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Abstract It is shown that the performances of the oxygen
potentiometric sensor can be remarkably improved by
electrochemical activation. The electrochemical activation
were carried out by firstly employing the oxygen potentio-
metric sensor as a fuel cell (H2 vs. O2), and then running the
fuel cell at a low discharge voltage for some time. This
activation effect was valid for sensors domestically prepared
under different conditions. On the basis of the literature
reports and the experimental observations, the possible
reasons for the electrochemical activation have been ana-
lyzed. The decrease of the concentration of the oxygen ion
(oxide) species at the electrode and the decrease of the
electrolyte contribution to the total impedance seemed to be
the main reasons that have led to the remarkable improve-
ment of the performances of the oxygen potentiometric
sensor after the electrochemical activation.

Keywords Oxygen potentiometric sensor . Electrochemical
activation . Performance . Oxygen ion (oxide) species .

Electrolyte contribution

Introduction

Potentiometric electrochemical oxygen sensors are com-
monly used in a variety of applications including internal

combustion engines, process control, industrial boilers, and
metallurgical heat treatment furnaces [1–3]. A typical
oxygen potentiometric sensor consists of an oxygen ion
conducting solid electrolyte, usually yttria-stabilized zirco-
nia (YSZ), and two electrodes, such as porous Pt, deposited
on the two sides of the electrolyte. When the two electrodes
are exposed to two different oxygen partial pressures, the
sensor develops an electromotive force (EMF) [3]. If the
partial pressure of oxygen at the reference electrode is Pr

and that at the sensing electrode is Pw, the generated EMF
is given by the Nernst equation:

E ¼ RT

4F
ln

Pw

Pr

� �
ð1Þ

Where R is the gas constant, T is the temperature in
Kelvin, and F is the Faraday's constant.

Presently, the researches about oxygen potentiometric
sensors are mainly focused on two fields: reducing sensor's
operation temperature or improving sensor's response rate.
The high operation temperature of the oxygen potentiometric
sensor is often considered to be related with the low oxygen
ion conductivity of the electrolyte at temperatures lower than
600 °C and also due to slow electrode kinetics [3–5]; and the
response rate of the oxygen potentiometric sensor is
determined by the factors such as double-layer capacitance
of the Pt/YSZ interface, material and microstructure of the
sensing electrode, conductivity and material of the electrolyte,
and electrode reversibility [6, 7].

In order to improve the performances of oxygen potenti-
ometric sensor, many efforts have been carried out: introduc-
tion of the electrolytes with high conductivities [5, 8–10] and
development of the new materials for sensor's sensing
electrode [4, 6, 11, 12]. Compared with some new electrode
or electrolyte materials which exhibit excellent catalytic
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activity for oxygen reduction, one obvious advantage of the
Pt electrode deposited onto the YSZ electrolyte is its
expected chemical inertness [13]. This means that employing
Pt metal as the starting material to fabricate the sensing
electrode has the advantage of extending the lifetime of the
oxygen potentiometric sensor. Therefore, until today, the
popularly used oxygen potentiometric sensor is still employ-
ing Pt as electrode material, and YSZ as the electrolyte.

In addition, surface treatments have also been proposed to
reduce the operating temperature of the oxygen potentiometric
sensor. HF treatment of stabilized zirconia [14] and a
pretreatment with water vapor of LaF3-based oxygen sensors
[15] exhibited good performance at low temperature.
However, none of these attempts seem to be sufficiently
attractive for industrial production.

In this paper, we show that performances of the oxygen
potentiometric sensor can be remarkably improved by firstly
employing the sensor as a fuel cell, and then running the fuel
cell at a low discharge voltage. The electrochemical activation
can substantially reduce sensor's operating temperature, and
also can improve sensor's response rate over the operating
temperature range from 400 to 700 °C. This promotion effect
may be ascribed to the decrease of the concentration of the
oxygen ion (oxide) species at the electrode and the decrease
of the electrolyte contribution to sensor's total impedance.

