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Abstract 

Nanopowders of PbZr0.6Ti0.4O3 are synthesized through a green synthesis route applying aloe-vera gel at the temperature of 300 to 

600 C in air. The XRD of the as synthesized PbZr0.6Ti0.4O3 nanopowders, inferred tetragonal symmetry (P4mm), with lattice 

parameter a = 0.4036 nm and c = 0.4147 nm. The average D value, determined from the XRD peaks was 31 nm. The SEM study 

indicated particle size of the as prepared PbZr0.6Ti0.4O3 nanoparticles as 35-40 nm. 
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Introduction:  

PZT has become a very popular material due to it’s various beneficial properties. It is believed to have a high permittivity and due 

to that it has attracted many of the application as a capacitor [1], better polarization of PZT makes it suitable for memory devices 

[2] and acoustic wave device due to its better values of electro-mehanical coupling coefficient [3].PbZrxTi1-xO3 where x=1 

behaves like an antiferroelectric material but at room temperature it shows some transformation and this transition of PZT from 

antiferroelectic to ferroelectric material at certain temperature make it excellent material for charge storage application [4-

6].Higher values of dielectric constant upto 1400 were obtained with the given composition [7].In the PZT when the ratio of Zr/T i 

is changed then the morphological phase boudry changes. It becomes tetragonal structure which is normally happens with the Ti 

rich structures and becomes rhombohedral or orthorhombic with the Zr rich structures [8]. Remnant polarization value for PZT 

60/40 was 45± 5 µC/cm2[9]. Thickness of 60 mm PZT film to 61 mm shows the relatively increase in the dielectric constant value 

to 167.8 and decrease in dielectric losses to 0.78% at 1 KHz, the remanent polarization is 14.1 μC/cm2 and coercive field is  20.3 

kV/cm [10]. For PZT(PbZr1-xTixO3) structures where Zr(0.1 <x < 0.45) is rich in the structure is comes under the rhombohedral  

structures and where the Ti (0.5 < x< 1) is rich comes under the tetrahedral structure. Morpological Phase boundary is the area 

between the rhombohedral and tetrahedral phase and it is generated due to daomains of rhombohedral and tetrahedral crystal 

structures [1].PbZr0.6Ti0.4O3 shows the high value of electromechanical coupling due to the presence of MPB. Rhombohedral and 

tetragonalphases are separated by MPB [1,11].PZT shows the superior piezoelectric properties near the MPB and that is the reason 

it has been utilized for many piezoelectric transducer and actuators [12]. PZT are ferroelectric where the PbZr1-xTixO3(x = 0.2 to 

0.4) is rhombohedral or rich with Zr side of MPB and where x = 0.6 to 0.8 tetragonal structure or rich with Ti side of MPB 

[13].Pulsed Laser Deposition technique are also used to obtain the different ratio of PZT in the form of PbZr1-xTixO3/ PbZr1-

zTizO3. Various phases were obtained for the different values of x/z as PbZr0.4Ti0.6O3/ PbZr0.2Ti0.8O3 shows tetragonal/tetragonal, 

PbZr0.6Ti0.4O3/ PbZr0.4Ti0.6O3 shows rhombohedral/tetragonal and PbZrO3/ PbZr0.8Ti0.2O3 shows orthorhombic/rhombohedral [14-

16]. PbZr0.6Ti0.4O3 can be obtained through solid state methods and when subjected to ball milling, that can provide the particle 

size less than 100 nm at lower temperature. The XRD analysis also suggest that when the milling is done and particle size reached 

less than 100 nm then peaks only widens and no other significant difference was observed [17]. PZT shows the large remnant 

polarization which makes it more desirable as a energy storage material [18]. Presence of tetragonal and rhombohedral phases are 

important to obtain the better values of dielectric and ferroelectric properties of the PZT materials [19].  

PZT 60 contains the rhombohedral phases and shows the remnant polarization value of 7.9 μC/cm2. When it is compared with the 

multilayer of tetragonal and rhombohedral combination then the combination shows the better values of remnant polarization of 

31 μC/cm2[20]. Table 1 presents the associated properties of PZT reported by different researchers. 
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Table 1: Presenting the Various compositions of PZT, method used to make that PZT  and Focuses on the Remnant Polarization 

generated in the structure.  

S. 

No. 

 Composition of PZT Method used Remnant 

Polarisation 

Dielect

ric 

Const

ant 

Coerc

ive 

field 

MPB 

Present 

Ref. 

