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ABSTRACT 
Concentration and frequency dependences of electrical resistance () and dielectric 

characteristics (έ and tgδ) of glasses of the 2Bi2O33SiO2 – Bi2O3B2O3 system (0-60 mol% 

Bi2O3B2O3) were studied. Investigation of the temperature dependence of dielectric 

permittivity of alloys of this system shows that in alloys containing 15 and 20 mol% 

Bi2O3B2O3an abnormal rise of dielectric permittivity is observed at 300-540
0
C temperature 

interval as compared with the samples of the composition containing 6 and 10 mol% 

Bi2O3B2O3. This anomaly can be explained by the fact that when increasing concentration of 

ions of 𝐵𝑂2
3−electron polarization weakens and dipole-relaxation alignment is performed 

correspondingly. 
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1. INTRODUCTION 

Bismuth silicon oxide alloys are widely used for preparation of variety of devices and 

microcircuits in engineering and electronics [1-8]. Bismuth oxide alloys have ferroelectric 

properties and are used as photosensitive elements and sensors for mechanical stresses [4,5]. 

Silicon oxide and silicon nitride as well as some glasses based on them are perspective 

materials for insulating and encapsulating coverings. An equally important aspect in using 

oxides is the application of them as insulating substrates. Substrates must havehigh thermal 

conductivity and considerable mechanical stability, high electrical resistance and low  

dielectric permittivity, stability to physical and chemical impacts and inertness to deposited 

substances in all temperature intervals of production technology.  

 

From this point of view the ternary system Bi2O3-B2O3-SiO2 is of great interest. The 

purpose of the work is to obtain and study electrical resistance and dielectric properties of 

alloys of2Bi2O33SiO2 – Bi2O3B2O3 system.  

 

2.MATERIAL AND METHODS 

Samples of the 2Bi2O33SiO2 – Bi2O3B2O3system were synthesized in 0-60mol% 

Bi2O3B2O3 concentrations area. Alloys were prepared from “chemically pure” reagents: 
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oxides of Bi2O3, SiO2 and H3BO3. Base mixtures were heated in platinum crucible up to 

1273-1373 K, kept at this temperature for an hour. The melt was poured into titanium 

crucible at room temperature. All the samples were glass-likefrom light brown to bricky-

brown color. Glasses were annealed at 773K for 300 h.  

Specific electrical resistance () and dielectric properties (έ and tgδ) were studied on 

the samples in the form of parallelepiped with sizes 2 ÷ 4  8 4 mm. 

 

Specific electrical resistance was measured at direct current by method of compensation 

with four-probe point contact and calculated by the equation: 

𝜌 =  
𝑈 ∙ 𝑆

𝐴 ∙ 𝐿
 

where U –voltage drop between inner probes, A –current passing between external probes, S 

– section area of the sample, L – distance between inner probes. 

 

In the work we used power supply TES – 41, for measuring voltage drop – voltmeter 

universal – V7-21 and V7-21A and combined device C 4313. 

 

We used E7-20 device to determine dielectric permittivity έ and loss tgδ. The value έ 

was calculated by the formula: 

έ =  
d

ε0 ∙ S
 (C1 − C2) 

where d –density of sample, 0 – dielectric constant, S – sample surface area, C1 and C2–

electric capacity without and with sample respectively [3]. 

 

Error in determining electrical resistance was no higher than 4.0%, but dielectric 

permittivity was 6.2%. 

 

3.RESULTS AND DISCUSSION 

In the present work we present the results of investigation concentration dependence of 

specific electrical resistance , dielectric permittivity έ and dielectric loss tgδ at room 

temperature of glasses of the 2Bi2O33SiO2 – Bi2O3B2O3system. The concentration 

dependence of parameters of Bi2O3B2O3system is complex (Fig.1). At low concentrations of 

Bi2O3B2O3the value of electrical resistance of obtained alloys (=8-10
10

 ohmcm) is lower as 

compared to initial component (1210
10

 ohmcm). Starting from x  6 mol% Bi2O3B2O3 

the value of specific electrical resistance sharply increases up to 70 10
10 

ohmcm (curve 1). 

