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Microstructural, magnetothermal and dielectric properties of YCrOs; powders prepared by combustion
and solid state methods have been studied by a combination of XRD, specific heat, magnetization and
permittivity measurements. The TEM and XRD characterization confirm that the combustion powders
are amorphous plate-like agglomerates of nano-sized crystalline particles. A more uniform grain size
along with an increase of the relative density is observed by SEM in the sintered samples prepared by
combustion route with respect to those produced by solid state reaction. Similar to the material
obtained through solid state synthesis, the material prepared by the combustion method also shows
spin canted antiferromagnetic ordering of Cr*3 (S=3/2) at ~140 K, which is shown by magnetization as
well as A-type anomaly in the total specific heat. Furthermore, the magnetic contribution to the total
specific heat reveals spin fluctuations above Ty and a spin reorientation transition at about 60 K. Both
YCrOs compounds show a diffuse phase transition at about 450 K, typical of a relaxor ferroelectric,
which is characterized by a broad peak in the real part of the dielectric permittivity as a function of
temperature, with the peak decreasing in magnitude and shifting to higher temperature as the
frequency increases. The relaxor dipoles are due to the local non-centrosymmetric structure.
Furthermore, the high loss tangent in a broad range of temperature as well as conductivity analysis
indicates a hopping mechanism for the electronic conductivity as we believe it is a consequence of the
outer d3-shell, which have detrimental effects on the polarization and the pooling process in the YCrOs;
bulk material. The more uniform particle size and higher density material synthesized through the
combustion process leads to an improvement in the dielectric Properties.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

YCrOs; perovskite, for which experimental evidences recently
showed a biferroic behavior [5]. The crystal structure has been

Orthochromites of formula RCrO; (R=Y and rare earth) are an
interesting family of compounds showing a large variety of physical
and chemical properties depending of the rare earth ion lying in the
A-site of the perovskite structure [1]. In the past decades many
investigations were focused in their magnetic and electronic
behavior at low temperature. In addition, its high chemical stability
at high temperature has been of great interest as they can find
applications in high-temperature electrodes and thermoelectric
materials [2-4]. Furthermore, in recent years this group of
compounds has received wide attention because of the possibility
of combining ferroelectric and ferromagnetic properties in the same
volume of the same compound [5,6]. One of these compounds is the
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indexed as an orthorhombic cell with Pbnm space group in a large
number of works [1,7]. This fact is intriguing since the Pbnm space
group is centrosymmetric and it does not account for the biferroic
behavior. The off-centering distortion remains a puzzle, for instance,
Ramesha et al. [8] have proposed the concept of ‘local noncen-
trosymmetry’ to account for the observed permittivity peak and the
small value of the polarization reported by Serrao et al. [5]. There,
the dielectric behavior and the poor hysteresis loops seem to
indicate that the electric transport are very far from being optimized
in this material. In many cases, the dielectric response is connected
with the synthesis process. YCrO; shows poor sinterability and it is
quite difficult to obtain high density in the bulk material under
normal conditions.

