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Tungsten disulfide, WS

2

, belongs to a group of transition metal dichalcogenides

(TMDs) with the theoretical possibility of exhibiting superlubricity, i.e. sliding almost

without friction. Extremely low friction levels have indeed been reported for these

materials, and formation of lubricating WS

2

 tribofilms is often observed for WS

2

-based

materials under varying conditions. However, the chemistry, structure and mechanical

properties of the coating material as well as the test environment have a profound

effect on the performance. A highly promising material for optimizing the possibilities

of WS

2

 superlubricity is WS

2

 combined with nitrogen. Extremely low friction levels

(µ<0.003) have recently been reported for an amorphous W-S-N coating sliding

against steel. In this work, a detailed structural description of amorphous W-S-N is

presented, with the aim of increasing the understanding of the mechanisms behind

the ultra-low friction of this material. A range of W-S-N coatings were deposited by

reactive magnetron sputtering from a WS

2

 target and N

2

 gas. The W-S-N coatings

were found to lack long-range ordering. The local atomic structure and chemical

bonds have been experimentally studied by EXAFS and XPS and modelled by ab

initio molecular dynamics, with excellent agreement between the experimental and

theoretical data. It is found that W atoms form bonds to W, S and N atoms, while part

of the N atoms form N

2

 units trapped in the material. The coatings have been

tribologically tested against steel counter-surfaces under various environmental

conditions. The W-S-N coatings exhibited ultra-low friction, down to µ=0.01, in N

2 

atmosphere, while oxidizing conditions (dry or humid air) lead to higher friction levels.

The wear marks on the coating and the steel balls were mapped by Raman

spectroscopy, showing the composition of tribofilms and wear debris for different

coating compositions and atmospheres. This study thus investigates ultra-low friction

W-S-N, from the atomic structure of the coating material to the performance and

tribofilm formation during sliding.
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