
The transition towards hydrogen-based technologies represents one of the most promising

pathways for reducing emissions from the steel sector, which must decrease by at least 55% by 2030

to contribute to the EU's objective of achieving climate neutrality by 2050. A crucial role in this

transition will be played by both the repurposing of existing gas networks and the construction of

new dedicated hydrogen pipelines. However, many existing pipelines, and particularly their welded

joints, are not fully hydrogen-ready due to hydrogen embrittlement, a phenomenon that can

reduce steel ductility and compromise structural integrity, potentially increasing the risk of failure.

MITHRIL addresses this challenge through the development of durable and industrially scalable

Hydrogen Permeation Barrier (HPB) coatings based on five complementary technologies: Gel, Pack

Cementation, Sol-Gel, PECVD, and Electroless Plating. The project aims to validate the developed

solutions at TRL 5 on representative pipeline mock-ups under high-pressure hydrogen environments

(16–20 MPa), targeting at least a 20% improvement in steel ductility and enabling the reuse or safe

deployment of pipelines that are currently not hydrogen-ready.

Among the investigated technologies, Pack Cementation plays a central role in the development of

alumina-based barrier systems, consisting of an FeAl transition layer and an α-Al₂O₃ surface layer.

Such systems are recognised in the literature as highly effective hydrogen permeation barriers, owing

to their high Permeation Reduction Factor (PRF > 10³) and the thermodynamic stability of α-Al₂O₃.

The process, initially developed by RINA-CSM using an above-the-pack configuration and

subsequently scaled up by Flame Spray Hungary (FSH), consists of two main stages: aluminization

and oxidation. The FeAl transition layer helps mitigate thermal mismatch between the substrate and

the alumina film while potentially contributing to the long-term durability and self-healing capability

of the protective system.

MITHRIL will investigate the optimization of these coatings for pipeline steels such as X52 and

X65/X70, as well as their weldability and transferability to other hydrogen-relevant sectors, including

nuclear energy, automotive applications, and domestic hydrogen storage. By combining advanced

surface engineering technologies with industrial-scale validation, MITHRIL aims to support the

development of safer, more reliable, and economically sustainable hydrogen infrastructure.


