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Abstract 
A ternary system of composition 0.7PMN-0.2PT-0.1PZN and 0.7PMN-0.1PT-0.2PZN were investigated employing columbite 

route. A detailed and systematic study of phase, dielectric properties and microstructure were carried out and compared. 

Ceramics of composition 0.7PMN-0.1PT-0.2PZN demonstrated larger grain size and higher density than ceramics of composition 

0.7PMN-0.2PT-0.1PZN. The composition 0.7PMN-0.1PT-0.2PZN exhibited enhanced dielectric properties in the sintering 

temperature 1100-1170
o
C while composition 0.7PMN-0.2PT-0.1PZN exhibited enhanced dielectric properties in the sintering 

temperature range 1170-1180
o
C. Dielectric properties seem to be dependent on density and intrinsic dielectric constant of PMN, 

PZN for single phase perovskite ceramic. The ceramic of composition 0.7PMN-0.1PT-0.2PZN proved to be the best composition 

showing enhanced dielectric properties at lower sintering temperature as compared to 0.7PMN-0.2PT-0.1PZN. 
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1. INTRODUCTION 

The development of electronic devices such as sensors, 
actuators and capacitors require materials with desired 
crystal structure and excellent electromechanical properties 
as well as reliable processing route. The solid solution of 

lead titanate PbTiO3(PT), lead magnesium niobate 

Pb(Mg1/3Nb2/3)O3(PMN) and lead zinc niobate Pb(Zn1/3 

Nb2/3)O3(PZN) , have attracted considerable attention as 
potential candidates for applications such as multilayer 
capacitors(MLC), actuators, and medical ultrasonic 
transducers during the last decade due to its high dielectric 
constant and high electrostrictive strain response[1,2]. 
 
It is very difficult to obtain a pure perovskite phase in PMN 
ceramics without secondary pyrochlore phase [3,4]. The 
pyrochlore phase is thermodynamically more stable and 
kinetically more favourable than the perovskite phase but 
functionally undesirable because it impairs the dielectric 
properties of the materials [5]. Previous studies reported that 
perovskite phase get stabilized by forming solid solution of 
PMN with PZN or PMN with PT or PMN with PZN and PT. 
The formation of solid solution increases the tolerance 
factor and electro negativity difference leading to 
stabilization of perovskite structure and enhancement of 
dielectric properties of ferroelectrics [6,7]. 
 
Very few studies were reported on ternary system of PMN, 
PZN and PT[8-14]. Therefore ternary solid solutions have 
been investigated to know the development of stabilization 
of perovskite phase and modulation of dielectric properties 
in terms of dielectric constant, Curie temperature and losses 
in the Curie range and degree of diffuseness. Numerous 
attempts have been made so far to develop a processing 
technique in which the formation of undesired pyrochlore is 
suppressed. Among the several methods reported in the 
literature Swartz route [15] proved to be the simple and 

most reliable in the synthesis of lead based ceramics to get 
reproducible dielectric properties. 

 
Current study focuses on dielectric characterization of 
ceramics of ternary compositions 0.7PMN-0.2PT-0.1PZN 
and 0.7PMN-0.1PT-0.2PZN synthesized by columbite route. 
From the comparison of dielectric properties the best 
composition can be identified for possible applications in 
MLCs and actuators. 
 

2. EXPERIMENTAL 

In the present study ceramic of composition 0.7PMN-0.2PT-

0.1PZN and 0.7PMN-0.1PT-0.2PZN is synthesized by 

Swartz‟s suggested double calcination route. PbO(99.9% 

Sigma), MgO (99.9% Sigma) and Nb2O5( 99.99% Sigma), 

ZnO (99.999% Sigma ), TiO2 (99.99% Sigma) were used as 

raw materials. The columbite lead magnesium niobate 

designated as MN is synthesized by mixing of 1.02 mole % 

MgO and 1 mole of Nb2O5 and wolframite lead zinc niobate 

designated as ZN is synthesized by mixing of 1 mole % 

ZnO and 1 mole of Nb2O5. The dried MN, ZN, PbO and 

TiO2 were weighed according to stoichiometric formula 

required for the composition and ground well with acetone. 

