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Effect of Oxygen Partial Pressure in Atmosphere on Thermoelectromotive

Force of Solid Electrolytes

Synopsis :

Minoru SASABE and Xiao Fang SONG

A dependency of thermoelectromotive force of solid electrolytes, zirconia stabilized by 11 mol%CaO, 9
mol%MgO and 15mol%MgO, on oxygen partial pressure in atmosphere were observed. Oxygen partial
pressure, temperature difference and temperature are controlled between 0.21 and 5X 10! atm, between
50 and 400°C as well as between 700 and 1 250°C, respectively.

Experimental results are as follows : above about 5X107° atm of oxygen partial pressure in atmosphere,

the lower oxygen partial pressure, the larger thermoelectromotive force.
X 10715 atm, the lower oxygen partial pressure, the smaller thermoelectromotive force.

Between about 5X 10~ % and 5
Under about 5 X

10715 atm, the lower oxygen partial pressure, the larger thermoelectromotive force.
The complex phenomenon can be explained by an assumption that the observed thermoelectromotive force

is consisted by that induced by ion and electron.

Key words : steeimaking ; sensor ; solid electrolyte ; oxygen ; thermoelectromotive force ; high temperature ;
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1.Sample 2.Electrodes to measure thermoelectromotive force
3.Thermocouples 4.0Oxygen concentration cells 5.Inlet of
deoxidized gas 6.Gas outlet 7.Silicone rubber stoppers

8. Mullite tube

Fig. 1. Schematic illustration of
apparatus used for observation of thermoelectro-
motive force of solid electrolytes and temperature
distribution in experimental apparatus.
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Fig. 2. Change of thermoelectromotive power of 9
mol% MgO-ZrQ, solid electrolyte in air due to
thermal cycles.
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Table 1. Constant values, A and B, of equations

on relationship between thermoelectromotive force,

E,,, and temperature difference, AT.
E,=(AAT+ B)AT

Stabilized Stabilized Stabilized
Po, by 11 mol % CaO by 9 mol % MgO by 15 mol % MgO
(atm) x10! B | ax10* B | Ax10*! B
(mV/K?) (mV/K) | (mV/K?) (mV/K) |(mV/K?) (mV/K)

0.21 2.0 0.41 0.5 0.50 0.5 0.46
5x107° 4.4 0.56 1.5 0.57 1.5 0.61
5%1077 Not measured Not measured 3.5 0.63
5X107° 5.6 0.47 3.5 47 3.3 0.50
5x10711 Not measured Not measured 0.0 0.00
5x10712 5.8 0.41 0.75  0.28 Not measured
5x10713 Not measured 0.0 0.0 Not measured
5x10 14 Not measured 0.0 0.0 Not measured
5X10715) —~2.0 0.04 —0.5 0.08 | —0.63  0.10
5x10716 Not measured —-2.4 0.19 Not measured
5x10717| —3.0 0.15 —6.0 0.32 —6.1 0.31
5x10718 Not measured —8.0 0.45 Not measured
5%X1071°1 —5.0 0.36 Not measured ~8.1 0.4
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Fig. 6. A schematic illustration of explanation of
change of thermoelectromotive force due to a
hypothesis in which thermoelectromotive force is
induced by thermoelectromoive forces due to ion
and electron as well as oxygen chemical potential
difference.
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Fig. 7. Confirmation of the validity of the hypoth-
esis in which thermoelectromotive force is induced
by ionic species and electron.
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Fig. 8. Relationship among heat cycle, cubic ratio
of solid electrolyte and thermoelectro power.
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