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ABSTRACT 

 
The compound of (Bi0.5Na0.5)TiO3 (BNT) doped with  BaTiO3 (BT) and ZrO2 were synthesized and its 
crystal structure were analyzed. Three types of samples, namely (Bi0.5Na0.5)0.93Ba0.05Zr0.02TiO3 
(BNBZT1), (Bi0.5Na0.5)0.90Ba0.05Zr0.05 (BNBZT2) and (Bi0.5Na0.5)0.85Ba0.05Zr0.10TiO3 (BNBZT3) 
were prepared. The samples were synthesized by solid sate reaction method using raw materials of Bi2O3, 
Na2CO3, BaCO3, TiO2 and ZrO2 powders. The raw materials were mixed with agate mortar for 3 hours. 
Precursor was made into pellets with hydraulic press at 3,000 psi. Pellets were calcined at 300 C for an hour, 
and then sintered at 1000 C for 5 hours. The samples were characterized  with X-ray diffraction techniques 
using the Rietveld method and Raman spectroscopy. The analysis results showed that BNT doped BT and ZrO2 
have tetragonal structure, space group I4/mcm, Volume I, No.140 with lattice parameters a = b = 5.519 (2) Å, c 
= 7.808 (4) Å (BNBZT1), a = b = 5.512 (1) Å, c = 7.798 (5) Å (BNBZT2) and a = b = 5.513 (1) Å, c = 7.800 (2) 
Å (BNBZT3). For these three samples, Ba2+ and Zr4+  cations entered into  the BNT crystal system by partial 
substitution of cations (Bi,Na)2+. But there were also some of Ti3+ cations in the BNBZT3 replaced by Zr4+. 
Ionic configuration (compound) of BNBZT1, BNBZT2 and BNBZT3 are respectively 
(Bi0,45Na0,48)0,93Ba0,05Zr0,01TiO3, (Bi0,41Na0,49)0,90Ba0,05Zr0,03TiO3  and (Bi0,42Na0,43)0,85Ba0,05Zr0,01(Ti0,97Zr0,03)O3. 
KEYWORDS: Crystal structure, BNT, BT, ZrO2 doping,  X-ray diffraction, Rietveld method, Raman 

spectroscopy 
 

INTRODUCTION 
 

Piezoelectric materials which are most widely used today are lead-based ceramics, such as PbTiO3-
PbZrO3 (PZT). This is because these materials have very good piezoelectric properties. However, PZT pollute 
the environment as toxic. Therefore, many scientists all over the world then perform R & D activities on 
piezoelectric materials that are environmentally friendly to replace PZT [1]. 

Among the lead-free piezoelectric materials widely studied are (Bi0,5Na0,5) TiO3 (BNT), in which 
this material was first reported by Smolenskii et al [2]. BNT is projected as the replacement candidate of lead 
based piezoelectric materials which have been widely used in various industrial fields. BNT used as a 
replacement option of PZT, because it has a high remanent polarization and temperature phase transition, ie, 
respectively, Pr = 38 μC/cm2 and Tc = 320 C [3]. 

However BNT applications have been constrained due to this ceramic has a high coercive field, ie, Ec 
= 7.3 kV / mm, making it difficult to do a poll on this material [4]. To solve this problem, various types of 
compounds, such as CaTiO3, NaNbO3, ZrO2, BaTiO3 and others are doped into BNT with the hope of  forming 
solid solutions with mechanical and electrical properties commensurate with PZT. 

