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Abstract. Results on investigations of the PZT type ceramics with the following chemical composition:
Pb0.94Sr0.06(Zr0.50Ti0.50)0.99Cr0.01O3 (PSZTC) which belongs to a group of multicomponent ceramic ma-
terials obtained on basis of the PZT type solid solution, are presented in this work. Ceramics PSZTC
was obtained by a free sintering method under the following conditions: Tsint = 1250 ◦C and tsint = 2 h.
Ceramic compacts of specimens for the sintering process were made from the ceramic mass consisting of
a mixture of the synthesized PSZTC powder and 3% polyvinyl alcohol while wet. The PSZTC ceramic
specimens were subjected to poling by two methods: low temperature and high temperature. On the ba-
sis of the examinations made it has been found that the ceramics obtained belongs to ferroelectric-hard
materials and that is why it may be used to build resonators, filters and ultrasonic transducers.

1 Introduction

A possibility to use a piezoelectric ceramics in the elec-
tronic industry, in micromechatronics [1], electroacoustics
or to build elements of medical equipment is conditioned
mainly by stability of its mechanical and electric param-
eters [2–5]. One of the most interesting materials for use
in micromechatronics is a multicomponent solid solution
PZT-type with perovskite structure [6–9]. Optimization
of a technological process, a selection of the PbTiO3 con-
centrations (in the solid solution of a PZT type) and also
a modification of the basic chemical composition with ap-
propriate admixtures have a significant influence on sta-
bility of piezoelectric transducer operating [10,11].

An aim of this work was to obtain and examine basic
parameters of a multicomponent PZT type ceramics ad-
mixed with chromium regarding a possibility of its use in
electroacoustics. Electrical permittivity (ε33/ε0), a tan-
gent of the dielectric loss angle (tanδ), a coefficient of
the electromechanical coupling, mechanical quality factor,
temperature stability of a resonance frequency Δfr/fr,
mechanical losses Q−1 and a value of the Young modulus
Y belong to a set of basic parameters which decide about
ceramics usability for a given type of applications.

2 Experiment

A test material was a PZT type ceramics with the com-
position of Pb0.94Sr0.06(Zr0.50Ti0.50)0.99Cr0.01O3 (in the
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work designated as PSZTC), which is included into a
group of ferroelectrically hard materials. The powder
mixture components were milled using planetary mill
FRITSCH Pulwerisette 6, in ethanol, by 12 h. Next the
powder was sintered freely at the temperature of Tsint =
1250 ◦C for tsint = 2 h. After making of compacts of the
forms required on the hydraulic press, they were subjected
to drying in the air atmosphere for 24 h. The compacts
prepared in such a way were placed in the ceramic cru-
cible and they were sintered in the pad of PbO and ZrO2

mixture. After completion of the technological process the
ceramic PSZTC specimens were subjected to a mechani-
cal treatment (grinding and polishing), in order to prepare
their surfaces properly for putting electrodes by a silver
paste burning method.

The PSZTC specimens were subjected to a poling
process by two poling methods. In the low temperature
method (high voltage method) the PSZTC ceramics was
polarized in the silicon oil medium under the following
conditions: poling field Epol = 40 kV/cm, poling temper-
ature Tpol = 165 ◦C and poling time tpol = 0.5 h. In
the second high temperature poling method (low voltage
method) the poling was conducted in the air atmosphere,
using an impulse application of the electric field. The fol-
lowing poling conditions were used: poling temperature
Tpol = 360 ◦C while the poling field applied by impulses
Epol = 17 kV/cm (six cycles lasting for tpol = 15 s each).

After completing the poling process of the PSZTC ce-
ramics, its structural, dielectric, mechanical, piezoelectric
parameters and parameters of resonance stability were
tested. The microstructure examinations were made by
a SEM scanning microscope HITACHI S-4700. Measure-
ments of the Q−1(T ) internal friction and the Young

http://www.epj.org
http://dx.doi.org/10.1140/epjb/e2015-60420-y
http://www.springerlink.com


Page 2 of 4 Eur. Phys. J. B (2015) 88: 296

Fig. 1. X-ray diffraction pattern of the PSZTC ceramics.

modulus E(T ) were made by an relaxator of acoustic fre-
quencies of a RAK-3 type, dielectric measurements were
performed on a capacity bridge of a QuadTech 1920 Pre-
cision LCR Meter type, at different frequency of the mea-
surement field (from 100 Hz to 20 kHz) and whereas an
examination of the hysteresis loop was carried out using
the Matsusada Inc. Heops-5B6 precision high voltage am-
plifier. The number of specimens subjected to examination
was 3.

3 Results and discussion

The X-ray examinations (Fig. 1) of ceramics
Pb0.94Sr0.06(Zr0.50Ti0.50)0.99Cr0.01O3 have shown,
that at room temperature Tr it has a perovskite type
structure with a tetragonal phase near the morphtotropic
area (a = 4.075 Å, c = 4.099 Å, δT = 1.1%) without
the presence of foreign phases (pirochlore phase). The
PSZTC ceramics has density of ρeksp = 7.23 g/cm3.

The PSZTC ceramics microstructure image (Fig. 2) is
characterized by a fine grained nonporous structure with
a densely packed and tight sintered structure as well as
inhomogeneous grain. The average size of the PSZTC ce-
ramics is lower than r < 2.0 μm.

