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Abstract. Strontium-doped lanthanum manganite (La1-xSrxMnO3 or LSM) is 
traditionally the most used material for cathodes in high temperature solid oxide fuel 
cell (800 – 1000 ºC). This material shows excellent electrocatalytic activity for oxygen 
reduction and is chemical and thermal stable with the yttria-stabilized zirconia 
electrolyte (YSZ). In this work La0.85Sr0.15MnO3 (LSM 15) and La0.78Sr0.22MnO3  (LSM 
22) were prepared by the polymeric precursor method, calcinated at 700 ºC for 2 h and 
characterized by X-ray diffraction, particle size analysis, scanning electronic 
microscopy and compacts’ dilatometry. The synthesis method used provided the 
attainment of nanopowders with perovkiste structure and particles sizes below 100 nm. 
The thermal expansion coefficients of LSM 15 and LSM 22 were found to be 12.2 x 10-

6 ºC-1 and 11.7 x 10-6 ºC-1 respectively, which are very close to that of the YSZ. 

1.  Introduction 

 
Lanthanum manganites, particularly those doped with strontium (La1-xSrxMnO3 

or LSM) are frequently employed as component in solid oxide fuel cells (SOFCs) that 
operate in high temperatures (800 to 1000 °C). The LSM is selected for its high 
electronic conductivity, activity for oxygen reduction and physical and chemical 
compatibility with other components at operating temperature [1-3]. Materials from the 
doped lanthanum manganite group of compounds also find application as colossal 
magneto-resistance materials. Such materials offer many possibilities for A-site and B-
site cations substitution, allowing fine control of specific properties [4,5]. The 
manganites morphology depends on the synthesis procedure, which makes necessary to 
perform systematic studies on the synthesis parameters. 

Among the chemical methods for obtaining LSM powders, the polymeric 
precursor method is based on the metallic citrate polymerization using ethylene glycol. 
A hydrocarboxylic acid, such as citric acid, is used to chelate cations in an aqueous 
solution. The addition of a glycol such as ethylene glycol leads to the formation of an 
ester. Polymerization, promoted by heating the mixture, result in a homogeneous resin 
in which metal ions are uniformly distributed throughout the organic matrix. A primary 
thermal treatment in an oxidizing atmosphere around 250 – 350 ºC produces the so-
called precursor powder. The precursor powder’s thermal treatment at an adequate 
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temperature yields a ceramic powder, with a higher quality than the powders 
synthesized by solid state reaction. The polymeric precursor method presents also others 
advantages such as good homogeneity, good stoichiometric control and good control of 
the particle morphology [6-8]. 

This paper is devoted to the synthesis and characterization of strontium-doped 
lanthanum manganites with small particle size and good thermal compatibility with the 
YSZ electrolyte. 

 
2.  Materials and methods 

 
The starting materials used to synthesize La0.85Sr0.15MnO3 (LSM 15) and 

La0.78Sr0.22MnO3 (LSM 22) powders were: lanthanium nitrate (> 99.0% VETEC, 
Brazil), strontium nitrate (> 99.0% VETEC, Brazil), manganese nitrate (> 97.0% 
VETEC, Brazil), citric acid anhydrade (> 99.0% Cromoline, Brazil), deionizade water 
and etilenoglycol (> 99.5% VETEC, Brazil). To obtain each strontium-doped lanthanum 
manganite composition, were prepared manganese citrate solutions from manganese 
nitrate and citric acid with a molar ratio of 1:3 (metal/citric acid) under agitation at 70 
°C for 1 h. The others citrates solutions were added one by one at 1 hour intervals. The 
ethylene glycol was added at a mass ratio of 60:40 (citric acid/ethylene glycol). The 
citrates solution was kept under agitation and heated at 80 °C for 2 h to form the 
polymeric precursor resins. Calcination of these resins at a temperature of 300 °C for 1 
h at a heating rate of 1 °C/min produced the precursor powders. These powders were 
deagglomerated in a ball mill using polyethylene flasks, zirconium spheres and ethyl 
alcohol. 

