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Barium strontium zirconate titanate (Ba
0.8

Sr
0.2

)(Zr
0.2

Ti
0.8

)O
3
 [(Ba+Sr):(Zr+Ti) = 1:1] powder and ceramics were prepared 

using a sol-gel chemical route. BSZT ceramics prepared from the sol-gel derived powder were characterized for their 
structural, morphological, dielectric and ferroelectric properties. Temperature and frequency dependent dielectric 

properties were measured for these ceramics in the temperature range 30 to 200oC and at different frequencies of 100 Hz, 120 Hz, 1 kHz, 10 kHz, 
20 kHz and 100 kHz.  It was observed that ferroelectric to paraelectric transition temperature (Tc) reduced from ~120oC for pure Barium titanate 
(BaTiO

3
) to around 20-30oC with the addition of strontium. Furthermore the addition of zirconium helped in increasing the dielectric constant at 

all frequencies. A well defined ferroelectric loop was observed for the ceramic. Remanent polarization (Pr) value of 0.5121µC/m2 was obtained for 
the sample at room temperature.

ABSTRACT

1.0 Introduction
Barium strontium titanate (Ba

1−x
Sr

x
TiO

3
) (hereafter called BST) is one 

of the most important perovskite ferroelectrics that has been widely 
studied because of its moderate to high dielectric constant and ad-
justable ferroelectric to paraelectric phase transition temperature 
(depending on the value of x) that are a pre-requisite for application 
of ferroelectric material as capacitors [1−3]. The dielectric behavior 
of BST can be modified not only by controlling the Ba/Sr ratio but 
also through partial substitution of isovalent or aliovalent cations for 
A-sites and/ or B-sites in ABO

3
 type perovskite system [4]. These par-

tial substitutions and their influence on the structural and dielectric 
properties of BST ceramics have been extensively researched in the 
recent years. For instance, Huang et.al. [5] reported that Dy

2
O

3
-doped 

BST capacitor ceramics showed high permittivity (ε = 5245), low di-
electric loss (tan δ = 0.0026) and high DC breakdown voltage (Eb = 
5.5 MV/m) as compared to undoped BST. According to Zhao et al [6], 
comprehensive properties (ε = 3658, tan δ = 0.0093, Δε/ε = 14.1%) 
were obtained in Y

2
O

3
 and Dy

2
O

3
-doped BST ceramics. Li et al [7] re-

ported that there was an alternation of substitution preference of Y3+ 
ions for the host cations in perovskite lattice. When the doping con-
centration is increased up to 0.5% (mole fraction) then Y3+ ions tend 
to occupy the B-sites, causing a drop in the dielectric constant. In the 
case of La

2
O

3
 addition, it has been reported that La3+ ions dissolved in 

the A-sites and effectively suppressed the grain growth of BST ceram-
ics [8]. In the case of La

2
O

3
- and Sb

2
O

3
 co-doped BST ceramics, it has 

been reported that that the ceramics exhibit typical perovskite struc-
ture and the average grain size decreases dramatically with increase 
in the content of Sb

2
O

3
 [9]. Both La3+ ions and Sb3+ ions occupy the 

A-sites in perovskite lattice. The tetragonal to cubic phase transition 
of La

2
O

3
 modified BST ceramics was of second order and the Curie 

temperature shifted to a lower value with increase in the La
2
O

3
 dop-

ing content. The phase transition of (La,Sb) co-doped BST ceramics 
was diffused and the deviation from Curie-Weiss law became more 
obvious with the increase in Sb

2
O

3
 concentration. The temperature 

corresponding to the dielectric constant maximum of (La,Sb)-co-
doped BST ceramics decreased with increasing Sb

2
O

3
 content, which 

was attributed to the replacement of host ions by the Sb3+ ions.  
Chiou et al [10] reported that the lattice constant ratio c/a and Curie 

temperature of BaTiO3 ceramics also decreased with increasing the Sb 
concentration. Chan [11] prepared a series of (Ba₁-xSr

x
)(Zr₀.₁,Ti₀.₉)O₃ (x 

= 0, 0.05, 0.15, 0.25, 0.35, 0.45) ceramics by a conventional solid state 
reaction method. Thin films of the same composition were also de-
posited on different substrates. It was reported that with the increase 
in Sr content, the Curie temperature decreased linearly. However, the 
grain size also decreased with the increase in Sr content. Remanant 
polarization also decreased with the increase in Sr content. Badapan-
da et.al [12] have reported the optical and dielectric relaxor behaviour 
of Ba(Zr

