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ABSTRACT

The analysis of mixed ionic-electronic conducting (MIEC) cathodes with respect to operation temper-
ature and time is essential for a target-oriented development of anode-supported solid oxide fuel cells
(ASCs). This study tracks both issues by impedance spectroscopy on a high-performance cathode with
the composition Lag 5gSrg4Cog2Feqs03_s (LSCF).

A wide set of impedance spectra were sampled at 600, 750 and 900 °C over the entire operation time of
1000 h. The identification and quantification of the individual anodic and cathodic contributions to the
polarization losses of an ASC were enabled by an appropriate equivalent circuit model. For this purpose,
the impedance data sets were evaluated subsequently by (i) a DRT (distribution of relaxation times)
analysis followed by (ii) a CNLS fit. The cathodic polarization resistance is attributed to the oxygen surface
exchange and the bulk diffusion of oxygen ions and is described by a Gerischer element.

The anodic polarization resistance is described by a Warburg element and two RQ elements according
to physical origins. The thorough analysis of all data sets leads to the surprising outcome that the cathode
degradation is most pronounced and moreover, increases with decreasing temperature. After 1000 h of
operation, the cathode polarization resistance raised steeply from 0.012%/h at 900°C over 0.28%/h at
750°C to 1.49%/h at 600 °C. These latest findings will have far-reaching implications for the development

of MIEC cathodes.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Lag 58Srg4Cog2Fegg03_5 (LSCF) as a mixed ionic and electronic
conductor (MIEC) was reported as one of the best performing
cathode materials for intermediate-temperature solid oxide fuel
cells (IT-SOFC). Preliminary parameter studies concluded that the
degradation rate for anode supported cells (ASCs) with composite
LSM-YSZ cathode is smaller (AV/V=0.5%/1000 hat800°C)[1] com-
pared to LSCF cathodes (AV/V=0.9-1.5%/1000 h at 800°C [2-4].

Our long term study focuses on the LSCF cathode degrada-
tion course in a state-of-the-art ASC at temperatures of 600, 750
and 900 °C. This range represents the customary temperature load
of mobile (600-800°C) and small stationary (700-900°C) SOFC
power systems. As reference electrodes are not applicable, the con-
tributions of ohmic and polarization losses of electrolyte, anode
and cathode have to be identified by high resolution impedance
studies based on a combination of DRT (distribution of relax-
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ation times) analysis followed by a complex nonlinear least square
(CNLS) fitting approach. This approach, in combination with a
recently developed equivalent circuit model, opened new perspec-
tives for a detailed examination of polarization losses in ASC [5].
Based on these results, we already separated and quantified the
individual polarization processes of anode substrate, anode func-
tional layer and cathode in a former long term study at T=750°C
for t=700h [6]. As a result the increase in cathode resistance
determines the degradation behaviour of the cell but the anode
polarization resistance (both substrate and functional layer) is
still responsible for the main part of the cell losses. This exten-
sive study provided a reliable basis to differentiate the time and
temperature dependant cathode and anode polarization resis-
tances over a wide temperature range, which is discussed in the
present paper. Accordingly, the present state of knowledge about
the temperature dependent degradation behaviour is inconsistent:
ASCs with LSCF cathode show a more pronounced degradation at
T=800°Cwhen compared to T=700°C[1] indicating a temperature
driven degradation mechanism. ASCs with LSM-YSZ cathode show
a reversal tendency: the degradation increases with decreasing
temperature [7].
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Fig. 1. (a) A scanning electron micrograph of the cross-section of a fractured cell showing part of the porous anode and cathode, the dense electrolyte, and the CGO interlayer.
On the left hand side the equivalent circuit diagram for this type of cell is shown. It was used for separating the losses of electrolyte, anode and cathode consisting of (i) ohmic
resistance Ry, (ii) 2 serial RQ elements (Rya and R3a), (iii) a Gerischer element (Ryc), (iv) and a generalized finite length Warburg element (G-FLW) (Ry4). (b) Measurement
procedure with air at the cathode and (1) H,-H»0 (95/5), (2) H2-H,0 (40/60) and (3) CO-CO, (50/50) at the anode sequentially carried out each 8 h (0-300h) and 14h
(300-1000 h). Electrochemical impedance measurements (EIS) and C/V curves were carried out as indicated at each gas composition. At T=600°C the (3) CO-CO, (50/50)

gas composition was not supplied to the anode to avoid carbon formation.

