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ABSTRACT

The solid solution of (Ba5TbTi3V7O30)x(BiFeO3)1-x has been synthe-
sized by solid-state reaction technique with different x values. XRD
(X-Ray Diffractogram) study confirms the formation of single-phase
compound for x¼ 1. Grain morphology has been studied by
Scanning electron microscope (SEM: JOEL-IT300). By Impedance
Analyzer (HIOKI-IM3536) dielectric properties such as dielectric con-
stant and loss tangent have been measured in a wide temperature
range (RT-500� C) and also with a wide range of frequency(1 kHz-
1MHz). This dielectric result confirms the Ferroelectric nature of all
the samples and with increasing content of BiFeO3, the dielectric
constant decreases.
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1. Introduction

The rare-earth doped barium niobate-titanate compound Ba5RTi3Nb7O30 (R: Rare Earth

Element) of TB structure [1] has been widely studied and found out to be a good ferro-

electrics material, and it has diverse application ranging from a small but ubiquitous

capacitor, transistors, memories to extremely sophisticated piezoelectric systems. By

changing the R in BRTN, we get a wide range of variation in Tc (Curie Temperature)

[2] and this materials also shows the diffused phase transitions which could be explored

in various ways. However, the problem with this barium niobate-titanate is that the

Calcination temperature is found to be very high.

Literature survey shows that in Ba5RTi3Nb7O30 when Nb (Niobium) is replaced by

V(Vanadium) of a lower atomic radius of same periodic group the calcination and sin-

tering temperature was found to reduce drastically [3, 4] without compromising its fer-

roelectrics properties. Researchers also found that substitution of V enhances the

thermal stability, low value of leakage current [5] and improved dielectric and ferroelec-

tric properties [6–8] though different R (Rare earth) have been used by researchers

there is no report about Terbium (Tb). So in our present work, we study the ferroelec-

trics properties of Ba5TbTi3V7O30 with R¼Tb (Terbium).

Some of the materials have both the electric and magnetic ordering, which is known

as multiferroic material popularly known as smart materials [9]. The coexistence of
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different orders could be utilized for the development of spintronic devices, dual storage

devices and sensors [10]. Bismuth Ferrite (BiFeO3) is one of such multiferroic material

which has been widely studied having Neel Temperature � 643K and Curie

Temperature � 1100K [11, 12] having rhombohedrally distorted perovskite structure

[13, 14]. Because of its superstructure and semiconducting nature at room temperature

it does not allow proper electrical poling and leads to high dielectric loss [15] and hence

low dielectric constant

In our present work, we have prepared the solid solution of the multiferroic materials,

BiFeO3 with the ferroelectrics materials, Ba5TbTi3V7O30 in suitable proportion. The aim

of the work is to study the effect of BFO on the ferroelectric properties of BTTV and also

at the same time to see the effect of BTTV on the ferroelectric properties of BFO

2. Material preparation

Raw materials of BaCO3, Tb2O3, V2O5 were taken for the preparation of a polycrystalline

sample of Ba5TbTi3V7O30 (BTTV). In stoichiometric ratio, these compound are thor-

oughly ground in an agate mortar in the wet environment of methanol which is then cal-

cined in a muffle furnace at a temperature of �1023K. Which is then further ground to a

fine form and then checked in XRD to confirm whether the single-phase compound is

formed. For the preparation of BiFeO3 (BFO) the materials Fe2O3 and Bi2O3 are taken in a

stoichiometric ratio which is calcined at 973K for 4 hrs. For the preparation of the solid

solution (Ba5TbTi3V7O30)x(BiFeO3)1-x The powder of Ba5TbTi3V7O30 and BiFeO3 are

mixed as per the requirements. The powder is die pressed by the hydraulic press of about

pressure of �100 psi in the pallet form of size of �13mm diameter and 1-2mm thickness;

the pallets are further sintered at �1073K. The formation of the sample is confirmed by

X-ray diffractogram (Rigaku, Miniflex) with CuKa radiation of wavelength ¼1.5405Ao in

the range of Bragg’s angles 2h(10
�

� h� 60
�

) with a scanning rate of 3
�

/min. Scanning

electron microscope (SEM: JOEL-IT300) is employed for the study of surface morphology.

The pallets are then made conducting by silver pasting on both sides for electrical meas-

urement using Impedance Analyzer (HIOKI-IM3536).

3. Results and discussion

3.1. Structural study

The calcined powder has been put into X-ray Diffractogram (XRD) at room tempera-

ture for the structural characterization. Figure 1 shows a sharp and single diffraction

peaks, which are the phase of BFO at the expected regions, which confirms the forma-

tion of single-phase compounds for x¼ 1. For x¼ 0.5 and x¼ 0.3 there are additional

peaks due to BFO which confirms the formation of a solid solution.

3.2. Microstructural study

Figure 2(a–c) shows the SEM micrographs of which show for x¼ 1, 0.5 and 0.3, which

shows that the grain growth is more or less complete. From Figure 2(a–c) by linear

intercept method the average grain size of all the materials are measured
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(i) For x¼ 1: SEM micrograph of Ba5TbTi3V7O30 shows that the average size is

around 0.89 lm, the shape is of oval, elongated and angular shape.

(ii) For x¼ 0.5: SEM micrograph of (Ba5TbTi3V7O30)0.5(BiFeO3)0.5 shows that the

average size is around 1.8 lm. The shape is spherical and elongated. There is

presence of porosity is distinctly visible in the compound also there is appear-

ance of columnar shape grains.

(iii) For x¼ 0.3: SEM micrograph of (Ba5TbTi3V7O30)0.3(BiFeO3)0.7 shows that the

average size of the grain is � 1.36 lm. The shape is more of cubicle and angu-

lar. The size of the grain decreases when BFO is increased, but the porosity

also increases. The columnar shape grain becomes more distorted.

