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ABSTRACT 

La0.8Sr0.2MnO3−δ (LSM) perovskite was synthesized using different methods, such as solid state reaction, soft-chemical 
and sol-gel methods for solid oxide fuel cells (SOFCs) for use as a cathode material. The pristine material was charac- 
terized by X-ray diffraction, thermogravimetric analysis (TGA), differential scanning calorimetry (DSC) and scanning 
electron microscopy (SEM). X-ray diffraction results show that the pure phase of La0.8Sr0.2MnO3−δ (LSM) perovskite 
was formed at 1250˚C. Scanning electron microscopy characterization shows that a highly porous material can be ob- 
tained using a soft-chemical method with different 3,3’,3”-nitrilotripropionic acid ( NTP) to metal-ion ratio R. 
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1. Introduction 

Perovskite La1−xSrxMnO3 (LSMO) has attracted attention 
because of its potential applications in magnetic sensors, 
reading heads for magnetic memories and as a cathode in 
solid oxide fuel cells (SOFCs) due to its excellent cata- 
lytic, thermal, electrical and magnetic properties [1-4]. 
The cathode is one of the most essential components in a 
SOFC. The cathode materials for SOFCs have to meet 
several requirements in the operating temperature up to 
800˚C - 1000˚C: high electronic conductivity, resistance 
to sintering, thermal and chemical stability, high catalytic 
activity for oxygen reduction and a thermal expansion 
coefficient matching with other SOFC components [5]. 
Strontium doped lanthanum manganite (LSM, Lal−xSrxMnO3) 
is the most frequently used cathode material for zirconia 
based SOFCs. It is a perovskite material with intrinsic p- 
type conductivity and can meet these requirements. The 
p-type conductivity of LaMnO3 is a result of the forma- 
tion of cation vacancies and is enhanced by substituting 
with a lower valence ion as a dopant such as the alkaline 
earth in A and/or B sites. The LSM with the typical 
composition La0.8Sr0.2MnO3−δ is broadly established as 
the cathode material for high temperature SOFCs. The 
particle size and microstructure of electrode are signifi- 
cant for the electrode performance. Several preparation 
techniques such as solid state reaction, gelcasting, drip 
pyrolysis, citrate-gel process, solgel process, hydrother- 
mal, co-precipitation, pulse laser deposition, magnetron  

sputtering, molecular beam epitaxy, electrochemical de- 
position and aerosol pyrolysis methods are used to pre- 
pare LSM powders and films [6-17]. For the SOFCs ap- 
plication, homogeneous nanosized and high purity pow- 
ders are required. The LSM powders prepared by the 
solution chemistry methods regularly have smaller parti- 
cle size than the solid state reaction method. The solid 
state reaction method influences the catalytic activity 
because the temperature during synthesis is too high. A 
poor surface area of LSM particles results from drip py-
rolysis. Via the citrate-gel, sol-gel process and copre- 
cipitation routes particle smaller sizes can be synthesized 
but also the powders frequently aggregate easily. The 
aim of this work is to find a suitable method to synthesis 
porous LSM powders. 

2. Experimental 

2.1. Solid State Reaction 

1.688 g of lanthanum oxide (La2O3), 0.382 g of strontium 
carbonate (SrCO3) and 1.0225 g of manganese oxide 
(Mn2O3) were mixed together in a ball milling unit for 3 
h and pressed into pellets. The pellets were fired at 
1000˚C for 24 h, regrinded, pressed into pellets again and 
fired at 900˚C and 1250˚C for 24 h. 

2.2. Sol-Gel Method 

3.37 g of lanthanum nitrate (La(NO3)3), 0.55 g of stron- 
tium nitrate (Sr(NO3)2) and 2.32 g of manganese nitrate *Corresponding author. 
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(Mn(NO3)2) were slowly dissolved in 75 mL distilled 
water. A transparent solution was formed after complete 
dissolution of the metal nitrates. A gel was formed under 
continuous stirring and mild heating at 90˚C. The gel was 
dried at 120˚C overnight and then heated at 400˚C for 12 
h. The resulting powders were ground in an agate mortar 
and heated in air at 1250˚C for 12 h in a furnace. 

