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Abstract: The sol-gel process is a well-known and reliable process for obtaining materials and coatings of different structure and properties. 

An important feature of this method is the choice of starting precursors to obtain the desired compositions. The complexity of the technology 

is due to the difficult process control. For this purpose it is necessary to accurately calculate the stoichiometry to obtain the final phase. 

Thus, the sol-gel technology is widely used as in the production of coatings by immersion and spraying, aerogels and others. However, there 

are many other applications such as electronic materials that have not yet been well studied. In this study, after a brief explanation of the 

process, some of the most important applications are considered. 
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1. Introduction 

The sol-gel method has been used since 1890 to obtain ceramic 

materials [1, 2], glass materials [2-4], optical materials [2, 5], 

superconducting materials [2, 6], enzyme  and catalysts carriers [2, 

7, 8] and other materials.  Currently this technological approach has 

been successfully applied to produce different products and present 

a promising rapidly evolving technology [9].The sol-gel technology 

offers many fundamental advantages compared to the clasical 

methods, such as use low-temperature synthesizing [10], better 

homogeneity for multicomponent systems [10], less chemicals 

consumption [11], insensitivity to the atmosphere [11], durability of 

properties [11], high yield [12], low equipment costs [9, 13], low 

production costs [12] and less environmental impacts [11, 14].  Тhe 

technology provides an opportunity of efectiv control over the 

physicochemical parameters of the synthesized products by 

controling kinetic and mechanism of chemical proeses and precision 

variation of the technological conditions at the different stages of 

the ongoing reactions in the system [12]. 

 The specific characteristics of sols and gels allow the 

obtaining of various fibres [15, 10] or thin-film coatings [11], by 

applying different techniques: spinning or dip-coating [16, 10].  

The sol-gel method is based on the use of a homogeneous 

solution is obtained via dissolving the suitable precursor in a solvent 

reaction (water or an organic solvent) which is the important stage, 

no matter if the started precursors is an inorganic salt or various 

metal alkoxide [2, 17, 18]. 

There are a number important factors (properties of precursors 

and reaction conditions) that influence the course of sol-gel 

processes and determine the characteristics of the obtained final 

products: metal ion radius, electronegativity, coordination number, 

reaction medium temperature, reaction time, specificity of the 

solvent, properties and of the catalyst, concentrations of the catalyst, 

ratio of water to metal alkoxide and other [2]. 

The processes that take place in the synthesis of different 

materials by this method can be divided into several successive 

technological stages [12]: initially preparation of the solution of 

suitable precursors, hydrolysis and gradually partial condensation of 

introduced alkoxides to obtaining a sol, formation of wet gel by a 

polycondensation process of the hydrolyzed starting precursors, 

evaporation of the solvent on drying and obtaining xerogel, 

formation of  mechanically stable final products. 

The stability of  the prepared solution is essential factor and 

must be kept with constant parameters along a period of time. The 

processes of hydrolysis and condensation require presence of an 

acidic or basic catalyst, which influences the hydrolysis and 

condensation rate and  stability of solution [9].  The hydrolysis 

reaction provоке formation of sol and then condensation processes 

lead to the obtain of an specific oxide network – gel [9].   

In most cases used raw-materials in the sol-gel technology are 

those alkoxides, Mx(OR)y, which have composition and structure 

that are useful in the chemical control of of the properties of 

synthesised products. It is possible to choose of precursors with 

apropriate alkyl groups according to the necessary chemical 

behavior. The application of mixed alkoxides compounds provides 

an additional opportunity in the efectiv control of the homogeneity 

and stoichiometry of the final materials [12].        

The sol-gel method allow the synthesis of various high-purity 

porous, monolithic (glasses, ceramic) and bulks materials (oxides, 

ceramic powders etc.) from different metal alkoxide (M(OR)n M= 

Al, Ti, Si, Ta, Hf, Nb, Zr, etc. and  R = CH3, C2H5, C3H7) [9, 11, 

19].  