The chemical formula of BNT is (Bi0,5Na0,5)TiO3 and having a perovskite structure of ABO3. Thus, 
site-A and site-B successively are occupied by cations (Bi0,5Na0,5)2+ and Ti4+. Based on the fraction of 
atomic coordinates, ABO3 perovskite can be classified into three categories. The first category, coordinate 
fraction (Bi0,5Na0,5)2+: (0.0,0.0,0.0), Ti4+: (0.5,0.5,0.5) and O2-: (0.5,0.0,0.0), (0.0,0.5,0.0), (0.0,0.0,0.5). The 
second category, coordinate fraction (Bi0,5Na0,5)2+: (0.5,0.5,0.5), Ti4+: (0.0,0.0,0.0), and O2-: (0.5,0.0,0.0), 
(0.0,0.5,0.0), (0.0,0.0,0.5) [5]. The third category, coordinate fraction (Bi0,5Na0,5)2+: (0.0,0.5,0.25), Ti4+: 
(0.0,0.0,0.0) and O2-: (0.0,0.0,0.25), (0.17,0.77,0.0) [6]. 

Doping is designed for partial substitution of ions in site-A, because the partial  substitution at site-B, it 
just makes the piezoelectric properties of materials increased slightly [7]. By choosing the right type of cations 
at site-A, the properties of piezoelectric ceramics BNT could be better [8].  

 In previous studies, Kumari et al. [9] added ZrO2 on the BNT. The results of the analysis with 
the Rietveld method of X-ray diffraction data indicate that the sample is a single crystal with a hexagonal 
structure, R3c space group, and the lattice parameters, a = 5.4812 Å and c = 13.4832 Å. The addition of ZrO2 
causes phase transition temperature, Tm and depolarization temperature, Td of BNT increased. In this study, 
Kumari did not explain whether Zr4+ cations entered into the site-A or-B site. Rao et al. [10] investigated the 
effects of substitution of Ba2+ and Zr4+  in site-A and site-B from BNT, respectively. The results of the 
analysis of x-ray diffraction data showed that BNT has a rhombohedral structure with its lattice parameters, a = 
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b = c = 3.87 Å. Park et al [11] examined the doping effect of Zr4 + on depolarization temperature and 
piezoelectric properties of (Bi0,5Na0,5)TiO3-BaTiO3 (BNT-BT). From the data of x-ray diffraction patterns 
revealed there are two phases in the synthesized samples, namely rhombohedral phase and tetragonal phase. As 
a result of the substitution of Zr4+ on site-B, causing depolarization temperature, Td deceases. 

  The three samples mention above, each synthesized by solid state reaction method. It appears that, the 
structure identity of BNT after being doped with Ba2+ and Zr4+ cations in previous studies differs from each 
other. This issue is interesting to be studied in more depth, because the given structure of crystalline materials is 
closely related to the electrical properties, and mechanical properties of the materials. In the current study the 
synthesis of BNT samples was conducted, where some cations in site-A simultaneously replaced by cations 
Ba2+ and Zr4+. Both types of cations Ba2+ and Zr4+ come from BaTiO3 and ZrO2 oxides, respectively. The 
purpose of the research is to conduct qualitative and quantitative phase analysis of the BNT after being doped by 
BaTiO3 and ZrO2. 

 
MATERIALS AND EXPERIMENTAL 

  
The raw materials for synthesizing BNT doped by BaTiO3 and ZrO2 were Bi2O3 (99.999%, Strem Chemicals), 
Na2CO3 (99.9%, Merck), TiO2 (99.9%, Strem Chemicals), BaCO3 (99%, Merck), and ZrO2 (99.9%, Merck) in 
the form of powder. The five types of raw materials are weighed with the appropriate mole ratio. In this study, 
we prepared three types of samples, as shown in Table 1. The raw materials were then mixed by stirring using 
agate mortar for 3 hours. Precursor powder is pressed into pellets by using hydraulic press machine at 3,000 psi. 
Pellets were calcined at 300 C for 1 h (heating rate of 6.7 C/min), followed by sintering at 1,000 C for 5 h 
(heating rate of 5.8 C/min), then cooled to room temperature (cooling rate of 5.4 C /min). 

