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In the present work, the composition of 0.75PMN-0.25PT solid solution was synthesized by columbite precursor method 
with multiple heat treatments at 920°C and 1200 °C. XRD data shows the perovskite structure with minimized pyrochlore 
phase and intense peaks. It has been observed that the pyrochlore phase can be reduced by increase in sintering temperature. 
SEM report shows the polygonal, dense and compact grain boundaries. Dielectric study shows the effect of variation in 
frequency to the dielectric constant and electrical conductivity at room temperature.  
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1 Introduction 
Lead Magnesium Niobate- Lead Titanate is a 

relaxor ferroelectric material which is widely studied 
due to its great performance, significance and wide 
application in various medical devices, sensors, 
actuators and many other electronic devices like 
Multi-Layer capacitors. These all important and 
unique properties of PMN-PT make them attractive 
for dielectric, piezoelectric and electrostrictive 
applications. Generally Lead based relaxor 
ferroelectrics are Pb(B1B2)O3 type ceramics, where 
B1 is divalent or trivalent metal ions like Mg2+, Zn2+, 
Fe3+ etc. and B2 is penta valent ions like Nb5+, Ta5+, 
etc.1-5. The well-known example of Pb(B1B2)O3 type 
relaxor ferroelectric material is Lead Magnesium 
Niobate (PMN) i.e., Pb(Mg1/3Nb2/3)O3. It is 
describedthat electric properties of Lead Magnesium 
Niobate can be improved by the proper mixing of 
Lead Titanate, PbTiO3 (PT)2-10. The systemLead 
Magnesium Niobate- Lead Titanate (1-x)PMN-xPT  
is an solid solution of PbTiO3 andPb(Mg1/3Nb2/3)O3 
which shows interesting electrical and piezoelectric 
properties. At morphotropic phase boundary which 
is located between X=0.30 to 0.4011, the 
compositions shows some extraordinary properties 
and coexistence of multiple phases like 
rhombohedral, tetragonal and cubic2-10,12which make 
them applicable for various industrial and scientific 

areas. From the literature review about relaxor 
ferroelectrics Kelly et al. have reported that the 
piezoelectric properties can be increased with 
increase in PT content2. Further study about this type 
of relaxor ferroelectrics shows that relaxor behaviour 
of PMN increased with increase in PT content up to 
X=0.25 and decreased as we increase the value of X 
greater than 0.25. It is also reported that a 
composition with small amount of Ti content 
behaves like a relaxor ferroelectrics and as we 
increase amount of Ti content in composition, the 
ceramic becomes a normal ferroelectrics13. It is an 
complicated task to prepare single phase (1-x)PMN-
(x)PT composition because of volatile nature of PbO 
at higher temperature. There may be formation of 
pyrochlore phase during the reaction. Due to 
pyrochlore phase within the composition, it can be 
minimize the electrical and piezoelectric properties 
of ceramics. So excess amount of PbO and MgO 
were added to sample in this way that stoichiometry 
of whole compositions should be maintained. The 
electrical properties of the material is directly 
depends upon the morphology and density of 
prepared material. This densification is maintained 
by preparation process and sintering temperature. 
Density of PMN-PT can be increased by the heat 
treatment within the temperature range 1200°C to 
1300°C. So we can say the sintering temperature, 
density, perovskite phase, microstructure and 
preparation method are the important parameters 

—————— 
*Corresponding author (E-mail: sid.kashyap1@gmail.com) 



KASHYAP et al.: 0.75PMN-0.25PT RELAXOR FERROELECTRICS 
 
 

19 

which can affect the electrical and piezoelectric 
properties of ceramics. 

In the present work, the composition 0.75PMN-
0.25PT was synthesized by columbite method with 
multiple heat treatments at 920°C and 1200°C. The 
perovskite phase, microstructure and dielectric 
properties of the prepared sample have been studied 
and investigated 
 
2 Experimental Details 
 
2.1 Sample preparation 

Sample (1-x)PMN-(x)PT for X=0.25 was prepared 
via columbite precursor method (14) using high purity 
Lead Oxide (PbO), Titanium Oxide (TiO2), 
Magnesium Oxide (MgO) and Niobium Pent-oxide 
(Nb2O5). The starting oxides were dried at 300 °C to 
remove the moisture and other volatile impurities. All 
the oxides were weighed and mixed in stoichiometric 
proportion for X=0.25 composition using agate mortar 
and pestle in ethanol medium. In the present study, 
proper amount of Nb2O5 and MgO were mixed in 
ethanol medium for 2 h and then calcined at 1110°C 
for 5 h. Now the resultant product MgNb2O6 was 
again mixed with Lead Oxide and Titanium Oxide in 
proper amount for 2 h in ethanol medium. The mixed 
sample was calcined at 920°C for 2 h in closed 
alumina crucible. The calcined sample was pelletize 
under uniaxial pressure without adding any binder and 
then sintered at 1200 °C for 6 h. The silver paste was 
used to make electrodes on both sides of pellets for 
electrical measurements. 
 