1 PbZr0.53Ti0.47O3nanopowder 

(1 – 8 nm) 

Auto ignition of 

metal–polymer gel 

without calcination 

54.2 μC/cm2  7.7 

kV/cm 

 Yes [21] 

2 PbZr0.52Ti0.48O3nanopowder directly from their oxide 

mixture without 

involving calcination 

process 

23.7 μC/cm2 1157 at 

1Khz 

21 

kV/cm 

Yes [22] 

3 PbZr0.52Ti0.48O3 (PZT) 

films with a dense 

columnar structure were 

grown on LaNiO3 (LNO) 

low-cost chemical 

solution approach 

67.3 μC/cm2 425  Yes [23] 

4 Pb(Zr0.52Ti0.48)0.98Nb0.02O3 (

PNZT) 

Pb(Zr0.52Ti0.48)0.98Nb0·02

O3 sol-gel solutions and 

mixing them with PZT-

5A piezoelectric 

powders 

58 μC/cm2 1750  Yes  [24] 

5 PZT 40/60 pulsed laser deposition 

onto vicinal SrTiO3 

(001)substrates 

70 + 7 μC/cm2    [9] 

6 PZT 60/40  45 + 5 μC/cm2   -  

7 PZT 52/48 50 + 5  μC/cm2   Yes 

8 PZT thick film and forming 

substrate-free PZT thick 

film 

E-Jet deposition and sol 

infiltration 

16.1 μC/cm2 

and 29.6 

μC/cm2 

   [25] 

9 Pb(Zr, Ti)O3 (Pb/Zr/Ti = 

120/40/60, 25 wt%) (600 

nm thickness) 

UV/O3 

assisted thermal 

decomposition and 

densification processes 

30 μC/cm2    [26] 

10 PbZr0.52Ti0.48O3undoped 

and doped PZT by Nb, Fe 

and Ba 

pulsed laser deposition 

(PLD) 

17.3 μC/cm2 

and 22.6 

μC/cm2 

1280 

and 

1520 

  [27] 

11 PZT 53/47 (45 μm thick) modified sol–gel dip 

coating method 

7.8 μC/cm2 1630   [28] 

12 Pb(Zr0.52Ti0.48)O3(PZT) thin 

films grown on 

Pt/TiO2/SiO2/Si(1 0 0) 

substrates (Thickness vary 

from 30nm -550 nm) 

radio frequency (RF) 

magnetron sputtering 

method 

0.56 

μC/cm2(PZT 

5 – Thickness 

is 485 nm) 

and 1.85 

μC/cm2(PZT 

6 – Thickness 

is 550 nm) 

 248 

(PZT 

5 ) 

and 

171 

(PZT 

6) 

 [29] 

13 Pb(Zr0.52Ti0.48)O3 or PZT) 

thin films on an 

LaNiO3/poly-Si/titanium 

nitride (TiN)/SiO2 

atomic layer deposition 19.2 μC/cm2    [30] 

14 (Pb0.92La0.08)(Zr0.60Ti0.40)O3 

(PLZT 8/60/40) 

high energy mechano-

chemical milling 

33.29 μC/cm2  10.57 

kV/cm 

 [31] 
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15 Pb(Zr1−xTix)O3(x = 0–1) chemical solution 

decomposition (CSD) 

method 

35.83μC/cm2(

When PT 

buffer layer 

had 5 layers) 

and 

26.08μC/cm2(

When PZ 

buffer layer 

had 1 layers) 

   [32] 

16 Pb(Zr0.6Ti0.4)O3 (P60) and 

Pb(Zr0.4Ti0.6)O3 

(P40), and 

heterolayeredPb(Zr0.6Ti0.4)

O3/Pb(Zr0.4Ti0.6)O3 

(P60/P40) 

solegel technique 18.6μC/cm2(f

or alternating 

heterolayered 

P60/P40),  

14.6 

μC/cm2(for 

multilayer  

P60) and 

17.1μC/cm2(f

or multilayer  

P40) 

1040(f

or 

alterna

ting 

heterol

ayered 

P60/P4

0) 

860 

(for 

multila

yer  

P60) 

and 

800 

(for 

multila

yer  

P40) 

  [33] 

17 Pb(ZrxTi1−x)0.98Nb0.02O3 

thin films of different Zr/Ti 

ratios ranging from 30/70 

to 70/30(60/40 composition 

with various thicknesses 

varying from 70 nm to 300 

nm) 

Sol –gel method 61.7μC/cm2  70.7 

kV/cm 

 [34] 

 

The present work deals with the preparation of PbZr0.6Ti0.4O3 nanopowders through environment friendly green synthesis method. 

