
INTRODUCTION

Perovskite materials are important materials for various

functional devices. SrZrO3 based perovskite oxides have been

studied because of the interest in their high temperature protonic

conductivity1,2 and promising use in MHD generators3,4.

Besides these, SrZrO3 still has many characteristics which are

suitable for high-voltage and high realibility capacitor appli-

cations. Calcium zirconate (CaZrO3) with a perovskite structure

has a high melting temperature, an excellent thermal and

chemical stability and a good thermal shock resistance5-7. It is

an interesting material for both mechanical and electrical appli-

cations, such as fuel cells8, filter9, resonator10 for microwave

telecommunication and temperature compensating materials

of capacitance in multilayer ceramic capacitor. In this study

the dielectric constant and dielectric loss of SrZrO3 and CaZrO3

were measured as a function of temperature.

EXPERIMENTAL

Sample preparation: CaZrO3 and SrZrO3 ceramics were

synthesized by a conventional solid state reaction technique,

using high purity powders of CaO, SrO and ZrO2 (99.99 %

pure, procured from Alfa Aesar, A Johnson Mathey company,

USA)  were used as the starting materials. The stoichiometric

amount of these oxides were mixed and heated in alumina

crucible for 50 h at 1300 K. In this process the mixture was

followed by one intermediate grinding and the final product

was cool down slowly. The calcined  powders are isostatically

pressed into pellets at a pressure of 7.19 × 108 Nm-2 followed

by sintering at 1500 K for 24 h in air.
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For confirmation regarding the complete formation of the

compounds, X-ray diffraction pattern of the sample was taken

at room temperature using CuKα line (λ = 0.15418 nm). The

DT, TG and DTG studies of the compounds were carried out

in nitrogen atmosphere using a thermal analyzer (Perkin-Elmer

Pyris) at a heating rate of 283 K/min and flow rate of 100 mL/

min from 323 to 1123 K.

The dielectric constant and dielectric loss were obtained

by measuring the capacitance (c) and quality factor (Q) of the

pressed and sintered pellets of the studied sample at a frequency

of 1 kHz, using LCR-Q meter model-928, systronic, India.

RESULTS AND DISCUSSION

From XRD pattern the values of dhkl plane have been

obtained using the relation11.

θ
=

Sin2

15418.0
dhkl (1)

From dhkl values, structure of the studied compounds were

resolved. All the peaks have been assigned with proper hkl

values. This confirms that the prepared compound has single

phase and no unreacted part of the starting material was left.

The XRD pattern of the compounds are shown in Figs. 1 and 2.

The crystal structure of the compounds with lattice parameters

are given in Table-1.

The differential thermal (DT), thermogravimetry (TG) and

derivative thermogravimetry (DTG) curves of CaZrO3 and

SrZrO3 are shown in Figs. 3 and 4. DT curves of each compund

show a broad peak ca. 673 K which is indicative of exothermic

reaction.
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Fig. 1. Room temperature XRD pattern of CaZrO3
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Fig. 2. Room temperature XRD pattern of SrZrO3

TABLE-1 
STRUCTURAL PARAMETERS OF ORTHORHOMBIC UNIT 

CELL, CALCULATED DENSITY (d0), DENSITY OF PRESSED 
PELLETS (dp) AND VALUES OF PORE FRACTION (fp) 

Lattice parameters (nm) 
Density 

(kg m-3 × 10-3) Compd. 

a0 b0 c0 d0 dp 

Pore 
fraction 

CaZrO3 

SrZrO3 

0.6576 

0.6689 

1.0340 

1.0225 

0.5461 

0.5772 

3.21 

3.81 

3.16 

3.50 

0.016 

0.081 
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Fig. 3. DT, TG and DTG curves of CaZrO3

In TG curves the sample losses mass in two successive

steps. The weight loss and temperature region for CaZrO3 and

SrZrO3 are shown in Table-2.
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Fig. 4. DT, TG and DTG Curves of SrZrO3

TABLE-2 
WEIGHT LOSS (%) CALCULATED FROM TG CURVES 

Weight loss (%) in the 

1st step 2nd step 
Compounds 

Temp. 
region (K) 

Weight 
loss (%) 

Temp. 
region (K) 

Weight 
loss (%) 

CaZrO3 

SrZrO3 

323-508 

323-543 

0.40 

0.60 

508-698 

543-693 

2.60 

2.50 

 
Such a small loss in mass is due to moisture. No further

mass loss appear over higher temperature in each compounds

which indicates that the compounds are stable and do not show

decomposition upto 1123 K.

DTG curves of CaZrO3 and SrZrO3 show peaks at which

the rate of mass change is maximum are 593 and 593 K,

respectively.

