
Effects of synthetic routes on structural, dielectric

and electrical properties of CaCu3Ti4O12 ceramics

Emna Souidi1,* , Senda Saı̂d1, Cécile Autret-lambert2, Daniela Neacsa2, and
Adel Megriche1

1Faculté des Sciences de Tunis, Laboratoire de Chimie Minérale Appliquée (LR19ES02), Université de Tunis el Manar, Campus

Universitaire Farhat Hached, 2092 Tunis, Tunisia
2Parc de Grandmont, GREMAN, UMR 7341 CNRS, Universite Francois Rabelais, UFR Sciences et Techniques, 37200 Tours, France

Received: 28 March 2022

Accepted: 13 September 2022

Published online:

12 October 2022

� The Author(s), under

exclusive licence to Springer

Science+Business Media, LLC,

part of Springer Nature 2022

ABSTRACT

CaCu3Ti4O12 (CCTO) ceramics was fabricated by solid,citrate,urea and glycine

methods. The major goal is to assess the effects of synthesis techniques on the

structural and electrical properties of the material. Independently of the syn-

thesis method, X-ray diffraction XRD results confirmed presence of the cubic

structure main phase with space group Im 3. The average grain size of the

sample CCTO varied according to the synthesis process. The surface mor-

phology of the composite sintered at 1100 �C for 12 h obtained by scanning

electron microscopy analysis indicates the evolution of large and small grains

with a bimodal distribution. A high dielectric constants (e0 * 104) accompanied

fortunately by a lowering loss tangent ( tand\ 0.1) was measured at room

temperature in the 102 Hz- 107 Hz frequency range in all ceramics. Ceramics

elaborated by the citrate method show a very interesting dielectric response,

namely a relatively high dielectric constant e’ (6.735 9 104 at 1 kHz) and a low

dielectric loss tand (0.07 at 1 kHz).In addition, the temperature stability of the

dielectric constant also improved by solid, urea and glycine methods. The fits of

impedance complex spectroscopy data, shows that the resistance of grain is

lower than resistance of grain boundaries confirming the internal barrier layer

capacitor model. This mechanism corresponds to the heterogeneous dielectric

with semiconductor grains and insulating grain boundaries.

1 Introduction

The tremendous advancement in electronic materials

technology has been constantly boosted towards an

even more advanced miniaturization to improve their

performances. Among the most active research areas,

the improvement of dielectric properties of semi-

conductors can be cited [1–3]. Thus, these research

works aim to develop the dielectric material features

that play a key role in industrial demand. Over the

past decade, Copper Calcium Titanate (CCTO) is

greatly important thanks to its dielectrics properties
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such as a colossal dielectric constant (er[ 104) in a

large temperature (40–400 K) and frequency [102–

106 Hz] range [4, 5].

In addition to these excellent dielectric properties,

CCTO is also characterized by an abnormally strong

nonlinear current–voltage [6]. These excellent prop-

erties render this material mostly eye-catching for a

broad range of applications, such as capacitor [7, 8],

microwave devices antennas [9], and gas or humidity

sensor [10, 11]. Also they can also be used for

important devices such as automobiles and aircrafts

[12].

Nevertheless, the greatest drawback of this CCTO

material, limiting its use in capacitor applications

[13, 14] is their high dielectric loss tangent (tand).
Numerous investigations, either by substitution or by

formation of composites, aim to control the evolution

of this capital parameter. Unfortunately, the

improvement of the dielectric loss values generally

leads to a degradation of the dielectric constant.

There are several explanations for the mechanism

of the giant dielectric properties of CCTO [15–17]

such as internal domain, electrode polarization effect

bimodal grain size, nanoscale barrier layer capaci-

tance model (NBLC) [18, 19] and internal barrier

layer capacitance IBLC [20, 21]. The latter is pre-

sented as the most acceptable theory, which is com-

posed of semi conducting grains delimited by

insulating grain boundaries [22]. This is why several

researchers claim that the dielectric properties can be

affected by several extrinsic factors such as

microstructural, porosity and impurities [23].