In this study the temperature dependent degradation course
of ASCs with LSCF cathode and screen printed GCO interlayer is
analysed more systematically. The time-related change of the ASC
performance was recorded every 10h by impedance measure-
ments in a frequency range from 10 mHz to 1 MHz, altogether for
more than 1000 h of operation at T=600°C, 750°C and 900 °C. The
anodic and cathodic polarization resistance was identified by well
selected and adapted experimental parameters. All experiments
reported here were conducted under open-circuit conditions (OCV)
as former long term studies of identical ASCs [3,8] showed no dif-
ference between degradation rates evaluated for OCV, 300 and
600 mA/cm?2.

2. Experiments
2.1. Cell characteristics

The single cells used in this study are based on 50 mm x 50 mm
anode substrates (Ni/8 mol% yttria doped zirconia (8YSZ)) with
an average thickness of about 1mm. On these substrates, an
“anode functional layer (AFL)” (Ni/8YSZ, approximately 10 um),
and an electrolyte (8YSZ, approximately 10 wm), were deposited
and co-fired at T=1400°C. A Ceg gGdy>0,_s (CGO, from Treibacher
Auermet, Austria) interlayer was screen-printed on the electrolyte
and sintered at T=1300°C for t=3 h, resulting in a thickness
of approximately 7 wm [4]. This interlayer was used to prevent
a chemical reaction between LSCF and 8YSZ, which otherwise
forms an insulating layer of SrZrOs. On top of this interlayer, a
Lag 58Srg4Cog2Fegg03_s cathode was applied by screen-printing,
resulting in a thickness of approximately 45 um after sintering.
Details regarding the manufacturing procedures can be found
elsewhere [4,9]. The active area of the working cathode was
10mm x 10mm. Two auxiliary electrodes in gas flow direction
in front and behind the cathode were applied for OCV control.
In Fig. 1(a)), a scanning electron micrograph of the cross-section
of a fractured cell shows a part of the porous anode, the dense
electrolyte, the CGO interlayer, and a part of the porous cath-
ode.

The ASC was inserted into an Al, 03 housing, which was located
in the high temperature part of the measurement setup. More
information about electrical contacts and sealing can be found else-
where [10]. The appropriate fuel gas flow and composition was
computer controlled by digital mass flow controllers (MFCs). On
the cathode side, one MFC is available for air supply. On the anode
side, four gases (H,, O,, CO and CO;) are provided to compose
the different gas compositions. Fig 1(b) shows a part of the mea-
surement procedure which is sequentially carried out, each 8 h at
t=0-270hand each 14 h at t=270-1000 h. Within this part, the gas
composition at the anode changed three times [(1) H,-H,0 (95/5),
(2) H,—-H,0 (40/60), and (3) CO-CO, (50/50)], while the cathode
gas composition was kept constant with 250 mL/min air during the
entire measurement. This measurement procedure is used for the
long term measurements at T=750 and 900°C. The change from
H,-H;0 to a CO-CO, gas mixture proved to be crucial for the sep-
aration and deconvolution of the P;4 and P,c contributions (the
processes P15 and Pyc are explained in Section 2.2). The CO-CO,
gas mixture has a lower binary diffusion coefficient compared to
H,-H;O0. A shift in the relaxation time to lower frequencies cor-
responds to a decrease in the gas diffusion coefficient and to an
increase in the gas diffusion resistance in the anode microstructure.
At T=600°C the CO-CO, (50/50) gas composition was not supplied
at the anode to avoid carbon formation. Impedance measurements
were carried out with a Solartron 1260 frequency response analyzer
in a frequency range from 10 mHz to 1 MHz. Due to the fact that
the current density had no obvious impact on the cell degradation
in former long-term measurements [3], all experiments were con-
ducted under OCV. During the gas composition, (1) H,-H;0 (95/5)
a current-voltage (C/V) curve was measured after each impedance
spectrum. Table 1 shows the sample ID, measurement time and
temperature as well as the gas composition at cathode and anode
side.

2.2. Equivalent circuit analysis

The CNLS fit of the impedance data was carried out with the
commercially available software Z-View® [11]. The applied equiv-
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Table 1
Anode supported cells measured in long term measurements for this study.

