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Determination of Oxygen Activity in Molten Steel by Using Oxygen Sensor

of which Partial Electronic Conduction Parameter Determined

Minoru SASABE, Jiang Zhao HUA, Chikayoshi FURUTA, Haruhiko MATSUSHIGE,
Toshio NAGATSUKA, Yoshiteru KIKUCHI, Toshio TAKAOKA and Yoshihiko Kawal

Synopsis :

Partial electronic and holic conduction parameters, P, and P, of a solid electrolyte for an oxygen sensor
were determined by a developed AC bipolar procedure. Both parameters of ZrO;-8 mol% MgO solid
electrolytes produced by Japanese different producers are as follows :

log P, (with atm unit)=—85000/T+29.2+1.0

log P; (with atm unit)=27 000/ T+13.3+0.8

No different parameter among the solid electrolytes produced by the Japanese different producers is
observed.

An oxygen activity in molten steel was observed by using an oxygen sensor constituted by the solid elec-
trolyte of which the partial electronic conduction parameter was determined. If the sensor was swung in
the molten steel then the oxygen activities observed were consistent with those estimated on the basis of an
equilibrium between Al and Al;Os.

Key words : steelmaking; oxygen sensor; solid electrolyte; zirconia system; partial electronic conduction
parameter; partial holic conduction parameter; high temperature; oxygen partical pressure; oxygen
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1 : Silicone rubber stopper 2 : Gas inlet 3: Gas outlet 4:PR
thermocouple 5 : Oxygen sensor 6:CA thermocouple 7:Pt
lead wire 8 : Insulator with double holes 9 : Specimen

Fig. 1. Schematic illustration of an apparatus to
measure partial electronic conduction parameter.
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Table 1. Chemical composition of solid electro-
lytes made by A and B enterprises.

Composition (%)
Enterprises
SiOy Al;03 Fey03 CaO MgO
A 0.15 0.92 0.04 0.09 2.66
B 0.12 0.04 0.05 0.05 2.15

Oxygen Probe ]

Shroud 1] |C |_
— Nz Inlet
Alumina [e) w s o Al20
Crucible Pozwéer
° i ﬁ;s P
Molten
Induction| © \ H ] o | Steel
Furnace ], TN N ]

Fig. 2. Schematic illustration of an apparatus to
measure oxygen activity in molten steel.
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Fig. 3. An example of relation between — 1/4th
or 1/4 th magnitudes of oxygen partial pressure and
electrical conductivity of solid electrolytes mea-
sured by a bipolar method.
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Fig. 4. Relation between logarithm of partial elec-

tronic conduction parameter of solid electrolytes
and reciprocal temperature.
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Fig. 5. Relation between logarithm of holic con-
duction parameter of solid electrolytes and recip-
rocal temperature.
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Fig. 6. Comparison between measued oxygen,
activities based on each P, and an averaged P..
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Fig. 7. Comparison between oxygen activities
measured by oxygen probes with solid electrolytes
of which P, are determined and undetermined.
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Fig. 8. Comparison between oxygen activities
measured by oxygen sensors with and without swing

in molten steel and that estimated on the basis of
the equilibrium between Al and Al,O;.
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Fig. 9. Differences of oxygen activities measured
by oxygen probe on the basis of Py s measured by
authors and JANKE.
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