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Understanding friction and wear properties of DLC coatings lubricated in ZDDP-containing solution is of great 
importance for industrial applications such as engines in passenger cars. However, the interactions between 
ZDDP and DLCs are not yet fully understood. Through a combined approach of experiments and simulations 
we show that the tribological behavior of five different DLC coatings lubricated in PAO + ZDDP solution 
depend on the mechanical properties and chemical structures of the DLCs. Softer and hydrogenated DLCs 
exhibit ZDDP-tribofilm formation and no wear, while harder DLCs undergo severe wear and subsurface sulfur 
doping which weakens the DLC’s carbon matrix.  
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1. Introduction 

Improving fuel efficiency in passenger cars to reduce fuel 
consumption and carbon emissions is a goal shared by 
many scientists and engineers around the globe. In the 
last decade, Diamond-like carbon (DLC) coatings have 
been applied to internal combustion engine components, 
e.g. cam lobes, tappets, finger followers, and piston rings 
to reduce energy losses due to friction and improve fuel 
efficiency. Extensive research has been conducted to 
study the tribological properties of DLC coatings in 
different lubrication conditions. One of the most 
commonly used antiwear and extreme-pressure additives 
in commercial engine oils is zinc dialkyldithiophosphate 
(ZDDP). However, it was originally intended for steel 
surfaces, and its interaction with DLC coatings is not yet 
fully understood. 

2. Methods 

2.1 Tribological tests were performed using a linear 
reciprocating tribometer in cylinder/flat configuration. 
 
2.2 Contact mechanics calculations were performed by 
elastic-plastic contact of two rough DLC surfaces 
modeled by using experimental AFM topography maps. 
 
2.3 Quantum chemical calculations were performed to 
study the bond-breaking and -forming of ZDDP in 
contact with DLC surfaces by  using third-order density-
functional tight-binding (DFTB3) calculations. 
 
 
 
 

3. Results 

Macroscopic tribological properties are studied from 
tribological tests. Simulations allow for the 
understanding of atomistic processes of the DLC/ZDDP 
system. 

 
Figure 1. Friction and wear properties obtained from 
sliding tests. 

4. Discussion 

By correlating atomistic and macroscopic tribological 
behavior we are able to better understand the interactions 
between ZDDP and DLCs. This combined methodology 
allows for the study of complex systems and could be 
applied to other materials and additives.    
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