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Abstract:

Bismuth sodium titante Lithium Niobate (1-x)(BigsNags)TiOs-xLiNbO; where (x=0.01,0.02,0.03)[BNTLN] which is a lead free
antimony are prepared by conventional method of solid state reaction method. BNTLN samples are selected such that density
about 95% of theoretical values. The phase formation was confirmed by X-ray diffraction (XRD). BigsNagsTiOz was investigated
by XRD and Raman spectroscopy for phase formation and local structure. The density and grain size depend upon Li,Nb
concentration and found propsanal to LiNbO; concentration. In X-ray diffraction patterns the peak decreases with increase in
LiNbOs. In Preliminary crystal-structure analysis shows the existence of phase transition from rhombhedral to a hexagonal
structure.

A splitting of (TO3) mode at x=0.03. With increase in x change in peak position, width and intensity respectively has been
noticed in Raman spectrum with increase in LiNbO;z; concentration piezoelectric properties increase and found optimum at
x=0.03.This optimum value is due to co-existence of two ferroelectric phases. Thus it is conducted that morphotropic phase
boundary in (1-x )(BigsNags)TiO3-xLiNbO; lies for composition x=0.03.
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1. Introduction

Lead-based complex perovskite relaxor ferroelectrics, such as Pb(Mgi;sNby3)O; (PMN), Pb(ZnysNb,ys)Oz and the derived
compounds, are widely used in the fabrication of multilayer ceramics capacitors, hysteresis-free actuators, and high performance
sensors because of their excellent dielectric and piezoelectric properties.[1-4] However, these lead based relaxor ferroelectrics contain
more than 60 wt % lead.[5,6] Lead is a very toxic substance, which can cause damage to the kidney, brain, and nervous system,
especially the intelligence of the children.[7] In recent years, therefore, some countries have required all new electronic products to be
lead-free for the environmental protection and human health.[8]

Pure BNT is an A-site complex perovskite-structured ferroelectric with rhombohedral symmetry at room temperature. It has a high
Curie temperature (Tc = 320 °C) with strong ferroelectricity (Pr = 38 uC/cm2) [9-11]. However, the major drawback with BNT is the
poling treatment because of its high coercive field (Ec = 7.3 kV/mm), resulting in relatively weak piezoelectric properties (d33 = 70—
80 pC/N). Decreasing coercive field and improving the poling process formation of BNT-based solid solution with a morphotropic
phase boundary (MPB) is an effective way as proposed and studied by many researchers. Recently many binary or ternary BNT-based
MPBs have been reported in literature [12-13].MPBs Are dependent only on composition and are independent of temperature,
meaning that compositions near these boundaries should experience little change in the piezoelectric response over a wide temperature
range.

BigsNagsTiO; (BNT) is one of the most investigated classical ferroelectric materials having high dielectric constant, piezoelectric
coefficient, electrooptic coefficients, broad wavelength sensitivity range, high crystalline uniformity, and it displays a large variety of
nonlinear optical effects. It was anticipated that the structure of the solid-solution with a low BT content would become tetragonal due
to the rather large lattice distortion of BT compared to the rhombohedral distortion in BNT. Although this structural modification was
conformed in earlier works, exclusive studies regarding MPB are rare in the literature [14-18]. Rietveld refinements, Raman
spectroscopy and piezoelectric studies have been used as effective techniques to investigate the structural evolution in perovskite
solid-solutions. Only, limited reports are available on Raman spectroscopy studies but Rietveld refinements are not well reported in
BNT-based systems [18-24]. The present manuscript reports the detailed structural study (X-ray diffraction, Rietveld refinement,
Raman spectroscopy) and piezoelectric behaviour by electromechanical factors.
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2. Methods

Niobate (1-x)(BigsNags)TiOs-xLiNbO3; compositions were prepared using the mixed-oxide method incorporating Bi,O3,Na,CO3,TiO,
and Li,CO3Nb,O5 (> 99%) in stoichiometric proportions. The mixed powders were ball calcined (1-x)(BigsNags)-XLiNbO3; milled in
ethanol for 24 h using zirconia milling media and calcined at 800°C for 2 h. The powders were then ball milled again for 6 h and
uniaxially pressed at a pressure of 5 MPa with a few drops of 3 wt.% polyvinyl alcohol to bind it into disks of 10-mm diameter and 1-
to 2-mm thickness.The disks were the sintered at 900°C for 2 h, except for the sample with 0.20 mole fraction LiNbO; which was
sintered at 950°C for 2 h, in air. The X-ray diffractometer (Philip Model X-pert, PANalytical B.V., Almelo, The Netherlands) with
CuKa radiation was used to investigate the phase and crystal structure of the sintered ceramics. The preliminary crystal structure
details were calculated using the Powder Cell program [32], which is based on the X-ray diffraction pattern of lead-free bismuth (1-
X)(BigsNags)-XLiINbO;  where x = 0.01, 0.02, 0.03 mole fraction) [BNTLN] ceramics. The bulk densities of the sintered ceramics
were measured using Archimedes’ method. The theoretical density was approximated from the unit cell size and its constituent ions
and Raman spectroscopy (Enwave Optronics-Ezraman). The prepared ceramic samples were polarized at room temperature under 35
kV/cm in silicone oil for 20 min.