0.25
Ti

0.75
)O

3
 prepared by solid-state reaction. The temperature 

dependent dielectric measurement in the frequency range from 1 kHz 
to 1 MHz indicated a diffused phase transition. The broadening of 
the dielectric permittivity in the frequency range as well as its shift-
ing at higher temperatures indicated a relaxor-like behaviour for this 
material. In a similar work, dielectric properties of La/Zr co-doped 
Ba

0.67
Sr

0.33
TiO

3
 ceramics prepared from citrate-nitrate combustion de-

rived powders have been reported by Xu et.al. [13], who claimed that 
the dielectric constant as well as loss decreased with increasing Zr 
content. However, the additions strongly suppressed the grain growth 
of BST ceramics. It was also found that the temperature-permittivity 
characteristics for co-doped BST ceramic could be controlled using 
various dopant content. Recently new techniques have been report-
ed for the synthesis of BSZT ceramics using chemical route. In the first 
paper, slip-casting technique for sol-gel synthesised BSZT ceramics 
have been reported by Chen et.al [14]. Initially sol-gel method was 
used to synthesisze two different Ba

0.75
Sr

0.25
Zr

0.05
Ti

0.95
O

3
 powders one 

of high purity and the other of low purity. These two powders were 
subjected to slip casting followed by a pressureless sintering. Authors 
observed that there was a large difference in the sintered density and 
grain size for the pressureless sintered disks. In another paper, zirco-
nium doped Barium strontium titanate Ba

0.8
Sr

0.2
Zr

x
Ti

1-x
O

3
 (x = 0.05, 

0.1, 0.15 and 0.2) nanosized powders were prepared by a solvother-
mal method [15]. Authors claimed that using this method, the aver-
age particle size reduced with increasing Zr content and the average 
particle size was in the range 37-50 nm. Furthermore, Curie peaks in 
temperature-permittivity graph became broader and shifted towards 
lower temperature. Dielectric loss also decreased with increasing Zr 
content. Most of the research works cited above have used solid state 
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reaction method for preparing BSZT ceramics. Very few papers have 
reported on the dielectric and ferroelectric properties of BSZT ce-
ramics fabricated using sol-gel derived powders. In the present work, 
BSZT ceramics were fabricated using sol-gel derived powder prepared 
using both A-site as well as B-site substitution. Temperature and fre-
quency dependent dielectric properties are being reported in this 
paper. 

2.0 Materials and methods
1.1 Raw material and synthesis of powder and ceramic
Sol-gel synthesis of (Ba0.8Sr0.2)(Zr0.2Ti0.8)O3 powder and 
ceramics
The precursors for barium, strontium, titatnium and zirconium were 
respectively barium acetate, strontium acetate, titanium tetrabutox-
ide and zirconium isopropoxide. All these chemicals were procured 
from Sigma-Aldrich. Glacial acetic acid [CH

3
COOH ≥99.7%] and butyl 

alcohol [C
4
H

9
OH>99.5%] were used as solvents. Barium acetate and 

strontium acetate were mixed in glacial acetic acid and refluxed for 
30 min using a sand bath. Titanium tetrabutoxide and Zirconium iso-
propoxide were mixed in butyl alcohol. After cooling down to room 
temperature, the Ba-Sr solution was mixed with Ti-Zr solution using 
a magnetic blender for 30 min. A small amount of acetylacetone 
[CH

3
COCH

2
COCH

3
] was added as a stabilizer. The sol thus obtained 

was hydrolysed by adding 10-15 mL of distilled water. The sol was 
relatively clear and stable. The sol was covered with aluminium foil 
and kept in a dessicator to avoid air contamination and left overnight 
for gelation. The sol was still transparent and clear. However, it trans-
formed into an opaque gel upon heating. The gel was then fired in air 
to obtain amorphous powder. The dry gel was calcined at 850°C for 
2h in a muffle furnace to obtain a poly-crystalline powder. The BSZT 
powder so obtained was milled and die-pressed into thick pellets un-
der a pressure of 300 MPa. These pellets were sintered at 1400°C for 
2.5 hrs and 3hrs in a muffle furnace to obtain dense ceramics. The 
powder and ceramics BSZT were prepared using a procedure given in 
the flow chart (Fig.2.1).

