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Abstract
When Mg undergoes anodic polarization in a corrosive
environment, the rate of hydrogen evolution (HE) in-
creases with increasing applied anodic potential or
current, which is opposite of the expected behavior based
on standard electrochemical kinetics. This anomalous HE
has been the recent focus of researchers worldwide. In
this work, the behavior of sputtered Mg thin films and
scratched Mg electrodes is presented. HE vanished when
the potential of a pit in Mg thin films was increased into
the region where a salt film formed. The peak anodic
current on scratched samples was not anomalous, as it
decreased slightly with increased potential. These obser-
vations indicate that the HE rate on Mg depends on the
nature of the surface and that anomalous HE results from
the surface being more catalytic to the HE reaction with
increasing dissolution rate.
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Extended Abstract

A thorough understanding of Mg corrosion properties is
necessary for further developments in its application for
engineering structural components. However, the Mg disso-
lution mechanism cannot be easily explained with classical
electrochemical theories and further experimental clarifica-
tion is still needed. The typical kinetics for electrochemical
reactions follow activated state theory as described by the
Butler–Volmer equation and, for sufficiently large difference
in potential from the reversible potential, the Tafel equation

describes the relation of current density (i) and overpotential
[1]. Based on the Tafel equation, the anodic current density
increases exponentially and the cathodic current density
decreases exponentially with increasing potential. A poten-
tiostat only measures the net current, or net current density if
the electrode area is known, (inet = ianodic − |icathodic|). At high
anodic potentials, icathodic is expected to be very low, and inet
is approximately equal to ianodic. However, the behavior of
Mg during anodic dissolution is different than that predicted
by the theories described above [2]. The phenomenon is
usually called the negative difference effect (NDE) and more
recently the anomalous hydrogen evolution (anomalous HE)
[2]. The cathodic reaction rate, described by the hydrogen
evolution current density (iH2), is expected to decrease as the
applied potential increases above the OCP, but many authors
have shown that for Mg the hydrogen evolution current
density increases as the anodic applied potential increases
[2–5]. This situation complicates the evaluation of Mg cor-
rosion properties through standard electrochemical tests such
as polarization curves because the measured inet does not
equal ianodic at high anodic overpotentials [3]. Understanding
the mechanism of the anomalous HE phenomenon could
facilitate the development of new Mg alloys and more effi-
cient corrosion protection systems for Mg.

Some of the recent theories to explain anomalous HE
assumes that the behavior is a localized phenomenon that
happens on sites close to the Mg dissolving areas, whereas in
others the anomalous HE phenomenon is associated with the
actual active dissolving sites on the Mg surface [6–8]. The
effects of impurities, corrosion product film and the role of
the active surfaces have all been reviewed in detail else-
where [4, 5].

In this work, the 2D pit growth method and the scratched
electrode technique were used as new approaches to further
understand the anomalous HE phenomenon [9–11]. The 2D
pit growth method has been used to study pitting corrosion in
Al and stainless steel [12, 13], but can also be used to eval-
uate the anomalous HE phenomenon on Mg [9, 10]. The pit
growth in metallic thin films is two-dimensional, allowing
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ianodic and inet to be measured by recording the surface of a
single growing pit. The pit cathodic current density (icathodic)
can be indirectly obtained by inet = ianodic − |icathodic|, which
accounts for the hydrogen evolution rate (iH2) in the case of
Mg. One advantage of this method in comparison with vol-
umetric or gravimetric hydrogen measurements [14] is that
the active corroding area, or the 2D pit wall, is tracked in
space by the recorded video. It was therefore confirmed that
the location of the anomalous HE phenomenon is the active
Mg surface [9] and the mechanism is more related to the state
of the corroding surface than to the accumulation of impu-
rities or corrosion products. 2D pits have small active areas
and thus low ohmic resistance, allowing for the application of
higher potentials. When high enough potential is applied, a
salt film covers the active surface and the anomalous HE
vanishes [10]. The hypothesis is that direct contact of water
with the active Mg surface is blocked in this case and HE
decreases. The anomalous HE is then a consequence of the
increased catalytic activity for the HER of the active sites
created during dissolution and it will increase with increasing
dissolution rate but will decrease or vanish if these sites are
blocked. The scratched electrode technique was used to
evaluate the corrosion kinetics of freshly generated Mg sur-
faces mechanically created in situ by a diamond scribe [11].
Active sites are thought to be fresh, film-free, surfaces. In
fact, it was observed that the catalytic activity for the HER
increased on the scratched surface when compared to a filmed
surface and this increased catalytic activity persisted until
repassivation (or reformation of a monolayer of Mg
hydroxide). Interestingly, the peak hydrogen evolution cur-
rent density on the scratched samples was not anomalous, as
it decreased slightly with increased potential. The HE rate
only depends on the transient state of the Mg surface created
by the diamond scribe and is directly related to the catalytic
activity of this surface for the HER, in line with the previous
results.
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