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Abstract:  

The perovskite La0.15Sm0.35Sr0.08Ba0.42FeO3-δ has been prepared by the glycine nitrate 

route, varying the calcination temperature, fuel/oxidizer ratio and cooling rate, in order 

to study the sample preparation influence on the properties in the context of their 

application as a electrode material for SOFCs. The obtained materials have been 

characterized by X-ray diffraction, scanning electron microscopy, electrical and BET 

surface area measurements, and also the reaction between oxygen and CO, which can 

occur in the SOFC for the conversion of chemical energy into electrical energy. All 

samples present phase segregation showing two perovskite with rhombohedral crystal 

structure. SEM images show a well-necked morphology of the powders which are 

composed of nanosized particles and agglomerations of grains. The BET specific 



surface area of the samples decreases as calcination temperature increases, as well as for 

the quenched sample. The measured electronic conductivity values (<50 S/cm) are 

characteristic for samples with these high values of σ2(rA). The catalytic activity tests 

for the CO oxidation reaction showed a T50% value about 440ºC-450ºC, CO conversion 

reaching 100% at approximately 600ºC for all the prepared perovskites. Then, for the 

La0,15Sm0,35Sr0,08Ba0,42FeO3-δ perovskite, CO conversion temperature is lower than usual 

SOFCs operating temperature. This points out to the technological interest of these 

materials in the framework of reducing the operating temperature of SOFCs.  
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1. Introduction 

Perovskite systems such as La1-xSrxFeO3-δ (LSF) are receiving researcher´s attention 

for their interesting applications such as ceramic membranes (CMs) for oxygen 

separation, solid oxide fuel cells (SOFCs) electrodes for efficient power generation and 

catalysts for complete oxidation of CO [1-3]. Catalytic CO oxidation is a model gas-

solid reaction that has been extensively studied because of its applications in many 

fields such as air purification, pollution control or fuel cell technologies [4-6]. With 

regard to SOFCs, the major species involved in the reaction at the anode are likely 

related to H2 and CO electro-oxidation [7]. 

It is well known that the fabrication route plays a critical role on the physical and 

chemical properties of the reaction products, controlling the structure, morphology, 

grain size and surface area of the obtained materials. Surface area is a crucial issue to be 

considered for perovskite oxides applications, as they normally have low surface area 

because of the high temperatures and long calcination time used in the preparation 

process, which would limit their catalytic activity and performance of electrochemical 

cells. Furthermore, the surface area could also affect some physicochemical properties 

of these material such as their reducibility or their oxygen vacancy contents [8,9]. 

In order to develop these advanced materials, combustion methods have been 

proposed as one of the most promising procedures for their synthesis [10,11]. This 

method consists of a highly exothermic self-combustion reaction between the fuel 

(usually glycine, urea or alanine) and the oxidant (metal nitrates), that produces enough 

heat to obtain the ceramic powders. The characteristics (including purity, structure and 

size) of the combustion synthesis oxide powders are typically determined by several 

synthetic parameters, such as the species of fuel and oxidizer reactants, the fuel/oxidizer 

ratio, and the subsequent sintering treatment after the combustion process [12].  



On the other hand, physical properties of these perovskite materials are very sensitive 

to changes in the doping level (x), the average size of the A cations (<rA>), and the 

effects of A cation size disorder (σ2(rA)) quantified as σ2(rA) = <rA
2> – <rA>2 [13].  

Our research approach to find the optimum synthetic conditions for new materials 

within the LSF system has been based on the study of only one of the indicated 

parameters isolated from the rest. In this sense, our group [14,15] has evaluated from 

impedance spectroscopy analysis the effect of the A-cation site disorder on the 

electrochemical properties of La1-xSmxSr1-yBayFeO3-δ perovskites, whilst x and <rA> are 

fixed to 0.5 and ~1.30 Å, respectively, for their application as SOFC cathodes. Although 

the effect of σ2(rA) was clear at OCV at 800 and 700ºC (polarisation value, Rp, higher 

as σ2(rA) increased), its effects were highly attenuated when a current was applied (100 

and 300 mA), the Rp being lower for the sample with larger value of σ2(rA) under 300 

mA and at 700ºC.  

