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Abstract

LaMn0.5Fe0.5O3 powders were synthesized via a sol–gel route based on polyvinyl alcohol (PVA). Differential thermal (DTA) and

thermogravimetric (TG) analysis, Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD) and Field emission

scanning electron microscopy (FESEM) techniques were used to characterize precursors and derived oxide powders. The effect of the

molar ratios of hydroxyl groups of PVA to metal ions (OH/M) on the formation of LaMn0.5Fe0.5O3 was investigated. XRD analysis

showed single-phase and well-crystallized LaMn0.5Fe0.5O3 of around 25 nm diameters was synthesized from the OH/M¼1.5 precursor

at 600 1C. For the precursor with OH/M¼0.75, phase pure LaMn0.5Fe0.5O3 was not obtained even at 1000 1C and La(OH)3 was

observed as impurity phase. LaMn0.5Fe0.5O3 ceramics sintered at 1300 1C showed a dielectric constant of 4300 at room temperature and

100 kHz.

& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Perovskite oxides ABO3 are an important class of materials,
characterized by subtle structural distortions from the cubic
aristotype structure. They have very important structural,
electrical and magnetic properties. These important materials
have received a large amount of academic interest and can be
used as oxygen-permeation membranes, partial-oxidation
catalysts or components of a solid-oxide fuel cell [1–3].
Recently, it is reported that some double perovskite structure
oxides A2BB’O6 (A-rare earth, B and B’-3d transition metals)
exhibited colossal magnetodielectric behavior [4,5], giant
dielectric constant [6–8] and giant dielectric tunability [8–10].
Among the rare earth-based double perovskite oxides,
LaMn1�xFexO3 was widely studied for its dielectric, magnetic,
transport and catalytic properties [3,6,8,11–13]. Generally,
LaMn1�xFexO3 was prepared by solid-state reactions at high
temperatures [14,15]. This technique has several problems, e.g.,
poor homogeneity and high porosity of the samples, no
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control on the particle size, etc. To overcome these drawbacks,
several wet chemical methods including sol–gel method
[3,6,12], glycine nitrate method [11,13] and citrate autocom-
bustion method [16] have been proposed.
PVA solution polymerization method has been used

successfully to synthesize various monophases, fine, and
pure mixed-oxide powders [17–21], but no literature
currently reports the synthesis of LaMn0.5Fe0.5O3. In the
present paper, the sol–gel method based on PVA was used
to prepare nanocrystalline LaMn0.5Fe0.5O3 powders and
the effect of PVA content on the formation of LaMn0.5-
Fe0.5O3 was investigated. Single phase LaMn0.5Fe0.5O3 has
been successfully prepared at lower temperature.

2. Experimental procedure

LaMn0.5Fe0.5O3 nanoparticles were prepared by the
PVA based sol–gel method. The method has been
described previously [20,21]. In this method, high purity
La2O3, MnCO3 and Fe(NO3)2 � 9H2O were taken as the
raw materials. First, a 5 wt% PVA (MW=79,000) solution
was made by adding PVA to deionized water. The polymer
ll rights reserved.
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Fig. 1. DTC/TG curves of LaMn0.5Fe0.5O3 precursor with OH/M¼1.5.

Fig. 2. FT-IR spectra of LaMn0.5Fe0.5O3 precursor (OH/M¼1.5) cal-

cined at 500–900 oC. (a) 500 oC, (b) 600 oC, (c) 800 oC and (d) 900 oC.
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was dissolved by stirring at a temperature of about 80 1C.
La2O3 and MnCO3 were dissolved in nitric acid and mixed
with PVA solution with stirring. Then stoichiometric
Fe(NO3)3 � 9H2O was added. During the process, the molar
ratios of hydroxyl groups of PVA to metal ions (OH/M)
were 0.75, and 1.5, respectively. The solution was con-
tinuously stirred and kept at a temperature of 80 1C until a
sticky gel was formed. Subsequently, the sample breaker
was removed from the hot plate and heated in an oven at
250 1C for 2 h. The resulting mass was slightly ground into
a fine powder and the LaMn0.5Fe0.5O3 precursor was
obtained. Finally, the powder precursor was calcined at
500–1000 1C in air for 2 h to obtain LaMn0.5Fe0.5O3

powders. The powders heated at 800 1C for 2 h were
pressed into disks 12 mm in diameter and 1–2 mm thick-
ness at a pressure of 100 MPa. The disks were sintered in
air at 1300 1C for 3 h.

