
 
 

Abstract 

 

Epoxy resins have been broadly used in the industry for adhesives, laminates, coatings, 
composites, encapsulation of electronic devices, printed circuit boards, etc. Despite their excellent 
adhesion to different materials, heat and chemical resistance and good mechanical properties, they also 
exhibit few drawbacks like brittleness, high thermal expansion coefficient (CTE), poor resistance to 
crack initiation and growth. Therefore, the thesis is focused on the preparation of epoxy-silica hybrid 
materials exhibiting improved thermomechanical properties compared to the neat epoxides, without 
impairing their beneficial features. 

The main synthetic route of epoxy-silica hybrids’ preparation has been the sol-gel process of 
alkoxysilanes, allowing either in-situ formation of high purity and homogeneity silica particles or 
creation of various siloxane structures in a form of liquid (sol) silica-based precursors. The sol-gel 
method, on one hand, helps to omit too high viscosity of nanofiller suspension and energy-intensive 
nanofiller dispergation problems, but on the other hand, is often associated with necessity to use 
solvents and to remove formed volatiles.  

Therefore, in the first part of the thesis, a simple solvent-free sol-gel procedure, enabling to 
minimize the side-effect of solvent evaporation and consequently, to avoid material defects’ 
formation, was described. This method allowed preparation of the pre-condensed epoxy-functionalized 
silica-based precursors using (3-glycidyloxypropyl)trimethoxysilane (GPTMS), different catalysts 
(conventional and imidazolium-based ionic liquids (ILs)) and reaction set-ups. 

The obtained liquid products were homogenous and highly miscible with the epoxy-amine 
system in which they formed well distributed silica domains, covalently bonded to the epoxy network. 
The role of conventional catalysts and imidazolium-based ILs on the silica structure evolution and the 
further impact of the latter on the organic/inorganic interphase was investigated and determined. 
Furthermore, the mechanism of IL-driven solvent-free sol-gel process of GPTMS, consistent with 
experimental study and theoretical calculations (simulation), was proposed. The use of appropriate 
amount of silica-based precursors led to the significant improvement in shear storage modulus in 
rubbery region, energy to break, elongation at break and thermooxidative stability of the glassy epoxy-
amine matrix, without affecting its optical transparency. Moreover, the IL-silica precursors 
additionally improved the reference matrix’s transparency in UV region. 

 Also, in the second part of the thesis, the rubbery epoxy-silica hybrids with in-situ generated 
silica phase and carboxylic IL coupling agent were prepared and characterized. It was found that the 
applied ILs were covalently and/or physically bonded on the filler-matrix interphase, leading to the 
formation of epoxy-silica hybrids with well-defined morphology and significantly improved 
thermomechanical properties.  
 

 

 

 

 

 


