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Abstract: A system based on BaTiO3 – BaSnO3 (BT-BS) has been developed in search of highly efficient lead-free piezoelectric ceramics. 

The powder samples were mixed and homogenized in a ratio of 50%: 50% and 15%: 85%. From the compositions thus obtained, tablets with 

the presence of a PVA plasticizer were formed, which were further annealed in a furnace with a corundum backfill. The temperature regime 

is in two steps. Drying time up to 800oC with a delay of 1h 30min. and additional heating to 1150°C with one hour delay. The results were 

characterized by XRD analysis, the relative dielectric constant of the two samples was determined. 
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I. Introduction 

Alkaline earth mites are interesting compounds in terms of their 

dielectric properties. Solid solutions in the BaTiO3-BaSnO3 (BT-

BS) system have attracted attention in recent years in the field of 

nanocapacitors. 

Synthetic BaTiO3, prepared by conventional solid phase method 

shows great performance with high εr value of ~ 1900 at room 

temperature (30°C), low dielectric loss δ ~ 0,01 and piezoelectric 

constant d33~ 191 pC/N [1]. BaTiO3 has five polymorphic structures 

showing different phases that vary with temperature [2]. The phase 

transition of BaTiO3 at the Curie temperature (Tc) significantly 

changes its properties, which are ferroelectric and non-ferroelectric. 

The BaTiO3 nepheroelectric shows a hexagonal structure at 1460°C 

and a cubic structure at over 120°C [3]. On the other hand, the 

ferroelectric properties of BaTiO3 exist in three different 

polymorphic crystal structures, which are tetragonal, orthorhombic 

and rhombohedral. Zheng et al. [4] studied the effect of grain size 

on the dielectric constant and piezoelectric properties of BaTiO3. 

They report that the dielectric constant and piezoelectric properties 

increase significantly by reducing the grain size. The maximum 

grain size was reached around 0.94 μm due to the density of the 

domain structure and the area decreased with decreasing grain size. 

BaSnO3 has a cubic perovskite structure that exhibits n-type 

semiconductor behavior at room temperature [5, 6]. BaSnO3 is 

thermally stable up to 2000°C, but has a high absorption of moisture 

compared to other species [6]. Thus, it is currently used for 

thermally stable capacitors and humidity sensors [7, 8]. Meanwhile, 

completely dense BaSnO3 ceramics can be achieved by synthesizing 

them at temperatures above 1594°C [6]. Huang reported that in 

order to obtain single-phase BaSnO3, it is necessary to heat it to 

1200°C and achieve a significant amount of grain porosity [9, 10]. 

In addition, Azad confirmed that grain porosity can be reduced by 

milling BaSnO3 at 1600°C [11]. The initial report on materials 

based on the findings found that BaSnO3, synthesized at 1200°C, 

has a dielectric constant εr~ 14 at 25°C [6]. Kumar reported that 

BaSnO3 was sintered at 1200°C for 12 hours using the solid state 

method. A huge dielectric behavior of BaSnO3 has recently 

emerged, where the dielectric constant εr value reaches ~ 6000 

when measured at 220°C and at a frequency of 1 kHz. The εr value 

of BaSnO3 is two orders of magnitude higher than previously 

reported studies [12, 13]. However, the dielectric constantεr 

decreases with decreasing temperature. Therefore, it is assumed that 

the lack of oxygen leads to a reduction of  Sn4+ to Sn2 + in BaSnO3 

samples, which contributes to an anomaly in the value of the giant 

dielectric constant εr when the samples were sintered at very high 

temperatures of ToC≥1450°C [ 13-16]. 

 

 

 

II. Experimental part 

The raw materials used to prepare the BaSnO3 and BaTiO3 systems 

by the sol-gel method are described in a previous publication by the 

authors. [17] They are synthesized by sol-gel method and the final 

product is in the form of a powder mixture. The synthesis was 

carried out at 1100oC. They were initially tested by XRD and TG 

with DSC. Two press specimens were formed, in a ratio of 50% 

BaSnO3 - 50% BaTiO3 and 15% BaSnO3 - 85% BaTiO3 tablets 

using a surfactant, which acts as a binder. The samples were further 

annealed until the plasticizer burned at 1250°C. The relative 

dielectric constant was determined on the obtained materials and the 

two results were compared. 

III. Results and discussion 

The phase and the purity of the as-prepared powder were 

characterized by X-ray diffraction (XRD), using Cu Kα radiation 

фиг. 1 и фиг. 2.  XRD analysis shows that the synthesis 

temperatures of BaTiO3 powders have a nanostructured nature and 

good crystallinity. In addition to the crystalline nature, XRD 

showed a cubic structure. 

