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The oxygen gas electrode has been studied for a number of mixed conducting oxide surface layers 
on top of GdpZr20 

P 
(TGZO) solid electrolytes. In part II of this paper we present the results of 

frequency dispers on measurements for the electrode reaction, supplying additional information to 
the results of current-overvoltage experiments presented in part I. For both kinds of experiments 
the same trends were observed for the electrode polarization. Best results are obtained for a sur- 
face layer of TGZO, while p-type mixed conducting oxides give less decreased values of the electrode 
polarization. High electrode capacitances were found in the case of mixed conducting surface layers 
(about 700 F/m2). The electrode reactions follow a Butler-Volmer type of equation. Most probably a 
diffusion process is rate controlling the overall charge transfer process. 

1. INTRODUCTION 

Solid state electrochemical cells based on 
oxygen ion conducting solid electrolytes 
involve electrode materials which promote the 
oxygen exchange reaction: 

1/202+2e’+Vi’ $0: 111 

It has been pointed out in the literature that 
both the choice of the electrode material and 
its morphology, and the nature of the solid 
electrolyte phase near the electrode interface 
are important factors in the performance of 
reaction [l],(l-7). In summary, in the tempera- 
ture range 500-800°C. the influence of the 
solid electrolyte phase on the electrode reac- 
tion seems to be small. Pt and Ag turn out to 
be the better electrode metals, because of 
their high adsorptive capacity for oxygen. In 
the higher temperature range (>800°C) the dif- 
ference between the noble metals becomes less 
important and the properties of the electrolyte 
phase at the metal-electrolyte interface domi- 
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nate the reaction performance. Schouler, for 
instance, noticed the influence of the number 
of oxygen ion vacancies at the electrolyte 
surface and the relation between the activation 
enthalpy of the electrode resistance and the 
activation enthalpy of oxygen ion vacancy 
migration in the bulk (1). Olmer and Isaacs 
reported that Pt point electrodes contaminated 
with Pr showed higher current densities than 
the corresponding clean Pt electrodes. Bi203 
contamination was found to have a disadvanta- 
geous influence (4). On the other hand Winnubst 
et al. found that Bi203 doped yttria stabilized 
zirconia showed smaller electrode resistances 
than the corresponding Bi203-free solid elec- 
trolytes (6). Current blackening, introducing 
electronic defects in the outmost surface layer 
of the solid electrolyte, leads to higher cur- 
rent densities at corresponding overpotentials 
(2.7). Evidence for an electrolyte influence on 
the electrode reaction at temperatures below 
800~ was found by Verkerk et a1.(5). Marked 
differences are reported for Zr02, Ce02 and 
Bi2O3 based solid electrolytes, resulting in 
either charge transfer or diffusion controlled 
electrode processes. 

It is believed that positive effects on the 
electrode reaction performance can be expect- 
ed, when the surface layer of the solid elec- 
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Fig.1. Mixed conducting oxide surface layer, 
supporting the performance of a noble 
metal electrode. 

trolYte phase can be made active with respect 
to adsorption of oxygen, surface diffusion of 
oxygen, electron transfer processes and disso- 
lution of oxygen into the solid electrolyte 
phase. Probably this can be realized by 
applying oxidic surface layers that show mixed 
conductivity, i.e. both high ionic and elec- 
tronic conductivity (8-10). Preferentially the 
mixed conductivity is combined with an 
improvement of the adsorptive capacity for the 
reactants. This is illustrated conceptually in 
Fig. 1. 

If particular mixed conducting oxides pos- 
sess the above mentioned properties to a suf- 
ficient extent and especially the electronic 
conductivity is high enough, it may be possible 
to replace the noble metal electrodes by mixed 
conducting oxides. This was realized already 
by Dadwal (8) for Urania-scandia solid solu- 
tions or mixtures of these solid solutions 
with finely dispersed platinum. 

