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Abstract —In this work, we have fabricated anodic aluminum oxide (AAO) with ordered nanoscale porosity
through an anodization process. We deposited gold and nano-organic thin films on the porous AAO surface to
protect its structure and reduce friction. We investigated the tribological characteristics of the porous AAO with
respect to the protective surface coatings using tribometers. While investigating the frictional characteristics of
the samples by applying normal forces of the order of micro-Newton, we observed that AAO without a protective
coating exhibits the highest friction coefficient. In the presence of protective surface coatings, the friction coef-
ficient decreases significantly. We applied normal forces of the order of milli-Newton during the tribotests to
investigate the wear characteristics of AAO, and observed that AAO without protective surface coatings expe-
riences severe damage due to the brittle nature of the oxide layer. We observed the presence of several pieces
of fractured particles in the wear track; these fractured particles lead to an increase in the friction. However, by
using surface coatings such as gold thin films and nano-organic thin films, we confirmed that the thin films with
nanoscale thickness protect the AAO surface without exhibiting significant wear tracks and maintain a stable fric-
tion coefficient for the duration of the tribotests.
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Table 1. Electrolytic polishing condition.

Condition Value
Time 3 min
Voltage 20V
Temperature 10 °C
Solution ratio 4
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Table 2. Condition of two step anodizing process

Condition Ist 2nd
Time 16 hour 30 min
Voltage 35V 35V

Temperature 0~5 °C 0~5 °C

Sulfuric acid

. .1 I/L
Concentration 0.16 mol/

0.16 mol/L




Fig. 1. SEM image of AAO surface with aligned hexagonal
nano-structure.
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Fig. 2. Pin-on-disk type tribometer with double cantilever
to measure micro-Newton scale.
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Fig. 3. Pin-on-reciprocating type tribometer to examine
durability of anodic aluminum oxide specimen.
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Fig. 4. An example of frictional signal of aluminum oxide
surface coated with PFPE obtained during S minutes of
tribotest under normal force of 200 pN.

ol XZF9] ‘AAOE IHIA] & tFAd AA
olm &, ‘Gold Thick’® TF34 AAOXHO|
30nm I3 AJAL 2uditt ‘Gold Thin™&
S5nm ZEI A|HE, w9 oF PFPE’+= X WO
PFPEE ¥ AJHE ou|git), nEAFE A EA
2838 o5 AAO®] wEEHAIETE 2.000 77k

< 3 Afells 2 FA7F 0.97FA] HelA|A
9k, AHHARl 7499 wlEAe) vl & uf g
=2 olge e G 5 T o9 A2 wlzk
Aee FA8kse] ml$- W 27olx &S
W HEUANA TSk o] nht
o= AdEA ¢ E}[14 B Ak
=S i Al~9~o}9§7 m%
ol_oq o ,O_xl-ao] SRS Ao
2 AEFAANAN vehte & o3
9= ﬂé}ﬂ H}%‘E’;‘ o] “gsstaL, niEEAlS Ak
ol ERe| sk FH o] - wong At
o= | oo F2 wiEATRo] SAE AoE %

| (|
o o

g
o

H
rl

<

e}

>

> 1R

i o

ri“mfifﬁ

v}
o

AAQ9] Hl3le] ®m

AR NS ,m. =3

Yepdithe golth. 7 whate] A7t $AL A9 v
SO vhARE) 24 @A

T | .
W e T AT Aol ) o

@ 4 itk PFPEE FYE A9ols nhaAs}



e
ox
>,
ot
u2
B
=
ofr
1o
=5
e
H
o,
2
k<)
i
|m
i)
o
i
k9
2
x
)
-

H

1.24 1

0.8+ J

0.4 ]

Friction Coefficient
H

0.0

Anod  Gold_Thick Gold_Thin  PFPE

Fig. 5. Friction coefficient with respect to surface coating
examined under normal force of 200 pN.
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Fig. 7. Scanning electron microscope images of (a) porous
AAO without coating, (b) AAO with gold thin film and
(c) AAO with PFPE coating.
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