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Our laboratory aims to develop innovative technological principles that will lead to the simultaneous achievements of higher efficiency and lower environmental
load in manufacturing and recycling processes related to base materials. This will give significant impacts on future societies. Our laboratory has conducted
a wide range of studies from fundamental to practical levels of the ironmaking process (Fig.1) including preparation of high-quality blast-furnace burdens,
reduction of CO, emissions, and utilization of waste heat. Furthermore, this laboratory hosts research and development on controlling the morphology of

fibrous and/or porous metals, heat storage process using the solid-phase transformation, and self-healing ceramics.
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Fig.1 Strategy to reduce CO: emissions from the
ironmaking processes.
pressure and b) 3 atm.

Fig.2 Microstructures of iron ore sinter reduced with
high hydrogen concentration under: a) atmospheric

Principles from the production of iron-ore
agglomerates that are suitable for the
hydrogen ironmaking process

Blast-furnace ironmaking mainly utilizes coke, which is produced through
the carbonization of coal, as a reduction agent and heat source. Hence, this
method inevitably emits a large amount of CO,. Such emissions can be
reduced if coke can be replaced with hydrogen, however. This is because
hydrogen’s exhaust gas is water vapor. Hydrogen is available in an
integrated steelmaking plant, as it is a byproduct of the coke-making
process. The main iron burdens of Japanese blast furnaces are iron-ore
agglomerates. Researchers have conducted a number of studies on these
agglomerates’ reducibility and their mineral-pore structures, and the
resulting accumulated knowledge has been applied to the production
processes of these agglomerates. When hydrogen is used in iron-ore
reduction, the overall reduction reaction becomes endothermic. This leads
to a decrease in temperature in the upper part of blast furnace. Thus, it is
necessary to further examine the mineral-pore structures of the
agglomerates that are suitable for hydrogen ironmaking.

The research group has also studied the reducibility of agglomerates at
various hydrogen concentrations and have thus clarified which mineral-
pore structures are suitable for hydrogen reduction. This year, it also
investigated the reduction behaviors of agglomerates at high hydrogen
levels and high pressure.
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Fig.3 Changes in reduction degree of the iron ore
sinter sample with total pressure under a high hydrogen
condition.
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Fig.4 Appearance of the composite fabricated by
carbonaceous material and iron oxide before and after
reduction and SEM image of the iron whisker.

Fig.5 SEM image of wustite samples with NiO
addition after reduction for 3 minutes.

Figure 2 shows a comparison of the microstructures of iron-ore sinter after
reduction with a high hydrogen concentration at (1) atmospheric pressure
and (2) 3 atm. Reduced iron is shown on the right (dashed line). The area
that is reduced under high pressure (3 atm) is larger than that under
atmospheric pressure. Figure 3 shows the changes in reduction at total
pressure and high hydrogen. The degree of reduction in the 3-atm sample
is larger than the one at atmospheric pressure. However, the degree of
reduction is not significantly different at 5 atm. Thus, increasing the
hydrogen concentration and total pressure (reaching a peak at a certain
pressure) promotes the reduction of iron-ore agglomerate.

Controlling the morphology of fibrous and
porous iron through the addition of minor
elements

Porous iron is lightweight, has a large specific surface area, and possesses
vibration-damping properties. Therefore, it has been widely applied (e.g.,
in shock absorbers and electrodes). Porous iron materials are made from
inexpensive raw materials and possess good weld-bonding with steel.
However, no practical fabrication process has been developed. Our
research group has successfully produced high-porosity iron materials via
the reduction of iron oxides by applying the abnormal swelling of iron-ore
pellets during reduction (Fig.4). A small amount of potassium oxide, nickel
oxide, or other substance changes the material’s morphology. This year,
the group studied the effect that additives have on the morphology of
reduced iron via studies of iron-oxide samples comprising wustite (FeO)
and minor elements.

Figure 5 is a SEM image of the sample with added NiO after reduction for
3 minutes. The result is the presence of fine iron particles with an aspect
ratio of approximately 1 instead of fibrous iron. On the other hand, the
sample with added TiO, did have a few iron fibers. Figure 6 is a comparison
of the weight loss shown in the samples with various additives. The weight
loss per unit time differed for each of the samples. The gradient shows the
rate of iron-oxide reduction; the minor elements seemed to have a
significant influence.
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Fig.6 Comparison of changes in weight loss of
samples with different additives.
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