In the present study the electrode proper- 
ties of mixed (p-type) conducting surface 
layers on top of a solid electrolyte phase are 
investigated by means of electrochemical tech- 
niques. The solid electrolyte chosen is 
Gd2Zr20T (TGZO) and the oxides used for sur- 
face layers are Tb2Zr20 +y (TCZlOO) and 
Ceo TTb!, 3O2_y (CT30). glectrical transport 
properties of these materials have been 
published before (9, 10). In Part I of this 
paper the experimental methods and results of 
current-overvoltage experiments are discussed. 
Part II deals with results of small signal 
A.C. experiments. 

2. EXPERIMENTAL METHODS 

2.1 Electrode surface layers: Preparation and 
characterization 

Substrate discs of TGZO were cut with a 
diameter of 1Omm and a thickness of lmm. These 
discs (relative density >93%) were ground flat 
using lum A1203 polishing powder. They were 
cleaned ultrasonically in ethanol and heat 
treated at 800°c for 1 hour. 

The layers of TGZlOO and CT30 were applied 
by radio frequent sputtering, using a Leybold- 
Heraeus Z-400 sputtering apparatus. For compa- 
rison a layer of TCZO was sputtered onto a 
TGZO substrate too. For the sputtering proce- 
dure targets were prepared from the oxides to 
be sputtered. The sputtering procedure was 
carried out in an atmosphere of 82% Ar and 
18% O2 at 0.6-0.8 Pa and 1000-1500 V. 

Surface layers thus obtained were given a 
heat treatment in air at 1 100°C for 16 hours to 
realize good adherent structures of the oxides. 
The thickness of the layers was determined from 
the step-change at the borders of simultane- 
ously sputtered layers on partially covered 
glass plates, using a Zeiss Talysurf apparatus. 
It was found that the layer thickness increased 
linearly with the sputtering time at fixed 
conditions. Thicknesses of the surface layers 
used in the experiments are: TGZO: 600nm; 
CT30: 150 and 600nm; TGZlOO: 150nm. 

The composition of the sputtered layers was 
determined by X-ray fluorescence analysis, 
using a Philips PW 1410 spectrometer. For these 
experiments the sputtered layers on the glass 
plates were used. The relative deviation of the 
composition of the sputtered layers was always 
less than 1% from the composition of the target 
materials. Hence no preferential atomic sput- 
tering rates were observed for the present 
materials and under the preparation conditions 
used. 

The crystal, structure of the sputtered 
layers was examined with X-ray diffraction 
analysis, using a Philips PW 1330 powder-dif- 
fractometer and Cu-Ku radiation. Taken before 
the final heat treatment at 1 100°C, the dif- 
fraction patterns of the sputtered layers 
showed rather broad peaks and a high back- 
ground. Nevertheless the fluorite structure was 
observed already for all compositions, which 
implies that the oxides have been formed during 
sputtering. After the heat treatment the peaks 
were much sharper, almost as sharp as the dif- 
fraction peaks of the bare ceramic material 
are. 

From the relative intensities of diffrac- 
tion peaks, it turns out that preferential 
orientation occurs during the sputtering proc- 
ess. For the sputtered layers, it is seen that 



M.P. van Dijk et al. I Study of the oxygen electrode reaction. Part I. 75 

the (200) and (400) peaks are relatively 
intense and the (111) and (222) peaks are rela- 
tively faint or even absent. These results 
imply that { 1001 crystal faces are exposed to 
the specimen surface predominantly, which may 
be of great importance for the adsorption prop- 
erties of the surface. It can not be deduced 
from the diffraction patterns whether Pyro- 
chlore order is present for the TGZO sputtered 
layer. Since the sputtering process is very 
reactive and crystal growth has occurred after 
the heat treatment at llOO°C, it is plausible, 
however, that cation diffusion or reconstruc- 
tive (diffusionleas) displacements have been 
large enough to result in (locally) ordered 
regions. 

