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Abstract  Article Information 

High dielectric permittivity materials could be used in dielectric capacitors 

because of the demands placed on the integration and shrinking of electronic 

devices. This study's primary goal was to look into the permitivity and structure 

of (1-X) BaTiO3–(X) La2O3. By using a mixture of BaCO3, La2O3, and TiO2 

purity of 99.0-99.9 precursors, a twofold sintering solid state reaction was used 

to create the (1-X)BaTiO3–(X)La2O3 with (x=0.18) elctro-ceramic nano 

powder. The sample's structure and permittivity characteristics were ascertained 

during the characterization procedure using XRD and an impedance analyzer 

respectively. The crystal structure was determined by XRD examination to be 

tetragonal, with lattice constants of a = 4.52Ao and c = 5.43Ao. The permittivity 

measurements' results indicate that when temperature rises, the sample's real 

permittivity constant and imaginary permittivity party first rises peak and then 

finally fall. Crystal defects form at higher temperatures, which lead to an 

increase in interfacial polarization. This means that it is predictable for the 

dielectric constant to rise as temperature does.  
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INTRODUCTION 
 

 

Materials classified as dielectrics are those 

that resist the flow of electric current. 

Capacitors employ dielectric materials to 

store electrical charge. Electrical insulation 

also uses dielectric materials to prevent 

current from passing through them. Dielectric 

materials commonly consist of non-metallic 

materials such as plastics, ceramics, and 

glasses (Ma et al., 2024; Deng et al., 2023). 

Barium titanate, a ferroelectric ceramic, has a 

spontaneous polarization characteristic in 

some non-conductive crystals or dielectrics. 

Capacitors, electromechanical transducers, 

and nonlinear optics all use this white powder, 

which is translucent like large crystals. 

Ferroelectric ceramics are dielectric materials 

that polarize spontaneously in the absence of 

an external electric field. Dielectric materials, 

which are employed as electrically insulating 

capacitors with an electric dipole structure 

due to the separation of positive and negative 

electrically charged entities at the molecular 
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and atomic levels, are extremely poor 

conductors of electric current (Song et al., 

2024; Wang et al., 2024). Because of its many 

useful applications and exceptional electrical 

and physical qualities, barium titanate has 

garnered a tremendous deal of interest 

throughout the years. Integrated circuits 

frequently utilize ceramics based on BaTiO3 

for resistors, PTC thermistors, dynamic 

random access memory (DRAM), and 

multilayer capacitors (MLCs). Dielectric 

materials for MLC applications must be 

electrically insulating, have high permittivity 

values, and have low dielectric losses at room 

temperature. 

Formulated as BaCO3, barium carbonate 

is an inorganic chemical. Commercial 

production of barium carbonate involves 

treating sulfide with sodium carbonate. Like 

most alkaline earth metal carbonates, it is a 

white powder salt that is poorly soluble in 

water and soluble in most acids, with the 

exception of sulphuric acid. The ceramics 

industry frequently uses barium carbonate as a 

glaze ingredient, flux, matting, and 

crystallizing agent (Liu et al., 2023; Sun et al., 

2021). When combined with specific coloring 

oxides, it can provide distinctive colors that 

are difficult to achieve with other methods. 

Art ceramics widely use BaCO3 to create 

traditional barium crystal mattes, while BaO 

crystallizes easily when cooled. Barium 

carbonate serves not only as an auxiliary 

material for ceramic coating and optical glass, 

but also in the production of fireworks and 

PTC thermistors (Yin et al., 2019; Huang et 

al., 2019). High-purity barium carbonate is 

helpful for the electroceramics business, and 

nanobarium carbonate offers a number of 

possible uses in science and technology. For 

solid oxide fuel cathodes, barium carbonate 

nanoparticles and their mixtures work well as 

catalysts and are easy to get for a low price. 

One can determine the PH value of lanthanum 

oxide by varying the mix of crystal structures. 

It is a white, odorless, solid that is soluble in 

diluted acids but insoluble in water. Due to 

their very desirable characteristics, lanthanum 

oxide and its metallic oxide are excellent for a 

wide range of applications, including 

dielectric materials, catalysts, optical filters, 

metal supports, and water treatment (Qu et al., 

2019). This oxide has an extremely low 

dielectric constant at E=2, making it the least 

energy network of choice for both industrial 

and research labs. The most well-known and 

extensively utilized application of titanium 

oxide (TiO2) substrates is likely as a bright 

white pigment and ingredient in sunscreens. 

TiO2 substrates have been produced using 

solid state processes, with sintering 

temperatures ranging from 1150 to 1350. 

Because of its strong dielectric and 

semiconductive qualities, photocatalytic 

activity, and superior biocompatibility, it has 

recently garnered more and more attention in 

the electronics sector (Merkneh & Tadesse, 

2020).  

The TiO2 coated  thin films are utilized in 

optical coatings for dielectric mirrors and beam 

splitters because of its high dielectric constant. 

