
1.	 Introduction

Lead-containing ferroelectric materials such as 
Pb(Zr1-xTix)O3 (PZT) based ceramics (together with other toxic 
materials), have been widely used in numerous technological 
applications due to their excellent piezoelectric properties. 
However, the rapid growing amount of electronic residues and 
its incorrect elimination is becoming a  major environmental 
problem. As a  consequence of this global issue, since 2003 
the European Union included the PZT in its legislation, joint 
with other dangerous substances that should be replaced with 
safe materials [1,2]. Furthermore, since 2006 the European 
Parliament adopted guidelines for waste electrical and 
electronic equipment (WEEE) [2] and the restriction of the 
use of certain hazardous substances in electrical and electronic 
equipment (RoHS) [1], to protect the human health and the 
environment through the substitution of hazardous substances 
with safer or safe materials. For these reasons, the interest in 
research on lead-free materials has recently increased, making 
it one of the current guidelines on research in ceramics [3-
5]. With respect to the crystalline phases, the PZT shows in 
its phase diagram a  region of morphotropic phase boundary 
(MPB) for compositions around x = 0.48, where the coexistence 
of the tetragonal and monoclinic or rhombohedral phases is 
observed. The existence of MPB, which is characterized by the 
coexistence of different structural phases for the same material 

composition, maximizes some properties of piezoelectric 
ceramics, such as dielectric permittivity, piezoelectric 
constant, and electromechanical coupling factors [3,6]. 
Therefore, the presence of MPB in lead-free solid solutions, 
becomes a  fundamental factor. In recent years, the presence 
of MPB in different Bi0.5Na0.5TiO3-based solid solutions has 
been reported [4,5,7,8]. The Bi0.5Na0.5TiO3-BaTiO3 (BNT-
BT) solid solution has been considered as a  promising and 
one of the principal candidates for replacements of the PZT. 
However, some of its basic properties, such as the nature of the 
phase transitions and the relationship between the electric and 
mechanic responses [9,10], mainly in the MPB region requires 
further investigation, which is the purpose of this study. The 
complementary and supplementary information obtained from 
loss spectra measured in mechanical spectroscopy [11,12] and 
dielectric spectroscopy [13,14] is reported in this study. 

2.	 Experimental procedure

The ceramic samples of (1-x)Bi0.5Na0.5TiO3-xBaTiO3 
(BNT-100xBT), with x  =  0.05, 0.06, 0.07, have been 
prepared following the conventional mixed-oxide method. 
Stoichiometric amounts of Bi O , BaCO , Na2CO3, TiO2 were 
mixed in isopropyl alcohol with zirconia grinding media for 
24h and calcined at 900°C for 3h. After calcination and further 
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