Considering these results, this work is focused on the synthesis of compositions with 

higher values of A cation size disorder (La0.15Sm0.35Sr0.08Ba0.42FeO3-δ) varying the 

calcinations temperature, fuel/oxidizer ratio and cooling rate. These compounds have 

been characterized by X-ray powder diffraction (XRD), scanning electron microscopy 

(SEM), BET surface area, electrical measurements and catalytic CO oxidation tests. 

 

2. Experimental 

2.1. Powder preparation  

La0.15Sm0.35Sr0.08Ba0.42FeO3-δ samples were prepared by the glycine nitrate 

combustion (GNC) process, a self-combustion technique that uses glycine as fuel and 

nitrates of the metal components as oxidants. 



These metal nitrates (La(NO3)3.6H2O (>99%), Sm(NO3)3.6H2O (>99%), Sr(NO3)2. 

(>99.99%), Ba(NO3)2 (>99.995%), and Fe(NO3)2.9H2O (98.5%), all from Aldrich) were 

dissolved in distilled water. The solutions (dissolved metal nitrates) were mixed in a 

glass beaker, which was placed on a hot plate, under constant stirring, to evaporate 

excess water. The synthesis was carried out varying the calcination temperature (1000, 

1050 and 1100ºC), fuel/oxidizer ratio (G/N = 1 and 2) and cooling rate (slow cooling 

and air-quenched). The resulting viscous liquid started autoignition just after placing the 

glass beaker directly onto a preheated plate (at 450°C). The resulting powders were 

pelletized and calcined in air between 850 and 1100ºC for 10 hours to obtain pure 

samples. 

 
2.2. Characterization techniques 

The structural analysis was performed using X-ray diffraction (XRD). XRD data 

were collected on a Bruker D8 Advance diffractometer equipped with a Cu tube, a Ge 

(111) incident beam monochromator (λ=1.5406 Å) and a Sol-X energy dispersive 

detector. Data were collected from 18 to 110°, 2θ, (step size=0.02° and time per step=10 

s) at room temperature (r.t.). All samples were single phase without detectable 

impurities. The crystal structure was refined by the Rietveld method [16] using the 

GSAS software package [17]. 

Compositional analysis was performed on all prepared samples to confirm that the 

expected elemental composition was achieved. All metal contents were determined by 

inductively coupled plasma atomic emission spectroscopy (ICP-AES) on a Horiba 

Yobin Yvon Activa spectrophotometer. 

Brunauer-Emmetty-Teller (BET) [18] surface areas were determined by nitrogen 

adsorption-desorption in a MICROMERITICS ASAP 2010 equipment. 



Morphologies of the powder samples and the sintered pellets were observed using a 

scanning electron microscope (JEOL JSM-7000F). Secondary electron images were 

taken at 20 kV and 1.1.10−11 A. 

For bulk conductivity and thermal expansion (TEC) measurements, powders were 

pelletised and sintered at 1250°C, and subsequently, cut into bars. The bulk density of 

each sample was estimated by measuring the mass and the dimensions of the bars. All 

samples had a relative density around 85% of the theoretical (X-ray) density. 

DC conductivity measurements were performed in air by the four-point DC method 

using a VSP potenciostat controlled by PC using Lab Windows/CVI field point system. 

Electrical contacts were made using Pt wires and Pt paste placed over whole end faces 

ensuring a homogeneous current flow. Voltage contacts were made as small as possible 

to avoid any disturbance of the contacts on the current flow. Measurements were 

performed from 300 to 800°C. The conductivity (σ) was determined from a set of V–I 

values by taking σ = 1 / ρ = L / A × dI / dV, where L is the distance between voltage 

contacts and A is the sample cross section. 