It is claimed that the titanium oxide ceramics 

exhibit both low- and high-temperature crystal 

formations. TiO2 ceramics have a wide range of 

applications, many of which are reliant on the 

crystal structure. This new research focused on 

the permittivity qualities of (1-x)BaTiO3-

xLa2O3 (x=0.18) ceramics, taking into 

consideration the aforementioned properties of 

the predecessors. 
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MATERIALS AND METHODS 
 

(1-x) BaTiO3-xLa2O3 is the ceramic sample 

that was examined. Using the solid state 

reaction technique, (1-x) BaTiO3-xLa2O3 

electro ceramics material was created. The 

source materials were high purity BaCO3, 

La2O3, and TiO2. The sample was made from 

carbonate precursors and oxides that were of 

chemical grade (99.0-99.9%). Together with 

these basic ingredients, the process was aided 

by acetone (C3H6O2) and powdered polyvinyl 

alcohol (C2H4O). Following the sample's 

synthesis using the chosen method, various 

measuring meters were used to characterize 

the sample and determine its properties. Here, 

X-ray diffraction (XRD) was used to 

characterize the sample's structure, and an 

impedance analyzer was used to determine the 

permittivity property of the (1-x)BaTiO3-

xLa2O3 sample. 
 

RESULTS AND DISCUSSION 
 

To find the crystalline structure of a sample, 

room temperature X-ray diffraction (XRD) 

was performed using an X-ray diffractometer 

in a 2θ range from 10
o
 to 80

o
. With a lattice 

parameter of a = 4.52 and c = 5.43, the XRD 

pattern of (1-x)BaTiO3-xLa2O3 (x = 0.18), 

sintered at 950°C for 12 hours, is displayed in 

Figure 1. There were no extra peaks in the 

diffraction pattern, indicating pure phase. 

 

 
Figure1. XRD pattern of (1-x)BaTiO3-xLa2O3 (x = 0.18) ceramics. 

Using the Archimede method, the 

experimental density of the sintered ceramic 

of (1-x)BaTiO3-xLa2O3 (x = 0.18) was 

determined from the specimen that was 

weighed in both liquid and air. (1-x)BaTiO3-

xLa2O3 (x = 0.18) ceramic had a density of 

91.12g/cm
3
. The property of a substance is 

influenced by its density in its own unique 

way. A higher permittivity value is frequently 

suggested by a higher ceramic density. 

Therefore, a major factor influencing the 

difference in permittivity attribute is the 

density of the substance.  
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Table 1 

Structure, crystallite size & density of (1-x) BaTiO3-xLa2O3 nanopowder ceramics. 
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0.18 tetragonal 

structure  

a = 4.52 

c = 5.43 

91.12 8.88 % 22.04 1.060 

 

For the sample (1-x)BaTiO3-xLa2O3, the 

actual permittivity is plotted as a function of 

temperature at a constant frequency of 1kHz 

in Figure (2). The figure illustrates how 

temperature drastically altered the dielectric 

characteristics. At 303°C, the Curie 

temperature, the greatest values of the relative 

permittivity were found as predicted; 

however,  

 

 

as the temperature was raised above this 

point, the real permittivity dropped to its 

values at room temperature. The dielectric 

constant measured in this study at room 

temperature is 111, which agrees with the 

values found by (Merkneh & Tadesse, 2020), 

which indicates that tetragonality and Ferro 

electricity which is characterized by a high 

permittivity constant are connected.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Real permittivity (ɛr) versus temperature plot at constant frequency. 
 

Figure (3) illustrates how the strong faulty 

structure that gives rise to ions like space 

charges is the reason for the increase in 

dielectric loss. Dipole polarization is the 
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cause of the increase in dielectric loss at low 

frequencies (Panda, 2009; Langmuir, 1916). 

However, at higher frequencies, dielectric loss 

might exclusively come from ion vibrations 

((Ridha & Najim, 2015). For the (1-

x)BaTiO3-xLa2O3 single crystals, the 

temperature dependence of the imaginary 

component of the dielectric constant was 

studied at constant frequency beginning at 

ambient temperature((Petrović et al., 

2011;Rayssi et al., 2018). 

 
Figure 3. Imaginary permittivity (ε″) versus temperature plot at constant frequency. 

 

This graphic illustrates how the imaginary 

part of the dielectric constant rises noticeably 

from room temperature to the temperature at 

which the dielectric constant reaches its 

maximum at the operating frequency. 

Nevertheless, the imaginary part of the 

dielectric constant gradually drops and 

eventually shows no change after reaching the 

temperature of maximum dielectric constant.  
 

CONCLUSIONS 
 

By employing the precursors La2O3, BaCO3, 

and TiO2, the solid-state reaction pathway 

technique has successfully produced barium 

lanthanum titanate (1-x) BaTiO3-xLa2O3 

(x=0.15) electro ceramics nano powder. The 

present study aimed to produce (1-x) BaTiO3-

xLa2O3 nano particle powder as an intrinsic 

dielectric and investigate its dielectric 

characteristics and structural implications. 

The ceramic's crystal structures were 

tetragonal. An increase in temperature at a 

steady frequency has an impact on the 

sample's dielectric loss (ε") and dielectric 

constant (ε’). 
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