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Determination of a Partial Electronic Conduction Parameter of Solid

Eelectrolytes for an Oxygen Sensor by using AC Two Terminals
Method

Minoru SASABE, Masao MIYASHITA, Jiang Zhao HUA and Hiromi SENOO

Synopsis :

A new determination procedure of a partial electronic conduction parameter of a solid electrolyte applied
to an oxygen sensor has been developed. It has been confirmed that the partial electronic conduction pa-
rameter measured with this procedure is the same that measured with a previous procedure, Swinkels
method.

The procedure has following advantages :

1. The procedure can be applied to smaller size of solid electrolyte like 10 mm in long and 2mm in
diameter. .

2. The procedure has no restriction concerning the shape of the solid electrolyte.

3. The solid electrolyte is not contaminated during the measurement.

4. Measuring time is shorter than that by the previous method.

The following partial electronic conduction parameters are observed :

Zr0,-7 mol%MgO : log P,/ = 19.1 — 70 X 103/ T ZrO,-8 mol%MgO : log P, = 19.8 — 70 X 103/ T

Zr0,-9 mol%MgO : log P,/ = 23.9 — 70 X 103/ T ZrO,-15mol%MgO : log P, =25.7 — 70 X 103/ T

Zr0,-11 mol%CaO : log P, = 37.8 — 91 X 103/ T Zr0,-15mol%Ca0 : log P, = 37.8 — 91 X 103/T

Zr05-6 mol%Y,03 : log P, = 20.1 — 63 X 103/ T ZrO,-8mol%Y,0; : logPe’ = 20.1 — 63 X 10%/T
Key words : steelmaking ; oxygen sensor ; solid electrolyte ; zirconia system ; partial electronic conduction
parameter ; high temperature ; oxygen partial pressure.
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Fig. 1. An equivalent circuit for determination of
electrical conductivity of solid electrolyte.
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Fig. 2. A schematic illustration of experimental
apparatus used to measure electrical conductivity
of solid electrolyte by using bipolar impedance
method.
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Fig. 4. A Cole-Cole plot in the case of Zr0O,-9 mol%
MgO at 1300°C.
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Fig. 6. A change of electrical conductivity of a
solid electrolyte after changing oxygen partial

pressure.
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Table 1. Regression equations of relation between
logarithm of P, (atm) of zirconia system and
reciplocal temperature.

ZrQ32-7 mol % MgO log P,/=19.1—70x10%/T
Zr03z-8 mol % MgO(A) log P, =22.3—70X10%/T
Zr02-8 mol % MgO(B) log P/=19.8—70x10%/T

Zr02-9 mol % MgO

log P/=23.9—~70Xx10%/T
Zr03-15 mol % MgO

log P./=25.7—70X10%/T

Zr0s-11 mol % CaO

log P, =37.8—~91X10%/T
Zr0y-15 mol % CaQ

log P/ =37.8—91x10%/T

Z.r05-6 mol % Y04

log P,/=20.1~63X10%/T
Zr03-8 mol % Y,03

log P/=20.1~63x10%/T

Temperature range applied is 1 300 to 1 500°C.
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Fig. 12. Comparison of partial electronic conduc-

tion parameters measured with bipolar impedance
as well as SwiNkeLS methods at 1400°C.
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Fig. 13. Comparison of impurities content of solid
electrolytes.

Table 2. Effect of heat treatment on cubic ratio
of solid electrolyte.
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38.3%
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