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Effect of Carbon and Phosphorus Contents on the
Graphitization of Cementite in High Carbon Sheet Steels

Kiyoshi Fuxui, Naomitsu Mizui, Masahiro Araiand Atsuki OramoTo

Synopsis : In the steel with lower Mn and lower P, carbon occasionaly precipitates as graphite instead of cementite under certain
annealing conditions. Then, the elongation became to be independent of amount of C contents because of the decrease
in cementite and increase in ferrite grain diameter. In this study, in order to produce graphitized sheet steel with good
ductility in short annealing period, the following investigation was carried out.

0.159%S1-0.15%Mn-0.0049%S cold rolled sheet steels, with C ranging from 0.05 to 0.65%, with P ranging from 0.001
to 0.059% were provided. These steels were annealed at the temperature ranging from 550 to 700°C for the time ranging
from 0.25 to 30h. The microscopic observation was conducted at every annealing condition.

Under the condition with higher annealing temperature and longer annealing period, a remarkable stimulation of
graphitization was brought in the lower P steel with various C, because of the acceleration of C diffusion. Particularly,
in the case of steels with low C, the longer annealing period and the extremely lower P contents is necessary for
graphitization. This result was thought to be due to the segregation of P, inhibiting C diffusion, on the graphite

nucleation site.

Key words : high carbon sheet steel ; annealing ; cementite ; graphite nucleation ; graphitization ; phosphorus segregation.
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Table 1. Chemical composition of specimen.

(mass%)

MARK C Si Mn P S sol.Al N
A 0.100 0.15 0.16 0.001 0.004 0.054 0.0029
B 0.100 0.15 0.16 0.005 0.004 0.059 0.0036
C 0.093 0.15 0.16 0.008 0.004 0.054 0.0037
D 0.110 0.15 0.16 0.055 0.004 0.055 0.0054
E 0.240 0.16 0.16 0.004 0.004 0.057 0.0028
F 0.250 0.16 0.16 0.004 0.007 0.057 0.0033
G 0.240 0.15 0.15 0.010 0.007 0.060 0.0036
H 0.240 0.15 0.16 0.055 0.007 0.055 0.0054
I 0.560 0.16 0.15 0.001 0.007 0.067 0.0044
J 0.650 0.15 0.16 0.004 0.006 0.057 0.0027
K 0.650 0.15 0.16 0.009 0.004 0.059 0.0020
L 0.680 0.15 0.16 0.052 0.005 0.057 0.0023

1250°C X 1h
950°C X 15min
FC
AES analsis
Normalizing 550~700°C X 0. 5~30h
550°C % 4h

Hot

Rolling Pickling Tempering R%(i lding Annealing

Fig. 1. Experimental procedure.
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Fig. 2. Illustration of AES specimen.
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Fig. 3. SEM micrograph and two stage replica of
fracture surface and the result of AES analy-
sis on the cleavage surface (A), and inter-
granular surface (B,C).
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Fig. 4. Changes in microstructure of 0.005% P steels
with various C contents during annealing at
700°C.
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Fig. 5. Changes in microstructure of 0.25% C steels
with various P contents during annealing at
700°C.
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Fig. 7. The relation between annealing tempera-
ture, period and graphitization ratio in the
steels with various C and P.
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phitization in steels with various C contents.
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