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Abstract: The physical properties of lead lanthanum zirconate titanate (PLZT) ceramics
have been investigated as a function of a PbO excess from 0 to 20 mol% in samples of
Pbo.gsLan.0s(Zro.6ses Tio.2955)Os (composition that reveals the best performance for piezoelectric
applications for materials with rhombohedral symmetry). Results are presented in a
compressive way in the frame of an overview on PLZT. Structural, microstructural and
ferroelectric properties were investigated as a function of the PbO content. The X-ray
diffraction results confirmed the formation of the perovskite structure for all the cases.
However, the presence of the Pb,O; secondary phase has been observed for the sample
containing 15 mol% PbO excess. Raman spectroscopy studies revealed a strong influence
of the PbO content on the active modes shifts. The ferroelectric properties have shown a
decrease of both remnant (Pr) and saturation (Ps) polarizations for compositions up to 10
mol% PbO, whereas an increase of Pr and Ps was observed for the higher PbO content
samples. Results reveal the effect of the PbO excess on the long-range order interactions
for the studied system.
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l. Introduction

Lead zirconate titanate [Pb(Zr.,Ti,)Os, PZT] ceramics are well-known high-
performance piezoelectric materials, which are widely used in sensors, actuators,
ferroelectric random access memories (FeERAMs) and dynamic random access
memory (DRAM) [1-3]. The piezoelectric, elastic and dielectric properties of this
system are improved near the morphotropic phase boundary (MPB), around y =
0.45~0.50, where both rhombohedral (Zr-rich) and tetragonal (Ti-rich) ferroelectric
phases coexist [2]. Several studies on X-ray diffraction have been reported over the
MPB region, showing a broad not well-defined boundary whose extension strongly
depends on the compositional homogeneity as well as the sample processing
conditions [4-7]. Figure 1 shows the temperature-composition phase diagram for PZT
solid-solution compositions [8].
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Figure 1: Phase diagram for the Pb(Zr,Ti)Os solid-solution system [8].
F, A and P represent the ferroelectric, antiferroelectric and paraelectric
phases, respectively.

The Tc-line indicates the boundary between the cubic paraelectric (Pc) and tetragonal
and rhombohedral (Fr and Fg, respectively) ferroelectric phases. An orthorhombic
antiferroelectric (Ao) phase is revealed for compositions x < 6, from room temperature
up to ~200 °C, with no observable piezoelectric effect. In the rhombohedral phase, on
the Zr-rich side, the temperature-composition dependence divides this region into two
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parts: high Fr(H) and low Fgr(L) temperature regions, with R3m and R3c space groups,
respectively. The difference between these two rhombohedral ferroelectric phases is a
small lattice distortion that occur in the unit-cell along the [111] crystallographic
direction for the R3c phase [9]. The tetragonal antiferroelectric (Ar) phase is also
represented for very small Ti amount compositions.

The piezoelectric properties (d and k factors), for composition close to the MBP, are
determined by the proximity of maximum permittivity and remnant polarization (Pr),
according to the relationships reported by Heywang et al. [10]. A systematic study on
the dielectric and piezoelectric properties was in this case carried out for Pb(Zr,-,Ti,)O3
compounds in the compositional range of the MBP, showing enhanced responses for
those compositions [10]. In this way, have been considered fundamental parameters
such as: ds; - piezoelectric coefficient, which is an indicator of the material deformation
along the [001] crystallographic direction when an electric field is applied along the
same direction; gss - relates the applied voltage with the generated electric field, which
are indicated with the first and second subscript, respectively; k, - electromechanical
coupling factor, that indicates the efficiency with which a piezoelectric material
converts electrical energy into mechanical energy, or vice versa; S, - the large-signal
unidirectional strain in the material along m-evenly distributed direction. For this
system, a piezoelectric coefficient (dss) in the range of 200-600 pC/N has been
reported close to the MPB compound [10, 11]. On the other hand, both k, and S,
factors reach a maximum value for the Ti concentration of y = 0.465 at room
temperature [10]. The ferroelectric properties have also been reported by Heywang et
al. [10], showing a performance of the remnant polarization (Pr) for the composition
with y = 0.44. From the fundamental point of view, Pr represents the polarization that
remains in the material once the electric field is removed. The ds; values reported for
PZT compounds remain still higher than those reached for some lead free
BiosNaosTiOz-based (120-180 pC/N) and BiosKosTiOs-related materials close to the
MPB [12-16].

