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In this study, perovskite ceramics (Na0.5 Bi0.5)1-xBax[(Ti0.8 Zr0.2)0.9(Nb2/3 Zn1/3)0.1]O3 (NB1-

xBxTZNZ) were  prepared using the molten salt method. The sintering process was 
conducted at 1100°C for 4 hours in an air atmosphere. The crystal structure was examined 
using X-ray powder diffraction, which indicated that the material crystallized in a 
tetragonal structure with a space groupe P4bm. However, there was also evidence of 6% 
pyrochlore phase present. The crystallite size was found to decrease with Barium doping, 
and this decrease was attributed to the pinning effect of grain boundaries resulting from 
the formation of oxygen vacancies which reduce the AC conductivity values. Scanning 
electron microscopy was employed to examine the grain morphologies, revealing that the 
sample exhibited a compact structure. Additionally, the density of (NB1-xBxTZNZ) 
(x=0.04) was observed to be higher compared to (NB1-xBxTZNZ) (x=0.00). Barium doped 
into NB1-xBxTZNZ also caused a decrease in dielectric constant and dielectric loss. Raman 
spectroscopy was performed at room temperature on the doped ceramic with Barium, and 
we discussed the incorporation of Ba2+ in A-site of the perovskite ABO3. 
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1. Introduction 
 
Perovskites structures encompass a wide range of materials with the general formula 

ABO3. These materials have been extensively studied due to their structural versatility and 
desirable properties, such as La1-xB2+xMnO3 (magnetic) KNbO3 (ferroelectric), PbZr1-xTixO3 
(piezoelectric)[1,2]. Lead-based materials including PbTiO3(ferroelectric) and PbZrO3( 
antiferroelectric), have received considerable attention and found successful applications 
[1,3].However, the toxicity and high vapor pressure of Lead (Pb) oxide during processing has led 
researchers to explore environmentally friendly and biocompatible alternatives to lead-based 
piezoelectric ceramics  [4,5]. 

Bi0.5Na0.5TiO3 (BNT) have emerged as promising candidates due to their environmental 
friendliness and excellent ferroelectric and piezoelectric properties [6]. Sodium bismuth titanate 
(BNT) was first studied by Smolenk et al and it has been extensively studied by various 
researchers [7, 8, 9], and is known for its ABO3 perovskite structure with complex Bi3+ and Na+ 
occupancy at the A-site [10].The lone pair effect of Bi3+ion, which is responsible for high 
polarization, is similar to that of Pb2+ [11,12]. 

Doping at the A-site and B-site and simultaneous substitution have proven effective in 
improving the properties of BNT- based ceramics [13,14]. Moreover, A-site modification has 
shown greater effectiveness for BNT-based ceramics compared to B-site modifications [11]. Also, 
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The addition of Ba2+ ions affects the composition and electrical characteristics of BNT based 
ceramics [15,11]. 

The molten salt method, known for its thermal stability and high thermal and electrical 
conductivity, has diverse applications. In this method, molten salts such as NaCl and KCl are used 
to facilitate ion diffusion [16]. These salts enable the production of homogeneous and ultrafine 
powders [17].And this article highlights the fruitful molten salt in the preparation of perovskite 
with  general formula ABO3. 

Lead-free piezoelectric materials doped with Barium have been studied as excellent 
candidates for reducing environmental damage. The sodium and bismuth titanate families that fall 
under perovskite-type ceramics are seen as suitable for carrier and high-energy applications with 
high Curie temperature. NBBT compounds exhibit good stability properties, so they are excellent 
candidates for piezoelectric sensors as replacements for lead-based systems, the (Bi0.5Na0.5)TiO3- 
BaTiO3 (BNT-BT)  is found by Takenaka et al [18]. It has been one of he most important lead-free 
ceramics due to its excellent piezoelectric properties around MPB where x=0.06-0.07. However, a 
recent study of BNT-BT systems indicates that a new phase exists with a composition range 
between x=0.06 and x=0.10 which is defined as a relaxor ferrielectric phase [19]. 

