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Grain Refinement of Ferrite-pearlite Structure of Low Carbon
Steel through the Controlled Rolling Process

Hirosuke INAGAKI

Synopsis :

A 0.1%C~1.35%Mn-0.03%Nb steel was hot rolled in 1 pass up to 83% reduction in thickness at a
temperature between 790 and 1050 °C and deformation of austenite was examined metallographically
in detail. It was found that annealing twins were formed abundantly in the austenite during heating before
rolling, or during recrystallization which occurred during rolling when the rolling temperature was high.
Rolling at a temperature below the recrystallization temperature of austenite resulted in severe deformation
of these annealing twins. At the same time, heavy local deformation was introduced into the regions near
the boundaries of these annealing twins, and also into the regions near austenite grain boundaries. Such
local deformation was found to enhance the formation of ferrite nuclei in these regions during ferrite—
pearlite transformation. It was suggested that this effect was most essential in the grain refinement of

control-rolled steel.
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Fig. 1. ¢=45° Sections of the crystallite orientation distribution function showing (a) initial texture
(b) texture after reheating at 1250°C for 1h and water quenching, and (c) texture after reheating

at 1150°C for 1h and water quenching.
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Photo. 1. Banded structure (see arrow) in the
specimen simply reheated at 1250°C for 1h
and quenched into water.
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Photo. 2. Typical examples of annealing twins
observed in the specimen reheated at 1 250°C and
quenched into water. (a) Enclosed twin band (b)
Partial twin band (¢) Twin band, and (d) Twin
wedge.
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Fig. 2. Angles # and @ between rolling direction
and traces of twinning plane produced on longi-
tudinal section and rolling plane, respectively.
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Table 1. Calculated angles, § and ® between
rolling direction and traces of the twinning plane
produced on longitudinal section and on rolling
plane, respectively.

Main orientation  Twinning plane Angle 8 Angle w
Ei]l% IA 35. 26° 22, 2¢
oy 1TT 11 IB 19.47° 90°
(1125 (1] ain 1C 35. 26° 22.2¢
(11 ID 90° 90°
E m% A 90° 70. 5°
3 111 1B 30° 54.7°
121 3
(101 [121] (111 1c 30° 54.7°
(111) 1D

! 0°

I : parallel to longitudinal section

(12) (1

- 4

A/’[TI direction

Rolling direction

Fig. 3. Positions of {111} twinning planes in {112}
{111} and {110}{112) ideal orientations(schematic).
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Fig. 4. Distributions of the angles # and « bet-
ween rolling direction and trace of twinning plane
in the specimen reheated for 1 at 1250°C and
quenched into water.
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Fig. 5. Effect of rolling reduction on the length,
width of annealing twin and angle between roll-
ing direction and traces of twinning plane. Mea-
surements were made on the longitudinal section
of the specimen heated for 1 h an 1250°C, sub-
sequently rolled at 850°C in 1 pass up to 82%
and quenched into water. Number in the figure
illustrates rolling reduction.
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Photo. 3. Effect of rolling reductions on the mor-
hologies of annealing twin in the specimen reheat-
ed at 1150°C, hot rolled at 830°C and quenched
into water. Longitudinal sections. Reductions are
(a) 9%, (b) 31% and (c) 829%, respectively.
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Photo. 4. Inhomogeneous deformation near twin
boundaries in the specimen reheated for 1h at
1 250°C, rolled 509 at 830°C and quenched into
water.

Photo. 5. Nucleation of ferrite grain along the
boundaries of annealing twin deformed by rolling.

Photo. 6. Inhomogeneous deformation near
austenite grain boundaries.
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Photo. 7. Nucleation of ferrite grain in the severely
distorted regions near austenite grain boundaries in
the specimen reheated at 1250°C for 1h, rolled
509, in 1 pass at 830°C, cooled to 730°C in air,
and quenched into water.
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Photo. 8. Annealing twin in a small recrystallized
austenite grain. Obeservation was made on the
specimen reheated at 1250°C for 1h, rolled 50%
in 1 pass at 1050°C and quenched into water.
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Photo. 9. Strings of tiny grains delineating the
deformation hand in austenite. (a) Rolling plane,
(b) Longitudinal section.

Photo. 10. Nucleation of ferrite grain on deform-
ation band in the specimen reheated at 1250°C
for 1h, rolled 509 in 1 pass at 830°C, cooled in
air and quenched from 740°C into water. Rolling
plane.
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