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Strontium-doped lanthanum manganite (La;_,Sr,MnQO;) is a commonly used cathode in solid oxide fuel cells. In this study,
LayySrg20MnO; powder was prepared by the modified Pechini’s method using gelatin as the polymerizing agent. The
polymeric resin obtained was characterized by thermogravimetric analysis and the powder calcined at 900 °C for 4 h has been
characterized by X-ray diffraction, scanning electron microscopy and infrared spectroscopy. The LaggySry20MnO; phase
exhibited rhombohedral symmetry. The infrared reflectance spectrum was dominated by a conduction mechanism besides the
signature of less pronounced phonon features, characteristics of the crystal lattice. The present results indicated that the gelatin
has been an efficient directional element to be used in Layg,Sry,0MnO; synthesis, and it is a low cost material, non toxic and
makes the polymeric precursor synthesis less complicated.
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Introduction around 250-350 °C produces the so-called precursor powder.
This method presents advantages such as good homogeneity,
Strontium-doped lanthanum manganite (La; (S, MnO; good stoichiometric control and good control of the particle
or LSM) has been extensively investigated and developed morphology [11, 12]. Usually the powders obtained by
as a high temperature solid oxide fuel cell cathode due to Pechini’s method contain a large amount of organic material
its high catalytic activity for oxygen reduction, high electrical that must be eliminated at high temperatures to synthesize
conductivity and a thermal expansion coefficient similar pure oxides.
to that of the yttria stabilized zirconia (YSZ) electrolyte. An alternative method for preparing nanoparticles of
Strontium is the preferential element chosen as a dopant of metal oxides such as Cr,Os; and NiO with a particle size
the cathodic material of the SOFCs to allow the attainment of the order of nanometres has been developed using
of higher electronic conductivity, which is because of the commercial gelatin as an organic precursor. Gelatins have
increase of Mn*" ions formation and for the substitution also been used to obtain silica and metallic AuNi nano-
of La*" for Sr** ions [1-3]. particles with low annealing temperatures, and this method
Several techniques are available for the preparation of has been named by the authors as a soff chemical route
LSM powders, e.g. Pechini’s method, a solid state reaction, [13, 14].
spray pyrolysis, sol-gel, coprecipitation, combustion process In this study, we report the preparation of strontium-
etc. [4-10]. Each method has its own characteristics. Pechini’s doped lanthanum manganite with a nominal composition
method or the polymeric precursor method is based on Lag goS1920MnO;3 (LSM 20) by the modified Pechini’s
metallic citrate polymerization using ethylene glycol. A method using gelatin as polymerizing agent and its charac-
hydrocarboxylic acid, such as citric acid, is used to chelate terization by TG, XRD, SEM, FAR and MID-Infrared
cations in an aqueous solution. The addition of a glycol spectroscopies.
such as ethylene glycol leads to the formation of an ester.
The polymerization reaction, promoted by heating the Experimental
mixture, results in a homogeneous resin in which metal
ions are uniformly distributed throughout the organic matrix. The starting materials used to prepare LaggySrg20MnO;

A primary thermal treatment in an oxidizing atmosphere (LSM 20) powder were: lanthanum nitrate (La(NO;);-6H,0,
>99.0% VETEC, Brazil), strontium nitrate (Sr(NO;),,

*Corresponding author: >99.0% VETEC, Brazil), manganese n.itrate. (Mn(NOs),:
Tel : +55-84-99831115 4H,0, >97.0% VETEC, Brazil), citric acid (> 99.0%
Fax: +55-84-32153825 ) VETEC, Brazil), deionized water and commercial gelatin.
E-mail: romolosquimica@hotmail.com The synthesis procedure is described in Fig. 1, in which
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Fig. 1. Flowchart for the synthesis of LSM 20 powder by the
modified Pechini’s method.

the molar ratio of metal/citric acid was fixed at 1 : 2. The
gelatin was added in a weight ratio of 2 : 3 (citric acid/
gelatin) and the solution was thoroughly stirred by a magnetic
mixer until a polymeric resin was formed which was calcined
at 300 °C for 2 h at a heating rate of 10 K-minute™ to
produce the precursor powder of the Lag goStg20MnO; phase.

