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Abstract

The electrode responses (impedance spectra) of a porous Pt, Au and Ag electrode on
Bi,Cu,,V,,0;,s (abbreviated: BiCuVOx) have been studied in the temperature range 200°
to 735°C as function of temperature, oxygen partial pressure and polarisation level. Also
‘dc’- polarisation curves (I-V) have been measured at intermediate (473°C) and high
(735°C) temperature. In the low temperature range (<500°C) the electrode response is
slow. The response to polarisation of the electrodes is characterised by considerable
hysteresis in the I-V curves. The observed behaviour can well be explained by the
occurrance of a change in composition (oxygen ‘non-stoichiometry’) in the electrode surface
region. This implies that part of the imposed polarisation is counteracted by a change in the
oxygen activity of the bulk at the electrolyte electrode interface, resulting in a diminished
driving force for the actual electrode reaction. The impedance spectra of the Pt and Au
electrodes on BiCuVOXx in the low temperature range are more or less identical, quite in
contrast with findings for zirconia based electrode systems.

The high temperature impedance spectra are characterised by a significant contribution
of a diffusion type element (Warburg) parallel to a resistance with characteristics of a charge
transfer resistance. Both elements show strong dependence on pO, and polarisation level.
The effects can qualitatively, but consistantly, be explained in terms of a model presented
previously for the Bi, ;Er,;0;/Au, O, electrode system. Exchange current densities and
activation energies for both the BiCuVOx- and BiEr25-electrode systems are quite
comparable.

A consistently found negative (RC) contribution in the low frequency region of the
impedance spectra could tentatively be explained by the occurrance of ‘cross talk’ between
the working electrode and the reference electrode, possibly mediated by the diffusion of

adsorbed, charged oxygen species.
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Pt, Au and Ag Electrodes on BiCuVOx




1 Introduction

The family of the so-called BiMeVOx oxides (formula: Bi,M,V Os s, where M stands for a large
variety of metal ions) shows very high oxygen ion conductivity, even at low temperatures. Because of
this property these materials have a potential for application in a medium temperature oxygen pump. But
besides high ionic conductivity, these materials must also exhibit good oxygen transfer properties at the
oxide/electrode interface. Hence the choice of electrode material will be crucial for the optimal
performance of an oxygen pump. There are basically two types of electrode systems for oxygen transfer
in solid electrolytes, porous (noble) metal electrodes and (porous) mixed conducting oxides, i.e. oxides
that show both ionic and electronic conductivity. A prerequisite for these oxide electrodes is that no
detrimental reactions may occur between electrode and electrolyte. This possible complication and the
difficult application technique preclude the use of mixed conducting oxides in this study. The noble
metals (gold, platinum and silver) are much less reactive with most oxides and application on electrolytes
can be done by simple, generally available techniques.

For yttria stabilized zirconia (YSZ), a well known high-temperature oxygen electrolyte, it was found
that porous platinum electrodes were superior to porous gold electrodes. This is ascribed to the much
greater catalytic activity of Pt over Au with respect to the dissociation of absorbed oxygen. Comparable
silver electrodes show an even higher activity on YSZ. Unfortunately the Ag-electrode structure is very
unstable due to surface diffusion and recrystallisation at high temperatures (700-1000°C).

For some bismuth oxide based electrolyte materials (e.g. the rare earth doped 8-bismuth sesqui-
oxides) the difference between porous Pt and Au electrodes was found to be insignificant. A clear
relation was observed between exposed electrolyte area (ratio of pore area to macroscopic electrode
surface area) and the electrode resistance. Secondly, a relation could be indicated between the mean pore
diameter and the frequency scaling of the electrode dispersion. Furthermore the oxygen exchange rate,
measured from isotopic exchange experiments could be linked directly to the exchange current density,
obtained from polarization measurements for these electrodes [1-5]. Based on these results it was
concluded that the exposed electrolyte area, within the macroscopic electrode region is the active area
for oxygen- and charge transfer, while the noble metal electrode merely serves as an electron source or
sink [5]. v

In this study a comparison is made between the electrode behaviour of porous gold and platinum
electrodes on the Bi,Cu,,V,50; ;5 electrolyte (BiCuVOx). In the first part the temperature range between
200° and 500°C is investigated using electrochemical impedance spectroscopy (EIS) and polarization (/-
V) measurements. These initial results have already been described in the previous two-month report [6].
For completeness these results have been included again in this final report.

