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Radosław ZACHARIASZ, Jan ILCZUK

University of Silesia
Faculty of Computers Science and Materials Science
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Modification of the PZT system by the addition La3+ ions has marked beneficial effect on
several the basic parameters, such as squerness of the hysteresis loop, decreased coercive filed,
increased dielectric constant, maximum coupling coefficients, increased mechanical compli-
ance, decreased Tc temperature, and enhanced optical transparency.

The mechanical and electrical properties in lanthanum modified lead zirconate-titanate ce-
ramics of 5/50/50 and 10/50/50 were studied by internal friction Q−1, dynamic Young mod-
ulus E, electric permittivity ε and tangent of dielectric loss of angle tanδ measurements. The
temperature dependences of Q−1 = f(T ) and E = f(T ) were determinated in temperature
range from 300 K to 600 K. The temperature dependences of ε = f(T ) and tanδ = f(T ) were
determinated in temperature range from 300 K to 730 K. The values of TC obtained during ε
and tanδ measurements were respectively: 560 K for 5/50/50 and 419 K for 10/50/50.
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1. Introduction

Pb(Zr, Ti)O3 (PZT) crystallizes with the ABO3 type structure in which the A-site is
occupied by Pb2+ ions; Zr4+ and Ti4+ are accommodated on the B-site. The influence
of various substitutions in the A and B-site of PZT unit cell has been studied by nu-
merous investigators. The PLZT formula (Pb1−xLax(ZryTi1−y)1−x/4O3) assumes that
La3+ substitutes for Pb2+ in the A-site and the B-site vacancies are created for electrical
balance. The composition of PLZT is routinely represented by the notation x/(1−y)/y,
which denotes the amount of La/Zr/Ti, given in mole fractions or mole per cent. The
PLZT type ceramics may be used as a materials for device applications such as non-
volatile memories, transducers, modulators, etc. [1–4].
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2. Experiment

The material tested were solid solution of the PLZT type from ferroelectric phase
with constant ratio Zr/Ti = 50/50 and variable concentration of La3+ ions: Pb0.95La0.05
(Zr50Ti50)0.9875O3 – PLZT 5/50/50 and Pb0.95La0.10(Zr50Ti50)0.975O3 – PLZT
10/50/50.

Ceramic samples were obtained as a reaction in solid state from simple oxides:
PbO, ZrO2, TiO2, La2O3 by conventional ceramic sintering (CCS) method. Ceramic
powders were mixed and milled through 20 h and next formed in cylindrical tablets of
diameter 10 mm. After this tablets were synthesized at the temperature TS = 1123 K
through ts = 6 h. Then polycrystalline samples were crumbled and mixed to obtained
more homogenous structure. The range of sintering temperatures (1223–1523 K) and
sintering times (6–12 h) were dependable from chemical composition. The electrodes
were deposited on the surface of PLZT samples by the silver paste burning method.
The obtained samples were subjected to polarization using the low temperature method
(Tp = 423 K, Ep = 30 kV/cm, tp = 30 min). The measurement of dielectric per-
mittivity ε and tangent of dielectric loss of angle tanδ were obtained by the capacity
bridge BM 507/538 Tesla type with frequency 1 kHz and temperature range between
300 K and 730 K. Temperatures dependences Q−1(T ) and E(T ) were performed by
automatic resonance spectrometer RAK-3 type controlled by computer.

3. Results and disscusion

In Fig. 1 temperature dependences of Q−1(T ) and E(T ) are presented. For the
composition 5/50/50 the measurements were made during two cycle of heating with
different resonance frequency (fr) of sample vibration. At the temperature Tr = 293 K
the values of fr were respectively: 838 Hz for 1st cycle of heating and 800 Hz for 2nd
cycle.

Similarly for 10/50/50 composition, fr were 900 Hz and 866 Hz. All measurements
were conducted with 3 K/min ratio of heating. Both for samples 5/50/50 and 10/50/50
after 1st cycle of heating, clearly maxima PF and P ′

F on the curves Q−1(T ) were ob-
served. The maxima correlated with minima MF and M ′

F observed on E(T ) curves.
Those changes were observed in temperatures: TF = 574 K and TF = 435 K. After
deep analysis of phase diagram of PLZT system was proved that the temperatures are
responsible for phase transition ferroelectric↔ paraelectric (Curie temperature TC) [2].
In the 2nd cycle of heating was observed clearly increase of height of peaks PF and P ′

