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Abstract: Barium titanate ceramics doped with samarium were synthesized by low temperature sol-gel method. The physicochemical 

characterization of the samples was carried out by X-ray diffraction (XRD) analysis and scanning electron microscopy (SEM). A pure 

BaTiO3 cubic phase was obtained. A technological regulation has been developed for the preparation of test samples .Monitoring ofthe 

relative dielectric permittivity of Sm-doped BaTiO3 ceramics with temperature changes (at frequency of 10 kHz) was realized.The resulting 

curve is typical of ferromagnetic material. The synthesized barium titanate ceramics possesses a high dielectric constant - 17500 at a Curie 

temperature Tc (65oC). The obtained values for the relative dielectric permittivity and Curie temperature of Sm-doped barium titanate 

ceramics are much better in comparison to conventionally non-doped BaTiO3-εr = 2000 and Tc = 120°C. 
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1. Introduction 
The main directions in the development of modern materials 

science are the development of new products and the optimization 

of the properties of classical and standard materials with wide 

application in various technical fields. As a typical example in this 

aspect can be considered barium titanate, which is characterized by 

perovskite type crystal structure and the presence of ferroelectric 

properties [1-3].When the temperature conditions change, 

successive phase transitions of the first kind take place and 

formation of different phase structures: cubic (above 120°С), 

tetragonal (5–120°С), orthorhombic (90–5°С) and rhombohedral 

(below - 90°C). The structure of the individual modifications can be 

determinedby application the system of space groups: Pm3m (cubic 

phase), P4mm (tetragonal phase), Amm2 (orthorhombic phase) and 

R3m (rhombohedral phase). With a change in temperature values, 

the dielectric permittivity changes abruptly, and above Tc = 120oC 

it follows the Curie-Weiss law.The cubic phase is composed of 

TiO6 structural polyhedra forming a cube with separate O vertices 

of and Ti-O-Ti, edges where Ba2+ is located in the center of the 

cube lattice and is characterized by a coordination number 12. 

Above 1430°C the existence of stable hexagonal modificationof 

bariumtitanatebelonging to the P63/mmc space group is established. 

Different technological methods (conventional high-

temperature synthesis, hydrothermal method, peroxide method, etc.) 

have been developed for the synthesis of BaTiO3 [1,4], which 

application has a different effect on the structure, micromorphology 

and properties of the final products. According to the applied 

technology and the specific reaction conditions (mode of thermal 

treatment and other factors) it is possible to obtain fine micro-

heterograined microstructure, the formation of spherical particles 

and aggregates with sizes ranging from a few to hundreds 

nanometers  or the formation of a specific dendritic structure, 

etc.[1,5-7]. 

The use of high-temperature sintering [1,4] of barium carbonate and 

titanium dioxide with a thermal treatment in the range 1100oC - 

1500oC) is considered as a classical method for the production of 

barium titanate. The properties of sintered ceramic materials are 

influenced by a number of factors:type and ratio of raw materials, 

rate of increase and decrease of temperature, maximum reaction 

temperature, isothermal retention, gaseous medium in the reaction 

system, formation of solid solutions, abnormal grain 

growth,formation of inhomogeneous microstructure, formation of 

secondary phases in a certain temperature range and others[1]. 

As a dielectric, barium titanate finds considerable application in the 

production of single-layer flat-capacitors (plates or disks) or a 

variety of multilayer ceramic capacitors (MLCCs) [1,8-11]. The 

dielectric permittivity values up to 7000 have been registered 

concerning various barium titanate [10], and in a narrow 

temperature the dielectric permittivity reach to 15,000. The various  

capacitors with ceramic dielectric possess good temperature 

resistance, chemical stability, mechanical resistance, ensuring the 

integrity and durability of the product and are characterized by a 

wide range of capacitance values. In the production of ceramic 

capacitors and other articles, barium titanate is applicable as a 

single phase product or in combination with other phases in 

systems:BaTiO3-CaTiO3, BaTiO3-BaSnO3, BaTiO3-CaSnO3, 

BaTiO3-BaZrO3, BaTiO3-CaZrO3 and others[11]. Most of the 

technical materials are obtained on the basis of binary or more 

complex solid solutions or mechanical mixtures of compounds with 

various values of electrophysical parameters. Another important 

direction for the application of BaTiO3production is:piezoceramic 

emitters, piezoelectric sensors, microphones, transducers, 

thermistors, actuators, resonators, posistors, sonar devices, sensors 

and others[1,8,12-16]. Products based on barium titanium retain 

their essential importance for modern instrumentation, both due to 

the presence of appropriate electrophysical and physicochemical 

properties, as well as  the existing tendency to avoid the use 

ofelectronic components containing lead [8]. 

