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ABSTRACT

A series of new type of lead-free ceramics Ba

Be .Ti. ZrQO

0.05 " 1-x"'x 3

(BBTZx) were prepared using

0.095

the sol-gel method. X-ray diffraction results show that all powders crystallize in a perovskite-type
phase, with the diffraction peaks of the BBTZ powders shifting toward the smaller 26 with increasing
Zr content. On the other hand secondary phases (ZrO,) were not detected in the diffractograms
and the results of fluorescence spectroscopy measurements showed an increase in atomic percent
of zirconium and a decrease of that of titanium, showing the incorporation of Zr ions in the BBT
in place of Ti ones. The phase transition from tetragonal to cubic phase (T-C) was determined
with the help of a new method based on the study of the thermal behavior of Cole-Cole diagrams

(e”vs €).

Keywords: Ceramics Ba, .Be, . Ti, ,.Zr,O

3’

Dielectric, Cole-Cole diagrams (” vs €),

Curie temperature (Tc).

INTRODUCTION

Since the discovery of the phenomenon
of ferroelectricity, barium titanate BaTiO, was a
standard material of the ferroelectric perovskite
family. This compound has long been used in many
industrial sectors such as electromechanical, the
electronic and microwave applications'? and electro-
optical devices®. One of them, booming, is that of
Multilayer Ceramic Capacitors MLCCs (Multilayer

Ceramic Capacitors)*''. An interesting and very
current application of BaTiO, also relates to making
computer memory frams (Ferroelectric Random
Access Memories)'2, the detection of polluting
gases such as CO' the optical waveguides, and
holographic storage high frequency filters ...)'"*'70
and the spatial light modulators®. This pure lead-
free material and also strontium-doped, has a high
environmental interest for applications mentioned
above, due to its high dielectric constant value
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combined with relatively low voltage dissipation and
wide tunability of the dielectric constant, as well as
a good chemical stability’®2!. Several studies have
examined the effect of doping on the dielectric
properties and relaxer behavior, in particular doping
with Zr (BZT) and Sr (BSTZ)?>24. Recently, we
investigated the effect of substitution of Zr in the Ti
site (BaZr,Ti, O,) and reported the diffuse behavior
in BZT (for x> 0.1)?®. Therefore, it would be interesting
to study the effect of the substitution of Ti by Zr in
other systems (nephews) as ((Ba,,Be, ) (Ti, Zr,)
0,) (BBTZ)).Thus, one aim of this work is the study
of structural and dielectric properties of BBTZ,
ceramics; in particular, in this work, the attention
has been focused on the evolution of the Cole-Cole
diagram (¢” vs €’) depending on the temperature of
measurement.

EXPERIMENTAL AND METHODS

BBTZx ceramics samples with x = 0.075,
0.1, and 0.15 were prepared by the sol-gel method,
using stoichiometric proportions of acetates of high
purity: barium acetate (Ba(CH,CO,),; 3H,0, purity

Table 1: Lattice parameters a, 26 of (111)
peak and strain values of BBTZ
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99:9%, Johnson Matthey GmbH Alfa, Karlsrube,
Germany), beryllium acetate (C H, Be,O,,),
zirconium acetate (Zr(CH,CQ,),; xH,0) (purity 99.9%,
x = 1.5, Johnson Matthey GmbH Alfa, Karlsrube,
Germany), and titanium alcoxide (97 % (Assay)
Johnson Matthey GmbH Alfa, Karlsrube, Germany).
Appropriate quantities of these precursors were
thoroughly mixed in a woodshed, under continuous
agitation at 60°C. And then calcined at 1273 K under
an air atmosphere for 4 h, and then pressed into
pellets of 12 mm diameter and approximately 1 mm
thickness, under a uniaxial pressure of 10 ton. The
pellets were then sintered at 1472 K for 8 h in air.
Steps of the preparation of BT and BZT have been
detailed elsewhere®>2¢. Phase identification of the
samples was performed using X ray diffraction (Cu K
ray, A= 1.5418 A). However to verify the stoichiometry
of our samples, we used fluorescence spectroscopy
technique. Dielectric measurements were carried out
in the frequency range of 100 Hz to 2 MHz using an
inductance capacitance resistance (LCR) bridge (HP,
Model 4284 A).

