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ABSTRACT

The effect of 1a,0; additions on the microstructure and dielectric properties of the
Pbg.gsLag.os[ZryTi(o.95-x)(M0O1/3,1n3/3)0.05]0.987503 (X ranged from 0.46 to 0.55) ceramics have been investigated. All
of the samples were prepared by conventional solid state process. The results of X-ray diffraction showed that
all the ceramics specimens have a perovskite phase. In the present system, the MPB that coexists with the
tetragonal and rhombohedral phases is a narrow com-position region of x = 0.50 - 0.51. A sintered density of
98.50% of the theoretical density was obtained for Zr = 50% after sintering at 1150°C. Ceramics sintered at
1150°C with Zr = 50% achieve excellent dielectric properties, which are as follows €, = 5413.583, tangé = 0.0392
and Tc = 335°C.
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INTRODUCTION

Lead zirconate titanate (PZT) solid solutions of the ABO; perovskite type structure (where A- sites are
occupied by Pb> ions and B-sites by zr* and Ti*" ions) show excellent piezoelectric properties. Near
morphotropic phase boundary (MPB) lead zirconate titanate Pb(Zr Ti)O; (PZT) is a binary solid-solution of
PbTiO; ferroelectric and antiferroelectric PbZrO; [1]. The most commonly used ceramics Pb(Zr,, Ti,,) had a
composition closed to the MPB at x ~ 0.52 [1-3], where properties such as piezoelectric coefficients and
dielectric permittivity are maximized. Classically, the electrical properties of PZT ceramics are modulated by
the incorporation of small amounts of cations (doping) (typically 0.5 -2 mole %). Modification of PZT with
suitable substitutions of single or multiple cations at Pb> and zr*'/Ti*" sites helps in enhancing its physical and
electrical properties[4-6]. Dopants are classified as acceptors or donors [7]. Acceptors (monovalent at A site
and trivalent at B site) introduces oxygen vacancies to maintain charge neutrality and this caused lower
dielectric constant and losses (at room temperature). Donors (trivalent ion at A site and pentavalent ion at B
site) reduces the concentration of intrinsic oxygen vacancy and cause the following changes of the
characteristics of PZT: higher dielectric constant and losses (at room temperature).

The influence of technological factors on the width of the co-existence region was investigated on the
ternary system PbggsLagos[ZrxTi(p.95-x)(MO1/3,In23)0.05)0.987503by X-ray diffraction by varying the ratio Zr/Ti. The
purpose of this work is to study the influence of sintering temperature on density of the ceramic in order to
determine the width of co-existence of tetragonal and rhombohedral phases and the exact composition of the
MPB rather than to determine the dielectric properties of these ceramics near the MPB in detail.

EXPERIMENTAL PROCEDURES
The polycrystalline samples with a general compositional formula:

Pb;_La,[Zr,Tiy(M0y/3,In;/3) 1-xsp]1-205 With z = 0.05, (x + y)= 0.95 and 0.46= x = 0.55 were being
prepared by a conventional dry ceramic method to form the solid solution of a composition that follows:
Pbo.gsLag.0s[ZrTi(0.95-(MO01/3IN2/3)0.05]0.987503. The reagent grade oxide of PbO, ZrO,, TiO,, La,0;, MoO; and In,0;
were used as starting materials in a stoichiometric ratio. The powders were, first, ball-milled for twelve hours;
and, then, calcined at 800°C for two hours at the following heating and cooling rates: 2°C/min. After
calcination, the mixture was, first, ball-milled for twenty- four hours; and then, dried and granulated with PVA
as a binder. After drying, the powders were pressed into discs of a diameter of thirteen millimeters and of a
thickness of about one millimeter. The compacted discs were being sintered at a temperature ranging from
1000°C - 1180°C for two hours in air. To prevent PbO volatilization from the pellets, a PbO atmosphere was
controlled with a bed of PbZrO; powder placed in the vicinity of the pellets.

The X-ray diffraction (XRD,BRUCKER-AXS type D8 ADVANCE) was used to determine the crystalline
phases present in the powder. The compositions of PZT phases were identified by the analysis of the peaks
[(002)T, (200)R, (200)T] in the 28 range 43° - 47°. The tetragonal (T), rhombohedral (R) and tetragonal-
rhombohedral phases were characterized and their lattice parameters were calculated. In order to ensure an
accurate determination of the lattice parameters, the X-ray peaks were recorded gradually with 0.03° steps.
Densities of sintered pieces were calculated from the sample dimensions and weights.

The dielectric response was measured at the frequency of 1kHz by using an automatic LCR meter at a
temperature ranging from a room temperature to 400°C. The relationship between electrical properties and
microstructures is reported and discussed.

