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ABSTRACT

A novel ferroelectric ceramic (Sr0.3Ba0.7Ti03-Sr0.3Ba0.7Nb206) was fabricated from powders obtained through
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sol-gel technique using precursors of strontium, barium and titanium. These powders were synthesized using a chem-

ical route by in-situ gelation of Ba-Sr-Ti sol and colloidal suspension of Nb205 powder in butanol dissolved Titanium butoxide precursor.

As-fired powder was annealed at 8500C for 3 hours in a muffle furnace. The annealed powder was cold-pressed into pellets which were then

sintered at 12000C for two hours to form dense ceramics. Structural characterization of powders was done using x-ray diffraction and Ra-

man spectroscopy. Dielectric measurements on ceramics were done using Agilent LCR meter to study the effect of the unique combination of
SBT(0.5wt%) and SBN(0.5wt%) on temperature and frequency dependent dielectric properties of bulk ceramic. It was interesting to observe
that the ceramic showed significantly different dielectric behavior than that of individual Sr0.3Ba0.7TiO3(SBT) and Sr0.3Ba0.7Nb206 (SBN)
ceramic. The results were attributed to the strong microstructural changes that occurred due to the presence of different crystalline phases.

1.0 Introduction

Strontium barium niobate (Sr,Ba, Nb,O,) (SBN) has a tetrago-
nal tungsten-bronze structure for 0.26<x<0.87 and is a ferro-
electric crystal at room temperature. This material possesses
excellent photorefractive, electro-optic, nonlinear optic (NLO),
and dielectric properties, by virtue of which they are promising
material for modern day applications such as infra-red detec-
tors, memories, phase conjugation, generation of photorefractive
solitons, quasi-phase-matched second-harmonic generation, and
electro-optic modulation [1-11]. Structural parameters as well as
ferroelectricity of SBN strongly depend upon Sr/Ba molar ratio.
For instance, the unit cell parameters vary almost linearly with
composition, ¢ = 12:448 to 12:412°A and ¢ = 3:974 to 3:905°A
for x = 0:32 to 0.82 [12]. Likewise, the Curie temperature (T)) of
the SBN crystals also varies with composition and is in the range
of 10 to 225°C for x = 0:82 to 0:32 respectively. These ceramics
with different compositions have been produced with a high den-
sity and fairly good electrical properties using various fabrication
techniques [13-19]. However, the dielectric, piezoelectric and py-
roelectric properties of SBN ceramics exhibit smaller coefficients
than those observed in single crystals, probably due to a lower
degree of orientation [16]. The other limitations are firstly high
sintering temperatures (T, >1300°C) and secondly very fine pow-
ders (~1 pum), often produced by ball milling, are required [14-
19]. This results in a major increase in the cost of production and
chances of contamination. In order to overcome these constraints,
additives are commonly used in the fabrication of ceramics to
aid in densification, control grain growth, and enhance desired
properties. For instance, vanadium pentoxide V,O, which melts
at 690°C, is used to accelerate the sintering and densification pro-
cess. Nishiwaki et. al. [19] used V,O, as a densification agent
for SBN30 powders and reported a high dielectric constant with
an addition of 1 wt% V,O,. Oral and Mecartney [20] have also
studied the role of V,0, as a dopant for sol-gel derived stron-
tium barium niobate Sr Ba, Nb,O, (SBN) powder and ceramics
with different Sr/Ba ratios. These authors also reported that vana-
dium pentoxide V,0; additions not only increases the densifica-
tion but also the amount of tungsten bronze phase and hence the
dielectric constant for all compositions except St Ba ,;Nb,O
(SBN65). For SrBa,_ Nb,O, (SBN, 0.3 < x < 0.7) ceramics, it
has been reported that with increasing Sr/Ba ratio in SBN ce-
ramics, the Curie temperature decreases while the maximum di-
electric constant at the Curie temperature increases [21]. For x =
0.4 and 0.5 frequency dispersion of dielectric constant has been
observed indicating a relaxor nature of SBN. In the recent years,

the fabrication of SBN-SBT composite ceramics have generated
a lot of interest [22,23]. For instance Shanming et.al [24] showed
that with the addition of SBT, the maximum dielectric constant of
SBN is increased and the dielectric loss is reduced. The dielectric
curves become broader. The abnormal grain growth that is usu-
ally observed in Ba, Sr, ,Nb,O, is also suppressed by the addition
of BaSr, ,TiO,. The Curie temperature decreased with increas-
ing amounts of BST and all samples obeyed the Curie—Weiss
law above the Curie temperature. Investigations have also been
reported on the fabrication of strontium barium niobate/barium
strontium titanate ceramics by powder—sol method [25]. SBN/
SBT composite ceramics with different mole ratios of Nb and Ti
were fabricated using a powder sol (PS) method with Nb,O fine
powders suspended in the barium strontium titanate solution. The
X-ray diffraction results indicated that three intermediate phases,
i.e. TiO,, BaNb,O, and StNb,O,, are developed during the forma-
tion of SBN-BST. Unit-cell parameters, density, site-occupancy
factors and inter-ionic distances strongly depend on the composi-
tion [26].

