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ABSTRACT 
Lead zirconate titanate (PZT) and its composite ferroelectric materials have been studied for the application in 
purification of waste water containing organic dyes. The recent reports on PZT by different researchers for the 
photocatalytic application in the degradation of orgnic dyes have been reviewed. Synthesis, characterization and 
properties of as prepared PZT materials by different authors have been reviewed. The present status of photodegradation 
activity of PZT and similar ferroelectric materials and the strategy for enhancement of photocatalytic performance by 
different researchers has also been studied.  
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1. INTRODUCTION  
The discharge of industrial effluents having organic 
pollutants has become a great issue at present days since 
the freshwater resource of the earth is deteriorating 
because of presence of these pollutants. A number of 
efforts such as filtration, biological treatment, sorption 
processes and catalytic oxidation have been employed 
for the treatment of industrial effluent and waste water 
[1]. Actually, the toxic pollutants should be converted 
to non-toxic species through an environment friendly 
method [2]. Photocatalytic degradation of organic 
pollutants using ferroelectric PZT and compounds with 
similar properties, utilizing solar energy, is a novel 
approach to solve the problem [3-4]. Although several 
workers are involved on the research of oxide 
photoctalysts, the enhancement of efficiency of photo-
catalysis is still a challenge among the researchers. 
Various materials and processes like surface decoration 
by noble metal nanoparticles, engineering of band-gaps, 
preparing heterojunction between two semiconductors 
with appropriate band gaps have been applied [5-7]. 
Unfortunately no reasonable development has been 
achieved for this. A new approach for the development 
of photocatalyic activity has been observed with the 
ferroelectric materials. These materials have been 
considered as wide band gap semiconductors for a 
period of time [8]. Ferroelectric materials possess a 
spontaneous polarisation originating as the result of the 

displacement of the centre of the charges in a unit cell 
[9]. Macroscopic charges will be induced by this 
spontaneous polarisation on the surface of ferro-
electrics. Because of this the internal depolarisation field 
will force the charge carriers to flow in reverse 
directions, creating in spatial separation of oxidation and 
reduction reactions [10-12]. The charge on the surface 
will be compensated by free charge carriers and defects 
in the ferroelectric bulk and the adsorbed charged 
molecules from the environment [13-14]. Also, the 
spontaneous polarisation of ferroelectric materials will 
have interactions with the dipoles of adsorbed 
molecules. This decreases the energy requirement for 
breaking the bonds [15-16]. Thus, ferroelectric 
materials can be better applied in photocatalysis. 
Because of possessing ferroelectric properties, PZT has 
also valuable applications in nonvolatile memories, 
ultrasonic sensors, actuators and infrared detectors [17-
28]. Solid solutions of PZT exhibit the morphotropic 
phase boundary (MPB) that divides PZT structures into 
rhombohedral and tetragonal regions [9]. A rhombo-
hedral Zr-rich phase is separated from a tetragonal Ti-
rich phase in MPB. In MPB region, the dielectric 
constant, piezoelectric constant as well as electro-
mechanical coupling coefficients are at maximum value 

[9, 28]. The MPB in PbZrxTi1-xO3 (0x1) exists at 
around x=0.5 [9]. Development of processing methods  
that produce PZT material with fine particle size and 
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high chemical homogeneity is very challenging as both 
these features are necessary to prepare PZT powders 
with required microstructures like grain size, grain 
morphology and grain distribution [18]. These micro-
structural paprameters govern the important role in 
determining the polarization values. 
The objective of the present investigation is to study the 
applications of PZT and its composites in photocatalytic 
degradation of pollutants, present in the wastewater. 
The structure and properties of PZT responsible for the 
application in photodegradation is demonstrated briefly.  
A comparative study of synthesis, characterization and 
properties of PZT by different workers has been 
presented. The photocatalytic performance of PZT and 
similar ferroelectric materials and the means for 
increment of photodegradation activity of these 
materials by different workers has also been addressed.  
 
