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A ternary system of lead niobate–lead zirconate–lead titanate with composition xPN–yPZ–(x-y)PT where 𝑥 = 0.5 and 𝑦 = 0.15,
0.25, and 0.35 known as PNZT has been prepared by conventional mixed oxide route at a temperature of 1100∘ C. The formation of
the perovskite phase was established by X-ray diffraction analysis. The surface morphology studied by scanning electron microscopy
shows the formation of fairly dense grains and elemental composition was confirmed by energy dispersive X-ray analysis. Dielectric
properties like dielectric constant and dielectric loss (𝜀 and tan 𝛿) indicate poly-dispersive nature of the material. The temperature
dependent dielectric constant (𝜀 ) curve indicates relaxor behaviour with two dielectric anomalies. The poly-dispersive nature of the
material was analysed by Cole-Cole plots. The activation energy follows the Arrhenius law and is found to decrease with increasing
frequency for each composition. The frequency dependence of ac conductivity follows the universal power law. The ac conductivity
analysis suggests that hopping of charge carriers among the localized sites is responsible for electrical conduction. The ferroelectric
studies reveal that these ternary systems are soft ferroelectric.

1. Introduction
Materials with high Curie temperature and piezoelectric
properties are required for high temperature applications in
industries. Barium titanate (BT) or lead zirconate titanate
(PZT) is used for many commercial applications like
medicine, industry, and research but due to their low Curie
temperature, that is, ∼−120∘ C for BT [1] and ∼390∘ C for PZT
[2], they are not suitable for high temperature applications.
Recently, a great deal of interest has been focused on relaxor
ferroelectric materials due to their excellent piezoelectric
as well as dielectric properties [3, 4]. Lead metaniobate
(PbNb2 O6 or PN) reported by Goodman [5] is a member of
tungsten bronze family and is often used in nondestructive
testing and medical diagnostic imaging and for deep submergence hydrophones. However, problems such as high level
of porosity and relatively low mechanical strength are often
encountered in its use and since its discovery no much work
has been done on it in spite of the high quality pioneering
work [6, 7]. Niobium based perovskite oxides have attracted
much attention because they show combined electrical and

mechanical properties for use in the electronic industries
[8–10]. In spite of the reports of an attractive high Curie
temperature (517–570∘ C) [11, 12], fewer studies [13–15] on
PN have been carried out which can be attributed to the
preparing of piezoelectric form (the metastable orthorhombic structure) in pure phase. On the other hand, one of the
most widely studied ferroelectric materials due to its various
potential technological applications is lead zirconate titanate,
that is, PbZr1−𝑥 Ti𝑥 O3 (PZT) [16]. Aliovalent modifications to
PZT which can be either with higher valence substitutions
(donors) or with lower valence ions (acceptors) can alter its
properties and have been studied by many authors [16, 17].
One of the most used additives is niobium which substitutes
either Zr4+ or Ti4+ , promotes the lead vacancies, and is
considered as a donor dopant. Most of the studies have
reported on the effect of niobium modification on the dielectric, piezoelectric, pyroelectric, and electrooptic properties
of PZT in bulk as well as thin film form [18–25]. However,
there are so many reports that due to lead evaporation
during processing, both doped and undoped PZT, are seldom
observed to be perfect [26–28]. In the present investigation,
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(a) 𝑥 = 50, 𝑦 = 15%

(b) 𝑥 = 50, 𝑦 = 25%

(c) 𝑥 = 50, 𝑦 = 35%

Figure 1: Photographs of the sintered pellets for 𝑥PN–𝑦PZ–(𝑥-𝑦)PT (PNZT) (𝑥 = 50, 𝑦 = 15, 25, and 35%).

we have investigated the preparation and properties of lead
niobate–lead zirconate–lead titanate (PN–PZ–PT) ternary
system. The effects on the electrical properties of the system
have been investigated in detail by varying the PZ and PT
concentration while keeping the PN concentration steady. To
the best of author’s knowledge, there is no such report on
preparation and structural and electrical properties of such
a ternary compound having general formula (𝑥)lead niobate
(PN)–(𝑦)lead zirconate (PZ)–(𝑥-𝑦)lead titanate (where 𝑥 =
0.5, 𝑦 = 0.15, 0.25, 0.35).

