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Diamond-Like Carbon coatings are known to exhibit low or very low friction coefficients in a wide range of 

conditions, including inert or vacuum environments. However, the solid lubrication processes involved are not 

fully understood. A running-in is generally observed at the beginning of sliding, this transient process being 

explained by the growth of a tribofilm on the counterface. Thanks to a new UHV tribometer based on a unique 

6 axes force sensor, the present work shows that significant changes are also necessary on the DLC surface 

itself. The nanoscale roughness appears strongly related to the firction coefficient observed. 
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1. Introduction 

Among the broad family of Diamond-Like Carbon 
(DLC) coatings, hydrogenated amorphous carbon 

(a-C:H) films may exhibit very low coefficient of 

friction, sometimes lower than 0.01, under vacuum or 

inert environments [1]. Understanding the solid 

lubrication processes leading to such low friction is 

paramount for the design of future solid lubricants, that 

would operate in broader environmental conditions. 

The role of tribofilm build-up on the counterface is well 

known to explain the decrease in friction generally 

observed in the first few tens of cycles, leading to carbon-

based surfaces sliding against each other. The role of 

hydrogen content in the film is also critical in the 
achievement of a very low and stable coefficient of 

friction, the hydrogen atoms shielding the potentially 

strong interactions between carbon atoms. 

Nevertheless, many questions remain open: is tribofilm 

build-up sufficient to achieve very low friction? Are there 

any changes on the a–C:H surface? Such evolutions of 

the rubbed surfaces are indeed critical for the stability of 

this low friction regime. 

 

2. Methods 

To investigate the solid lubrication processes of DLC 
coatings, an a–C:H film deposited on a Si wafer by 

Plasma-Enhanced Chemical Vapour Deposition is 

considered, with a hydrogen content of 42 at.%. Its 

tribological behavior is studied thanks to a new ultra-high 

vacuum tribometer (down to 10-7 Pa), based on a unique 

six axes force sensor, measuring all forces and 

momentum between the two contacting bodies. Not only 

this unique set-up allows for the precise measurement of 

normal and tangential forces (taking any misalignment 

into account), but it also provides the possibility to slide 

in any direction thanks to a XY table. 
The counterface is a hemispherical 52100 steel pin, with 

a radius of cruvaturee of 8 mm, its surface being mirror 

polished. The applied loads range from 0.5 to 5 N, 

correspo,ding to maximum theoretical Hertzian pressures 

of 250 to 550 MPa. The sliding motion is linear 

reciprocating at a speed of 1 mm/s over a length of 2 mm. 

Some experiments are performed with the same position 

of the pin, in order to study the effect of tribofilm build-

up. Other experiments are performed by crossing the 
sliding tracks on the flat, in order to probe the effect of 

any surface changes occurring on the a–C:H surface. 

Morphological and chemical changes on the rubbed 

surfaces are investigated using in situ X-ray 

Photoelectron Spectroscopy (XPS), Scanning Electron 

Microscopy (SEM) and Atomic Force Microscopy 

(AFM). 

 

3. Discussion 

Under the considered sliding conditions, the coefficient 

of friction of the steel/a–C:H contact is decreasing from 

about 0.3 down to 0.01 in few hundred sliding cycles. 
Such friction decrease is usually explained by the growth 

of a carbon-based tribofilm on the steel surface, which 

shields the strong interactions between the steel and DLC 

surfaces. 

When sliding the steel pin on a new location on the flat, 

but same location on the pin, the friction coefficient starts 

at a lower value, about 0.05, decreasing also 

progressively to reach similar values as for regular 

experiments. This result suggests that some changes must 

also occur on the a–C:H surface to allow the achievement 

of coefficient of friction lower than 0.01. 
This is confirmed by another type of experiments, where 

the sliding track is crossing a previous one: a systematic 

local friction decrease is observed at the position of the 

previous track. 

SEM and AFM observations reveal that the main change 

on the surface is a topographical one. Nanoscale 

roughness exists on the pristine DLC, with asperities of 

about 50 nm wide and 30 nm high. These nanoscale 

asperities are smoothed under sliding, the low friction 

surfaces appearing smoother and more homogeneous. 
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