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Specific innovation objectives

Steel is the material of choice for many applications. Steel is used for tall buildings, stadiums, cars,
trains, screws, etc. It can be used to make containers of all sizes and shapes, and for all kinds of purposes.
However, it is susceptible to the smallest of atoms — hydrogen.

The problem begins with hydrogen atoms diffusing through the steel. When these hydrogen atoms
re-combine in minuscule voids of the metal matrix to form hydrogen molecules, they create pressure from
inside the cavity they are in. This pressure can increase to levels where the metal has reduced ductility and
tensile strength, up to the point where it can crack open, in which case the process is called hydrogen-
induced cracking.

We plan to develop new nano-coating structures based on novel diamond-like carbon coatings, hard
nitrides, and metal-oxide layers to produce a new generation of innovative hydrogen-impermeable nano-
coatings that will reduce the levels of hydrogen absorbed through the surface of steel by a factor of three to
five at a cost of € 200-300m® for medium-scale operations. This will have far-reaching positive
consequences for the steels that are used for containers to transport liquid and gaseous hydrogen and liquid
hydrocarbons, an increasingly important technology in the context of a future hydrogen economy. It is also
important for the transport of large quantities of liquid hydrogen from CO,-free production sites to the point of
use

(a) « columnar
TiAIN graiﬁs

’.

’
W
il

s s gg e j :
et { g “interface 't

Eurofer substrate




Fig.1-TEM micrograph of aTiAIN coating at the contact with a Eurofer steel substrate. (a) TiAIN
grows in the form of 20-50-nm-wide columnar grains that extend from the TiAIN/Eurofer interface. The
growth zones are parallel with the interface. (b) SAED pattern recorded from the TiAIN coating shows
diffraction rings stemming from randomly oriented TiAIN crystallites. (c) A high-resolution TEM image of the
TiAIN/Eurofer interface shows that columnar TiAIN grains in the film grow on the top of the Fe grains of the
substrate in a semi-epitaxial relation.
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Duration: 01/03/2008- 28/02/2011
Cost: 532.000Euro

Coordinator: ~ Paul McGuiness
E-mail: paul.mcguiness@ijs.si
Tel: +386 1 477 3818



