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Abstract: The compositional change of stabilized zirconia
upon the change of oxygen chemical potential was
studied by applying DC-polarization method to a galvanic
cell using stabilized zirconia as the electrolyte. The flow
of excess charge observed upon the change of the DC-
polarization condition was found due to the oxygen liber-
ation from the bulk of the electrolyte. The total amount of
liberated oxygen determined by the excess charge was
analyzed in terms of the compositional change of the elec-
trolyte due to the change of oxygen chemical potential
profile in the electrolyte. The calculated values based on
the increase or decrease of the electronic defects could not
account for the experimental values. However, the ones
based on the reduction of impurity oxides were in good
agreement with the experimental values. Considerable
amount of oxygen can be released from or absorbed into
the zirconia electrolyte by the redox reaction of impurity
oxide. It is noteworthy that this phenomenon may cause
serious errors to the transport properties of electronic
defect determined with the use of the relaxation processes.
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1 Introduction

It has generally been considered that the composition of
the stabilized zirconia is very stable and the amount of
oxygen vacancies remains almost constant for the ordi-
nary oxygen potential and temperature ranges within the
“ionic domains”. However, based on their highly sensitive
measurements, Otsuka and Kozuka [1-3] observed a phe-
nomenon which may be attributed to the liberation of
oxygen from the electrolytes. If this is the case, it may
affect the accuracy of some measurements using the zirco-
nia electrolyte, for example, the determination of amounts
of oxygen by a coulometry, the determination of dissolved
oxygen in molten metals by consumable type sensors, etc.
In order to estimate the extent of this effect, the phenome-
non was investigated in more detail.

In this report, the amount of oxygen liberated from
commercial stabilized zirconia used as the electrolyte of
the galvanic cell was measured for various DC-polarization
conditions and the results were analyzed by taking into
account both the intrinsic and extrinsic mechanisms.

2 Theory

Consider the following cell,
Ar, Ag(1)|ZrO, (+Ca0)|Pt, Air (or CO,/CO)

the assembly of which is given schematically in Fig. 2. This
type of cell is the same as that originally developed by
Rapp and others [4] in order to determine the oxygen solu-
bility and diffusivity in liquid metals. The left electrode is
liquid silver melted in a closed chamber filled with pure Ar
and the right electrode is a porous platinum electrode
equilibrated with flowing air or a CO,/CO gas mixture. The
oxygen potential of the left electrode is determined by the
amount of oxygen dissolved in the liquid silver. This elec-
trode is closed and then works irreversibly when the cell is
set under DC polarization conditions. On the contrary, the
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Fig. 1: Schematic view of the variation of the current upon the
change of the polarization conditions.

oxygen potential of the right electrode is kept constant
with flowing air or a CO,/CO gas mixture. In this case, this
electrode remains reversible when the cell is polarized.
We call this electrode as the reference electrode.

When a voltage E, is applied to this cell so as to keep
the left electrode negative, a current is seen to flow
through the cell, and after some time, the Hebb-Wagner
polarization condition [5] is attained and a steady elec-
tronic current I, is obtained as schematically shown in Fig.
1. We call this stable state “state 1”. The applied voltage is
suddenly changed to the new value E,, so as to decrease
the oxygen content of the liquid silver by electrolysis. A
large current occurs through the cell and finally the next
steady-state current I, will be attained. We call this state
“state 2”. As the change in electronic current during the
electrolysis is thought to be small, the charge Q owing to
the ionic current may be obtained by integration of the
total current relaxation curve, after correcting for a con-
stant electronic current ( hatched area in Fig. 1). Q may be
represented as,

Q = QAg + QZr02 (1)

where Q,, is the charge owing to the oxide ion current due
to the oxygen drown out from the Ag electrode and Q,, is
the charge due to the compositional change of the electro-
lyte itself.

