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The pure and Zn incorporated BiFeO3 ceramics were synthesized by self-propagating high temperature synthesis (SHS). 
The X-ray diffractometer (XRD) studies revealed that, both BiFeO3 and BiFe0.95Zn0.05O3 ceramics crystallizes in a single 
phase rhombhohedral structure. The room temperature ferroelectric and magnetic hysteresis loop evidenced coexistence of 
ferroelectricity and magnetism in single phase undoped and Zn doped BiFeO3. The M-H hysteresis loop of BiFe0.95Zn0.05O3 

sample demonstrated a weak ferromagnetism at 300 K and 5 K respectively. The room temperature ferroelectric P-E hysteresis 
loops of BiFeO3 and BiFe0.95Zn0.05O3 exhibited an unsaturated behavior and suggests a partial reversal of polarization. A 
variation of dielectric constant with respect to temperature in BiFeO3 and BiFe0.95Zn0.05O3 ceramic delivers a dielectric 
anomaly around 480 and 450°C which is a consequence of antiferromagnetic to paramagnetic phase transition (TN). 
Moreover, for BiFeO3 the anomaly manifests a possible coupling between electric and magnetic dipole moments.  

INTRODUCTION

 Multiferroic material exhibits an electric and 
magnetic nature collectively, which results in mutual 
existence of ferroelectricity and ferromagnetism in  
a single phase [1]. Furthermore the coupling between 
electric and magnetic ordered parameters, brings forth 
an unique phenomena known as magnetoelectric effect 
(ME). In ME effect the magnetization can be switched 
by enforcing electric field and polarization can be 
switched by applying magnetic field. This offers an 
additional opportunity for designing microelectronic, 
spintronic devices [2-4]. The multiferroic materials have 
acquired a great deal of interest due to their potential 
applications in several fields such as information storage, 
spintronic sensors [5], thin film capacitor, nonvolatile 
memory, nonlinear optics, photoelectrochemical cell, 
magnetoelectric sensor devices, multiple state memories, 
high density ferroelectric random access memory, elec-
tric field controlled ferromagnetic resonance devices, 
radio-transmission, microwave, satellite communica-
tion, digital recording and permanent magnet applica-
tions [6-10]. The multifunctional BiFeO3 shows extre-

mely interesting characteristics due to its higher ferro-
electric Curie temperature Tc ~ 1103 K and G-type 
antiferromagnetic Neel temperature TN  ~ 643 K [11, 12]. 
 Recently, several co-workers have made an attempt 
towards the improvement of multiferroic properties in 
BiFeO3 using different trivalent dopants such as Nd [13], 
La [14], Cr [15], Ti [16], Sm [17] and Mn [5]. In this 
concern, there have been few reports on the ferroelectric 
and dielectric properties of BiFeO3 using divalent 
dopants such as, Kothari et al. reported the multiferroic 
properties of Bi1-xCaxFeO3 system by solid state reaction 
and proved that the leakage current increases with varying 
Ca doping [18]. The ferroelectric and dielectric property 
of solid state synthesized Bi1-xBaxFeO3 compound pro-
ves unsaturated ferroelectric hystersis loops with exis-
tence of magnetoelectric coupling in the compound by 
Wang et al. [19]. The ferroelectric properties of Bi1-

xBaxFeO3 compound by Gautam et al. have shown  lower 
resistivity in higher leakage current range, however, the 
dielectric constant and loss decreases with increasing 
frequency [20]. Recently Xu et al. studied the signifi-
cantly improved dielectric properties of Zn doped BiFeO3 
ceramics formulated by rapid sintering method [21]. 
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 In this amazement, the present paper reports the 
synthesis of pure as well as Zn doped BiFeO3 ceramics 
by self propagating high temperature synthesis (SHS) 
and describes their ferroelectric, magnetic and dielectric 
properties. 

EXPERIMENTAL

Materials

 The Bi(NO3)3.5H2O (CDH, India), Fe(NO3)3.9H2O 
(Fischer Scientific), Zn(NO3)2.6H2O (CDH, India) were 
used as a starting precursor and glycine (NH2CH2COOH) 
(CDH, India) was used as a fuel for the synthesis of 
BiFeO3 and BiFe0.95Zn0.05O3 ceramics. The metal nitrates 
were used as oxidizers whereas glycine played the role 
of fuel for the combustion reaction. 