The microstructure of the sputtered layers 
was examined by means of a Jeol JSM 35CF elec- 
tron microscope. It was found that homogeneous 
surface layers are obtained, with scattered 
holes, probably on places where the substrate 
material was porous too. The overall porosity 
Of the sputtered layer seems to be small. For 
CT30 and TGZlOO layers crushed parts are some- 
times seen, probably due to the variations in 
oxygen atoichiometry of these materiala,during 
heating and cooling procedures. 

Fig.2. Schematic drawinn of the measurement 
cell ; cylindrical symmetry 
1 Pt leads 
2 working electrode: sputtered layer in 

contact with Au or Pt strip and Pt 
foil 

3 reference electrode: Pt-point 
4 solid electrolyte 
5 Counter electrode: porous sputtered Pt 

electrode, Pt foil 
6 thermocouple 
7 A1203-sample holder parts 

2.2 Electrical characterization 

The performance of the mixed conducting oxide 
surface layers in the electrochemical oxygen 
exchange reaction was examined by measuring 
current-overvoltage (i-n) relations and impe- 
dance spectroscopy under small signal condi- 
tions. For these measurements a three electrode 
cell was used, schematically drawn in Fig 2. 

The working electrode consists of an annular 
sputtered layer of the oxide and a gold or 
platinum ring. The inner diameter of the aput- 
tered layer is 5mm, the outer diameter 1Omm. 
The gold or platinum ring was prepared fran 
wire of 0.5mm diameter and was partially flat- 
tened. The flattening resulted in an annular 
strip with outer diameter 8.5mm, width 
0.6 (iO.l)mm and thickness 0.3mm. Consequently 
the superficial geometrical contact area 
between 

3 
he strip and the sputtered layer was 

15(*3)mm . This configuration was chosen not to 
obtain maximum current density for the working 
electrode, but in order to have a system in 
which specimens can be readily changed, where 
the contact between the strip and the sputtered 
layer is quite reproducible, and which has a 
good exposure to the gasphase. Gold has a low 
activity for oxygen adsorption compared to Pt. 
Differences in the behaviour of sputtered 
layers with different compositions are supposed 
to be observed better with the Au-strip. 

The strip was pressed onto the sputtered 
layer, using the fixed spring force of the 
measurement cell. A Pt-foil is put in between 
the strip and the sample holder, to provide 
contact with the Pt-lead to the outside of the 
cell. The strip was periodically replaced to 
prevent contamination, for instance due to 
alloying with platinum from the foil (in case 
of an Au-strip). It was checked that repeated 
measurements before and after the replacement 
of the gold strip gave similar results. 

The counter electrode consists of a 220nm 
thick sputtered platinum electrode, which was 
made porous by heat treatment at 950°C for 1.5 
hour. Stabilization occurs in the measurement 
cell by annealing the system at a temperature 
above the highest measurement temperature for 
two days. This electrode is put in contact with 
a Pt-foil. The reference electrode consists of 
a platinum point contact that can be pressed 
onto the specimen using a separate spring sys- 
tem, in the centre of the annular sputtered 
layer. This construction excludes thermovoltaic 
effects of the gold and platinum contacts, as 
was checked by measuring the electrode poten- 
tials at zero current. 

The current-overvoltage (i-n) measurements 
were carried out potentiostatically using a 
Solartron 1186 Electrochemical Interface 
(E.C.1.). The value of the potential between 
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the reference and the working electrode was set 
at the external input of the E.C.I., using a 
function generator. This potential was varied 
linearly with a constant rate of 4mV/s. The 
potential drop between the reference and work- 
ing electrode is equal to the sum of the over- 
voltage for the electrochemical reaction (n), 
the polarization within the sputtered layer, 
the polarization at the interface sputtered 
layer-solid electrolyte and a certain polariza- 
tion contribution V* of the solid electrolyte. 
V* is due to the fact that the potential of the 
oxygen ions in the solid electrolyte just below 
the sputtered layer differs from the potential 
of the oxygen ions at the reference electrode, 
since bending of the equipotential planes in 
the solid electrolyte between the working and 
the counter electrode occurs. The contact 
potential between the solid electrolyte and the 
reference electrode is neglegible, since no 
current flows across this interface. The total 
ohmic polarization of the sputtered layer, the 
sputtered layer-solid electrolyte interface and 
V* can be determined by a frequency dispersion 
analysis. This was done by supplying the output 
signal of a Solartron 1174 Frequency Response 
Analyzer (FRA) to the external input of the 
E.C.I., using a 1OmV (rms) signal. The response 
of the cell was analyzed in terms of complex 
impedances using the combination of the FRA and 
a HP85 personal computer. The high frequency 
intercept with the real axis in the impedance 
plots, was found to be independent of PO and 