Experimental

Sensor fabrication

All prepared sensors employed Pt as the electrode catalyst,
and YSZ as the electrolyte. Pt paste (Aldrich), H2PtCl6•6H2O
(Beijing Chemical Company, China), the mixture of Pt
catalyst (Aldrich, 100 nm) and YSZ sample (Tosch, TZ-8YS,
Japan) or the mixture of the Pt catalyst (Aldrich, 100 nm)
and graphite (Shanghai YiFan Graphite Company, China)
were used as the starting material to prepare the electrodes,
and the YSZ samples (Tosch, Japan) with different Y2O3

content were used as the electrolytes.
The detailed preparation processes of the electrodes

listed in Table 1 are as follows:

1. Pure Pt electrode prepared by Pt paste
The Pt paste was coated onto the surface of the YSZ

tube (40 mm length and 6 mm inner diameter, shown in
Fig. 1) or the YSZ pellet (10 mm diameter, 1 mm
thickness). After being sintered at 500 °C for 2 h, and
then at a high temperature (900 to 1,500 °C) for 2 h, the
pure Pt electrode can be prepared.

2. Pure Pt electrode prepared by H2PtCl6•6H2O
The H2PtCl6•6H2O powder was solved into terpilenol

(Beijing Chemical Company, China), then some amount T
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of Methyl cellulose (Beijing Chemical Company, China)
was added into the mixture to prepare a paste. The
prepared paste was coated onto the surface of the YSZ
tube (40 mm length and 6 mm inner diameter, shown in
Fig. 1) or the YSZ pellet (10 mm diameter, 1 mm
thickness), and then sintered at 900 °C for about 2 h.
The coating and sintering procedures were repeated
several times until the electronic resistance between the
arbitrary two points on the electrode surface was lower
than 1.0 Ω.

3. Pure Pt electrode prepared by the mixture of the Pt
catalyst and graphite

Sixty weight percent of pure Pt catalysts, 8 wt.% of
graphite powder, 30 wt.% of polyvinyl alcohol solution
(2% in distilled water), and 2 wt.% of glycerol were
weighed and mixed to prepare a paste; then, the paste
was coated onto the surface of the YSZ tube (40 mm
length and 6 mm inner diameter, shown in Fig. 1) or the
YSZ pellet (10 mm diameter, 1 mm thickness); after
being sintered at 500 °C for 2 h, and then at 1,200 °C
for 2 h, the pure Pt electrode can be prepared.

4. Pt–YSZ composite electrode
The composite electrodes were made using a paste

composed of 55 wt.% of Pt, 13 wt.% YSZ, 30 wt.% of
polyvinyl alcohol solution (2% in distilled water), and
2 wt.% of glycerol. The paste was then deposited onto
the surface of the YSZ tube (40 mm length and 6 mm
inner diameter, shown in Fig. 1) or the YSZ pellet
(10 mm diameter, 1 mm thickness). After being
sintered at 500 °C for 2 h, and then at 1,300 °C for
2 h, the composite electrodes can be prepared. In order
to eliminate the influences of the poor electronic
conductivities of the Pt–YSZ composites onto the
sensing performances, a thin layer prepared by pure
Pt catalysts (Aldrich, 100 nm) was deposited onto the
Pt–YSZ composite. The deposition process of the thin

Pt layer was similar to that of the Pt–YSZ composite
electrode: 68 wt.% of pure Pt catalysts, 30 wt.% of
polyvinyl alcohol solution (2% in distilled water), and
2 wt.% of glycerol were weighed and mixed to prepare
a paste; then, the paste was coated onto the surface of
the Pt–YSZ composite; after being sintered at 500 °C
for 2 h, and then at 900 °C for 2 h, the thin Pt layer can
be prepared.

Typical image of the YSZ tube coated with electrodes
is also shown in Fig. 1. In our experimental, the self-
made sensors are all without shield cover.

