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Effect of Graphite, Cementite on Mechanical Properties of Cold
Rolled High Carbon Steels

Kiyoshi Fukuil and Atsuki OKAMOTO

Synopsis :

Either ferrite-cementite or ferrite-graphite mixed microstructure was developed after cold rolling and
annealing in 0.65%C steels containing different amounts of Mn and Cr. These steels were again cold rolled
and annealed in order to examine the effect of the kind of 2nd phase on the recrystallization process, tex-
ture development and the mechanical properties after annealing.

In the ferrite-cementite steel, recrystallization started at a lower temperature, but the ferrite grain
growth was limited. The {111} and {100| textures formed by cold rolling were maintained even after the
completion of the primary recrystallization and finally a sharp {111} <112 > recrystallization texture was
obtained. Whereas, in the ferrite-graphite steel, recrystallized grains grew markedly with large decreases
of the {111} and {100} texture components, finally forming rather random texture after recrystallization.
The difference in the recrystallization process was thought to be caused by differences in the volume frac-
tion and the distribution of the second phase. The mean r-value after full annealing was high in both
steels, but the planer anisotropy of the r-value was inverse. The high 7,5-value obtained in fer-
rite-cementite steel could be attributed to the strong {111} <<112> plus {100} <011> texture.
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Table 1. Chemical composition of steels (in wt%).

Steel C Si Mn P S Cr  Sol. Al N

C 0.61 0.21 0.14 0.001 0.002 0.24 0.089  0.0055
G 0.65 0.20 0.14 0.001 0.003 Tr. 0.097 0.0045
c* 0.65 0.20 0.74 0.021 0.005 0.19 0.092  0.0043
G* 0.66 0.20 0.17 0.021 0.005 Tr. 0.090  0.0044
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Fig. 1. Processing.
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a) Steel C {Prior to 1Ist CR) b) Steel G (Prior to Lst CR)
¢) Steel C (Prior to 2nd CR) d) Steel G (Prior to 2nd CR)
e) Steel C (After 2nd annealing)
f) Steel G (After 2nd annealing)

Photo. 1. Optical micrographs of steels prior to
1st and 2nd cold rolling process and after 2nd
annealing.
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a) Steel C, 480°C b) Steel C, 500°C

c) Steel C, 520°C d) Steel C, 540°C

e) Steel G, 480°C  f) Steel G, 500°C g) Steel G, 520°C h) Steel G, 540°C
Photo. 2. Optical micrographs of steels heated to various temperatures after 2nd cold rolling

(Heating rate : 40°C/h).

a) 480°C b) 500°C
Photo. 3. Electron micrographs of steel C heated to various temperatures after 2nd cold rolling
(2 stage replica, heating rate : 40°C/h).

¢) 520°C d) 540°C
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Fig. 2. Changes in X-ray line broadening para-
meter during heating after 2nd cold rolling.
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Fig. 3. Changes in X-ray pole intensities during
heating after 2nd cold rolling.
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a) Steel C as cold rolled
b) Steel G as cold rolled
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Fig. 4. Crystallite orientation distribution on
¢ = 45 deg. section for steels, as cold rolled or as
annealed at 680°C for 24 h.
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Fig. 5. Tensile properties of steels comprised of
different 2nd phases after 2nd annealing at 680°C.
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Fig. 6. Changes in X-ray pole intensities of steels
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