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Abstract: The BiosPbo.2FeosNbo 103 sample is synthesized by solid state reaction method. The small trace of LiCO3 was
doped for increasing the resistivity of sample during the synthesis process. The analysis of XRD pattern confirms the
rhombohedral crystal structure with R3c space group for this sample. The dielectric and hysteresis loop measurements
confirm the insulating properties of BiosPbo2FeosNbo1Osz. The magnetic transition temperature is also confirmed by the
temperature dependence plot of dielectric constant.

1. Introduction: The materials in which ferroelectric and magnetic order parameters are simultaneously co-exist and cross
coupled are called magnetoelectric multiferroic [1-6]. They have enormous applications in making of multistate memory
devices, sensors, spin wave amplifiers and spintronics based devices [1-6]. The pure BiFeOs; (BF) (Tn ~ 643 K, Tc ~ 1103 K)
and BiFeOs; based doped multiferroic systems are only discovered multiferroics in which ferroelectric and magnetic order
parameters co-exist above room temperature [7-8]. The room temperature multiferroic properties of BiFeO3; and BiFeOs; doped
systems make it unique materials for the designing of modern electronics devices [9-12]. The synthesis of insulating BiFeOs is
very difficult because it shows hopping conductivity due to presence of Fe3* and Fe?* ions and oxygen vacancies in sintered
BiFeO:s. In the present study, | doped BiFeOs with another fascinating low temperature multiferroic Pb(FegsNbos)Oz (PFN) (Tn~
143 K, Tc ~ 385 K). | have selected Bismuth ferrite rich BF-0.2PFN (Bio.sPbo2Feo9Nbo.103) composition for present study. |
have synthesized insulating Bio.sPbo2Feo.sNbg 103 composition by doping small trace of Li,COs. In this paper, | have discussed
the different steps of synthesis of insulating BiFeOs; based doped multiferroic materials BiogPbo2FeosNbo10s and their
characterizations by using X-ray diffractometer (XRD), Differential scanning calorimeter (DSC), Hysteresis loop tracer and
dielectric measurements.

I, present the details of synthesis of phase pure BiosPbo2FeosNbo10O3 solid solutions systems by solid state reaction
method. The synthesis of pure BiFeO3 has been continuing a challenge because easily formation of unwanted impurity phases
BizFesOg [13, 14] Kumar et al. (2000)], BizsFeOsg [15, 16] and BissFe2Os7 [17] during their calcinations and sintering processes.
On the other hand, the formation of unwanted pyrochlore phases e.g. PbsNbsO13 and PbaNb,O7 [18, 19] during the synthesis of
Pb(FeosNbo5)O3 makes it more difficult to synthesize phase pure BiosPho2FeosNbo103 samples. The BizFesOq (Bi-deficient) and
BixsFeOsg, BissFe 05y (Bi-excess impurities) are formed during the calcinations stage. These impurities are controlled by
optimizing the calcinations temperature and time. There was no impurity phases formed during the calcinations of the
Bio.sPbo.2Feo.sNbo 103 compositions. The sintering of BiosPbo2FeooNbo103 pellets were carried out in the closed alumina
crucibles. The powders of same compositions are used as a spacer powder to control the evaporation of Bi during the sintering.

X-ray diffractometer is a powerful instrument used to characterize and identify the different phases present in any
material. The simplicity and advantage of X-ray powder diffraction method can be given as follows (i) the powder diffraction
pattern is characteristic of a given substance, (ii) each substance in a mixture produces its own pattern independent of others and
(iii) the method is capable of quantitative and qualitative analysis of the phases present in a given mixture. In the present case, the
calcined and sintered powders were characterized for the presence of different phases in the BigsPbo.2FeoosNbo 103 composition
synthesized during this thesis work. X-ray diffraction (XRD) measurements were carried out using an 18 kW rotating anode
(CuKa) based Rigaku (RINT 2000/PC series) powder diffractometer operating in the Bragg-Brentano geometry and fitted with a
graphite monochromator in the diffracted beam.