The dielectric properties for (1-x)BNT-xBT with the composition of x=0.06, 0.07 and 0.11 
are investigated. Compared to conventional relaxing ferroelectrics, the dielectric permittivity as a 
function of the temperature of BNT-BT composition with x≤0.06 and x≥0.11 exhibit a large 
increase in εr at the depolarization temperature, Td, where a ferroelectric at a ferrielectric transition 
takes place [18]. 

In this study, we have chosen to substitute Bi3+ and Na+ ions with Ba2+ ions in (Na0.5 Bi0.5) 
[(Ti0.8 Zr0.2)0.9 (Nb2/3Zn1/3)0.1]O3 or NB1-xBxTZNZ(x=0) ceramic, resulting in the formation (Na0.5 
Bi0.5)0.96 Ba0.04[(Ti0.8 Zr0.2)0.9 (Nb2/3 Zn1/3)0.1]O3 or NB1-xBxTZNZ(x=0.04). 

This work aims to investigate the structural, morphological, and dielectric characteristics 
of NB1-xBxTZNZ (x=0.04). 

  
 
2. Experimental procedure 
 
2.1. Samples preparation 
The ceramics (Na0.5 Bi0.5)[(Ti0.8 Zr0.2)0.9(Nb2/3Zn1/3)0.1]O3 and (Na0.5Bi0.5)0.96Ba0.04[(Ti0.8 

Zr0.2)0.9 (Nb2/3Zn1/3)0.1]O3 were prepared using the Molten Salt Method (MSM). The starting oxide 
powders presented in table 1 were mixed with the salt (NaCl,KCl) in 1:1 ratio. The mixture was 
crushed in a glass mortar for 6 hours, and then the obtained mixture was calcined at 900°C. To 
remove the existing salt, the calcined material was repeatedly washed with hot water until no 
chloride ions were detected, confirmed by testing with AgNO3 solution. The resulting powder was 
dried at 100°C and crushed for 6 hours to regrind and reduce agglomerates formed during the 
calcinations process. 

The sintering step is crucial in ceramic production. Pellets were formed by pressing the 
powder. The most important phase in the production of the ceramic is the sintering step at different 
temperatures (1050°C, 1100°C, 1150°C, and 1200°C). The schematic diagram of synthesis 
procedure is illustrated step-by step in figure1. 
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Table 1. The commercial precursors used and their properties. 
 

Trade Name Precursors Molar 
Mass(g/mol) Purity 

Barium 
carbonates 

BaCO3 197.34 99% 

Bismuth oxide Bi2O3 465.95 99 
Sodium carbonate Na2CO3 105.99 99.5 
Titanium dioxide TiO2 79.865 99 

Zirconium 
dioxide 

ZrO2 123.222 99 

Niobium 
pentoxide 

Nb2O5 265.8090 99.99 

Zinc oxide ZnO 81.3800 99.5 
 
 
 

 
 

Fig. 1. The synthesis process of (Na0.5 Bi0.5)1-xBax[(Ti0.8 Zr0.2)0.9(Nb2/3 Zn1/3)0.1]O3ceramics by Molten-salt 
method. 

 
 
2.2. Samples characterization 
For structural characterization purpose (XRD) as prepared ceramics, the pellets were first 

crushed into fine powders.Then the structural phases were studied at room temperature by X-ray 
diffraction (XRD) using a vertical diffractometer “ BRUKER-AXE type D8” advance with CuKα 
radiation(λ= 1.5406Å), All diffraction diagrams are recorded in the angular domain 10°<2θ<70°, 
which may be sufficient for the identification of the different phases. We note that we used X’pert 
HighScore for analyzing and indexing the different lines.The pellet density is calculated using 
Archimedes’ method. 

The Raman spectra of sintered ceramics were analyzed using a micro-Raman spectrometer 
(LABRAM HRT 4600 HR 800, LaMMA, Sfax,Tunisia) with a laser excitation line of 633 nm in 
the frequency range 50-1000cm-1. The microstructures of the samples were analyzed by Scanning 
electron microscopy (SEM) (JEOL JSM-63901v). An operating system allows a computer to 
regulate it. The goal of these micrographs is to study the morphology of our samples.  

