The structure and properties of epoxy amine composites with ZrO2@TiO2 filler, obtained by the sol-gel method 
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The main attention of research and development of nanotechnology is on the new types of core-shell structure. Of all kinds of nanoparticles, particles of the core-shell type are of great interest, primarily through the ease of preparation and important physicochemical properties. Often, the core and the shell are not only physically but also functionally different. Such nanocomposites and nanostructure may have got the different sizes, shapes, thickness and different surface morphology of core and shell [1-2]. 
Core-shell structures are successfully implemented in the field of polymer composite materials. They can be used as optical materials, sensors, biomedical materials, catalysts, various devices. Exactly the core-shell nanostructure gives for the materials unique properties unattainable when using conventional disperse fillers or individual nanoparticles. In practice, can be used different approaches to the synthesis of core-shell nanoparticles enclosed in a polymer carrier. In particular, this is possible thanks to the sol-gel technology and its combination with various polymerization mechanisms. It allows to format of discrete nanofiller particles that can evenly be distributed throughout the composition of the carrier. 
The purpose of this work was to obtain epoxy-amine composites containing ZrO2@TiO2 filler using the sol-gel method, as well as to study the effect of structure on the properties of composites. Epoxy composites modified ZrO2 and TiO2 were prepared via amine curing. Oxide fillers formed from zirconyl hydroxide and titanium n-butoxide. The polymer matrix of the composites was obtained on the basis of dicyclohexylolpropane diglycidyl ether (EPONEX 1510) and polypropyleneoxide triamine (Jeffamine T403). The structure of the nanocomposites was studied with scanning electron microscopy, transmission electron microscopy and small-angle neutron scattering. 
The SANS-research showed that for the series of samples with a ratio of fillers 1:1, is observed the decreasing in the scattering intensity with increasing filler content. The decreasing of the incoherent scattering intensity is due to the decreasing in the proton content in the volume of the composite due to their splitting off from hydroxyl groups formed during the polycondensation of the amine with the epoxy resin. The resulting hydroxyl groups further are condensed with titanium n-butoxide or the product of its hydrolysis. The range of the scattering vector from 0.045 to 0.01 indicates the particles size in the composites. According to the TEM data, the particles size of used initial zirconyl hydroxide is at averages 2 nm. The size of the filler particles in the composites is at average 8 nm (Qmax = 0.075 Å-1). This is due to the condensation of titanium precursor on the surface of zirconyl hydroxide particles with the formation of filler particles ZrO2@TiO2. These nanoparticles form a fractal structure (rang of Q is 0.045–0.07 Å-1). The hydroxyl groups on the surface nanoparticles are consumed and a layer of the organic-inorganic matrix based on the hydrolyzed titanium precursor and its polycondensation product with a resin-amine oligomer is growing.
Thermomechanical analysis showed an increasing of glass transition temperature of the composites and the transition completion temperature in the highly elastic state with the introduction of fillers TiO2, ZrO2:TiO2 =1:1 and ZrO2:TiO2 =1:2 in the polymer.  The formation of ZrO2@TiO2 filler particles leads to an increasing of the stability to low-temperature thermo-oxidative destruction of composites. 
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