2. PREPARATION AND CHARACTERIZATION 

OF PZT MATERIALS 
PZT ceramics have been prepared traditionally 
employing solid-state reaction routes, using oxide 
mixtures at high temperatures [25].  But, to overcome 
the presence of chemical inhomogeneities and 
fluctuation in compositions in the PZT ceramics, 
synthesized from oxide mixtures, many new approaches 
have been established. Zeng et al [21] used sol-gel 
process for the preparation of PbZr0.5Ti0.5O3 thin films. 
Sol-gel method was also employed by Wu et al [22] to 
prepare PbZr0.52Ti0.48O3 powders with the size in 
submicrometer ranges. Surowiak et al [20] explored sol-
gel method to prepare PbZr0.5Ti0.5O3 particles with 
average size of around 30 nm. Lead lanthanum zirconate 
titanate [(Pb0.92La0.08) (Zr0.60TiO0.40)O3] (PLZT) was 
synthesized using the sol-gel method by James et al [32]. 
X-ray diffraction (XRD) study exhibited the perovskite 
structure of PLZT at room temperature with an average 
size of 30 nm. The as prepared materials were also 

characterized by small angle X-ray scattering (SAXS), 
Scanning electron microscopic (SEM) studies, TG-DTA 
and DSC analysis. Although, sol-gel method is used by 
several workers, some limitations of this method have 
been pointed out by the researchers [21-23]. To 
overcome this problem, polymer precursor method has 
been utilized by Mandal and co-workers to synthesize 
defect-free PZT materials with uniform particle size 
[18-22, 25]. Peng et al [33] studied the microstructure, 
dielectric, ferroelectric, ferromagnetic and magneto-
electric (ME) coupling properties of PZT-CFO 
composites. The ME composites were prepared by them 
applying hydrothermal method and ceramic sintering 
process. Wang et al [34] fabricated Pb(Zr,Ti)O3 fibers 
through hydrothermal method and the as prepared PZT 
material’s phase, composition and orientation was 
characterized by Raman spectroscopy. The submicron 
PZT fibers were exhibited to have tetragonal pervoskite 
phase. The existence of spontaneous polarization was 
also confirmed with the material. PbZr0.3Ti0.7O3 thick 
films and detectors were prepared by Wu et al [35] for 
the pyroelectric applications. The films have been 
fabricated on alumina substrates by screen-printing 
technology. The permittivity and loss tangent of the 
thick films were 94 and 0.017, respectively. Curie 
temperature of PZT thick film was 425˚C. 
The phase formation and structure of the as prepared 
PZT materials have been analysed by XRD. Crystallite 
size has been calculated applying Scherrer’s formula 
[25]. The particle size and surface morphology of the 
formed particles have been estimated utilizing TEM and 
SEM respectively. Surface area of the as synthesized 
materials has been determined exploring BET 
measurements. The dielectric constant and Curie tem-
perature of the samples were investigated with the help 
of an inductance-capacitance-resistance meter. Different 
preparation methods and properties of the as prepared 
PZT materials have been summarized in Table 1. 

 
Table 1: Preparation methods and properties of as prepared PZT materials by different workers 

Material Preparation Method Properties Ref. 
PbZr0.5Ti0.5O3 powder Sol-gel Particle size: submicrometer [30] 
PbZr0.5Ti0.5O3 particles Sol-gel Particle size: 30 nm [31] 

[(Pb0.92La0.08) (Zr0.60TiO0.40)O3 Sol-gel Particle size: 30 nm Structure: perovskite [32] 

PbZr0.7Ti0.3O3 nanoparticles Polymer precursor Crystal symmetry: tetragonal; Particle size: 25 
nm, Specific surface area = 49 m2/g. [18] 

PbZr0.52Ti0.48O3 Fibrils Polymer precursor 
Crystal symmetry: orthorhombic; Lattice 

parameters: a = 0.4038 nm b = 0.4017 and c 
= 0.4148 nm;  Ferroelectric, TC = 370˚C 

[21] 
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PbZr0.5Ti0.5O3 ceramics Polymer precursor 

Crystal symmetry: mixture of tetragonal 
(P4mm) and hexagonal (R3c); Particle size: 27 

nm; Ferroelectric: max =  25000 with  = 
1100 at room temperature at 1 kHz; Specific 

surface area = 34 m2/g. 

