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Abstract

Four cathode materials for Single Chamber Solidd®%uel Cell (SC-SOFC) (bgSt.MnOz 5 (LSM),

Bay sS1h.sCy g &.2035 (BSCF), SmpsSty sC00;5 (SSC) and LgeShy 4oy o 5035 (LSCF)) were investigated regarding
their chemical stability, their electrical condwitly, their catalytic activity and their polarizati resistance under air
and methane/air atmosphere. Electrolyte-suppotteldcells, with CgsGdy 10,5 (CGO) electrolyte and a Ni-CGO
anode, were tested in several methane/air mixtuithseach cathode materials between 625 °C andZ2%hese
single cells were not optimized but only designedampare the four studied cathodes. The decrdasetbane-to-
oxygen ratio from 2 to 0.67 strongly increasedpbeormance of fuel cells for all cathode materiais the effect of
temperature was not always significant. Cells @88C, BSCF and LSCF have shown a maximum power tgeaisiut
20 mW cn? while the cell with LSM has given only 5 mW ém

Keywords. BSCF, Cathode materials, LSCF, LSM, Single Chambelid Oxide Fuel cell, SSC.

1 Introduction

Single Chamber Solid Oxide Fuel Cells (SC-SOFCwsh@rowing interest and are the concern of mockraore
papers [1- 2]. In such device, anode and cathcelexgosed to a gas mixture of fuel (hydrocarbod)@adant (air) so
that no more sealing with electrolyte is necessagir operating principle is based on the différeatalytic activities
of anode and cathode. Ideally, the anode has s&widee for the partial oxidation of fuel (reactirand then for the
electrochemical oxidation of hydrogen (reactiorvijile the cathode should present only a strongtrelecatalytic
activity for oxygen electrochemical reduction (réac I11). The methane, which is one of the mosteoon fuels used
in SC-SOFC, was chosen for this work.

The partial oxidation of fuel (reaction I, stoichietric ratio CH/O,=2) must predominate because the full oxidation
(reaction 1V, stoichiometric ratio C}0,=0.5) doesn’t produce hydrogen. A compromise/Chiratio has to be
defined: indeed, to prevent the carbon formatiothenanode, a rich fuel mixture must be avoided,tarprevent the
oxidation of the nickel, a too rich oxygen mixtusenot suitable. It has been showed that/Chkiratio must be in the
range 0.5-2 [3].

Anode: CH+ ¥%0,— 2H,+ CO (I)
H+ O > H,0+2¢ (Il
Cathode: @+ 46 — 207 (D)

Full oxidation of methane: CH 20, — 2H,O+ CG, (IV)

In the first studies on SC-SOFC, yttria-stabiliggdonia (YSZ) was used as electrolyte like in camtional SOFC,
but in order to reduce the working temperature tithied is to use other materials likeykry ,Gay gMgo. 03 (LSGM)
and ceria doped with gadolinium (CGO) or samari@8@). Below ~650 °C, doped ceria has a better ionic
conductivity than LSGM [4] and this improves thenww density [5]. The difference between CGO and @Sant
relevant [6], but some studies show better ioniederetivity for CGO [7]. The ionic conductivity depea on doping
percentage, the best G&d,0,.q5¢iS Ce ¢Gdy 101 g5 With a conductivity of 0.025 S chat 600 °C according to Steele
[7]- To enhance the cells performance, the elegiahust have a small thickness [8] and a smoatfacei [9].

The anode material commonly used is a cermet vigtkehand the electrolyte material. Many studiegehbeen
done on the anode to increase the performancesaielhs particularly on the Ni/electrolyte ratid,[8n the thickness of
the anode [10] or the addition of noble metalsatalgsers [11]. Furthermore, some researches vezfermed on the
operation conditions to avoid the re-oxidation kel [12].

Many cathode materials were used by different rebegroups; LasSry ,MnOs; (LSM) and SrpsSi sC00s5 (SSC)
were the most used materials in the first SC-SO&@&kbpment [8-13-14], and new materials were stutlke
Bay 5S1h.sC0y.gF6.5035 (BSCF) [15] and LgeSry 4C0p -6y 6035 (LSCF) [16]. The thermo-mechanical compatibility
between electrolyte and cathode is improved by mgixhe cathode material with the electrolyte matgii7] and a
composite cathode has also a better ionic condtyctthie cathode overpotential is thus significaméduced [18-19].

