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The cathode/electrolyte LSCF48/YDC15 couple is a building block of a new innovative and competitive design of a
high temperature fuel cell, operating in the range between 600 and 700°C. It is based on the idea for a junction between
a proton conducting SOFC (PCFC) anode/electrolyte part and a SOFC cathode/electrolyte part through a mixed H' and
O” conducting porous ceramic membrane. Thus, in this concept, hydrogen, oxygen and water are located in three
independent chambers, which allows for avoidance of gases dilution with water. The applicability of different
technologies (tape casting and plasma spraying) for the cathode deposition is analyzed in this paper using the
Differential Impedance Analysis (DIA). A two step reaction mechanism of oxygen reduction is recognized. The rate-
limiting step is the transport of oxygen ions in the volume of the electrode towards the electrolyte. A higher degree of
frequency dependence is registered for the plasma spraying deposition technology.
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1. INTRODUCTION applying different technologies for deposition of
the electrodes: tape casting and plasma spray. The
measured impedance data are analyzed by the
technique of the Differential Impedance Analysis
(DIA) - an advanced method, which increases the
information potential of the impedance data
analysis, since it extracts the impedance model
structure directly from the experimental data
without a preliminary working hypothesis [3-5].

The electrochemical impedance spectroscopy
(EIS) is an important tool for solid oxide fuel cell
(SOFCs) studies since it is sensitive to sample
configuration and fabrication quality, including
adhesion between layers and mechanical stability.
Therefore, it was chosen for testing of materials and
components in an innovative and competitive
design of high temperature fuel cell, named
~IDEAL-Cell“ after the acronym of the FP7

European project ,Innovative Dual mEmbrAne 2. EXPERIMENTAL

fueL-Cell“[1,2]. The new concept is based on the The investigations were performed on
idea for isolating the formation of the exhaust water symmetrical electrolyte supported half cells
in a separate chamber. For this purpose a junction LSCF48/YDC15/LSCF48 [Lag 6St94Cog2Feq305.
of mixed conducting porous layer between a 5/Ceo.85Y0,1502.5/Lag 6S19.4C0g2Fep sO3 5. The
proton-conducting anode/electrolyte part (hydrogen electrolyte pellet was prepared by cold pressing and
compartment) and an  oxygen-conducting sintering. Electrodes with thickness of 15 to 50 pm
electrolyte/cathode part (oxygen compartment) is were deposited by tape-casting (TC) and plasma
introduced. Protons, created at the anode, progress spraying (PS).

towards the central membrane, where they meet the The impedance measurements were performed

oxygen ions, created at the cathode. The produced on Solartron 1260 FRA over frequency range of
water is evacuated through the pores of the central IMHz — 0.1Hz with density of 5 points per decade

membrane and thus it does not dilute the two gases in a temperature interval of 100-800°C. The wide
as it is in the conventional SOFC and PCFC [1, 2]. temperature range ensures impedance
This work presents conductivity studies of the characterization of both, the electrolyte and the

electrode. For improved data quality potentiostatic
and galvanostatic regimes with different amplitudes
were applied, depending on the cell impedance [6].
A procedure for correction of the parasitic errors
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coming from the testing cell rig was used for more
accurate estimations [3, 7].

3. RESULTS AND DISCUSSION
3.1. Analysis of the electrolyte behavior

The performed DIA analysis of the electrolyte
behavior recognizes Voigt’s model structure with 2
time-constants, i.e. with 2 meshes with R and C in
parallel connection which correspond to the bulk
and grain boundary behavior (Fig.1).

Fig.1. Voigt’s model description of the electrolyte
behavior extracted from the experimental data by DIA.

The application of the procedure for correction
of the measurement rig parasitic inductance and
resistance in combination with DIA ensured their
separation to up to 500°C, precise structural and
parametric identification, and calculation of the
corresponding activation energies (Figs. 2,3). It was
found that YDC15 has resistivity similar to that of
the electrolyte materials, developed for application
at intermediate temperatures (Fig. 4).