The catalytic activity of the samples was evaluated in the CO oxidation reaction. The 

experiments were carried out with 0.25g of perovskite power diluted with quartz sand 

(0.1g). Prior to reaction, the samples were cleaned to remove water and carbonates from 

the surface. For this purpose, each sample was heated from room temperature up to 

200ºC (10ºC.min-1) under a flow of 5% O2/He, kept at 200ºC for 1h and then cooled 

down to 150ºC. At this temperature the atmosphere was changed to pure He (15 min) to 

remove the oxygen adsorbed on the surface, and then it was finally cooled down to 

room temperature. After that, the CO + O2 reaction mixture (1% CO and 0.6 % O2 

balanced by He) was passed through the reactor (30 min) before recording catalytic 

activity measurements for complete CO oxidation. Light-off curves were performed 



from room temperature up to 700ºC at a heating rate of 10ºC.min-1. The total feed rate 

of the reaction mixture was 100 cm3.min-1. The gases at the outlet of the reactor were 

analysed with a Pfeiffer Prisma Mass Spectrometer. 

 

3. Results and discussion 

3.1. Structural Study 

X-ray diffraction data collected for La0.15Sm0.35Sr0.08Ba0.42FeO3-δ samples obtained 

without impurities after the different synthetic conditions are shown in Fig. 1. 

Figure 1 

 

Fig. 1. X-ray diffraction patterns for La0.15Sm0.35Sr0.08Ba0.42FeO3-δ perovskites sintered 

by glycine nitrate combustion method at different synthetic conditions. 

 

As expected, there is a remarkable dependence of phase constitution on temperature 

treatments for the combustion products, being the sample prepared at higher 

temperature the best crystallized, as compared with the other compounds. 

Results from chemical analyses are presented in Tables 1 and 2, showing a good 

agreement between the analysed chemical compositions of the prepared powders and 

the nominal compositions.  



Table 1 

Table 2 

 
Table 1. Summary of the ICP analyses for the obtained perovskites with 

La0.15Sm0.35Sr0.08Ba0.42FeO3-δ nominal composition. 

Tsynthesis (ºC) G/N Experimental composition 

1000 1 La0.13(2)Sm0.32(2)Sr0.08(1)Ba0.43(2)Fe1.00(3) 

1050 1 La0.15(1)Sm0.33(2)Sr0.08(2)Ba0.44(2)Fe1.00(3) 

1050 with quenching 1 La0.14(1)Sm0.33(2)Sr0.08(2)Ba0.44(2)Fe1.00(3) 

1050 2 La0.14(2)Sm0.32(2)Sr0.07(2)Ba0.40(2)Fe1.00(3) 

1100 1 La0.13(2)Sm0.33(2)Sr0.08(2)Ba0.43(1)Fe1.00(3) 

 

Table 2. Summary of the ICP analyses for the obtained perovskites with 

La0.15Sm0.35Sr0.08Ba0.42FeO3-δ nominal composition and sintered at 1250ºC. 

Tsynthesis (ºC) G/N Experimental composition 

1050 1 La0.12(1)Sm0.30(2)Sr0.07(2)Ba0.44(2)Fe1.00(3) 

1050 with quenching 1 La0.12(1)Sm0.30(2)Sr0.07(2)Ba0.42(2)Fe1.00(3) 

1050 2 La0.15(2)Sm0.34(2)Sr0.07(2)Ba0.41(2)Fe1.00(3) 

 

Fig. 2 shows the Rietveld refinement of XRD data for the samples. Analysis of the 

X-ray diffraction (XRD) data for the different samples indicated that all of them 

crystallized as two different compositions, both in the rhombohedral space group R-3c, 

being the observed phase segregation smaller with increasing calcination temperature. 

 

Figure 2 



 

Fig. 2. Rietveld fits of the XRD data for La0.15Sm0.35Sr0.08Ba0.42FeO3-δ perovskites using 

rhombohedral R-3c space group. 

 

Final refined values of the structural parameters for the compounds obtained at 1000, 

1050 and 1100ºC, respectively, are summarised in Table 3.  

 

Table 3 

 

 

 



Table 3. Structural parameters obtained by Rietveld refinement for ABO3 (A= La0.15Sm0.35Sr0.08Ba0.42; B= 
Fe) perovskites sintered by glycine nitrate combustion method with G/N = 1 at different temperature 
conditions. 

Tcalcination (ºC) 1000 
Rhombohedral 

1050 
Rhombohedral 

1100 
Rhombohedral Symmetry 

Space group 
w.t. Frac. 

