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Reduction Rates of Iron Oxide Pellet with Hydrogen

at High Pressures

Shin-ichi KUROZU, Reijiro TARAHASHI, and Yoshikazu TAKAHASHI

Synopsis:

In order to obtain the reduction rate equation and the rate parameters of iron oxide pellet at high
pressure, a single iron oxide pellet was reduced with hydrogen at pressure up to 13 atomospheres in
the temperature range of 800 to 1000°C. The reduction rate equation was derived from the three-

interface core model.

The reduction rate increased by a pressure increase, but was found to be constant at about 5 atomos-
pheres. The various rate parameters were determined by the method of data fitting based on the
observed data. The calculated reduction curves based on the rate equation almost coincided with
observed data under various temperatures and pressures. And also, the reaction interfaces observed
from the partially reduced pellets were nearly consistent with the caluculated values. It was found
from these results that the reduction rate equation in this paper could be applied to the analysis of
the rate of reduction with mixtures of hydrogen and carbon monoxide at high pressures.
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Fig. 1. Experimental apparatus
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Table 1. Chemical composition of the pellets.

Component T-Fe FeO CaO

SiO, ALO, s P

wt% 67.97 0.10 0.17

1.69 0.69 0.001 0.029

— 924 —

'y

£

e i LI S L S



HBETEBIBLEVy rOKRBEF AR IS ETHEGRE 25

Table 2. Experimental conditions.

Temperature (°C)

800

900

> Pressure (atm)

1~10.1

1~13.2

1 000
1~10.5

Flow rate of gas
(N1/min)

10, 20

20

20
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Fig. 3. Comparison of final fractional reduction,
fr measured by weighing balance with
that measured by transducer.
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Pressure 9.0 atm

Fig. 2. Example of reduction curve
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Fig. 4. Effect of hydrogen pressure on the observ-

ed reduction curves at 800°C.
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Fig. 5. Effect of hydrogen pressure on the observed
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Fig. 6. Effect of hydrogen pressure on the observed
reduction curves at 1 000°C.
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Photo. 1. Cross sections of partially reduced pellets.
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Fig. 7. Effect of hydrogen pressure on the
reduction rate at various temperatures.
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Fig. 8. Three-interface model.
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Fig. 9. Schematic representation of the parameters
for various resistances in the rate equation
based on the three-interface model.
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Fig. 10. Relationship between chemical reaction
rate constant, k. obtained by means of
parameter fitting according to the three-
interface model and 1/T.
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Fig. 11. Relationship between fractional effective
diffusivity, D./Dg obtained by means of
parameter fitting according to the three-
interface model and 1/T.
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Fig. 12. Comparison of the observed reduction
curves at 800°C with the calculated ones
according to the three-interface model.
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Fig. 13. Comparison of the observed reduction
curves at 1000°C with the calculated
ones according to the three-interface mo-
del.
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Fig. 14. Comparison between the calculated redu-
ction curves based on the three-interface
model and the data obtained from observed
value with reaction interfaces.
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Fig. 15. Comparison of various chemical reaction
rate constants.
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