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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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Fig.1 Hydrogen diffusion coefficient D as function of alloy concentration.

Adapting structural steels to the environment
for a safe and secure society

We have conducted research and development of high-performance steels
from the blast furnace process, such as high-strength steels for hydrogen
systems, infrastructure, or automobiles, which are friendly to the global
environment. This complies with the United Nations’ Sustainable Development
Goals. High-pressure gaseous hydrogen, a clean energy carrier, is used in
fuel cell vehicles (FCV) and hydrogen stations that supply hydrogen to
FCVs. Steels used for highly pressurized hydrogen systems should have
both high strength and sufficient resistance to hydrogen embrittlement
(HE). Additionally, demand for high-strength steels is increasing for weight
reduction of infrastructure and automobiles. An increase in strength may
cause embrittlement due to hydrogen absorption. In this study, effects of Cr
and Mo, the main alloying elements in steel, were investigated. Our work
clarified that Cr and Mo decrease the hydrogen diffusion coefficient D in
water-quenched and subsequently tempered martensitic steels. Furthermore,
we confirmed that the decrease in D by adding Cr and Mo promotes HE.
These results lead to selection of appropriate steels or development of new

steels that are resistant to HE.
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Fig.2 Theoretical search for the most stable site of interstitial Mg atom in
10H-LPSO Mg-Zn-Y alloy based on first-principles calculations.

Theoretical study on formation mechanisms
of metallic polytypes

Synchronized long-period stacking-ordered (LPSO) structures (i.e.,
polytypes) and their kink-band strengthening mechanism for Mg alloys have
been discovered in Japan. The knowledge of recent Mg-based alloys is not
only expected to be adapted for practical applications but also used for
horizontal development to create new functions in other materials. Predicting
polytype phase stability for a material has been a long-standing issue in
condensed matter physics and materials science. This situation stems from
the fact that the atomistic interactions on polytype energetics, surprisingly,
might be quite complex and delicate, despite the simplicity of the geometrical
structure. We have searched for the most stable site for the interstitial Mg
atom in the 10H-LPSO Mg-Zn-Y alloy based on the first-principles
calculation along with Bayesian optimization. The center site in the L1,
cluster is found to be the most stable site for the interstitial Mg atom, which
was actually pointed out by the experiment observation (Fig.2).

Utilization of biomass char in iron ore
sintering process

Using high-grade fine iron ore and biomass is effective to reduce
environmental load. It has been clarified that biomass char has a higher
combustion rate than coke breeze, but there are few studies on its effect on
the sinter mineral matrix. First, it was found that temperature profile using
biomass char showed the characteristics of reaching a higher temperature
and higher cooling rate, from the packed bed combustion test simulating
the sintering layer. Based on the findings from the electric furnace test,
which involves sintering the reagent tablet adjusted to a sinter raw material
chemical composition, many pores were found to remain in the tablet at the
high cooling rate, even if the temperature reached is high (Fig.3). The high
number of pores in sinter is expected to have high reducibility in a blast
furnace.
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Fig.3 Influence of heat profile on characteristic of
pore in sinter (electric furnace experiment)
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