2. Materials and Methods
Polycrystalline ceramic of 𝑥PN–𝑦PZ–(𝑥-𝑦)PT (where 𝑥 =
0.5, 𝑦 = 0.15, 0.25, and 0.35) popularly known as lead
niobate zirconate titanate (PNZT) was prepared using the
conventional mixed oxide route. Oxide powders of PbO,
ZrO2 , TiO2 , and Nb2 O5 from S D Fine-Chem Limited (99%
pure) were used as raw materials. Stoichiometric amount as
per the molecular formula was weighed and mixed together
in a mortar and pestle first and then in a high energy ball
mill, as well as homogenized with triple distilled water for
48 h using zirconia balls as the milling media. The mixture
was then dried in an oven at 100∘ C for 2 h. After drying,

the reaction of the uncalcined powders taking place during
heat treatment was investigated by thermogravimetric and
differential thermal analysis (TGA–DTA, Shimadzu), using
a heating rate of 10∘ C/min in air from room temperature up
to 1000∘ C. Based on the TGA–DTA results, the mixture was
calcined at a temperature of 900∘ C for a dwell time 2 h and
heating/cooling rates ranging 4∘ C/min in closed platinum
crucible in order to ensure the proper chemical homogeneity
of the constituent elements. The calcined powder was then
grinded and mixed with 5 wt% of polyvinyl alcohol as binder
and uniaxially pressed into pellets of 13 mm diameter by
applying a pressure of 200 MPa in a hydraulic press. These
pellets were then sintered at 1100∘ C using a heating/cooling
rate of 4∘ C/min with dwell time of 4 h in a sealed platinum
crucible. Figure 1 shows the photographs of the sintered
ceramic pellets for all the three compositions considered
in the present investigation. X-ray diffraction pattern was
collected using a Rigaku X-ray diffractometer with CuK𝛼
radiation (𝜆 = 1.5405 Å) and nickel filter in a wide 2𝜃 range of
20–80∘ C using step scanning with a step size of 0.02∘ and step
time of 65.6 s. The surface morphology and microstructures
were examined using scanning electron microscope (SEM)
of JEOL model number JSM–6390 LV and the presence of
all the major elements was confirmed by energy dispersive
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Figure 2: Room temperature X-ray diffraction pattern of 𝑥PN–𝑦PZ–(𝑥-𝑦)PT ceramics sintered at 1100∘ C matched with JCPDS file number
29–0780 for the rhombohedral PbNb2 O6 ; (∗ ) indicates the PZT phase.

X-ray analysis (EDAX) of model number JEOL JED-2300.
The dielectric measurements have been recorded with the
help of automated impedance analyzer (4192A LF model)
interfaced with USB–GPIB converter 82357 (Agilent) and
further automated by using a computer for data recording,
storage, and analysis. The polarization versus electric field (P–
E) hysteresis loop at room temperature was traced using an
automatic PE loop tracer (Marine India Electrocom Ltd., New
Delhi, India).

3. Results and Discussion
3.1. Structural Characterization. Figure 2 shows the X-ray
diffraction (XRD) patterns of three different compositions
of PNZT, namely, 𝑥PN–𝑦PZ–(𝑥-𝑦)PT (where 𝑥 = 0.5, 𝑦
= 0.15, 0.25, and 0.35) with a well-crystallized structure
without the presence of pyrochlore or unwanted phases. The
major diffraction peaks observed correspond to rhombohedral phase of PbNb2 O6 (JCPDS 29 - 0780) with lattice
parameters 𝑎 = 10.501, 𝛼 = 𝛽 = 90∘ , 𝛾 = 120∘ , and space group
R3m (160) [15, 29]. The peaks marked with star (∗ ) in the
figure correspond to PZT, thereby suggesting the presence of
mixed phases in PNZT. The peaks were indexed according
to the JCPDS card. The peaks with maximum intensity and
maximum crystallite size were observed for the composition
having 35% zirconium which shows the improved crystallinity of the material. The backscattered scanning electron
micrograph (SEM) images are shown in Figures 3(a)–3(c).