Only few papers made a comparison between differatodes. The power density of YSZ electrolytepsuted
fuel cells with SSC, LSM and LSCF as cathode wampared in air/propane atmosphere (90/10) at 600y Tasinski



et al.[20]; the best performances were obtained with 88€LSCF (14 and 16 mW &mespectively) while LSM give
lower power density (4 mW ch).

In the present paper, the main objective is to @mmpathode materials in single chamber fuel egititions. The
properties of four cathode materials (LSM, LSCFOBSand SSC) are compared regarding their chentaiilisy,
electrical conductivity, catalytic activity towardsethane and polarization resistance. Complets wglte prepared
with these cathodes to compare the obtained poamsity. Electrolyte-supported configuration wassgvofor this
study because of a more convenient fabricationbaoause the main objective is not the fuel celinoigation. The
influences of temperature and g8, ratio were also investigated. The whole resuksdiscussed to select the best
cathode material for this application.

2 Experimental

2.1 Materials, Cells Preparation

Commercials powders were used in this work forcdode, the anode and the electrolyte. Therefagmns are
listed in Table 1.

Electrolytes pellets were fabricated by pressiggd? 100 um sieved CGO powder at 100 MPa. They wee
annealed with a protocol previously established:[2200 °C during 6 hours and 1350 °C during 4 bawith
temperature rise of 10 °C minElectrolytes were then polished by successivedig paper of 120, 300 and 600.
Electrolyte pellets have a diameter of 19 mm, ekitéss of 1 mm and a densification about 94 %.

Electrodes were deposited by screen-printing teglmon the whole surface of the electrolyte (etefss size of
2.8 cm?). All inks were composed of ceramic powgdeosnmercial binder (ESL V400, 0.5 g per gram ofvger) and
solvent (ESL T404, 8 drops per gram of powder). db&ined paste was homogenized and desaggloménated
rolling-mill.

For cathode preparation, CGO was added to LSM, BESEF and SSC with a cathode/electrolyte weigt &
70/30, a ratio which has shown good performancgk [t this work, a layer called SSC/CGO is conséitl of SSC (70
wt%) and CGO (30 wt%). For BSCF/CGO preparatioraose of the important size of BSCF aggregates ((-nip0
compared to other cathode powders (~1-3 um), BS®¥lpr was previously grinded in a ball mill duri®dpours in
ethanol. The grinded BSCF particles were measuyegtdnulometry and have an average size of 4 poeedb the
other cathode powders particle size.

A composite anode was prepared by mixing 60 wt?i6f and 40 wt% of CGO.

For electrical conductivity measurement, two cathtayers were deposited by screen-printing on ptesvCGO
substrate and annealed during 2 hours at 950 °S3@/CGO, 1100 °C for BSCF/CGO and LSCF/CGO, arid T2
for LSM/CGO, following a previous protocol [21]. €hhickness of cathode layers is about 20pum.

The polarization resistance measurement was pegfbon symmetrical cathodes (2 layers) coated dmdide of
the electrolyte pellet. A gold mesh was finally dsjed on each cathode by screen-printing, usicmnamercial gold
ink (ESL 8880-H), and annealing at 900 °C durirfgpars.

For electrolyte-supported fuel cell fabricatioriagers of anode (~50um) were first deposited bgestiprinting on
CGO pellet and annealed at 1200 °C during 2 hy@rkaof cathode (~20um) were then deposited byerepeinting on
the other side of CGO pellet and annealed folloviimgprevious protocol. The same gold mesh ahopblarization
resistance cells was coated on cathode side.

2.2 Characterization Tests

X-ray diffraction (XRD) analyses were performediwé Siemens D5000 diffractometer using Gur&diation at 40
kV and 40 mA. Microstructures of cathode layersenenaracterized by a scanning electron microsc8gdj Jeol
JSM 6400.

For all characterization tests using methane, tmeentration of oxygen is set at 10 % of the tetdlime to avoid
the flammability area of the mixture.

Concerning the study of cathode stability, 200mgaxfh powder was placed into a furnace at 600 fDgl6
hours. The atmosphere was composed with a ratig@#l.5 balanced with nitrogen with a total gas floi2d L h™.

As for electrical measurement, gold wires withoatlatytic activity were used. Electrical conductvitas
performed by the 4-probes Van der Pauw method thodas layers in a quartz tubular furnace (=30 nusipg a
Keithley 6430 digital source meter. The experimgas performed in air first and then under a gas fluxture with a
ratio CH/O,=1 balanced with nitrogen at 20 [* from 200 °C to 550 °C.