It is known that the conventional solid state synthesis method
depends on the ions diffusion through the reactants and, in order
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to obtain uniform products it requires repeated grinding with
subsequent long firing cycles at high temperatures. This ceramic
route provides poor control of the morphology and a broad
dispersion in particle size leading to undesirable features, such as
phase and stoichiometry inhomogeneities and the concomitant
dispersion of properties in the final products. Nowadays a variety
of new methods is being used in order to get the optimal final
reaction products. Some of the chemical methods of synthesis of
oxides that are especially noteworthy are as follows: the
precursor method, coprecipitation and soft chemistry route,
sol-gel, intercalation and ion exchange method, topochemical
route and one of them that in recent years has attracted the
attention is the self-propagation high temperature reaction, also
called ‘combustion method’ [10]. The latter method provides a
good control of the stoichiometry and structure, homogeneous
microstructural products and also is cheap and easy to use in the
laboratory. Many of these methods often also require final
thermal treatments to achieve the crystallization of the desired
products. Combustion synthesis, also known as self-propagation
high temperature synthesis, is a versatile alternative route that in
recent years has been used in different areas of the materials
science of technological interest. Combustion synthesis is far-
from-equilibrium processing method which uses highly exother-
mic (AH < —170 kJ/mol) and even explosive reactions to maintain
a self-propagation high temperature reaction [9,10]. Once ignited,
the reaction propagates as a wave through the raw materials in
solution, and losing less heat than it is generated so as not to
quench; temperatures up to 3000 K are maintained during the
fast reaction period, which in many cases produce amorphous
nanoparticles that can crystallize with the help of post thermal
treatments. Self-ignition can sometimes be achieved by ball
milling which in turn was initially conceived to synthetize
nanocrystalline metals/alloys and nanopowders of refractory
materials, including borides, nitrides, oxides, intermetallics and
ceramic materials [10]. Thus, self-propagation high temperature
synthesis offers the possibility to manipulate the structural and
microstructural morphology with relatively few calcination steps
to obtain a stable stoichiometric ratio and a homogeneous particle
size. Nanocrystalline YCrO; powder has already been synthesized
by a combustion technique and magnetization studies on those
samples have shown a weak ferromagnetic ordering at Ty=140 K
similar to that observed in the bulk material [5]; however, the
effect of this synthetic procedure on the dielectric properties of
the material was not studied. Here, we have prepared the YCrOs
perovskite by means of two routes of synthesis: combustion
method and solid state reaction. We have then investigated the
advantages of this technique and the connection between
microstructure and the magnetic, thermal and dielectric features
in YCrOs.

2. Experimental procedure

Polycrystalline samples were prepared by the conventional
solid state reaction and the combustion method. The first samples
were synthesized from high purity Y,0s and Cr,O3; powders,
mixed in a stoichiometric ratio and heated in air at 1200 °C for
15 h in high density Al,O3 crucibles. Two subsequent heating at
1350 °C for 15 h with intermediate grindings were enough to
attain the single phase. The final powder was compacted into
pellets (11 mm x 1.2 mm) at 4 ton and sintered at 1400 °C for
15 h. For the second samples stoichiometric quantities of yttrium
nitrate [Y(NO3);-6H,0] and chromium nitrate [Cr(NOs3)s3 - 9H,0]
were dissolved in 2-metoxiethanol (1 g:10 ml) while stirring and
then heated at about 70 °C until the raw nitrates were completely
dissolved. The mixed solution was then added to an Al,0O5 flask

and heated at 120 °C. The solvent was continuously evaporated
and finally auto-ignited with a rapid evolution of large volumes of
gases to produce voluminous powders. The reaction products were
fine powders that were subsequently grinded and fired in a two
step process: first at a slow heating rate of 1 °C/min to reach 800 °C
for 1 h and then heated at the same rate to reach 1100 °C for 6 h.
The final products were pressed into pellets (11 mm x 1.2 mm) at
4 tons and sintered at 1400 °C for 12 h.

Simultaneous differential scanning calorimetric (DSC) and
thermogravimetric analysis (TGA) were performed in order to
determine the subsequent full crystallization of the combustion
product. The analysis was carried out in a TA Instrument,
Universal Analysis 2000. The specimens were heated in an oxygen
flow from 305 to 1273 K at rate of 10°C/min. X-ray powder
diffraction patterns for Rietveld refinement were collected with a
Phillips X’Pert PRO ALPHA 1 diffractometer with CuKoi1=1.54056 A
radiation and equipped with a Ge (111) monochromator, working
on the Bragg-Bentano geometry. Data were collected in the range
of 10° <26 < 120° with a step size of 0.017° collected for 100 s.
The crystalline structure was refined with the program Rietica
[11] (Rietveld program for quantitative phase analysis of poly-
crystalline mixtures with multi-phase capability).

Transmission electron microscopy (TEM) was performed using
a JEM 2000-FX TEM operated at 200 keV. An ultrasound bath was
used to disperse the nanopowders in n-butanol. A drop of this
suspension was evaporated into holey carbon coated copper grids.

Magnetization and specific heat were measured using a
commercial quantum design SQUID magnetometer and a quan-
tum design physical properties measurement system (PPMS),
respectively. DC magnetization was measured with applied
magnetic fields of 0.1 and 10 kOe and the magnetization loops
were obtained with applied magnetic fields of up to +5T.
Furthermore, specific heat was measured down to 2K in zero
applied magnetic fields. For dielectric measurements silver
electrodes were painted on discs in order to make parallel-plate
ceramic capacitors. Capacitance measurements were carried out
from room temperature up to ~800 K at different frequency in
the range of 10 kHz-1 MHz using an LCR bridge (HP-4284A).

