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Abstract

In this work, CaCu3Ti4.7O12 (CCT4.7O) powder was prepared by polymer pyrolysis 
method. The influence of phase composition and microstructure were characterized using 
X‑ray diffraction (XRD) and scanning electron microscopy (SEM). The results show that 
the TiO2 secondary phase has a remarkable on the microstructure, dielectric loss tangent 
(tand) and dielectric constant (e') of CCT4.7O ceramics, respectively. Interestingly, low 
dielectric loss tangent of ~ 0.03 and giant dielectric constant of 31,908 with temperature 
coefficients less than ± 15% in the temperature range of −50 – 90 ºC are observed in  
a ceramic sintered at 1060 ºC for 10 h (CCT4.7O‑2). Both of ceramics sintered at 1060 ºC 
for 6 h (CCT4.7O‑1) and 10 h (CCT4.7O‑2) display a non linear current voltage with the 
non‑linear coefficient (a) and breakdown field (Eb) values of 6.4, 5.6 and 1554, 1020,  
respectively. The dielectric constant, electrical response of grain boundaries, and related 
nonlinear current-voltage behavior are found to be associated with the microstructure of 
CCT4.7O ceramics.                                       
Keywords:  Dielectric, dielectric loss tangent, non-ohmics, polymer pyrolysis
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1. Introduction

Recently, giant dielectric materials 
have a significant role in microelectronic 
devices such as ultra capacitors in  
hybrid‑electric vehicles, pulsed power  
systems and memory (DRAM) devices. 
Among giant dielectric materials studied in 
recent years, CaCu3Ti4O12 (CCTO) has  
attracted much attention because of its high 
dielectric constant (104–105) at room  
temperature and good stability over a wide 
range of temperature (‑173 ºC to 327 ºC)1,2. 
In addition, below -173 ºC, the dielectric 
constant drops rapidly to around 100  
without any structural phase transition3. To 
date, several explanations for the origin of 
the giant dielectric response in the CCTO 
ceramics is due to the Maxwell-Wagner 
polarization effect. This polarization can be 
introduced at several sites4, mainly through 
the internal interfaces inside the ceramics 
such as grain boundaries (GBs), domain 
boundaries (DBs), and at the external  
interfaces such as sample-electrode  
interfaces. Moreover, the internal barrier 
layer capacitor (IBLC) model representing 
semiconducting grains and insulating grain 
boundaries2 confirms the electrical  
heterogeneities in the microstructure of 
CCTO, and it has been widely accepted as 
the most likely explanation for the abnormal 
dielectric response in CCTO. In addition to 
the giant dielectric properties, CCTO  
material can also exhibit non-linear  
electrical behavior due to the inhomogeneous 
features at the grain boundaries i.e. the 
Schottky effect, making them suitable for 
varistor applications1,5. In general, CCTO 
materials occupy not only a high dielectric 
constant but also a large dielectric loss  
tangent (tanδ) which is obstacle for the 
practical application6,7. Thus, reducing of 

tan δ value in this material is one of a key 
point to make it suitable for commercial 
application. According to this, some  
researchers are successful in reducing the 
dielectric loss of CCTO by the use of  
various dopants such as Sr8, Sm9 and Zr10. 
Besides the doping effect on the cation site, 
Ca deficiency and Ca excess11, Cu excess12, 
Cu deficiency13 Ti deficiency14, and the  
Ti excess15, effects have been also studied 
on the dielectric response of CCTO. The 
Ca‑deficiency and ‑excess in CCTO can 
result in a higher and lower dielectric  
constant, while the tand value is suppressed 
by a Ca‑deficiency11. The Cu ions in CCTO 
appear to play a very important role as the 
segregation of copper oxide at the grain 
boundaries and it is believed to be responsible 
for the high resistance associated with the 
grain boundary12,13. The Ti‑deficiency in 
CCTO can result in a lower dielectric  
constant14, while the Ti-rich CCTO ceramic15 
exhibits higher dielectric response. However, 
the effect of stoichiometry i.e. the relative 
amount of Ca, Cu and Ti is not fully studied. 
Among the deficiency and excess of caions 
(Ca, Cu and Ti) in CCTO ceramic, the 
Ti‑excess is very interesting, because it can 
improve the dielectric and suppressed the 
tand value. As previously reported, the 
Ti‑deficiency and excess in CCTO ceramics 
have been generally prepared by the  
standard solid-state reaction method14,15. In 
this method, high sintering temperatures 
and long reaction times are required to  
produce complete reactions to form a pure 
CCTO phase. Up to now, many chemical 
techniques play an important role in the 
preparation of CCTO giant dielectric  
material16,17. Polymer pyrolysis is one chemical 
process, which has the advantages over 
others technique, because of the ease of 
operation, batch scalability, and it can be 
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used to produce highly homogeneous  
nanocrystalline material. Recently, this 
polymer pyrolysis method was used to  
synthesize nanocrystalline of composite 
CCTO/CTO ceramics18 and CCTO ceramic19 
with low tand. To our knowledge, there has 
been no prior work on the study of the  
dielectric, tand and non‑linear properties of 
Ti‑excess in CCTO ceramics preparing by 
the polymer pyrolysis route.    

