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Abstract: The structural characterization and magnetic investigations of perovskite bismuth ferrite were studied using X-
ray diffraction (XRD) and superconducting quantum interference device (SQUID) magnetometer, respectively. Raman
spectroscopy investigation was performed in order to confirm the obtaining of bismuth ferrite (BiFeOs3) structural phase.
The optimum conditions for the synthesis of bismuth ferrite sample was found to be 600 °C and 800 °C /6 hours for the
first and second sintering stage, respectively. The sample has been melted as sintering temperature ascended above of 800
°C. Rietveld refinement was applied for quantitative phase analysis. The Neel temperature of bismuth ferrite was 538 K as
determined from the electrical resistivity measurement as a function of temperature. A magnetic phase transition from
metallic (Para magnetic) into insulator (Anti ferromagnetic) state was observed at the Neel temperature. A room
temperature weak ferromagnetic behaviour is observed in BiFeO; (BFO) sample that is referred to the spin canting
configuration.
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1 Introduction the ferroelectric distortion that appears in the perovskite

structure, which then leads toa switching of magnetization
Bismuth ferrite or bismuth iron oxide (BiFeOs) is a through spin canting as reported by Ederer and Fennie [5].
multiferroic material, which contains an overlapping of the ~ The study aims to optimize the preparation parameters of
ferroelectric and (Anti) ferromagnetic orders at room  bismuth ferrite (BiFeOs) phase by solid-state reaction.
temperature. The correlations between electric dipole  Correlation of structure characteristics with the electric and
moment and magnetization leads to an interesting Mmagnetic properties will be considered.
functionality called magneto-electric coupling. The .
synthesize process of bismuth ferrite (BiFeOs) phase is very 2 Experimental
complicated due to its perovskite structure, and mostly in - The synthesis process of perovskite bismuth ferrite
ceramic form the formation of pure phase is very difficult  (BiFeOs) phase was prepared by conventional solid- state
especially if it started by raw oxides [1,2]. The Neel reaction method. The starting materials of raw oxides of
temperature of bismuth ferrite was reported at 643, 650 and  pismuth oxide (I11) (99.99%, sigma Aldrich) and iron oxide
673K [1-3]. The magnetoelectric coupling allows to the  (111) (99.99%, Sigma Aldrich) were mixed together in a
occurrence of several applications in functional devices as  stoichiometric ratio (1:1).The mixture was then grinded in
well as spintronics applications [2,3].Selbach et al. [4], an agate mortar for 15 min in presence of ethyl alcohol to
prepared BiFeOs phase by the wet chemical rout method increase the homogeneity of mixture. The mixture was then
and they reported that the bismuth ferrite (BiFeOs) phase  sintered in an air furnace with two sintering stages at
decomposes to other impurity phases: BixsFeOss and  different temperatures for 6 hr:the first sintering stage at
BizFesOy in the temperature interval of (720-1040) K. In- 500 °C and 600 °C and the second stage at 720°C, 800°C
presence of magnetoelectric coupling, it means that the and 820 °C. Structural characterization of samples was
magnetization of material can be electric field controlled  performed using X-raydiffractometer
and the electric polarization can be magnetic field (EMPYREAN,PANalytical) at room temperature with Cu-
controlled as well due to the interaction between K, radiation(A=1.54A) at operating voltage and current of
ferroelectric  and  antiferromagnetic ~ orders. ~ The  45kvand 30 mA. The electrical measurements were
magnetoelectric coupling in bismuth ferrite was referred to  investigated using high current source (Keithley 238) in the
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temperature range of 300-800K. Magnetic properties were
studied via superconducting quantum interference device
(SQUID), MPMS3 quantum design, USA.

3 Results and Discussions

A phase optimization process based on different
temperatures at two sintering stages have been carried out
to select the optimum condition for obtaining the BiFeOs-
phase.Figure (1) shows the X-ray diffractograms of the
synthesized bismuth iron oxide samplesafterthe first
sintering stage.The phase identification based on JCPDS
cards illustrates that the sintered samples contains the main
proposed phase (BiFeOs) in addition to two parasitic
secondary phases (BixsFeOs and BixFesOg). As the
temperature is ascended from 500 °C to 600°C,the peaks of
the secondary BiFesOg phase were disappear as clearly
shown in Figure (1b).On the other hand, the peak intensities
of BiFeOs andBizsFeO4 phases are increased specially of
the parent phase. Thus,the optimum conditions for the first
sintering stage are 600°Cwith sintering time of 6 hrs.

On the other hand, it was also shown that as the first
sintering temperature ascends from 500 to 600 °C, the
diffraction peaks are shifted to higher 26-angles.

The direction of the shift indicates a decrease in unit cell
volume, which seems to be due to volatile nature of Bi.
Synthesis of BFO at high temperatures results in depletion
of bismuth. This creates bismuth vacancies (VBi), which
leads to the formation of oxygen vacancies (VO) or
multiple valance of Fe (Fe**to Fe?*)to maintain charge
neutrality in BFO ceramics [6-9]. XPS results confirm
the single valance state of Fe in undoped and Ba doped
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samples [10-11]. Therefore, the solid- state reaction at high
temperature results in the formation of Vg and Vo as
described by the following Kroger-Vink notation [12]:
2Bi%; + 305 = 2Vpj + 3V

X-ray diffractograms of the prepared samples after the
second sintering stage are depicted in Figure (2). It was
observed that by increasing the sintering temperature from
720 °C to 800 °C, the main BiFeOs phase is clearly
enhanced. The zoom in the 26-range of 22° - 33Cillustrated
in Figure (2.b) shows clearly the intensities of BiFeOs;
phase pronouncedly increases while those of BizsFeOug
phase decreases with no considerable change of BixFesOq
phase as the temperature of the second sintering is ascended
to 800°C. The sample has been melted as sintering
temperature ascended above of 800 °C. Thus, the optimum
sintering conditions to synthesize BiFeOs; phase were
selected to be at 600°C and 800°C for 6hr, for the first and
second sintering stages, respectively.

