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Abstract

Perovskites in the LaMng;—LaAlO;—SrMnG;_; system were studied as potential cathode materials for solid oxide fuel cells (SOFC)
with regard to their microstructural and electrical characteristics, as well as their reactivity with the electrolyte. The partial exchange c
lanthanum with strontium decreases electrical resistivity, while the addition of alumina increases electrical resistivity between 20 ar
95C°C. The chemical reactivity at the (LaSr)(Mn;-,Al,)O4/YSZ interface between cathode and electrolyte is negligibl&998 Elsevier
Science S.A.
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1. Introduction It increases the electronic and ionic conductivity by the
concomitant formation of 8 in the ABQO; lattice and an
Perovskite type oxides (ABQA = La, Sr, Ca, Ba and  oxygen ion vacancy. It is known that LaAl®ased perovs-
B = Mn, Fe) are well known for their high temperature kites exhibit high ionic conductivity [7] and also reduce
stability and wide range of electrical properties [1,2]. reactivity with YSZ [8].
They have been evaluated for usage as the cathode in Since chemically inert ionic and electronic conductors
solid oxide fuel cells (SOFC). Among them the LaMnO are considered promising as cathode materials, some per-
perovskites have been studied the most extensively. ovskites with nominal compositions (LgSr)(Mn;_,Al,)
LaMnGO; based materials have extremely low overpoten- Oz for y < 0.4 and x < 0.75 were investigated. In this
tials for oxygen reduction at high temperatures and also work the phase compositions, microstructural and electrical
have a high electronic conductivity [3,4]. The temperature characteristics, and reactivity with YSZ are reported.
expansion coefficienk of LaMnQ; is close to thex of the
presently employed solid electrolyte YSZ (yttria stabilised
cubic zirconia) (10.5«< 10°%K). However, the most signifi- 2. Experimental
cant limitation is the chemical reactivity between LaMnO
and the YSZ solid electrolyte at high temperatures. During  For experimental work, La(OH) (Ventron, 99.9%),
high temperature ageing lanthanum perovskites react with Mn,O; (Ventron, 99.9%), AlO; (Alcoa, A-16,+99%) and
zirconia from the YSZ solid electrolyte forming the SrCQ; (Ventron, 99.9%) were used. The samples were
La,Zr,0; pyrochlore phase having high electrical resistivity. mixed, pressed into pellets and fired at 135Gor 100 h.
Strontium for lanthanum substitution usually leads to the The compositions of the samples were {L#&r)
formation of both Lazr,O; and SrZrQ. Increasing the (Mn_,Al,)Os. Forx=0.3y was 0, 0.1, 0.2, 0.3, and 0.4
strontium content hinders the formation of Za,0,; but and fory = 0.2xwas 0, 0.3, 0.5, and 0.75, i.e. eight different
enhances the formation of SrZs(®,6]. compositions. Fired materials were characterised by X-ray
The incorporation of strontium influences not only the powder diffraction analysis with a Philips PW 1710 X-ray
chemical compatibility but also the electrical conductivity. diffractometer using Cu K radiation at room temperature.
A JEOL JXA-840A scanning electron microscope (SEM)
equipped with a Tracor-Northern energy dispersive X-ray
* Corresponding author. analyser (EDS) was used for overall microstructural and
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LaAlO,

Fig. 1. Microstructures of (La,Sr)(Mn,_,Al,)O; sintered at 135, shown schematically as part of the ternary LaMA®MnQ,_s—LaAlO; phase
diagram.

compositional analysis. Samples prepared for SEM were are relatively densely sintered. The porosity increases
mounted in epoxy in cross-sectional orientation and then with increasing concentration of strontium in (LgSr)
polished using standard metallographic techniques. Prior (Mng-Aly2)Os,. The porosity increases and the grain size
to analysis in the SEM, the samples were coated with carbondecreases with increasing concentration of aluminium in
to provide electrical conductivity and avoid charging (LaggSr2)(Mn;_,Al,)Os.
effects. The logarithms of resistivity vs. reciprocal temperature
Specific resistivities of perovskites were measured by the for the fixed strontium conteny = 0.2, i.e. (LagSh2)
four-point method with a Keithley 196 multimeter and a (Mn;_,Al,)O3 and for the fixed aluminium contemt= 0.3,
Keithley 580 Micro-ohmmeter in the temperature range of i.e. (La_,SK)(Mng-Alg 303, are shown in Figs. 2 and 3,
20-925C in air. respectively. Resistivities at room temperature and at
To study possible interactions with YSZ, sintered and