Sample Timeasurement tmeasurement Cathode gas composition Anode gas composition

Cell A 600°C 1030h Air (1) H-H20 (95/5), (2) H,-H, 0 (40/60),

Cell B 750°C 1012h Air (1) H-H20 (95/5), (2) H-H, 0 (40/60), (3) CO-CO, (50/50)
Cell C 900°C 1033 h Air (1) H2-H20 (95/5), (2) H2-H, 0 (40/60), (3) CO-CO; (50/50)

alent circuit model was developed by a pre-identification of the
impedance response by calculating and analyzing the correspond-
ing DRT and has been presented in [5]. A detailed description of the
DRT method and its application is given in [5,12,13]. The equiva-
lent circuit model (see Fig. 1(a)) used in this study consists of four
impedance elements connected in series. The anode processes Pja,
P, and P35 are modeled by a generalized finite length Warburg ele-
ment (G-FWS element) and two RQ elements, whereas the cathode
process P,c is modeled by a Gerischer element. Each equivalent
circuit element is attributed to a physical process [5]. P15 describes
the anode gas diffusion resistance. P, and P34 can be assigned to
the impedance of (i) the lattice network structure of the Ni/8YSZ
anode charge transfer reaction at the triple phase boundary, (ii)
ionic transport in the Ni/YSZ structure, and (iii) gas diffusion limi-
tation inside the pores of the AFL in approximately the first 100 h of
operation [13,14]. The cathode polarization process P,c is related to
the cathodic losses originate from oxygen surface exchange kinet-
ics and from the diffusivity of oxygen ions through the LSCF bulk
(Ryc)[5,15]. The frequency ranges of each polarization process were
determined by the DRT method. With these start values the EIS
spectra were fitted by a CNLS fit. The resulting detailed tempera-
ture and time dependent behavior of the ohmic resistance Ry, the
total polarization resistance Ry, €ach anode contribution Rya, Rya
and R3a and the cathode polarization resistance Ry were discussed
and shown in the following sections. We describe the polarization
processes as Pja, Poc, Poa and P3a and the corresponding polariza-
tion resistances or losses as Rya, Roc, Roa and Rz considering the
resistance values obtained by the CNLS fit.

3. Results

The time- and temperature dependent behaviour of the total
polarization losses Ry, the ohmic resistance Ry, the anode con-
tributions Rqp, Roa, R3a, the total anode resistance R,jode total @Nd
the cathode polarization resistance Ryc are shown in Fig. 2. The
resistances at T=600°C are determined in anode gas mixture (2)
(H2-H,0 (40/60)), for T=750°C and 900°C all contributions are
determined in anode gas mixture (3) (CO-CO, (50/50)). The cor-
responding values for selected measurements and the calculated
degradation rates for R,,; and Ry are recorded in Tables 2 and 3.

3.1. Total polarization resistance Ry,

The total polarization resistance R, (see Fig. 2(a)) describes
the sum of the polarization losses Rya, Roa, R3a and Ryc. The degra-
dation rates per hour are shown in Table 2. R, decreases with
increasing operating temperature (Rp =1.317 cm? at T=600°C,
0.207 cm? at T=750°C and 0.0998 2 cm? at T=900 °C) due to the
thermal activation of the electrochemical electrode processes.

At T=600°C the nonlinear degradation curve increases from
1.317Qcm? to 3.804Qcm? during the long term measure-
ment. The degradation rate is very small in the first 304 h with
0.049%/h and increases in the second part at t=304-1033h
with 0.209%/h which can be clearly observed in Fig. 2(a) and
Table 2. At T=750°C the degradation rate is overall smaller com-
pared to T=600°C with 0.012%/h (t=11-1304h) and 0.02%/h
(t=304-1012h). The lowest degradation rates are measured at
T=900°C during t=1000h. Values of —4.1 x 10-3%/h (t=3-306h)

and —4.4 x 10~4%/h (t=306-1031 h) were determined. These find-
ings give evidence that the degradation of total polarization
resistance shows a nonlinear behavior and increases with decreas-
ing temperature.

The degradation behavior found in this study is inconsistent
to the findings of Becker [1]. ASCs with LSCF cathode show a
higher degradation rate at T=800°C compared to T=700°C in long
term measurements indicating a temperature-driven degradation
mechanism. ASCs with LSM/YSZ cathode show a reversal tendency:
the cells measured at three different temperatures and different
current densities show significant smaller degradations rates at
850°C (950°C) than at 750°C [7]. This behavior is more similar to
our observations at 600°C, 750°C and 900 °C.

