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Abstract

The interaction of the surface of a pure metal or an alloy with the surrounding
atmosphere occurs in a highly complex interfacial regime. During atmospheric
corrosion this interfacial regime involves the metal surface, often covered by
a naturally formed oxide layer of a few nanometers thickness; an aqueous
adlayer, typically with a thickness of a few to a few tens of nanometers, and
the atmosphere from which airborne particles, oxygen, and gaseous pollutants
dissolve into the adlayer and influence the atmospheric corrosion process.

This thesis work is mainly concerned with the initial atmospheric corrosion
of zinc and brass induced by carboxylic acids (120 parts per billion of formic,
acetic, or propionic acid) in laboratory air with 90% relative humidity. This
model system has been chosen to mimic indoor corrosion with carboxylic acids
as major corrosion stimulators. The study forms part of a broader research
program with the ultimate goal to provide a computer model of the early stages
of atmospheric corrosion of copper, zinc and copper-zinc alloys, induced by
carboxylic acids. Particular emphasis has been given to identify and quantify
the corrosion products formed and to determine their lateral distribution over
the corroding surface. This has been accomplished through a multi-analytical
approach in which two main techniques are infrared reflection absorption
spectroscopy (IRAS) which can identify and quantify corrosion products with
a relative accuracy of about 10%, and confocal Raman microspectroscopy
(CRM) which can identify and resolve corrosion products with a surface lateral
resolution of better than one micrometer.

The corrosion products identified on pure zinc are zinc oxide (ZnO) and
various forms of Zn-carboxylates. On brass, the main corrosion products
identified are a cuprite (Cu2O)-like phase and various forms of Zn-carboxylates.
For pure zinc and brass the formation rates of corrosion products in presence
of the investigated acids depend, among others, on their deposition velocity
and acid strength. The interaction of pure zinc and brass with humidified air
containing carboxylic acids follows two spatially separated main pathways: a
proton-induced dissolution of metal ions followed by the formation of oxides,
and a carboxylate-induced dissolution followed by the deposition of metal
carboxylates.

When applying this multi-analytical approach, it has been possible to
distinguish between anodically and cathodically active areas for brass, but not
for pure zinc. Galvanic effects have been shown to play a significant role during
the initial corrosion of brass. 

Further evidence of the selective formation of corrosion products has been
found when exploring the more complex heterogeneous surface of Galvalume,
a commercial aluminum-zinc alloy coating. This material has been exposed
to humidified laboratory air with additions of carbon dioxide (CO2) and
sodium chloride (NaCl) and to a marine atmospheric environment. Initiated
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in the interdendritic zinc-rich areas, a uniform aluminum oxide (Al2O3)
layer is formed. This oxide exhibits an inhibiting effect on the subsequent
formation of other corrosion products, including aluminum oxyhydroxide
(AlOOH), aluminum hydroxide (Al(OH)3), ZnO, zinc hydroxycarbonate and
zinc hydroxychloride.
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