The initial compounds for preparation of a sol are raw 

materials, which content of a metal or metalloid element surrounded 

by different ligands.  Thе used metal alkoxides contains various 

reactive alkoxide groups (–OR), which interact with water in the 

process of hydrolysis in the presence of а base or a mineral acid as 

appropriate catalyst.   The hydrolysis reaction provoke replace of 

alkoxide groups with those present hydroxyl groups (–OH), which 

in the following condensation process form new metaloxane bonds 

(M–O–M) [11]. 

When performing research in laboratory conditions, the sol-

gel method is widely used to perform experimental syntheses of 

new materials and develop appropriate technological solutions for 

obtaining various products [20, 21].  

 

2. Main characteristics of sol-gel technology 

Sol-gel is a process of synthesizing a wide range of materials, in 

particular mixed oxides, which is used due to its advantages of 

flexibility, low temperature synthesis, etc. The control over the 

stoichiometry of the obtained product is an advantage of this 

method [22] The sol-gel method (Fig. 1) is widely used in the 

synthesis not only of glass and ceramics, but also of organic 

materials and biomaterials. The process provides a variety of 

precursors to choose from as starting materials, covering a wide 

range of systems, including conventional superconductors, high 

temperature superconductors, ferrites, manganites, 

multiferroelectrics and other compositions. It offers homogeneous 

growth of small particles (at nano scale), uniform size distribution 

and monodisperse nature of the particles. The Zol-gel method is 

very economical to operate and facilitates and gives predefined 

stoichiometric compounds. 

 

Fig.1 Presentation of a diagram of the sol-gel method in the work of 
Chládová et al.[22]. 
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In this method, the precursors are mixed in solution by 

hydrolysis and condensation. The reactions combine to form a sol. 

The sol, or sometimes the precursor solution itself, can be used to 

prepare gel films by centrifugation, immersion, spraying, or gel 

fibers. The rapid evaporation of the solvent causes gelling during 

the actual film or fibrous preparation. The sol may also react with 

water in an emulsion process and / or be spray-dried to obtain 

powders, or may undergo additional condensation reactions leading 

to a gel. Depending on the reaction conditions, the gel may be of a 

partial or polymeric nature, and it is also possible to make 

homogeneous and mono-dispersed nanometer or micrometer 

powders or monolithic gel bodies. The high stress during drying 

causes many crushing or breaking gels, so dust is formed. Xero gel 

("xero" means dry) can be crushed and baked in thick glass and 

ceramic. It is possible to obtain porous materials in which the solid 

network of the wet gel is maintained after drying. By using 

supercritical drying, capillary pressure is avoided and the solvents 

can be extracted from the gel without cracking. The resulting 

aerogels have very low densities and may have a solid content of 

only a few percent by volume. Another way to reduce shrinkage is 

to remove the hydroxils by modifying the surface and thus reducing 

condensation. Similarly, the ceramic method is not very useful for 

the preparation of highly efficient ceramics, as the materials have 

very large particle sizes, are inhomogeneous and have a high 

content of impurities [23]. So many studies have focused on various 

chemical methods for the synthesis of BST powders, e.g., sol-gel, 

co-precipitation [24-26]. 

3. Synthesis of materials exhibiting dielectric 

properties 

The investigated ferroceramic materials were obtained by 

standard sol-gel technology. Phases have been synthesized in 

BaTiO3 systems - BaSnO3, BaCeTiO3, BaNdTiO3. The modifiers 

used are in order to increase the value of the relative dielectric 

constant. Zol-gel processes are carried out according to the above 

method. The drying processes take place in a different temperature 

range between 50-100°C. The annealing is carried out in the 

temperature range 800-900°C. The presented researches are on 

diagrams from the long experience of the authors over the years for 

synthesis of ferroelectrics by low-temperature synthesis methods. 

