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Abstract

The reactivity of typical electrode materials for solid oxide fuel cells, namelygS# 4Cog 2Fey g03_5 (LSCF), Lgy gSrg2MnO3_s
(LSM) and Ce¢ gGdy 101 .95 (CGO), with fast oxide-ion conductor bMo2Og is thoroughly studied using X-ray diffractometry. Modifica-
tions in the materials diffraction patterns and occurrence of impurity diffraction peaks are evidenced in LSCF and LSM above®@0-800
They are interpreted in terms of cationic migrations from one material phase to the other (typically strontium depletion/substitution), and
subsequent formation of subsidiary phases (for instance strontium molybdate). With CGO no reactivity is observed upGoHd08ll
three electrode materials the thermal expansion coefficient (TEC) is measured from X-ray thermodiffractograms and compared to that o
LapM050g.
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0. Introduction doped and doped ceria exhibit mixed ionic and electronic
conduction, making then more suitable as SOFC anode
Fast oxide-ion conductors attract considerable interestmaterials[4—6]. The doped lanthanum gallate perovskite
because of their potential application as electrolyte for Lag.oSt.1Gan gMgo.202.85 (LSGM) which exhibits an ex-
solid oxide fuel cell. The most widely used electrolyte cellent conductivity over a broad range of oxygen partial
is yttria stabilized zirconia (YSZ) but it has a relatively pressures 172 < PO, < 1 atm[7-9] (larger than 0.1 &m
high working temperature, around 100D, necessary to  at 800°C) can be considered as a good electrolyte candidate.
reac'h hlgh oxide |0n. m(?bl'lty. Active research focus on Recenﬂy, we have discovered a new fam||y of fast oxide-
looking for better oxide-ion conductors at lower operat- jon conductors, whose parent compound is the lanthanum
ing temperature, namely in the range 700-800 Due  molyhdate LaMo,Og which exhibits, around 580C, a tran-
to their high ionic conductivity at 600-80C, doped ce-  jtion from a slightly distorted low temperatuseform, to a
:Ialhtavi %ee:' proposedt las mtermedlater tlemperature electubic high temperaturg form [10,11] Above this transition
rolyte [1-3]. However, at low oxygen partial pressure, un- temperature, the oxide-ion conductivity is higher than that of
YSZ. The drawbacks of pure lanthanum molybdate are the
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family)—except with neodymium—stabilize above a certain In the present paper, the mechanico-chemical compati-
rate the cubi@@ form at room temperatufd 1,13]. bility of likely oxide electrode materials (namely the per-

The chemical and mechanical compatibilities between ovskites L@ St 4Coy 2Fen gOs—s (LSCF) and La gSr. 2>
electrode materials and electrolyte are a prerequisite to anyMnOs_s; (LSM), and fluorite CggGdp 101.95 (CGO)) with
further cell testing. Indeed, the formation of reaction prod- La;M020g solid oxide ion conductor (as a prelude to more
ucts at the electrode/electrolyte interface could be detrimen-complex LAMOX members) is investigated using X-ray
tal to the cell efficiency. The cationic inter-diffusion has to be powder diffraction. The paper is structured as follows. Sec-
limited in order to prevent the degradation of electrode and tion 1 is devoted to experimental details, whereas Sec@ons
electrolyte materials properties. Finally, the determination and 3present the results related to the chemical and me-
and comparison of thermal expansion coefficients is neededchanical compatibility respectively, before a conclusion as
to select the mechanically compatible electrode/electrolyte Section4.
materials.

