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Dynamic Recrystallization of Ferrite and Microstructure Formation
during Intercritical Rolling of Low Carbon Steel

Synopsis :

Kunio WATANABE

Ferrite microstructure has been investigated in low carbon steel, hot—rolled in intercritical range by labo-

ratory mill with various rolling reductions and temperatures.

The results obtained are as follows :

(1) Dynamic recrystallization of ferrite is confirmed to take place in 0.17% C—1.35% Mn steel intercriti-
cally rolled 809, through the experimental results that elongated ferrite microstructures consist of poly-
gonal recrystallized grains and the incubation time for static recrystallization after dynamic recovery is
longer than the time experimentally required for quenching operation to fix the microstructure.

(2) In low carbon rimmed steel, rolling conditions for the complete dynamic recrystallization of ferrite
are confined to those with high reduction and high temperature.

(3) The dynamically recrystallized ferrite structure is less liable to change by heat treatment after rolling

than dynamically recovered ferrite.

(4) The rolling temperature at which the deformation resistance takes minimum value shifts to lower

temperature as the rolling reduction increases.
lization of ferrite.

It is explained by the occurrence of dynamic recrystal-

(5) Texture of the material containing dynamically recrystallized ferrite at midthickness is randomized,
while material containing deformed or recovered ferrite shows well developed texture with {100}<011)

orientations as main component.
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Table 1. Chemical composition of testing material.

(Wt%)

sol Al | insol Al N

0. 17‘LO. 30 | 1.35] 0.021 | 0.011 0. 015 0. 001

0. 0016

Reheating

. Specimen size(mm)
1250°Cx15min

18tx50wx50

Final thickness
4 mm

Holdin
730°Cx30min

Intercritical
rolling

18Q

reduction
80%

>

Fig. 1.

Rolling condition of testing materials.

Photo. 1. Microstructures of specimens intercriti-
cally rolled after holding at 730°C for 30 min.
Rolling reduction: (a) 50%, (b) 80%.
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Photo. 2. Relation between crystal
orientation measured by ECP me-
thod and temper color in a hot-
rolled steel.

Photo. 3. Microstructures heat tinted
(left) and with facet pits (right) of
dynamically recovered ((a) ~ (b))
and recrystallized ((c)~ (d)) ferrite.
Rolling reduction: (a) ~ (b) 509,
&)~ (d) 80%.

Photo. 4. Change of microstructures
during holding at 730°C in the dyna-
mically recovered ferrite after rolling
652, at 730°C. Holding time: (a) O,
(b) 30, (c) 60, (d) 300s.
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Fig. 2. Effect of temperature on the rate of
static recrystallization of ferrite after dynamic
recovery.
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(b) Rolling test
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=
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Fig. 3. Testing condition for investigating static
recrystallization of ferrite after dynamic recovery.

Table 2. Recrystallization after dynamic recovery
in intercritical rolling.

Time (s)
0 10 30 60 120 300
EF@\
27 X X X X FAN VAN
50 x X A A A O
65 x AN O O 0 O
76 © © © © © ©

X as recovered recrystallized: A <10% O 10~70% © 270%
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Table 3. Chemical compositions of testing material
(low carbon rimmed steel) (Wt9).

C Si Mn P S Arg Ar,

0.04 0.01 0.31 0. 020 0.028 850°C 650°C

Thickness before rolling 10mm
Treatment after rolling

Fl(eheating @ AQuenching
950°C X 30min @ Air cooling

@ AQuench-reheating

Rolling
temperature
850

650C % 60min

Temperature —»

Time —

Fig. 4. Thermomechanical history in the single
pass rolling experiment.

Table 4. Recovery and recrystallization behavior
of the low carbon rimmed steel after 1 pass rolling
at as quenched condition after rolling.

[Microstructure
i O Recrystal.

| A Recovery
i X Deform |

Number at the right side indicates
ferrite GS No.

Symbeol :

Reheating 950°C X 30 min. Air cooled to rolling temperature.
Thickness before rolling 10 mm.

Reduction
(%)
Temperatur 5 | 10|15 30 50 80
8 9

850 x | x| x| a~o o9 | O

825 7.5 8.5

XAl X | X | X~A~O | A~O 75| O

800 7 85

X X | X | x~A~O i A~O 7 O

775 85| 85

X X X~A~0O O

750 X X KXo~ N\ JaN

700 X X X~ FAN
650 X X~/ X~ AN
600 X X X~/
550 X X X~/

i
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Table 5. Recovery and recrystallization behavior
after 1 pass rolling in the same material as Table
4, but air cooled to room temperature after rolling.

Reduction
(%)
20 40 50 &0

Temperature

800 O O

750 O 55 O 175

700 X X O 6 O 75

650 X~O 6.5 X~A~( 7.5

600 X X X~ i X~N~(; 8.0

550 X~/ ( X ~A~CO 80

Photo, 5. Change of microstructures of low carbon
steel intercritically rolled at 825°C by heat treatment
at 650°C for 1 h. Before (upper) and after (lower)
heat treatment. Rolling reductions: (a)~ (b) 809,
(€)~(d) 50%.
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100 Rolling x
reduction o
°
A

90 a

Pm (kgf/mm3)

0 L

| I ! [
600 700 800 900
Rolling temperature (‘C)

Fig. 5. Average rolling pressure, p,, of low
carbon rimmed steel in the intercritical range.
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Rolling reduction
low :work hardening or
dynamic recovery

-
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high : dynamic recrystallization

Flow stress — high

a a+7r T
Rolling temperature — high

Fig. 6. Flow stress of intercritically rolled steel
(schematic).
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Fig. 7. Influence of rolling reduction on pole
intensities of intercritically rolled low carbon
steel.
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Fig. 8. Influence of rolling temperature on pole
intensities of intercritically rolled low carbon steel
(IBQ specimens).
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Fig. 9. Textures of low carbon steel intercritically
rolled at 825°C. Rollmg reductions: (a) 309, (b)
80%. (IBQ, specimens at midthickness).
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