polished pellets of YSZ and LaMnp La(Mny7Alq3)Os 2
and (LagSh.2)(Mng-Alg3)O; were hot pressed at 130D 1.5+
for 15 h in an alumina die. The formation of reaction pro- = 1T LaosSroaMno7AlsO;  LaMnOs
ducts at the (La,Sr)(Mn;_,Al,)O04/YSZ interface was S o5l
evaluated on cross sectioned, polished samples by SEM % 01 La0sSroMnosAlosOs
and EDS. =

X 05+

g 41
3. Results and discussion 1.5+

2 : } ; : ;
Microstructures of (La ,Sr)(Mn;_,Al,)O;, sintered at 05 1 15 2 25 3 35

135CC, are shown schematically in Fig. 1 as a part of 1000/T [1/K]

the tem?ry La—_MnQ‘SFMnQ—a_—LaAlos phase diagram. Fig. 2. The logarithms of resistivity vs. reciprocal temperature for perovs-
Compositions in the LaMn©side of the phase diagram kites with fixed strontium content; (k@S 2)(Mn;_Al,)Os.
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Fig. 3. The logarithms of resistivity vs. reciprocal temperature for perovs-
kites with fixed aluminium content; (L,a,Sr)(Mng 7Alo3)Os.

900°C are presented for different compositions, also in
the ternary diagram of LaMngSrMnQ;_;—LaAlO; in
Fig. 4.

The specific resistivity of LgSrMnO; at 900C is
lower than the resistivity of LaMngat room temperature
and slightly higher at temperatures above ZD0The resis-
tivities of (Lag ¢Sty ))MNOs and (L& gSt 2)(Mng /Al 9 3)Os are
nearly the same. The resistivity of (L5r2)(MngsAlgg)Os
because of its higher concentration of aluminium, is around
one order of magnitude higher than that of LaMn®or
x=0.3, i.e. (La-ySr)(MngAly3)0; the resistivity in-
creases foy = 0.1, then decreases with increasing concen-
tration of strontium up ty = 0.2 by one order of magnitude
and increases for higher valuesyof

Microstructures of cross sectioned diffusion couples
which were hot pressed at 13@ for 15 h are shown in
Fig. 5a for LaMnQ/YSZ, in Fig. 5b for La(Mn 7Al 9.40¢.3)/

LaAlO,

A ’

Fig. 5. Microstructure of cross sectioned diffusion couples fired at A300
for 15 h (LM = LaMnG;, LMA = La(Mng7Al3)O3, LSMA = (Lay ¢S5
0.6/0.035 18/0.3 (Mng7Alo9)0s, LZ = LapZr,07). (a) LaMnQyYSZ, (b) La(Mn7Alo2)04f
YSZ, (c) (LaygShh.2)(Mng7Alg 304/ YSZ.

® b o YSZ and in Fig. 5¢ for (LagSr.2)(Mng Al 3)O4/YSZ. At the
¢ \|/ LaMnOy/YSZ interface a layer of Lar,0O; between 2 and 3
35/035  2.2/01 um thick formed. Partial exchange of manganese with alu-
minium impedes the formation of L&r,0;. A much thinner
layer (<1 um) formed at the La(MgAlg3) Oy YSZ inter-
0-28‘/ 0.03 face. In the case of (laSry.5)(Mng7Al2)O5/YSZ (Fig. 5¢),
LaMn'OJ S:\/InOM no reaction product'wgs observed at the ipterfage. Itis inter-
esting to note that in iron based perovskites with the same

Fig. 4. Resistivities at room temperature and at°@QT,5/Teqo) for dif- composition ((LaeSrh.2)(Fey7Al3)O03) the reaction product
ferent compositions in the LaMn@SrMnQ,_—LaAlO; diagram. was SrzZrQ [9].
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ovskites are single phase materials. The porosity of sintered
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