However, dielectric and pyroelectric properties of these compos-
ites have not been yet reported. Hence, in this work dielectric
properties of SBN-SBT composite ceramic are being reported.

2.0 Materials and methods
2.1 Raw material and synthesis of powder and ceramic

Synthesis of SBT powder and ceramic

The starting materials were Barium acetate [Ba(CH,COO),
>99%], Strontium acetate [Sr(CH,COO),] and Titanium tetrabu-
toxide (97%). Acetic acid [CH,COOH = 99.7%] and butyl al-
cohol [C,H/OH > 99.5%] were used as solvents. Calculated
amounts of Barium acetate and strontium acetate were weighed
to synthesize stoichiometric compositions of (Ba Sr, TiO,)
(where molar concentration x = 0.7) [(Ba+Sr):Ti = 1:1] powders.
The weighed amounts of these compounds were dissolved in
acetic acid by refluxing for 15 min using a heating mantle. The
Ba-Sr solution was cooled down to the room temperature and the
solution of calculated amount of Titanium tetrabutoxide in bu-
tanol was added and the resulting solution was stirred again using
a magnetic blender for 0.5h at room temperature. After stirring,
small amount of acetylacetone (CH,COCH,COCH,) was added
as stabilizer. After a few minutes the sol was hydrolysed using
10-15ml of distilled water. The sol was relatively clear and stable
.The sol was covered with aluminium foil. The sol was left over-

18 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH




Research Paper

night in open for gelation. The obtained gel was fired at 350°C
in air for 3-4 hrs .The as—fired powder obtained was amorphous
in nature .This powder was calcined at 850°C for 3 hrs in a muf-
fle furnace to obtain a poly-crystaline powder. The SBT powder
so obtained was milled and die-pressed into thick pellets under a
pressure of 300MPa. The samples were finally sintered at 1100°C
for 2h.

Synthesis of SBN powder and ceramic

The calculated amount of Niobium (V) pentoxide mixed with
propan-2-ol was added in the Ba-Sr sol. The resulting solution
was stirred again using a magnetic blender for 0.5h at room tem-
perature followed by ultrasonic stirring for 10min. After this hy-
drolysis was done using deionized water. The sol of barium and
strontium so obtained and suspended with niobium (V) pentoxide
was fired at 350°C in air for 3-4 hrs .The fired powder obtained
was amorphous in nature. This powder was calcined at 850°C for
3 hrs in a muffle furnace to obtain a poly-crystalline powder. The
SBN powder so obtained was milled and die-pressed into thick
pellets under a pressure of 300MPa

Synthesis of SBN-SBT powder and ceramic

SBT sol was prepared using the same procedure described above
and was named solution A. The solution of calculated amount of
Titanium tetrabutoxide and Niobium (V) pentoxide in propan-
2-ol (named solution B) was added slowly drop by drop and the
resulting solution was stirred again using a magnetic blender for
0.5h followed by ultrasonic stirring at room temperature. After
stirring, hydrolysis was carried out using deionized water. The
sol suspended with niobium (V) pentoxide was fired at 350°C in
air for 3-4 hrs .The as-fired powder obtained was amorphous in
nature. This powder was calcined at 850°C for 3 hrs in a muffle
furnace to obtain a poly-crystalline powder. The SBN-SBT pow-
der so obtained was milled and die-pressed into thick pellets un-
der a pressure of 300MPa. The samples were finally sintered at
1100°C for 2h. The powder and the ceramics were prepared us-
ing a procedure given in the flow chart (Fig. 2.1)

2.2 Material Characterization
2.2.1 Structural Characterization

X-ray diffraction

Structural characterization of SBN, SBT and SBN-SBT powder
calcined at 850°C for 3 hours was done using X-ray powder dif-
fraction. X-ray diffractograms of SBN, SBT and SBN-SBT powders
are shown in Fig. 2.2 (a-c). The peaks show polycrystalline na-
ture and confirm the formation of SBN, SBT and SBT-SBN struc-
ture.

Raman Spectroscopy

Structural characterization of SBN, SBT and SBN-SBT powder
calcined at 850°C for 3 hours was done using Raman Spectros-
copy and the spectrograms of SBN, BST and SBN-BST powders
are shown in the Fig. 2.3. The peaks show polycrystalline nature
and confirm the formation of SBN, SBT and SBT-SBN structure.