From this model, er of CTTO ceramics can be

described with the following formula:

er ¼ egb �
d

e

where d is the mean grain size, e is the thickness of

grain boundary and egb is the er of the insulating

grain boundaries [24]. According to this formula, it

can be noted that the dielectric constant and loss

tangent values of CCTO are sensitive to the process-

ing conditions, such as sintering time, sintering

temperature and atmosphere, etc. [25, 26]. Several

research groups have been working on the opti-

mization of high-performance CCTO ceramics by

different methods [27]. Basically, CCTO is prepared

by solid state reaction [28, 29]. As an alternative to

solid state process, wet methods have been

developed for the synthesis of CCTO such as sol–gel

method [30], organic-precursor pyrolysis method

[31], oxalate-coprecipitation method [32], semi-wet

method [33], combustion employing glycine [34] and

urea as fuels [35]. These techniques are interesting

methods that can be used to improve the properties

of CCTO ceramics. In his research, Laxman et al. have

shown that a giant dielectric constant and a small loss

tangent of * 0.088 at 10 kHz are found in CCTO

sample by semi wet route [36]. Pu Mao et al. have

used sol gel method to synthetize CCTO powders

witch present a high er value (3 104 at 1 kHz) [37]. In

addition, Thongbai et al. [38] used glycine as fuel to

synthetize CCTO powders. Best values obtained are

104 –105 for the relative permittivity and 0.017–0.054

for low dielectric loss tand. Taking account the results

int the literature, the aim of the paper is to investigate

the properties of CCTO synthesized by different

methods of synthesis, namely solid-state reaction,

modified citrate method and solution by sol–gel route

using urea and glycine separately.

2 Experimental

2.1 Solid state reaction

CCTO powder was prepared by solid state reaction.

The precursor oxides of CaCO3 (99%, Aldrich

Chemical), TiO2 (99.9%, Aldrich Chemical) and CuO

(99.9%, Aldrich Chemical) were thoroughly mixed

for 24 h using ZrO2 balls in a suitable ethanol and

then ground to fine powder in an agate mortar. The

mixture powder was heated at temperatures varying

from 800 to 1100 �C for 24 h in order to cause den-

sification of the material, with intermediate manual

grindings. The objective of this crushing was to

obtain very fine grains and ensure better homoge-

nization. Finally, the mixture was cold pressed into

pellets and sintered at 1100 �C for 12 h.

2.2 Wet chemical

In this method, the mixing process was performed in

solution state as nitrate solutions. It’s interest allows

to obtain powders with homogeneous chemical dis-

tribution, an excellent control of the composition.

This technique involves the mixing of solutions of a

metal precursor and an organic polyfunctional acid

possessing at least one hydroxyl and one carboxylic
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acid group such as citric acid, glycine, urea, tartaric

and glycerol which results in complexation of the

metal by the polycarboxylic acid.

Most of the combustion processes cited in the lit-

erature for the preparation of CCTO use citric acid,

glycine, urea, egg, EDTA. These types of fuels offer

an environment friendly fast and economic alterna-

tive for the preparation of such materials.

2.2.1 By glycine combustion method

In this technique, the precursors used for the prepa-

ration of catalysts were Ca (NO3)2�4H2O, Cu (NO3)2�
3H2O, Aldrich Chemical, C16H28O6Ti, and glycine

