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Shape, Size and Crystallographic Orientation of the Ferrite Grains Formed at
Grain Boundaries of Deformed Austenite in a Low Carbon Steel

Shiro TORIZUKA, Osamu UMEZAWA, Kaneaki TSuzAKl and Kotobu NAGAI

Synopsis :

Key words:

The influence of plastic strain on the shape, size and crystallographic orientation of ferrite (¢) grains formed at the grain boundaries of the
deformed austenite (y) was studied in a 0.17C-0.3Si—1.5Mn steel. Specimens with a coarse ¥ grain size of 300 ym were compressed at
1023K and cooled at 10K/s. When the plastic strain increased to 0.4, the shape of « grains changed from plate like to equiaxed, and the aver-
age length of o grains decreased from 12 to 6 um. However, the average length did not change in the larger plastic strains up to 1.1. On the
other hand, the average thickness of « grains was constant regardless of the plastic strain. The crystallographic orientations of the o grains
formed at one y grain boundary were almost the same when the plastic strain was smaller than 0.2 and the o grain shape was plate like.
However, the orientations were widely distributed, and most of the o/ boundaries were high angle ones, when the plastic strain was larger
than 0.4 and the « grain shape was equiaxed. The shape change and o grain refinement by the deformation resulted from the wide distribu-
tion of crystallographic orientations of « grains rather than from the increase in the nucleation rate. The wide distribution of crystallographic
orientation of ¢ grains is closely associated with the serrated austenite grain boundaries induced by the deformation.

grain size; phase transformation; plastic deformation; crystallographic orientation; low carbon steel; grain boundary; ferrite; austenite; con-

trolled rolling.
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Fig. 1. Plastic strain obtained from FEM calculation at the
distance from the specimen center for the speci-
mens compressed by 20, 33 and 50% in reduction
at 1023K.
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Fig. 2. Light micrographs of ferrite grains formed at
austenite grain boundaries in the TD cross-section
of the specimens which were compressed by 20, 33
and 50% in reduction at 1023K and then cooled at
10K/s. Plastic strain was (a) 0, (b) 0.05, (c) 0.05,
(d) 0.2, (e) 0.4, (f) 0.78, (g) 0.95 and (h) 1.1.
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Fig. 3. Relationship between the plastic strain and (a) the thickness and (b) the length of ferrite grains formed at grain boundaries
of austenite deformed at 1023 K and then cooled at 10 K/s. The thickness and length represent the grain size perpendicular
and parallel to the austenite grain boundary, respectively. Solid circles and open circles represent the thickness or length of

ferrite grains and their average, respectively.
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Fig. 4. SEM photograph of ferrite grains formed at an
austenite grain boundary. The austenite was de-
formed by 0.05 in plastic strain at 1023K and then
cooled at 10K/s.
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Inverse pole figures of the crystallographic orienta-
tions of the ferrite grains formed at the austenite
grain boundary shown in Fig. 4. The plastic strain
was 0.05.

Table 1. Misorientation angles (°) between the ferrite
grains formed at an austenite grain boundary
shown in Fig. 4. The plastic strain was 0.05.
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Fig. 6. SEM photograph of ferrite grains formed at an
austenite grain boundary. The austenite was de-
formed by 0.78 in plastic strain at 1023K and then
cooled at 10K/s.
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Fig. 7. Inverse pole figures of the crystallographic orienta-
tions of the ferrite grains formed at the austenite
grain boundary. The plastic strain was 0.78. (a) The
orientations of the ferrite grains shown in Fig. 6
and (b) the orientations of the ferrite grains formed
at another grain boundary.
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Fig. 8. Schematic drawing of nucleation, growth and coa-
lescence of the ferrite grains formed at an austenite
grain boundary. The triangle in the circle represents
the crystallographic orientation of the ferrite
grains.
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Fig. 9. Stress-strain curves of the steel used. Cylindrical
specimens were compressed at 973, 1023 and
1073K at a strain rate of 10/s for solid curves and
at 1073K at a strain rate of 0.1/s for a broken curve.
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Fig. 10. Light micrograph of a serrated austenite grain
boundary of Fe-36Ni. The austenite was de-
formed by 0.8 in plastic strain at 1023K and then
water-quenched.
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