In this paper, we report the synthesis 
of CaCu3Ti4.7O12 (CCT4.7O) powder  
prepared by polymer pyrolysis method. The 
CCT4.7O ceramics are obtained by sintering 
the 850 ºC-precalcined CC4.7TO powder at 
the appropriate temperature of 1060 ºC for 
6 and 10 h in air. The effect of sintering time 
on the microstructure, dielectric response, 
electrical properties, and non-linear  
characteristic of the CCT4.7O ceramics are 
systematically investigated. The results 
reveal that the CCT4.7O ceramics exhibit 
giant dielectric with low loss tangent (tand) 
and the effect of sintering condition on the 
dielectric and non-linear properties are 
closely related to the CCT4.7O microstructural 
evolution.  

2. Materials and methods

In this work, CaCu3Ti4.7O12 (CCT4.7O) 
powder was prepared by the polymer  
pyrolys is  method.  Copper  n i t ra te 
(Cu(NO3)2.3H2O 99.5% Carlo Erba),  
calcium nitrate (Ca(NO3)2.4H2O, 99.99% 
Kanto), titanium solution (C16H28O6Ti 75 
wt.% in isopropanol), ammonium persulfate 
((NH4)2S2O4, 99.99% Sigma Aldrich) and 
acrylic acid were used as the starting  
materials. Firstly, a stoichiometric amount 
of C16H28O6Ti (27 mL) was mixed in an 
acrylic aqueous acid solution (30 mL) under 
constant stirring at room temperature.  

Secondly, stoichiometric amounts of 
C a ( N O 3) 2 · 4 H 2O  ( 3 . 1 4 2  g )  a n d 
Cu(NO3)2.3H2O (5.46 g) were dissolved in 
the pre‑mixed solution under constant  
stirring at 100 ºC until a clear solution was 
obtained. Then, several drops of an aqueous 
5% (NH4)2S2O4 solution (12 mL) were  
added to the mixed acrylic acid solution as 
an initiator to promote polymerization19. 
The obtained gel precursor was dried at 350 
ºC in a box furnace for 2 h. The dried gel 
was ground and then calcined at 850 ºC for 
9 h in air using heating and cooling rate  
5 ºC/min. The CCT4.7O powder was pressed 
into pellets of 9.5 mm in diameter and 1 mm 
in thickness using uniaxial compression at 
150 MPa. Finally, the CCT4.7O ceramics 
sintered in air at 1060 ºC (using heating and 
cooling rate of 5 ºC/min) for 6 h and 10 h 
were abbreviated as CCT4.7O‑1and 
CCT4.7O‑2, respectively. The density of 
both ceramics was measured by Archimedes 
method. 

