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Mechanistic models of corrosion systems facilitate 
quantitative insight into the physical processes that 
control the rate and extent of corrosion, and identification 
of key factors that may be effective in mitigating 
corrosion damage.  Such models, and the increased 
understanding derived therefrom, will also enable more 
effective use of accelerated testing to predict behavior 
under realistic conditions.   

Corrosion at defects in organic coatings, particularly 
underpaint corrosion, is of great interest to the automotive 
and other industries.  Such coatings, which protect 
surfaces from corrosion, inevitably experience defects 
where the integrity of the coating is breeched.  Corrosion 
not only attacks the metal exposed at the defect, but also 
damages the area under the adjacent coating.  The oxygen 
permeability of the coating is an important factor that 
influences the corrosion behavior and coating 
delamination at the defect.   

Stratmann et al. published a series of papers 
documenting an experimental study of coating 
delamination due to corrosion at defects [1−6].  Their 
work, which was done on a well-defined experimental 
system with in situ diagnostics using a simple, transparent 
polymer coating, provides an excellent basis for model 
development and validation.  A one-dimensional model, 
which used an empirical relationship between the coating 
porosity and the local pH in describing ion transport, was 
developed by Allahar et al.  to predict delamination [7].  
This model was followed more recently by a two-
dimensional model [8], which incorporated many of the 
same assumptions as Allahar [7], and made some 
significant simplifications when defining the 2D 
computational domain.  

The present modeling study builds upon previous 
experimental and modeling work to provide a 
multidimensional description of corrosion at coating 
defects.  The data of Stratmann et al. are used for model 
development and validation [1−6].  The resulting model 
is used to evaluate the impact of a number of variables on 
the corrosion behavior at defects, including the amount of 

liquid in the defect, the thickness and morphology of the 
polymer coating, the permeability of oxygen through the 
coating, and the impact of defect geometry in two and 
three dimensions.  Other factors, such as the implications 
of sequential wet and dry periods on the corrosion 
behavior, are also considered. 
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