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Abstract

The present work is devoted to the study of the Zr** | Ti** substitution in the K,Biy, Ti 1xZrxO3 solid solution
(x = 0.0 to x = 1.0), based upon the K1,,Bi, TiO3 (KBT) ferroelectric compound. The tetragonal distortion of
KBT is suppressed by this substitution and lead to the cubic compound Ky,,Biy,ZrO; (KBZ). These results
agree with the values of the ionic radii of the Zr** and Ti** ions (r Ti*" = 0.605 A and r Zr** = 0.72 A). Close to
KBT (x < 0.05), the symmetry remains tetragonal. For higher values of x, the “a” lattice parameter (cubic
indexing) follows the Vegard’s law, thus confirming the formation of a solid solution. The transformation from
tetragonal to cubic proceeds thru an intermediate pseudo-cubic symmetry (0.1 < x < 0.5), for which the X-ray
diffraction peaks present small broadening and asymmetry. For x > 0.5 and up to the KBZ compound (a [14.158
A), the samples are cubic but some extra peaks are also observed, indicating the occurrence of a secondary
phase. The microstructures shows fine-grained ceramic samples for the first range, while for the KBZ rich range
the grains are micrometer-sized and associated to very small grains of the secondary phase. Piezoelectricity is
observed for the tetragonal and pseudo-cubic range, the substitution quickly reducing the piezoelectric
properties. The measurement of the dielectric properties revealed close to KBT a dielectric anomaly probably
associated to the tetragonal — cubic phase transition. For the pseudo-cubic and cubic range, a broad dielectric
anomaly is observed around 300 °C, corresponding to a relaxor behavior.

1 Introduction

The perovskite compounds ABO; are one of the most common oxide structures. Thus they have been
extensively studied, since they present a very large panel of interesting physical properties such as
ferroelectricity and piezoelectricity [1-8], superconductivity [9-11], giant magneto-resistance [12-14]... The
interest for such compounds was recently renewed since multiferroic properties were evidenced in such materials
[15-17], as well as new peculiar ferroelectric properties at nanoscale [18, 19] or for thin films form [20] and new
physical phenomena due to interface properties [21-23]. Concerning the piezoelectric properties, the industrially-
used compounds mainly belongs to the PZT family, a solid solution of formula PbZr ., Ti,O3, because of their
unequalled properties. Thus, a lot of studies were devoted since 60 years to the structure and the properties of
PbZrO; (PZ), PbTiO; (PT) and PZT [4, 24-28].



Because of restrictions on the use of hazardous substances, lead-based piezoelectric materials are now only
tolerated for piezoelectric devices [29]. Thus, new lead-free materials are actually highly investigated. Among
the different available materials, Bi-based compounds such as Nay,,Biy, TiOz (NBT) and Ky,Biy, TiO3 (KBT)
present interesting dielectric and ferroelectric — piezoelectric properties [6-7, 30-32]. As for PZT, such properties
can be easily modulated by binary or ternary solid-solution formation, such as NBT-KBT [33-35], NBT-BaTiO;
[36], NBT-KBT-BaTiO; [37], NBT-KBT-LigsBigsTiO3 [38, 39], NBT-SrTiO; [40, 41], double substitutions
like for NBT-PbZrO; [42], NBT-BiScO; [42], NBT-BiFeO; [42-44], NBT-KBT-BiAlO; [45] or more complex
substitution in A-site [46]. Some of these substitutions improve the piezoelectric properties of NBT and KBT,
while some of them suppress the ferroelectricity, inducing sometimes interesting dielectric properties and/or
relaxor behaviour. Thus, as for the PZT, the understanding of the relationships between structure and electrical
properties is necessary, in order to be able to modulate and control the properties of the compounds before using
them in devices.