(NH2CH2COOH, Aldrich Chemical) as the starting

materials. The metal nitrates were dissolved in dis-

tilled water to obtain standard aqueous solutions of

Ca2?(aq), Cu2?(aq). Stoichiometric amounts of C16

H28O6Ti were added to the solution with continuous

stirring. In this route, glycine was used as a chelating

agent for metal precursors: it can effectively complex

a cation because of its carboxylic acid and amino

groups. On the other hand, the glycine is probably

most used as environmentally compatible in the

combustion reaction [39, 40]. Indeed, the calculated

amount of glycine equivalent to metal ions was

added to the solution to form the complex. The

aqueous solution of nitrates and glycine were

homogenously mixed and then slowly heated at

50 �C to form viscous gel. The viscous gel was

annealed at 350 �C for 30 min. During annealing, the

gel was amplified into fluffy mass, which eventually

broke into brittle flakes. Figure 1 shows the heat

treatment of the CCTO powders obtained at different

calcination temperatures 600 �C, 800 �C and 900 �C
for 12 h respectively. Pellets were pressed and sin-

tered at 1100 �C for 12 h in a muffle furnace.

2.2.2 By a urea combustion method

In this method, urea was used as fuel. Ca(NO3)2�
4H2O, Cu (NO3)2�3H2O and C16H28O6Ti were used as

the starting raw materials. First, stoichiometric

amounts of nitrate solutions and C16H28O6Ti were

dissolved in distilled water and stirred at room

temperature for 30 min. Second, in another beaker,

stoichiometric amount of NH2CONH2 was dissolved

in distilled water. Then, the resulting mixture was

heated on a hot plate under stirring at 70–80 �C to

evaporate water and allow self-ignition until the

mixed solution was transformed into a viscous gel.

The gel was annealed at 350 �C for 30 min. The

obtained powder was grounded and calcined at dif-

ferent temperatures as shown in Fig. 1. Then pressed

into pellets of 12 mm in diameter and 1 mm in

thickness. The pellets were sintered in air at 1100 �C
for 12 h.

2.2.3 Modified citrate method

This process synthesized by an organic gel-assisted

citrate process consists in the gel formation by an

auxiliary organic polymer in an aqueous nitrate

solution in proper ratios [41–43]. In the first step, Ca

(NO3)2�4H2O, Cu (NO3)2�3H2O and citrate titanium

C24H20O28Ti3 were stoichiometrically calculated and

mixed in the proper ratio by magnetic stirring.

Cations were chelated by addition of a triammonium

citrate solution with a suitable composition. The gel

formation was obtained by addition of acrylamide

and N, N-methylene-bis-acrylamide monomers, and

azoisobutyronitrile (AIBN) catalyst to induce poly-

merization heating up to about 100 �C. The gel

obtained at 500 �C was then calcined in a muffle

furnace. The calcinations of resulting product oxide

were carried out using a defined heating cycle as in

Fig. 1.

2.2.4 Sintering

The resultant mixtures were ground into fine pow-

ders using a pestle and mortar, and cylindrical pellets

were made using a hydraulic press. The pellets were

sintered at 1100 �C for 12 h in air.
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Fig. 1 General thermal cycle for the wet chemical and solid-state

methods
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3 Characterization

The obtained CCTO were characterized by X-ray

diffraction (XRD) employing a D8 Bruker with CuKa
radiation (k = 1.540 Å) in the 2h scan range of 10�–
80�. The Rietveld refinement of the crystal structures

was carried out with the Full Prof Software [44]. The

microstructure and chemical composition of samples

were investigated using scanning electron micro-

scopes (SEM) MESU 1644 – HR JEOL. The Energy

Dispersive X-ray Analyzer EDX was used for ele-

mental analysis in the sintered samples of the above

system. Before the dielectric measurements, the sur-

faces of all sintered ceramics were polished to obtain

smooth surface. Samples were then coated with silver

paste, and dried in air at 180 �C for 4 h. The pellets

were characterized by dielectric spectroscopy using

an Agilent 4294 A over a frequency range of 100 Hz

up to 1 MHz at the room temperature.

4 Results and discussion

4.1 X-ray diffraction

Powders from differents synthesis methods were

calcined at different times for the temperatures

ranging from 900 �C to 1000 �C. Comparing the

peaks of Fig. 2a with the published XRD patterns we

find that all the major peaks of the of CCTO phase are

present in our samples [45]. Supllementary,minor

peaks belonging to CaTiO3 or CuO are identified.

