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Reduction Rate Analysis of Dense Wustite in Consideration of CaO Enrichment at Reaction Interface

Takashi INaMI and Kanae SUZUKI

Synopsis :

Dense wustite plates containing CaO were reduced with CO—CO,~Ar gas mixtures at 1273K. Soon after start of the reduction, formation of

metallic iron was observed and the reduction rate increased gradually with increasing in reduction time. Lattice parameter measurement of

the samples reduced to predetermined state revealed that CaO concentration in the unreduced wustite increased with decreasing in the dis-

tance from the wustite/iron reaction interface. The reduction rate was examined with modified model of alloy solidification in consideration
of the CaO enrichment at the reaction interface. The apparent reaction rate constant, kc, was correlated well to the CaO concentration at the
reaction interface, Cy, not to the initial concentration, C,. The c increased remarkably with increasing in Cr up to about 2 mass% and tended

to become constant where C, become more than 2 mass%. In consideration of the variation of kc with C;, mass change of wustite sample

with reaction time was estimated reasonably with the reaction model proposed by the authors previously.
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Fig. 1. (a) Reduction curves. (b) Relation between wustite
lattice parameter at the reaction interface, a,, and
reduction time. a, represents lattice parameter of
iron-saturated wustite without CaO enrichment.
The wustite samples (initial CaO concentration
Cy=1.0mass%) were reduced with CO-CO,~Ar
gas mixtures (¢ (=P¢q /Pc)=0.16) at 1273K.
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Fig. 2. Profiles of lattice parameter in the depth direction
of the wustite plates (C,=1.0 mass%) reduced with
CO-CO,~Ar gas mixture (P-,=0.057MPa, a=
0.16) at 1273K. The solid lines denote the profiles
of CaO concentration estimated by modified model
of alloy solidification.
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Fig. 3. Intensity profiles showing the distributions of Fe
and Ca in the cross section of the wustite sample
(Co=1.0mass%) reduced with CO-CO,-Ar gas
mixture (Pc=0.057MPa, «=0.16) for 2700s at

1273K.
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Fig. 4. Reduction curves. The wustite samples (C,=2.0
mass%) were reduced with CO-CO,—Ar gas mix-
tures at 1273K.
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Fig. 5. Cross section of the wustite sample (C,=2.0
mass%) reduced with CO-CO,-Ar gas mixture
(Peo=0.043 MPa, a=0.16) for 1000 s at 1273K.
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Fig. 6. Relation between the apparent reduction rate, r,
and P, The wustite samples (C,=2.0mass%)
were reduced with CO—CO,—Ar gas mixtures at
1273K. Lattice parameters at the reaction interface
of the wustite samples, denoted with closed sym-
bol, were almost the same value (about 4.3375 K).
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Fig. 7. Relation between » and (1—a/Ke')- P, at 1273K. (a) C;=2.0 mass%. Concentration of CaO at the reaction interface, C,
was estimated to be about 4 mass% by lattice parameter measurement in each sample. (b) C;=3.0, 4.0, 5.0 mass%. C, was

estimated to be 5-7 mass%a.
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Fig. 8. Relation between apparent chemical reaction rate
constant, kc, and C;. The apparent chemical reac-
tion rate constant at the iron-saturated wustite sur-
face, k', is also represented with open circles.
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Fig. 9. Relation between (a) rate of CaO enrichment at re-
action interface, R.,, and 7, and (b) R.,/Crand r.
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Fig. 10. Comparison of the observed reduction curves
with those estimated with Eq. (2) by considering
the CaO concentration dependences of &', k¢ and
Ke'. The wustite samples were reduced with CO—
CO,—Ar gas mixture at 1273K.
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