3.2. Ohmic resistance Ry

The ohmic resistance Ry consists of the ohmic part of the
8YSZ electrolyte and the porous screen-printed CGO interlayer.
The ohmic contributions of the LSCF cathode and the Ni/YSZ
anode can be neglected, because these material posses electrical
conductivities that are several orders of magnitude higher com-
pared to the electrolyte material (0 30 65:0.4c00.2Fe0.803—5 = 290 S/cm
at 750°C [16], onjjgysz =103 S/cm [17], ogysz =0.03 Sjcm [18]). The
theoretical resistance Ry theoretical Was calculated from the electri-
cal conductivities and the layer thicknesses. The measured ohmic
resistance Ry of the bilayer YSZ/CGO is four times larger than
Ry theoretical =35 M2 cm?. This is mainly caused by the YSZ/CGO
interdiffusion at sintering temperatures of T=1300°C and a little
by the porosity in the CGO interlayer. Furthermore, a minor part is
probably caused by a current constriction in the electrolyte at the
cathode/CGO interface and at the anode/YSZ interface [6].

The long term behavior of the ohmic resistance Ry (Fig. 2(b))
has also a temperature dependent characteristic: For T=600°C
Ry remains constant (—0.6%/1025h), while a slight decrease by
4.5%/1012h can be observed at T=750°C. This slight decrease
can be attributed to an initial sintering process of the LSCF layer
[6]. At T=900°C an increase by 17%/1031h probably indicates
a degradation of the bilayer 8YSZ/CGO at T=900°C. Miiller [17]
investigated the intrinsic degradation of 8YSZ electrolytes and
found an increase of degradation rate with increasing tempera-
ture (T=860°C, j=0.17 A/cm?2; degradation: 13%/1000 h, T=950°C,
j=0.17 A/cm?; degradation: 26%/1000 h).

3.3. Anode losses Ry, Roa, R3a and Ranode total

The time dependent anode losses Rqa, Rya and R34 are shown
in Fig. 2(c)-(e), respectively. The resistance R4 can be assigned to
the anode gas diffusion losses [5,19]. The absolute value of Ry in
gas mixture (2) (H,-H,0) at T=600°C is much smaller compared
to Ry in gas mixture (3) (CO-CO,) at T=750°C and 900 °C. This
can be explained by the lower gas diffusion coefficient in CO-CO,
compared to H,—H, 0 operation leading to a lower Rys-value of cell
A even at T=600°C. A mostly constant time dependent behavior
at each temperature indicates that Ry is not responsible for the
degradation behavior of Ry, in Fig. 2(a). This holds the same for
Ryp and R3. The sum of both RQ elements with the resistances Ryp
and R3p represents the impedance of the lattice network structure
of (i) the Ni/8YSZ anode charge transfer reaction at the triple phase
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Fig. 2. Time and temperature dependent behavior of (a) the total polarization resistance Ry, (b) the ohmic resistance Ry, (¢) Ria, (d) Rza, (€) R3a, (f) Ranode total and (g) Rac. (h)
The equivalent circuit model [5] was applied to identify four individual polarization processes. The resistances at T= 600 °C are determined in anode gas mixture (2) (H,-H,0
(40/60)), for T=750°C and 900 °C all contributions are determined in anode gas mixture (3) (CO-CO, (50/50)).

Table 2

Total polarization resistances at t = tstart, t-300n and t=tenq in gas mixture (2) (H,-H, 0 (40/60)) at the anode for T=600 °C, gas mixture (3) (CO-CO, (50/50)) at the anode for

T=750°C and 900°C and air at the cathode.

Total polarization resistance Rpor at tseare [$2 cm?]

Rpol at t-3oon [€2cm?]

Degradation [%/h] Rpot at teng [$2cm?]

Degradation [%/h]

Rpor Cell A 1.317 1.509 0.049 3.804 0.209

Rpor Cell B 0.207 0.214 0.012 0.245 0.02

Rpor Cell C 0.0981 0.0969 —4.1x1073 0.0972 —4.4 %104
Table 3

Separated cathode polarization resistances at t = tgare, t-300n and t=tenq and calculations of the degradation rate.

