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Origin of Fine Ferrite Grain Structure of Sheet Steel Hot-rolled in Ferrite Region without Lubrication

Saiji MATSUOKA, Kei SAKATA, Osamu FURUKIMI and Takashi OBARA

Synopsis

: The structural variation in the thickness direction of ultra-low C sheet steel rolled in the ferrite region without lubrication is analyzed with

EBSD technique as well as conventional measuring method. (1) A nonuniform microstructure through the thickness is formed due to the ad-

ditional shear strain introduced by frictional force between the rolls and the material, and the fine grains with the size of 1.0 to 1.5 microns

are observed near the surface where the shear strain is maximum. Since the dislocation density of these grains is relatively low and these

grains are surrounded by high-angle boundaries having a misorientation angle over 15°, these grains might be recrystallized ones. (2) The

microstructure observed in the etched steel with SEM are changed continuously from the deformed grains to the subgrains and the recrystal-

lized grains with increasing shear strain. On the other hand, the size of the subgrains consisting of substructure is 0.5 to 1.0 microns by

means of EBSD, and it is independent of shear strain. (3) The misorientation angle between the adjacent subgrains is increased with increas-

ing shear strain, and high-angle boundaries are formed near the surface. (4) These experimental results suggest that the fine recrystallized

grains might have formed in such a way that the subgrains are rotated continuously and the misorientation angle between the adjacent sub-

grains is increased over 15° with increasing shear strain, and the rearrangement of dislocations occurs during and/or after rolling, resulting in

the formation of recrystallized grains.
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Table 1. Chemical composition of sheet steel tested
(mass%).

C Si Mn P S Al N Ti Nb B
0.002 0.01 0.10 0.01 0.006 0.03 0.002 0.03 0.003 0.0004
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Fig. 1. Optical micrograph showing flection of sheet steel
rolled at 700°C with reduction of 50% without -
brication and its distribution of shear strain.
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Fig. 2. Optical micrographs showing microstructure of
sheet steel water-quenched after rolling at 500°C
with reduction of 60% without lubrication.
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Fig. 3. SEM micrographs showing change in microstructure through thickness of sheet steel water-quenched after rolling at 500°C
with reduction of 60% without lubrication. (a) taken from area A arrow-marked in Fig. 2, (b) taken from area B arrow-
marked in Fig. 2, (¢) taken from area C arrow-marked in Fig. 2 and (d) taken from area D arrow-marked in Fig. 2.
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Fig. 4. TEM micrographs showing change in microstruc-
ture through thickness of sheet steel water-
quenched after rolling at 500°C with reduction of
60% without lubrication. (a) taken from near sur-
face, (b) taken from central part.
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Fig. 5. EBSD analysis of (a) image-quality imaging (TD
section), (b) image quality taken from (a), (c)
{100} discrete pole figure taken from Zone A in
(a), (d) grain boundary misorientation angle distri-
bution taken from Zone A in (a) of sheet steel
water-quenched after rolling at 500°C with reduc-
tion of 60% without lubrication.
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Fig. 6. EBSD analysis of orientation imagings (TD sec-
tion) showing change in morphology with toler-
ancc angle of sheet steel water-quenched after
rolling at 500°C with reduction of 60% without lu-
brication. (a) tolerance=15°, (b) tolcrance=5° and
(¢) tolerance=2°.
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Fig. 7. EBSD analysis of orientation imagings (TD sec-
tion) and {100} pole figures of sheet steel water-
quenched after rolling at 500°C with reduction
of 60% without lubrication. (a) orientation imag-
ing, tolerance=15°, (b) orientation imaging, toler-
ance=2°, (¢) {100} discrete pole figure taken from
A, B, C, D in (a), (d) {100} discrete pole figure
taken from A in (b), (¢) {100} discrete pole figure
taken from B (b), (f) {100} discrete pole figure
taken from C (b), (g) {100} discrete pole figure
taken from D (b).
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Table 2. Summary of change in microstructure with shear
strain through thickness.

Shear | Microstructure | Substructure | Substructure Grain Boundary Dislocation
Strain Size (Misorientation) Density
Max. | Recrystallized |Recrystallized| 1~1.5um | High-angle Boundary Low
Grain Grain (215°)
Subgrain High-angled | 0.5~1um {Medium-angle Boundary| Medium
Subgrain (5~15°)
Deformed Grain|  Subgrain 0.5~1Tum | Low-angle Boundary High
& Subgrain (2~5° )
' |Deformed Grain| Subgrain 0.5~1um { Low-angle Boundary High
Min. (2~5°)
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Fig. 8. Schematic illustration showing formation of recrys-

tallized grains from sheared area of sheet steel
rolled in ferrite region.
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