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In this study, we developed a strategy to improve ductility of
hypereutectoid steel (high carbon steel) via microstructural control, which has received little
attention in the past. Furthermore, we conducted studies aimed at elucidating the mechanisms by
which high strength and high ductility are simultaneously achieved, which is essential for
disseminating the use of developed new steel to society, and further improving its properties. As a
result of this study, we have achieved the development of a new high-carbon steel that has a maximum

strength of over 2500 MPa with having a plastic elongation of over 5%. The microstructural factors
that control the strength of the developed steel were also revealed. Including the contribution of
these results, in the sprin? of 2023, through the joint development with Komatsu Corporation and
Sanyo Special Steel, we could commercialize the ultra-high strength carbon steel with maintaining
ductility, named " TOUGHFIT ™.
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1 Typical microstructure evolved in the developed high-carbon steel after GBA treatment.

(a)

1000 °C
15 min
Ge Forging
810°C 810°C 700 °C
60 min 60 min 85 %
o 670 °C
600 °C
3h Fc\ rc\__10D
670 °C
GC 60 min
(b) 810 °C 810 °C
30 min 30 min
640 °C
5 min
250~650 °C
120 °C 180 min
40 min / \
/ AC\ AC
900 °C
(C) 60 min
640 °C oQ
5 min
250~650 °C GC: Gas Cooling
igo °C 180 min FC: Furnace Cooling
i 0Q: Oil Quench
AC AC AC: Air Cooling

2 Typical developed heat-treatment processes for novel high-carbon steels. (a) Pre-heat treatment, (b)

GBA treatment, and (¢) FM treatment.
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in various high-carbon steels.
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