Concerning electrode materials, strontium-doped lan-
thanum manganites Lka,Sr,MnO3_s (LSM) have been 1. Experimental details
used extensively as the cathode material in YSZ-based
SOFC due to their close thermal expansion match. In spite  Polycrystallinex-LaoM02,0g9 was prepared by conven-
of their very poor oxide ion conduction in oxidizing at- tional solid state reaction. The stoichiometric mixture of
mospheres, the interest in LSM lies in the high electronic LapO3 and MoQ was first heated at 50 for 12 h,
conductivity arising from the mixed valence state of man- and then at 900C with several regrindings and heatings.
ganese. Strontium lanthanum cobaltites L&sr, CoOs_; Finely divided powders of electrode materialglg&r oMn-
(LSC) have also been proposed as possible cathode maOs_s, Lag St 4C0op 2Fey.g03—5 and Ce oGdy 101,95 Were
terials. Indeed, these perovskites are known to have highprovided by Rhodia Electronics and Catalysis.
catalytic activity towards the reduction of oxygen, to retain For the reactivity studies, equimolar amount of electrode
their oxygen deficiency and high oxygen-self-diffusion co- materials andv-LaoM020Og, thoroughly ground in an agate
efficients even in an oxidizing atmosphere, and to exhibit mortar, were spread in a mullite boat. To follow the re-
high electronic conductivitj14]. To decrease the large ther- activity evolution, the mixtures were fired in air for 72 h
mal expansion coefficient associated with L g8Sr, CoOs_; at six arbitrary temperatures 500, 600, 700, 800, 900 and
cathodes, substantial studies have been performed on irorl000°C (heating and cooling rates°2/min). After com-
substituted sample$15,16] The optimal conductivity/ pletion, X-ray powder diffraction patterns were recorded at
expansion properties were found in the compositiopd-a  room temperature on @/29 Bragg—Brentano Bruker-AXS
Srp.4Cop2Fey s0O3_s. The addition of a ionic conductor D8 diffractometer (Cul&¢1,» radiations, room temperature,
(yttria stabilized zirconia (YSZ) or gadolinium doped ce- V6/V6 mode, receiving slit 0.2 mm) equipped with a back
ria (CGO)) to mixed electronic and ionic conductors as graphite monochromator. The annealed powder was dusted
Lag gSry.2MnO3_s (LSM) [17,18], Lag.6Sto.4C0p 2Fep.803—s5 through a 63 pm sieve on a glass holder. Data collection
(LSCF)[19] is actually considered to improve the cathode conditions were 25 /step of 0.02 in the [-13(] range.
performance in intermediate temperature solid oxide fuel The Rietveld program FullPr¢81] was used for full-pattern
cells. matching refinements.

Although extensive studies have been devoted to the re- Thermal expansion coefficients were estimated from the
activity between zirconia and the above electrode materi- temperature dependence of unit cell parameters obtained
als [20-27] no such work have been carried out yet on by full-pattern matching refinements. Thermodiffractograms
LapM020g. As a side effect of a milling/sintering process, were recorded on &/6 Bragg—Brentano Philips X'pert
it has been demonstrated that the attrition milling with zir- MPD PRO diffractometer (Cud > radiations) equipped
conia balls introduces a pollution detected by EDX spec- with the X'celerator detector and a HTK 1200 Anton Paar
troscopy[28]. After long-term annealing of the attrited pow- chamber. Diffractograms were collected under air flow dur-
ders, an insulating impurity, most probably Jza,07, is ing 200 min in the [8-130C] scattering angle range, with a
formed progressively. This is the same phase as that formed0.0167 step from 25 to 1000C (heating and cooling rates
at the interface between zirconia and La-based perovskite10°C/min, temperature stabilisation for 20 min). A temper-
materials in conventional SOFC devide9-27] ature calibration of the chamber was carried out using the

Concerning the thermal expansion coefficients (TEC), structural transitionse — g and — y of BisV2011 [32]
some of the LaMo0,0Og-based materials have been deter- and the brownmillerite to perovskite transition of Ba&Os
mined by dilatometry or thermodiffraction measurements. [33]. These reference materials were prepared by solid state
It has been shown that the iMo0,09 TEC (14-18x reaction from elementary oxides. All transition temperatures
10-6°C-1 [29]) can be drastically reduced by Er or W were previously determined by thermal analysis performed
substitutes to La or Mo respectively: 10:610-6°C~1 for on a coupled TGA-DTA apparatus under air flow (TA Instru-
Lajg gErg.2M020g [29] and 9.7x 10-6°Cc—1 for LagpMog g ments SDT 2960, heating rate 40/ min, temperature range
W1.209 [30]. 30-1000C).
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