Quantitative phase analysis (QPA) was performed to check
the validity of phase optimization parameters. The Rietveld
refinement was applied for structural analysis and QPA
using MAUD software. Reitveld plotsare given in Figures
(3 and 4). QPA results are given in Table (1).The QPA
results matches the interpretation of optimization process as
given above. Rietveld quantitative phase analysis proved
that thehighest abundance of BiFeOs; phasecan be
obtainedusing the optimum preparation conditions
oftemperature and time of 600°Cand 800°C for 6hr,for the
first and second sintering stages, respectively.
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Fig.1: XRD diffractograms of bismuth ferrite samples after the first sintering stage:

a) 20 = 20-80°) and b) Zoom in region of 26 = 22-33° (JCPDS cards are illustrated in the figure).
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Fig.2: diffractograms of bismuth ferrite samples after the second sintering stage:

a) 26 = 20-80°) and b) Zoom in region of 26 = 22-33° (JCPDS cards are illustrated in the figure).
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Fig.3: Reitveld plots of bismuth ferrite samples after the first sintering stage.
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Fig.4: Reitveld plots of bismuth ferrite samples after the second sintering stage.
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Table 1: Quantitative phase analysis.
1 0,
Sintering Temperature Phaseconcentration (%)

stage (°©) BiFeO; BizsFeOuo BisFe.Os
500 22.49 35.96 60.45

First
600 42.70 55.48 1.80
720 35.75 49.42 14.82

Second

800 61.27 16.15 22.56

Raman active mode of ceramic bismuth ferrite (BFO) was
shown in Figure (5).The spectrum shows 7 Raman active
modes of BiFeOs; phase.The Raman spectra of the
synthesized BFO sample was checked through the
comparison with previous literature works as shown in
Table (2), which confirms the higher quality of BFO as
compared.

The electrical and magnetic properties of selected BiFeOs
sample were studied by using, respectively,the two-point
contact method and superconducting quantum interference
device (SQUID), MPMS3 company, USA.The electrical
resistance of bismuth ferrite as a function of temperature
was measured from room temperature up to 600K as
depicted in Figure (6). A relaxation of resistance value
appears around 600K. This reduction isdue to magnetic
order phase transition from anti-ferromagnetic (insulating)
to paramagnetic (metallic) phaseat 600°C, this temperature
considered to be the Neel temperature of the sample.
Magnetic field dependence of the magnetic moment was
recorded by plotting the hysteresis loop under an applied

magnetic field up to 7 Tesla to determine the magnetic
properties of bismuth ferrite sample. Figure (7.a) shows the
hysteresis loop of BiFeO3; sample measured slightly above
room temperature at (375K), which agrees with the
literature [18]. Despite of the reported antiferromagnetic
nature of bismuth ferrite, howeverM (H) hysteresis loop
shows a small opening with a few magnetic moment values
that provides the presence of weak ferromagnetic
behavior.The weak ferromagnetic behaviour in the
synthesized ceramic BiFeO3z; sample is referred to the spin
canting mechanism whereas the Dzyaloshinskii- Moriya
interaction appears, causing the spin of electrons to be tilted
and not perfectly antiparallel, which results in a small net
magnetization.

The temperature dependence of magnetic moment
investigation ofBiFeOs; samplewas performed under an
external magnetic field of 100 Oe as shown infigure
(7.b),which  shows the typical superparamagnetic
behaviour. The enhancement of magnetization at low
temperature reflects the spin freezing state of the free
carriers.
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Fig. 5: Raman spectroscopy of pristine bismuth ferrite sample(BiFeOs3)
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Table 2: Raman active modes in this study and previous literature works.

This work Chaturvedi et | R. Palaiet al. Fukumura Singh et al. Raman
al.[13] [14] et.al. [15] [16] mode
137 - 140 147 136 A1
215 235 200 227 211 A1
282 268 250 265 275 E
540 521 580 525 549 E
824 - 850 - - E
970 - 950 - - E
995 - - - - E
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Fig.6: temperature dependence of electrical resistance of BFO.
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Fig.7: Magnetic moment:a) Magnetic field dependence and b) Temperature dependence of parent BFO sample.
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4 Conclusions

BiFeOsphase can be synthesized in considerable
concentration using solid state reaction and two sintering
stages. Quantitative phase analysis using Reitveld
refinement prove thatthe optimum preparation parameters
are600°C and800 °C for 6 hr for the first and second stage,
respectively. Raman spectroscopy confirms the formation
of the structural phase of BiFeOs; sample. A room
temperature, weak ferromagnetic behaviour was observed
in BiFeO3z sample and it was attributed to the spin canting
mechanism.

canting mechanism whereas the Dzyaloshinskii- Moriya
interaction appears, causing the spin of electrons to be tilted
and not perfectly antiparallel, which results in a small net
magnetization.

The temperature dependence of magnetic moment
investigation ofBiFeOs; sample was performed under an
external magnetic field of 100 Oe as shown infigure
(7.b),which shows the typical super paramagnetic
behaviour.

The enhancement of magnetization at low temperature
reflects the spin freezing state of the free carriers.
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