2.2 XRD analysis 

XRD patterns of 0.75PMN-0.25PT sample 
calcined, sintered at 920°C and 1200°C respectively 

for 2 h is given in the following figures (Fig.1). It is 
clear from the comparison of XRD data and figure 
that prepared sample is in perovskite phase with small 
amount of pyrochlore peaks. The pyrochlore peaks 
can be seen due to volatile nature of Lead Oxide at 
higher temperature and presence of pyrochlore phase 
make them less useful in various applications because 
it minimizes the electrical properties. From the XRD 
analysis it was investigated that pyrochlore phase can 
be reduced by increase in sintering temperature, 
which specifies that the dielectric constant and grain 
growth are function of sintering temperature15. Figure 1 
shows the XRD pattern of calcined and sintered 
0.75PMN-0.25PT sample at 920 °C and 1200°C 
respectively. The diffraction intensity was measured 
at different theta values ranging from 20° to 80° at 
room temperature. The composition 0.75PMN-0.25PT 
has rhombohedral (pseudocubic) crystal structure at 
room temperature. 
 
2.3 SEM analysis 

The scanning electron microscope was used to 
study the grain size, crystalline size and surface 
morphology of the prepared sample. Scanning 
electron micrographs of 0.75PMN-0.25PT at different 
scales are shown in the Fig. 2. It is clear from the 
following micrographs given below; the grains are 
arranged in compact form with sharp edges and they 
are polygonal in shape. The grain size of prepared 
sample is between ~2 µm to ~9.5 µm. The grain size 
and density of prepared sample are given in the 
following Table 1. 
 
3 Dielectric Measurements 

The FLUKE PM6306 programmable Automatic 
RCL meter was used for precise measurements of 

 

 
 

Fig. 1 − XRD patterns of the 0.75PMN-0.25PT sample calcined at 9200C and sintered at 12000C with reduced pyrochlore phases. 
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resistance, capacitance and inductance. In the present 
study, variation of Dielectric Constant, Tangent Loss 
and Dielectric Conductivity of 0.75PMN-0.25PT at 
different frequencies ranging from 1 KHz to 1000 
KHz has been studied at room temperature. From the 
dielectric study of given sample, it can be seen that 
the dielectric constant of 0.75PMN-0.25PT sample 
gradually decreases with increase in frequency  
(Fig. 3). The variation in dielectric constant at 
different frequency may be due to disorder in 
alignment of dipoles with alternating electric field15. 
The frequency dependence nature of Dielectric 
Constant and Loss Tangent of composition 0.75PMN-
0.25PT have plotted in graphs and also tabulated in 
the following Table 2. 
 
4 Results and Discussion 

The single phase 0.75PMN-0.25PT was prepared 
via columbite precursor method with multiple heat 
treatments. It is clear from the XRD analysis, the 
sample is in perovskite phase with reduced 
pyrochlore phase. The pyrochlore phase can be 
reduced by increase in sintering temperature. The 
SEM graphs show the dense and compact 

boundaries. The dielectric constant of 0.75PMN-
0.25PT shows the frequency dependent nature at 
room temperature. As we increase frequency 1 KHz 
to 1MHz, the Dielectric Constant and Tangent Loss 
will also decrease due to disorder in alignment of 
dipoles with alternating electric field. It is also 
investigated that the dielectric constant is directly 
correlated with density of grains and sintering 
temperature. 

 

 
 

Fig. 2 − SEM Micrographs of 0.75PMN-0.25PT sample at different scale. 
 

 
 

Fig. 3 − Variation of dielectric constant and loss tangent as a function of frequency at room temperature for 0.75PMN-0.25PT sample. 
  

Table 1 – Sintering temperature, Calcination temperature, grain 
size and densities. 

Sample Sintering 
Temp. 

Calcination 
Temp. 

Grain 
Size 

Density 

0.75PMN-0.25PT 1200°C 920°C ~2.5 μm 9.2 gm/cm3 
 

Table – 2 Dielectric Constant, Tangent Loss and Electrical 
Conductivity of 0.75PMN-0.25PT with different frequencies at 

room temperature. 
 

Sample Frequency 
(KHz) 

Dielectric 
Constant  
(ƐRT) 

Loss 
Tangent  
(tan δ) 

Electrical 
Conductivity 
(ohm-cm)-1 

0.75PMN-0.25PT 

1 1712 0.023 2.19×10-8 
10 1660 0.021 1.93×10-7 
100 1607 0.024 2.14×10-6 
1000 1535 0.034 2.89×10-5 
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