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Success story short version 

Wear – towards an atomistic understanding of fundamental processes 

Detailed insights into interfaces at an atomistic level are of fundamental interest for a better comprehension of tribological 
processes, like wear, which is still not fully understood due to its huge complexity. Density-functional theory (DFT) 
calculations in turn allow for a quantum mechanical description of interfaces and therefore here they are used to ab-initio 
investigate interfacial properties on the nanoscale such as the adhesion and material transfer, respectively. 

Success story long version 
Wear limits the life time of products and hence it is of great importance in 
engineering and also in economics. In the past, extensive research on wear 
resulted in several of wear modeks and wear equations. Unfortunately, none of 
these is generally applicable. Moreover, classical models like those derived 
within the continuum mechanics regularly fail on the nanoscopic length scale. 
Thus, it is a necessity gain new knowledge on wear by performing computer 
simulations on an atomistic level. These are here performed within the 
framework of density-functional theory (DFT), which allows for a quantum 
mechanical evaluation of energies and forces in nanotribological systems. In a 
first step, towards to simulate wear, the material transfer through atomic 
interfaces is analysed. In particular, the interface between aluminum (Al) and 
titanium nitride (TiN) as a typical soft-hard, metal-ceramic model system was 
considered. A series of DFT calculations were performed to simulate the 
approach, contact, and the subsequent separation of these two slabs. The 
approach and separation were simulated by calculating each the moving of one 
slab in discrete steps normal to the common interface allowing for electronic and 
atomic relaxations after each step. Some snapshots of the separation are shown 
in the figure. Various configurations were taken into account by assuming 
surface directions as well as several lateral arrangements of these surfaces on 
the interface. The numerical results revealed the influences of all these aspects 
on adhesion, equilibrium distance, charge densities, densities of states and 
material transfer. These setups can be seen as particular cases of a more 
realistic model, where all these structural effects appear combined into a 
complex mixture of crystallographic configurations.  

    
Snapshots of the separation of an Al slab 
(red) and a TiN slab (Ti – blue, N - green) 
showing material transfer; right: surfaces 

separated.  

Impact and effects 

In general, density-functional theory (DFT) is shown to be a powerful tool in studying interfaces in nanotribology. In 
particular, it is numerically demonstrated that interfacial properties such as adhesion and material transfer depend 
sensitively on the crystallographic configuration at the interface. Material transfer is observed if the absolute value of the 
adhesion energy for a given setup is larger than the energy cost to remove surface layers from one body in contact. 
Understanding the atom-by-atom-wear will allow one to tribo-dynamically manufacture functional surfaces of desired 
physical and chemical properties for the tool industry, for example. 
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