The properties obtained with the as prepared PZT have been found to be suitable for the applications in energy harvesting devices. 

 

Experimental 

The green synthesis of PbZr0:6Ti0:4O3 precursor solution was carried out from the starting materials (99.99 % pure) of Pb(NO3)2, 

ZrOCl2.8H2O and TiO2 in the stoichiometric ratio of 1:0.6:0.4. At first, ZrOCl2.8H2O (dissolved in deionized water) and TiO2 

(dissolved in 48 % HF) were precipitated as hydrated hydroxides by hydrolysis with NH4OH in cold water at 2 to 5 °C (with 

stirring). The precipitates were washed with deionized water till the chloride ion was removed. The ppt was then dissolved in 

HNO3 and to it Pb(NO3)2 solution was added. The precursor solution was mixed then to the solution of Aloe Vera. In the mixture 

Pb2+, Zr4+ and Ti4+ ions were rearranged in aloe vera network. An amorphous structure of the precursor solution was existed on 

drying it at 70 to 80 °C. This carbonaceous precursor mass was decomposed at 300 to 350 °C in air, producing a recrystallized 

PbZr0:6Ti0:4O3 nanopowder. (Fig 1).  

Table 2. Experimental data used for the preparation of PZT. 

Material Solvent Vol. (mL) Conc. 

Pb(NO3)2 H2O 75.0 1.0 M 

ZrO(OH)2.xH2O HNO3 11.5 2.0 M 

TiO(OH)2.xH2O HNO3 10.4 2.0 M 

Aloe Vera H2O 5.5 - 
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Figure 1 Flow chart for the synthesis of PbZr0:6Ti0:4O3 nanopowders. 

 

XRD of the specimens was performed using “PW 1710 X-ray diffractometer” (0.15418 nm CuK  radiation). The D value was 

measured from the Debye-Scherrer formula [24]. The Rietveld refinement of the XRD profile was carried out with the FullProf 

(Version 3.5d Oct98-LLB-JRC) program. The proposed structural model developed here is based on the tetragonal (P4mm) 

[11,24] structure for the PbZr0.6Ti0.4O3 composition (Table 3).  

 

3.  Results and discussion 

Figure 2 shows the X-ray diffractograms of PbZr0.6Ti0.4O3 nanopowders prepared on heating the aloe-vera precursor in air at (a) 

300 C (b) 400 C (c) 500 C and (d) 600 C for 2 h. According to the diffraction pattern (Figure. 2a), PbZr0.6Ti0.4O3 forms 

nanoparticles on heating the precursor at temperature as low as 300 C for 2 h. Only a small impurity intermediate pyrochlore 

phase (10 % according to the intensity in the prominent peaks) produced during the formation of PZT at intermediate temperatures 

[27-28], is observed. Fig. 2(d) thus indicates a weak peak at an interplanar spacing‘d’ of 0.3055 nm (marked by *) corresponding 

to the residual pyrochlore phase.     

The intensity of this phase decreases prominently on heating the precursor material at relatively higher temperatures and the peak 

at d = 0.3055 nm, no longer exists when heated the precursor at 600 C for 2 h. Fig. 2(d) indicates the prominent XRD peaks of 

tetragonal PbZr0.6Ti0.4O3, caused by heating the precursor at 600 C for 2 h. The XRD peaks of fig 2(d) are presented in Table 3 

considering a tetragonal symmetry of PZT [29] (a = 0.4036 nm and c = 0.4147 nm).  
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Figure 2 X-ray diffractograms of PbZr0.6Ti0.4O3 nanopowders processed by heating the polymeric precursor at (a) 300 C (b) 400 

C (c) 500 C and (d) 600 C, for 2 h in air. 

The highest peak of the diffractogram (I = 100%) was found at 0.2891 nm with hkl = 101. 100 and 112 peaks were found at 

0.4035 nm (I = 31) and 0.1679 nm (I = 25), respectively. However, the diffractogram in Fig. 2(d) have some satellite peaks 

(0.3965, 0.2007 and 0.1641 nm). This is possible because of the presence of hexagonal phase [26], which often coexists in the 

MPB composition [30]. The existence of these peaks might be because of some hexagonal impurity [26, 30].  A similar X-ray 

diffractogram have been reported by Sorowiak and coworkers for nanocrystalline tetragonal PbZr0.6Ti0.4O3, obtained by 

conventional ceramic sintering at 927C [19]. 