In order to enhance some of the physical properties, great attention has been
dedicated to modified PZT-based ceramics, where the stability of ferroelectric phase is
strongly affected by chemical substitutions of lead ions at the A-site as well as at the B-
site by controlling the Zr/Ti ratio. In particular, lanthanum (La®*") ion is a common
substitutional cation mostly used on dodecahedral sites, leading to high performance
of the La-modified PZT (PLZT) system [8]. For instance, PLZT system shows lower
coercive electric field as well as both higher dielectric permittivity and optical
transparency, when compared to the pure PZT material, providing additional insight for
possible transducer, electrostrictive and electro-optic devices [17]. However, in order to
obtain high density samples, it is required very high sintering temperature (around
1000-1300 °C) [18].
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It is well known that lead (Pb?") ions severely evaporate during the sintering treatment
in PZT-based ceramics, which contributes for the formation of undesired pyrochlore
phases and significantly affects the physical and chemical properties of the samples.
The role of intrinsic charge-defects generated during the synthesis process affects
significantly the microstructural properties and, therefore, it cannot be ignored. During
the thermal treatment of the samples at very high temperatures, the different
crystallization mechanisms of both pyrochlore (A.B,0O;) and perovskite phases result in
discordant grain-boundaries between the two phases, which could contribute to the
current leakage through the interface between both phases in the material. The
obtaining process of PLZT could promote the formation of small amounts of pyrochlore
phases, such as La,(Zr,Ti).O; and Pby(Zr,Ti).O-, all with cubic symmetry structure (Fd-
3m space group) [19]. On the other hand, the formation of these defects causes lattice
distortions in the ABO; perovskite structure. Since the lattice distortions and domain
switching contribute to the piezoelectric response [10], the pyrochlore-related defects
will affect the electrical, dielectric and mechanical performance of the materials. In this
context, pyrochlore-free materials are extremely important for the design of high-
performance piezoelectric devices. Therefore, the investigation of the influence of
these minority phases on the structural, electrical and ferroelectric properties is
essential in order to understand the dynamics of the involved defect mechanisms on
PZT-based compounds. A way to compensate the appearance of the minor secondary
phase can be avoided using an excess of volatile lead precursor. Lead deficiency in
the bulk ceramics results in lead-vacancies while lead-excess is accommodated by
forming octahedral site-vacancies. The aim of the present work is to investigate the
influence of the Pb-excess on the ferroelectric phase stabilization of the lanthanum-
modified lead zirconate titanate system, PbiLax(Zr.,Ti,)1-x4Os (PLZT). In particular,
the influence on the structural characteristic as well as its correlations with the
microstructural and ferroelectric properties has been analyzed. According to the phase
diagram for the PLZT system, reported by Haertling [11], the Zr/Ti ratio for the
Pbogslaoos(Zrossos Tlo2055)O3  composition reveals the better performance for
piezoelectric applications for materials with rhombohedral symmetry, which possesses
a relatively high solubility of the La®*" ions (~12% mol) and has been indeed scarcely
explored in the literature in view of their structrural characteristics. In this way, in order
to control the lead excess in other compositions considering different La ions amount,
we have fixed in this work the lanthanum concentration in x = 0.06, since it belongs to
the compositions with relatively low phase transition temperature (< 400 °C), and
without the well-known relaxor effect. Such relaxor characteristic of the phase
transition, which manifests as a very strong frequency dispersion of the dielectric
parameters, could directly affect the physical properties to be investigated.
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Il. Experimental procedure

