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Abstract In a recent report, the evaluation of the phase
relations in the Bi,O3-TiO,—WOj; ternary system has
shown the existence of a new phase with nominal com-
position close to BigTisWOo,. In the present contribution
we attempt to prepare this single phase by using a solid
state route. Although XRD analyses also show traces of
two minority Aurivillius-type phases in the synthesized
materials, the crystal structure of the BigTisWO,, phase
has been determined by Rietveld analyses revealing a
complex structure similar to that of Biz(AlSb,)O,; and
PbHoAI;0g4 related compounds. The electrical response of
this new phase was characterized as well. Three peaks are
observed in its dielectric response: two of them positioned
around 0 °C and can be assigned to this BigTisWO,,
structure. The third one rises up to 665 °C and confirms the
presence of the Aurivillius-type phases.

Introduction

The distribution of phases in the Bi,O3—TiO,—~WO;3 system
has been fairly studied because they exhibit a great diversity
of applications. A great number of compounds belonging to
the Aurivillius family have been found in this ternary sys-
tem, including numerous ferroelectric materials with useful
properties for optical memories, high temperature piezo-
electric and electro-optic devices [1-4]. Aurivillius-type
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phases with nominal formula [BiyO3][A,,_1B,,O03m11l,
consist of layered structured oxides in which a-PbO-type
layers [Bi»O,]*" alternate with m perovskite-type layers
[5]. In addition Aurivillius phases also belong to an
important class of ion conductor oxides. These phases were
originally studied because of their ferroelectric properties
but in recent years numerous researchers have explored
their oxide ion conductivity too [6].

In previous works we have evaluated the phase relations
in the BiO3-TiO,—~WOj3 ternary system [7, 8]. The
experimental results suggested the existence of a new
phase in this system with a nominal composition close to
BicTisWO,,. The aim of this work is to synthesize this
phase as well as to obtain dense materials for its micro-
structural and electrical characterization.

Experimental procedure

Polycrystalline samples with nominal composition
BicTisWO,, were prepared by solid state reaction using
high purity Bi,03, TiO,, and WO3 (99.99%) raw materials
(Alfa Aesar). Powders were mixed in a ball-mill using
ethanol medium and zircona balls, then dried at 80 °C and
uniaxially pressed into pellets. The pellets were calcined at
750 °C for 10 h and then reactivated by crushing and
milling again. New pellets were pressed and a second
treatment at 850 °C for 24 h was carried out to obtain
equilibrium conditions. An additional calcining step at
1000 °C for 60 h was applied in order to obtain the pure
single phase. Finally, the sintering was carried out at
1000 °C for 10 h.

The distribution of crystalline phases in the calcined
specimens was determined by X-ray diffraction on powder
samples (XRD, Siemens D5000, Cu ko radiation, step
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0.02). The experimental basis for the Rietveld refinement
was made at the X-ray powder diffractometer located at
beamline 2-1 of the Stanford Synchrotron Radiation Lab-
oratory (SSRL), over the angular range 10-120° and with a
step scan of 0.01°. The experimental data were refined
using the FullProf 2k program and its graphical interface
WinPLOTR [9].

In order to detect the presence of secondary phases,
either non-crystalline or in small concentrations (unde-
tectable by XRD measurements), the calcined powder as
well as the sintered pellets were also analyzed with a Field
Emission Scanning Electron Microscope (Hitachi S-4700)
equipped with EDS (Energy Dispersive Spectroscopy).

Thermal properties in air atmosphere were determined
on a Differential Scanning Calorimeter (DSC 822—Met-
tler-Toledo) applying a heating rate of 3 °C/min.

Electrical measurements were done on Ag electroded
disks. Dielectric characterization was performed using a
HP-4192A Impedance Analyzer in the following temper-
ature ranges: —190-100 °C (using a cryostat) and 25—
750 °C (using an electric furnace).

Results and discussions

Figure 1 shows the XRD diffraction pattern obtained for
the B-Ti—W composition. Around 113 diffraction peaks
can be observed in this spectrum and 105 of them could be
assigned to the BigTisWO,, phase. The remaining eight
peaks are weak in intensity and correspond to
Bi;gTi3W3050 and also to Bi;WOg; actually these two
Aurivillius-type phases and the BigTisWO,, as well form a

Fig. 1 XRD diffractogram for
the BigTisWO,, phase. All the
peaks correspond to the
BisTisWO,, phase excepting
those ascribed to Bi,WOg¢ and
Bi;(TizW305( phases
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compatibility triangle in the Bi,O3;-TiO,—WOj3; phase dia-
gram [10]. Pure single phase has not been obtained by this
synthesis route. This might be related to a partial volatili-
zation of Bi,0; as it is well known to take place in other
systems [11]. Furthermore, it must be noted that since this
compound has been obtained very recently [7, 8] the exact
stoichiometry BigTisWO,, is still discussed and small
deviations could easily occur.

Two different compounds exhibit an XRD pattern that
completely fits the group of BigTisWO,, peaks:
Bi3(AlSb,)O;; (JCPDF n° 86-1537) and PbHoAI;Og
(JCPDF n° 80-0046) [12, 13]. Both compounds show a
cubic symmetry and a structure constituted of two inter-
penetrating networks, one of edge-sharing octahedra,
(AISb;)Og or Al;Og units, respectively, and one of corner-
sharing octahedra, BigO4 or PbsL.nO; units, respectively.
These two compounds were used as a model for the
structural studies of our phase.

