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Abstract

The thermal stability of BiFewas examined by different experimental techniques
and found that it is metastable at low temperatarekit attains thermodynamic stability at
around 940 K. Long term equilibration studies a8 and 1023 K, and characterization of
coexisting phases by XRD revealed the phase fi@dsed on this, the isothermal section of

the ternary phase diagram of Bi-Fe-O system wastoarcted at 773 and 1023 K.

Key words. Coolant, Bi-Fe-O system, Equilibration, Phase diag Thermal stability, Emf

measurement.

1. Introduction

Liquid lead and lead-bismuth eutectic alloy arestdered as candidate coolant and
spallation target in Accelerator Driven Systems @D They are also considered as

candidate coolants in advanced nuclear reactorsekder, they are highly corrosive towards
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the structural steels, and this is because of itljie $olubility of the major alloying elements
in them [1]. This corrosion could be minimized lyrrhing a passive oxide layer on the
steels by maintaining controlled oxygen levelsha liquid metal coolant [2]. To understand
the composition and thermodynamic stability of gassive oxide film, information on the
phase diagrams of Pb-M-O and Bi-M-O (M = alloyirigreents in steels) systems as well as
the thermodynamic data of the relevant ternary @amgs existing in these systems are
required. Our studies on Pb-Fe-O and Pb-Cr-O systeene earlier reported [3-8]. A patrtial
phase diagram of Bi-Fe-O system and the standdsdsGnergy of formation of one of the
ternary compounds of this system viz.;lB4Oy have been reported by the present authors
recently [9]. This paper presents the results efdtudies carried out to establish the thermal
stability of BiFeQ and the investigations to deduce the completegtegyram of Bi-Fe-O

system at 773 and 1023 K.

2. Literature Survey

Pseudo-binary BOs;-FeO3; system was investigated by several authors inptst
[10-19]. Salient features of these investigatiomsenin reference 9. In Bi-Fe-O system, only
three ternary compounds viz., BteQs, BioFeOg and BiFeQ are present. Phapale et al.
[20] measured the thermochemical properties ofeh@smpounds by calorimetry. They
measured enthalpy of formatiomH°i29s k) Of these compounds by acid solution
calorimetry and molar heat capacity by differensabnning calorimetry. Using the data,
they deduced their Gibbs energy of formation usssgmated values for the entropy of
formation. BiFeQ is one of the most widely studied multiferroic erél and a candidate
for new generation of lead-free electroceramics-43]L Zhang et al. [21] reviewed on
chemical-route derived nanostructured Bige®uch as thin films, nanowires, and

nanoparticles. Wu et al.[22] discussed about thee8j based ceramic bulk, thin films, and



nanostructures of BiFeO and their multifunctional applications. Synthesend
characterization of electrical features of Bizeddd the effect of doping were reviewed by
Molak et al. [23]. Experimentally determined tengdare range of stability of BiFeO
reported by different authors is not in agreeméutempts by Achenbach et al. [24] to
prepare phase pure BiFg0y solid-state reaction between,®i and FgO3 at temperatures
below 973 K were unsuccessful, and they observeddaction to be incomplete. They also
reported BiFe@to be unstable above 1023 K. According to them fthmation of BiFe,Oqg
was energetically competitive to the formation @F&D; in the temperature range of 973 to
1023 K. Preparation of BiFeOalways yielded a small amount of ,.B&O¢ and the
corresponding amount of residual,®s. They could prepare phase pure Bigefly by
taking an excess of Bds; (BioO3:Fe03;= 2:1) and heating in the air at 1023 K followed by
air quenching and removal of the excessOBiby leaching with concentrated HNO
Experiments by De Sitter et al. [25] confirmed #hexbservations. Morozov et al. [26]
studied the characteristics of formation of Bizeddd concluded that BiFeMrepared by
heating a mixture of BD3; and FgO; always contained impurity phases such as the phase
with y-Bi,O3 structure and BFeOy, presumably due to slow kinetics. Valant et alf][2
reported that phase pure BiRe€duld be prepared by heating together high p(@é9995

% pure) iron and bismuth oxides. They showed thatpgresence of impurities of the order
of 0.1 mol% in the reactants could produce ~3 v8isFeOG and 7.6 vol% of BiFeOs.
Carvalho and Tavares [28] reported that temperatocetime were critical in the synthesis
of phase pure BiFef© According to them, higher BiFgQontent could be obtained by a
thermal treatment at 873 K for 1 h. Preparationseaiperatures below and above this
temperature always yielded secondary phases, naBiehe;09 and BpsFeOso. Also, heat
treatment for a longer time at 873 K resulted ie ttecomposition of BiFeQto the

secondary phases. So they concluded that Bif@®e metastable at 873 K [28]. Selbach et
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al. [29] studied the thermodynamic stability of B®s. High-temperature XRD (HTXRD)
experiments performed on BiFg@repared by solid-state route as well as by wetsbal
route and the analysis of the isothermally heatté@ ByOs-Fe,O; mixtures, showed that
BiFeO; was metastable in the temperature range of 720460 K and decomposed to give
BioFe,Og and BpsFeOso. At higher temperatures, these secondary phasesete back to
form BiFeQ. Using thermodynamic data reported by Phapalé. ¢2@|, they deduced the
standard Gibbs energy change of the following readio be positive in the temperature
range of 720 to 1040 K and would be negative ald®4® K indicating BiFe@to be stable

only above 1040 K:
BiosFeOot12 BibFe,Og — 49 BiFeQ

Lu et al. [19], based on their studies using 99.88% Bi,O; and 99.99 wt% F©;,
determined the peritectic decomposition temperadfiiBiFeG; as 1125 K and identified a
ferroelectric transition for this compound at 1008Vlaurya et al. [30] studied the reactions
in equimolar mixtures of BO3; and FgO; by heating them at different temperatures for 1 h
in the air and recording the XRD patterns of thedprcts after cooling them to room
temperature. The authors found thaisBeOsg (the authors represented it assBeQyo) was
formed at temperatures above 823 K followed byapgearance of BiFe(phase at 973 K.
The impurity phase viz., BiFeQ;y was present at all those temperatures. Activatiotie
reactants by ball milling reduced the temperatimgsbout 100 K but the results obtained
were similar. Egorysheva et al. [31] investigatbd extent of formation of BiFeQvhen
equimolar mixtures of BD; and FgOs; were heated in the air for 20 minutes at 873 K3 97
K, 1023 K, 1073 K, and 1123 K. Their experimentevgéd that BiFe@did not form at 873
K while BiysFeQ;9 was formed as major phase. From 973 K onwards@jkeas one of the
phases formed, and its fraction gradually increas#id increase in temperature. At 1123 K,

