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The laboratory aims to develop innovative technological principles leading to simultaneous achievements of higher process efficiency and lower environmental

load in the manufacturing and recycling processes of base materials, which will give significant impacts on our future society. The laboratory investigates a

wide range of research from fundamental to practical levels of the ironmaking process (Fig.1), for example, the preparation of high-quality burdens of the blast

furnace, reduction of CO, emissions, and utilization of biomass. Further, the research and development of the oxidation/reduction reaction of porous iron

powder and self-healing ceramics are performed.
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Development of the Production Technology
of Iron Ore Agglomerates Suitable for High
Hydrogen Conditions

Significant reduction of carbon dioxide emissions has been required of the
iron and steel industry, as a large amount of coke made through the
carbonization of coal has been used to produce hot metal (liquid iron—
carbon alloy) from iron ore in the ironmaking process. Use of hydrogen as
a reducing agent is a promising way to decrease the amount of carbon
dioxide emissions. Hydrogen is available in the integrated steelmaking
plant because it is a by-product of the coke-making process. On the other
hand, it will lead to the decrease in temperature of raw materials because
the reduction of iron ores by hydrogen is an endothermic reaction.
Therefore, a higher reducibility of the iron ore burden at lower temperature
is required in a high hydrogen condition. The main iron burdens of
Japanese BF are iron ore agglomerates (iron ore sinter). It is known that the
main mineral phases of sinter are hematite, magnetite, slag, and calcium
ferrites (CFs) which is an artificial mineral. CFs can be sorted as acicular
and columnar by shape and chemical composition, and CFs can be further
classified by the coexisting structure. Moreover, the reducibility of CFs by
hydrogen is considered different. In this study, the effects of mineral
phases on the reduction behaviors of the sinter for high concentration
hydrogen reduction are being investigated.

Fig.2 shows cross-sectional images of the sinters. In the right figure,
primary hematite (1H), which means original iron ore, and acicular
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Fig.1 Strategy to reduce CO: emissions
from the ironmaking processes.

Fig.3 Metallization degree of calcium
ferrite phases reduced up to 1000°C.
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Fig.4 SEM images of sample surface of
heat treated at 900°C for 1 h in air

Fig.5 SEM images of sample surface of heat-
treated at 900°C for 1 h in Ar-3%H.

calcium ferrite (IH-ACF) are observed. In the left figure, magnetite (M)
and fine calcium ferrite (M-FCF) are observed. Figure 3 shows the
comparison of reducibility (metallization degree) of CF phase in the sinter
reduced up to 1000 °C. The metallization degree corresponds to the rate at
which each mineral phase is reduced to a metallic iron. 1H-ACF shows
higher metallization degree than M-FCF, and it indicated that 1H-ACF is
the mineral phase more suitable for hydrogen reduction than M-FCF. In
this study, the mineral phase suitable for the hydrogen ironmaking process
was clarified.

Development of Self-healing Ceramics
utilizing High Temperature Oxidation of Fe
Particles

Structural ceramics show significant high-temperature strength and wear
resistance. However, their strength reliability is quite low due to the
presence of surface cracks. Therefore, self-healing ceramics that heal
cracks through the oxidation of the dispersoids have been proposed in
ceramic-based composite materials. SiC and Ni have been proposed as
dispersoids, however heat treatment at 1000 °C for 1 h is required. This
study focused on utilization of Fe particles. Fe is more easily oxidized than
Ni. If self-healing can occur at lower temperatures, it is expected to be
applied to automobile disc brakes. In this year, strength recovery will be
investigated on a ceramic matrix composite dispersed with Fe particles.

Fig.4 and 5 show the SEM images of the sample surface heat-treated at
900°C for 1 h in the air and Ar-3% H, atmosphere. The broken line
corresponds with the Vickers indentation used for crack introduction.
Most of the cracks of the sample heat-treated in the air are covered with
oxides, which is considered hematite (Fe,Os) through X-ray diffraction.
On the other hand, no oxide formation is observed in the case of Ar-3% H,,
which is a reducing atmosphere. Fig.6 shows the bending strength of each
sample. Compared to the smooth sample (As-polished), the pre-cracked
sample (As-cracked) has a lower bending strength. The strength of the
sample heat-treated at an Ar-3% H, atmosphere is comparable to those of
the As-cracked ones. On the other hand, the strength of the sample heat-
treated in the air is recovered up to 78% of the As-polished ones. As a
result, it is clarified that the mechanical strength can be recovered at a
relatively low temperature of 900 °C.
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Fig.6 Bending strength of each sample
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