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Abstract

Lanthanum strontium manganite (LSM) powders of composition Lag 7Sty 3MnO; are good candidates for cathode application in solid oxide fuel
cells. This paper reports the synthesis of LSM powders from nitrate precursors by the combustion method, using two different propellants (urea and
glycine) and varying the propellant/nitrate ratio. Thermogravimetric analysis (TGA) revealed two or three decomposition stages of the as-
synthesized samples, with complete burn out of organics at about 850-900 °C. X-ray diffraction (XRD) patterns showed formation of only LSM
phase for the sample synthesized with excess of urea, whereas SrCO3; and MnCOj; phases were also found for the samples prepared from glycine.
The powder is better crystallized when a homogeneous gel is formed before burning. The crystallite size calculated using the Scherrer equation is in
the range of 15-20 nm. Scanning electron microscopy (SEM) revealed the presence of agglomerates, formed by fine particles of different shapes.
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1. Introduction

Solid oxide fuel cells (SOFCs) are promising, efficient, and
environmentally friendly energy conversion devices that
generate electricity and heat [1]. These features have stimulated
research on developing ceramic powders for cathode materials
used in SOFCs. Sr-doped LaMnOs; (lanthanum strontium
manganites—LSM) has particularly attracted substantial
interest as a promising material for cathode in SOFCs. This
material has good properties such as chemical and thermal
stability, and high catalytic activity for oxygen reduction.
Additionally, it has a thermal expansion coefficient similar to
that of a solid electrolyte (yttria-stabilized zirconia, YSZ), and
high electrical conductivity [2].

A number of preparation methods such as solid-state
reaction, sol-gel technique, hydrothermal synthesis, spray-
drying, co-precipitation, and combustion, have been used for
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perovskite synthesis [3]. The combustion method is particularly
useful in the production of ultrafine ceramic powders with a
small average particle size. This is a simple method with the
advantage of using inexpensive precursors and of producing
nano-sized, homogeneous, highly reactive powders.

The most commonly used fuels in the combustion process
for the synthesis of LSM are glycine and urea. However, citric
acid, oxalyl-hydrazine and sucrose have also been recently
employed as complexing agents and fuels in the combustion
synthesis [4-6]. The combustion synthesis technique consists in
bringing a saturated aqueous solution of the desired metal salts
and a suitable organic fuel to boil, until the mixture ignites and a
self-sustaining and fast combustion reaction takes off, resulting
in a dry, usually crystalline, fine oxide powder [7]. The large
amounts of gases formed can result in the appearance of a
flame, which can reach temperatures above 1000 °C [7].

This work focuses on the preparation of LSM powder
materials by the combustion method. Our aim is to assess the
influence of the nature and amount of two different propellants
(urea and glycine) and the formation of a gel before burning on the
structural and morphological properties of the prepared powders.
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2. Experimental
2.1. Powder synthesis

The materials used in the synthesis were metal nitrates:
La(NOs3);3-6H,0, Sr(NOs),, Mn(NOs)5-4H,0, and the propel-
lants were urea (CO(NH,),) and glycine (NH,CH,COOH). All
reagents were from VETEC, Brazil.

LSM was prepared by combustion and gel combustion
methods. In the method of combustion, the nitrates and the
propellant were mixed on a hot plate (150 °C). The mixture was
shaken to obtain a homogeneous solution, which was then
introduced to a muffle furnace pre-heated at 600 °C, where the
combustion reaction took place. The powder was calcined in
flowing air (60 mL min~ ") at 750 °C for 10 h.

The propellant was used in a stoichiometric amount and
twice the theoretical amount (1:1 and 2:1 ratio of propellant/
metallic oxide). The stoichiometric amount of the propellant
was determined based on the valencies of oxidizing and
reducing elements, according to the propellant chemistry [8].