BiFeO; was the major phase while JBteG; was present as a minor phase. The authors
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reasoned that BiFeG; was formed (during the initial phase of the reattiin large
fraction because of its wide homogeneity rangetdgi diffusion coefficient of B in it, in
comparison with the corresponding diffusion coédints in BiFeQ, Bi,Os;, and FgOs. The
diffusion coefficient of Bi*in BissFeQ at 1013 K was reported as 1.5 x°1@* s* while in
BiFeQ; it was reported as 3.2 x 10m? s. The corresponding reported values ip®iand
Fe,0; were found to be 1.3 x TOm? s*. Lomanova and Gusarov [32] studied the reactions
between coprecipitated bismuth and iron hydroxiddsle heating them in a stepwise
manner with isothermal equilibrations at 753, 7733, 813, 833, 873 and 903 K for 5to 7
minutes followed by high-temperature XRD measurdasienheir results showed BiFeO
and BpsFeQyo form at 753 K. At 773 and 793 K, HBie,0O9 appeared along with BiFg@nd
BiosFeQso. At 813 K and above, the fraction of ,.B&,Og increased while that of BFeGsg

decreased substantially.

To summarize, the thermodynamic stability of Bigdf@s been under disagreement.
Even preparation of phase pure Bikefas difficult which was attributed to the purit§ o
chemicals used. Even though a partial phase diagfaBiFe-O system was established in
the author’s laboratory, a complete phase diagrénBid-e-O ternary system was not

deduced.
3. Experimental

Bi,O3 powder (99.99 wt% purity on metals basis, M/s Alasar, UK), FgO;
powder (99.99 wt% purity on metals basis, M/s ANesar, UK) were used as the starting
materials for the preparation of the ternary conmasu For phase equilibration studies, Fe
powder (99.9+ wt% purity on metals basis, M/s Affasar, USA), FeO (99.9 wt%, M/s
Cerac, USA) and Bi powder (99.5 wt% on metals badis Alfa Aesar, USA) were also

used as the starting materialsz®@ewas prepared by reducing-Bg at 800 K for 6 h under



Ar-1% hydrogen gas mixture saturated with waterovaBi,O; was calcined in the air at
973 K for 5 h to remove the carbonate impurity amuisture while FgO; was calcined at
523 K for 2 h to remove the moisture. These oxidere stored in a desiccator before using

them in experiments.
3.1 Preparation of ternary oxides:

The ternary compounds were prepared by solid-stdetion between BD; and
FeOs; taken in appropriate molar ratios. The starting amals were ground thoroughly,
made in the form of pellets and heated in platiruatibles for 144 h in the air at 973 K for
preparing BisFeQ;o and BpFe,Oq. For preparing BiFeg) the temperature chosen was 1073
K. All these samples were ground at the end of ®%e total time of heating. They were
repelletized followed by heating at the same tewupee. The resulting products were
characterized by XRD. BiFe(and BpFe,O9 were also prepared by a method involving co-
precipitation of the hydroxides. For this prepamafistoichiometric amounts of £; and
Fe,0O; were first dissolved in a minimum amount of hotinifacid (35.2 mol kg), and the
resultant nitrate solution was added to an excessanium hydroxide solution. The
precipitate formed was then filtered, washed, dreedl heated in the air at 773 K for 24 h
while preparing BiFe@ While preparing BFe,O,, the temperature of heating was 823 K in
the air. The products obtained were characterize®RD. Phase purity and compositional
homogeneity were checked by SEM/EDS. The prepasatpounds assayed for the metallic
impurities present in them by using inductively plad plasma atomic emission
spectroscopy (ICP-AES). Bi to Fe ratio in the predessamples was also determined by ICP-

AES.

3.2. Investigationson thermal stability of BiFeO3



To determine the temperature range of stability BoFeO; studies involving
thermogravimetry/differential thermal analysis (D3/A), differential scanning calorimetry

(DSC), long term equilibrations and oxygen potdntiaasurements were carried out.
3.2.1. TG/DTA and DSC studieswith BiFeO3

For the TG/DTA experiment, ~50 mg of BiFg@ken in Pt crucible was heated up
to 973 K in argon atmosphere at a heating rateOd{/inin followed by cooling at a rate of
10 K/min up to room temperature, and the therma&n&y were analyzed using TG/DTA
system, SETSYS Evolution 16/18 model, M/s SetarBrance. After the experiment, the
sample was characterized by XRD for identifying arhange it might have undergone
during TG/DTA experiments. Thermal behavior of Bikewas also studied by DSC.
Approximately 150 mg of sample was used, and DSfS were carried out up to 823 K at a
heating rate of 10 K/min in an argon atmosphereraathtained at that temperature for 10
minutes. The sample was then cooled to room terperaA heat-flux type differential
scanning calorimeter, of M/s. Mettler Toledo GmbHkhofel number DSC821e/700),
Switzerland was used in this study. Before andradfte experiment, the sample was

characterized by XRD.

3.2.2. Equilibration of BiFeOzin the vacuum and the air at different temperatures

As discussed in section 2, BiFeM@as been reported to be metastable at low
temperatures (720 to 1040 K) and attains thermadimastability at relatively high-
temperature (above 1040 K). Hence, experimentsiving equilibrating BiFeQin the air
and vacuum for prolonged periods were carried oudtermine the temperature range of
stability of this compound. The schematic of th@exxmental setup used for this study is
shown in Fig. 1. For this experiment, BiFg@epared by co-precipitation method described

in section 3.1 was used. Samples made in the fdrmpebtets were taken in zirconia
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crucibles. Crucibles containing the pellets weracptl in two one-end closed quartz tubes
(45 cm long and 1.5 cm dia) at different heightsmggjuartz spacers. In each quartz tube,
nine samples were loaded. One of the quartz tutses sealed under vacuum Cléorr)
while the other tube was kept open to air. A K-tyipermocouple which can move vertically
at a low speed (0.38 cm/min) with the help of aonatas inserted inside another quartz
tube of 8 mm diameter and was used to measureitigetrature of the samples as a function
of its height. The three quartz tubes were tiecetiogr and placed inside a temperature
gradient furnace assembly. The assembly considtedoofurnaces which were stacked one
over the other. The temperature of each furnace maistained at different temperatures
and controlled within £ 1 K. This arrangement wasful to maintain a required temperature
gradient in the furnace. The temperature data wggeld using a data acquisition system.
From the actual position of the sample, the tentpeza of the samples were determined.
The temperature of the samples varied between @1421 K. Samples were equilibrated
for 480 h, quenched in ice-cold water and the pctslwere characterized by XRD. The

details of the equilibrations are given in Tableand 2.
3.2.3. Equilibration of samples containing BiFeO3 with liquid Bi

Thermal stability of BiFe@ was also examined by equilibrating phase mixtures
containing BiFe@ with liquid Bi. Equilibrations were carried out &73, and 1023 K.
Starting materials were made in the form of porpediets. They were kept forcibly
immersed in liquid Bi (taken in alumina cruciblesing alumina strips tied to the crucible
as the density of pellets are less than that ofdidBi. The sample preparation was carried
out in an inert atmosphere glove box. Then the $ssnpere taken out from the glove box,

vacuum sealed in quartz ampoules and equilibratebdeachosen temperatures for 480 h.