The micrographs clearly show the formation of fairly dense
grains and the average grain size calculated using linear
intercept method was found to be 1.40, 1.46, and 1.18 𝜇m
for 15, 25, and 35% of zirconium content, respectively. The
elemental composition was analyzed by energy dispersive Xray analysis (EDAX) (Figures 4(a)–4(c)) which confirms the
presence of almost all the constituent elements, that is, Pb, Nb,
Ti, Zr, and O in the composition. Table 1 shows the grain size,
crystalline size calculated by Debye Scherrer formula [30] as
well as Williamson-Hall plot [31], and strain and crystallinity
index for all the three compositions. Crystallinity is evaluated
from the crystallinity index equation [32]:
𝐼cry =

𝐷𝑝 (SEM, TEM)
𝐷cry (XRD)

,

𝐼cry (≥ 1.00) ,

(1)

where “𝐼cry ” is the crystallinity index; “𝐷𝑝 ” is the particle size
(obtained from either TEM or SEM morphological analysis);
“𝐷cry ” is the particle size (calculated from the Scherrer
equation). If “𝐼cry ” value is close to 1, then it is assumed
that the crystallite size represents monocrystalline whereas a
polycrystalline has a much larger crystallinity index.
3.2. Thermal Analysis. The result of thermogravimetric analysis (TGA) and differential thermal analysis (DTA) of a
milled powder having the composition 0.50PN–0.25PZ–
0.25PT is shown in Figure 5. Three endothermic peaks
followed by small weight loss were observed in the DTA
curve in the temperature range 250–460∘ C. This weight loss
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Table 1: Variation of grain size, particle size, and strain and crystallinity index for PNZT system.

Composition
0.5PN–0.15PZ–0.35PT
0.5PN–0.25PZ–0.25PT
0.5PN–0.35PZ–0.15PT

Grain size
(𝜇m)

Particle size (nm)
Debye Scherrer
Williamson-hall
method
method

1.40
1.46
1.18

28.41
19.19
38.47

34.07
20.85
66.34

(a) 𝑥 = 50, 𝑦 = 15%

Strain
(𝜀)

Crystallnity
index, 𝐼cry

0.00229
0.00035
0.00108

49.27
76.08
30.67

(b) 𝑥 = 50, 𝑦 = 25%

(c) 𝑥 = 50, 𝑦 = 35%

Figure 3: Scanning electron micrographs of 𝑥PN–𝑦PZ– (𝑥-𝑦)PT (PNZT) composite (𝑥 = 50, 𝑦 = 15, 25, and 35%).

may be attributed due to the presence of adsorbed and
trapped solvent. Also, there is a sharp increase of weight
loss between 325 and 375∘ C which is due to the reason that
the solvent adsorbed on the outer surface of the particles
requires relatively lower temperature to evaporate than those
entrapped between the particles during milling. The weight
loss at 578∘ C may be assigned due to loss of lead at high
temperature suggesting that the precursor materials should
be heated well at 600∘ C [33]. No significant weight loss was
observed for temperature higher than 600∘ C. The weight
loss and the associated endothermic peak in DTA may be
due to transformations into metastable phases, which formed
prior to the crystallization of the perovskite phase. The last
endothermic peak over the temperature range of 800–1000∘ C
is not associated with weight loss in the TGA curve which
corresponds to the crystallization of perovskite phase of lead
niobate zirconate titanate (PNZT) [34].