The dielectric loss (tanδ), and relative dielectric permittivity (εr) measurements were 
carried out using an impedance meter HP4284A. 
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3. Results and discussion 
 
3.1. Density 
The study of density is important in optimizing the sintering temperature, as higher density 

indicates better material quality [20]. For the composition NB1-xBxTZNZ (x=0 and x=0.04) at 
various sintering temperatures from 1050°C to 1200°C were tested to achieve the densest ceramic. 
The densities diagram in figure 2 shows the relationship between density and temperature.  

Density initially increased with the sintering temperature until reached the optimum 
density, after which it decreased. However, a significant change in density was observed for the 
ceramic doped with Barium. Both compositions generally showed the same trend, with density 
increasing with the sintering temperature and reaching a maximum value of 5.87g/cm3 at 1100°C 
for NB1-xBxTZNZ (x=0.04). Therefore, the optimum sintering temperature was determined to be 
1100°C. 

The increase in density indicates a compact structure with fewer pores [9,21]. To 
determine the experimental density, the following formula was used [22], is presented in table 2. 

 
𝜌𝜌exp= 𝑚𝑚

𝜋𝜋×𝑡𝑡×𝑟𝑟2
     (1) 

 
Here, m, t and r represent the masse, thickness, and radius of the prepared pellet samples, 

respectively. We chose the composition at the optimal temperature for the rest of our study. 
 

 
 

Fig. 2. Illustrates the evolution of density as a function of the sintering temperature 
for NB1-xBxTZNZ (x=0 and x=0.04) ceramics. 

 
 
3.2. XRD 
Moving on to the X-ray diffraction XRD analysis, figure 3a shows the XRD pattern of the 

NB1-xBxTZNZ (x=0 and x=0.04) ceramics sintered at 1100°C for 4 hours. It indicates the 
formation of a perovskite structure. Based on tetragonal symmetry, with space group P4bm the 
XRD pattern was indexed. We used X’Pert HighScore for analyzing and indexing the different 
lines. The average diffraction peaks matched with ICSD card N° 98-028-0984. There was a good 
agreement between the X-ray peak position and the reference pattern. However, a small amount 
(6%) of the pyrochlore phase was present. 

When comparing the XRD pattern of the undoped ceramic with the pattern of the  barium 
doped ceramic, the diffraction peaks (002) and (220) shifted significantly toward lower angles due 
to the different lattice parameter of samples [15], the magnified image of this diffraction peaks is 
shown in figure 3b.The size of Ba2+ (0.161 nm) with a coordination number of 12 is bigger than 
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the average radius of (Bi3+and Na+) leading to increased lattice constant, and cell volume which 
are indicated in table 2. and downward shift of the peak positions [23,11]. 

The substitution of Ba2+ for A site ions usually causes an increase in lattice parameter and 
interplanar spacing according to the formula for Bragg diffraction[24, 28] : 

 
                   2dsinθ = nλ                                                     (2) 

 
where d is the interplanar spacing, θ is the diffraction angle. The increase in the cell parameter 
confirms the perfect incorporation of Ba2+ ion into the NB1-xBxTZNZ(x=0) lattice [11]. 
Goldschmidt tolerance factor (t) is generally used to determine the stability of a perovskite 
structure, and the degree of lattice distortion associated with it [11,25, 20] 

The formula for the tolerance factor is:      
 

t = rA+ro
√2+ (rB+ro)

              (3) 

 
where rA: average ionic radius of A-site atoms, rB: average ionic radius of B-site atoms. And  rO : 
the ionic radius of the O-2 ion. 

The tolerance factor for NB1-xBxTZNZ (x=0)  compound is calculated to be: 0.9268 using 
the above equation, and the value of t=0.9314 for NB1-xBxTZNZ (x=0.04) is attributed to be 
slightly increased after adding Ba2+ [11], with : R(O)=1.40Å, R(Ba2+)=1.61Å, R(Na+)=1.39Å, 
R(Bi3+)=1.17Å, R(Zr4+)= 0.72Å, R(Ti4+)= 0.60Å, R(Zn2+)=0.9Å and R(Nb5+)=0.74Å. 

The decrease in lattice strain from 0.081% to 0.027% implies a decrease in the distortion 
of the crystal structure. therfore, decreasing the lattice strain by changing the composition in the 
perovskite system can increase the tolerance factor. The lattice strain was calculated from the 
following equation [25]:  

 
∆L
L

 = Lc−La
Lc

× 100      (4) 
 
where La is the a lattice parameter of NB1-xBxTZNZ (x=0 and x=0.04) ceramics, and Lc is the 
reference lattice parameter of the tetragonal structure P4bm (ICSD card N° 98-028-0984). 

