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High-speed video investigation of the plasma electrolytic oxidation

process: breakdown and growth mechanisms
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Over the last three decades, hundreds of articles have been published on

the plasma electrolytic oxidation (PEO) of light metallic alloys. These papers

mostly report on the mechanical, tribological and anti-corrosive properties of

the processed parts, and only a few percent (< 5%) address the physics and

behaviour of the micro-discharges that govern the PEO process. Recently

works have been reported on the spectroscopic characterization of the

micro-discharges (MDs) out of which parameters as electron density or

temperature have been determined [1]. Video characterization of MDs have

also been carried out and related to the process and layer growth [2, 3].

However, the MDs characterization was limited to a time scale fixed by the

low acquisition rate of the video recording (24 Hz), much longer than the

expected lifetime of such plasmas.

Using a high speed video camera (> 100kHz) allows us to measure the MDs

lifetime distribution over the PEO process duration with a time resolution

down to 2 µs. Moreover the image processing algorithm specifically

developed for analyzing the acquired pictures makes it possible to image a

mapping of the location of the MDs over the sample surface, which is related

to the growth of the oxide layer, especially for what concerns the thickness

homogeneity.

Synchronization of the movies with the supplied current pulses reveals a

delay of MDs ignition with respect to the rising edge of the current. Such a

delay which has never been reported is investigated for different PEO

electrical parameters (current density, current frequency, etc.). Discussion

of the results coupled with the analysis of the oxide layers lead us to

propose breakdown and growth mechanisms.
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