Electrochemical activation

The equivalent wiring diagram of the implemented activa-
tion process is shown in Fig. 2. All the prepared sensors
were slowly heated to 700 °C with air at both electrodes
and left at this temperature for about 72 h. The sensors were
then heated to 800 or 900 °C, and acted as a fuel cell by
feeding H2 and O2 into the reference electrode and the
sensing electrode, respectively. The electrochemical activa-
tions were carried out by running the fuel cells at a low voltage,
typically 0.1 V, for about 2 h. After the electrochemical
activation, the sensors were cooled down to 700 °C at a rate of
2 °C/min with air at both electrodes and left at this temperature
for about 12 h.

Electrical measurements

Measurements of sensing performances

The schematic drawing of the measuring setup of sensors'
performances is shown in Fig. 3. The oxygen potentiomet-
ric sensors were mounted in a furnace, parallel to the gas
flow direction. Gas mixtures of controlled gas concentra-
tion were applied to the sensors. Gas composition changes
were produced by activating solenoid devices that switched
alternate gas streams through the furnace and past the
sensor. Solenoids were located in the gas stream some
300 cm before the sensor. The solenoid switching time was
0.025–0.050 s. Since the time delay between PO2 switch
and transport to the sensor is difficult to calculate accurately
from the experimental curves, in order to eliminate the
influence of the delay time of the gas composition on the
response time measurements, we employed Eq. 2 to define
the response time.

tt ¼ t0:95 � t0:05 ð2Þ

Here, t0.95 and t0.05 are the times at which the output
voltage of the oxygen potentiometric sensor achieves 95%
stable voltage and 5% stable voltage, respectively.

Fig. 1 Typical images of the YSZ tube (a) and the YSZ tube coated
with the electrodes (b)
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Impedance measurements

Impedance measurements were carried out by an Electro-
chemical Analysis Meter (CHI614D, manufactured by
Hewlett-Packard, USA), and the frequency range was from
105 Hz to 0.01 Hz with 10 mV ac signal amplitude at
equilibrium potential. Each measurement was repeated
twice and the results were in good agreement with each
other. The electrode polarization resistance R and the
double-layer or constant phase element (Q) values were
estimated by fitting the experimental data to the appropriate
equivalent circuits.

Results and discussions

Electrochemical activation for oxygen
potentiometric sensor

In published works, the oxygen potentiometric sensors
often performed with no pre-treatments [3–12, 14, 15].
However, we found that the performances of oxygen
potentiometric sensor can be remarkably improved by
electrochemical activation. Figure 4 shows the promotion
effects on EMF response of the oxygen potentiometric

sensor. The electrochemical treatments were carried out by
firstly employing the oxygen potentiometric sensor as a fuel
cell (H2 vs. O2), and then running the fuel cell at about
0.1 V for 2 h. About 12 h after the electrochemical
activation, the EMF response curves were measured at
500 °C by feeding a mixture of CO+Air into the sensing
electrode, and air into the reference electrode. In Fig. 4, the
parameter λ is a signal on how close the mixture Air/CO to
stoichiometric conditions. λ is defined as [16]:

l ¼ ðVair=VCOÞðactualÞ
ðVair=VCOÞðstoichiometricÞ

ð3Þ

Here, Vair is the volume of air in the gas mixture, and
VCO is the volume of CO in the gas mixture. Before the
electrochemical treatments, the size of the response is far
smaller than expected from thermodynamic calculations.
However, the situation can be much improved by employing
the electrochemical activation. As shown in Fig. 4, after the
electrochemical activation, a smooth rise in EMF is
observed, and the EMF value at the lean side approaches
the theoretical value.

The promotion effects of the electrochemical activation
onto sensors' EMF response can be observed more clearly
in EMF vs. temperature curves. Figure 5 shows sensor's
EMF vs. temperature curves before and after the electro-
chemical activation. The measurement temperature was
ranged from 300 to 700 °C for one representative gas
composition, similar behavior to that reported in Fig. 5 was
observed for other N2–O2 gas mixtures. In Fig. 5, the solid
lines represent the theoretical values calculated from
Nernst's equation, the close symbols represent the measured
values. According to the figure, the electrochemical
treatment can reduce sensor's operation temperature from
about 590 °C to about 510 °C.