At the present time, most of the studies concern the substitutions in the A-site of the perovskite lattice. But
up to date, very few studies concern the substitution in B-site alone. Like for PZT, Zr*" ion would logically
replace Ti** in B-site. In order to test for this substitution, we selected the compound Ky,,Biy, TiOz (KBT), a
ferroelectric compound [10] of tetragonal symmetry (space group P4mm [a = 3.994 A, ¢ = 4.038 A [47, 48)).
The tolerance factor of KBT is larger than one (t = 1.03) and thus implies structural distortion by displacement of
cations, like in BaTiO; (t = 1.06) and PbTiO; (t = 1.02), lone pair effect being observed in the last one (like for
Bi** ion). As the ionic radius of the Zr** ion is larger than the one of Ti** (r Ti* = 0.605 A and r Zr** = 0.72 A
for coordination number = 6 [49]), this structural distortion will decrease when substituting Zr** for Ti**. For the
hypothetical compound Ky,,Biy»ZrO; (KBZ), the calculated tolerance factor is smaller than unity (t ~ 0.97), thus
similar to the one of BaZrO; (t ~ 1.00, cubic, space group Pm3m) and of PbZrO; (t ~ 0.96, orthorhombic, space
group Pbam). Thus, a modifcation of structural distortion type can be predicted for the Ky/,Biy,Ti19ZrxOs3
solid solution, the change probably occurring around x ~ 0.5 (t = 1). Furthermore, this substitution will also
suppress the polar (ferroelectric) behaviour of KBT: a tolerance factor smaller than unity generally implies
structural distortions by octahedra rotations, which are unfavourable to ferroelectricity, but lead more to
antiferroelectric behaviour. Moreover, (i) the calculated tolerance factor lies between the ones of BaZrO;
(paraelectric) and PbZrO; (antiferroelectric), and (ii) Pb?* and (K*/Bi**) pseudo-ion present similar ionic radii
and lone pair effect (r Pb?* = 1.49 A and r K'/Bi®*" = 1.51 A for coordination number = 12 [49]).

At the present time, very few data are available for the KBZ compound or the KBT-KBZ solid solution.
Smolenski reported in 1967 for the possible existence of KBZ [50]. A cubic-like X-ray diffraction pattern was
published in 1985 [51] and a JCPDS/PDF card based upon this report was assigned to this compound [52]. But
considering the tolerance factor calculated for KBZ, the real structure probably corresponds to distortion by
octahedron tilting and thus to a non-cubic unit cell [53]. Concerning the Ky;,Biy, Ti1ZrOs system (KBT-
KBZ), a continuous solid-solution was reported in a short study mainly dedicated to the dielectric properties
[54]. A symmetry change from tetragonal to rhomboedral was also reported for x ~ 0.1, with a very small
rhomboedral distortion (&, < 10 min angle).

Thus, the published results are ambiguous concerning both the hypothetical KBZ compound and the KBT-
KBZ solid-solution. As a consequence, the aim of the present study is: (i) to confirm for the possibility of the
Zr/Ti substitution in the Ky;,Biy, TixZrOs solid solution. (ii) to verify for the existence of the Ky,Bi1/,ZrOg
compound and (iii) to measure the dielectric and piezoelectric properties of such materials.

2 Experimental procedure

All the samples were elaborated by solid state reaction using ZrO, (Sigma-Aldrich 99.99%), TiO, (Sigma-
Aldrich 99.8%), KNO; (Ventron > 99%) and Bi,O3; (Sigma-Aldrich 99.9%). The ZrO, and TiO, raw materials
were first separately ball-milled in ethanol for two hours at 390-400 rpm using agate balls in an agate container
(planetary mill “pulverisette”, Fritsch, Idar-Oberstein, Germany), in order to reduce their mean particle sizes.
They were then dried at 200 °C in order to suppress any residual water. After drying, these precursors were
weighted according to the desired composition and homogenized by ball-milling in ethanol for two hours at 390-
400 rpm. The obtained powders were then calcined at 900°C for 4 hours, milled again and annealed between 900
and 1000°C for 4 hours (x = 0.4 to x = 1), while this second calcination was performed for 10 hours for the Ti
rich range (x = 0 to x = 0.3). On order to determine the best calcination temperatures, simultaneous
thermogravimetric and thermal analysis (TG /DSC Netzsch STA 409, Selb , Germany) was "performed on the
initial mix of raw powders for different compositions using 10°C/mn heating rate. After calcination, the obtained
powders were studied by X-ray diffraction (Bruker D8, 6/20 configuration, LinxEye high speed detector, Cu
Ka; radiation, step size 0.08°, Bruker AXS, Karlsruhe, Germany). The powders were then pressed into 10 mm
diameter disks (= 43 MPa) and sintered at 1000 -1070°C for one hour. The obtained pellets were then electroded
using platinum paint sintered at 800 °C for half an hour. The electrical characterizations were performed on these
pellets using an impedance analyzer (HP 4194A, Agilent technologies, Santa Clara, California, USA) at several
frequencies between 100 Hz and 1 MHz. Piezoelectric properties were evaluated, after a poling process. This one
was carried out in a silicone oil bath at room temperature using a 10 kV DC high voltage source (SL10,



