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ABSTRACT  
 

In this research, CaCu3.1Ti4O12.1 ceramics were prepared by molten salt method. The 

optimum calcinations temperature for obtaining the pure phase was 700 oC for 4h. The 

calcined powders were ground and pressed and then sintered at 1000, 1025, 1050, 1075 and 

1100 oC for 4h. The phase of the sintered samples at various sintering temperatures was 

investigated by X-ray diffraction technique (XRD). The microstructural evolution of the 

sintered samples was examined by scanning electron microscopy (SEM). The average grain 

size of samples was calculated by linear interception method. Density of the sintered samples 

was measured by Archimedes method with distilled water as the fluid medium. Dielectric 

constant was measured using a LCR meter at room temperature and 1 kHz frequency. It was 

found that, all of XRD patterns showed pure phase and could be matched with a JCPDS file 

number 75-2188. The microstructure indicates a monophase constitution with uniformly 

packed parallelogram shape in grain. The average grain sizes and density of CC(3.1)TO 

ceramics were increase with increasing sintering temperature. The dielectric constant of 

CC(3.1)TO ceramics increase with increasing grain sizes.  
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INTRODUCTION 

 

The typical high dielectric materials used today are normal ferroelectric 

oxides such as BaTiO3 or relaxor ferroelectrics like Pb(Mg1/3Nb2/3)O3. However, 

these dielectric oxides lack either temperature and/or high voltage or do not possess 

giant dielectric permittivity.  Recently, synthesized giant dielectric constant material 

CaCu3Ti4O12 (CCTO) has attracted much attention because of its potential 

technological applications. It shows extremely high dielectric constant (> 104) at 

room temperature (Subramanian et al, 2000; Ramirez et al, 2000; Homes et al, 
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2001). However, it appears that the dielectric properties of CCTO are very sensitive to 

processing. Dielectric constants from 478 to 300,000 have been measured for this 

material processed in different manners (Choudhary and Bhunia, 2002; Adams et al, 

2002). The original work done by Subramanian et al. (2000) and Ramirez et al. 

(2000) using conventional mixed-oxide processing via mortar and pestle showed 

room temperature dielectric constants from 10,000 to 20,000. Other researchers 

using the same technique have reported dielectric constants of 478, 2400, and 18,700 

(Choudhary and Bhunia, 2002; Jha et al, 2003; Sinclair et al, 2002). Cann et al. (2003) 

used a vibratory mill to mix their oxides together and reported a room temperature 

dielectric constant of 7600.  

In this work, the effect of sintering temperatures on grain sizes and dielectric 

constant of CaCu3.1Ti4O12.1 (or CC(3.1)TO) ceramics prepared by molten salt 

method is investigated. We selected the calcinations temperature of CC(3.1)TO 

powders from calculation perovskite phase and lattice parameters of this powder 

agree well with the value from the report of C. Puchmark (2009) and these patterns 

could be matched with a JCPDS file number 75-2188 (Powder Diffraction File, 2000).  

The effect of sintering temperature on microstructure, physical properties and 

dielectric properties were also studied. 

 

EXPERIMENTAL PROCEDURE 

 

In this research, CaCu3.1Ti4O12.1 (CC(3.1)TO) ceramic powders were 

prepared by the molten salt method. The starting materials including CaCO3, CuO 

and TiO2 were mixed in ethanol medium for 24h. The slurry was dried and ground 

to powder for mixing with salt mixtures (an equal molar ratio of inorganic salt 

mixtures, NaCl and KCl mixed by hand-grinding for 20 min). The mixture powders 

and mixture salts were mixed by hand-grinding at a 1 : 1 weight ratio and calcined at 

500-900 oC for 2h with heating rate 5 oC/min. The remaining salt was washed with 

hot de-ionized water until no free chloride-ions were detected by silver nitrate 

solution. Formation of pure phase compound was confirmed via X-ray diffraction 

(XRD) using CuK radiation. Perovskite phase and lattice parameters of all powders 

were calculated using equation (1) (Swart and Shrout, 1982). 
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The selected calcinations temperature of CC(3.1)TO powders was various 

dwell time for 2-24h with heating rate 5 oC/min. The results of perovskite 
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determined the optimum calcinations temperature in this work. The calcinations of 

the CC(3.1)TO powder was ball milled with 1% PVA in ethanol for 12h using the 

same method as mentioned earlier. The slurry was dried, ground and pressed into a 

disc shape and then sintered at 1000, 1025, 1050, 1075 and 1100 oC for 4h. The 

phase of the sintered samples at various sintering temperatures was investigated by 

X-ray diffraction technique (XRD). The microstructural evolution of the sintered 

samples was examined by scanning electron microscopy (SEM). The average grain 

size of samples was calculated by linear interception method from SEM micrograph. 