3. Results and Discussion

Figure 1 a shows the XRD patterns of (1-x)(BigsNags)-XLiINbO;  ceramics with 0 < x < 0.03 sintered at 1150 °C for 4 h. All the
compositions exhibit a pure perovskite structure and no second phases are observed, which implies that LNbO; ceramic has diffused
into the BigsNag s TiO;3 lattices to form a solid-solution. Also Fig. 1b shows the XRD patterns of the ceramics in the 20 range of 44-50
degree. A distinct 002/200 peak splitting appears when x = 0.03, refer- ring to a hexagonal symmetry. To characterize the phase
compositions in a more quantitative way, the XRD patterns of the MPB compositions in the 26 ranges of 46-48 ° were fitted as shown
in Fig. 2. The data show the Lorentzian deconvolution of the 002 and 200 peaks of the tetragonal phase and the 202 peak of the
rhombohedral phase. These results suggest that the rhombohedral-hexagonal morphotrophic phase boundary (MPB) of (1-
X)(BigsNags)-XLINbO; ceramic is near x = 0.03.
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Figure 2(b): X-ray diffraction patterns of of (1-x)(BigsNags)-xLiNbO3 ceramics for degree 28 to 38. Where x = 0.01,0.02 and 0.03 mole fraction
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Figure 2(a): XRD fitting patterns of (1-x)(BigsNags)-XxLiNbO; ceramics with x=0.0
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Figure 2(b): XRD fitting patterns of (1-x)(BigsNags)-XxLiNbO; ceramic with x=0.03

3.1. Raman Spectroscopy Analysis
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Figure 3: Raman Spectroscopy study of (1-x)(BigsNags)-XLINbO3z ceramics
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Figure 3 represents the Raman spectroscopy study of (1-x)(BigsNays)-XLiNbO; solid solution (x = 0.0-0.03). There are only five
Raman-active modes observed in the range from 200 to 14z00 cm—1 in agreement with the works reported by the Rout et al. [25] and
Eerd et al. [26]. BNT ceramics with rhombohedral structure presents 13 Raman-active modes (/ Raman = 4Al + 9E) due to the
disorder in A-site related to distorted octahedral [BiO6] and [NaOG6] clusters [27]. The first Raman active A1 (TO1) mode at around
(130 cm—1) is related to network modifiers or distorted octahedral [BiOg] and [NaOg] clusters. The second Raman active E (TO2)
mode can be deconvoluted in three Raman peaks in the regions of 260 cm—1. This mode is assigned to stretching arising from the
bonds due to presence of octahedral [TiO6] clusters at short-range. The third Raman-active (LO2) mode with low intensity is related
to short-range electrostatic forces associated with the lattice iconicity [28]. According to Dobal et al. [36], the (TO3) mode situated at
around 625 cm—1 is ascribed to the (O-Ti-O) stretching symmetric vibrations of the octahedral [TiO6] clusters. The (LO3) mode
found at 813 cm—1 is due to the presence of the sites within the rhombohedral lattice pre containing octahedral distorted [TiOg]
clusters. These modes are classified into longitudinal (LO) and transverse (TO) components because of the electronic structure with
polar character of lattice. There is no significant change in the spectra for the compositions of lower x values (< 0.03). However, the
further addition of (x = 0.03) in the solid solution results in anomaly by splitting bands that shift apart from each other.For better
observation of the Raman spectra of BNT and BNT-LN (x = 0.05) along with the curves fitted to individual peaks are shown in Fig. 6.
The spectra of BNT-LiNbO; (x = 0.03) show additional peaks around 168,245, 585 and 851 cm—1 compared to the peaks observed in
BNT. The occurrence of these new bands, observed band splitting, indicates a structural change at x > 0.03, which are well in line with
the studies of XRD phase analysis. All bands appearing in the spectra at x > 0.06 can be assigned to the Raman modes for a tetragonal
symmetry [29]. However, from Fig. 3 it is possible to detect that all the Raman peaks are very broad in BNT and BNTLN ceramics. It
is believed that this behaviour is due to the presence of the disorder structural or distorted octahedral [TiO6] clusters at short-range
and the overlapping of Raman modes due to the lattice anharmonicity. For closer investigation, the variation of full width of half
maximum (FWHM) and intensity of individual peaks are plotted in Fig. 6. The mode intensity and FWHM undergo slope change at x
=0.03.

The FWHM of a Raman band is inversely proportional to the lifetime of the corresponding phonon [38],which is in turn closely
related to the size of the local (Bi0.5Na0.5)2+TiO3 clusters. When Li®* substitutes for both Bi and Na, Nb?* TiOs clusters are formed.
As a result, (BigsNags),+TiO; clusters are reduced in sizes,giving rise to the peak broadening and intensity weakening of the 280
cm—1 band. There is no change in the frequency of this band since both composition and structure remain the same in the
(BigsNag ).+ TiO3 clusters when x values are low. With the increase in x value such constraining effect becomes less significant and
the phase transition occurs. The variation of intensity and FWHM of all peaks shows a similar type of anomaly at x = 0.03. On the
basis of these considerations, it is possible to conclude that the rhombohedral-tetragonal phase co-exists at x = 0.03 which is also
observed in the XRD results.
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Figure 4(a): Raman Spectra of BNT Black line is the experimental data and
green lines are the fitting curve versus LiNbO; concentration
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Figure 4(b): Raman Spectra of (1-x) (BigsNags)-XxLiNbO; Black line is the experimental data and green lines are the fitting curve
versus LiNbO; concentration
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Figure 5: Variation of the intensity of different modes in the Raman spectra versus LiNbO; Concentration
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Figure 6: Variation of the FWHM of different modes in the Raman spectra versus LiNbOz; Concentration
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4. Conclusion

The so

lid-solutions (1-x)(BigsNags)-XLiNbO;  were successfully synthesized by a conventional solid state reaction rout. X-ray

diffraction and Rietveld refinement analysis showed that a morphotropic phase boundary (MPB) exists around x = 0.03. Analysis of
peak positions, widths and intensities of Raman spectroscopy study also confirmed the existence of morphotropic phase boundary

around

x = 0.03 composition.
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