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Abstract: The doped Pb(Zro.5:Tio.4s)O3 system with Nb>* and Sr** were obtained by solid state reactions. The influence of nature of
dopants on structural and microstructural properties were analyzed by XRD and SEM techniques and were also investigated the
obtained dielectric and piezoelectric properties. The XRD analyzes and the SEM images highlighted the obtaining of homogeneous
tetragonal structures, of the perovskite type. The physical (pa), dielectric constant (e;) and piezoelectric (kp) properties of the doped
PZT systems were investigated. The Nb>* doped Pb(Zro.5:Tio.s)Os3 system presented the e- = 488 and k, = 0,52. Sr’* substitution for
Nb>* doped Pb(Zro.52Tio.4s) O3 reduced the Curie temperature (from 420°C to 360°C), increased the dielectric constant at 1180, and

also decreasing the kp (0,39).
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1. INTRODUCTION

The doped Pb(ZrTiix)O3 system with perovskite
structure (ABO3) still represents one of the most studied
systems due to the electrical properties that can be
obtained [1]. These properties can be compositionally
modified. The compositional changes are made by
adding dopants in A?* and/or B*" position of the ABO3
structure [2,3].

In Pb(Zr,Ti1.x)O3 compositions the morphotropic phase
boundary (MPB) represent the area of great interest for
researchers. In this area (Zr*"/Ti*" = 52/48) the values of
obtained properties are high: high dielectric,
piezoelectric and ferroelectric properties, high Curie
temperature. For this raport (Zr*'/Ti*' = 52/48) the
Pb(Zr«Tiix)O3 compositions are easy to doping and easy
to poling. The usual used dopants are of two types:
donor dopants (like Nb>*, Ta>*, Sb>* for Zr*" and Ti*")
and acceptor dopants (like La** for Zr** and Ti*") [4-8].

When used donor dopants we obtain so called ,,soft” PZT
materials and when used acceptor dopants we obtain so
called ,hard” PZT materials. The term ,soft”’
respectively the term ,,hard” refers to the polarization
and depolarization behaviour [9-11].

As is known for Pb(ZrTiix)O3 (PZT) compositions,
niobium oxide increases the sinterability degree by

1"

increasing the density and decreasing the grain size (high
density, small grain size) [12].

Moreover, by replacing Pb?" ions with Sr?* ions in PZT a
better piezoelectric properties have been obtained, by
comparison with the base PZT composition [13].

Could affirm that the properties (dielectric, piezoelectric,
ferroelectric) of PZT are sensitive to the additions of
divalent, trivalent and pentavalent oxides [14-17].

Doped PZT compositions could have applications such
as piezoelectric sensors/ actuators and electromechanical
transducers [18-21].

In this paper, the effect of dopants (Nb>*/ Sr?*) addition
on the structural and microstructural properties will be
studied. Also, the influence of dopants on the dielectric

piezoelectric and ferroelectric properties will be
investigated, too.

2. EXPERIMENTAL PROCEDURE

The  samples  with  general  formula  Pbq.-

031x(Zr0.52Ti0.48)(1-yNbyO3  were obtained using SSR
(solid state reaction) technique. Two compositions were
chosen for this study. The compositions of the studied
samples were coded PZTN and PZTNS respectively.
Thus for the system — (x = 0; y = 0.02) < PZTN is
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obtained and for — (x = 0.05; y = 0.02) <> PZTNS is
obtained.

The  compositions  with formulas
Pb(Zro.52Ti0.48)0.9sNb0.0203 and
Pbo.9sSro.5(Zro.52Tio.48)0.9sNbo.0203 were obtained using
high purity oxides (PbO, ZrO,, TiO, and Nb,Os) and
high purity carbonate (SrCOs). After weighing, the raw
materials were mixed/milled in distilled water for 10
hours. The dried mixtures ware pressed and then
calcined for 4 hours at 850°C. The obtained powders
were ball milled again for another 10h using distilled
water then dried at 100°C and mixed with polyvinyl
alcohol (PVA) 5% aqueous solution of used as a binder.
The mixtures thus obtained were pressed in the form of
discs with the following sizes: diameter 12 mm and
height 1.5 mm. The disc samples were sintered for 2 h at
1120°C. The sintered samples were lapped to a final
thickness of 1.0 mm, then metalized on both sides with
silver paste and then heat treated 30 min at 650°C. For
piezoelectric properties investigation, the samples were
polarized using a field strength of 2 kV / mm, in silicon
oil for 30 min at 120°C.

chemical

The bulk densities of the sintered samples have been
determined by Archimedes method.

X-ray diffraction (XRD) of the sintered samples have
been recorded with a BRUKER AXS D8 Advance
equipment with CuKa radiation. Also, a Ni filter was
used to analyze their crystalline structure. The evolution
of the microstructure and the dimension of grains in the
sintered samples were identified using field emission
scanning electron microscope (FESEM-FIB Workstation
Auriga produced by Carl Zeiss, Germany).

The LCR meter (HAMEG type), at 1kHz, was used to
determine the dielectric properties (dielectric constant -
& and losses - tgd). The resonance-antiresonance
method (fi, f;) has been used for measuring the
piezoelectric properties by using an impedance analyzer
4294A (Agilent type) [22]. The resonance and
antiresonance frequencies were used for calculation of
electromechanical coupling factor k,. For ferroelectric
hysteresis behaviour (P—E) of the un-poled discs a TF
analyser 2000 have been used.

