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Abstract: The friction behavior of a 60-um-thick anodic aluminum oxide (AAO) film having cylindrical
nanopores of 45-nm diameter was investigated as a function of impregnated oil viscosity ranging from 3.4 to
392.6 cSt. Reciprocating ball-on-flat sliding friction tests using a 1-mm-diameter steel ball as the counterpart
were carried out with normal load ranging from 0.1 to 1 N in an ambient environment. The friction
coefficient significantly decreased with an increase in the oil viscosity. The boundary lubrication film
remained effectively under all test conditions when high-viscosity oil was impregnated, whereas it was easily
destroyed when low-viscosity oil was impregnated. Thin plastic deformed layer patches were formed on the
worn surface with high-viscosity oil without evidence of tribochemical reaction and transfer of counterpart
material.
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Fig. 1 SEM image and schematic diagram of
nanoporus AAO film with 45 nm pore
diameter
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Table 1 Kinematic viscosities of the oil used in

this study
Pentade-
cane oil | PAO* PAO PAO
#4 #8 #40
(CisHz2)
Kinematic
viscosity
34 17.3 47.7 392.6
(cSt) at
40 °C
*PAO: Polyalphaolefin
Recnprncatmg motion
Z-carriage
Strain gauge sensor Normal load
Ball specimen

Ball specnnen holder

Flat specimen holder
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Fig. 2 Schematic of the reciprocating friction tester
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Fig. 3 Cross-section image of oil-impregnated AAO
film and EDX analysis of the nanopores
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Fig. 4 Friction coefficient vs. kinematic viscosity
and normal load
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Fig. 5 Friction behavior as a function of sliding cycle
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Fig. 6 SEM images of worn surfaces at 0.1 N and
1 N load (the applied load and the kind of
oil are noted in the inset of SEM image)
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Fig. 7 SEM images of wear particles at 0.1 N and
1 N load (the applied load and the kind of
oil are noted in the inset of SEM image)
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Fig. 8 EDX analysis results of deformed layers
tested at IN load (the kind of oil are
noted in the inset)
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