bias conditions. Hence this high frequen& 
impedance was interpreted as the ohmic polari- 
zation of the sputtered layer, the sputtered 
layer-solid electrolyte interface and V*. Using 
the real part correction mode of the E.C.I. and 
the value of the ohmic polarization determined 
by frequency dispersion analysis, pure Values 
of i and n are obtained at the output connec- 
tors of the E.C.I. These output signals were 
fed into an X-Y recorder to obtain graphs of 
the i-n relations. 

In the appendix to part I of this paper it 
is made plausible that the contribution of V* 
to the total ohmic polarization loss between 
the reference and the working electrode is 
largest. It is explained in which way the 
results of the various experiments are scaled 
to each other, the essential feature being that 
the results are recalculated for equal Contact 
area between the noble metal strip and elec- 
trode surface. 

Extending the frequency dispersion impedance 
measurements to the low frequency range (down 
to 1 mHz) with zero bias, the polarization Of 
the electrode reaction under small signal con- 
ditions is obtained (see part II). The advan- 
tage of this working procedure is that the 

sample and the measurement conditions (tempera- 
ture, atmosphere) are the same for i-n and 
frequency dispersion experiments, supplying 
complementary information on the electrochemi- 
cal process. 

With the procedure outlined here i-n curves 
and impedance diagrams were recorded for a 
variety of oxygen partial pressures 
(4x10-‘-0.6 atm) at a fixed temperature 
(727*3“C) and subsequently for a set of tempe- 
ratures (580-727OC) at PO -0.21 atm. The vary- 

ing oxygen partial pressze was realized by 
mixtures of N2 and 02 and was monitored using 
an oxygen gas sensor. 

3. RESULTS. 

3.1 Current-overvoltage relations 

Figs. 3a-c show the results for the vari- 
ous electrode configurations with a Au strip. 
Evidently for all configurations and for all 
Po2and temperatures of the measurements, the 

i-n curves are asymmetrical, resulting in much 
larger anodic than cathodic current densities 
at corresponding overvoltage values. The sam- 
ples with a sputtered layer on top of the solid 
electrolyte, show less electrode polarization 
in comparison to the bare ceramic solid elec- 
trolyte sample. Among these sputtered layers, 
surprisingly, the configuration with the ionic 
conductor TGZO performs best, followed by CT30 
and TGZlOO. A preliminary conclusion is that 
the presence and nature of a sputtered layer on 
top of a solid electrolyte is of great impor- 
tance. Mixed, p-type, conductivity does not 
lead, however, to increased current densities, 
but on the contrary, has a negative influence 
compared to the ionically conducting sputtered 
layer. In the presently considered temperature 
range the nature of the solid electrolyte phase 
actually influences the electrode reaction 
performance . 

The i-n relations are very sensitive to PO 
2 

variations. This can be seen by comparing 
curves for the same configuration in Fig. 3a to 
3c. Especially at PO < lo-’ atm cathodic cur- 

rent densities are v&y small compared to ano- 
die current densities at the same overvoltages. 
This is discussed in terms of a limiting cur- 
rent below. 