Simultaneous differential thermal (DTA) and thermo-
gravimetric (TG) analysis (Diamond TG/DTA, Perkin
Elmer Instruments) at a heating rate of 10 1C min�1 in
static air were used to monitor the decomposition and
pyrolysis of the precursor. Fourier transform infrared
spectroscopy (FT-IR, Vertex 70, Bruker) was used to
determine the chemical bonding of the LaMn0.5Fe0.5O3

powders. The phases of the samples were determined by
powder X-ray diffraction (XRD) using Cu Ka radiation
(X’Pert PRO, PANalytical B.V.). The grain size and
morphology of LaMn0.5Fe0.5O3 powders were examined
by Hitachi S-4800 field emission scanning electron micro-
scopy (Hitachi Ltd., Tokyo, Japan).

The disk samples were polished to produce flat uniform
surfaces and electroded with lead-free silver paint (Wuhan
Youle Optoelectronic Technology Co. Ltd., SA-5121,
Wuhan, China). The painted samples were heated at
600 1C for 8 min. The dielectric constant and loss tangent
of the samples were measured using Triton DS6000 Dielec-
tric Thermal Analyzer at 100 kHz in the temperature range
from 20 1C to 100 1C with a heating rate of 5 1C/min.
3. Results and discussion

Fig. 1 shows the results of DTA and TG analysis for the
LaMn0.5Fe0.5O3 precursor with OH/M¼1.5. The precur-
sor exhibits three distinct stages of decomposition in TG
curve. The first weight loss shown by TG curve is
indicative of the dehydration of the precursor. The second
large weight loss between 200 1C and 580 1C can be
ascribed to the decomposition of most of the organics by
oxidation and the release of NxOy, CO, and CO2 gases.
The last weight loss between 580 1C and 690 1C is asso-
ciated with the oxidation of residual organics. No more
weight loss was observed in the temperature range from
690 1C to 950 1C. In the DTA curve, no clear endothermal
or exothermal peak was observed. Therefore, there is no
evidence of a phase transition taking place in the sample
up to a temperature of 950 1C.
Fig. 2 shows the FT-IR spectra obtained from the
LaMn0.5Fe0.5O3 precursor (OH/M¼1.5) calcined at var-
ious temperatures in the wavenumber range from 400 to
4000 cm�1. For the precursor calcined at 400 1C, the
absorption band at about 1489 and 1396 cm�1 can be
assigned to the splitting of the n3 asymmetric stretching of
metal carbonates [22] while the other bands at about 1072
and 852 cm�1 are attributed to the n1 and n2 modes of the
carbonate ions, respectively [23]. The broad absorption
band in the range of 3437 cm�1 is due to O–H stretching.
In addition, the bands at about 1664 cm�1 can be ascribed
to the asymmetric COO� stretching vibrations. There is no
COO� in PVA units; however, some hydroxyl groups of
PVA units can be oxidized to COO� by the excess HNO3.
At a calcination temperature of 600 1C, the intensities of
bands related to carbonate decrease greatly, and a well-
established strong absorption band at 601 cm�1 indicates
the formation of LaMn0.5Fe0.5O3. For the perovskite
ABO3, the B–O bond stretching vibration of the BO6

octahedra (n1 of the IR active F1u mode of vibration) is



Fig. 3. XRD patterns of the LaMn0.5Fe0.5O3 precursor (OH/M¼0.75)

calcined at various temperatures for 2 h.

Fig. 4. XRD patterns of the LaMn0.5Fe0.5O3 precursor (OH/M¼1.5)

calcined at various temperatures for 2 h.

C. Zeng et al. / Ceramics International 39 (2013) 5765–5769 5767
observed in the 500–700 cm�1 region [11,24,25]. The
601 cm�1 band is due to the joint action of the Mn–O
and Fe–O stretching vibrations. This is consistent with
Ref. [24] where this band was observed at 606 cm�1.
Increasing calcination temperature to 800 and 900 1C
further, the spectra show no obvious change.

The XRD patterns of the LaMn0.5Fe0.5O3 precursor
(OH/M¼0.75) calcined at various temperatures for 2 h
are shown in Fig. 3. In the precursor, only the reflections
from La(OH)2NO3 (ICCD file 26-1146) are observed.
Heating the precursor at 500 1C for 2 h, LaMn0.5Fe0.5O3

phase starts to crystallize, but La2O2CO3 is the major phase.
At 700 1C, La2O2CO3 phase disappears and a mixture of
LaMn0.5Fe0.5O3 and La(OH)3 is obtained, with LaMn0.5-
Fe0.5O3 as the major phase. Increasing calcination tempera-
ture to 900 1C and 1000 1C, the reflections from La(OH)3
can still be observed. Therefore, phase pure LaMn0.5Fe0.5O3

cannot be obtained from the precursor with OH/M¼0.75,
even at a temperature as high as 1000 1C.

