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We carried out studies searching for innovative technological principles leading to simultaneous achievements of higher efficiency and lower environmental
load in the processes of manufacturing and recycling base materials, which have a significant impact on our society. This included a wide range of studies
from fundamental to practical levels on the processes that have large ripple effects, such as increases in raw material flexibility and decreases in the
environmental pollutant emissions of the ironmaking process (Fig.1). Further, we also performed research on the morphology control of fibrous and/or

porous metals and self-healing ceramics, which can be used in extreme environments.
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Fig.1 Methods of reducing CO- emission from
ironmaking process
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Fig.2 Weight changing rate of sludge holding at 1200°C

Advanced Technology for Effective
Utilization of Secondary Resources toward
the Reduction of CO, Emissions from the
Ironmaking Process

The main iron source for blast furnace ironmaking is an artificial ore
called “sinter”. It is produced through the process of sintering fine iron
ores and limestone utilizing combustion heat from coke. Domestic annual
production of sinter is about 100 million tons, and the CO. emissions from
the process occupies about 2 % of the total emissions in Japan. To reduce
this emission, hematite ores as major iron sources is tried to partially
replaced by the secondary resources containing lower oxides of iron, such
as magnetite ores, mill-scale, and dusts formed in the steel industry, which
have potential to give off heat during oxidation. For example, mill-scale
contains metallic iron and FeO, and their oxidation heats are not negligible.
Unlike coke, however, they remain even after the reaction, and this affects
the productivity and properties of the sinter product. Therefore, we
searched for a proper way to use secondary resources through a quantitative
analysis of their oxidation behavior. This year, the effect of the oxygen
potential of atmospheric gas on their oxidation behavior was examined.

In the case of the oxidation of sludge sample in N,=O, gas at 1200°C, the
mass increasing rate under Po, = 0.21 atm was larger than that under Po, =

E)

Fig.3 Microstructure of sludge sample heated at 1200°C
under PO, =0.21 atm.
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Fig.4 TG profiles of as-received and aluminized
samples in air.
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Fig.5 Optical micrograph of aluminized sample after
oxidation at 1000°C for 50 h in air

107 atm (Fig.2). Neither case reached a completely oxidized state, however.
A cross-sectional view of the sample (Fig.3) suggests that partial melt
formation led to a decrease in the activity of FeO and suppression of
oxygen diffusion. Considering the above results, further studies are being
carried out on the blending and granule design of raw materials to develop
a low-carbon sintering technology.

Development of Iron-based Heat Storage
Materials with Excellent Oxidation Resistance
Properties

In order to reduce CO, emissions originating from fossil fuels, an
innovative process of carbonization/reformation of biomass utilizing
waste heat discharged by large-scale factories has been proposed, and its
elemental technologies are being examined.

Waste heat is recovered by heat exchange with metallic heat storage
material (HSM) balls. They are charged into a rotary furnace with biomass,
and then simultaneous carbonization and pulverization of the biomass
proceeds. Fe-Mn-C is an alloy system that is promising as for use as an
HSM because of its strength and heat storage properties, as utilization of
the latent heat of magnetic transformation can be expected. Since its
oxidation resistance is not sufficient, the effect of the addition of Al to the
surface of the alloy was examined. This year, an aluminizing method using
AlCl; gas was attempted.

Fe-Mn-C alloy samples were charged with a powder mixture of
98mass%Al,05-1%NH;C1-2%Al into a sealed alumina crucible, and an
aluminizing treatment was performed in inert atmosphere at 900°C for 3
h. The oxidation resistance of the sample in air at 1000°C had excellent
results compared to that of an untreated one, as shown in Fig.4. A cross-
sectional view of the sample (Fig.5) shows the formation of a dense Al,O3
layer 200 pum thick that suppresses the diffusion of oxygen. However, a
non-negligible concentration of Al was also found in the bulk alloy, and it
led to a certain decrease in the heat storage amount (Fig.6). At present, we
are continuing further optimization of aluminizing condition with the aim
of improving both the heat storage and oxidation resistance properties of
the HSM alloy.
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Fig.6 DSC profile of aluminized sample after oxidation
at 1000°C for 50 h in air.
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