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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 mi-
croscopy was used to evaluate the morphology and structure of the coat-
ing and X-ray diffraction test was used for phase detection. Coating cor-
rosion behavior was evaluated by electrochemical tests after 1 hour im-
mersion in 3.5% NaCl solution with the adjustment of pH 4.

Findings: The results indicate that the main phase of the coatings is y-
Al,O3, and by adding sodium tungstate dihydrate, the constituent com-
ponents of the electrolyte are introduced into the coating, and tungsten is
one of the phases forming the coating along with Al,O3z. Examining the
coated specimens showed a pancake structure and a volcanic crater with
irregular micro-cracks and micro-porosity. The participation of tungsten
in the coating caused an increase in the thickness of the outer layer, so
the increase in the thickness of the coating due to the participation of
tungsten increases the corrosion resistance of the outer layer compared
to the equivalent samples without additives. The electrochemical spec-
troscopy 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.

Masoud Moshrefifar, The effect of the chemical composition of the substrate and
Na2WO4 additive on the microstructure and corrosion behav-ior of PEO coatings of alumi-
nume-silicon alloys, Quarterly Journal of New Materials. 2024; 15 (55): 57-75.

Use your device to scan and read the
article online

DOLI:
10.71905/jnm.1403.1188983

Keywords:

Aluminum-Silicon alloy, Coating,
Plasma electrolytic oxidation, Cor-
rosion resistance

Corresponding author: Masoud Moshrefifar

Address: Department of Mining and Metallurgical Engineering, Yazd University, 8915818411, Yazd, Iran.
Tell: +989131582881

Email: moshrefifar@yazd.ac.ir




The effect of the chemical composition of the substrate and Na2WO4 additive on the microstructure...

Extended Abstract

Introduction

Today, With the advancement in modern indus-
tries, high quality is expected from the surface
of the parts, so today advanced processes have
been developed to create hard and corrosion re-
sistant coatings. One of the coating methods is
the plasma electrolytic oxidation process,
which is considered a new and improved
method of the anodizing process and is used to
improve the corrosion resistance of light metals
such as aluminum, titanium, magnesium and
their alloys, which have the ability to create a
passive layer in aqueous environments. is
placed. Recently, this method has been increas-
ingly noticed due to the favorable properties of
the ceramic coating and its compatibility with
the environment (use of alkaline electrolytes).
Plasma electrolytic oxidation is a complex
physical, chemical and electrochemical process
that occurs at voltages higher than the dielectric
breakdown potential and leads to the creation of
plasma microdischarges. (using alkaline elec-
trolytes) has been increasingly noticed. Plasma
electrolytic oxidation is a complex physical,
chemical and electrochemical process that oc-
curs at voltages higher than the dielectric break-
down potential and leads to the creation of
plasma microdischarges. In this process, oxide
film formation, dissolution, dielectric break-
down, gas ionization, plasma formation and
sparking occur on the metal surface at the same
time. The occurrence of these reactions during
the PEO process determines the microstructural
characteristics of the coating, including amor-
phous, nanocrystal and quasi-stable structures.
Several factors including electrolytic and elec-
trical parameters, temperature and oxidation
time affect the characteristics of the obtained
coating. Among the factors affecting the plasma
electrolytic oxidation process is the chemical
composition of the substrate, which was evalu-
ated in a previous study. The chemical compo-
sition of the electrolyte is one of the most effec-
tive variables on the morphology, structure and
engineering properties of PEO coatings. So, by
adding different compounds to the electrolyte,
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a coating with more favorable properties can be
created. In this research, the purpose of adding
sodium tungstate dihydrate on the morphology
and structure of the coating and finally its cor-
rosion resistance.

Findings and Discussion

The present study evaluates the effect of a
substrate’s silicon content and adding sodium
tungstate dihydrate on the coatings’ morphol-
ogy, structure, and properties in a silicate-based
electrolytic bath on Al-xSi alloys and effect of
presence of these parameters on the corrosion
resistance behavior of PEO coating was inves-
tigated. Characterization of coatings was done
with the help of SEM, X-ray diffraction analy-
sis, energy dispersive spectrometer analysis and
electrochemical tests. Same as electrolyte with-
out additives, coatings had a pancake structure
with craters with irregular micro-cracks and mi-
cro-porosity. The coated specimens showed a
pancake and crater structure with irregular mi-
cro-cracks and micro-porosity. The results indi-
cate that the main phase of the coatings is y-
Al;O; a small amount of mullite and some
amorphous phases and by adding sodium tung-
state dihydrate, the constituent components of
the electrolyte are introduced into the coating,
and tungsten is one of the phases forming the
coating along with Al,Os. The comparison of
the polarization curves, with an increase in the
substrate silicon percentage, in the conditions
containing and without the addition of sodium
tungstate, indicates the shift of the Tafel polar-
ization diagrams towards higher current density
and towards more positive potentials. The elec-
trochemical spectroscopy test revealed that
with the increase in the silicon percentage of the
substrate and adding sodium tungstate dihy-
drate, the resistance of the inner layer decreases
compared to equivalent samples. On the other
hand, increasing the thickness of the coating
due to the participation of tungsten has in-
creased the resistance of the outer layer com-
pared to the equivalent samples without addi-
tives.
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Conclusion

Investigations showed that although the
thickness, roughness and porosity of the coat-
ings decreased with the increase of silicon per-
centage of the substrate, but the average thick-
ness of the coatings increased with the addition
of sodium tungstate dihydrate in the electrolyte.
With the addition of sodium tungstate dihydrate
in the electrolyte, higher corrosion resistance
was obtained, which is attributed to the greater
thickness of the oxide coating and the denser
morphology of the coating due to the participa-
tion of tungsten in the coating.
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