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Introdction

The mrrosion resistance of technical passve dloys (e.g.
stainless $eds or aluminium aloys) is often limited by
chemicd or structural heterogeneities such as dis
locaions, grain boundaries, predpitates or inclusions.
Inclusions play a key role in being pdential nucleaion
sites for pitting and crevice corrosion. Many electro-
chemicd methods to study locdized corrosion processes
are based on large-scde experiments with exposed areas
in the mm? — cm? range. To understand the mechanisms
of pit initiation and propagation it is useful to study the
corrosion process in the micro- and nanometer range.
During the past yeas various locd eledrochemical
techniques have been developed which allow locd surface
measurements. Besides sanning techniques (1), where
the immersed metal surface is anned with a micro-
reference dedrode ether in a static or vibrating mode,
methods where only small aress are eposed to the
eledrolyte have dso been proposed. These methods have
the alvantage that the aurrent resolution can be drasticdly
improved down to the pA - and even fA - range (2-5).
Such microeledrochemicd investigations provide often a
better insight espedally in the initiation mechanisms of
locdized corrosion (1-5).

Experimental Techniques

The microeledrodes used in these experiments basicdly
consists of a microcapillary fixed like an objedive to the
revolving rose-pieceof an opticd micro-scope and fill ed
with the appropriate dedrolyte.The ground tip of the
microcapillary can be varied from ~ 1 to 1000 pm in
diameter. Additionally a seding with a layer of silicon
rubber is applied to prevent le&ing of the eledrolyte.
This experimental technique not only allows an easy
alignement of the microeledrode to the desired spat of the
working eledrode, it also limits the dectrolytic contad to
a small areato oltain current resolutions in the pA and
fA range. Furthermore measurements can be performed
on metal surfaces with awide range of roughness (5,6). In
order to perform eledrochemicd measurements in the
micrometer scale severa precations were necessary.
Besides good shielding to suppress eledromagnetic inter-
ferences a spedaly modified battery operated high
resolution potentiostat (Jaisde IMP 83 PC T-BC) with
externa impedance ®nverter had to be used, Addi-
tionally, the remaining roise of the measured output
signal was further reduced by a filter with lock in
technique. Further detail s are given (5-7).

Furthermore incorporation of microsensors into the
microcapillary cdl enables to monitore alditional
chemicd parameters such as pH values smultaneously
with electrochemicd measurements. This allows to gain
important information espedally with resped to non-
stationary processs (8).

Resultsfrom Investigations of StainlessSteds

Receant investigations of locdized corrosion processes on
stainless g¢ed showed, that the oxidizing dissolution of
MnS-inclusions ads as pre-cursor process for pitting
corrosion. Furthermore the size, the geometry as well as
the presence of mechanicd stress (9) are important

parameters for the transition of metastable to stable
pitting. Microeledrochemical measurements using a
cgillary tip of 2.5 pm reveded that the interface in-
clusion/steel is the weakest zone of a MnS inclusion. The
pitting of the interface is about 200 mV more negative
than the one of the center of the MnS inclusion.
Additional investigations with a modified microcdl
containing a pH sensor inside the microcapill ary showed
that metastable and stable pitting events aadified the locd
environment. The metastable pits deaeased the pH of the
eledrolyte to values beteween 2 and 4. The stable pits
caused the pH to deaease to [2 (8).

Resultsfrom Ivestigations of Aluminum Alloys

The heterogeneous microstructure of many auminum
alloys have primarily been opimized for desirable
medhanicd properties, but such heterogeneities may
render the dloys more suceptible to locdized corrosion.
In case of Al-2024T3 dloy AICuFeMn inclusions are
more noble than the Al-matrix and ad as cahode whereas
AlICuMg inclusions are less nobe than the Al-matrix and
ad as anodes (10-13).

The onset of pitting at single inclusions of the aluminum
2024T3 dloy showed that the pit initiation process
started only at a few AICuMg inclusions within 200 mV
of the pitting potential of large scde measurements (14).
It was found that pit initiation occurs at the aljacet
matrix of AICuMg inclusions. Compared to AlCuMg
inclusions the onset of pitting at AICuFeMn inclusions
took place & potentials 200 to 600 mV more pasitive.
Microcradks in the bulk material, presumably formed by
hydrogen evolution, were found to be the starting points
for stable pitting. The onset of pitting at areass without
inclusions occurred at potentials higher than +500mV .
If copper was was homogeneously dissolved in the matrix
the resistance against pitting was grongly improved.
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