3. Results and discussion
3.1. Powder characterization

Fig. 1 displays simultaneous DSC and TGA thermal analyses of
the fine well milled combustion powder. The small anomaly at
~453 K in the DSC curve is assigned to the dehydration of the
combustion powder. The broad endothermic peak from 453 to
~613 K in the DSC with an initial weight loss in the TGA of ~3.5%
is attributed to the decomposition of weakly coordinated
precursors evolving small quantities of gaseous products like
CO, CO;, NO,, N,, etc. Further heating shows a continuous
decrease in the DSC curve with a minimum at 600 °C
accompanied by a weight increase in the TGA signal at the same
range of temperature (see arrows in Fig. 1). These are ascribed to
the first crystallization of YCrO,4 via the absorption of oxygen from
the air. According to the literature the first stable crystallization
upon heating correspond to the YCrO, compound which takes
place between 773 and 973 K depending of the fuel-type and
oxidant-fuel ratio [12-14]. In this case, it is observed that the first
crystallization of YCrO, from the amorphous phase occurs at
~613 K and is completed at ~873 K as can be seen by the weight
maximum in the TGA curve. For clarity, the continuous line in the
TGA data (black line and arrows in Fig. 1) shows the range where
the YCrO4 undergoes the decomposition following the reaction:
YCrO4—YCrO3+1/20,. This reaction is fully completed between
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Fig. 1. DSC and TG curves for the combustion powder. The arrows indicate the range of the physicochemical changes upon heating: dehydration (85-180 °C),
decomposition of the weakly coordinated precursors and releases of C, N and O in gaseous products (180-340 °C), crystallization of the first stable phase, YCrO4
(400-700 °C), and finally the decomposition of the YCrO4 toward the more stable YCrO3; compound.

i

Fig. 2. TEM photographs for the combustion powder at (a) x 20 K and (b) x 250 K. The arrows indicate the overlap of conglomerated plates. The inset shows diffraction

pattern of the plates.

~973 and ~1093 K with a weight loss of about 8%. This value is
closed to the theoretical value of 7.81% corresponding to the loss
of 1/20, per YCrO4 mol.

Morphologic features, particles size and crystallinity of the
as-prepared powder sample (after ignition) are observed by TEM
images (Fig. 2a and b). At a magnification of x 20K, Fig. 2a shows
several different size plates with irregular morphology that overlap
on the top each other (indicated by arrows). An inspection at higher
magnification ( x 250 K) shows that the plates are formed by a
conglomerate of nanoparticles of few nanometers as it is displayed
in Fig. 2b. In addition, the nanoparticles are pseudo-crystalline as it
is inferred from the discrete diffraction spots that are seen in the
electron diffraction patterns (inset Fig. 2b). Apart from the
crystalline nanoparticles, a less crystalline matrix is responsible for
the appearance of diffuse rings in the diffraction pattern.

X-ray diffraction patterns which belong to the combustion
product as well as the ball milled and fired powder at 1100 °C for
6 h are shown in Fig. 3a and b. The pattern confirms that the
reaction products after the ignition are almost amorphous particles
as it is seen by the absence of sharp diffraction peaks; however,
several broad peaks corresponding to the main reflections of the
orthochromite YCrOs as are seen at 20 values of 32.7°, 43° and 49° in
Fig. 3a. The crystalline phase is quickly obtained when the sample is
fired at 1100 °C as it is observed in the fitted X-ray diffraction
pattern (Fig. 3b). An excellent Rietveld fit profile at 295 K was
obtained with an orthorhombic symmetry (S.G. Pnma) and there
was no evidence of any distortion that suggests a non-
centrosymmetric structure. The refined lattice parameters are as
follows: a=5.5239(7) A, b=7.5363(8) A and c=5.2438(7) A, which
are in good agreement with those reported in the literature [1,7,15].
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Fig. 3. X-ray diffraction spectra at 290K for (a) the powder after ignition and
(b) crystallized powder after firing at 1100 °C in YCrOs. Refinement indicates that
the calculated and experimental profile give a good goodness-of-fit (Rwp=9.10%
and y%=1.6%).

