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Productization and Future Developments of the New High-Hardness, High-Strength and High-
Toughness Hypereutectoid Steel Named “TOUGHFIT®
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Synopsis: Conventional high-carbon steels exhibit high hardness and high wear resistance, but do extreme “brittleness”.
We broke through this common sense and became the first in the world to develop a new hypereutectoid steel

that has both high strength and ductility, namely hypereutectoid steel with high hardness, high strength, and
high toughness, in a three-party joint research project consisting of University (Nagoya Institute of Technology
and Osaka University), Komatsu Ltd., and Sanyo Special Steel Co., Ltd. This new high-carbon steel was
commercialized as “TOUGHFIT® from spring 2023.

This developed new high-carbon steel without containing large amounts of expensive elements achieves
strength of over 2500 MPa and plastic elongation of about 10% only by simple appropriate heat treatments
without heavy working. In this review, we look back on the flow of joint research from basic research that started
in 2010, which was the impetus for development, to the present. It is discussed the principles of the developed
heat treatment, the specific performance of this developed steel, and future updates. This article also introduces
important technical points and prospects for expanding applications.

Keywords: hypereutectoid steel; high Hardness; high strength; high ductility
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g. 1 Relationship between Charpy impact value and Vickers
hardness in the conventional steels and the developed
3H-hypereutectoid steels.
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Fig. 2 Differences in dissolution mechanisms
carbides, resultant Cr enrichment at grain
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Fig. 3 Microstructures of the SUJ2 steel soaked in a salt bath at 950 C for (a) 6's, (b) 8 s,

_ 2 pm

() 11s,(d) 20 s, (e) 100's, and (f) 1 ks, reproduced from [19] with permission.
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Fig. 4 Variation of area fractions of the remained 6 particles
in the SUJ2 steels with the annealing time in y phase
state, t, , at various temperatures, reproduced from [19]
with permission.
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Table 1 Variations in activation energies for dissolution of the
6 particles in the SUJ2 steels with area fraction of 6
particles, reproduced from [19] with permission.

Area fraction of Activation energy
the 0 particles (%) (kJ-mol )
12 188
10 235
8 229
6 314
4 382
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Fig. 5 Number of the 6 particles on grain boundaries and inside
grains in the SUJ2 steels annealed at 950 C , reproduced
from [19] with permission.
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Fig. 6 Heat treatment conditions for the SUJ2 and SK3 steels: (a) Condition 1, (b) Condition 2, (c) Condition 3, (d) Condition 4, and (e)
Condition 5, referred from [20] by CC-BY-4.0.
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Fig. 7 Impact values obtained from Charpy impact tests for the
SUJ2 and SK3 steels with each heat-treatment condition
shown in Fig. 6, referred from [20] by CC-BY-4.0.
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the grain boundaries, referred from [20] by CC-BY-4.0.
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Fig. 9 Heat treatment conditions for the steels: (a) Pre-GBA treatment without rolling, (b) Pre-GBA treatment with rolling, and (c) GBA

treatment and tempering, referred from [25] by CC-BY-4.0.
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Impact values obtained from Charpy impact tests on the
steels, prepared with heat-treatment conditions shown in
Fig. 9. The dotted line shows the results obtained from
the SUJ2 steel without appropriate pre-heat treatment
for GBA treatment, referred from [25] by CC-BY-4.0.
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Fig. 11 Typical developed heat-treatment processes for novel high-carbon steels: (a)
Pre-heat treatment, (b) GBA treatment, and (c) FM treatment.
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Fig. 12 Typical microstructure evolved in the developed high-
carbon steel after GBA treatment.
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Fig. 13 Relationships between Charpy impact values and (a)
prior 'y grain size, and (b) martensite grain size in
various high-carbon steels.
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Fig. 14 Typical stress-strain curves of TOUGHFIT® in the
tensile tests at room temperature.
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Fig. 15 Cutter ring in the tunnel boring machine using
TOUGHFIT®.
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