R 3 c  
0.75 

R 3 c  
0.25 

R 3 c  
0.76 

R 3 c  
0.24 

R 3 c  
0.80 

R 3 c  
0.20 

a(Å) 5.559(1) 5.515(1) 5.558(1) 5.544(2) 5.558(1) 5.550(2) 
c(Å) 13.671(3) 13.406(3) 13.656(2) 13.392(3) 13.639(2) 13.393(3) 

V/Z (Å3) 365.8(1) 353.2(1) 365.3(1) 356.5(2) 364.9(1) 357.3(2) 
ρthe.(g/cm3)* 6.591 6.827 6.600 6.763 6.608 6.749 

Uiso(A) 1.63(4) 2.21(4) 1.34(3) 1.92(3) 1.89(3) 2.46(3) 
Uiso(B) 0.94(4) 1.43(4) 0.95(3) 1.44(3) 1.08(3) 1.57(3) 

O x 0.469(3) 0.567(3) 0.482(4) 0.580(4) 0.483(3) 0.581(3) 
Uiso(O) 1.60(4) 2.13(4) 1.54(3) 2.07(3) 1.63(3) 2.15(3) 

A-B (x2) (Å) 3.418(1) 3.351(1) 3.414(1) 3.348(1) 3.410(1) 3.348(1) 
A-B (x6) (Å) 3.405(1) 3.375(1) 3.405(1) 3.390(1) 3.404(1) 3.393(1) 
<A-B> (Å) 3.409(1) 3.369(1) 3.407(1) 3.379(1) 3.406(1) 3.382(1) 

A-O (x3) (Å) 2.949(2) 3.129(2) 2.876(3) 3.217(3) 2.872(2) 3.224(2) 
A-O (x3) (Å) 2.610(2) 2.386(2) 2.682(3) 2.327(3) 2.686(2) 2.326(2) 
A-O (x6) (Å) 2.792(1) 2.769(1) 2.786(1) 2.782(1) 2.784(1) 2.784(1) 

<A-O> 2.786(1) 2.763(1) 2.783(2) 2.777(2) 2.781(1) 2.779(1) 
B-O (x6) (Å) 1.975(1) 1.980(4) 1.969(1) 2.001(4) 1.968(1) 2.004(5) 

B-O-B (º) 170.2(1) 158.4(1) 174.3(1) 154.3(1) 174.6(1) 154.1(1) 
χ2 1.63 1.60 1.53 

* Assuming stoichiometric oxygen content. 

 

A slight increase in cell volume, the average Fe-O, Fe-A and A-O bond distances and 

Fe-O-Fe angles is observed with increasing calcination temperature. This expansion 

phenomenon could be explained by the greater loss of oxygen at higher calcination 

temperatures, which leads to ascending repulsion force between neighbouring cations 

[19,20] and/or to the formation of bigger cation, Fe3+ (rFe3+ (VI) = 0.645 Å; rFe4+(VI)= 

0.585 Å) [21]. 

On the other hand, the final refined values of the structural parameters for the 

perovskites obtained at 1050ºC under different preparation conditions are summarised 

in Table 4.  

Table 4 

 



Table 4. Structural parameters obtained by Rietveld refinement for ABO3 (A= La0.15Sm0.35Sr0.08Ba0.42; B= 
Fe) perovskites sintered by glycine nitrate combustion method at 1050ºC using different conditions. 

Tcalcination (ºC) G/N = 1 
Rhombohedral 

G/N = 1, quenching 
Rhombohedral 

G/N = 2 
 Symmetry 

Space group 
w.t. Frac. 

