1 68.6 T
orientation {100} <1003 | (110} -
dp dp1 0.55 0.91 0.93
(x10-8Q.cm)| 4p 1 1.88 1.87 3.28
dpTotal | 2.43 | 2.77 | 4.21
ddp
ddp/d 5.47 9.05 9.30
(xq(/)-gg*(! - cm) /dgy T ave
ddp '
1dés Tl 0.60 0.59 1.40
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Fig. 5. Effect of size on resisual resistivity at
19°K for iron whisker.
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Table 3. Value of a and b at the differencial
condition of annealing temperature.

Annealing condition a (x10-%kg)| b (kg/ mm?)
A unirr. 2.4 48
B R.T. 30min 1.4 54
C R.T. 1h 1.5 45
D 200°C, 2h 1.2 66
E 330°C, 2h 1.4 51
F 400°C, 2h 1.9 63
G 500°C, 2h 2.1 56
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