Fig. 4 shows the XRD patterns of the LaMn0.5Fe0.5O3

precursor (OH/M¼1.5) calcined at various temperatures
for 2 h. The precursor is primarily amorphous in structure.
Calcining precursor at 500 1C for 2 h, some weak reflec-
tions from LaMn0.5Fe0.5O3 appear, but the continuum
around 2y¼29.21 indicates the existence of amorphous
substance. This is consistent with the FT-IR results.
Increasing calcination temperature to 600 1C, all the
reflections in the XRD patterns correspond to a perovskite
structure, indicating the formation of single phase com-
pound LaMn0.5Fe0.5O3. The reflections could be indexed
on a GdFeO3 type orthorhombic perovskite lattice with
the space group Pbnm [12,13]. With increasing heating to
800 1C and 900 1C, the diffraction peaks become stronger
and sharper, reflecting greater crystallization. No other
significant changes are observed. The lattice parameters
were calculated using a least-squares refinement program
[26] and the result is as follow: a¼0.554458 nm, b¼0.780790
nm and c¼0.552158 nm. These values are comparable to the
values reported [13]. The average crystallite sizes of the
synthesized powders are also determined according to the X-
ray line-broadening of the (121) diffraction peak using
Scherrer’s equation: D¼0.89l/Bcos y, where D is the crystal-
lite size; l is the X-ray wavelength (0.15406 nm for Cu Ka);
B is the corrected FWHM of the diffraction peak; and y
corresponds to the diffraction angle. The average crystallite
size was about 38.3 nm for the powders calcined at 800 1C.
Therefore, we can see that increasing PVA content resulted
in the formation of single-phase LaMn0.5Fe0.5O3 at 600 1C.
Fig. 5 shows the field emission scanning electron micro-

scopy micrographs of LaMn0.5Fe0.5O3 precursor with CA/
M¼2 calcined at 600 1C and 800 1C for 2 h. LaMn0.5-
Fe0.5O3 nanoparticles with a diameter of about 25 nm were
obtained at 600 1C. As expected, the sample that have been
calcined at 800 1C shows bigger particle size (�40 nm)
which is consistent with that calculated from the XRD
peak widths by Scherrer’s equation.
The main function of PVA is to provide a polymeric

network to hinder cation mobility allowing local stoichio-
metry to be maintained and minimizing precipitation of
unwanted phases. On the other hand, PVA can also act as
fuel during calcination. Increasing PVA content results in
more OH groups. On one hand, the uniformity of metal
element in the solution and precursor was improved; on
the other hand, the potential heat of combustion produced
during calcination was increased. Hence, increasing the
PVA content enhances the formation of LaMn0.5Fe0.5O3.
Similar results can also be found in the synthesis of
LaFeO3 via the PVA sol–gel method [21]. For the pre-
cursor with OH/M¼1.5, LaFeO3 was formed directly in
the charring procedure, but phase pure LaFeO3 was
obtained from the precursor with OH/M¼0.75 at 700 1C.
Fig.6 shows the variation of dielectric constant as a

function of temperature at a frequency of 100 kHz. The
variation of loss tangent (tan d) is also plotted in this



Fig. 5. FESEM micrographs of LaMn0.5Fe0.5O3 precursor (OH/M¼1.5) calcined at (a) 600 1C and (b) 800 1C for 2 h.

Fig. 6. Variation of dielectric constant (e) and loss tangent (tan d) of the
LaMn0.5Fe0.5O3 ceramics as a function of temperature at 100 kHz

frequency.
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figure. The dielectric constant around room temperature is
4300, which is smaller than that Karmakar et al. [6] and
Dong et al. [8] reported. The loss tangent around room
temperature is about 9. This value is comparable to that in
LaMn0.5Co0.5O3 [27] and La2NiMnO6 systems [9]. In Ref.
[6,8], no loss tangent was provided. The dielectric constant
and loss tangent increase monotonically with the increase
of temperature. We measured the dielectric constant of the
sample under an applied electric field using Agilent 4294A
precision impedance analyzer, no dielectric tunability as in
the La2NiMnO6 system [9] was observed.
4. Conclusion

The PVA based sol–gel method has been used to synthesize
LaMn0.5Fe0.5O3. The effects of the molar ratios of hydroxyl
groups of PVA to metal ions (OH/M) on the formation of
LaMn0.5Fe0.5O3 were studied. For the precursor with OH/
M¼0.75, phase pure LaMn0.5Fe0.5O3 was not synthesized
even at 1000 1C, and La(OH)3 phase was observed as
impurity. Increasing PVA content to OH/M¼1.5, single-
phase and well-crystallized LaMn0.5Fe0.5O3 powders of
around 25 nm diameter was synthesized at 600 1C.
LaMn0.5Fe0.5O3 ceramics sintered at 1300 1C had a dielectric
constant of 4300 at room temperature and 100 kHz.
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