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Abstract 

Metallic materials with tailored properties are crucially important for a variety of structural and 

functional applications. There is a strong need not only for successful development of new high 

performance alloys but also for elaborating suitable processing routes enabling control over phase and 

microstructure selection, and optimization of the related physical and mechanical properties. 

 This talk explores the structural diversity that can be achieved in chemically complex materials 

including amorphous phases, high entropy alloys and multiphase composites developed through a 

combination of concepts for designing chemically complex alloys and metallic glasses using rapid 

quenching and annealing or severe plastic deformation for tuning phase formation and microstructure 

development. The role of length-scale modulation and phase transformation upon heating or loading 

will be critically assessed with respect to structural stability and mechanical behavior. Examples for 

changes in deformation mechanism, e.g., from crack-controlled to dislocation-dominated deformation, 

twinning or cooperative deformation of shear bands and interfacial sliding, will be presented and 

discussed as ways to control strength, ductility and fracture toughness in a wide range. Besides, also 

examples for developing novel nanostructured and ultrafine-grained complex materials via 

composition and process control will be given, attempting to derive guidelines for how to tune the 

microstructure and properties of non-equiatomic chemically complex alloys with optimized 

properties. 

 Examples for the composition tuning, adjustment of processing conditions and process variables 

employed for synthesis of chemically complex phases with different structures and length-scale 
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 modulation will be described and correlated with the resulting phases, microstructures and properties. 

These techniques include casting, quenching under non-equilibrium conditions as well as thermo-

mechanical processing for the synthesis of metastable materials with the desired microstructure and 

properties. Experimental data for the resulting structures obtained by non-equilibrium processing will 

be presented for selected amorphous, ultrafine-grained or nanostructured alloys, and the mechanisms 

responsible for phase and microstructure formation and the related properties will be discussed in order 

to derive guidelines for optimized alloy design and tailoring of properties. 
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