
Effect of propellant on the combustion synthesis of 
La07Sr0.3Co0.5Fe0.5O3 (LSCF) nanopowders for application as cathode 

in IT-SOFC 
 

Amada M. Silva 1,a,Camila R. B. Silva1,b,  Leandro da Conceição1,c, 
Nielson F.P. Ribeiro 2,d, and Mariana M.V.M. Souza 1,e 

1 Laboratório de Tecnologias do Hidrogênio/Escola de Química/ Federal University 
of Rio de Janeiro, Rio de Janeiro/RJ, Brazil 

2 Núcleo de Catálise - NUCAT/PEQ/COPPE 
a ufrj.amanda@gmail.com, bcamilarbueno@yahoo.com.br, c landoufrj@gmail.com, d 

nielson@peq.coppe.ufrj.br, emmattos@eq.ufrj.br 

Keywords: LSCF, Combustion Synthesis, Cathode,  SOFC. 

 
Abstract. Combustion synthesis has emerged as a simple and economically viable technique 
for the preparation of La0,7Sr0,3Co0,5Fe0,5O3 (LSCF) nanopowders. This material has attracted 
a substantial interest for application as cathode in the solid oxide fuel cells of intermediate 
temperature (IT-SOFC).  The objective of this work is to study the effect of different 
propellants  (urea, glycine, citric acid and sucrose) in the preparation of LSCF nanopowders 
by combustion method. The nitrates and the propellant were mixed on a hot plate (150 °C) 
and then introduced in a furnace (300°C), where the flame temperature is measured by 
thermocouple. The powder was finally calcined at different temperatures. The obtained 
materials were characterized by X-ray diffraction (XRD) and thermogravimetric analysis 
(TGA). The results obtained by XRD showed the presence of pure perovskite LSFC and a 
small formation of carbonate phases, but when urea and sucrose were used as propellant these 
secondary phases were almost nonexistent. 

Introduction 

Solid oxide fuel cells (SOFCs) are promising efficient, energy-saving, and 
environment-friendly energy conversion devices that generate electricity and heat [1]. 
However, its high operation temperature limits the choice of proper materials and decreases 
the durability. The challenge now is to develop materials with good performance at 
intermediate temperatures (600-800 ºC) for SOFCs, allowing it to reduce the cost of the cells, 
increasing its durability and decreasing the time of startup and shutdown. 
 This instigates research in the area of novel synthetic methods for ceramic powders for 
cathode materials used in IT-SOFC. La1-xSrxCo1-yFeyO3 (LSCF) nanopowders is attracting 
substantial interest as a promising material for cathode in IT-SOFCs  because of their 
excellent properties, such as chemical and thermal stabilities, high catalytic activity for the 
oxygen reduction and high electrical conductivity [1-2]. 
  A number of promising preparation methods such as solid-state reaction, sol-gel 
technique, hydrothermal synthesis, spray-drying, co-precipitation, combustion, and gel-
combustion, have been used for perovskite synthesis [3]. The combustion methods are 
particularly useful in the production of ultrafine ceramic powders with a small average particle 
size. This is a simple method with advantage of inexpensive precursors, and resulting nano-
sized, homogeneous, highly reactive powders. 
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 The most commonly used fuels in the combustion process for the synthesis of LSCF 
are glycine and urea. However, citric acid, oxalyl hydrazine and sucrose have also been 
recently utilized 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 rather fast combustion reaction takes off, resulting in a dry, usually crystalline, 
fine oxide powder [7].  
 The objective of this work is to study the effect of different propellants (urea, glycine, 
citric acid and sucrose) in the preparation of La0,7Sr0,3Co0,5Fe0,5O3 (LSCF) nanopowders by 
combustion method. The influence of the nature and minimum amount necessary of four 
different propellants will be evaluated on the structural and morphological properties of the 
prepared powders, for application in cathode of IT-SOFC. 

Experimental 

Powder synthesis 
The materials used in the synthesis were metal nitrates: La(NO3)3.6H2O, Sr(NO3)2, 

Co(NO3)3.4H2O, Fe(NO3)3.4H2O and the propellants were urea, glycine, citric acid and 
sucrose. All reagents are from Vetec, Brazil. 

In the combustion method, the nitrates and the propellant were mixed on a hot plate 
(150°C), stirred to get a homogeneous solution, and then introduced in a muffle furnace, pre-
heated at 400oC, where the combustion reaction took place.  

