
IJSRST4161 | NCRDAMDS | January-February-2018 [(4)1: 257-261 ] 

 

 
 
 
 

National Conference on Recent Trends in Synthesis and Characterization of 

Futuristic Material in Science for the Development of Society 

(NCRDAMDS-2018) 
In association with  

International Journal of Scientific Research in Science and Technology 

 

 

 

 

 

  

 

257 

Structural and Dielectric Properties of Multiferroic 
90BiFeO3-10BaTiO3 Ceramics Synthesized by Sol-Gel 

Rajesh R. Raut*1, Chandrakant S.Ulhe2 
*1Science and Humanities Department, Sanmati Engineering College, SGB Amravati University, Amravati, Maharashtra. India 

2Departmen Department of Physics, Yashvantrao Chavan Arts and Science SGB Amravati University, Amravati, Maharashtra, India 

 

ABSTRACT 
 

90BiFeO3–10BaTiO3 (90BFO–10BT) multiferroic material was synthesized by a Sol-Gel method. We have reported 

microstructure with the enhanced dielectric properties of multiferroic mixed-perovskite 90BFO–10BT compound by 

scanning electron microscopy (SEM) and conventional dielectric measurements. XRD observations showed 

secondary phase appearance during synthesis because of instability of Bismuth and charge fluctuation of Fe. 

Dielectric behavior of the 90BFO–10BT ceramics were studied at various temperature and frequency. It was also 

found that doping of BiFeO3 by insulating BaTiO3 enhanced the dielectric properties. The dielectric constant was 

found to be very high (εr′ = 10
2
, for T = 140°C). The Maxwell–Wagner type relaxation in the sample results a 

considerably high dielectric constant in 90BFO–10BT ceramics. 
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I. INTRODUCTION 

 

Multiferroic materials in which (anti-) ferroelectricity, 

(anti-) ferromagnetism and    ferroelasticity coexist 

simultaneously and have gained much attention because 

of their wide applications in advanced technologies       

[1,2]. These multiferroic materials have been used in the 

non-volatile memory, sensors, waveguides, modulators, 

switches, phase invertors, rectifiers, etc [3–6]. 

 

Bismuth ferrite BiFeO3 (BFO) has a rhombohedral 

symmetry (R3C) with a distorted perovskite structure 

and shown multiferroic behaviour at room temperature. 

Bulk BiFeO3 ceramic possesses a ferroelectric Curie 

temperature (TC) of 1103 K (830 ℃) and an 

antiferromagnetic Neel temperature (TN) of 643 K 

(370 ℃) [3, 7, 8]. But the use of BiFeO3 & BiFeO3 based 

materials in technology is somewhat limited due to the 

low electrical resistivity & appearance of considerable 

concentration of impurity in these materials. 

 

It is difficult to prepare bulk pure BiFeO3 without traces 

of impurities. Sosonowska et al. [9] have prepared 

BiFeO3 in the bulk form by the method used by 

Achenbach et al. [10], but reported a few traces of 

Bi2Fe4O9. Tabares-Munoz et al. [11] also found a mark 

of Bi46Fe2O72 impurity in final compound. This 

difficulty can be solved by forming the complex of 

BiFeO3 with other ceramic materials, such as BaTiO3 

(BT) and PbTiO3 [12–14]. A pervoskite BiFeO3 forms a 

solid solution with insulating BaTiO3 (BT). As both the 

materials have same structure, the complex of BFO with 

BT have resulted in improvement of the overall 

electrical, ferroelectric properties & stabilizing the 

perovskite structure [15-24]. 

 

It is also shown by Roginskaya et al [25] that BiFeO3 

has low values of dielectric constant. In ferroelectric 

materials, the analysis of dielectric variation becomes 

difficult [26]. The high dielectric loss for high 

temperatures is resolved by Krainiket al [27] by 

analysing the temperature dependence of dielectric 

constant of BiFeO3 at lower frequencies. Smith et al. [28] 

used other perovskite materials as a dopant to make 

BiFeO3 an highly resistive. They synthesized the 

mixture of BiFeO3–PbTiO3 with high values of 

resistivity and low dielectric losses. Analysing the Curie 

temperature TC for different compositions, they exactly 
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calculated the transition temperature of the pure sample. 