The second phase included in the refinement (Y,0s) is present only
after the first thermal treatment, but it disappears after subsequent
thermal treatments.

Fig. 4 shows the SEM images after sintering of the products of the
combustion and solid state reaction syntheses. For instance, it can be
observed that the combustion route gave a more homogeneous
grain size distribution (Figs. 4a and b), whereas different grain sizes
are observed in the sample obtained through the solid state route
(Figs. 4c and d). At higher magnification, it is evident that the
sintering between particles is more uniform in the products of the
combustion synthesis (Fig. 4b); it is also evident the heterogeneous
morphology and grain size for materials obtained through a solid
state route (Fig. 4d). The relative density calculated from volume and
weight measurements on the pellets was about 65% and ~80% of
the theoretical density, 5.742gcm~3, calculated from X-ray
diffraction data, for the solid state reaction and combustion routes,
respectively. The uniform size of the sintered particles in some way
reduces the amount of pores and consequently increases the relative
density of the material prepared through combustion synthesis with
respect to that of products from solid state reaction process.

3.2. Magnetic and specific heat analysis

The temperature dependence of the susceptibility with applied
magnetic fields of 0.1 and 10 kOe at 2 <T< 300K for the YCrOs
powder obtained by the combustion route is shown in Fig. 5a.

In the whole range of temperature, the magnetization rises as the
magnetic field increases. Furthermore, a splitting in the ZFC and
FC magnetization is seen at about 140 K which becomes larger
at low applied magnetic fields leading to saturation in the FC
mode at about 0.036 pg/f.u. for an external field of 10 kOe. This
has been attributed to the transition of the Cr sublattice from a
paramagnetic to a canted antiferromagnetic order (Ty) at low
temperature being the splitting of the ZFC and FC mode due to
the weak ferromagnetic ordering [6]. The inverse of susceptibi-
lity, y—1 versus temperature at 10 kOe is shown in the inset of
Fig. 5a. The data follow the Curie-Weiss behavior for T> 160K,
according to

% =C/(T—0) = Nap /3kp(T—0) 1

where C is the Curie constant, 0 is the Weiss temperature, N is
Avogadro’s number, kg is the Boltzmann constant and pegr is the
effective magnetic moment per unit formula. Fitting the equation
to the experimental data (continuous red line) it yields a value of
Uerr=3.77 up. This value is closed to the theoretical value of
Uesr=23.87 ug for Hund’s rule ground state of the Cr*> when the
orbital moments are quenched due to the crystalline electric field
(CEF) effects as expected for a d* ion in octahedral environment.
The Weiss temperature 0y is found to be about —325 K, which is
in agreement with antiferromagnetic interactions. On the other
hand, a typical magnetization, M, versus applied magnetic field, H,
at 5 Kis shown in Fig. 5b. The hysteretic loop confirms the canted
antiferromagnetic behavior where the anti-parallel spins have a
magnetization different to zero. Furthermore, the high coercive
field (~1.1 kOe) and the remanent magnetization (0.028 ug/f.u)
are indicative of a not so weak ferromagnetic component. These
magnetic properties are in agreement with those reported by
Serrao et al. [5]. For the material prepared through solid state
route and with those obtained for the nanopowders prepared
through combustion synthesis does not influence the magnetic
properties of the final material.

The magnetic ordering is also confirmed by specific heat
measurements. Fig. 6a shows the total specific heat and the lattice
contribution from 2 to 270 K. At room temperature, the molar
specific heat reaches ~101 J/mol K that correspond to the ~80%
of the Dulong-Petit equipartition value for five atoms (C,~3NR).
At lower temperatures, a continuous /-type anomaly is observed
at ~140K, typical behavior of a second order phase transition.
This anomaly is associated with the canted antiferromagnetic
ordering (Ty), in agreement with the magnetic transition observed
in magnetization measurements previously discussed. In order to
estimate the magnetic entropy near of Ty, first the phonon
contribution is subtracted from the total specific heat. For this
purpose, we use the Debye formula to calculate the lattice specific
heat, in accordance with