The stoichiometric amount of the propellant was determined by calculation based on 
the valencies of oxidizing and reducing elements, as determined by the propellant chemistry 
[8]. The propellant was used in twice the theoretical amount (2:1 ratio of propellant/metallic 
oxide). The flame temperature was measured by thermocouple, to study the influence of the 
flame temperature of combustion in the phase formation. The powder was calcined in flowing 
air (60 mL.min-1) at 750°C for 10 h. The powders were uniaxially pressed at 280 MPa and the 
green pellets were sintered at 1100ºC for 4 h with a heating rate of 10oC min-1

. 

 
Characterization  

The prepared powders were analyzed by powder X-ray diffraction (XRD), in a Rigaku 
Miniflex II diffractometer with monochromator, using CuKα radiation (λ = 1.54055 Å), speed 
of 2° min-1 and over the 2θ range of 5° and 90o. The lattice parameters were calculated with 
Unitcell/Fullprof softwares. The crystallite size (D) and microstrain (ε) were calculated using  
the model proposed by Williamson and Hall [9]. The TGA analysis were carried out using a 
TA thermal analyzer (SDT Q600 model) with heating rate of 10ºC min-1 in air flow (100 
mL/min) from room temperature up to 1200ºC. The microstructure of the prepared materials 
was investigated by scanning electron microscopy (SEM), using a Hitachi TM-1000 
equipment (15kV). 

Results and Discussion 

Thermal analysis 
Fig. 1 shows TGA curves of the as-synthesized LSCF powders by the combustion 

method, before calcination. Thermal decomposition takes place in three stages, depending on 
the fuel, and burn out of organics is complete at about 850-900oC for all samples. 
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 When urea is used as fuel, three steep decomposition stages can be distinguished: the 
first, at 200°C, can be assigned to water loss, and the second, at about 300-600oC, can be 
associated with hydration water decomposition and the oxidation of combustion residues, 
mainly fuel that was not burnt during the fast combustion reaction; the third, at 850oC, may be 
due to complete dissociation of carbonates formed during combustion and formation of LSM 
phase [10,11]. The total weight loss of the sample prepared with urea is 32%, much more than 
that of sample obtained by glycine (8%), showing that combustion reaction with glycine is 
more complete, however with urea forming there was formation of a more crystalline material, 
as will be shown by XRD analysis.  
 For the samples prepared from sucrose and citric acid, TGA profiles (Fig. 1) show the 
same stages of decomposition: the first, at 200oC, can be assigned to water loss and also to 
reaction between propellants and nitrates anions with formation of hydroxi-species [12,13]. 
The second and third decomposition steps, at 600 and 850oC, can be associated as described 
previously.  
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Figure 1. TGA curves of the as-synthesized LSCF powders prepared by the combustion using 
different propellants. 
 

Flame temperature  
According to Zhang et al [14], the time and flame temperature are important 

parameters which control the phase formation during the synthesis process and the flame 
temperature can be different according to the material.  

Fig. 2 shows the flame temperature during combustion reaction for all LSCF samples 
with different propellants. Using urea as the propellant, it was observed that the combustion is 
less rigorous compared with glycine, and the temperature changes more slowly, with the 
ignition temperature at around 348ºC. The ignition with urea takes a longer time to occur and 
the maximum temperature is lower. This behavior favors the complete combustion during the 
synthesis process, with bigger gases formation, which contributes for the production of 
materials with high porosity, good cristallinity, and nanometric particles [11].  

For the sample synthesized with glycine, it was observed that after heating at 150°C, 
the mixture glycine/nitrate has already shown evidence to start burning, and after a few 
seconds the ignition took place, with extremely fast flame, reaching a maximum temperature 
of 510ºC. When using a sucrose-burning propellant, it was observed that combustion was less 
rigorous than that of glycine, with its ignition temperature of around 337ºC. 
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The combustion reaction is less violent for the urea and sucrose, promoting complete 
combustion during synthesis, with increased formation of gases, which greatly contributes to 
obtain materials of high crystallinity with nanometric dimensions. The violent reaction with 
glycine favors incomplete combustion with lower quantity of gases evolved, which generates 
larger amount of organic wastes and results in incomplete phase formation.  