3.3. Dielectric studies

Figure 3 shows the frequency variation of Ꜫ r of (BTTV)x(BFO)1-x at room temp; it

shows that with an increase in frequency from 1 kHz to 100 kHz, the Ꜫr decreases for

Figure 2. SEM micrographs of (BTTV)x(BFO)1-x (a) x¼ 1 (b) x¼ 0.5 (c) x¼ 0.3 at magnification of
X 15,000.

10 20 30 40 50 60

In
te

n
s
it
y
 (

a
.u

.)

2θ

x= 0.3

x= 0.5

x= 1

Figure 1. XRD pattern for (BTTV)x(BFO)1-x
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x¼ 1 from �50 to �18, for x¼ 0.5 from �34 to �24 and for x¼ 0.3 from �46 to �33,

the trend we got is as expected of the dielectric materials i.e. with increase in frequency

the dielectric constant decreases. It is seen that with addition of BFO the dependency of

dielectric constant with frequency decreases.

Figure 4 shows the variation of tand with frequency for (BTTV)x(BFO)1-x at room

temp, it shows that with increase in frequency from 1 kHz to 100 kHz, the tand

decreases for x¼ 1 from �1.25 to �0.18, for x¼ 0.5 from �0.26 to �0.05 and for

x¼ 0.3 from �0.36 to �0.045, the trend is as expected for dielectric materials. It can

Figure 3. Frequency variation of er of (BTTV)x(BFO)1-x at room temp.

Figure 4. Frequency variation of tand of (BTTV)x(BFO)1-x at room temp.
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also be seen from the figure that when BFO is increased i.e. from x¼ 0.5 to 0.3, change

in tand with frequency remain more or less same.

Figure 5 shows variation of dielectric constant Ꜫr with temp in a wide range varying

from room temperature to 500 �C for frequency at 1000Hz. it has been observed that

the dielectric constant (Ꜫr) at the beginning rises with temperature and at the transition

temperature it reaches to the peak and then it decreases with further rise in temperature

and after certain temperature the dielectric constant increase at the similar rate. It may

be inferred that after certain temperature the addition of multiferroic BFO doesn’t

change the properties of the ferroelectric nature of solid solution and the material starts

behaving as pure paraelectric materials. From the Table 1, it can be seen that for pure

BTTV the dielectric constant (Ꜫmax) is �1100 and when x¼ 0.5 i.e. 50% BFO is added

the maximum dielectric constant reduces to the � 631 which further reduces to �377

when x¼ 0.3 i.e. 70% BFO is added. From the table it can also be inferred that even at

the room temperature pure ferroelectric has higher dielectric constant (ꜪRT �671) than

that of maximum dielectrics of either of the composites.

Figure 6 shows variation of loss tangent tand with temp for (BTTV)x(BFO)1-x in a

wide range of temperature varying from room temperature to 500 �C at 1000Hz fre-

quency. It has been observed that at the beginning loss tangent increases with the

increase in temperature. The loss tangent is least when the pure ferroelectric material is

considered i.e. for x¼ 1 and as the content of BFO increases the tand also increases but

the maximum loss tangent is observed for x¼ 0.5 i.e. when it contains 50% BFO. And

Figure 5. Variation of er with temperature for (BTTV)x(BFO)1-x at 1kHz.

Table 1. Comparison of dielectric properties, Tc(K), and Activation Energy (Ea) of (BTTV)x(BFO)1-x for
different values of x.

(BTTV)x(BFO)1-x ꜪRT Ꜫmax Tc Ea

x¼ 1 671 1100 356 0.05eV
x¼ 0.5 157 631 361 0.331eV
x¼ 0.3 84 439 378 0.3639eV
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at higher temperature it is found that the loss tangent is dependent on the content of

BFO, as the content of BFO increases the loss tangent also increases.

3.4. Conductivity study

The relation between ac conductivity and temperature is shown in Figure 7 for the fre-

quency of 1 kHz. The observed curve supports that electrical conductivity is the ther-

mally activated transport properties and obeys Arrhenius equation: rac ¼ roexp (-Ea/

Figure 6. Tangent loss with temperature for (BTTV)x(BFO)1-x at 1kHz.

Figure 7. Conductivity Study for (BTTV)x(BFO)1-x at 1kHz.
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kBT) where ‘A’ is a constant, ‘Ea’ is the activation energy and ‘kB’ is the Boltzmann’s

constant [16]. The fig shows that in ferroelectric region the ac conductivity of the com-

pound is increasing with the increase in the temperature and shows the negative tem-

perature coefficient of resistance (NTCR) [17] behavior which is expected behavior

ferroelectric materials. The activation energy increases as seen from the Table 1 i.e.

from 0.05 eV for pure ferroelectric material to 0.331 eV to 0.3639 eV with the increase

in the multiferroic BFO content. The increase in activation energy maybe is due to

increase in the conduction of the solid solutions which result in the more tangent loss

and lower dielectric constant.

4. Conclusion

The solid solution (Ba5TbTi3V7O30)x(BiFeO3)1-x for all values of x (x¼ 1, x¼ 0.5,

x¼ 0.3) shows ferroelectric transition (showing ferroelectric property). By increasing the

BFO, the dielectric constant is reduced considerably, and at the same time, the loss

(tangent) increases, which is as per the expected line. BFO having semiconducting prop-

erties increases the conduction in the solid solution. This is also reflected in the con-

ductivity study i.e. activation energy increases by increasing BFO concentration. We can

also conclude that the ferroelectric properties of BFO have been improved by the effect

of BTTV.
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