Basic technological approaches for variation the characteristics of 

standard ceramic materials are the change of the technological 

mode of preparation of the materials and/or introductionappropriate 

modifiers in the compositions [1]. A number of authors analyze the 

relationship between the characteristics of modifiers introduced in 

the compositions, their quantities and the registered changes in the 

structure and properties of the synthesized phases [.1, 12,14,15].The 

changes of the electrophysical parameters of ceramic materials 

during the introduction of different donor ions were studied: Ag+, 

Ba2+, Bi3+, Ca2+, Cd2+, Li+, K+, La3+, Mg2+, Mn4+, Ge4+, Nb5+, Sb3+, 

Sb5+, Sr2+, Ti2+, Ta5+, V5+ and others[15]. Theapplication of this 

approach allows through insignificant changes of the initial 

compositions to preserve the specific properties of the materials and 

at the same time the implementation of target changes of certain 

indicators.Therefore, as an effective and promising approach to 

achieve a favorable change in the electrophysical properties of 

barium titanium phases and other materials  by introducing into the 

structure of ions with appropriate characteristics (ionic radius, ionic 

charge and othersAnnex [17-31]. 

When introducing rare earth ions with a radius in the interval 

between Ba2+ (1, 35 Å) and Ti4+ (0, 68 Å), the ions with higher 

values of the ionic radius (for example La3+ - 1, 15 Å or Nd3+ - 1, 08 

Å) tend to occupy the structural positions of Ba2+ (A-site), while the 

incorporated ions with smaller values of the ionic radius (eg Yb3+ - 

0.87 Å) are selectively replace Ti4+ (B-site). At the same time, the 

ions with intermediate values of the ionic radius between Ba2 + and 

Ti4 + (for example Y3+ - 0.93 Å, Er3+ - 0.96 Å and others) are able 

to occupy both structural positions of Ba2+ or Ti4+ (A- and B-sites) 

in the crystal lattice. [21,25,27]. The value of the Ba/ Ti ratio is  an 

important criterion determining the possible positions of the 

introduced rare earth ions in the structure. In the presence of Ba / 

Ti<1, it is assumed that the rare earth ions are localized at the 

positions of Ba2 +, while in the excessof  Ba they occupy structural 

positions characteristic of Ti4+. 

It is of significant interest to develope innovative materials based on 

barium titanate and other phases with optimized complex indicators, 

applicable in various fields of practice.At the same time, the 

development and application of ecological and cost-effective 
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technologies for the production of competitive and durable products 

at a lower energy consumption compared to conventional high-

temperature technologies is of major importance. In this aspect, the 

sol-gel method offers some significant advantages [32,33] available 

precursors, application of basic laboratory equipment, work in a 

standard environment, effective ability to control the reaction 

conditions of synthesis, obtaining a variety of products with 

specified properties, application of heat treatment at relatively low 

temperatures and others. 

The aim of the present work is to obtain samarium-doped barium 

titanate ceramics distinguish by high dielectric pemittivity. The 

synthesis of the material is realized by low temperature sol-gel 

method. The change of the relative dielectric permittivity of the 

obtained barium titanate ceramics with the temperature is  

monitored and a comparison with data for undoped BaTiO3 is 

carried out. Based on the analyzed experimental results and the 

developed laboratory methodologya technological regulation for the 

preparation of test specimens has been worked out.[34, 35] 
 

2. Results and Discussion 
Samarium doped ceramics Ba0.95Sm0.05 TiO3 was characterized 

by X-ray phase analysis (XRD). Bruker D8 advance automatic X-

ray diffractometer with Cu Kα radiation (Ni filter) Lynx Eye solid 

detector was used. The X-ray spectrum is recorded in the range 10- 

80 2θ. 

The scaning electron microscopy (SEM) was implemented by 

Scanning electron microscope (SEM) “HIROX SH-5500P” with an 

integrated Energy-Dispersive X-Ray Spectroscopy (EDS) system 

“QUANTAX 100 Advanced” –Bruker 

 

The pellets for measuring of relative dielectric permittivity are 

prepared according the next technology: Mixing with 10 percent 

polyvinyl alcohol and pressing in metal molding equipment. Such 

obtained samples are placed in ceramic matrix containing α-Al2O3 

backfill. Thermal treatment of the prepared samples at 1000oC is 

realized in order to burn the organic compounds and biscuit the 

material. The final sintering is carried out at 1270oC in order to 

obtain better strength of the tablet as well as to enhance its density. 

After cooling suitable treatment is fulfilled. The aim of this 

processing is to prepare the tablet in suitable shape for monitoring 

the changes of relative dielectric permittivity with temperature. 

