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Preparation of nanocrystalline SrBi2Ta2O9

powders using sucrose-PVA
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Nanocrystalline powders of SrBi2Ta2O9 (Strontium Bismuth Tantalate) have been prepared
through evaporation of a polymer-based aqueous precursor solution. The precursor
solution was obtained by homogeneous dispersion of the water-soluble metal salts (i.e.,
strontium nitrate, bismuth nitrate and tartarate complex of tantalum) in a polymeric matrix
created by an aqueous solution mixture of sucrose and polyvinyl alcohol. Complete
evaporation of the precursor solution (at ∼200◦C) resulted in a fluffy, porous, carbonaceous
mass, which on calcination at 750◦C/2 h yield the single-phase SrBi2Ta2O9 powders with
average particle size ∼35 nm. The compacted powders, after sintering at 1000◦C/4 h, show
density of 96.8% of its theoretical value and dielectric constant value of 862 with Curie
temperature (Tc) at 287◦C, when measured at 100 KHz. C© 2004 Kluwer Academic Publishers

1. Introduction
Ferroelectrics, which can retain their polarization state
after the removal of applied field, have been intensively
investigated for application in nonvolatile ferroelectric
random access memory (NVFRAM) device fabrica-
tions [1]. Lead zirconate titanates [i.e., PZT(s)] are the
most widely used ferroelectric materials for this pur-
pose, but their application in such devices are impeded
by their serious degradation switching i.e., fatigue [2].
The ferroelectrics, ‘Strontium Bismuth Tantalate’ (i.e.,
SBT), discovered by Aurivillius in 1949 and their fer-
roelectric properties and basic structure studied by
Subbarao and Smolenskii in early 60’s, have in con-
trast been reported to exhibit fatigue endurance even
after 1012 cycles of operation with excellent reten-
tion characteristics [3, 4]. With this discovery, a class
of promising ferroelectrics for NVFRAM applications
has been recognized that has minimal polarization fa-
tigue and can use low polarization switching volt-
ages. SBT is a layered perovskite type ferroelectric
material [5] where two pseudo-perovskite type TaO6
octahedrons are stacked between alternating layers
of (Bi2O2)2+, along the c-axis, while the strontium
ions lie in the space between the TaO6 octahedrons
[6]. The crystal structure has orthorhombic symme-
try with a = 0.5306 nm, b = 0.55344 nm, and c =
2.49839 nm; and the theoretical density is 8.785 g cm−3.
The spontaneous polarization in SBT, arising from the
(SrTaO3)1+ group, lies parallel to the (Bi2O2)2+ layer
(in the a- and b-axis direction). The (Bi2O2)2+ layers
are thought to serve as shock absorbers for enduring
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the polarization fatigue by weakening the dipole in-
teractions between the perovskite building blocks
[7].

Extensive studies have been reported on the various
techniques of preparation of SBT thin films for the
FeRAM application [8–12] but there is limited liter-
ature available on the preparation and characterization
of SBT powders [13–18].

Similar to any other ceramic composition, the prop-
erties of STB(s) are greatly influenced by their powder
characteristics. Thus, wet chemical processes that en-
sures chemical homogeneity and stoichiometric control
in the final compositions through molecular level mix-
ing of the starting materials in the solution [19, 20]
are regarded to be the most suitable methods for their
preparation. Sol-gel [17, 18] and the colloid emulsion
[15] methods are considered to be the most competent
chemical processes for the preparation of SBT powders.
However, these non-aqueous based solution methods
are constrained by the high cost, moisture sensitivity,
and scarcity of the starting materials (e.g., the alkox-
ides). Again, the alternative aqueous based chemical
processes get complicated due to non-availability of
stable, water-soluble salts of the V(b) group metals
[i.e., Ta+5]. According to recent literature reports on
the preparation of SBT type ceramic compositions, the
problems associated with the starting materials for V(b)
group metal ions can be overcome by using their coor-
dinating complexes [21, 22] that are stable in aqueous
medium and can be prepared using commonly available
laboratory reagents.
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In this present paper, we report the synthesis of
nanocrystalline SBT powders through thermolysis of
a polymer-based aqueous precursor solution process,
where water-soluble coordinating tantalum-tartarate
complex has been used as the source of tantalum. The
aqueous precursor solution is composed of stoichiomet-
ric amounts of tantalum-tartarate complex, bismuth ni-
trate, and strontium nitrate, dispersed in the polymeric
matrix provided by an aqueous solution mixture of
10%(w/v) polyvinyl alcohol (PVA) and sucrose. Ther-
molysis of the precursor solution results in voluminous,
fluffy carbonaceous precursors and their calcination at
750◦C/2 h yield the desired SBT phase. The precursor
and calcined powders have been characterized by ther-
mal analysis (TG and DTG), X-ray diffraction (XRD),
and transmission electron microscopy (TEM). Dielec-
tric properties of the sintered pellets of the calcined
powders have been measured and the chemical analysis
of the pellets has been carried out by energy dispersive
X-ray analysis (EDAX).

