Friction and wear of ionic crystals at the atomic scale
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Due to their simple structure and the weak interaction with the probing tip, ionic crystals are ideal systems for studying friction and wear processes by atomic force microscopy. Ultra-high vacuum is the best environment to detect solid-solid interactions occurring on the nanoscale. At very low loads (< 3 nN) we observed a logarithmic dependence of friction on the sliding velocity. This effect can be explained by thermal vibrations superimposed to the stick-slip motion of the microscope tip, which is well described by the Tomlinson model [1]. Thermal activation can induce the slippage of the tip across the surface and reduce friction at very low speeds (< 10 m/s).

If the load exceeds a load of about 3 nN, the tip starts to pick up material from the surface and the dynamics of the sliding process changes dramatically. Abrasive wear on KBr(100) occurs in a quasi-continuum way. Positive and negative ions are detached pair by pair and the debris recrystallizes in mounds with the same lattice distance and orientation as the original surface (Fig. 1a). The applied load has a strong influence on the process, whereas the scan velocity is less relevant [2].
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	   Fig.1. (a) Atomically resolved images of the debris piled up at the end of a groove made on KBr. Scan size: 39 nm. (b) Ripples formed by scratching a squared area 300 nm in size.


An extension of this analysis to micrometer scales reveals collective effects of tip-induced atom removal. Fig. 1(b) shows the result of several scans performed on a flat squared area with high loads. A ripple pattern is piled up, approximately perpendicular to the scan direction. The ripples wavelength is 40 nm [3]. The reorganization of the debris in ripples can be interpreted within a double mechanism of erosion and relaxation, in a certain analogy with macroscopic processes like waterjet cutting [4].
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