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Abstract

LaCo, ;Fe, ,0; (LCFO) nanopowder was synthesized from constituent metal nitrates, citric acid and ethylene
glycol by citrate sol gel autocombustion method and calcined at different temperatures. The powders were
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-ray anal-
ysis (EDAX) and Fourier transform infrared spectra (FTIR), whereas dielectric properties were investigated
with LCR-meter. The FTIR spectra, taken for the xerogel and the sample calcined at 1000 °C, confirm that the
organic groups were removed during calcination and oxide structure was formed. The XRD result shows that
LCFO has rhombhohedral crystal structure with R-3C space group and forms single phase after calcination
at 600 °C. The activation energy of crystallite growth, determined from the Arrhenius plot, was 17+2 kJ/mol.
Surface feature studies of the powders were obtained from SEM. At 1000 °C, dense microstructure with well-
shaped grain boundaries was obtained and the average grain size was around 400nm. EDAX confirms the
elemental composition. Finally, from the dielectric studies, it was found that the dielectric constant (g,) as well
as dielectric loss tangent (tan 8) decreases with increase in frequency.
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I. Introduction
ra+ro

Lanthanum-based perovskite type oxides are attrac- a 2(rg + ro)
tive materials due to their interesting optical, electric
and magnetic properties as well as their potential ap-
plications. Their applications such as gas sensors, cat-
alysts, thermoelectric materials, electrode materials in
solid oxide fuel cells, provide a wide ranging interest
in the synthesis and their structural analysis [1-4]. For
achieving optimum performances and functional prop-
erties well defined microstructures are desirable, which
in fact strongly depend on the method of synthesis [5].

Ideal perovskites have the ABO; stoichiometry
(where A — rare earth, alkaline earth, alkali or large ions
such as Pb*?, Bi*® and B - transition metal ion) and the
ratio of bond length between A—O and B—O maintains a
constant value which is equal to V2. The deviation from
this is taken as the tolerance factor [6] and in terms of
ionic radii, it assumes:

)

where r4, rg and ro are the ionic radii of A and B
cations and oxygen, respectively. The tolerance factor
has a profound influence on the properties of substituted
ABO, perovskites. Usually the metallic A-cation is co-
ordinated by the neighbouring 12 oxygen ions, whereas
the smaller B cation is co-ordinated by only 6 oxygen
ions. Proper substitution of A or B can lead to oxygen
deficiencies without altering the fundamental perovskite
structures [7,8].

In the present work LaCo,Fe,,O; perovskite
nanopowder was synthesized by citrate sol gel auto
combustion method. LaCoO,-based materials have in-
teresting electrical and electro catalytic properties ow-
ing to their high electronic/ionic conductivity [9].
These materials have been prepared by many tech-
niques which includes mechanical-synthesis [10], co-

* Corresponding author: tel: +91 90 4802 9595 precipitation [11], solution combustion or thermal de-
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87



U. Megha et al. / Processing and Application of Ceramics 8 [2] (2014) 87-92

been tried by the researchers as the properties of the end
product strongly depend on the method of preparation
technique used. Here we have used citrate sol gel auto
combustion method, a modified Pechini method based
on the polyesterification of citric acid and ethylene gly-
col for the synthesis of the title compound. The method
involves relatively easy synthesis route when compared
to the other conventional processes. Low operating tem-
perature and control over the end stoichiometry are the
main advantages of this technique.

Popa et al. [17,18] have synthesized perovskite -
LaMeO, (Me — Mn, Co, Fe) compounds by the poly-
merizable complex method and elaborated its advan-
tages. Compositional inhomogenity, nonuniformity in
particle size, high processing temperature, etc. are
the disadvantages when the conventional mixed ox-
ide routes are preferred for the synthesis. Perovskite
nanopowders developed through chemical method have
relatively good product uniformity and reliable repro-
ducibility. By this method, it is possible to control
the particle size and can reduce the agglomeration of
nanoparticles. In citrate sol gel auto combustion route, at
very low temperature excellent chemical homogeneity
can be achieved. The nanopowders thus obtained have
uniform particle size which allows sintering to give uni-
formly grained microstructures.

