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A Kinetic Model for Phase Transformations of Low Carbon Steels during

Continuous Cooling

Masayoshi SUEHIRO, Takehide SENUMA, Hiroshi YADA,
Yoshikazu MATSUMURA and Toshihiko ARIYOSHI

Synopsis:

A calculation model for predicting the progress of transformations of low carbon steels during continuous
cooling and the microstructure after cooling has been developed. In this model, the progress of trans-
formations is assumed as follows. . The transformation from austenite to ferrite starts at the equilibrium
temperature, Ae;. The ferrite transformation follows ‘nucleation and growth’ model at the early stage and
then follows ‘site saturation’ model at the later stage. The carbon content of the untransformed austenite
increases with the progress of ferrite transformation. The pearlite transformation starts when the carbon
content of the austenite reaches the extrapolated Acm line in the equilibrium diagram. The bainite trans-
formation starts when the temperature reaches the bainite-start temperature, Bs, which is experimentally
determined. Besides, the effect of chemical composition on the transformation kinetics are taken into con-
sideration by using the theoretically calculated nucleation rate and growth rate.

Excellent agreements are obtained between the calculated and experimental results for the effect of com-
positions (C, Mn, Si) on the transformation kinetics, the continuous cooling transformation diagrams and the
microstructure after cooling. )
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Fig. 1. Start of the transformation from austenite
to pearlite.
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Fig. 4. Effect of an austenite grain size on the

temperature when the fraction transformed reaches
0.1.
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steels.

CCT HMOREE X VEEI TR R Z L bh 5.

Photo. 1 12 0.1%C-0.5% Si-1.5%Mn i % 950°C (Z
s, 3, 10, 30°C/s DE R THEN L 72308 o LS
kW L5534 % 72 Table 1 12 Photo. 1 IZ/RE N2 X
NEhORBOT7 254 &, /8—F 4 F&E, NAF1
FEROERME L M AR TS, WMEEIR) -3
2RT.

Fig. 7 ¥ €:0.05~0.15 (%), Si:0.5 (%) Mn:
0.5~1.5 (%) O % 950~ 1250°C mB ik 1~
50°C/s D HTEIRT CTHHLBROME LS, 7=
F4 FEK, N—T4 MK, NLFA PREFEHUL, TN
RS LBy, sk BRI CENE L 2o
Ty B LR THD. 7294 M, =T A M,

a: 3°C/s b: 10°C/s

c: 30°C/s
Photo. 1. Optical micrographs of steels cooled at
different cooling rates. Materials are 0.1%C-

0.5%Si-1.5%Mn steels. Austenitized temperature is
950°C.

. Table 1. Comparison between the calculated and
observed fraction of each phase. Materials corres-
pond to those in Photo. 1.

Fraction Fraction Fraction

of ferrite of pearlite of bainite
a Observed 80.3 14.0 5.7
(3°C/s) Calculated 77.0 16.2 6.8
b Observed 66.3 7.2 26.5
(10°C/s) | Calculated 63.8 9.7 26.5
K Observed 38.4 0.0 61.6
(30°C/s) | Calculated 37.5 0.0 62.5
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Fig. 7. Comparison between the calculated and
observed fraction of each phase. Materials are 0.05
~0.15%C-0.5%Si-0.5~1.5%Mn steels.
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