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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 give significant impacts on our future society. The laboratory investigates a

wide range of research from fundamental to practical levels of the ironmaking process (Fig.1); for example, preparation of high-quality burdens of the blast

furnace, reduction of CO, emissions, and utilization of waste heat. Further, the research and development of the morphology control of fibrous and/or porous

metals, heat storage materials using solid phase transformation, and self-healing ceramics are performed.
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Reduction Mechanism of Carbon-Iron Ore
Composite Prepared Using Brown Coal

Blast furnace ironmaking mainly utilizes coke, which is made of coal
through its carbonization, as a reduction agent and heat source. Drastic
price fluctuations and depletion of coking coal are serious issues in the
iron and steel industry. Therefore, utilization of a low-grade (fixed carbon
ratio is low) source is expected. Brown coal (BC) in particular shows a
huge amount of reserves and low price, and thus stable supply can be
expected. However, BC contains a large amount of water, and therefore
attempts have not been made to utilize it as a reducing agent without pre-
treatment. Our research group has succeeded in reduction to metallic iron
using carbon-iron ore composite consisting of iron ore and biomass char
having similar characteristics with BC. Carbon-iron ore composite is an
agglomerated material to achieve rapid reduction at low temperature by
proximity arrangement of iron ore and carbonaceous material particles
(see Fig.2). In 2019, the carbon-iron ore composite reduction mechanism
using BC was investigated through a reduction experiment.

Figure 3 shows changes in reduction degree reached at 1200°C with Total-
C/O (Molar ratio of carbon in sample and oxygen in iron oxide) for carbon-
iron ore composites using brown coal 1 (BC1), 2 (BC2), and non-coking
coal (NC). Reduction degree is defined as the ratio of oxygen removed
from iron oxide. Both the BC1 and BC2 samples show that reduction
degree increases with increasing Total-C/O. Both samples show a higher
reduction degree than the NC sample at the same Total-C/O. The amount
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Fig.1 Strategy to reduce CO: emissions
from the ironmaking processes.

Fig.2 Schematic illustration of concept
of carbon-iron ore composites.
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Fig.3 Changes in reduction degree at 1200°C with
Total-C/O for carbon-iron ore composites using brown
coal 1 (BC1), 2 (BC2) and non-coking coal (NC).
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Fig.4 Schematic illustrations of cascade impactor and
mechanism of collection of fine particulate matter.

of CO and CO; gas from BC samples measured by another method showed
no significant difference from the NC sample, therefore hydrogen
reduction would occur in the carbon-iron composite including BC. Future
work involves a quantitative examination of the influence of volatile
matter on the reduction degree of iron ore.

Influence of Sulfur on Fine Particulate Matter
Formed During Iron Ore Sintering Packed Bed

PM 2.5 is known as particulate matter (PM) having a mass median
aerodynamic diameter less than 2.5 um and has become a serious issue in
China. Chinese steelworks are known as one of the major fixed exhaust
sources of PM. In particular, the iron ore sintering process (in which iron ore
is agglomerated to fabricate sinter) occupies approximately 2.6% of the total
value of the Chinese industrial sector. Japan also produces approximately
100 million t/year, and therefore it is important to investigate PM 2.5
formation and suppression mechanisms. Fundamental research is expected
to consider the existing state of raw materials in the sintering process.
Although coke is a major agglomeration agent that contains a certain level of
sulfur, the influence of sulfur on the PM 2.5 formation process has not been
investigated. In 2019, the PM 2.5 formation condition was reproduced using
an apparatus to simulate the sintering process, and the influence of sulfur on
its formation behavior was investigated.

A cascade impactor was used for the sampling of PM 2.5 as shown in Fig.4.
Particles in exhaust gas introduced into cascade impactor collide with the
filter by inertial force and are captured. In this experiment, PM 2.5 was
collected by dividing four stages ranging from +2.5 to -0.25 pm. Figure 5
shows electron microscope images and elemental analysis of particles
collected on the stage of -0.25 um. The particles show spherical shape and
contain Fe and S and Na and K, respectively. It is considered that the
former is a hematite (Fe,Os) particle originated from iron ore and the latter
is sulfuric salt consisting of alkali metallic element and sulfur. Most of the
particles containing sulfuric salt are obtained in the stage of -0.25 pm, and
these have a tendency to be fine particulate matter in PM 2.5. Influence of
chorine on PM 2.5 forming behavior in the iron ore sintering process will
be examined in future.

Element| mol% | |Element mol%

0 |[7651 0 [7351

Na | 012 || MNa |831
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Fig.5 Images of electron microscope and elemental
analysis of particles collected on stage of -0.25 pm
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