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Solid solution samples of the three-component system (1 − x)Pb(Ti0.5Zr0.5)O3−xCdNb2O6 with x = 0.0125–0.0500, Δx = 0.0125 
were obtained by solid phase synthesis followed by sintering using conventional ceramic technology. The crystal structure, micro-
structure, electrophysical, and thermophysical properties of these ceramics have been studied. It is shown that all studied solid 
solutions can be divided into two groups (with x = 0.0125 and with x > 0.0125), characterized by different characteristics of the 
change in properties with variations in external influences. This is probably due to the transition from a perovskite-type structure 
with a tetragonal (T) unit cell to inhomogeneous solid solutions consisting of a series of T-phases with similar cell parameters. 
A conclusion is made about the expediency of using the data obtained in the development of similar materials for devices based 
on them.
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1.  Introduction

Piezoelectric ceramic materials over the past 70 years have 
found wide application in various fields related to both daily 
human life and various stages of industrial production.1,2 The 
overwhelming majority of such piezoactive ceramics are 
based on solid solutions (SS) based on the lead zirconate-tita-
nate (PbZr1−xTixO3, PZT) system.2,3 However, the ever-grow-
ing requirements for the electrical properties of such materials 
have practically exhausted the possibilities of this basic com-
position. And this forces many scientific groups to carry out 
work to improve manufacturability and expand the range 
of parameter sets implemented in ceramics based on them. 
One of the possible ways to solve the described problem is to 
design three-component systems by introducing, for exam-
ple, nonisostructural components into the basic SS PZT. A 
possible candidate is cadmium niobate (CdNb2O6), which has 
the columbite structure4,5 and is used in optoelectronics.6,7 In 
materials developed by this method, the range of composi-
tions with various properties can be significantly expanded 
and, as a result, the possibilities for the practical application 
of such media will expand.

Since the materials being developed often operate under 
critical conditions for them (as a rule, the external tempera-
ture varies in fairly wide ranges), the question of the behav-
ior of the electrical and thermal properties in the range from 

room temperature to the phase transition to the nonpolar 
state arises. Furthermore, given the duration of operation of 
devices under these conditions, information about the pos-
sible degradation of properties is required. The solution of 
this problem is possible through the formation of artificial 
thermally induced aging.

Therefore, the development of a three-component sys-
tem based on nonisostructural components of PZT SS and 
the compound CdNb2O6, the establishment of composition–
structure–property correlations in a wide range of external 
influences, which became the goal of this work, is topical.

2.  Materials and Methods

2.1.  Fabrication of samples

The objective of the study was the SS based on the system 
(1 − x)PbTi0.5Zr0.5O3 – xCdNb2O6 with x = 0.0125–0.0500, 
Δx = 0.0125. NaHCO3 — 99%, Nb2O5 — 99%, CdO — 99%, 
PbO, ZrO2 — 99%, TiO2 — 99.8% were used as raw mate-
rials. The samples were obtained by solid-phase synthesis in 
two stages and sintered according to conventional ceramic 
technology with hot forming elements, when external pres-
sure is applied for a short time to the sintered workpiece at the 
moment of the highest plastic flow rate, i.e., at a temperature 
of ~0.7 Topt. (Topt. is the optimal sintering temperature, Tsint.). 
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The time of action of the applied pressure is ~0.5 h. Such 
a procedure should ensure the testing of the microstructure 
of ceramics and the improvement of their macroresponses: 
Tsynt.1 = 1170K, τsynt.1 = 4 h, Tsynt.2 = 1220K, τsynt.2 = 10 h,  
Tsint. = 1490K, depending on composition.

The manufacture of measuring samples included two 
technological operations: mechanical processing and elec-
trode application. Search measuring samples were made in 
the form of disks ∅10 × 1 mm. Surface treatment was carried 
out with a diamond tool according to the 6th accuracy class. 
The electrodes were deposited on flat surfaces by double fir-
ing of silver-containing paste at a temperature of (1070 ± 20) 
K for 0.5 h.