Spellman, New York, USA). The piezoelectric constant d;; was measured using a piezo—d33 meter (PM 300,
Piezotest, London, UK). Field-emission scanning electron microscopy (FE-SEM, JEOL JSM-7400F) was
employed for microstructural characterization on fractured samples coated with carbon. The average grain size
was determined for grains presenting suitable contrast by using image processing. For each sample, More than
50 grains were selected and used for the calculation of equivalent diameters.

3 Results and discussion
3.1 Thermal analysis of the precursors
In order to determine the best calcination temperatures, simultaneous TG / DSC measurement was performed
on the initial mix of raw powders corresponding to the KBT composition (fig.1). Similar results were obtained
for compositions containing zirconium. Four endothermic events were evidenced by DTA. The first one
corresponds to the polymorphic transformation o KNO3; <>  KNO3 (128 °C) and the second one to the melting
of KNO; (334 °C) [55]. The third event, quite large and diffuse, is associated to the progressive decomposition
of liquid KNOj3. The last event corresponds to the transformation o Bi, O3 — 3 Bi, O3, which occurs at = 730 °C
[56]. Thus, the reaction between the different precursors implies a liquid phase. The measured weight loss (11%)
corresponds well to the calculated one (10.9%) and are totally achieved above 800 °C. Thus, we selected 900 °C
for the synthesis of the samples.
3.2 X-ray diffraction
The structural evolution was studied after calcinations of the powders, for compositions ranging from x = 0.0
to x = 1.0 (fig. 2). Whatever the composition, the main peaks of the pseudo-cubic cell are shifted to lower angles
with KBZ substitution, indicating an increase of the mean pseudo-cubic lattice parameter, and thus the formation
of a solid-solution. Contrary to previous report [54], we did not observe any evidence for rhomboedral symmetry
for x> 0.1.

3.2.1 The KBT rich-range

For the KBT rich range (0.0 < x < 0.4), all the diffraction peaks are broad, which implies a chemical
disorder. The diffraction patterns appear as quite complicated (fig. 2). The (111) pseudo-cubic peak is splitted
into two peak (labelled A and B, fig. 2.b) and the angular position of these two peaks remains quasi constant
from x = 0.05 to x = 0.2. The (200) pseudo-cubic peak is splitted into two or three peaks (labelled C and D, fig
2.b). Again, the angular position of these peaks remains quasi constant from x = 0.05 to x = 0.2. All these peaks
can be attributed to two different perovskite structures P1 and P2, corresponding respectively to peaks A and C
for P1 and to peaks B and D for P2.

The intensities of the peaks corresponding to perovskite P1 and P2 changes in reverse order, indicating that
the content in P1 increase with x values, while P2 content decrease. Considering the angular position on the
corresponding peaks and thus the mean pseudo-cubic lattice parameter, P1 and P2 have different Zr/Ti ratio, P2
containing less zirconium than P1. The same phenomena are also observed for the other peaks of the perovskite
structure in the same composition range.

A similar behaviour has been previously reported for the solid solution BaTiO; —BaZrO; (BT — BZ) [57]:
during synthesis of BaTigsZro403 (BTZ), BT and BZ form separately and then the BTZ solid solution appears
by interdiffusion between BT and BZ: the formation of BTZ is limited by the diffusion of Ti-ion into BZ lattice.
Thus, the X-ray diffraction patterns for powders calcined at low temperatures (900-1400°C) corresponds to the
occurrence of two perovskite phases with different lattice parameters, as observed for our samples.