Literature review shows that BiFeO3 shows changes in 

structure, when it forms solid solutions with other 

perovskite materials such as BaTiO3. Also the content of 

the secondary phase is found to be increased. The 

structure is found to be rhombohedral for the 

concentration of 100 and 67 mol% and exhibited 

tetragonal structure below 7.5 mol% of BiFeO3 [29]. 

Due to these structural changes resulted significant 

variation in the dielectric and magnetic properties [30].  

 

These shows that dielectric/magnetic properties are 

dependent on the structural changes in (1-x) BFO–(x) 

BT [31–33]. This paper reported the results on structural 

and dielectric, impedance properties of 90BiFeO3–

10BaTiO3 (90BFO–10BT) ceramics. Emphasis is given 

to find the cause of high dielectric constant in 90BFO-10 

BT ceramics using dielectric spectroscopy. 

 

II.  METHODS AND MATERIAL 
 

For Synthesis of 90BFO–10BT ceramics, first, BiFeO3 

powder is prepared by using a method mentioned 

somewhere. [34] In order to obtained a ceramics of 

90BFO–10BT, powder form BaTiO3 (Sigma-Aldrich, 

purity > 99.9 %) is mixed with BFO in proportion 

amount with the help of agate mortar and pestle. The 

homogeneous fine mixture of this composition is 

obtained by ball milling for 24 h. Then, the pellet, which 

are prepared with the help of uniaxial hydraulic press are 

sintered at 870 °C /4 h. The above prepared sintered 

pellets were analysed for their structural properties using 

XRD technique. Surface morphology was studied using 

scanning electron microscope (SEM) (Jeol JSM-7600F).  

 

Dielectric measurements were done by using 

Novocontrol broadband dielectric spectrometer (Alpha 

A analyzer Novocontrol GmbH, with BDS 1200 sample 

holder), in the frequency and temperature range of  1 Hz 

to 1 MHz and 0 – 350 °C respectively. 

 

III. RESULTS AND DISCUSSION 

 

A. Phase  and Microstructure detection  of 90BFO–

10BT Ceramic 

The powder XRD pattern of 90BFO–10BT sintered at 

870 °C is shown in Figure 1.  

 

 

Figure 1. Powder X-ray diffraction pattern of 90BFO–

10BT ceramics 

The XRD pattern shows distorted rhombohedral system 

of 90BFO–10BT due to the addition of BT to BFO. The 

structure has been identified using JCPDS 

file (01-086-1518). The structure exhibit R3C space 

group with the lattice parameter a = 5.58 Å and c = 

13.8670 Å. 

 

 
 

Figure 2. Scanning Electron Micrograph of pure 

90BFO–10BT ceramic 

 

However, there were minute traces of Bi2Fe4O9 which 

we believe is not going to interfere in any of the 

measurements. The remarkable diffraction peak at 

32.08° may be due the diffraction from the <110> plane. 

Further, it can be confirmed that the solid solution of 

BFO and BT can be formed, as no marks of BaTiO3 is 

visible from XRD pattern. 
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Figure 3. (a) Real part of dielectric constant (b) 

Imaginary part of dielectric constant and (c) dielectric 

loss (tan δ) as a function of temperature at different 

frequencies for 90BFO–10BT ceramics. 

 

Figure 2 shows SEM image of 90BFO-10BT  

synthesized by Sol-Gel. The average grain size of the 

sample sintered at 870 °C /4 h is found to be submicron 

sized (≤ 0.48 μm). SEM image revealed a dense 

microstructure & uniform grain distribution. This 

improvement in the density of BFO by the formation of 

more uniform grains in the ceramic matrix is because 

Ba
2+

 and Ti
4+

 acts as a A- and B-site substituent  in the 

ABO3 perovskite structure. 

 
 

Figure 4. (a) Real part of dielectric constant (b) 

Imaginary part of dielectric constant and (c) dielectric 

loss (tan δ) as a function of frequency for different 

temperature of 90BFO–10BT ceramics. 