2.2.  Methods of studying samples

X-ray studies were performed by powder diffraction using 
DRON-3 (CoKα radiation; Mn filter; Bragg–Brentano focus 
scheme). Crushed ceramic objects were studied, making it 
possible to exclude the influence of surface effects, stresses, 
and textures that arise in the process of obtaining ceram-
ics. The structural parameters were calculated according to 
standard methods. The measurement errors of the structural 
parameters have the following values: linear Δa = Δb = Δc = 
±(0.002 ÷ 0.004) Å; angular Δβ = 3′; volume ΔV = ± 0.05Å3 
(ΔV/V∙100% = 0.07%), T-tetragonal phase, Rh- rhombohe-
dral phase, C-cubic phase, PcC- pseudocubic (fuzzy symme-
try phase), RFS- fuzzy symmetry region.

The dependences of the real and imaginary parts of the 
relative complex permittivity ε*/ε0 = ε′/ε0 − iε″/ε0 (ε0 = 8.75 
× 10−12 F/m – dielectric constant) on the sample temperature 
at T = (300–970) K in the frequency range f = 25 × 106 Hz 
was obtained using a measuring bench based on an Agilent 
4980A LCR- meter. The monotonous heating and cooling 
regimes were 1 K/min.

Thermally induced fatigue study was carried out on the 
basis of data on the dependence of dielectric properties on 
temperature, which were obtained using a measuring bench 
based on an Agilent 4980A LCR meter. 35÷45 cycles of 
sample heating above the Curie point (TC) and cooling by 
~100K below TC (thermal cycling) were carried out. For each 
cycle, separate datasets were recorded which were then ana-
lyzed. To describe the degree of smearing of the ferroelectric 
(FE) phase transition, we used the empirical relation,8 which 
most accurately describes the temperature dependence of the 
dielectric constant at T > Tm:
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where εA and TA are some virtual values of the maximum 
dielectric constant and the corresponding temperature, δA is a 
measure of the degree of spreading of the dielectric peak, ε is 
the relative permittivity. The calculation of these parameters 
was carried out using a nonlinear approximation of ε′/ε0(T) 

curves with the help of the ALGLIB plug-in library of algo-
rithms ALGLIB. A detailed description of the methodology 
is given in Ref. 9.

Measurement of the electrical parameters of the SSs at T = 
(300 ÷ 970)K was carried out using a precision LCR-meter 
Agilent 4980A by the resonance-antiresonance method,10 
while determining the relative permittivity of unpolarized 
(ε/ε0) and polarized (ε33

T/ε0) samples, dielectric losses in a 
weak field (dielectric loss tangent, tgδ), piezoelectric mod-
uli (dij: |d31|, d33), piezoelectric coefficients (piezosensitivity) 
(gij: |g31|, g33), electromechanical coupling coefficient of the 
planar oscillation mode (Kp), mechanical quality factor (QM), 
Young′s modulus (Y11

E), speed of sound (V1
E). The measure-

ment errors of the electrophysical parameters have the fol-
lowing values: ε33

T/ε0 ≤ ±1.5%, Kp ≤ ±2.0%, |d31| ≤ ±4.0%, 
QM ≤ ±12%; Y11

E ≤ ±0.7%. The piezomodule d33 and, respec-
tively, the piezoelectric coefficient g33 were measured at room 
temperature using the quasistatic method using the Piezo d33 
Test System (YE2730A d33 METER).

Thermal expansion (ΔL/L) and linear thermal expansion 
(α) were carried out using a specially designed measuring 
stand based on MICRON-02 end block testers, an Agilent 
34420A nanovoltmeter/microohmmeter. The displacement 
sensitivity was 10–8 m, the measurement error was ~4%. The 
temperature in the chamber changed at a rate of ΔT =1 K/min.

3.  Experimental Results and Discussion

3.1.  X-ray studies

X-ray patterns of SS (1−x)PbTi0.5Zr0.5O3 – xCdNb2O6 are 
shown in Fig. 1. All samples have a perovskite-type structure 
with a tetragonal (T) unit cell. A very small amount of ZrO2 
is contained in all samples, except for SS with x = 0.050. 
Figure 1 also shows the diffraction peaks 111 and the doublet 
002, 200 corresponding to the tetragonal (T) distortion of the 
crystal lattice, enlarged along the 2θ axis. It can be seen that 
as x increases, the diffraction pattern degrades for all values 
of x, and the diffraction peaks are a superposition of several 
peaks. This means that SSs are inhomogeneous and consist of 
a series of T-phases with close cell parameters. Additionally, 
the background increases between peaks 002 and 200 in SS 
with x = 0.0250, 0.0375, 0.050, with the highest increase 
observed at x = 0.0375. The same effect takes place in the 
PZT system in the region of the morphotropic phase transi-
tion from the T-phase to the rhombohedral one and is associ-
ated with the appearance of intermediate monoclinic phases.