Figure 6 shows the influences of the electrochemical
activation onto the sensor's response time. Before the
electrochemical activation, the oxygen potentiometric sensor
exhibits a 15-s response time at 550 °C, while after the
electrochemical activation, sensor's response time was
reduced to be about 5 s at 550 °C.

Fig. 3 The schematic drawing of the measuring setup of sensors'
performances. 1, 2 gas cylinders; 3, 4 globe valves; 5, 6 gas flow
meters; 7, 8 solenoid valves; 9, 10 controllers of the solenoid valves;
11 gas pipe; 12 furnace; 13 tested gas; 14 reference gas; 15 oxygen
sensor; 16 metal wire; 17 signal detection device; 18 computer

Fig. 2 The equivalent wiring diagram of the implemented activation process

2526 J Solid State Electrochem (2012) 16:2523–2532



Table 1 shows the promotion effects for all sensors
prepared under different conditions or with different materials
and methods. These sensors included the variations of the
sensing electrodes in sintering condition, materials, and
microstructure. All the sensors show the promotion effects in
the operation temperature and the response rate. It proves that
the promotion effects of the electrochemical activation are
universal for oxygen potentiometric sensors employing Pt as
catalyst and YSZ as electrolyte.

Impedance changes caused by the electrochemical
activation

To get an insight into the changes of sensors' performances
during the electrochemical activation, the impedances of the

sensors were measured before and after the electrochemical
treatment, respectively. The measured AC impedance
spectra are shown in Fig. 7. These Nyquist plots can be
approximately interpreted by an equivalent circuit shown in
Fig. 8. In Fig. 8, element R0 could be used to represent the
total electrolyte contribution to the impedance [17]. The
element Rp Q corresponds to the semicircular arc in the
Nyquist plot, in relation to the electron transfer at the
electrode. Rp represents the interfacial resistance, Q is a
constant phase element [with impedance ZQ=1/Q(iw)

n].
The corresponding impedances of the sensors obtained

from Fig. 7 are summarized in Table 2. It can be seen that
for all sensors, the values of R0 and Rp decreased after the
electrochemical activation.

Optimization of the electrochemical activation

As the sensor was employed as a fuel cell, applying a small
dc bias onto the cell changed the values of the interfacial
resistance (Rp), but after switching off the voltage, no
promotion effects on sensor's performances and interfacial
resistances can be observed. However, if the magnitude of
the voltage increased beyond this “reversible regime,”
drastic changes can be observed (as shown in Table 3).

The influences of the discharge voltage and the
temperature onto the promotion effects of the electrochem-
ical activation were measured. The measurements were
carried out 12 h after the electrochemical activation, and the
results are shown in Table 4. It can be seen that as the fuel
cell discharged at 0.3 V, 800 °C, there were no promotion

Fig. 6 Response time versus temperature plots for oxygen potentio-
metric sensor before and after the electrochemical activation,
measured with air at the reference electrode and N2–O2 mixture
(1% O2 to 21% O2) at the sensing electrode. The experimental volume
flow rate is about 5–20 cm3 s−1. The detailed activation process is that
employing the sensor as a fuel cell, and then discharging the fuel cell
at 0.1 V, 900 °C for about 2 h. The response time measurements were
carried out 12 h after the electrochemical activation

Fig. 5 EMF versus temperature plots for oxygen potentiometric sensor
before and after the electrochemical activation, measured with air at the
reference electrode and N2–O2 mixture at the sensing electrode. The
experimental volume flow rate is about 5–20 cm3 s−1. The detailed
activation process is that employing the sensor as a fuel cell, and then
discharging the fuel cell at 0.1 V, 900 °C for about 2 h

Fig. 4 EMF responses of the oxygen potentiometric sensor at 500 °C
before and after the electrochemical activation, measured with air at the
reference electrode and air–CO mixture at the sensing electrode. The
experimental volume flow rate is about 5–20 cm3 s−1. The detailed
activation process is that employing the sensor as a fuel cell, and then
discharging the fuel cell at 0.1 V, 900 °C for about 2 h