After obtaining the phases, magnetron sputtering targets are 

developed and made on different substrates. The team has 

developed a target in the system BaTiO3 - BaSnO3 whose result of 

relative dielectric constant is determined in the order of 12000. 

Table 1 presents a comparative diagram of the experience of other 

authors on the determination of dielectric constant. 

 

 
Barium Titanium Oxide
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Fig. 1.  XRD of the BaSnO3 via sol-gel synthesis and annealing in 800OC 

 

Barium Tin Oxide

01-087-2480 (A) - Barium Tin Oxide - Ba2(SnO4) - Y: 80.02 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 4.14280 - b 4.14280 - c 13.29930 - alpha 90.000 - beta 90.000 - gamma 90.000 - Body-centered - I4/mmm (13
Operations: Background 1.000,1.000 | Import
File: BaSnO3 Proba8.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: 11 s - 2-Theta: 5.300 ° - Theta: 2.650 ° - Chi: 0.00 ° - Phi: 0.0
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Fig 2.  XRD of the BaSnO3 via sol-gel synthesis and annealing in 700OC. 

 

Samuel Fromille and Jonathan developed super dielectric 

materials, the results of which are cited in Table 1. 

 
Table1. Influence of layer thicknesses. The data in the first four rows 

correspond to the discharge of a 528 KOhm resistor, and the last two to a 

20 kOhm resistor according to the cited authors. As shown, the thinner the 
dielectric layer, the higher the capacitance. It is also clear that the lower the 

"resistor", the higher the capacitance. The difference in the measured 

dielectric constant probably reflects the unevenness of the handmade 
structure. [28]. 

Test Dielectric 

thickness 

(d) 

Initial 

discharge 

voltage 
(V0) 

Dielectric 

constant 

(εR) at 
operating 

voltage 

Operating 

voltage 

Dielectric 

constant 

(εR) over 
entire 

range 

Discharge 
only (528 

kΩ) 1.47 mm 2.20 V 
1.81 × 

109 
0.7 V 

8.02 × 

108 

Discharge 
only (528 

kΩ) 

 
2.46 mm 

2.16 V 
5.78 × 

108 
0.8 V 

3.52 × 
108 

Discharge 

only (528 

kΩ) 

 

2.87 mm 

1.85 V 
4.44 × 

108 
0.9 V 

2.66 × 

108 

Discharge 

only (528 
kΩ 

 

4.13 mm 

2.18 V 
4.43 × 

108 
0.8 V 

2.86 × 

108 

Discharge 

only (99 
kΩ) 

 

2.59 mm 
1.43 V 5.0 × 109 0.2 V 1.2 × 109 

Discharge 

only 
(20.8 kΩ) 

 

0.38 mm 

1.60 V 
1.27 × 

109 
0.55 V 

 

Discharge 

only 
(20.8 kΩ) 

 

0.25 mm 

1.44 V 
1.54 × 

109 
0.6 V 

 

 

Capacitors with two-layer and three-layer structure have some 

promising advantages for electrical and electronic applications. The 

three-layer capacitor can to be one of the best options to avoid 

abrupt change of the electric field from a polycrystalline region to 

an amorphous region. Comparative electrical parameters of 

breakdown voltage and electrical conductivity of the three-layer 

with those of the single-layer amorphous structure, but relatively 

high dielectric constant also make the three-layer capacitor more 

attractive to industrial use. 
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4. Conclusions 

Sol-gel method is considered to be very suitable for preparation 

of high permittivity ferroelectrics due to its advantages to obtain (i) 

homogeneous ceramic materials, (II) the low temperature of 

synthesis and sintering, (III) to synthesize materials and compounds 

with complex structure and phase composition and small grain 

sizes. 

Only recently has attention been paid to the possibility of 

obtaining electronic ferroelectrics by low-temperature synthesis 

methods, which would generally exhibit symmetry-breaking 

instability of the electronic ground state. Another mechanism for 

electronic ferroelectricity is based on the phenomena of charge 

arrangement (including charge density waves) in complex oxides. 

