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The influence of two-steps isothermal heat treatments on super bainite phase
transformation
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Abstract

A novel high-carbon high-silicon alloy has been designed by Bhadeshia et al. This
steel possesses excellent strength and high toughness after isothermal transformation
at low temperature for many days, which named “super bainite”. The microstructure
of super bainite consists of a mixture of the nano-scaled sub-unit bainite structure and
fine austenite films. The silicon additions would suppress the brittle cementite
precipitated from the austenite. Although super bainite has excellent strength, the
transformation time at lower temperature (200°C) is too long to be applied in the real
industry production process. Therefore, the two-step isothermal heat treatments are
developed to accelerate the bainitic transformation. First, the specimen will be
isothermally heated at higher temperature (300°C) for very short time to nucleate the
bainite sheaves and then isothermally heated at lower temperature (200°C) to grow



finer bainite structure. The results show that two-step isothermal heat treatment
exactly accelerated the bainite formation. The results of the heat treatment which first
heated at 300 °C for 4 hours and then cool to 200 °C for the rest process has the
shortest transformation time and pretty good final strength.
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Table 1 Chemical Composition of the steel studied

Fe C Si Mn Cr Mo V
W1t% Bal. 0.79 2.16 2.02 1.36 0.29 0.11
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Fig. 1 Optical micrographs of binite structure obtained by isothermal transformation
at 200°C for (a) 1 day, (b) 2.5 days and (c)5 days, respectively; at 300°C for (d)



2 hours, (e) 4 hours and (f) 1 day, separately.

Fig. 2 Optical micrographs of binite structure obtained by isothermal transformation
at 300°C for the first 2 hours and than heat treatment at 200 °C for (a) 1 day
and (b) 2days, respectively; at 300°C for the first 4 hours and than heat
treatment at 200 °C for (c) 1 day and (d) 2 days, separately
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Fig. 3 Vickers micro-hardness as a function of the isothermal transformation
temperature and time.
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Fig4 TEM bright-field image of bainite structure obtained from isothermal
transformation at 200°C for 1 day.



Fig.5 TEM bright-field image of bainite sub-unit structure obtained from isothermal
transformation at 300°C for 4 hours.
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Fig.6 The TEM image obtained by transformation at 300°C for the first 2 hours and
than heat treatment at 200 °C for 1 days. (a) Bright-field image of bainite; (b)
The selected area different pattern; (c) A corresponding dark-field image for
bainite and (d) A corresponding dark-field image for retained austenire.
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Fig.7 TEM bright-field image of bainite structure obtained at 300°C for the first 2
hours and than heat treatment at 200 °C for 2.5 days.

(b)

200 nm

Fig.8 The TEM image obtained by transformation at 300°C for the first 2 hours and
than heat treatment at 200 °C for 2.5 days. (a) Bright-field image of bainite; (b)
The selected area different pattern; (c) A corresponding dark-field image for



bainite and (d) A corresponding dark-field image for retained austenire.

Fig.9 TEM bright-field image of bainite structure obtained at 300°C for the first 4
hours and than heat treatment at 200 °C for 1 days.

Fig.10 TEM bright-field image of bainite structure obtained at 300°C for the first 4
hours and than heat treatment at 200 °C for 2.5 days.
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