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ABSTRACT

Multiferroic BiFepgsZno0sO3 Was prepared by a novel solution combustion method (SCM) using
metal nitrates (Oxidizers) and glycine (Fuel) as starting materials. The x-ray diffraction (XRD)
spectra revels that the sample has rhombhohedral perovskite structure having space group R3c
with a small impurity peak corresponding to Biix(BiosFens)O1e50bserved around 30° in the 26
range. The surface morphology of the sample was studied by scanning electron microscope
(SEM). The ferroelectric measurement of sample shows maximum saturation polarization Ps =
0.65 uClcn? and remanent polarization of P, = 0.27 uClent. The dielectric constant versus
temper ature measurement shows the dielectric constant (¢ ~ 35, 33, f= 10kHz, IMHz at RT and ¢
~ 661, 116, f = 10kHz, IMHz at T = 400 °C) of sample continuously increasing with temperature
in range 30 - 400 °C and dielectric loss versus temperature plot (tand ~ 0.046, 0.014, f = 10kHz,
1IMHz at RT and tans ~ 4.86, 0.72, f = 10 kHz, IMHz at T = 400 °C) in the frequency range 10
kHz-1MHz exhibits a good didlectric performance. The dielectric constant and loss as a function
of frequency in the range 10 kHz -1 MHz was studied at room temperature.

Keywords: Multiferroic BiFe 9sZnp 0503, Solution Combustion Method, Characterizations,
Ferroelectric, dielectric Properties.

INTRODUCTION

Multiferroic materials exhibit electric and magmetiature together results in ferroelectricity and
ferromagnetism in a single phase [1]. Multiferraiaterials are gaining much attention because
of their potential applications in various fieldsch as information storage, spintronic, sensors
[2], memory, data storage media [3], digital merasrispin filters electrically switchable spin
valves [4], microelectronics [5], wireless sensdrigh frequency filters [6]. Due to coupling
between electric and magnetic parameters resultsaimovel phenomena known as
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magnetoelectric effect (ME) in which polarizaticancbe switched by applied magnetic field and
magnetization can be switched by applied electeld fprovide an additional opportunities for
the fabrication of microelectronic and spintronievites [7,8]. BiFe@ have rhombhohedrally
distorted perovskite structure with G-type antibenagnetic behavior below Neel temperature
(Tn ~ 643 K) and ferroelectric behavior below Curieperature (€~ 1103 K) [9, 10].

Several groups have attempted to enhance the liectoeity and magnetism in BiFgQvith A
and B site doping such as Mn [2], La [11], Cr [12],[13] trivalent element dopants but there
are only few reports on divalent doped Bike®u et.al studied the magnetic and dielectric
properties of BiFe@and BiFg.gsZng 0503 ceramics they showed that rapid sintering enhatiees
magnetic properties of BiFg@nd Zn substitution improves the dielectric prapsrof BiFeQ
[14]. Khomchenko et.al. reported the frequency depeat dielectric constant and loss
measurement at RT depicts semiconducting magnaaitéerrites behavior due to prescence of
nonlocalized charge carriers and due to this redlsendielectric permittivity and loss factor
decreases with increasing frequency ingBbFeQ;, A = Ca, Sr, Pb ceramics prepared by solid
state reaction [15]. Wang et. al. studied the sgith of Bj..BaiFeQ; by double sintering
techniqgue shows RT ferroelectric hystersis loophwibnsaturated P-E loop until at higher
voltage and the dielectric constant verses frequgnot shows higher dielectric constant at
lower frequencies and decreases with increasinguénecy [16]. Kothari et.al. reported the
multiferroic properties of BiyCaFeQ; by solid state reaction in which they have shoha t
leakage current values increases with increaseaidping level results in increase in oxygen
vacancies due to charge neutralization of 'Cat Bff* site and M-H loop shows remnant
magnetization [17]. Fruth et.al.studied the prepansof BiFeQ ceramic by solution combustion
method. The dielectric constant and losses wasumegsvith heating-cooling cycles [18].

In this paper we report the synthesis of BigsBng 0sO3 ceramics by solution combustion method
using glycine fuel and BFZO ceramic shows remankarihanced ferroelectric and dielectric
properties than earlier reported results.

MATERIALS AND METHODS

The BiFe@.95Zno0503 multiferroic was prepared by a solution combustimethod (SCM). The
starting materials Bi(Ng)s;.5H,O (CDH, India), Fe(N@)s. 9H,O (Fischer Scientific), Zn(N¢)..
6H,0 (CDH, India) were used as an oxidizers and gb/¢MH,CH,COOH) (CDH, India) was
used as fuel. The oxidizer (O): fuel (F) ratio veatculated based on the oxidizing valencies of
metal nitrates and reducing valency of fuel [19jeTmnetal nitrates and glycine in stiochiometric
ratios were dissolved in distilled water, this o is then concentrated by heating in a Pyrex
dish (150x50mm) on a burner until the excess @ frmater evaporates and spontaneous ignition
occurred with finally a combustion powder is ob&nThis powder was grinded and calcined at
650°C for 4hrs. In this calcined powders 2% PVA (pohylialcohol) was added as a binder and
pellets from synthesized powders were preparedjusiexial pressing. The pellet was sintered
at 670°C for 30 min and carried out for further charaatation and measurements.