In Fig. 4 results are compared for a 150 nm 
and a 600 nm sputtered layer of CT30. The layer 
thickness has no influence on the current den- 
sity at corresponding potentials, except for 
large cathodic potentials, where the thinner 
layer gives rise to higher currents at the same 
overvoltages. This seems to arise fran a larger 
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ELECTROLYTE: TGZO 

-250 

cathodic limiting current in the case of the 
thinner layer. 

Fig. 5 shous the effect of the nature of the 
noble metal on the electrode reaction for a 
600 nm sputtered layer of CT30. Obviously the 
Pt-strip leads to higher current densities at 
corresponding n-values than the Au-strip. This 
holds both for the cathodic and anodic reac- 
tion, but is more pronounced for the cathodic 
region. This is discussed in terms of charge 
transfer coefficients below. 

Cathodically the curves for Pt-strips show a 
large hysteresis, which was more pronounced for 

Figs. 

I I I I I I I I1 I 

- ELECTROLYTE: TGZO 
2 

- AU STRIP ELECTRODE 3 - 

T = 727'C; PO = 0,Zl ATM 

3a-3c. Current-overvoltage results for 
various electrode configurations at three 
different P 

02 
-values. 

1 : bare TGZO 2: 600nm TGZO 
3: 600~1 CT30 4: 150nm TCZlOO 

CT30 layers than for TGZO layers. 
Using the Au-strip a hysteresis occurs in 

the i-n curves around the origin, especially in 
the case of the mixed conducting oxides CT30 
and TCZlOO. It is less pronounced for the bare 
electrolyte and for the sputtered layer of 
TCZO. The width of the hysteresis loop increas- 
es when the rate of potential variation between 
the reference and the working electrode is 
increased. which implies that the hysteresis is 
connected with an out of equilibrium situation 
for the electrode reaction. Thus the relaxation 
time for the electrode process in the case of a 
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ELECTROLYTE: TGZO 

- T = 685'C; PO = 0.21 ATM 
750- 2 

_ AU STRIP ELECTRODE 12- 

250- 

Fig.4. Comparison of current-overvoltage curves 
for 1 : 150nm CT30, 2: 6OOnm CT30. 

mixed conducting oxide surface layer la longer 
than for a purely ionic conducting surface 
layer. This is similarly observed in the imped- 
ance plots (see part II). 

Flg.5. 

600 NM CT 30 

ELECTROLYTE: TGZO 

po2 = 0.21 ATM 
ICC0 

Comparison of i-n curves for different 
noble metal strip contacts. 
1: Pt, 72g°C 2: Pt, 684OC 
3: Au, 72&Y 4: Au, 6W°C 

The l-n curves can be analyzed according to 
the well known Butler-Volmer equations (11). In 
the case of pure charge transfer limited elec- 
trochemical reactions, i and n are related by: 

1 = i, [exp(aen*) - exp(-a,n*)] [21 

A modified Butler-Volmer equation incorporating 
effects of mass transport limitation at the 
electrodes is given by: 

exp(a,n*) - exp(-a,n*) 
i = 

i,’ + i;Aexp(a,n*) + i;Aexp(-a,n*) 
131 

which-in case ilc is small compared to 
lo (ila=O) results in: 

i = ilc[exp{(aa+ac)n*]-11 141 

In these equations aa and ac are the anodic and 
cathodic charge transfer coefficients, i, is 
the exchange current at zero overvoltage, ila 
and ilc are the mass transport limiting cur- 
rents for the anodic and cathodic reaction and 
rl* = nFn/RT. 

Using plots of In(i) versus n, the charge 
transfer coefficients can be determined fran 
the slopes of the linear parts in the plots 
(Tafel behaviour), as Illustrated in Fig. 6. 
gxtrapolation of the linear parts gives the 
exchange current i, at the Intercept with the 
current axis. It is noticed that, when diffu- 
sion limitation contributes to the experimental 
behaviour, the values of the charge transfer 
coefficients and exchange current, obtained 
from Tafel plots, consequently, are not equal 
to the true Faradaic values, and will be indi- 
cated as the apparent parameters aa*, ac* and 

100 

Fig.6. 