In the system under study, there is no change in the sym-
metry of the crystal lattice; therefore, the increase in the 
background between the 002 and 200 peaks may be due to 
the appearance of local regions (clusters) with a symmetry 
other than T.

Figure 2 shows the dependences of the structural 
parameters, the half-width of the diffraction peak (111), 
and the densities of the ceramics SS of the composition  
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(1−x)PbTi0.5Zr0.5O3 – xCdNb2O6 (hatching highlights the 
field with coexisting local regions (clusters) with symmetry 
different from T-symmetry).

Unexpectedly, the dependence V(T) manifests itself 
with a monotonic increase as the concentration of CdNb2O6 
increases. The ionic radii A of the cations are as follows:  
Pb2+ = 1.411Å Cd2+ = 1.109Å at a coordination number of 
12). It would seem that the volume of the unit cell should 
decrease during the formation of the substitutional SS. 
However, with heterovalent substitution, things are not 
as obvious. When an ion with a lower valence (Ti/Zr)4+ is 
replaced by an ion with a higher valence Nb5+, vacancies are 
formed in the B sublattice or intercalated anions appear. In 

both cases, the V cell should increase as a result of swelling 
of the cell vacancy or the interstitial atom. The maximum 
dependence of the half-width of the diffraction peak (B) on 
the (x)-single peak (111) corresponds to the maximum back-
ground between peaks 002, 200 and confirms the assump-
tion that clusters of additional phases have a symmetry lower 
than T. Ceramic densities increase dramatically at x > 0.025, 
which is also typical of the SS of the PbTi1−xZrxO3 system in 
the morphotropic region.11

Therefore, by X-ray diffraction, it is shown that in the 
 system (1 − x) PbTi0.5Zr0.5O3 − xCdNb2O6, in the range  
0.0125 ≤ x ≤ 0.050, inhomogeneous SSs are formed, the 
average - symmetry of which is preserved, but in the inter-
val 0.0375 ≤ x ≤ 0.050, clusters with lower symmetry appear. 
Note that the only condition preventing substitutional SS 
formation in (1 − x)PbTi0.5Zr0.5O3 – xCdNb2O6 system is 
the nonisostructural nature of the extreme components  
(perovskite-columbite). The remaining conditions, such as 
the difference in ionic radii and the difference in the electro-
negativity of interchangeable elements, follow the rules of 
isomorphism.12,13

3.2.  Microstructure

Figure 3 shows fragments of SS microstructures of the stud-
ied system with the content (x) of CdNb2O6: 0.0125 (a), 
0.025 (b), 0.0375 (c), 0.050 (d). It is clearly seen that the 
grain landscape is represented by crystallites, the size, shape, 
and character of the packing of which change depending 
on the quantitative ratios of the components in the system. 
Therefore, when the latter is enriched with cadmium niobate, 
the average grain size, D, decreases almost threefold with 
variation of CdNb2O6 in the range of 0.0125 ≤ x ≤ 0.050. At 
the same time, the nature of the dependence D(x) (Fig. 4) is 
nonmonotonic with a fast change in D in the range 0.0125 <  

Fig. 1. X-ray diffraction patterns of (1 − x)PbTi0.5Zr0.5O3 – xCdNb2O6 SSs in the range 2θ = 22–80 (º) (the arrow marks the ZrO2 line) and 
diffraction reflections (111)k, (200)k on a scale enlarged along the 2θ axis.

