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The laboratory has investigated carbon neutralization of smelting processes using high-temperature processes for key metallic materials with large

ripple effects (e.g., iron and steel) and nonferrous metals (Fig. 1). For example, our lab seeks to understand the degradation mechanism of raw materials

for hydrogen ironmaking and to develop its suppression method, advance the carbon recycling ironmaking process that recovers and reforms exhaust

gas to solid carbon, develop low-carbon operation methods, and improve quality in the sintering process, which agglomerate the raw materials for a

blast furnace. Our lab also focuses on materials processing, such as production technology for porous metals.
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Development of a New Carbon Recycling
Ironmaking Process Using Deposited
Carbon-Iron Ore Composite (CRIP-D)

The iron and steelmaking industry focuses on neutralizing CO:
emissions. One solution involves using hydrogen as a reducing agent for
iron ore. However, there are many technical issues to realize hydrogen
ironmaking process. Furthermore, carbon is an essential element as
primary steel is produced by refining molten carbon-saturated iron (hot
metal). [ronmaking processes applying CO, capture and utilization have
been suggested while they are limited to the reduction process. To
satisfy the demand for primary steel production with net-zero CO,
emissions, the development of a new carbon recycling ironmaking
process capable of producing hot metal is required.

This study proposes a carbon recycling ironmaking process using
deposited carbon-iron ore composite (CRIP-D) as shown in Fig. 1. In the
CRIP-D process, CO-CO; -H; -H, O gas emitted from the iron- and
steelmaking process is recovered, and hydrogen is added to produce
CO-rich gas by proceeding with the water gas reverse shift reaction
using porous iron whisker as a catalyst. After dehydration, it is recovered
by depositing solid carbon on the porous iron. The recovered solid
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Fig. 1 Conceptual diagram of Carbon Recycling Ironmaking
Process using Deposited carbon-iron ore composite (CRIP-D).

Fig. 2 Changes in carbonized degree with carbon
deposition reaction time comparing with the case
in iron pellets.
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Fig. 4 Change in the intensity ratio of
residual SFCA reduced by CO-CO: and
CO-CO»-Hz-H20 gases with temperature.

Fig. 3 Changes in reduction degree obtained

for deposited carbon-iron oxide composites
(DCIC) and fossil fuel derived carbon-iron oxide
composites (CIC) with temperature.

carbon is used as reducing and carburizing agents to produce pig iron. In
this study, therefore, carbon recovery from the gas and hot metal
production using deposited carbon, which are major processes in
CRIP-D, were examined.

Fig. 2 shows changes in carbonization degree in the porous iron whisker
and hydrogen-reduced iron pellet by CO gas with the reaction time at
600 °C. The carbonization rate using the iron whisker is larger than that
using the iron pellet. It indicates that iron whisker has an advantage as a
substitute for carbonization.

Fig. 3 shows the reduction behavior of deposited carbon-iron ore
composite (DCIC) under inert gas flow. For comparison, the result of a
coal-iron ore composite (CIC) is also shown. In the case of CIC, reduction
proceeds due to volatile matter generated at a low temperature, but it
stagnates and requires heating up to 1,300°C to complete the reduction.
In the case of DICI, on the other hand, reduction starts at 700 °C and ends
at 900 °C. In addition, the CIC maintained its shape even when heated to
1,300 °C, but the DCIC produced several millimeters of melted iron. This
means that low-temperature and rapid ironmaking is possible using the
deposited carbon.

Evaluation of Reducibility of Mineral Phase
in Iron Ore Sinter

Iron ore sinter, which is the main raw material for ironmaking, is
composed of various minerals. The major phase is an artificial mineral
called SFCA, which is known to have a wide variety of structures and
compositions (e.g., SFCA-0 and SFCA-I). On the other hand, it has only
been reported that its reducibility cannot be ruled out due to the
influence in the pore structure of sinter. In this study, the reducibility of
SFCA synthesized using reagents was evaluated.

Fig. 4 shows the change in the residual fraction of the diffraction peak of
SFCA-0 under elevating temperature reduction by CO-CO, and CO-
CO,-H»-H,0 gas using high-temperature X-ray diffraction. The reduction
of SFCA-0 is progressing from around 600°C. In addition, when H> gas
is utilized, the reduction rate is larger. Fig. 5 shows the relationship
between the diffraction peak decay rate of SFCA at 800°C and the
concentration of Fe in SFCA. When Fe concentrations in SFCA-0 and
SFCA-I are the same, reducibility of the latter is high.
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Fig. 5 Effect of amount of Fe in SFCA on the residual
fraction of SFCA-0 and SFCA-I reduced by CO-CO-
and CO-CO»-H>-H-O gases heated up to 800°C.
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