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ABSTRACT 

Sol-gel synthesis was used to create Pb1-xSrxZr0.52Ti0.48O3 (PSZT) with x D = 0- 10% by 

mole. Crystals have both rhombohedral and tetragonal symmetry, as seen by the X-ray 

diffraction (XRD) patterns. Stacking in a lattice Strain, dielectric constant, and piezoelectric 

coefficient (d33) are all improved by the addition of Sr.PSZT's relaxation period increases from 

106 (106 seconds) at 10 mol percent to 107 (107 seconds) at higher temperatures. A rise from 

0.21 (0.05) to 0.26 (0.05) may be seen in the spreading factor. For materials at a 10% 

concentration, the coercive electric field was 15.97 kV/cm and the maximum residual electric 

polarization was 13.64 mC/cm2. 
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Introduction 

Lead zirconate titanate (PZT) is an example 

of a ceramic that contains ABO3. Due to the 

inclusion of lead zirconate (PbZrO3) and 

lead titanate (PbTiO3), this compound has 

both ferroelectric and anti-ferroelectric 

properties [1]. PZT's Para to ferroelectricity 

changes with temperature. For a variety of 

technological applications, its high Curie 

temperature (Tc) is a desirable quality. 

There is a lot of sensitivity in the crystal 

structure to the Zr/Ti ratio. Zr-rich PZT 

crystallizes into rhombohedra, whereas Ti-

rich PZT crystallizes into tetragons
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The morphotropic phase boundary (MPB; 

Zr/Ti » 52/48; see also [2]) is the dividing 

line between the rhombohedra and 

tetragonal crystal phases. Due to its 

dielectric, ferroelectric, and 

piezoelectric properties, MPB has great 

potential as a technological material. Uses 

for the Zr/Ti « 52/48 composition range 

from sensors and actuators to non-volatile 

memory and transducers [3-5]. The final 

properties of PZT may be significantly 

impacted by both the atoms used to fill the 

Pb and Zr/Ti sites and the production 

procedure. Donor doping, acceptor doping, 

and isovalent doping are the three different 

substitution types that may occur when an 

element is doped. When the doped element 

has a negative charge relative to the host 

cation in hard PZT, oxygen vacancies form, 

leading to diminished electrical 

characteristics, an asymmetric hysteresis 

loop, and a robust coercive field [6, 7]. To 

make PZT more pliable, lead vacancies may 

be introduced by replacing the host metal 

with one that has a higher positive charge. 

This material is exceptional due to its small 

coercive field, high electrical conductivity, 

and symmetric hysteresis loop [8-12]. When 

the original action is substituted with an 

action that has the same charge as the host 

cation, however, charge neutrality is 

maintained. When lead is released into the 

air, oxygen levels drop temporarily [13, 14]. 

Sr content of strontium-substituted PZT has 

been investigated in a number of research 

[13-18]. 

The tiny size of strontium elongates the 

lattice [15]. Nasar et al. [16] looked at how 

adding strontium to PZT changed its atomic 

structure. The piezoelectricity of PZT is 

improved by adding strontium [17, 18]. 

Due to strontium's fluxing activity during 

sintering, it is possible to utilize isovalent 

sputtering to replace lead with strontium, 

which improves density and, by extension, 

electrical properties. In order to get 

maximum conductivity, oxygen vacancy 

availability must be present. The way in 

which the dipole relaxation is affected by 

this replacement is intriguing. 

Research into Sr-doped PZT has mostly 

focused on its electrical and piezoelectric 

properties because to the high level of 

interest in its physics and prospective 

applications. 

Experimental 

The sol-gel method was used to synthesis 

Pb1-xSrxZr0.52Ti0.48O3, with x D = 0-10 

mole%. They made use of an alokoxide 

precursor. Precursors such acetyl acetone, 

zirconium (IV) isopropoxide, strontium (IV) 

acetate, nitric acid, and zirconium (IV) 

isopropoxide were helpful. The powder was 

claimed at 700 degrees Fahrenheit and took 

three hours. Using hydraulic pressure, the 

claimed powders and a binder (Poly vinyl 

alcohol (PVA)) were compressed into 

pellets 1 mm thick and 10 mm in diameter. 

During the three hours it was heated to 1100 

degrees Celsius, it got sintered. The pellets 

are electroplated with a silver paste. 

Calcined powder samples were analyzed by 

X-ray diffraction (XRD) at a scan rate of 

2°C per minute from 20°C to 70°C using 

CuKa radiation (D 1.5405A _). An N4L 

LCR meter (PSM 1735) was used to 

determine the dielectric constant. Between 

35.0 and 450.0 degrees Celsius and 102.0 

and 106.0 hertz, the dielectric constant was 

determined. While being poling (in silicon 

oil), the samples were subjected to many 

poling fields at a very high temperature 

(»1208C). We investigated the P-E 

hysteresis loop of Pb1-xSrx Zr0.52Ti0.48O3 

(PSZT) pellets at room temperature using a 

state-of-the-art hysteresis device. A 

SINOCERA YE2730Ad33 meter was used 
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to measure the ambient piezoelectric co-

efficient (d33) of the poled pellet. 