Figure 1 presents a X-ray rentgenogram (XRD) of the 

synthesized Sm doped barium titanium ceramics. 
Barium Titanium Oxide

00-034-0133 (*) - Barium Titanium Oxide - BaTi2O5 - Y: 1.75 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 16.91400 - b 3.93450 - c 9.41220 - alpha 90.000 - beta 103.114 - gamma 90.000 - Base-centered - C2/m (12
00-038-1481 (*) - Barium Titanium Oxide - Ba2TiO4 - Y: 3.23 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 7.65140 - b 10.55020 - c 6.10690 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - Pnam (62) - 4
00-005-0626 (*) - Barium Titanium Oxide - BaTiO3 - Y: 49.38 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 3.99400 - b 3.99400 - c 4.03800 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - P4mm (99) - 1 - 6
Operations: Background 1.000,1.000 | Import
File: Sm-1-1000oC_14.04.21.raw - Type: 2Th/Th locked - Start: 5.300 ° - End: 79.984 ° - Step: 0.029 ° - Step time: 52.5 s - Temp.: 25 °C (Room) - Time Started: 10 s - 2-Theta: 5.300 ° - Theta: 2.650 ° - Chi: 0.00 ° - 
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Fig.1 XRD of cubic Sm doped BaTiO3 phase prepared  at 1000oC 

thermal treatment 

 

 Ba0.95Sm0.05 TiO3 According to the data from the analysis, 

mainly a cubic phase of BaTiO3 with a small amount of BaTi2O5 

and Ba2TiO4 was obtained. The synthesized ceramics is 

characterized by 2θ peaks at 22.3o; 31.6o; 39o; 45.2o; 51o; 56.1o; 66o; 

70.5o; 75o. 

Results of SEM-EDS investigation of a sample of BaTiO3 + Sm 

Low magnification image (100 x) in SE mode (secondary 

electrons) showing a general view of the sample. An EDS analysis 

of the entire area is implemented. The result is presented below the 

photo of fig. 2. 

 
Fig. 2 SEM analysis of the sample of BaTiO3 + Sm in Low 

magnification image (100 x) 

          
Second low magnification image (100 x) in SE mode 

(secondary electrons) showing a general view of the sample. An 

EDS analysis of the entire area is realized and can be seen in the 

photo. The result is presented below the fig. 3. 

 
Fig. 3 SEM analysis of the sample of BaTiO3 + Sm in Low 

magnification image (100 x). 

      
The data from the EDS analysis indicate  the presence of 3.08 

mass norm percent for Sm and are in good agreement with the 

calculated and realized in synthesis  of the  barium titanate ceramics 

3.215 mass percentage. 

A higher magnification image (300 x) shows in detail the 

microstructure of the sample. 

 
Fig. 4 SEM analysis of the sample of BaTiO3 + Sm in Low 

magnification image (300 x). 
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Higher magnification image (800 x) showing the microstructure 

of the sample in more detail. 
 

 
 

Fig. 5 SEM analysis of the sample of BaTiO3 + Sm in Low 

magnification image (800 x). 

 
Fig. 6 Relationship between the RDP and measured 

temperature.  

In Fig.6 the change of the relative dielectric permittivity with 

increasing  temperature is presented. The measurements are realized 

at frequency 10 KHz. 

It is noteworthy that the obtained curve is typical for 

ferroelectric ceramics and is characterized by a maximum at 

17.50259 at a Curie temperature (Tc = 65oC) according to the 

attached table. It can be seen that the temperature of the 

ferroelectric - paraelectric (Tc) phase transition of the synthesized 

ceramics is significantly lower than the undoped BaTiO3 (120oC). 

 

Table 3. The relative dielectric permittivity value related to the 

measured temperature 
oC   Permittivity x103 [pF/m] 

25 11,85 

40 12,73534 

50 13,825 

60 16,00431 

65 17,50259 

70 17,43448 

75 16,68534 

80 15,59569 

90 13,62069 

110 10,35172 

120 8,92155 

 

Dimensions of the tablet: thickness 1.58 mm, diameter 17.33 

mm 

The high relative dielectric permittivity of Sm doped BaTiO3 

could be explained by both Maxwell-Wagner interfacial 

polarization and dipole polarization. It is note worthy that anionic 

motion reoriention with in the host lattice thus induces dielectric 

polarization and may interact with conducting electrons, leading to 

significantly enhanced polarization. The vacancies are also of  basic 

significance for high permittivity[34,35]. 

 

 
 

4. Conclusion 
The synthesized Sm doped Ba0.95 Sm0.05TiO3 ceramics possesses 

high relative permittivity. The change in εr with temperature is 

typical for ferroelectric material. The registered maximum of the 

curve at 17.50259 is significantly higher than that of the untreated 

BaTiO3- (approximately 2000 according to the most of literature 

data) and the Curie temperature - Tc, referring to the phase 

transition ferroelectric paraelectric (65oC) is definitely lower than 

the  typical for barium titanate (120oC). The high relative dielectric 

permittivity as well as the curve εr = f (ToC) indicate that 

Ba0.95Sm0.05 TiO3 ceramics is interesting as a supercapacitor for 

potential application in electronic devices requiring relatively high 

power and low energy as well as fast and frequent charge/ discharge 

cycles. 
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