After equilibration, the ampoules were quenchedide-cold water; the samples were

retrieved and characterized by XRD. The detailthe$e equilibrations are given in Table 3.
3.3 Additional phase equilibrations

To determine the phase fields in the ternary BicFeystem, equilibrations were
carried out by taking appropriate mixtures of bigmand iron metal powders and their
oxides. After thorough mixing, the starting matkrisvere made into pellets. The pellets
were placed in zirconia crucibles which were hercadlyy sealed inside copper tubes. The
sealing was carried out by pulsed tungsten inestwelding inside an argon atmosphere
glove box containing < 5 ppm of oxygen and moistdige samples in copper tubes were
then equilibrated by placing them in a stainlegglsvessel under flowing argon gas. The
temperature and total duration of equilibrationsenB023 K and 480 h, respectively. All the
equilibrations were carried out with one interméeligrinding at the end of 50% of the total
duration of heating, pelletization and hermeticlisgain copper tubes. Equilibrations were
also carried out at 773 K with a total equilibratitime of 960 h. Initially, these
equilibrations were carried out in the vacuum sagjgartz tubes with samples contained in
alumina crucibles. However, in most of the caskes,dquartz tubes were severely attacked.
Analysis of the deposits on the quartz tubes showigdificant amounts of bismuth
indicating the attack was due t0,83 vapor. Since GO is thermodynamically less stable
than BpOs [AG for the reaction: 6 Cu (s) + #)s; (s) —» 2 Bi (I) + 3 CuyO (s) is 24.6 kJ
mol™ at 773 K and 3.3 kJ mbht 1023 K.], copper tubes were used to contairsémeples
taken in zirconia crucibles. The products obtaiaéter equilibrations were analyzed by
XRD. The compositions of the samples taken for ldgations are shown in Fig. 2. The

details of these experiments are given in Tablasdi5.



To confirm the phases that co-exist with liquidnbigh, samples were equilibrated
with an excess of liquid bismuth also. Porous peltd samples containing Bi metal powder
as a constituent were prepared and were kept ineghars an excess of molten bismuth
metal taken in alumina crucibles as described aig® 3.2.3. Bismuth metal was taken as a
constituent of the sample pellet to ensure goodaobrbetween the solid phases and the
excess liquid metal in the crucible during equdiitons. These samples were prepared inside
the argon atmosphere glove box. The samples wene thken outside the glove box,
vacuum sealed in quartz ampoules and equilibreB@ite the pellets were immersed in
excess liquid Bi, vaporization of E); was minimum, and therefore they could be sealed in
quartz ampoules. The initial overall compositioristie pellets are shown in Fig. 2. The
composition and the initial phases present in trapes taken for equilibration at 1023 K
are given in Table 4. The corresponding data orsémeples equilibrated at 773 K are given

in Table 5.

3.4. Oxygen potential measur ements by emf method

With a view to study the temperature range of $itglf BiFeO; and measure the
Gibbs energy of formation of BiFg@nd BpsFeGsg, four emf cells using yttria stabilized

zirconia solid electrolyte were constructed, anggan potentials were measured.

(W, Sample-1 |YSZ| (© 1atm), Pt (+) 0
(W, Sample-2 [YSZ| (© 1atm), Pt (+) ()
(W, Sample-3 |YSZ| (© 1atm), Pt (+) (ny
(W, Sample-4 |YSZ| (© 1atm), Pt (+) (V)

For cell |, Bi, BbFeO9 and BiFeQ(containing a small amount of BFeQsg) mixture
was used as the sample electrode (sample 1), arwelfdl, a mixture of Bi, BiFe,O9 and

BixsFeQyy was used as the sample electrode (sample 2). Brwple electrodes with
10



different compositions but falling within the sewxti bound by Bi, BiFe@and BpsFeGso
were used for measurements with cell 1l and IVn{pkes 3 and 4). Emf values were
measured in the temperature range of 773 to 10ZBnhK.details of the emf measurements

are given in Table 6.

The details of the experimental assembly of theagat cell are discussed in Ref.
[9]. One end closed yttria stabilized zirconia (YSablid electrolyte tube having a flat
bottom (13 mm OD, 9 mm ID and 300 mm long) supplgdM/s Nikkato Corporation,
Japan was used. The reference electrode of thevaslprepared by applying platinum paste
(M/s Eltecks Corporation, India) over the innertbot surface of the electrolyte tube and
heating it at 1373 K for 2 h in the air which reedlin a uniform and porous platinum film
over the electrolyte surface. Pure oxygen gas wsed was the reference. For sample
electrodes, tungsten wire was used as an elece@dl A sample electrode was prepared by
mixing the starting materials in approximately dqu@ume ratios and by pelletizing it. The
entire cell assembly was taken inside an argon gthre glove box. An appropriate
qguantity of Bi metal was melted in an alumina chble and the sample pellet was then
forcibly dipped in liquid bismuth by placing thelisbelectrolyte tube over it in such a way
that the lower end of the tungsten lead was dippéiduid Bi. After slow cooling, the entire
cell assembly was taken outside the glove box.rMguemf measurements, high purity argon
and oxygen gases were passed through the samptefanehce compartments, respectively.
The cell assembly was placed in the constant tesyoer zone of a furnace. A 50 mm long,
hollow cylindrical stainless steel block was aldacpd in the constant temperature zone of
the furnace to further enhance the uniformity o temperature in the zone. Using this
arrangement the cell temperature could be contreli¢ghin + 0.2 K using a PID temperature
controller. The stainless steel block was grountdealvoid any ac pickup in the emf signal.