Both bulk and grain boundary conductivities
have similar activation energy, which confirms the
formation of clean grain boundaries and good
contacts. Their resistivity is also in the same range
which is an evidence for the high quality of the
shaping technology (Fig. 3). The TC procedure for
LSCF deposition does not influence the electrolyte
behavior
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Fig.2. Complex plane impedance diagrams of symmetrical half cell with electrodes deposited by TC at different
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Fig. 3. Arrhenius plots for the bulk (A), grain boundary
(o) and total (0) resistivity of YDC15 electrolyte.
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The TC samples show good performance,
stability, reproducibility and easy fabrication. The
impedance of the half cell with electrodes,
deposited by TC, has been chosen as an internal
standard for evaluation of the oxygen compartment.
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After PS deposition of the electrodes, DIA
registered the appearance of strong frequency
dependent behavior for the electrolyte grain
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Fig. 4. Comparison of the YDCI15 conductivity (A) with
data from the literature [8].
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Fig. 5. Complex plane impedance diagrams of

symmetrical half cells with LSCF48 electrodes deposited
by PS on sand blasted YDC substrate: (o) without
cleaning after sandblasting and (o) with cleaning after
sandblasting.

boundaries, i.e. grain boundaries resistance with
CPE character (Fig. 5). This impedance behavior is
an indicator for increased inhomogeneity, caused
by the PS deposition. It could be related to the
sandblasting  pretreatment =~ which  produces
additional surface roughness and could introduce
some impurities at the interface. After a deep
cleaning with acetone followed by ultrasonic
treatment for removing the possible impurities, this
phenomenon disappeared. As it can be noticed in
Fig. 5 that the grain boundary resistance becomes
comparable with that of the same substrate,
measured in a cell with TC deposited electrodes
(Fig. 2a).

3.2. Analysis of the cathode reaction mechanism

As to the cathode reaction, the following steps
were identified for both, the TC and the PS
deposition (Fig.6): charge transfer step at high
frequencies, followed by a step corresponding to
transport limitations. The charge transfer step is
very fast for the TC sample, and its value is
negligible. The contribution of the charge transfer
is bigger for the PS deposited electrodes - about
30-40% of the total resistance.

The transport limitations, which are the rate-
limiting step in both cases, are presented with
bounded constant phase element (BCP). It describes
the impedance of a bounded homogeneous layer
with CPE behaviour of the conductivity in the
elementary volume and a finite conductivity at d.c
[3-4,9]:

Zyp(io)= A" (o) "thR A(iw)" (1)

where 4, n and R, are the structural parameters
of the element.

For the TC samples the coefficient # is close to
0.5, i.e. the transport is close to diffusion, while for
the PS samples it decreases to 0.2. The physical
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Fig. 6. Complex plane impedance diagrams of
symmetric half cells LSCF48/YDCI15/LSCF48 with
electrodes deposited by TC (o) and PS (o) and
corresponding equivalent circuit.

meaning of the low exponential coefficient
corresponds to transport of species (oxygen ions)
with restrictions in the host matrix. The bigger
depression of the impedance arcs is usually
connected with the bigger system inhomogeneity.
This tendency is confirmed by the SEM images that
show 2 types of structure in the PS deposited
electrode layers (Fig. 7) - melted splats (Fig. 7a)
and non-molten granulates (Fig. 7¢).

