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Development of a hydrophobization method based on
anodizing and desiccating of aluminium and its corrosion
inhibition application
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The application of metals with low wettability surfaces in marine industry has attracted much atten-
tion, as such surfaces have low friction, good corrosion resistance, self-cleaning and other beneficial
properties. To lower the surface wettability of aluminium and increase the corrosion resistance, or-
ganic coating processes have been employed as the main technique until recently. However, organic
coating techniques are associated with some disadvantages. For instance, the cohesive force between
organic compounds and aluminium oxide is not stable and the process of fabrication is complicated.
To improve the durability and from the.environment-protection considerations, a simple method to
fabricate hydrophobic surfaces on aluminium without any (;rganic coating would be attractive.

By anodizing in acid solutions, porous anodic oxide films (PAOF) can be formed on aluminium,
Because of its special pore array morphology and physical properties, PAOF has been studied for many
applications, especially as templates for organic and inorganic synthesis. Besides used as templates,
the similarity between the regular patterned uneven surfaces of PAOF and many natural or artificially
created low-wettability surfaces appears to offer the potential for lowering surface wettability.

In this work, various desiccation approaches are examined to result in hydrophobicity of PAOF on
aluminium, including desiccation at different time and temperature in oven, as well as room temper-
ature drying. The effect of the desiccation process on the corrosion behaviour of the surface treated
aluminium is examined. Interface model is then formed in order to explain the mechanism of low
wettability and corrosion resistance.

The thesis comprises of six chapters, including introduction (Chapter 1) and conclusions (Chapter
6). Chapter 1 mainly covers the introduction of hydrophobic surfaces, formation techniques, and
anodic oxide film on aluminium, PAOF and purposes of this research.

In Chapter 2, oven desiccation treatments were employed to develop the hydrophobicity of PAOF.
It is found that anodizing decreases water contact angle (CA) because of the formation of irregular
morphology on the porous layer. With desiccation temperature at 383 K and 393 K, the pre-fabricated
oxide film loses adsorbed water and a regular porous structure is exposed therefore CA is increased,
which mainly varies as desiccation time. Even at 373 K, hydrophobic property of the oxide film is
achieved after 1296 ks. Aluminium sheets with hydrophobic film exhibits higher corrosion resistance
compared to untreated sample in immersion corrosion test. Pitting corrosion is evidently investigated
on untreated sample, while hydrophobic sample keeps its porous structure. In the result of potentiody-
namic polarization measurements, hydrophobic film exhibits a better corrosion resistance than anodic

oxide film.
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Chapter 3 describes two solutions to fabricate PAOF on aluminium. Phosphoric acid is considered as
a better anodizing solution compared to oxalic acid. Both of two solutions make regular porous oxide
film on aluminium while average pore-diameter in phosphoric acid is 176 nm and that in oxalic acid
is 29 nm. By the interface model, the calculation results show that for sample anodized in phosphoric
acid, micorpores are almost filled with air, which can lower surface wettability. For sample anodized in
oxalic acid, micropores are filled with water to make a hydrophilic surface. The rest potential in NaCl
solution shows a decreasing order - hydrophobic sample, anodized sample, electropolished sample,
which accounts for the corrosion resistance improvement of both anodizing and desiccation treatment.

Chapter 4 describes different desiccation treatment, which will influence the CA change with time.
The desiccation procedures are different in temperature rising and falling rate. Samples subjected to
gradual heating and cooling desiccation (makes regular porous morphology) exhibit a larger CA than
samples subjected to fast heating and cooling desiccation (surface appears as ductile fractured like
structure) in an oven at the same temperature. From the SEM and AES observations, the low wettability
surface has little change in the surface chemical composition before and after the desiccation treatment.
The sample surfaces before, during and after oven desiccation shows gradual regularization with CA
increasing. A model is presented according to the reality of the interface between porous layer and
solution, which can be used for most of PAOF on aluminium. The corrosion prohibition property of
the hydrophobic surfaces can also be explained with this model.

In chapter 5, the influence of pore length on surface wettability is discussed. The thickness of
porous layer on aluminium grows at a rate of 4.2 nm/s as anodizing time expanding in phosphoric
acid. Surface with longer micropores brings about smaller CA before desiccation treatment, because
the infiltrated water into micropores is more. The sample anodized for 7.2 ks shows a higher increasing
rate of CA than sample anodized for 1.8 ks and 3.6 ks, possibly because its better regularity of porous
layer. However, after a longer desiccation time, the air pressure change in micropores seems not to
have an evident influence on the CA. Anodizing time of 3.6 ks and desiccation at 423 K for about 21.6
ks is more practical in engineering consideration.

Finally, chapter 6 summarizes all the finding and conclusions from former Chapters.
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