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In-flight Reduction of Fine Ores in a Hot Reducing Gas Flow

Kentarou Nozawa, Masakata Snivizu and Shin-ichi Inapa

Synopsis : Direct injection of fine ores into a blast furnace has become a key technology to the development of an advanced blast
furnace process for the 21st century. In order to take full advantage of this technology such as high flexibility under the
coming resource circumstances, it is necessary to promote the “in-flight” reduction of fine ores in the raceway to the
highest degree so as to minimize the endo-thermic reaction at the deadman due to the wustite residue.

As a base of pursuing a rapid reduction process, the study put its emphasis on revealing the microscopic reduction
behavior of fine ores. Observation showed that some of ore particles which were obviously liquefied and completely
spheroidizied during the experiment contained metallic irons inside the wustite shell. This particular morphology was
explained by “Marangoni Effect”. It was also mentioned that the “micro-flow”on the molten wustite surface had significant
influence over the smelting reduction of fine ores by reducing gases.
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Fig. 1. Schematic representation of experimental
apparatus.
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Table 1. Experimental conditions of the present study.
{Experimental conditions>
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X 10°[m] K] Gas [m?/s]
48
H:-N:
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398 CO-CO:.
{Chemical composition of ore specimen>
(mass %)
T-Fe FeO Fe,0s Si0: AlOs CaO MgO
62.94 0.11 89.87 4.4 2.71 0.06 0.06
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Fig. 2. Relationship between reduction degree of
ores and CO potential of inlet gas.
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Fig. 6. SEM images of reduced ore particles
(Tw,max =1886K). R.D.:Reduction degree
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Fig. 7. Cross-sectional analysis of a reduced ore
particle(Tw,max=1886K).

(a)SEM image of a particle’s cross-section(gas:H,)

(b)(c)EPMA cross-sectional image of a particle(gas:H,)
(dQ)EPMA cross-sectional image of a particle(gas:CO)
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Fig. 8. Mechanism of molten wustite engulfing the
produced iron on the surface.
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