In the method of gel combustion, a solution of nitrates was
heated slowly at 60 °C in oil bath, and then the propellant was
added. The heating was kept for 6 h, obtaining a homogeneous
gel, which was introduced to a muffle furnace (600 °C) to burn
the material. The powder was then calcined at the same
conditions previously described.

All La;_,Sr,MnO; powder materials were prepared with
nominal composition of x = 0.3, because this composition has
shown better performance as cathode in SOFC [2,9]. The
prepared perovskites will be referred to as LSMCUxx and
LSMCGxx for those prepared by combustion with urea and
glycine, respectively, where xx can be 11 or 21, depending on
propellant/metallic oxide ratio (1:1 or 2:1). Samples LSMGCU
and LSMGCG were prepared by gel combustion.

2.2. Characterization

X-ray powder diffraction (XRD) patterns were recorded in a
PANalytical X’Pert PRO diffractometer, with Cu Ka radiation
and filter of Ni, with speed of 2° min~ .

Thermogravimetric analysis (TGA) of the powders were
carried out using a TA thermal analyzer (SDT Q600 model)
with heating rate of 5°Cmin~' in air flow from room
temperature up to 1400 °C.

BET specific areas were determined by N, adsorption—
desorption at —196 °C in a Micromeritics ASAP 2000. Prior to
analysis, the samples were outgassed for 24 h at 300 °C.

The microstructure of the prepared materials was investi-
gated by scanning electron microscopy (SEM), using a Jeol
KAL 64602 LV (20 kV) microscope.

3. Results and discussions
3.1. Thermal decomposition

Fig. 1 shows TGA curves of the as-synthesized LSM
powders by the combustion method, before calcination. As can
be seen, thermal decomposition takes place in two or three
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Fig. 1. TGA curves of the as-synthesized LSM powders prepared by the
combustion and gel combustion method.

stages, depending on the fuel, and burn out of organics is
complete at about 850-900 °C for all samples.

When urea is used as fuel, two steep decomposition stages
can be distinguished: the first, at about 600 °C, can be
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Fig. 2. XRD patterns of the powders after calcination, prepared with urea (A)
and glycine (B).
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associated with the oxidation of combustion residues, mainly
fuel that was not burnt during the fast combustion reaction; the
second, at 850 °C, may be due to complete dissociation
of carbonates produced during combustion and formation of
LSM phase [10]. The total weight loss of sample LSMCU?21 is
15%, much lower than that of LSMCU11 (30%), showing
that combustion is more complete in excess of the fuel,
forming a more crystalline material, as will be shown by XRD
analysis.

TGA profile of LSMGCUI11 sample, prepared by the gel
combustion method, is also shown in Fig. 1. We found that the
formation of a gel before burning allows a more complete
reaction, with a smaller weight loss during thermal decom-
position.

For the samples prepared from glycine, TGA profiles (Fig. 1)
show at least three decomposition steps: the first, at 200 °C, can
be assigned to water loss and also to reaction between glycine
and nitrate anions with formation of hydroxy-species [11]. The
second and third decomposition steps, at 600 and 850 °C, can
be associated as described previously for urea route. In the case

of glycine, weight loss increases with the increase of fuel
amount. The heat of combustion for glycine is higher than that
for urea [12], and the combustion reaction remains localized
and incomplete in the glycine route, justifying the large weight
loss observed for the sample prepared with excess of glycine.

Although TGA profiles have shown that thermal decom-
position is only complete at 850-900 °C, all samples were
calcined at 750 °C for 10 h. This condition is sufficient for LSM
phase formation and total burn out of organics, as verified by
TGA analysis of the calcined sample (not shown).

3.2. Phase formation and microstructure

XRD patterns of the powder samples after calcination are
shown in Fig. 2. For urea (Fig. 2(A)), XRD patterns are strongly
dependent on the fuel/oxide ratio; the use of stoichiometric
ratio results in a poorly crystallized sample, with weak
diffraction peaks and secondary phases besides LSM. The
combustion reaction is far more complete when excess of urea
is used, resulting in a crystalline material with single LSM

Fig. 3. Micrographs of (A) LSMCUL11, (B) LSMCU21, (C) LSMCG!11 and (D) LSMCG21 samples.
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Table 1
Crystallite sizes calculated from XRD data using the Scherrer equation and
lattice parameters of LSM samples.