New in this report is the study of silver electrodes and the comparison of these with the Pt and Au
electrodes in the temperature range between 500° and 735°C. Here also the influence of the partial
pressure of oxygen and of applied bias (current carrying conditions) was studied using electrochemical
impedance spectroscopy. Also several polarisation experiments have been performed on all three types

of electrodes.




2 Experimental procedure

21 Material and sample preparation

The BiCuVOx samples (composition Bi,Cu,,V,,0s ;5) were prepared by the group of Prof. Dunn at
UCLA. The samples were sintered individually. The dimensions after sintering were roughly 11.6 mm
in diameter and between 2 and 3 mm thick.

As the BiCuVOx material is mechanically rather soft the samples were hand polished on one side.
Pt or Au electrodes were sputtered on both sides of the samples. For these electrodes an annular shape
was used with an inner diameter of 5.8 mm and an outer diameter of 10.4 mm, resulting in an approximate
geometrical surface area of 58 mm®. The thickness of the Au electrode was estimated at 1.2 um and the
Pt electrode at 0.3 um. The electrodes were made porous by means of an anneal step at 750°C for two
hours in air. Heating and cooling rates were 2°C/minute. The electrode morphology of the electrodes
on the polished side of the samples (i.e. the working electrodes) were characterized by SEM.

In the second period of this investigation also silver electrodes were included. In order to improve
the electrode properties it was tried to make cermet type electrodes (a sintered, intimate mixture of finely
powdered Ag and BiCuVOx). Approximately equal volumes of Ag and BiCuVOx powders were mixed
together. In a steel die a sandwich structure was built up by placing a thin layer of the cermet mixture
on the bottom, followed by a thick layer of pure BiCuVOx powder and again a thin layer of the cermet
mixture. After uniaxial pressing the sample was released from the die and sintered at 750°C in air for
two hours, using heating and cooling rates of 2°per minute. Unfortunately this resulted in a totally
disintegrated sample, indicating that a reaction between the silver and the BiCuVOx must have taken
place (dissolution of the Ag in the BiCuVOx material?). A quick DSC study on the cermet electrode
mixture did not show, however, any significant thermal effects up to a temperature of 700°C.

As a second option dense silver layer electrodes were prepared by sputtering (see above) followed
by vacuum evaporation of silver using the same electrode geometry as for the Au and Pt electrodes. The
layer thickness was not be measured, but it was estimated to be at least 1 um thick. These electrodes were
annealed in situ at a temperature of 710°C for 10 hours before electrochemical measurements were
performed.

2.2 Measurement system

Electrochemical measurements were performed in a three-

electrode arrangement, see fig. 1, with either all-gold or all-platinum |tworking seciade) | | oterance ol
contact measurement cells. The sample with porous gold electrodes RSTRIRS potshad side

was placed in the all-gold contact measurement cell. Annular gauze {Bicuvox

disks of gold were placed between the contacts and the electrodes in

order to provide open space for a free flow of the ambient at the (poraus Aulayer (countr slecrode)

electrodes. As reference electrode a gold point electrode was placed

in the centre of the annul of the working electrode, see figure 1. The Fig. I Schematic representation of the

samples with platinum and with silver electrodes were placed in the electrode arrangement. A similar annu-

all-platinum contacts cell. For both the samples with platinum and ~ /@" €fectr ode is placed on the back side.
. . . . Shown is the sample with gold elec-

with silver electrodes annular gauze disks of platinum were usedas .o

spacers in order to provide free flow of the ambient at the electrode

area. The annular electrode on the not polished side of the sample (a

somewhat rough surface) serves as the counter electrode (current source/sink). The electrodes were

connected to a potentiostat (Bank LB75L). For impedance measurements the potentiostat was connected

to the frequency response analyser (Solartron FRA 1250).
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Impedance measurements were performed as function of temperature, oxygen partial pressure and
also at several electrode polarisation levels (bias levels in the range of -0.2 to +0.2 V). These latter two
measurement series were only performed at temperatures above 700°C. The oxygen partial pressure was
set using two flow controllers for providing a mixture of O, and N,. The exact gas phase composition
was not checked at this time. The ‘pure nitrogen’ does contain still a small amount of oxygen as it was
derived from a liquid nitrogen storage tank. It was assumed that the oxygen content of the ‘100% N,* gas
stream would be smaller than 1%.