 
Table 1. Sample chemical composition  

No. Sample Chemical composition 
1. BNBZT1 (Bi0,5Na0,5)0,93Ba0,05Zr0,02TiO3 
2. BNBZT2 (Bi0,5Na0,5)0,90Ba0,05Zr0,05TiO3 
3. BNBZT3 (Bi0,5Na0,5)0,85Ba0,05Zr0,10TiO3 

 
Sintered pellets were characterized by x-ray diffraction techniques. Characterization is intended to 

determine the quality and quantity of BNT phase in the preview phase. This study used X-ray Diffractometer 
(XRD), brand: Philips, Type: PW1710, CuKα radiation, wavelength, λ = 1.5406 Å, mode: continuous-scan, step 
size: 0.02ο, and time per step: 0.5 seconds. Profile of x-ray diffraction patterns were analyzed using the Rietan 
software (Rietveld Analysis) [12]. To confirm the ionic configuration of site-A and site-B in the BNT crystals 
doped BT and ZrO2, the characterization was performed by using Raman Microscope-Spectrometer, brand: 
Bruker, type: Senterra R200-785. 
 

RESULTS AND DISCUSSION 
 

 In the first step of x-ray diffraction data refinement of the three types of samples BNBZT1, BNBZT2 
and BNBZT3 it was  assumed that the samples have a single phase. The crystal structure of samples was 
assumed to satisfy the third category, namely the tetragonal structure, with space group of I4/mcm, VolumeI, 
Number 140with the atomic coordinate fraction as illustrated in Table 2[6.13]. 

 
Table 2.Atomic coordinate fraction (xj, yj, zj) and atomic occupation factor (gj) in  

BNT-BT unit cell,  lattice parameter : a = b = 5.48 Å, c = 7.75 Å. 
Atom gj xj yj zj 

Bi 0.5 0.0 0.5 0.25 
Na 0.5 0.0 0.5 0.25 
Ti 1.0 0.0 0.0 0.0 
O(1) 1.0 0.0 0.0 0.25 
O(2) 1.0 0.17 0.77 0.0 

 
X-ray diffraction patterns of theBNBZT1, BNBZT2andBNBZT3samples which were analyzed by 

using Rietveld method are shown in Figure1.The observed profile are indicated by the dotes and the calculated 
profiles are described by solid lines; vertical short lines indicate the position of Bragg peaks. Under the vertical 
short lines are the deviation profile between the observed and calculated intensities. 

The refinement results of lattice parameters, temperature factors, lattice strain, crystallite size, crystal 
density, the volume of the crystal, the atomicoccupationfactorsandreliabilityindexofBNBZT1, BNBZT2, 
andBNBZT3are shown in Table3.Numbers in brackets are the accuracy imposed on the last digit after the 
decimal point. 
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It is shown in Figure 1 that almost all of the calculated diffraction profile coincide with the observed 
diffraction pattern. Figure1 shows a single peak observed, namely at 2 30(peak •), is not fitted yet. This 
means that the peak does not belong to the BNT-BT phase. The position of the angle and intensity of the peaks 
originating from the foreign phases is shown in Table4 in detail. 

 

 
Figure 1. The Rietveld refinement results based on X-ray diffraction patterns of (a) BNBZT1,  

(b)BNBZT2and(c) BNBZT3samples. 
 

Table 3. Lattice parameter  (a, b, c), temperature factor  (Q),crystal density  (ρ), 
crystal volume  (V), atomicocupation factor (gj) andRandSfactor  for 

BNBZT1, BNBZT2, and BNBZT3. 
Structure 
parameter  

 
BNBZT1 

 
BNBZT2 

 
BNBZT3 

a = b (Å) 5.519(2) 5.511(1) 5.513(1) 
c (Å) 7.807(4) 7.799(3) 7.800(3) 
Q (Å2) 2.4(9) 2(1) 2(1) 
Bi3+   : gj 0.43(5) 0.39(6) 0.38(7) 
Na+    : gj 0.50(5) 0.51(6) 0.47(7) 
Ba2+   : gj 0.05 0.05 0.05 
Zr4+    : gj 0.02 0.05 0.10 
Ti3+    : gj 1.0 1.0 1.0 
O(2)2- : gj 0.9(2) 0.8(2) 0.8(3) 
xj 0.29(2) 0.28(3) 0.21(5) 
yj 0.79(2) 0.7(1) 0.6(1) 
V(Å3) 237.880 236.903 237.136 
ρ (gr/cm3) 5.762 5.495 5.492 
RWP 26.63 27.70 29.38 
RP 19.65 20.39 21.47 
S 1.186 1.272 1.331 

