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MICROSTRUCTURAL INVESTIGATIONS ON
CATHODE/ELECTROLYTE SUPPORT USED FOR
INTERMEDIAR TEMPERATURE SOLID FUEL CELL

Tonel MERCIONIU',

Lucrarea prezinta investigatii microstructurale in sistemul catod-strat
subtire/ electrolit solid preparat prin sinterizare utilizat in pilele de combustie de
temperatura medie cu electrolit solid de medie temperatura (IT — SOFC).Au fost
utilizate tehnicile: spectroscopie de difractie de raze X, microscopie electronicd prin
transmisie §i microscopie electronica de baleiaj.

This paper presents a microstructural investigation of the system cathode —
thin layer / solid electrolyte — sintered body used for intermediate temperature solid
oxide fuel cell (IT — SOFC). X-ray diffraction spectroscopy, transmission electron
microscopy and scanning electron microscopy were used.

Keywords: intermediate temperature solid oxide fuel cell (IT-SOFC), thin films,
ceria, yttria

1. Introduction

Ceria—doped yttria has a fluorite type structure with enriched oxygen
vacancies introduced by substituting trivalent Yttrium (Y°") for quadrivalent
Cerium (Ce*").When 10 mol % Y,0; is substituted for CeO,, the ionic
conductivity of Y,0s—doped CeO, at 1000 °C is ~ 0,15 Q cm™.At such a high
ionic conductivity, the generation of oxygen site vacancies within the fluorite—
type lattice may lead to interactions forming more ordered structures[1]. Ceria—
doped yttria solid electrolytes are of a great interest for intermediate temperature
solid electrolyte oxide fuel cells (IT SOFC) applications.

Reduction in the operating temperature of solid oxide fuel cells (SOFCs)
to 700 — 800 °C requires the development of new cathode electrodes (films
deposited on 10Y,03:CeO; electrolyte-support) with high electrocatalytic activity
for oxygen reduction. Promising alternative cathode materials are composites
made of a perovskite with a solid electrolyte, e.g. Laj—xSryMnO3—5 —
Zr0,(Y,03)[2], which behave effectively as mixed conductors on the macroscopic
scale. Besides their high oxygen ion conductivity, these materials are endowed
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with a high electronic conductivity leading to enlargement of the available surface
area for oxygen reduction [3, 4]. The electrochemical performance of the studied
materials is measured based on parameters such as: current density (voltage
curves of single cells where the same anode is used)[4], individual polarization
and impedance characteristics of the SOFC cathodes.

The present study performs a complete microstructural characterization of the
system LSFC (Lag¢Sro4FesC0203.5)/CeO, (10 mol% Y,0s3) system trough
analytical tools such as Transmission electron microscopy (TEM + SAED), X-
Ray Diffraction (XRD) and (Scanning Electron Microscopy) SEM measurements.

2. Experimental

Fine Ce-Y oxide nanopowders represent the starting materials. The
coprecipitation method was used to prepare the specimens for further analysis as it
was previously reported [8, 9] to yield a thoroughly blended powder, thus
eliminating errors in the measurements.

2.1 (10 mol %) Y,03;doped CeO,, nanopowders

To obtain CeO; + 10 mol%Y,0; as solid electrolyte, Ce(NO3);6H,O
crystals of Ce(NO3);6H,0, Y,03 nanopowder, distilled water and NH4NO; were
mixed together[8, 9]. The preparation of the sample took place in several stages: 1)
the preparation of a suspension by dispersing Y,03; nanopowder in distilled water;
i1) preparation of Ce(NO3)36H,0 solution in distilled water (50%); iii) mixing the
Y,03 suspension with Ce(NO3); 6H20 solution by using a magnetic agitator; iv)
addition (through dropping) of NH4NO; aqueous solution (50% volume)—in
excess; V) agitation for 3 hours (by means of an magnetic agitator) of the final
mixture, to complete the oxide-reduction reaction; vi) filtration under vacuum
resulting in a final co-precipitate product; vii) washing the final co-precipitate
product with distilled water followed by washing in ethanol to remove the water
traces; viii) drying the final product in a muffle furnace for 24 h, to remove the
alcohol; ix) grinding and sieving; x) calcinations for 2h at T=500 °C to obtain a
nanopowder. Further on, the nanopowders were isostatic compressed at 200 MPa
to obtain the 10Y,03:CeO, green body. The resulted green bodies were sintered at
1400 °C, 1450 °C, 1500 °C and 1550 °C for 2 h.

The resulted nanopowder was further analysed by X-ray Diffraction
(XRD) and Transmission Electron Microscopy (TEM) and the green body and
sintering body were analysed by X Ray Diffraction (XRD) and (Scanning
Electron Microscopy) SEM [10].
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2.2 Pulse laser ablation for deposition the cathode film

The Lag¢Sro4FepsCo203.5 (LSFC) cathode was obtained by Pulse Laser
Ablation (PLA). PLA is a deposition method of nano or micro layers of material
starting from a bulk target that is melted and vaporized under the action of
multipulse laser pulse irradiation [5]. Due to the high intensity of the pulse
correlated to the short duration, the material residing on the surface of the target
surface is transformed in ionized gas characterized by highly energetic species. In
a subsequent step a liquid component made of nanoparticles is expulsed from the
target [6]. Thus, the pulsed laser beam is employed to ablate a target composed of
the desired film material, which is subsequently deposited onto the Ce-Y
electrolyte substrate. The PLA experiments were performed, using a KrF excimer
laser source ((A=248 nm, 1=25 ns), a laser energy of 450 mlJ, a laser fluence
(energy/surface) set at 3J/cm?, ata support temperature 200 oC.

