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Graphical Abstract 
 

 

Fig. 1. Scheme of the research strategy from (a) atomistic modelling, to (b) development (multi-cathode sputtering for developing 

materials with designed crystallographic defects), (c) advanced characterization (e.g., HRTEM), and (d) advanced testing (e.g., micro- 

and nano-mechanics). 

 

Abstract 

As the demands on machining tools and engineering components continuously increase, robust 

protective coatings are increasingly important. Whenever mechanical attack is dominating the loading 

profile of materials, the combination of high strength and fracture toughness is required. Nitrides but 

especially diborides are excellent candidates for exceptionally high strength (with hardness even above 

40 GPa) to withstand high mechanical loading. However, their fracture resistance is rather limited, 

with typical KIC values of ~3 MPa√m for nitrides and ~1 MPa√m for diborides (obtained by in-situ 

micromechanical bending tests of free-standing coating materials). 

 We will use recent developments – where we applied alloying and architecture concepts (e.g., 

composition and/or phase modulated layers) to transition metal nitrides and borides, for optimizing 

their properties – to derive important materials design guidelines for improved strength, ductility, but 

also stability. The coatings were prepared by physical vapor deposition (magnetron sputtering as well 

as arc evaporation) and investigated by X-ray diffraction, transmission electron microscopy, 

nanoindentation (for hardness and indentation modulus), and in-situ micromechanical bending tests 

(for fracture toughness). Especially Ta proved to be an extremely versatile alloying element, able to 
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 increase strength but also ductility, as well as thermal stability and oxidation resistance of Ti-Al-N 

coatings for example, belonging to this still extremely important material class. This allowed the 

development of Ti-Al-Ta-N coatings with H ~35 GPa combined with KIC ~4.7 MPa√m and superior 

oxidation resistance. Tantalum also helps the rather brittle diborides to combine high hardness with 

toughness as shown for W-Ta-B2 exhibiting H ~42 GPa and KIC ~4.0 MPa√m. With the help of various 

superlattice coatings, we further show that through such architectural concepts, strength and ductility 

(here, basically obtained by in-situ micromechanical cantilever bending tests) can be improved 

simultaneously. 

 The individual concepts allow the design of materials to meet the ever-growing demand for 

protective coatings tailor-made for specific applications. 
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