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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. High-performance steels, which
can effectively resist disasters, including earthquakes and floods, are in particularly high demand. 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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Structural steels for safe and secure society
adapting to the environment

We have been developing high-performance steels, such as highly ductile
steels for shipbuilding with excellent crashworthiness, that prevents marine
pollution, from the blast furnace process. This complies with the United
Nations’ Sustainable Development Goals (SDGs). Some authorities
promote the use of electric furnace steels for building structures, which
utilise recycled iron scrap in order to reduce greenhouse gas emissions.
Since impurity elements (e.g., Sn), which are difficult to be reduced via
refining processes, are introduced to steel products from scrap, their
influence on application performance must be carefully identified in order
to secure the soundness of steel structures. We showed that Sn apparently
deteriorates toughness in the plate thickness direction z (Fig.1). We also
quantify the engineering factors how Sn’s influence on weld heat affected
zone toughness. The magnitude of the influence of the unit increase in Sn
on HAZ is in the order of 1/9, compared to that of carbon.
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Fig.1 Influence of Sn on toughness of steel. Fig.2 ANNNI phase diagram for SF.
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Fig.3 Sinter microstructure.

Theoretical study on the formation mechanisms
of metallic polytypes

Nonferrous metallic elements such as Mg and Al, which are attracting
attention as lightweight materials for reducing environmental load, are
also known as functional chemical elements that enhance the corrosion
resistance of Zn plating on steel. Notable material science knowledge, such
as about synchronized long-period stacking-ordered (LPSO) structures
(i.e., polytypes) and their kink-band strengthening mechanism, has been
discovered and accumulated in Japan. The knowledge of recent Mg-based
alloys is therefore expected to be not only adapted for practical applications
but also used for horizontal development, to create new functions in other
materials. The polytypes can be considered as heterogeneity in materials,
with the analogy of stacking faults (SFs). In order to understand the various
phenomena of high-performance structural materials resulting from
stacking faults and to explore new routes for using functional chemical
elements, we have theoretically investigated the mechanisms of the
functional development of nonferrous metallic elements. Based on first-
principles analyses along with the axial next-nearest neighbor Ising
(ANNNI) model, metallic elements of the parent phase in the polytype
formation can be reasonably classified, from the perspective of interlayer
interactions (Fig. 2).

Sinter structure control using magnetite ore fines

A laboratory-scale study suggested the possibility of improving the
reducibility and strength of sinter through magnetite fine separated from
limestone and coke fine in a sinter-packed bed. Specifically, a separate
granulation method was examined, in which magnetite ore fines and high
Al,O; iron ore were blended with the minimum amount of quicklime
necessary for granulation in the separating granulation route. The
following findings were obtained: (1) the separate granulation system
shown above decreases ferrous (Fe*”) oxide and increases ferric (Fe®")
oxide in sinter. These findings indicate promoting the oxidation of magnetite
ore. (2) The sinter structure has restricting pore integration, low pore
circularity, and fine minerals, which were matched with melt suppression
during sintering (Fig.3). (3) From (1) and (2), melt suppression promoted
the oxidation of magnetite ore. Then, increasing heat generation by
oxidation reaction caused higher sinter strength, and forming oxidized
fine hematite mineral caused higher sinter reducibility.
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