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Change in the Orientation of Equiaxed and Columnar Grains of 16%Cr Steels during Hot Rolling

Norimasa HIRATA, Hiroki OTA, Yasushi Kato, Takumi UJIRO and Osamu FURUKIMI

Synopsis : Change in the orientation of equiaxed grains and columnar grains during hot rolling was investigated for 16%Cr ferritic stainless steel with

about 50% y-phase from 1050 to 1160°C. In comparison between equiaxed grains and columnar grains 60 seconds after hot rolling, the peak

angle of the orientation distribution of columnar grains was from 25 to 30 degrees, whereas that of equiaxed grains was from 40 to 45 de-

grees that was close to ideal random orientation distribution. In the equiaxed grains immediately after hot rolling, recrystallized grains

around (111)//ND nonrecrystallized grains did not have particular orientation. On the other hand, recrystallied grains around (001)//ND non-

recrystallized grains formed (001)//ND orientation. It was cleared that equiaxed grains that did not have particular orientation in cast slab

formed gradually (001)//ND orientation by repeated hot rolling.

Key words : stainless steel; ferritic stainless steel; 16%Cr steel; hot rolling; ridging; recrystallization; cast structure; equiaxed grains; columnar grains;

texture; orientation; orientation distribution.
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Table 1. Chemical composition of steel (mass%).

C Si Mn P Cr N Fe
0.061 039 062 0031 161 0036 bal
1160°C, 60min
Reduction: 60%
1050°C, 1min
1050°C, 15min
Water quench

Fig. 1. Experimental procedure of single-pass hot rolling.

1160°C,
60min

20% or No reduction
lmin;

Reduction : 40%
[ 1100°C, Imin

Water quench

Fig. 2. Experimental procedure of double-pass hot rolling.
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Fig. 3. Optical micrograph of the 16%Cr steel. (a) Before hot rolling of equiaxed grains, (b) 0 second after hot rolling of equiaxed
grains, (c¢) 60 seconds after hot rolling of equiaxed grains, (d) before hot rolling of columnar grains, (¢) 0 second after hot
rolling of columnar grains, (f) 60 seconds after hot rolling of columnar grains.
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Before hot rolling 0 second after hot rolling 60 seconds after hot rolling
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Fig. 4. (100) pole figures of the 16%Cr steels. (a) Before hot rolling of equiaxed grains, (b) 0 second after hot rolling of equiaxed
grains, (c) 60 seconds after hot rolling of equiaxed grains, (d) before hot rolling of columnar grains, (e) 0 second after hot
rolling of columnar grains, (f) 60 seconds after hot rolling of columnar grains.
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Fig. 5. Change in frequency of misorienta-
tion angle with isothermal holding
after hot rolling. (a) 0 second after
hot rolling of equiaxed grains, (b) 60
seconds after hot rolling of equiaxed

a grains, (c) 0 second after hot rolling

0 of columnar grains, (d) 60 seconds

after hot rolling of columnar grains.
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Nonrecrystallized grain g

Fig. 6. Nonrecrystallized grains and their neighboring re-
crystallized grains.
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Fig. 7. Inverse pole figure plots of (a) nonrecrystallized

grains in equiaxed grains, (b) recrystallized grains
in equiaxed grains, (c) nonrecrystallized grains in
columnar grains, (d) recrystallized grains in
columnar grains of the 16%Cr steel immediately
after hot rolling.
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. 8. Inverse pole figure plots in equiaxed grains of the
16%Cr steel immediately after hot rolling. (a) Non-
recrystallized (001)//ND grains, (b) recrystallized
grains neighboring nonrecrystallized (001)//ND
grains, (c) nonrecrystallized (111)//ND grains, (d)
recrystallized grains neighboring nonrecrystallized
(111)//ND grains.
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Before rolling After Ist rolling (1160°C, 20%)

After 2nd rolling (1100°C, 40%)
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Fig. 9. 002, 220 and 222 intensities
of equiaxed grains. (a) before
double pass rolling, (b) after
Ist rolling in double pass
rolling, (¢) after 2nd rolling
in double pass rolling, (d) bo-
fore single pass rolling, (e)
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after single pass rolling.
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After 2nd rolling (1100°C, 40%)
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Fig. 10. Inverse pole figures of
equiaxed grains. (a) before
double pass rolling, (b) after
Ist rolling in double pass
rolling, (c) after 2nd rolling
in double pass rolling, (d)
bofore single pass rolling, (¢)
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Fig. 11. EBSD analysis of high angle boundaries.
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rolling.
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