2.3. Soft-Chemical Method 

3,3’,3”-Nitrilotripropionic acid (NTP) was synthesized 
using a green chemical method [18]. 3.37 g of lanthanum 
nitrate (La(NO3)3), 0.55 g of strontium nitrate (Sr(NO3)2) 
and 2.32 g of manganese nitrate (Mn(NO3)2) were slowly 
dissolved in 75 mL distilled water. A transparent solution 
was formed after complete dissolution of the metal ni- 
trates. NTP was dissolved (for different values of the 
molar NTP to metal-ion ratio R (R = 0, 0.25, 0.5 and 0.75) 
in 100 mL of distilled water at 100˚C. This solution was 
added into the above mentioned transparent solution. The 
mixed solution was transferred into a 500 mL roundbot- 
tom flask and kept at 80˚C on a hot plate for 2h to 
evaporate the solution. A bulky gel of high viscosity was 
obtained after slowly evaporizing the solution at 80˚C by 
rotary evaporation. The obtained gel was heat treated at 
120˚C for 24 h in oven. The final product was then 
ground and made pellets to fire at 400˚C and 1250˚C for 
12 h in furnace. 

Crystallographic information on the samples was ob- 
tained using an X-ray powder diffractometer (D8 Ad- 
vanced Bruker) with graphite-monochromatized CuKα 
radiation (λ = 1.54187 Å). Diffraction data were col- 
lected over the 2θ range 20˚ to 80˚. The morphologies of 
the resulting products were characterized using a scan- 
ning electron microscope (SEM, JEOL JSM 6390). For 
the TGA measurements a TA 600, operating in dynamic 
mode (heating rate = 5˚C/min), was employed. 

3. Results and Discussion 

Phase purity and crystallographic information of the syn- 
thesized La0.8Sr0.2MnO3−δ perovskite nanostructures were 
characterized using powder X-ray diffraction. The XRD 
patterns of LSM perovskite nanostructures synthesized 
by three methods are shown in Figure 1. All diffraction 
patterns of La0.8Sr0.2MnO3−δ perovskite nanostructures 
show characteristic peaks of the perovskite phase. The 
XRD patterns are in good agreement with the standard 
data for hexagonal symmetry with a = 5.5163 Å and c = 
13.329 Å (JCPDS # 00-056-0616). No second phases 
were observed presumably because a pure phase of  
La0.8Sr0.2MnO3−δ (LSM) perovskite was formed at 1250˚C 
[19]. 

In the synthesis of La0.8Sr0.2MnO3−δ (LSM) perovskite 
nanostructures the carrier (3,3’,3”-nitrilotripropionic acid 

(NTP)) helped in obtaining a homogeneous mixture of 
the cations in solution through forming metal complexes, 
it also helped in the reduction of nitrates in a combustion 
process, releasing a large amount of heat. This is shown 
by an exothermic peak at 400˚C on a DSC curve (Figure 
2). During the solid-state reduction process, metal cations 
and oxygen anions stay in the reaction mixture during the 
formation of the perovskite phase in this combustion pro- 
cess. The large heat released during combustion might 
help to overcome the lattice energy, which is required for 
the formation of the perovskite phase, and also in the 
completion of the nucleation by the rearrangement of 
atoms by short distance diffusion. The fast combustion 
process might not be of help for the diffusion of atoms 
far from each other and hence the particle size of LSM 
powder remained in the nanometer range. 
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Figure 1. XRD patterns of La0.8Sr0.2MnO3 (LSM) perovskite 
phase nanoparticles synthesized by different methods. 
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Figure 2. TGA-DSC curves of La0.8Sr0.2MnO3 (LSM) perov- 
skite gel precursor dried at 120˚C synthesized by soft-che- 
mical method. 
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Thermogravimetric analysis and differential scanning 
calorimetry (TGA-DSC) curves with NTP-assisted LSM 
dried as a gel at 120˚C are shown in Figure 2. The 
weight losses happened in three steps. The total weight 
loss was 4.75 mg from room temperature to 1300˚C. The 
first weight loss is 0.26 mg in the temperature range 22˚C - 
157˚C; this can be attributed to evaporation of water from 
the layers of LSM. 

