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Abstract:- 0.6PMN-0.4PZN solid solution ceramic was synthesized by combustion method using urea as fuel at different sintering temperature 

range 1000-1170oC.The resulting powder was characterized by XRD and SEM to confirm the phase and particle size. A good correlation was 

obtained between dielectric properties with structure, microstructure and density. The maximum dielectric constant for 0.6PMN-0.4PZN sintered 

at 1100oC is found to be 17449 with Curie temperature 43oCat 100 Hz. 
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I. INTRODUCTION:- 

Lead based perovskitesexhibit excellent dielectric and 

ferroelectric properties and known to be potential candidate for 

applications such as MLC and electrostrictive actuators. The 

main feature of relaxor ferroelectrics is a frequency dependent 

dielectric constant with a broad peak around Curie temperature 

(Tc)and shift of Tc with frequency. 

Lead Magnesium Niobate PbMg1/3Nb2/3O3 (abbreviated as 

PMN) and Lead Zinc Niobate, PbZn1/3Nb2/3O3(abbreviated as 

PZN) are relaxor type ferroelectric materials with partially 

disordered perovskite structure[1-3].  

PMN and PZN exhibit high relative permittivity with Tc at -

10
o
C and 140

o
Crespectively which can be arbitrarily 

controlled and adjusted near to room temperature by suitably 

varying the content of PZN in PMN-PZN[4-10]. Continuous 

efforts have been made to develop new compositions to 

improve the dielectric performance for specific applications.  

To the best of our knowledge even after having made an 

extensive literature survey very little work has been reported 

on composition 0.6PMN-0.4PZN ceramic [6,11]. In recent 

years, combustion synthesis has been established as a quick 

preparation process to produce multicomponent oxide 

ceramics powders without the intermediate decomposition and 

/or calcining steps [12-17] and the technique has already been 

tried in the synthesis of PMN-based materials [13]. Sousa etal 

[16] showed that when a metal such as niobium cannot be 

found in the form of a nitrate salt, oxide itself can be used as 

precursors, even if it does not contribute to the combustion 

reaction. The presence of inert oxide in the precursor mixture 

does not significantly affect its redox character although it 

might require the use of extra fuel. Considering Nb2O5 remains 

as inert during the reaction, the amount of urea must only 

balance those of the lead and magnesium nitrates[18]. 

In the current studysolid solution of composition 0.6PMN-

0.4PZN is synthesised using combustion route to know the 

stability of perovskite phase formation and improvement in 

dielectric properties to explore the possible applications in 

MLC and actuators. 

II. EXPERIMENTAL DETAILS: 

The chemicals used for the synthesis of 0.6PMN-0.4PZN 

composition are Lead nitrate Pb(NO3)2(99%,Aldrich), 

Mg(NO3)26H2O(99.995%, Aldrich), Zn(NO3)26H2O(99.995, 

Aldrich) , Nb2O5( 99.9% Sigma) as cation precursors and urea 

[CO(NH)2)2] (99.99% Sigma-Aldrich) as fuel .Urea is taken as 

fuel as it is cheap and  known for producing highly uniform, 

complex oxide ceramic powders with precisely controlled 

stoichiometry.All ingredients were first weighed as per given 

stoichiometry in precleaned borosil beaker with help of Meter 

163AE, electronic balance. Then 5-10 ml distilled water was 

added to form a homogeneous mixture by stirring with glass 

rod and then heated on a hot plate at100
o
C for 15-20 minutes. 

The mixture is in the forms of a slurry was then introduced in 

a muffle furnace preheated at 550±10
o
C. The liquid froths for 

a while and then start thickning by giving out the gases 

evolved. After that mixture get ignited and burnt with flame to 

yield fine foamy relaxor ferroelectric oxides in less than 5 

minutes.The fragile foam was then ground in agate mortar 

with pestle to obtain fine particles. Then it was calcinated at 

800
o
C for 1 hr to remove the deposited carbon and the 

unreacted organic residues to get phase pure compound [19]. 

The calcined powder was then recrushed to obtained 

homogeneous fine powder in which 1.7 wt% polyvinyl acetate 
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was added and pelletized  (1-2mm thickness and 1cm 

diameter) at uniaxial pressure (1 ton/cm
2
) in a stainless steel 

die.  

 Then pellets were sintered in closed alumina crucible at 

temperatures between 1000-1170
o
C for 2 hrs. The rate of 

heating during calcination and sintering was 10
o
C 

per/min.[20]. During the sintering the pellets were covered 

with the powder of the same composition to minimize the PbO 

losses.Later the pallets were furnace cooled.  

