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Abstract

Strontium Barium Niobate, Sry sBag sNb,Og (SBN50), has been synthesized, for the first time, by partial coprecipitation of SrCl,
and BaCl, on Nb,Os. Powder X-ray diffraction study shows tetragonal tungsten bronze phase formation at 1200 °C. Particle
morphology and size of calcined powder has been examined using Transmission Electron Microscopy. The particle size of calcined
powder ranges between 250 and 300 nm. The green compacts have been sintered at 1250, 1300 and 1350 °C and at each temperature
for 6, 12 and 24 h, respectively. Effect of sintering time and temperature on dielectric properties has been investigated. Scanning
electron microscopy has been used for grain morphology studies. Grains have been found to be tetragonal in shape and show var-
iation in size for different sintering conditions. Highest dielectric constant (¢) has been observed for the pellet sintered at 1350 °C for
6 h. A variation in T¢ from 93 to 119 °C has also been observed.

© 2002 Published by Elsevier Science Ltd.
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1. Introduction

Tungsten bronze structured Strontium Barium Nio-
bate, Sr;_,Ba,Nb,Og (SBN), a solid solution of
SrNb,O¢ and BaNb,Og with x=0.25-0.75, has received
attention because of its wide applicability.! It finds
applications largely in electro-optic,> piezoelectric* and
surface acoustic wave (SAW) devices® owing to its large
pyroelectric coefficient® and photorefractrive proper-
ties.”-® In addition, the unique feature of SBN is that it
facilitates to obtain tailor made materials with desired
Curie temperature, ferroelectric properties, dielectric con-
stant and microstructures by changing the composition.®?

SBN has been reported to have been synthesized using
various methods and with different Sr:Ba ratio. For
example, in single crystal form by Czocharlski method,’
in polycrystalline form by solid-state reaction
synthesis,'*~!? from sol-gel route,'*!* hydrolysis aging!'?
and from EDTA complex chemical route.'® Although
the aforementioned methods help in realizing some
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desirable properties in SBN, they have some inherent
disadvantages like extensive grinding steps, inhomo-
geneity, moisture sensitivity of precursors, synthesis of
precursors, etc. Although coprecipitation method has
been used for preparing many ceramic materials with
fine grained and uniform microstructure, it has so far
not been applied to SBN.

In the present work, coprecipitation method has been
adopted for the first time for the preparation of SBN50.
SrCl, and BaCl, were precipitated on Nb,Os. Ammo-
nium carbonate was used as precipitant. The coprecipi-
tation of this type has been termed here as partial
coprecipitation since one of the components of the three
components is in solid state, i.e. dispersed Nb,Os parti-
cles. The effect of sintering parameters, temperature and
time of sintering, on microstructure and the dielectric
properties is investigated.

2. Experimental details

Starting materials; 99% SrCl,.6H,O (Loba Chemi-
cals, India), 99% BaCl,.2H,O (Ranbaxy Chemicals,
India) and 99.95% Nb,O5 (Spectrochem, India) were
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used. Nb,Os was finely ground and was dispersed in 2%
aqueous citric acid solution. This was done to prevent
the agglomeration of the powder, to some extent, by
forming a coating of citric acid on the Nb,Os particles.
The solution was continuously stirred using a mechan-
ical stirrer. Aqueous solution of (NHy4),COz was added
in excess followed by a drop-wise addition of aqueous
solution of SrCl, and BaCl,. pH was maintained
between 10 and 11. The precipitate was allowed to settle
down overnight. No additional precipitation on adding
aqueous (NH4),CO; to the supernatant liquid con-
firmed the completion of reaction. The precipitate was
filtered, washed with water followed by methanol and
vacuum dried at room temperature. A flow chart of the
partial coprecipitation is shown in Fig. 1. Subsequently
the powder was calcined at five different temperatures
(900, 1000, 1100, 1150 and 1200 °C). Phillips PW 1729
powder X-ray diffractometer was used for phase analy-
sis. The scan rate of 20=3°/min was employed. The
particle size and morphology of the powder calcined at
1200 °C was studied using a Phillips CM200 transmis-
sion electron microscope at 200 kV. For this, the pow-
der was dispersed using isopropyl alcohol in ultrasonic
bath. Few drops of this suspension was taken on a car-
bon coated copper grid. The calcined powder was
ground for an hour and then sintered at 1250, 1300 and
1350 °C for 6, 12 and 24 h, respectively. The density of
the sintered pellets was measured by the liquid
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SrCh BaChL
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Y
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Fig. 1. Flow chart of the partial coprecipitation method.