The second weight loss is 3.97 mg in the temperature 
range 157˚C - 357˚C and the third weight loss is 0.55 mg 
in the temperature range 357˚C - 840˚C. The second and 
third weight losses are attributed to decomposition of the 
carrier (NTP) and evaporation of structurally bounded 
water. The peaks located at about 380˚C and 400˚C are 
exothermic on the DSC curve due to decomposition of 
nitrates and organic matter and correspond to the second 
weight loss of 3.97 mg from about 157˚C to 400˚C as 
observed in the TGA curve. The decomposition of all 
nitrates is finished below 400˚C, which promotes forma- 
tion of the complex oxides. Here NTP played two roles: 
One is to form the metal ion complexes and secondly, it 
serves as a fuel for the combustion reaction, while the 
nitrates act as an oxidant, so the decomposition reactions 
can be finished at lower temperatures. 

DSC-TGA curves of LSM gel synthesized at 120˚C by 
sol-gel and soft-chemical methods without using chelat- 
ing agents are shown in Figures 3 and 4. The total 
weight losses are 3.43 mg and 7.02 mg for the sol-gel 
and soft-chemical method materials from room tempera-
ture to 1300˚C in three steps. The first weight losses are 
0.96 mg and 1.37 mg, they can be attributed to evapora-
tion of water. The second weight losses are 2.44 mg and 
4 mg, these correspond to decomposition of the nitrates. 
The third weight losses are 0.36 mg and 1.65 mg due to 
eva- poration of structurally bounded water. The highest 
de- composition temperature is about 600˚C in both SG 
and SC methods, which is due to the presence of stron-
tium nitrate. 

Figure 5 shows a SEM image of LSM microstructures 
prepared by solid state (SS) reaction at 1250˚C. It shows, 
that the powder-like material consists of irregular mi- 
cro-slabs of several micrometers in length. A SEM image 
of LSM nanoparticles synthesized by sol-gel (SG) me- 
thod is shown in Figure 6. The particle size distribution 
is more uniform and the size of the particle is about 300 
nm - 400 nm. Figure 7 exhibits scanning electron Mi- 
croscopy (SEM) images of LSM nanoparticles prepared 
by soft-chemical method at different NTP to metalion 
ratios R during the soft-chemical synthesis. LSM parti- 
cles synthesized without NTP (R = 0) show formation of 
smaller particles with uniform size distribution and the 
size of the particles about 200 nm - 300 nm (Figure 7(a)). 
LSM particles synthesized using NTP at different R val- 
ues shows the formation of network nanostructures with  
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Figure 3. TGA-DSC curves of La0.8Sr0.2MnO3 (LSM) per- 
ovskite gel precursor dried at 120˚C synthesized by sol-gel 
method. 
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Figure 4. TGA-DSC curves of La0.8Sr0.2MnO3 (LSM) per- 
ovskite gel precursor dried at 120˚C synthesized by soft- 
chemical method without NTP. 
 

 

 

Figure 5. SEM image of LSM micro slabs synthesized by 
solid state reaction. 
 
higher porosity (Figures 7(b)-(d)) contrast to those me- 
thods SS, SG and SC without NTP. 
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Figure 6. SEM image of LSM nanoparticles prepared by 
SG method. 
 

 

 

 

 

 

Figure 7. SEM images of LSM synthesized by softchemical 
method (a) R = 0; (b) R = 0.25; (c) R = 0.5; (d) R = 0.75. 

4. Conclusion 

LSM nanostructures were successfully synthesized by 
sol-gel and soft-chemical methods. Pure phase pervoskite 
LSM is formed at 1250˚C. The decomposition tempera- 
ture where LSM is obtained is higher in SG and SC 
methods without NTP when compared to the NTP-as- 
sisted SC method. With the latter method highly porous 
materials were obtained at various 3,3’,3”-nitrilotripro- 
pionic acid (NTP) to metalion ratios. 
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