Q. canbeevaluated precisely from the thermodynamic
data for the solubility of oxygen in liquid silver. At the
Hebb-Wagner polarization condition, the oxygen concen-
tration in the silver electrode is considered to be uniform.
The oxygen partial pressures in equilibrium with the silver
electrode, ( pOZ)1 and ( pOZ)2 for the respective applied volt-
ages E, and E, can be calculated as follows,
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where ( 1902)r is the oxygen partial pressure at the reference
electrode, F is Faraday’s constant, R is the gas constant,
and any polarization effect at the Ag electrode is neglected.
Hence, the concentrations of oxygen for the silver elec-
trode in mole fraction c, and c, in the respective states 1
and 2 may be represented as,

1/2

i v I
1/2

B0 e

where y, is the activity coefficient of oxygen in liquid
Ag and pgz is the pressure of the standard state of pure
oxygen. The value M, the amount of oxygen drown out
from the silver electrode for the change of state 1 to state 2,
may be calculated as follows,

1/2 1/2
M, \ [ (Po,) (po,),
M, = > - 2 (6)
}/O p 0, poz
where M, is the gm moles of the Ag electrode. This oxygen
can be considered to have been transferred by the flow of
oxide ions through the electrolyte and released at the ref-

erence electrode. Therefore, by using the equation (2), (3)
and (6), Q,, is represented by,
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Therefore, Q,,,, the charge due to the compositional
change of the electrolyte itself, may be calculated by
subtracting the value Q,, from Q, which is experimentally
obtained from the total current relaxation curve.

3 Experimental

The apparatus used in the present work was approxi-
mately the same as that used by Otuka and Kozuka [3].
The schematic view of the assembly is shown in Fig. 2.
Calcia-stabilized zirconia tubes were used as the electro-
Iytes. They were supplied by Nikkato Corp. with dimen-
sions of 8 mm o. d. and 5 mm i. d. and 300 mm long. Two
sorts of zirconia tubes of different purity were used.
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Fig. 2: Schematic diagram of the cell assembly. A: Kanthal lead
wires, B: Alumina sheath, C: Stabilized zirconia crucible as a
sample, E: Argon gas, F: Iridium wires, G: Porous platinum
electrode, H: Platinum lead wires, |: Voltmeter, J: Oscilloscope,
K: Potentiostat, L: Interrupter, M: Liquid silver electrode.

Species Composition (mass%)
TypeA Type B
sio, 0.14 1.02
TiO, 0.08 0.11
ALO, 0.68 0.52
Fe,0, 0.05 0.15
MgO tr. 0.15
Na,0 0.01 0.03
Ca0 5.86 6.01
Zr0, 93.18 92.01

Table 1: Composition of the samples.

Type A was high purity grade and Type B was low purity
grade; the compositions of these samples are shown in
Table 1.

On the surface of the zirconia tubes over a 6 cm length
from the closed end, a porous platinum layer for reference
electrode was prepared by painting platinum paste and
sintering in air for 5 hr at 1273 K. 99.999% pure silver was
used as the inner electrode. The depth of the molten silber
was set the same as the length of the outer electrode. Over
the silver electrode, purified Ar was filled and the elec-
trode was sealed during the experiment. A platinum lead
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wire was connected to the outer electrode. Kanthal wire
was used as the lead wire to the inner electrode. A short
length of iridium wire welded to the end of the Kanthal
wire were used to contact with the liquid silver. Thermal
electromotive force between the two lead wires was mea-
sured beforehand and the applied voltage was corrected
according to the data.

A specially designed potentiostat was used to provide
a sudden change in the applied voltage on the cell. The
schematic electrical circuit to the cell is shown in Fig. 2. By
using the potentiostat, the IR drop in the lead wire may be
eliminated and the applied voltage can be changed sud-
denly to the preselected value. The voltage drop, due to
the electrode resistanse, cannot be eliminated from this
procedure. This correction was made by evaluating the
resistance of the electrode measuring the voltage drop in
the oscilloscope upon the interruption of the current. The
values of applied voltage reported here are the values cor-
rected for the thermoelectric voltage and for the electrode
effect.

A Nicrome-wound furnace and an electronic controller
were used to maintain the temperature of the cell within
+2 K at 1273, 1373 and 1473 K.

