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Abstract

Introduction: Plasma electrolytic oxidation is a new and upgraded
method of anodizing process to improve the corrosion resistance of
aluminum alloys by creating a ceramic coating on their surface.
Methods: One of the parameters affecting of PEO process as well as the
performance of the prepared coatings is the composition of the substrate.
In this study, the effect of increasing the percentage silicon of substrate
on the plasma electrolytic oxidation process with bipolar pulse current in
a silicate-based electrolytic bath was investigated. Scanning electron
microscopy was used to evaluate the morphology and structure of the
coating and X-ray diffraction test was used for phase detection. Coating
corrosion behavior was evaluated by electrochemical tests after 1 hour
immersion in 3.5% NaCl solution with the adjustment of pH 4.
Findings: coatings had a pancake structure with craters with irregular

micro-cracks and micro-porosity. Investigations showed that with an
increase in the percentage of silicon in the substrate, the thickness and
porosity of the coatings decreased, and the volcanic morphology
prevailed over the pancake morphology in the growth of the coating.
Analysis showed the coatings mainly contain a mixture of y- Al;O3, 1-
Al,03, 3-Al;03, SiO2, a small amount of mullite and some amorphous
phases. Tofel polarization test revealed, in addition to reducing the
corrosion current density up to 9% of the substrate silicon, we have
seen an increase in the polarization resistance with the increase in
the silicon percentage of the substrate after coating. The
electrochemical spectroscopy test revealed that with the increase in the
silicon percentage of the substrate, the coating forms a physical barrier
against charge transfer substrate and the resistance of the outer layer
decreases, but the resistance of the inner layer increases.
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Extended Abstract

Introduction

Today, the transportation industry is looking for
fuel-efficient vehicles with low pollution
emissions. Therefore, the weight loss parameter
has become an effective parameter in
automotive design. Recently, aluminum alloys,
as one of the light alloys, have been
increasingly considered both technically and
economically. Due to their good mechanical
properties, suitable thermal conductivity, low
coefficient of thermal expansion, great
castability, and, in particular, high strength-to-
weight ratio, cast Al-Si alloys are a promising
material used in automobiles, such as engine
blocks. Nevertheless, weak corrosion and wear
resistance often reduce the lifetime and
performance of cast AIl-Si alloy parts.
Combustion cylinders of reciprocating engines
made of aluminum often use steel liners to
protect against thermal stress and wear.
However, significant studies have been
dedicated to improving the wear performance
of Al-Si parts via modifying their composition
and surface structure.  Electrochemical
processes have been developed for the surface
treatment of automotive components. The
anodizing treatment is performed on cast Al-Si
alloys with an oxide layer of low thickness and
quality due to the presence of a high silicon
content and other elements (e.g., Fe and Cu)
that may lead to the nonhomogeneity of the
components and corrosion attacks in these
regions. PEO treatment is a plasma-assisted
electrochemical surface process that produces
an oxide base ceramic layer on the light alloys
that have a higher life in the long term than the
other coating. This coating has demonstrated
high corrosion resistance, and thermal stability.

Findings and Discussion

The present study evaluates the effect of a
substrate’s silicon content on the coatings’
morphology, structure, and properties in a
silicate-based electrolytic bath on Al-xSi alloys
and effect of presence of this element on the
corrosion resistance behavior of PEO coating
was investigated. Characterization of coatings
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was done with the help of SEM, X-ray
diffraction  analysis, energy  dispersive
spectrometer (EDS) analysis and
electrochemical tests.

coatings had a pancake structure with craters
with irregular micro-cracks and micro-porosity.
Investigations showed that with an increase in
the percentage of silicon in the substrate, the
thickness and porosity of the coatings
decreased, and the volcanic morphology
prevailed over the pancake morphology in the
growth of the coating. Analysis showed the
coatings mainly contain a mixture of y- Al,O3,
n- AlOs, 6-Al0s, SiO;, a small amount of
mullite and some amorphous phases. Tofel
polarization test revealed a decrease that PEO
coatings decreased the corrosion current
density up to 9% of silicon in the substrate, and
increased the charge-transfer resistance with an
increase in the substrate silicon percentage. The
electrochemical spectroscopy test revealed that
with the increase in the silicon percentage of the
substrate, the coating forms a physical barrier
against charge transfer substrate and the
resistance of the outer layer decreases, but the
resistance of the inner layer increases.

Conclusion

The results indicated the coating forms a
physical barrier against charge transfer
substrate and the resistance of the outer layer
decreases, but the resistance of the inner layer
increases. The highest corrosion resistance was
obtained for coating the 9 percentage of silicon
in the substrate.
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