With the addition of Ba2+ the peak positions shift towards lower angle and the peak is also 
getting broadened it implies that crystallite size was decreasing with addition of Barium [26], this 
is confirmed after calculating the crystallite size with two methods, Deby-scherre and Williamson-
Hall method. In addition, we have collected these values in table 2. The change of lattice 
parameter value indicates the interrogation of the Ba2+dopant in A-site [22]. 
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Fig. 3.  a) X-ray indexed diffraction patterns of NB1-xBxTZNZ (x=0 and x=0.04) ceramics. b) XRD in the 
range of 2θ [45°-47°]. 

 
 
We calculated the Lattice parameters with two methods: Using (hkl) values and inter 

planar spacing [22] and by using the Cellref program [27]. 
Using (hkl) values and interplanar spacing according to the relation, the lattice parameters 

of the tetragonal structure were determined: 
 

1
d2

= h2+k2

a2
+ l2

c2
                           (5) 

 
The lattice parameters were calculated from the XRD data using the two methods as 

shown in table 2, also, the volume of the Unit cell of the synthesized samples have determined by 
multiplying a2*c and presented in table 2. [22]. 

The X-ray density of the synthesized sample have determined by equation [22]. 
 

𝜌𝜌𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑍𝑍 𝑀𝑀
𝑉𝑉𝑎𝑎 𝑁𝑁�         (6) 

 
where Z, M, Na and V is the number atoms per unit cell, the molar masse, Avogadro’s number and 
lattice constant of samples respectively. 

The following relation was used to determine the porosity of NB1-xBxTZNZ  samples :  
 

𝑝𝑝 = �1 − 𝜌𝜌𝑒𝑒𝑒𝑒𝑒𝑒
𝜌𝜌𝐶𝐶𝐶𝐶𝐶𝐶

� × 100       (7) 
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Table 2.  Structural parameters of NB1-xBxTZNZ(x=0 and x=0.04). 
 

Samples Lattice 
parameters 

Calculated (Å) 
 

Lattice 
parameters 

obtained  by 
Cellref (Å) 

cell 
volume 

(Å3) 
 
 

Density 
(g/cm3) 

 
 

Grain 
size 
(µm) 

Average crystallite size 
(nm) 
 
 

Porosity 
% 
 
 

a=b c a=b c  V ρexp ρcal Deby-
Scherrer 

Williamson-
Hall 

x=0 5.513 3.893 5.5135 3.9103 118.87 5.78 6.63 2.249 43.4351 48.31 0.13 
x=0.04 5.526 3.892 5.5165 3.9098 118.98 5.87 6.66 2.010 36.086 45.76 0.12 
 

 

 

 
Fig.4. Williamson-Hall (W-H) analysis of NB1-xBxTZNZ  (x=0 and x=0.04) Sintered at 1100°C. 

 
 
Crystallite size D was estimated using Deby Scherrer’s equation Dsch and Williamson-

Hall method Dw-h as follows [29,22,30]:         
 

𝐷𝐷𝑆𝑆𝑆𝑆ℎ =  𝐾𝐾𝐾𝐾
𝛽𝛽 cos𝜃𝜃

       (8) 

and     
𝛽𝛽 cos𝜃𝜃 = 𝐾𝐾𝐾𝐾

𝐷𝐷𝑊𝑊−𝐻𝐻
+ 4𝜀𝜀 sin𝜃𝜃          (9)  

 
where K= 0.9 is the Scherrer constant, D is the crystallite size, λ = 0.154 nm is the wave-length of 
the x-ray source, ε is the strain and θ is the diffraction angle corresponds to the radian peak 
position.  

The fitting line obtained when plotting βcosθ versus 4sinθ is used to estimate the average 
crystallite size, D [31]. 

Figure.4 shows the Williamson Hall plot approach, the slope of the plot  βcosθ versus 
4sinθ gives the value of microstrain and intercept results crystallite size. 

