KBRS 2T L « TRILF—25EFE  Solar and Terrestrial Systems and Energy Sciences

7Ot XAHE

and Environmental Conservation

BEEFIB7O0EZX%49EF Process Engineering for Advanced Resources Utilization

BEROSEEFNR-RIEREDOHD

alvin

iR L KX—

Process Engineering Research for Advanced Resource Utilization Professor

Taichi Murakami

HHARETIEHKMEECHETDRRIROAESREHEE(HFLIEHKERE) EMERNRIC.ERTOERZAVCEEOH—RyZa—
FIIMERBEICETBIMREHEL TS (Fig. 1), FIZIE. KREKARBOFRTOLHIEANZXLADRBEZDOMEIFEORFE, B
TOCROPEHARZER - WEL. EFRRREVTBIATRABREKEORE. BFEARRORBEFETHIR/ETOERICE
TRERFRFEZOREPREWLELEEREL VD, Fle R—SRAEBOHERMGEOMHTOEY YV JICEATBIHARHT>TWS,

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

effects, such as iron and steel, and nonferrous metals (Fig. 1). For example, our lab examines the degradation mechanism of raw materials for hydrogen

ironmaking to develop a suppression method, develop the carbon recycling ironmaking process that recovers and reforms exhaust gas to solid carbon,

and 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 material processing, such as production technology for porous metals.
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Low-Temperature Reduction Mechanism
of Carbon-Iron Ore Composite using Woody
Biomass

The utilization of biomass, which is regarded as a carbon-neutral fuel,
has been suggested to reduce in the carbon dioxide emissions from the
ironmaking processes. It is reported that CO and H,, produced by
pyrolysis of cellulose and lignin, the main components of woody biomass,
contribute to the low-temperature reduction of iron ore. In this study, the
low-temperature reduction behaviors of the carbon-iron ore composite
using uncarbonized biomass was compared with those using partially
carbonized ore. Furthermore, the effect of volatile matters in the biomass
on the reduction of iron ores was examined.

The carbon-iron ore composite was set in an apparatus (Fig. 1) and heated
at 10°C/min within an N, atmosphere. Three types of woody biomass:
uncarbonized and torrefied at 400°C and 700°C were used for
carbonaceous materials. After heating, the composite was pulverized and
analyzed by X-ray diffraction (XRD).

Fig. 2 shows the XRD profiles obtained for the composites using
uncarbonized biomass. Magnetite (F304) is observed in the composite
heated over 450°C at which cellulose is pyrolyzed. Moreover, iron oxides
are partially reduced to metallic iron heated at 800°C. Fig. 3 shows the
XRD profiles obtained for the composites using uncarbonized and
torrefied biomass heated at 800°C for 50 min. Although metallic iron was
obtained by using uncarbonized biomass, it is not found by using torrefied
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biomass. These results show the cellulose in the biomass reduces iron
oxide over 450°C and produces metallic iron at 800°C.

The results of this research have provided important insights into the
reduction behavior of iron ore by volatile substances in biomass.

Effect of CaO Component on Strength of
Pre-granulated Pellets in Mosaic EmBedding
Iron Ore Sintering

The annual crude steel production of Japan remains at approximately 90
million tons. However, the iron resources as raw material depends on
imports from foreign countries. The rapid increase in world crude steel
production in recent years has led to degradation of iron concentration in
iron ore. The beneficiation process is known to increase the iron
concentration. However, the process involves pulverization. The
increase in fine iron ore decreases air permeability in the sintering bed
for the sintering process, which is one agglomeration method for iron
ore, leading to decrease in productivity of the sintered ore for blast
furnace. Therefore, the mosaic embedding iron ore sintering (MEBIOS)
process has been proposed (Fig. 5). The MEBIOS process aims to
maintain air permeability by pre-granulated fine ore (green pellet),
dispersing the green pellet in the sintering bed. The green pellets are
solid-phase sintered and maintain their shape. As a result , gas flow
paths are maintained, and then the strength and reducibility of sintered
ore are improved. Therefore, the pellets need to have certain strength
and reducibility. In this year, the effect of CaO composition on the
compression strength of sintered pellets was investigated as the
elemental technology for the MEBIOS process.

Two types of fine iron ores (Ore A and Ore B) were used. Each iron ore
was mixed with limestone and quicklime, and green pellets were
granulated by adding water. The pellets were sintered under conditions
simulating actual sintering operations, and their compression strength
was measured.

Fig. 6 shows the effect of limestone particle size on the compression
strength of the sintered pellets. The difference in the compression
strength of iron ores is considered as the difference of SiO, composition
in the ores. The compression strength decreases by increasing limestone
particle sizes up to 500 pm. However, the value increases by increasing
limestone particle sizes from 500 to 1,000 pm. The cross-sectional
microstructure of the sintered pellets shows coarse pores corresponding
to the limestone particle size, resulting in coarse pores generated by the
500-1,000 um limestone particle size conditions that suppress crack
propagation. The results of this study provide important insights into the
raw material design of pre-granulated pellets in the MEBIOS process.
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Fig. 6 Effect of limestone particle size on the
compression strength of sintered pellets.

Fig. 4 XRD profiles obtained for the
composites using woody and torrefied
biomass heated at 800°C for 50 min.

Fig. 5 Schematic diagram of the Mosaic EmBedding
Iron Ore Sintering (MEBIOS) process.

Fig. 2 Schematic diagram of an
experimental apparatus.

Fig. 3 XRD profiles obtained for the
composites using woody biomass heated
up to 400°C, 450°C and 800°C.

Fig. 1 Strategy to reduce CO emissions
from the ironmaking processes.
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