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Abstract

In order to study the effect of dislocation structures on the temperature dependence
of mechanical properties of iron, a single crystal with a [110] axis was extended in a
temperature range from room temperature to 300°C and deformation structures were
observed by transmission clectron microscopy. Serration phenomenon is observed in the
stress-strain curves at 200 to 250°C, where a high work-hardening rate is shown. In the
same temperature range dislocations are multiplied remarkably and the intervals of slip
lines as well as those of cell walls which are approximately parallel to the slip plane {112}
become smaller than at other temperatures.

These results suggest that the temperature dependence of the work-hardening rate
is due mainly to that of dislocation distribution and its multiplication rate, that is, small
cell size and high dislocation density give rise to high work-hardening rate in the blue-

brittleness temperature range where dynamical strain aging occurs remarkaly.
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Table 1. Chemical compositions of specimen (wt %)

C N 0 S Mn P s H = Cr

0.025 0.0015 0.006 0.001 0.001 0.002 0.004 0.0001  0.001
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Fig. 3. Typical stress-strain curves obtained during tesile test of iron single crystals.
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Photo 1. (a-d); Slip line pattern at the top face of a [110] crystal strained by (a) 6% at room
temperature in the specimen A1, (b) 9% at 150°C in the specimen A1, (¢) 3% at 250°C in the
specimen A 2 and (d) 5.6% at 250°C in the specimen A 2.

T. A indicates the tesile axis.
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Photo 2 (a-d). Dislocation structures in iron single crystals (A 1) strained at the temperature
range between room temperature and 250°C; (a) 3% at room temperature, (b) 3% at 150°C,
(¢) 5% at 200°C and (d) 3% at 250°C.
The face of specimen is near (001) plane and tensile axis (T.A) is [110].
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Photo 3 (a-d). Dislocation structures in iron single crystals (A 2) strained by (a) 27% at 150°C,
(b) 5% at 150°C, (c) 3% at 250°C and (d) 5.6% at 250°C.
The face of specimen is near (001) plane and tensile axis (T. A) is [110].
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Fig. 11. Crystal orientation and operative slip systems.
Tensile axis is [110].
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