R 3 c  
0.76 

R 3 c  
0.24 

R 3 c  
0.79 

R 3 c  
0.21 

R 3 c  
0.72 

R 3 c  
0.28 

a(Å) 5.558(1) 5.544(2) 5.564(1) 5.560(1) 5.550(1) 5.526(2) 
c(Å) 13.656(2) 13.392(3) 13.595(1) 13.395(1) 13.581(4) 13.453(3) 

V/Z (Å3) 365.3(1) 356.5(2) 364.5(1) 358.6(1) 362.3(1) 355.8(2) 
ρthe.(g/cm3)* 6.600 6.763 6.615 6.723 6.656 6.777 

Uiso(A) 1.34(3) 1.92(3) 2.46(3) 2.11(3) 0.84(3) 1.42(4) 
Uiso(B) 0.95(3) 1.44(3) 1.15(3) 1.39(3) 0.96(3) 1.45(4) 

O x 0.482(4) 0.580(4) 0.484(3) 0.582(3) 0.468(4) 0.566(4) 
Uiso(O) 1.54(3) 2.07(3) 1.60 (3) 2.13(3) 1.85(3) 2.37(4) 

A-B (x2) (Å) 3.414(1) 3.348(1) 3.399(1) 3.349(1) 3.395(1) 3.363(1) 
A-B (x6) (Å) 3.405(1) 3.390(1) 3.406(1) 3.399(1) 3.398(1) 3.382(1) 
< A-B > (Å) 3.407(1) 3.379(1) 3.404(1) 3.386(1) 3.397(1) 3.377(1) 
A-O (x3) (Å) 2.876(3) 3.217(3) 2.694(2) 3.236 (2) 2.600(2) 3.129(2) 
A-O (x3) (Å) 2.682(3) 2.327(3) 2.870(2) 2.325(2) 2.950(2) 2.397(2) 
A-O (x6) (Å) 2.786(1) 2.782(1) 2.779(1) 2.787(1) 2.779(1) 2.776(1) 

<A-O> 2.783(2) 2.777(2) 2.780(1) 2.784(1) 2.777(1) 2.769(1) 
B-O (x6) (Å) 1.969(1) 2.001(4) 1.968(1) 2.007(4) 1.969(1) 1.984(4) 

B-O-B (º) 174.3(1) 154.3(1) 174.9(1) 153.8(1) 169.8(1) 158.7(1) 
χ2 1.60 1.59 1.38 

* Assuming stoichiometric oxygen content. 

 

As observed, for the samples with G/N= 1, there is a slight increase in structural 

parameters for the quenched sample as compared to the slowly cooled sample. X-D. 

Zhou [22] and L.Ge et.al [23] observed that a fast cooling of the powder sample leads to 

an increase of the mole ratio of Fe3+ (increase in cation size due to the reduction of Fe 

ions from a high valence state to a lower valence state) and oxygen vacancies (repulsive 

force arising between those mutually exposed cations when oxygen ions are absent in 

the lattice). This is due to there is not enough time for all oxygen vacancies to be filled 

and therefore, the iron cation was mostly kept in a lower valance state (Fe3+). The Fe-O-

Fe bond angle increases as calcination temperature increases, as well asfor the quenched 

sample, as a result of the presence of oxygen vacancies that can relax the strain in the 

structure and reduce this distortion. 



This decrease in structural parameters is higher with increasing the G/N molar ratio 

from 1 to 2. According to other reported works [24,25], by increasing the fuel/oxidant 

ratio, the perovskite structure changes to a less symmetric structure. In this case, the 

variation observed seems to be due to a small change in mean ionic radius of the B site 

ions (Fe3+) as G/N ratio increases, due to varying degrees of oxygen vacancies and 

hence mean transition metal oxidation state. 

 

3.2. Morphological study 

The morphology of particles in ceramic materials is a consequence of the preparation 

method, and combustion method favors obtaining porous nanoparticles, because the 

reactions produce homogeneous materials composed of small and uniform particles 

[26]. 

Representative SEM micrographs of the powder samples synthesised by the glycine 

nitrate combustion method at different conditions are shown in Fig. 3. These powders 

are composed of nanosized particles which agglomerate into grains. 

Figure 3 

 

Fig. 3. Micrographs of La0.15Sm0.35Sr0.08Ba0.42FeO3-δ perovskites obtained at different 

synthetic conditions. 



 

The surface areas of the powders have been calculated using the Brunauer-Emmett-

Teller nitrogen adsorption (BET) method [18]. BET specific surface area values for the 

obtained powders are shown in Table 5.  

Table 5 

Table 5. BET specific surface areas of the powder samples. 