Pbo.gslao.os(Zrosses Tio20s5)Oz  ceramics were prepared by a conventional solid state
reaction process, considering 0, 2, 5, 10, 15 and 20 mol% PbO-excess in order to
compensate the high volatility of this cation during the high-temperature annealing
step. High purity reagents, PbO (99%, Vetec), TiO, (98%, Vetec), ZrO, (99%, Aldrich)
and La,Os (99.9%, J. T. Baker), were used as starting chemical precursors. The raw
materials were mixed and then ball-milled for 12 h. The powders were dried and then
prefired (calcinated) at 850 °C for 3.5 h in air atmosphere. The powders were milled
again and a second calcination process was carried out at 1100 °C for 3.5 h. The
powders were subsequently ball-milled for 2 h, dried and then uniaxially and
isostatically pressed at 13 MPa and 350 MPa, respectively. Finally, the samples were
sintered in an air atmosphere at 1250 °C for 2 h. The structural properties were
investigated on powdered ceramic samples from the X-ray diffraction (XRD) technique
using a Shimadzu XRD-6000 diffractometer with CuKa radiation. The measurements
were performed at room temperature in the 26 range of 10-130° considering a fixed
counting time and a scan-step of 0.02°. The Rietveld refinement method has been
employed in order to calculate the different structural parameters with the help of the
GSAS software package [20]. Additionally, Raman spectroscopy was investigated, also
at room temperature, by using a micro-Raman spectrometer (Horiba Jobin Yvon
LabRam HR Evolution), with the laser source of 532 nm wavelength. The
microstructural properties were analyzed by scanning electron microscopy (SEM)
using a Vega3 Tescan microscope. The SEM micrographs were performed on
fractured polycrystalline ceramics. The density of the samples was measured from the
Archimedes' method, using an analytical Shimatzu AYU220 scale. To obtain the
electrical characterizations, electric contacts were applied on both parallel surfaces of
the pellets, using conducting silver paste fired at 590 °C. The ferroelectric properties
were investigated from the polarization versus electric field (P-E) hysteresis curves,
obtained at 1 Hz and room temperature, using modified Sawyer-Tower circuit.
Additional information concerning the circuit diagram and experimental set-up can be
found elsewhere [21]. The samples are hereafter labeled as PLZT 6/70/30_x, where x
represents the PbO-excess content (x = 2, 5, 10, 15 and 20 %).
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lll. Results and discussion

n.1 XRD analysis

Figure 2 shows the X-ray diffraction patterns of the studied PLZT 6/70/30_x
compositions, obtained at room temperature. The results revealed that the ferroelectric
perovskite phase was successfully obtained for all the samples and there is no
significant change in crystal structure due to the modification of the PbO-excess. A
detailed inspection of the experimental profiles revealed the splitting of the (003) and
(021) reflections around the 26 range of 38.0-39.5° as well as a single peak,
corresponding to the (202) reflection around 44.5° for all the ceramics.
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Figure 2: X-ray diffraction patterns obtained at room temperature for
the studied compositions. The indexation of the diffraction peaks is
the same for all the samples

This result is a typical characteristic of rhombohedral symmetry structures [22]. Taken
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into account these characteristics, the diffraction peaks are indexed according to the
ICSD-54894 database corresponding to a non-centrosymmetric space group R3m
(SPG No. 160) [23].

For a better examination of the structural properties, the XRD patterns have been
expanded in the 20 range of 26-32° as shown in the Figure 3. A relative lower peak
corresponding to a secondary phase, marked with symbol (*), has been observed
around 28.12° for the 6/70/30_0, 6/70/30_2, 6/70/30_5 and 6/70/30_10 compositions,
which has been identified as the Pb,O; phase (Pmnb space group, ICSD-36275) [24].
The unit-cell parameters (a, b, ¢) and volume (V) reported for this phase are: a =
3.898(2) A, b = 6.441(3) A, ¢ = 7.679(4) A and V = 192.80 A®[24]. However, for the
higher PbO-excess content (15 and 20 mol %), the peak associated to the Pb,Os;
phase disappears and there is no obvious change in the perovskite phase structural
characteristics.
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Figure 3: Expanded XRD patterns in the 26 range between 26 and 32° for the
studied compositions. The peak marked with an asterisk is assigned to the
secondary Pb.Os; phase