XRD patterns of calcined powders (Fig. 2a) showed

that the pure phase of CCTO is obtained at 1000 �C
for 24 h by the solid route. Fortunately, for powders

prepared by glycine, citrate and especially by the

urea method the temperature and the time of calci-

nation are much lower.

The X-ray diffraction patterns of the samples syn-

thesized sintered at 1100 �C for 12 h are shown in

Fig. 2b.

A single CCTO phase was obtained only for the

sample prepared by solid state reaction. Whereas, the

diffraction patterns obtained for citrate, glycine and

urea samples (Fig. 2) revealed the existence of minor

secondary phases attributed to the CuO or/and

CaTiO3. As can be seen, all main diffraction peaks

were indexed to a body-centered cubic CCTO of

space group Im 3 (No. 204), CCTO based on the

Powder Diffraction File data (PDF #75–2188).

To elaborate pure phases by citrate and urea

methods, we have chosen to lower the temperature

and the time of the sintering. Figure 2c depicts the

X-ray diffraction patterns of CCTO compounds pre-

pared by citrate and urea methods and sintered at

different thermal treatment. Comparing patterns

with those of the standard powder XRD pattern of

CCTO phase, obviously those obtained after calcina-

tion, the presence of CCTO was confirmed in both the

samples, as a major phase. The diffractograms con-

firm also the disappearance of the secondary phases

detected during the thermal treatment. We note just

the presence only of CuO in the form of a trace in

samples prepared by citrate and sintered at 1050 �C
for 3 h. It is also noted that the peaks of this sec-

ondary phase disappear with the increase in sintering

time or temperature. Concerning the pellets prepared

bFig. 2 a X-ray diffraction patterns of CCTO powder calcined at

different temperature. b X-ray powder diffraction patterns of

CCTO compounds calcined at 900 �C-24 h and sintered at

1100�C12 hours. (stars in the figure indicate the peak due to

phase with CaTiO3 and CuO). c X-ray powder diffraction patterns

of CCTO compounds synthesized by citrate, urea and glycine

routes

Table 1 Structural data obtained from the rietveld refinement of

CCTO prepared with different methods

Synthesis method Citrate Solid Urea Glycine

Lattice parameter (A�) 7.396 7.395 7.401 7.392

Unit cell volume (A�3) 404.6 404.5 405 403.8

Density 87% 96% 91% 82%

Argument indices

Rexp (%) 2.12 1.56 4.43 1.84

Rwp (%) 3.44 2.71 5.06 5.31

v2 2.8 3.2 2.68 2.9

RBragg 2.47 2.68 3.70 1.37

Table 2 The dielectric and electrical parameters at 1 kHz and RT

Synthesis method Citrate Solid Urea Glycine

e0 (9 104) 6.735 2.674 2.027 2.130

tand 0.07 0.1 0.09 0.08

Rgb (X) (9 105) 18.9 6.55 9.57 11

Rg (X) 20.5 501.2 3810.7 905.5
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Fig. 3 Profile fits for the

Rietveld refinement of CCTO

ceramics prepared by citrate

(a), solid (b), urea (c) and

glycine (d) methods sintered at

1100 �C for 12 h
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by urea routes, we succeeded in the synthesis of pure

phase even for sintering for 3 h at 1050 �C.
Fig. 3 Illustrates Rietveld refinement of X-ray pat-

terns diffractions of CCTO ceramics sintered at

1100 �C for 12 h. The fit of all samples confirms the

Fig. 3 continued
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structure of cubic symmetry Im 3. The results of

structural examinations (lattice parameters, unit cell

volume and values of reliability factors) as tabulated

in Table 1. The refined lattice parameter of CCTO,

prepared by citrate, solid, urea and glycine methods,

was found to be 7.396, 7.395, 7.40 and 7.394 Å,

respectively. The results are similar to those obtained

in the literature [46, 47]. The v2 values indicate that

the process is in good refinement analysis with the

released literature [48]

