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Abstract

A comparative study of gas sensing response and electrical properties of three electrodes for a potentiometric YSZ-based oxygen sens
is presented. Platinum (Pt), lanthanum strontium iron cobalt oxidgs8ra4Fe) sC0p 203: LSFCO) and chromium oxide (&Ds) were used
as the sensing electrodes. The microstructural features, electrochemical impedance for the charge transfer processes and oxygen sen:s
characteristics were studied at different temperatures and correlated. Impedance measurements indicate that the LSFCO electrode exhit
lower resistance and higher capacitance by almost two to three orders of magnitude for the chemical exchange and ion transfer process
compared to the other two electrodes. The relaxation time constants of all three electrodes are comparable to each other and found to be
the range of fraction of a second. But, the measured response times for oxygen sensors using these electrodes showed values of the or
of minutes at temperatures of 500 and below. So, the controlling factor for oxygen response at temperatures belé® 586ms to be
adsorption and/or surface diffusion of oxygen rather than the charge transfer process for a given morphology of the electrode.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction For devices based on oxygen ion conducting solid elec-
trolytes, the reactions of oxygen at the electrode constitute
Development and optimization of electrodes is an impor- diffusion through the porous electrode, redox reaction
tant area of study for solid oxide fuel cell (SOFC) and chemi- involving electron transfer (1/20+2e <> 0?7), and the
cal gas sensor applicatiofis-4]. Our interest is directed pri-  oxygen ion transfer from the electrode to the electrolyte.
marily on gas sensors and understanding why different oxide While the adsorption and charge/ion transfer processes
electrodes exhibit different sensitivities in mixed potential are controlled by the catalytic and electrical properties
NO, and CO sensoi8]. The output voltage of these sensors of the electrodes, the diffusion of oxygen is dependent
is determined by the mixed potentials generated fromthe oxy-on the electrode microstructure. Amongst well-studied
gen and NQ electrochemistry on the sensing electrode and electrode systems are metal (e.g., platinum) electrodes and
depends upon the kinetics of oxygen reduction and transportmixed ionic—electronic conducting (MIEC) electrodes (e.qg.,
at the electrode. Thus, understanding the kinetics of oxygenlanthanum strontium manganite: LSMO). In the case of
exchange reactions at the electrode interface is a necessargnetals, the charge transfer processes take place at the triple
first step towards evaluation of the sensor behg@pr phase boundaries (TPB) between the electrode, electrolyte
and the gas-phase. Steady state current—voltage polarization
mponding author. Address: Department of Chemistry, 120 W. 18th measurements On. porous F.’t_.YSZ cell under varyiegby
Avenue, Ohio State University, Columbus, OH 43210, USA. ’ R_O_bertson _and_MIChaelg] mdl?ate that dl_Je to low solu-
Tel.: +1 614 2924532; fax: +1 614 688 5402. blllty and dlfoS|V|ty of oxygen In bulk platlnum, transport
E-mail address: dutta@chemistry.ohio-state.edu (Prabir.K. Dutta). of oxygen through the bulk electrode is not feasible. So,
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the only path for ionic transport is through the triple phase Sensing electrodes

boundaries at the electrode—electrolyte interface. Also it is pt  LSFCO

indicated that oxygen is supplied to the TPBs by surface Cry0g

diffusion of dissociatively adsorbed oxyg¢n,8]. So, the

effective reaction zone (ERZ) for the chemical exchange

and ion transfer is restricted to the boundary around the

periphery of the electrode particles on the electrolyte.
On the other hand, the mixed ionic—electronic conduct- Ptink T N

ing electrodes, e.g., LSMO, Iapthanum strontlum.cobaltlte e i

(LSCO) and lanthanum strontium iron cobalt oxide (LS-

FCO) have extended reaction zone for the charge trans-rig.1. Schematic diagram of the oxygen sensor cell with sensing electrodes.

fer processes from the TPBs to the electrode surface andThe YSZtube dimensions are: 30 cm long and 8 mm diameter. The electrodes

bulk. As these perovskite-structured electrodes exhibit mixed Were pasted 3 mm wide ring.

