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Abstract—The Plasma Electrolytic Oxidation (PEO) is a surface modification process that allows producing protective oxide coatings on light
metal alloys. These coatings are characterized by high microhardness and wear resistance. Changes of electrical conditions of alternate current
during process, such as duration and frequency of anodic and cathodic pulses, influence on layer growth rate, its microstructure and final properties.
In this study aluminium samples were oxidized at different electrical parameters in sodium silicate electrolyte. The growth rates of oxide layers were
determined by mass change and thickness measurements. The microstructure of the obtained coatings was investigated by using scanning electron
microscope. Additionally phase composition of coatings was determined by X-ray diffraction on top surfaces of layers. Generally shorter duration
and higher frequency of anodic pulses provides more uniform structure at lower growth rate. Nevertheless there are certain ranges of electrical

parameters that provide decent uniformity of oxide coatings.
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INTRODUCTION

Plasma Electrolytic Oxidation (PEO) is a process of
producing oxide layers on Al, Ti and Mg alloys. It is
based on the anodic oxidation in aqueous solutions at
voltages exceeding the breakdown voltage of the
developing oxide layer on the surface of metal [1-3]. This
results in an occurrence of short-living electrical micro-
discharges, uniform on the whole surface of the electrode,
which promotes growth of oxide layer. Due to the low
magnitude of an individual discharge, very high
temperature gradient causes rapid solidifying of melted
material and its depositing on and within oxide layer.
These processes are mainly responsible for the
characteristic structure and morphology of oxide layers
obtained in PEO which have high microhardness [4],
wear and corrosion resistance [5].

The PEO process can be carried out using different
current waveform such as: direct current, pulsed current and
alternate current [6]. Most of recent works using alternate
current which as the most effective current parameters. In
the literature there are a small number reports about benefit
of pulsed current in respect of direct current [7]. The aim of
this work is to compare pulsed current mode at different
frequencies to direct current with preserving the same
current densities. Also to study how significant is the
influence of interrupting flow of current on growth rate,
composition and structure of coating structure.

EXPERIMENTATIONS

The samples of size 10 x 30 x 1.5 mm were cut from of
1050 aluminium alloy sheet. Before the PEO process, the
samples were prepared in few steps: degreasing in
acetone, etching in 0.25 mol-dm™ NaOH solution,
brightening in 7 mol-dm™ HNO; solution and rinsing in
distilled water. Oxidation of samples was conducted in 4

dm’ stainless steel tank which acted as counter electrode.
Composition of electrolyte was: 0.04 mol-dm™ KOH, 0.08
mol-dm™ Na,SiO; and its temperature was maintained at
20+1°C. Bath was agitated by mechanical stirrer. PEO
process was conducted using pulsed current at different
frequency with maintaining constant average current
densities at 7.5 A-dm™. A different period time of
oxidation: 15, 30, 45 and 60 minutes were used. As a
voltage source the programmable DC power supply
Chroma 62012P was used. Pulsed were generated by
custom switch unit controlled by real-time platform with
LabVIEW-RT. Duty cycle of all waveforms were 50%.
Anode and cathode were short-circuited between pulses.
After the PEO process, the samples were rinsed in
distilled water in ultrasonic cleaner in order to remove
residual electrolyte from pores of oxide layers. The
samples were weight before and after oxidation process in
order to specify mass gain. Additionally the thickness of
oxide layers was determinate by eddy-current method.
Phase composition was determined by X-ray diffraction
on top surfaces of layers (RigakuMiniFlex, CuKa).
Structure observations of the top surfaces of layers were
conducted on SEM (Hitachi SU-70).

RESULTS AND DISCUSSION

The graph presented in figure 1 shows voltage changes
during oxidation process. There are only substantial
differences between plots for individual frequencies. For
all of plots, in first period rapid increase of voltage up to
about 400 V is visible. This is breakdown voltage of
oxide layer and after reaching this value microdischarges
appear on the surface of electrode. Then slower voltage
increase to about 500V is observed during rest time of 60
minutes of process. For frequency of 100 Hz voltage
changes are almost identical like for direct current up
about 38 minute.
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Oxide layers containing only two crystalline phases:
mullite (3A1,0;-2Si0,) and y-Al,O5 instead of aluminium
which originate from substrate. Mullite phase
predominate in oxide over alumina phase for all cases. It
is clearly visible that with increase of frequency, the
higher content of crystalline phases is observed in case
both mullite and gamma alumina. There is also higher
concentration of amorphous phase on samples oxidized at
lower frequencies, and the highest amount in case of
direct current.

Images from scanning electron microscope show
characteristic structure of oxide coatings surfaces with
remained

large roughness and micropores after

microdischarges (Fig. 5).

Fig. 5: SEM Images of Oxide Layers Surfaces

For lower frequencies surface is rougher and have
higher amount of defects. With increasing frequency
surface become more uniform, less-defective and have
lower number of micropores. It is also seen for samples
oxidized at 1000 Hz that there are many spots where

discharge channels were encapsulated by molten material
of layer and lesser open pores are remained.

CONCLUSION

e PEO conducted at higher frequency cause
decreasing growth rate of oxide coating and
increasing energy-consuming of process.

e The higher frequency of pulses the higher
amount crystalline phases content in layer.

e Oxide coatings obtained at higher frequencies
have more uniform structure, less roughness and
lower number of pores.

e PEO process carried out using the pulse current,
as in the case of DC, has some limitations, due to
occurrence of a large discharge at certain stage
of process.
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