2.2 Material Characterization
X-ray diffraction
Structural characterization of (Ba

0.8
Sr

0.2
)(Zr

0.2
Ti

0.8
)O

3
 ceramic sintered 

for 3 h was done using X-ray diffraction. Figure 2.2 shows a compar-
ison of the X-ray diffractograms of BT, BST and BSZT. The peaks show 
polycrystalline nature and confirm the formation of BSZT structure. 

Scanning Electron Microscopy (SEM)
Morphological properties of (Ba

0.8
Sr

0.2
)(Zr

0.2
Ti

0.8
)O

3
 ceramic were stud-

ied using scanning electron microscope (SEM). The photomicrograph 
showing the formation of grains is shown in Fig. 2.3.

FT-IR spectroscopy  
FT-IR spectrogram of BSZT powder is shown in Fig. 2.4. The peak 
~593cm-1 is due to TiO

6
 octahedral.

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

(є) = C/C
0
.

where, C
O
(= є

o
A/d) is the capacitance with vacuum between parallel 

plates and є
o
= 8.85x10-12 F/m is the permittivity of free space, A is the 

area of electrode sample, and d is the thickness of the sample. Dis-
sipation factor (D or tan δ) was directly measured on the LCR meter. 
To calculate ac conductivity, parallel capacitance (Cp) and dissipation 
factor   (D or tan delta) from 100 Hz up to 100 KHz was measured. 
σac(ω) was calculated by using following expression:

σ
ac

(ω) = 2fє
o
є”=2fє

o
є’tan δ

where tan δ is the dissipation factor, ω = 2 pif is the angular frequen-
cy є’ is the dielectric constant (є”/ є’ = tan δ), and є” is the dielectric 
loss.

Ferroelectric characterization
The ferroelectric loop of the sample was obtained using a Saw-
yer-Tower circuit. The loop was observed on a cathode ray oscillo-
scope. Figure 2.5a and b respectively show the photographs of fer-
roelectric loop obtained on BT and BSZT ceramic. Using these loops 
remanent polarization (Pr) as well as saturation polarization (Ps) were 
calculated for both BT and BSZT. For BT the Pr and Ps values were 
0.0843 µCm-2 and 0.1665 µCm-2 respectively. In the case of BSZT, Pr 
and Ps  values were 0.5121 µC/ m2 and 1.0241 µC/m2 respectively.

3.1 Results and discussion
Temperature and frequency dependent dielectric behavior of 
(Ba

0.8
Sr

0.2
)(Zr

0.2
Ti

0.8
)O

3
 ceramics sintered for 2.5hrs and 3hrs at 1400oC 

are shown in Fig. 3.1. Figure 3.1a shows the temperature dependent 
dielectric constant of (Ba

0.8
Sr

0.2
)(Zr

0.2
Ti

0.8
)O

3
 ceramics sintered at 1400oC 

for 2.5 hours. It is clear from the figure that the value of dielectric con-
stant does not differ much at room temperature at all frequencies. 
However, as the temperature is increased, the difference in the values 
of dielectric constant becomes more prominent at lower frequencies, 
particularly at Tc. At Tc, at 1 kHz, a high value of around 3400 was ob-
tained for this ceramic. For other higher frequencies the values de-
creased considerably. Figure 3.1b shows the temperature dependent 
dielectric loss of the same ceramics. Dielectric loss was found to be 
below 0.1 at all frequencies close to room temperature. However, at Tc 
the dielectric loss was also the maximum. 

Figure 3.1c shows the temperature dependent dielectric constant 
of (Ba

0.8
Sr

0.2
)(Zr

0.2
Ti

0.8
)O

3
 ceramics sintered at 1400oC for 3 hours. 