600 nm C’T301Au 

1 
‘C2 = 0.2’a+m 

-?K---+ LO( 

Representative Tafel plots, showing the 
linear behaviour for not too large 
n-values. 
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,000 .alpha-AN = I.4 

.alpha-CATH = 0.55 
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79 

Example of a current-overvoltage curve, 
calculated with the parameters derived 
from a Tafel plot. The experimental data 
points are shown. 

lo*. This will be dealt with in the discussion 
part. As an example a representative calculated 
current-overvoltage curve, using parameters 
fran the analysis of a Tafel plot, is shown in 
Fig. 7, together with the experimental data 
points. 

In Table I the apparent charge transfer 
coefficients are given as determined from the 

TABLE I. 
Charge transfer coefficients as determined from 
Tafel plots for the various electrode configu- 
rations. In the columns for aa and aa the first 
number is for the lower temperatures, the 
second for the higher temperatures. 

electrode strip aa* CC* 

config. (*0.2) (t0.2) 
poP 

(atm) 

bare TCZO 
600nm TGZO 

11 
11 
I, 

150nm CT30 
600nm CT30 

I 
150nm TGZl 00 

Au 1.6 0.35 0.21 
Au 1.4 1.7 0.6 0.6 0.01 
Au 1.1 1.6 0.7 0.6 0.21 
Au 1.5 0.6 0.43 
Pt 1 .l 0.7 0.21 
Au 1.25 1.55 0.6 0.5 0.21 
Au 1.3 1.5 0.7 0.4 0.21 
Pt 1.1 0.7 0.21 
Au 1.2 1.5 0.4 0.5 0.21 

Tafel plots for different values of PO . It 
2 

appears that the sum of aa* and (xc* is always 
close to 2.0. Using the Au-strip electrode and 
at PO22 0.01 atm aa* is generally close to 1.5 

at the higher temperatures and decreases to a 
slightly lower value at the lower temperatures. 
The value of aC* ‘is close to 0.5. at the higher 
temperatures. At the lower temperatures it is 
slightly larger, but for larger cathodic poten- 
tials approaches 0.5 again (see Fig. 6). At 

pO2 < O-O1 atm aa 
* approaches the value 2.0 and 

cathodically no slope can be determined. Cener- 
ally the determination of the slopes is hind- 
ered by the effects of hysteresis. 

In Fig. 6 it is seen that the i-n curves 
tend to limiting currents at larger cathodic 
and anodic potentials, but the anodic limiting 
currents are many times larger than the catho- 
dic limiting currents. 

Apparent charge transfer coefficients for 
the electrode configurations with the Pt-strip 
deviate from the corresponding ones for the 
configurations with the Au-strip. In most cases 
the cathodic coefficient for Pt is sanewhat 
larger and the anodic coefficient is somewhat 
smaller. 

Instead of analyzing io-values obtained fran 
the Tafel plots, the electrode reaction at 
Small overpotentials is characterized by the 
electrode resistance as determined fran the r 
frequency dispersion impedance measurements. In 
our opinion the latter procedure reveals more 
accurate and also additional information. 
The results of these experiments are dealt with 
in part II. The discussion of the current-over- 
voltage measurements is also postponed to part 
II, since the information from the frequency 
dispersion experiments is used too in modelling 
the experimental results for the oxygen gas 
electrode reaction. 

4. CONCLUSIONS 

Some preliminary conclusions can be drawn 
already from the experimental section and cur- 
rent-overvoltage results presented. 
1 -* 

2. 

Surface layers of mixed oxides, ranging from 
50 nm to at least a few microns, on ceramic 
substrates can be obtained by radio frequent 
sputtering of the desired compositions. 
Preferential orientation during the crystal- 
lization process in the surface layer 
occurs. 
The application of sputtered layers on a 
solid electrolyte phase improves the oxygen 
electrode reaction by one order of magnitude 
compared to a bare solid electrolyte phase 
and a Au strip electrode. The largest im- 
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2. 