For the KBT-KBZ, the corresponding powders (0.0 < x < 0.4) appear similarly as being out of equilibrium:
the chemical reaction between the different precursors is not fully achieved. As a consequence, we tried to
complete the chemical reaction by performing annealing of the powders. For example, the X-ray diffraction
diagrams of the x = 0.10 composition obtained for different annealing times is represented fig. 3 (samples from
the same initial batch: one star for the first sample successively annealed three times for ten hours, two stars is
for the second sample directly annealed for 50h two times). The results clearly demonstrate a structural evolution
(fig.3.b): the “cubic” phase, associated to the most intense (200) peak progressively disappeared, while the (002)
and (200) tetragonal peaks merged into a single (200) pseudo-cubic peak. This evolution corresponds to the
chemical homogenization of the sample and can be explained by considering that the powder is initially
composed of two perovskite structures with different chemical compositions (different Ti/Zr ratio), which
evolves with annealing time toward a homogeneous pseudo-cubic structure. A similar behaviour was also
observed for samples with 0.05 < x <0 4 (fig. 4). For x = 0.05, the final symmetry was determined as being
tetragonal with very small distortion. For the other compositions, the final symmetry appeared as pseudo-cubic,
the departure from cubic symmetry appearing only as an asymmetry of the diffraction peaks (fig. 4.b). As we
will see hereafter, this departure from "pure™ cubic symmetry can explain the piezoelectric properties observed
for these compositions.

As Bi-containing compounds such as NBT and KBT are prone to loss of volatile elements (Bi, Na, K) and as
long dwell times at temperatures up to 1000°C could imply volatilization, the powders were systematically



weighed before and after annealing. Under the sensitivity of these measurements, no weight loss was observed.
However, a small deviation from nominal composition can’t be excluded, which could explain the occurrence of
secondary phases for long annealing times.

3.2.3 Evolution of the lattice parameters

As a consequence of the previous observations, the lattice parameters were calculated for annealed powders
close to KBT (0 < x < 0.3) and for raw powders for higher values of x. For pure KBT (fig.5), the refined peak
profile function did not allow to obtain a perfect agreement between observed and calculated values, because of
the asymmetry of some reflexions. However, the calculated values (a = 3.9247 A, ¢ = 3.9963 A, c/a = 1.02)
agree quite well with the reported values (a = 3.9388 A, ¢ =3.9613 A, c/a = 1.006) [47, 48]. The x = 0.05 sample
also corresponds to a (small) tetragonal distortion similar to the one of pure KBT (P4mm).

For x = 0.2 to x = 0.4 samples, which still present asymmetry of the diffraction peaks after annealing, the
refinement was performed twice, using either the cubic (Pm3m) or the tetragonal (P4mm) symmetry of KBT. As
the tetragonal splitting (if existing) appears as very small, the corresponding samples were finally considered as
being pseudo-cubic, the observed asymmetry being attributed more to a remaining chemical disorder than to a
true tetragonal distortion. For the KBZ rich range (x > 0.5), this asymmetry is no more observed and the
refinement was performed using a cubic cell (Pm3m).

For the KBZ compound, the X-ray diffraction diagram (fig.6) corresponds to a cubic perovskite structure,
with lattice parameter a = 4.1582 A, similar to the value previously reported (a = 4.1572 A, [52]). Only small
differences are observed compared to the JCDS card [52]: (i) the (100) peak is observed here, while it was not
reported and (ii) some of the intensities present small differences for high Miller indices. A careful examination
of the background revealed that some extra peaks are also observed, probably associated to a secondary phase.
These peaks were also observed, with lower intensity, for the samples corresponding to 0.4 < x < 1. Some of
them could be assigned to monoclinic ZrO,, one of our precursors, but all of them could not be totally attributed.
Our attempts to eliminate this phase by annealing of the sample with intermediate grinding, or by introducing a
K and Bi excess, were unsuccessful. We also used the process reported in [51] corresponding to the JCPDS card:
heating a stoichiometric mixture of oxides and carbonates at 1100°C for 4 hours and 1200°C for 8 hours in a
closed platinum crucible; but the result was the same. Thus, the identification of this secondary phase is not
possible at the present time the K,0-Bi,03-ZrO, phase diagram being only partly known.

Finally, the evolution of the lattice parameters as a function of the composition indicates an increase of the
mean pseudo-cubic lattice parameter, according to the values of the ionic radii (fig.7). The evolution observed
follows Vegard’s law, confirming the formation of a solid solution.

3.3 Ceramic sintering, electrical properties

3.3.1 Densification and microstructures

In order to study the electrical properties of these materials, sintering was performed as described above in
the experimental procedure. As for other alkali-containing compounds such as KysNagsNbO3, [58-60], the
sintering appears as difficult, especially for Zr-rich samples (table 1). Thus, the electrical properties must take
into account the low densities of some of the samples, since dielectric measurements generally require density
values over 95%.