The homogeneous mass is then calcined in an alumina 

crucible covered with lid at calcination temperatures 800
o
C. 

To this homogeneous calcined powder polyvinyl acetate is 

added as a binder and pellets 1-2mm thickness and 1cm 

diameter is then formed by applying uniaxial pressure (1 

ton/cm
2
)in a stainless steel die. The pellets were sintered in 

closed alumina crucible at temperatures between 1100-

1180
o
C for 2 hrs. The heating rate kept during calcination 

and sintering was 10
o
C per/min. as optimized in previous 

study [16]. During the sintering the pellets were covered 
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with the powder of the same composition to minimize the 

PbO losses. The detailed flow chart of synthesis is given in 

Fig 1. 
 

XRD of sintered ceramics was carried out at room 

temperature (Siemens D500 diffractometer, using CuKα 

radiation over angular range 2θ between 10 to 100
o 

by step 

of 0.02
o
). XRD patterns were used to identify the structure 

formed and to know the relative content of the perovskite 

phase. The microstructure analysis was carried out using a 

scanning electron microscopy analyzer (SEM, JEOL-

JSM84A0). Grain size of the sintered ceramics was 

estimated from the microstructural using linear intercept 

method. Densities of the sintered specimens were measured 

by Archimedes water displacement method. For electrical 

measurements the surfaces of the sintered ceramic were 

polished using silicon carbide sand paper (220, 400 grit) to 

produce parallel smooth surfaces. Silver paste was coated on 

both the surfaces of the well-polished ceramics and fired at 

550
o
C for 30 min. to provide robust electrode. Dielectric 

measurements (ε and tanδ) were made using impedance 

analyzer(Model 4192A Hewlett Packard LF impedence 

analyzer) in the frequency range 100Hz– 100kHz between 

30
o
C to 170

o
C. The dc resistivity is measured at room 

temperature (RT) using picoammeter (Model DPA111). 

Current values are measured 2 minutes after application of 

voltage = 30V. The characteristics and dielectric properties 

of the sintered ceramic were demonstrated in terms of 

second phase, grain size and density. 

 

The electrical resistivity of ceramics is greater than 10
11

Ω-

cm similar to previous report [24]. Fig.4 show the graphs of 

dielectric constant and the loss tangent Vs temperature 

respectively of ceramics PMZNT4 and PMZNT8 at four 

different frequencies 100Hz, 1kHz, 10kHz, 100 kHz in the 

temperature range 30-170
o
C. The peak of dielectric constant 

is broad and decreases in magnitude as the frequency 

increases is seen in all samples. Further it is observed that 

εmax shifts towards higher temperature as the frequency 

increases and the temperature of tanδmax as well as tanδmax 

increases with frequency thus both the compositions 

demonstrated the typical relaxor  behaviour. 
 

In majority of the samples the transition temperature shifts 

to the lower side with increase in sintering temperature is 

observed. Further the shift in Tc with frequency from 100Hz 

to 100kHz for composition 0.7PMN-0.2PT-0.1PZN is 

between 4-5 and for composition 0.7PMN-0.1PT-0.2PZN it 

is between 7-9 is observed. This reflect lower dielectric 

relaxation in case of samples with higher concentration of 

PT similar to reported earlier [19,25,26]. This is attributed to 

higher concentration Ti which decreases the B-site order 

similar to previous reports [1,25,27]. 

 

3. RESULT AND DISCUSSION 

The ceramics synthesized of composition 0.7PMN-0.2PT-

0.1PZN and 0.7PMN-0.1PT-0.2PZN are designated as 

reported in Table 1 .The dielectric properties (εmax, Tc, tanδ 

at Tc) and other physical properties such as % of perovskite 

phase, lattice constant „a‟, grain size, relative density „D‟, 

ΔTc (Difference in Tc
,
s from 100Hz to 100kHz), 

diffuseness coefficient „δ‟ and electrical resistivity „ρ‟ of 

sintered ceramics are summarized in Table-2. 
 