Phase composition of CCT4.7O  
powder and ceramic samples were  
characterized by X‑ray diffraction (PW3040 
Philips X‑ray diffractometer with CuKα 
radiation (λ = 0.15406 nm), the Netherlands). 
Surface morphologies as well as chemical 
elements in the CCT4.7O ceramics at  
different areas were studied and analyzed 
by scanning electron microscopy (LEO 
SEM VP1450, UK) and energy dispersive 
X‑ray spectroscopy (EDS), respectively. 
The dielectric and electrical properties of 
the samples were measured using a Hewlett 
Packard 4194A impedance gain phase  
analyzer over a wide range of frequency 
(100 Hz‑1MHz) and temperature (‑50 to 
200 ºC) at an oscillation voltage of 0.5 V. 
During the measurement, temperature was 
kept constant with an accuracy of ± 0.5 ºC. 



349KKU Res. J. 2015; 20(3)

Prior to the dielectric measurements, both 
surfaces  of  ceramic  pe l le ts  were  
subsequently polished, washed, dried and 
coated with Au using a Polaron SC500 
sputter coating unit. Current–voltage  
measurements were performed at room 
temperature using a high voltage measurement 
unit (Keithley Model 247). Breakdown 
electric field (Eb) was obtained at a current 
density (J) of 1 mA.cm-2. The nonlinear 
coefficient (a) values were calculated by 
the following equation,

log( / )
log( / )

2 1

2 1

J J
E E

=a             (1) 
   

where E1 and E2 are the electric fields 
corresponding to J1 = 1 and J2 = 10 mA.cm-2, 
respectively. 

The complex permittivity (e') was 
calculated by the following equation,
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The dielectric constant (e') and the 

dielectric loss (e') were calculated by 

0
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A

′ =e
e

                                       (3)                              
          

tan′′ ′= ×e e d                                                   (4)

where Cp is the measured capacitance 
of each pellet, 0e  is the permittivity of free 
space, A is the surface area of  the  electrode 
and d  is the thickness of each pellet. 

3. Results and discussion

3.1 XRD Characterization
The XRD patterns of the CCT4.7O 

powder (P‑850), sintered CCT4.7O ceramic 

samples (CCT4.7O-1 and CCT4.7O-2) and 
the standard CCTO (ICSD card No.95714) 
are shown in Fig. 1. The second phases of 
TiO2 (ICSD card No.62679) and CuO 
(ICSD card No.26715) are observed in 
P‑850 powder, as shown in Fig. 1(b). The 
presence of TiO2 comes from an excess of 
Ti content in the solution20, resulting in the 
formation of the CuO phase due to the  
deviation of the components from the  
stoichiometric formula. The CuO secondary 
phase can be suppressed by sintering time.  
As clearly shown in Fig. 1 (c) and (d), the 
intensity of a diffraction peak of CuO  
observed at 2q ~ 35.5 in the CCT4.7O-2 
ceramic is lower than that found in the 
CCT4.7O‑1 ceramic. However, the TiO2 
diffraction peaks are still observed in both 
CCT4.7O ceramics. It is suggested that, the 
TiO2 secondary phase is stable and separated 
from the main CCTO phase, and it cannot 
be affected by the sintering temperature and 
time. From the X‑ray line broadening of the 
main peaks (220), (400) and (422), the  
average crystallite size of the P‑850 powder 
is calculated using Scherrer’s formula19 and 
it is found to be 86.3 ± 6 nm. The lattice 
parameters a of the P-850, CCT4.7O-1and 
CCT4.7O-2 samples are estimated using the 
Rietveld program and they are found to be 
7.391, 7.387 and 7.386 Å, respectively. 
These values are comparable to those  
reported in the literature19 and ICSD card 
no. 95714 for standard CCTO (7.391 Å). 
Using the Rietveld method, the calculated 
density of CCT4.7O ceramic is 5.056 g.cm-3. 
The  re la t ive  dens i t i e s  o f  CCT4. 
7O-1and CCT4.7O-2 ceramics measured by 
the Archimedes method are found to be 
87.4% and 89.5%, respectively. The relative 
density, X-ray density and lattice parameter 
of these samples are summarized in Table I.
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Table I.  Dielectric constant (ε′) and dielectric loss tangent (tand) at 30 ºC and 1 kHz), Grain  
  (Rg) and Grain boundary (Rgb) resistances at 150 ºC, non-linear coefficient (a),  
  and breakdown field (Eb) for the CCT4.7O ceramics prepared by polymer  
  pyrolysis method