The cell emf was measured using a high impedaremremeter (input impedance 31Q,
11



M/s Keithley, U.S.A, Model-6514) and the temperatwas measured using a multimeter
(M/s Agilent Technologies, Malaysia, Model- 3497@%ata acquisition/switch unit). Data
were recorded using a computer interface. Attairtroéequilibrium was tested by shorting
the two electrical leads and testing for the regton of the pre-test emf. The readings were
recorded when the cell emf was stable within = OrDbfor at least 6 h. The thermo emf due
to dissimilar electrical leads viz., platinum anghgsten were measured separately by
forming a junction between the two electrical ledoldowed by the measurement of the
thermo emf between them as a function of tempezatusing this data, the measured cell

EMF was corrected to derive the actual EMF.

Before and after completion of the emf measureméntsch involved multiple

heating and cooling cycles), the sample electradee analyzed by XRD.

4. Results and discussion

4.1. Characterization of theternary compounds

The XRD patterns of BFeOg prepared by solid-state reaction method and co-
precipitation route and BiFeQ;o prepared by solid-state reaction method matchedthx
with the patterns reported in JCPDS files 74-1088 46-0416, respectively [33]. Phase
pure sample of BiFefxould not be prepared by both the methods. XRiepabf BiFeQ
sample showed the presence of a small amountgfFd8Dg also. Except for the peaks of
BiysFeQsq, all other peaks in the XRD pattern obtained far BiFeQ sample matched with
the pattern, 77-4078 reported in JCPDS file. TheDXRatterns of the compounds prepared
by the solid-state reaction of oxides are compaveétl their PCPDF patterns in Fig. 3.
SEM/EDS analysis of BiFeG;y and BpFesOg showed uniform phase distribution with no

impurity phases, and the composition was foundeedhdmogeneous with 5% uncertainty.
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The analysis results of ICP-AES showed that thal totetallic impurities are less than 2

ppm and Bi to Fe ratios in BFeGs and BpFe,Og were 25.0 £ 1.4 and 0.50 + 0.03.

4.2. Experimentsto determinethetemperaturerange of stability of BiFeO3;

4.2.1. TG/DTA and DSC experimentswith BiFeO3

The thermogram obtained by TG/DTA of BiFgfiom 298 to 973 K did not show
any weight change as well as any thermal event tmotheating and cooling. XRD pattern of
BiFe(; after the TG/DTA experiment also did not show ahgnge from its XRD pattern
taken prior to the experiment. The thermogram f8C experiment in the temperature
range of 298 to 823 K also gave the same resulgs Tould mean either BiFgQs
thermodynamically stable in the temperature randestody or the kinetics of its
decomposition is too slow that it did not decompesthin the short dwell time of the

sample during TG/DTA and DSC experiments at highpteratures.

4.2.2. Equilibration of BiFeO3in thevacuum and air at different temperatures

As described in section 3.2.2, nine samples of BiFevere simultaneously
equilibrated for prolonged periods in a temperatgradient furnace in the vacuum to
determine its temperature range of stability. Siméquilibrations were carried out in the air
also. The results obtained are given in TablesdlZzanAs mentioned in section 4.1, phase
pure BiFeQ could not be prepared and it always contained dl samaount of BpsFeOsq.
XRD patterns obtained after equilibrating the sasph the vacuum and air are shown in
Figs. 4 and 5, respectively. The pattern of the@asnequilibrated at temperatures below
763 K in the vacuum (samples 1 to 3 in Table 1) dastical to that of the starting material,
i.e., a mixture of BiFe@(major phase) and BFeG; (minor phase). A similar feature is
observed for samples equilibrated in the air at K5ahd below (samples 10 to 13 in Table

2). In the case of the sample which was equililoratehe vacuum at 763 K, the intensity of
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XRD lines of BpsFeQsg increased along with those of,BeOy. Simultaneously, a reduction
in the intensity of the lines corresponding to Blgevas also observed. This shows the
decomposition of BiFe©to the neighboring compounds, namelgsBeOG;y and BpFeQ,.

But this decomposition was not complete even 28 h. A similar feature is observed in
the sample equilibrated in the air at 807 K. In¢hse of the samples equilibrated at 805 and
871 K in the vacuum, and 853 K in the air, Bikzead decomposed completely to
BiosFeQsg and BpFeQ,. In the case of sample equilibrated at 943 K m\Acuum and at
941 K in the air, the presence of a small amounBi&e0O; could be identified although
major phases are BFeQy and BpFeOy. In the case of samples equilibrated at higher
temperatures, BiFe{vas the major phase although small quantitiek@fther two phases
could be identified. These results indicate that kinetics of decomposition of BiFg@s
very sluggish and it appears as a metastable camipatulow temperatures. It appears as a
thermodynamically stable phase only at temperatareand 940 K. These results are in
agreement with those reported by Maurya et al. 8@ Egorysheva et al. [31]. In their
work, the authors observed the formation of BiFaQtemperatures between 873 and 973 K.
Although BiFeQ could be prepared as a metastable phase by hélaéirig/droxides at 773

K for shorter periods (section 3.1), it is founddicompose, although not to completion, on
prolonged heating at 763 K (section 3.2.2) [Tableh®ws reactions between,8; and
Fe,0O3; only]. This could presumably because of the srm@bbs energy change for the
decomposition reaction given below and its slowekizs resulting in metastability of

BiFeQ; at low temperatures:
49 BiFeQ - 12 BibFeOg + BirxsFeOysq

The sluggish kinetics of decomposition of BiRe&3 well as its formation from the

decomposition products have been exemplified byrékalts of the emf measurements also
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(discussed in section 4.4). Further experiments raguired to determine the exact

temperature above which BiFgB@ecomes a thermodynamically stable phase.

4.2.3. Equilibration of samples containing BiFeO3; with liquid Bi

XRD patterns obtained after equilibrating mixtu#sBi, BiFe,O9 and BiFeQ in
liquid Bi at 873 and 1023 K for 480 h are showrkig. 6, and the results are summarized in
Table 3. At 873 K, the intensity of the lines cepending to BiFe@ had drastically
reduced, and the intensities of the lines FBjOy and BpsFeOsg had increased. At 1023 K,
the intensity of the lines of BFeG;9 had decreased, and those of Bigdfad increased.
This is in agreement with the observations madéndugquilibrations of BiFe®in the air

and vacuum described in section 4.2.2.