The dielectric constant (ε′) and dielectric loss (ε″) of the

compounds have been determined using the following

relation12,13.

oA

tC
'

ε
=ε (2)

Q

'
"

ε
=ε (3)

where A and t are the face area and thickness of pellet respec-

tively. εo is permittivity of the vacuum. These measurements

have been done in both heating and cooling cycles, but no

significance difference have been observed. The variation of

log ε′ and log ε″ with temperature at 1 kHz are shown in Figs. 5

and 6. It is seen from the plots that CaZrO3 and SrZrO3 have

dielectric constant 28 and 45, respectively at 400 K. Since

dielectric constant (ε′) seems to have temperature indepen-

dence, these values may be taken as the room temperature

value of the materials. The reported value of ε′ has been

calculated using the capacitance value for pressed pellets. The

density of these pellets remains less than theoretical density

reported for these materials. This means pellet contains air

pores. Therefore, a correction for pore fraction is essential to

obtain the bulk value of dielectric constant (ε′b) as given by

Thakar et al.14.

0

p0
p

d

dd
f

−
= (4)
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Fig. 5. Plot of dielectric constant (log ε′), dielectric loss(log ε″) and quality

factor (Q) against absolute temperature (T) for CaZrO3
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Fig. 6. Plots of dielectric constant (log ε′), dielectric loess(log ε″) and

quality tactor (Q) against absolute temperature (T) for SrZrO3

For low conducting solids ε′b, ε′ and fp are related by the

relation15.

p

3
p

3/1

b
f1

)f'(
'

−

−ε
=ε

(5)

The evaluated values of dielectric constant (ε′b) values

for CaZrO3 and SrZrO3 were found to be 28 and 42, respec-

tively at 400 K.

The values of ε′ of these compounds become large as

temperature  increased and validity of eqn. 5 becomes doubtful.

Further this formula change only the magnitude of ε′b but not

the nature of variation of ε′ with temperature. Therefore we

have not used this correction at higher temperature.

The values of dielectric constant (ε′) and dielectric loss

(ε″) of the studied compounds at temperature 400, 600, 800

and 1000 K at frequency 1 kHz are given in Tables 3 and 4,

respectively.

TABLE-3 

DIELECTRIC CONSTANT (ε′) FOR STUDIED  

COMPOUNDS AT DIFFERENT TEMPERATURE 

Dielectric constant at 
Compounds 

400 K 600 K 800 K 1000 K 

CaZrO3 

SrZrO3 

28 

45 

32 

126 

1.45 × 102 

1.41 × 103 

2.82 × 103 

2.51 × 105 

 
TABLE-4 

DIELECTRIC LOSS (ε″) FOR STUDIED  

COMPOUNDS AT DIFFERENT TEMPERATURE 

Dielectric loss at 
Compounds 

400 K 600 K 800 K 1000 K 

CaZrO3 

SrZrO3 

3 

3 

3 

10 

1.26 × 102 

1.42 × 103 

1.26 × 104 

4.46 × 106 

 
It is seen from Tables 3 and 4 that the systematic trend of

ε′ and ε″ variation reveals that polarization mechanism in

CaZrO3 and SrZrO3 is same. A relatively larger value of ε′ in

case of  SrZrO3 appears due to the presence of chemical

impurities which forms some donor centers and has larger

polarizability. The dielectric constant has very slow increase

at lower temperature. This shows that there is no chance for

the existence of thermally generated charge carriers at lower

side of  temperature. Well made electrode rules out the chance

of interfacial polarization. Therefore this slow increase seems

to be the combined effect of lattice and electronic poloriza-

bilities of individual ions. The increase of these polarizabilities

seems to compensate the slight decrease of polarizabilities due

to decrease in the number of ions per unit volume following

the lattice expansion with temperature.

The dielectric constant (ε′) and dielectric loss (ε″) of both

compounds have much faster increase above certain  critical

temperature (Tk). The critical temperature (Tk) observed in ε′

and ε″ for CaZrO3 and SrZrO3 were found to be 730 and 720

K, respectively. The faster increase in dielectric constant (ε′)

above Tk is due to space charge polarization16,17. The pressed

sample develops a considerable amount of space charge

polarization arising out from the defects or impurities present

in the bulk or at the surface of the material.

Conclusion

The XRD studies confirm that the studied compounds

have single phase orthorhombic structure at room temperature.

DT, TG and DTG studies show that the compounds are stable

above certain temperature. The dielectric constant and loss

have very slow increase upto breaking temperature. Above

breaking temperature this increase becomes much faster. The

value of breaking temperature (TK) for CaZrO3 and SrZrO3 is

730 and 720 K, respectively. The reason for faster increase of
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ε′ and ε″ is due to space charge effect of thermally generated

charge carriers.
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