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ABSTRACT: Strontium Bismuth Tantalate (SrBi,Ta,0,) was synthesized by a co-precipitation technique and characterized by X-
ray diffraction, infrared spectroscopy and dielectric measurements. The powder was synthesized from aqueous solution of
Bi(NO3)s, Sr(NOs), and TaOs by a precipitation in a strong alkaline solution. By X-ray diffraction, the single-phased perovskite
SrBi,Ta,04 (SBT) was obtained at 800 °C. The trace element analysis was contributed by infrared spectroscopy. The dielectric
properties were carried out in the frequencies 100 Hz, 1 kHz and 10 kHz.
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1 INTRODUCTION

The crystal structure of strontium bismuth tantalate SBT belongs to the layered perovskite ferroelectrics where the crystal
consists of stacking of alternating layers of Bi,O, and pseudo-perovskite SrTa,0; units with double TaOg octahedral layers
along c-axis [1]. Layered perovskite-like ferroelectric of SBT has an attraction for the development of non-volatile random
access memories (NVRAMSs) because of its excellent fatigue characteristic.

There are a lot of synthesis methods available for SBT, From the Baorang Li et al. [2], bulk SrBi,Ta,0O4 ceramic can be
prepared by solid-state reaction at 1200°C. In the studies of Wen Wang et al. [3], SrBi,Ta,04 nanowires can be prepared by a
sol-gel process, using ethoxy tantalum, strontium acetate, and bismuth subnitrate as starting materials. Single-phased
perovskite phase SBT was obtained at 800 °C after following chart of the preparation. From the studies of Asit. B. Panda et al.
[4], where the nano-sized SrBi,Ta,0q has been synthesized by four different chemicals based solution methods using metal
salts, EDTA, triethanolamine, poly-vinyl alcohol, sugar and ammonium tartarate. It has been observed that SBT powders,
prepared at around 950°C. S.R. Dhage et al. [5], the ammonium hydroxide was used to precipitate Sr2+,Bi3+ and Ta>'cations
simultaneously. Pure SrBi,Ta,04 phase was found to be formed at 800°C.

There are several reasons advocate doing this paper. First, SrBi,Ta,0q (SBT) ceramic prepared by solid-state reaction
results in decomposition of SrBi,Ta,0,. Second, few studies talk on dielectric properties of SrBi,Ta,0q prepared by chemical
routes and finally, the chemical routes are not easy to recover.

The objectives of this paper are: (a) to synthesis bismuth strontium tantalate powder, (b) to characterize single phase
materials using X-Ray Diffraction and Fourier transform infrared (FT-IR), and (c) To study the dielectric properties.

2 EXPERIMENTAL

A stoichiometric amount of SrCl,.6H,0 was dissolved in distilled water, Bi(NO3).5H,0 was dissolved in a minimum amount
of dilute HNO; to avoid precipitation of Bi ions and Ta,05 was dissolved in a minimum amount of HF. The three limpid
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solutions were mixed together, followed by addition of KOH solution (10 M) until pH= 12 to ensure complete precipitation.
The precipitate was filtrated with washing several times with distillate water. After drying in the oven, the precursor was
heated in a furnace at 400 °C during 12 h, and then at rate 5 °C/min to rise up to 800 °C and kept to this temperature for 12
h.

Structural and dielectric properties were performed by the powder X-ray patterns (XRD), Fourier transform infrared
reflection spectroscopy (FT-IR) and LCR meter.

3 RESULTS AND DISCUSSION

The Figure 1 shows the XRD pattern of SBT powder. The crystal structure of SBT is orthorhombic with space group A2,am
(JCPDS no 01-070-4062) and there are no traces of secondary phase. The refined lattice parameters are a = 5.523, b = 5.527
and c = 25.077. The density of the sintered material is 8.83 and 7.064, for theoretical density calculated from XRD data and
experimental density measured by pycnometer (Equation 1) respectively. The experimental density achieved above 80% to
that of theoretical density, from the latter value, the lower porosity occurred which lead may be to improved dielectric
proprieties.