[25] 

(1- x)Pb(Zr0.52Ti0.48)O3-
(x)CoFe2O4 (PZT-CFO) (x = 

0.20, 0.35,and0.50) 
magnetoelectric composites 

Hydrothermal synthesis 
and ceramic sintering 

process 

Multiferroics (both ferroelectric and 
ferromagnetic properties coexist in the ME 

composites prepared), Saturation 
magnetization, Ms (emu/g): 22.8 

(@PZT:CFO = 50:50), Remanent 
magnetization, Mr (emu/g): 6.95 

(@PZT:CFO = 50:50) 

[33] 

Pb(Zr,Ti)O3 fibers Hydrothermal Structure: tetragonal pervoskite, ferroelectric [34] 

PbZr0.3Ti0.7O3 thick films Screen-printing 
technology 

Film property-permittivity: 94; loss tangent: 
0.017; TC: 425˚C. Application: pyroelectric [35] 

PZT (Zr:Ti = 
0.5:0.5) powder Molten salt synthesis Particle size: submicron range Application: ink 

jet printing [36] 

Pb(Zr0.3Ti0.7)O3 films Chemical solution 
deposition 

Crystal symmetry: Tetragonal, Pr values of 
34 μC/cm2 

[37] 

 
3. PHOTOCATALYTIC DEGRADATION OF PZT 

COMPOSITES AND RELATED FERRO-
ELECTRICS 

The material synthesized using PZT/ TiO2 nanoparticles 
prepared by Wu et al [38] showed effective photo-
catalytic degradation activity with Rhodamine B in 
visible light irradiation. Pb(Zr0.52Ti0.48)O3/TiO2 com-
posite nanostructured heterojunction was synthesized by 
Huang et al [39] applying sol-gel process. Synthesized 
material was characterized by XRD, BET, TEM, UV-
vis, electrochemistry and spin-trapping EPR. Photo-
catalytic performances of the as prepared composite 
were examined by them decomposing ethylene in gas 
phase. Excellent photocatalytic activity in UV light or 
simulated sunlight irradiation was exhibited by Pb 
(Zr0.52Ti0.48)O3/TiO2 composite. A plausible mechanism 
for photocatalytic activity of Pb(Zr0.52Ti0.48)O3/TiO2 
was proposed by the authors. The photocatalytic 
performance of TiO2 nanotubes prepared by hydro-
thermal method was evaluated by degradation of methyl 
orange by Lai et al [40]. As prepared, TiO2 nanotubes 
showed superior photocatalytic oxidation rate (78% 
degradation) in UV light in 5h, because of the available 
high active surface area to form more hydroxyl radicals 
(∙OH) required for triggering photocatalytic oxidation 
reactions. You et al [41] explored hydrothermal route 
to prepare Piezoelectric-ZnO@photoelectric-TiO2 
core-shell nanofibers and they employed it to photo-
degrade Methyl Orange. The as prepared ZnO@TiO2 
core-shell nanofibers are of high efficiency and non-

toxic for the treatment of dye wastewater. The 
application of piezoelectric materials in photocatalysis 
and piezoelectric-catalysis in environmental purification 
has been investigated by Liang et al [42]. In order to 
prevent photoelectron-hole recombination Feng at al 
[43] introduced a piezoelectric field increasing the 
photocatalytic performance. But, additional mechanical 
force is required for the formation of a piezoelectric 
field. To overcome this problem, Feng at al [43] worked 
to design the catalyst that harvests the discrete energy 
like the fluid mechanical energy to create the electric 
field. For that, Feng at al [43] fabricated PZT/TiO2 
core-shell configured composite, applying a coating 
method. An internal piezoelectric field was generated 
by them with the mechanical energy of water. The 
photocatalytic decomposition rate of RhB, BPA, phenol, 
p-chlorophenol was improved largely in their research. 
This was because of the effect of piezoelectric field 
produced directly from generating the discrete fluid 
mechanical energy. Ba0.875Ca0.125Ti0.95Sn0.05O3 (BCT‐Sn) 
material was investigated for photocatalytic, 
piezocatalytic and piezo‐photocatalytic effects by Qifeng 
et al [44] by poling the material through corona poling. 
They found that poling induces valuable impact on 
photocatalytic activity. The poled material was able to 
degrade Methylene blue effectively through 
piezocatalysis. The authors also examined the material 
for piezo‐photocatalytic (piezocatalysis + photo-
catalysis) effect. Piezotronics enhanced photocatalytic 
activities of Ag-BaTiO3 plasmonic photocatalysts’ was 
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studied by Shuya et al [45]. The prepared the Ag-BaTiO3 
material by precipitating Ag nanoparticles on BaTiO3 
nano-piezoelectric applying a photochemical reducing 
process. Ag-BaTiO3 material exhibited a high photo-
catalytic activity of degrading 83% Rhodamin B in 
75 min in full-spectrum of light in ultrasonic excitation. 
Their work shows an effective technique for the 
environmental purification and the idea can be extended 
to other piezoelectric materials. Shenyu et al [46] found 
the increased photodegradation of trimethoxy-
pyrimidine (TMP) was exhibited through the piezo-
photocatalysis of barium titanate/silver orthophosphate 
(BaTiO3/Ag3PO4) exploring mechanical vibration and 
visible light energy simultaneously [46]. A facile co-
precipitation method was used by them to prepare the 
hybrid BaTiO3/Ag3PO4. In their investigation, the 
efficiency of the removal of TMP by the piezo-
photocatalysis of BaTiO3/Ag3PO4 was increased to 85% 
in 30 min time. Their study showed that the 
piezoelectric field generated from the BaTiO3 enhanced 
the separation of electron-hole of Ag3PO4, generating 
more holes to decompose TMP. This enhancement of 

