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Hydrogen uptake as function of pressure and
temperature

Fracture surface and range of embrittlement of in-
situ charged tensile specimen

Hydrogen is nowadays maybe the most promising energy
source for the replacement of fossil energy carriers in
industry. To provide the energy needed for this transition
hydrogen must be stored and transported under high
pressures. The majority of the steels used for pipelines and
tanks are carbon steels which are prone to hydrogen
embrittlement. Therefore, it is of crucial importance to
know how much hydrogen is uptaken under highest
pressures and if this contents can cause material
deterioration.
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• Characterization of L80‘s and P110‘s hydrogen uptake as function of

pressure and temperature:
→ Highest hydrogen contents of L80:

• Unstressed condition: 1.1 wt.-ppm at 25 °C and 1.2 wt.-ppm at 200
°C

• 90 % Yield Strength: 1.1 wt.-ppm at 25 °C and 1.2 wt.-ppm at 200
°C

→ Highest hydrogen contents of P110:
• Unstressed condition: 1.0 wt.-ppm at 25 °C and 1.4 wt.-ppm at 200
°C

• 90 % Yield Strength: 1.2 wt.-ppm at 25 °C and 1.3 wt.-ppm at 200
°C

• No fracture occured in CLT at 90 % Yield Strength
• The critical hydrogen content for L80 is 1.7 wt.-ppm and for P110 1.0 wt.-

ppm respectively

In the scope of this work the two commercial steel grades
L80 and P110 which are commonly used for line pipe
applications were investigated. To analyse the hydrogen
uptake of the steels as function of H2 partial pressure and
temperature a new high pressure high temperature
autoclave test bench, with an operation range up to 1000
bar and 200 °C was installed. One advantage of the new
device is that it is also possible to conduct constant load
tests (CLT) under high pressure gas atmosphere. In the
present study all CLTs were conducted under 90 % of the
materials yield strength. Additionally the effective diffusion
coefficients of both steels were determined by
electrochemical permeation measurements. This diffusion
coefficients were further used for the numerical simulation
of diffusion profiles.

For the examination of
the critical hydrogen
content in-situ tensile
testing,
electrochemical
permeation and
fractographic analyses
were combined with
numerical simulation.

Material Chemical Composition [%]

C Si Mn P S Cr

L80 0.32 0.20 1.34 0.018 0.007 0.24

P110 0.31 0.21 1.36 0.011 0.007 0.24
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PROJECT OVERVIEW

HyGrid2 project is the first project in Austria for
repurposing an existing natural gas pipeline for
100% hydrogen transport. The project is supported
by the Austrian Research Promotion Agency (FFG)
as a crucial step towards achieving the goal of
carbon neutrality by 2050. Hydrogen transport cost
and hydrogen embrittlement (HE) are the most
serious challenges of the hydrogen transportation
process. Therefore, repurposing the present
infrastructure is considered as an extremely cost-
effective process. Meanwhile, HE is a serious
phenomenon that deteriorates metals in hydrogen
environment. Thus, this research aims to evaluate
the different grid parts including their welds, in
terms of HE susceptibility for safe and efficient
operation in the future.

Grid territory of Energienetze Steiermark

GRID INTEGRITY EVALUATION

The pigging process is performed to evaluate the
current status of the grid in terms of wall thickness
and defects using ultrasonic testing. Moreover, X-ray
inspection is also involved in welds inspection to
assess the integrity of the present infrastructure and
know which flaws and defects, such as cracks, voids,
slags, pores and notches, are present.

Pigging tool for pipeline inspections

GRID SAMPLING 

Different samples of the grid

Different parts of the grid representing different
materials with varied geometries are sampled for
residual stress evaluation and to be machined for
subsequent destructive mechanical tests. The
machined specimens include specimens for
Constant Load tests, Hollow Probe tests, Compact
Tension tests and Hydrogen Permeation
experiments for welds and base metals.

TESTING METHODS

TESTING METHODS
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CONCLUSIONS

• The study will contribute to a swift implementation of a cost-effective and efficient hydrogen distribution system
• According to the International Energy Agency (IEA), repurposing an existing pipeline saves 50-80% of the cost compared to setting up a new one.
• The different specimens will be subjected to tests in different hydrogen environments to determine the HE susceptibility under varied conditions
• The research outputs should answer the open questions by 2025 to create a manual for operating the repurposed grid safely and efficiently.
• Dry hydrogen doesn't yield to measurable embrittlement of X52 material up to 1.2 * YS
• Dry hydrogen + hydrogen sulfide don't yield to measurable embrittlement of X52 base material up to 1.2 * YS
• Hydrogen + hydrogen sulfide + 5 % NaCl solution yield to hydrogen embrittlement of X52 base material at 1.2 * YS

PRELIMINARY RESULTS OF CONSTANT LOAD TEST

Some of the constant load tests under varied loading stresses were performed in different hydrogen environments
to assess the hydrogen uptake behaviour + hydrogen embrittlement susceptibility of X52 pipe grade. The X52
material has mechanical properties of 353 MPa YS, 492 UTS MPa and 25% elongation.

120 bar H2 120 bar H2 + 1 bar H2S 120 bar H2 + 1 bar H2S + 5% NaCl

H  uptake without stress 0.1 ppm H  uptake without stress 0.5 ppmH  uptake without stress 0.2 ppm