Fig. 2. Concentration dependences of parameters a, c, degree of 
distortion c/a, volume, V, tetragonal cell, half-width, B, diffraction 
peak (111), experimental (1), X-ray (2) and relative densities of SS 
ceramics of composition (1−x)PbTi0.5Zr0.5O3 – xCdNb2O6.
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x ≤ 0.025, a gradually decreasing grinding rate D in the range 
0.050 < x ≤ 0.075 and slow decay of transformation speed D 
at 0.0375 < x ≤ 0.050. The grain habit also changes as the sys-
tem is saturated with a Cd-containing component: from crys-
tallites with a mixed type of boundaries — curvilinear and 
close to rectilinear (x = 0.0125; 0.025) [Figs. 3(a) and 3(b)] 
to, basically, almost spheroidal grains at x = 0.0375; 0.50 
[Figs. 3(c) and 3(d)]. Hence, in the latter case the sphericality 

of the grains sometimes turns out to be apparent because of 
their small size. Examination of the microstructure at high 
magnification shows that some of the grains retain the rela-
tive straightness of the boundaries in this case as well. The 
grain packing also undergoes changes: from loose at low 
concentrations of columbite to dense with large additions of 
CdNb2O6. In this case, in the latter case, in parallel with the 
main mass of grains of small size, single grains crystallize, 
much larger (by an order of magnitude) in size [Fig. 3(d), 
highlighted by hatching]. Texturization of the grain field man-
ifested itself to the greatest extent at a higher concentration of 
CdNb2O6 [Fig. 3(d), “columns” of grains are highlighted with 
a dashed dotted line].

The observed results can be explained as follows. As evi-
denced by the above X-ray data, all SSs of this system are 
very inhomogeneous and represent series of T-phases with 
close cell parameters, and at x ≥ 0.025, in addition to them, 
they probably also contain structures with a symmetry other 
than T-symmetry. It is quite obvious that, against the back-
ground of such structural instability, one should not expect 
the formation of an ideal grain pattern with close-packed 
crystallites characterized by perfect faceting. Additionally, 
the complication of phase filling of SS as CdNb2O6 is intro-
duced into the system naturally slows recrystallization pro-
cesses, slowing grain growth, which is what we observe in 
practice. At the same time, as can be seen from Fig. 3, the 
transition to a highly refined grain landscape occurs precisely 
in the concentration range where, in our opinion, phases with 
a symmetry other than T-symmetry are formed. It is very 

Fig. 3.  Microstructure fragments of the studied SSs at different content of CdNb2O6 (x).

Fig. 4. Dependences of the average grain size D of ceramics of 
composition (1 − x)PbTi0.5Zr0.5O3 – xCdNb2O6 on the concentration 
of CdNb2O6 (x).
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likely that its region of existence extends below room tem-
perature (which requires additional X-ray studies), similar to 
how it occurs in the known binary PZT system (Pb(Zr, Ti)
O3) in the morphotropic region (rhombohedral-tetragonal), in 
which the monoclinic phase appears.14,15 The appearance of 
directional “columns”, grains (packing textures), apparently, 
is associated both with the action of applied pressure during 
ceramic sintering and the presence of a nonisostructural com-
ponent (CdNb2O6), which is associated with deformations of 
the crystalline cell of the base SS, which contribute to some 
extent to the formation of packaging textures.

The appearance at x=0.0500 in the grain structure of crys-
tallites, which are much larger than most grains, may be a 
consequence of the appearance of a liquid phase during the 
synthesis and sintering of the corresponding ceramics, which 
provokes abnormal growth of secondarily recrystallized 
grains.16,17 Its source can be various intermediate media con-
taining Cd, Pb, and Nb with low melting points.18,19

3.3.  Electrophysical properties

Figure 5 shows the results of a study of the dielectric, piezo-
electric and ferroelastic properties of the composition of SS 
(1 − x)PbTi0.5Zr0.5O3 – xCdNb2O6 at T = 300K. It is shown 
that an increase in the content of CdNb2O6 to x < 0.0375 does 
not cause any significant changes in the dielectric proper-
ties. The piezoelectric characteristics of the studied samples 
change on average by ~60%. Elastic constants experience the 
most significant fluctuations, that is, QM increases by ~2.5 
times, while Y11

E and V1
E change by ~80%. It can be seen 

that an increase in the content of CdNb2O6 in the system leads 
to nonmonotonic changes in all the presented characteristics, 
most noticeable in the concentration field (highlighted in 

Fig. 5 by hatching) where, in our opinion, (clusters) appear 
with a symmetry other than T-symmetry.

