$% & $8 Tetsu-to-Hagané Vol 89 (2003) No. 7

BEENAEO—IIVEERICLZBHH7 251 b
bz sk ()=

AFx BER* - BE ORB* - RIFOEFF - PE MR Ak RES

Evolution of Ultrafine-grained Ferrite Structure through Multi-pass Warm Caliber-rolling

Akio OHMORI, Shiro TORIZUKA, Kotobu NAGAI, Naoshi KOSEXI and Yasuo KOGo

Synopsis : Ultrafine-grained steel bars with a cross section of 18 mm square were fabricated through a multi-pass warm caliber-rolling for a 0.15%C~
0.3%8Si-1.5%Mn steel. The average ferrite grain sizes of 0.43 um, 0.70 um and 1.2 um were obtained in the isothermal rolling processes at
773K, 823K and 873K, respectively. Despite of inhomogeneous strain distribution by the caliber-rolling, finally, large plastic strain more than

2 or 3 could be introduced into the whole region of the bar samples. Strain accumulation due to the multi-pass warm deformations was con-

firmed by comparing microstructural evolution through the muliti-pass deformations with that through single-pass deformations. The hard-

ness and the grain size of the ultrafine-grained structures formed through severe warm deformations depend on Zener-Hollomon parameter.

These indicate that the formation process of the ultrafine-grained structures is “continuous recrystallization” or “in-situ recrystallization”.

The similarity to single-pass deformations reveals the multi-pass warm rolling to be an effective method to obtain ultrafine-grained ferrite

structures.

Key words: low carbon steel; caliber-rolling; warm deformation; multi-pass deformation; ultrafine grain; continuous recrystallization; in-situ recrystal-

lization. -
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Table 1. Chemical composition of the steel (mass%).
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Fig. 1. Schematic illustration of the

process.

caliber-rolling
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Table 2. Details of the caliber-rolling.

Caliber ,
Rolling
.| shape |a(mm)ib(mm)/c(mm)| 6 |R(mm)|temperature
diamond| 141 | 162 | 108 | 98° | 20
diamond| 129 | 148 | 98 | 98° 18
1023K
diamond| 120 | 135| 90 |97° | 16
~993K
diamond| 118 | 140 | 90 |100°| 20
diamond| 103 | 123 | 79 [100°| 18
diamond| 92 | 109 | 70 [100°| 17
diamond| 81 | 97 | 62 [100°| 16
diamond| 73 | 86 | 56 |99 | 14
diamond| 65 | 76 ' 50 | 99°| 12
diamond| 59 | 68 | 45 | 98 1 823K
diamond| 54 | 62 @ 41 |98° | 95
diamond| 50 | 56 | 37 |97°| 8 (873K,)
diamond| 46 | 51 | 34 |97°| 7 |\773K
diamond| 42 | 47 | 31 |96° | 6
diamond| 39 | 44 | 29 | 96" | 5.5
diamond| 38 | 40 | 28 |94° 5.5
diamond| 36 | 38 | 26 (94" | 55
diamond| 34 | 36 | 24 [94° | 55
oval 11 | 52 - | — | 64
square | 24 | 24 | 17 |90° | 25
r
R
a c —
S nEn
S~ b
h—»
diamond, square oval
Temperature measured
8 before a roliing-pass || o Reduction in area
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Fig. 2. Reduction in area for each pass calculated from
Table 2 and the rolling temperatures measured on
the surface of the specimen.
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Fig. 3. SEM micrographs showing microstructures caliber-rolled at 823K with accumulative reduction of (a), (b) 75%, (c), (d)
87%, (e), (f) 91% and (g), (h) 95% in area. The observed area is 1 mm away from the surface for (a), (c), (¢) and (g) or at

the center on the cross section for (b), (d), (f) and (h).
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—— 15 =6
— 5°=26<15°
(9 : misorientation angle)

Fig. 4. EBSP analyses showing Image Quality maps (a),
(c) and boundary maps (b), (d). The observed area
is at the center on the longitudinal section (a), (b)
or the cross section (c), (d) of the steel bar caliber-
rolled at 823K with the accumulative reduction of
95% in area.
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Fig. 5. Effect of rolling temperature on microstructure at
the center on the longitudinal sections of the steel
bars caliber-rolled at (a) 873K, (b) 823K and (c)
773K with the accumulative reduction of 95% in
area.
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Fig. 6. Vickers hardness distributions on the cross sections
of the steel bars caliber-rolled at 823K with various
accumulative reduction in area.
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Fig. 7. Mechanical properties of the caliber-rolled steel
bars.
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Fig. 8. Estimated accumulative strain during the multi-
pass caliber-rolling in comparison with imaginary
single-pass deformations represented by the broken
lines.

Fig. 9. Change in microstructure with strain through a sin-
gle-pass deformation at 823K with a strain rate of
5X107%s7". (a) £,=0.5, (b) £,=1.5, (c) £,=2.5,
and (d) &,,=4.
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