A detailed analysis of the structural properties has been performed by the Rietveld
refinement, considering a two-phases model (perovskite and Pb,Os3). In the Rietveld
method, the last-squares refinements are carried out until the best fit is obtained
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between observed diffraction pattern and “calculated” pattern, based on both crystal
structure(s) and instrumental parameters [25]. The refinement has been performed
here taking into account the incorporation of the lanthanum ions at the A-site of the
perovskite structure, starting with the nominal composition showed in the experimental
procedure section. The atomic coordinates in the asymmetric unit-cell were assumed
as Pb/La at (Xpomi, Xeom, Xeom) cOordinates, Ti/Zr at (Xtiz, Xz, Xtiz) and the O(l)
positions at (Xogm, 0, 0). The initial positions are taken from the Inorganic Crystal
Structure Database [24] considering a rhombohedral crystallographic basis. The initial
occupation factors were assumed considering the formation of lead vacancy, which are
introduced into the structure by the replacement of Pb?* by La* ions. The A-site (B-
site) occupancy was shared between Pb and La atoms (Ti and Zr atoms). The initial
structural model for the calculation of the diffraction patterns corresponds to both the
perovskite and pyrochlore phases. The characteristic of the structural parameters for
the Pb.O; has been taken from the ICSD-36275 database [24], as aforementioned.
The obtained results are shown in the Figure 4 for the 6/70/30_10 composition, as an
example of the obtained refinement results for the other samples.

The observed data are indicated with symbol, while the corresponding calculated
profiles are represented by a solid line. The vertical marks below the pattern represent
the positions of the Bragg's reflections for both phases. The difference between the
observed and the calculated data is plotted at the bottom of the figure, showing a good
agreement between the experimental and the theoretical results. The structural
parameter, such as refined unit-cell volume (V) as well as the weight percent's (%) of
each phase (perovskite and Pb,0O3), are given in the Table 1 for all the compositions.
The refinement structural parameters, such as the goodness-of-fit (x*) as well as the
residual and weighted residual profile R-factors (R, and Rup), respectively, are also
reported. Values of R, and Ry, lower than 10-12 %, with the corresponding correct
solution, are acceptable for an excellent refinement [26].

The obtained results show a slight variation of the structural parameters (a and a) and
reveal a non-tendency with the increase of PbO-excess. As can be seen in the Table 1,
a slight contraction of the unit-cell volume is observed for all samples considering
PbO-excess, with respect to the pure PLZT 6/70/30_0 ceramic.

On the other hand, the phase percentage of R3m is higher than 98% for all studied
systems. A considerable increase of the weight percent for Pb,O; phase is obtained in
the PLZT 6/70/30_10 composition, when compared to the samples with smaller PbO-
eXCess.
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Figure 4: Rietveld refinement of the X-ray diffraction patterns for the
6/70/30_20 composition. The experimental patterns (open circle), the
calculated profiles (black solid line), and the difference between them
(bottom blue solid line) and the Bragg’s positions (vertical lines) are
also shown.

Table 1 : Unit-cell volume (V), weight percent (%) for both perovskite and Pb,Os
phases and the refinement parameters (R,, R, and x?) for the studied

compositions.

