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La0.6Sr0.4Co0.2Fe0.8O3 − δ (LSCF) perovskite nanostructures were synthesised using a 42 kHz ultrasound assisted
synthesis technique for the fabrication of electrodes in the intermediate and/or low temperature solid oxide
fuel and electrolysis cells (SOFCs/SOECs). The obtained nanomaterials were dried at 110 °C followed by calcina-
tion in a normal atmosphere at various temperatures from 400 to 1000 °C for 2 h. Powder characteristics such as
crystal structure, thermal decomposition, particle size andmorphologywere analysed. The transmission electron
microscopy (TEM) study revealed the uniform equi-axial shape and growth of the obtained nanostructures with
respect to the calcination temperature till 800 °C. The structural and chemical analyses confirmed the existence of
LSCF and CoFe2O4 phases.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

La1 − xSrxCoyFe1 − yO3 − δ (0 ≤ x ≤ 0.5 and 0 ≤ y ≤ 0.8, LSCFs) are
well-known mixed ionic and electronic conductive (MIEC) materials
which are attractive for solid oxide fuel cells (SOFCs) and solid oxide
electrolyser cells (SOECs) as electrodes and oxygen separation mem-
branes [1–4]. The perovskite-structured LSCF electrode materials with
large La and Sr cations occupying the A-sites aremore interesting candi-
dates for the SOFC and SOEC. The smaller Co and Fe cations are reported
to preferably populate the B-site in the ABO3 structure [5]. The chemical
composition, temperature and defect concentration of the perovskites
may lead to crystallize the orthorhombic, rhombohedral as well as
cubic structures [6,7]. Properties such as gas permeability, ionic and
electronic conductivities depend on their structure and composition,
which are influenced by the synthetic procedure [8]. The perovskite-
structured LSCF nanomaterials have been prepared by various synthesis
routes like conventional solid state reaction [8,9], combustion synthesis
[9–13], sol–gel [14,15], precipitation [16], reverse micelle technique
[17], Pechini method [18] citrate–hydrothermal synthesis [19] and
hydrothermal synthesis [16]. In addition to that, the perovskite oxides
such as LaMnO3 [20], La0.7Sr0.3MnO3 [21] and GdCo1 − xCuxO3 − δ [22]
have been synthesised by a sonochemical method, which has recently
been used to prepare the various nanocrystalline materials including
metals and ceramics [23].
hrabadi).
On the other hand, sonochemistry is a research area which uses the
power of ultrasound to enhance synthetic and catalytic processes for the
preparation of novel nanomaterials by increasing reaction rates. When
an ultrasonic wave passes through the liquid medium, microbubbles
are generated which tend to implode and collapse violently in the
liquid, leading to the formation of high velocity jets of liquid and the
release of a large amount of energy [23,24].

In this work, a low frequency ultrasound (42 kHz) assisted synthesis
of La0.6Sr0.4Co0.2Fe0.8O3 − δ nanomaterials was performed. The charac-
teristics such as crystal structure, changes of phase and composition,
particle size andmorphology of the resulted nanostructures are investi-
gated using various characterisation techniques.

2. Experimental

The stoichiometric proportions of La, Sr, Co and Fe nitrate precursors
were dissolved in double distilledwater under vigorous stirring in order
to obtain a homogeneous solution. 20% NaOH solution was added
dropwise to the precursor solution under vigorous stirring along
with the ultrasonic irradiation (42 kHz; 8890, Cole-Parmer, USA).
The role of NaOH was to maintain the pH during the synthesis of
La0.6Sr0.4Co0.2Fe0.8O3 − δ nanomaterials. The ultrasonic irradiation was
continued for an hour until the completion of the formation of
La0.6Sr0.4Co0.2Fe0.8O3 − δ perovskite nanostructures. The subsequent fil-
tration of the obtained material was performed using 0.45 μm nylon
membrane. The filtered residues were re-dispersed and washed with
double distilled water for several times until the washed solution
reached neutral pH. Finally, the obtained materials were dried at
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110 °C and then calcined in the normal atmosphere at various temper-
atures of 400, 600, 800 and 1000 °C for 2 h.

The thermal analysis of the as-driedmaterials were characterised by
thermo-gravimetric (TG) and differential scanning calorimetry (DSC)
analyses using Netzsch-STA 449C and Netzsch DSC 404F3, respectively.