 
 Qualitative analysis of a foreign phase was conducted by the Hanawalt method as follows: (1)In the 
Hanawalt table, we looked for compounds that have a d value at about 2.90to3.00Å. (2)It was found that d1-d2-
d3values corresponding to the intensity of the strongest diffraction peak of the first, second, third, respectively. 
The data are shown in Table5.It is shown in the table that the compound which has a d value at about 2.90 to 
3.00Å is ZrO2. 
 

Table 4.2, d (Å) andI (counts/s) data from foreign peaks. 
sample 2 d (Å) I (c/s) 

BNBZT1 30,04 2,975 66 
BNBZT2 29,94 2,984 98 
BNBZT3 30,04 2,975 104 
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From the elucidation above it can be concluded that all of the three samples show diffraction peaks of 
ZrO2. This means that some of the added ZrO2does not enter into the BNT-BT system, but instead form a 
composite with BNT-BT. 

 
Table 5. Searching result data from the Hanawalt Table. 

Compound  d (Å)  ID number 
ZrO2 3.00-2.64-1.82 42-1164 
ZrO2 2.96-1.82-1.83 37-1413 
ZrO2 3.00-2.59-1.84 37-0031 
ZrO2 3.00-1.84-1.56 24-1164 
ZrO2 2.96-1.83-1.55 17-0923 
ZrO2 2.95-1.80-1.54 14-0534 

 
Therefore, refinement of x-ray diffraction data of the three types of samples BNBZT1, BNBZT2 and 

BNBZT3 was performed again by entering parameters of ZrO2phase. From the literature[14],it is known 
thatZrO2 has a tetragonal structure, space groupP42/nmc, Vol. I,No.137.The atomic coordinate fractions are 
shown in Table6. By performing two-phase calculations simultaneously (BNT-BT andZrO2phase), is expected 
to know what a mole fraction of the solid-dissolvedZrO2inBNT-BT crystalline system is. 

 
Table6.Atomic coordinate fraction (xj, yj, zj) and atomic occupationfactor (gj)  

in  ZrO2unit cell, lattice parameter : a = b = 3.64 Å, c = 5.27 Å. 
Atom gj xj yj zj 

Zr 1.0 0.0 0.0 0.0 
O 1.0 0.0 0.5 0.185 

 
The calculations were carried out step by step as follows: Iteration-1, refinement on the background 

counts parameters (b0, b1, ...,b9) and scale factor(s) were carried out. Iteration-2,  refinement on the FWHM 
parameter(U, V, W), and Lorentzian factor(X, Y) were done. Iteration-3, refinement on the lattice parameters(a, 
b, c) was performed. Iteration-4, scale factor (s) and preferred orientation factor(p) were refined. Iteration-5, the 
atomic occupation factor parameters(gj), the atomic coordinate fraction(xj, yj, zj) and temperature parameters(Qj) 
were refined. Iteration-6, 7, 8, and so do the smoothing for all parameters simultaneously. 
 

Table 7.Boundary condition of  atomicoccupationfactor(gj) in BNBZT1,  
BNBZT2and BNBZT3 sample. 

Sample Boundary condition  
BNBZT1 g(Na) = 0.93-g(Bi) 

g(Ba) = 0.05 
g(Zr) =  0.020, 0.015, 0.010,  0.005. 

BNBZT2 g(Na) = 0.90-g(Bi) 
g(Ba) = 0.05 
g(Zr) =  0.050, 0.040, 0.030, 0.020, 0.015. 0.010, 0.005. 

