Automated hydrogen permeation analysis using
machine learning-enchanced optical microscop
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Hydrogen permeation detection
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Schematic representation of the RM setup Schematic representation of interfacial electron transfer reactions
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Hydrogen embrittlement is a bulk effect, but hydrogen alters surface films—
detectable via surface analysis
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From static image analysis to time-resolved pixel data clustering
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Surface shows faint spatial variations is gaussian-like Histogram-based binarization shows two zones
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Analysis of pixel-wise time series clearly highlights area, affected by hydrogen

Diffusion coefficient estimation
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O-ring (blue) and outside (orange) transformation in 3 nm film during Fe,0; growth
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Diffusion estimated using
Where L - membrane thickness, Proposed mechanism: Fe,0; transformation Thickness / (nm) SKP map recorded immidiately
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t1 - time, at which hydrogen is detectable inside O-ring and Fe,0, growth outside Optical model for Fe,0; growth after hydrogen charging
t0 - start time of experiment
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e Estimated diffusion coefficient (28 p.mZ/s)

ia close to known from literature (32umZ/s) Optical modeling and SKP analysis confirms the proposed mechanism
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¢ Hydrogen permeation can be quantitavely assessed using reflective microscopy Jeunes chercheuses, jeunes chercheurs,
e UMAP + K-Means pipeline improves sensitivity of microscopy and allows automated ANR JCIC, program (OCTAWA project, ANR-34 15 22-CE29-0010-01).
hydrogen detection; RM with statistical analysis allows quantification of changes Vucko, Flavien, Varvara Shubina Helbert, and Andrei Nazarov. "Quantification of Hydrogen Flux from
in oxidation state in nanometric |ayers Atmospheric Corrosion of Steel Using the Scanning Kelvin Probe Technique." Metals 13.8 (2023): 1427.
e RM is easy to couple with other techniques Makogon, Aleksei, et al. "Machine Learning-Enhanced Optical Monitoring for

Identifying Pitting-Susceptible Zones in 316L Stainless Steel." (2025).
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