Density of the sintered samples was measured by Archimedes method with distilled 

water as the fluid medium. For the dielectric properties measurement, silver paste 

was applied to the both sides of circular faces of the ceramics, then dried at 600 oC 

for 15 min and cooled naturally to room temperature. Dielectric constant and loss of 

dielectric were measured using a LCZ meter at 1 kHz frequency.  

 

RESULTS AND DISCUSSION 

 
Figure 1. XRD patterns of CC(3.1)TO powders uncalcined and calcined at 500-900 

oC for 2h. 

 

X-ray diffraction patterns CC(3.1)TO powders uncalcined and calcined at 

500-900 oC for 2h as shown in Fig. 1. CC(3.1)TO powders with calcinations 
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temperature from 500-600 oC for 2h were found remain as precursor phases and 

small amount of the other phases compared with the patterns of uncalcined 

CC(3.1)TO powders. Phase perovskite with 97% yielding was found when 

temperature at 700 oC as shown in Fig. 2.  

 
 

Figure 2. Perovskite phase of CC(3.1)TO powders calcined at 600-900 oC for 2h. 

 

After that, calcinations temperature of CC(3.1)TO powders at 700 oC was 

various dwell time for 2-24h with heating rate 5 oC/min. X-ray diffraction patterns 

of CC(3.1)TO powders and calculated phase perovskite are shown in Fig. 3 and 

Fig.4, respectively. These patterns could be matched with a JCPDS file number 75-

2188 (Powder Diffraction File, 2000). We have found that powder sample that calcined 

at 700 oC for 4-24h presents as pure phase.  
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Figure 3. XRD patterns of CC(3.1)TO powders calcined at 700 oC for 2-24h. 

 

 
Figure 4. Perovskite phase of CC(3.1)TO powders calcined at 700 oC for 2-24h. 
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The optimum calcinations temperature for this research was selected at 700 
oC for 4h. Figure 5 shows XRD patterns of CC(3.1)TO ceramics sintered at 1000, 

1025, 1050, 1075 and 1100 oC for 4h. All XRD patterns could be matched with a 

JCPDS file number 75-2188 (Powder Diffraction File, 2000). 

 

 
Figure 5. XRD patterns of CC(3.1)TO ceramics sintered at 1000-1100 oC for 4h. 

 

 For CC(3.1)TO ceramics sintered at 1000, 1025, 1050, 1075 and 1100 oC 

for 4h, their microstructure reveal a monophase constitution with uniformly packed 

parallelogram shape in grain as shown in Fig. 6. CC(3.1)TO ceramic sintered at 

1000 oC for 4h showed the smaller grains with the average size of 0.62 m. While at 

higher sintering temperature (1025, 1050, 1075 and 1100 oC for 4h) the CC(3.1)TO 

ceramics showed larger grains with the mean grain size of 1.46, 1.51, 2.26 and 2.48 

m, respectively as shown in Fig. 7. The average large grain size of CC(3.1)TO 

ceramics were increased with increasing sintering temperature. 
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Figure 6. SEM photographs of top and fracture surface of CC(3.1)TO ceramics 

sintered at: 1000, 1025, 1050, 1075 and 1100 oC. 

 



20                                                NU. International Journal of Science 2014; 11(2) : 11 – 20                                                     
 

 
Figure 7. Average density of CC(3.1)TO ceramics sintered at 1000-1100 oC. 

 

The value of density is in the range of 2.94-4.73 g/cm3. The densification of 

CC(3.1)TO ceramics was improved significantly by increasing the sintering 

temperature correspond with SEM micrograph in Fig. 6 (the porosity was decrease 

with higher sintering temperature).  Plots of density of CC(3.1)TO ceramics versus 

sintering temperature are shown in Fig. 8.  