RESULTS AND DISCUSSION
Phase structure
Sintered powders were examined by X-ray diffractometry to ensure phase purity, and to identify the
crystal structure. The phases of the samples were detected using XRD (at room temperature) for several
compositions given in Table 1. It can be seen that all the samples show pure perovskite structure, suggesting

that La, Mo and In diffuse into the PZT lattice to form a solid solution. Fig.1 shows the XRD patterns (at room
temperature) of the sintered PLZT-PMI samples with increasing Zr/Ti ratios. It is observed that a pure

September - October 2015 RJPBCS 6(5) Page No. 927



ISSN: 0975-8585

perovskite phase is obtained. The tetragonal, rhombohedral and tetragonal-rhombohedral phases are
identified by an analysis of the peaks [002(tetragonal), 200 (tetragonal), 200 (rhombohedral)] in the 26 range
of 43-47° correlated with JCPDS file number 33-0784 (T) and JCPDS file number 73-2022 (R). The splitting of
the (002) and (200) peaks indicates that they are the ferroelectric tetragonal phase (FT), while the single (200)
peaks consistent with the ferroelectric rhombohedral phase (FR). A transition from the tetragonal to the
rhombohedral phase is observed as Zr/Ti ratio increases. Previously, a similar behavior was also observed with
increasing Zr content in modified PZT based ceramics.

Table 1: Series of compositions and crystal structure

sample Crystal structure
1000°C 1100°C 1150°C 1180°C
Pbo.os Lao.05[Zro.46 Tio.a0 (M01/3 |n2/3)0A05]o.987503 T T - -
Pbo.os Lag.0s5[Zro.a7 Tio.as (M01/3 |n2/3)0A05]o.987503 T+R T T -
Pby.9s Lag.05[Zro.49 Tio.as (MO1/3 Iny/3)0.05]0.987503 T+R T+R T T
Pby.9s Lag.05[Zro.50 Tio.as (MO1/3 Iny/3)0.05]0.987503 T+R T+R T+R T+R
Pby.gs La.os[Zro.s1 Tig.as (MOy/3 INg/3)0.05]0.987503 T+R T+R T+R T+R
Pby.gs Lag.os[Zro.s2 Tig.as (MOy/3 INg/3)0.05l0.987503 T+R T+R R R
Pby.os Lag.os[Zro.sa Tig.a (MOy/3 INg/3)0.05l0.987503 T+R T+R R -
Pbo.os Lag.05[Zro.s5 Tio.40 (M01/3 |nz/3)u05]o.9s7503 R R - -
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Figure 1: XRD patterns of Pbg gsLag o5[Zr,Ti(0.95-x(M01/3IN2/3)0.05]0.987503 System sintered at 1180°C for 2 h, with 0.46 = x =
0.55

The multiple peak separation method was used to estimate the relative fraction of coexisting phases
by which the relative phase fraction Mg and My were then calculated using the following Equations (1) and (2)

[8]:

{atzon
My = — (1)
Izgtzo0 + Irtoon + Trizom
-lr-r:' ) + I-r:'" ]
M, T oDz T(200) 2)

IR:::L‘D:' + L.rinn:) + L_ri:nn)

Where Ig(; g) is the integral intensity of the (200) reflection of the rhombohedral phase and Iy og) and
l10 02) @re the integral intensities of the(200) and (002) reflections of the tetragonal phase, respectively. A
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transition from tetragonal to rhombohedral phase is observed as Zr/Ti ratio increases. With increasing Zr/Ti
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ratio, tetragonal relative fraction decreases and rhombohedral relative fraction increases.

Analysis of the relative phase fractions in the PLZT-PMI ceramics indicates that the tetragonal and
rhombohedral phases coexist in the composition range of 0.49 < x <0.52 as shown in Fig. 2. The co- existence
of tetragonal and rhombohedral phases has, therefore, to be attributed to the first order nature of the MPB,
this is marked contrast to the proposition of Kakegawa and al. [9,10] that the coexistence is invariably due to

compositional fluctuations.
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Figure 2: Variation of the relative content of the tetragonal and rhombohedral phases with different Zr% in the
Pby 95Lag,05[ZrTi(.95-(MO1/3In;/3)0.05]0.987503 (for a sintering temperature about 1180°C) .

Fig. 3. shows the dependences of the measured density of the PLZT-PMI ceramics as a function of
sintering temperature. The measured densities of the PLZT-PMI samples increase significantly with increasing
sintering temperature achieving a maximum value at 1150°C and then decrease. From this figure, it was
concluded that optimal sintering temperature for all samples was 1150 °C. The optimum sintering temperature
depends on several factors such as the addition of impurities, the rate of heating, time of thermal treatment

and protecting atmosphere.
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Figure 3: Density of PLZT-PMI ceramics with different Zr/Ti ratios as a function of sintering temperature
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Changes in the density of different samples of PLZT-PMI sintered at 1150°C depending on the rate of
Zr is shown in Fig. 4. The shape of the curve shows that the density increases with the increase of Zr
concentration until a maximum value of 7.88g/cm3 (98.50% of theoretical density) at Zr = 50% (sample No. 4)
and then it decreases.
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Figure 4: Density of PLZT-PMI ceramics sintered at 1150°C according to the variation of Zr %

Table 2 shows the lattice parameter values of a and ¢ axes for each PLZT-PMI composition calculated
from the XRD patterns. It can be seen that the lattice structure changes from the tetragonal to the
rhombohedral phase as the ratio of Zr to Ti increases. The variation of these parameters is related to the
distortion of the tetragonal structure defined by the c;/ar ratio (Tab. 2), which decreases with increasing Zr
content, also confirming the occurrence of phase transition from tetragonal to rhombohedral symmetry. The
rhombohedral lattice parameter a appears to oscillate between 4.0700 and 4.0820 A. The influence of the
Zr/Ti ratio on the lattice structure can be explained by the difference between the ionic rays of Zr and Ti (0.72
and 0.605 A, respectively) [11].

