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A sol-gel method belongs to chemical methods of producing-erganic and non-
metallic materials. As a result of a synthesis by the soligethod a powder with the
Pb(Zr.35Tio.e5)O3 chemical composition, which was formed and sintered fresfg hot
pressed as well, was obtained. The obtained ceramic matesasubjected to test of proper-
ties of permittivity, loss tangent and piezoelectric pnoies as well. Both a description of a
technological process to obtain ceramic materials by thgealomethod and the determined
dielectric and piezoelectric parameters of the ceramiaigstion are presented in this work.
The ceramic in question can be used, among others, in peessansors, electroacoustic trans-
ducers, piezoceramic amplifiers, loudspeakers and miorogsh
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1. Introduction

The PbZrQ and PbTiqQ solid solution with a general molecular formula of Ph(Zr
Ti;_x)O3 constitutes a PZT ceramic material. The PZT ceramic showystatline
structure of a perovskite type. The ideal perovskite is Cgldalcium titanate, a rare
mineral with dielectric properties, with a regular struett’m3m, crystallizing at high
temperature and elevated pressure [1-3].

The sol-gel method is a process of obtaining ceramic méddyased on a transition
from a liquid sol system (usually colloidal) into a solid gdlase. This method enables
to produce a ceramic in different forms e.g.: thin layerserf#h and a solid ceramic.
The sol-gel method was developed in the mid fifties of the XXéntury in connection
with replacing fuel metallic elements in nuclear reactorekide elements. The sol-gel
synthesis of ceramic powders supersedes gradually a dimwahmethod of their ob-
taining, based on a synthesis of simple oxide mixtures asuwtref high temperature
sintering. High purity and homogeneity of fundamental mate used have a signifi-
cant influence on properties of products. Materials obthimgthe sol-gel method are
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characterized by better chemical purity and high densitynaferials after sintering.
This method also enables to obtain a ceramic with compaositizvhich cannot be ob-
tained as result of a synthesis process by a reaction in thiegd@mse of simple oxides
and showing specific physical-chemical properties. Dieleand piezoelectric proper-
ties of the PZT ceramic depend mainly on the solid solutiampasition, its chemical
homogeneity, a microstructure and on a production teclyydkh—6].
An aimof thiswork wasto obtaina PZT ceramicmaterialwith the Pb(Ziy 35 Tig 65) O3

composition by the sol-gel method and to examine dieleeinit piezoelectric proper-
ties of specimens compacted by a free sintering and hotipgessethod.

2. Experimental procedure

A solid solution of the PZT type with the Pb(4;Tio.65)Os, molecular formula,
where the Zr/Ti ratio is 35/65, characterized by a tetragstracture, was the material
subjected to tests. The PZT ceramic material was obtaingladosol-gel technology by
a synthesis reaction of organic metal salts in the liquidsph#n order to obtain a ce-
ramic material the following precursors were used: leadaeezirconium propanolan,
titanium propanolan, propanol and acetylacetone. A swilmocess of the PZT mate-
rial lasted 45 min., the obtained product was subjecteddtidldiion, during which a by
product ester-propyl acetate was removed. After the @isth the acetylacetone and
distilled water were added. Hydrolyze reactions resultesbi formation, and then gel.
After drying of the liquid phase xerogel was obtained andaswubjected to roasting at
873 K for 2 hours to burn up organic compounds. The PZT ceramaiterial obtained
was ground for 2 hours. Then, it was formed into tablets of h0 drameter, followed
by free sintering at the temperature of 1573 K for 5 h, and these also subjected to
hot pressing at the temperature of 1400 K under the pres$@ bPa for 2 hours.
The obtained specimens of 1 mm thickness were covered viitr giaste electrodes
by burning for 5 h at 1073 K temperature. The obtained spatineere subjected to
tests of dielectric and piezoelectric properties. In otdedetermine the microstructure
characteristic of the ceramic material obtained, exarntnatwere made by use of a
scanning electron microscope. Permittivity and tanges lwere examined by a bridge
of a BM 595 type. This bridge controlled by microprocessaltdad to read out a value
of capacitance C, which was next used fopermittivity calculations. Changes in C
capacitance and loss tangent in a temperature functionraqddncy of a measurement
field while heating and cooling the specimens were examiflee tests were performed
in the sinusoidal changeable field with frequency from 100120 kHz in a temper-
ature range from 295 K to 750 K. In order to examine piezogteptoperties the PZT
ceramic was subjected to an influence of constant elecfialdl namely the ceramic
material was polarized. The following polarization coratis were assumed: intensity
of polarization field 20 kV/cm, polarization temperaturé4Q duration of polarization
process 2 h. Piezoelectric parameters were determinedsbygiaace and antiresonance
method [7, 8].
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3. Investigation results

Examplef temperaturelependencesf permittivity (7") andlosstangentan 6(7')
for the PZT ceramic compacted by free sintering method anhgressing are presented
in Figs. 1 and 2. The(T') curves show characteristic maxima in the phase transition
area. The initiak value increases with increasing temperature reaching theénmum
valuee,,, at the phase transition temperat(ie The further increase in the temperature
results in a decrease in thevalue above the Curie temperature, in accordance with the
Curie-Weiss law.
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Fig. 1. Temperature dependences obtained for the PZT cerd®i65 compacted by a free sintering
method: a) permittivity =(7°), b) loss tangent +an 6 (7).
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Fig. 2. Temperature dependences obtained for the PZT ce&%185 compacted by a hot pressing method:
a) permittivitye(7"), b) loss tangent +an 6(7").

