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ABSTRACT

Coatings are a cheap and efficient solution to protect underlying metallic substrates against
electrochemical corrosion. High performance coatings do not only provide this protection of the
substrate in the undamaged state but also when they are scratched. This enhanced protection can be
achieved in many different ways (ranging from primers based on expansive phases which seal the
crack upon scratch [1] to encapsulated healing agents which polymerize when disrupted by the crack
[2]). This work focuses on the behaviour of self healing organic coatings carrying corrosion inhibitors
that are stored in one of the coating layers, usually the primer [3]. These inhibitor particles will not
restore the coating surface topology, but will prevent oxidation at the exposed substrate.
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Figure 1: Left: schematic of a fractured organic coating that contains several encapsulated pigments
dispersed through the primer. Right: response in a fractured coating -water uptake (top), capsule
disruption (center), and leaching of corrosion inhibitors (bottom)- modelled in this study.

In this type of coatings, regardless of the inhibitor type, the corrosion protection mechanism is
activated by the ingress of moisture via the crack towards the dispersed corrosion inhibitor particles
(see schematic diagram in Figure 1). Moisture in the primer makes these particles dissolve and serves
as a transport medium for the inhibitor pigments towards the exposed metallic substrate in the crack.
Once in the crack, these compounds react with the electrolyte and thereby a passivation zone, which
inhibits corrosion appears. Clearly, the corrosion inhibitors act as functional healing agents. The
leaching rate of these compounds determines the system corrosion protection: a very fast initial release



E. Javierre, S.J. Garcia, J.JM.C. Mol, F.J. Vermolen, C. Vuik and S. van der Zwaag

could lead to the waste of pigments, whereas too slow a release may not provide enough inhibitors to
the exposed substrate to fight corrosion.

A large number of experimental studies have addressed the leaching kinetics for several coating-
inhibitor systems, and the obtained largely differing kinetics range from release behaviour proportional
to t* to that to logarithmic time scales [3-4]. However, the experimental studies do not offer any
clues as how to obtain a desired more constant release rate over longer exposure times.

In this work we use a mathematical-analytical model that combines the moisture absorption, corrosion
inhibitor particle dissolution and pigment transport to the crack of each individual particle in the
coating to predict the overall leaching kinetics. These stages are approached as phase transformations
under equilibrium conditions using Fickian diffusion models, which allow a full characterization of the
inhibitor leaching history as a function of the particle position within the primer and its diffusion rate.
After this, the leaching history of all particles is assembled to find the needed physico-chemical
properties of the coating that yield the prescribed leaching rate. Despite the release rate of each
individual particle is Fickian, the overall release may show different trends. Figure 2 shows the results
for a configuration with four particles located at 10, 12.5, 15 and 17.5mm from the crack. For this
configuration, three different release kinetics (t*°, t””° and t) are obtained by changing the times at
which the particles become activated, which depend on the coating moisture absorption and capsule
dissolution kinetics.
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Figure 2: Left: release kinetics of each single particle in the configuration (d. denotes the distance
from the particles to the crack). Right: overall configuration release kinetics for specific particle
activation times.

The current model depends on the corrosion inhibitor particle dissolution kinetics only, though, it
allows a first qualitative prediction of the optimal particle distribution density that gives the desired
healing kinetics. The model will be expanded with features dealing with moisture absorption kinetics
and with particle capsule dissolution kinetics, in order to complete the optimization of the coating-
inhibitor particle distribution, which is needed to obtain ideal self healing kinetics.
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