For the study of cathode catalytic activity, a pewbded was maintained in the middle of a vertinah&ce by
quartz wool. The inlet gas (GHD,=1 and 2 balanced with argon) flowed through tleid bt 15L H from 400°C to
700°C, and the outlet gases,(I€H,, CO,, CO, Q) were analyzed with a micro-chromatograph (SRArtments™).

The impedance spectroscopy were performed on symealetells with Solartron 1286 combined with a&@tion
1255. The frequency range is from 100 kHz to 10 miith an amplitude of 10 mV. Zplot 2.6 and ZViev28.
softwares were used to collect and to analyze ale d he cells were placed int@jaartz tubular furnace from 600 °C
to 700 °C in air then CHO,=1 and finally CH/O,=2 with a total gas flow of 20 Lh

The current and the voltage data of complete SCES®Ere collected with a Keithley 2400 from 725 83625 °C
for CH,/0,=0.67, 1, 1.5 and 2 with a total gas flow of 30’k Each ratio was investigated at a determinate ¢eatpre
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from the most reducing mixture (G#D,=2) to the less reducing mixture (¢8,=0.67). During the decreasing of
temperature between each temperature stage, afaid,/0,=2 was injected to avoid a possible anode oxidation

In all those characterizations, the given tempeeaitithe “sample temperature” measured thanksheranocouple
located near the sample.

3 Results

3.1 Stability of cathode powders

In order to evaluate the degradation of powder, XRBerns were compared between initial powderspaneters
after 5 hours at 600 °C with GHD,=1.5. The results are shown in Figure 1. LSM an@ESvere not damaged by this
test contrary to BSCF and SSC. Indeed, there ifotimeation of several carbonates for BSCF and S3&.initial
powder of SSC has some unidentified impurity whdah also increase the degradation. The formatiamadfonates
has already been observed for BSCF in the pres#fri€€, [22] and Songt al. have observed the degradation of SSC
into SmO; in a strong reducing atmosphere [23]. This tes pexformed for only 5 hours but it shows that B&@H
SSC are less stable than LSM and LSCF.

3.2 Electrical Conductivity of Cathode Layers

The cathode must have a good ionic and electraradgctivity, this last parameter were measuredamt e
composite cathode by the Van der Pauw method. @héts under air and GHD,=1 are shown in Figure 2. The
measured electrical conductivitied for all the cathode layers are about 10 timeslotlivan the values of the literature
(Table 1) at 600 °C. It must be noted that repovides in Table 2 were measured with dense peltodes without
CGO contrary to the present data that were perfdromecomposite cathode layer prepared by screatifj which
bring some porosity. Nonetheless, the experimeuatadiuctivities show the same trend as in literatB&C has the best
conductivity, then it is LSCF, LSM and BSCF. Thex@o significant difference between air and £34=1 atmosphere
and XRD analyses didn’t show any degradation ofathode materials after the measurement. Contioahe previous
stability test (CH/O,=1.5), SSC and BSCF were not degraded probablyuseazf less reducing condition (¢B,=1)
and the short duration of the test on screen-gtitager.

It has been observed that the conductivity of S&T)CGlecreases when temperature is increased cottrtrg
other materials; this behavior of SSC has alreaghninoticed in literature [24].

3.3 Catalytic Activity of Cathode Powders

In SC-SOFC, the cathode must be active towardatieation of oxygen (reaction 1) and mustn’t béhse toward
fuel oxidation (reactions | and 1V). Hence, measugats of catalytic activity were performed in se&@onditions to
find the cathode materials which have the lowesviag towards methane conversion.

Catalytic activity (CA) is usually calculated a®guction or consumption rate of gas per powderaserfirea (mol
h™ m?). Thus, the comparison is reliable even if the photogies of powder are different. Whatever théade used
in this experiment, only the carbon dioxide wasdtgd as a reaction gas, so only the total oxidatfonethane
happened. Thus, the catalytic activity (CA) wasakdted toward to the production rate of {J@r each cathode
material (Eq. 1).

_ PCOZXGFlotX 1
RxT Sxm

CA

1)

With P, the partial pressure of GQPa), the G, the total gas flow (fhh?), R the gas constant (8.31 3 kol™),
T the temperature (K), S the specific surface afggowder (M g*) and m the mass of powder (g).