XRD patterns obtained after equilibrating mixtuadsBi, BiFeO; and BpsFeQsg in
liquid Bi at 873 and 1023 K are shown in Fig. 7 &mel results are given in Table 3. At 1023
K, BiFeO; had not decomposed, but at 873 K, it decomposedstl completely and the
other two phases, i.e., B0y and BpsFeOsg had formed. This is again in agreement with
the results of long term equilibration of BiFe@ the air and vacuum described in the
earlier section. These results also confirm th&eB} is metastable at low temperatures and

would become stable only at high temperatures.

4.3 Additional phase equilibration studies

Results of long term equilibrations of samples witbmpositions falling in the
section bound by Bi, BFe;Og and BpOs; at 1023 K are given in Table 4. XRD analysis of
samples 1 and 2 after equilibration showed thegmas of a major amount of Bi, Be,Oq
and BiFeQ and a small amount of BFeG;,. It is to be pointed out that the experiments to

prepare BiFe@(described in section 4.1), always yielded a s@aalbunt of BisFeO;g also.
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XRD analysis of samples 3 and 4, after equilibrasbowed the presence of Bi, BiFe&hd
BiosFeQsg, indicating the coexistence of these phases &8 KOPhases present in samples 5
to 7, after their equilibration, confirmed the perse of Bi-BjsFe(;e-BioO3 phase field at
1023 K. From these results, the phase fields ifledtin the region bound by Bi, Bte,0Oq
and BpOs; at 1023 K are: 1) Bi-BiFefBisFeOy and 2) Bi-BpsFeOso-BiO3. According to
the long term equilibrations of BiFg@iscussed above, BiFe® stable at 1023 K. Present
experiments have also established the thermodynastability of BiFeQ at this
temperature. However, the existence of BiFRIOq-BiFeO; phase field was not evident in
any of the equilibration studies at 1023 K, butatdstence can be deduced since (i) the
existence of Bi-BiFe,Oq-Fe,03 and Bi-BiFeQ-Bi,sFeQsg phase fields have been confirmed
by the long term equilibrations and (ii) the cog¢aice of BiFe,Oy and BiFeQ, and BiFeQ
and BpsFeOy9 has been established by long term equilibratioditiérent molar ratios of
Bi»O3; and FgOs in the air in the authors’ previous work (discukse section 4.2 of Ref.

[9D).

Results of equilibrations at 773 K are summarized able 5, and they need to be
considered in light of long term equilibrationsRiFeO; discussed above. Equilibrations at
773 K also showed the same results as in the dasgudibrations at 1023 K. Samples, 8
and 9 (in Table 5) whose compositions were in thgion bound by Bi, BFeOy and
BiFe(;, gave a mixture of Bi, BFe,0Oq, BiFeG; and a small amount of BFeGe. Sample
10, whose composition was in the region bound by BFeQ; and BpsFeQs, after
equilibration, gave a mixture of Bi, BiFg@nd BpsFeQ;o, indicating the coexistence of
these phases at 773 K. Samples 11 and 12, confitheegresence of the phase field: Bi-
BiosFeQg-BioOzat 773 K. From these results, the presence ofdf@ring phase fields was
identified at 773 K: (a) Bi-BiFe@BisFeG;e and (b) Bi-BpsFeGie-BioOs. Since BiFe@ is

metastable at 773 K, the phase which will be cdiggswith Bi and BjFeOg will be
16



BiosFeQse, but none of the equilibrations proved the exiséenf Bi-BLFeOg-BisFeOsg
phase field at 773 K. However, the existence oBBFe,Oy-F&,03 and Bi-BbsFeG;g-Bi O3
phase fields had been established by the long tgmlibration studies. Further, the
equilibration of different molar ratios of £); and FgOs in the air (discussed in section 4.2
of ref. 9) indicated that no other ternary compaumndth their composition falling in
between BiFe,Oy and BpsFeQsg are present at 773 K. All these observations leathe

confirmation of the existence of Bi-Bie,Oq-BissFeOsg phase field at 773 K.

Based on all the above results, the ternary ptesgam of Bi-Fe-O system at 773
and 1023 K have been constructed and are showngs B and 9. The results of the
experiments showed that on increasing the oxygatend of bismuth metal in equilibrium
with iron metal, iron oxides would first appear @ coexisting phases. With further

increase in oxygen content in bismuth;/&,09 would appear as the coexisting phase.

4.4. Emf measurements

To determine the temperature above which Big-afpear as a thermodynamically
stable phase in liquid Bi and also to determineGiitgbs energy of formation of BiFg@nd
BixsFeQsy, oxygen potentials in liquid Bi in equilibrium it different phases were
measured. The details of the emf measurementsia o Table 6 and the output of the
emf cells, namely I, II, lll, and IV in the chromglical order of measurements along with the
dwell time at each temperature are given in TaBlés 10. The variation of emf output of
these cells with temperature is shown in Fig. 19s8en in Tables 7 to 10, all the cells were
first operated at temperatures above 1000 K wheéfe® would be thermodynamically
stable. The values of emf and its temperature dépee in all the cells were nearly the

same, as seen from Fig. 10. As seen from Table&ath compositions of the samples for
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the cells were chosen such that in cell - | andhiégy would lie in the region bound by Bi,
Bi.Fe,Oy and BiFeQ. In cells Il and 1V, the overall compositions wdudie in the region

bound by Bi, BiFe@and BpsFeOso.

From the results of the experiments discussetieretirlier section, it is known that
BiFeO; would appear as the stable phase at a temperatavmd 940 K. Hence, when
equilibrium is established at temperatures beloaual940 K, samples in all the four cells
are expected to belong to Bi-Be,Oy-Bi,sFeGsg phase field. At temperatures above about
940 K, the cell | and Il are expected to belon®itdi,Fe,Oy-BiFeO; phase field, while the
samples of cells Ill and IV are expected to beltmghe Bi-BiFeQ-BisFeGsg phase field.
Since the temperature dependence of oxygen pdtemtaall the three phase fields are
expected to be different, a slope change at thedemture of appearance of BiFe&s the
stable phase is expected. However, as seen fronlGjgo significant change in slope has

been observed.

It is seen from Table 7 and 8, the final tempeedwf operation of the cell | and I
were 985.5 and 1024.6 K, respectively. At thesepwatures, BiFe®is expected to be
present as a stable phase. When the cells Il ¥nglere cooled to room temperature from
801.4 and 859.6 K, respectively, BiFe@ not expected to be present. However, XRD
patterns of the samples retrieved from all the foells showed the presence of Bi, BikeO
and BpsFeQ;g in them. Cells | and 1l contained additionally,B&,0Og9 as seen from Table 6.