ionic—electronic conductivity and high difoSiOZTDI gnd aCrn03 (99%, Alfa Aesar) paste was prepared. The electrode
surface exc?angek)( coefficients P=2.2x 107 umes, pastes were applied sequentially in the order Pt-colloid, LS-
k=3.4x 10" um/s at 600 C for LSFCO)[9], the chemical  FCO and C3O3 from the closed end of the YSZ tube and
exchange reaction is more dominant at the electrode surfacsired at 1000C for 1 h in air. The order of the electrode se-
thanatthe TPBELO]. So, the overall oxygen reactionkinetics  quence was chosen arbitrarily. The schematic diagram of the
iS faStel‘ than that at the meta”ic eleCtrOdeS a.nd iS manifestedsensor Ce” W|th different Sensing e|ectrodes on |t is Shown
in the charge transfer resistanégq and the double layer ca-  in Fig. 1 Platinum wires were attached to each electrode as
pacitance Cq)) of the electrod¢l1-14} LSFCOis foundto  connecting leads. Oxygen sensing measurements were car-
have the highest electrical conductivity among the La-basedyied out at 400, 500 and 60C in different partial pressures

perovskite electrodes (~ 500 S/cm at 600C) [15] and the  of oxygen and the sensing response time for each electrode
ionic conductivity is 5x 10~4 S/cm[16] and hence itis con-  \yas estimated.

sidered to be one of the best electrode materials for elec-  |mpedance measurements were carried out on YSZ pel-

trochemical devices at intermediate temperatures (X800 |ets with identical and symmetric electrodes on both sides.
[17,18] Y,03 (8 mol%) stabilized Zr@ (8YSZ) pellets (from Tosoh

As many spinel compounds with chromiuf@] and  powder, Japan) of 10 mm diameter and 1-2 mm thickness
chromium oxide itself[5] exhibit significant sensitivity were used. Pt-colloid, LSFCO, §9; and commercial Pt
to NO, gas, evaluation of the @03 electrode for oxy-  pastes were applied on both sides of different YSZ pellets.
gen exchange reactions is worth exploring@gis @ p-  |mpedance measurements were performed on these cells at
type semiconductor with electronic conductivity of about temperatures from 500 to 70 in air (21% Q), 10% and
5x 10~3S/cm at 600C and is independent of oxygen pres- 39 0, in balance nitrogen in the frequency range of 1 MHz
sure changef 9]. The oxygen diffusion coefficientis of the o 0.1 Hz with an ac amplitude of 10 mV. The gas flow was
order of 10" um?/s at 1100C, which leads to poor oxygen  set at 100 cc/min for both sensing and impedance measure-
ion conduction in GfO3 [19]. ments. The electrode polarization resistaR¢also called the

In the present study, three electrodes, platinum, a MIEC charge transfer resistance) and the double layer capacitance
(LSFCO) and a semiconductor ({@3), were chosenas sens-  or constant phase element (CPB) ¢alues were estimated
ing electrodes for a YSZ based oxygen sensor. Impedanceyy fitting the experimental data to the appropriate equivalent
spectroscopy and SEM were used along with the gas-cijrcuits consisting oR’s and Q's. Since the electrodes are
sensing measurements at different temperatures to explorggentical on both sides of the YSZ, the net resistance mea-
the characteristics of the electrodes that influence the sensingyred is twice that of the single interface and the capacitance
behavior. is half the value of the single side electrode. The microstruc-

ture of the electrodes on the YSZ surface was studied by using
SEM (Philips XL30).

[\

Air (ref.)

2. Experimental

An oxygen sensor based on a YSZ tube, one end closed3. Results
was fabricated using three different sensing electrodes: Pt-
colloid, LSFCO and GiO3. Commercial Pt-ink was used The experimental strategy was to examine the oxygen
for the common air-reference electrode at the inner side of sensing characteristics of a YSZ based electrolyte with the
the YSZ tube. Pt-colloid was prepared by using dipotas- three electrodes, Pt, LSFCO anchOs. Correlation of the
sium tetrachloroplatinate, (poly)vinyl alcohol (PVA), NaOH sensing behavior with electrode microstructure and the elec-
and sodium borohydride in deionized waf@n]. LSFCO trochemistry at the electrode—electrolyte interface is devel-
paste was prepared by mixing d.&51p.4Fep.gCop. 203 pow- oped with the help of electron microscopy and impedance
der (supplied by SCI Inc., USA) witk-terpineol. Similarly, spectroscopy.
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3.1. Oxygen sensor response