The citric acid did not show ignition at any temperature due to the very low ignition 
capacity of this propellant, reaching 300ºC very slowly, as shown in Fig. 2.  
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Figure 2. Flame temperature during combustion reaction of LSCF with oven temperature of 
400ºC and urea, glycine, citric acid and sucrose as fuel agents. 
 

Phase formation 
Fig. 3 shows the XRD patterns of calcined samples. The profiles presented 

characteristic peaks of the perovskite phase (ICSD 480124) besides some secondary phases of 
SrCO3 and FeCO3, mainly for samples prepared with citric acid and glycine. The secondary 
phase formation for the sample prepared with citric acid was expected due to the incomplete 
combustion associated with the absence of ignition (Fig. 2). For the sample derived from 
glycine, the flame temperature was high but the combustion reaction was very fast, leading to 
poor formation of LSCF phase [11,15]. 

Table 1 shows the average crystallite size (DXRD) and microstrain (ε) calculated by the 
Williamson and Hall model [9], and the lattice parameters of the perovskite structure. All 
samples presented rhombohedral structure with lattice parameters close to those of  ICSD 
480124 (a= 5.4455 and c= 13.2556 Å). 

For the combustion synthesis, the crystallite size is affected by the combustion 
temperature, increasing with the rise of temperature [13]. The crystallite size and the extent and 
nature of the agglomeration of products are governed primarily by the flame temperature during 
combustion, which is dependent on the nature of the fuel. Smaller crystallite sizes are formed 
when using urea due to the slower combustion, as the large volume of gases evolved enhances 
the dissipation of heat and limits the inter-particle contact [11]. However, there is a greater 
distortion in the structure of the sample prepared with urea that may be related to internal stress 
caused by evolution of gases.  

Table 1 also shows the values of the porosity and density of the sintered pellets.  The 
porosity increased with the rise of flame temperature showing that the sinterability is favored 
when the combustion reaction is more gradual [10,11]. 
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Figure 3. XRD patterns of the powders after calcination, prepared with different propellants. 
 

Table 1. Average crystallite size (DXRD), microstrain (ε), lattice parameters of LSCF samples 
prepared with different fuel agent, density and density and porosity of the sintered pellets. 

Fuel agent Crystallite 
size (nm) 

ε 

(%) 

Lattice 

Parameters (Å) 

Theoretical
density 
ρt (g/cm3) 

Sintered 
density 

(g/cm3)* 

Porosity 
(%) 

Urea 9.1 0.90 a= 5.4619 
c= 13.4102 6.46 4.6 28.8 

Glycine 13.6 0.64 a= 5.4504 
c= 13.4244 6.48 4.0 38.3 

Citric acid 14.1 0.69 a= 5.4343 
c= 13.5106 6.62 5.5 17.0 

Sucrose 19.7 0.31 a= 5.4446 
c= 13.4599 7.95 6.56 17.5 

 * determined by Archimedes principle 
 
Microstructure and porosity 

Fig. 4 shows SEM analysis of LSCF powders. The nanopowders prepared by 
combustion method using glycine, urea and sucrose showed a spongy aspect and the particles 
were linked together in agglomerates of different sizes and shapes. The loose and porous 
structure of these materials can be attributed to a significant gas evolution during the 
combustion reaction. The powder prepared with citric acid presented lower porosity due to 
incomplete combustion. 
 

 
Figure 4. Micrographs of LSCF powders prepared with different fuels.  
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Conclusions 

        A combustion synthesis method from nitrate precursors has been used to prepare 
nanocrystalline LSCF powders. According to our results, thermal stability, phase formation 
and crystallite size are strongly dependent on the nature of the propellant (urea, glycine, citric 
acid or sucrose). LSCF single phase formation was observed when urea and sucrose was used 
as fuel agents because the reaction is less violent, promoting complete combustion during 
synthesis, with increased formation of gases, which greatly contributes to obtain materials of 
high crystallinity with nanometric dimensions. However, samples from glycine and citric acid 
routes presented carbonate phases besides LSCF phase. Particularly, crystallite sizes, between 
9 and 20 nm, slightly increase with the increase of combustion temperature. The porosity 
increased with the flame temperature showing that the sinterability is favored when the 
combustion reaction is more gradual. But it is still necessary to study the conductivity of the 
LSCF material, which would be of great value for evaluating the applicability of these 
materials as cathodes for IT-SOFCs. 
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