photo-generated electron-hole separation and for 
capturing mechanical and visible energy from the 
environment is a good strategy. The role of polarization 
in photocatalysis has been addressed by Chen et al [47]. 
Polarization is an effective strategy to overcome the 
problem of rapid recombination of charge carriers in the 
bulk phase and on the surface of photocatalysts and thus 
effectively enhancing photocatalysis activity. Abhinay et 
al [48] prepared the heterojunction (Ba0.85Ca0.15) (Zr0.1 

Ti0.9)TiO3(BCZT)/Bi2O3 composites with solid-state 
process. As-prepared composites were charac-terized by 
them through UV-vis, XRD, EDX, SEM and PL 
spectroscopy. They applied the as prepared material for 
photocatalysis degradation on rhodamine B in UV-vis 
light. They observed that the heterojunction com-
posites of BCZT/Bi2O3 exhibit superior photocatalytic 
activity in compare to BCZT or Bi2O3. BCZT/Bi2O3 
(50:50) composite showed a lower recombination rate 
of electron-hole pair and exhibited the maximum 
photocatalytic performance. Photocatalytic applications 
of PZT composites and related ferroelectrics are 
summarized in Table 2. 

 
Table 2: Photocatalytic applications of PZT composites and related ferroelectrics 

Material Preparation method Application Ref. 

PZT/TiO2 NPs  photocatalytic activity for degradation 
of Rhodamine B [ 38 ] 

Pb(Zr0.52Ti0.48)O3/TiO2 composite 
nanostructured heterojunction Sol-gel method Photocatalyst [39] 

TiO2 Hydrothermal method 
TiO2 nanotubes were used for 

photocatalytic degradation of methyl 
orange dye 

[40] 

ZnO@photoelectric-TiO2 core-shell 
nanofibers Hydrothermal method used for photocatalytic degradation of 

methyl orange [41] 

PZT/TiO2 core-shell configuration Coating method Improved photocatalysis in RhB, BPA, 
phenol, p-chlorophenol [43] 

Ba0.875Ca0.125Ti0.95Sn0.05O3 (BCT‐Sn) - BCT‐Sn showed piezo‐photocatalytic 
effect on methylene blue 

[44] 

Ag-BaTiO3 
Photochemical reducing 

approach piezo-photocatalysts [45] 

BaTiO3/Ag3PO4 hybrid Facile co-precipitation 
method 

enhanced photodegradation of 
trimethoxypyrimidine [46] 

(Ba0.85Ca0.15)(Zr0.1Ti0.9)TiO3(BCZT)/
Bi2O3 

Solid-state process Superior photocatalytic degradation on 
rhodamine B in UV-vis  light [48] 

 
4. EXPLANATION ON PHOTOCATALYTIC 

APPLICATIONS OF PZT COMPOSITES 
The efficiency of photocatalysts is largely restricted by 
the rapid recombination of charge carriers in the bulk 
phase and on the surface of photocatalysts [47]. 