J Solid State Electrochem (2012) 16:2523–2532 2527



effects onto sensor's operation temperature and response
rate; while when the discharge voltage was 0.1 V at 800 °C,
obvious promotion effect can be observed. As the temper-
ature increased from 800 to 900 °C, the maximum
discharge voltage at which the electrochemical activation
can apply obvious promotion effects onto the sensors also
increased. However, too high temperature is not beneficial
for the improvement of sensors' performances. For exam-
ple, after activated at 1,100 °C, sensors' performances
decreased as compared with the initial state. This may be
due to the fact that at the high temperature, platinum
particles are more likely to coarsen and crystallize, which
would result in a decrease of the three phase contact

boundary and an increase in the electrode resistance [4].
The appropriate discharge voltage for electrochemical
treatment seems to be ≤0.3 V at 900 °C, and ≤0.1 V at
800 °C.

The length of the time interval during which the
electrochemical treatment is applied to the sample also
has a strong influence onto the effect of activation. Figure 9
shows the effect of activation time ranging from 5 min to
140 min onto sensor's interfacial resistance. As the
activation time increased, the interfacial resistance (Rp) of
the sensor firstly decreased with time; but after an enough
long time, it achieved a stable value. According to the
experimental results, the time interval of 2 h is appropriate
for the electrochemical activation.

In our experimental, we also found that the activated
state of the sensor, however, was not stable on large time
scale. If the sensors were kept at high temperature, the
promotion effects seemed to decay with time, but sensors'

Fig. 7 AC impedance spectra of the oxygen potentiometric sensors
before and after the electrochemical activation, measured with air at
both electrodes at 700 °C. a 1# sensor, b 2# sensor, c 3# sensor, d 4#
sensor. The detailed activation process is that employing the sensor as

a fuel cell, and then discharging the fuel cell at 0.1 V, 900 °C for about
2 h. The impedance measurements were carried out 12 h after the
electrochemical activation

Fig. 8 The equivalent circuit used
for interpreting the Nyquist plots

2528 J Solid State Electrochem (2012) 16:2523–2532



performances would not recover to the initial states and
were still better than those before the activation. This
“relaxation” behavior has been further investigated with AC
impedance measurement over 7 h, the measurement results
are shown in Fig. 10. After enough long time, the
interfacial resistance seems to achieve a stable value, which
is still lower than the initial value before the electrochemical
activation.

According to above observations, we can conclude that
during the electrochemical activation, there were two kinds of
promotion effects applied onto the sensors, one is reversible,
which has led to the “relaxation” behavior of the sensors after
the electrochemical activation; while the other is irreversible
and beneficial for the permanent improvement of sensors'
performances.

Possible reasons for the electrochemical activation

For metal and ceramic electrodes, promotion effects of the
electrochemical activation have often been observed [18–27].
Summarizing the literature reports and the experimental
observations presented above, the following two factors can
be accounted for the promotion effects of the electrochemical
activation.

Decrease of the concentration of the oxygen ion (oxide)
species

Although the electrochemical reactions occurring in an O2(g),
Pt/YSZ system are still under discussion due to the
complexity of the system, the occurrence of oxygen ion
(oxide) species has been reported by many literatures [21–23,
25] . The oxygen ion (oxide) species are also present at the
three-phase boundaries (TPB). Since the TPBs are the
necessary sites for oxygen charge transfer [13], the presence
of oxygen ion (oxide) species will result in blockage of
effective number of the electrochemical reaction site, and then
lead to increase of the interfacial resistance and reduction of
the electrode capacitance.