BNBZT3 g(Na) = 0.85-g(Bi) 
g(Ba) = 0.05 
g(Zr) =  0.100, 0.090, 0.080, 0.070, 0.060, 0.050, 0.040, 
0.030, 0.020, 0.015, 0.010, 0.005. 

 
After all of the refinements were done, it is shown apparently that the atomic occupation factor of Ti is 

greater than 1.0. Therefore, the parameter is fixed, g(Ti) = 1.0. While the values of g(Ba) and g(Zr) after being 
refined they are each smaller than zero. To resolve this case the following steps were done: (1)Parameterg(Ba) = 
0.05is maintained at all three samples according to the experimental design. Because based on the diffraction 
data in Figure 1, there were no foreign peaks from Ba compounds. This means that the Ba element as much as 
5mol%is entirely soluble in crystalline solid of the BNT-BT system that goes for all three types of samples. 
(2)g(Zr) parameter was varied manually, because based on the diffraction data in Figure 1, it was found the peak 
derived from Zr compounds. This means that not all elements of Zr dissolved in the crystalline solid of BNT-BT 
system. Thus, the mole fraction of Zr which enter into the BNT-BT crystalline system on BNBZT1, BNBZT2 
and BNBZT3 samples is less than 2, 5, and 10mol% respectively. 

Therefore the calculation is done by applying some boundary conditions for the parameter of atomic 
occupation factor, gj. The boundary condition for the gj parameter of BNBZT1, BNBZT2 and BNBZT3 samples 
are shown inTable 7. By entering the values of the parameters in Table 7, then the best fitting quality of the 
diffraction pattern profile was chosen. Thus, the mole fraction of ZrO2 that solid soluble in the crystalline BNT-
BT system could be obtained. The best fitting qualities were determined by searching the smallest reliability 
index RWP, RP and S.  
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Table 8. Mol fraction of Zr that solid soluble in BNT-BT 
crystal system of BNBZT1, BNBZT2 and BNBZT3 sample. 

  Reliability Index  
Sample g(Zr) RWP RP S 
BNBZT1 0.020 

0.015 
0.010  
0.005 

25.31 
25.30 
25.25 
25.27 

18.77 
18.77 
18.72 
18.73 

1.128 
1.127 
1.125 
1.126 

BNBZT2 0.050 
0.040 
0.030  
0.020 
0.015 
0.010 
0.005 

26.39 
26.43 
26.33 
26.36 
26.38 
26.40 
26.41 

20.15 
20.26 
19.97 
20.07 
20.12 
20.16 
20.21 

1.212 
1.214 
1.209 
1.211 
1.212 
1.213 
1.213 

BNBZT3 0.100 
0.090 
0.080 
0.070 
0.060 
0.050 
0.040 
0.030 
0.020 
0.015 
0.010 
0.005 

27.05 
27.03 
27.03 
27.03 
27.03 
27.03 
27.03 
27.03 
27.03 
27.03 
27.03 
27.03 

20.03 
19.98 
19.99 
19.98 
19.99 
19.98 
19.97 
19.98 
19.99 
19.99 
19.98 
19.98 

1.226 
1.225 
1.226 
1.225 
1.226 
1.225 
1.225 
1.225 
1.226 
1.226 
1.226 
1.225 

 
 X-ray diffraction patterns of the BNBZT1, BNBZT2 and BNBZT3 sample of analytical results are 
shown in Figure2. The picture is the best fitting results of the diffraction pattern profiles derived by applying the 
boundary conditions in Table7. It is shown in Figure 2 that no wall the calculated results of diffraction pattern 
profile coincide with the observed profile. Zr mole fraction that solid soluble in the BNT-BT crystal system of 
BNBZT1, BNBZT2 and BNBZT3 samples are 1, 3, and 4mol% respectively(Table 8). While smoothing results 
of the lattice parameters, temperature factors, the density of the crystal, the crystal volume, occupation factors of 
atoms, crystallite size and reliability index in BNBZT1, BNBZT2, andBNBZT3 are shown in Table9. Numbers 
in brackets are the accuracy imposed on the last digit after the decimal point. 

