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ABSTRACT

Hydrogen technologies are important in reaching the goal of a fossil-free society. Examples of
applications promoting this is the use of hydrogen as a reductant to produce fossil-free steel,
hydrogen fuel cells and gas turbines running on pure hydrogen gas. Storage and transportation of
hydrogen gas will be crucial for this transition. Storage of hydrogen gas is particularly important
to balance the energy system, by enabling hydrogen gas production based on the access to electric
power, not equivalent to the peak demand.

The use of hydrogen gas requires metallic components and constructions. Hydrogen may however
deteriorate the mechanical properties of metals. This phenomenon is known as hydrogen
embrittlement (HE). In this work the mechanical degradation of austenitic stainless steels was
studied by slow strain rate tensile testing (SSRT) using hollow specimens internally pressurized
with 200 bar hydrogen gas and argon as a reference. The testing was performed for different types
of 316 grades at different temperatures (-50°C, room temperature and +100°C).

To reveal whether hydrogen absorption occurred in the hollow specimens testing, the specimens
were analyzed using thermal desorption spectroscopy with mass spectrometry (TDMS).
Furthermore, post-analyses in terms of fractography using scanning electron microscope (SEM)
were performed to reveal the type of failure in argon and hydrogen gas.

In general, austenitic stainless steels are less sensitive to HE compared to ferritic and martensitic
steels and are considered to be an excellent choice for hydrogen gas applications. In this work it
was seen that the sensitivity to HE is highly dependent on the chemical composition of the steel,
which provide austenite stability, as well as on the testing temperature.



316-4-1C 20.0kV 33.9mm x17 SE

316-4-3C 20.0kV 36.3mm x17 SE

Figure 1. SEM micrographs of fracture surfaces for austenitic stainless steel 316 in argon (left)
and hydrogen gas (right) after SSRT using the hollow specimen method at a temperature of -
50°C and a pressure of 200 bar.
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