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Effect of Additives on the Rate of Reduction of Liquid Iron Oxide

with CO

Tetsuya NAGASAKA, Yasutaka IGUCHI and Shiro BAN-YA

Synopsis :

The effect of additives such as CaQ, SiOz, MnO, MgO, Na,0, P,0;, Al,04, TiO,, FeS, CaF, and CaCl,

on the reduction rate of liquid iron oxide contained in an iron crucible with CO has been measured using a

thermobalance as a fundamental study for the smelting reduction process.

The effect of mass transfer in

both the gas and liquid phase on the overall reduction rate was carefully estimated to learn the rate of chem-

ical reaction on the surface.

It was found that the reduction rate was greatly affected by the ratio of Fe® " /Fe?™ in the melts. An
empirical rate equation was derived to express the rate of chemical reaction on the surface as follows :

7= (N¥eo,5/N¥eo) * (Poo— Poo, /K& )exp(—138 000/RT — 6.37) (kg/m?s)

Where, K&=(Pco,/ Pco) eq-

Since phosphate acted like a surface active species and retarded the reduc-

tion rate markedly, the rate equation mentioned above could not be applied to the liquid iron-phosphate
system. . The reduction rate of liquid iron oxide containing FeS, CaF, or CaCl, was also investigated to

discuss the effect of coexisiting anions on the chemical reaction rate.

It was concluded that the reduction

\ rate was mainly affected by cations and the effect of anions was very small.
Key words : liquid iron oxide ; reduction ; kinetics ; additives ; smelting reduction ; reaction rate ; liquid

slag ; rate equation.
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Fig. 1. Effect of gas phase mass transfer on the
apparent reduction rate of Fe,0-M,O, (M,O,-=
Ca0O, Nay0, Al,03, TiO,4 SiO, and P,;05) binary
melts.
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Fig. 2. Effect of liquid phase mass transfer on the
apparent reduction rate of Fe0-M,0, (M,O,=
CaO, Na,0, Ti0,, SiO, and P,0s) binary melts.
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Fig. 3. Relationships between the apparent reduc-
_tion rate and (Pco-Pco,”/ K'c) in binary and ter-
" nary melts.
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Fig. 4. Effect of additives on the apparent reduc-
tion rate constant, k,, in binary melts.
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Fig. 6. Relationship between the apparent reduc-
tion rate constant and ferrous-ferric ratio in the

melts at 1 673 K.
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Fig. 7. Relationship between the apparent reduc-
tion rate cosntant and ferrous-ferric ratio in the

melts at 1 723 K.
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Fig. 8. Temperature dependence of the empirical
chemical reaction rate constant.
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Fig. 9. Effect of P,O5 on the apparent reduction
rate constant of Fe,0-Ca0-SiO, melts at 1 643 K.
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Fig. 10. Effect of fluoride, chloride or sulfide on
the apparent reduction rate constant of
Fe, 0-Ca0O-CaF,, Fe0-CaO-CaCl, ternary or
Fe, 0-FeS binary melts.
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B (8)RTERINLUCEEEE  (kg/m?s Pa)
Kjy - k& P A R 0 HO/H, B (—)
K¢ : 3 & P+ 25T 0 CO,/CO . (—)
R: 5#hEH (=8.314 J/mol K)
P: 7 25FE (Pa), T:imE (K)

Wo: #BERE (kg), t: USKERE (s)

S: ABRER (m®), a: i WOTOWHE (—)
N;: i 3D ELGE (—)

Sh : Sherwood 'V (—)

Re : Reynolds Y (—)

Sc: Schmidt Y (—)
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