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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 have a significant influence on our future society. The

laboratory investigates a wide range of research from fundamental to practical levels of the ironmaking process (Fig.1), such as efficient utilization of

low-grade iron ore resources and carbon-neutral and zero-carbon ironmaking technologies. Further, the laboratory performed research and development

related to self-healing ceramics and the fabrication of hydrogen by redox reaction using porous iron materials.
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Fig.1 Strategy to reduce CO- emissions
from the ironmaking processes.

Fig.2 Schematic diagram for
reduction experiment apparatus.

Investigation of Low Temperature Reduction
Disintegration Behaviors of Iron Ore Pellet in a
Next-generation High-hydrogen Blast Furnace

The iron and steel industry accounts for about 14% of the total CO,
emissions of Japan. The emissions from blast furnaces are especially
large, and therefore, reducing emissions is an urgent issue. Therefore,
innovative technologies utilizing hydrogen gas as a major reductant are
being developed. One of the concerns regarding blast furnace operations
caused by the increase in hydrogen concentration is that “low-temperature
reduction disintegration” phenomena become remarkable. Low-
temperature reduction disintegration occurs between 400 and 700°C by
crack formation due to reduction of hematite to magnetite, and fine
particles are generated by the impact and load in the blast furnace. In this
year, we have examined the behaviors of iron ore pellet under simulated
blast furnace conditions with high hydrogen gas concentration.

Pellet samples were put in the experimental apparatus shown in Fig.2,
and reduced at 500°C for 60 min. The gas composition is N»-20%CO-
20%CO; (0%H2) or N»-12%CO-8%H»-17.7%C0,-2.3%H.0 (8%H,).
Disintegration test was conducted for the reduced samples by using
tumbling drum for 30 min, and then the samples were sieved to obtain
their particle size distribution.

Fig.3 shows particle size distribution of the samples after the
disintegration test. In both conditions, the weight ratios of coarse grains
larger than 8.0 mm and fine grains smaller than 0.5 mm are high,
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Fig.3 Particle size distribution of the pellet
sample after reduction disintegration test.
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although the reduction disintegration proceeded further under the
condition of 8%H. than it did under that of 0%H,. Formation of many
fine cracks was observed at the vicinity of the surface to be reduced
under the former condition, and it seems to cause its significant reduction
disintegration.

Development of High-Temperature, Oxidation-
Resistant, Iron-Based Heat Storage Materials by
Aluminizing Using the Pack Cementation Method

To reduce CO; emissions from fossil fuels, an innovative carbonization/
reformation process of utilizing biomass waste heat discharged by large-
scale factories has been proposed and its elemental technologies were
examined.

Waste heat is recovered by heat exchange using metallic balls of heat
storage material (HSM). They are charged into a rotary furnace with
biomass and then simultaneous carbonization and pulverization of
biomass proceeds. Fe-Mn-C is a promising alloy system as HSM,
considering its strength and heat storage properties, because utilization
of the latent heat of magnetic transformation can be expected. However,
its oxidation resistance is not sufficient. Therefore, the treatment of
diffusion penetration (aluminizing) of Al into the alloy surface using
AICl; gas by a pack cementation method as shown in Fig.4 is proposed.
In this year, the effect of aluminizing conditions on the high-temperature
oxidation resistance of Fe-Mn-C alloys has been examined.

Fe-Mn-C alloy samples were charged with powder mixture of
98mass%A1,0;5-1%NH4CI-1%A1 into a sealed alumina crucible, and
aluminizing treatment was performed in a reducing atmosphere ranging
from 700 to 900°C for 3-12 h. Obtained samples were heat-treated at
1000°C in air. Extremely good high-temperature oxidation resistance is
obtained by samples aluminized at 800 and 900°C as shown in Fig.5. In
the cross-sectional observation of the sample after aluminizing treatment,
as shown in Fig. 6, the FeAl, layer is observed at 900°C for 6 h, whereas
it is not observed at 700°C for 12 h. In the sample aluminized at 900°C for
6 h, the formation of a dense Al,Os layer 200-pm thick is observed after
heat treatment at 1000°C and the dense Al,Os; layer suppresses the
diffusion of oxygen. Currently, we continue to develop the alloys that
combine both high heat storage property and high-temperature oxidation
resistance.
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Fig.4 Schematic illustration of aluminizing
applying pack cementation method.

Fig.5 TG profiles of samples after
aluminizing under different conditions.

Fig.6 Cross sectional SEM images of
samples after aluminizing at (a) 700°C
for 12 h and (b) 900°C for 6 h.
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