 

00-008-0368 (I) - Barium Titanium Oxide - BaTi2O5 - Y: 7.65 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 9.41000 - b 3.94000 - c 16.89000 - alpha 90.000 - beta 103.000 - gamma 90.000 - Base-centered - A2/m (12)
00-005-0626 (*) - Barium Titanium Oxide - BaTiO3 - Y: 48.28 % - 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: Ce1-1000oC.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 ° - Phi: 0.00 ° 
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Fig. 1 XRD diagram of synthesized BaTiO3 by sol-gel method. 
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00-041-1445 (*) - Cassiterite, syn - SnO2 - Y: 2.80 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 4.73820 - b 4.73820 - c 3.18710 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - P42/mnm (136) - 2 - 71.552
00-043-0010 (*) - Barium Tin Oxide - Ba2SnO4 - Y: 24.72 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 4.14310 - b 4.14310 - c 13.30210 - alpha 90.000 - beta 90.000 - gamma 90.000 - Body-centered - I4/mmm (139)
00-015-0780 (*) - Barium Tin Oxide - BaSnO3 - Y: 75.25 % - d x by: 1. - WL: 1.5406 - Cubic - a 4.11630 - b 4.11630 - c 4.11630 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - Pm-3m (221) - 1 - 69.7463 
Operations: Background 1.000,1.000 | Import
File: BaSnO3 pri 1000oC_22.11.2021.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: 9 s - 2-Theta: 5.300 ° - Theta: 2.650 ° - Chi: 
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Fig. 2 XRD diagram of synthesized BaTiO3 by sol-gel method. 

 

Figure 2 shows an XRD model of BaSnO3 nanoparticles. All 

vertices are indexed with a cubic structure indicating a high XRD 

model for BaSnO3 nanoparticles. All peaks are indexed to a cubic 

structure. For BaSnO3, which show that the formation of the 

BaSnO3 phase was completed during the combustion process itself 

without the need for a calcination step. It was found that the crystal 

size, calculated from half the maximum of the full width, using 

Scherer's formula for the main reflection is∼25 nm. It can be noted 

that the single-phase BaSnO3 material can be obtained by the solid 

state reaction path only after prolonged calcination of the reaction 

mixture at 1100°C with repeated intermediate homogenization. 

 

 

 Fig. 3. TG-DSC of the system BaTiO3 - BaSnO3 

Simultaneous analysis of TG-DSC was performed at a heating rate 

of 10°C / min of the mixed powder to a temperature of 1200°C. A 

characteristic peak is seen at about 250°C. The DSC curve shows a 

strong endothermic peak at about 828.5°C, corresponding to the 

chemical reaction between barium titanate and tin titanate. The 

small endothermic peak of 900 to 1000°C may be due to the 

formation and decomposition of a small amount of intermediate 

phase Ba2SnO4. There are no mass losses, only 0.11%. The main 

information we get from the diagram is a clean temperature bar 

(black). There are no characteristic changes of the sample in the 

range up to 1200oС. 

Determination of relative dielectric constant of BT-BS system in 

two different ratios. On the samples prepared in this way, the 

measurement of the relative dielectric constant was performed in 

order to evaluate and optimize the composition and the 

technological regime.Since the dielectric properties of ferroelectric 

materials are usually described by relative dielectric constant (εr), 

which may vary depending on the change in temperature. In the 

presented results the difference between the two compositions is 

made. 
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Fig. 4.  εr of BaTiO3 - BaSnO3 ratio 50:50 ceramic pellet vs the 

temperature of the pellet. 

 

The effect of the heating on the dielectric permittivity (εr) was 

proven by capacitance measurement of the BaTiO3-BaSnO3 ceramic 

sample upon temperature variation (Figure 4). Under the 

experimental conditions (20ºC to 150ºC), a considerable change of 

εr was not observed. The value of εr is staying in the range 1.4 ÷ 2.3 

nF/m. Slight reduction of  εr followed by it’s restoration is visible in 

Figure 4. This effect needs further considerations.  
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Fig. 5.  εr of BaTiO3 - BaSnO3 in ratio (85%:15%) ceramic 

pellet vs the temperature of the pellet. 

 

Figure 5 presents the results of  εr of BaTiO3 - BaSnO3 in ratio 

(85%:15%) ceramic pellet.   
Compared to Figure 4, this graph shows a clear peak at 120°C. 

After this temperature the material changes from ferromagnet to 

paramagnetic. 

The maximum measured value of the relative dielectric constant is 

11,000, which is higher than that of pure BaTiO3 - of the order of 

6000. Thus, we can conclude that BT-BS ceramics have better 

dielectric properties compared to pure BaTiO3. 

 

IV. Conclusion: 

As a result of the performed researches, the following conclusions 

can be made: Synthesis of barium-titanate - barium-static ceramics 

with high dielectric constant using the sol-gel method for synthesis 

of the initial barium-titanate powder. Technology has been 

developed for the creation of ceramic tableted test specimens in two 
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different proportions. Radiographic analyzes of BaTiO3 - BaSnO3. 

The sintering temperature was determined by DSC at 1200oС. 

Ceramics can find application in the development of dielectrics for 

supercapacitors. 
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