Synthesis process of compounds

 The BiFeO3 and BiFe0.95Zn0.05O3 ceramics were 
prepared by self propagating high temperature synthesis 
(SHS). For this, the oxidizers (O): fuel (F) ratio was 
calculated on the basis of oxidizing valencies of metal 
nitrates and reducing valency of fuel [22-24]. The above 
mentioned metal nitrates and glycine in stochiometric 
ratios were dissolved in distilled water. Afterwards, the 
mixture was heated in Pyrex dish (150 × 50 mm2) on a 
burner until the excess of free water evaporates and at 
the same time spontaneous ignition occurred; thereafter, 
a combustion powders were obtained. These powders of 
BiFeO3 and BiFe0.95Zn0.05O3 were grinded and calcined for 
phase formation of ceramics. In addition, these powders 
were pelletized through addition of polyvinyl alcohol 
(PVA) as binder. Lastly, these pellets were sintered at 
higher temperatures as 625°C and 650°C for 15 min. 

Finally, these pellets were carried out for further expe-
rimental work. The previous flowchart summarizes the 
complete methodology for the preparation of materials.

Characterizations

 The structural analysis and phase identification of 
the sintered pellet was performed on X-ray diffractometer 
(Philips X’Pert PRO) with CuKα radiation in the 2θ 
range 20 - 70°. The surface morphology of samples was 
studied by using scanning electron microscope (SEM, 
EVO-50). The suitable ohmic contacts were prepared 
with conducting silver paint (RS Components - UK) 
for ferroelectric and dielectric measurements the two 
opposite surfaces of sintered pellets were polished with 
silver paste. Ferroelectric measurements were performed 
at room temperature using Precision Premier II, Radiant 
Technologies, USA. Dielectric constant measurement as 
a function of temperature measurement of the samples 
in the temperature range 30 - 500°C at certain fixed 
frequencies 1 kHz, 3 kHz and 5 kHz were carried out 
using Agilent HP 4192A, Impedance Analyzer. 

RESULTS AND DISCUSSION

Structural Studies

 The room temperature (RT) X-ray diffraction 
patterns of BiFeO3 and BiFe0.95Zn0.05O3 samples are as 
shown in Figure 1. The XRD pattern reveals that, both 
the ceramic sample crystallizes in a rhombhohedral 
perovskite phase. An additional impurity phase were 
observed around 30° corresponds to Bi12(Bi0.5Fe0.5)O19.5 
secondary phase. 

Surface morphology

	 Figure 2 presents the micro-structural images of 
BiFeO3 and BiFe0.95Zn0.05O3 sintered ceramics. The 
surface morphologies of both ceramics were dense 
with interconnected structure. It can be seen that 
with incorporation of 0.05 % Zn in BiFeO3 results in 
agglomeration with uniform distribution of particles 
over the surface. 

Ferroelectric P-E hysteresis loops

 Figure 3 elucidates the P–E hystersis loops of 
BiFeO3 and BiFe0.95Zn0.05O3 ceramics sintered at 625oC 
and 650oC for 15 min. The ferroelectric (P–E) loops were 
measured at room temperature. The P–E loop shows 
unsaturated behavior due to lower resistivity of samples 
which results in higher leakage current and indicates a 
partial reversal of polarization. These leakage current 
values were observed because of increasing Zn doping 
in BiFeO3 and charge neutralization of Zn2+ doping at 
Fe3+ site. Hence, it could be resulted into higher leakage 
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Figure 1.  X-ray diffraction (XRD) spectra of a) BiFeO3 and b) BiFe0.95Zn0.05O3 samples at room temperature.

Figure 3.  Room temperature (RT) P–E hystersis loops for a) BiFeO3, b) BiFe0.95Zn0.05O3 ceramics.

Figure 2.  Scanning electron micrographs (SEM) of (a) BiFeO3 and (b) BiFe0.95Zn0.05O3 samples.
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current in BiFeO3 and BiFe0.95Zn0.05O3 compounds. 
The ionic radius of Zn2+ is slightly larger than that of 
Fe3+ hence deviation from original values of lattice 
parameters “a” and “c” is expected which will result 
in slight shifting of the diffraction peaks. Furthermore, 
the c/a ratio and Zn incorporation should not affects the 
crystalline structure of the parent compound BiFeO3. 
This is crucial for enduring ferroelectric characteristics 
in BiFeO3 and BiFe0.95Zn0.05O3 ceramics. 