Sample ε′ tand

Resistance at 150 ºC 
(W.cm) a Eb (V.cm-1)

Rg Rgb

CCT4.7O-1 21,000 0.07 85 86,900 6.4 1554
CCT4.7O-2 31,908 0.03 18 31,300 5.6 102013 
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Figure 1 XRD patterns of (a) standard CCTO (ICSD: 95714) (b) P-850, (c) 2 
CCT4.7O-1 and (d) CCT4.7O-2 samples. 3 

4 
Figure 1. XRD patterns of (a) standard CCTO (ICSD: 95714) (b) P‑850, (c) CCT4.7O‑1 

and (d) CCT4.7O-2 samples.

3.2 SEM-EDS Characterization
Fig. 2(a) and (b) show the surface 

morphologies of the CCT4.7O‑1 and 
CCT4.7O‑2 ceramics, respectively. As can 
be seen in Fig. 2(a) and (b), both CCT4.7O‑1 
and CCT4.7O-2 ceramics  show the  
microstructure consisting of coarse grains 
with sizes in the range of  4 ‑ 17 mm  
surrounded by fine grains of 0.5 ‑ 2 mm in 

size. The approximate percentage of fine 
grain is increased with increasing sintering 
time, as shown in Fig. 3 for the EDS  
analysis coarse grains (1) and fine grains (2) 
for the CCT4.7O‑2 ceramic. In this figure, 
it is evident that the coarse grain region 
(region 1) is nearly stoichiometric, while 
the fine grain (region 2) is Cu rich.
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Figure 2. SEM images of (a) CCT4.7O‑1 and (b) CCT4.7O‑2 ceramics.15 
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Figure 3 Representative EDS spectra of CCT4.7O-2 ceramics (1) coarse grain 3 
and (2) fine grain.  4 
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Figure 3. Representative EDS spectra of CCT4.7O‑2 ceramics 
(1) coarse grain and (2) fine grain.



352 KKU Res. J. 2015; 20(3)

3.3 Dielectric properties 
The frequency dependence of the  

dielectric constant (e') and loss tangent 
(tand) of CCT4.7O‑1 and CCT4.7O‑2  
ceramics at 30 ºC and 1 kHz are shown in 
Fig. 4. In Fig. 4, both values of e' and tand 
of the CCT4.7O‑1 ceramic are 21,000 and 
0.07, respectively. In the case of CCT4.7O‑2 
ceramic, these values are 31,908 and 0.03, 
respectively. In the present study, it is clear 
that the CCT4.7O‑2 ceramic has a higher 
dielectric constant than that of the 
CCT4.7O-1 ceramic. This may be due to 
the denser microstructure of the CCT4.7O‑2 
ceramic, corresponding to the relatively 
high density of this ceramic. These tand 
values of CCT4.7O ceramics are in good 
agreement with those of the TiO2-rich 
CCTO ceramic of 0.0321, and lower than 
that of CCTO ceramic literature values of 
0.04319, 0.0622. These results indicate that 
CCT4.7O ceramics prepared by sintering 
the powder precursor of CCT4.7O obtained 
from polymer pyrolysis method might have 
a potential for capacitor application. The 
values of e' and tand at 30 ºC and 1 kHz for 
both CCT4.7O-1 and CCT4.7O-2 ceramics 
are summarized in Table I. In general, it is 
widely accepted that the giant dielectric 
properties (high value of  e'  and low value 
of tand) of CCTO ceramics can be ascribed 
base on the internal barrier layer capacitor 
(IBLC) model5,8,19. The microstructures of 
both CCT4.7O ceramics are electrically 
heterogeneous, consisting of semiconductive 
part of grains and insulating layer of grain 
boundaries. Under an applied ac electric 
field, charges in the semiconducting grains 
are accumulated at the grain boundaries, 
resulting in the interfacial polarization at 
the interface between grain and grain 
boundary. This is responsible for the  

observed high dielectric response in both 
CCT4.7O ceramics. According to this  
electrical structure model, the effective  
dielectric constant can be expressed as