4.2 Scanning electron microscopy SEM

Synthesis methods play an important role on the

microstructure and obviously on the electrical prop-

erties intrinsically linked to the microstructure in this

type of compound. The surface’s morphology and a

representative histogram of grain size distributions of

CCTO ceramics synthesized by different methods are

presented in Fig. 4. There is a similar grain mor-

phology regardless the synthesized procedure way.

Microstructure of CCTO exhibits almost uniformity

distributed throughout the ceramics with small grain

size which does not exceed ten microns. The grain

surfaces suggest the irregularly crystallographic

facets CCTO grain shape. But the solid route pro-

duces a much more uniform homogeneity and clear

grain boundaries than the other synthesis techniques.

Nevertheless, the granulometry obtained by citric

route (Fig. 4b) exhibits the largest grain size com-

pared to other synthesis methods. Moreover, several

numbers of grains grow abnormally, and the size of

the largest abnormal grain exceeded 15 lm. A pre-

vious study explained the bimodal grain size distri-

bution by the stoichiometry modification with the

variation of Ca or Cu content. [49, 50].

Ceramics synthesized by the solid state reaction

exhibit dense microstructure. Based on the theoretical

densities (4.90 g.cm-3 [51]), the relative density val-

ues of CCTO ceramics synthesized by the solid state

reaction to a maximum value of 96%. This is certainly

associated to the uniform microstructure obtained in

the case of solid synthesis.

Figure 5 shows SEM micrographs carried out on

the grain and the grain boundary regions. Analysis

based on chemical composition confirms the forma-

tion of CCTO grain regardless of grain size and

synthesis methods.

A careful analyse in the grain boundaries of sample

prepared by citrate route, reveals that the region is

rich in Cu, which explains the growth grains com-

pared to the others [52]. In this case, percentage of the

flat second phase seems to be lower, the XRD pattern

show the presence of residues CuO phase.

In the case of liquid synthesis, the significant

decrease in the density of the ceramics produced is

certainly associated with the nature of the

microstructure which is more heterogeneous in this

case compared to the solid route.

Indeed, the CCTO ceramics obtained by citrate

route represent a dense microstructure (87%) with

large grains (Fig. 5). For the other samples, the grain

size of urea (c) and glycine (d) are smaller as com-

pared to citrate due to the easier complex formation

and heat release, resulting in more combustion

enthalpy which yields a finer grain size [53]. The

average grain size of samples solid (a), citrate (b),

glycine (c) and urea (d) calculated using Image J

software were found to be 7.63 ± 0.2 lm;

14.65 ± 0.7 lm; 10.54 ± 0.2 lm and 10.11 ± 0.3 lm,

respectively.The sample obtained by citrate show the

highest average grain size compared to the other

samples. This result could be correlated with the

presence of the liquid phase formed during sintering,

leading to the improvement of the samples densifi-

cation. [54]. However,the reduction of grain sizes in

glycine samples could be associated the presence of

CaTiO3 impurities and consequently the inhibition of

the grain growth [55].

4.3 Dielectric properties

4.3.1 Dielectric analysis

In this paragraph, we analyze the dielectric proper-

ties of undoped CCTO ceramics synthesized by dif-

ferent methods. Figure 6 exhibits the frequency

dependence of the relative dielectric constant e0 and
dielectric loss (tand) of CCTO at room temperature in

the range of 102 –107 Hz. The dielectric and electrical

parameters are summarized in Table 2. First, it may

be noticed that all ceramics reveal higher permittivity

e of the order of 104 independently of the synthesis

method. Secondary, in the frequency range from 102

to 106 Hz, CCTO presents a plateau (good frequency

stability) followed by a rapid decrease in the high

frequency. According to bibliography, the high val-

ues of the dielectric constant e at low frequency may

be attributed to the creation of a Maxwell–Wagner

interfacial polarization, where charge carriers are

J Mater Sci: Mater Electron (2022) 33:24228–24243 24235



accumulated at the interface of grain boundary and

grain [56]. Moreover the phenomenon, up to 106 Hz,

was explained by a Debye- like dipolar relaxation

process [57].