3.3. Electrical Studies. Figures 6 and 7 show the dependence
of real part of dielectric permittivity (𝜀 ) and dielectric loss
(tan 𝛿) on frequency at different temperatures. From the
figures, the value of both 𝜀 and tan 𝛿 is found to decrease with
increasing frequency which is a normal dielectric behaviour
followed by all dielectric materials. In the lower frequency
region, decrease in the value of 𝜀 and tan 𝛿 is observed
which is due to the dominance of space charge polarization
and interface effects at lower frequencies. However, in the
high frequency region, frequency independent behaviour
of these parameters is observed. At very low frequencies
(𝜔 ≪ 1/𝜏), dipoles are able to follow the applied field
and we have the value of dielectric constant at quasistatic
field (𝜀 ∼ 𝜀𝑠 ). As the frequency increases, the dipoles
began to lag behind the field resulting in a small increase
in dielectric constant and as the characteristic frequency is
reached, the value of dielectric constant drops which is the
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Figure 4: Energy dispersive X-ray analysis results for 𝑥PN–𝑦PZ–(𝑥-𝑦)PT (PNZT) composite: (a) 𝑥 = 50, 𝑦 = 15%; (b) 𝑥 = 50, 𝑦 = 25%; and
(c) 𝑥 = 50, 𝑦 = 35%.
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Figure 5: Thermogravimetric analysis along with differential thermal analysis (TGA/DTA) results for milled powder having composition
0.5PN–0.15PZ–0.35PT.
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Figure 6: Variation of real part of dielectric constant with frequency for 𝑥PN–𝑦PZ–(𝑥-𝑦)PT (a) 𝑥 = 50, 𝑦 = 15%; (b) 𝑥 = 50, 𝑦 = 25%; and
(c) 𝑥 = 50, 𝑦 = 35%.

relaxation process. At very high frequencies (𝜔 ≫ 1/𝜏),
the dipoles are not able to align with the applied field and
hence we have (𝜀 ∼ 𝜀∞ ). The maximum and minimum
value of dielectric constant was found to be 111, 145, 128 and
11.7, 0.65, 37.4 for 𝑥 = 50, 𝑦 = 15, 25, and 35% in 𝑥PN–
𝑦PZ–(𝑥-𝑦)PT, respectively. The temperature dependence of
dielectric constant (𝜀 , the real part of dielectric permittivity)
at different frequencies is shown in Figure 8. Two types
of dielectric anomalies were observed, one below 350∘ C,
which may be due to ferroelectric to antiferroelectric phase
transition and another above 350∘ C, which may be due to
antiferroelectric to paraelectric phase transition. Thus, for
these three compositions, two dielectric anomalies were seen
which is of relaxor type. This relaxor-like anomaly was widely
reported in various materials [35] and the anomaly in the
temperature range of 400–900∘ C in oxide materials especially
for those containing titanium is related to oxygen vacancies
[36]. However, in present case, the formation of two much
diffused peak at two different dielectric anomalies may be
suggested to be due to the formation of mixed phase. Hence,
in these three compositions because of poor peak formation,
we are not able to give exact Curie temperature. At a given
temperature other than the anomaly regions, the dielectric
constant decreases with an increase in frequency and the
dependence of dielectric constant with frequency increasingly varies with temperature. With increase in temperature,

the peak position of dielectric constant in the curve shifts
towards higher frequency side and this indicates frequency
dispersion, thereby suggesting the thermally activated nature
of dielectric relaxation. Further, all the plots show broad
maxima, that is, diffuse phase transitions. In solid solutions,
this broadening of peak or diffuse phase transition is a
common feature due to the presence of more than one cation
in the sublattice which produces some kind of heterogeneity.
The poly-dispersive nature of dielectric relaxation can be
analysed quantitatively through complex Argand plane plots
of imaginary part of dielectric constant (𝜀 ) versus real part
of dielectric constant (𝜀 ) commonly called Cole-Cole plots.
For a pure nondispersive Debye process, the plot is a perfect
semicircle with its center located on the real axis. However, for
poly-dispersive relaxation, the plot is a distorted semicircle
with end points on the real axis and whose center lies below
the real axis. Mathematically, the Cole-Cole plot obeys the
following empirical relation [37]:
𝜀∗ = 𝜀 − 𝑗𝜀 = 𝜀∞ +

(𝜀𝑠 − 𝜀∞ )
[1 + (𝑖𝜔𝜏)1−𝛼 ]

.

