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A. C. Impedance Analysis of the Kinetics of Reactions
between Molten Cu or Fe and CaO-Al,03 Slag

Mitsutaka HINO, Yoshiaki HIRAYAMA, Tomohiro NITTA and Shiro BAN-YA

Synopsis :

A chemical reaction at the interface between slag and metal can be analyzed as a kind of electrode reac-
tion because of the ionic nature of liquid slag.

In the present work, application of an A.C. impedance method to slag-metal reaction in iron- and steel-
making process was tried to clarify the individual kinetic factors concerning the electrode reactions at the
interface between slag and metal. The total impedance between CaO-AlO3 slag and Cu-S or Fe-C-S
melts was measured in this paper.

The results obtained were successfully used to determine the individual factors on kinetics of the elec-
trode reaction between slag and metal, such as solution resistance of slag, interfacial capacitance in electric
double-layer, overvoltage of charge transfer, rate constant and so on. In each component of Faradaic im-
pedance, Zr, relating to the electrode reactions at the interface between slag and metal, which were esti-
mated by the parameter fitting, the magnitude of charge-transfer resistance, Rc, was about 1/2 to 1/5 of
that resistant component in reaction or crystallization impedance with diffusion, Rg, for the anodic and
cathodic reactions in both systems.

Key words : A.C. impedance method ; polarization; electrode reaction; electrical equivalent-circuit; Fara-
daic impedance ; double layer capacitance; charge-transfer resistance ; slag-metal interfacial reaction.
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(a) Electrode reaction with the Faradaic impedance [Zz] for
charge-transfer overvoltage [ Rc], Warburg impedance [ Zy], and
reaction or crystallization impedance [ Zz] with consideration of

_ the double-layer capacitance [ Cy] and an electrolyte resistance
[Rs]. Rp= Ohmic components of Zr, Cg = capacitive compo-
nents of Zp. (b) Measurement.

Fig. 1. Equivalent circuit diagram.
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Fig. 2. Frequency response of complex impedance
for an electrode reaction with charge-transfer,

diffusion, and reaction or crystallization rate-con-
trol.
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: Working electrode (Liquid Cu-S or Fe-C-S)

. Counter electrode (Liquid Cu-S or Fe-C-S)

: Pt-Pt-13%Rh thermocouple 4 : CaO-Al203 slag

: Al;03 reaction tube 6 : Heating element

: Stainless steel or Mo cylinder

: Pt-20%Rh-Pt-40%Rh thermocouple

: Al;03 crucible 10 : Alp03 tube

Fig. 3. Cell arrangement for impedance measure-

ment.
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Fig. 4. Circuit diagram for impedance measure-
ment.
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Fig. 5. Polarization curve in Cu-1mass%S/49
mass%Ca0-51 mass%Al,03 system at 1673 K.
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Al,O5 melts at 1673 K.
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Fig. 7. Complex impedance plots for the cathodic
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49 mass%Ca0-51 mass%Al,0; melts at 1673K.
Numbers near the data plots are measurement fre-
quencies.
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Fig. 10. Tafel plot for the electrode reaction be-
tween Fe-3.7 mass%C-0.1 mass%S and 49 mass%
Ca0-51 mass%Ca0-51 mass%Al,03; melts at 1673
K.
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and anodic reactions between Fe-3.7 mass%C-0.1
mass%S and 49 mass%Ca0-51 mass%Al,03 melts at
1673 K. Numbers near the data plots are measure-
ment frequencies.
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