For the KBT rich range (0 < x < 0.40), the microstructure appears as being composed of nanometer-sized
grains (300 — 500 nm) with fine rounded shape (fig.8), excepting for x = 0.1 and x = 0.3 for which the grain size
appears as higher, may be because of a shorter milling time before sintering. However, for higher KBZ content
(0.50 < x < 1.00), the morphology shows faceted grains with rounded corners, with larger size (2-5 pm). The
microstructure presents also some porosity, according to the density values.

This difference in sizes and grain shapes suggests a modification of the sintering mechanism for KBZ-rich
samples, the zirconium substitution inducing faster grain growth and thus increased porosity.

In addition, an intergranular phase is also observed, particularly for the KBZ-rich range, with very small
grain size around 10-20 nm. This phase can be probably attributed to the unidentified secondary phase observed
for these compositions by X-ray diffraction.

As a structural evolution occurred during annealing of some the initial powders, we suspected that a similar
phenomenon could occur during sintering. Thus some of the samples were checked by X-ray diffraction (x = 0.5,
x = 0.8 and x = 1.0). No difference was detected in the X-ray diffraction patterns before and after sintering.

3.3.2 Piezoelectric properties

The poling process was performed for all the samples. Poled ceramics were obtained for 0 < x < 0.4 using E
~ 3.5-4 kV/mm for x = 0 (coercive field of KBT is reported as 3.5 kV/mm [61]), and E ~ 2 k\V/mm for the others
samples. Attempts to increase the applied field did not increase the measured ds; value. But we did not succeed



in poling any of the other samples (electrical breakdown occurred). The measurement of the ferroelectric cycles
was also unsuccessful because of high conductivity, even for the samples which appeared as being piezoelectric
after poling.

According to the structural observations indicating a tetragonally-distorted structure for x = 0.05 and a
pseudo-cubic structure for x = 0.1 to x = 0.4, the piezoelectric coefficient ds; (fig.9) rapidly decreases with
increasing x values, up to 2.4 pC/N for x = 0.1, then remains quasi constant up to x = 0.3 and vanishes for x =
0.4 (dz3 = 0.3 pC/N, i.e. lower than the instrumental error estimated to + 1 pC/N). These results agree well with
the structural evolution determined by X-ray diffraction: like KBT, the x = 0.05 sample is tetragonal (with very
small distortion), thus piezoelectric. For 0.1 < x < 0.4, the samples appears as pseudo-cubic, the departure from
pure cubic symmetry appearing only as an asymmetry of the diffraction peaks. Since these samples are not
purely cubic, obtaining piezoelectricity is not surprising.

However, the piezoelectric constant values obtained for x = 0.1 to x = 0.4 are small, (ds3 = 2.4 pC/N for x =
0.1 and d3; = 0.3 pC/N for x = 0.4). Finally, obtaining piezoelectricity for x = 0.4, but with a very small
piezoelectric response, confirms that this composition is not truly cubic, even if we did not detect obvious
structural distortion by X-ray diffraction. This fact also indicates that for higher values of x, the piezoelectric
properties are suppressed by the substitution and that the corresponding compositions are centrosymmetric, as
observed by X-ray diffraction.

3.3.3 Dielectric properties

The relative permittivity and dielectric losses were measured as a function of the temperature and frequency
for some of the samples (fig. 10 and 11). The analysis of the electrical properties must take into account the low
densities of some of the samples, since dielectric measurements generally require density values over 95%.
Indeed, some of the samples present densities lower than 90%.

The values of tan(d) are high and increase quickly above 300°C, indicating high conductivity. Thus, the
apparent increase of permittivity above 400 — 500°C (especially for low frequency) is correlated to conductivity.
Generally, high conductivity for dielectric materials can have two different origins: (i) a lack of densification, (ii)
a micro structural effect and (iii) the occurrence of structural defects like vacancies. For the KBT rich range of
this solid solution, the densification is over 95%. Thus, the origin of conductivity must be here more related with
the occurrence of vacancies. Indeed, potassium and bismuth are known as being volatiles and losses of such
chemical elements during sintering would create defects. For the KBZ rich range, which presents low
densification, such conductivity phenomena are probably much more correlated the lack of densification.

