Advanced in-situ electrochemical nanoindentation testing
for understanding hydrogen-materials interactions
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Introduction
Despite a lot of research, hydrogen embrittlement mechanisms are still controversially discussed. Especially the role of plasticity itself is underestimated in many cases. Hence, the investigation of
deformation processes under hydrogen influence is a vital field of research.
In-situ electrochemical nanoindentation became a versatile tool for probing the impact of electrochemical charging on the mechanical properties. Besides measuring hardness and Young’s modulus,
insights in the acting deformation mechanisms can be gained by advanced nanoindentation testing methods like nanoindentation strain rate jump tests. The advantages and possibilities of this
method are demonstrated with an in-situ electrochemical nanoindentation setup implemented in a G200 Nanoindenter platform. In addition to the hydrogen-induced hardness increase, an increase in
strain rate sensitivity and a decrease in activation volume was visible.
The changes in plastic deformation related parameters could be related to short range effects, which can lead to a more localized deformation. Furthermore, the evaluation of the remaining imprints
with laser scanning confocal microscopy showed a clear change in the evolution of the plastically deformed zone during hydrogen charging.

In-situ electrochemical nanoindentation
The electrochemical cell is implemented in a G200 platform (KLA, USA) with an Berkovich
indenter tip geometry with an elongated steel shaft (Synton-MDP, Switzerland) for
indentation through the liquid electrolyte [1]. The used electrochemical setup consist of a
platinum counter electrode, a HgSO4 reference electrolyte with a glycerin-based
phosphoric acid electrolyte.

When introducing abrupt strain rate changes into a standard strain-rate-controlled experiment, the
resulting hardness jumps can be used for calculating thermally activated deformation parameters:
the strain rate sensitivity 𝑚 and the activation volume 𝑉 ∗ [2].
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Standard mechanical properties, like
Young’s modulus and Hardness, can be
measured for different material states in
charged or uncharged condition. For all
materials sensitive to HE a hydrogeninduced hardness increase is measureable
at different applied strain rates.

Hydrogen charging leads to an
increase in strain rate sensitivity 𝑚
and a decrease in the activation
volume 𝑉 ∗ . Both values recover after
hydrogen outgassing.
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Conclusions
Findings:
 Increase in pile-up height and volume
 Shrinkage of plastically deformed zone
 Less activated slip systems
 Higher misorientation angles
Conclusion:
 Hindered dislocation motion
 Restricted cross slip
 Localized deformation

 The exposure of hydrogen leads to a change in the deformation-related parameters. The increase in
strain rate sensitivity indicates an increase in lattice friction. The observed decrease of the activation
volume suggests a promotion of planar slip, which leads to a more localized deformation.

HELP mechanism:
Hydrogen-Enhanced Localized Plasticity

 The analysis of the remaining Berkovich imprints showed a decrease in plastically deformed zone, an
increase in pile-up height and volume, as well as changes in the slip step characteristics as a
consequence of hydrogen charging.
 All findings can be related to the appearance of
hydrogen-enhanced localized plasticity (HELP) mechanism.
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