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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.

KREILBIFFREFICHEITS
BILANRL v bDZETHMEEE

HIEICHTS CO2 FFHAIBMISEERRETH D, SFHKT
BRFZRTMEVLTHWS O BFHEIRN R TH D, DIt
m%@ﬁétbT*?%%ﬁME%M%&W#&EénTMé#\
KEFMADILKITHL., FicrigE FoMED I TL S,

ZO—2h HILEARLY NDERETMETH D, Fig. 1ICR
F&SIC, BOOCEHETIF. KREELCBTARTICEWT, FH—
BITETH COBRTRUBLOMELNBEZ LG, COEEHITHF
ADOHRRENEICHEE RIFT HEEMELH S, Fig.2 RS &
S, CO B TIRRIGHREISHAIBAETIT2DICH L, KR
BT TRERARLY h2ETH—ICETHEITT S, CORTKRADE
FBHEEEEBICRMENS, Fig.3(@) IcRd COETTIF. &
TEEICERATZIERIGAICEODTIOIZ YIRS, FHE
WFDOERKICDEA S, —A. Fig.3(b) ICRIKKRBEILTIE. W
HBEROEREICL >THMERIMBEES NS,

BEXD, KRFAIE CO HIRICEMTHZ2—A. FERMEE

35
0+ & B9%H; & .

—
25 | 0%H: A

0.0 2.0 4.0 6.0 8.0 10.0
Reduction degree|%)

Fig. 1 Changes in the RDI value of the basic pellet
with reduction degree at 500°C.

Reduction Disintegration Mechanism of Iron Ore
Pellets under Hydrogen-Enriched Blast Furnace
Conditions

Reducing CO; emissions in the iron and steel industry is an important
challenge, and in blast furnace ironmaking, emission reduction is
difficult because carbon is used as the reducing agent. Therefore, the use
of hydrogen as an alternative reducing agent to carbon has attracted
considerable attention. However, the expansion of hydrogen utilization
has been reported to introduce new operational issues.

One such issue is the low-temperature reduction disintegration of iron
ore pellets. As shown in Fig. 1, under a condition of 500 °C, reduction
disintegration becomes more pronounced under hydrogen-containing
reducing gas than under CO reduction, even at the same reduction
degree. This behavior may adversely affect gas permeability in the blast
furnace. As shown in Fig. 2, reduction under CO proceeds from the
pellet surface toward the interior, whereas under hydrogen reduction,
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Fig. 2 Distribution of optical reduction degree of the basic pellet
by 0%H?2 and 8%H?2 reduction at 500°C for 1800 s.
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Fig. 3 Conceptual images of microcrack initiation mechanism
2)0%H2, b)8%H2.
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the reaction proceeds uniformly throughout the pellet. This difference in
reduction mode is reflected in the crack formation mechanism. Under
CO reduction, shown in Fig. 3(a), macroscopic cracks are generated due
to tensile stress arising from the difference in reduction degree, leading
to the formation of intermediate-sized particles. In contrast, under
hydrogen reduction, shown in Fig. 3(b), the linkage of numerous
microcracks promotes the generation of fine particles.

These results indicate that while hydrogen utilization is effective for
reducing CO, emissions, it also alters the reduction disintegration
behavior of raw materials. This study provides fundamental insights that
contribute to raw material design and optimization of operating
conditions for stable operation of hydrogen-enriched blast furnaces.

Development of a New Carbon Recycling
Ironmaking Process using Deposited
Carbon-Iron Ore Composite (CRIP-D)

The iron and steel industry faces the major challenge of achieving net-
zero CO; emissions. One promising approach to address this issue is the
use of hydrogen as a reducing agent for iron ore. However, the realization
of hydrogen-based ironmaking still involves many technical challenges.
In addition, carbon is an indispensable element for steel production
through the refining of molten iron—carbon alloys, making it difficult to
completely eliminate its use. Consequently, the development of carbon
recycling ironmaking processes that assume CO- capture, separation,
and utilization is strongly required.

In this study, a novel carbon recycling ironmaking process (CRIP-D),
shown in Fig. 1, is proposed. This process employs a composite
consisting of carbon recovered from exhaust gas and iron ore as the raw
material. In the CRIP-D process, CO—CO,-H,—H>O mixed gas
discharged from ironmaking processes is collected, and hydrogen is
added to promote the reverse water—gas shift reaction using fibrous
porous iron as a catalyst, thereby producing CO-rich gas. After
dehydration, solid carbon is deposited on the same porous iron and
recovered. The recovered carbon is reused as a reducing agent and a
carburizing agent for hot metal production.

The results of constant heating rate reduction experiments shown in Fig.
2 indicate that reduction proceeds from around 600 °C under an inert
atmosphere whereas under a hydrogen reduction atmosphere, the
reduction degree begins to increase from approximately 400 °C. This
suggests that the gaseous atmosphere contributes to the reduction
reaction at the initial stage. Furthermore, as shown by the appearance
observations in Fig. 3, melting of the sample was confirmed at 1300 °C
under a hydrogen reduction atmosphere while no melting occurred
under an inert atmosphere. These results indicate that heating DCIC
under a hydrogen reduction atmosphere is expected to enable a rapid
ironmaking process at lower temperatures.
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Fig. 4 Conceptual diagram of Carbon Recycling Ironmaking
Process using Deposited carbon-iron ore composite (CRIP-D).
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Fig. 5 Changes in reduction degree of deposited carbon
- iron oxide composite (DCIC) in inert gas atmosphere

and hydrogen-reducing atmosphere with temperature.
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