Cathode polarization resistance Roc at tseare [ cm?]

Roc at t3p0n [$2cm?]

Degradation [%/h] Roc at teng [Q2 cm?]

Degradation [%/h]

Ryc Cell A 0.173 0.444 0.53 2.823
Ryc Cell B 0.015 0.047 0.72 0.058
Ryc Cell C 0.0071 0.0078 0.031 0.008

0.734
0.033
0.0036
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boundary, (ii) ionic transport in the Ni/8YSZ structure, and (iii) gas
diffusion limitation inside the pores of the AFL in approximately the
first 100 h of operation [13,14]. R,a shows a constant behavior dur-
ing the measurement with a slight decrease in the first 200 h. The
decrease in R4 can be explained by the change in the Ni/8YSZ struc-
ture at the beginning of the measurement. The AFL is a dense layer
after initial cell manufacturing. It takes several hours of cell oper-
ation until there is a certain open porosity in the structure and the
gas diffusion in the AFL can be neglected for each operating temper-
ature. R3a remains constant for T=600°C and 750°C and increases
by 30%/1031 h at T=900 °C. So the anode process P34 contributes to
the cell degradation at T=900 °C. A well-known anode degradation
phenomenon is the Ni agglomeration and the loss of Ni-Ni contact
[7,20,21] which reduces the amount of three-phase contacts at the
electrolyte/AFL interface and contribute to the increase in anode
polarization resistance. However the total polarization resistance
Rpo1 remains constant for T=900 °C so the increase of R3a and also
of Ryc is obviously compensated by the decreasing contributions
Rqia and Ry,5. Considering the total anode polarization resistance
Ranode total iN Fig. 2(f) it can be assumed that the accumulated degra-
dation behavior of the anode processes does not affect the time
dependent characteristics of R,q;.

3.4. Cathode losses Ry

With pO, =0.21 atm and an airflow of 250 mL/min the cathodic
losses originate from oxygen surface exchange kinetics and from
the diffusivity of oxygen ions through the LSCF bulk (Ry¢) [5,15].
Fig. 2(g) shows the cathode polarization resistance at T=600°C,
750°Cand 900 °C versus time. The corresponding degradation rates
of Ryc are shown in Table 3.

At T=600°C the cathode polarization resistance increases
nonlinear from 0.173 Q2cm? to 0.444 Q2 cm?. This corresponds
to a degradation rate of 0.53% (t=8-304h) and 0.734%/h
(t=304-11033 h). A nonlinear increase of Ryc was also detected
at T=750°C with a reversal tendency. Ry¢ increases strongly by
0.72%/h at t=11-304h and only by 0.033%/h at t=304-1012h. A
saturation effect can be assumed for this temperature from t=400 h
regarding Fig. 2(g).

At T=900°C a very small but still increasing trend can be
observed. A degradation rate of 0.031%/h (t=3-1319h) and
0.0036%/h (t=319-11031 h) was determined. It can be concluded
that the degradation rates of the cathode losses Ryc show an
increasing trend with decreasing temperature comparable with the
time related behavior of Ry,

These results indicate that the degradation behaviour of the
cathode is responsible for the degradation of the polarization resis-
tance Ry, especially at T=600°C and 750°C. There are hardly
systematically investigations in literature about the time and
temperature dependent behavior of the cathode polarization resis-
tance. But different explanations are given as potential causes of
the cathode degradation:

e Mai and Becker [1,3,4] analyzed the same type of LSCF cathodes
(identical composition and sintering procedure) on ASCs after
long term measurements (t=1000 h) by secondary ion mass spec-
troscopy (SIMS) and found an enrichment of Sr on the CGO/YSZ
electrolyte surface deposited in gas flow direction. This finding
corresponds to a depletion of Sr in the cathode bulk or at the
cathode surface.

e The same type of LSCF cathodes on ASCs, but with electron-beam

evaporated (EB-PVD) CGO were analyzed recently by TEM mea-

surements. A slight enrichment of Gd in the LSCF cathode already

after the sintering procedure was found [22].