Samples Crystallite size (nm) Lattice parameters” (A)
LSMGCGI11 17.7 a=>5.4918, c=13.3754
LSMCGI11 17.3 a=5.4924, c =13.3888
LSMCG21 19.6 a=5.5041, c=13.3813
LSMGCU11 14.9 a=5.4876, c =13.2745
LSMCU11 - _

LSMCU21 16.0 a=5.5193, c=13.3222

? Calculated from XRD data considering (1 0 4) plane.

phase formation (ICSD 473444). The phase formation can be
improved by the gel combustion method, which indicates that
intimate mixing of the fuel and oxidant in the form of a stable
gel is useful for preparation of crystalline materials.

For the samples prepared from glycine, StCO; (JCPDS
50418) and MnCO; (JCPDS 441472) phases were formed, as
can be seen in Fig. 2(B). The formation of carbonate phases
may be due to reaction between SrO or MnO and CO,
decomposed from organic compounds at elevated temperatures
during the combustion reaction [6,13]. These secondary phases
slightly increased with increasing fuel amount. The higher
crystallinity of the LSMCGI11 sample as compared to that of
LSMCU11 shows that glycine is a stronger complexing agent
and forms more stable gels in nitrate solution. Also in the
glycine route, the powder is better crystallized when the gel
combustion method is used.

Table 1 shows the crystallite sizes, calculated from XRD
data using the Scherrer equation, and the lattice parameters. All
products obtained in this work were nanocrystalline with sizes
ranging between 14.9 and 19.6 nm. The crystallite sizes of LSM
samples prepared from urea were smaller than those derived
from glycine. It is well known that the crystallite size is affected
by combustion temperature, with the product powder size
increasing with the rise of temperature [14,15]. Larger
crystallite sizes of the powder produced by glycine route can
be attributed to the higher flame temperature. Moreover,
crystallite size slightly increases with fuel amount, closely
related to a higher combustion temperature [6]. The lattice
parameters calculated from XRD data have proved that
rhombohedral perovskite structure was obtained, with values
very close to those of ICSD No. 473444 (a =5.4953 A and
c=13.3422 A).

The specific surface areas, determined by BET method, of
all calcined samples were lower than 10 m*/g, consistent with
other values reported in the literature [11,16].

Fig. 3 shows the typical SEM micrographs of LSM samples
prepared by the combustion method. Note that the powders
have a spongy aspect, with formation of agglomerates of fine
particles of different shapes. Voids and holes can be observed,
which result from the escaping of gases during combustion
synthesis [17]. By SEM observation, it was found that the
porosity of the powders increased with the increase in fuel
amount, which can be explained by the evolution of more gas
during the combustion reaction [15].

4. Conclusions

A combustion synthesis method from nitrate precursors has
been used to prepare nanocrystalline LSM powders. According
to our results, thermal stability, phase formation and
crystallite size are strongly dependent on the nature of the
propellant (urea or glycine) and the propellant/nitrate ratio.
The samples prepared from glycine have higher crystallinity
because glycine is a stronger complexing agent and forms
more stable gels in nitrate solution. However, samples from
glycine route presented carbonate phases besides LSM phase.
LSM single phase formation is observed when urea is used in
excess (2:1 propellant/nitrate ratio). As we have shown, phase
formation can be improved when a homogeneous gel with an
intimate mixing of the fuel and oxidant is formed before
burning.

Particularly, crystallite sizes, between 15 and 20 nm, slightly
increase with the increase in fuel amount, closely related to
higher combustion temperatures. All samples have a specific
surface area smaller than 10 mz/g and a microstructure with
agglomerates formed by fine particles of different shapes.
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