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Abstract —

Water is known to play a crucial role on friction of moving parts in nanoscale contact. Little is, how-

ever, known about the tribological behavior of a solid surface that is covered with water adsorption layer. The
objective of this study is to investigate the nanotribological behavior of the water layer in relation to water affin-
ity of the surface and relative humidity. This paper presents an examination of the frictional behavior of water
adsorption layer as ‘confined liquid film'. It is shown that the friction is inversely proportional to the hydro-

philicity of surface and relative humidity. On the other

hand, friction of hydrophobic surface is not influenced

by relative humidity. A model is proposed for the water-mediated contact in which it is shown that the water layer
between two hydrophilic surfaces with high relative humidity behaves as a lubricant.
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Table 1. Surface treatments for silicon specimen with various hydrophilicity and measured contact angles

Sample Treatment SiO; thickness Contact angle
Bare Si(as received) - ~1 nm ~30°
ce s H,O :NH,OH :H,O0x7:4:1 in volume) o
Hydrophilic Si for 30 minutes at 50°C ~1nm <
Hydrophobic Si 40% HF for 15 minutes <0.1 nm 85°
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Fig. 1. X-ray photoelectron spectra of bare, hydrophilic
and hydrophobic silicon surfaces.
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Fig. 2. Comparison of XPS Si 2p core level spectra of
the bare, hydrophilic and hydrophobic silicon surfaces.
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Fig. 4. Schematic diagram of the contact region for two surfaces separated by the thin water film. (a) contact
between hydrophilic surfaces, (b) contact between hydrophilic and hydrophobic surfaces.
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