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Abstract: Multiferroics, as the medium with more than oneesrdarameter, have become a subject of great
interest in the past decade. The bismuth ferriteeB§ belongs to a class of multiferroic materials, vihiave

two simultaneous properties of spontaneous elettpiclarization and spontaneous magnetization. Bifes
critical conditions for synthesizing single phas@ce the temperature stability range of the phaseery
narrow. Formation of impurity phases during prepamis the main drawback with BiFg&ystem, if
synthesized by Solid State Reaction (SSR) methatk BiFeO; synthesized through SSR, exhibits weak
ferromagnetic properties at room temperature. BiFe@no-particles have been prepared by novel sol-gel
technique at as low as 750 °C using ethylene glgsch fuel. The crystal structure and chemical amitipn
studies were carried out using X-Ray DiffractiorRX) and Energy Dispersive X-Ray Analysis (EDXA).€Th
XRD result indicates the formation of single ph&EeG; crystallized into a rhombohedral structure with
space group R3c. The crystallite size was observétl nm using Scherrer’s formula. FTIR data cordirtime
intrinsic nature of BiFe@ TG/DTA measurements of precursor showed the warieight loss regions
correspond to removal of starting materials. Linsanavior of magnetization as a function of apph&ghnetic
field confirms the antiferromagnetic nature of tB&eO, compound at room temperature. BiRe® a
promising multiferroic candidate for the applicatidike actuators and sensors in the field of spinits.
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Introduction and Experimental:

Bismuth Ferric Oxide (BiFe$) is one of the new class of materials known as naamelectric
materials, which exhibits co-existence of intenediaelectric and magnetic dipole structures withinertain
range of temperatures. It is antiferromagnetic wathrelatively high Neel temperature (643 K) and
ferroelectric with high Curie temperature;{I103 K). Sintring temperature and doping concéintravariation
are key factors to enhance the properties of sy of materials (1-4). Many techniques have begirad to
obtain the single-phase BiFe@aterial. However, preparation of single-phaseeBifis a critical task because
other thermodynamically more stable phases sucBi#%,0,, Bis.Fe0;, are formed as the temperature
stability range is very narrow for BiFgOThe literature survey shows that the Bigd@ve been prepared
almost by physical methods. However, chemicakthmds are relatively cheaper as compargdhysical
methods.

http://www.sphinxsai.com/framesphinxsaichemtech.htm




J. A. Bhalodia et a//Int.J. ChemTech Res.2014,6(3),pp 2144-2146. 2145

All the solvents and chemicals were taken of ai@ytgrade and were used without further
purification. Pure BiFe@nanoparticles were prepared by Auto-combustiohrtigggie. The precursor solution
was prepared by mixing appropriate amounts of (@BD)Bi and (CHCOO)Fe (molar ratio of Bi and Fe =
1:1) in water + acetic acid solution under constamaignetic stirring for 4 h. Then, appropriate antooi
ethylene glycol was added to the solution. Thea gl was dried at 130 °C and ground into powdéerAhat,
pallets were prepared from the powder and sintired h in air atmosphere at 750 °C.

The crystallinity and phase analysis of the syn#esssample was determined by the XRD. The data
was obtained between 20° to 808)Y Dy step scanning of 0.02° and scan step timewsecond. EDAX was
carried out for composition analysis. To study tiermal decomposition behavior of dried powder, DGA
patterns was carried out under static air atmospherate of 15 °C/min from 24 to 800 °C. The irdch
spectrum was recorded with the scanning range;td0€000 crit. Magnetization as a function of applied
magnetic field (hysteresis loop) was measured uaingrating sample magnetometer (VSM, SAIF, Madras
up to an applied field of 1.5 T at room temperature

Results and Discussion:

As shown in Figure 1, TGA of the precursor demaiss that the precursor powder is completely
decomposed at 500 °C when heated with the rat®& 8Cimin. The exothermic reaction with a largesigive
loss in the temperature range between 150 and GaAld be assigned to the collapse of gel netveodk
combustions of most of the organic materials. A4 tireight loss occurring between 300 and 400 °Cespond
to the release of carbon dioxide. No more notaldgmt loss was observed in the temperature ramge 500
to 750 °C corresponding to the phase-crystallinagiep. In DTA signal, endothermic peak is obseatet4 °C
and exothermic peak is observed around 250 °C.pféeursor has been found not to melt up to temperat
755 °C. Figure Zhows the infrared spectrum of thermal-treated gowtihe bands between 700 to 400'cm
were mainly attributed to the formation of metald®s. The 560 cthand 440 cii peaks in the sample were
assigned to the mode of stretching vibrations attwegFe-O axis and the mode of the Fe-O bendingtidn
respectively. These bands are characteristicseob¢bahedral Fe{yroups in the perovskite compounds.
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Figure 1: TG-DTA Curve for BiFeQ Figure 2: FTIR Spectrum of BiFe®
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Figure 3 shows the XRD pattern of the synthesizélde®; powder crystallized at 750 °C. The
structural characterization was done by matchingpXttern with standard pattern of BiFg@CPDS No. 86-
1518). It was found that the powder was a rhombiatigddistorted perovskite BiFeOAIll of the reflection
peaks shown in figure @&n be indexed as BiFg®-phase (a = 5.5781 A, and c= 13.859214; 90°,y = 120°)
with space group R3c. Furthermore, intensity peotf the reflection peaks are close to those regoirt
JCPDS (# 86-1518), which suggests that the sanspheely close to a pure R-phase within instrumental
sensitivity. The average crystallite size of thengke was ~ 41 nm determined using Scherrer’s fainihe
values of the unit cell volume V is 373.77 &nd calculated X-ray density is 8.33 gmicm

The EDAX of the BiFe@confirms the presence of Bi, Fe and O elementg\EBnalysis was carried
out and the Bi : Fe ratio was found to be closé:ioconfirming the powder to be chemically homazpmirs.
The calculated weight % of BiFg@re - Bismuth 67%, Iron 18% and Oxygen 15%. Thedges are very close
to measured weight %, that are Bismuth 65%, Ird¥b Bnd Oxygen 18%. Figureshows the magnetization of
the BiFeQ ceramic sample as a function of applied magnétid.f The measurement was carried out on the
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ceramic sample at room temperature. It is evideat mmagnetization is a linear function of appliedgmetic
field. This behavior is typical of antiferromagretnaterials. Magnetization and magnetic hystere=ssilts
confirm the absence of canted ferromagnetic behanithis sample. This suggests the absence otlagéd
clusters or impurities in the sample.
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Figure3: Indexed XRD patterns Figure 4: M-H curve obtained at room
of BiFe(O; temperature for BiFegamples.
Conclusions:

We could successfully synthesize Nanophasic BifaiCOthe sintering temperature of 750 °C using
Auto-combustion Technique. The XRD and EDAX studiesform that Auto-combustion Technique produces
single-phase perovskite BiFg@xides. The synthesized product had compositiafoumity, nearly single
perovskite phase with a ratio of bismuth and irlmse to 1:Jand smaller crystallite size (41 nm). VSM analysis
(M-H Loop) confirms the antiferromagnetic naturetioé Bismuth Ferrite nanoparticles. Above resuliggest
that Auto-cumbution technique has been provedldissnd more convenient for the synthesis of BifeO
nanoparticles.
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