The XRD patterns of all ceramics (PMZNT1- PMZNT8) are 

presented in Fig.2. In all the samples PMZNT1– PMZNT8, 

all the peaks correspond to pseudo cubic perovskite phase 

(JCPDS 27-1199) and no peaks corresponding to pyrochlore 

appear which confirms the formation of single phase 

perovskite. No significant change in the lattice constant is 

observed. 
 

The Scanning electron micrographs of the sintered ceramics 

are presented in Fig.3. All the ceramics exhibit similar 

microstructure except the variation in grain size and pore 

formation. The microstructure reveals increase in grain size 

and decrease in pore formation with increase in sintering 

temperature similar to reported by previous authors [17-19]. 

For composition 0.7PMN-0.2PT-0.1PZN little 

agglomeration of grains is seen at all temperatures. Also 

0.7PMN-0.2PT-0.1PZN exhibited relatively lower grain 

size than 0.7PMN-0.1PT-0.2PZN at the same sintering 

conditions. The relative density of the samples is found to 

be increased with increase in sintering temperature except 

sample PMZN8, no change in density is observed. Further 

the density of ceramics PMZNT1-PMZNT4 is lower than 

PMZNT5-PMZNT8 at same sintering conditions. This 

seems to be due to larger content of Zn, the densification 

occurs at lower temperature [20-23]. 
 

The quadratic law (Eq 2) has been further used to analyse 

the relaxor behaviour of synthesized ceramics 

 =  +  

 

Where δ is called diffuseness parameter which is a measure 

of the diffuseness of transition. 
 

The graphs of 1/Ɛ Vs [T−Tc ]
2 

is shown in Fig.-5. The 

straight line graph demonstrates ceramics exhibit relaxor 

behaviour. The diffuseness parameter obtained from the 

graph for all samples are reported in Table2. It is observed δ 

decreases as the sintering temperature increases in both the 

compositions [11,12,19,28]. 

 

In composition 0.7PMN-0.1PT-0.2PZN which contains 

more Zn exhibit larger dielectric values at lower sintering 

temperature due to higher density achieved. As the sintering 

temperature exceeds 1150
o
C, the saturation of dielectric 

permittivity is observed. However the composition 0.7PMN-

0.2PT-0.1PZN which contains larger content of Ti exhibit 

relatively low dielectric values at lower sintering 

temperature up to 1150
o
C due to lower density values 

attained. But when the temperature approaches 1170
o
C the 

density gets increased rapidly and dielectric values get 

increased significantly. In these compositions the dominant 

effect of ZN is observed at lower sintering temperature 
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upto1150
o
C and dominant effect of PT is observed at higher 

sintering temperature after 1150
o
C. 

 

The high value of εmax≈ 21000-25000 with Tc=72
o
C and 

≈15000-17000 with Tc = 115-113
o
C are obtained for 

composition 0.7PMN-0.1PT-0.2PZN and 0.7PMN-0.2PT-

0.1PZN at sintering temperature range 1100 and 1150
o
C 

respectively. These obtained values are higher than reported 

in the study of Wang et al [14]. This result reflect the 

composition 0.7PMN-0.1PT-0.2PZN demonstrate the 

superior dielectric properties with Tc near RT at lower 

sintering temperature and proved to be the best composition 

for use in MLCs and actuators. 
 

The highest value of εmax at 100Hz is obtained for the 

composition 0.7PMN-0.2PT-0.1PZN at sintering 

temperature 1180
o
C = 33409 and Tc = 105

o
C for which 

95% of the density is reached. This value is much higher 

than previously reported values [8,12,14]. 
 

