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Smelting Reduction Rate of Fine Wustite Particles in a CO Gas-conveyed Bed

Shoji HayasHI and Yoshiaki IGUCHI

Synopsis

: Using a laboratory scale fine particles-gas conveyed bed, the reduction rates of liquid wustite with CO gas were measured. CO-CO, mixtures

having various flow rates and compositions were flowed downward through a cylindrical reactor maintained at a constant temperature of 1723
to 1823K. A batch of pure spherical wustite particles (mean dia.: 48.5 um) was concurrently fed into the reactor at a small constant rate and

reduced in a hot zone.

The reduction process was found to proceed in such a manner that metallic iron particles were enclosed inside a wustite droplet. Rate

analysis was made of one dimensional mass balance equations for particles and gas in a steady moving bed under an isothermal condition

using the reaction rate for a single particle taking the shrinkage into consideration. Under relatively small reducing potentials, it was conclud-

ed that the major fraction of overall reaction resistance is attributable to chemical reaction. However, under higher reducing potentials, the re-

duction process was estimated to include some mass transfer resistances within the liquid oxide phase. From the temperature dependence of

forward chemical reaction rate constants, the activation energy was evaluated to be 90.6 kJ/mol.

Key words: particles-gas conveyed bed; liquid wustite particles; CO reduction; rate analysis; chemical reaction rate constant; rate controlling process.
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Fig. 1. A schematic particles-gas conveyed system.
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Fig. 2. Relation between fractional reduction and feed
ratio of particles to CO gas.

0.7
48.5 um

1823K

06

0.5

04

03

0.2

0.1

Fractional reduction, f (-)

0
0 0.2 0.4 0.6 08 1

Residence time (s)

Fig. 3. Relation between fractional reduction and particle
residence time at 1823K. (Each curve shows mea-
sured results.)
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Fig. 4. Cross sections of particles after reduction with 100% CO gas at 1773K, a) @=0.60 N//min, f;=0.359, 7=0.520 sec,

b) 0=1.5N//min, f,=0.183, 7=0.279 sec.
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ticles-gas conveyed reaction system.
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Table 1. Data employed for reaction rate analysis.

Temperature Density (mol/cm’) Equilibrium
10)
(K) 0,19 pr? constant, K
1723 0.0623 0.128 0.2342
1773 0.0609 0.127 0.2061
1823 0.0594 0.126 0.1804
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Fig. 7. Relation between apparent chemical reaction rate
constant and particle residence time at 1823K.
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Fig. 10. Temperature dependence of chemical reaction rate
constants.

Table 3. Fractional resistances estimated for the reduction results in the conditions of @=0.60 N//min at 1773K.

Fractional resistances (%)

Process
10 Vol% CO, 5 Vol% CO, 2 Vol% CO, 0 Vol% CO,
Mass transfer in gas phase 42 3.6 32 2.6
Chemical reaction in the liquid surface 95.8 933 92.3 83.5
Mass transfer in liquid oxide phase 0 3.0 4.4 13.9

457 IR



I 458

% & 48 Vol. 85 (1999) No. 6

Table 4. Several chemical reaction rate constants obtained previously for gaseous reduction of liquid or solid wustite.

. . Activati fi
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