According to Sridhar's reports [22, 23], in oxygen-
containing atmosphere it is likely that the oxygen in the gas
phase equilibrates with the electrode and then results in the
formation of various oxygen ion (oxide) species, which
effectively reduces the concentration of charge-transfer sites
and increases the impedance response:

O2 gð Þ þ 2 Ptð Þn ! 2 Ptð ÞnO ð4Þ
The oxygen ion (oxide) species include all types of

species present at electrode from weakly adsorbed oxygen

Table 3 Influences of the bias voltage onto the changes of the interfacial resistances

No. Bias voltage (V) Discharge voltage (V) R0 (Ω cm2) Rp (Ω cm2)

Before the activation After the activation Before the activation After the activation

1# 0.15 0.8 19.8 19.8 65 65

2# 0.35 0.6 16.5 16.5 58 58

3# 0.55 0.4 17.6 17.8 71 71

4# 0.65 0.3 15.7 15.7 49 49

5# 0.75 0.2 14.8 13.9 51 43

6# 0.85 0.1 16.5 14.1 61 39

The detailed process is that employing the sensor as a fuel cell and then applying a bias voltage onto the fuel cell for about 2 h at 800 °C. The
open-circuit voltage of the fuel cell is about 0.95 V. The interfacial resistances were measured at 700 °C with air at both electrodes, 12 h after the
electrochemical treatment

Table 2 The impedances of the sensors measured before and after the electrochemical treatment, measured at 700 °C with air at both electrodes

Sample R0 (Ω cm2) Rp (Ω cm2)

No. Sensing electrode Electrolyte Reference electrode Original After activation Original After activation

1# Pt paste YSZ Pt paste 16.3 13.6 153 56.5

2# Decomposition of H2PtCl6 YSZ Pt paste 18.2 15.8 45 18.6

3# Pt paste+graphite YSZ Pt paste 15.4 13.1 56 27.5

4# Pt paste+YSZ YSZ Pt paste 16.8 10.8 10.2 2.7

The detailed activation process is that employing the sensor as a fuel cell, and then discharging the fuel cell at 0.1 V, 900 °C for about 2 h

J Solid State Electrochem (2012) 16:2523–2532 2529



atoms to stable oxide. However, the passage of a direct current
can alter the oxygen ion (oxide) species according to:

Ptð ÞnOþ 2e� ! nPtþ O2� ð5Þ

By virtue of Eq. 5, a cathodic current should decrease
the oxygen ion (oxide) species concentration at the TPB.
Accordingly, the interfacial resistance can be observed to
decrease due to the enhancement of the electrochemical
reaction sites.

In our experimental, we firstly employed the oxygen
potentiometric sensor as a fuel cell, and then run the fuel
cell at a low voltage for some time. As the fuel cell was in
normal operation, a cathodic current would pass through
the sensing electrode. So according to the abovementioned
theory, during the electrochemical activation, the oxygen
ion (oxide) species concentration at the TPB would

decrease, which resulted in the increase of the effective
number of the electrochemical reaction site. The increase of
the effective number of the electrochemical reaction site is
beneficial for enhancement of the electrode activity, as well
as sensor's interfacial resistance. So after the electrochemical
activation, sensor's operation temperature and response time
both can be lowered.

As seen in Fig. 10, after the electrochemical activation, the
activated sensor is not in a stable state, it exhibits a
“relaxation” behavior. The loosely bonded oxygen O…
(Pt)n, that easily re-forms/decays, is mostly likely responsible
for this “relaxation” effect [22, 23]. However, after enough
long time, sensors' interfacial resistance will not return to its
initial value, it seems to achieve a stable value, which is still
lower than the initial value before the electrochemical
activation. The oxide-like O-(Pt)n may be one of the possible
reasons for this irreversible change [22, 23].

Fig. 10 Relaxation behavior of the interfacial resistance after the
electrochemical activation, measured at 700 °Cwith air at both electrodes.
The detailed activation process is that employing the sensor as a fuel cell,
and then discharging the fuel cell at 0.1 V, 900 °C for about 2 h. After the
electrochemical activation, the sensors were cooled down to 700 °C at a
rate of 2 °C/min with air at both electrodes

Fig. 9 The effect of the activation time onto sensor's interfacial
resistance after the electrochemical activation, measured at 700 °C
with air at both electrodes. The detailed activation process is that
employing the sensor as a fuel cell, and then discharging the fuel cell
at 0.1 V, 900 °C. The impedance measurements were carried out 12 h
after the electrochemical activation

Table 4 Influences of the dis-
charge voltage and the tempera-
ture onto the promotion effects
of the electrochemical activation