4 Results

4.1 ldentification of the carrier of the excess
charge flow

In Fig. 3, typical examples of the current decay curve
measured upon changing the applied voltage are shown
for two distinct polarization conditions. In both cases, the
applied voltage was changed by 100 mV more negative
than the initial values. Case A is for moderately reduced
conditions, where the oxygen concentration in liquid Ag is
relatively large, and the main part of the observed current
should be due to the change in oxygen dissolved in the
liquid Ag electrode. On the contrary, case B is the condi-
tion of a highly reduced state. The oxygen chemical poten-
tial at the liquid Ag electrode is extremely low and, accord-
ing to the evaluation from the thermodynamic data, the
change in oxygen concentration should not be observed
perfectly. But, as shown in the figure, small amounts of
charge flow were observed upon changing the applied
voltage. The charge corresponding to the hatched area,
which we call “excess charge” in this text, is considered
Qy.0,» defined by the Eq. 1. The fact that this excess charge
was due to the release of oxygen was also confirmed by
observing that some amounts of oxygen were generating
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Fig. 3: Typical examples of the current decay after the changes of
polarization conditions. Left Case A: For the change E,, =-140 mV
to E,,,, =—240 mV. Right Case B: For the change E,,,, =-1000 mV to
E,ppiy =—1100 mV. Sample of Type A was used. The oxygen partial
pressure of the reference electrode was kept at 0.21 atm. Measuring

temperature was 1273 K.

Ar—=

Fig. 4: Schematic diagram of the apparatus for the confirmation
of the liberation of oxygen from the electrolyte sample upon the
change of the polarization conditions. A: Circulation pump,

B: Polarization cell, C: Oxygen pump, D: Oxygen sensor,

E: Potentiostat.

simultaneously from the outer electrode, which is shown
in the following measurement.

The apparatus used in this confirmation is shown in
Fig. 4. The polarizing cell was contained in a chamber
filled with a circulating CO,/CO gas mixture. The ratio of
the gas mixture was kept constant by the feedback control
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Fig. 5: Changes of the current through the cell and oxygen pump
upon the change of cell polarization condition from P, /atm =

1.9 x 107 to P,,/atm = 4.9 x 1078, Upper: Change of the current
through the cell. Lower: Change of the current through the oxygen
pump. Sample of Type A was used. Oxygen partial pressure
controlled at the reference electrode was 3.16 x 10-¢ atm.

system using an oxygen sensor and an oxygen pump
based on a stabilized zirconia solid electrolyte [6]. When
oxygen is generated into the circulating gas compart-
ment, the control system pumps it out by electrolysis to
keep the oxygen potential of the circulating gas at the
pre-selected constant value. Therefore, oxygen generation
may be detected by monitoring the current through the
oxygen pump.

The result is shown in Fig. 5. The cell was polarized
from the state of the oxygen partial pressure in the liquid
electrode of 1.9 x 10 atm to the state of 4.9 x 10-'® atm.
For these conditions, the change in oxygen concentration
in the liquid Ag electrode is thoroughly negligible. The
upper figure shows the variation of the current through
the sample cell upon the polarization. The lower figure
shows the current variation through the oxygen pump. As
the figure shows, some oxygen is released from the cell
even in these highly reduced polarization conditions.
Unfortunately, quantitative analysis could not be possible
since the composition of the circulating gas was selected
at such an extreme ratio and the oxygen potential of this
reference electrode is not so stable as air or a buffered gas
mixture. Therefore, long term integration of the current
could not be possible. But almost all of the net charge flow
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observed in the polarization cell may be considered to be
the flux of oxygen ions.

4.2 Relation between the applied voltage
and the amounts of the charge flow

The accumulative amount of charge generated upon the
change of the polarization condition at 1273 K is plotted
as a function of the final applied voltage in Fig. 6. The
arbitrary starting condition was selected at the applied
voltage of —500 mV with respect to the air reference elec-
trode, whose state is corresponding to the equilibrium
oxygen pressure of 2.5x10° atm. The plots fall on a
unique curve, regardless of the difference of the incre-
ments of the applied voltage and the different cells assem-
bled with the electrolyte of the same lot. The broken line
represents the thermodynamically calculated amounts
of charge due to the oxygen drown out from the liquid
silver electrode, Q,,. The excess charge, Q,,,, may be
determined by subtracting Q,, from the total charge. From
these data, it was concluded that the value Qy,, is deter-
mined uniquely by the initial and final polarization condi-
tions. This evidence suggests that this amount of excess
charge results from some changes in the bulk constitution
of the electrolyte.
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Fig. 6: Accumulated amounts of the excess charge for the different
increment of the polarization voltage.
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Fig. 7: The effect of the dimension of the electrode on the
accumulated amounts of the excess charge.

4.3 Relation between the amount of excess
charge and the dimensions of the
electrolyte

The effect of the electrolyte dimensions to the amount of
the excess charge is shown in Fig. 7 When electrolyte
tubes of the same diameter were used, the excess charge
was nearly proportional to the length of the electrode. If
the excess charge resulted from oxygen flow from the gas
phase over the liquid inner electrode, it would be inde-
pendent from the length of the electrode. This evidence
also supports the assumption that the excess charge
results from some changes in the bulk constitution of the
electrolyte.