The oxygen sensing characteristics of Pt-colloid, LSFCO
and chromia electrodes on YSZ based potentiometric sensor
were examined at 400, 500 and 6@ Fig. 2a compares the
sensitivity for oxygen as a semi-logarithmic plot of the sen-
sor output against oxygen partial pressure at @DOWith
all three electrodes, a sensitivity of 43.4 mV/decade was ob-
served, consistent with the prediction of the Nernst equation
[21]. Fig. 2b shows the sensitivity plots of the electrodes at
500°C. The chromia electrode showed a lower sensitivity
(35.9 mV/decade) than the other electrodes (Pt-colloid and
LSFCO). The corresponding values of the sensitivity for Pt
and LSFCO electrodes is 38.8 mV/decade. The theoretical
value for 500°C is 38.3 mV/decade. At 40@C (not shown
here), the Pt and LSFCO electrodes showed equilibrium val-
ues of sensitivity while for the chromia electrode, equilibrium
is not attained even after 10 min.

Fig. 3a compares the response transients of the sensing
electrodes upon changing ti, from 21% to 3% Q (in
nitrogen) at 600C. Thergg response times, defined as the
time to reach 90% of the steady state value, at®&@@ere
found to be similar for all three electrodes with a value of
1 min. Fig. 3b shows the response transients at 800The
t9o values at 500C were found to be 1.8, 1.1 and 3.2 min for
Pt, LSFCO and GIOs electrodes, respectively. At 40Q,
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the response times increase to 5 min for Pt, 2 min for LSFCO The response time includes the apparatus time as well.

and >10 min for C#O3. Thus, the most significant change in

10

Fig. 3. Oxygen response characteristics of platinum, LSFCO ap®<Cr
electrodes at (a) 60 and (b) 500 C upon changing &from 21% to 3%.

the response time is observed withOg, followed by Ptand
LSFCO.
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Fig. 2. Oxygen sensitivity characteristics of platinum, LSFCO angDgr
electrodes at (a) 60 and (b) 500C.

3.2. Electrode microstructure

The electrode pastes were applied on individual YSZ sub-
strates for the SEM observations and processed the same way
as for the sensing and electrical measureméigs 4 shows
the cross-sectional and top views of the Pt-colloid, LSFCO
and CpOs electrodes depicting the particle and porosity dis-
persion on YSZ. The colloidal platinum formed irregular ag-
gregates of groundnut shaped small particles incorporating
tiny pores within the aggregates themselves as shown in the
inset of Fig. 4a. In the LSFCO electrode, a nearly homoge-
neous distribution of the particles and the porosity is observed
throughout the sample as seeriig. 4b. On the other hand,
the chromia electrode exhibits a relatively dense packing frac-
tion of the particlesKig. 4c).

3.3. Impedance spectroscopy

Impedance spectroscopy has been used to understand
charge transfer mechanisms at electrode—electrolyte inter-
faces. In a typical impedance spectrum, the resistive and
capacitive components of the bulk electrolyte and the elec-
trode interface are identified by the frequency dispersion. The
low frequency region represents the electrode polarization
while the high frequency component represents electrolyte
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impedance. For this study, the electrodes were placed sym-
metrically on both sides of the YSZ pellets. The impedance
data were recorded at temperatures of 400<°T0h 21%

Oy balance N. The impedance spectra with Pt, LSFCO and
Crp0O3 electrodes at 60TC are shown irig. 5a—c. All three
electrodes show depressed semi-circles in the impedance
plane. Similar data were obtained at 7@ At 500°C,
though the impedance spectra of the electrodes are incom-
plete in the given frequency range as showrFig. 6, the
trends are similar to the observations at higher temperatures.
The slightly flattened semi-circles corresponding to the Pt
and CpOs3 electrode impedance were fitted to a Randle circuit
consisting of the electrolyte resistangg, the charge trans-

fer resistanc& and the constant phase eleméniThe more
flattened impedance semi-circle of the LSFCO electrode was
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Fig. 5. Electrode Impedance spectra of (a) colloidal Pt, (b) LSFCO and (c)
Cr,03 electrodes with YSZ electrolyte at 60C in 21% Q.

fitted with Rp(R101)(R20>2), where the components in the
parenthesis are connected in parallel. The constant phase
element,Q can be represented &fjw)™" = (k[cos@r/2)—]
sin(u/2)]/w™), where j= +/—1, k andn are frequency inde-
pendent parameters anck®: < 1. Whenn =0, k represents

an ideal resistor (i.ek=R) and wherm =1, it describes an

5 pm

ideal capacitor witlk = 1/C (i.e.,Zp = 1/jwC) [22].

