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Zinc titanate (ZnTiO3) ceramics were prepared by conventional solid state reaction method using ZnO and TiO2 in a molar 
ratio of 1:1. Various parameters were optimized in order to achieve single phase ZnTiO3. Here, the effect of sintering 
temperature has been investigated. It was found that the sample sintered at 800 oC for 12 hour exhibit single hexagonal 
phase of ZnTiO3. The indirect band gap of samples sintered at different temperature ranging from 700 oC to 1000 oC was 
calculated from absorption spectra, which reveals that band gap is minimum for single hexagonal ZnTiO3 phase (2.88 eV) 
as compared to mixed cubic/hexagonal phase (2.91 eV). The frequency dependent dielectric properties of these samples 
have been studied using impedance analyzer. The behavior of capacitance, loss tangent (tan δ) and dielectric constant (εr) 
has been studied in the frequency range 1 kHz to 1 MHz. It is observed that the loss tangent and dielectric constant 
independent at higher frequency range, which is an important property suitable for various applications. 
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1. Introduction 
 
TiO2 and ZnO are both wideband semiconductor with 

excellent properties and extensive application, and have 
attracted much interest on either single material [1-3] or 
ZnO-TiO2 composites [4-6]. ZnO has attracted intensive 
research effort for its unique properties and versatile 
applications in transparent electronics, ultraviolet (UV) 
light emitters, piezoelectric devices, chemical sensors and 
spin electronics [7-10]. One of the most important 
characteristics of ZnO is that it has a large exciton binding 
energy (60 meV), which is significantly larger than other 
materials commonly used semiconductor for blue green 
light-emitters devices, such as ZnSe (22meV) and GaN 
(25 meV) [11]. On the other hand, titanium dioxide (TiO2) 
is one of the most important semiconductors with high 
photocatalytic activity, being non-toxic, stable in aqueous 
solution, and relatively inexpensive. The excellent 
photocatalytic property of TiO2 is due to its wide band gap 
and long lifetime of photogenerated holes and electrons 
[12]. The material, however, presents two main drawbacks 
during the photocatalytic process: (i) the less use of solar 
spectrum and (ii) the relatively high electron–hole 
recombination rate. One of efforts to overcome these 
problems is to dope TiO2 with other material [13-14]. 
Thus, it is possible to enhance the activity of TiO2 
photocatalyst by means of ZnO doping. Up to now, some 
efforts have been done to modify TiO2 by means of ZnO 
doping [15-16].  

ZnTiO3 is of a perovskite type oxide structure and 
could be a useful candidate as microwave resonator [17], 
gas sensor [18] (for ethanol, NO, CO, etc.), 
microelectronics [19], metal–air barriers [20], and as high 
performance catalysts [21-22] for the complete oxidation 
of hydrocarbons or CO and NO reduction [23] and paint 

pigment [24].  There are three compounds existing in the 
ZnO–TiO2 system including α-Zn2TiO4 (cubic), Zinc 
titanate (ZnTiO3, cubic and hexagonal), and Zn2Ti3O8 
(cubic) [25-26]. Nevertheless, the preparation of pure 
ZnTiO3 from a mixture of ZnO and TiO2 with 1:1 has not 
been successful because the compound decomposes into α-
Zn2TiO4 and rutile TiO2 at about 945 ◦C. There are several 
methods to prepare ZnTiO3 powder including solid state 
reaction [27], sol–gel [28], etc. In this study, we attempted 
to synthesize ZnTiO3 powders by conventional solid state 
reaction which is simpler to operate and uses cheap and 
easily available oxides as starting materials. 

 
 