T 3 ,0/T X4ex
Cat =9RN| — ———dx 2
e (@D> /o (ex—1)? @

where N=5 is the number of atoms in the unit cell, R=8.314 J/mol K
is the ideal gas constant and @y, is the Debye temperature. We chose
©Op=720 so that the calculated G, coincides with the experimental
value of C, at high temperature (above 200 K). This approximation
of the calculated data of G is shown by the open circles in Fig. 6a.
The magnetic contribution to the total C, arises from the ordering
of the Cr spins at Ty. It can be obtained by subtracting the lattice
contribution to the total specific heat data, Cnag=Cp—Ciar, and it is
plotted as Crag/T in Fig. 6b. Thus, from this data the magnetic entropy
is calculated by the numerical integration of Crag/T from 5 to 270 K as
it is seen by the solid line in Fig. 6b. The magnetic entropy (4 mag) at Ty
is about 17.5 J/mol K. The obtained ASy,, value at Ty is larger than the
expected theoretical value of ~11.526 J/mol K taking into account
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Fig. 4. (a, b) SEM photographs of YCrOs after the sintering process for materials obtained by the combustion method. (¢, d) SEM images for sintered sample prepared by the

solid state route.

that ASmag=RIn(25+1) and S=3/2 for Cr*>. It is interesting to note
that the saturation of the magnetic entropy occurs at a temperature
higher than that of the magnetic ordering, with a further residual
magnetic gain to a total of 20.5 J/mol K at 270 K. The observation of
this large excess of entropy at T> Ty implies the existence of an
additional spin entropy beyond the ground state of the magnetic
entropy for Cr*> (S=3/2). This also implies that part of the spin
moment seems to be fluctuating leading quite likely to the
development of a short-range order above Ty. In the 3! versus T
plot, the magnetic fluctuation is manifested by slight deviation of the
Curie-Weiss behavior above Ty (Ty~140K). In conventional
antiferromagnets the spin entropy takes constant values above Ty
and magnon contributions only survive at low temperature (Ref. [16]
and references therein). It is worthwhile noting that the magnetic
contribution has a large residual weight showed as a broad peak at
around 60 K in the Cy,ag/T plot. A similar behavior has been observed
in frustrated manganites where the excess of the magnetic
contribution to the specific heat below Ty has been attributed to
spin fluctuations as a consequence of geometrical frustration existing
in the internal Mn*? triangular sublattice [16,17]. However, this does
not seem the case of YCrO3 compound. One plausible explanation
could be associated to a spin reorientation mechanism. It is well
known that some orthochoromites and (Pb, Bi)CrO; compounds
display field/temperature induced spin reorientation [1,18-20]. At
high temperature the configuration of the Cr magnetic lattice is
determined by the crystalline anisotropy, and in YCrOs; the
antiferromagnetic easy axis lays along the x-axis [21]. We believe
that the in absence of magnetic field the perpendicular spontaneous
weak moment due to the antiferromagnetic spin canting rotates as
the temperature is lowered. This behavior is seen, for the first time,
by specific heat measurements from Ty to ~60K in Fig. 6b. The
interaction between the Cr and Y cations becomes important and it is
possible that around 60 K the antiferromagnetic easy x-axis results in

a smooth rotation of the AFM-vector in the x-z plane as it was
observed by Jacobs et al. [21]. In magnetic, ferroelectric and
superconducting materials low lying modes contribute significantly
to the low temperature specific heat which should be evident as a
broad peak in the C,/T° versus T plot [22-25]. This behavior is also
seen in Fig. 6(c), where Cp/T3 is plotted as a function of tempera-
ture for YCrOs. There, a clear peak is seen around 40 K. Here, the
excess of residual weight in Cpag/T data could indicate the
development of magnon excitations as an optical phonon or even
optical phonon softening as a consequence of the local non-
centrosymmetric structure that occurs at about 450 K, as it will be
seen in what follows.