It is evident from the table.2 that the crystallite size DW-H for the composition NB1-

xBxTZNZ (x=0) achieves a maximum value of 48.311nm and that after adding Ba2+, the crystallite 
size dropped to 45.76nm. Same thing for the Deby-Scherrer method the crystallite size decreases 
from 43.4351nm to 36.086nm.  

In the Williamson-Hall method, the broadening due to strain is completely suppressed and 
thus the crystallite size is larger when compared to the deby-scherrer method [32]. 
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3.3. RAMAN spectroscopy 
The ceramics samples were also investigated by Raman spectroscopy.This technique is 

used to analyze the structure and phase shift of NB1-xBxTZNZ ceramics and examine vibration, 
rotational and other low frequency modes [22]. Figure 5 represents the Raman scattering spectra of 
NB1-xBxTZNZ (x=0, x=0.04) were performed in the range 100 to 1000 cm-1 at room temperature. 

According to figure 5 compared to that of undoped ceramic the Raman modes for NB1-

xBxTZNZ (x=0.04) are much stronger, suggesting that the crystallinity of the undoped ceramic is 
enhanced by the addition of Ba2+ ions [22,15]. 

About four regions were detected in the spectra and they are almost identical to those 
previously reported for BNT based ceramics [33, 9,24]. This ceramic sample can be deconvolated 
into five main peaks which are located at: 110, 264, 531, 624 et 800 cm-1 which agrees with the 
reports of other researchers [6,8]. 

The peak at 110cm-1 is mainly affected by the Na+, Bi3+ and Ba2+ of the A-site vibration in 
the ABO3 style perovskite ceramics [33,34,24]. This wavennumber confirms the presence of a 
larger volume of Ba2+ in the NB1-xBxTZNZ(x=0.04) compared with (Na+, Bi3+) [35]. 

200-450 cm-1 modes could be related to the vibration of Ti-O [6]. Also, the peaks in the 
range from 450 to 700 cm-1 are associated with the TiO6 octahedra vibration,and the high 
frequency regions above 700cm-1 were seen to be related to A1(longitudinal optical ) and E 
(longitudinal optical) overlapping bands [33,6]. 

The Raman spectroscopy results confirm that the formation of the perovskite structure was 
successful, which is confirmed by XRD. 

 

 
 

Fig. 5.  Raman spectrum of NB1-xBxTZNZ  (x=0 and x= 0.04) at room temperature. 
 

 
3.4. SEM micrographe 
Scanning electron microscopy images of surfaces and grains size distribution of NB1-

xBxTZNZ (x=0 and x=0.04) samples are shown in figure 6.  The histograms of average grains size 
were calculated using Image j software. The data obtained were adjusted utilizing the ‘Gaussian 
function’ as demonstrated in figure 6.  

Through it, we can say that the ceramic NB1-xBxTZNZ (x=0.04)  is dense and the porosity 
is low. After adding Barium, the average grain size of NB1-xBxTZNZ (x=0.04) fell to 2.010 μm 
from 2.249 μm .which implies the Ba2+addition inhibits grain boundary mobility and suppresses 
the grain growth [23]. 

This reduction can also be correlated with pinning effect of grain boundaries from the 
formation of oxygen vacancies [36]. The present result agrees with the average crystallite size, D, 
determined with the above XRD analysis, because XRD gives crystallite size whereas SEM gives 
grain size [37]. 
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Fig.6.  SEM micrograph and size distribution of the samples NB1-xBxTZNZ (x=0 and x=0.04) respectively. 
 
 
In addition, from the SEM micrograph of NB1-xBxTZNZ (x=0.04) it can be seen that the 

presence of the pyrochlore phase, it is remarkable for its pyramid shape [38], and this can be 
shown by the following figure 7. This confirms what we found in DRX. 

 
 

 
 

Fig. 7. High magnification image showing the shape of the pyrochlore phase in NB1-xBxTZNZ (x= 0.04). 
 

 
3.5. Dielectric measurements 
One of the most crucial characteristics of ceramic materials is the dielectric spectrum. 

Therefore information about the relative permittivity of the tested material is provided by electrical 
research for specified orientation of the electric field and frequency depending on the types of 
polarizations responsible for relaxation and defects in the ceramic sample [40]. 
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Fig.8. a)Variation of relative permittivity εr,, and b) tangent loss tanδ, of NB1-xBxTZNZ(x=0 )  compound 
with temperature at selected frequencies. 

