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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.

HE20RE - Wb SRIEREEBERKHEAME

hicBlE, BRTLEICENTMERIIRPAEDLSIC, HIKIR
RICREUcEEEREM B OMRRAREZT o TWS, INIZEET
TE & fc SDGs (Sustainable Development Goals., #i Al B2 72 5
HKEE) ICHbEET ., BEYD ZEABOMNREOBREIS, /I
WEECREZFIETES FLROTA HY XBKERICERINS
AL HIIFIIHA TROT A CRELREOEEICLDHESL)
NERETH 2. AARETIRATEDEREU L THHEDETHIERID
Z& (Fig.l) ¥, OFTHICHSEMBEEEMOBE R OBRZHSH
ICgdEEblc, RILEMEITDHEZREL WS, £fco BEY
PEEBEOREOOEREROFTENMEL VDY, BRERT
[3KRIC& DD EEE 8D, KRLEPHRIERESICRIFITEST
ROFEICODVWTHRAZIT>TWS,

Structural steels for a safe and secure society
adapting to the environment

We have conducted research and development of high-performance steels
from the blast furnace process, such as highly ductile steels for shipbuilding
with excellent crashworthiness, or structural steels with high toughness,
which are friendly to the global environment. This complies with the
United Nations’ Sustainable Development Goals (SDGs). Recently, demand
for a large-scale press—column type steel framework, which has sufficient
tensile strength under the small cross-sectional area, is increasing to save
space. However, there is a problem of reduction in toughness at the bended
parts of the structural steel due to strain aging, a phenomenon that is a
function of temperature and time. In this study, the effect of nitrogen, one
of impurity elements in steel, was investigated. It was clarified that
reduction in toughness occurred beyond a critical concentration of

nitrogen, and the nitrogen effect was explained by an increase in strength
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Fig.1 Influence of nitrogen concentration on Charpy absorbed energy at 0°C.
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Fig.2 Theoretical descriptiveness on polytype energetics as a
function of cutoff radius for interatomic interaction.

level due to strain aging. Additionally, demands for high-strength steels
are now increasing for weight reduction of infrastructures or automobiles.
An increase in strength may cause embrittlement due to hydrogen
absorption. Then, we will investigate the effects of alloying elements in
steel on hydrogen diffusion and embrittlement.

Theoretical study on formation mechanisms of
metallic polytypes

The 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 expected to be not only 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 studied the polytype structural
energetics depending on the effective distance of their interatomic
interactions. The distance of interatomic interactions is a significant factor
for creating new polytype-based materials (Fig.2).

Designing packed bed for low environmental load
at iron ore sintering process

Using high-grade fine iron ore and biomass is effective to reduce
environmental load. Fine iron ore is coarsely pelletized (particle size :
5-20 mm), with 33% conventional iron ore and 3% quick lime. Then, the
coarse pellets are charged at the lower 2/3 of the sinter packed bed, with
coke fine and biomass char. This design is effective for high sinter
productivity. That is, the sinter packed bed, including coarse pellets, shows
the low ventilation resistance, which results in high sintering rate. On the
other hand, the high temperature holding time is secured by using a
plurality of materials having different combustion rates. As a result, we
obtained experimental results that can maintain the sintering yield and
productivity, even when 20% of fine iron ore is blended. Here, 33% of the
coke breeze was replaced with biomass char, resulting in reduced CO»
emissions. In the pellet, iron oxide in the iron ore and calcium oxide in the
quick lime chemically reacted in the sintering process to form calcium
ferrite with good reducibility (Fig.3).
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Fig.3 Mineral formation in sintered pellet.
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