Weight percent (%) Goodness factors

3
Sample V(A Perovskite  Pb,Os  Rup (%) Ry (%) X

6/70/30_0 68.43(4) 99.40 060 78 65 20
6/70/30_2 68.35(5) 99.60 040 88 73 22
6/70/30_5 68.37(2) 99.56 044 111 84 33
6/70/30_10 68.36(4) 98.70 130 7.8 66 29
6/70/30_15 68.31(7) 100 - 84 68 17
6/70/30_20 68.32(8) 100 - 82 67 17
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In addition, the obtained R., and R, factors are close to the 10%, which confirms that
the refinement process is reliable. The very low values obtained for the x* parameter
also confirm the good agreement between the calculated and experimental patterns,
thus supporting the quality of the refinement process.

lll.2 Raman spectroscopy analysis

In order to identify in more details the evolution of the crystal structure as a function of
PbO-excess, Raman spectra were performed at room temperature for the studied
ceramics. Figure 5 shows the obtained results for all the compositions, which reveal
similar spectra to those obtained for others lead-based bulk ceramics [27].

Inkrsity (a.u.)

6/70/30_5

6/70/30_2

200 400 600 800 1000
Wavenumber (cm™)

Figure 5: Room temperature Raman spectra for different PbO-excess
contents. The indexation of the vibration modes is the same for all the
samples.
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These results confirm that the perovskite phase, previously identified by XRD analysis,
was successfully obtained in the studied system. As can be observed, no drastic
changes of the Raman spectra are observed with the increase of PbO-excess content.
For the Raman activity to takes place, a change in the polarizability of the material
during the interaction with the radiation should be observed [28]. The vibrational
modes in a molecule can be classified according to the number and type of the
symmetry elements, which remain invariant during vibration. These modes can by
symmetric (i.e. the A1 mode) or anti-symmetric (i.e. the E mode). Due to the long-
range electrostatic force existing in the material the A1 and E vibrational modes show
longitudinal (LO) and transversal (TO) optical components. In this way, further
information from the fundamental point of view can be obtained from the literature [28].

According to the group theory, 13 Raman active modes are expected for the
rhombohedral (R3m) ferroelectric phase [29]; (Z = 2): raman = 7A; + 6E. However, the
individual Raman modes are unable to be observed due to their overlapping. The
analyzed wavenumber range (70-1000 cm™) can be separated into three regions,
which have been labeled as: i) low wavenumbers, < 350 cm™ (region 1); ii) middle
wavenumbers, 350-600 cm™ (region II); and iii) high wavenumbers, = 600 cm™ (region
1), as indicated in the Figure 6.

In general, the interpretation of the Raman spectra obtained for disordered solid-
solutions can be difficult because the spectrum could develop an overlapping of the
vibration modes in the same spectral region. In that case, it is common to adopt an
alternative mathematical procedure, which allows the identification of the characteristic
peaks as well as the presence of shoulders [30]. Therefore, in order to analyze in
details the observed results in Figure 5, the number of the spectral components was
estimated by a standard fitting method previously reported by Buixadeiras et al. [30],
which is based on the location of the curvature maxima in concave-down (CMCD)
spectral regions of the recorded Raman spectra.

For the studied samples, all the Raman spectra revealed 9 active vibrational modes,
which have been associated in the Figure 5 with the Rhombohedral (R3m) phase,
according to the reported results for the PZT-based system [29]. The indexation of the
vibrational modes is the same for all the compositions. The peak position for each
Raman active mode (natural wavenumber, cm™) has been obtained by the CMCD
method and the results are shown in the Figure 6, for all studied samples, as function
of the PbO-excess.
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Figure 6: PbO-excess concentration (x) dependence of the

wavenumber, showing the Raman active modes, divided into three
regions according to the wavenumber values: region I (s 350 cm™),
region Il (350-600 cm™) and region Il (= 600 cm™).