II. Experimental

LaCo, Fe, ,0; (LCFO) nanopowder was prepared
by polymeric precursor method using La(NO;),x6H,0,
Co(NO;), x 6H,0, Fe(NO;),x9H,0, citric acid, ethy-
lene glycol (all Sigma Aldrich 99-99.99% purity), nitric
acid and deionised water. The precursor solution was
prepared by mixing metal nitrates, citric acid, nitric acid
and deionised water. The solution was ultra-sonicated

for complete dissolution of metal cations in solution.
The molar ratio of citric acid to the metal cation was
2 : 1. The solution was well stirred using magnetic stirrer
and heated to about 60 °C. Ethylene glycol was added to
the above solution in the molar ratio as 3: 1 with citric
acid. The resultant solution was heated in a hot plate to
about 90 °C, transferred to water bath at 100 °C in or-
der to form gel and finally to a hot mantle, having tem-
perature up to 350 °C. The boiled solution undergone
dehydration to form polymer complex, followed by de-
composition with enormous swelling, produce foam and
auto combustion, to form fine black powders. The pre-
cursor powder (xerogel) was well ground with an agate
mortar and calcined at different temperatures ranging
from 500 °C to 1000 °C for 6 h. Figure 1 shows the ty-
pical flow diagram of the preparation of compounds by
citrate sol gel auto combustion method.

Phase confirmation and crystal structure of the
compounds were determined by X-ray diffractometer
(Rigaku Miniflex 600) with Cu K,, radiation (4 = 0.154
nm), at 40kV and 15mA, at room temperature in the
diffraction angle range 20-80° with scan rate of 2°
per minute and step of 0.02°. The lattice parameters
and the average crystallite size were calculated using
PDXL-software. The crystallite size was also compared
with the values obtained using Debye-Scherer formula,
D =0.9-4/(B - cos ) where A is X-ray wavelength and
B is peak width at half maximum. Morphology of the
powder and the elemental composition were recorded
by scanning electron microscope (SEM, JEOL 5600
LV, Tokyo, Japan). FTIR transmission spectra in the re-
gion from 400—-4000cm™' were measured using Perkin-
Elmer 2000 FTIR spectrometer. The sample was taken
in pellet form in KBr matrix for measurement. The cal-
cined powders (1000 °C), mixed with PVA, were used
for the preparation of the cylindrical pellet, which were

Citric acid |—>| Metal nitrates |<—| Nitric acid |

Deionised water
v

Aqueous solution ultra-sonicated,
stirred and heated at 60°C

Ethylene Glycol
A

| Polyesterification kept at 90°C |

| Water bath to form gel at 100°C |

Dried gel

temperatures

Calcination of powders at different

Figure 1. Flow chart for the compound preparation by citrate sol gel auto combustion method
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Figure 2. XRD of precursor powders calcined at different
temperatures

Table 1. Lattice parameters (a and ¢) and the average
crystallite size (D) of LCFO powders calcined at different
temperatures, obtained using PDXL software

Calcined Latice parameters D
temperature [°C] a[A] c[A] [nm]
600 5.523 13.128 14.2
700 5.473 13.227 153
800 5.475 13.242 22.7
900 5.479 13.204 34.4
1000 5.473 13.186 42.6
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Figure 3. Crystallite size (d) of calcined powders versus
temperature (I/T) in Arrhenius plot

then fired at 350 °C to reduce the influence of the poly-
mer matrix, while measuring the dielectric properties.
The dielectric measurements at room temperature were
carried out by using LCR Hi TESTER 3532-50 meter in
the frequency range 100 Hz—1 MHz.
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ITI. Results and discussion

The XRD patterns of the precursor powder cal-
cined at different temperature ranging from 500 °C to
1000°C for 6h were shown in Fig. 2. Single phase
perovskite structure was obtained after calcination at
600°C. LaCo,4Fe, ,O; has trigonal crystal structure,
ie.a=b#cand o =8 =90° y = 120° with R-3C
space group (ICDD-01-074-9368). The lattice param-
eters and the average crystallite size, calculated using
PDXL-software at different temperatures, were tabu-
lated in Table 1. It was observed that the crystallite size
increases with temperature which may be due to the
growth of particle size. The activation energy for crys-
tallite growth was determined using Arrhenius equation
for rate constant:

k=A-.e & )

where A is a constant related to the number, orientation
and frequency of collisions occurring between the par-
ticles in the reaction, E, is activation energy, R is uni-
versal gas constant and T is the absolute temperature.
The activation energy of 17 + 2kJ/mol was calculated
from the plot crystallite size versus 1/7 (Fig. 3) [19].
The Arrhenius plot, more or less appears straight, up to
temperature 900 °C, and deviates from its normal na-
ture when the calcination temperature increased above
900 °C. The respective behaviour changes can be notice
in SEM as well as FTIR spectra of the samples calcined
at 1000 °C.

