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Ferroelectric systems having perovskite structure triggered the attention of the scientific 
community for the fundamental physics and their practical device applications such as 
actuators, transducers, filters, resonators and storage devices. At present most devices are made 
of lead based ferroelectric materials, however due to the toxic nature of lead, there is an urge 
for the environmental friendly lead-free materials with properties better or comparable with 
lead based materials. The (Na0.5Bi0.5)TiO3 (NBT) attracts special attention in recent years as 
the potential candidate for the lead free ferroelectric materials due to its relatively better 
ferroelectric and dielectric properties. For successful realization of device applications, there 
are several issues associated with NBT-based systems that need to address prior to marketing 
the product: (i) high dielectric loss, (ii) large conductivity, and (iii) high coercive field (~73 
kV/cm). It has been well established that fabrication of solid-solution of two similar types of 
perovskites with composition near the morphotropic phase boundaries (MPB) is the most 
suitable approach to improve its properties to meet the requirements for practical uses. In the 
present investigation, we have studied the composition and temperature driven phase transition 
behaviour of NBT-BaTiO3 solid solution near the MPB. 

The solid solutions of (1-x) Na0.5Bi0.5TiO3- x BaTiO3 x 
synthesized using sol gel auto combustion method and sintered using microwave sintering 
technique. The x-ray diffraction, in-situ temperature dependent dielectric, Raman scattering 
studies, ferroelectric properties, current-voltage (I-V) characteristic were studied over wide 
range of experimental conditions. On the addition of BaTiO3 into parent compound 
Na0.5Bi0.5TiO3, induces a structural phase transition from a single phase R3c (x = 0) to a dual 
phase R3c+P4mm close to x = 0.06 and 0.07 and transform to another single phase P4mm at 
higher composition (x = 0.08 to 0.10) as observed from our Rietveld refinement and Raman 
spectroscopic results. A discontinuous change in the Raman mode frequencies and line width 
across these structural transitions are observed. Also an anomalously enhancement of 
polarization (2Pr) was observed for x = 0.06 and 0.07. The anomaly in 2Pr

 values have been 
explained based on the existence of morphotropic phase boundary due to complex mixed 
crystal structure. The leakage current behaviour follows space-charge conduction mechanism 
with Ohmic nature at low applied electric fields and trap assisted conduction at high electric 
fields. The electric-poling effectively reduces the leakage current, which, in turns, improves 
the concave shape of the hysteresis loops and the saturation polarization. 
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Classification of  ferroelectrics

J. Glaum et al. J. Am. Ceram. Soc. 97[3], 665 (2014)



 Spontaneous Polarization (Ps)
 Remnant Polarization (Pr)
 Coercive Field (Ec)

 Ferroelectric materials have permanent dipoles and
so there molecular structure lack center of symmetry.

 All ferroelectric crystals must be piezoelectric though
the converse is not true.

 All ferroelectric materials have one or more phase
transition temperatures.

 Structural change take place at the curie temperature.
Phase transitions are state of “symmetry breaking”.

 Immediately above the curie temperature, the
dielectric constant of a ferroelectric material obeys
Curie -Wiess law.

 A ferroeletric is generally defined as one of which
exhibits hysterisis loop.

Ferroelectrics



Why lead free?Why lead free?
lead content is (> 60 wt. %) which is 

toxic. 
lead (Pb) release to the environment 

at time of processing and remain  for a 
long time in the environment and 
damages the brain and nervous 
system.

 It could introduce  to the ecosystem 
and cause “acid rain”.

Restoring and recycling of lead-based 
materials  is an  extensive 
environmental issues.

It can not be used as transducers 
materials in therapeutic applications.

Rödel et al. J. Am. Ceram. Soc., 92[6] 1153-1177 (2009)
Y. Saito et al. NATURE | VOL 432 | 4 NOVEMBER 2004

Most studied systemMost studied system
PT(PbTiO3)
PZT (Pb(ZrxTi1−x)O3 )
PLZT (Pb1−xLax(ZryT1−y)1−x/4O3) 
PMN-PT (Pb(Mg1/3Nb2/3O3)-

(PbTiO3)



Why Na0.5Bi0.5TiO3 (NBT)?Why Na0.5Bi0.5TiO3 (NBT)?

Lead free Perovskite compound. 
Ferroelectric at room temperature.
High Curie temperature (Tc>320 0C)
 Large Remnant  polarization (38 C/cm2)
NBT is A-site  active perovskite compound . 
NBT has unlike Na+1 and Bi+3 cations at the A sites.
Bi+3 ions are isoelectronic configuration with Pb+2, 

both showing a lone pair effect.
Recently NBT has been reported to be relaxor

ferroelectrics.
J. Kreisel and A. M. Glazer  Phys. Rev. B, 63, (2001) 174106,  
Tu et al., Phys. Rev. B 49  (1994) 11550 
V. Dorcet et al Chem. Mater. 20 ( (2008) 5061-5073 , 
V. Dorcet et al Chem. Mater. 20 ( (2008) 5074-5082 

ABO3: B cation has 6-fold
coordination, surrounded by an
octahedron of anions,
A cation has 12-fold coordination
no.

Ra, Rb, Ro are the ionic radius of ion 
A,B and O. Stable value of T= 
0.880<T<1.090



Important features of  Na0.5Bi0.5TiO3

NBT shows the peculiar nature of temperature dependent phase 
transitions. 