Tsynthesis (ºC) G/N SBET (m2/g) 

1000 1 2.81 

1050 1 2.11 

1050 with quenching 1 1.72 

1050 2 1.99 

1100 1 1.56 

 
 

As expected, the specific BET surface area of the samples decreases as calcination 

temperature increases. For the samples obtained at the same temperature (1050ºC) there 

is a slight decrease in specific surface area by increasing the cooling rate or the G/N 

molar ratio. 

On the other hand, SEM micrographs taken on the surface of the bars sintered at the 

same temperature (1250°C) are shown in Fig. 4. 

Figure 4 

 

http://www.sciencedirect.com/science/article/pii/S2187076414000761#tbl0010


 

Fig. 4. SEM micrographs taken on the surface of the La0.15Sm0.35Sr0.08Ba0.42FeO3-δ 

pellets sintered at 1250°C. 

 

These measurements show that grain size slightly increases from 0.84 µm, in the 

sample obtained at 1000ºC, up to 0.92 µm in that prepared at 1100ºC. The higher 

calcination temperature explains satisfactorily the larger grain size observed for this 

sample [27,28].  

For a particular synthetic method, the experimental conditions (calcination 

temperature, fuel/oxidizer ratio, cooling rate, etc...) play an important role in the power 

sinterability, and then, on the overall electrical properties of the electrolyte and 

electrode materials [25,29,30]. Usually, smaller particle size is beneficial to sintering 

and results in higher density when the sintering process is complete. This effect has 

been observed, obtaining a relative density of 87, 88 and 83 % for the samples calcined 

at 1000, 1050 and 1100ºC, respectively. The relative density value obtained for both 

samples prepared at 1050ºC under different conditions (with quenching and G/N = 2) 

was 83% of the theoretical. Those results are consistent with SEM and BET 

experiments 



 

3.3. Electrical conductivity study 

The total electrical conductivity as a function of temperature measured by the four-

point method for the studied samples is shown in Fig. 5. The values of the conductivity 

were corrected to account for the porosity of the samples using equations 1 and 2 [31]: 

 












−
+= 3/2)(1

1
fvol

fvol
measuredcorrected P

P
σσ   (1) 

 
Pfvol = 1- (ρexp / ρtheor)     (2) 

 
 

where ρexp is the experimental geometric density of a pelletised sample and ρtheor the 

theoretical density from XRD measurements. Note that the relative density, (ρexp/ρtheor), 

could be slightly underestimated because the formula weight used in the ρtheor 

calculation ignores oxygen vacancies.  

Figure 5 

 

Fig. 5. Conductivity dependence upon temperature for the perovskites sintered by 

glycine nitrate combustion method (a) with G/N = 1 obtained at different calcination 

temperature and (b) obtained at 1050ºC using different preparation conditions. 

 



Electrical conductivity in Sr-doped LaFeO3 is generally believed to occur by the 

hopping of p-type small polarons [32], associated with the tetravalent state of the iron 

cations. It is well known that the electron transport in these compounds occurs via the 

electron holes of the Fe4+-O2--Fe3+ chains, which also implies that a distortion of the 

migration pathway (Fe-O-Fe bond angle 180°) leads to a decrease in the mobility of the 

electron carriers [33]. The reduction of the conductivity at higher temperatures is due to 

the formation of oxygen vacancies, accompanied by reduction of Fe4+ to Fe3+ that 

results in a reduction of the charge carrier concentration [34]. 

As expected, the sample obtained at lowest temperature, shows the smaller value of 

conductivity in comparison with the other two compounds calcined at higher 

temperature. At temperatures below approximately 450ºC, the highest electrical 

conductivity is observed for the sample obtained at 1100ºC, and above this temperatures 

became higher for the calcined at 1050ºC.  

The preparation route has an important influence on the electrical properties of the 

obtained materials. At the same calcination temperature, the material obtained with G/N 

= 1.0 and slow cooling rate shows the higher conductivity. An important hysteresis in 

the temperature dependence of the conductivity was observed for the quenched sample, 

being the conductivity on cooling down higher than that on heating up, possibly due to a 

rearrangement of oxygen vacancies??.  