As can be observed, the variation of the wavenumber is affected for some modes into
the ABO; perovskite structure, which confirms the variation of local symmetries of the
structure due to the concentration of the PbO-excess. In the region |, for wavenumber
below 350 cm™, no compositional dependence of the A;(1TO) mode is observed for
the studied ceramics. On the other hand, the wavenumber of the A,(LO), E(1TO) and
E + B; modes observed around 204, 220 and 268 cm™, respectively, remains almost
constant with the increase of PbO-excess content. Similar behavior is also observed
for the E(2LO) and E(2TO) modes in the region Il (350-600 cm™), as well as in E(3LO)
mode, at 684 cm™, in the region Il (= 600 cm™), showing no dependence with the
PbO-excess concentration for all the analyzed compositions. In this region lil,
however, an increase of the last A;(3LO) mode from around 730 cm™, for the PLZT
6/70/30_0 sample, up to 746 cm™, for the PLZT 6/70/30_10 composition, is obtained,; it
decreases again considerably for higher PbO-excess concentrations (15 and 20 mol
%). This mode has been previously associated in the literature with the B—O stretching
vibrations in PZT-type perovskites [31]. The B-O stretching vibration mode of the BOs¢
octahedra in the perovskite structure is schematically illustrated in the Figure 7 [32].
For the PLZT system, the A-site (B-site) is occupied by the La and Pb (Zr and Ti) ions.
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The representation is displayed considering the unit-cell with unit formula number
equalto 1 (Z=1).

Figure 7: Schematic illustration of the B-O stretching mode in the
perovskite structure, representing the A and B sites and oxygen (O)
ions [32, 33].

Similar behavior is also observed for the A:(2LO) mode in the region Il, which has
been associated to the O—-B—O bending vibrations [31]. An schematic illustration for
this mode is presented in Figure 8 [34], representing the O-Zr/Ti-O bending vibration
mode along the a, b and c-axes. The example is showed for tetragonal phase of the
PLZT system with Z = 1, where the spontaneous polarization is along the [001]
crystallographic direction.

Qo @z Qo @zrm Qo @z

Figure 8: Schematic illustration of the O-Zr/Ti-O bending mode along
(a) a-axes, (b) b-axes and (c) c-axes, for the tetragonal phase of the
PLZT [34].

In this case, a shift to a higher Raman wavenumber, from 515 cm™to 529 cm™ is
found as the PbO-excess content increases up to 5 mol%, and then decrease with the
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increase of the PbO-excess concentration. The shift to a higher wavenumber suggests
an increase of the force constant of the O—B-O bonding. Thus, a shortening of the O—
B-O bond distance and, therefore, a strengthening of the O-B-O vibration is
expected. For the samples with x = 10, 15 and 20 mol% PbO, a decrease in the
wavenumber results in the weakening of the O-B-O vibration of the A;(2LO) mode
with the increase of the PbO-excess content.

lll.3 Microstructural analysis

Scanning electron microscopy was used in order to investigate the microstructure of
the samples, such as morphology and average grain-size as well as the presence of
liquid phase as a function of the lead excess. SEM micrographs for the studied
ceramics are shown in the Figure 9. The results revealed homogeneous microstructure
with both uniform and well-defined grains for all samples.

The average grain-size (®) was determined by the linear intercept method from the
SEM images and the obtained values are shown in the Table 2 for all analyzed
compositions. A tendency to a decrease in the ® parameter is observed with the
increase of the PbO-excess content. This decrease could be associated with the
presence of liquid phase in the grain boundary region, which is formed during the
sintering process and seems to be more prominent for the lower PbO-excess
concentrations. The formation of the liquid phase allows more effective mass transport,
which promotes the diffusion of the elements in the solid solutions, leading to an
anomalous growth of the average grain-size.

Table 2 : Values of the average grain-size (®) as well as apparent (p,), theoretical
(p7) and relative (pr) densities for the studied compositions.

Sample ® (um) pa (g/cm?)  pr (g/lcm®)  pr (%)
6/70/30_0 2.16+0.24 7.5472 7.9708 94.7
6/70/30_2 2.02+0.20 7.6532 7.9771 95.9
6/70/30_.5 1.75+0.23 7.5372 7.9757 94.5
6/70/30_10 1.91+0.32 7.5737 7.9886 94.8
6/70/30_15 1.69+0.14 7.7303 7.9760 96.9
6/70/30_ 20 1.65+0.17 7.5762 7.9747 95.0
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Figure 9: Scanning electron microscopy micrographs for the PLZT
6/70/30_0 (a), PLZT 6/70/30_2 (b), PLZT 6/70/30_5 (c), PLZT 6/70/30_10
(d), PLZT 6/70/30_15 (e) and PLZT 6/70/30_20 (f) compositions.