2. Experimental procedure
The raw materials that were used for the preparation
of the ceramic SBT were Sr(NO3)2 (MERCK, India),
Bi(NO3)3 (BDH, India), polyvinyl alcohol (average
molecular weight 1,25,000 Daltons; MERCK, India),
sucrose, and tantalum-tartarate complex. The solution
of the tantalum-tartarate complex was prepared in the
laboratory from tantalum pentoxide (Ta2O5, Aldrich)
and the details of the preparation process are discussed
elsewhere [23].

In the preparation of SrBi2Ta2O9 (SBT), appropri-
ate volumes of aqueous solutions of Sr(NO3)2, and
Bi(NO3)3 were taken from their freshly prepared stocks
and mixed together. A stoichiometric amount of the
prepared tantalum-tartarate complex solution was then

Figure 1 Schematic representation of the preparation of SrBi2Ta2O9 nanocrystalline powders through the sucrose-PVA polymer matrix precursor
solution method.

introduced into the solution mixture, followed by the
addition of aqueous solutions of 10% (w/v) PVA
(∼3 moles of monomer units, with respect to the to-
tal moles of the metal ions), and sucrose (∼4 moles
with respect to the total moles of the metal ions). Fi-
nally, a clear, homogeneous precursor solution was ob-
tained through continuous stirring of the solution mix-
ture while maintaining the pH ≈ 5 by adding dilute
HNO3. Complete evaporation of the precursor solution
generated a mass with a characteristic black color. Ther-
molysis of this mass on a hot plate (at 200◦C) resulted in
crushable, fluffy, carbonaceous precursors. Calcination
of the carbonaceous precursors at selected temperatures
(ranging between 500–900◦C) resulted in the nanocrys-
talline SBT powders. The entire preparative process has
been illustrated in Fig. 1. Thermal studies of 6.5 mg
of the virgin carbonaceous precursors were carried out
at a heating rate of 5◦C/min, using a simultaneously
recording thermo-gravimetric and differential thermal
analysis (i.e., TG and DTA) (model DT-40, Shimadzu,
Kyoto, Japan). Phase analysis of the samples (after cal-
cination at various temperatures) was carried out using
a X-ray powder diffractometer (XRD) (Phillips PW-
1804, Netherlands). Powder morphology was exam-
ined by transmission electron microscopy (TEM) using
model TM 300, Phillips, and the dielectric properties of
the sintered pellets were measured using a capacitance-
measuring assembly (model AP-1620, GRC).

3. Results and discussion
3.1. Thermal analysis
Thermal analysis of the virgin carbonaceous precursors
is shown in Fig. 2. DTA curve initially showed a small
endothermic effect (between A–B) probably due to des-
orption of water. Thereafter, the DTA curve showed
a monotonic increase in the heat output (between
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Figure 2 Thermal studies of the SrBi2Ta2O9 precursors powders.

B–C) with an exothermic peak at 505◦C, possibly due
to combustion of the residual carbon in the precursor
powders along with crystallization of the SBT phase.
The concurrence of the two processes implied that the
heat generated from the combustion of residual car-
bon facilitated the formation of the nanocrystals of the
oxide phase. The TG curve showed that the entire ther-
mal effect was manifested by a single step weight loss
of ∼35% up to ∼600◦C. Beyond 600◦C the TG curve
remained constant inferring the samples to be carbon
free.

3.2. XRD analysis
XRD analysis of the precursor and their respective cal-
cined powders (calcined at different temperatures rang-
ing from 500–900◦C/2 h) were performed to study the
effect of heat-treatment temperatures on the formation
of the layered perovskite-SBT phase (see Fig. 3). The
virgin SBT precursors were observed to be amorphous
to X-ray whereas calcination of these precursors be-
tween 500 and 650◦C, revealed the formation of the
Fluorite-SBT phase [21]. Calcination of the precursors
above 650◦C was marked by diminishing intensity of
the diffraction lines corresponding to the fluorite phase
and appearance of characteristic diffraction lines of the
perovskite-SBT phase. At 750◦C the fluorite phase was
completely transformed into the pure perovskite SBT
phase. Thus, the Fluorite-SBT phase appeared to be
the nucleating phase for the crystallization of the pure
perovskite-SBT phase.