(2)

Here, “𝜀∞ ” is the high frequency limit of the permittivity,
“𝜀𝑠 ” is the static dielectric constant, “𝜀𝑠 − 𝜀∞ ” is the dielectric
strength, “𝜔” is the angular frequency, “𝜏” is the mean relaxation time, and the parameter “𝛼” represents the distribution
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Figure 7: Variation of dielectric loss with frequency for 𝑥PN–𝑦PZ–(𝑥-𝑦)PT (a) 𝑥 = 50, 𝑦 = 15%; (b) 𝑥 = 50, 𝑦 = 25%; and (c) 𝑥 = 50, 𝑦 = 35%.

of relaxation time and can be determined from the angle
subtended by the radius of Cole-Cole plot with the real axis
passing through the origin of the imaginary axis. At “𝜀∞ ” and
“𝜀𝑠 ”, there will be no dielectric loss and maximum loss occurs
at the midpoint between the two dielectric values. Figures
9(a)–9(c) depict the Cole-Cole plot representations at 𝑇 =
200∘ C for all the three compositions. At low temperatures,
that is, less than 200∘ C, the Cole-Cole plot resembles almost
straight lines (not shown here) with large slopes, suggesting
the insulating behaviour at low temperatures. However, with
increasing temperature, the slopes of these curves decrease
and they bend towards the real axis forming semicircles
suggesting an increase in conductivity of the material with
temperature. The formation of two semicircular arcs in
the Cole-Cole plot can be explained on the basis of two
parallel RC elements connected in series, one associated with
grain (higher frequency range) and the other with grain
boundary (lower frequency range) as the relaxation time for
the grain boundary is much larger than that of the bulk
crystal, thereby indicating negative temperature coefficient
of resistance (NCTR) behaviour of PNZT like that of a
semiconducting material [38]. As “𝜀 ” is directly related to
capacitance, that is, 𝜀 = 𝐶𝑡/𝜀0 𝐴, where “𝐴” is area in
mm2 and “𝑡” is thickness of sample in mm, the capacitances
𝐶𝑔 (associated with grain) and 𝐶gb (associated with grain
boundary) have been calculated from the low frequency
intercept of the semicircles on the real 𝜀 -axis. As relaxation

Table 2: Values of grain resistance (𝑅𝑔 ), grain capacitance (𝐶𝑔 ),
grain boundary resistance (𝑅gb ), and grain boundary capacitance
(𝐶gb ) obtained from Cole-Cole plot for PNZT system.
𝑅 × 105
𝑅𝑔 × 104
𝐶𝑔 (pF) gb
𝐶gb (pF)
(Ω)
(Ω)

Composition
0.5PN–0.15PZ–0.35PT
0.5PN–0.25PZ–0.25PT
0.5PN–0.35PZ–0.15PT

42.3
30.0
65.1

23.61
59.54
5.12

24.8
68.5
44.5

40.26
29.21
14.97

time, 𝜏𝑔 = 𝑅𝑔 𝐶𝑔 and 𝜏gb = 𝑅gb 𝐶gb , the resistances 𝑅𝑔 and
𝑅gb were obtained from the maximum condition of the
semicircles, that is, 𝜔mac = 1/𝜏 = 2𝜋𝑓max , where “𝑓max ” is the
frequency at the maximum of semicircle. The values of 𝑅𝑔 ,
𝑅gb , 𝐶𝑔 , and 𝐶gb obtained from the Cole-Cole plot are given
in Table 2. As seen from table, bulk resistance decreases with
increase in grain size. Also, “𝛼” lies below the real axis and
its value was found to be 0.42, 0.37, and 0.16 radians for the
three compositions, thereby confirming the non-Debye type
relaxation in PNZT.
3.4. ac Conductivity Analysis. ac conductivity (𝜎ac ) has been
calculated from the dielectric loss (tan 𝛿) data using the
empirical formula [39]:
𝜎ac = 𝜔𝜀0 𝜀 tan 𝛿 = 2𝜋𝑓𝜀0 𝜀 tan 𝛿,