 
 

 
 

Fig. 9. a)Variation of relative permittivity εr,, and b) tangent loss tanδ, of NB1-xBxTZNZ(x=0.04 )  compound 
with temperature at selected frequencies. 

 
 
Figure (8 and 9) Show  the variation of relative dielectric permittivity (εr) and tangent loss 

(tanδ) of NB1-xBxTZNZ  (x=0 and x=0.04) samples have a similar tendency of their variation with 
temperature and with frequency. 

With the temperature the relative permittivity (εr) of each sample increases first slowly 
then quickly without reaching the maximum value within the temperature range of our experiment  
at  which should have the transition between  the ferroelectric phase and the paraelectric phase 
known in the ceramic type BNT. This rapid increase maybe due to the presence of space charge 
polarization in the materials [30,37,39]. 

The insertion of 4% of Ba2+ ions with the change of tolerance factor and the temperature 
tends to distort the perovskite lattice while changing its cell volume which indicated in table 2.  

Two anomalies can be noticed on the εr-T curves at low frequency (≤1KHz) at T=461K 
and T= 621K for NB1-xBxTZNZ (x=0.00) even at little less temperature T= 397K et T=498K for 
doped sample of 4% of Barium. These anomalies can also be distinguished in the ferroelectric 
region in the tanδ-T curves. It could be due to domain wall displacements at high temperature, 
resulting in Bi3+ or oxygen vacancies induced by new doping in the crystal lattice, even some 
disorder in grains which can produce a relaxation charge process. The values of relative dielectric 
permittivity and tangent loss (tanδ) of NB1-xBxTZNZ (x=0.00 and  x=0.04) are classified in table 3. 

The change in value of relative permittivity εr of materials depends on grains, grains 
boundaries and different types of defects like oxygen and bismuth vacancies present in the 
material NB1-xBxTZNZ (x=0.04), generally these important factors lower the value of relative 
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permittivity (εr) [40].And this decrease in the dielectric constant may be due to the difficulty of 
reversing the polarization of the domains in the small grains [11]. 

About the angle of loss (tanδ), it is clearly observed for the two samples, that this electrical 
dissipation factor first increases slowly with the increase in temperature until reaching a maximum 
value at high temperature. The highest losses of (0.02188, 0.02147 at 298K) in 100Hz and 500Hz 
respectively are defined in the undoped system, on the other hand, they are in order of (0.02017, 
0.0188 at 298K) are lower in the doped system which has a greater density than undoped one. 

This reduction in (tanδ) for NB1-xBxTZNZ (x=0.04) may be due to a decrease in the  
electrical conductivity of the residual current and absorption current [13]. So, we will study the 
conductivity and the activation energy for these simples. 

 
 

Table 3. comparison of values of dielectric constant (εr), and loss tangent (tanδ) at 298K  temperature, and 
the activation energie Ea at different frequencies of NB1-xBxTZNZ  (x=0 and x= 0.04). 

 
 x=0.00 x=0.04 
Frequency εr Tan δ Ea εr Tan δ Ea 
100Hz 641.05 0.02188 1.219 341.54 0.02017 0.8384 
500Hz 628.61 0.02147 1.0138 335.91 0.0188 0.7519 
1KHz 622.85 0.02176 0.9234 333.27 0.01906 0.73509 
50KHz 587.66 0.02666 0.4569 316.32 0.02457 0.7175 
500KHz 564.12 0.03395 0.3574 304.18 0.03045 0.6693 
1MHz 557.44 0.03811 0.2785 300.28 0.0326 0.6416 

 
 
3.6. Studies of electrical conductivity 
The ac conductivity of material was calculated using the well-known relation [11, 42]: 
 

𝜎𝜎𝑎𝑎𝑎𝑎 = 𝜔𝜔𝜀𝜀𝑟𝑟′𝜀𝜀0 tan𝛿𝛿     (10) 
 
where 𝜔𝜔: 2πf is the angular frequency, 𝜀𝜀𝑟𝑟′: is the relative permitivity and 𝜀𝜀0: is the vacuum 
dielectric constant. 

