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Static Restoration after Hot Deformation of a 2.9% Si Steel

Taku SAKRAL and Masayuki OHASHI

Synopsis :

Static restoration process was investigated quantitatively for the 2.9%, Si steel deformed in tension for the
temperature range from 1 003 K to 1 173 K and for the strain rate range from 0.02 s~ to 18 s7*.  Recrystal-
lization is strongly accelerated by increasing strain in the low strain region. The acceleration results not only
from the increase of dislocation density with increasing strain but also from the progressive formation of
uniform subgrain structures by dynamic recovery. These results suggest that recrystallization in dynam-
ically recovered structure is faster than that in the strain hardened structure at low strains or the structure
deformed at low temperatures, if dislocation densities in the both are about the same.

Most of recrystallized grains occured ““in colonies’ along the original grain boundaries when the fraction
of recrystallization, X, is 0.03. With an increase in X the number of nuclei increased when X=~0.1 and
then decreased to about half of the maximum value (at X=~0.1), which was almost constant in the
range of X from 0.2 to 0.6. When X <C0.6 the retarding effect of recrystallization by static recovery was
almost negligible, but when X>>0.6 it appeared clearly. This effect is caused by the decrease of dislocation
density in subgrains and the growth of subgrains in the latter stage of recrystallization.

Temperature dependence of the rate of recrystallization was measured under the same flow stress in high
strains. The activation energy for recrystallization is 215 kJ/mol and that for grain growth is 230 kJ/mol.
Both the values are almost the same with that for self-diffusion of iron atom in a 2.99, Si steel. The rate
of recrystallization is concluded, therefore, to be controlled mainly by the growing velocity of new grains.
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(a) Effect of strain on the isothermal recrystallization curves for a 2. 9% Si steel deformed

at 1173K and a strain rate of 18s-1, and (b) Avrami plots for these curves.
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(2) X=0.03, (b) X=0.10
Photo. 1. Typical types of new grains in a 2.9% Si steel deformed to a strain of 0.61 at 1173 K
and a strain rate of 18s-1, revealed by electric ethching. These features of new grains are observed

in almost all fraction recrystallized, X.
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Fig. 2. Relation between number of fine new
grains below 12.5 pm and fraction recrystallized
in a 2.99 Si steel deformed to a strain of 0.61
at 1173 K and 18s-1, Full symbols show the
results for isolated new grains.
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Fig. 3. Effect of strain on the relation between
migrating boundary area and fraction recrystallized
in a 2.99 Si steel deformed at 1173 K and 18s-1.
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Fig. 4. Effect of strain on the changes in grain
growth rate with recrystallization for a 2.99; Si
steel deformed at 1 173K and 18s-1,
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Fig. 5. Effect of strain (a) on the times to frac-
tion recrystallized, X, of 0.01, 0.1, 0.5 and 0.9,
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% Si steel deformed at 1173 K and 18s-1.
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Fig. 6. True stress-true strain curves under three
conditions of tmeperature and strain rate, i. e.
1003 K and 0.15 s-1, 1063 K and 1.4 s-1, and
1173 K and 18 s-1, in a 2.99, Si steel. A true
stress-true strain curve at 1063 K and a strain
rate of 0.02 s-1 is also included.
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Fig. 7. Effect of temperature on the isothermal
recrystallization curves after hot deformation of
a 2.99 Si steel with an almost same substructure
(i. e. =136+4 MPa and ¢=0.61).
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Fig. 8. Effect of temperature on the relation
between migrating boundary area and fraction
recrystallized in a 2.9% Si steel with a same
substructure. (i. e. 6=136+4 MPa and ¢=0.61)
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Fig. 10. Effect of strain rate (a) on the isotherm-
al recrystallization curves, and, (b) on the changes
in subgrain size in unrecrystallized grains with
holding time for a 2.99; Si steel deformed to a
strain of 0.61 at 1 063K,

(a) Fraction recrystallized, X=0, (b) X=0.54 and (c) X=0.77.
Photo. 2. The changes in substructure in unrecrystallized grains with recrystallization for a
2.99; Si steel deformed at 1063 K and 2x 10-2s-1, revealed by electric etching.
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(a) Fraction recrystallized, X=0, (b) X=0.15.
Photo. 3. The changes in substructure with recrystallization for a 2.99; Si steel deformed to
a strain of 0.17 at 1173 K and 18s-1, Electric etch.
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Fig. 11. Relation between fraction recrystallized
and temperature compensated recrystallization time,
t-exp(— Q p/RT), after hot deformation of a 2.9
% Si steel. These data are derived from Figs. 1
(a), 7 and 10 (a), but the data on strains of
0.06, 0.10, 0.36 and 0.48 in Fig. 1 (a) are omit-
ted for simplification.
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