2.2.2 Dielectric characterization

AC frequency dependent values of parallel capacitance (Cp) and
loss tangent or dissipation factor (tan  or D) of the ceramics
pellets were measured using Agilent 423B precision LCR meter.
The actual thickness of samples was measured using a microm-
eter before electroding by application of conductive silver plate
using a paint brush. Electroded samples were placed in a sample
cell between two electrodes and voltage was applied. The paral-
lel capacitance (Cp) was measured on the LCR meter. Dielectric
constant was calculated using the formula:

(e)=C/C,;

where, C (=€ A/d) is the capacitance with vacuum between par-
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allel plates and e =8.85x10("> F/m) is the permittivity of free
space, A is the area of electrode sample, and d is the thickness of
the sample. Dissipation factor (D or tan §) was directly measured
on the LCR meter. To calculate ac conductivity, parallel capaci-

tance (Cp) and dissipation factor (D or tan delta) from 100 Hz
up to 100 KHz was measured. o, (0) was calculated by using fol-
lowing expression :

o, (w) = 2fe €7=2f¢ e’tan &

where tan § is the dissipation factor, @ = 2f is the angular fre-
quency €’ is the dielectric constant (€”/ €’ = tan §), and €” is the
dielectric loss.

3.1 Results and discussion

Figure 3.1a shows the temperature and frequency dependent
dielectric constant of Sr,,Ba Nb,O, (SBN) ceramics. It is evident
from the figure that the ceramic is ferroelectric at room temper-
ature and a transition to paraelectric phase occurred at a tem-
perature of 352°C at all frequencies. It is also evident from the
figure that the values of dielectric constant does not differ much
at room temperature at all frequencies. However, as we increase
the temperature, the values of dielectric constant increase and
reach a maximum around T, and then decrease with further
increase in temperature. Around Tc, at 1 kHz, a maximum di-
electric constant (€max) ~518 was obtained for this ceramic.
For other higher frequencies the values decreased considerably.
Fig.3.1b shows the temperature and frequency dependent die-
lectric loss of the same ceramics. Dielectric loss was found to be
below 0.1 at all frequencies except for 100 Hz and 120 Hz. How-
ever, at Tc the dielectric loss was also the maximum. Figure 3.1c
shows the ac conductivity and Fig. 3.1d shows the I-V charac-
terstics of the ceramic measured using a Keithley Electrometer.
Figure 3.1e shows the room temperature dielectric constant of
the ceramic at different frequencies. Compared to SBN, the di-
electric behavior of Sr,,Ba  TiO, (SBT) ceramics was slightly dif-
ferent as is clear from the temperature and frequency depend-
ent dielectric behavior of the latter shown in Fig 3.2 a,b. Figure
3.2a shows the temperature dependent dielectric constant of
Sr,Ba, TiO, ceramics at different frequencies of 100Hz, 120 Hz,
1 kHz, 10kHz, 20kHz and 100 kHz. Since the dielectric measure-
ments were done from room temperature (30°C onwards), the
ferroelectric-to-paraelectric phase transition temperature which
generally occurs at <20°C for this material is not visible in the
figure. However, the value of dielectric constant around room
temperature (and hence around T,) was found to be ~400 at 1
kHz. At higher frequencies, the values decreased considerably at
all temperatures. Figure 3.2b shows the temperature dependent
dielectric loss of the same ceramics. Dielectric loss was found to
be below 0.3 at all frequencies. However, at T_the dielectric loss
was also the maximum. Figure 3.2c shows the ac conductivity
(o,) of the ceramic. Figure 3.1e shows the room temperature
dielectric constant of the ceramic at different frequencies. No
frequency dispersion of dielectric constant was observed.

Figure 3.3a shows the temperature and frequency dependent
dielectric constant of SBT-SBN [(0.5)SBT-(0.5)SBN] composite
ceramic. This composite also showed a ferroelectric nature at
room temperature. However, the transition to paraelectric tem-
perature occurred at a much lower temperature (T, = 295°C)
compared to SBN (T, = 352°C). Also, the value of dielectric con-
stant increased to ~560 at 1 kHz. Figure 3.3b shows the temper-
ature dependent dielectric loss of the same ceramics. Dielectric
loss slightly increased to more than 1 at T . Figure 3.3c shows
the ac conductivity of the ceramic. Figure 3.1e shows the room
temperature dielectric constant of the ceramic at different fre-
quencies.

Figure 3.4 shows a comparison of the temperature dependent
dielectric constant of all the three ceramics at a frequency of 1
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kHz. 1t is clear from the figure that the value of dielectric con-
stant of SBT-SBN was higher than both SBT and SBN at T . Also,
the T (<300°C) of SBT-SBN was intermediate of SBT (~30°C) and
SBN (>300°C).

3.2 Conclusions

Bulk ceramics of SBT, SBN, SBT-SBN ceramics prepared using
fine powders derived from sol-gel method showed that addition
of SBT in SBN shifts the ferroelectric-paraelectric phase transi-
tion temperature (T ) to a lower temperature. Also, with an addi-
tion of 0.5wt% of SBT in SBN the dielectric constant is increased
at all frequencies.
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Fig. 2.1: Flow chart for the preparation of SBT-SBN powder
and ceramics
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