4.4 Relation between the amount of excess
charge and that of the impurities of the
electrolyte

The effect of the amount of the impurities of the electro-
lyte on the amount of the excess charge was studied by
measuring two different types of the electrolyte of the
same geometry. The results are given in Fig. 8. The differ-
ence between measured values on the same lot of electro-
lyte could be ignored. But the difference between the elec-
trolytes with different amounts of impurities was very
large. The measured excess charge was larger for less pure
specimen than for that of high purity.
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Fig. 8: The effect of the amounts of impurity of the sample on the
accumulated excess charge.
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Fig. 9: The effect of temperature on the amounts of the excess
charge generated from the stable condition E,, =-500 mVto E, =
—1000 mV. Lines are calculated values based on the model of oxygen
liberation due to the reduction of the impurity oxides.

4.5 Relation between the amount of excess
charge and the measuring temperature

The effect of the measuring temperature on the amount of
the excess charge observed upon a change of the polariza-
tion conditions from E;: =500 mV to E,: -1200 mV (with
respect to the air reference electrode), is shown in Fig. 9 as
a function of the temperature. The measured extra charge
is observed to increase with increasing temperature. This
trend is similar for both different impurity types of electro-
lytes. At 1473 K, the steady ion blocking state was not
obtained at a highly polarized conditions; the polarizing
current increased gradually. This phenomenon results from
an irreversible compositional change in the electrolyte,
and the data obtained for these conditions were discarded.
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Fig. 10: The effect of the oxygen potential of the reference electrode
on the accumulated excess charge. Sample of Type A was used.

4.6 Relation between the amount of the
excess charge and the oxygen potential
of the reversible electrode

The polarization experiments performed while keeping
the oxygen potential of the reversible electrode at low
values with CO,/CO gas mixtures are summarized in
Fig. 10. The measured amount of excess charge for each
experiment is a function of the oxygen potential of the
irreversible electrode. An arbitrary starting point was
selected at POz: 3.16 x 10-8 atm. As shown in Fig. 10, the
amount of charge for the reduced electrode is larger than
that for the air electrode up to about log(Poz/atm) =-13.
But in the higher polarized state this relation is reversed.

5 Discussion

The above results show that the observed flow of excess
charge can be attributed to the transport of ionic oxygen
generated from a constitutional change in the electrolyte
upon a variation in the potential profile in the electrolyte.
Some quantitative discussions on these results are given
in the follows.

The potential profile established in the electrolyte at
the polarized state may be calculated according to the
theory of Choudhury and Patterson [7]. The relation
between the oxygen potential and the normalized dis-
tance from the end of the electrolyte x/L is given as follows,
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Fig. 11: The calculated potential profiles established in the polarized
sample for some different polarization conditions.
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where L is the thickness of the electrolyte, P P(;Z and P(;’z
are the oxygen pressures at x=x, x=0 and x =L, respec-
tively. Examples of potential profile which would be estab-
lished in the electrolyte for some different polarization
conditions were calculated and are shown in Fig. 11. The
values of the electrical properties of electrolyte used in the
calculations are shown in Table 2, which were measured
values to the present electrolyte samples [8]. Two mecha-
nisms of the generation of oxygen upon such a change in
potential profiles are considered as follows.

5.1 Variation of concentration of oxygen
vacancy due to intrinsic mechanism

The oxygen vacancies in the stabilized zirconia are con-
sidered to be in the local equilibrium with surrounding

ated leaving vacancies. These quantities are calculated
here.

The concentrations of excess electrons C, and positive
holes C, are buffered by the large amount of normal oxide
ions and oxide ion vacancies as shown by the equilibrium
reaction equations (9) and (10), and may be expressed as
follows,

C.=KP)", C,=K'B}! (11)

From the relation between the conductivity and the
charge-carrier concentration,

P 1/
C,= Sion| Z0p. (12)
Fu,\ P,
P m
C,= Sion | 202 (13)
Fu, \ P,

where u, and , are the mobility of the excess electron and
positive hole respectively, and P, and P, represent the
oxygen partial pressures at which the partial conductivi-
ties of excess electron and the positive hole becomes the
same value as that of oxygen ion, o, respectively [10].
Then the concentration profiles of excess electrons and
positive holes are established in the bulk of the electro-
lyte. Equation (9) shows that the increase of two moles of
excess electrons leads to the increment of one mole of
oxygen vacancies and one mole of oxygen atom generation.
On the other hand, Equation (10) means that the decrease

