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Abstract

The interaction of carboxylic acids with copper is a phenomenon found both
outdoors and, more commonly, indoors. The influence on copper of some
carboxylic acids (formic, acetic, propionic, and butyric) have so far been
studied at concentrations levels at least three or four orders of magnitude
higher than actual indoor conditions (< 20 ppb, volume parts per billion), and
with only limited emphasis on any mechanistic approach. In this licentiate
study a unique analytical setup has been successfully applied for in situ
characterization and quantification of corrosion products formed during initial
atmospheric corrosion of copper in the presence of acetic, formic or propionic
acid. The setup is based on monitoring mass changes by the quartz crystal
microbalance (QCM) and simultaneously identifying the chemical species by
infrared reflection-absorption spectroscopy (IRAS). Post-analysis of corrosion
products was performed by coulometric reduction (mass of copper (I) oxide
formed), grazing incidence x-ray diffraction (phase identification) and atomic
force microscopy (surface topography).

The absolute amounts of mass of individual constituents in the corrosion
products, mainly copper (I) oxide or cuprite, copper (II) carboxylate and water
or hydroxyl groups, have been deduced in situ during exposure in 120 ppb of
carboxylic acid concentration, 95% relative humidity and 20ºC. An overall
result is the consistency of analytical information obtained. For copper (I)
oxide the quantified data estimated from IRAS, QCM or coulomeric reduction
agrees with a relative accuracy of 12 % or better.

The interaction of copper with the carboxylic acids seems to follow two
spatially separated main pathways. A proton-induced dissolution of cuprous
ions followed by the formation of copper (I) oxide, and a carboxylate-induced
dissolution followed by the formation of copper (II) carboxylate. The first
pathway is initially very fast but levels off with a more uniform growth over the
surface. This pathway dominates in acetic acid. The second pathway exhibits a
more constant growth rate and localized growth, and dominates in formic acid.
Propionic acid exhibits low rates for both pathways. The difference between
the carboxylic acids with respect to both total corrosion rate and carboxylate-
induced dissolution can be attributed to differences in acid dissociation
constant and deposition velocity.
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