Figure 10shows the variation of ac conductivity with inverse of absolute temperature at 
some selected frequencies of NB1-xBxTZNZ  (x=0 and x=0.04).  

For all temperature the conductivity of the material increases with an increase in 
frequency. 

In this study, the substitution of Bi3+/Na+ by Ba2+ at A-site decreases the grain size and 
leads to the formation of Oxygene vacancies and Bi3+ vacancies. We found that the conductivity of 
the undoped sample is maximum and its value reduces for the Ba2+ doped sample. This type of 
reduction can be attributed to ion compensation resulting from the formation of both oxygen 
vacancies and ion vacancies [41]. And maybe the decrease of grain size for the NB1-xBxTZNZ 
(x=0.04) sample, which results in grain boundaries growththerefore less electron transfer from 
grain to grain [1], because in ceramic material the dielectric structure is made from two layers, the 
first corresponds to conductive grains and the second to poorly conductive grains boundaries [30]. 

The conduction mechanism was determined by analyzing the activation energies. The 
activation energy of the samples is calculated based on the Arrhenius relationship [30]: 

 
𝜎𝜎𝑎𝑎𝑎𝑎 = 𝜎𝜎0𝑒𝑒𝑒𝑒𝑒𝑒 �

−𝐸𝐸𝑎𝑎
𝐾𝐾𝑏𝑏𝑇𝑇

�                (11) 

 
where:𝜎𝜎0represents the pre-exponentiel factor, 𝐾𝐾𝑏𝑏represents the Boltzmann constant and T stands 
for the absolute temperature. 

To estimate the activation energy, a graph is plotted between ln(𝜎𝜎𝑎𝑎𝑎𝑎) and1000 𝑇𝑇⁄ . The 
slope and intercept of the plot determine the activation energy [41]. The values of activation 
energy are given in table 3. 
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Fig. 10. Variation of ac conductivity with inverse temperature at different frequencies of NB1-xBxTZNZ  
(x=0 and x=0.04) ceramics. 

 
 
It is clear from the table 3 that in with increases in frequency the value of the activation 

energy decreases which may be due to the improved  electronic jumps between localized states. 
We know that the activation energy is nothing but the minimum amount of energy required to 
activate atoms or molecules into a state in wich they can undergo physical transformation [30]. 
Also, the activation energy obtained for the Ba2+ doped ceramic proves to be relatively lower than 
activation energy obtained for the undoped sample at low frequencies (≤1KHz), which suggests 
that by substituting  Ba2+, it is easier to activate conduction electrons at low frequencies [41], but 
in high frequencies (≥50KHz) and high temperature, the activation energy obtained for the Ba2+ 
doped ceramic is found to relatively larger than activation energy obtained for the undoped sample 
that may be due to when Ba2+ ions dope into the A-site of NB1-xBxTZNZ (x=0), it limits the 
volatilization of Bi/Na, consequently  the activation increases [11].  

 
 
4. Conclusion 
 
The polycrystalline powders NB1-xBxTZNZ (x=0 and x=0.04)  ceramics are prepared using 

the Molten Salt synthesis (MS).We chose a sintering temperature of 1100°C to obtain dense 
ceramics with the ideal phase composition. We investigated the impact Ba2+ doping in the 
structural and morphological properties of these ceramics. Tetragonal structure was seen in the 
structural properties with the space groupe P4bm from X-ray diffraction and this was further 
validated by Raman spectroscopy. But a secondary phase pyrochlore is obtained. The results of 
DRX, SEM and RAMAN spectroscopy confirmed suitability of molten salt method MS. The 
crystallite size and the average grains size of NB1-xBxTZNZ decrease with Ba2+ doping. The XRD 
patterns and Raman analysis indicate that the Ba2+ can be incorporated into 
(Na0.5Bi0.5)[(Ti0.8Zr0.2)0.9(Nb2/3 Zn1/3)0.1]O3 matrix to form a new solid solution with the same 
tetragonal structure and different lattice parameters.  

The dielectric permittivity and dielectric loss reduces with a raise in frequency and 
become stable at high frequency for all the ceramics. The ac conductivity is observed to decrease 
with Ba2+ doping, indicating its promising application in electronic devices. 
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