 

Table-3: XRD data of PbZr0.6Ti0.4O3 prepared through a green synthesis method. 

 

dhkl (nm) 
I h k l 

Observed Calculated 

0.4035 0.4038 31 1 0 0 

0.2891 0.2890 100 1 0 1 

0.2354 0.2353 15 1 1 1 

0.2018 0.2020 21 2 0 0 

0.1843 0.1845 08 1 0 2 

0.1679 0.1680 25 1 1 2 

0.1446 0.1444 07 0 2 2 

0.1363 0.1362 03 2 1 2 

0.1306 0.1305 06 1 0 3 

0.1223 0.1222 02 3 1 1 

0.1176 0.1175 01 2 2 2 

 

The as prepared PZT is calcinated at 600 C for 2 h. The obtained values of dhkl implies the tetragonal structure (a = 0.4031 nm 

and c = 0.4140 nm) [30]. 

The value of D for the PbZr0.6Ti0.4O3 sample, processed at 300 C, 400 C, 500 C and 600 C for 2 h, vary from 23 nm, 25 nm, 

27 nm and 31 nm respectively (as per 101, 100, 111, 200 and 112 prominent peaks). It is calculated applying Williamson-Hall 

integral breadth method [31]. Selected peaks were fed to the computer program. To obtain the value of sin and  

(FWHM) for selected peak. The graph of against sin  is used for the further calculation of D. the main formula used for this 

is  = 1/D + 4e.sin / [where: degrees) = FWHM; dimensionless, D (nm)= crystallite size; dimension = L, e = 

microstrain of the sample; dimensionless, 2 degree  = diffraction angle; dimensionless, nm  = wavelength; dimension = 

L)] [32]. The calculated D values by both the methods are nearly same. 

SEM micrograph of PbZr0.6Ti0.4O3 nanopowder processes on calcinations of the precursor materials at 600 0C is presented in 

Fig 3. Surface morphology observed from the SEM micrograph shows that the particles are have a interconnected network 

structure with the particle size of around 35-40 nm. 
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Figure 3. SEM micrograph of PbZr0.6Ti0.4O3 nanopowder processes on calcinations of the precursor materials at 600 0C. 

 

The as prepared PbZr0.6Ti0.4O3 nanopowder exhibited ferroelectric properties with the max value 30000 with  = 1200 at room 

temperature at 1 kHz. The present values are comparable with the values obtained in similar PZT nanoceramics prepared by sol 

gel and other methods [27-28]. The reduction of TC in PbZr0.6Ti0.4O3 nanopowder, in the present investigation, in comparison to 

the well-established reported PbZr0.6Ti0.4O3 value [1] in PbZr0.52Ti0.48O3 ceramic powder, is presumed to be due to the effect of 

depolarization field [33]. The increase in value of  in PbZr0.6Ti0.4O3 nanopowder, in the present investigation, is presumed to be 

because of strong surface dipolar interations in PbZr0.6Ti0.4O3 nanoparticles, as demonstrated in Figure 4 [34].  

 

Figure 4. Schematic view representing the surface stress of nanoparticles [34]. 

The surface dipolar interactions may be the major contributor to the high surface energy of PbZr0.6Ti0.4O3 nanoparticles, surface 

reconstruction and the interactions with the vicinity should also be considered [35].  
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4. Conclusions 

Green synthesis method is utilized for the fabrication of PbZr0.6Ti0.4O3 nanoparticles with a P4mm tetragonal crystal structure. 

The heating of aloe-vera precursor material at 600 C for 2 h. the main advantage of using this method is that the used aloe vera 

precursor starts decomposing with the treatment of temperature of 300 C, which results in crystallized PbZr0.6Ti0.4O3 

nanopowders. The average crystallite size, using Debye Scherrer relation varies from 23 to 31 nm. The high  value in 

PbZr0.6Ti0.4O3 nanopowders confirmes the usability of applied method for delivering better quality of at moderate temperature. 

Thus, the prepared nanocrystalline PbZr0.6Ti0.4O3 have a huge scope for the utilization in energy harvesting devices.  
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