Fig.7. SEM images of plasma sprayed electrodes.
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Table 1. ASR of LSCF48 electrodes deposited by tape casting and plasma spraying compared with data from

the literature

Electrode Material ASR at about 600 ASR at about 70(
°C Qcm? °C Qcm’
LSCF48 (Tape casting) 3.80 (623 °C) 0.360-
0.400(725°C)
LSCF48 (Plasma spraying) 4.90 (615 °C) 0.800 (715 °C)
BSZF (Bay 50St0 50Z1020Fe0.5003.5) 9] 4.87 0.716
BSZF-GDC 9] 3.29 0.373
BSZF-GDC-Ag 9] 2.47 0.278
LSCN [10] - 0.132 (750 °C)
(Smy 60S1020)C003;-CYO-Ag [11] 7.10 0.900
(Lag.40ST.20)C003-CGO-Ag[11] 0.830 0.190
The obtained results for the ASR of LSCF
electrodes deposited by both techniques are REFERENCES

competitive with the results from the literature
(Table 1).

4. CONCLUSIONS

The DIA analysis ensured deeper insight into the
electrochemical behavior of the applied materials
and deposition technologies for the oxygen
compartment of the dual membrane fuel cell. The
YDCI15 electrolyte has good conductivity, stability
and reproducibility, which makes it appropriate for
further application. The applied LSCF electrode
materials ensure cathode layers with good electrical
properties.

The conductivity of the cathodes, deposited by
the investigated techniques, shows that they are
competitive, with slightly better performance and
good reproducibility for the tape casting.
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JIN®EPEHIIUAJIEH UMIIEJAHCEH AHAJIN3 HA KATOIHUSA EJIEMEHT HA JBOMHO-
MEMBPAHHA I'OPUBHA KJIETKA

I'. PaiikoBa*, JI. Bnagukosa, 3. CTOliHOB

Hucmumym no enexkmpoxumust u enepeuiinu cucmemu, Boieapcka akademus Ha HAyKume,
yn. ,,Axao. I". bonues” on. 10, 1113 Coghus

IToctemmna Ha 2 centemBpy, 2010 r.; mpep4adorena Ha 27 okromspu, 2010 T.
(Pesrome)

KombuHamusiTa karoa/kuciaopos mpoBomsy enektponut Ha 6azata LSCF48/YDC15 e u3non3Bana Kato rpaJinBeH
eJIEMEHT Ha HOB, WHOBAaTUBEH M KOHKYPEHTCH AM3aiiH Ha BHCOKO-TEMIIEpaTypHa TOpHBHa KJeTKa, paborema B
untepsaiga 600-700 °C. B ocHoBaTa Ha uesATa € CBbP3BAHETO HA AHOJ/EJICKTPOJIUTHATA YaCT Ha MPOTOH MPOBOJSAIIA
TBBbpooKucHa ropusHa Kietka (PCFC) ¢ karon/ enekrposmTHaTa yacT Ha kiacuuecka xierka (SOFC) upes mopecra
KkepamMuuHa MeMOpaHa che cMecena H' u OF mposomumoct. 1o TO3M HAYMH BOAOPOABT, KMCIOPOABT M BOJATA CA
PA3MONOKEHH B TPU CAMOCTOSATEIHU KaMepH, KOETO JaBa BB3MOXKHOCT [a ce U30erHe pa3peskJaHeTo Ha JBaTa rasa
Bogara. B HacTosimiata craTtHs ¢ ToMollTa Ha JaudepeHuManmHus uMmrenaHceH aHaimm3 (JIMA) ca wuscrienBaHu
BB3MOXHOCTHUTE 32 OTJIaraHe Ha KaTo/ia Ype3 pa3In4HU TEXHOJOTHHU (JIEHTOBO OTJIMBaHE M IUIa3Ma-cIpeil). Y CTaHOBEHO
€, 4Ye KHCIOpOJHATa pEAYKUHs TIpPOTHYa KaTo JBYCTBIKOB mpouec. CKopocro-ompenensiiara CThIKAa €
TPAHCIOPTUPAHETO Ha KUCJIOPOIHM HOHM B oOeMa Ha enekTpona. [Ipu mia3Ma-crpeil oTiaraHeTo € perucTpupaHa mo-
BHCOKA CTETICH Ha YECTOTHA 3aBHCHMOCT.
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