RESULTS AND DISCUSSION

Fig.1 shows XRD spectra of the BBTZ,
powders calcined at 1000 °C for 4 hours for different
rates of Zr. It is observed that all powders crystallize in
the perovskite phase with the presence of secondary
microphase (BaCO,); peaks associated with ZrO,
(secondary phase) are not detected, indicating a
complete incorporation of Zr ions into BT matrix. For
x = 0 (Fig.1b) the presence of the peaks (200) and
(002) is characteristic of the tetragonal phase 27),

(b}
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Fig. 1: XRD patterns of the powders BBTZ calcined at 1000 °C
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and with increasing Zr content they merge into one
relatively large peak, which indicates a transition
to the pseudo-cubic phase Moreover, a closer
examination reveals that the increase in Zr content
causes a displacement of the position of the peaks
towards lower angles; the corresponding values of
the 20 position of the peak (111) of BBTZ_ are given
in table.1. This progressive displacement is attributed
to the distortion (expansion) of BBTZ crystalline
structure with increasing Zr rate due to the fact that
the ionic radii of Zr 4 (0.72 A) is larger than that of
Ti* (0.605 A).

Fig. 2 shows the plot of B cos 6 as a function
of sin® for different percentages of Zr in BBT. A linear
fit to these points gives an estimate of the nature
of stress in these compounds. For BBT powders
(without Zr) a linear fit (Fig.2) shows a negative slope
whereas for BBTZx powders, it becomes positive.
It is also found that the slope (positive) increases,
which means an increase of the tensile stress in the
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BBTZ powders with increasing Zr content. However,
for pure BBT powders (without Zr), the Be ion
incorporation into the Ba sites creates a compressive
stress due to smaller ionic radii of Be2 + ions (0.45
A) with respect to that Ba2* ions (1.35A).

Results obtained from measurements using
fluorescence spectroscopy technique are gathered
in Table.2 showing an increase in atomic percent of
zirconium and a decrease of that of titanium, pointing
out a complete incorporation of Zr ions in place of Ti
(B site in ABO, struture) ones in accordance of XRD
results.

Fig. 3 displays Cole-Cole plots (from
1 kHz to 2 MHz) of the BBTZ, samples at different
temperatures. These Cole-Cole diagrams show
depressed observed semicircles With their center
lying below the real impedance axis reveal a non
Debye relaxation behavior with distributed relaxation
time. This non-ideal behavior may be correlated to

Table 2: The percentage of chemical elements obtained by fluorescence
spectroscopy of BBTZ and emax andT,.

Composition Ba Be Ti (0] Zr emax T(°C)
BT 36,42 0 3557 28,01 O 6048 130
BBT 36,12 0.31 3557 28,01 O 5599 125
BBTZ, ., 3612 032 3516 281 021 5402 110
BBTZ,,, 36,11 0.31 34,41 28,19 0,98 4682 100
BBTZ, ,, 36,12 0.32 33,18 28,19 2,19 2633 80
0,35
0,30
0,25
D
n
8
o 020
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0,10 . ; . T T T 1
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sin 0

Fig. 2: Contraint curve of BBTZ with different Zr contents.
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Fig. 3: Cole-Cole plot (c”vs. ¢’) of different samples BBTZ_at different temperatures.
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Fig. 4: Cole—Cole plot (¢”vs.¢’) of different
samples BBTZ_at 200°C.

several factors such as grain size distribution, grain
orientation and grain boundaries. It can also be
observed that for the temperature 200°C (fig.4) the
plots are depressed semicircular in shape and their
intercept on real axis shifts toward origin with increase
in the rate of doping indicating the increase in the
conductivity of the material. Moreover, substitution of
Tiions by Zr ones leads to distortions in the BBTZ,
structure. The literature reports that the ionic radius
of Ba?* ions is about 1.34 nm, while that of Zr* is
0.72 nm. According to this hypothesis, the substitution
of Ti sites, often occupied by atoms of Zr, causes
electronic compensation through the formation of
barium gaps or oxygen which causes a decrease of
the dielectric constant what is clear in table.2.

Moreover, for pure BT, and for temperatures
below 130°C (Fig. 3. a), one can notice that the
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half-circles have an increasingly large diameter with
increasing temperature. This tendency is however
inverted above 130°C (Fig. 3.b). According to the
literature®-3', this temperature (130°C), corresponds
to the temperature of transition, Tc, from ferro-to-
paraelectric phase. This observation is also valid
for the other compounds at different concentrations
in Zr. This result, which has never been reported
in the literature, is observed due to the frequency
measurement method, allowing determination of
the transition temperature Tc without using other
conventional methods consisting in collecting data
for few frequency values which may prevent from
observation of certain effects or phenomena.

CONCLUSIONS

Pure and Zr-doped BBT ceramics were
successfully prepared. XRD patterns Rietveld
refinement revealed that these powders crystallize in
the perovskite phase at room temperature. Dielectric
measurements show that the temperature Tc and the
dielectric constant decrease with increasing doping
either by Be or Zr. Evolution of Cole-Cole diagrams
(e” vs €’) revealed a non Debye relaxation behavior
with distributed relaxation time. In this study we
have given a new method to determine the fero-to-
paraelectric temperature of transistion (Tc) based
on the study of the thermal evolution of Cole-Cole
diagrams (g” vs €’).
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