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Effect of the High-Temperature-Coiling on the Properties of
Continuously Annealed Product

Haruo KUBOTERA, Kazuhide NAKAOKA, Kenji ARAKI,

Kaoru WATANARBE, and Koji Iwase

Synopsis:

In contrast to the established processing principle for the batch annealed cold rolled sheet gauge product,
where the hot strip is coiled at a temperature around 560°C, coiling at a higher temperature near 700°C is
desirable when the cold rolled strip is processed through the continuous annealing line.

The high temperature coiling is beneficial both to the formation of faborable recrystallization texture
and the grain growth at the continuous annealing stage. These beneficial effects owe to the microstructure
of the hot band, which is characterized by the coarsened carbides and a larger ferrite grain size. Of these,
the former is responsible for both the texture formation and the larger ferrite grains.

The coagulated carbides serve to make the situation where recrystallization commences with the solute
carbon content far less than the solution limit, leading to the formation of the {111} rich texture.

The coagulation of carbides is beneficial also to the grain growth, since the spacing of the particles are
several times larger than the recrystallized ferrite grain diameter and the inhibition of grain boundary
miigration is greatly reduced.
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Table 1. Hot rolling conditions and chemistry.

Hot rolling conditions Chemistry (wt%)
Symbols Finishing Coiling
temperature | temperature C Mn P S N O

(C) (°C)
A-1 805 700 0.054 0.26 0.009 0.034 0.0013 0.0379
A-2 805 665 0.054 0.26 0.009 0.033 0.0015 0.0363
A-3 800 590 0.047 0.27 0.008 0.031 0.0014 0.0346
B-1 850 715 0.043 0.28 0.009 0.022 0.0019 0.0592
B-2 850 595 0.040 0.30 0.008 0.025 0.0020 0.0605
C-1 850 720 0.044 0.30 0.011 0.024 0.0019 0.0528
c-2 850 600 0.048 0.29 0.010 0.024 0.0020 0.0518
D-1 850 700 0.049 0.35 0.010 0.030 0.0027 0.0478
D-2 850 595 0.052 0.33 0.009 0.032 0.0029 0.0427
E-1 850 705 0.048 0.33 0.010 0.027 0.0019 0.0488
E-2 850 605 0.052 0.32 0.011 0.026 0.0020 0.0394
F-1 855 715 0.043 0.30 0.009 0.026 0.0020 0.0554
F-2 850 585 0.046 0.31 0.009 0.027 0.0020 0.0586
F-3 760 660 0.044 0.31 0.010 0.027 0.0020 0.0550
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High Finishing Temp.—High Coiling Temp.
[ High Finishing Temp.—Low Cciling Temp.
High Finishing Temp.— Medium Coiling Temp.
WEEE Low Finishing Temp.— Msdium Coiling Temp.
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Fig. 1. Influence of hot rolling conditions on yield

stress and r-value.
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Table 2. Examples of the mechanical properties for the high-coiling-temperature material
cold-rolled from 3.2mm to 0.8 mm and subsequently annealed with the optimum

heat cycle!®),

Chemistry (wt %)

Mechanical properties

C Mn P S ‘N

o — Yield streass [Tensile stress| Elongation

7 | (kg/mm?) | ( kg/ mm?) (%)

0.043 0.28 0.014 0.024 0.0026
0.052 0.30 0.011 0.024 0.0022
0.058 0.30 0.010 0.022 0.0015
0.055 0.29 0.010 0.022 0.0023
0.058 0.30 0.010 0.024 0.0022

0.0550 1.41 22.2 32.0 43.7
0.0493 1.49 | 20.3 31.8 43.5
0.0527 1.46 20.3 32.0 46.1
0.0530 1.45 21.3 ' 32.6 44.3
0.0462 1.45 19.5 : 32.3 45.6
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Photo. 1. Microstructure of hot rolled strip.
H : Coiled at 715°C
L : Coiled at 595°C
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Photo. 2. Microstructure of cold rolled and rapidly recrystallized samples.
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(a)
(a) Low coiling temperature (595°C)
Fig. 2. {200} pole figures of rapidly annealed sheets.
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Fig. 3. Relation between the grain size before cold
rolling and after the recrystallization.
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Fig. 4. Influence of the carbide spacing in hot
strip on the recrystallized grain size.
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Fig. 6. Influence of carbide on the heating-rate dependence of r-value.
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Fig. 7. Softening curve for the dipping in the salt-
bath of 650°C and the r-value after the
subsequent batch-annealing.
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