A Shimadzu differential thermal analyzer was used to
make thermogravimetric (TGA) measurements in air flow
(flow rate of 50 ml minute™") in the temperature range
from 25 to 900 °C with a heating rate of 10 K-minute™'.
The precursor powder was calcined at 900 °C for 4 h
and its structural characterization was performed by X-ray
diffraction using a Shimadzu XRD-7000 diffractometer,
with a 26 angle scan between 20° and 80°, with 0.02° scans
and counting time of 0.6 s per scan, using monochromatic
copper-Ka radiation (A = 1.5418 A) obtained with 40 kV
and 30 mA filament current. Rietveld refinement of the
X-ray diffraction pattern was made using BDWS-9807
Software. The pseudo-Voigt function was chosen to fit the
peak profiles for all identified crystalline phases. The
morphological analysis of the particles was performed by
field emission scanning electron microscopy. An infrared
reflectance spectrum of a sample pellet was recorded with
a Fourier-transform spectrometer (Bomem DA 8-02)
equipped with a fixed-angle specular reflectance accessory
(external incidence angle of 11.5°). For these measurements,
the sample was prepared in the form of a disk of 13 mm
diameter and pressed (150 MPa) in a vacuum with a
relatively smooth surface. A gold mirror was used as
reference. In the MID-infrared region (500 to 4000 cm™),
a SiC glow-bar lamp was used as an infrared source, a
Ge-coated KBr beamsplitter, and a liquid nitrogen cooled
HgCdTe detector. In the far-infrared range (50-600 cm™),
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Fig. 2. TGA curves for (a) gelatin and (b) precursor powder of
the LSM 20.

a mercury-arc lamp was employed, a 6 um coated Mylar
hypersplitter, and a liquid helium cooled Si-bolometer.
The measurements were performed at a pressure of 107
bar and with a spectral resolution of 2 cm™.

Results and Discussion

The thermogravimetric analysis (TGA) curves obtained
for the gelatin and LSM 20 calcined at 900 °C are shown
in Fig. 2. It can be seen that the decomposition of gelatin,
that consists of glycine (Gly) and proline (Pro), presents
three distinct steps. First, there is a small mass loss between
room temperature and around 100 °C associated with
humidity. In the second step the reduction of mass can be
attributed to the elimination of fragments of amino acids,
usually Pro, which is thermodynamically susceptible to
thermal degradation in an oxidizing atmosphere. The last
step of thermo decomposition would be associated to the
oxidation of the all the contents of Gly, which are completely
degraded between 500 °C and 590 °C, this step also presents
a reduction of the mass of amino acid, which are bonded
to minerals present in the gelatin.

For the LSM 20 powder, the thermal decomposition
process occurs in five steps between 30 and 900 °C and the
total mass loss is 17.19%. The first step of thermal
decomposition (between 30 and 190 °C) is related to the
loss of water and gases adsorbed on the surface of the
powder. Polymer degradation occurs in the second and
third steps. This process is characterized by an abrupt
fall in the mass loss at around 525 °C. In the fourth step
(between 650 and 750 °C) the mass loss is attributed to
carboxylate decomposition and the formation of a carbona-
ceous phase. Finally, the material begins to stabilize at
750 °C (fifth step) when the oxide phase formation has
been confirmed from the XRD study.

Fig. 3 displays the XRD pattern of the powder calcined
at 900 °C for 4 h. XRD result indicates the formation of
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Fig. 3. XRD pattern of the LSM 20 powder calcined at 900 °C for 4 h.

the LSM perovskite structure, according to JCPDS file
53-0058. The powder also exhibited extra peaks corres-
ponding to La,O; and La(OH); phases. The formation of
the La,O; phase might be due to the decomposition of
(La0),COs, proceeding from the incomplete complexation
of the La** ions. Gaudon ef al. also reported the presence
of La,O; in strontium-doped lanthanum manganite [15].
The hydration of the La,0; at high temperatures leads
to the appearance of the La(OH); compound. Yang et al.
[16] observed many other phases (SrO, La,O; and Mn;Oy)
in LSM synthesized by Pechini’s method and calcined
at 900 °C.

