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Context

Hydrogen energy as a one of clean and economical future resources has enormous
potential for the society and environment. In the literature, hydrogen barrier coatings are
deposited by different techniques: sol-gel, electrodeposition, PVD (Physical Vapor
Deposition), ion beam assisted deposition, MOCVD ... etc. We note that different
materials have been studied: oxides, nitrides and metal alloys. The corrosion behavior
and the hydrogen permeability of coatings are mainly evaluated. Despite the research
works performed these last years, in the literature little data could be found on the
architectural multilayer coatings deposited by PVD investigated in real conditions of
service under hydrogen. In this way, developing of hydrogen barrier coatings confirms
high potential and great motivation for the industry. Metallic and ceramic coatings will
be chosen as promising candidates.
Objectives

Hydrogen as an energy source could be an alternative to fossil fuels. Its development,
however, faces major scientific, technological and economic challenges. In particular,
since hydrogen is small, it penetrates into the crystalline sites of metallic materials and
shortens their lifetimes. The objective of this project is to develop coatings of few
micrometres thick to protect metallic structures damaged by hydrogen embrittlement
(HE) used in different industrial sectors, particularly in the energy field. These structures
correspond to the hydrogen production, transport and storage systems. The
development of advanced coatings by combining barrier properties that are resistant to
environmental conditions, hydrogen barriers and corrosion resistant, presents immense
scientific and economic potential in the energy sector.
Methodology

The experimental study will be carried out using reference and coated samples. The
deposition parameters that could influence the resistance of coatings to the penetration
of hydrogen will be investigated. The project revolves around several tasks:
1- Deposition of coatings: thin layers will be deposited by different technologies
especially by magnetron sputtering.

2- Quantify the hydrogen amount adsorbed/absorbed in the reference and coated
samples. Both electrochemical and chemical hydrogen charging methods could be
used.
3- Characterizations of coatings: crystallographic analysis, morphological, physicochemical and mechanical characterizations.
4- Study the effect of static and dynamic loading under hydrogen on the behavior of
the material and its lifetime.
During this project, many partners can participate. The future PhD student will work
with different teams specialist in coatings, science of materials and mechanical testing.
References

A. Alhussein, J. Capelle, J. Gilgert, S. Dominiak, Z. Azari, Influence of sandblasting
and hydrogen on tensile and fatigue properties of pipeline API 5L X52 steel,
International Journal of Hydrogen Energy, pp 2291-2301, 2011.
B.Y. Man, I. Guzmaa, A. Miotello, M. Adami, Microstructure, oxydation and H2
permeation resistance of TiAlN film deposited by DC magnetron sputter technique,
surface and coatings technology, 2004.
P.J. McGuiness, M. Cekada, V. Nemanic, B. Zajec, A. Recnik, hydrogen permeation
through TiAlN coated Eurofer ’97 Steel, Surf. Coat. technol. 205, 2011.
F.-D. Duminica, X. Vanden Eynde, M. Mandy, B. Nabi, C. Georges, T. Sturel, P. Drillet,
R. Grigorieva, Investigation of PVD thin films as hydrogen barriers in aluminized press
hardened steels (PHS), surface and coatings technology 397, 2020.
Vincenc Nemanič, Hydrogen permeation barriers: Basic requirements, materials
selection, deposition methods, and quality evaluation, Nuclear Materials and Energy
19 pp 451–457, 2019.

2