2. Experimental details 
 
The ZnTiO3 powder was prepared by conventional 

solid state reaction using 99.99% pure ZnO and TiO2 
powder in a molar ratio 1:1 as the starting materials (Loba 
Chemie, India). The starting materials were ground for 24 
h and then calcined at 400 0C for 12 h.  The calcined 
powder was reground for 6 h and was then pressed into 
pellets of 0.75 cm in diameter and 1.15 mm thickness 
under the pressure of 90 MPa. Then, the pallets were 
sintered at different temperatures of 700 oC, 800 oC, 900 
oC and 1000◦C for 12 h. The phase and orientation of bulk 
ZnTiO3 samples were characterized by X-ray 
diffractometry (XRD, Bruker AXS D-8 Advance 
Diffarctometer) using CuKα (λ=1.5407 Å) radiation. The 
surface morphology was examined by field emission 
scanning electron microscopy (FEI Quanta 200F model)). 
After dissolving the sample into ethanol, absorption 
spectra have been taken using UV-vis-NIR 
spectrophotometer (Varian Cary 500) in the wavelength 
range 200 nm to 500 nm. The frequency dependent 
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dielectric measurements were done using impedance 
analyzer from 1 kHz to 1 MHz. A conventional two-probe 
technique is used for these measurements. Silver paint was 
applied on both surfaces of the sample. 

 
 
3. Results and discussion 
 
3.1 Structural characterization 
 
It is generally difficult to synthesize single phase 

ZnTiO3 due to the presence of both cubic and hexagonal 
phases at low temperature and the decomposition into 
Zn2TiO4 and TiO2 (rutile) at high temperature, therefore, 
several parameters need to be optimized. Fig. 1 shows the 
XRD patterns of the samples sintered for 12 h at different 
temperatures varying from 700 oC to 1000 oC. The sample 
sintered at 700 ◦C shows the coexistence of both cubic and 
hexagonal-phases. While the sample sintered at 800 ◦C 
exhibits pure crystalline phase of hexagonal ZnTiO3 
without any peaks of cubic-phase, because cubic-phase of 
ZnTiO3 is unstable at high temperature and transforms into 
hexagonal phase. Further increases in sintering 
temperature upto 900 ◦C several peaks related to cubic 
Zn2TiO4 and rutile TiO2 along with the hexagonal ZnTiO3 
were observed.  The reason may be attributed to the fact 
that at higher temperature decomposition of hexagonal 
ZnTiO3 into cubic (Zn2TiO4) and rutile (TiO2) starts to 
appear. At 1000 oC sintering temperature, the fraction of 
hexagonal phase of ZnTiO3 was found to decrease and the 
phases like Zn2TiO4 and TiO2 becomes dominant. 
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Fig. 1.  XRD patterns of ZTO pallets sintered at different 

temperature. 
 
The crystallite size of these samples were calculated 

along the (104) orientation of hexagonal ZnTiO3 phase 
using the following Scherer’s formula [29] 

 

                                   (1) 

where λ= wavelength of x-rays (1.5406Å), β = Full width 
at half of the maximum peak (FWHM), θ = Bragg’s angle. 
The crystallite size of the samples sintered at various 
temperature calculated using Scherer’s formula are shown 
in Table 1 and the variation of FWHM and crystallite size 
are shown in Fig. 2(a).  

It is found that the crystallite size increases and 
FWHM decreases with sintering temperature. According 
to Ostwald ripening [30], the increase in the particle size is 
due to the merging of the smaller particles into larger ones 
and is a result of potential energy difference between small 
and large particles and can occur through solid state 
diffusion. 

The percentage of hexagonal-phase was estimated 
approximately from the ratio of areas of hexagonal-phase 
peaks to the areas of all peaks using the equation as 
follows: 

             
                   (2) 

 
here, Ah and Aall denote the areas of hexagonal-phase 
ZnTiO3 and the areas of all peaks, respectively. The results 
are summarized in Table 1. 

 
Table 1. Various calculated parameters for different 

sintering temperature. 
 

Sr. 
No. 

Sintering 
temperature 

(oC) 

FWHM 
(β) 

(degrees) 

Crystallite 
XRD 
(nm) 

Grain 
size 
FE-

SEM 
(nm) 

Hexagonal-
phase (%) 

1 700 0.1920 43.14 211 92.47 
2 800 0.1470 58.86 248 100 
3 900 0.1103 75.10 640 61.19 
4 1000 0.1068 80.59 766 05.13 

 
The lattice parameter is calculated using the following 

formulas: 
Cubic:  
   

                3(a) 

 
Tetragonal:  
  

  3(b) 

 
Hexagonal: 
    

          3(c) 

 
where h, k, l are miller indices of crystal planes and d is 
the spacing between adjacent planes. For a lattice spacing 
d value, the h, k, l value can be found by comparing with 
standard data and then by using equation, a, b, c can be 
calculated. The variation of lattice parameters and 
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sintering temperature for ZnTiO3 hexagonal phase is 
shown in Fig. 2 (b).  
 