↓ decreasing, ↑ increasing, ― no
change

No. Parameters of the electrochemical activation Effect on sensor's performances

Discharge voltage (V) Temperature(°C) Operation temperature Response time

1# 0.1 800 ↓ ↓

2# 0.3 800 ― ―

3# 0.5 800 ― ―

4# 0.1 900 ↓ ↓

5# 0.3 900 ↓ ↓

6# 0.5 900 ― ―

7# 0.1 1,100 ↑ ↑

8# 0.3 1,100 ↑ ↑

9# 0.5 1,100 ↑ ↑
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Decrease of the electrolyte contribution
to the total impedance

According to Table 2, after the electrochemical activation, the
electrolyte contribution to the total impedance (R0) decreased.
Similar experimental results also can be found in the existed
literatures. Nazarpour et al. [26] observed a decrease of the
resistance in crystals of the super-ionic YSZ when the crystals
are reduced during the application of an electric field.
Nazarpour's another paper showed [27] applying an electric
field onto the super-ionic YSZ not only can decrease the
electrolyte contribution to the total impedance, but also can
enhance the electrolyte's thermal stability.

PaiVerneker et al. [28] calculated that the YSZ bandgap
energy increases from 4.23 to 4.96 eV by subjecting the YSZ
to a predetermined voltage at 600 °C. They explained that
during the electrical treatment, the density of singly occupied
vacancies would be increased. Next, these vacancies form a
well-known complex with Y3+ (or Al3+) which is called FA
centers [29]. Electrical treatment generates FA centers which
the ground state of these defect pairs lies in the valence band.
Now, considering that each Y atom produces a singly
occupied oxygen vacancy, therefore up to half of Y3+ are
close to an oxygen vacancy; hence, large concentration of FA
centers could be found within the YSZ matrix. PaiVerneker
et al. [28] showed that the interaction within FA centers
generates an excited state; the energy of this state could be
controlled by voltage and time of electrical treatment.

Essentially, the electric field causes the crystals of the
super-ionic YSZ to lose oxygen and the applied tempera-
ture accelerates this loss. The loss of the oxygen results in
the removal of O2− ions from the lattice, each of which is
replaced by two electrons and a vacancy which results in a
doubly occupied vacancy. As the concentration of doubly
occupied vacancies increased, the mean energy of this band
is raised due to lattice relaxation. Eventually, part of this band
decays into valence bandwhich results in its new energy states
[26]. Therefore, applying an electric field through the YSZ
ionic conductor at certain conditions could enhance the ionic
conductivity of the component.

The experimental data in Table 3 shows that if the
discharge voltage of the electrochemical activation is
appropriate, R0 will decrease and will not return to the initial
values after the electrochemical activation. This means that
the decrease of the electrolyte contribution to the total
impedance will result in an irreversible change of the sensors'
performances.

Conclusions

It is shown that the performances of the oxygen potentio-
metric sensor can be remarkably improved by electrochemical

activation. The electrochemical activation were carried out by
firstly employing the oxygen potentiometric sensor as a fuel
cell (H2 vs. O2), and then running the fuel cell at a low
discharge voltage for some time.

The promotion effects of the electrochemical activation
are dependent on the magnitude of the discharge voltage
and activation time. After an initial time-dependent change,
the performances of the activated oxygen potentiometric
sensor evolve towards a new steady state different from the
initial steady state. This transient part of the change has
been further investigated with AC impedance measurement.
The measurement results show that there are two kinds of
promotion effects applied onto the sensors, one is revers-
ible, which have led to the “relaxation” behavior of the
sensors after the electrochemical activation, while the other
is irreversible and beneficial for the permanent improvement
of the performances of the sensors.

On the basis of the literature reports and the experimen-
tal observations, the possible reasons for the electrochem-
ical activation have been analyzed. The decrease of
concentration of the oxygen ion (oxide) species at the
electrode and the decrease of the electrolyte contribution to
the total impedance seemed to be the main reasons that
have led to the remarkable improvement of the performances
of the oxygen potentiometric sensor after the electrochemical
activation.
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