Catalytic activity results are shown in Figure 8r Bll the cathodes, the catalytic activity inceeasth temperature
and the CHO, ratio. For fuel cell test, a too low functionirgmperature may oxidize the nickel [12], so the ea®@0-
700 °C is more appropriate working with methanethia range, LSCF has the higher catalytic actj\itgn it is LSM,;
BSCF and SSC materials have almost the same gatitiich is the lowest.

3.4 Polarization Resistance
The polarization resistance measurement was peefbon one symmetrical cathode cell of each matenidér air
atmosphere first, then GHD,=1 and finally CH/O,=2, from 600 °C to 700°C. Figure 4 shows the rasoit
LSCF/CGO cell under air atmosphere. These restdtsegpresentative of the trend of all cathodeghe cathode
resistance (low frequencies) and the electrolydestance (high frequencies) decrease when the tatope increase.
Comparison of polarization resistances (Rp) betwberent atmospheres for each cathode is shoviigare 5.
The effect of the mixture ratio is not significdat LSM/CGO and LSCF/CGO, but for BSCF/CGO and S3&0, the
polarization resistance increase when/CHlratio increases. This can be due to the degradafithese cathodes under
CH4/O, mixtures €f. §3.1) [28]. But even after the degradation, SBE€ BSCF have a polarization resistance lower
than LSCF and LSM. The results under air at 65@r&Ccompared in Table 3. LSM/CGO cathode has a huge



polarization resistance compared to the othersodath then it is LSCF/CGO, after it is BSCF/CGO thedcathode
SSC/CGO has the lowest polarization resistance.

Microstructure of layers can influence the polaitaaresistance so cross-sections of cathode layers
investigated with a Scanning Electron Microscopgyfe 6). From these micrographs, all the cathdde® almost the
same thickness of 20um. It is noticed that micumstres of LSM/CGO, LSCF/CGO and SSC/CGO are similth a
small size of grains and pores (0.5-2um) but thelarization resistances are very different. Furttare, SSC/CGO
and BSCF/CGO have different microstructures buy thath have low polarization resistances. Thereftre
microstructure of layer does not seem to be thdgménant parameter for polarization resistanceatfi@des. From
these results, LSM/CGO cathode does not seem aosbéable cathode for fuel cell application.

3.5 Fud Cdl Investigation

Polarization curves were measured for each ceit amd temperature. The trend of all cell are kimihe cell
Ni/CGO//CGQ/LSCF/CGO was chosen to illustrate the results. imfleence of temperature for GHD,=2 and 0.67 is
presented in Figure 7. For a rich fuel mixture (€4=2), the decrease of temperature strongly incretage®CV
(open circuit voltage), while for C##0,=0.67, the decrease of temperature slightly ineg#se OCV. The influence of
CH,/O; ratio at 675°C is shown in Figure 8. The maximumwer density increases when the B3 ratio decreases.
This evolution follows the same variation as the\O#&hich increases when the @B, ratio decreases. Indeed, the
internal resistance of the cell (slope U=f(l)) does change for a constant temperature. These GiEidtions can be
correlated with the results on cathode catalytiiviig. Indeed, the decreasing of the temperatume @H,/O, ratio both
limit the cathode activity toward methane convarsitie OCV, which results from the difference ofadgtic activity
between anode and cathode, is then increasedtr&éhisfor OCV has been observed for all cathodesrizds.

However, the cell with the highest OCV doesn't resegily give the best performance because the ase i@
temperature increases the polarization resistahekectrodes and reduces the ionic conductivitglettrolyte.

In order to give a clear overview of the crossuafice of temperature and g8, ratio on cell performances, 3D
representation of maximum power density is repoinggigure 9 for each cathode materials. The deereéthe ratio
from 2 to 0.67 sharply increases the performanaesdch cathode at all temperature. Temperatuigeimie on power
density is somewhat less clear. For rich methamx¢und, power densities are generally improved wieemperature
decreases. But, for GKD,=0.67, the effect of temperature is not significaxcept for cell with BSCF/CGO which
gives the best performances only for fib3=0.67 at 725 °C. Concerning cathode material imftge it appears that the
cell with LSM/CGO cathode has the lowest power itgrf§ mW cm?); maximum power density of the cells with other
cathodes are almost equivalent (BSCF/CGO: 22 mV¥, 88C/CGO: 23 mW cif) LSCF/CGO: 21 mW cif).