The highest value of εmax obtained for ceramic PMZN4 

(εmax =33409) and PMZN8 (εmax =29910) reflect the 

dielectric properties are found to be strongly dependent on 

density and the grain size. Higher density is achieved at 

higher sintering temperature as higher temperature provides 

greater thermal activation energy for grain growth and 

elimination of pores thereby favours more effective 

sintering process. As the grain size increases the number of 

grain boundaries in series with perovskite grains decreases 

and dielectric constant increases [7,29,30,31]. 
 

4. CONCLUSION 

Higher density is obtained for composition with higher Zn 

content at lower sintering temperature. Ceramic with 

composition 0.7PMN-0.2PT-0.1PZN containing more Ti 

content exhibit smaller grains and lower densities than 

ceramics with composition 0.7PMN-0.1PT-0.2PZN 

containing more Zn content. Further lower dielectric 

relaxation is obtained for composition 0.7PMN-0.2PT-

0.1PZN than composition 0.7PMN-0.1PT-0.2 PZN. 
 

The ternary system with more PT shows enhanced dielectric 

values at higher sintering temperature 1170-1180
o
C, 

however the composition with more Zn shows enhanced 

dielectric values at lower sintering temperature. The 

compositions reflect the dominant effect of PT and Zn at 

higher and lower sintering temperature 1100-1170
o
C 

respectively. 
 

0.7PMN-0.1PT-0.2PZN composition proved to be the best 

composition demonstrating higher dielectric properties at 

lower sintering temperature with Tc close to RT and most 

suited for commercial applications in MLCs and actuators. 
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Fig. 1 Flow chart of Material Processing 
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       Table 1: Designation of sintered ceramics           
 

  Composition   Composition   Calcinations temperature Sintering    
 

  0.7PMN-0.2PT-0.1PZN  0.7PMN-0.1PT-0.2PZN  and  duration  temperature and   
 

               duration    
 

                     
 

  PMZNT1    PMZNT5       1100
0
C ,2hrs    

 

           

800
0
C,2hrs 

           

  
PMZNT2    

PMZNT6     
1150 0 C,2hrs    

 

                

                      

  PMZNT3    PMZNT7       1170
0
C,2hrs    

 

  PMZNT4    PMZNT8       1180
0
C,2hrs    

 

     
 

Table 2 : Dielectric and Physical properties of sintered ceramics          
 

 Sample  εmax Tc tanδ Lattice % Grain  Density ΔTc  δ(
o
C)  ρ  

 

    (100Hz) (
o
C) at Tc Constant pero Size(μm)  „D‟ (

0
C)     Ω-cm  

 

        „a‟ (Å )               
 

                  
 

 PMZNT1  15574 115 0.03 3.984 100 1.6 -2.5  82 5   34  2x10
11

  
 

 PMZNT2  16557 113 0.0303 3.987 100 1.8-3  84 4   33  1.6x10
11

  
 

 PMZNT3  28328 108 0.0362 3.987 100 3.5-5  90 5   30  1.62x10
11

  
 

 PMZNT4  33409 105 0.0301 3.984 100 3.5-6.5  95 5   27  4.5x10
11

  
 

 PMZNT5  21541 72 0.0511 3.997 100 1.8-3  88 9   33  1.38x10
11

  
 

 PMZNT6  24786 72 0.0395 3.987 100 2.5-4  90 7   32  1.6x10
11

  
 

 PMZNT7  29223 69 0.0330 3.987 100 4.5-7  95 7   31  1.6x10
11

  
 

 PMZNT8  29911 69 0.0297 3.978 100 4.5-7.5  95 7   29  4.5x10
11

  
 

 

 
  

 
 

 

  

 
 

 
 

Fig. 2 The XRD patterns of all ceramics (PMZNT1- PMZNT8) 
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PMZNT-4  

 

PMZNT-5  
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Fig. 3 - Scanning electron micrographs of the sintered ceramics 
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Fig. 4- Graphs of dielectric constant and the loss tangent Vs temperature of ceramics PMZNT4 and PMZNT8. 

 

 

 

 

 
 

Fig. 5- Quadratic graphs of sintered ceramics 

 