The calcined nanopowders were characterised by X-ray diffraction
(XRD, Bruker D8) and transmission electron microscopy (TEM, Tecnai
F20 FEG operated at 200 kV, equipped with an EDS detector) analyses
to study their structure and particle size and for chemical analysis.
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Fig. 2. (a) DSC and (b) TG curves of as-dried nanomaterials.
3. Results and discussion

The XRD patterns of the nanopowders calcined at 400, 600, 800 and
1000 °C for 2 h are shown in Fig. 1. The diffraction peaks appearing in
the LSCF samples calcined at 600, 800 and1000 °Cwere indexed accord-
ing to the rhombohedral symmetrywith the R-3c space group. As can be
seen, the additional peaks detected at 800 and 1000 °C may be indexed
as CoFe2O4. The calculated lattice parameter of LSCF (a = 5.5265 and
c = 13.4643 Å, obtained by Rietveld refinement using Topas 4.2. soft-
ware) is lower than the theoretical lattice parameter (a = 5.4451 and
c= 13.2553 Å, JCPDS # 48-0124), which can be attributed to B-site cat-
ion (Co and Fe) deficiency in the ABO3 perovskite structure of LSCF [1].
At a lower calcination temperature of 400 °C, LSCF peaks do not exist but
some peakswhich can also be detected in the XRD pattern of the sample
calcined at 600 °C, were indexed as La2O2CO3.

The crystallite sizeswere calculated from theX-ray broadening tech-
nique using Scherrer equation on the best-resolved diffraction peak
[25]:

D ¼ 0:9λ

β2
sample−β2

re f

� �1=2 cosθ

where, D is the crystallite size diameter (in nm), λ=1.54 Å, β is the full
width at half maximum (FWHM) of a diffraction peak, (110), and βref

corresponds to the instrumental FWHM. The crystallite sizes were
found to be 30.1, 32.3 and 38.3 nm for LSCF nanopowders calcined at
600, 800 and 1000 °C, respectively. The increase in the crystallite size
with calcination temperature shows its crystal growth [26].

The thermal characteristics of the as-dried nanopowders are
shown in Fig. 2(a & b). The TG curve shows that the reactant precursor
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Fig. 1. XRD patterns of the LSCF nanostructures calcined at 400, 600, 800, and 1000 °C
for 2 h.
undergoes three stages of decomposition followed by the crystallization
phases which resulted in 16% of total weight loss until 900 °C. More in-
terestingly, an initial weight loss of only 10% that corresponds to the
evaporation of surface water and the dehydration of the nanomaterial
was noticed up to 400 °C, which appeared as two endothermic reactions
at 100 and 360 °C in the DSC curve. A weight loss of 5% was perceived
between 400 and 800 °C attributed to the decomposition of carbonates
such as lanthanum carbonate which seems to be the reaction between
La(OH)3 with atmospheric CO2 during the filtration process [27,28]. A
final weight loss of about 1% above 700 °C is associated with the com-
plete decomposition of the reactants, crystal lattice modifications and
crystal growth, which can be seen as an exothermic reaction and fluctu-
ations in DSC curve. The observed changes are in good agreement with
the XRD results.

The TEM micrographs of the nanopowders calcined at 400,600, 800
and 1000 °C are presented in Fig. 3(a–f). The micrographs demonstrate
the particle coarseningwhich occurred with the increase in the calcina-
tion temperature. The selected area diffraction (SAED) pattern of the
nanostructures calcined at 400 °C shows an amorphous pattern and
with the increase in calcination temperatures, becomes the ring diffrac-
tion patterns of polycrystalline materials. The SAED patterns (Fig. 3d
and f), of the nanomaterials calcined at 1000 °C confirm the existence
of LSCF and CoFe2O4 crystallites along with the XRD results. Fig. 4
shows spot chemical analysis of two different particles in nanopowders
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Fig. 3. TEMmicrographs and SAED patterns of LSCF nanostructures calcined at (a) 400, (b) 600, (c) 800, and (d–f) 1000 °C for 2 h.
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calcined at 800 °C by the EDS attached with TEM, which confirms the
presence of LSCF and CoFe2O4 crystallites.

4. Conclusion

A low frequency ultrasound (42 kHz) assisted synthesis was
employed to obtain the nanocrystalline LSCF perovskite. The X-ray dif-
fraction analysis confirmed the presence of nanocrystalline LSCF and
the formation of the secondary phase of CoFe2O4. The electron micro-
scopic analysis of the nanostructures showed a uniform equi-axial
shape and growth of LSCF particles until the calcination temperature
of 800 °C. An average particle size less than 20 and 50 nmwas obtained
for LSCF calcined at 600 and 800 °C, respectively.
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Fig. 4. TEM attached EDS spot analysis of LSCF nanopowders calcined at 800 °C for 2 h.
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