Samples Temperature/K Gon/ S €M™ log(P_/atm) log(P,/atm)
Type A 1273 0.015 -28.1 9.0

1373 0.045 -25.7 9.4

1473 0.117 -23.5 9.8
Type B 1273 0.014 -28.4 9.0

1373 0.037 -25.7 9.1

1473 0.084 -23.4 9.2

Table 2: Electrical properties of the samples.
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of two moles of electron holes introduces one mole of
oxygen vacancies and one mole of oxygen atom genera-
tion. Therefore, the amount of excess oxygen to be released
when the oxygen potential profile was changed, An,, is
represented by,

An,

_ ALoy, (Uz -U, " U, _Ua} (15)

2F L U, u,
where A is the cross-sectional area of the electrolyte and
U, to U, are,

(16)

At the reference electrode, according to the electrode
reaction,

05 (electrolyte) = V' (electrolyte) + 2e(electrode) +102 (gas)
(17)

the excess oxygen conveyed as the oxide ion is released
from the electrolyte. On the other hand, across the inter-
face of the irreversible electrode, the electricity is charged
by the pair of electron and accumulated oxide ion vacancy.
This flow of oxide ion gives the excess current in the exter-
nal circuit. The amount of the electric charge ,,, then,
may be represented as,

Qyo, = 2FAn, (18)

The integral terms in the Eq. (16) can be numerically
calculated from the potential profile represented by
the Eq. (8). To perform the calculation, the values of the
mobility of excess electron and positive hole for zirconia
are necessary. The reported values, however, are inconsis-
tent. In the present calculation, the mobility was assumed
to be 0.8 cm?V-'s! for both excess electron and positive
hole [11]. This value is the representative value of the data
obtained by the thermo-electric power measurement, for
which the effect of impurity of the sample is thought to be
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Fig. 12: The calculated amounts of excess charge based on the
model of the intrinsic mechanism.

small. In the calculation, the electrolyte was taken as the
plane sheet because the thickness was small compared to
its diameter.

The results are shown in Fig. 12. The calculated values
are only about 1/1000 — 1/10000 of the measured values
and do not account for the observed large flow of excess
charge. If the more small values obtained by the potential
relaxation measurement [12] were adopted, the better
agreement might be obtained. But the experimental fact
that this excess charge is also depending on the amount
of impurity could not be explained. Because a small dif-
ference of impurity scarcely affects the potential profile in
the electrolyte and the concentration profile of excess
electron and positive hole does not change largely.

5.2 Generation of oxygen due to
the reduction of the oxide impurities

Among the impurities in the electrolyte shown in Table 1,
Fe and Ti should be noted because their valency may vary
with oxygen potential. From EPMA analysis, Ti was fully
dissolved into matrix of the electrolyte. A part of the Fe
was observed to concentrate in a second phase between
the grains. However, since the estimation of its composi-
tion is difficult, Fe and Ti are taken to exist as fully dis-
solved components in the electrolyte here. Clearly, this
assumption can only lead to a higher value for concentra-
tion of these impurity ions.

Fe and Ti on zirconium sites may be considered to be
involved in the equilibria,

x wo e, 1
2Fe}, +0y =2Fe; +V] +§02 (19)

2T}, + 0} = 2Tiy, + V' +%02 (20)
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where Fej denotes trivalent Fe, Fej divalent Fe, Tiy
tetravalent Ti and Ti,, trivalent Ti situated at a zirconium
site. The oxygen may be released when the above equilib-
rium reactions shift to the right according to the change of
the oxygen profile. In the following analysis, the amount
of oxygen released with the ferrous/ferric redox reaction is
only shown as an example.