displacement method using distilled water as displace-
ment fluid following the standard ASTM method.!”
Microstructural studies were carried out using a
CAMECA SU 30 SEM probe scanning electron micro-
scope in SE mode. For dielectric measurements, the
sintered pellets were gold sputtered (Technics, UK) on
both sides and for better contact it was further metal-
lized with silver paste and was oven dried before carry-
ing out dielectric measurements. Solatron SI 1260
impedance analyzer was used to measure the capacitance
at 1, 10, 100 KHz and 1 MHz frequencies.

3. Results and discussion
The X-ray diffraction patterns of powders calcined at

different temperatures are shown in Fig. 2(a—¢). The
diffraction pattern in Fig. 2(a) shows SBN50 phase and

« 4+ = SBNS5O (e)
et SrNb,0g /BaNbyOg

Intensity (arbitrary units)

26

Fig. 2. X-ray diffraction pattern of the powder calcined at (a) 900 °C,
(b) 1000 °C, (c) 1100 °C, (d) 1150 °C and (e) 1200 °C. A indicates
peak SBN50 phase, x indicates peak of SrBaNb,O4/BaNb,Og4 phase.
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unreacted phases (SrNb,Og and BaNb,Oyg), indicating
the formation of SBN50 phase at 900 °C. Thermo-
gravimetric analysis of the dried powder showed a
weight loss corresponding to loss of CO, around 900 °C.
The first calcination temperature was therefore chosen
at 900 °C. The percentage of SBN50 phase continued to
increase untill 1200 °C [Fig. 2(e)], at which 100%
SBNS50 phase formation occurs as revealed by standard
diffraction pattern.'® It has been reported in the litera-
ture that the calcination temperature for SBN50 lies
between 1100 and 1200 °C!%2° when prepared by the
conventional solid-state method. Partial coprecipitation
method, adopted here for the first time for SBN, also
shows complete SBN50 formation at 1200 °C and is
therefore consistent with earlier reports.

Fig. 3 shows a typical TEM micrograph of the pow-
der calcined at 1200 °C for 6 h. The size of particles
ranged between 250 and 300 nm. TEM observation also
showed the presence of high agglomeration in the pow-
der. The particle size for most coprecipitation methods
range between 100 and 300 nm.>!->2

SEM micrographs of the pellets sintered at 1250, 1300
and 1350 °C for 6, 12 and 24 h. are shown in Figs. 4(a—),
5(a—c), 6(a—c), respectively. Fig. 4(a) show a high por-
osity in the sample with the grain size between 2 and 8
pm. On closely observing this micrograph it can be seen
that the neck formation between the grains has just
initiated (first stage of sintering).?* It may be noted that
the grains are irregular in nature and sizes vary widely.
However a few grains appear spherical. Fig. 4(b) shows

Fig. 3. Transmission electron micrograph of the SBN50 powder cal-
cined at 1200 °C.

