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ABSTRACT Proeutectoid ferrite transformation start temperatures (A,3) under variant continuous
cooling rates were measured by dilatometer experiments. A new model, based on ferrite nucleation
growth model and considering the solute drag-like effect of Nb, was used to predict A3 of Nb—containing
low carbon steels. It is shown that a limiting carbon concentration in the vicinity of the growing ferrite
nuclei is invariable with the variations of temperature and cooling rate, while increases linearly with
the Nb content increasing. During the continuous cooling process, the increases of Nb content results in
decreasing of the nuclei temperature of proeutectoid ferrite when Nb content is not above 0.023%. Nb
solutionized in austenite inhabits the proeutectoid ferrite transformation, and NbC accelerates ferrite
nucleation. This model is suitable to predict A3 of low carbon steels with Nb content lower than
0.04%, and the calculated A.3 is in good agreement with the measured value.
KEY WORDS Nb—containing low carbon steel, transformation start temperature of proeutectoid
ferrite, limiting carbon concentration, nucleation, diffusion
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Table 1 Chemical compositions of the tested steels/10]

(mass fraction, %)

Steel grade C Si Mn P S Nb
No.1 0.11 0.15 1.15 <0.01 <0.01 -
No.2 0.12 0.17 1.16 <0.01 <0.01 0.01
No.3 0.12 023 1.16 <0.01 <0.01 0.023
No.4 0.11 0.17 123 <0.01 <«0.01 0.038

1200 C for 300 s

Temperature

Cooling rate 1—30 'C/s

10 C/s

Time

B augikcrnmitsesasmneg 10

Fig.1 Schematic of heating treatment of the sam-
ples used in dilation experiment (A—continuous
cooling started, B—proeutectoid ferrite trans-

formation started)!10!
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Fig.3 Comparison between measured A,3 and calculated
NbC precipitation start temperature (Tp.05) by
Dutta—Sellars model
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Table 2 Precipitated fraction of NbC between Tp.05 and A;s

Cooling rate, C /s No.2 No.3 No.4
0.5 0.142 1 1
1 0.126 0.994 1
2 0.109 0.942 1
5 0.010 0.778 0.990
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Fig.7 Comparisons of the calculated and experimental transformation start temperatures for the steels No.1 (a),
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