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Ferrite Grain Refinement through Accelerated Cooling after Controlled

Rolling in Low Carbon Steels

Takashi ABE, Koshiro TSUKADA and Isao Kozasu

Synopsis:

To make clear the ferrite grain refinement behavior of low carbon steels through accelerated cooling af-
ter controlled rolling, study was focussed on the transformation behavior and the ferrite nucleation behavior
in continuous and isothermal transformation. Combination of strain imposed in unrecrystallization region

~ and increase in supercooling by accelerated cooling caused remarkable increase of intragranular nucleation
which resulted in ferrite grain refinement. Even small strain which could not produce deformation band and
deformed annealing twin caused intragranular ferrite nucleation. The number of intragranular nuclei de-
creased as recovery and recrystallization progressed before transformation. It was suggested that intrag-
ranular nucleation sites were dislocation, cell structure, sub-grain boundary and inclusions which could not
act as nucleation site under condition of controlled rolling. It was concluded that accelerated cooling
brought about ferrite grain refinement by promotion of intragranular nucleation on the proper sites and

suppression of grain growth.
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Table 1. Chemical composition (wt% ).

Steel Variables C Si Mn P S Ni Nb Ti Sol. Al T.N
Al Base 0.091 0.25 1.44 0.013 0.0016 tr. tr. 0.005 0.056 0.0018
A2 0.089 0.25 1.47 0.011 0.0017 0.20 tr. 0.005 0.051 0.0018
A3 Ni 0.091 0.25 1.45 0.011 0.0014 0.50 tr. 0.005 0.052 0.0019
A4 0.091 0.25 1.46 0.011 0.0014 0.82 tr. 0.005 0.052 0.0020
A5 0.089 0.25 1.42 0.011 0.0020 tr. 0.006 0.005 0.055 0.0020
Ab Nb 0.088 0.25 1.44 0.012 0.0019 tr. 0.011 0.005 0.056 0.0023
A7 0.089 0.25 1.43 0.012 0.0020 tr. 0.015 0.005 0.058 0.0019
B1 — 0.317 0.25 0.78 0.007 0.0050 tr. tr. tr. 0.025 0.0060
B2 — 0.158 0.22 1.85 0.006 0.0038 tr. tr. tr. 0.026 0.0065

(b)

He Gas Quench

at=2~100s

t=1~10°C/s

|T=620~720°C]

T=640~700°%C

Fig. 1.

Test conditions in hot working simulator in continuous cooling

transformation (a) (b), and in isothermal transformation (c).
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Fig. 2. The effect of Ni, Nb and cooling rate on ferrite transformation temperature Ars.
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Fig. 3. The effect of Ni, Nb and cooling rate on transformed microstructure.
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Fig. 5. Effect of cooling rate on transformation
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Ferrite nucleation behavior in isothermal transformation, (a) T=700°C,
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