Crystallite size, D is calculated by Scherrer formula[15], D=(K)/(B.cos), where K is the Scherrer 
constant or dimensionless shape factor which has a typical value of about 0.98, but varies with the actual shape 
of the crystallite, =1.5406Åis the wavelength of X-rays, B is the line broadening at full width at half maximum 
(FWHM) intensity in radians, and θ is the Bragg angle.In Table 9 appears that the size of crystallites, D 
increases with increasing of ZrO2dopingfractionfrom 2to 5mol %,but then D slightly decrease in the addition of 
10mol % doping. 

 

 
Figure 2. The best fitting results of the Rietveld refinement based on X-ray diffraction 

patterns by applying boundary conditions of (a)BNBZT1, (b) BNBZT2and 
(c)BNBZT3sample. 
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The entry of Zr into the BNT-BT crystalline system can be seen indirectly, i.e.by observing the value of 
the lattice parameter and/or the volume of the unit cell. If the lattice parameter and/or unit cell volume shrink, then  
more Zr4+cations enter into the unit cell, i.e. by partial substitution ofBi3+cations. This is possible because the size 
ofZr4+cations(rZr

4+= 0.72Å) is smaller than the size ofBi3+cations(rBi
3+=1.36Å) and/or Na+ (rNa

+=1.39Å). This fits 
with the data in Table9 forBNBZT1andBNBZT2. However, the lattice parameter(volume) of the BNT-BT unit cell 
in BNBZT3, which has a 4 mole % of Zr, even a little larger than the lattice parameter(volume) of the BNT-BT 
unit cell in BNBZT2, which has a3 mole % of Zr. This means there are someZr4+cationsthat replaceTi3+cations, 
where the size of this cation, rTi

3+=0.61Å is smaller than the size ofZr4+cations. 
 

Table 9.Lattice parameter  (a, b, c),  temperature factor  (Q), crystal density  (ρ),  
crystal volume  (V),  atomic occupationfactor (gj), crystaline size  (D) 

andRandSfactorsin BNBZT1, BNBZT2, and BNBZT3 sample. 
Structure 
parameter  

 
BNBZT1 

 
BNBZT2 

 
BNBZT3 

a = b (Å) 5.519(2) 5.512(1) 5.513(1) 
c (Å) 7.808(4) 7.798(5) 7.800(2) 
Q (Å2) 2.4(5) 2.7(6) 2.7(7) 
Bi3+    : gj 0.45(3) 0.41(3) 0.42(4) 
Na+: gj 0.48(3) 0.49(3) 0.43(4) 
Ba2+   : gj 0.05 0.05 0.05 
Zr4+    : gj 0.01 0.03 0.04 
Ti3+    : gj 1.0 1.0 1.0 
O(2)2- : gj 1.0 1.0 1.0 
xj 0.20(1) 0.21(1) 0.20(1) 
yj 0.71(5) 0.73(6) 0.68(6) 
V(Å3) 237.900 236.970 237.118 
ρ (gr/cm3) 5.806 5.686 5.718 
RWP 25.25 26.33 27.03 
RP 18.72 19.97 19.97 
S 1.125 1.209 1.225 
D (nm) 31 41 38 

 
Table 10.Boundary condition of atomic occupation factor(gj) in BNBZT3 sample. 

Sample Boundary condition 
BNBZT3 g(Na) = 0.85-g(Bi) 

g(Ba) = 0.05 
g(Zr1) = 0.03, 0.020, 0.010. 
g(Zr2) = 1.0-g(Ti)  

 
To test the truth of this postulate, then we did a recalculation by applying boundary conditions as 

shown in Table 10. Where theZr1andZr2 are Zr4+cations which enter into the lattice site of 
(Bi,Na)2+andTi3+cation, respectively. The results of the analysis are shown in Table11. It is shown in Table 11 
that the chemical compositionBNBZT3 that produces the smallest reliability index is a composition with g(Zr1) 
= 0.01 and g(Zr2) = 0.03. Thus, the chemical composition of the three types of samples are shown in Table12. 