The fitting parameters for all electrodes between 500 and
700°C are shown infable 1 At 500°C, because of the in-
completeness of the data in the low frequency region, the val-
ues ofR andQ are not as precise. Some trends are evident.
The resistance to oxygen reduction and transport at a par-
ticular temperature follows the order L3 > Pt> LSFCO,
whereas the apparent capacitagéollows the order LS-

600
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S 400
£
Y
Q 200
N

0

0 400 800 1200
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Fig. 4. Cross-sectional and top views (insets) of the electrode microstruc- Fig. 6. Impedance spectra of Pt-colloid, chromia and LSFCO electrodes

tures on YSZ: (a) Pt-colloid, (b) LSFCO and (c),Cs.

with YSZ electrolyte at 500C in air.
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Table 1

The impedance parameters for PtGs and LSFCO electrodes at 500, 600 and 700

Electrode T(°C) Rynr) (2¢n?)  Qip? n o Roup (Qem?) Qe nz 11 (FR101) (S) 72 (FR2Q2)  tnet (FRQ) ()

(wFlen?) (wFlcr) (s)

Pt 500 5.25¢ 10° 1.63 075 - - - - - 0.86
600 5.83x 10* 2.92 0.75 - - - - - 0.17
700 5.3x 10° 5.18 075 - - - - - 0.03

Cr0O3 500 1.43x 10° 1.02 0.80 - - - - - 1.45
600 5.05x 10* 117 0.84 - - - - - 0.06
700 3.6x 10° 1.88 0.82 - - - - - 0.007

LSFCO 500 759 126 0.82 1774 399 0.73 95072 0.71 0.71
600 81 152 0.82 170 838 0.75 1x210°2 0.14 0.14
700 4 74 1.0 30 1210 0.65 3104 0.04 0.04

R1 andQ; andR; andQ; are derived from high and low frequency components, respectively, of the impedance fit in the case of LSFCO electrode.
2 The constant phase elemegts are approximated to capacitance for calculation of time constam®().

FCO> Pt>CrOs. R tends to decrease by about one to two parent capacitance. A large capacitance combined with the
orders of magnitude for every 10Q increase in tempera- charge transfer resistance of the electrode results in a larger
ture, whereag® shows an increase of a factor of 2—4 over the time constant of the oxygen exchange and transfer process.
500-700°C range (except for the low frequency component Warburton et al[23] have observed a direct correlation be-
of LSFCO at 700C). The value of#’ varies from 0.65 to 1. tween theRC time constants of the electrochemical process
Avalue close to 1 can be regarded as the CPE being more caand the response time of the amperometric sensors.

pacitive and thus the unit @ is taken as Farad for simplicity. In Pt and CsO3 electrodes, the cumulative values of re-
Table lalso lists the product RQ, which is a measure of the sistance and capacitance derived from the single relaxation
relaxation time£RC) for the oxygen reduction and transport  fit of the impedance data represent the processes involved
process. From the Arrhenius plots of the net resistances of thewith oxygen reduction and ion transfer at the TPBs. In the
electrodes ifFig. 7, activation energies were calculated to be case of LSFCO, the impedance spectra could be separated
1.7 eV for the Pt electrode, 1.2 eV for the LSFCO and 2 eV into two relaxation processes: a high frequency process as-
for chromia. signed to ionic transfer at the electrode-YSZ interface and
a lower frequency process that involves transport and diffu-
sion of oxygen through the electrode bill0,14,17] The
higher values o in Pt and CsO3 as compared to LSFCO

| d ¢ ides inf i di (Table ) are a reflection of the fact that the charge transfer
Mpedance spectroscopy provides information regarding process occurs only at the triple phase boundaries, since the
the resistance and capacitance associated with an electro:

. . ." _surface diffusion of oxygen is the only mode of mass trans-
chemical process. In the present study, the resistance provide

inf i di " ¢ reducti q ioni Bort in the Pt and GIO3 electrodes. Thus, the cumulative
information regarding oxygen transport, requction an 10niC grectg of adsorption, surface diffusion, chemical exchange

transfer at the electrode.—electrolyte interface, Whe.reas theand ion transfer processes lead to high values of electrode
constant phase elemeif,is a measure of the capacitance,

. . - ) resistance for Pt and electrodes though distinct relax-
which arises due to build-up of? ions. Increased redox &0 g

lead to charai t the double | dal ation process corresponding to the gas phase adsorption or
processes lead to charging of the double fayer and a large abyit sion is not observed inthe impedance spectra at this tem-

perature range. The activation energy for the charge transfer

4. Discussion

process measured by the dependende af temperature is
Cr,0,4 also higher for Ptand GO3, 1.7 eV and 2 eV, respectively, as
6 compared to 1.2 eV for LSFCO. Previous studies on Pt/YSZ
B Pt have reported activation energy of 2.06 eV for the charge
T 4 transfer procesg4]. The higher activation energy in £D3
§ D/B/E/Q/LS?: co is comparable with the-2.4 eV activation energy for oxygen
5 diffusion in CrO3[18]. Electronic conductivity of GiOs has
an activation energy of 0.6 eV and is not the limiting factor
o [25].

