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Coatings for use in both ambient and vacuum conditions present an ongoing field of research, with MoS2 

coatings dominating most applications. An alternative is suggested by pairing tetrahedral hydrogen-free 

amorphous carbon coatings (ta-C) with soft metals. This achieves low friction in both ambient air conditions 

and vacuum while substantially improving ta-C durability in vacuum. This is shown for ta-C paired with 

aluminum, copper, bronze and brass. Wear of the soft metal contact area is generally high but is demonstrated 

to be in the order of magnitude of MoS2 coatings. 
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1. Introduction 

Tetrahedral amorphous carbon (ta-C) has been shown to 

exhibit exceptionally low friction and wear under dry 

sliding in the presence of water vapor as well as 

acceptable friction and wear in the presence of inert 

gases. However, these properties deteriorate rapidly 

under vacuum conditions with decreasing pressure. For 

vacuum applications transition metal dichalcogenide 

coatings – predominantly MoS2 – are used. Being a soft 

solid lubricant, this coating exhibits comparatively high 

wear, especially under humid conditions. 

Here, alternative material pairings with soft metals are 

explored for use in both atmosheric conditions and 

vacuum, allowing for an increase in the possible design 

space for sliding contacts. 

2. Methods 

Several ta-C-based carbon coatings were prepared by 

LaserArc-PVD. For reference measurements several 

MoS2 coatings were prepared by both LaserArc and 

magnetron sputtering. The counter bodies were selected 

from a variety of soft metals like aluminum, copper, 

bronze and brass. All measurements were carried out 

with a custom-built ultra-high vacuum tribometer in ball-

on-disc configuration with 1 kHz logging rate which 

supports reciprocating and rotating measurements. The 

experiments were conducted under ambient air 

conditions or vacuum up to 10-8 mbar with humid control 

for experiments under air. 

3. Discussion 

Friction results of some selected pairings are shown in 

Figure 1. The ta-C/steel pairing shows the usual problem: 

good performance in air, but a high coefficient of friction 

in vacuum. Interestingly, the problem no longer occurs 

with the ta-C/brass pairing. This is not only due to the ta-

C or the brass, because the steel/brass pairing also shows 

high coefficients of friction. The phenomenon of 

favorable low friction can therefore only be explained by 

the combination of the ta-C layer with brass. 

 
Figure 1 Friction data for the different investigated 

material combinations. 

 

The MoS2/steel pairing shown as a reference still exhibits 

somewhat more favorable friction values, but here the 

problem is the consumption of MoS2 in the tribo-contact. 

A deeper insight is given by considering further material 

combinations and investigating structural and chemical 

changes by surface analysis of the tribocontacts. 
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