2. Synthesis of Bio.sPbo.2FeosNbo.1Os (BF-0.2PFN): BiogPbo2FeosNbo 103 was synthesized through conventional solid state

reaction route. The conditions and sequences used in the sample preparation are as follows:

Analytical reagent grade reagents Bi»O3 (99.5%, Himedia), Fe.O3 (99%, Himedia), PbCO3 (99.5%) and Nb,Os (99.0%,
Himedia) were taken as the initial raw materials in the present work. All the powders were having purity > 99%. The reacting
species in the stoichiometric ratio were thoroughly mixed in an agate mortar-pestle in the presence of AR grade acetone for 2-3
hours. The mixtures were then ball milled (Retsch GmbH & Rheinische, Germany) for 6 hours using zirconia jars and zirconia
balls with AR grade acetone as the mixing media.

After proper mixing (hand mixing and ball milling), mixture was kept at least for 12 hours to completely evaporate the
acetone which was used during ball milling. The dried powder was gently collected and used for calcinations. The calcinations
were carried out in an alumina crucible at different temperature by using globar furnace capable of going up to ~1600 K. To study
the reaction mechanism for the formation of the BF-0.2PFN solid solutions, ball milled powder were calcined at different
temperatures 1053 K, 1073 K, 1113 K, 1123 K, 1133 K, 1143 K and 1148 K for 7 hours. The calcined powder was grind in to
fine powders by using an agate mortar and pestle and used for the collection of x-ray diffraction patterns. The x-ray diffraction
patterns of BiosPbo2FeosNbo103 powders calcined at different temperatures were recorded as shown in Fig. 1. The x-ray
diffraction pattern collected at 1053 K was indexed by using JCPDS files. Since, there were no reflections of ingredient powders
Bi,03, Fe,03, PbCO3 and Nb,Os present in XRD patterns, it means reactions were completely taken place. The major components
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of XRD pattern has been indexed as a main perovskite peaks of BF-0.2PFN along with two minor’s phases of BizsFe,Os7 and
PbsNb4O13. The reflections of the impurity phases BissFe2Os7 and PbsNbsO13 are indicated by specific symbols as shown in Fig. 1.
The small peak located at the 26 ~ 37.5° is due to the cell doubling of the main perovskite phase. In order to check the stabilities
of the impurity phases, it was calcined at different higher temperatures whose XRD patterns with temperatures are given in the
Fig. 1.
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Figure 1. The XRD patterns of calcined BiogPho2FeosNbo103s powders at different temperatures using Bi»Os, Fe20s, Nb,Os and
PbCO; as an ingredients in appropriate molecular ratio.

It was evident from Fig. 1 that as the calcinations temperature was increased intensities of the x-ray peaks corresponding
to the impurity phases gradually decreased and completely disappeared at 1158 K. The small hump at ~ 28° is due to the Bi
deficient Bi.FesOgy impurity phase which probably starts to appear at sufficiently high calcination temperature. The x-ray
diffraction pattern collected at 1148 K was only due to the main perovskite phase of BiosPbo 2FeosNbo103 along with superlattice
reflections. The superlattice reflections was found in pure BiFeOs and its doped compound because of antiphase rotation of
oxygen octahedral along the [111] direction of the perovskite phase. The 1148 K temperature was taken as an optimized
calcinations temperature for the BiosPbo2FeosNbo 103 composition. For synthesis of insulating Big.sPbo.2FeoosNbo103, the small
trace of Li,COs; was mixed in stiochiometric composition before ball milling. The optimized calcinations condition of
Bio.sPbo.2Feo9gNbo103s was taken as initial condition for the calcinations of 1% by weight Li,CO3; doped Bio.gPbo.2Feo9Nbo103
composition. The impurities free 1% by weight Li.CO3 doped BiosPbo2FeosNbo103 composition was successfully calcined at
1140 K.