(a)

(b)

(c)

(d)

Fig. 4 SEM images of surface morphology for pure CCTO by different routes
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As shown in Fig. 6, the dielectric behavior of CCTO

ceramics prepared by urea and glycine is very simi-

lar, which can be explicated to their similar

microstructures (mean particle size). Particularly, the

considerable high dielectric constant e0 of the sample

fabricated by citrate method emanates from the larger

grain size as based on the IBLC model that the rela-

tive permittivity value strongly depends on the grain

size (see Fig. 3).

On the other hand, as the measuring frequency

increases to 106 Hz, the frequency-stability of per-

mittivity decreases slightly in the CCTO ceramic

obtained by citrate method. It may be due probably to

the changes of microstructure and to appearance of

more oxygen vacancies at high sintering temperature

[58]. Moreover, this decrease in the stability domain

can be explained by the dipoles starting to lag the

electric field, which leads to Maxwell–Wagner relax-

ation behaviorin the material [59].

The frequency dependence of dielectric loss (tand)
of the CCTO ceramics measured at room temperature

is shown in Fig. 6 Fig. 6. It is clearly, independently of

synthesis methods, all samples exhibit relatively

neighboring and lower interesting dielectric loss

(* 0.07). It drops as frequency increases until the

formation of a plateau. Then, increases again at high

frequency.

Precisely, the sample obtained by citrate route

reaches a value of 0.07 which is the lowest value for

frequencies up 10 kHz and high dielectric constant

due to the large grains improved by the presence of

CuO [60, 61]. These interesting result, lower dielectric

and simultaneously a high dielectric constant, can

obtained if CCTO is prepared by citrate methods ant

treated in condition cited before (Fig. 7).

In a low-frequency range, resistivity is nearly

constant, it is of the order of 107–109 Hz. Neverthe-

less, as the frequency increase the resistivity was

Fig. 5 Representative EDS detected on the surface of CCTO synthesized by diverse routes
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greatly decreased. This is in agreement with the

result of dielectric loss. It is well remarkable the

highest low-frequency dielectric loss is accompanied

by the lowest resistivity. According to literature [62],

it was found that dielectric loss of CCTO ceramics has

a close relationship to their leakage current.

Figure 8 displays the frequency dependence of e0

and tand diferent temperatures (from 60 to 300 �C)
for the CCTO ceramic sintered by citrate and solid

methods. Figure 8, shows that in the low tempera-

ture, e0 depends slightly on frequency over the range

from 102 to 105 Hz. However, when the temperature

(a) (b)

Fig. 6 The variation of

dielectric constant (a) and

dielectric loss (b) versus

frequency for CCTO ceramics

with different methods at room

temperature

Fig. 7 The variation of resistivity as function of frequency

Fig. 8 Frequency dependence

of dielectric constant e0 and
dielectric loss (tand) at
different temperatures
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is higher than 100 �C, e0 increases with increasing

temperature, and strongly depends on frequency,

especially in low-frequency range. Moreover, inde-

pendently of all temperature ranges, dielectric con-

stant decrease as the frequency increase. As reported

in litterature, high values of obtained at low fre-

quency can be attributed to interfacial polarization

witch appears at the grain boundaries and grain. [63].

