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The automotive and energy sectors are heavily investing in hydrogen fuel cell technology to power a clean,
efficient future fleet. Hydrogen embrittlement of structural steels, however, is a significant concern, thus the
scientific and engineering communities are studying the effects of long-term hydrogen exposure on structural
materials for the storage and distribution of hydrogen.
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Physics of Hydrogen Gas
» Abel-Noble Equation of State predicts the

behavior of high-pressure hydrogen gas well
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Thermodynamics of Dissolved Hydrogen

Solubility has classic temperature dependence:
K=K, exp(-E/RT)

Embrittlement

Diffusivity of Hydrogen in Metals
Diffusion is extremely slow in austenitic
stainless compared to other materials
Diffusion distances for austenitic stainless

Hydrogen dissolved in steels depends on the

4 .
fugacity of the hydrogen gas steels are 10® times smaller than

low-alloy steels

» Fugacity (f) of high-pressure hydrogen is
necessary for thermodynamic calculations
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Different testing methodologies for evaluating effects of hydrogen on structural metals |
are used depending on the material characteristics and the desired engineering data

Type 316/316L austenitic stainless steels with high concentrations of internal hydrogen (~140 wppm)
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Subcritical crack growth of low-alloy steels for thick-walled pressure vessels in high-pressure H,

Static crack growth in high-pressure H., gas « Microstructural and processing effects
must allow time for hydrogen
uptake to crack tip
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Recent tests show that conventionally
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Steel with proprietary heat treatment swof
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improvement in resistance to hydrogen
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