 

The increment in lattice parameter and unit cell 
volume with sintering temperature could possibly due to 
the merging of the smaller particles into larger particles as 
per Ostwald ripening. 

700 750 800 850 900 950 1000
40

50

60

70

80

90
 

Sintering temperature oC

C
ry

st
al

lit
e 

si
ze

 (n
m

)

0.10

0.12

0.14

0.16

0.18

0.20

FW
H

M
 ( degree)

700 750 800 850 900 950 1000
5.080

5.085

5.090

5.095

13.86

13.87

13.88
 

Sintering temperature ( oC)

a 
( Å

 )
c 

( Å
 )

309.6

309.9

310.2

310.5

310.8

311.1

U
nit cell volum

e (Å 3)

 
(a)                                                                                                 (b) 

Fig. 2. (a) Variation of crystallite size and FWHM with sintering temperature; (b) Variation of lattice parameter and unit cell 
volume of ZnTiO3 hexagonal phase with sintering temperature. 

 
Fig. 3 (a-d) shows the FE-SEM images of ZnTiO3 

samples sintered at different temperature. The grains are 
nearly spherical in shape and grain size increases as the 
sintering temperature increases. Their average diameter is 
about between 211 nm to 766 nm for different sintering 

temperature upto 1000 oC. In addition, energy dispersive 
analysis of x-ray (EDAX) was used to determine ratio of 
Zn and Ti elements for all samples. The result reveals that 
the molar ratio of Zn to Ti was found to almost in 1:1 
ratio.  

 

 

 
 

Fig. 3. FE-SEM images of samples sintered at different temperature (a) 700, (b) 800, (c) 900, (d) 1000 oC. 
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Fig. 4 shows the EDAX curve for ZTO sintered at   

800 oC.  
 

 

Element  Wt%  At% 
  OK  28.10  57.63 
 TiK  30.04  21.77 
 ZnK  41.86  20.60 

 
Fig. 4. EDAX analysis of ZTO sintered at 800 oC. 

 
The optical absorption spectra of ZTO for different 

sintering temperature are shown in Fig. 5.  It can be seen 
in figure that the ultraviolet absorption edge of single 
hexagonal-phase ZnTiO3 has a red-shift, compared with 
that of cubic/hexagonal mixed phase ZnTiO3. The 
absorption edge of particles corresponds to that of 
cubic/hexagonal mixed phase in the wavelength bands is 
about 425 nm, which is less than that of single hexagonal-
phase ZnTiO3 in the wavelength bands about 431 nm (red-
shift). This may be caused by the existence of cubic-phase 
ZnTiO3 which may modify the optical absorption edge. 
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Fig. 5. Absorption spectra of ZTO sintered at different 

temperature. 
 
For the indirect band-gap semiconductor, the relation 

between the absorption edge and photon energy (hν) can 
be written as follows [31]: 

                       (4) 
 
where α is the absorption coefficient, A is a constant, h is 
Planck’s constant, ν is the photon frequency and Eg is the 
optical band gap. The plot of (αhν) 1/2 versus hν of ZTO 
sintered at different temperature is shown in Fig. 6. An 
extrapolation of the linear region of a plot of (αhν) 1/2 on 
the y-axis versus photon energy (hν) on the x-axis gives 
the value of the optical band gap Eg. The variation of band 
gap with sintering temperature is shown in inset of Fig. 6. 
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Fig. 6. (αhν) 1/2 versus hν plot of ZTO sintered at different 

temperature. 
 

It is found that the band gap decreases with the 
increasing percent of hexagonal-phase upto 800 oC and 
when the sintering temperature reaches at 9000C band gap 
starts to increasing since ZnTiO3 starts to decompose into 
Zn2TiO4 and rutile TiO2 which has higher band gap than 
ZnTiO3. 

 Dielectric constant εr is calculated from the 
measurement of capacitance value which can be obtained 
using the following equations: 

 

  =                      (5)  

 
 

               (6) 

 
 
where, t = thickness of the pellet = 1.15 × 10-3 (m), Cp= 
equivalent parallel capacitance which obtained from the 
data of measurement, ε0 = permittivity of vacuum = 8.854 x 
10 -12 (F/m), d = diameter of electrode = 0.75 x 10 -2 (m).  