Table 2: Comparison of crystal system (CS) and lattice parameters of PLZT-PMI ceramics sintered at 1180°C.

20T ratio cs Lattice parameters (A) ¢/a
ar=by cr ag
46/49 T 4.0375 4.1300 - 1.0229
47/48 T 4.0525 4.1325 - 1.0197
49/46 T 4.0625 4.1312 - 1.0169
50/45 T+R 4.0470 4.1100 4.0700 1.0155
51/44 T+R 4.0500 4.1080 4.0650 1.0143
52/43 R - - 4.0710 -
54/41 R - - 4.0750 -
55/40 R - - 4.0820 -

Dielectric properties

The temperature dependence of the dielectric constant for  Pbggslagos[ZrkTio.05-
x(Mo01/3In2/3)0.05l0.987s0sternary ceramics at 1 KHz (sintered at 1150°C) is shown in Fig. 5. It is observed in all the
compositions as the temperature increase due to interfacial polarization becoming more dominant compared
to the dipolar polarization [12]. After a certain temperature reached, the dielectric constant decreases due to
the phase transition from ferroelectric to paraelectric. The transition temperature is called Curie temperature
(Tc) which was obtained from |de, /dT| versus temperature plot and those values are given in Table 3. We
have observed that, the Tc decreases with the Zr concentration up to x = 0.52. Although we have observed
increase of Tc for y = 0.54 and x = 0.55. It is due to the variation of the lattice parameters, and bond lengths.
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Figure 5: Temperature dependence of the dielectric constant for Pbg gsLag o5[Zr,Ti(0.95 (M041/31n2/3)0.05]0.98750sternary
ceramics sintered at 1150°C (1kHz)

Table 3: Dielectric data of the sample Pbg gsLag os[Zr,Ti(g.95-(MO041/3IN3/3)0.05]0.987503 ternary ceramics sintered at 1150°C
for x = 0.46 — 0.55(1kHz)

Zr content (mol %) Tc (°C) Dielectric constant g, (at T¢)
46 360 2900.848
47 354 3062.299
49 342 3987.131
50 335 5413.583
51 305 4797.671
52 285 2518.280
54 292 1902.310
55 300 1798.772

The variation of dielectric constant with frequency for Pbggslagos[ZrTi0.05-9(M01/3IN2/3)0.05]0.987503
ternary ceramics is shown in Fig.6. The plots show that the dielectric constant decreases with an increase in
frequency, showing dispersion in lower frequency rang [13]. It attains a constant value and remains
independent of frequency. Thereafter, all the samples reveal dispersion due to Maxwell-Wagner [14, 15] type
interfacial polarization in agreement with Koop’s phenomenological theory [16]. The high value of dielectric
constant observed at lower frequencies can be explained on the basis of space charge polarization due to
heterogeneous in structure like impurities, porosity and grain structure [17].
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Figure 6: Variation of dielectric constant with frequency for Pby gsLag o5[Zr,Ti(0.95-x(M01/3IN;/3)0.05]0.087503 ceramics
sintered at 1150°C.
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Figure 7: Dissipation factor according to the variation of composition and Temperature for Pbg gsLag o5[Zr,Ti(o.05-
%{Mo0y/3In5/3)0 05]0.087503ternary ceramics sintered at 1150°C (1kHz)

Fig.7 plots the temperature dependence of the dissipation factor behavior for the Pbg gsLag os[Zr,Ti( o5
0(Mo013In2/3)0.05]0.08750sternary ceramics sintered at 1150°C measured at 1kHz. All the samples within the
investigated temperature range (T°C = 25- 450) have dissipation factors < 47 %. At room temperature (25°C)
the dissipation factor show the lower values of 3.92% for the composition with x = 0.50. This lower value is
attributed to the high density and uniform microstructure.

CONCLUSION

In this study, ceramics in the Pb0.95La0.05[ZrxTi(0.95—x)(Mo01/3In2/3)0.05]0.987503 ternary system (
with 0.46 < x < 0.55) were successfully prepared by a solid- state mixed-oxide technique. The phases of the
sintered samples were examined by X-ray diffractometry. The XRD results reveal that an MPB with the co-
existence of the rhombohedral and the tetragonal for the ceramics lies in the range of x = 0.50 — 0.51. The
lattice parameters aT and cT of the tetragonal structure and aR of the rhombohedral structure were found to
change when composition is modified. The Pb0.95La0.05[Zr0.50Ti0.45(Mo1/3In2/3)0.05]0.987503 ceramics

sintered at 1150°C exhibit good dielectric properties: er = 5413.583, tangIS = 0.0392 and Tc = 335°C. This

means that this system is a promising candidate for dielectric applications.
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