The samples were characterized by XRD and SEM for the 

identification of the phases and to study the microstructural 

features of the samples. Grain sizes of the sintered ceramics 

were estimated from the SEM images using linear intercept 

method. The apparent density of the sintered specimens was 

calculated by Archimedes water displacement method and the 

relative density (percentage of theoretical density) was 

determined. For electrical measurements the surfaces of the 

sintered ceramic were polished 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 (εmax and tanδ) were made using 

impedance analyser (Model 4194A Hewlett Packard) in the 

frequency range 100Hz–100kHz between 30
o
C to 110

o
C. The 

dc resistivity is determined at room temperature using 

Picoammeter(Model DPA-111) applying voltage =30V. The 

dielectric properties of the sintered ceramics were 

demonstrated in terms of second phase, grain size and density 

using XRD and SEM study. 

III. RESULTS AND DISCUSSION: 

The XRD pattern shows the presence of mixed phases such as 

pervoskite major phase and pyrochlore minor phase as shown 

in fig.1. The pyrochlore phase is found to be decreased with 

increased in sintering temperature up to 1100
o
C.Further 

increase in sintering temperature after 1100
o
C, pyrochlore 

phase is found to be decreased. 

The significant presence of pyrochlore in combustion prepared 

samples might be due to starting ingredientsNb2O5 which is 

not in nitrate form and therefore leads to inhomogeneity of 

chemicals and hinders the formation of single pervoskite phase 

.At higher sintering temperature, pyrochlore increase is due to 

volatization of PbO similar to reported in previous study [21]. 

It is observed that density of ceramics increases with increase 

in sintering temperature(Table 1). 

Table: 1 Dielectric and physical properties of sintered ceramics of 

composition 0.6PMN-0.4PZN 

 

Fig : 1 Xray Photographs of sintered ceramics at room temperature 

 

Fig 2: Scanning electron micrographs of sintered ceramics 

 

Fig 3: Temperature dependence of dielectric constant and loss tangent of 

sintered ceramics at 1150oC 
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The SEM images of the ceramics sintered at different 

temperatures are shown in Fig. 2. Combustion powder grains 

morphology is similar to that of powder prepared by 

alternative method i.e. Columbite method as mentioned in 

[18]. All the samples exhibit similar microstructure (hexagonal 

shaped) except the variation of grain size and porosity. Further 

the grain size increased and porosity decreased with increase 

in sintering temperature. This result is in good agreement with 

achieved density values. The grain size for samples sintered 

at1000 and 1100
o
C varies from 1.2-2 µm and 2.5-4 µm 

respectively while for1150
o
C grain size increases remarkably 

i.e. 4-6.5 µm. and almost same after 1150
o
C and at 

1170
o
C(Table1)  

The electrical resistivity of ceramics determined is found to be 

> 10
11 

Ω-cm. 

Fig.3 shows the graph of dielectric constant and the loss 

tangent Vs temperature which indicates that maximum value 

of relative permittivity decreases with increasing frequency 

while that of dielectric loss tangent increases with frequency 

reflecting relaxor behaviour of the ceramics .The Tc and 

dielectric values of ceramics are reported in table 1.The 

highest value of ε= 17449 is obtained with Tc =43
o
C, 

dielectric loss = 0.064 at 100Hz for pallet sintered at 1150
o
C 

having relative density= 91%.The higher dielectric values can 

be attributed to high density and less content of pyrochlore 

phase .The sintering temperature 1000
o
C is deficient for the 

0.6PMN-0.4PZN ceramics to densify.Therefore relative 

density of the sintered ceramic is low because the pores 

present degrades the dielectric properties as ε= 1 for air. 

Higher sintering temperature provides greater thermal 

activation energy for grain growth and elimination of pores 

thus increases density. As the grain size increases the number 

of grain boundaries get decreased which usually traps PbO 

having low dielectric constant (Ɛ=20) and thus increases the 

dielectric constant [23]. 

It seems from the present study that sintering temperature 

1100
o
C is the optimised temperature to get better 

microstructure and higher dielectric values similar to that of 

ceramics obtained by columbite route.It is observed that 

relatively low dielectric valuesare obtained in case of 

combustion derived samples than samples prepared by 

combustion route. The obvious reason is the higher % of 

pyrochore (2
nd

 phase ) formed in combustion method and 

relatively low density attained. This might be due to non-

availability of Nb2O5in nitrate form and suitable solvent to 

form its solution.  

IV. CONCLUSION: 

The ceramic exhibit broad phase transition and frequency 

dispersion in relative permittivity plot with temperature and 

frequency which confirmed the typical relaxor behaviour of 

ceramic. The maximum dielectric constant = 17449 at Tc=43
o
C 

is obtained for ceramic with density 91 %. The study reflect 

ceramic of composition 0.6PMN-0.4PZN exhibit the dielectric 

properties suitable for as MLC and actuators applications.This 

work shows that Combustion synthesis iscost effective and 

reduced overall synthesis time. 

It is felt that the suitable solvent for Nb2O5 will definitely 

improve the dielectric properties by increasing homogeneity of 

the mixture and increasing perovskite phase formation. 
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