B. Dielectric Behaviour of 90BFO–10BT Ceramic 

(i)  Temperature Dependence Dielectric Properties of    

       90BFO–10BT Ceramics 

Figure 3 shows the temperature (0 – 350 °C) dependence 

of dielectric properties of 90BFO–10BT ceramics at a 

frequency of 1 Hz, 10 KHz and 100 KHz. At 25
0
C 

temperature, the dielectric constant and dielectric loss 

was found to be > 120 and > 0.5 at 100 kHz respectively, 

which is higher than BFO samples reported earlier [35]. 

This is attributed by the space charges and grain 

boundary effect. The high dielectric constant (ɛrˈ > 5 X 

10
2
, for f  < 10 MHz) and low loss (tan δ ≤ 1, f > 10 

KHz ) are observed on temperature range (0 – 350 °C) 

for the sample. A characteristic step-like decrease in ɛrˈ 

is also observed in dielectric behaviour shown in figure 

3. 

 

Also a broad relaxation peak (in tan δ) with an increase 

in temperature is observed for (ɛrˈ) at around 100 – 

150 °C. This peak in dielectric constant is considerably 

close to the magnetic transition temperature of BFO 

which shows the magnetic-electric coupling of 90BFO–

10BT.  These two concepts closeness to TN and presence 
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of two valence states Fe
2+ 

and Fe
3+

 in BiFeO3, resulted in 

the dielectric relaxation peaks and improvement in the 

dielectric properties. 

 
 

Figure 5. Imaginary part of modulus at a few discrete 

temperatures for 90BFO–10BT ceramic. 

 

(i)  Frequency Dependence Dielectric Properties of    

       90BFO–10BT Ceramics 

Figure 4 (a) shows the dielectric (ɛrˈ) properties of 

90BFO–10BT ceramics with frequency. High values of 

ɛrˈ > 10
2
 for T > 60 °C found for 90BFO–10BT. The 

space charge polarization effects results in high value of 

ɛrˈ (> 10
3
) which is observed at lower frequencies (<100 

Hz). This effect does not take place at higher frequencies 

(>100 Hz). The steady decrease in ɛrˈ with frequency is 

observed that may be due to the lack of dipoles ability 

created at interfaces to arrange themselves to the 

externally applied frequencies. A sharp decrease in ɛrˈ 

which iappears to be shifting towards the higher 

frequency is due to the Maxwell–Wagner type relaxation 

process take place in the sample. Corresponding to this 

sharp fall in ɛrˈ, there exist a peak in the ɛr˝ versus 

frequency graph. 

 

From Figure 4(b), the variation of  ɛr˝ with slope of -1 

infer the dc conductivity which plays a major role for 

dielectric losses in the sample. This can be represented 

by [36]  

ɛ˝ = ζdc / ω ɛo 

where, ζdc is the dc conductivity sample and ɛo is the 

permittivity of free space. 

 

Figure 5 shows the modulus plot versus frequency at 

temperatures from 20 °C to 350 °C. Peaks in graph for 

sintered 90BFO-10BT shows the hopping mechanism 

which is strongly dependant on temperature. 

 

IV. CONCLUSION 
 

In the present work, 90BFO–10BT ceramics with high 

dielectric constant & dielectric loss were synthesized by 

sol–gel method. XRD clearly indicates the distorted 

rhombohedral structure of sample sintered at 870 °C/4h. 

SEM confirms the formation of pure and dense 90BFO–

10BT ceramics with the average grain size of 0.48 μm.  

Remarkably high values (ɛrʹ > 5 X10
2
 for f < 10 MHz) 

and low loss (tan δ ≤ 1, for f > 10 KHz) were observed 

for the temperature range (0 – 350 °C) for the sample. 

The high dielectric constant could be well explained on 

the basis of Maxwell–Wagner response and hopping 

process of charge carriers between Fe
2+

 and Fe
3+

 valence 

states of Fe. The modulus spectroscopic plot indicates 

the temperature dependent hopping mechanism. The 

complex impedance study at different temperatures 

indicates the increase in AC conductivity. 

 

In all, the addition of BT into BFO reduces the dielectric 

losses and increases the resistive property of the 90BFO-

10BT, which gives outstanding technological 

importance to 90BFO-10BT ceramic.  
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