Powders obtained were then calcined at 700 °C for 2 h in air atmosphere at a 
heating rate of 3 °C.min-1. The structural characterization by XRD was performed using 
a Shimadzu XRD-7000 diffractometer, with a 2θ angle scan between 20° and 80°, with 
0.02° scans and counting time of 0.6 s per scan, using monochromatic copper - Kα  
radiation (λ = 1.5418Å) obtained with 40 kV and 30 mA filament current. Rietveld 
refinement of the X-ray diffraction patterns was made by using BDWS-9807 Software. 
Particle size distribution was obtained by laser scattering (Cilas 1064 granulometer), 
with ultrasound treatment for 90 s in ethyl alcohol. The morphological analysis of the 
particles was performed with a Shimadzu SSX-550 scanning electron microscope. A 
dilatometer (bp Engenharia RB-115 dilatometer, Brazil) was used to study the shrinkage 
behaviour between room temperature to 1400 ºC and to determine the coefficient of 
thermal expansion (CTE) of the sintered samples in air in the temperature range of 30 – 
1000 ºC. 
 
3.  Results and discussion 

 

The XRD patterns of the powders calcined at 700 ºC for 2 h are shown in Fig. 1. 
The patterns indicated the presence of the phases LSM 15 and LSM 22, according to 
JCPDS files 88-0059 and 53-0058, respectively. The crystalline structures of powders 
were evaluated from Rietveld refinement (Fig. 2). The quantitative phases analyses, 
lattice parameters (a, b and c), crystallite size, lattice strain, and refinament indexes are 
illustrated in Table 1. The phase La1-xSrxMnO3 (x = 0.15 or 0.22) exhibits rhombohedral 
symmetry with space group R3c, in concordance with literature [9,10].  

A secondary phase was found as La2O3 (JCPDS 73-2141) in both compositions, 
LSM 15 and LSM 22, which could be quantified, respectively, as 3.06 mol% and 1.71 
mol%. This phase probably is formed due to the decomposition of (LaO)2CO3, 
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proceeding from the not total complexation of the ions La3+. One way to avoid the 
crystallization of secondary phases is changing some synthesis parameters. It is 
necessary to obtain a better metallic cations complexation at the citrate formation step, 
increasing the time for La3+ complexation, for example. Previous works also evidenced 
the present of La2O3 in strontium doped lanthanum manganite [11-13].  
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Fig. 1. XRD patterns of the LSM 15 and LSM 22 powders calcined at 700 ºC for 2 h. 

 

 

Fig. 2. Rietveld refinement performed for the LSM 15 (left) and LSM 22 (right) 

powders. 

 
In this study, the increase of doping with strontium ion did not affect the lattice 

parameters, but increases the crystallite size of 16.77 to 22.74 nm. These values are 
consistent with those obtained by Conceição et al. [14] for LSM synthesized by the 
solid-state, combustion and citrate methods and calcined at 900 °C. The crystallite size 
low values (~ 20 nm) shows that the attained powders are nanosized. The small 
decrease of lattice strain for the LSM 22 powder is due to lower ratio (surface area) / 
(volume), accompanied by the smaller deformation of the lattice parameters of 
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crystalline structure. The refinement quality can be checked by the S value, whick is 
obtained by the expression S = Rwp/Rexp. The low S values got in this work indicate that 
the data was successfully refined. 
 
Table 1. Quantitative phases analyses, lattice parameters, crystallite size, lattice strain, 

and refinament indexes of the LSM 15 and LSM 22 powders evaluated by Rietveld 
refinement. 

 

Structure: rhombohedral   Space group: R3c 

% phase LSM 15 Lattice 
parameters (Ǻ) 

 Crystallite size 
(nm) 

Lattice 
strain (%) 

Refinement 
indexes 

96.94 a = 5.4999  16.77 0.1543 Rwp = 19.16 

 b = 5.4999    Rexp = 15.88 

 c = 13.3695    S = 1.20 

% phase LSM 22 
Lattice 

parameters (Ǻ) 
 

Crystallite size 
(nm) 

Lattice 
strain (%) 

Refinement 
indexes 

98.29 a = 5.4979  22.74 0.1418 Rwp = 18.29 

 b = 5.4979    Rexp = 15.40 

 c = 13.3730    S = 1.18 

 