Polarisation measurements (I-V curves) were measured under computer control using the same
potentiostat. The polarisation voltage was incremented in fixed steps of approximately 0.005 V. After
a fixed time (typically 2 minutes) the polarisation current was measured and the next voltage increment
was applied. This is comparable to a sweep rate of 7.5-10° V-s™'. 'When other sweep rates are used this
will be indicated.

In the ‘low temperature range’ (200° to 500°C) the impedance measurements were performed at
zero polarisation. In the high temperature range (500° to 735°C) also impedance measurements under
polarization (i.e. under current carrying conditions) were performed. All impedance data were analysed
with the software package ‘Equivalent Circuit’ [7,8]. Often the validity of the impedance data was
checked with the ‘Kramers-Kronig’ transform test program [9]. The polarisation curves were handled
using a standard spread sheet program.




3 Results

3.1 Characterisation of electrode structure

3.1.1  Gold electrodes

The morphology of the gold electrode, after the annealing experiment, is presented in figure 2. This
structure, with small holes in a continuous gold layer, has been found to be typical for thin layer gold
electrodes. This structure, however, is not stable during the electrochemical characterisations at high
temperatures (735°C, see below). As not to damage the electrodes no analysis of the electrode structure
was made during the electrochemical measurements.

After these measurements were finished the electrodes were re-analysed with a scanning electron
microscope (SEM). A representative electron micrograph for the gold electrode is presented in figure 3.
From this figure it is clear that significant gold diffusion on the BiCuVOx surface has taken place and
recrystallisation of the gold has occurred. An indication of this structural instability was already noticed
in the poor reproducibility of the electrochemical measurements.

W ‘g )
Fig. 2 SEM image of Au-electrode area, 10 keV,
1000x magnification (orig.).

Fig. 3 SEM image of Au-electrode area after electro-
chemical experiments. 500x magnification

(orig.).

3.1.2  Platinum electrodes

The morphology of the thin layer platinum electrodes, after the high temperature anneal procedure,
is quite different from the gold electrodes. Again the observed structure (see figure 4, next page) is quite
typical for Pt on a solid electrolyte. This difference in structural development in thin film electrodes has
been seen in previous studies using Pt and Au on yttria stabilized zirconia (YSZ, [10]) and on 25m/o erbia
stabilized bismuth oxide (BiEr25, [3-5]). Whereas the gold layer still forms a continuous sheet
interspersed with holes, the platinum electrode shows long open areas with interconnected Pt-strips.

In general Pt-electrodes show a quite stable morphology at high temperatures. Inspection with the
SEM of the Pt electrode after the high temperature electrochemical measurements showed a significantly
changed structure, see figure 5 on the next page. As for the gold electrode, surface diffusion and
recrystallisation of Pt must have changed the electrode morphology.
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Fig. 4

SEM image of Pt-electrode area, 15 keV, 5000x
magnification (orig.)

3.1.3  Silver electrodes

The silver electrode was not examined with the
SEM prior to the electrochemical measurements.
From visual inspection a shiny continuous annular
shaped silver layer could be observed. After the
electrochemical experiments the position of the silver
annul could hardly be observed visually. The SEM
analysis showed that most of the silver layer had
disappeared. Only a few tiny specks were found in the
SEM image, as can be seen in figure 6. With respect
to the earlier findings of high ‘reactivity’ of silver
towards BiCuVOx, and the original thickness of at
least 1pm, it must be concluded that the major part of
the silver had dissolved in the BiCuVOx material.
Interestingly, still significant electrochemical activity
could be measured, as will be shown in the following
chapter.

3.1.4  Sample morphology

£ 5 3 »pm 3
Fig. 5  SEM image of Pt-electrode area after electro-
chemical experiments, 500x magnification
(orig.)

chemical experiments, 2000x magnification
(orig.).

The samples, which are probably around 90-92% dense (relative to the theoretical density), showed
besides small pores also some surface cracks. This can be seen in the surface morphology of the exposed
sample area in the centre of the working electrode (polished surface). The SEM micrographs were taken
after the anneal step in the preparation of the Au- and Pt-electrodes. Cracks are indicated by the white
arrows in figures 7 and 8 on the next page. Whether these cracks were already present in the “as received’
samples has not yet been determined. It is possible that these cracks resulted from the annealing process.
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o

EM image of central area of polished side of

Fig. 7 SEM image of central area of polished side of Fig. 8

Au electrode, 10 keV, 1000x magnification Pt electrode, 15 keV, 1000x magnification
(orig.). (orig.)