It is seen that metastable phases were presenteinsamples. This could be due to
insufficient dwell time at low operating temperasirof the cell for the metastable phases to

decompose completely, although emf values werdesthle to the ‘equilibrium’ established
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with these phases. Due to the identical ‘equilitoricconditions in all the four cells, emf
values and their temperature dependence were the. £dbviously, these data could not be

used to deduce the Gibbs energy of formation oeByand BpsFeOso.

5. Conclusions

The thermal stability of BiFehas been examined by different experimental
techniques and found that it is metastable at lemperatures and become stable only
around 940 K. The isothermal sections of the tgrmpdmase diagram of Bi-Fe-O system at

773 and 1023 K have been constructed based ortdomgequilibration studies.

Acknowledgments

The authors are thankful to Mr. Khaja Mohideen,. M Eswaran, and Mr. K.
Haridas, for their help in constructing the emfl.cEhe authors sincerely acknowledge Mr.
Henson Raj for his help in helium leak testingtué £mf cell assembly. One of the authors
(AVM) acknowledges the Department of Atomic Enerdiydia, for providing financial

support.

References

1. B.F. Gromov (Ed), Heavy Liquid Metal Coolants in ¢ear Technology (HLMC 98),

vols.1&2, SSC RF-IPPE, Obninsk,1999.

2. N. Li, Active control of oxygen in molten lead—bisth eutectic systems to prevent steel

corrosion and coolant contamination, J. Nucl. Ma&@e0 (2002) 73-81.

3. S.K. Sahu, R. Ganesan, T. Gnanasekaran, Studiglsase diagram of Pb—Cr-O system,

J. Nucl. Mater. 376 (2008) 366-370.

19



. S.K. Sahu, R. Ganesan, T. Gnanasekaran, Standad Gibbs free energy of formation

of PCrQOs(s), PRCrOs(s), and PbCrgXs), J. Chem. Thermodyn. 42 (2010) 1-7.

. S.K. Sahu, R. Ganesan, T.G. Srinivasan, T. Gnanemek The standard molar
enthalpies of formation of BGrOs (s) and PECrOs (s) by acid solution calorimetry, J.

Chem. Thermodyn. 43 (2011) 750-753.

. S.K. Sahu, R. Ganesan, T. Gnanasekaran, Studi¢seophase diagram of Pb—Fe—-O
system and standard molar Gibbs energy of formaiioi?bFeOgs and PbhFeOs, J.

Nucl. Mater. 426 (2012) 214-222.

. S.K. Sahu, M. Sahu, R.S. Srinivasa, T. Gnanasek&rarermination of heat capacities

of PbCrQ (s), PbCrOs (s), and PECrOs(s), Monatsh. Chem. 143 (2012) 1207-1214.

. S.K. Sahu, R. Ganesan, T. Gnanasekaran, The stimiddar enthalpies of formation of
PhFe0Os (s) and PbR®g 5 (s) by acid solution calorimetry, J. Chem. Thermudy6

(2013) 57-509.

. AV. Meera, R. Ganesan, T. Gnanasekaran, Partedgtiagram of Bi-Fe-O system and
the standard molar Gibbs energy of formation eFBIOg, J. Alloys Compd. 692 (2017)

841-847.

10.E.M. Levin, R.S. Roth, Polymorphism of bismuth seegide. Il. Effect of Oxide

additions on the polymorphism of B3, J. Res. Nat. Bur. Std. US 68A (1964) 197-206.

11.H. Koizumi, N. Niizeki, T. Ikeda, X-ray study on #s-Fe,0; system, Jpn. J. Appl.

Phys. 3 (1964) 495-496.

12.E.l. Speranskaya, V.M. Skorikov, E.Y. Rode, V.Ardlhova, The phase diagram of the

system bismuth oxide-ferric oxide, Bull. Acad. StiISSR, Div. Chem. Sci. (Engl.

Transl.) 5 (1965) 905-906.

20



13.T.M. Bruton, J.C. Brice, O.F. Hill, P.A.C. WhiffirElux growth of some-Bi,Os crystals

by the top seeded technique, J. Cryst. Growth 234)121-24.

14.D.C. Craig, N.C. Stephenson, Structural studiesoofie body-centered cubic phases of
mixed oxides involving BOs: The structures of BiFeQ,o and BgsZnOso, J. Solid State

Chem. 15 (1975) 1-8.

15. A. Ramanan, J. Gopalakrishnan, Low-temperaturegpagipn of sillenite phases in Bi-M-

O (M = Mn, Fe, Co) systems, Ind. J. Chem. 24A (3%&%5!-596.
16.S.F. Radaev, L.A. Muradyan, V.l. Simonov, Atomicusture and crystal chemistry of

sillenites: Bilz(Bi%goFe%fSO)Ol%o and Bilz(Bi%;7Zn%g3)Olg33, Acta Cryst. B47 (1991) 1-6.

17.A. Maitre, M. Francois, J.C. Gachon, Experimentaldg of the BjOs-Fe,0O; pseudo-

binary system, J. Phase Equilib. Diff. 25 (2004)659

18.R. Palai, R.S. Katiyar, H. Schmid, P. Tissot, Eldrk, J. Robertson, S.A.T. Redfern, G.
Catalan, J.F. Scotf§ phase and-p metal—insulator transition in multiferroic BiFgO

Phys. Rev. B 77 (2008) 014110 1-11.

19.J. Lu, L.J. Qiao, P.Z. Fu, Y.C. Wu, Phase equilibbriof BLOs—Fe0O3; pseudo-binary

system and growth of BiFg@ingle crystal, J. Cryst. Growth 318 (2011) 936-94

20.S. Phapale, R. Mishra, D. Das, Standard enthalpfomhation and heat capacity of
compounds in the pseudo-binaryBi-FeO;3; system, J. Nucl. Mater. 373 (2008) 137-

141.
21.Q. Zhang, D. Sando, V. Nagarajan, Chemical routevel@ bismuth ferrite thin films and
nanomaterials, J. Mater. Chem. C: Mater. Opt. EdectDevices 4 (2016) 4092-4124.
22.J. Wu, Z. Fan, D. Xiao, J. Zhu, J. Wang, Multifecrbismuth ferrite-based materials for

multifunctional applications: Ceramic bulks, thiimfs and nanostructures, Prog. Mater.

Sci. 84 (2016) 335-402.
21



23.A. Molak, D. K. Mahato, A.Z. Szeremeta, Synthesisl &haracterization of electrical
features of bismuth manganite and bismuth fereféects of doping in cationic and
anionic sublattice: Materials for applications, &rcCryst. Growth Char. Mater. 64
(2018) 1-22.