The powders presented similar particles/agglomerates size distribution range 
(Fig. 3). The average particle/agglomerate sizes were 1.09 and 1.63 µm and the average 
sizes at 50% (d50) were 0.98 and 1.59 µm, respectively to LSM 15 and LSM 22. The 
LSM 22 powder presents slightly higher agglomaretion degree. The small average size 
and d50 difference is due to the non occurrence of an statistic normal distribution of the 
particle/agglomerate size curves. Such granulometry are similar to the ones found in 
literature [11], being adequate to ceramic suspensions preparation for films deposition.  
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Fig. 3. Particle size distribution curves of the LSM 15 and LSM 22 powders. 
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The morphologies of the powders evaluated by scanning electron microscopy 
(SEM) are illustrated in Fig. 4. The powders exhibit particles in an almost-spherical 
morphology with strong presence of micrometric agglomerates (1.09 – 1.63 µm) of 
nanoparticles (less than 100 nm). The particle size in both compositions is in agreement 
with the reported by Wang et al. [15]. The LSM 22 powder presents particles size 
microstructure more homegeneous. The agglomerates, formed during the calcination, 
were not completely dispersed by the ultrasonic agitation. So the aforesaid crystallite (< 
23 nm) of LSM powders indicates that the fundamental size of this powder particles are 
of nanometer scale only and nanosize particles can be formed from it if the powder 
could be efficiently de-agglomerated. These results are in accordance with particle size 
distribution analysis. 

 
 

 

     

Fig. 4. SEM micrographs of the (a) LSM 15 and (b) LSM 22 powders. 

 
The shrinkage behaviour (curves ∆L/L0 versus temperature) during heating is 

shown in Fig. 5. This figure shows a difference on the samples sinterizing nature, 
especially starting at 960 °C. The shrinkage can be attributed to the densification 
mechanism and the contraction can be faster as soon as the particle size is smaller and 
as more homenegous is the started microstructue. For the LSM 15 sample, the 
dilatometric curve between room temperature and 1400 ºC is composed of three 
different regions: (1) between room temperature and about 840 ºC, one can observe the 
plateau corresponding only to the thermal expansion described also by previous works 
[16,17]; (2) between 840 and 1150 ºC the shrinkage appears and sintering begins and 
(3) for temperatures higher than 1150 ºC the shrinkage rate increases and the grain 
growth becomes very important. 

On the other hand, on the LSM 22 sample the retraction phenomena and 
sinterization are confused in a unique stage that starts at 960 °C. The dilatometric 
information is in agreement with the average crystallite size, the particle size analysis 
and the SEM microstructures, showing that the higher sinterability is due to the powder 
with the smaller particles and less agglomerate. Assuming that the particle size of the 
LSM 15 powder is lower than LSM 22 one, we can observe that the maximum linear 
retraction of the LSM 22 (~ 16%) is lower than the LSM 15 one (~ 23%).  

(a) (b) 
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Fig. 5. Dilatometric curves for compacted samples: (a) LSM 15 and (b) LSM 22. 

 

Figs. 6 and 7 show the thermal expansion for the LSM 15 and LSM 22 samples 
sintered at 1350 ºC for 4 h. We used linear fittings to deal with the experimental data. 
The thermal expansion coefficients (CTEs) of the LSM 15 and LSM 22 were found to 
be 12.2487x10-6 ºC-1 and 11.7595x10-6 ºC-1 respectively, in concordance with literature 
[17,18], which are very close to that of the 8 mol% yttria stabilized zirconia (8YSZ) 
which is the choice of electrolyte for high temperature solid oxide fuel cell [19]. The 
coefficient of thermal expansion (CTE) of the cathode should match that of the other 
cell components to prevent cracking during the thermal cycles. 
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Fig. 6. Thermal expansion plot of the LSM 15 sintered at 1350 ºC for 4 h.  
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Fig. 7. Thermal expansion plot of the LSM 22 sintered at 1350 ºC for 4 h.  

 

4. Conclusions 

 

La0.85Sr0.15MnO3 and La0.78Sr0.22MnO3 powders with rhombohedral structure and 
small amounts of the secondary phase La2O3 have been synthesized by the polymeric 
precursor method. The powders exhibit particles with strong presence of micrometric 
agglomerates (1.09 – 1.63 µm) of nanoparticles (less than 100 nm). Particle size 
analysis using laser scattering and associated to the SEM observations, indicate that the 
La0.85Sr0.15MnO3 powder exhibits the smallest particle/agglomerate size. The low values 
of crystallite size (~ 20 nm) show that the obtained powders are nanosized. The thermal 
expansion coefficients of the LSM 15 and LSM 22 samples sintered were very close to 
that of the 8 mol% yttria stabilized zirconia electrolyte. These results have indicated that 
the polymeric precursor method is an excellent technique to synthesize LSM 
nanopowders that can be used as cathode materials for high temperature SOFC. 
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