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Ductile-to-brittle Transition in a Bimodal-sized Grain Structure for an Ultrafine-grained Ferrite/Cementite Steel

Toshihiro HANAMURA, Ming-Chun ZHAO, Hai Qiu, Fuxing YIN and Kotobu NAGAI

Synopsis : A bimodal-sized microstructure lied in ultrafine-grained ferrite/cementite steel fabricated through caliber-warm-rolling followed by anneal-
ing. The ferrite grain size distribution had a bimodal distribution consisting of two peaks, a large peak and a small peak. A distinct absorbed
energy transition or ductile-to-brittle transition occurred in Charpy impact tests. The ductile-to-brittle transition was due to the intrusion of
cleavage. The transition shifted to higher temperature region with an increase in average gain size for the larger grain peak, with a simultane-

ous change in effective grain size on fracture surface. The effective grain size apparently corresponded to the grain size of a larger grain peak
of the bimodal grain size distribution. More precisely, the effective grain size was found to better correspond to the larger peak of the bi-
modal distribution of grains with {100} planes almost parallel to the fracture plane. Fracture stress estimated became higher with a decrease
in effective grain size. Namely the ultra-refinement of ferrite grain size could bring about the high fracture stress and contribute to an excel-

lent toughness even for the bimodal-sized structure.
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Fig. 1-1. EBSD maps and area-fraction
distributions of the grain sizes,
manifested by the boundaries
with the misorientation above
1 degree. (a) The as-rolled;
(b) 873 K~15min; (c) 873 K-
20 min; (d) 873 K-25 min; (e)
873 K-30min; (f) 873 K-60
min; (g) 873 K-600 min.
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Fig. 1-2. EBSD maps and area-fraction distributions of the
grain sizes, manifested by the boundaries with
the misorientation above 1 degree; area-fraction
distributions of the grain size.
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Fig. 2. Absorbed energy transition curves after the Charpy
impact tests, showing a clear transition in absorbed
energy from an upper shelf to a lower shelf.

Fig. 3. Fracture surfaces of the broken impact pieces at
various test temperatures for the as-rolled and the
representative annealed specimens. (a) The as-
rolled; (b) 873 K—10min; (c) 873 K—15min; (d)
873 K-30min; (e) 873 K—60min; (f) 873 K-600
min.
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Fig. 4. Change of crystallinity.
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Fig. 5. Cross sections of the impact pieces broken at 77 K. (a) As-rolled; (b) 873 K—15min; (¢) 873 K-25 min; (d) 873K—-30 min;

(e) 873 K—60 min; (f) 873 K-600 min.
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Fig. 9. EBSD area-fraction distributions of the grain sizes,
manifested by the boundaries of {100} orientation
with the misorientation above 1 degree.
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Fig. 11. EBSD map and area-fraction distribution of the
grain sizes of the as-rolled specimen, manifested
by the boundaries with the misorientation above
15 degree.
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Fig. 12. (a) Determination of fracture stress based on the
data of DBTT and yield stress as a function of
temperature. and (b) fracture stress and yield
stress as a function of the inverse square root of
effective grain size.
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