3. RESULTS AND DISCUSSION
3.1. Structural analysis

The XRD patterns of the PZTN and PZTNS sintered
samples at 1200°C for 2h are shown in Figure 1(a, b).
For the PZTN composition XRD measurements indicate
formation of the perovskite phase (ABO3) with major
peak at (101) (Figure 1(a)) [23]. The splitting of (002)
peak into (002) and (200) peaks indicate the
tetragonal phase and rhombohedral phase exist
together [24].

When Sr?* ions substituted Pb%" ions in A position of
ABOs structure the tetragonal peaks became more
intensive [14].
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Figure 1. XRD pattern of the samples (a) PZTN and
(b) PZTNS sintered for 2 hours at 1120°C

The XRD data (Table 1) shows a slight variation with
the addition on Sr?* ions, as a proof of the tetragonality.
With the introduction of Sr** ions into the ABO;
structure, the c/a tetragonality decreases (Table 1).

Table 1. The tetragonality (c/a ratio) and the crystallite size
(D) of the sample sintered for 2 hours at 1120°C

Tsint. Sample c/a D
(°C) (nm)
PZTN 1.030 60.4
1120
PZTNS 1.023 51.6

3.2. Sinterability

The densities of the sintered samples (PZTN and
PZTNS) obtained by measured using the Archimedes
method are presented in Table 2. A good agreement
between these results and the SEM images obtained in
which a dense microstructure it was identified (Figure
2).

Presuming that the theoretical density of PZT is 7.8
g/cm? [25], the values obtained for %@ are between 96-
99.5 and it depends on the composition (Table 2).

Table 2. The physical properties of the sintered sample (2
hours at 1120°C)

Tsint. | Sample | Porosity | Density %Qh
O (%) (g/em’)
PZTN 0 7.75 99.40
1120
PZTNS 0.32 7.52 96.41

The high values obtained for the relative densities
indicate that the samples are eligible for electrical
characterization.

3.3. Microstructural analysis

The SEM images (Figure 2 (a), (b)) shows a dense
microstructure with a grain distribution as a function of
composition. The PZTN sintered samples present a
strongly compacted microstructure with the average
grains size ca 1.76-2.76 um (Figure 2 (a)).
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Figure 2. SEM images of samples (a) PZTN and (b) PZTNS
sintered for 2 hours at 1120°C

Two dimensions of grains (submicron grains together
with large grains) can be identificated for the PZTNS
sintered samples (Figure 2 (b)). The addition of Sr?*
results in reduction of average grain size (1.5 um). The
PZTNS sintered samples present a slightly higher
porosity than PZTN sintered samples.

3.4. Dielectric and piezoelectric properties

The values obtained for dielectric and piezoelectric
properties of sintered samples depend on the nature of
the dopants. (Table 3). The PZT compositions modified
with Nb*" and/or Sr?* influenced dielectric properties (&; ,
tand and Tc¢) respective piezoelectric properties (kp). The
dielectric constant (&) had improved and the Curie
Temperature (Tc) is decrease. By using the resonance/
antiresonance method, the electromechanical coupling
factor (kp) was calculated [17].

Table 3. The dielectric and piezoelectric properties of the
sintered samples (2 hours at 1120°C)

Tsint. | Sample & tgd Tc kp
(°C) *103 | (°C)
1120 | PZTN 643 15 426 0.52
PZTNS | 1180 16 360 0.39

The values obtained for k, are explained by the
appearance of vacancies together with the process of
inhibiting of granule growth brought by Nb>* [17].

3.5. Ferroelectric characteristics

The hysteresis curves (P-E loops) obtained for the
sintered samples are shown in Figure 3 and Figure 4.
The shapes of the hysteresis curves obtained on the
sintered samples are characteristic of ferroelectric
materials.
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Figure 3. Hysteresis loops obtained for poled PZTN
sintered sample (2 hours at 1120°C)
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Figure 4. Hysteresis loops obtained for poled PZTNS
sintered sample (2 hours at 1120°C)

The differences between the two curves are due to the
different microstructures obtained for the sintered
samples, namely the grain size.

The values obtained of the P, (remaining polarization)
and Pmax (maximum polarization) of the sintered samples
are presented in Table 4.

Table 4. The values of the Pr and the Pmax for the samples
sintered for 2 hours at 1120°C

Tsint. Sample Pr Pmax
(°C) [uC/ecm?] | [uC/em?]
1120 PZTN 9.62 12.95

PZTNS 10.16 14.02

The small differences that appear between the values
obtained for P; and Pna in the case of the two
compositions are due to the resulted microstructure.

4. CONCLUSIONS

We investigated the structure and the electrical
properties of  Pb(Zros52Ti0.48)0.9sNbo.0203 and
Pb()495SI‘o,s(ZI‘o,52Tio{4g)o,9ngo{on3 materials. The samples
were obtained using solid state reaction technique. The
obtained phase is a tetragonal perovskite phase (ABO3).
The density and porosity depend on the composition (by
the nature of the dopants). The values obtained of the
relative permittivity (€;), of the Curie Temperature (Tc)
and of the electromechanical coupling factor (k)
together with the obtained value for the remaining
polarization make these compositions a candidate for
sensor/actuator applications.
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