The obtained ceramic materials are aimed for application in 

electronics and many other industries. 

 

Acknowledgments:  

M. Aleksandrova is grateful to the financial support from the 

Ministry of Education and Science to the SP ―Young scientists and 

postdoctoral students‖. 

5. References 
 

1. P. Vincenzini, ―High Performance Ceramic Films and Coatings‖, 

North-Holland Publishing Co., Amsterdam, The Netherlands, 1991. 

2. A. P. Periyasamy, M. Venkataraman, D. Kremenakova, Jiri 

Militky and Yan Zhou, ―Progress in Sol-Gel Technology for the 

Coatings of Fabrics‖, Review, Materials 2020, 13, 1838; 

doi:10.3390/ma13081838, pp. 1-34. 

3. A. Inayat, B. Reinhardt, J. Herwig, C. Küster, H. Uhlig, S. 

Krenkel, E. Raedlein, D. Enke, ―Recent advances in the synthesis of 

hierarchically porous silica materials on the basis of porous 

glasses‖. New J. Chem. 2016, 40, pp. 4095–4114.  

4. Feinle, A., Elsaesser, M.S., Hüsing, N. Sol-gel synthesis of 

monolithic materials with hierarchical porosity. Chem. Soc. Rev. 

2016, 45, pp. 3377–3399. 

5. H. K. Kim, S.-J. Kang, S.-K. Choi, Y.-H. Min, C.-S. Yoon, 

―Highly Efficient Organic/Inorganic Hybrid Nonlinear Optic 

Materials via Sol-Gel Process: Synthesis, Optical Properties, and 

Photobleaching for Channel Waveguides‖, Chem. Mater. 1999, 11, 

pp. 779–788. 

6. G. Kordas, ―Sol-gel processing of ceramic superconductors‖, J. 

Non.-Cryst. Solids 1990, 121, pp. 436–442. 

7. G.J. Owens, R. K. Singh, F. Foroutan, M. Alqaysi, C.-M. Han, C. 

Mahapatra, H.-W. Kim, J.C. Knowles, ―Sol-gel based materials for 

biomedical applications‖, Prog. Mater. Sci., 2016, 77, pp. 1–79.  

8. D. Avnir, S. Braun, O. Lev, M. Ottolenghi, ―Enzymes and Other 

Proteins Entrapped in Sol-Gel Materials‖, Chem. Mater., 1994, 6, 

pp. 1605–1614 

9. Adelkhani, Hadi, Mellatnavaz, Bahram; Roohi, Hossein; 

Noorbakhsh, Mansoor, ―New Sol-Gel Solution with 45 Days 

Stability for Preparation Silica Thin Films‖, Iran. J. Chem. Chem. 

Eng., Vol. 26, No.3, 2007, pp. 25-29. 

10. J. Livage, C. Sanchez, M. Henry, S. Doeuff, ―The chemistry of 

the sol-gel process‖, Solid State lonics 32/33 (1989), pp. 633-638. 

11. Wan Norfazilah Wan Ismail, ―Sol–gel technology for innovative 

fabric finishing—A Review‖‖, Review paper: sol-gel and hybrid 

materials with surface modification for applications, J Sol-Gel Sci 

Technol (2016) 78, pp. 698–707. 

12. S. Esposito, ―Traditional‖ Sol-Gel Chemistry as a Powerful 

Tool for the Preparation of Supported Metal and Metal Oxide 

Catalysts‖, Review, Materials 2019, 12, 668; 

doi:10.3390/ma12040668, pp.1-25. 

13. M. J. Lam, D. C. Cameron, Surface Coating Tec., 142-144, 776, 

2001. 

14. S. Kathirvelu, L. D’Souza, B. Dhurai, Indian J Fiber Text Res 

34, 2009, pp. 267–273. 