/eff gb g gbt t′ =e e ,where egb, tg and tgb are the 
dielectric constant of the grain boundary, 
the average grain size and the thickness of 
the grain boundary, respectively. Obviously, 
the increase in e'  of the CCT4.7O‑2 ceramic 
associates with the slight increase of the 
grain size, resulting from the increase of the 
sintering time. It is interesting that tand of 
CCT4.7O‑2 ceramic is reduced by increasing 
sintering time, due to the higher content of 
TiO2 second phase than that of the 
CCT4.7O‑1 ceramic. This effect is in good 
agreement with the increase in the intensity 
peak of TiO2 observed in the XRD results, 
as shown in Fig. 1. Fig. 5(a) shows the  
frequency dependence of ε′ with temperature 
in the range of ‑50 to 100 ºC for CCT4.7O‑2 
ceramic. It is observed that the variation of 
ε′ (Δε′) value at 1 kHz compared to the 
value at 30 ºC for CCT4.7O‑2 ceramic is 
found to be less than ± 15% in the temperature 
range of −50 to 90 ºC (inset of Fig. 5(a)). 
However, the temperature variation of ε′ is 
greater than ±15% when the temperature is 
increased to a value higher than 90 ºC. As 
can be seen in Fig. 5(b) the relaxation peaks 
of ε′′ in a low temperature range (‑50 to 20 
ºC) for CCT4.7O‑2 ceramic are shifted to a 
high frequency as a temperature is increased 
due to a thermally activated relaxation  
process. In this figure, the dielectric  
relaxation time (τ) can be calculated by the 
relations ωτ = 1 and ω = 2πfp, where fp is a 
characteristic frequency corresponding to 
the peak of ε′′. Generally, the temperature 
dependence of τ can be described by the 
Arrhenius law,

0 a Bexp( E / k T ),t t=            (5) 



353KKU Res. J. 2015; 20(3)

      where Ea is the activation energy  
required for the relaxation process, τ0  
represents the pre‑exponential factor, kB is 
the Boltzmann constant, and T is the absolute 
temperature. From the relationship between 
Ln (t) vs. 1000/T (inset of Fig. 5(b)) and 
using Eq. (5) the activation energy (Ea) can 
be calculated and they are found to be 0.065 
and 0 .101eV for  CCT4.7O‑1 and 
CCT4.7O‑2 ceramics, respectively. These 
values are comparable to those reported in 
the literature for CCTO ceramics (Ea ~ 0.1 
eV)23 of the low temperature relaxation 
process.  

The impedance complex plane plots 
(Z* plots) at 30 ºC and their expanded view 
at a high frequency for CCT4.7O‑1 and 
CCT4.7O‑2 ceramics are shown in Fig. 6(a) 
and inset of Fig. 6(a), respectively. In this 
figure, the grain resistance (Rg) can be  
estimated from a nonzero intercept on the 
Z′ axis at high frequencies (inset of Fig. 
6(a)) (3) and they are found to be ~ 400 and 
~ 50 W.cm for CCT4.7O‑1 and CCT4.7O‑2 
ceramics, respectively. For the grain boundary 
(GB) resistance (Rgb), the complete semicircular 
arcs of CCT4.7O ceramics cannot be  
observed at 30 ºC. However, the semicircular 
arcs of the Rgb value tend to decrease with 
increasing sintering temperature. As can be 
seen in Fig. 6(b), the completed semicircular 
arc of the Rgb for CCT4.7O‑2 ceramic is 
reduced by increasing sintering temperature. 
It is important to note that Rg is estimated to 
be 5 to 6 orders of magnitude smaller than 
Rgb. As a result, it is reasonable to suggest 
that synthetic CCT4.7O ceramics are  
electrically heterogeneous, consisting of 
semiconducting grains and insulating GBs. 
Consequently, based on these experimental 
results, the giant ε′ values of both CCT4.7O 
ceramics can be attributed to the effect of 
their special heterogeneous microstructure 

i.e. the different electrical characteristics 
between the grain and GB are suggested as 
a major contribution to observed giant ε′.     

