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Plasma Electrolytic Oxidation (PEO) process is an electrochemical process to

produce multifunctional ceramic coatings on light-weight metals. Growth of the oxide

layer is assisted by the generation of micro-discharges (MDs) over the processed

surface. By using a pulsed bipolar current we previously evidenced that ignition of

MDs is delayed with respect to the rising edge of the anodic current. This delay (Δt)

has been found to be sensitive to the processing time and the applied anodic to

cathodic charge quantity ratio (RCQ). A mechanism of charge accumulation taking

place through an electrical double layer (EDL) at the oxide/electrolyte interface was

proposed. The present work investigates the PEO process consisting of two different

successive RCQ values. Results are compared with those collected from reference

treatments within a single RCQ value. The detection of light emission reveals that

switching from high to low RCQs leads to an instantaneous and significant increase in

the MDs ignition delay Δt. The opposite behaviour is strictly observed when the

reverse order of sequences is used. In both cases, after a certain processing time

following the switching, Δt tends to converge to the values obtained for reference

treatments. These observations are discussed by considering that the dynamic

response of the EDL is influenced not only by the applied electrical signal but also by

the morphology of the growing coating, especially its thickness and porosity. SEM

observations reveal that switching from high RCQ = 6.0 to low RCQ = 0.9 results in

the combination of the highest coating thickness (65µm) with the lowest coating

porosity (2.3 %). In this particular case, during the switching, the fast video

measurements and the electrical measurements detected the disappearance of

visible MDs and a sudden drop in the voltage amplitude. So, this particular

sequencing promotes an earlier transition into “soft”-regime compared to the

reference treatment run only with RCQ = 0.9. These observations are discussed by

considering a synergetic effect of this sequence: a rapid growth of a porous oxide

layer during the first sequence, followed by a mechanism of “self-healing” when pores

are progressively filled during the second sequence, within the “soft”-regime.
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