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Tribological properties of ultra-fine grained materials produced by bulk severe
plastic deformation and surface friction-induced deformation
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Ultra-fine grained (UFG) and nanostructured metallic materials produced by
severe plastic deformation (SPD) have attracted growing interest owing to their superior mechanical
properties without alloying. In this study, we focused on high-pressure torsion (HPT) as a bulk SPD
and burnishing as a surface SPD, and the tribological properties of UFG carbon steels produced by
HPT and burnishing process were investigated in detail.

It was found that the wear rate of HPT iIncreased with increasing the hardness, which was an abnormal
wear behavior. The high wear rate of HPT steels were due to the high coefficient of friction as a
result of the high adhesion force, which was caused by the high density of the grain boundaries in
the UFG materials. Nanostructure in the 30 - 50 nm grain size range was formed in the burnished
sub-surface layer, and the hardness significantly increased due to the grain refinement. Moreover
the burnishing process reduced the specific wear rates by a factor of six.
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Fig.2 Schematic drawing of experimental apparatus for
adhesion force measurement
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Fig.3 Schematic diagram of burnishing method
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*Ball: SUJ2 (p6 mm)

*Load: 49N

*Speed: 0.1m/s, 0.5m/s

*Rubbing track: $45 mm
*Atmosphere: Unlubricated, in air
*Test time : 30 min
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Wear test result of burnished surface

(WC-Co ball, 800 rpm, 500 N)
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