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Development of new steelmaking technology contributing
to the sustainable society
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Steel products are made using iron ore as the main raw material. After these products have been used, they are scrapped and once again returned to iron
material. In this way, iron, which is a basic material for daily life, can be reused time and time again in varying forms; thus, it is kind to the environment.
At the same time, the steelmaking process requires a large amount of energy and resources, and it exerts a large influence on the environment. Therefore,
it is necessary to reduce the impact on the environment at all stages, from the purchase of raw materials and equipment, manufacturing, technological
development, and transportation of products to their use, recycling, and disposal. Based on such backgrounds, in our course teaching and research will be
undertaken to develop new techniques related to the synthesis of various environmentally adaptable materials, especially metallic materials. Our mission
is to develop novel material synthesis processes that will allow us to establish sustainable industries and social systems that utilize environmentally
adaptable materials.
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Clarification of soft magnetic properties in the
high-frequency field of Fe-based amorphous alloys

Because the atomic structures of amorphous alloys differ from the
conventional crystal structure, these alloys have that are not found in
conventional alloys. For instance, amorphous alloys have superior
mechanical properties in terms of strength, and high toughness, and
corrosion resistance, as well as excellent soft magnetic properties. In this
study, we focused on soft magnetic properties. To achieve wide applications
for these high-frequency soft magnetic properties, we studied these
properties in high-frequency amorphous alloys. Based on the results of our
experiments on the crystallization process of amorphous alloys, we found
that increasing the annealing time delays the crystallization process (Fig. 1).

Evaluation of sintering MgO material assimilation
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To enable the high tapping of molten iron in a furnace, as well as a low rate
of reducing-agent operation, it is important to improve the quality of
sintered ores. An effective for this is to reduce the slag component of
sintered ores while maintaining their cold strength. Therefore, in this
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Fig.3 Schematic representation of crystal growth process.

study, we focused on dolomite (CaCOs, MgCO:;) as a MgO source that does
not include SiO,. We also performed a basic evaluation of its assimilation.
Figure 2 shows the strength of the sample after sintering. Dolomite gives
higher strength than peridotite for all sizes, as long as the MgO content is
equal to or greater than 0.5 by mass%.

Ultrahigh-quality 4H-SiC crystal grown
by solution growth method

The reduction of dislocations is an urgent technical issue for SiC, which is
a material used in next-generation power devices. In this study, we worked
on developing a technology for growing high-quality SiC crystals using
the solution method. In these crystal-growth experiments, we used an on-
axis substrate (1-1 00) cut from a solution and grown from a 4H-SiC bulk
single seed crystal (Fig.1a). As the growth direction [1-100] is perpendicular
to the propagation direction [0001] of the threading dislocation, we
expected that the threading dislocation would not propagate to the growing
crystal (Fig.1b). When we carried out the dislocation of the grown crystal
using molten KOH etching, we confirmed that no threading dislocation
occurred. We conducted further examination using X-ray topography
observations, and we did not find basal-plane dislocation or stacking faults
in the grown crystal. In the solution method, we showed that almost
dislocation-free crystals can be obtained only by performing (0001) and
(1100) plane growth once, followed by crystal growth of the highest
quality.

Studies on the following topics have been carried out:

(O The influence that tramp elements have on the practical performance
of structural steels

(O The promotion of magnetite fine ore assimilation to reduce CO,
in the sintering process

O First-principles studies on the total energetics of nonequivalent
hexagonal polytypes for sp-electron metals
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