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Magnesium alloy production shows a sustainable
growth (> 20% pro yea for the past couple of yeas) for
applicaions in the transportation industry, for example,
and new promising production processs such as the New
Rheocasting Method (NRC) are being developed (1).
Although relatively resistant in standard atmospheric
conditions, these dloys are among the most corrosion
susceptible metallic  components used in industrial
applicaions when small amount of aggresdve ions are
present in solution (2). The structure of the Mg hydroxide
film formed on the surfaceis known to be mmplex and
microstructure dso plays a key role in the ase of
corrosion of magnesium. The limited solubility range of
alloying elements used induces the formation of multiple
microscopic phases in the aloys resulting in very
detrimental galvanic coupling during exposure to
aggresdve solutions. In this dudy, the influence of
alloying elements and its distribution at a micrometer
level isinvestigated.

Corrosion behavior of different type of Mg alloys (AZ,
AM series) is investigated with a microcapillary cdl
charaderizaion technique developed at the Institute of
Materials Chemistry and Corrosion (IBWK) at the ETHZ
as well as with other standard eledrochemicd techniques.
Solutions with small amount of Cl™ are tested as Mg aloys
are obvioudy not foreseen to be used in concentrated salt
solutions. Figure la presents the microeledrochemica
potentiodynamic polarization curves for the Mg a phase
and the eutectic phase of the AZ91 NRC dloy in 0.1M
NaCl. The polarization curves clealy indicae that the Mg
o phase is the more adive phase with a @rrosion
potential approximately 200 mV lower than the eutedic
phase. The pitting potential of most grains of the Mg a
phase is lower than the mrrosion potential of the eutedic
phase. Severe locdized corrosion of this phase occurs
upon immersion in 0.1M NaCl. Opticd images taken after
1 day of immersion confirmed that the Mg a phase is
corroded leaving toles approximately 80-100 um deep.

Investigation of the Mg;;Al;, and AlgMns intermetallic
phases are caried out with smaller capill aries than the
one used for the measurements showed in this abstrad.
However, opticd microscopy investigation in
concentrated NaCl solutions indicaes that coupling
between eutectic (+intermetallic phases) and Mg a phase
is the problem and that the influence of the intermetallic
phases Mg;7Al1, and AlgMns seem limited to the fad that
they contribute to the cahodic reaction together with the
eutedic phase.

Figure 1b shows polarizaion curves in more dilute
0.01IM NaCl. The pitting potential of the Mg a phase is
raised by a few hundred mV over the crrosion potential
of the eutectic phase. Corrosion of the alloy at open
circuit potential proceeds by rapid uniform disolution o
the Mg a phase. The extent and morphology of the atadk
drasticdly changed, the depth of the dtadk being only 3-4
pm after 1 day. Although the aloy is not pitting at OCP,

the intersection d the cathodic polarization curve of the
eutedic phase and the anodic dislution of the Mg
a phase occur at a current density of 20-50 pA/cm? which
can till induce significant damage on the surface For this
NaCl solution, the pitting potential of both phases show
significant scatering; this can be eplained by the
presence of a relatively thick hydroxide film that has a
limited stability when the environment is not too
aggressve. However, the position of the pitting potential
islessrelevant to this particular corrosion process

Changes in microstructure can influence the mrrosion
behavior Mg alloys at the boundary of the stahili ty range
of the Mg hydroxide (pH range 11to 13) (3). However, in
neutral NaCl solution, protedion of the Mg aloys is best
adhieved by a protedive wating. The first step is to test
the influence of addition of inhibitors (4). Polarizaion
curves were performed for samples exposed to 0.01IM
NaCl + 10*M NaCrO, (5). This small concentration of
chromate is chosen because it typicdly represents the
amount that is leaching out from standard protedive
coatings (6). The microeledrochemicd potentiodynamic
polarization curves show a similar general behavior asin
absence of chromate. Important differences are that the
anodic aurrent is dgnificantly deaeassed on the Mg a
phase as well as the cahodic aurrent on the aitedic
phase. This indicaes a double inhibiting effed of
chromate. Results obtained with other type of possble
inhibitors will be discussed, aso in combination with
anodizaion of the surface These mnditions have been
tested to replace tromate in oxide stabilization process
Although relatively efficient, this carcinogenic agent
should be aroided.
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Fig. 1: Micro-eledrochemicd podlarizaion curves
ohtained on the diff erent phases of the AZ91 NRC
aloy: @) in0.1 M NaCl, b) in 0.01 M NaCl
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