Equation (19) may be expressed by the molecular
components as follows,

FeO,,=FeO+ %02 (21)

where the underlined components denote that those are
dissolved in the stabilized zirconia.
From above relation,

VFe0; 5 N FeOy 5

yFeON P e

FeO 0,

=K (22)

where K is the equilibrium constant of the reaction (21),
Yreo ANd g, are the activity coefficients and Ny, and
N, , are the mole fraction of FeO and FeO,;, respectively.
As the total mass of Fe is constant,

Nio+N FeOp5 N, (23)

where N, denotes mole fraction of total Fe. Solving Equa-
tions (22) and (23) simultaneously,

NFe P01/4
Nieo, = » : (24)
FeOy5 K+ P1/4
0
yFeO 2
Similarly, for titanium,
NP v
N Ti0, — = (25)

Y10y 1, pia
—XK'+ P02
Yo g

where Ny, is the mole fraction of total Ti, 740, and y , the
activity coefficients of TiO, and TiO, ; dissolved in the sta-
bilized zirconia, and K’ is the equilibrium costant for the
reaction,

Ti0, =TiO, , +%02 (26)
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When the polarization condition was changed and
the profile for the distribution of FeO,; varies from

N! X to N7, X and the distribution of TiO, varies
FeOq 5 L FeOq 5 L 2

from N, (%) to N, (%j, respectively, the amount of the

liberated oxygen An, may be represented as,

1 1., X 1, X
Ang = Enzmz {J.o N FeOy 5 d[zj - _[0 N FeOy 5 d[zﬂ
1 1 X [ X
+ Enzmz DO Nio, d [E] - IO N7, d [EH @7

where, n,, is total moles of the electrolyte.
If this oxygen is released from the reference electrode,
the observed excess charge Qy, is,
Q0,=2FAn, (28)
The amount of excess charge was calculated accord-
ing to this model for the present experimental conditions.
In the calculation, the equilibrium constant K and K’ in
Equations (24) and (25) were taken from the tabulated
data of Barin et al [13]. The activities of these oxides are
not known, but it is reasonable to assume that the activi-
ties of FeO (or TiO,;) and FeO,; (or TiO,) is not largely

different from each other. This assumption leads to the
relations

VFe0, 5 _ Yo,

1, =1. (29)

Vre0 V10,5

The calculated results are shown in Fig. 13. The values are
several times larger than those observed, but dependency
on the oxygen potential of the irreversible electrode is
quite good. These trends were also observed for electrolyte
which contain a higher level of impurities.

The modification of constant K’s and y’s were tried in
order to fit the calculated value to the measured one, but
good results were not obtained. On the contrary, when it
was calculated supporting that only a part of the impuri-
ties participated in this mechanism, a fairly good agree-
ment was possible. This fact may suggest that a part of
the impurities is condensed in the silicate glassy phase
located between the grain boundaries and does not take
part in the oxygen liberation mechanism because the
mobility of oxygen ions in these phase is very low [14]. On
this point, more studies are needed. If about a half of the
iron oxide is only reduced in valence, the excess charge
may be calculated as in Fig. 14. These values are in good
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Fig. 13: The calculated amounts of excess charge based on the
model of oxygen liberation due to the reduction of the impurity
oxides.
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Fig. 14: The comparison between the measured excess charge and
those estimated based on the model of the reduction of Fe,0, for
some experimental conditions with the different oxygen partial
pressure of the reference electrode.

accordance with the observation not only for the different
applied potentials but also for the different oxygen poten-
tials of the reference electrodes. Furthermore, the calcu-
lated temperature dependence of the excess charge flow is
also in fairly good agreement with the observed ones, as is
seen in Fig. 9.

From these facts, it is concluded that the observed
excess charge should be attributed to the flow of oxygen

DE GRUYTER

ion caused from the reduction of the dissolved impurity
components in the electrolyte. This effect may affect the
measurement of small quantity of oxygen with the use of
coulometric method based on the solid electrochemical
cell using stabilized zirconia as the electrolyte. Moreover,
this effect may lead to very small values of the drift mobil-
ity of the excess electron and positive hole when they
are determined from the conductivity and the carrier con-
centration measured by non-stoichiometry. The determi-
nation from the analysis of the relaxation process should
also be affected by this effect. The relatively small values
of drift mobility of electronic defects for stabilized zirco-
nia reported so far should be reconsidered with the present
effect in mind.

6 Conclusion

The mechanism of the flow of excess charge observed in
the DC polarization of the zirconia solid electrolyte cell
was investigated in detail. It was found reasonable to attri-
bute the excess charge to the oxygen liberation resulting
from the reduction of impurity components upon the
change of the oxygen potential profile in the electrolyte.
The oxygen liberation from the electrolyte should be con-
sidered when using the same materials under very low
oxygen potential conditions.
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