Internal friction measurements for the PSZTC ce-
ramic specimens were conducted in the temperature range
from 25 ◦C to 380 ◦C, for three different heating rates (1,
3, 5 deg/min). The Q−1(T ) and E(T ) temperature depen-
dences obtained for the PSZTC ceramics are presented in
Figure 3.

A characteristic PF maximum was observed on the
Q−1(T ) curve and a MF minimum accompanying it, con-
nected with a ferroelectric-paraelectric phase transition,

Fig. 2. SEM photographs of a fracture microstructure
of PSZTC ceramics, (a) magnify ×15, (b) ×30.

Fig. 3. Temperature dependences of the Q−1(T ) and E(T )
obtained for the PSZTC ceramics.

was observed on the E(T ) curve. Peaks PR1 and PR2 ob-
served on the Q−1(T ) curve and anomalies connected with
them on the Young modulus curve, marked as minima A1

and A2 showed a relaxation character, when their tem-
perature position depended on the specimen heating rate.
On the basis of the Arrhenius law [12] which deals with
processes activated thermally, the relaxation time and an
activation energy H were determined. The activation pa-
rameters of the PR1 peak (H = 1.11 eV, τ0 = 2.18×10−15)
point out to a process connected with mutual influence
of point defects and domain walls (mainly 90◦) [13]. The
activation parameters of the PR2 peak (H = 2.35 eV,
τ0 = 1.55 × 10−24) obtained suggests that the PR2 peak
may be connected with a more complex process. As it was
shown in work [13], the PR2 depended on a few param-
eters for example: a rate of temperature transition or a
concentration of oxygen vacancies. The fact that the PR2

peak is near the PF, peak connected with the ferroelectric-
paraelectric phase transition, suggests instability in the
domain wall arrangement.

Temperature dependences of the electric permittivity
are presented in Figure 4. The PSZTC ceramics has a
phase transition from a ferroelectric phase to paraelectric
one at TC = 360 ◦C temperature and high values of elec-
tric permittivity. Low values of the dielectric losses for the
PSZTC material (Tab. 1), maintain to the temperature of
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Fig. 4. Plot of dependences of the electric permittivity in
the temperature function for a cooling cycle for the PSZTC
ceramics.

Table 1. An influence of the poling method on the piezoelec-
tric parameters of the PSZTC ceramics.

Low temperature High temperature
method method

Epol [kV/cm] 40 17
tpol 15 min 15 s

Tpol [◦C] 165 360
n (number of impulse) – 6

ρeksp [kg/m3] 7.23
fa/fr 1.072 1.054

εT
33/ε0at Tr 800 810
tanδ at Tr 0.0076 0.0074

kp 0.41 0.36
d31 × 10−12 [C/N] 68 63

SE
11 × 10−13 [m2/N] 112 118

Vr [m/s] 2197 2153
g31 × 10−3 [Vm/N] 9.53 8.83

Qm 568 764

about 300 ◦C (Fig. 5). For 1 kHz frequency of the mea-
surement field they are lower than 0.15. Above tempera-
ture 300 ◦C there is a significant increase in the dielectric
losses connected with an increase in electric conductivity
with high temperatures.

The PSZTC ceramics does not have very high values
of the piezoelectric parameters (d31, g31, kp, k31), but it
shows high stability of a relative change of the resonance
frequency Δfr/fr, and at the same time high stability
of its parameters (Fig. 6), a slight increase in the value
of the relative frequency change of the resonance stabil-
ity Δfr/fr (a decrease in the resonance frequency sta-
bility fr), with a temperature increase. However in the
whole measurement area the PSZTC ceramics has very
low Δfr/fr values. For the PSZTC ceramics polarized by
the low temperature method the values of resonance sta-
bility Δfr/fr do not exceed 0.0022, whereas for the ceram-
ics polarized by the high temperature method the values

Fig. 5. Plot of dependences of a tangent of the dielectric loss
angle in the temperature function for a cooling cycle for the
PSZTC ceramics.

Fig. 6. Dependences of relative stability of the resonance fre-
quency in the temperature function for the PSZTC ceramics
polarized by high and low temperature methods.

of resonance stability are lower than 0.001. The conducted
examinations of the temperature stability of the piezoelec-
tric parameters of the PSZTC ceramics confirm its high
ferroelectric hardness what is manifested by high stabil-
ity of resonance frequency, and also its other piezoelectric
parameters.

4 Conclusions

This paper presents the results of research of suc-
cessfully received multicomponent solid solutions
PZT type with the following chemical composition:
Pb0.94Sr0.06(Zr0.50Ti0.50)0.99Cr0.01O3 (PSZTC). Ob-
tained results show that PSZTC samples are character-
ized by the good microstructure with small grains, high
values of dielectric permittivity as well as low values of
dielectric losses.
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The PSZTC ceramics has the mean value of piezoelec-
tric parameters (d31, g31, kp, k31), however this material
shows high stability of a relative change of the resonance
frequency Δfr/fr, and good stability of piezoelectric pa-
rameters. The conducted examinations of the temperature
stability piezoelectric parameters of the PSZTC ceramics
confirm that this material show high ferroelectric hard-
ness, that is, high resistance to external factors such as
external field, stress, etc.

Materials with such properties may be used to the
construction of the piezoelectric elements of micromecha-
tronic subassemblies and systems.

We are grateful for the assistance of Anna �Latkiewicz (Labora-
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Geological Sciences, Jagiellonian University, Krakow, Poland)
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