5. 

provement was found for sputtered layers of 
the ion conducting oxide TGZO. At a catho- 
dic potential of 500 mV the current density 
for the sputtered layer is 11 times higher 
than for the bare specimen. Hence the elec- 
trolyte surface morphology plays an impor- 
tant role in the performance of the elec- 
trode reaction. 
A scinewhat smaller improvement was found 
for a CT30 sputtered layer, while the ap- 
plication of a TGZlOO sputtered layer has 
only minor positive effects, compared to 
the bare solid electrolyte sample. Hence, 
p-type (electron-hole) conductivity does 
not increase the electrode polarization 
compared to the sputtered layer of TGZO. 
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APPENDIX 

In Fig.l-app the ohmic polarization values have 
been plotted as a function of temperature for 
the different sputtered layers and for a bare 
specimen. No systematic influence of the sput- 
tered layer thickness is observed. Moreover 
repeated measurements on the same electrode 
configuration after dismantling the cell 
revealed a spread in results similar to the 
spread in Fig.l-app for difPerent configura- 
tions. The activation enthalpy for the observed 
straight lines is in the range 85-100 kJ/mol, 
which corresponds to the acti vation enthalpy 
for ionic conductivity of the TGZO solid elec- 
trolyte (9). The linearity of these curves 
together with the value of the activation 
enthalpy makes it plausible that the ohmic 
polarization is mainly controlled by V*. The 
value of V* may be influenced by the position 
of the reference electrode in the centre of the 
working electrode. 

The difference in absolute values for the 
various electrode configurations and for 
repeated measurements of the same configura- 
tions are supposed to arise from the effective 
contact of the gold and platinum strip with the 
sputtered layer or bare electrolyte and frcm 
the exact position of the reference electrode. 
This immediately implies that the mixed conduc- 
ting oxide layers are not active over all their 
surface area, but that the active area is re- 

09 10 11 1.2 
Q3/T [K-l] 

Fig. I-app. Ohmic polarization versus 
temperature.(at PO = 0.21 atm). 

1 600m TGZO/Pt 
2 

2 600 MI TGZO/Au (0.01 atm) 
3 600 nm TGZO/Au 
4 600 nm CT30/Pt 
5 600 nm CT30/Au 
6 150 nm TGZloo/~u 
7 150 nm CT30/Au 

stricted to regions close to the noble metal 
strip contact. 

In order to compare results of electrical 
measurements for the different eleotrode con- 
figurations, these results have to be scaled 
for the same contact area between the noble 
metal strip and the surface layer. For this 
purpose an ohmic polarization value of 5OOG at 
lOOOK was taken as the reference. An activation 
enthalpy of 90 kJ/mol was used to calculate 
scaling factors at other temperatures. 
In fig.2-app.a the incorrected data are pre- 
sented at PO - 0.21 atm and at T - 680°C. In 

Fig.2-app.b Ehe same data are presented as in 
Fig.2-app.a, but now scaled to a fixed contri- 
bution of ohmic polarization, according to the 
procedure outlined above. It can be seen that 
this scaling operation has influence on the 
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_ ELECTROLYTE: TGZO 

- AU STRIP ELECTRODE 

75(-j_ T = 68OY; Pot= 0.21 AT11 

- 2 

1 I I, I, 1, I, 

-400 0 400 

Fig. E-app.a. Uncorrected experimental current-overvoltage relations. 
2: 600 nm TCZO 3: 600 nm CT30 4: 150 nm TCZlOO 

b. Same experimental data as in 2-app.a. but scaled to a 
fixed contribution of ohmic polarization. 
2: 600nm TCZO 3: 600nm CT30 4: 150nm TCZlOO 

relative positions of the various i-n curves, 
but trends remain unchanged. In all other fig- 
ures measurement data have been scaled. 
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