3.2 Low temperature measurements (<500°C)

321 Impedance Measurements (Pt and Au only)
The electrode impedances for both the gold and 10
the platinum electrode show a distinct diffusion
behaviour. This Warburg type behaviour is character-
ized by an almost 45° slope in the frequency disper- - e Au-electrode .
sion in the impedance plane, see figure 9. CNLS- |
analysis of the obtained impedance spectra for both . .
electrodes could be based on a common equivalent I
circuit model (‘EqC’), containing two diffusion type
elements. The general arrangement of the EqC is
presented in figure 10. The notation ‘Q’ is used for
the constant phase element (CPE) which is defined in
the admittance representation by:

Yop(@) =Y (o) / T=423°C
o o

= Yom"[cosﬂ + jsin =] 0 5 10
2 2 Z.real. Tk ohml -->

» Pt-electrode ]

-

-Z.imag., [k ohm]

For n=1 the CPE becom?s a pure capamtapce (C.=Y0). Fig.9  Electrode impedances of the Pt (@) and Au ()
For n=0.5 a Warburg (diffusion element) is obtained, electrodes at 423 °C in oxygen.

where ¥, is related to the (chemical) diffusion coeffi-
cient of the mobile species: ¥, + vD. With n=0 a
resistance results (R=Y;1).

The double layer capacitance (related to the
metal/electrolyte interface) is only noticeable at low
temperatures (175 to 250°C). The low frequency
electrode resistance , R,, becomes only apparent above
450°C. Below this temperature it can only be ob-
tained through measurements extended to very low
frequencies. The values of the CPE-elements are Fig. 10  General equivalent circuit used in the CNLS-
rather close (within a factor 10) which makes a analysis of the electrode impedance measure-

menis.
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reliable analysis impossible. Indications are, however, that the low frequency CPE (Q,) is less dependent

on the electrode type than Q; is.

From measurements at 473 °C the dc-electrode resistance can be estimated, about 4 kQ for the gold
electrode (see figure 11) and 10 kQ for the Pt electrode (figure 12). The error margins are, however,
quite large. It should be noted that the used EqC not necessarily does represents the actual electrochemi-
cal processes in the electrode. Also other EqQC’s may exist that will model the measured dispersions
equally well within the experimental error limits.

_] 2}‘ 1 mHz
T=473°C L
A A L
Yo b o o © )
E <] = 1 mHz —_
£ T L
(=] F=
X ° 1
X
iE‘o.s— E
N ; L T=473°C
o.oV.41.J....L.‘_L.|....|.. oW ——— v s e 0 a0
0.0 0.5 1.0 1.5 2.0 0 1 2 3

Z.real, (kohm] -—> . Z.real, [k ohm} -->
Fig. 11  Impedance plot for the gold electrode. (O) Fig. 12 Impedance plot for the platinum electrode. (O)
measurement, (-BF) CNLS-fit. measurement, (-ME) CNLS-fit.

3.2.2 Polarisation measurements

Polarisation measurements were performed at 473 °C. The response showed a significant hysteresis,
even at a low scan rate of approximately 7.5-10° V-s"'. The polarisation curve and the corresponding
Tafel plot for the gold electrode are presented in figures 13 and 14. For the platinum electrode these
results are presented in figures 15 and 16 on the next page. These graphs have not been corrected for the
ohmic offset, which is due to the bulk resistance of the BiCuVOx electrolyte. Because of the very high
ionic conductivity of the BiCuVOx this correction for the non-Faradaic resistance would introduce only

a minor change in the I-¥ curves.
In the anodic direction oxygen is evolved from the electrode with the overall reaction given by:

207 - 0, *4e ' )
while in the cathodic direction oxygen is reduced at the electrode:
0, +4e - 20~ 3)
BiCuVOx/Au,02 BiCuVOx/Au,02
1E-01 - -
. <--cathodic anodic-->
— 1E-02
= <
” . 1E-03
£ 001 &
3 g 1E-04
&)
<-- cathodic anodic --> 1E-05
-0.02
-0.4 -0.2 0 0.2 04 1E-06 '
Polarisation, [V] -0.4 -0.2 0 0.2 04

Fig. 13 Polarisation curve for the gold electrode in Polarisation, [V]

oxygen at 473 °C. Plot is not corrected for the Fig. 14  Tafel plot of the polarisation curve for the
non-Faradaic resistance. gold electrode, figure 13.
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BiCuVvVOx/Pt,02 BiCuVOx/Pt,02
0.003 1E-02
0.002 1E-03
— <
<. 0.001 ~1E-04
& g
&8 0 E 1E05
3 .0.001 0
O
1E-06 <-- cathodic anodic -->
-0.002 ' i
<- cathodic anodic --> 1E-07
-0.003 0.4 0.2 0 02 0.4
04 -0.2 0 0.2 0.4 Polarisation, [V]

Polarisation
olarisation, [V] Fig. 16  Tafel plot of the polarisation curve for the plati-

Fig. 15  Polarisation curve for the platinum electrode num electrode, fig. 15.
in oxygen ar 473 °C. Plot is not corrected
for the non-Faradaic resistance.