At Tc, at 1 kHz, a high value of around 3630 was obtained for this 
ceramic. Thus, a slight increase in sintering time improved the di-
electric constant of BSZT ceramic. Figure 3.1d shows the temper-
ature dependent dielectric loss of the same ceramics. Dielectric 
loss was found to be below 0.1 at all frequencies close to room 
temperature. However, at Tc the dielectric loss was also the max-
imum. Temperature dependent dielectric constant and dielectric 
loss of all the three ceramics measured at 1 kHz are shown in Fig 
3.2a and Fig 3.2b respectively. From Fig, 3.2a it is clear that the Tc 
of BaTiO

3
 (~120oC) has shifted to the lower temperatures (<30oC) 

for BST samples with addition of Sr content. Furthermore, values 
of dielectric constant decreased sharply with increase in temper-
ature in paraelectric phase. These trends are in accordance with 
the reported literature according to which the dielectric constant 
can be varied by changing the Ba/Sr ratio [16]. It has been report-
ed that dielectric constant increases with decrease in Sr content. 
Highest dielectric constant is obtained at room temperature when 
(Ba+Sr)/Ti ratio is 1:1 [17]. BST composition (Ba

0.8
Sr

0.2
TiO

3
) exhibits 

the highest dielectric constant ~2000 and Tc ~30oC which is closer 
to the room temperature. However, when Zr was substituted, die-
lectric constant reached up to 3600 but Tc remained around room 
temperature. 

Figure 3.3 show the frequency dispersion of dielectric constant (ε’) of 
all the three samples measured at room temperature (28oC). It is evi-
dent from the figure that (Ba

0.8
Sr

0.2
)(Zr.

0.2
Ti

0.8
)O

3
 shows highest values 

of dielectric constant at all frequencies. 

3.2 Conclusions
Bulk ceramics of Barium strontium Zirconium titanate (Ba

0.8
Sr

0.2
)

(Zr
0.2

Ti
0.8

)O
3
 prepared using fine powders derived from sol-gel 

method showed that with strontium substitution the ferroelec-
tric-paraelectric phase transition temperature (Tc) shifts to low-
er temperatures. With a very small addition of Sr  (Ba

0.8
Sr

0.2
TiO

3
), 

a very high dielectric constant (ε’
max

>2000) and a low dielectric 
loss (<0.1) is obtained at room temperature (25oC). The dielec-
tric constant of BST ceramics shows no frequency dispersion at 
higher frequencies (1 kHz to 100 kHz). With further substitution 
of Ti by Zr at B-site, a still higher dielectric constant was ob-
tained. 
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Fig. 2.1: Flow chart for the preparation of BSZT powder 
and ceramic 

Fig. 2.2 XRD diffractograms of Barium titanate, Barium 
Strontium titanate and barium strontium zirconium ti-
tanate

Fig. 2.3: Scanning electron micrographs at two different 
magnifications showing the grain formation in BSZT ce-
ramics sintered at 1400oC for 1 hr 

 

Fig. 2.4: FT-IR spectrogram of BSZT crystalline powder

 

Figure 2.5a and b respectively show the photographs of 
ferroelectric loop obtained on BT (left) and BSZT (right) 
ceramics

Fig.3.1a   Plot of dielectric constant vs temperature for 
(Ba0.8Sr0.2)(Zr0.2Ti0.8)O3 ceramics sintered at 1400 ºC for 
2.5 hrs.

Fig. 3.1b  Plot of dielectric loss vs temperature for 
(Ba0.8Sr0.2)(Zr0.05Ti0.95)O3 ceramics sintered at 1400 ºC for 
2.5 hrs. 

Fig.3.1c Plot of dielectric constant vs temperature for 
BSZT sintered at 1400 ºC for 3hrs.
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Fig.3.1d Plot of dielectric loss vs temperature for BSZT 
sintered at 1400 ºC for 3hrs

Fig. 3.2a Temperature dependent dielectric constant of 
three ceramics at 1 kHz

Fig. 3.2b Temperature dependent dielectric loss of three 
ceramics at 1 kHz

Fig.3.3: Influence of Zr on room temperature (28ºC) di-
electric constant (measured at different frequencies) of 
Barium titanate.
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