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Time-of-Flight (TOF) neutron diffraction measurements were carried out to observe
the microstructure evolution during the bainitic transformation of the low-alloy TRIP
(TRansformation Induced Plasticity) steels. Carbon is enriched in the austenite phase through
the intercritical region where the austenite and ferrite phases coexist. To investigate the effect of
intercritical temperatures on microstructure evolution during bainitic transformation, the changes
in phase fractions of austenite and ferrite phases and carbon concentration in the austenite phase
during bainitic transformation were investigated. Two conditions were used for the intercritical
temperatures: 973 K and 1053 K. The shape changes of the 111 reflection of the austenite phase
identified a low-carbon austenite phase and a high-carbon austenite phase during the bainitic
transformation. The final attained phase fraction of the high-carbon austenite phase was found
to be higher at 973 K than at 1053 K. Primary ferrite was formed in the intercritical regions,
and the lower the intercritical temperature, the higher the amount of primary ferrite formed.
Correspondingly, the carbon concentration of the austenite phase in the duplex region increased.
As aresult, the austenite phase was stabilized, which may have increased the fraction of the high-
carbon austenite phase during bainitic transformation. We also developed an analytical scheme
to determine the phase fraction from the diffraction intensity ratio of the strongest reflections of
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the austenite and ferrite phases, respectively. As a result, the phase fraction can be traced with
a time step of one-fifth of the conventional time step, which makes it possible to trace phase
transformation that occurs in tens of seconds at high temperatures.

[Key words] Neutron diffraction, Rietveld-texture analysis, Bainite transformation, Texture,
Transformation-induced-plasticity steel
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Fig.1 Sample shape for neutron diffraction. Size and
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line.
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Fig.2 (a) Schematic diagram of the heating and cooling system in iMATERIA. (b)The distribution of scattering
vectors corresponding to the 132 observation points in pole figure.
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Fig.3 Annealing conditions used in this study. The
intercritical temperatures are 973 K (Schemel) and
1053 K (Scheme 2). Points A, B, C, and D represent
the observation points for the peak analysis of Fig.5.
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Fig.4 Phase maps after the annealing treatments of
the intercritical temperatures of (a) 973 K (Scheme 1)
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Fig.5 Gaussian peak fitting for the y-111 reflections at A: 973 K, and at 673 K with holding times of B: 50 s, C:

250 s, and D: 1750 s.
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Fig.6 Changes in phase fraction of ferrite, yLc and ync phases and carbon content in austenite at 673 K of (a)

Scheme 1, (b) Scheme 2.
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Fig.7 Changes in phase fraction of yc and ync phases obtained by the single peak analysis of (a) Scheme 1 and (b)

Scheme 2.
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