It was found that the shape of the I-¥ curves was very dependent on the electrochemical history of
the sample. Due to some problems with the electrochemical set up the gold electrode had been polarised
in anodic direction several times before starting the final polarisation measurement, hence the
displacement of the ‘point of zero current’ (i.e. the polarisation level for which the electrode current
becomes zero) with respect to the position of zero polarisation.

The influence of the polarisation history on the shape of the I-V curve is clearly demonstrated in the
(corrected) polarisation curve of figure 17. One complete cycle was recorded starting in the cathodic
direction. The direction and sequential order of the polarisation is indicated in the figure.

BiCuVOx/Au, pO2=1, T=473°C

1E-03 .
<-- cathodic anodic -->
1E-04
< 1E-05|
1E-06 :-
1E-07 ‘ ’ :
-0.3 -0.2 -01 0 0.1 0.2 0.3

eta (corrected polarisation), [V]

Fig.17  True polarisation curve for the gold electrode on BiCuVOx at 473 °C and pO,=1 atm. The sequential
polarisation directions are indicated by the numbers and arrows.
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3.3 High temperature measurements (500<7<750°C)

As explained in chapter 3.1, the electrode structures did change considerably with time and
temperature. Hence the results presented here can only be seen as emerging trends. Nevertheless some
important findings are made. A general picture can be put together for all three different electrodes. The
electrode impedance is dominated by a diffusion impedance in the mid-frequency region (1 - 100 Hz).
This is a combination of a Warburg-like CPE (n is close to 0.5) parallel to a resistance, (RQ)4y- Upon
proper analysis another parallel RQ combination can be discerned at the high frequency side of the
impedance spectrum. Its contribution to the overall electrode impedance, however, is rather small. This
RQ pair, (RQ),, will not be considered here due to the, rather large, uncertainty in the estimation of the
parameter values. In the low frequency region (<0.1 Hz) also a (mostly) diffusion type parallel RQ-circuit
is seen, but here the power of w, n, shows more variation between 0.5 (Warburg) and 0.9 (close to
capacitive). In the analysis of the most impedances of the gold electrodes clearly a negative parallel RC-
combination was needed for an optimum fit result. The consistent temperature and pO, dependence of
this negative pair shows that this combination is a realistic part of the model equivalent circuit.

The overall equivalent circuit is presented in
figure 18. Not all elements are observed for all elec-
trodes or measurement conditions. The mid-frequency,
(RQ)y> and the low frequency, (RQ),, sub-circuits can
clearly be identified for most electrode impedances.
The model circuit, presented in figure 18, is only used
as a means of data reduction and analysis. It does not ¥ig. 18 General equivalent circuit used for analysis of
necessarily present a physical model for the electro- ™" edance spectra of electrodes above 500 °C.

chemical processes at the electrodes.

3.3.1 Impedance of gold electrodes ‘
A typical impedance diagram for the gold Table 1 CNLS-fit results for the impedance

electrode is presented in figure 19. The low fre-  Spectrum of figure 19, a gold electrode at
quency limit is 3 mHz. The CNLS-fit results, 770 C and 0.2 atm. oxygen.

obtained for the model circuit of figure 18 are
presented in table 1. Remarkable features are the Element value error %  unit

large values for the negative capacitance (~2 Farad) R 1 48 03 0
and for the low frequency CPE (2 S-s°7°). These clectrolyte ' '
values are most likely connected to ‘chemical’ Ry . 0.075 0.4 Q
capacitances, e.g. a change in the composition in the O,.-Y, . 8-10° 15 g™
surface region of the electrolyte. / '
R 0.97 50 -
L BCV/Au, p0O,=0.2 atm, T=710°C © Data Qdi Al 'YO : 0.030 2 S-s™
W CNLS-fit R 0.48 0.7 -
Tm | R, -0.60 0.4 Q
g Creg>-Yy -2.0 20 F
g Ry : 5.0 23 Q
R
Op-Yy 2.1 15 S-s™
S T T e w . T wm . o 075 30 -

