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Nanoscale friction of nitrided and post-oxidized steel
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Friction is a ubiquitous phenomenon in everyday activities spanning from vehicles

where efficient brakes are mandatory up to mechanical devices where its minimum

effects is pursued. Despite of the accumulated knowledge after many decades of

research, the phenomenon of friction is not fully understood. From a tribological point

of view, the friction coefficient depends on parameters such as shear strength,

toughness, hardness, and elastic modulus where all of them are the material

macroscopic properties contributing to the adhesive and ploughing friction

components. From a quantum physical-chemical point of view, friction is explained in

terms of attractive atomic forces, strength and stiffness of chemical bonds, grain

boundary interactions, thermal conductivity (phonons), and electronic band structures.

Even today however, there is a theoretical missing link between the macroscopic and

nanoscopic physical-chemical aspects of the phenomena.

The aim of this paper is to investigate the nanoscale friction behavior due to a fast

plasma post-oxidation process on a previously plasma nitrided steel. Sliding friction

tests were performed at different normal loads in order to probe the friction behavior

between a diamond tip and the nitrided/oxidized steel surfaces. The chemical

structure of the outermost layers was determined by GD-OES. The crystalline phases

and microstructure were analyzed by GA-XRD and SEM, respectively. The results

show that the friction coefficient (CoF) decreases when nitrogen are substituted by

oxygen atoms suggesting that the chemical structure are controlling the sliding

interaction phenomenon. Recent models correlate the friction behavior with vibrations

excitations. Therefore, chemical species on the outermost layers having lower (local)

vibrational frequencies should absorb (dissipate) less energy, decreasing the CoF.

Besides this effect, the friction behavior will be discussed taking into account the

chemical structure and atomic vibrations.
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