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Nanotribological properties of flexible diamond-like carbon thin films on rubber
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Rubber seals in ball bearings have recently been coated by PACVD methods with

protective diamond-like carbon (DLC) thin films. DLC films are an optimal solution to

decrease the coefficient of friction of rubber and hence reduce losses due to friction

and damage of the seals. However, these tribological films must have sufficiently low

coefficient of friction (CoF) and must resist large load range.

The present work shows the results of nanotribological tests on thin DLC coatings on

rubber under various applied loads. The outcomes allowed establishing relationships

between friction, adhesion and deformation mechanisms during tribological contact

over a wide range of applied loads.

Two types of ~300 nm thin DLC films on ACM rubber and uncoated ACM rubber

sample were tested against 2 mm diameter stainless steel ball at loads from 1 mN to

1000 mN using pin-on-disk tests. For uncoated rubber the CoF ranged from 0.8 to 1.3

and it varied with the number of rotations indicating irreversible changes in the rubber.

The CoF of the DLC coated samples was much lower (0.04 to 0.5) and it was more

stable during the tests. Still, some variations of CoF were observed due to the

non-recovered deformations of the rubber, especially at higher loads. The lowest

values of CoF were obtained on DLC film with a cracked structure that accommodates

mechanical deformation significantly better than continuous DLC films. A minimum

value of CoF was obtained for 10 mN load whereas at lower and higher loads the CoF

was higher. A sudden increase of the CoF - indicating failure of the protective film -

was not observed on either of the DLC coated samples, thus confirming their high

wear resistance.

Application of different loads allowed studying of the transition between the adhesive

and hysteresis contributions to CoF, and the effect of the DLC film on frictional

properties of rubber. It was proved that 300 nm thin film coatings substantially reduce

CoF while keeping sufficiently high wear resistance.
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