LSC thin films (Lag g Srg.4Co03 with a thickness of 100 nm) on YSZ

substrates were investigated by Dieterle [23]. Sr depletion and

the formation of Co-rich phases were confirmed already after an
exposure time of 8 h at 700°C.

e Xiong [24] suggests sulfur poisoning in the cathode air as degra-
dation cause. (Lag g5S10.15)0.95MnO3 and Smg 5Srg 5Co03 cathodes
on LaggSrg,GaggMgg.15C000503 electrolytes with Pt counter
electrode were investigated at T=800 °C under SO,-air mixture.
The high activity of SrO in cobaltite-based cathodes causes the
formation of SrSO4 in SO,-concentrated air. After a reaction with
SO, CoO is formed as one of the decomposition products of the
SrSmCo phase.

These results indicate an instability of the chemical composi-
tion of mixed ionic-electronic conducting cathodes like LSCF (or
LSC) at relatively low temperatures and for short operation times.
Instability on the A-site of the perovskite type compound is well
known for electronic conducting cathodes like LSM ((La, Sr)MnO3),
which react with the electrolyte YSZ to SrZrOs or to a pyrochlore
phase of the composition LaZr,07 [25]. To explain the tempera-
ture dependent degradation behaviour of the LSCF cathode found
in this study we assume that the degradation mechanism is not a
temperature driven demixing or decomposition process. The com-
positional and/or structural changes should be analyzed with the
following methods: (a) TEM and SAED analysis of individual grains
of the LSCF cathode structure before and after the long term mea-
surement. Moreover, the selection of different volume areas in the
LSCF cathode is indispensable to satisfy statistics. (b) Wet-chemical
analysis of the LSCF “as manufactured” and after the long term
measurements can also discover possible changes in composition.
However, this method defines the stoichiometry with an accuracy
about 3-20% depending on the amount of material analyzed. (c)
XRD measurements followed by the determination of the lattice
parameters canreveal compositional/structural changes before and
after the measurements. (d) Energy-dispersive X-ray spectrometry
(EDXS) measurements on cross-section samples of the LSCF cath-
ode may prove changes in composition before and after the long
term measurement.

4. Conclusions

Knowledge about the contributions of anodic and cathodic
polarization losses and their time and temperature dependence
is essential for the profound development of ASCs. For the first
time cathodic and anodic polarization losses of state-of-the-art
ASCs were separated by selective experimental parameters and
high resolution impedance studies. EIS data were monitored in long
term measurements at T=600°C, 750°C and 900 °C over 1000 h of
operation and interpreted on the basis of a physically reasonable
equivalent circuit model by (i) a DRT analysis followed by (ii) a CNLS
fit. As a result, the following conclusions can be stated:

(i) Rpor: The total polarization resistance R, shows a time
and temperature dependent behaviour. The degradation rates
increase with decreasing temperature. By using the method of
distribution of relaxation times (DRT) combined with a com-
plex nonlinear least square (CNLS) fitting approach the total
polarization resistance can be separated in three anode resis-
tances Ria, Rop and R3a and a cathode resistance Roc.

(ii) R1a, Roa, R3a and Runode total: The single anode contributions
show a temperature and time dependent behavior. While Ry
remains constant, Ry, is decreasing slightly in the first 200 h.
Only R34 is increasing by 30% at T=900 °C indicating the degra-
dation of the anode material. Considering the sum of all anode
contributions Rynode toral F€Mains constant for all temperatures
and does not contribute to the degradation of the polarization
resistance Rpo.
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(iii) Ryc: The LSCF cathode resistance Ry is initially very small and
causes only 12-15% of the total polarization resistance depend-
ing on the operating temperature. But Ryc increases during the
measurement by 1.49%/h at T=600°C, 0.28%/h at T=750°Cand
0.012%/h at T=900°C. The degradation of R,c increases with
decreasing temperature which is an essential result for the fur-
ther development of ASC with LSCF cathode in intermediate
temperature operating conditions.

This study gives evidence that the time dependent cathode
loss of a state-of-the-art ASC for IT-SOFC is essentially influ-
enced by the operating temperature, if a MIEC material like
Lag 58Srg.4Cog2Fegg03_s is chosen. The reason of the degradation
is likely due to the Sr (and Co) depletion, as reported earlier
[1,3,4,22,23] and sulphur poisoning [24] but these suggestions do
not explain the temperature dependence gained in this study in
detail. A more precise analysis of the largest cathode degrada-
tion mechanism especially at T=600°C is still necessary. Finally,
it should be pointed out that for the investigated ASC at T=750°C
and T=900°C the anode is responsible for the largest part of the
polarization losses.
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