On the other hand, in LSFCO, due to its better catalytic
and ionic conducting properties, the mass transport of ad-
sorbed oxygen takes place via the electrode surface and bulk
Fig. 7. Arrhenius plots of electrode resistance for the three electrodes. O reach the electrode—electrolyte interface. The increased

1000/T (K1)
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effective reaction zone throughout the electrode as opposed (a) e 4
to just the TPB region in the Pt and 03 electrodes make e L
the LSFCO less resistive to the electrochemical oxygen reac- X
tions which is demonstrated by the values giveffable 1
Since the oxygen transport is influenced mainly by the elec-
trode bulk rather than the triple phase boundaries, the acti-
vation energy of 1.2 eV calculated from the net resistance is
the characteristic of the electrode itself. Previous studies on
LSFCO/YSZ have noted activation energies for oxygen re-
duction to be between 1.4 and 1.6 f\3]. For LSFCO/CGO
(cerium gadolinium oxide), activation energies of 1.5-1.6 eV
and 1.2 eV have been reportg]26].

Eventhough the overall resistance to oxygen transport and 5
charge transfer in LSFCO at all temperatures is two to three 500°C  ____ ptink
orders of magnitude lower than Pt anc¢Os, the relaxation 54 2%\ L Pt-colloid
times for LSFCO RQ) are comparable to Pt and £0; elec- N
trodes {able 1), primarily due to the high values of capaci-
tance in LSFCO. While the double layer capacitance repre-
sented by the constant phase elenggistof the order of a few
pF/cn? in Pt and CsOs electrodes, a characteristic of elec-
trode capacitance, LSFCO exhibits hundredsefcn? at all 45
temperaturesTable 1. For LSFCO/YSZ, a previous study 0o 1 2 3 4 5 6 7 8
has noted capacitance of 1.46.0~2 F/cn? [18] whereas for
LSFCO/CGO, capacitance of 1HF/cr? and 10-2QuF/cr?
have been reportef®6,27] When an external potential is  Fig. 8. The microstructure and the oxygen response transient 40560
applied at low frequency to a mixed ionic—electronic con- the commercial platinum ink electrode on YSZ.
ductor, ions periodically accumulate at one side of the sam-
ple while becoming depleted at the other. In this situation,

a mass transport with vanishing net current flow in the form

of oxygen ions and electrons together takes p[a8g This lier, in LSFCO oxygen transport can occur through the bulk,
is referred to as the chemical diffusion of oxygen, leading Whereas in Pt and @Ds, surface diffusion of oxygen is the

to the large apparent capacitance. Given this information on primary mechanism. Thus, with the latter electrodes, the mi-
the impedance parameters of the three electrodes, it is nowcrostructure should have an important effect on the response
worth comparing the observed sensor response at differentimes, especially at lower temperatures. As showRi@ 4,
temperatures. all three electrodes exhibit a relatively dense packed fraction