To investigate the electrical characteristics 
of grain boundaries, the frequency dependence 
of the imaginary part, Z′′, of complex  
impedance Z* is plotted. Z* can be calculated 
by the following equation,

*
*

0

1 ,Z Z jZ
j C

′ ′′= - =
ωe   (6)

where Z′ and Z′′ are the real and  
imaginary parts of Z*, respectively. C0 is 
defined by e0A/d. As shown in Fig. 6(c), Z′′ 
peak is shifted to higher frequencies with 
increasing temperature,  indicating  
a thermally activated electrical response. At 
the maximum value of Z′′, it can be shown 
that R = 2Z′′max 

24. Therefore, a decrease in 
Z′′max indicates a decrease in either grain 
resistance or grain boundary resistance. At 
a temperature of 150 ºC, the calculated Rgb 
values are found to be 86.9 and 31.27 
kW.cm for CCT3.7O‑1 and CCT4.7O‑2 
ceramics, respectively. It is important to 
note that the Rgb value of CCT4.7O‑1  
ceramic is estimated to be 3 times higher 
than that of CCT3.7O‑2 ceramic. This effect 
might be due to the presence of the CuO 
second phase in the CCT4.7O-1 ceramic, as 
shown by the XRD results in Fig. 1. CuO is 
generally well known to be segregated at 
the grain boundaries and it is suggested to 
be responsible for the high resistance  
associated at the grain boundary12,13. As 
shown in Fig. 6(d), the grain boundary  
conductivity, sgb = 1/Rgb, follows the  
Arrhenius law,

0 exp( ),gb
gb

B

E
k T
-

s = s      (7)

where s0 is the pre‑exponential term, 
Egb is the activation energy for conduction 
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at the grain boundaries, kB is the Boltzmann 
constant, and T is the absolute temperature. 
The Egb values of the CCT4.7O‑1 and 
CCT4.7O‑2 ceramics are calculated from 
the slope of the plots of gbs vs. 1000/T, and 
they are found to be 0.57 and 0.66 eV,  
respectively. These two values of gbE are 

comparable to those reported values of 
0.67825 and 0.662 eV26 for the grain  
boundaries of CCTO ceramics. As a result, 
it is obvious that CCT4.7O‑2 ceramic  
posseses the highest 

gbE  value due to its 
relatively higher dielectric constant.       
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Figure 5 (a) Frequency dependence of the dielectric constant () in the 5 
temperature range of −50 – 100 C and (b) the dielectric loss () in the 6 
temperature range of −50 – 20 C of the CCT4.7O-2 ceramic; inset of (a) is 7 
the temperature coefficient () of both CCT4.7O ceramics in the 8 
temperature range of −50 – 90 C evaluated at the frequency of 1 kHz, inset of 9 
(b) is the plot of Ln() as a function of temperature for both of CCT4.7O 10 
ceramics.     11 
 12 
 13 

Figure 5. (a) Frequency dependence of the dielectric constant (ε′) in the temperature 
range of −50 – 100 °C and (b) the dielectric loss (ε′) in the temperature range of −50 – 20 

°C of the CCT4.7O‑2 ceramic; inset of (a) is the temperature coefficient (Dε′) of both 
CCT4.7O ceramics in the temperature range of −50 – 90 °C evaluated at the frequency 

of 1 kHz, inset of (b) is the plot of Ln(t) as a function of temperature for both  
of CCT4.7O ceramics.    
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Figure 6 (a) and inset of (a) displays the impedance complex plane plot (Z*) 5 
at 30 ºC and the expanded view at a high frequency for both CCT4.7O 6 
ceramics; (b) is the impedance complex plane plot (Z*) at various temperature 7 
in the range of 150-180 ºC for CCT4.7O-2 ceramic; (c) displays the frequency 8 
dependence of Z” in the temperature range from 120 to 190 C for CCT4.7O-1 9 
ceramic (increasing step of measuring temperature is 10 C); (d) shows the 10 
Arrhenius plot of Ln gb) versus 1000/T for both of the CCT4.7O ceramics. 11 
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Figure 6. (a) and inset of (a) displays the impedance complex plane plot (Z*) at 30 ºC 
and the expanded view at a high frequency for both CCT4.7O ceramics; (b) is the 