3.4.  Dielectric spectroscopy

Figures 6–9 show dependences ε′/ε0|f (a), ε″/ε0 (b) (f = 25 ÷ 2 × 
106 Hz), ε′/ε0 (in heating/cooling mode), (ε′/ε0)−1 (f = 840512 
Hz) (T) (c) of the studied ceramics, in the temperature range 
T = (300–800)K.

It can be seen that the dependences ε′/ε0(T) [Figs. 6–9(a) 
have an λ-shaped form with clear maxima that do not blur 
and do not change position with increasing frequency of the 
alternating electric field (f). The presented dependences are 
characterized by the absence of the dispersion ε′/ε0 to the left 
of the Curie temperature (TC), its appearance at the moment 
of phase transition (PT) and to the right of TC. Above TC, a 
rapid increase in ε′/ε0 is revealed, starting from temperatures 
that are lower, the lower f.

Curves ε″/ε0 (T) [Figs. 6–9(b) are characterized by the 
presence of a plateau-like section that precedes the phase 
transition to the paraelectric (PE) phase, in which ε″/ε0 either 
increases slightly or remains constant, giving way to a sharp 
increase near TC. All of the above is characteristic of classical 
ferroelectrics.

Studies of dependences (ε′/ε0)−1 on temperature [Fig. 6(c) 
showed that the objects analyzed in the PE phase obey the 
empirical Curie–Weiss law, ε′/ε0 − 1 = C/(T − TC), where C is 
the Curie–Weiss constant, TC is the Curie–Weiss temperature.

An increase in dispersion ε′/ε0 in the PE phase against the 
background of a sharp increase in ε″/ε0 can be associated with 
an increase in the electrical conductivity of the material, in 
particular, due to the release of bound charges involved in the 
detection of spontaneous polarization in the FE phase, and 

Fig. 5. Dependences of the dielectric, piezoelectric and ferroelastic characteristics of the SS composition (1 − x)PbTi0.5Zr0.5O3 – xCdNb2O6 
on the content of CdNb2O6 (x) in the system (T = 300K).
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also due to the appearance of vacancies during redox pro-
cesses of ions of variable valence (Ti, Nb).

All studied SS are characterized by the presence of 
three sections characterized by different rates of change in 

piezoelectric characteristics: ~(300–480)K, ~(480–580)
K and ~(580–660)K (depending on x). The first is char-
acterized by the formation of an extremum of the studied 
dependences, the second at x < 0.0500 is characterized by an 

Fig. 6. Dependences ε′/ε0, ε″/ε0, (ε′/ε0)−1(T) at f ~ (0.0005– 1.2) MHz of SS (1−x)PbTi0.5Zr0.5O3 – xCdNb2O6 ceramics with x = 0.0125, in 
the range T = (300–900)K.

Fig. 7. Dependences ε′/ε0, ε″/ε0, (ε′/ε0)−1(T) at f ~ (0.0005 – 1.2) MHz of SS (1 − x)PbTi0.5Zr0.5O3 – xCdNb2O6 ceramics with x = 0.0250, in 
the range T = (300–900)K.
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increase in the rate of change of the studied characteristics, 
and SS with x = 0.0500 is characterized by the formation of 
two extrema of the studied piezoelectric characteristics. In 
the third region, an anomalously sharp change in parameters 

was revealed as the Curie point approached all concentra-
tions of CdNb2O6.

Figure 10 shows the dependences of dielectric, electro-
physical, ferroelastic and thermophysical characteristics on 

Fig. 8. Dependences ε′/ε0, ε″/ε0, (ε′/ε0)−1(T) at f ~ (0.0005 – 1.2) MHz of SS (1 − x)PbTi0.5Zr0.5O3 – xCdNb2O6 ceramics with x = 0.0375, in 
the range T = (300–900)K.

Fig. 9. Dependences ε′/ε0, ε″/ε0, (ε′/ε0)−1(T) at f ~ (0.0005 – 1.2) MHz of SS (1−x)PbTi0.5Zr0.5O3 – xCdNb2O6 ceramics with x = 0.0500, in 
the range T = (300–900)K.