that the grains are more compacted with the grain size
ranging between 7 and 15 um. Grains of 10-15 pm size
can be seen in the Fig. 4(c). There does not seem to be
appreciable difference in grain character for increase in
sintering time from 12 to 24 h at 1250 °C. The grains in
Fig. 5(a) appear nicely compacted among themselves
but their sizes are varying widely (2—12 um). In Fig. 5(b)
it is observed that the grain sizes are not varying as
widely as in Fig. 5(a) with an average size of 10 pm.
Fig. 5(c) shows the grains are tetragonal and are elon-
gated in nature. The grain size is varying between 15
and 30 um. It was observed that the grains were pre-
dominantly aligned in one direction as indicated in
Fig. 5(c). Tetragonal grains with average grain size of 10
pm can be seen in Fig. 6(a). When sintered at 1350 °C
for 12 h. SBN50 shows tetragonal shaped grain struc-
ture with an average size of 20 um [Fig. 6(b)]. On the
other hand, when sintered at 1350 °C for 24 h. the
grains appear more elongated with average grain size of
30 um as shown in Fig. 6(c). A comparison of micro-
graphs [Figs. 5(b,c), 6(b,c)] reveals a higher aspect ratio
for grains for the sample sintered at 1350 °C than for
those sintered at 1300 °C. Abnormal grain growth
(~100 um), has been reported for SBN60 ceramics® and
similar observations have been made for SBN50, syn-
thesized by conventional solid-state route at authors’
laboratory (unreported). The present observations for
partial coprecipitated SBN50 reveal unidirectionality in
grain growth (maximum 50 pm).

Density and porosity have pronounced effect on
properties of most electro-ceramics. The density and
porosity for SBN50 sintered under different conditions
are listed in Table 1. It may be noted that the sample
sintered at 1250 °C for 6 h shows density of 4.18 gm/cc
[77% of theoretical density (o1y)]. For other sets of
samples the density varied between 89 and 92% of oy,
with the exception of sample sintered at 1350 °C for 24
h, which showed a lower density of only 85% of oty
The variation of density between 89 and 92%, is not an
appreciable difference since it lies well within the
experimental error of density measurements. In general
the density increases with both increasing temperature
for fixed time and with longer sintering time for fixed
temperature. The exceptions arise due to unidirectional
grain growth at 1350 °C for 24 h a relatively longer
sintering cycle and inadequate sintering at 1250 °C for 6
h. The increase in porosity at 1350 °C for 24 h. may be
attributed to the typical tetragonal shape of the grains
that resulted in relatively loose packing of grains and
increase in open pore size because of Ostwald ripening
of pores. The microstructures illustrated in Figs. 4(a)
and 6(c) clearly substantiate above observations.
Therefore, it may be inferred that increase in time of
sintering only resulted in the increase of grain size but
did not contribute to enhancement in density due to
abnormal grain growth in one direction. The variation



1332 P.K. Patro et al. | Journal of the European Ceramic Society 23 (2003) 1329-1335

Fig. 5. Scanning electron micrograph of the sample sintered at 1300 °C for (a) 6, (b) 12 and (c) 24 h.
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Fig. 6. Scanning electron micrograph of the sample sintered at 1350 °C for (a) 6, (b) 12 and (c) 24 h.

of density with temperature for a fixed time and the
variation of density with time for fixed temperature are
shown in the Fig. 7(a) and (b).

A typical variation of dielectric constant (corrected
for porosity) with temperature for SBN50 sintered at
1350 °C for different times is shown in Fig. 8(a—c).
Similar results were observed for all other sintering
conditions. Porosity correction was made using
Rushman and Strivens equation.?*

Table 1
Variation of density and porosity of SBN50 sintered under different
conditions

Sintering  Soaking Density % Of Porosity in %
temp (°C) time (h) measured theoretical (Open pores +
density Closed pores)

(gmfcc)  (pmn=5.42 gm/cc)  (100-% prn)
1250 6 4.18 77.12 22.88
1250 12 4.93 90.95 9.05
1250 24 4.98 91.88 8.12
1300 6 4.83 89.11 10.89
1300 12 4.88 90.03 9.97
1300 24 5.00 92.25 7.75
1350 6 4.94 91.15 8.85
1350 12 4.90 90.40 9.60
1350 24 4.62 85.24 14.76

Eobserved X (2+ V2)
2(1 — 1)

Ecorrected =

where ¥, is the volume fraction of porosity in the sin-
tered compact.