The phase identification of the sintered pellet \wasformed on X-ray diffractometer (Philips
X'Pert PRO) with Cult radiation in the @ range 20-7% The surface morphology was studied
using scanning electron microscope (SEM, EVO-50for ferroelectric and dielectric
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measurements the two opposite surfaces of sintpedldt was polished with silver paste.
Ferroelectric measurement was performed at roonpeesture using Precision Premier I,
Radiant Technologies, USA. Dielectric constant dods as a function of temperature
measurement was performed on Agilent HP 4192A, ttapee Analyzer and dielectric constant
as a function of frequency at room temperature oreasent by Agilent 4294A, Precision
Impedance Analyzer.

RESULTS AND DISCUSSION
1. Structural Studies
Fig.1 shows the XRD pattern of Bif®Zno0:03 (BFZO) ceramic at room temperature. The
BFZO sample shows rhombhohedral perovskite straonith space group R3c. All the peaks
matches very well with the reported data only thg(Bio sF&) 5)O19 simpurity peak appearing at
20 around 30 marked by stars. With increasing doping conceioimathis secondary phase
becomes more intensive because it is very diffimufirepare single phase BiFg®4].
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Fig.1. XRD pattern of BiFe ¢gsZno 003 sample at RT (* indicates the impurity phase)

2. Surface Morphological Studies

Fig.2 shows the typical surface SEM image of Bifs&no.o:03 ceramic sintered at 67 for 30
min, the grains of BiRgsZNno 0503 are uniform and irregular. The bigger size grareobserved
due to agglomeration of small grains with interoected structure and the average grain size
was estimated to be about 200 — 500 nm.

3. Ferroelectric P-E Hystersis Loop
Fig.3. shows the electric field dependant polaiaraexhibits a clear ferroelectric hystersis loop
of BiFey9sZno O3 at room temperature (300 K). The loop is very Iwsdturated with
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remarkably enhanced saturation polarization Ps65 .C/cni and remanent polarization Pr =
0.27 puClcrh.

Fig.2. SEM image of BiFg¢sZng 0503 ceramic
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Fig.3. Ferroelectric Hystersis (P-E) Loops of BiFgysZng 005 at RT.

4. Dielectric Studies

Fig.4 a) shows the dielectric constant verses teatpe plot of BiFggsZng o503 obtained by
combustion method in the temperature range 30 ¢ @0Qith corresponding frequencies ranging
from 10 kHz - 1MHz at heating cycle shows a cordum increase of dielectric constant with
temperature, in this sense only small values amhggvity ¢ ~ 35, 33, f= 10kHz, 1MHz at room
temperature and ~ 661, 116, f = 10kHz, 1MHz at T = 4diC) are observed for BFZO

multiferroic ceramic.
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Fig.4 a). Dielectric constant — temperature graphfoBiFeg 952N 003 f = 10kHz-1MHz.

Fig.4 b) shows the dielectric loss verses tempegajtaph of BiFgesZng 003 in the temperature
range of 30 - 40DC with corresponding frequencies ranging from Hx k 1MHz at heating
cycle exhibits continuous increment of loss witmperature with corresponding dielectric losses
(tam ~ 0.015, f = 1 MHz and tan~ 0.050, f = 10kHz at room temperature). This
BiFey.95Zno 0503 multiferroic shows tah < 1 at room temperature exhibits good dielectric
properties [18].

Dielectric Constant

Fig.4 b) Dielectric loss — temperature graph of BiB 9sZng ¢:03,f = 10kHz-1MHz.
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Fig. 4 c) shows the variation of dielectric constegrses frequency obtained for Bilg&ng 0503
sample at room temperature in the frequency rafdeHk -1 MHz shows the dielectric constant
decreases with increasing frequency.
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Fig. 4 c) Dielectric constant verses frequency plstof BiFg ¢sZngoOzat RT

Fig.5.2 shows variation of dielectric loss versesyfiency obtained for BikgsZno 003 sample
at room temperature in the frequency range 10 KH¥IHz shows the dielectric loss decreases

with increasing frequency.
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Fig. 4 d) Dielectric loss verses frequency plot &iFey gsZng os03 at RT
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CONCLUSION

In summary, The Zn doped BiFe@BiFey 95Zng 0s03) multiferroic ceramic has been successfully
synthesized by a solution combustion method (SCKIhai glycine fuel. The XRD pattern
reveals that the sample has rhombhohedral cryBtattgre and has good agreement with the
reported data. The microstructure of sample shdwes grains have uniform, irregular, and
agglomerated grains with interconnected struct@a® lbeen formed. The ferroelectric hystersis
loop for Zn substituted BiFeQOwvas well saturated with enhanced saturatioj §dRd remanent
polarizations (B and finally it was found that the Zn doping atd#e results an improvement of
dielectric constant and dielectric losses.
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