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Kinetic Analysis on Initial Reduction Stage of Wustite Containing CaO with CO-CO,-Ar Gas Mixture

Takashi Inami and Kanae Suzuki

Synopsis :

Key words :

Dense wustite plates containing CaO have been reduced at 1273K with CO-CO,-Ar gas mixtures which have a chemical
potential to form metallic iron. In the case that the samples were reduced with low Pco and high a (=Pco./Pco) gas
mixtures, only the oxygen content of the samples decreased and metallic iron was not formed in the early stage of the
reduction. A mixed chemical reaction/solid state diffusion limited model was applied to this stage. The reduction rate
r was expressed by

r=k-(1—a/Ks)Pco (kg-oxygen/m?:s),

where k’ and Ks are the apparent chemical reaction rate constant and the Pco,/Pco ratio in the reducing gas mixture
in equilibrium with the surface wustite, respectively. The k’ and inter-diffusion constant D were estimated by
comparison of the iron ion concentration profile in the sample obtained from the lattice parameter measurement with
that calculated from the model. The k’ increased markedly with CaO content and was dependent on Ks as expressed
by

kK'=A-Ks" (kg-oxygen/m?-s-Pa),

where A and n are CaO-dependent constants. The D was in the range of 2.8~6.4 X 10-*m?/s. The mass change of
the sample during the reduction was explained reasonably by the model. Remarkable increase in the chemical reaction
rate shortened the reduction time up to the metallic iron formation.

wustite ; reduction ; CaO addition ; reaction rate constant ; inter-diffusion constant ; mixed-control model ; lattice

parameter.
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Fig. 1. Mass change of wustite samples in initial
reduction stage with CO-CO,-Ar gas mix-
tures at 1273K.
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Fig. 2. Profiles of lattice parameter in the depth
direction of wustite plates reduced with CO-
CO,-Ar gas mixtures at 1273K ; (a) 1.0mass%
CaO0 and (b)0.5 and 2.0mass% CaO.
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Fig. 3. EPMA line analysis for the cross section of
the wustite plate (2.0mass%Ca0) reduced
with CO-CO,-Ar gas mixture (Pco=0.051MPa,
a=90.163) at 1273K for 100s.
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Fig. 4. Profiles of iron ion concentration in the

depth direction of wustite plates reduced
with CO-CO,-Ar gas mixtures at 1273K.
(Cm) o denotes the iron ion concentration in
equilibrium with the metallic iron; (a)0.5,
(b)1.0 and (c)2.0mass%CaO.
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Fig. 7. Comparison of the observed iron ion concen-

tration profiles in wustite plates(1.0mass%
Ca0) with those calculated from a mixed-
control model.
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