Magnetic M-H hysteresis loops

	 Figure 4 presents the room temperature magnetic 
(M–H) hystersis loop of BiFe0.95Zn0.05O3 ceramic. The 
M–H dependency of BiFe0.95Zn0.05O3 ceramics has linear 
character upto 5 kOe, therefore confirming the weak 

ferromagnetic nature of BiFe0.95Zn0.05O3 sample at 300 K.
The room temperature low field M-H data upto 3 kOe for 
BiFe0.95Zn0.05O3 ceramic is depicted in inset of Figure 4. 
 At 5 K, the magnetization measurement of BiFe0.95

Zn0.05O3 ceramic as a function of applied magnetic field 
shown in Figure 5. The low field M-H data upto 50 kOe 
for BiFe0.95Zn0.05O3 ceramic at 5 K is depicted in inset 
of Figure 5. The values of coercive fields were found 
to be 79 and 355 Oe respectively at 300 and 5 K for 
BiFe0.95Zn0.05O3 ceramics.
 The temperature dependence magnetization measu-
rement of BiFe0.95Zn0.05O3 ceramic at 5 K with applied field 
of 5 kOe shown in Figure 6. With increasing temperature 
the magnetization decreases for BiFe0.95Zn0.05O3 sample.   

Dielectric measurements

	 Figure 7 depicts the temperature dependence of di-
electric constant for BiFeO3 and BiFe0.95Zn0.05O3 cera-
mics. The frequency was varied from 1 - 5 kHz. The 
dielectric constant delivers a continuous increase with 
temperature for both BiFeO3 and BiFe0.95Zn0.05O3 cera-
mics. In our case, a clear dielectric anomaly has been 
addressed in BiFeO3 and BiFe0.95Zn0.05O3 ceramics appro-
ximately around 480°C and 450°C. This anomaly 
seems to be correlated with phase transformation from 
antiferromagnetic to paramagnetic phase and also 
manifests a possible coupling between electric and 
magnetic dipole moments in BiFeO3 [25, 26]. The room 
temperature measured values of dielectric constant for 
BiFeO3 and BiFe0.95Zn0.05O3 ceramics were found to be 
34 and 44 respectively at 1 kHz.  

CONCLUSIONS

	 We have synthesized the BiFeO3 and BiFe0.95Zn0.05

O3 bulk multiferroic ceramics by self propagating high 
temperature synthesis (SHS). The room temperature 

Figure 5.  Magnetic hystersis loop at 5 K under the applied 
magnetic field of 70 kOe for BiFe0.95Zn0.05O3/Inset shows low 
field M–H data at 50 kOe of BiFe0.95Zn0.05O3 sample.

Figure 4.  Room temperature M–H hystersis loops under the 
applied magnetic field of 5 kOe of BiFe0.95Zn0.05O3 sample. 
(Inset shows low field M–H data at 3 kOe for the sample).

Figure 6.  M–T curve under magnetic field of 5000 Oe for 
BiFe0.95Zn0.05O3 ceramic sample.
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ferroelectric and magnetic hystersis loop attests the co- 
existence of ferroelectricity and magnetism. Magneti-
zation measurement of BiFe0.95Zn0.05O3 samples at 300 K 
and 5 K demonstrates a weak ferromagnetism. The P–E 
hystersis loops of BiFeO3 and BiFe0.95Zn0.05O3 ceramics 
represents an unsaturated behavior and indicates partial 
reversal of polarization. A dielectric measurement of 
BiFeO3 ceramic exhibits an apparent dielectric ano-
maly around 480°C and 450°C which proves an anti-
ferromagnetic to paramagnetic phase transition (TN) of 
BiFeO3. 
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Figure 7.  Dielectric constant versus temperature measurements in the frequency range 1- 5 kHz for a) BiFeO3 (curve A-C) and b) 
BiFe0.95Zn0.05O3 (curve A-C).

a) BiFeO3 b) BiFe0.95Zn0.05O3

0
0

500

1000

1500

2000

2500

3000

3500

4500

4000

50 100 150
Temperature (°C)

A = 1 KHz
B = 3 kHz
C = 5 kHz

D
ie

le
ct

ric
 c

on
st

an
t

200 250 300 350 400 450 500 550 0
0

5000

10 000

15 000

20 000

50 100 150
Temperature (°C)

A = 1 KHz
B = 3 kHz
C = 5 kHz

D
ie

le
ct

ric
 c

on
st

an
t

200 250 300 350 400 450 500 550