(3)
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Figure 9: Complex plane Argand plot between 𝜀 and 𝜀 at 200∘ C for 𝑥PN–𝑦PZ–(𝑥-𝑦)PT (a) 𝑥 = 50, 𝑦 = 15%; (b) 𝑥 = 50, 𝑦 = 25%; and (c) 𝑥
= 50, 𝑦 = 35%.
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Table 3: Variation of activation energy (𝐸𝑎 ) with frequency and exponent (𝑠) with temperature for three different compositions of PNZT
system.
Composition

Activation energy (𝐸𝑎 ) for different frequencies (eV)
5 kHz
10 kHz
20 kHz

Exponent (𝑠) for different temperatures (∘ C)
250
300
350
400
450
500

0.5PN–0.15PZ–0.35PT
0.5PN–0.25PZ–0.25PT
0.5PN–0.35PZ–0.15PT

0.66
0.24
0.99

1.0
1.0
0.8

0.46
0.16
0.50

0.27
0.13
0.23

1.3
0.8
1.0

1.0
0.8
0.8

0.7
0.6
0.4

0.3
0.3
0.1

−10

ln𝜎ac (Sm−1)

−11
ln𝜎ac (Sm−1)

1.1
0.9
1.2

−12
−13

−11

−12

−14

2.35

2.40
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Figure 10: Temperature dependence of the ac conductivity at 5, 10, and 20 kHz frequency for 𝑥PN–𝑦PZ–(𝑥-𝑦)PT (a) 𝑥 = 50, 𝑦 = 15%; (b)
𝑥 = 50, 𝑦 = 25%; and (c) 𝑥 = 50, 𝑦 = 35%.

where 𝜀0 = 8.845 × 10−12 Fm−1 is the permittivity of free
space. Figure 10 shows the variation of ac conductivity as
a function of 1000/𝑇. The results indicate an increase in
conductivity with rise in temperature, thereby indicating
the negative temperature coefficient of resistance (NTCR)
character. This type of temperature dependence indicates that
the electrical conduction in this material is the thermally
activated transport process governed by Arrhenius equation
[29]:
𝜎ac = 𝜎0 exp (−

𝐸𝑎
),
𝑘𝑇

(4)

where “𝜎0 ” is the ac conductivity preexponential factor and
“𝐸𝑎 ,” the ac conductivity activation energy. The activation
energy of these three compositions in the temperature range
of 394–430∘ C was calculated from the slope of ln(𝜎ac ) versus
1000/𝑇 graph and is given in Table 3. As seen from the table,
the activation energy shows a decreasing trend with increase
in frequency. This is because of the reason that the increase in

the frequency of the applied field results in the enhancement
of the charge carriers to jump between localized states which
therefore results in the decrease in electrical activation energy
with increasing frequency [40, 41]. The low value of activation
energy may be due to the carrier transport through hopping
between localized states in a disordered manner [42, 43].
Also, the activation energy is found to be minimum for
the 0.5PN–0.25PZ–0.25PT composition thereby suggesting
the decrease in resistivity. The frequency dependence of ac
conductivity follows the universal power law [44, 45], that is,
𝜎 (𝜔) = 𝐴𝜔𝑠 ,

(5)

where “𝐴” is temperature dependent constant, “𝜔” is the
angular frequency of the applied ac field, and the exponent “𝑠”
is temperature as well as frequency dependent constant and
its value approaches unity at low temperature and decreases
with increase in temperature. The values of “𝑠” deduced
from the slopes of ln(𝜎ac ) versus ln(𝜔) curves are given in
Table 3, from which one can see that “𝑠” is approaching
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Figure 11: Variation of polarization with electric field for 𝑥PN–𝑦PZ–(𝑥-𝑦)PT (𝑥 = 50, 𝑦 = 15, 25, and 35%) at room temperature.