 
Figure 8. Average density of CC(3.1)TO ceramics sintered at 1000-1100 oC. 
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The dielectric constant and dielectric loss with 1 kHz frequency at room 

temperature for CC(3.1)TO ceramics sintered at 1000, 1025, 1050, 1075 and 1100 
oC for 4h as shown in Fig. 9. The dielectric constant for all samples increases with 

increasing sintering temperature. The dielectric losses for all sintered samples are 

lower than 0.45. The CC(3.1)TO ceramic sintered at 1100 oC showed the highest 

and giant dielectric constant of 10236 but dielectric loss of this frequency was 0.45. 

The lowest dielectric loss of 0.10 was found in CC(3.1)TO ceramic sintered at 1050 
oC. The optimum dielectric properties condition for CC(3.1)TO ceramics was found 

at 1050oC (dielectric constant = 5287, dielectric loss = 0.10). 

 

Figure 9. Plot of dielectric constant and dielectric loss with 1 kHz frequency at 

room temperature for the CC(3.1)TO ceramics sintered at 1000-1100 oC. 

 

CONCLUSION 

The CC(3.1)TO powders and ceramics were prepared by molten salt 

method. The pure phase of CC(3.1)TO powder were found at temperature higher 

than 700 oC with dwell time 2h. The optimum condition for calcinations temperature 

was found at 700 oC for 4h. The microstructure of CC(3.1)TO ceramics indicates a 

monophase constitution with uniformly packed parallelogram shape. The density, 

average grain size and dielectric constant were increased with increasing the 

sintering temperature. The optimum dielectric properties condition for CC(3.1)TO 

ceramics was found in the sample sintered at 1050 oC measurement at 1 kHz 

frequency at room temperature. 

 



20                                                NU. International Journal of Science 2014; 11(2) : 11 – 20                                                     
 

ACKNOWLEDGEMENTS  

This work was supported by Naresuan University. The authors would like to 

thank Prof. Dr. Tawee Tunkasiri and Prof. Dr. Gobwute Rujijanagul for their help in 

many facilities. 

 

REFERENCES 

 

Adams T.B., Sinclair D.C. and West A.R. (2002). Giant Barrier Layer Capacitance Effects in 

CaCu3Ti4O12 Ceramics, Adv. Mater. 14, 1321–1323. 

Cann D.P., Aygun S.and Tan X. (2003). Extended Abstracts of the 11th US-Japan Seminar on 

Dielectric and Piezoelectric Ceramics, Sapporo Japan, 153–156. 

Choudhary R.N. and Bhunia U. (2002). Structural, dielectric and electrical properties of 

ACu3Ti4O12 (A = Ca, Sr and Ba), J. Mater. Sci., 37, 5177–5182. 

Homes C.C., Vogt T., Shapiro S.M., Wakimoto S. and Ramirez A.P. (2001). Optical 

Response of High-Dielectric-Constant Perovskite-Related Oxide, Science, 293, 673-

676. 

Jha P., Arora P.and Ganguli A.K. (2003). Polymeric citrate precursor route to the synthesis 

of the high dielectric constant oxide, CaCu3Ti4O12, Mater. Lett., 57, 2443–2446. 

Powder Diffraction File, Card No.75-2188. (2000). Joint Committee on Powder Diffraction 

Standards (JCPDS) PDF-4., International Centre for Diffraction Data (ICDD).  

Puchmark C. (2009). Effect of Cu-stoichiometry on Lattice Parameter of CaCu3Ti4O12 

Powders, Proceeding of the 26th MST Annual Conference, 165-166. 

Ramirez A.P., Subramanian M.A., Gardel M., Blumberg G., Li D., Vogt T. and Shapiro S.M. 

(2000). Giant dielectric constant response in a copper-titanate, Solid-State Commun., 

115, 217-220. 

Sinclair D.C., Adams T.B., Morrison F.D., West A.R. (2002). CaCu3Ti4O12: one-step internal 

barrier layer capacitor, Appl. Phys. Lett., 80,  2153–2155. 

Subramanian M.A., Li D., Duran N., Reisner B.A. and Sleight A.W. (2000). High Dielectric 

Constant in ACu3Ti4O12 and ACu3Ti3FeO12 Phases, J. Sol. State Chem., 151, 323-325. 

Swart S.L. and Shrout T.R. (1982). Fabrication of Perovskite Lead Magnesium Niobate, 

Mater. Res. Bull., 17, 1245-1250. 

http://www.sciencedirect.com/science/article/pii/S0038109800001824