24.G.D. Achenbach, W.J. James, R. Gerson, Preparafi@ingle-phase polycrystalline

BiFe(;, J. Am. Ceram. Soc. 50 (1967) 437.

25.J. De Sitter, C. Dauwe, E. De Grave, A. Govaert,Rébbrecht, On the magnetic
properties of the basic compounds in the(zeBi,O3 system, Physica 86-88 B (1977)

919-920.

26.M.1. Morozov, N.A. Lomanova, V.V. Gusarov, Specif@atures of BiFe@formation in
a mixture of bismuth (lll) and iron (Ill) oxides,uBs. J. Gen. Chem. 73 (2003) 1676-

1680.

27.M. Valant, A.K. Axelsson, N. Alford, Peculiaritiesf a solid state synthesis of

multiferroic polycrystalline BiFeg Chem. Mater. 19 (2007) 5431-5436.
28.T.T. Carvalho, P.B. Tavares, Synthesis and thermawiyc stability of multiferroic
BiFeQ;, Mater. Lett. 62 (2008) 3984-3986.

29.S.M. Selbach, M. Einarsrud, T. Grande, On the tloglynamic stability of BiFeg)

Chem. Mater. 21 (2009) 169-173.

30.D. Maurya, H. Thota, K.S. Nalwa, A. Garg, BiFe€ramics synthesized by mechanical
activation assisted versus conventional solid stetion process: A comparative study,

J. Alloy. Comp. 477 (2009) 780-784.
31.A.V. Egorysheva, V.D. Volodin, O.G. Ellert, N.N. iEfov, V.M. Skorikov, A.E.
Baranchikov, V.M. Novotortsev, Mechanochemical ation of starting oxide mixtures

for solid - state synthesis of BiFgOnorg. Mater. 49 (2013) 303-3009.

22



32.N.A. Lemonova, V.V. Gusarov, Influence of synthedmsmperature on BiFeO

nanoparticles formation, Nanosystems: Phys. CheathMi (2013) 696-705.

33.PDF-4+ database, International Centre for Diff@ctiData, 2015.

23



Tablel Phasesformed after equilibration of BiFeO3; (containing small amount of
BixsFeOsg) in vacuum for 480 h

Sa;r:)ple Temperature (K) Phasesidentified after equilibration

1 716 BiFeQ(major phase), BiFeO;g (minor phase)

2 722 BiFe@(major phase), BiFeQsg(minor phase)

3 726 BiFeQ(major phase), BiFeOGs (minor phase)

4 763 BiFeQ, Bi25Fngg, BizF&;Og

5 805 BE5F€Q9, BizF&;Og

6 871 Bb5Fngg, B|2Fe409

. 943 BiFeO; (minor phase), BiFeQsg (Mmajor phase),
BioFe,0O9 (Mmajor phase)

g 1034 BiFeO; (major phase), BiFeQyo (minor phase),
BiFe,0Og (Minor phase)
BiFeO; (major phase), BiFeG;o (minor phase),

9 1089 Oz (major phase), BiFeCso( phase)

BioFeyOg (Minor phase)




Table2 Phasesformed after equilibration of BiFeO3; (containing small amount of
BissFeOsg) in air for 480 h

Sample  Temperature oy identified after equilibration

no. K

10 (71)6 BiFe@(major phase), BiFeOso (Minor phase)

11 722 BiFe@(major phase), BiFeQo (minor phase)

12 725 BiFe@(major phase), BiFeQo (minor phase)

13 757 BiFe@(major phase), BiFeOso (Minor phase)

14 807 BiFeQ, BixsFeQsg, BiFe,Og

15 853 BisFe g, BioFe4Og

16 941 BiFeO; (minor phase), BsFeQsg(major phase),
BioFe,Og (Major phase)

17 1028 BiFeOs; (major phase), BiFeOQsg(minor phase),
Bi,Fe,Og (Minor phase)

18 1085 BiFeO; (major phase), BiFeOQsg(minor phase),

BioFesOg (Mminor phase)

Table3 Results of equilibration of Bi, BiFesOg, BiFeOs; and Bi, BiFeOs,
BixsFeOsg mixturesin liquid Bi

Starting materials and Temperature Phasesidentified after

their moleratio (K) equilibrating in lig. Bi for 480 h

Bi, BixFe,Oq, BiFeG; 873 Bi, BioFe,Og, BiFeQ; (minor phase),
(1:06:2) Bi2sFeOso

(Overall composition 1023 Bi, BbFe,Oo, BiFeQs, BizxsFeOsg

within the area bound by (minor phase)

Bi, Bi,Fe,O9 and BiFeQ)

Bi, BiFeGs BizsFeOsg 873 Bi, BiFeGs (minor phaseBizsFeGso,
(1:1.56:0.1) BioFe,Og (Minor phase)
(Overall composition 1023 Bi, BiFeQ BissFeOs

within the area bound by
Bi, BiFeO; and BpsFeQsg)




Table 4 Details of equilibration of samples with compositions in the section bound
by Bi, BizFe409 and BizOg at 1023 K

Sample N Phasestaken  Durationof o i dentified
o Composition before equilibration ¢ cquilibration
' equilibration ) =
. . Bi, Bi,Fe,0, BiFeQ;,
1 Blo2sd&.2000520  Bi20s, Fe, FgO3 480 Bi,sFeOy (minor)
Bi, F&0s3, BiO3 Bi, Bi,Fe,0,, BiFeO,
2 Bl * 480 b 2 9:. ’
0.219€0.2200 565 in lig. Bi Bi,sFeO (Minor)
3 BigssF& 0900570 BinOs, Fe, FeO; 480 Bi,BiFeO;, Bi,sFeOy
_ Bi, Fe, BbOs . .
4 BiosrdF@.00f0.4a6° | . 480 Bi,BiFe0;, BlasFes
in lig. Bi
. Bi, BioFe,0, . :
5 Bio.s5d€.0000.445 Bigng &S 480 Bi, BixsFeOsq, BiyOs

Bi, F&03, BiFeQy

in lig. Bi 480 Bi, BixsFeOy, Bi.Os

6 Bio.s5d&.00600.445°

7 BiossFeoDoud g 480 B, BixgFeQy, Bi,Os

* Overall composition of the phase mixture takerthie form of pellet which was equilibrated
with excess of liquid Bi. Samples sealed in quartgoules.