impedance complex plane plot (Z*) at various temperature in the range of 150‑180 ºC for 
CCT4.7O‑2 ceramic; (c) displays the frequency dependence of Z” in the temperature 

range from 120 to 190 °C for CCT4.7O‑1 ceramic (increasing step of measuring  
temperature is 10 °C); (d) shows the Arrhenius plot of Ln (sgb) versus 1000/T for  

both of the CCT4.7O ceramics.
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3.4 Non-linear properties 
As shown in Fig. 7(a), both CCT4.7O 

ceramics exhibit non-Ohmic properties. 
The two most important parameters related 
to non-Ohmic properties, non-linear  
coefficient (a) and breakdown field (Eb) of 
the CCT4.7O ceramics can be calculated 
from these curves. As can be seen in Fig. 
7(b), the relationship of current (current 
density, J) and voltage (electric field 
strength, E) for both of the CCT4.7O  
ceramics can be well characterized by the 
equation of varistor characterist ic 
i.e. I = KVa, where K is a constant related 
to the electrical resistivity of the material. 
The a value is determined in the range of  
1 - 10 mA.cm -2 for CCT4.7O‑1 and 
CCT4.7O‑2 samples and they are found to 
be 6.4 and 5.6, respectively. These values 
are comparable to those reported in the  

literature of TiO2 rich15 and Ca rich21 CCTO 
ceramics. The Eb values of CCT4.7O‑1 and 
CCT4.7O‑2 ceramics obtained at J = 1 
mA.cm-2 are 1,554 and 1,020 V.cm-1,  
respectively. It is important to note that both 
a and Eb values are decreased with the  
increasing of grain sizes. This is in  
agreement with the results previously  
reported by Chung et al.1 and Sun et al.27. In 
addition, both Eb and a values of CCT4.7O 
ceramics are decreased with the increase of 
sintering time, indicating the effect of  
sintering on the Schottky barrier28. It is 
worth noting that the value of Eb for the 
CCT4.7O‑1 is higher than that of the 
CCT4.7O-2  ce ramic .  Th i s  r e su l t  
corresponds to the observation of a higher  
grain boundary resistance of the CCT4.7O‑1 
than that of the CCT4.7O‑2 as sumarized in 
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Figure 7 (a) J- E characteristics at room temperatures of CCT4.7O-1 and 3 
CCT4.7O-2 ceramics; inset shows plot of log (J) versus log (E) of both 4 
CCT4.7O ceramics, the solid lines are the best fit to Eq. I=V. 5 
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Figure 7. (a) J- E characteristics at room temperatures of CCT4.7O‑1 and CCT4.7O‑2 
ceramics; inset shows plot of log (J) versus log (E) of both CCT4.7O ceramics, the solid 

lines are the best fit to Eq. I=Va.

4. Conclusion

CCT4.7O powder of perovskite  
structure as revealed by the XRD results can 
be successfully prepared by calcination the 

CCT4.7O precursor powder obtained by the 
polymer pyrolysis method at 850 ºC for 6 h 
in air. The second phases of TiO2 and CuO 
are found in the precursor powder. The 
CCT4.7O-1 and CCT4.7O-2 ceramics are 
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prepared by sintering the obtained CCT4.7O 
powder at a temperature of 1060 ºC for 6 
and 10 h in air, respectively. The XRD  
results indicate the perovskite structure of 
both ceramics with the observed second 
phases of TiO2 and CuO. Increasing sintering 
time can reduce the CuO second phase and 
increase the grain size of the CCT4.7O 
ceramic. From the dielectric measurements, 
it is found that higher sintering time can 
result in the higher dielectric constant with 
the low loss tangent. The CCT4.7O‑2  
ceramic particularly exhibits the giant  
dielectric constant (ε′) value of approximately 
31,908 with the low loss tangent (tand) 
value of 0.03 at 30 ºC and 1 kHz and  
displays a temperature coefficient less than 
±15% in the temperature range of −50 – 100 
ºC. The non‑linear coefficients (a) of both 
ceramics are closely related to the sintering 
temperature, dielectric properties and grain 
boundary resistance (Rgb) that can be  
attributed to the variation in the height of 
the Schottky barriers.
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