Results and Discussion 

Pb1-xSrxZr0.52Ti0.48O3 powder X-ray 

diffraction patterns are shown in Figure 1 

for x D = 0-10 mole%. The two closest 

matches to the observed peak are PDF No. 

11-070-4060 and JSPDS No. b01-073-2022, 

both of which can be found in the ICDD 

database. The rhombohedral (R3m) and 

tetragonal (P4mm) symmetry indices of 

each peak have been determined. To 

calculate the FWHM of the XRD peak, a 

Gaussian fit was utilized. A average 

crystallite's size was calculated by 

 

Figure 1. Pb1-xSrxZr0.52Ti0.48O3 X-ray 

diffraction (XRD) patterns, with (a) x D 

0.02, (b) x D 0.04, (c) x D 0.06, and (d) x D 

0.10. 

The formula for Scherer is given in [19]. 

The crystals' performance was measured in 

nanometers. Smaller crystallites form when 

the Sr concentration is increased in the same 

synthetic environment (table 1). This is due 

to the fact that Sr has a smaller ionic radius 

(0.132 a _) than Pb (0.149 a _). The 

diffraction angle decreases with increasing 

strontium content. Table 1 shows that when 

Sr concentration rises, so does the lattice 

parameter. 

Figure 2 is a scanning electron micrograph 

(SEM) of a pellet that was sintered at 1100_ 

C. Incorporating strontium into a material 

reduces the grain size and softens any rough 

edges. Micrometer- and nanometer-sized 

crystallites and grains are revealed by X-ray 

diffraction examination. That's why it's best 

to do experiments on polycrystalline 

samples. 

Figure 3 shows the variation of the real part 

of the dielectric constant with temperature 

for Pb0.90Sr0.10Zr0.52Ti0.48O3. PZT 

materials are distinguished by their 

dielectric dispersion. The fall is sharp up to 

1 kHz, flattens out beyond that, and then 

starts to reverse at extremely high 

frequencies. Ionic, orientation, space charge, 

and grain boundary polarizations may all 

contribute to a high dielectric constant at 

low frequencies. The effects of ionic and 

orientation polarizations are minimal at very 

high frequencies. 

Table 1. Pb1-xSrx Zr0.52 Ti0.48O3 lattice 

parameters (a, b, c) for x D = 0.02, 0.04, 

0.06, and 0.10. Inaccuracies are indicated 

with brackets. 

 



                                   ISSN:2454-9940 

www.ijsem.org 
                                       Vol 14, Issuse.3 Aug 2023 

 

 

Figure 2. Samples sintered at 1100_C 

revealing the microstructure of Pb1-x Srx 

Zr0.52Ti0.48 O3 for x D = 0.02, 0.06, and 

0.10. 

The value or constant of the dielectric. To 

determine how much different ions 

contribute to the overall relaxing process, 

the Modified Debye's function was used.

 

 We provide you the 

low-frequency (100 Hz) and high-frequency 

(10 MHz) dielectric constant measurements 

we took. If we replace f with the applied 

frequency, t with the relaxation time, and a 

with the dispersion factor of the observed 

relaxation times relative to the mean, we 

may express the angular frequency of a 1 V 

signal as vD2pf. The calculated relaxation 

time and spreading factor (a) are shown in 

Table 2. This suggests that the calming 

effect is caused by a synergy of ions. The 

dielectric constant is mostly determined by 

the spreading factor, which increases with 

temperature. Below Tc, the dielectric 

constant decreases, and the spreading factor 

decreases with it. As the temperature of a 

material increases, the number of charge 

carriers in it decreases below its critical 

temperature (Tc). 

 

Figure 3. The true dielectric component of 

Pb0.90Sr0.10Zr0.52Ti0.48O3 as a function 

of frequency. 

Table 2. Samples of Pb0.90Sr0.10 Zr0.52 

Ti0.48O3 were measured at different 

temperatures, and the spreading factor (a) 

and relaxation time (s) were calculated using 

a model. 

 

Has a dampening effect on the rate of 

spread. As shown by several publications 

[20, 21], the dielectric constant of the 

present-day samples changes as the 

temperature does. Each sample's ac 

conductivity was determined using the 

relation, 

 

The free-space permittivity, relative 

permittivity, and frequency are denoted by 

e0, err, and f, respectively, in this equation. 