Concerning the relative permittivity and as for previously published results [54], a broad anomaly is
observed, with a maximum around ~ 300°C, which is higher than previously reported for this system (150 —
200°C).

This maximum can be attributed to the tetragonal — cubic phase transition only close to KBT, since the x =
0.05 sample appears as tetragonal, but the other compositions present a pseudo cubic symmetry up to x = 0.4 and
a thru cubic symmetry for 0.5 < x < 1. In addition, this anomaly is frequency dependent (see tan(d) curves) and
thus clearly associated to a relaxor behaviour.

Indeed, such behaviour is characterized by the occurrence of a very broad ¢(T) peak (or ¢’(T) in complex
notation of relative permittivity) and a strong frequency dispersion in the peak temperature (T,,) and in the
magnitude of €’ below T, [62]. This anomaly can also be observed in the tan(3) (or €”) curves, the temperature
for the maximum in &’ appearing always higher than in &” (or tan(3)) curves. The absence of obvious phase
transition associated to these anomalies is also generally one of the representative features of relaxor materials
[63].

As it is well known for the “model” relaxor, PbMg.3Nb,30; (PMN), such behaviour is due to the
occurrence of polar nano-regions (PNRs), which induces random-site electric dipoles, and the breadth of the
€’(T) peak is a manifestation of the dipolar glass-like response of these materials [62]. If the relaxor nature of
NBT and KBT materials is known for a long time and widely accepted, their origin was still controversial up to
recent times. Indeed, NBT presents a long-range ferroelectric order at room temperature, but at the so-called
depolarization temperature (T4 =~ 220°C), relaxor behaviour was observed, together with a broad maximum in
the &(T) curve around ~ 300°C, and an apparently antiferroelectric behaviour between these two temperatures.
Recent studies have clearly demonstrated for NBT, and thus probably also for KBT, that the dielectric anomalies
have their origin in the occurrence of PNRs: The peculiar temperature T4 of NBT (and thus also for KBT),
where the ferroelectric order disappears, is the temperature for which long-range ferroelectric order reverts back
to relaxor state upon heating [64]. The behaviour of these materials is thus clearly of relaxor type, with a long-
range ferroelectric order established at room temperature for NBT and KBT.

As for other complex perovskite materials, the occurrence of a relaxor behaviour for the KBT-KBZ solid
solution is thus not surprising and can be considered as a consequence of the mixed occupation of A and B-sites
[65]. Indeed, for NBT and KBT, A-sites are occupied both by Bi** and by an alkaline ion (Na*, K*). The mixed
A-site occupation is thus responsible for their relaxor behaviour.



In addition, a ferroelectric/relaxor crossover can also be observed when compositional disorder is introduced
by chemical substitutions [66] in ferroelectric materials, the behaviour changing from ‘pure” ferroelectric to
“pure” relaxor behaviour. Such phenomena have been observed for example for BaTiO3-BaZrO;-CaTiO;
system, for which A-and B site substitutions are simultaneously introduced [67], and also for NagsBigsTiO3
based solid solutions with A and/or B-site substitution [33, 36, 41]: these chemical modifications generally
induce an increase of the diffusivity of the phase transitions together with a relaxor behavior. Thus it is not
surprising that the long-range ferroelectric order of KBT is suppressed by the Zr/Ti substitution and that the high
chemical disorder induce relaxor behaviour.

Moreover, considering the general trend induced by Zr** content, the value of the relative permittivity at the
maximum appears as decreased by KBZ substitution, together with a “flattening” of the curves. This evolution
was expected on the basis of structural considerations: as the Zr** ion is larger than the Ti** one, the substitution
implies a decrease of the off-centering of the B-ion in the BOg octahedron, thus destroying the ferroelectric
behaviour and reducing the polar character of the cell. But this evolution must be considered carefully since
these samples present low densities and high dielectric losses.

In addition, some of the samples also present a second peak, not frequency dependent (T ~ 580-600 °C). The
origin of this anomaly is not totally known at the present time but it could be attributed to the secondary phase
observed by X-ray diffraction.

