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The research plan has character of basic research and its objective is to obtain a comprehensive set of new findings from the field of processes of preparation, processing, evaluation, properties and influence of degradation processes on selected representatives of advanced metallic materials based on non-ferrous metals. 
Research plan is oriented on comprehensive investigation of the issues concerning preparation, study of properties and degradation of highly pure and structurally defined special materials. It comprises and inter-connects all the stages related to preparation of materials by crystallisation processes, i.e. preparation of melt, its refining, concentration and temperature homogenisation, thermal processes at crystallisation, diffusion and segregation processes, strength properties of materials at high temperatures. Diagnostics of possible defects, analysis of structure and micro-structure, processes of segregation, determination of chemical composition, determination of physical-metallurgical parameters and mechanical properties are inseparable part of processes of preparation of selected materials. 

Results of these evaluations and their correct interpretation in respect to preparation of materials will be ensured by feedback for subsequent proposals of modification of optimisation of crystallisation process of individual types of materials. Investigation is aimed at study of processes on the phase boundary melt-crystal and description of these processes from the viewpoints of physical-chemical, thermo-dynamical and kinetic aspects of formation of materials’ structure, temperature and thermal processes and their control.  

From the point of view of materials the works will focus on highly pure metals and on materials with high proportion strength-density (alloys of aluminium, magnesium, titanium), materials for high temperatures (super-alloys of nickel, intermetallic phases on the basis of transition metals Ni, Ti and Al, Si), materials for bio-medical applications (shape memory materials NiTi, alloys of titanium for implants), as well as materials for electrical engineering and micro-electronics (refractory metals for special cathodes and other functional applications, low-melting alloys-lead free solders, semi-conductive materials).

Comprehensiveness of solution is further deepened by investigation of degradation processes of studied materials due to corrosion, high temperatures and hydrogen induced embrittlement. Insufficient toughness level of some special-interest materials (intermetallic compounds, refractory metals and their alloys), which is their general problem, will be moreover subject to research of sources of toughness during the process of fracture failure propagation and to investigation of relationships between the fracture failure propagation, conditions of development of failure micro-mechanisms and their mutual interaction with macroscopic fracture characteristics of newly developed materials. 

The research activities and targets are divided into the following areas: 

1. Processes of preparation, refining and crystallisation of pure metals and special alloys 

1.1.  Regularities of metallurgy of pure metals and special materials 

1.2.  Processes of directional crystallisation

1.3.  Processes of zone melting 

1.4.  Processes of plasma metallurgy

2. Selected special materials 

2.1. Shape memory materials based on Ni-Ti, Ni-Ti-Me

2.2. Intermetallic compounds from the system Ni-Al and Ti-Al
2.3. Single crystals of multi-component alloys prepared with use of crystallisation methods for permanent magnets

2.4. Single crystals of refractory metals and their low-alloyed alloys
2.5. Low-melting alloys and development of lead-free solders
2.6. Semi-conductive materials 
2.7. New alloys for use in foundries 

3. Processes occurring in solid state and degradation processes of selected special materials 

3.1. Diffusion processes in metals and intermetallic compounds, functionally gradient materials 

3.2. Investigation of segregation phenomena

3.3. Degradation of materials due to interaction with environment 

3.4. Degradation of materials due to interaction with hydrogen 

3.5. Degradation of material due to stress and increased temperatures 

3.6. Forming processes for special materials 
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