An important effect of methane-to-oxygen ratio liserved: the power density increases wheyGHatio
decreases. This phenomenon is attributed to the ®@kith increase when GHD, ratio decrease and it is correlated
with the decrease of the catalytic activity of cath when CHO, ratio decrease. However, this trend is not clearly
established in the literature. Akhttral. have shown a similar trend: the increase of OCMing with an increase of
performance from CHO,=4.76 to CH/O,=1 [29]. Hibinoet al. have observed a decrease of OCV fromy/Ok+2 to
CH4/O,=1 but the performances are better for the lowésf@, ratio [11]. It can be noticed that in these papetsere
a diminution of the CHO, ratio improves the power density, the lower L4 ratio investigated is equal to 1. This
minimum ratio can be explained by a possible okitedf the anode for a too high oxygen concentratin this work,
the decrease of GHD, ratio until 0.67 is enough to keep the anode iaduced form maybe because the initial oxygen
concentration is set at 10% of the total volument€oy to our results, Napposghal. [30] and Zhuwet al. [31] have
observed an increase of OCV when methane-to-oxsaf@nincreases at a temperature above 700°C aydotitain
the best performances for a g6, ratio between 1.5 and 2. Those differences alsat pait the strong influence of the
whole geometry of the device including the SC-SGBEIf (materials, electrode and electrolyte thiegses and
porosity), the total gas flow and the test benabngetry.

4 Discussions

In this work, the stability results show the degtémh of BSCF and SSC under single chamber comditiBut in
other studies, high power densities were obtainigll these cathodes: 644 mW émwith a SSC based cathode [11] and
760 mW cn? with a BSCF based cathode [15]. However, thewgian of these performances during a long duration
has not been investigated.

The electrical conductivity of porous cathode laigararely mentioned in literature and a too lowmdauoctivity could
reduce the performances of cells. In polarizatiod fael cell test, this parameter does not seelbe tpredominant
because of the addition of a gold mesh on the datldich increases the current collection. Ind&C/CGO and
BSCF/CGO have similar results concerning both fidsion resistance and maximum power density fet éell test
in spite of a different value of conductivity.

Concerning catalytic activity, only few authors quaned this property on cathode. Slehal. compared LSCF, SSC
and BSCF under a propane/air mixture [32] and shdowver catalytic activity for BSCF and SSC thanlf&CF.
Gaudillereet al. have shown a high catalytic activity of LSM comgito BSCF under methane/air mixture [33]. Their
conclusions concur with the results presented Wittea lower catalytic activity for SSC and BSCRrthfor LSM and
LSCF.



As regards of polarization resistance, various @gtimention that LSM cathodes have a higher palton
resistance than BSCF [33] and LSCF [34]. In thiskythe results on polarization resistance of ca¢himllow this
trend and it can be added that the LSCF baseddmtttows a polarization resistance which is at Réses bigger
than BSCF and SSC based cathodes.

For the complete cells results, the maximum povessily of the cell with LSM/CGO cathode is 4 tinheser than
the cell with other cathodes.

By analyzing the catalytic activity and the condlitt, LSM is not the worst material, but it hasiage polarization
resistance at least 100 times bigger than the ctittodes. This last parameter is important fongpation of fuel
cell. As a consequence of all these results, LSitsa suitable material to improve the performarmeSC-SOFC. It
concurs with the conclusions of Jasinatidl. [20].

For the other cathode materials, in spite of déffeproperties, they give a similar power densityfuel cells. It
seems that BSCF/CGO, SSC/CGO and LSCF/CGO catlawdewmt the limiting elements of the cells which be the
anode or the electrolyte. In our case, the elegalith a thickness of 1 mm seems to impose tlegadlvpolarization
resistance of the cells. Anode-supported cell within electrolyte could decrease the contributibthe electrolyte in
the whole cell, so that the contribution of thehcake could be more significant. This could allobedter understanding
of the correlation between the electrical conduigtithe catalytic activity, the polarization resisce and the
performance of the cell. Such devices are undessiigation at this time.

The present results on complete cells are notcseiffi to clearly distinguish the best cathode betwBSCF/CGO,
SSC/CGO and LSCF/CGO. The cell with LSCF basedockttshows similar results compared to cells witicB&nd
SSC, in spite of a higher catalytic activity andapization resistance than these cathodes. Thigt palso verified in
literature with a maximum power density of 660 mr%j16] for a cell with LSCF based cathode. So LSCFRemial
seems to be the best cathode material becauseat @¢egraded under single chamber conditions apnto BSCF and
SSC, and this point is crucial for a long life dpation.