Similar trend is observed in tand, as shown in

Fig. 8. As we can see the variation of dielectric loss

was higher at low frequencies, up to 103 Hz, and then

remains nearly constant from the frequency range of

of 103 Hz to 106 Hz. As we increase the temperature,

the dielectric loss also increases. At lower frequency,

the high value explained by the important energy

necessary to move the charge carriers accumulated at

grain boundaries. In higher frequency, a lower

energy able to move the charge carriers owing to the

low resistance of the material [64].We conclude that

the frequency and temperature effect on the dielectric

loss highlights the interfacial polarization of the grain

boundaries within the ceramic in the low-frequency

region [65].

4.3.2 Impedance analysis

The impedance spectroscopy technique is used to

examine and study the electrical responses of the

material. It is based on determining the complex

impedance Z* witch is decomposed into a real (Z0)

and imaginary (Z00) part expressed as follows:

Z*=Z0-jZ00.

The complex impedance provides some informa-

tion about the electrical response inside grains and

grain boundaries and about the interface effects

existing in the material.

In polycrystalline ceramics, there are three possible

contributions to the total observed resistance and

capacitance, emanating from grains (bulk), grain

boundaries (GB) and electrode specimen interface.

Figure 9 shows the Z
00
vs. Z

0
plots for all ceramic

samples at room temperature performed in the fre-

quency range between 100 and 107 Hz. This curve

allows the separation of the contribution of grain and

grain boundary resistance existing in the material

[66]. The characterization of these parameters using Z

view software. In this study can be used equivalent

circuit composed by two parallel resistor–capacitor

(RC) elements connected in series. According to the

impedance spectroscopy analysis, it is possible to

reach the values of resistivity of the grain boundaries

Rgb and the grain Rg and for each sample. The grain

boundary resistance Rgb can be determined by the

diameter of a large semicircular arc on the impedance

complex plane and the other one corresponds to the

resistance of grains Rg can be obtained at high fre-

quency from the non-zero intercept on Z’ axis at high

frequency [67–69].

The fitted parameters values were reported in

Table 1.The Rgb and Rg values change considerably

according to the synthesis route. It can be also noted

that the values of Rgb are significantly higher than

those of Rg. These results revealed that the response

corresponds to the grain boundaries effect while the

response of the grain is negligible [70].

One can also note that the variation in tan d which

can be confirmed by the enhancement of Rgb.

(tan d ¼ 1
wRgbCp

; where Rgb represents the resistance of

insulating Gbs, w is the angular frequency and Cp is

the capacitance of the sample). The citrate sample

shows the highest Rgb value 1.89 9 106 [71, 72],

leading to the lower loss compared to the other

sample. This electrical response is related to the Gbs

behave such as an insulating grain and the grains as

semiconducting in CCTO ceramics, which is in

agreement with the IBLC model [73].

Fig. 9 The plots of the real

part of impedance Z
0
as a

function of its imaginary part

Z
00
at room temperature of

CCTO pellets synthesized by

different methods. The inset

shows a non-zero intercept

with the Z axis
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5 Conclusions

CaCu3Ti4O12 powders were successfully synthesized

by different methods, namely, solid state, citrate

method, semi-wet route using glycine and semi-wet

route using urea. As expected, CaCu3Ti4O12 is an

excellent material with good dielectric properties and

was successfully synthesized by citrate method. The

results of X-ray diffraction showed the formation of

single phase CCTO compared to the other process

which revealed the existence of secondary phases

attributed to the CaTiO3 and CuO. The SEM images

indicate clearly the presence of abnormal grain

growth. Although the average grain sizes were dif-

ferent, the CCTO obtained by citrate show the highest

average grain size compared to the other samples.

The dielectric property of ceramic samples was found

to have high dielectric constants allows 104.

Combining the e0 results with the SEM images, the

dielectric properties of the CCTO ceramics are asso-

ciated with an internal barrier layer capacitor (IBLC)

model. High-dielectric constant e0 (6.735 9 104) and

low-tand (0.07) were achieved in the sample citrate

method. The lowest tand value in this sample was

associated with the highest Rgb (1.89 9 106 X).
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