 
Table 11. Zr4+mol fraction, i.e. g(Zr1) and g(Zr2) which solid soluble in  

BNT-BT crystal system of BNBZT3 sample. 
  Reliability Index 

g(Zr1) g(Zr2) RWP RP S 
0.03 
0.02 
0.01 

0.01 
0.02 
0.03 

27.04 
27.03 
27.02 

 

19.98 
19.97 
19.96 

 

1.226 
1.225 
1.225 

 
 

It is depicted in Table 12 that the B-site ionicconfigurationsatBNBZT3 are different  with the B-site 
ionic configurations at BNBZT1andBNBZT2. Where B-site onBNBZT3occupiedjointly byTi3+andZr4+, whereas 
B-siteonBNBZT1and/orBNBZT2 occupied byTi3+only.However,the crystallites size are not related with the 
crystal structure, where the size of crystallites in BNBZT1 (D1 = 31 nm), BNBZT2 (D2 = 41 nm)andBNBZT3 
(D3 = 38 nm) does not have an interdependent relationship.  
 

Table 12.Chemical composition of the sample. 
Sample Chemical composition 

BNBZT1 (Bi0,45Na0,48)0,93Ba0,05Zr0,01TiO3 + ZrO2 
BNBZT2 (Bi0,41Na0,49)0,90Ba0,05Zr0,03TiO3 + ZrO2 
BNBZT3 (Bi0,42Na0,43)0,85Ba0,05Zr0,01(Ti0,97Zr0,03)O3 + ZrO2 
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To confirm the existence of differences in the ionic configuration on A-site and B-site, the Raman 
spectroscopy measurements were done. It is possible, as Raman spectroscopy can be used to examine a very 
local ionic configurations that are not detected by XRD[16]. Thus, Raman spectroscopy and XRD are 
complementary, where Raman spectroscopy is superior to XRD for studying the structural configuration of a 
long-range order region. Raman spectroscopic data are shown in Figure 3. 

 

 
Figure 3. Raman spectrum  of(a) BNBZT1, (b) BNBZT2, (c) BNBZT3, and (d) ZrO2. 

 
 Figure3 (a) and3 (b) are in accordance with the Raman spectra of BNT-6% BT[16]. So the partial 
substitution ofZr4+inA-sitedoes not cause a non uniform distortion of the crystal lattice in the region of short-
range order. However, it is shown in Figure3 (c), due to the Zr4+ partial substitution at B-site occurs the Raman-
active in the band 179.5,199.5, and 417cm-1 and there is an active Raman gain at139.5and257.5cm-1. This data 
are evidence that the Zr4+ cations entered BNT lattice by partial substitution of cations in A-site and B-site. In 
Figure3(a), 3(b) and3(c) does not appear the Raman active from ZrO2. 

 
CONCLUSIONS  
 
 From this research, piezoelectric materials(Bi0.5Na0.5)TiO3(BNT) doped with 5mol%BaTiO3(BT) and 2, 
5, and 10mol %ZrO2 could be synthesized successfully. Synthesiswas conducted byusing the solid state reaction 
methodwith powders ofBi2O3, Na2CO3, BaCO3TiO2andZrO2as starting raw materials. Characterization results 
indicate that BT and BNT doped ZrO2 have tetragonal structure, space group of I4/mcm, VolumeI,No.140 and 
the lattice parameter value depends on the mole percent of ZrO2doping. All Ba2+ cations entered into the BNT 
crystal system by replacing some (Bi,Na)2+cations. By doping the 2, and 5mol%ZrO2, some of Zr4+cations 
partially replace(Bi,Na)2+and partly remains in the form ofZrO2 compound. But in giving 10mol%ZrO2doping, 
Zr4+cations, in addition to replacing the cations(Bi,Na)2+alsoTi3+and partly remains in the form ofZrO2 
compound. 
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