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The Production of Cold Rolled Steel Sheet of Extra Deep Drawing
Quality by Continuous Annealing Process

Synopsis:

Nobuo FuxrupA and Mineo SHIMIZU

The Ti-stabilized steel has a uniform distribution of very fine precipitates (TiC) already in the hot
rolled state. These prior precipitates are effective in developing a strong {111} recrystallization texture
on annealing after cold rolling, and the slow heating up to annealing temperature such as undertaken
for Al-killed steel to get effective precipitates or pre-precipitation clusters is not necessary for Ti-
stabilized steel. Lowering carbon content of the steel to less than 0°019, results in great increases of
the grain size and 7 value in a very short time with the raising annealing temperature. The Ti-
stabilized very low carbon steel (e.g., 0°0059%5C-0-194Ti) therefore can get a very high 7 value of
above 2'0 even by applying a rapid annealing cycle with heating rates of 104 to 105 °C/sec and with

soaking times within a few minutes.

Quench-aging does not occur at all in Ti-stabilized steel rapidly cooled from annealing temperature,
as the carbon (and nitrogen) in the steel is stabilized with titanium. Then continuous-annealed Ti-
stabilized steel is non-aging and very soft without over-aging treatment.

The Ti-stabilized very low carbon steels is the most suitable to get a non-aging steel sheet having
an extra deep drawing quality by the continuous annealing process.
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Table 1:RI{LZERS D Ti FmEECHED 0°8mm

Table 1. Chemical composition of Ti-stabilized
steel for study on heating rate in
short time annealing (wt%).

T

C Mn | Si P S Cu 0

o-oosl 0-10{ 0-059 | 0-009 | 0-013 | 0-064 | 0-003

Sol. N Insol. N | Sol. Til|Insol. Ti| Sol. Al

0-0019 0-0046 0-088 0-036 0-043
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Table 2. Chemical composition of steels for study on the relationship between grain

size and r value (wt%).

Steel C Si Mn P S Cu N Others
® Rimmed 0-039 0-011 032 0:010 0-015 0-064 0:0020
wg  V-rimmed '0-045 0:012 0-32 0011 0-025. 0-084 0-0026 0:025V
W7 Al-killed 0-049 0-012 0.33 0011 0:016 - 0-066 00046 0068 Al
¥ » Ti-stab’d 0-006 0:041 0-06 0-012 0015 0-02 0-0042 0096 Ti

Table 3. Sample of Ti-stabilized very low-C steel used in production test of continuous annealing.

(a) Chemical composition*

(o] Si Mn P S Cu N O Sol. Ti Insol. Ti
0-004 0-02 0-017 0-017 0-017 0-0053 0-061 0-005 0-065 0-037
* Check analysis by slab sample (%) '

(b) Mill practice
Slab ‘__9 Hot rolling |_, Pickling _)I Cold rolling | Electrolytic ’ Continuuus
110935 mm 2:7%935mm | 7| 2°7X935 mm 0:8x92]1 mm. Cleaning annealing
Coil No 30-610-1 30-610-2 30—610—3 30-610-4 30-610-5

Finish. temp. (°C) 895 620
Coil. temp. (°C) 550 560
Cold. red. (%) 70 (2'7—0°-8mm)
Anneal temp. (°C) 900 930 900 850 930
Soaking time (min) 43 39 1-2 3-7 1-1
Line speed (m/min) 84 9-1 31-0 9-7 31°5
Skin-pass red. (%) 075 0-8 0-7 0-7 08

Table 4. Chemical composition of steels for study on overaging effect in short time annealing

with rapid cooling (wt %).

Steel C Si Mn P S Cu .O N Others
Rimmed 0-09¢*| o0-01*| 030+ | N.D. | 0-019¢ N.D. | N.D. | N.D.
Al killed 0042 | N.D. | 020 | N.D. | o016 N.D. | 0-007 | 00028 | 0-042 Sol. Al
Ti stab’d 0-008| 002 | 010 | 0-009| o-0t0| 0-03 | 0-002| N.D. 000 ol i
* Ladle analysis, N.D.: Not determined
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Fig. 1. Effect of heating rate up to annealing tem-
perature on the r value and textures of Ti-
stabilized steel cold rolled 709, and anneal-
ed at 800°C for 5 minutes.
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Fig, 2. Change in {200}-pole figures upon heating
rates in short-time annealing (800°C for 5
min) of Ti-stabilized steel.
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(a) Coiled at 750°C

(b) Coiled at 600°C

TiC

(c) Diffraction pattern

Photo. 1. Electror. micrographs of 0°0059 C-0-096¢; Ti steel after hot rolling with different

coiling temperatures.
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Fig. 5. Effect of annealing temperature on the r
value of Ti-stabilized steel with different
carbon contents, cold rolled 702, and an-

nealed 5 hours at temperatures.
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Fig. 6. Effect of annealing condition (high tem-
perature and short holding time) on the r
value of Ti-stabilized very low-C steel,
finished at 910°C, coiled at 570°C, cold
rolled 709, and annealed.
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steel shown in Table 3.
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Photo. 2. Microstructures after batch-annealing and continuous-annealing of very low
carbon Ti-stabilized steel cold rolled 70%.
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carbon steel finished at 930°C, coiled at
550°C, and annealed 2 minutes at indicated
temperatures after cold rolling (0-0052,C-
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011894, Ti-0-0065% N).
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