The scanning electron micrographs of the samples,
shown in Fig. 4, reveal that the calcination has increased
the particle size, as well as changed morphology. As
calcination temperature increases, the particles become
tightly stacked and their shape changes from lenticular
to spherical which is attributed to the grain growth phe-
nomenon. The formation of sufficiently large dense mi-
crostructures appears around 1000 °C, having grain size
~ 400 nm. From EDAX, the elemental composition was
determined and the percentage of elements present was
tabulated in Table 2.

Table 2. The percentage of elements present in the sample

Elemental composition

Element %] [at.%]

) 17.06 56.22

Fe 9.92 9.36

Co 13.03 11.65

La 59.99 2277
Total  100.00

The infrared spectra in the range 400-4000cm™! of
the LCFO precursor powder and the powder calcined
at 1000°C for 6h are presented in Fig. 5. It can be
seen that many organic groups are present in the pre-
cursor powder. The broad band at 3400cm™ is as-
signed to stretching vibration of OH group [20]. The
band due to asymmetric stretching vibrations of —CH,
groups can be noticed at 2923cm™'. The absorption
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Figure 4. SEM micrographs of precursor powders calcined for 6 h at: a) 600 °C, b) 800 °C and c¢) 1000 °C
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Figure 5. IR spectra of LCFO: a) precursor powder and
b) powder calcined at 1000 °C for 6 h
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Figure 6. Variation of dielectric constant and loss coefficient
with frequency (f) at room temperature

band at 2853cm™! is due to the symmetric stretching
vibration of —CH, groups [21]. The absorption band of
—C=0 stretching is at 1746 cm’! [22]. The characteristic
band around 1636cm™! is assigned for C=0 stretching
in carboxyl or amide groups. The bands at 1465cm’!

90

correspond to —CH, bend [23]. At 1019cm™ there is
C—N stretching band [24]. The band 842 cm™! is due
to C—H bending [25]. The bands around 600 cm! and
480 cm’! are characteristic metal-oxygen bond. The ab-
sorption peak at 571 cm™ is assigned for Fe—O bond.
It was observed that the organic functional group van-
ishes at high temperature due to the breakage of organic
bonds.

The dielectric constant is calculated using the equa-
tion: &, = C - d/(gy - A) (where C is capacitance, d is
thickness, gy is permittivity of free space and A is area of
cross section of pellet). The density of the LCFO pellet
obtained using Archimedes method was 5.23 g/cm?. Tt
was observed from Fig. 6 that the dielectric constant and
dielectric loss tangent (tan ¢) decreases with frequency,
which is a general ferroelectric behaviour [26]. At lower
frequency, the total dielectric constant will be due to
the combined electronic, atomic/ionic, dipolar and in-
terfacial/surface polarizations. But, as the frequency in-
creases the interfacial, dipolar and atomic/ionic polar-
isation becomes zero and the electronic polarisation
alone influences the dielectric constant. At higher fre-
quency, the value of dielectric constant will be small
and polarons cannot be able to follow the electric field,
which results in frequency independent polarisation
[27-29].

IV. Conclusions

LaCo, (Fe, ,O; perovskite nanopowder was success-
fully synthesised by citrate sol gel auto combustion
method by using citric acid and ethylene glycol. Phase
pure LaCo, ;Fe, ,O; powder with rhombhohedral crys-
tal structure was obtained by adequate thermal treat-
ment at 600 °C. XRD confirms the formation of per-
ovskite structure and the average particle size confirms
their nanosized nature. The activation energy for crys-
tallite growth calculated from the Arrhenius plot was
17 £ 2 kJ/mol. The sample loses all its organic compo-
nents at 1000 °C. As the calcination temperature goes
above 900 °C, changes have been noticed in structure,
morphology, optical spectra as well as in the behaviour
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of rate constant with temperature. Scanning electron mi-
crograph showed the formation of dense microstructure
at 1000 °C with average grain size around 400 nm. In
the frequency range from 100 Hz—1 MHz at room tem-
perature sample behaves like a good dielectric material.
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