SBT
| o
LY
[ 2 A ) \ | §
Ao I ) A P ned Vonad be b W o N SR A0l
01-070-4062
|
| b q '
i e s /,"\ o | PN Do e P Y N g § P, SR .
1 1 1] 1 1
0 20 30 40 S0 60 70

Position [*2Theta)] (Copper (Cu))

Fig 1. XRD of SBT

From the literature [6], the crystal structure has orthorhombic symmetry with a = 0.5306 nm, b = 0.55344 nm and ¢ =
2.49839 nm; the theoretical density is 8.789 g/cm. The crystallite size calculated from Scherrer’s formula is found to be
55 nm.

D= KA
Bcos@

Where K = 0.9, A is the wavelength of X-ray radiation, B is the full width at half maximum of the diffracted peak and 0 is
the angle of diffraction.

(1)

Figure 2, shows the IR spectra. The TOg structure could be related to the 600 - 640 cm " bands which are expected for
octahedral stretching [7]. Two infrared absorption bands at 550 and 623 cm_l, indicating the formation of SrBi,Ta,04 oxide
[8]. Strange and weak intensity of absorption band at 1416 em™ and 1576 cm™ respectively, indicate that NO3 anions still
exist [9], the existence of nitrate ion was not observed in XRD, suggesting the limitation of the analysis. At 3430 and 1630
cm? assigned to the bending vibration and stretching vibration of the O-H bond in absorbed and coordinated water, showing
that there are residual structural O-H [10]. However, several functional and mineral groups are found to be absent.
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Fig 2. FT-IR of SBT

Figure 3, shows the variation of dielectric constant and tangent loss as a function of temperature at 100 Hz, 1 kHz and 10
kHz. The dielectric constant shows a sharp peak at the phase transition temperature corresponding to the Curie temperature
(Tc = 300°C) for all frequencies, which indicated the normal behaviour of the material. The dielectric constant peak (g’,,) was
found to be 225, 23 and 12 for 100 Hz, 1 kHz and 10 kHz respectively. The tangent loss increases with increasing temperature
and decreasing with increasing frequency. The loss tangent peaks were observed around 290 °C for all frequencies with peak
values 8.2, 4 and 2.8 for 100 Hz, 1 kHz and 10 kHz respectively. Indicating the normal behavior ferroelectric. A few studies on
layered perovskite have reported a sharp peak in the tangent loss at lower frequencies [11, 12].
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Fig 3. Frequency dependence of dielectric constant and tangent loss as a function of temperature

Figure 4 shows the variations of € and 1/ € with the temperature at 10 kHz. The dielectric constant data fitted to the
Curie—Weiss law:

: C

g'=——
T-Tew

()

Where C is Curie constant and Ty is Curie-Weiss temperature. Note that the Curie temperature (Tc=310°C) is higher than
the Curie-Weiss temperature (Tew = 177 °C), and of dielectric constant exhibits a finite maximum at Tc. From the equations
depicted in Figure 4, the ratio of positive slope (below T¢) to slope (above T¢) is over 4, thus, predicts a first-order
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ferroelectric transition. According to the fitting results, Curie constant is at a magnitude of around 10°, indicating the
displacement-type nature of the ferroelectric transition.
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Fig 4. Curie—Weiss fitting of dielectric constant above and below 7 at 10 kHz

The plot of conductivity as a function of temperature are depicted in Figure 5, at low temperatures, the conductivity is
seen to be independent of temperature, but shows different values at various frequencies indicating that main contribution
to the conductivity result from the presence of space charges. As the temperature increases, the conductivity increase and a
mere slope change are observed around T¢. The activation energy value calculated using the Arrhenius equation is found to
be 0.56 eV at 10 kHz.

o=0,exp ;1’:‘ (3)
B

Where o is the conductivity, E, the activation energy and kg is Boltzmann constant.
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Fig 5. Arrhenius plots for the conductivity of SBT
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4

CONCLUSION

A simple co-precipitation technique is described for the preparation powders of SrBi,Ta,0s. XRD confirms that a single-
perovskite phase SrBi,Ta,0 powder. The FT-IR in spectra dictates the presence of the tracers of nitrate ions. The parameters
of the Curie—Weiss fitting, suggest the characteristic of the first order ferroelectric transition.
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