unity at low temperature which confirms assumption that
ac conductivity is predominant due to the relaxation dipole
moment. The power law dependence of the ac conductivity on
frequency corresponds to the short range hopping of carriers
through trap sites separated by an energy barrier of various
heights. Since the value of “𝑠” actually scales the extent of
localized charge carriers [45], for example, in the case of 𝑠 =
0, the above equation shows the usual reciprocal frequency
behaviour, and the system is nondispersive transport of free
charge carriers process; for 𝑠 = 1, the system has the feature
of nearly constant loss relating to strictly localized carriers,
while for 0 < 𝑠 < 1, the system obeys the universal power
law with confined hopping carriers. It, therefore, follows that
the relaxing species for the low-temperature anomaly are
confined carriers and for the high-temperature anomaly are
free ones.
3.5. Ferroelectric Studies. The polarization versus electric
field (P-E) hysteresis loops with different Zr concentrations
are shown in Figure 11 whereas the values of remanent
polarization and coercivity are given in Table 4. The minimum value of remnant polarization, 𝑃𝑟 ∼ 0.10 𝜇C/cm2 ,
and the coercive field, 𝐸𝑐 ∼ 6.33 kV/cm, was observed
for the composition 0.5PN–0.25PZ–0.25PT. The saturation
polarization was obtained only in the case of 0.5PN–0.15PZ–
0.35PT with a value of 𝑃𝑠 = 0.43 𝜇C/cm2 at a maximum
applied field of 20 kV/cm. However, in the other two cases,
no saturation in polarization in P-E curve was achieved
up to the maximum applied field which is due to the low
resistivity of the composition [38]. The compositions with
25 and 35% Zr content could not withstand the electric field
beyond 14 and 16 kV/cm and further increase in electric field
led to the electrical breakdown and thus unsaturated P-E
loops were obtained in these two compositions. Low value
of coercivity and remanent polarization suggests that these
ternary systems are soft ferroelectric.

Table 4: Variation of remnant polarization (𝑃𝑟 ) and coercivity (𝐸𝑐 )
for PNZT ternary system.
Composition
0.5PN–0.15PZ–0.35PT
0.5PN–0.25PZ–0.25PT
0.5PN–0.35PZ–0.15PT

Remnant
polarization
(𝑃𝑟 ) (𝜇C/cm2 )

Coercivity
(𝐸𝑐 )
(kV/cm)

0.24
0.10
0.20

19.15
6.33
13.61

4. Conclusions
Polycrystalline compositions of 𝑥PN–𝑦PZ–(𝑥-𝑦)PT (where
𝑥 = 0.5, 𝑦 = 0.15, 0.25, and 0.35) known as PNZT ceramic
were prepared by conventional mixed oxide route. Room
temperature X-ray diffraction analysis of PNZT confirms
the well-crystallized rhombohedral phase of the prepared
compositions with the presence of both PN and PZT phase.
Scanning electron micrographs depict formation of fairly
dense grains with average grain size in the submicrometric
range whereas presence of major elements was confirmed by
energy dispersive X-ray analysis (EDAX). Thermal analysis
of the milled powder suggests the optimum temperature
for calcination is 900∘ C. Electrical properties carried by
dielectric spectroscopy on PNZT indicate that the material
exhibits two types of dielectric anomalies, one below 350∘ C
and another above 350∘ C and shifting of maximum value
of dielectric constant towards higher temperature side with
increase in frequency indicating the relaxor behaviour. The
temperature dependence of ac conductivity indicates increase
in conductivity with rise in temperature thereby suggesting
negative temperature coefficient of resistance (NCTR) character. The poly-dispersive nature of dielectric relaxation has
been studied by complex plane Argand plot and its shape
indicates the presence of both grain and grain boundary
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effect in the relaxation process in PNZT. The frequency
dependence of ac conductivity obeys the universal power law.
The ferroelectric studies suggest these ternary systems to be
soft ferroelectric.
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