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Structural Variation along Thickness Direction
of Extra-low Carbon Sheet Steels Rolled in Ferrite Region

Saiji Matsvoka, Masahiko Morita, Osamu Furukivi and Takashi Opara

Synopsis : The application of an EBSD technique in an SEM reveals a new approach to analyze a structural variation along the

thickness direction of extra—low carbon sheet steels rolled in the ferrite region. The fine recrystallized grains in the
sheet steel rolled without lubrication are observed near the surface due to a strong additional shear strain between a
material and a roll, and those grains are considered to recrystallize dynamically by means of image-quality imaging with
EBSD. The nonuniform recrystallization texture through the thickness are formed in the sheet steel rolled without
lubrication by means of orientation imaging with EBSD, <110>//ND recrystallized grains being formed near surface,
<111>//ND and <100>//ND recrystallized grains being formed at the mid plane. On the other hand, <110>//ND
recrystallized grains are not formed preferentially near surface and <111>//ND and <100>//ND recrystallized grains are
formed uniformly throughout the thickness in the sheet steel rolled with lubrication. The orientation imaging also
reveals the tolerance of <110>//ND recrystallized grains around <110>//ND axis in the sheet steel rolled without
lubrication, resulting in the <110>//ND grains with small tolerance being formed at the 1/10 plane from surface and the
<110>//ND grains with larger tolerance being formed at the thickness location toward the surface and center from
1/10 plane.
nonuniformity of a microstructure and texture formation in the sheet steel rolled without lubrication than conventional

The image-quality imaging and orientation imaging allow a more visual and intuitive understanding of the

method such as optical microscopy and X-ray diffraction measurements.

Key words : rolling ; low carbon steel ; recrystallization ; texture ; formability.
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Fig. 1. Optical micrographs showing the effect of lubrication on the flection of the sheet steel A rolled at 700°C
with a reduction of 50%. (a) rolled with lubrication, (b)rolled without lubrication.
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Fig. 2. Optical micrographs showing the effect of
lubrication on the microstructure of the
sheet steel B rolled at 700°C with a reduction
of 659 and annealed at 850°C for 20s. (a)as-
rolled with lubrication, (b)as-rolled without
lubrication, (c)as-annealed after rolling with

lubrication, (d)as-annealed after rolling
without lubrication.
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Fig. 3. Effect of lubrication on the variation of X-
ray diffraction intensity ratio through the
thickness of the sheet steel B annealed at
850°C for 20s after rolling at 700°C with a
reduction of 65%.
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Through the thickness location (% of thickness)
B <110>/ND, Bi<111>/ND, M <100>//ND

Fig. 4. EBSD analysis of (a)image-quality imaging
and (b)orientation imaging of the sheet steel
B rolled at 700°C with a reduction of 65%
without lubrication.
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M <110>/ND, B <1115>/ND, B <100>/ND

Fig. 5. EBSD analysis of orientation imaging show-
ing the effect of lubrication on the recrystall-
ization texture through the thickness of the
sheet steel B annealed at 850°C for 20s after
rolling at 700°C with a reduction of 659%. (a)
rolled with lubrication, (b)rolled without
lubrication.
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Fig. 6. Distribution of area fraction of <110>//ND
grains around ND axis of the sheet steel B
annealed at 850°C for 20s after rolling at
700°C with a reduction of 659 without lubri-
cation.
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Fig. 7. EBSD analysis of orientation imaging show-
ing the change in <110>//ND grains with
tolerance of (a)5°, (b)10°, (c)15°and (d)20°
from <110>//ND axis for the sheet steel B
annealed at 850°C for 20s after rolling at
700°C with a reduction of 659 without lubri-
cation.
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Fig. 8. Effect of tolerance from <110>//ND axis on
the distribution of area fraction of <110>//ND
grains through the thickness of the sheet
steel B annealed at 850°C for 20s after roll-
ing at 700°C with a reduction of 659 without
lubrication.
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Fig. 9. Effect of lubrication on the distribution of
shear strain of the sheet steel A rolled at
700°C with a reduction of 509%.
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