2.1 Preparation of Green Pellets and Sintering: After calcinations, the sample was properly crushed and mixed with an organic
binder of 2% polyvinyal alcohol (PVA) solution in an agate mortar. PVA mixed powder was used for the preparation of green
pellets. A cylindrical steal die of 12 mm diameter was used to make green pellets of BF-0.2PFN. Initially, the die was kept in a
highly viscous mobile oil to prevent it from rusting. After taking out from the oil, the die was cleaned with acetone. Just before
putting the powder in the die for pressing, some stearic acid solution was used in the inner surface of the die to avoid sticking of
the powder on the inner surface of the die. The BigsPbo2FeooNbo103 powder was put in the die and set in a hydraulic press. Then
die containing powder was uniaxially pressed at an optimized pressure (for getting maximum green density) of 65 kN in a
hydraulic press. After pellet was formed, it was heated at 773 K for 12 hrs to completely evaporate the binder (PVA). The pellets
called as ‘green pellets” was kept at 773 K for 12 hours for completely burn-off polyvinyl alcohol before sintering. Sintering was
performed in closed alumina crucible with calcined powder of the same composition kept inside the closed crucible as a spacer
powder for preventing the loss of Bi3* during the sintering. The sintered pellets were then crushed into fine powder. This crushed
powder was annealed at 775 K for 12 hours to remove strains which may be developed during the process of crushing.

3. Results and Discussion: Fig. 2 depicts room temperature XRD pattern of Li doped BiosPbo2Feo9Nbo1O3 composition in 26
range of 20°-70°. The small peak at 20 ~ 37° confirms the presence of super lattice reflection due to octahedral tilting of R3¢
phase of BF. The crystal structure analysis using FullProf was also carried out to confirm the crystal structure of Li doped
Bio.sPbo2Feo9Nbg 105 sample. The FullProf analysis confirms the rhombohedral phase with R3c space group for Li doped
Bio.sPbo.2FeosNbg 103 sample.
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Figure 2. The XRD patterns of Insulating Bio.sPbo2Feo.sNbo 1035 powders. The small amount of

Li,COs i.e. approximately1% by weight of stoichiometric composition of BiogPbo2FeosNbo 103 was used before ball milling.

For the dielectric measurements, BF-0.2PFN pellets were smoothly polished with 0.25 pm diamond paste and then
washed with acetone to clean the pellets surface. Isopropyl alcohol was then applied to the polished surface for removing the
moisture, if any, on the pellets surface. Fired-on silver paste was subsequently applied on both the faces of the pellets. It was first
dried at 423 K in an oven and then cured by firing at 773 K for about 2 min. The temperature dependent dielectric measurements
at 1000 Hz were carried out at a heating rate of 1 K/min using a Novo control (Alpha-A) high performance frequency analyzer.
Fig. 3 depicts the temperature dependence dielectric plot of BiogPbo2FeosNbo 103 at 1 k Hz frequency.
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Figure 3. Temperature dependence plot of dielectric constant (€/y) of BF-0.2PFN at 1000 Hz frequency.

The dielectric constant initially increases with increasing the temperature and after making high at antiferromagnetic to
paramagnetic transition temperature Ty ~ 263 K, it decreases with increasing temperature. The large peak in dielectric constant at
Tn ~ 263 K is due to strong magnetodielectric coupling in BF-0.2PFN sample.
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Figure 4. Ferroelectric hysteresis loop measured on insulating BigsPbo2Feo9sNbo 103 pellets.
The huge ferroelectric hysteresis loop is shown in Fig. 4. The remanant polarization P ~ 3.5 uC/cm? is observed.
4. Conclusion: The insulating compositions of BiggPbo.2Feo.sNbo.103 solid solution was successfully synthesized by solid state
reaction method. The synthesized samples were nearly free from all the impurity phases such as BioFesOg, BizsFeOzg, BizsFe,Osy,
PbsNb4O13 and PboNb,O7 which are commonly formed during the different stages of synthesis. The ferroelectric hysteresis loop
confirms the Big gPbo 2Feo9sNbo 103 sample is good insulator.
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