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Effect of the State of Cu in Hot-bands on r-value of
Cu-added Extra Low Carbon Cold Rolled Steel Sheets

Yoshitaka Oxitsu, Toshiyasu Uxena and Masahiko Oba

Synopsis : The effect of morphorogy of Cu phase before cold rolling on r-value of Cu-added extra low carbon Ti-added steel sheets

was studied.

The morphorogy of Cu phase can be affected by the hot-band heat treatment temperature and the cooling rate after
the heat treatment. When hot-bands are heat treated at 550°C or at 800°C and slowly cooled, fine Cu-rich cluster which
strengthens the steel is formed. When heat treated at 700°C, e-Cu is formed but Cu-rich cluster is not formed at the
cooling rate range examined. When hot-bands are heat treated at 450°C or 800°C and rapidly cooled, Cu is in solid

solution.

The r-value of annealed steel sheets is affected by the structure of Cu precipitates before the cold rolling. When Cu-
rich cluster is formed, the r-value is low according to the decreasing of the intensity of {554} <225> in recrystallization
texture. When Cu is in solid solution or &~Cu is formed before cold rolling, the pole figures of annealed sheets are {554}

<225> type and r-value is kept high.
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Table 1. Chemical compositions of steels used
(mass%).

C Si Mn p S solAl N Ti Cu

0.0024 0.006 0.20
0.0019 0.006 0.20
0.0013 0.005 0.19

0.004 0.004 0.030 0.0015 0.039 0.004
0.005 0.004 0.031 0.0024 0.039 1.043
0.006 0.004 0.033 0.0022 0.033 1.404
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Fig. 1. Schematic illustration of experimental procedure.
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Fig. 2. Effects of Cu content and heat treatment
temperature of hot-band on F-value of an-
nealed steel sheets.
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Fig. 3. Effect of cooling condition after heat treat-
ment of hot-band at 700°C for 1h on F-value
of annealed steel sheets.
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Fig. 4. Effect of cooling condition after heat treat-
ment of hot-band at 800°C for 1h on F-value
of annealed steel sheets.
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Fig. 5. Effect of heat treatment condition of hot-

band on {100} pole figures of annealed steel
sheets.
(a) as hot rolled, (b) heat treated at 550°C and
air cooled, (c) heat treated at 700°C and air
cooled, (d) heat treated at 700°C and furnace
cooled, (e) heat treated at 800°C and air
cooled, and (f) heat treated at 800°C and
furnace cooled.
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Fig. 6. Optical

micrographs of hot-bands of
1.4mass%Cu-added steel heat treated at
various temperatures and air cooled.

(a) as hot rolled, (b) heat treated at 550°C for
1h, (c) heat treated at 700°C for 1h, and (d)

heat treated at 800°C for 1h.
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Fig. 8. Effect of cooling condition after heat treat-
ment at 700°C for 1h on hardness of hot-

bands.

Cooling condition

40

70 T T T
60 -
®
50 I~ ./ -
Ll o ]
©
2 40 ¢ 1
X
30 J
x
———
20 1 L S
water air furnace
quenching cooling cooling

Cooling condition

Fig. 9. Effect of cooling condition after heat treat-
ment at 800°C for 1h on hardness of hot-
bands. ‘
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Fig. 10. TEM micrographs of precipitates extract-
ed from hot-bands of 1.4mass%Cu-added
steels heat treated by various conditions.
(a) heat treated at 700°C and air cooled, (b)
heat treated at 800°C and air cooled, and (c)
heat treated at 800°C and furnace cooled.

Fig. 11. TEM micrographs of precipitates observed
in hot-bands of 1.0mass%Cu-added steels
heat treated by various conditions.

(a) heat treated at 700°C and air cooled, (b)
heat treated at 800°C and air cooled, and (c)
heat treated at 800°C and furnace cooled.



Fig. 12. TEM micrographs of precipitates observed
in hot-bands of 1.4mass%Cu-added steels
heat treated by various conditions.

(a)heat treated at 700°C and air cooled, (b)
heat treated at 800°C and air cooled, and (c)
heat treated at 800°C and furnace cooled.
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Fig. 13. Schematic diagram of Cu state in hot-band.
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Table 2. Interrelation of morphorogy of Cu phase in
hot-bands and F-value of 1.0 or 1.4mass%Cu
-added extra low carbon steel sheets.

Morphorogy of Cu phase r-value

Solid solution 1.47~1.70
Cu-rich cluster 1.15~1.32
&-Cu 1.62~1.64
Cu-rich cluster+e-Cu 1.29~1.46
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