The crystal structure of the powder has been evaluated
by a Rietveld refinement using BDWS-9807 Software
(Fig. 4). The quantitative phase analysis, lattice parameters
(a, b and c), crystallite size, microstrain, and refinament
indexes are given in Table 1.

The refinement quality can be checked by the S value,
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Fig. 4. Rietveld refinement performed for the LSM 20 powder.

Table. 1. Quantitative phase analysis, lattice parameters, crystallite
size, microstrain, and refinement indexes of the LSM 20 powder
evaluated by a Rietveld refinement

Structure: rhombohedral

Mol% phase Lattice Crystallite Microstrain Refinement
Lay Sro2MnO; parameters (A)  size (nm) (%) indexes

96.23 a=54972 36.49 0.0797 R,,=26.07
b=5.4972 R.,=1820
c=13.3553 S§=143

Space group: R3¢

which is obtained by the expression S = Rwp/Rexp. The
low S value obtained in this study indicates that the data
were successfully refined. The LaggoSry,0MnO; phase
exhibited rhombohedral symmetry with space group R3c,
in concordance with the literature [10, 17]. The secondary
phases La,O; and La(OH); were quantified as 0.23 mol%
and 3.54 mol%, respectively. For the LaggySty20MnO; phase
the value obtained for the crystallite size was comparable
to those reported in the literature for LSM 15 and LSM 22
powders obtained by Pechini’s method calcined at 900 °C [6].

The morphological analysis of the particles by scanning
electron microscopy (FE-SEM) is displayed in Fig. 5. The
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Fig. 5. SEM micrographs for the LSM 20 powder calcined at
900 °C for 4 h: a) scale bar: 200 nm and b) scale bar: 100 nm.
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Fig. 6. Infrared reflectance spectrum for the LSM 20 powder, in
the FAR and MID ranges.

powder exhibits particles in an almost-spherical morphology
with the presence of nanoparticle agglomerates. The coales-
cence of the particles shows a heterogeneous particle size
range from 50 to 300 nm. The difference between the particle
size and crystallite size (<40 nm) indicates the presence
of agglomerates, since when the particle size is roughly
equal to the crystallite size, we have a monodispersed
powder, that is, an agglomerate-free powder [18].

The infrared reflectance spectrum in the FAR and MID
infrared ranges altogether, is presented in Fig. 6. The almost
continuous decrease of reflectivity with wavenumber shows
that this spectrum is dominated by a conduction mechanism
[19]. Moreover, first order phonon features characteristic of
the crystal lattice are well seen superposed on the decreasing
reflectivity curve below 700 cm™'. The reflectivity lineshape
of these phonons is rather characteristic of conducting
materials and denotes possibly electron-phonon coupling
in LSM 20, as also observed in La,;Cay,3;MnO; ceramics
[20]. On the other hand, the two modes above 1000 cm™
are likely to be defect modes from impurities due to
unreacted materials, as observed by XRD.

Conclusions

LSM 20 powder with a rhombohedral structure and
small amounts of secondary phases La,O; and La(OH),
have been synthesized by the modified Pechini’s method
using gelatin as the polymerizing agent. The total mass loss
in the precursor powder was 17.19% and this occurred
in five steps between 30 and 900 °C. The thermogravimetric
analysis also indicated that the formation of the oxide phase
begins at 750 °C. The powder calcined at 900 °C for 4 h
exhibited particles with an almost-spherical morphology
with the presence of nanoparticle agglomerates. The
Lag g9Srg20MnO; phase crystallized in the R3c space

group and exhibited characteristic phonon modes besides
charge carrier contributions to the optical conductivity.
The phonon line shapes suggest strong electron-phonon
coupling. These results indicate that LSM powder has been
suitably synthesized using gelatin as the polymerizing agent.
The gelatin is a low cost material, non toxic and makes
the polymeric precursor synthesis less complicated. The
powder obtained can be used as a cathode material for high
temperature solid oxide fuel cells.
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