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Effects of Carbon and Manganese on the Deep-drawability of
Cold-rolled Steel Sheets

Koichi OsaAwA, Teruo SUZUKI,  Kazuo MATSUDO and Kiwami KURIHARA

Synopsis:

Effects of carbon, manganese, and their mutual interaction on the recrystallization texture and deep-
drawability (7-value) of cold rolled steels have been studied. Hot bands with various carbon content and
carbide morphology were cold-rolled by a reduction of 75%, heated at two different heating rates (100°C/h
and 50°C/s), and annealed at 700°C. The resulis showed that the interaction between carbon and
manganese played a significant role in the formation of recrystallization texture: the 7-value decreased
markedly by the co-existence of solute carbon and manganese, while it did slightly by either of them alone,
as in 0.001%C steels or 0.03%Mn steels. The decrease in 7 -value corresponded to a randomization of the
recrystallization texture. The above interaction was found to exert an effect on recovery of substructure,
weakening the selectivity in the orientation of recrystallization nuclei.

The improvement of 7-value under the combination of coarsening of cementite in hot band by high
temperature coiling and rapid heating annealing is fully explained by decline of the interaction between
solute carbon and manganese resulting from the retarded dissolution of carbide.
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Table 1. Chemical composition of steels (wt 9;).

Series C Si Mn P S sol. Al N Ti

A 0.04 tr  0.03-0.79 0.010 0.004 0.05 0.004 ——
B 0.10 0.02 0.03-0.81 0.007 0.004 0.05 0.004 ——
C 0.003 0.02 0.03-0.80 0.005 0.003 0.02 0.003 0.13
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a : Pearlite (normalized and overaged) b : Coarse cemen-
tite (subjected to a high temperature coiling simulation)

Photo. 1. Carbide morphology of hot bands after
heat treatment.
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Fig. 1. Effect of carbon content on 7-value of
the steels with various amounts of manganese,
cold-rolled by 75%, heated up to 700°C at a
slow heating rate of 100°C/h, and annealed for
1 h.
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Fig. 2. Effect of manganese content on 7-value
of the steels with various amounts of carbon,
cold-rolled by 759, heated up to 700°C at a
slow heating rate of 100°C/h, and annealed for
I h.
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Fig. 3. Schematic illustration of the effect of
manganese, solute carbon vs. manganese interac-
tion, ‘and carbide on the decrease in 7-value.
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Fig. 4. Effect of manganese con-
tent on recrystallization texture of
the steels with various amounts of
carbon, cold-rolled by 759, heated
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Fig. 5. Changes in X-ray reflection intensity and
fraction recrystallized (f) of 0.0019,C
steels during heating at a slow heating
rate of 100°CG/h.
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Fig. 6. Changes in X-ray reflection intensity and
fraction recrystallized (f) of 0.049,C steels during
heating at a slow heating rate of 100°C/h.
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Fig. 7. Effect of manganese content on the 7-value
of steels with different carbide morphologies, cold-
rolled by 75%, heated up to 700°C at slow or rapid
heating rates of 100°C/h or 50°C/s, and annealed
for 1 h.
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Fig. 8. Recrystallization texture with different
carbon and manganese contents, subjected to
preliminary heating (preheating) at 300 to 550°C
for 10 min, overaging at 250°C for 5h, heating
up to 700°C at a rapid heating rate of 50°C/s,
and annealed for 2 min. The carbide morphology
in 0.042,C steel hot bands is coarse cementite.
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