3 Conclusions

In the present work, we studied for the possibility of substituting Zr** for Ti*" in B-site of the Ky,Bi, TiO3
perovskite compound. The X-ray diffraction results demonstrated that the tetragonal symmetry of KBT is
observed only for low Zr content (x = 0.05). For higher values of x, the tetragonal distortion of KBT is
suppressed and a cubic symmetry is observed for the zirconium-rich part of the Ky;Biy,Ti,0ZrkO3 solid
solution (x > 0.5).

For the range corresponding to the transition between these two symmetries (0.1 < x < 0.5), the powders
obtained directly after chemical reaction were structurally disordered and appeared as a mix of two perovskite
phases with different compositions an symmetry. By annealing, we evidenced for an evolution toward a pseudo
cubic symmetry: the calculation of the lattice parameters using a tetragonal lattice showed that, if present, this
distortion is very small.

For the pseudo cubic and cubic range, (x = 0.1 to x = 1.0), the “a” lattice parameter increase with x values,
according to the ionic radius of the Zr** ion, larger than the Ti** one. A “quasi perfect” Vegard’s law is observed.

For the tetragonal and pseudo cubic ranges, piezoelectric properties were detected with a rapid decrease of
ds3 coefficient induced by the substitution.

Finally, the dielectric properties were measured. For low values of x (tetragonal range, x = 0.05), a
dielectric anomaly associated to the tetragonal — cubic phase transition of KBT is observed. For higher values of
X, a broad dielectric anomaly is observed around 300 °C, which corresponds to relaxor behaviour. Further
experiments are now in progress in order to try to reduce conductivity by optimization of the sintering
temperature and dwell time.
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Table 1: relative densities of the ceramic samples (based upon the theoretical one calculated using cubic lattice
parameters), mean equivalent diameters and standard deviations.

Xvalue 0.00 0.05 0.10 0.20
(KBT) ' ' '
Relative density 93 94.3 98.6 972
(%)
Mean 0.59 / 1.3 0.85
diameter (um) +0.09 +0.2 +0.25
Xvalue 0.30 0.40 0.50 0.60
Relative density 97.0 94.7 95 82
(%)
Mean 1.8 0.8 1.9 2.8
diameter (um) +0.3 +0.3 +0.7 +0.8
X value 0.7 0.8 0.9
Relative density a7 91 a7 75
(%)
Mean 25 24 2.0 3.0
diameter (um) +0.8 +0.8 +0.8 +1.4




Figure 1 TG-ATD of the initial powder corresponding to the KBT composition
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Figure 2 (a) X-ray diffraction diagrams of the K1/,Bi1/,Ti(1.¢Zr«O3 compounds (0 < x < 1, circles = ZrO, secondary
phase), and detail of the range corresponding to the (111) and (200) peaks (pseudo-cubic indexing for the solid-solution and
tetragonal indexing for KBT), (b)) 0 <x<0.4and (c) 0.3<x < 1.
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Figure 3 (a) X-ray diffraction diagrams of the K1, Bi1;TiggZro1003 composition for different annealing times. (% :
samples annealed successively three times for 10h, * % : same initial batch annealed directly two times for 50h).
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Figure 4 (a) X-ray diffraction diagrams of K1/,Bi1/,Tiq-xZrxOs compounds (e = ZrO,), (b) detail for the (111) and
(200) peaks. The x = 0.05 and x = 0.1 were annealed at 1000°C for 50h, x = 0.3 at 1000°C for 10h, x = 0.4 and x = 0.5 are
raw samples (The arrow shows the asymmetry indicating a departure from pure cubic symmetry).
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Figure 6 X-ray diffraction refinement diagram for the Ky,,Bi1>ZrO; (KBZ) compound (Circles correspond to ZrO,

secondary phase, arrows correspond to unidentified phase).
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Figure 8. a SEM pictures of the ceramic samples (magnification 5000, 0 < x < 0.5). (b) SEM pictures of the ceramic
samples (magnification 5000, 0.6 <x < 1.0).
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Figure 10 Dielectric properties of the Ky,Bi1,Ti1-ZrcO3 compounds as a function of the temperature for the KBT
rich range (arrows indicate increasing frequencies).
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Figure 11 Dielectric properties of the K1/2Bi1 Ti1-ZrcO3 compounds as a function of the temperature for the KBZ
rich range (arrows = increasing frequencies; the KBZ composition was measured differently because of a controlling
computer problem).