3.3. Dielectric properties

The temperature dependence of the dielectric constant, ¢ and
loss tangent, tan ¢ for YCrOs synthesized by combustion method
and solid state reaction are shown in Fig. 7a and b, respectively,
with a comparison of the permittivity results from both samples
in Fig. 7c. In both samples a broad peak is clearly seen at about
450 K. The dependence of the peak maxima with the frequency
indicates a diffuse phase transition (DPT) rather than a classic
ferroelectric to paraelectric phase transition. The YCrO; samples
show a strong frequency dependence of both the dielectric
constant and loss tangent being more notorious at low
frequencies. The peak, at about 450K, is smeared out at high
frequencies. Furthermore, the behavior of the transition around
450 K is that typical of a relaxor material where the magnitude of
the dielectric constant decreases with the increase of the
frequencies at the same time that the maximum is shifted to
higher temperatures [26,27]. It is known that relaxor materials
are highly inhomogeneous materials in which a DPT arises due to
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Fig. 5. (a) Magnetization as a function of temperature with external magnetic field
of 0.1 and 10 kOe in ZFC and FC mode. The inset shows the inverse of the magnetic
susceptibility as a function of temperature. The solid line is the fitted data between
200 and 300 K. (b) The external magnetic field dependence of the magnetization at
5 K for YCrO3 prepared by the combustion method.

a multitude of local phase transitions in a broad range of
temperature [28], as it is shown in YCrOs; material. Also, note
that the magnitude of the dielectric constant at ~450 K in the
sample obtained by the combustion method is about one order of
magnitude higher than the one in the samples obtained by the
solid state reaction as is seen in Fig. 7c, which we believe is due to
the more homogeneous and lower particle size in combustion
method with respect to the conventional method.

To describe the temperature dependence of the dielectric
permittivity in the vicinity of the diffused phase transition, the
following empirical power relation can be used:

11 (0-Tw)

g €m C

3)

where ¢, and T, are the value and temperature of the &'(T)
maximum value &, corresponding to the phase transition for
each frequency, C is the temperature independent coefficient and
o is the diffuseness exponent indicative of the degree of disorder
in the ferroelectric—paraelectric phase. The limiting values, from
1 < a <2, reduce Eq. (3) to the Curie-Weiss law valid for a normal
ferroelectric behavior at =1 and to the quadratic expression
which is valid for a relaxor behavior at «=2 [29]. The plots of In
(1/e'-1/¢'yy) versus In (T-Ty,) at several frequencies are shown in
Fig. 8. Fitting the ¢'(T) dependence in the paraelectric state (from
~470 to 550 K) gave a value of «=1.88 and 1.98 for the sample
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Fig. 6. (a) Total specific heat (black square) and lattice contribution to the specific
heat as a function of temperature evaluated using the Debye formula (red circles).
(b) The magnetic contribution to the specific heat, Cyag/T (black squares) and the
magnetic entropy contribution, ASy.. (continuous red line) as a function of
temperature, (c) Cp/T3 versus T curve for YCrOs combustion sample. (For
interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)

synthesized for combustion and solid state reaction method,
respectively. In both cases, a DPT is confirmed since the
corresponding value of « is close to 2. Thus, the broadened peak
and the deviation of the Curie-Weiss law can be ascribed to
disorder caused intrinsically by a local non-centrosymmetric
structure as were proposed by Ramesha et al. [8]. Small and well
distributed grain size obtained through the combustion synthesis
likely increases the local non-centrosymmetric nano-regions.

In order to know the conduction mechanism and the
associated activation energy values, E,., in YCrOs we have fitted
the ac conductivity to an Arrhenius law as

o(T) = O-Oe_(Eact/kB T (4)

where ¢, is the characteristic permittivity of the material, in
general dependent of the frequency, kg is the Boltzmann’s
constant, T is the absolute temperature and E, is the activation
energy associated with the conduction mechanism in the
temperature region of temperature analyzed. The In o versus
1000/T is shown in Fig. 9, where the E,. can be calculated from
the slope of the plot. The graph shows a region characterized by
only one slope indicating the presence of one conduction
mechanism. Thus, the activation Energy values are 0.38 and
0.32 eV for the products of the combustion and solid state
reaction, respectively. The values of E,. are in correspondence
with the hopping of charges, which should be associated to the
incomplete outer d-shell in Cr+3 (§=3/2). This obtained value
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Fig. 7. (a, b) Dielectric constant and dielectric loss as a function of temperature at several frequencies for the combustion and solid state reaction for the YCrOs; samples.
(c) Compared dielectric constant curves as a function of temperature at 200, 500 and 1000 Hz for combustion and solid state YCrOs; bulk samples.