Low values of dielectric loss angle in the temperature raoigg95-600 K being
approximately 0.01 prove high quality of the material ol¢ai. For both compacting
methods, a decrease in the loss tangent value with an ircre&®quency is observed
(Fig. 1, 2).
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Thetan ¢ value atT, temperature for the PZT 35/65 specimens in question for the
measurement field of 2 kHz frequency did not exceed a unitoAtgarablean § values
for a specimen compacted by a hot pressing method highegs/aliupermittivity were
obtained both at room temperature and at the Curie temperatu

Density of the ceramic specimens obtained by a hot pressatlyad is 7515 kg/rh
whereas density of the specimen obtained by free sinterigipads is 5432 kg/f It
has been found that the ceramic compacted by a hot pressthgadrie characterized by
higher density than the ceramic compacted by a classicddodebecause the pressing
method that is sintering under pressure ensures greatéorouty of stoichiometry
of the synthesized components of the obtained ceramic. A&arddge of this method
is a possibility to sinter compacts in a small tightly lockeldamber, what prevents
volatilization of components. It also enables to lower apgenature of sintering and
to reduce sintering time. The external pressure, exertdti@prepared compact while
sintering, brings powder grains closer and it increaseseaaf the mutual contact and
removes pores. It enables to obtain a non-porous and fineegraeramic what has a
significant influence on dielectric and piezoelectric prtips.

Crystalline ceramic materials have a polycrystalline dtice. Each grain is a less
or more perfect crystal with inter-grain boundaries cotitgcthe adjacent crystals. The
PZT ceramic is a polycrystalline sinter, characterizedigh lsohesion and strength. Itis
a multiphase system in which three phases can be distirgpiishystalline consisting
of crystallite of a given solid solution or a chemical compduglasslike phase (an
amorphous layer binding other phases), a gaseous phase fiframic pores. For the
PZT 35/65 ceramic composition in question microphotogsgmiesented in Fig. 3 were
taken and they illustrate the microstructure and domaircgire of the non-polarized
PZT ceramic compacted by a hot pressing method.

The ceramic microstructure depends on many factors. Amémgr® on a techno-
logical process, types of fundamental materials, kinetfqgghases transitions, sintering
time, grain growth conditions. Well-formed grains and badares between grains, be-
ing 120°, were observed. The PZT 35/65 ferroelectric ceramic in ¢frgonal phase
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Fig. 3. Micro-photographs (SEM) of the PZT 35/65 ceramianajrostructure, b) domain structure.
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is characterized by high concentration of @@ructural domains (Fig. 3). Piezoelectric
parameters for the PZT ceramic composition in question Wetermined by resonance
and antiresonance method, reading values of frequgmegonance, antiresonance and
first overtone. On basis of the obtained values piezoeteptiameters of the polarized
PZT ceramic compacted by a hot pressing method were caculglues of param-
eters of the PZT 35/65 ceramic are presented in Table 1. Camgparoperties of the
obtained PZT 35/65 ceramic with a multicomponent piezaoeavith the composi-
tion of Pb].94Sr0.06(Zr0,5Ti0.5)03 + 0.25% wt. C§O3 and alqu)PbTiO;g — (1 — X —
y)PbZrOs—y[Pb(Cdy5Wo.5)O3], wherex = 0.65, y = 0.02 obtained by a free sinter-
ing method, better parameters for the ceramic examinedsmibrk were observed; pa-
rameters such as e.g. a value of electromechanical coeffigjéor the composition in
guestion was 0.41, sound spdég = 2755 m/s, whereas for the multicomponent com-
pOSitiOﬂ Pb,94Sr0.06(Zr0,5Ti0,5)03 + 0.25% wt. C§O5 k‘p was 0.35,Vr = 2150 m/s,
whereas fo(x)PbTiO3 — (1 —x —y)PbZrOz —y[Pb(Cdo 5 Wo.5) O3] wherex = 0.65,

y = 0.02 a value of the electromechanical coefficient was 0.38, anddspeed was
2204 m/s, what means that the obtained material can be useessfully in ultrasound
transducers [9-11].

Table 1. Values of piezoelectric parameters determined for the PaZ&%3ceramic.

Parameter Values
Poisson’s ratio 0.38
Electromechanical coupling coefficieky 0.41
Transverse electromechanical coupling coefficignt 0.22
Piezoelectric modulds; - 102 [C/N] 36.6

Sound speel’r [m/s] 2755
Elastic susceptibilitys] - 10" [m?/N] 1.08
Elastic susceptibilitys - 1012 [N/m?] —4.21
Coefficient of elasticityC?; - 10'° [N/m?] 9.22
Coefficientg;; - 10° [Vm/N] 15.18

4. Recapitulation

Examinations of properties of a solid solutionBb(Zr;_,Tiy)O3 type allow to
determine dielectric and piezoelectric parameters in ailéetway and possibilities of
their application in many fields of life and industry branshe electronic engineer-
ing, micro-electronic engineering, radio engineeringjaa electronic engineering and
also in medicine). A ceramic combining different types ofimum properties: dielec-
tric, mechanical, piezoelectric, optical, and importamtdpplications in various equip-
ment such as: pressure sensors electroacoustic transdaoadensers, servomotors,
FRAM memory, piezoceramic amplifiers, loudspeakers, npicomes, piezoceramic gas
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lighters, is of great interest. In this work a production hoet of the PZT 35/65 ceramic
as a result of the sol-gel synthesis was described, andsexugxperimental tests are
also presented.

It has been shown that an application of the sol-gel the oy to synthesize
ceramic powders improves piezoelectric and dielectrieumaters of the ceramic spec-
imens in question. Densification of thh(Zr( 35 Tip ¢5)O3 ceramic powder in the hot
pressing process, because of higher pressure and tenrpesétsintering enables to
obtain a material with highét, andds; values (Table 1).
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