Pb1-xSrxZr0.52Ti0.48O3 samples' ac 
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conductivity below the Curie temperature (at 

275_C) is seen in Figure 4. These values 

represent x D = 2%, 6%, and 10% mole. The 

middle of the curve may be used to divide it 

in two. As a result of the activation-induced 

dispersion of ionic charge carriers, DC 

conductivity exhibits a low-frequency 

plateau. Jonscher's power-law analysis of 

the data points may shed light on the graph's 

high-frequency dispersion.

 

 

Figure 4. Pb1-xSrxZr0.52Ti0.48O3 ac 

conductivity at 2758C varies as a function of 

(a) x D 0.02, (b) x D 0.06 and (c x D 0.10. 

 

 

 

Figure 5. Temperature dependence of A and 

n in Pb1-x Srx Zr0.52 Ti0.48 O3 at (a)x D = 

0.02, (b)x D = 0.06, and (c)x D = 0.10. 

Zero represents the constant conductivity s0, 

a stands for the pre-exponential component 

that varies with temperature, and n stands 

for the frequency-dependent exponent. n 

may take on values between zero and one 

[22]. Figure 5 depicts the sensitivity of the 

A-to-n relationship to temperature. A, a 

ferroelectric parameter, increases with 

temperature. 

A gets its highest value at the Curie 

temperature. The critical temperature for a 

par electric activity decreases with 

increasing a [23]. The frequency exponent n, 

defined in [24-26], characterizes the stability 

of the mobile ion-lattice interaction. Several 

mechanisms and their temperature 
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dependences are shown [27-31]. As dipole-

dipole interactions are absent or very weak, 

n = 1, but as temperatures increase, n = 0, 

and 

 

Figure 6. P-E diagram for Pb1-

xSrxZr0.52Ti0.48O3 for various values of x 

D, from 0.00 in (a) to 0.06 in (e). 

Heat, with very high temperatures being the 

norm. When the Curie temperature is the 

lowest possible. Oligomer large polaron 

tunneling (OLPT) is shown by the 

intersecting lines. 

Figure 6 displays the power-efficiency (P-E) 

curves for Pb1-xSrxZr0.52Ti0.48O3 

ceramics with x D = 0-10 mol%. As Sr 

concentration rises, the P-E loop enlarges. 

Table 3 displays the coercive fields and 

residual polarization of Sr-doped PZT. 

Ferroelectric polarization develops due to 

the ant symmetric atomic arrangement. An 

increase in polarization causes strain to 

partition the rhombohedral and tetragonal 

phases of PZT. The strain is increased when 

strontium (132A _) is used in place of lead 

(149A _). The residual polarization and 

coercive field are both improved by an 

increase in lattice strain. 

Pb1-xSrxZr0.52Ti0.48O3 (x D 0-10 mole%) 

was tested in a variety of poling fields to 

determine its linear piezoelectric co-efficient 

(d33). Pb0.90Sr0.10Zr0.52Ti0.48O3, with a 

charge coefficient of 435 pC/N at 4.5 kV/cm 

(1 mol%, or x D 0.10), exhibits piezoelectric 

characteristics. When ferroelectric ceramics 

are polarized, their piezoelectric properties 

are activated. Both internal and external 

influences may have an impact on the 

piezoelectric behavior. When an electric 

field is applied to a ferroelectric material, a 

domain shift occurs. The lattice strain 

generates the intrinsic contribution. 

Increased piezoelectric activity results from 

ferroelectric domain alignment along the 

poling field direction. The ferroelectric 

characteristics of Sr-doped PZT were shown 

at the MPB. 

Table 3. Remanent polarization (Pr) and 

coercive field (Ec) in Pb1-xSrx Zr0.52 

Ti0.48O3 at x D = 0.00, 0.02, 0.04, 0.06, 

and 0.10. 

 

 



                                   ISSN:2454-9940 

www.ijsem.org 
                                       Vol 14, Issuse.3 Aug 2023 

 

Figure 7. The linear piezoelectric co-

efficient (d33) of Pb1-xSrxZr0.52Ti0.48O3 

for different values of xD, from (a) xD = 

0.00 to (e) xD = 0.10. 

The free energy profile flattens during a 

structural phase transition. The ferroelectric 

state of nanocrystallite samples undergoes a 

symmetry change due to elastic clamping of 

the crystalline structure [31]. This has led to 

significant developments in piezoelectric 

characteristics. 

Conclusion 

 

 Create a crystal by combining rhombohedra 

and tetrahedra. To examine how charge 

carriers modify dielectric properties, a 

modified Debye's function is used. Large-

scale polar tunneling superimposes itself 

over the conduction process, as seen by the 

ac conductivity. Sr doping enhanced 

ferroelectric and piezoelectric characteristics 

because of lattice strain. 
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