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Development of manufacturing technology for safe and secure
high performance steels contributing to sustainable society
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High-performance steels are made primarily from iron ore. At the end of steel products’ lives, they are scrapped and recycled as raw iron resources. Iron is
therefore a reusable and environmentally friendly material. The steel manufacturing process, however, requires large amounts of resources and energy and
affects the environment worldwide. It is therefore necessary to reduce its environmental impact at all stages of production. Additionally, demand for high-
strength steels are increasing for weight reduction of infrastructure or automobiles. We aim to establish a sustainable society and industry, so we are studying
safe, secure, environmentally adaptable materials and their production processes, as well as related social systems. We undertake education and research via
a fundamental study that applies computational science and application research to large-scale experiments owing to resources of the company.
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HERBEICRE U S MM R O EEERET> T\, 7 We have conducted research and development of high-performance steel
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Adapting structural steels to the environment
for a safe and secure society
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systems, infrastructure, or automobiles, which are friendly to
theenvironment. High-pressure gaseous hydrogen, a clean energy
carrier, is used in fuel cell vehicles (FCVs) and hydrogen stations that
supply hydrogen to FCVs. Steel used for highly pressurized hydrogen

RO IEAETENEEERTLTWS, BEANETETILFUY systems should~ have both high streflgth and sufficient resistance To

_ hydrogen embrittlement (HE). In this study, the effects of the main
TRBICBENT, BRTRICLOTERRRILHARE D 2 BETED alloying elements in steel were investigated. Our work clarified that
Z& (Fig. 1) ¥, 25I2iE Mn,Cr,Mo [Fh R DK KL Z(RET several alloying elements decrease the hydrogen diffusion coefficient D
Z2ZEEBASHICUTZ. ThSDERIE. KERLERLET D10 in water-quenched martensitic steels. Furthermore, we confirmed that

DEFEFEMOBECFE MM OERICERTE2, Mn, Cr, anq Mo promote HE along grain boundaries. These result[s led
to the selection of appropriate steel or development of new steel resistant

to HE.
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Fig. 1 Hydrogen diffusion coefficient D as function of alloy concentration. Fig. 2 The pair potential profile constructed for La system incorporating subtle

perturbations reminiscent of Friedel oscillations in the long-range region.
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Fig. 3 Effect of holding temperature and CaO concentration on sinter reducibility.

Theoretical study on formation
mechanisms of metallic polytypes

Predicting polytype-phase stability such as synchronized long-period
stacking-ordered (LPSO) structures has been a long-standing challenge
in condensed matter physics and/or materials science because the
atomistic interactions on polytype energetics are quite complex and
delicate despite the simplicity of their geometry. We have extensively
examined the two-body atomic interaction models using the La-based
polytype energetics as a reference system and discovered that the
modulation of long-range interactions resembling Friedel oscillations
plays a crucial role for the phase stability of LPSO structures (Fig. 2).

Utilization of magnetite ore
in the iron ore sintering process

Using magnetite iron ore and biomass is effective in reducing
environmental load. In this study, optimizing the temperature profile to
promote the oxidation of magnetite ore and sinter reducibility has been
examined through the electric furnace experiment. Low-temperature
sintering (1300°C) is effective for oxidation in sintering, which results in
high reducibility (Fig. 3).

Development of high-reliability
ceramics-metal composites

For the purpose of improving the mechanical properties and reliability
of fine ceramic materials, we studied novel ceramics and metal
composites. In the sintered Ti(C, N)-SUS316L composites, the
microstructure and mechanical properties were affected by the amount
of SUS and the nitrogen content in Ti(C, N), and high-bending strength
exceeding 1,000 MPa could be obtained when a raw powder with a
Ti(Co.sNos) composition was used (Fig. 4).
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Fig. 4 Bending strength and microstructure of
Ti(CixNx)-SUS316L composites.
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