At 600°C, the sensitivity and response time of the three of the particles. Such microstructures may impede the dif-
electrodes are found to be similar. While the sensitivity is a fusional motion of oxygen adsorbates along the pores and
true representation of the electrode behavior, the measuredhe particle surfaces. However, it is believed that the mass
response time is determined by the combined effect of the transport process is not fully represented in the meastged
electrode kinetics and the geometry of the measuring cell. time constantwhich is mainly attributed to the charge transfer
The large volume of the measuring cefl400 cn?), the slow process though diffusion effects can be identified by measur-
flow rate (100 crmin) of the gas stream and the intrinsic ing the electrode impedance at temperatures above“ID00
delay of gas mixing lead to an instrument response time. Any [29].
event that is happening on a faster time scale than the instru-  If this hypothesis has merit, then altering the diffusion
ment response time will not be manifested. So, the fact that resistance by engineering the microstructure of the electrode
all three electrodes show the same response time of 1 minshould produce differences in the response times. This was
at 600°C is a reflection of the instrument response time. At done for Pt using commercial platinum ink as the electrode,
500°C and below, for the same gas flow conditions (as that Which has a bismuth based impurity to help form refined
of 600°C), differences are observed in the response times, microstructure and better bonding to the Y&4. 8a shows
e.g., thegg values are 1.8, 1.1 and 3.2 min in Pt, LSFCO and the morphology of the electrode, which is considerably more
Cr,03 electrodes, respectively. The measurggvalues of open, the triple phase boundaries are well defined, and easily
the electrodes being of the order of minutes at 8D@nd accessible to the oxygen species compared to the Pt-colloid
below are significantly higher than tf# time constants. It ~ €lectrode. The response transients of the two Pt electrodes
seems that apart from the chemical exchange and ion transfeat 500°C are compared ifrig. 80 and it is found that the
process, probably there is a non-electrical factor contributing €lectrode with the commercial Pt ink shows a faster response
to the response time at lower temperatures. As discussed eart1.4 min).

Sensor Qutput (mV)
&

(b) Time (min.)
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5. Conclusions

The oxygen sensing performance of Pt, LSFCO and

CrpO3 electrodes on the YSZ electrolyte at different temper-

atures was analyzed. Significant differences were observed
in both the sensitivity and response times of these elec-

trodes, especially at and below 50D. Impedance measure-

ments suggest that the electrode resistance to oxygen re-

duction and ion transfer at temperatures 600and below
follows the order CfO3>Pt>>»> LSFCO and above 600
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[8] V. Stancovski, S. Sridhar, U.B. Pal, Thermodynamic stability and in-
terfacial impedance of solid electrolyte cells with noble metal elec-
trodes, J. Electroceram. 3 (3) (1999) 279-299.

[9] B.C.H. Steele, J.-M. Bae, Properties of olg®Br.4Cop 2Fey 03—y
(LSFC) double layer cathodes on gadolinium doped cerium oxide
(CGO) electrolytes. Il. Role of oxygen exchange and diffusion, Solid
State lonics 106 (1998) 255-261.

[10] S.B. Adler, Mechanism and kinetics of oxygen reduction on porous

La;—,Sr,Co0s_; electrodes, Solid State lonics 111 (1998) 125-134.

[11] A. Endo, H. Fukunaga, C. Wen, K. Yamada, Cathodic reaction mech-

anism of dense LgsSry 4Co0; and La g1Sh.0oMNnO3 electrodes for
solid oxide fuel cells, Solid State lonics 135 (2000) 353-358.

Pt>CrO3 > LSFCO. The apparent capacitance of these [12] E.P. Murray, T. Tsai, S.A. Barnet, Oxygen transfer processes in

electrodes follows the order LSFCO Pt > CprOs at all tem-
peratures measured. So, R€time constants for the electro-

chemical oxygen reactions at the electrodes were controlled
by resistance in platinum and chromia electrodes whereas by

(La,Sr)MnGs/Y 203 stabilized Zr@Q cathodes: an impedance spec-
troscopy study, Solid State lonics 110 (1998) 235-243.
[13] A. Ringued, J. Fouletier, Oxygen reaction on strontium doped lan-
thanum cobaltite dense electrodes at intermediate temperatures, Solid
State lonics 139 (2001) 167-177.

the capacitance in the LSFCO electrode and the time con-[14] Y.L. Yang, C.L. Chen, S.Y. Chen, C.W. Chu, A.J. Jacobson,

stants were found to vary from a few seconds to milliseconds

in the temperature range of 500—-7@ But the observed

difference in the oxygen sensing response times, of the orde

of minutes, between the electrodes at temperatureSG00

Impedance studies of oxygen exchange on dense thin film electrodes
of Lap 5Srh.5C00;_5, J. Electrochem. Soc. 147 (2000) 4001-4007.

I[15] G.Ch. Kostogloudis, Ch. Ftikos, Properties of A-site deficient

Lag 6Sr.4Cop oF ey 803—5 based perovskite oxides, Solid State lonics
126 (1999) 143-151.

and below reveals that the rate determining step is not the[16] C.C. Chen, M.M. Nasralla, H.U. Anderson, M.A. Alim, Immitance

charge transfer process in these electrodes specifically in Pt

and CpOg3 at lower temperatures. The only other possible

reaction step making the response time high is the surface

diffusion of oxygen adsorbates, which is mainly influenced
by the electrode microstructure.
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