2244005.indd   7 11-03-22   11:13:33



A. Konstantin et al. J. Adv. Dielect. 12, 2244005 (2022)

2244005-8

FA WSPC/270-JAD 2244005 ISSN: 2010-135X

the temperature of SS with different content of CdNb2O6 at 
T = (300–740)K. The ferroelastic properties demonstrate a 
similar behavior, but the features described above are not so 
pronounced. An exception is the QM(T) dependence. It is also 
necessary to single out the SS with x = 0.0250, in which the 
specified dependence QM(T) varies in a fairly wide range of 
values.

The study of thermophysical properties revealed several 
features. Therefore, the formation of extrema of depen-
dences (ΔL/L, α)(T) correlates with the manifestation of 
such anomalies in the electrophysical characteristics. In 
an SS with x = 0.0125, ΔL/L increases as the temperature 
increases. At x > 0.0125, ΔL/L decreases with the tempera-
ture of the transition to the paraelectric phase; a further 
increase is accompanied by an increase in this character-
istic. It should also be noted that an increase in the content 
of CdNb2O6 causes a decrease in the rate of change in ΔL/L 
with increasing temperature.

The formation of extrema in the studied dependences of 
piezoelectric characteristics on temperature (Fig. 10) indi-
cates the presence of structural instabilities that are present 
in the base SS of the composition of PbZr0.5Ti0.5O3.20 The 
abrupt change in characteristics in the vicinity of TC is most 
likely due to the processes of depolarization of objects result-
ing from the transition to a nonpolar cubic phase, and the 
persistence of a weak piezoresponse in a narrow temperature 
range after this transition is probably due to the presence of 
polar regions that have a piezoresponse similar to the same 
effect in ferroelectric relaxors.

The implementation of a positive thermal expansion 
coefficient in the studied SS with x = 0.0125 is traditional 

and is associated with an increase in unit cell volume with 
increasing temperature. However, the manifestation of a 
negative coefficient of thermal expansion (NTE) in SS with  
x > 0.0125 is quite unusual. This phenomenon has been dis-
cussed in many publications, and there are several points of 
view on this subject related to phase transitions, transverse 
phonon vibrations, single hard modes, and specific sample 
morphology.21,22 In our opinion, in this case, the occurrence 
of a crystal chemical disorder in SS as a result of the appear-
ance of T-phases with similar unit cell parameters is decisive, 
which can lead to a decrease in the cell volume at low con-
centrations of cadmium niobate and the formation of a certain 
composite state. This can reduce the length of the B–O and 
A–O bonds during the C→T phase transition and, as a result, 
reduce the volume of the unit cell.23 The decrease in negative 
thermal expansion with increasing CdNb2O6 content may be 
due to the possibility of placing Cd and Nb cations in irreg-
ular CdNb2O6 positions, and as a result of the occurrence of 
a stronger disorder, which reduces the contribution of short 
bonds to the resulting volume. However, further studies are 
required to confirm the above assumptions.

3.5.  Phase transition fatigue

The thermally induced aging of ceramics was studied using 
data from dielectric spectroscopy, taking into account the 
established concepts of factors responsible for the smearing 
of phase transitions. Figures 11–14 show the change in the 
parameters TC, TA, εA, and δA with an increasing number of 
cycles (n) passing through the Curie point, calculated from 

Fig.  10. Dependences of dielectric, electrophysical, ferroelastic, and thermophysical characteristics on the TR temperature (1−x)- 
PbTi0.5Zr0.5O3 – xCdNb2O6 with different content of CdNb2O6, in the range T = (300–900)K.
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the dependences ε′/ε0(T) measured at a frequency of 933 kHz, 
for SS with different concentrations of CdNb2O6.

Analysis of the obtained data confirms the previously 
proposed classification and allows us to divide the objects 
studied into two groups. The first includes a sample with x = 
0.0125, in which the indicated parameters remain stable up to 
30 cycles, while the temperatures TC and TA increase mono-
tonically, δA also decreases monotonically, and εA remains 
almost unchanged. The second group includes SSs with x > 
0.0125, which are characterized by a decrease in TC during 
the first 10–15 cycles with subsequent stabilization.