Polarization has appeared as one of the most important 
strategies for addressing this issue. The charge 
separation can be possible by different types of 
polarization e.g. macroscopic polarization, piezoelectric 
polarization, ferroelectric polarization and surface 
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polarization [47]. The strategies and challenges for 
polarization increment to increase charge separation and 
photocatalysis are studied by Chen et al [47]. It has been 
observed on the basis of the nature of chemical bonds, 
PZT with tetragonal symmetry is very unstable [22]. 
PZT with tetragonal structure was examined to exhibit 
ferroelectric properties with high dielectric constant 
[22]. Because of the development of dipole moment, the 
cubic structure as shown in Figure 1, is now slightly 
deformed, with Pb2+ and Zr4+/Ti4+ ions are displaced 
relative to the O2- ions, as presented in Fig. 1. The 
symmetry is now reduced from cubic Pm3m to 
tetragonal P4mm with c/a=1.0120. The ion 
displacements destroy the inversion symmetry of the 
cubic structure and the material is now polar and 
develops a spontaneous electrical polarization along 
[001] direction (Fig. 1). 
 

 
 

Fig. 1: A tetragonal crystal structure in PZT. 
The arrow (P) shows the polarization along 
[001] direction [Adapted from Ref. 22] 
 

Tetragonal phase (P4mm crystal symmetry, with a = 
0.4036 nm; c=0.4147 nm) was also inferred in addition 
with the presence of hexagonal symmetry (R3c) with a 
= 0.5774 nm and c = 1.4212 nm, in the as prepared  
PbZr0.5Ti0.5O3 nanopowders through polymer precursor 
method [25]. The as prepared PbZr0.5Ti0.5O3 material 
exhibited specific surface area of 34m2/g. The as 
synthesized  PbZr0.5Ti0.5O3 nanopowder found to exhibit 

ferroelectric property. The value of max was estimated 

to be 25000 with  = 1100 at room temperature at 1 
kHz. The reduction of Curie temperature, TC in 
PbZr0.5Ti0.5O3 nanopowder (TC = 370˚C), in their 
study, was presumed to be due to the effect of 

depolarization field [49]. The high value of  in 

PbZr0.5Ti0.5O3 nanopowder, in their study, presumed to 
be probably due to strong surface dipolar interactions in 
PbZr0.5Ti0.5O3 nanoparticles, as presented in Fig. 2. 
The surface dipolar interactions may be the major 
contributor to the high surface energy of PbZr0.5Ti0.5O3 

nanoparticles; one should also consider other effects, 
such as surface reconstruction and next neighbour inter-
actions etc [50]. Polarization has also been considered 
by Apostol et al [51] for surface charge generation.  
The application of ZnO ceramic piezoelectric nano-
materials in photocatalytic degradation of methylene 
blue were examined with UV-vis study by Mandal et al 
[52]. The decrease of peak height in Fig. 3 demonstrates 
the diminishing concentration of methylene blue with its 
photocatalytic decomposition with ZnO nanomaterials. 
 

 
 

Fig. 2: Schematic view of the surface of a 
nanoparticle demonstrating the nature of the 
surface stresses due to inter-dipolar repulsion 
at the surface [Adapted from Ref. 25] 
 

 
 
Fig. 3: UV-vis spectra of methylene blue to 
exhibiting photocatalytic degradation in 
presence of ZnO nanopowder at (a) starting of 
the reaction, (b) 1h, (c) 2h, (d) 3h and (e) 4h in 
presence of sunlight. 
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5. CONCLUSION 
Photocatalytic degradation of organic dyes has been 
established to be a great method for the environmental 
protection and the purification of waste water. Ferro-
electric PZT based materials are playing a potential role 
in photodegradation of organic dyes. Unfortunately, the 
efficiency of environmental remediation and renewable 
energy generation is seriously restricted by the rapid 
recombination of charge carriers on the photocatalysts. 
To overcome this problem Chen et al addressed the 
strategy of polarization to increase charge separation in 
order to enhance the photocatalytic efficiency of the as 
prepared materials. The charge separation can be 
possible by different types of polarization like 
piezoelectric polarization, ferroelectric polarization and 
surface polarization. Recently, Shenyu et al investigated 
to enhance photodegradation of trimethoxypyrimidine 
applying piezophotocatalysis of BaTiO3/Ag3PO4 
exploring mechanical vibration and visible light 
simultaneously. Abhinay et al found that heterojunction 
composites of BCZT/Bi2O3 exhibited superior photo-
catalytic activity in compare to BCZT or Bi2O3. BCZT/ 
Bi2O3 (50:50 ratio) composite showed a lower recom-
bination rate of electron-hole pair and exhibited the 
maximum photocatalytic performance. Therefore, more 
studies are required to develop PZT and similar 
ferroelectric materials for the enhancement of efficiency 
of photocatalysis for better photocatalytic degradation 
applications, for the protection of our environment. 
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