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consultations

Course annotation

Single crystal growth.

Czochralski, Bridgman-Stockbarger, Verneuil, Kyropolous, Zone melting methods.

Ceramics technologies.

Ceramics microstructure. Ceramic synthesis by solid phase reaction method. Formation of
ceramics: uniaxial pressing, isostatic pressing, layer casting. Processes taking place during
ceramics sintering. Hot pressing. Spark plasma sintering method. Glass ceramics.

Thin films technologies.

Evaporation, evaporation by electronic beam, pulsed laser deposition (PLD), magnetron
sputtering of material, chemical vapor deposition (CVD), metalorganic chemical vapor
deposition (MOCVD). Epitaxial layer growth, discrepancies between the crystal lattice
parameters of the layer and the substrate. Molecular beam epitaxy.

Structure of solid materials. Point, linear and planar defects in crystals. Thermodynamics of
defects. Thermally activated processes, diffusion.

Applications of ceramics materials.

Ohmic resistors. High temperature heating elements. Varistors, memristors. Fuel cells and
batteries. Ceramic chemical sensors. High temperature superconductors. Ceramic capacitors.
Pjezoceramics. Feroelectric memory.

Metal-insulator composites. Electrical percolation. Its models. Models of dielectric properties
of composites. Maxwel-Garnet model. Maxwel-Wagner relaxation. Methods of equivalent
circuits. Electrical conductivity in composites: tunnelling, hopping.

Polymeric composites. Dielectric relaxation in polymeric composites. Phase transitions in
polymeric composites. Positive and negative resistivity effects.

Polymeric composites preparation methods. Alloy mixing. Polymerization. Casting. Mixing
the solution. Cold and hot presses. Influence of composite production methods on their
properties.

Polymeric matrices and their properties. Epoxy resin, polydimethylsiloxane, plexiglass,
polyvinylidene fluoride. Viscosity and glass transition of polymer matrices and their impact on
composites properties. Chemical compatibility. Composites of different matrices.

Hybrid composites. Electrical percolation in hybrid composites. Electromagnetic, mechanical,
thermal properties of hybrid composites. Synergy effects in hybrid composites. Electric
transport in hybrid composites.




Fillers of composites. Carbon nanotubes, fullerenes, graphene, carbon soda. Metallic
nanoparticles. Inorganic nanoparticles. Ferroelectric and ferromagnetic nanoparticles. Effects
of nanoparticle size and shape on composite properties. Adhesion. Relationships between
nanoparticles and composite properties.

Functionalization of nanoparticles. Defect functionalization. Covalent and noncovalent
functionalization. Click functionalization.

Ceramics composites. Ceramics composites production: cold and hot pressing, chemical
methods, infiltration. Grain size effects.

Carbon matrix composites. Carbon foams, carbon gels, carbon-carbon fibers composites,
graphene-carbon nanotubes composites. Hybrid gels and synergy. Production methods and
physical properties.

Investigations methods of composites and nanostructures.

Electron microscopy. Optical microscopy. Scanning tunnel microscopy. Atomic force
microscopy. Determination of thin films thickness and texture.

Dielectric, impedans, Raman, Furje infrared, electron paramagnetic and nuclear magnetic
resonance spectroscopies, differential scanning calorimetry, thermogravimetric analysis.
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Suject submission and evaluation

PhD student should prepare about 20 min. presentation about topic relevant for PhD work. Exam
assesment consist of 25 % prezentation and 75 % exam grade.
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