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Reduction of Molten Iron Oxide in CO Gas Conveyed System
Fumitaka TsukinasHi, Kimio KATO, Ken-ichi OTSUKA, and Tonckazu SOMA
Synopsis :

The kinetics and mechanism of reduction of molten iron oxide with CO gas at high temperatures
of 1450°C and 1600°C were investigated. In order to reduce the influence of mass transfer rate on
overall reaction rate of reduction, fine powders of iron oxide were used as specimen and were reduced
in a transport reactor. The specimens of fine powder of reagent grade were melted during falling
down in reaction zone and liquid oxide drops were reduced with CO gas. Mean diameter of liquid
particles was 254.

The oxide particles were melted and became spherical, and the reduced iron was surrounded by
liquid FeO. It is considered that liquid FeO always existed on the spherical surface and the nucrea-
tion, growth and cohesion of iron in liquid drop did not influence the overall reaction. The results
were analysed by considering only the mass transfer in a gass film and the chemical reaction at the
gas liquid interface.

The value of mass transfer coefficient kg was estimated by using the Ranz-Marshall equation.
Considering the shrinkage of particles by production of metallic iron, the values of rate constant of

chemical reaction £, were obtained as 19.4cm/s at 1600°C and 9.3cm/s at 1450°C,
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Photo. 1. External view of wustite specimen.
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Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Schematic cross section of chemical reactor.
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Fig. 3. Typical size distribution of molten wustite
particles.
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Table 1. Experimental results of reduction of
wustite with CO gas at 1 600°C.

. Q Ug Ug Up t R
No. (Nl/min) (cm/s) (cm/s) (cm/s) (s) (9%)
1 0.91 7.51 2.15 9.66 1.035 44.2
2 1.20 9.90 2.46 12.36 0.809 43.5
3 1.27 10.48 2.19 12.67 0.789 54.7
4 1.02 8.42 2.40 10.82 0.924 62.3
5 1.60 13.21 2.36 15.57 0.642 52.4
6 1.99 16.42 2.18 18.60 0.538 38.2
7 1.62 13.37 2.54 15.91 0.629 43,7
8 0.93 7.68 2.02 9.70 1.031 60.8
9 2.42 19.97 3.79 23.76 0.420 37.1
10 3.10 25.59 4.51 30.10 0.332 24.7
11 0.67 5.53 2.39 7.92 1.263 71.1
12 3.72 30.70 4. 14 34.84 0.287 21.9
13 1.78 14.69 2.11 16.80 0.595 26.0
14 2.66 21.96 2.63 24,59 0.407 23.9
15 1.80 14.86 1.48 16.34 0.612 35.0
16 2.40 19.81 1.79 21.60 0.463 29.2
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Fig. 4. Reduction degree curve of wustite reduced
with CO at 1600°C.

Photo. 2. External view of reduced wustite
particles at [ 600°C.
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Photo. 3. Cross sectigfi of reducedm\\f;:zstite particles at 1600°C.

Reduction degree is (a) 23.9% and (b) 60.8%.

!

Photo. 4. Cross section of reduced wustite particles at 1 450°C.

Reduction degree is (a) 26.19% and (b) 35.1%.
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Table 2. Experimental results of reduction of
wustite with CO gas at 1450°C.

No. o 2 Ug Ue YUy ¢ R
(Nl/min) (cm/s)  (em/s)  (em/s) () (%)
1 1.04 7.90 5.77  13.67  0.732  26.6
2 1.95  14.80 2.10 16,90  0.591  35.1
3 2.35  17.84 2.81  20.65  0.48¢  28.3
4 0.96 7.29 1.85 9.14  1.09¢  40.3
5 3.15  23.91 1.98  25.89  0.386  27.0
6 1.44  10.93 2.42  13.35 07499  29.9
7 3.29  24.98 1.70  26.68  0.375  35.0
8 1.38  10.48 2.87  13.35  0.7499 343
9 0.74 5.62 2.05 7.67  1.304  62.4
10 2.36  17.92 312 20.9¢  0.478  26.1
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Fig. 5. Reduction degree curve of wustite reduced
with CO at 1450°C.
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Fig. 6. Effect of wustite particle diameter on
reduction rate at 1600°C.
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Fig. 7. Effect of prereduction degree on reduction
rate at 1 600°C.
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Fig. 8. Relation between time and 1-(1-0.517R)1/3.
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Fig. 9. Relation between time and 1-(1-0.524R)1/3,
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Fig. 10. Relation between reduction rate divided by

mean reduction potential of CO of inlet and outlet
and flow rate of CO.
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