5 Conclusions

The comparison between four cathode materials (LBS;F, SSC and LSCF), dedicated to SC-SOFC dewas®,
done regarding their stability under methane/aittang, their electrical conductivity, their catatyactivity and their
polarization resistance. Electrolyte-supported @gdls have been prepared with each cathode tourettse power
density versus CHO, ratio and temperature.

The comparison of these properties indicates tBa is not suitable for SC-SOFC because of a tob hig
polarization resistance.

Concerning the behavior of all fuel cells, an irg® of power densities was observed wheyGHlatio decreased.
This is mainly due to an increase of the OCV. Townparison of cathode on complete cell does not sheignificant
difference on the maximum power density for celi§B8SCF, SSC and LSCF based cathodes. This isodine
important polarization resistance of the electmlyt

Regarding SSC and BSCF materials, they have addalytic activity toward methane oxidation and & lo
polarization resistance, but they are degradedrsidgle chamber conditions. For an applicatiorhvaiiong
durability, these cathodes should be avoided. Algfnosome properties of LSCF material are lower thase of BSCF
and SSC (catalytic activity and polarization resise), it has the advantage to be stable unddesthgmber
conditions. Therefore, LSCF seems to be the mashising cathode material.
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Table 1: Powders specification

Name Composition Part of the cell Supplier dso(UM) | Sger (M2 gY)
LSM Lag ¢Sl sMnOs.5 Cathode St Gobain 0.7 7.85
BSCF Ba :Srp :Coy cF &y ;055 Cathode Marion Technologies 10 0.85
SSC Sm:Srp :C00; 5 Cathode Fuel Cell Material 1 9.7
LSCF La ¢Sry 4C0p sF& 045 Cathode Fuel Cell Material 3 3.9
CGO Cg Gy 10,5 Electrolyte Fuel Cell Material 5 7
NiO NiO Anode Sigma-Aldrich 5 2.4
Table 2: Literature values of electrical condudsivf cathode materials
LSM LSCF BSCF SSC
og00-c(S.cm) ~180 [25] ~300-400 [26] ~30 [27] ~1000 [24]
Table 3: Polarization resistance of each cathodeuair at 650°C
LSM/CGO BSCF/CGO SSC/CGO LSCF/CGO
Rp(Q.cnf) ~55 ~0.1 ~0.05 ~0.5

Figure Captions

Fig. 1 XRD patterns of LSM (a), LSCF (b), BSCF é&)d SSC (d) powders before and after stability(@&30°C, 5h)
under CH/O,=1.5

Fig. 2 Electrical conductivity of cathode layergsugs temperature under air (a) andy@H4=1 (b) atmosphere

Fig. 3 Catalytic activity of cathode powders tow&@, production versus temperature, with a4 ratio equal to
1land?2

Fig. 4 Nyquist diagrams of LSCF/CGO cathode frord€Dto 700°C

Fig. 5 Polarization resistance of LSM/CGO, BSCF/CGSC/CGO and LSCF/CGO cathodes under aiy/Gi=1
and CH/O,=2 from 600°C to 700°C

Fig. 6 Cross-section of cathode layers after poddion resistance measurement

Fig. 7 Cell voltage and power density curves of0GO/CGO/LSCF-CGO cell for CjHD,=2 andCH,/0,=0.67

Fig. 8 Cell voltage and power density curves of0GO/CGO/LSCF-CGO cell for a temperature of 675°C

Fig. 9 Maximum power density versus ¢8, ratio and temperature for each fuel cell withetiént cathode
materials
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Figure 1: XRD pattern of LSM (a), LSCF (b), BSCl &nd SSC (d) powders before and after stabildyuader
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Figure 2: Electrical conductivity of cathode laygessus temperature under air (a) andy/O=1 (b) atmosphere
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Figure 3: Catalytic activity of cathode powders &od/ CQ production versus temperature, with a, &b ratio equal to
land?2
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Figure 5: Polarization resistance of LSM/CGO, BSTED, SSC/CGO and LSCF/CGO cathodes under aig@H1
and CH/O,=2 from 600°C to 700°C
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Fig. 6 Cross-section of cathode layers after ppddion resistance measurement
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Fig. 8 Cell voltage and power density curves of0GO/CGO/LSCF-CGO cell for a temperature of 675°C
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Figure 9: Maximum power density versus {iB} ratio and temperature for each fuel cell withetiént cathode

materials.
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