The Rietveld refinement of the structure was carried out
with the initial structural data of Bi3z(AlSb,)O;y,
PbHoAI3;0g, and BigTisTeO,, [12—-14] phases. The lattice
parameters were calculated for the peaks corresponding to
the new phase, which corresponds to a cubic symmetry
according to the analogous structures. According to this,
the unit cell was refined with the space group Pn—3 and the
refined lattice parameters were: a = b = ¢ = 9.4204 (1) A
R, =172, 12 = 5.41) which are very similar to the lattice
parameters reported for the Bi3(AlSb,)O;;, PbHoAIl;Og,
and BigTisTeO,, cubic compounds [12-14]. The refined
structural parameters are presented in Table 1, the final
Rietveld plot is shown in Fig. 2 and the structure is plotted
in Fig. 3.
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Table 1 Atomic positional and isotropic thermal parameters for
BicTisWO»,

Atom x y z B

Bi(1) 0.38301(10)  0.38301(10) 0.38301(10) 1.737(32)
Bi(2)  0.00000(0) 0.00000(0) 0.00000(0) 1.737(32)
w 0.08947(44)  0.25000(0) 0.75000(0) 0.467(64)
Ti 0.08947(44)  0.25000(0) 0.75000(0) 0.467(64)
o1 0.13466(118)  0.13466(118)  0.13466(118)  0.717(224)
02 0.25000(0) 0.25000(0) 0.87760(186)  0.717(224)
03 0.08805(159)  0.44061(190) 0.75465(115) 0.717(224)

SEM micrograph for the sample calcined at 1000 °C/
60 h is shown in Fig. 4. Two types of grains can be
observed: polygonal grains and a small amount of platelet-
like grains. A semi-quantitative EDS analysis (the sample
morphology impeded a quantitative one) revealed a Ti/W
ratio between 4:1 and 3:1 in atoms percent for the polyg-
onal grains. This points out that these grains corresponding
to the main phase present a composition close to
BigTisWO,,. On the other hand and according to XRD
results, the secondary platelets were assigned to the Auri-
villius Bi;(TizW303¢ and Bi,WOg phases.

In order to confirm the phase evolution observed in the
XRD measurements, a thermal analysis was performed on
the samples calcined at 1000 °C/60 h. Figure 5 shows the
DSC scan of the calcined powder, performed in air from
—150 to 100 °C. As observed a change in the slope of the
curve is obtained at ~—65 °C. In the literature it is
reported that Bi;gTizsW3037 and Bi,WOg¢ phases do not

Fig. 3 Crystal structure of BigTisWO,, phase

undergo phase changes up to 705 and 665 °C, respectively,
when they experiment a ferroelectric—paraelectric transi-
tion [15, 16]. The mentioned change in the slope of the
DSC curve should be then associated to a phase transition
of the BigTisWO,, phase. One possibility is a reversible
ferroelectric—paraelectric phase transition, and could be
indicative of a ferroelectric nature for the synthesized
phase at temperatures lower than room temperature.
However when the curve is fitted to a second order poly-
nomial, a constant value is obtained for the whole range of
temperatures, which implies no changes in the material’s
heat capacity. Accordingly the change observed in the DCS
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Fig. 5 DSC curve of the calcinated powder at 1000 °C for 60 h

scan should obey to a low energy order—disorder transition,
rather than to a phase transition.

With regards to the electrical characterization, Fig. 6a
depicts the evolution of the dielectric constant as a function
of temperature at 1 MHz. One intense peak is observed
around 0 °C in the dielectric constant measurements, which
could only be attributed to the BigTisWO,, phase. No more
peaks are observed in this figure, however when repre-
senting the dielectric losses, Fig. 6b, a second peak is
observed at 665 °C together with a smooth shoulder around
700 °C. As mentioned these temperatures correspond to the
ferroelectric—paraelectric phase transitions of the Bi,WOgq
and the Bi;gTizW3050 Aurivillius phases, respectively.

constant with temperature at different frequencies. As
observed the peak at 0 °C is in fact constituted by two
peaks, one centered at 3 °C and the other one changing its
position with the frequency, from —44 °C at 1 kHz to
—37 °C at 1 MHz. However, this is not a relaxor-like
behavior and is very similar to that observed in barium
titanate-based dielectric materials. In these materials, a
diffuse phase transitions take place due to chemical inho-
mogeneities or stress induced by core—shell structures
within the barium titanate grains [17, 18]. In the proposed
complex structure of the BigTisWO,, phase, with two
interpenetrating networks, it could be possible that a cer-
tain degree of local heterogeneities and compositional
gradients might form in the grains. If this is so, as it is the
case for high permittivity barium titanate-based dielectric
materials, a diffuse phase transition could be expected
originated by either core—shell structures or the presence of
compositionally different clusters.
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Fig. 7 Dielectric constant as a function of temperature at different
frequencies for the sintered material

Conclusions

A new bismuth titanate phase with stoichiometry close to
BigTisWO,, has been observed in the Bi,O3;—TiO,—WO;3
ternary system. This new phase has a structure similar to
Bi3(AlSb,)O¢; and PbHoAIl;Og phases, which show a cubic
symmetry at room temperature. The compound could not
be obtained as a single phase and traces of Bi;oTizW303¢
and Bi;WOg Aurivillius-type phases were also present in
the synthesized material. DSC analyses however showed
no phase transitions in the temperature range between
—150 and 100 °C. The electrical characterization shows
two peaks in the dielectric response. One, positioned
around 665 °C, is in fact formed by a peak and a shoulder
which are attributed to the Bi,WOg and Bi;gTizW305,
Aurivillius traces. The main peak, centered at 0 °C, is
attributed to the BigTisWO,, phase and is also constituted
by a couple of peaks. The dielectric response with the
frequency of these two peaks points out to an order—

@ Springer

disorder transition in the BigTisWO,, phase similar to that
of BaTiOs-based materials.
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