The calculated parameters, including the blur parameter 
δA, experience anomalies in the same region in the form of 

sharp jumps with the formation of local extrema. It can be 
assumed that the defects and/or the low-symmetry clusters 
mentioned above are ordered in this region. In general, the 
parameters considered for this group of SS experience a fairly 
wide spread of values, which, of course, is a consequence of 
the complication of phase filling of these objects as CdNb2O6 
is introduced into the system, and therefore it becomes dif-
ficult to unambiguously establish the trend of their change 
during thermal cycling.

We only note that the smallest scatter of parameters in this 
group is typical for SS with x = 0.0500, which is apparently 
due to the presence of a liquid phase here, which provokes a 
stabilizing effect.

Fig.  11. Dependences of the Curie temperature (Tc) and the 
 parameters of the empirical law [formula 1] for ceramics SS  
(1 − x)Pb(Ti0.5Zr0.5)O3−xCdNb2O6 with x = 0.0125 on the number 
of cycles.

Fig.  12. Dependences of the Curie temperature (Tc) and the 
parameters of the empirical law [formula 1] for ceramics SS (1 − x)- 
Pb(Ti0.5Zr0.5)O3−xCdNb2O6 with x = 0.0250 on the number of cycles.

Fig.  13. Dependences of the Curie temperature (Tc) and the 
parameters of the empirical law [formula 1] for ceramics SS (1 − x)- 
Pb(Ti0.5Zr0.5)O3−xCdNb2O6 with x = 0.0375 on the number  
of cycles.

Fig.  14. Dependences of the Curie temperature (Tc) and the 
parameters of the empirical law [formula 1] for ceramics SS (1 − x)- 
Pb(Ti0.5Zr0.5)O3−xCdNb2O6 with x = 0.0500 on the number of cycles.
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4.  Conclusions

For the first time, solid phase synthesis followed by sintering 
using conventional ceramic technology was used to obtain SS 
samples of the three-component system (1−x)Pb(Ti0.5Zr0.5)- 
O3−xCdNb2O6 with x = 0.0125 ÷ 0.0500, Δx = 0.0125.

X-ray diffraction analysis showed that samples with x = 
0.0125 have a perovskite-type structure with a tetragonal unit 
cell. At x > 0.0125, SSs are inhomogeneous and consist of a 
series of T-phases with close cell parameters.

The grain landscape has been established to be represented 
by crystallites, the size, shape, and nature of the packing 
changes depending on the quantitative ratios of the compo-
nents in the system, and the average grain size decreases by 
almost a factor of three when CdNb2O6 varies in the range 
0.0125 ≤ x ≤ 0.050. An explanation of the observed effect is 
given.

The results of the study of dielectric spectroscopy showed 
that the dependences ε′/ε0(T ) have a λ-shaped form with clear 
maxima that do not blur and do not change position with an 
increase in the frequency of the alternating electric field ( f ), 
and in the paraelectric phase they obey the empirical Curie–
Weiss law. This indicates that all investigated SSs are classi-
cal ferroelectrics.

It has been established that the electrophysical character-
istics during heating to the transition to the paraelectric state 
are characterized by three sections, with different rates of 
their change: ~(300–480)K, ~(480–580)K, and ~(580–660)
K (depending on x). The study of thermophysical properties 
revealed the formation of extrema of dependences (ΔL/L, α)
(T), which correlate with the manifestation of similar anoma-
lies in electrical characteristics. At x > 0.0125, ΔL/L decreases 
to the transition temperature to the paraelectric phase.

An analysis of thermally induced aging made it possible 
to establish that, in SS with x = 0.0125, the dielectric param-
eters remain stable up to 30 cycles. With an increase in the 
CdNb2O6 content, SS are characterized by a decrease in TC 
during the first 10–15 cycles with subsequent stabilization, 
and the smearing parameter, δA, experiences anomalies in 
the form of sharp jumps with the formation of local extrema. 
The smallest scatter of parameters is typical for SS with  
x = 0.0500, which is probably due to the presence of a liquid 
phase, which provokes a stabilizing effect.

The data obtained should be used in the development of 
similar materials and devices based on them.
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