The theoretical density (por) was calculated from the values of the structural
parameters obtained from the refinement.
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In order to quantify the density of the studied ceramics, the apparent density (pa) has
been obtained from the Archimedes’ method and, hence, compared with the pr value
for each composition. The obtained values for p,, pr and the relative density (pr) are
also shown in the Table 2. High relative density values (> 94%) are obtained for all the
samples, thus suggesting low porosity levels as shown in the SEM micrograph. The
obtained result for these materials shows to be higher than the reported for other lead-
based ceramic systems [35, 36]. The high pr values for the studied ceramics could be
associated to the reaction kinetics in the sintering process when considering PbO-
excess [37].

lll.4 Ferroelectric properties

The hysteresis loops (P-E curves) were performed at room temperature in order to
analyze the influence of PbO-excess in the ferroelectric response. Figure 10 shows
the P—E curves for all studied compositions. Well-defined hysteresis loops, typical for
ferroelectric systems, have been obtained for all samples. Other important parameters
such as saturation polarization (Ps), which represents the maximum polarization of the
material when all the dipoles are oriented along the same direction of the applied
electric field and the coercive field (Ec), representing the strength of the electric field
necessary to reduce the polarization to zero, can be also extracted from the hysteresis
loops. These parameters, together with Pg, were obtained from the P-E curves of
Figure 10 and are shown in the Table 3. It can be seen that the remnant (Pg) and
saturation (Ps) polarization values as well as the coercive field (Ec) are affected by the
concentration of PbO-excess.

As observed, there is no a monotonous variation in the Pg, Ps and Ec values with the
increase of the PbO-excess concentration. Both Pr and Ps parameters for the PLZT
6/70/30_10 composition are clearly lowered when compared to the other studied
compositions. As aforementioned, a highest weight percent of the undesirable Pb,O;
phase (~1.30 %) was revealed by the XRD results for this sample. Therefore, the
decrease of these parameters (Pr and Ps) could be associated to the inability of the
switching process of the ferroelectric domains as a result of the high percentage of the
secondary phase detected for the PLZT 6/70/30_10 sample. A secondary phase of
Pb,O; can act as pinning centers for the ferroelectric domain walls, which results in the
drawback of the domains reversal process.
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Figure 10: Hysteresis loops for the studied compositions, obtained at
room temperature and 1 Hz.

Table 3 : Values of the remnant polarization (Px), saturation polarization (Ps) and
coercive field (Ec) for the studied compositions.

Sample Pr (UC/cm?)  Ps(uClcm? Ec(kV/cm)

6/70/30_0 26 31 7.7
6/70/30_2 25 31 7.7
6/70/30_5 22 28 8.2
6/70/30_10 18 24 7.8
6/70/30_15 23 29 7.4
6/70/30_20 23 30 7.4
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IV. Conclusion

Solid-state reaction sintering process has been used to prepare lead
lanthanum zirconate titanate (PLZT 6/70/30) ceramics with different PbO-
excess content, which is usually added in order compensate the charge
unbalance, thus leading to an enhance in the densification of the studied
lead-based compositions. The structural, microstructural and electrical
properties, as examined by XRD, Raman, SEM and hysteresis loops,
revealed to be dependent on the PbO-excess concentration. It was
determined that a 15 mol% PbO-excess was required to obtain PLZT bulk
ceramics without secondary Pb,O; pyrochlore phase. High relative density
values (>94 %) suggest highly dense microstructures for all studied
ceramics, which have been related to the kinetics during the synthesis of
the samples with the inclusion of PbO-excess. The results of the Raman
spectra showed that the structural properties were affected by the excess
of PbO, revealing a shifting of the wavenumber for some active vibrational
modes. A decrease in both remnant and saturation polarization values is
revealed with the addition of 10 mol % PbO-excess, which lead to a
reduction of the long-range interaction for this composition.
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