15. S. Sakka, K. Kamiya, J. Non-Cryst. Solids 48, 1982, 31.  

16. H. Dislich, P. Hinz, J. Non-Cryst. Solids 48, 1982, 11. 

17. A. C. Pierre, ―Gelation. In Introduction to Sol-Gel Processing‖, 

Pierre, A. C., Ed.; Springer: Boston, MA, USA, 1998; pp. 169–204. 

18. L. L. Hench, J. K. West, ―The Sol-Gel Process‖, Chem. Rev., 

1990. 

19. C. J. Brinker, G. W. Scherer, ―Sol-Gel Science‖, Academic 

Press, New York, 1990.  

20. S. I. Yordanov, A. D. Bachvarova-Nedelcheva, R. S. Iordanova, 

I. D. Stambolova, ―Sol-gel Synthesis and Properties of Sm Modified 

TiO2 Nanopowders‖, Bulgarian Chemical Communications 50, 

2018, pp. 42-48. 

21. A. Bachvarova-Nedelcheva, S.  Yordanov, R. Iordanova, 

I. Stambolova, ―Comparative Study of Sol-Gel Derived Pure and 

Nd-doped TiO2 Nanopowders‖, Journal of Chemical Technology 

and Metallurgy 53(6), 2018, pp. 1167-1172. 

22. A. Chládová, J. Wiener, J. Mavela Luthuli, V. Zajícová, 

―Dyeing of glass fibres by the sol gel method‖ autex Research 

Journal, (2011),11, pp18-23. 

23. M. Leskela et  al., J. Vac. Sci. Technol. A., vol.7, pp. 3147-3171, 

1989. 

24. L. Majsela, R. Glenga, ―Thehnology of thin films‖, Proceeding,. 

Acta Crystallographica Section A, 1976, 32, 751-767. 

25. S. K. Reaney, C. Begg, S. J. Bungard, J. R. Guest, J. 

Gen.Microbiol.1993, 139, 1523-1530.  

26. K. H. Suchomel, D. K Kreamer, A. Long, 

Environmentalscience&technology.1990, 24, 1824-1831.  

27. M. Cernea, O. Monnereau, P. Llewellyn, L. Tortet, ―Sol–gel 

synthesis and characterization of Ce doped-BaTiO3‖, Carmen 

Galassi ;Journal of the European Ceramic Society 26 (2006) 3241–

3246. 

28. S. Fromille, J. Phillips, ―Super Dielectric Materials‖, Materials, 

2014, 7, 8197-8212 

 
 

 

 

 

 
 

 

 

INTERNATIONAL SCIENTIFIC JOURNAL "MATERIALS SCIENCE. NON-EQUILIBRIUM PHASE TRANSFORMATIONS" WEB ISSN 2534-8477; PRINT ISSN 2367-749X

85 YEAR VI, ISSUE 3, P.P. 83-85 (2020)

https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6603210511&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=14618882100&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6602557503&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6602557503&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6603888281&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85059989579&origin=resultslist&sort=plf-f&src=s&sid=287137bed8a92cdb5ee4702726449c58&sot=autdocs&sdt=autdocs&sl=17&s=AU-ID%286603210511%29&relpos=6&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85059989579&origin=resultslist&sort=plf-f&src=s&sid=287137bed8a92cdb5ee4702726449c58&sot=autdocs&sdt=autdocs&sl=17&s=AU-ID%286603210511%29&relpos=6&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/19700175454?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=14618882100&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6603210511&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6602557503&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6602557503&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6603888281&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85055320940&origin=resultslist&sort=plf-f&src=s&sid=287137bed8a92cdb5ee4702726449c58&sot=autdocs&sdt=autdocs&sl=17&s=AU-ID%286603210511%29&relpos=7&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85055320940&origin=resultslist&sort=plf-f&src=s&sid=287137bed8a92cdb5ee4702726449c58&sot=autdocs&sdt=autdocs&sl=17&s=AU-ID%286603210511%29&relpos=7&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/21100239852?origin=resultslist
https://www.scopus.com/sourceid/21100239852?origin=resultslist