Table 5 Details of equilibration of samples with compositions in the section bound
by Bi, BizFe409 and BizOg at 773 K

Phases taken Duration of . .
Sample Composition before equilibration Phase5|q_ent|f|_ed
no. - . after equilibration
equilibration (h)
Bi»0s, Fe, FrOs5 Bi,Bi.Fe,Oq, BiFeCs,
1 *
8  Bload@nlosd g g 480 Bi,iFe(minor)
Bi, Fe, B,O; Bi,Bi,Fe,O,, BiFeCs,
i *
9 Blo.sed€0.17400.452 in lig. Bi 480 BiosFeO(minor)
Bi, Fe, B,Os ey
. Bi, BiFeG;
* ] 1]
10 Bio.47d-€.0000.447 in lig. Bi 480 BissFeOs
. Bi, BisFe, O, N . .
11 Bio ssd€.00400 445 Bi2032 & 960 Bi, BiysFeOy, Bi O3
Bi, Fe,0s, BlFeC3
12 Bi0.55d:Q).005OO.445* in “q Bi 480 Bi, Bizg,FGQ),g, Bi203

* Overall composition of the phase mixture takerthie form of pellet which was equilibrated
with excess of liquid Bi. Samples sealed in quartgpoules.



Table 6 Details of emf measurements

. Region in which Total Phases identified
No Starting overall duration of after emf
materials composition would
lie measur ement measur ement
Cell | Bi, Bi,Fe,O, Bi- 22 days Bi, Bi,F&,0s, BiFeQ;,
BiFeQ, Bi,Fe,Os-BiFeO, (17 data  Bi,sFeQy(minor
(containing points) phase)
small amount
of Bistng)
Cell ll Bi, Bi- 3 months  Bi, Bi.FeOg (major
Bi,Fe,Os, Bi,Fe,05-BiFeO; (33 data  Phase),
BisFeOs points) BiFeQ; (minor phase)
BizsFeQye (minor
phase)
Cell Ill Bi, BiFeO; Bi- 2 months B, BiFeO; BixsFeOy
(containing BiFeO;—BisFeOs (20 data
small amount points)
of Bi25FeQ9),
BisteQ),Q
Cell IV Bi, BiFeO; Bi- 17 days Bi, BiFeG; BiysFeOsg
(containing  BiFeQ,—BiFeOy, (12 data
small amount points)

of BixsFeQsg).
BisteOg,g




Table 7 Output of cdl | asafunction of temperature

No. Temperature (K) Dwell time (h) Emf (mV)
1 1013.3 37 504.5
2 930.0 23 541.2
3 822.3 40 594.4
4 780.0 25 615.0
5 868.0 24 572.0
6 969.5 18 522.0
7 998.8 46 510.8
8 955.7 25 529.3
9 897.8 63 557.4

10 852.4 27 579.9

11 803.5 27 603.4

12 777.9 21 615.5

13 837.4 22 586.7

14 882.3 39 564.8

15 913.6 22 549.6

16 943.4 12 535.0

17 985.5 14 515.2




Table 8 Output of cell 11 asa function of temperature

No. Temperature _DweII Emf No. Temperature _DweII Emf
(K) time (h) (mV) (K) time (h) (mV)
1 1023.7 179 501.8 18 773.1 28 616.7
2 1000.0 84 511.4 19 798.2 33 604.4
3 981.9 26 517.4 20 810.2 29 598.4
4 956.5 26 528.3 21 836.2 18 587.1
5 930.9 60 540.8 22 861.2 20 577.0
6 903.6 46 554.5 23 888.2 64 562.5
7 923.2 28.5 545.1 24 785.1 22 606.2
8 965.6 24 524.3 25 1018.1 48 500.2
9 939.8 48 536.0 26 998.1 49 508.6
10 1012.5 117 506.1 27 781.7 64 610.4
11 992.2 141 515.1 28 924.3 26 544.0
12 955.5 28 528.6 29 826.3 15 589.8
13 948.7 22 532.0 30 876.6 23 568.4
14 918.0 26 547.2 31 797.1 20 602.9
15 873.5 28 567.4 32 973.4 50 520.0
16 848.2 20 577.5 33 1024.6 26 498.7

17 823.2 164 589.1




Table 9 Output of cel 111 asafunction of temperature

No. Temperature _DweII Emf No. Temperature _DweII Emf
(K) time(h) (mV) (K) time(h) (mV)
1 1014.3 14 498.8 11 790.5 46 611.2
2 9154 54 547.7 12 778.8 73 617.7
3 818.4 46 597.1 13 952.9 26 529.7
4 766.0 120 623.5 14 927.8 22 542.3
5 865.5 7 573.0 15 996.0 40 509.0
6 965.3 20 523.4 16 902.6 71 555.1
7 806.8 42 602.4 17 877.8 20 567.2
8 980.5 20 516.4 18 852.0 67 580.7
9 939.9 93 536.4 19 829.4 50 592.6
10 889.6 39 561.0 20 801.4 42 606.2
Table 10 Output of cell 1V asafunction of temperature
No. Tem%‘j)at“re Dwall time (h) ('fnr{‘/f)
1 1020.6 17 497.0
2 9215 22 545.5
3 828.1 19 590.0
4 783.8 47 611.5
5 874.6 55 568.5
6 969.1 18 522.0
7 998.4 42 507.3
8 950.8 6 530.9
9 945.4 12 533.8
10 804.2 24 601.4
11 896.0 21 557.9
12 859.6 24 576.2
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Fig. 1 Schematic of the experimental setup used for equilibrating BiFeO; at
different temperatures
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Fig. 4 XRD patterns obtained after equilibrating BiFeO; at different
temperaturesin vacuum for 480 h. #: BixsFeO3zq, @: BiFeO3, A: BiFeOg
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XRD patterns obtained after equilibrating BiFeO; at different
temperaturesin air for 480 h. #: BioxsFeO3zy, @: BiFeOs, A: BisFe,Oq
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Fig.7 XRD patterns of the products formed after equilibration of Bi, BiFeO3;
BizxsFeO39 mixturein lig. Bi (a) at 873 K and (b) at 1023 K for 480 h
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Fig. 8 I sother mal section of theternary phase diagram of Bi-Fe-O system at
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Highlights

+« Thethermal stability of BiFeOs has been examined by different experimental techniques.
« BiFeO; is metastable at low temperatures achieves thermodynamic stability at 940 K.

¢ Theternary phase diagram of Bi-Fe-O system has been constructed at 773 and at 1023 K
based on long term equilibration studies.