T ABL E I Comparison of the SBT phase formation temperatures and the average particle sizes for the SrBi2Ta2O9 composition as reported in the
other synthesis processes

aFormation bAverage Sintering Dielectric
Method of preparation temp. (◦C) particle size temp. (◦C) TC (◦C) constant at TC

1. Present method 750/2 h ∼35 nm 1000 287 862
2. Colloidal emulsion method [15] 750/2 h ∼60 nm – – –
3. Sol-gel method [17] 650/2 h ∼70 nm – – –
4. Solid state double calcination 800/2 h 0.50–0.15 µm – –

method [14]
5. Solid state method [16] 900/5 h 1–4 µm 1150 290 475

aCalcination temperature required for the formation of the perovskite SBT phase for the SrBi2Ta2O9 composition.
bAverage particle size reported at the respective perovskite SBT phase formation temperatures.

Figure 3 X-ray diffractograms (using Cu Kα radiation) of the
SrBi2Ta2O9 precursors on heat-treatment for two hours at: 500◦C,
550◦C, 650◦C, 750◦C, and 850◦C.

The crystallite size of the calcined powders, cal-
culated from X-ray line broadening studies using the
Scherrer’s equation [24], was found to be ∼17 nm. The
crystallite sizes of the SBT powders were observed to
increase with the rise in the calcination temperatures.

The minimum temperature required for the forma-
tion of the pure SBT phase through calcination of the
respective virgin precursors was found to be 750◦C,
which is lower than those reported through the solid-
state method though almost comparable to those re-
ported through other aqueous based solution methods.
Table I presents a comparative study of the perovskite
phase formation temperatures in SrBi2Ta2O9 composi-
tion when synthesized through various processes. The
low external heat-treatment temperatures, required for
the realization of the perovskite-SBT phase through the
present method, may possibly be due to the presence
of small atomic clusters of appropriate chemical homo-
geneity in the amorphous precursors that facilitate the
crystallization process.

3.3. TEM analysis
The bright field transmission electron micrographs of
the SBT powders, after heat-treatment of the precur-
sor powders at its phase formation temperatures (i.e.,
at 750◦C/2 h), are illustrated in Fig. 4a. The bright field
TEM micrographs represent the basic powder morphol-
ogy of the sample, where the smallest visible isolated
spot can be identified as particle/crystallite agglomer-
ates. From the TEM study of the SBT powders, it was
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Figure 4 (a) Bright field transmission electron micrograph of the SrBi2Ta2O9 samples after calcination of the precursor powders at 750◦C/2 h. (b) The
corresponding selected area electron diffraction (SAED) pattern of the SrBi2Ta2O9 powders after calcination of the precursor powders at 750◦C/2 h.

observed that the particles are almost spherical with
average particle diameter ∼35 nm. The corresponding
selected area electron diffraction pattern of the same
sample showed distinct rings, which is characteristic of
an assembly of nano-crystallites (Fig. 4b).

3.4. Sintering studies
The SBT nanocrystalline powders (calcined at
750◦C/2 h) were compacted into pellets by applying a
uni-axial pressure of 3.2 × 107 Pa and then sintered at
temperatures 900–1100◦C/4 h. Density measurements
for the sintered SBT pellets were carried out through
Archimedes’ method. The change in density of the SBT
pellets with sintering temperature is illustrated in Fig. 5.
From the graph it is evident that the density of the pellet
was 96.8% of its theoretical value at the sintering tem-
perature of 1000◦C. Sintering of the pellets at or above
1050◦C increased the density to the maximum value of
97.4% but it also promoted the evaporation of Bi2O3
from the system, which led to non-stoichiometries in
the SBT composition. The loss of bismuth from the sys-
tem was inferred by the appearance of bismuth deficit
phase in the X-ray diffractograms of the corresponding
sintered pellet (Fig. 6).

Figure 5 Variation in sintered density of the pressed pellet (using pow-
ders calcined at 750◦C/2 h) with sintering temperature.