-268-255 0C 400-500 0C                540 0C

Rhombohedral                                     Tetragonal                                         Cubic

200 0C 320 0C
Ferroelectric                                  Anti ferroelectric                               Paraelectric

Tu et al. Phys. Rev. B, 49, (1994) 11550



To overcome the above mentioned problems, we are planning to synthesize the solid solution of
(1-x) NBT - x BaTiO3 (0.0≤ x ≤ 0.12).

Study the fundamental physics related to phase transition of NBT is our primary motivation

Motivation & Objectives
 High coercive field (73 KV/cm) and High Dielectric loss.

 High conductivity cause problem during polling.

 Controversial report on phase transitions of NBT and their solid solutions.

 Effect of poling on MPB of NBT based solid solutions is not well studied.

J. Rodel et al. J. Am. Ceram. Soc., 92[6] 1153-1177 (2009) C.Lei, A.A Bokov, and Z.G.Ye, J.Appl.Phys.101,084105 (2007)
X.Han, X.Li,X.Long,H.He, and Y.Cao, J.Mater chem.19,6132 (2009)



fuel added & maintained the  PH

Solution heated at 1500C, residue was
ground for half hour, calcined at 8500C/6h

After confirmation of phase formation, prepared the  
pelletized and Microwave sintered at 1000 °C/40min

X-ray diffraction of  NBT powder for 
phase confirmation

[Ti(OCH(CH3)2]4Bi (NO3)3.5H2O

Dissolved   in distilled   water   and     stirred

NaNO3

Preliminary work done

Characterisation 9

Sample Synthesis Technique
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Characterization Technique



X-ray diffraction pattern of  NBT 

Lattice Parameter
a=b= 5.4903 (2) A°
c= 13.4685 (7) A°
V= 351.3976 A°3
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Phase transitions in Na0.5Bi0.5TiO3

Ref: Satya Narayan Tripathy, K. K. Mishra, S. Sen, and Dillip K Pradhan*, J. Am. Ceram. Soc. 97 (6), 2014, 1846-54



Rhombohedral (R3c)

(200-280 oC) Modulated Orthorhombic (R3c+ Pnma) 

Orthorhombic (Pnma) 

Tetragonal (P4/mbm+P42/mnm) 

Cubic (520-540 oC) (Pm-3m)

Second order Phase transition (~320 oC)  

TA-O

Td

TC

First order phase transition  

G. Trolliard and V. Dorcet, Chem. Mater. 20, 5074 (2008).
V. Dorcet, G. Trolliard, and P. Boullay, Chem. Mater. 20, 5061 (2008).

P4/mbm Disappears   around ~ 450 °C

Sequence of  Phase transitions in Na0.5Bi0.5TiO3



X-ray diffraction patterns 

Room temperature Rietveld refinement of X-ray diffraction patterns of the 
solid solution (1-x) NBT-x BT for the compositional range (0.00≤x≤0.10).

(1-x)Na0.5Bi0.5TiO3-xBaTiO3



Continues…….X-ray diffraction patterns 

(1-x)Na0.5Bi0.5TiO3-xBaTiO3



Contribution of  cell volume percent in the 
(1-x)-xBT solid solution with composition 



Raman spectra of  NBT sample at room temperature



NBT 0.04 BT

0.05 BT 0.06 BT

0.07 BT 0.10 BT

FESEM micrographs of  NBT-BT solid solution



Ferroelectric polarization verses Electric field measured at 10 
Hz for NBT-BT solid solutions

 Upon application of E-field, the free charge
carriers get sufficient energy to move from
one place to another and compensate the
deficiencies.

 This makes the octahedra more perfect and
enhance the net dipole moment in the
direction of applied field results a reduction
of domain walls pinning, and compensation
of defect density on poling gives rise to well
saturated ferroelectric loop.



Continues…

Ferroelectric polarization verses Electric field measured at 10 
Hz for NBT-BT solid solutions



Ferroelectric polarization verses Electric field measured at 10 
Hz for NBT-BT solid solutions

Continues…



Variation of  2Pr and Ec as a function of  BT composition

An abnormal enhancement in the value of
Pr and Ec observed near x=0.06 and x=
0.07 BT composition which could be due
to the resultant contribution from the
rhombohedral (R3c) and tetragonal
(P4mm) dual phases as confirmed from
Rietveld analysis.







Conclusions
 Solid solutions of (1-x) Na0.5Bi0.5TiO3- x BaTiO3 (0.00 ≤ x ≤ 0.10) ceramics were synthesized

by sol gel auto combustion technique and sintered the ceramics using microwave sintering

technique.

 A compositional driven structural phase transition from R3c to P4mm through the 

coexistence of R3c+P4mm was observed in the solid solution (0.00 ≤ x ≤ 0.10) using Rietveld 

refinement technique.

 Incorporation of BaTiO3 concentration into parent composition Na0.5Bi0.5TiO3, shows 

decrease in the grain size of the sample as observed FESEM micrographs.

 Near the morphotropic phase boundary composition i.e. x = 0.06 and 0.07, an improvement 

in the ferroelectric properties (2Pr
0) was found. 

 The leakage current behaviour with electric field in the solid solution (1-x) Na0.5Bi0.5TiO3- x

BaTiO3 (0.00 ≤ x ≤ 0.10) follows the bulk-limited space-charge conduction mechanism.



Continues…….

 The electric-poling is effective in (i) evolution of well-defined real ferroelectric loop and 

(ii) decrease in the leakage current of the prepared materials as compared to unpoled 

materials.