F
and their little movement to lower temperatures: TF = 561 K for PLZT 5/50/50 and
TF = 420 K for PLZT 10/50/50. In the references of the earlier works authors proved
that behavior like this of the maxim Q−1(T ) in the areas of phase transitions is mainly
connected with phenomena described by the Delorme and Gobin model [5, 6]. Addi-
tionally for composition PLZT 10/50/50 at curve Q−1(T ) maximum P ′

R was observed
in temperatures 316 K and 322 K respectively for 1st and 2nd cycle of heating. The way
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Fig. 1. The temperature dependences of Q−1(T ) and E(T ) for PLZT tested samples.

of behavior of this maximum and parameters calculated by the Arrhenius’ law: energy
of activation H = 2.33 eV and preexponential τ0 = 5 · 10−29 s−1 proved that origin
of the maximum is connected with more complicated processes and it will be subject of
future researches.

The measurements of the temperature dependences of ε(T ) and tanδ(T ) were ob-
tained as a aim of detailed analysis of the changes in the area of phase transition. The
results of investigation are shown in Fig. 2. The nature of the temperature dependences
of tanδ(T ) in the range of temperatures below phase transition is connected with dissipa-
tion of energy to polarization of the domains. But above the phase transition temperature
(TC) losses of energy are related with electric conductivity. For both chemical composi-
tion of PLZT type ceramics the temperature dependences of ε(T ) has a relaxor charac-
ter with diffuse phase transition between ferroelectric and paraelectric phase. The linear
and quadratic Curie–Weiss laws were used to analysis of the dependences of 1/ε(T ).

At the paraelectric phase above temperature T1 (PLZT 5/50/50) and T ′1 (PLZT
10/50/50), the linear Curie–Weiss law was used [7]:

ε =
C+

CW

T − Tm
, (1)

where C+
CW – Curie–Weiss constant.
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Fig. 2. The temperature dependences of ε(T ) and tanδ(T ) for PLZT tested samples.

In the ferroelectric phase Curie–Weiss law:

ε =
C−

CW

Tm − T
, (2)

where C−
CW – Curie–Weiss constant.

The values of the Curie–Weiss constants as well for paraelectric and ferroelectric
phase are presented in Table 1. The range of temperatures T1−T2 is responsible for
relaxor diffuse phase transition. In the range of temperatures between Tm and T1 exper-
imental curves of dependences ε(T ) are described by quadratic Curie–Weiss law [8]:

1
ε∗

=
1
ε
− 1

εm
= K(T − Tm)γ , (3)

where εm electric permittivity at the temperature of phase transition Tm.

Table 1. The values of the Curie–Weiss constants.

PLZT Tm [K] C−CW × 10−5 [K−2] C+
CW × 10−5 [K−2] K+ × 10−6 [K−2] T1 − T2 [K] γ [–]

5/50/50 566 4.23± 0.02 2.09± 0.02 8.26± 0.01 122 1.67

10/50/50 417 2.54± 0.02 2.08± 0.02 69.2± 0.01 172 1.92

The values of the dielectric parameters are presented in Table 2. The values of elec-
tric permittivity at room temperature are decreasing with increasing of La3+ content,
but at the temperature of the maximum of electric permittivity situation are exactly op-
posite. The values of tangent of dielectric loss of angle decreasing with increasing of
La3+ content as well as room temperature and temperature of the maximum.
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a)

b)

Fig. 3. The temperature dependences of 1/ε(T ) (a) and log(1/ε − 1/εm) = f(log(T − Tm)γ) (b)
for PLZT tested samples.

The values of K and γ coefficients were conducted on the base of log(1/ε −
1/εm) = f(log(T − Tm)γ) (Fig. 3) dependences and are presented in Table 1.

Table 2. The values of the dielectric parameters obtained for PZT∗ [9] and PZLT ceramics at room
temperature Tr = 293 K and Tm.

Chemical composition
ε [–] (f = 1 kHz) tanδ [–] (f = 1 kHz)

Tm [K]
Tr Tm Tr Tm

PZT 50/50∗ 879 18151 0.0031 0.0933 635

PLZT 5/50/50 1277 12402 0.0189 0.0196 563

PLZT 10/50/50 2378 11887 0.0027 0.0028 408
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4. Results and disscusion

Obtained PLZT type ceramic samples are characterized by low values of tangent
of dielectric loss of angle tanδ = 1–1.5% and high values of electric permittivity ε =
11000–12000 (at the Tr = 293 K temperature). The measurement of the temperature
dependences of Q−1 and E let to obtained the temperature of phase transition (TC).
The value of TC is decreasing with increasing of La3+ content. Lanthanum has also
significant influence for level of diffuse phase transition.
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