corresponds to that reported for orthorhombic FeNbO, ([30] and
references therein). Also, the average (E,—0.35) in YCrOs are in
correspondence to the extrinsic conductivity associated to small
polarons (E,;¢~0.21-0.8) [30]. The result also shows that the
combustion synthesis enhances the potential energy which stop
the conductive process. This is likely due to the better grain
homogenization and the low porosity obtained by combustion
synthesis. Intergrain boundary in bulk ceramics plays an
important role in the dielectric properties of the materials as it
is seen in multiferroic BiFeOs [31]. In single crystal and thin films
BiFeO3; show a well defined hysteresis loops whereas in bulk
ceramic the hysteresis loops are screened by the conductive
process. In this case, the polarization measurements (not show
here) displayed a circular-like hysteresis loop typical feature of a
conductive process in bulk samples. This fact reveals that several
conduction mechanisms are present as an intrinsic feature in the
YCrOs samples. These conductive mechanisms give rise to leakage

currents, which interfere with the polarization switching and
pooling process.

4. Conclusions

Polycrystalline biferroic YCrOs; was synthesized by the self-
ignition process with a short calcinations step at relatively low
temperatures in the successive sintering process. Uniform grain
size, better control of the porosity and an increase of relative
density is found in the samples obtained by the combustion
method with respect to those prepared by long time high
temperature solid state methods. The refined X-ray diffraction
data did not show any signal of a structural distortion that could
suggests a non-centrosymmetric crystal structure and the global
S.G. Pbnm typical of an orthorhombic perovskite structure was
observed. The magnetic properties do not seem to be influenced



1870 A. Durdan et al. / Journal of Solid State Chemistry 183 (2010) 1863-1871

a T T T T T T T
.8 L YCrO; Combustion method
Averagen = 1.88
~ 10 ® 0.5 kHz _
v
l& + 4
T 12+ i
14 +° -
| L | L | L |
0 1 2 3
In (T-T,,)
b -5 T T T T T T T
6 [ YCrO; Solid state method
-7 [ Averagen = 1.98
-8 - © 0.50 kHz
wa 9 i A 1.0 kHz ]
= w 10.0 kHz j
@ 0| ]
= L l
12 L .
-13 + .
4 L .
| L | L | L |
0 1 2 3
In (T-Tp,)

Fig. 8. In (1/¢/-1/¢'r,) versus (T-T,,) temperature at several frequencies at higher
than Ty, for the YCrOs prepared by combustion and solid state reaction.

by the method of synthesis. At low temperatures, the magnetiza-
tion and specific heat data show the typical second order phase
transition from paramagnetic to a canted antiferromagnetic
ordering at Ty~140K. A large excess of magnetic entropy
indicates the development of short-range order at T> Ty and in
the absence of an external magnetic field, a spin reorientation
takes place between Ty and ~60K, that is observed as a broad
peak in the C,/T versus T plot. On the other hand, the dielectric
properties and conduction mechanism are greatly influenced by
the synthesis route and the thermal history of the material. The
dielectric constant shows a broad peak at around 450 K with the
magnitude and the maximum in temperature being notably
dependent on frequency as typically occurs with relaxor materi-
als. Moreover the material obtained through combustion method
shows a stronger signal transition. The broadened peak and the
large deviation of the Curie-Weiss law are associated to disorder
intrinsically caused by grade of local non-centrosymmetric
structure. Furthermore, the high tangent loss in a broad range of
temperature is an indicative that the conductive mechanisms are
present in YCrOs. The conduction mechanism corresponds to the
n- or p-type hopping of charges. In summary, we can state that
the different combustion and solid state routes [6] have no effect
on the Néel transition, Ty and hysteresis magnetization values;
contrary to this fact, the synthesis route can be chosen to affect
the magnitude of the DPT at ~450K, as well as the conductive
processes in YCrOs.
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Fig. 9. Temperature dependence of ac conductivity at frequency of 10 kHz for
combustion and solid state reaction method.
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