The structure of the resulting cathode/electrolyte system specimens was
investigated by: X-ray diffraction (XRD), transmission electron microscopy
(TEM, SAED) and scanning electron microscopy (SEM), in correlation with
statistical measurements [7].

XRD spectrum has been obtained using a Bruker D8 Advance
diffractometer with CuKa source cathode.

The conventional transmission electron microscopy (TEM) was performed
on a JEOL 200CX electron microscope and the scanning electron microscopy was
performed on a Hitachi S2600N device.

3. Results and discussions

The obtained XRD spectrum of the PLA deposited LSFC
(LaSr.4Co,Feg03.5) on Ce-Y (sintered body) electrolyte is shown in Fig. 1. The
diffraction lines of LSFC rhombohedral phase [ASTM 00-049-0284] are clearly
seen, while the diffraction lines of CeO; cubic phase [ASTM: 03-065-5923], with
the unit cell parameter appears to be slightly modified [a (Ce0,)=5.404 A; a
(Ce-Y) = 5.392 A]. Such a change might have occurred due to the presence of
yttria in the ceria structure. This information proves the achievement of the
optimum laboratory procedures, to obtain the cathode/electrolyte (LSFC/Ce-Y)
systems.
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Fig.1. The XRD spectrum of the PLA deposited LSFC (La ¢Sr.4Co ,Fe 305.5)/ Ce-Y cathode

nanopowder

The results of transmission electron microscopy (TEM) and selected area

electron diffraction (SAED) on: (a) electrolyte nanopowders obtained by co —
precipitation and calcined at 500 0C, and (b) Lag¢Srg4FeqsC00203.5 (LSFC)
cathode nanopowder (INFRAMAT) are presented in the Figs. 2 and Figs. 3,
respectively, as well as the shape and distribution of the particles, the main
dimensional value of the particles and the defects, the porosity in particle and in
agglomerates.
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Fig. 3. TEM and SAED images of Lag ¢St 4FeysC00,05.5 nanopoders [ASTM: 48-0125]
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The interpretations of TEM+SAED results, in correlation with statistical
measurements, obtained on minimum 100 images, for both powders [electrolyte
and cathode] are presented in Table 1.

Table 1

Morphological data of transmission electron microscopy in correlation with
statistical determination

Interval of Mean value
Nanopowders Shape of particles dimensional of particles Observations
samples variations [nm] diameter
[nm]
Uniform and crystalline Particles are not
spherical nanoparticles, porous, porosity
10Y,05: CeO, | with a good statistical | 5.88—15.15 8.112+0.05 is present
dimensional repartition: the 2 agglomerates
standard deviation is small.
Uniform and crystalline Particles are not
spherical nanoparticles, porous, but it is
Lag¢Sro4FeosC | with a good statistical a porosity in
0020325 dimensional repartition; the agglomerates
LSFC presence of a system of | 20.8-118 58.2 £0.982 (practically
agglomerates with  the between nano
mean dimensional values particles)
around 140 nm

Qualitative and quantitative analysis of the sample morphology was

considered using a Hitachi S2600N microscope SEM equipped with an EDX
(energy dispersive X-ray) detector. A thin film of copper coated the samples prior
to SEM investigations. Table 2, Figs. 4 and 5 reveals the findings of the.

Table 2
Results of SEM/EDX
Sintering bodies Shape of Interval of Mean value of
samples grains dimensional grains Observations
variation [um] | diameter [um]
Polyhedral
10Y,0;5: CeO, grains with | 0.82 -2.85 1.342 +£0.185 | Low porosity
rounded
edges
Lao_5Sr0_4Feo_gC00'203_5 Spherical 05-5.6 2.18+0.074 POrOSity ~32%
grains
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Fig. 4a. SEM on 10Y,0;: CeO, electrolyte
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Fig. 4b. EDX spectrum of 10Y,05: CeO; electrolyte
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Fig.5a. SEM micrograph of Lay ¢St sFey sCog,05.5 cathode
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Fig.5b. EDX spectrum of Lay ¢Sty 4Feg sC00 2055 cathode
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The TEM and SAED investigations on the nanopowders (electrolyte and
cathode) samples (Figs. 2, 3) show the following:
(a) cathode: e the powder is crystalline and uniform e the shape of the
nanoparticles is spherical, with a normal dimensional repartition; e the powder
contains agglomerates with a mean dimensional values around 140 nm; e the mean
value of the particles is (58.2 £0.982) nm; e the porosity is around 32% e the
mean pore size is (0.2 £ 0.09) um;
(b) electrolyte: the powder is crystalline and uniform; e the shape of particles is
spherical, with a normal dimensional repartition e the standard deviation around
the mean size value of the particles distribution is small; e the mean particle size
is (8.11240.052) pm.
The SEM and EDX investigations on cathode-layers /electrolyte as sintered
bodies (Figs. 4 and 5) show the following aspects:
s LageSro4FeosC0020s35 - cathode film has spherical grains with a mean
dimensional value (2.18 £ 0.074) um ; the porosity is around 32 %;
% 10Y20;: CeO; — electrolyte (sintered body) has polyhedral grains with
rounded edges with a mean dimensional value (1.342 + 0.185) pum; the
porosity is low.

4. Conclusions

The complete microstructural analysis of the cathode/electrolyte system
considered in the previously study revealed the followings aspects:

e the microstructure of the cathode (film) in correlation with the
microstructure of the electrolyte (sintering body) showed a good
compatibility and evidenced the interface in which one observes the
interdependence between the both phases;

e the porosity of the cathode was found to be around 32% while the porosity
of the electrolyte foretell was < 2 % allowing a good functionality of the
IT-SOFC system;

o the repartitions of the particles (for powders) and of the grains (for film
and sintering body) were found to be in a normal range good accordance
with the microstructure;

e the EDX spectra showed a good delimitation between the cathode and
electrolyte.
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