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Hydrogen Embrittlement Understood

Hydrogen embrittlement is ubiquitous, occurring in all but a handful of metals. Although
the phenomenon is well documented, the root cause of hydrogen embrittlement at the
fundamental level remains poorly understood. The primary candidate mechanisms in non-
hydride forming systems are decohesion, which results from hydrogen reducing the cohesive
(L = ' strength of the lattice; and hydrogen-enhanced localized plasticity, in which hydrogen
\ ‘ - attached to the dislocation shields its interaction with other elastic obstacles. The latter
L TS ) mechanism is supported directly by experiment, but the connection between hydrogen
# enhancing the velocity of dislocations and hydrogen-induced failure has remained tenuous.

\ -~ 4 Recent advances in experimental tools are providing new opportunities to discover the
- fundamental processes responsible for hydrogen-induced failure. Using these new tools, it
{ has been found that hydrogen accelerates the evolution of the microstructure and stabilizes it
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in unanticipated states. Based on these observations, it is proposed that hydrogen accelerates
the evolution of the dislocation microstructure by the hydrogen-enhanced plasticity
mechanism, which work hardens the matrix to an unexpected degree at low strains and
stresses and it redistributes the hydrogen to regions of greatest dislocation activity. It will be
demonstrated that these two consequences dictate the fracture mode and the fracture path.
These observations suggest a possible metallurgical solution to producing alloys with a
higher tolerance to hydrogen.
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