3.5. Dielectric studies
Dielectric constant measurements were performed on
the pellets that were sintered at 1000◦C and had a rela-
tive density of 96.8%. Both sides (i.e., the flat surface) of
the sintered pellet were polished and then electroded by
applying a silver paste. Variation of dielectric constant
(ε) and dielectric loss with temperature, at a frequency
of 100 kHz, was studied for the pellet and their results
are depicted in Fig. 7. The study revealed that the di-
electric constant increased gradually with temperature
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Figure 6 X-ray diffractograms (using Cu Kα radiation) of the SBT pel-
lets sintered at (a) 1000◦C and (b) 1050◦C.

Figure 7 Variation of dielectric constant (ε) and dielectric loss (tan δ)
with temperature for the SBT pellets, sintered at 1000◦C.

and reached a maximum (εmax) at the Curie temperature
(Tc), typical of any normal ferroelectric material. The
εmax value, measured at 100 kHz, was found to be 862
at the Curie temperature (Tc) of 287◦C, which is higher
than those reported through the solid-state method [16].
Again, as expected for normal ferroelectrics, the tem-
perature at which the dielectric constant peaks (at a
frequency of 100 kHz) was found to almost coincide
with the point of inflection observed in the dielectric
loss versus temperature plot.

Variation of dielectric constant and dielectric loss as
a function of frequency, for the sintered (at 1000◦C for
2 h) SBT pellet, has been shown in Fig. 8. It shows
that both, the dielectric constant and the dielectric loss
decrease drastically with increase in frequency, as in
normal ferroelectrics.

3.6. Discussion on the developed method
of preparation

In the developed process, the aqueous solution mixture
of sucrose and PVA in the precursor solution provides
a polymeric matrix with molecular scale dispersion of
metal ions. Sucrose plays a multifarious role in this
process. It coordinates through its hydroxyl groups to
form complexes with the metal ions that remain in solu-
tion through formation of small micelle-type moieties.
These micelle-type structures circumvent selective pre-

Figure 8 Room temperature studies on the variation of dielectric con-
stant (ε) and dielectric loss (tan δ) with frequency for the SBT pellets,
sintered at 1000◦C.

cipitation of the cations during the evaporation process
by keeping them trapped inside such moieties. More-
over, sucrose being in excess to the cations behaves as
a strong chelating agent and ensures atomic level dis-
tribution of the cations through the polymeric network.
During the evaporation of the precursor solution, su-
crose possibly gets hydrolyzed to fructose and glucose
in the presence of nitric acid, which ultimately gets
oxidized to gluconic acid and then to polybasic acids,
which forms a branched polymer with PVA [25].

C12H22O11(Sucrose)

+ H2O
H+
→
�

C6H12O6(glucose) + C6H12O6 (fructose)

↓
Branched polymer← PVA+ C6H12O7 (gluconic acid)

Complete evaporation of this polymeric material re-
sults in a highly porous, fluffy carbonaceous precur-
sor material, and the metal oxides remain embedded
in the matrix of the mesoporous carbon. Calcination
of the precursors at relatively low external tempera-
tures results in the formation of SBT nanocrystals with
controlled crystallite size. The decomposition of car-
bonaceous material produced gasses (such as: CO, CO2,
NH3, NO2, and water vapor), which not only helped to
disintegrate the agglomerated particles but also helped
to inhibit sintering of the nanosized particles.

4. Conclusions
A simple aqueous-based chemical route involving a
polymeric matrix of sucrose and polyvinyl alcohol is
explored for synthesizing nanocrystals of SrBi2Ta2O9,
using cost-effective, easily available and water-soluble
starting materials. Stable, water-soluble coordinated
tartarate complex of tantalum has been used as the
source of tantalum. The polymeric matrix used in this
method serves as a solid dispersoid for the metal ions
in an acidic precursor solution as well as a solid fuel
during the calcination of the precursor. Decomposition
of the polymeric matrix initiated during the evaporation
process and resulted in fluffy, carbonaceous precursors
that had the metal oxides embedded in its porous tem-
plate. The carbonaceous residue from the polymeric
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reagent acted as an efficient internal fuel during the
calcination process and the heat generated during such
as a exothermic oxidative process resulted in the for-
mation of pure SrBi2Ta2O9 layered perovskite, via the
intermediate fluorite phase, at external temperatures as
low as 750◦C with particle size ∼35 nm.

The developed low-temperature process yields the
smallest particle sizes of SrBi2Ta2O9 compared to
those reported through all the other routes while their
dielectric properties showed a reasonable increment
in comparison to those report through the solid-state
process.

This process should be applicable to the preparation
of nanosized powders of any tantalum based ferroelec-
tric compositions.
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