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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 significant effects 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,
carbon-neutral ironmaking technologies, and reduction of PM2.5 emissions. Further, the research and development relating the fabrication of porous iron

materials and self-healing ceramics are performed.
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Technology to promote carburization of
metallic iron in cohesive zone in blast
furnace

Because reduction of carbon dioxide emissions has been required against
the current social background, efficient utilization of carbon-based energy
resources is needed in the steel industry. In the blast furnaces ironmaking,
carbon materials such as coke and pulverized coal are used not only as a
heat source and reducing agent, but also as a carbon source for carburizing
the reduced iron. Carburizing is an important phenomenon in the blast
furnace ironmaking, because it decreases the melting point of reduced iron
and separates it from the slag. It was reported that carburization through
direct contact with solid carbon is more preferential than that with CO gas.
Furthermore, the presence of slag is important for the direct contact
between reduced iron and carburizing material. In 2021, the effects of iron
ore type and coexistence of slag on carburization behavior were investigated.

Fig.2 shows the appearance of samples made from different iron ores after
carburization experiments. The metallic iron in the liquid phase solidifies to
form spherical metallic iron particles in high-gangue sample. Carburization
proceeds in the sample using iron ores containing relatively high-gangue
minerals (high gangue) than in the sample that with low-gangue minerals
(low gangue). From the cross-sectional observation of the high-gangue
sample using an optical microscope, a high degree of direct contact between
the metallic iron and the carbon materials was observed. Fig.3 shows the
appearance of the samples with various slag phase contents after the
carburization experiment, where the numbers HO to H15 indicate the slag
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phase content. The sample with a higher slag phase ratio produces metallic
iron particles that are more spherical. Furthermore, the carbon concentration
in the iron is proportional to the SiO, and Al,O; phase contents as shown in
Fig.4. Therefore, it is clear that the carburization progresses faster relative to
the percentage of slag, especially SiO, and Al,Os phases.

Reduction of carbon dioxide emission for iron
ore agglomeration process by using
iron-bearing materials

In the sintering process to produce sintered ore, a large amount of carbon
dioxide is emitted by the combustion of coke. Therefore, a method to
agglomerate iron ore that uses the oxidation heat of iron-bearing materials
such as iron scrap has been proposed. One of the issues in their usage is the
degradation of air permeability during sintering. Unlike coke, the iron-
bearing materials remain after the oxidation reaction and they expand,
which accelerates the degradation of air permeability. In addition, the
oxygen concentration (oxygen partial pressure) in the sintering bed is
expected to be lower than that in the air due to the combustion of coke, which
affects the oxidation behavior of the iron-bearing materials. Therefore, it is
important to understand the effect of atmosphere on the oxidation behavior
of metallic iron. In 2021, the effect of partial oxygen pressure on the
oxidation of metallic iron was investigated.

Fig.5 shows the oxidation rates of metallic iron samples oxidized at 1200°C
in various atmospheres. The oxidation rate of the samples oxidized in the air
atmosphere (21%0--N3) increases parabolically. On the other hand, the
oxidation rate linearly increases in a low-oxygen atmosphere (0.01% O,-N>),
suggesting the supply of oxygen to the metallic iron surface controls the rate.
The oxidation rate of the sample oxidized in the low-oxygen with carbon
dioxide condition (0.01% O,-CO») is more accelerated than it is at 0.01% O,-N..
This result indicates that oxygen supply is increased in the oxide/gas
interface by the CO, decomposition reaction. Figure 6 shows in situ images
of the sample surface during oxidation with different partial oxygen pressure
at 1200°C. The oxide layer is uniformly formed on the sample surface
oxidized in air. On the other hand, oxidation progress is slow in a part of the
sample oxidized in a low-oxygen atmosphere, resulting in the formation of
an uneven oxide layer.

Finally, basic knowledge on the utilization of iron-bearing materials is

obtained.
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Fig.1 Strategy to reduce CO: emissions from

Fig.2 Appearances of the composite using High

Fig.3 Appearances of the composite

Fig.4 Relation between carbon concentration in

Fig.5 Changes in oxidation ratio of samples

Fig.6 Sample surfaces oxidized under a)
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metallic iron of the composite after carburizing with time oxidized at 1200°C. 21%0:-N> and b) 0.01%0-N. at 1200°C.

experiment and gangue content ratio.

gangue and low gangue iron ores after carburizing

(HO, HS, H10 and H15) after carburizing
experiment. experiment.

the ironmaking processes.
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