Dielectric permittivity έ at concentrations of 0-15 mol% Bi2O3B2O3sharply decreases from 

120 to 35 and,passing through minimum, with growing concentrations of 

Bi2O3B2O3increases up to 66 (curve 2). Value of dielectric loss tgδ changes from 0.6 to 2.2 

(curve 3).Apparently, as it was shown in [3,4], electron-ion interactionsplay a great role in the 

formation of properties of the glasses.At low concentrations ofBi2O3B2O3 in glasses 𝐵𝑂3
3− 

ions are randomly distributed and conductivity of separate centers of ions and transfer 

mechanism of injected charges depend on their degree of polarization.  

 

Specific features of glasses appear in the study of temperature dependence of dielectric 

permittivity. In this work we present the measurement results of dielectric permittivity of four 

samples: 6, 10, 15 and 20 mol% Bi2O3B2O3 at temperature range 300÷700K (Fig.2). In 

glasses containing 6 and 10 mol% Bi2O3B2O3 at temperature range 300÷420K the value of 

dielectric permittivity έ almost constantly and with the increase of temperature decreases 

(curves 1-2). In samples with 15, 20 mol% Bi2O3B2O3 with increase of temperature dielectric 
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permittivity έ grows reaching the maximum at 540K. Upon further increase of the 

temperature up to 700K the value έ decreases. Such change of dielectric permittivity with the 

temperature is explained by the fact that at high concentrations of 𝐵𝑂3
3− ions the system goes 

to aligned polarization state.  

 
 

Fig.1.Concentration dependence of specific electrical resistance -  (1), dielectric 

permittivity – έ (2) and dielectric loss – tgδ (3) of glasses 2Bi2O33SiO2 – Bi2O3B2O3 (0-60 

mol % Bi2O3B2O3). 

 

 
Fig.2.Temperture dependence of dielectric permittivity of glasses containing: 6 (1), 10 

(2), 15 (3), and 20 (4) mol% Bi2O3B2O3. 

 

 

According to the [1,8], in electron polarized system the value of dielectric permittivity 

decreases with increase of temperature due to destruction of electron polarization. However, 

in samples 15 and 20 mol% Bi2O3B2O3the value of dielectric permittivity increases with the 

temperature growth up to 540 K, which is associated with amplification of dipole-relaxation 

polarization. In researched glasses of 2Bi2O33SiO2 – Bi2O3B2O3 systemat high 

concentrations of 𝐵𝑂3
3− ions electron polarization weakens and dipole-relaxation polarization 

alignment is performed correspondingly. 
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The study results of frequency dependence of dielectric permittivity έ and dielectric 

loss tgδ of sample 6 mol% Bi2O3B2O3are consistent with these conclusions (Fig. 3). 

Frequency dependence of έ and tgδ of this glass has three characteristic regions: the first - 

decrease region of έ and tgδwith increase of frequency in low f regions (to 10
2
Hz), average – 

where changes are not observed (10
2
-10

6
 Hz) and the third – where έ decreases, but tgδ rises. 

Different polarization mechanisms of 𝐵𝑂3
3− ions conformto 1 and 2 regions of frequency 

dependence of έ and tgδ. This is related with the fact that with frequency growth migratory, 

ionic and electron polarization begin to disappear consistently and dipole-relaxation 

alignment amplifies. 

 

Study of frequency dependence of specific electrical resistance of samples 6 and 10 

mol% Bi2O3B2O3 also is consistent with these conclusions (Fig. 4). At a logarithmic scale 

this dependence has a form of polyline consisting of two straight-line sections with different 

slopes. Regions with different slopes correspond to various dependence indexes of electrical 

resistance  on frequency. 

 

 
Fig.3.Frequency dependence of dielectric permittivity (έ) and dielectric loss (tgδ) of the 

sample of (2Bi2O33SiO2)95 – (Bi2O3B2O3)5. 

 

 

 
Fig.4. Frequency dependence of specific electrical resistance () of glasses of the 

composition: (2Bi2O33SiO2)95 – (Bi2O3B2O3)5 (1) and (2Bi2O33SiO2)90 – (Bi2O3B2O3)10 (2). 
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CONCLUSION 

Thus, complex analysis of electrical () and dielectric (έ and tgδ) properties shows that 

the glasses of the 2Bi2O33SiO2 – Bi2O3B2O3system is not a mechanical mixture of 

components. At high concentration in the samples ions of 𝐵𝑂3
3−  electron polarization 

weakens and dipole-relaxation alignment amplifies.  
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