The electrical conductivity values obtained at 700 and 800ºC for all the compounds 

are given in Table 6. 

 

 

 



Table 6. Electrical conductivity values of La0.15Sm0.35Sr0.08Ba0.42FeO3-δ perovskites at 

700 and 800ºC. 

Preparation 
conditions 

σ(700ºC) (S/cm) σ(800ºC) (S/cm) 

1000ºC, G/N = 1 18.50 16.03 
1050ºC, G/N = 1 34.04 27.45 

1050ºC, G/N = 1, quenching 
(increasing T) 

19.47 16.56 

1050ºC, G/N = 1, quenching 
(decreasing T) 

19.47 16.68 

1050ºC, G/N = 2 16.28 14.21 
1100ºC, G/N = 1 29.05 22.82 

 

At 700 and 800 °C, typical operating temperatures for the application of these 

materials in SOFC technology, the conductivity for the sample obtained at 1050ºC with 

GN = 1 and slowly cooled, shows the highest value of electrical conductivity. 

 

3.5. Catalytic oxidation of CO 

All the prepared perovskites presented a very similar catalytic behaviour. Fig. 6 

shows the light-off curve (percentage of CO converted vs. temperature) recorded for the 

perovskite prepared at 1050ºC with G/N = 1, which is representative of all the set of 

samples. A value of light-off temperature (T50%) about 450ºC (Table 7) is observed. 

Note also that 100% CO combustion takes place at approximately 600ºC. As indicated 

in Table 7, all the samples presented similar conversion values (T50%), these being in 

good agreement with previous studies on related perovskite systems [35]. 



 

Fig. 6. CO oxidation as a function of temperature for the La0.15Sm0.35Sr0.08Ba0.42FeO3-δ 

perovskite obtained at 1050ºC with stoichiometric G/N value. 

 

Table 7. Light of Temperature (T50%) in ºC 

Tsynthesis (ºC) G/N T50% (ºC) 

1000 1 442 

1050 1 440 

1050 with quenching 1 442 

1050 2 449 

1100 1 448 

 

According to structural studies, the perovskites calcined at high temperature have 

lower oxygen content. Oxygen vacancies may contribute to increase oxygen mobility, a 

factor that could improve CO oxidation activity in case of an intrafacial type mechanism 

[36]. Since the catalytic activity is the same for all the studied perovskites, it seems that 

the reaction proceeds, instead, by a suprafacial mechanism. In this alternative reaction 

path, chemisorbed oxygen species react with CO on the perovskite surface, without 

participation of oxygen from the solid [37].  



Although the activity of the prepared perovskite catalyst in CO oxidation is lower 

than that of conventional catalyst made of noble metal (Pt, Pd) [38], they exhibit 

advantages to these, apart from the absence in the formulation of expensive and critical 

elements, like a much higher sulphur tolerance[39]. Additionally, it is important to 

stress that the CO full conversion temperatures determined for all the synthesized 

perovskites is lower than the usual SOFCs operating temperatures, which clearly points 

out to their potential application in these technologies.  

 

4. Conclusions 

Five La0.15Sm0.35Sr0.08Ba0.42FeO3-δ compounds have been obtained by glycine nitrate 

method varying the calcination temperature, fuel/oxidizer ratio and cooling rate, in 

order to study the effect on the structural, morphological, catalytic and electrical 

properties. At room temperature, all compounds present rhombohedral symmetry (S.G.: 

R-3c). A well-necked morphology of the powders, which are composed of nanosized 

particles and agglomerations of grains, has been obtained in good agreement with the 

BET specific surface areas of the samples that decreases as calcination temperature 

increases. Catalytic oxidation tests for the samples achieved 100% CO combustion at 

about 600ºC. On the other hand, it has been observed that the electrical conductivity is 

dependent on synthetic conditions, the material obtained with G/N=1.0 showing higher 

conductivity. So, this material is expected to show good properties for cathode in oxide 

fuel cells and catalyst in vehicle engines due to its higher electrical conductivity and CO 

oxidation obtained values. These results confirm the important role that the variation of 

synthetic conditions plays on the properties of perovskite type materials. 
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