Fig. 7 (a-b) shows the measured capacitance and 
tangent loss (tan δ) of the samples sintered at various 
temperatures as a function of frequency in the range 1 kHz 
to 1 MHz. The plot of calculated relative dielectric 
constant εr versus frequency of the applied field with 
different sintering temperature is shown in Fig. 8.  
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Fig. 7. (a). Capacitance versus  frequency   plot   for  the 
samples   sintered   at   various   temperatures; (b)   loss 
tangent (tan δ) versus of frequency for samples sintered 

at various temperatures. 
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Fig. 8. Relative dielectric constant versus frequency plot 
for samples sintered at various temperatures. 

 
Based on this, it is seen that the dielectric constant is 

steeply decreasing in the lower frequency region and has 
an almost constant value at the higher frequency region. 
The dielectric loss tangent followed the similar trend. This 

shows that there is not much frequency dispersion in the 
dielectric properties for these materials, which is an 
important property suitable for many applications. At 
frequencies below 10 kHz the dielectric constant is found 
to be high and this is attributed to the contribution from 
the grain boundaries. But for the frequencies above this the 
dielectric constant depends on the combined effect of both 
grain and grain boundaries and can be estimated as [32]:  

 

                                  (7) 

 
where εb is the bulk permittivity and εgb is the permittivity 
from the grain boundaries. Since εgb> εb in the higher 
frequency region we can approximate ε ≈ εb. So it is 
concluded that at higher frequencies only the grains 
contribute to the dielectric constant of these materials and 
the grain boundary effects can be neglected. 

As the sintering temperature increases from 700 oC to 
800 oC, slight decrease in dielectric constant was observed 
that could be due to cubic to hexagonal phase 
transformation. With further increase in sintering 
temperature i.e. from 900 oC to 1000 oC dielectric constant 
was also found to increase, which support the existence of 
rutile TiO2 because rutile phase exhibit higher dielectric 
constant (εr~105) compared to hexagonal ZnTiO3 and 
cubic Zn2TiO4 phases [33].  
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Fig. 9. Room temperature relative dielectric constant and 
loss     tangent    of   ZTO   as   a   function   of   sintering 

temperature (at 1 MHz). 
 
Furthermore, the uniform and well-grown morphology 

with sintering at 900 °C seems to assist the improvement 
in dielectric properties. The relative dielectric constant and 
loss tangent of ZTO as a function of sintering temperature 
(at 1 MHz) are shown in Fig. 9. 

 
 
4. Conclusions  
 
A systematic study of ZnTiO3 ceramics leads to the 

following conclusions: - 
1. At 700 oC sintering temperature cubic and 

hexagonal phase of ZnTiO3 appear and single phase 

1 
2 
3 
4 

1 

2 

3 
4 

1 
2 
3 
4 

1 

2 

3 

4 

1 
2 
3 
4 

1 

2 

3 

4 



304                                                                      P. K. Jain, D. Kumar, A. Kumar, D. Kaur 
 

ZnTiO3 appear at 800 oC. Further increase in sintering 
temperature leads to decomposition of ZnTiO3 into 
Zn2TiO4 and rutile TiO2. 

2. We have observed a linear increase in lattice 
parameters with sintering temperature along with increase 
in the size of grains. The size increment of the particles 
with sintering temperature was explained in terms of 
Ostwald ripening. 

3. The optical studies showed that the band gap 
decreases as the percentage of hexagonal phase of ZnTiO3 
increases. The band gap is minimum for single hexagonal 
ZnTiO3 phase (2.88 eV) as compared to mixed 
cubic/hexagonal phase (2.91 eV).   

4. Dielectric constant εr and loss tangent (tan δ) 
sharply decreases with increasing frequency upto 100 kHz 
and then become frequency independent. The dielectric 
constant and loss tangent for pure hexagonal phase of 
ZnTiO3 was found εr ≈ 19 and tan δ ≈ 0.01, respectively, 
which is suitable for application in microwave resonators, 
filters etc. 
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