Zrul- [Q] -
Fig. 19 Impedance of a gold electrode at 710 °C and
p0O,=0.2 atm. The instrumental high frequency inductance
has been subtracted.
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3.3.1.1 Influence of the oxygen partial pressure on the electrode impedance
The dependence of the electrode impedance onthe

PO, was measured at 710°C under the following O,/N, " pO, <0.01 atm.

gas flow mixtures: 100% O, (1 atm), 50% O,, 20% O,, [

5% O, and 100% N,. For this last ambient the oxygen I /“’w

partial pressure was estimated to be smaller than 1% 1% R —
(<0.01 atm). In the following diagrams versus pO, the F pO, = 0.05 atm. oo °°°

results for ‘100% N, are presented at pO,=0.01 atm. T Sl RS

Although this choice seems to fit reasonably well with I

the data points at higher pO,, it cannot be used to ¢ o o ot -

obtain reliable pO, dependence. The overall electrode 10

resistance (apparent dc-value, presented in figure 21 as E PO, =0.2 amooooooooooooo 90 0004 o

R.,,.) does not change much with pO,. In figure 21 the N a IS
resistance values are plotted against the pO,. R,, [ . . ..., . ..
represents the electrolyte resistance, which should be 10

independent of pO,, the high frequency resistance (see [ PO, =1.0atm; co00000,,,

the circuit model of figure 18) R, has not been drawn I 002 BT

as its contribution to the overall impedance is very VA
small. The error in the negative resistance, R,,, is o 10 20 20 T
rather large. Drawn lines are only used to connect Z,. 10] .

same parameter values. Fig. 20 Electrode impedance of BCV/Au system at 710 °C

The constituents, however, do show marked as function of pO.,.
dependence on pO,, as can also be observed from the
change in the impedance with pO,, figure 20. Despite the high temperature, the samples need
considerable time to equilibrate after a change of the PO,. As this conditions is not always met this can
result in considerable scatter in the data.

The major part of the electrode resistance is atfributed to R,; The main dispersion is also caused by
the CPE in parallel to R, which is almost a Warburg type diffusion element. It is important to note that
R, decreases with decreasing pO,, while at the same time the Y-value of O, increases. This implies
that, with respect to (RQ),;, the electrode performance improves with decreasing pO,, which is quite an
unusual result. The double log plot, figure 22, seems to suggest a (pO,)*'? behaviour for these two
elements.

BCV/Au, T=710°C
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Fig. 21  pO, dependence of the resistances for the gold Fig. 22 pO,dependence of the major diffusion element
electrode, as obtained from the CNLS-fit proce- parameters. The electrolyte resistance is pre-
dure using the model of fig. 16. sented for comparison.
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3.3.1.2  Influence of the polarization on the electrode impedance

In general all the impedances for the gold electrode
could be analysed with the model circuit of figure 18.
The high frequency contribution was very small and
could not be established with an acceptable accuracy,
hence it was not included in the analysis. The measure-
ment results were found to be rather ‘history’ depend-
ent. Also the wait time after the stepwise change of the
polarisation level was not long enough (as could be
noted from the Kramers-Kronig validation tests). As a
result the polarisation dependence of most circuit
parameters showed a rather large scatter. An overview
of the polarisation dependence of the electrode disper-
sion is presented in appendix A.

Fortunately it was possible to partially analyse the
data, based on the major contribution to the overall
dispersion, (RQ),; The polarisation dependence of the
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BCV/Au, 710°C, p02=0.2 atm.

Q-difff Yo, 'mho’]

-02 -0.1 0.0 0.1 0.2
polarisation, V]

e R-diff. m Q-diff.
Polarisation dependence of the major disper-

sion elements, Ry and Q, for the Au-elec-
trode.

parameters is presented in figure 23. The R,; shows typical behaviour for a charge transfer resistance.
On the anodic side the slope of the curve is close to F/RT. The Y, value of Q,,; is also polarisation
dependent, indicating an increased diffusion rate for more anodic directions. The important conclusion
here is that this diffusion element is closely coupled to the polarisation level and hence to the electron

concentration at the interface.

3.3.1.3 Temperature dependence of the electrode
impedance

After the electrode performance had been mea-
sured at the highest temperature (735 °C), the tempera~
ture dependence of the electrode impedance was
measured at an oxygen partial press