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Hydrogen permeation tests were performed using the ENEA PERI-II experimental facility [5]. Gas driven
measurements have been performed by means of Continuous Flow Method (CFM). Conditions relevant for a ‘
fusion power plant environment have been experimented involving:

e Sample temperature up to 500°C,

* Hydrogen/Deuterium partial pressure between 0.1 Pa and 500 Pa.

Sampling Readlization

AL, O, has been deposited on sample disks of 40-50 mm diameter and thicknesses between 0.5-3 mm by means
of Atomic Layer Deposition (ALD) and by Pulsed Laser Deposition (PLD). Three types of steels - AlSI 316L,
Nitronic 50 and Incoloy 800H - have been employed as substrates. Prior coating deposition, substrates were
subjected to electropolishing to improve the surface finish (SEM has been performed after the treatment to
check the surface quality).
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Good comparison has been evidenced with literature data on pristine samples [8], [9], [10]. PRFs have been
measured in the order of 103 for PLD and 102 for ALD. A suited substrate surface preparation protocol,
capable of removing the carbonaceous contaminations present on steel surfaces (responsible for the uncoated
spots), could unleash a higher potential for the ALD technique.

Post measurement characterization of the coatings have been performed in ENI laboratories by:

 SEM microscopy to check surface morphology and homogeneity of the deposition; —
* XRD analysis to detect any crystalline phases; .. ARt
 Ellipsometry to measure sample thickness and indirectly coating thickness; il bt Bk oL 0 Lot (1Pt
* Profilometry to evaluated the surface roughness of the coated-side. (3) Gt e s R
A portion of the samples has been subjected to thermal cycling or thermal shock processes in x-nano L

laboratories to verify the stability of the deposition at high temperatures.
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Following measurements of ion-induced damage will give insights regarding the amount of Hydrogen trapped in
the samples coating.

Need for international standardization for testing protocols

Discrepancies are often observed among experimental results reported in literature, which may arise from:

SEM HV: 2.0 kV Scan speed: 7 | | MIRA3 TESCAN SEM HV:2.0kV | Det: SE MIRA3 TESCAN
SEM MAG: 2.50 kx WD: 3.98 mm 20 um

¢ Diffe re nt enVi rOnmental teSting ConditiOnS; = '\Bn:i:oi.mkx ‘ View?;:l::::.‘i b toum EM Lab (lIT-PoliMi) Bl: 5.00 | Det: SE EM Lab (lIT-PoliMi)
* Variations in sampling techniques and pre-/post-measurement characterization;
 Extremely low permeation rates, approaching the instrument's limit of detection (LOD).
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A collaborative infrastructure with shared methodologies for hydrogen permeation experiments is encouraged
to accelerate the validation of TPB performance under reactor-relevant conditions and provide valuable
support for the design of future fusion power plants.
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