In all the cases a broad peak, characteristic of relaxor
is observed. Maximum dielectric constant observed
(emax) at 1 KHz and T, for SBN50 sintered under dif-
ferent conditions is listed in Table 2. From the table, it
may be noted that at 1250 °C, g, increases from 830
to 1453 while T, varies between 94 and 90 °C as the
sintering time increases. Similarly at 1300 °C the &«
are 1249, 1284 and 1244 at the corresponding 7, of
96 °C, 119 and 113 °C, when the sintering time increases
from 6 to 24 h. The ., steadily decreases from 1611 to
1219 and the corresponding T, varies between 95 and
93 °C. It is clear that, for the set sintered at 1250 °C for
different durations there is a steady increase in &, with
time and this is due to increase in grain size. For the set
sintered at 1300 °C, there is almost no change in &,,y.
However at 1350 °C, there is a steady decrease in the
&max With increase in time of sintering. This variation in
dielectric constant is in agreement with the variation in
density.

The observed dielectric constants are consistent with
the reported values (enax ~1585) for SBN50 synthe-
sized by solid-state methods.” But few other groups
have reported higher dielectric constants, for example



1334

(a) 5.2
A ——— ——A_
o— \\\ ——
-
4.8} / S
(‘g\ // \\\
£ y A
2
§ 4.4
—a— 6 h.
-e—12h.
—A—24 h.
4_0 1 1 1 1 1
1240 1260 1280 1300 1320 1340 1360
Temperature’C

P.K. Patro et al. | Journal of the European Ceramic Society 23 (2003) 1329-1335

(b) 5.2
]
A\
—~48
£
£
5 A
2
4.4-
§ —m— 1250°C
—e—1300°C
. —A—1350°C
4.0 I I I 1 1 1 1

3 6 9 12 15 18 21 24 27
Sintering Time (h.)

Fig. 7. (a) Variation of density with temperature at fixed time of sintering; (b) variation of density with time at fixed temperature of sintering.
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Fig. 8. Dielectric constant versus temperature plot of sample sintered
at 1350 °C for (a) 6, (b) 12 and (c) 24 h.

2150'"" and ~3750,> when compared with the observed
data. Variation in T¢, from 90 to 119 °C agrees well with
the reported values of 7. for SBN50 composition
[~80 °C,'! 119 °C,° 50-55 °C and 80-90 °C?°]. The
variation in 7, for the same SBNS50 composition
remains an unresolved issue. A detailed study to under-
stand these variations has been undertaken and would
be reported separately.

Table 2
Dielectric constant and Curie temperature (7.) for SBN50 sintered
under different conditions

Sample DenSit}’ Tporosity T. (OC) Emax at 1 Emax at
(gm/cc) KHz 1 KHz
(observed) (corrected)
1250°C, 6 h  4.18 22.88 94 574 830
1250 °C, 12h  4.93 9.05 94 1146 1317
1250°C,24h 498 8.12 90 1283 1453
1300°C,6h  4.83 10.89 96 1107 1249
1300 °C, 12 h  4.88 9.97 119 1100 1282
1300 °C,24h 5.00 7.75 113 1105 1244
1350°C,6h 494 8.85 95 1406 1611
1350 °C, 12h  4.90 9.60 95 1299 1505
1350°C,24h 4.62 14.76 93 968 1219

4. Conclusion

Strontium barium niobate has been synthesized, for
the first time, using the partial coprecipitation method.
Sintering conditions have been optimized. A high &
(1611) has been observed for sample sintered at 1350 °C
for 6 h. The highest density achieved has been ~92% of
the theoretical density. Sintering temperature has more
pronounced effect on dielectric constant than sintering
time. In conclusion, partial coprecipitation has been
shown as an alternate route for synthesis of SBN, an
important ferroelectric material. It is expected that
materials synthesized through this method would exhi-
bit superior homogeneity since two components of the
three component systems are in solution state and
coprecipitation was done on fine Nb,Os particles. An
additional advantage is that sub-micron sized powders
have been synthesized while eliminating grinding steps,
which, otherwise, are mandatory for solid-state process.
Furthermore, abnormal grain growth in SBN, which is
often a matter of concern with the solid-state process,
has been suppressed in the current approach. The uni-
directional grain growth in the material associated with
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long sintering cycles in the present synthesis method,
gives an opportunity for the possibility of texturising the
material in a preferred axis of easy polarization, which
in-turn, will increase the dielectric and ferroelectric
properties of the material. This will further increase the
potential application of the material for device fabrication.
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