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Carbothermic Reduction of the Composite Pellet of Iron Ore and Coal in the Packed Bed with Air Flow

Takaho OTOMO, Yasushi TAKASAKI, Atsushi SHIBAYAMA, Takazo KAWAGUCHI and Eiki KASAI

Synopsis

: In order to examine the feasibility of the carbothermic reduction process using the composite pellets of iron ore and coal fines in their com-

bustion packed bed, laboratory scale experiments were conducted. To prevent the reoxidation of the reduced pellets, attempts were made by

coating the composite pellets with different fine materials such as iron ore, limestone, dolomite, serpentine and SiO, reagent. The isothermal

reduction experiment using a single composite pellet shows that SiO, bearing material, such as serpentine fine and SiO, reagent, give a rea-

sonable suppression effect on the reoxidation at high temperature. The metallization degree of about 70% has been attained. On the basis of

this result, the carbothermic reduction experiment in the combustion packed bed was conducted using the composite pellet coated with SiO,

reagent powder. In this case, the maximum metallization degree was as much as 45% because of the reoxidation of metallic iron could not be

perfectly suppressed during the process. Further reduction experiment was carried out using the composite pellet coated by the fine mixture

of Ca0-Si0,~Al0; system to form a melt of the coating layer in high temperature. It gives the maximum metallization degree of about

60%. It suggests that the proposed carbothermic reduction process has a possibility to produce the partially-reduced iron burdens for the blast

furnace, although its production rate is necessary to be improved.
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Table 1. Chemical content of raw materials used (mass%).

Raw Material | T.Fe FeO CaO SiO2 Al203 MgO
Ore M 68.15 0.21 0.07 0.96 0.44 -
Ore K 66.76 2793 044 391 1.22 -

Dolomite - - 32.60 - - 18.40
Serpentine 8.40 - 1.20 3592 0.52 41.35
Limestone 0.10 —  b54.50 0.50 0.10 -
F.C V.M. T.8 Ash
Coal W (Bituminous)
56.10 34.10 0.35 9.80
J—_> Gas out
Water in —p ? —» Water out
SiC heater
Thermocouple
Pellet

<4~ Water in
4 Gasin

Fig. 1. Schematic diagram of experimental apparatus for
single pellet reduction.
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Fig. 2. Schematic diagram of experimental apparatus for
packed bed reduction.
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Fig. 3. Reduction behavior of without coating composite

pellet (Single pellet reduction).
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Fig. 4. Effect of coating material on the metallization de-
gree of composite pellet (Ratio of the coating ma-
terial: 10 mass%).
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Fig. 5. Effect of coating amount of SiO, reagent on the
metallization degree of composite pellet.
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Fig. 6. Changes in bed temperature with time at packed
bed reduction (Coating material: SiO, reagent, Su-
perficial velocity of sucked air: 0.11 Nm/s).
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Fig. 7. Distribution of the reduction and metallization de-
grees and residual carbon of composite pellets after
the quench experiments of packed bed reduction
(Coating material: SiO, reagent, Superficial veloci-
ty of sucked air: 0.11 Nm/s).
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Fig. 8. Effect of superficial velocity of sucked air on the
metallization degree of composite pellets after the
quench experiments of packed bed reduction
(Coating material: SiO, reagent).
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Fig. 9. Effect of coating material on the metallization de-
gree of composite pellets after the quench experi-
ments of packed bed reduction (Superficial veloci-
ty of sucked air: 0.06 Nm/s).
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Fig. 11. Effect of coal content on the metallization degree
of composite pellets after the quench experiments
of packed bed reduction (Coating material: fine
mixture of CaO-Si0,-Al,0, system, Superficial
velocity of sucked air: 0.06 Nm/s).
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