
La Metallurgia Italiana - Ottobre 2021 pagina 40

Memorie scientifiche - Corrosione

Bioinspired superhydrophobic surfaces 
on AA 6082 with improved corrosion 

resistance
A. Khaskhoussi, L. Calabrese, E. Proverbio

Despite the considerable demand for superhydrophobic surface (SHS) for different applications, it is still difficult to 
establish a suitable manufacturing process. In the present work, a simple strategy for SHS fabrication on AA6082 by 
consecutive hydrothermal treatment and silane coating was reported. The hydrothermal treatment duration showed 
an important influence on the morphology, wettability and corrosion resistance of the samples. The SEM showed the 
growth of a boehmite after the first few minutes of treatment. Increasing the time, the boehmite film became more dense 
and homogeneous. Thirty-minute sample showed the best wettability results (CA=180°; SA=0°) and an improvement of 
the corrosion resistance compared to bare aluminum (Ecorr  increased from -870 to -298mV and Icorr decreased from10-2 

to 10-6mA/cm2). The SHS Bode plot showed two time-constants instead of one and the |Z| increased by one order of 
magnitude, due to the effective protective action of the SHS coating.

KEYWORDS: SUPERHYDROPHOBICITY; BOEHMITE, CORROSION, ALUMINUM ALLOY

INTRODUCTION
Overhead power lines are an important part of our 
electricity infrastructure networks. However, they are 
vulnerable to damages due to severe weather conditions. 
Rain and ice accumulation on conductors may lead to 
extensive mechanical damage, corrosion and significant 
levels of audible noise [1]. In particular, the corrosively 
of the atmospheres, which differs from soft (inland rural 
location) to highly aggressive (coastal location), stron-
gly affects the aluminum conductors service life. Despi-
te of their expected long service life (40 years), field data 
showed that the average service life of these aluminum 
conductors is between 10 and 20 years [2].The control of 
wettability behavior of the surfaces of high and medium 
voltage aluminum conductors can be an effective strate-
gy to reduce the ice adhesion during a snowfall event and 
to avoid the water accumulation during rainy season. In-
deed, hydrophobic and superhydrophobic surfaces and 
coatings can be used to protect the overhead lines and to 
increase their service life [3–5]. To this aim, in this work 
superhydrophobic surfaces on aluminum alloy were 
obtained coupling a hydrothermal treatment in order to 
create a nanoroughness to the aluminum substrates fol-
lowed by a silanization step in order to deposit a low sur-
face energy film. The immersion in boiling water (known 
as boehmitage) that is an easy and low cost hydrothermal 
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treatment was used to obtain nanoscale roughness on 
aluminum alloy surfaces. The oxidative process leads, in 
few minutes, to the growth on the surface of a rough layer 
of boehmite. In particular, the effect of the hydrothermal 
treatment duration on the morphology, the anti-wetting 
properties and the anti-corrosion performances of the 
AA6082 aluminum alloy was investigated.

MATERIALS AND METHODS
Flat plates (24 x 40 x 2 mm) of the aluminium alloy (6082) 
were used as substrates. All the aluminium alloys samples 
were cleaned in ultrasonic bath for 5 minutes with aceto-
ne, bidistilled water and ethanol. The cleaned specimens 
were subjected to hydrothermal treatment by immersion 
in bidistilled boiling water for 1 min, 5 min, 10min and 30 
min. Then, the boiled aluminium sample were dip-coa-
ted in Octadecyltrimethoxysilane /Toluene solution for 
10 min. Afterward, the specimens were cured at 100°C 
for 3 hours. The curing parameters were optimized ba-
sed on literature and preliminary tests performed in our 
laboratory. Morphologies were examined using a focused 
ion dual beam/scanning electron microscope (FIB-SEM 
ZEISS Crossbeam 540, ZEISS). Roughness details of the 

surfaces were conducted by performing AFM maps obtai-
ned by an Explorer microscope (Veeco Instruments, Mu-
nich, Germany) model MSCT-EXMT-BF1 and working in 
contact mode. The wettability of the coatings was eva-
luated using an Attension Theta Tensiometer equipment 
by Biolin Scientific according to sessile drop technique 
using 5 μL volume of distilled water at room temperature 
(25 ◦C). A micro CCD camera (Attension, Biolin Scienti-
fic) on site equipped recorded the images of the droplets 
to be further analysed using the software OneAttension 
V. 2.3 to obtain the static contact angles of droplets on 
each of the coatings. Measurements were replicated five 
times for each sample. Polarization and electrochemical 
impedance spectroscopy tests were performed, using a 
BioLogicSP-300 potentiostat, at ambient temperature in 
3.5 wt.% NaCl solution (simulated seawater). A standard 
three-electrode cell, having a saturated Ag/AgCl electro-
de as the reference electrode, platinum wire as the coun-
ter electrode, and the superhydrophobic sample as the 
working electrode, were used. The exposed area of the 
working electrode was 1 cm2.

 RESULTS AND DISCUSSION

Fig.1 - SEM images after boiling treatment at different times: a) 1 min, b) 5 min, c) 10 min and 30 min

The surface morphologies of aluminum alloy surfaces immersed in boiling water at increasing time are shown in Figure 
1. After 1 min of immersion in boiling water (Figure 1.a), the surface is fully covered by nanopores with thin boundaries 
and a thicker external film at the top of these nanopores. After 5 min of treatment (Figure 1.b), the surface appears with 
a quite homogenous flower-like nanostructure. Indeed, many 3D clusters grew on the aluminum alloy surface. These 
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Figure. 4. a. shows the polarization curves of as received and treated AA6082 surfaces. As shown, in the polarization 
curves, the proposed SHS treatment of the aluminum surface significantly improves its corrosion resistance. Indeed, 
the corrosion potential of the as-received sample is −870 mV vs. SCE. Due to the surface modification, the corrosion 
potential Ecorr shifted toward noble potentials. In fact, Ecorr positively increases from −870 mV to −644 mV for 1 min 
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