MODEL BASED DESIGN OF SELF-HEALING EXPANDABLE
COATINGS UNDER DIFFERENT ENVIRONMENTAL CONDITIONS
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ABSTRACT

A long-lasting barrier protection at damaged sites of coated system can be achieved
by means of an active response of the primer. This may be attained through the
release of reactive liquids from dispersed containers, the increase of the local
mobility of the polymeric network, or the expansion of (dispersed elements in) the
primer [1]. Such self-healing mechanisms provide an excellent strategy towards
repeated and sustained self-repair properties and, additionally, are not incompatible
with the inclusion of passive elements within the primer to produce a corrosion
inhibition response.

This work focuses on the modelling and simulation of expandable coatings
resembling systems that contain thin clay-based interlayers [2]. However, a similar
methodology could be applied to treat the hydraulic growth of inorganic grains in PPS
coatings [3]. The expansion of a theoretical porous plastic primer is triggered by the
ingress of environmental moisture. The volumetric growth of the primer into the crack
is investigated under different humidity, temperature and atmospheric pressure
conditions resembling different geographical locations (coastline vs. inland, changes
in altitude and latitude, etc). Furthermore, the reversibility of the expansion process is
investigated through hysteresis cycles resembling the change of the environmental
conditions over a time lapse of several hours up to days.

The self-sealing capacity of the coating is estimated from the maximum crack width
that can be filled. A full characterization of self-sealing efficiency is given in terms of
key design parameters such as porosity, permeability, sorption behaviour, swelling
range, shear modulus, layers widths and adhesion properties.

1. INTRODUCTION

Computational modelling and numerical simulation are powerful tools to aid and
assist the design and optimization of self-healing materials. They can be used to
evaluate design hypotheses prior to experimental setup and to perform throughout
parameter analysis [4,5].

The goal of this work is to address the expansion process in a self-sealing clay-based
coating [2,3]. By means of an analysis of fluid-flow in porous media we compute the
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time-history deformation of the coating when it is exposed to different environmental
conditions.

2. MATERIALS AND METHODS

We model the evolution of a coating consisting of a 7um thick poly-siloxane topcoat
and a 15um thick montmorillonite primer [2]. The topcoat has water-repellent
properties to prevent the ingress of moisture into the primer when the coating system
is intact, whereas the montmorillonite primer expands by moisture ingress where
damages in the topcoat occur. We will track the deformation of a damaged coating
when it is exposed to fixed environmental conditions (temperature and relative
humidity). In order to reduce the computational cost, we will consider a general cross-
section of the damaged coating under plane strain hypotheses. Figure 1 shows the
geometry of the damaged coating and the idealized computational domain with the
boundary conditions.

topcoat

p=vapour montmorillonite primer
pressure u,=0

T

Figure 1: Damaged coating (taken from [2]) and computational domain.

The topcoat is modelled as a hyperelastic material. The montmorillonite primer is
modelled as a permeable porous elastic material. Moisture sorption proceeds by
capillary action through the exposed surfaces of the damaged coating (i.e. the left
boundary of the primer and the left-bottom part of the primer where adhesion with the
substrate is lost due to damage). Suction-saturation and permeability-saturation
curves are defined accordingly to experimental results [6]. Moisture vapour pressure
is obtained for different temperatures and relative humidity through psychrometric
diagrams [7].

Table 1: Material properties of the coating.

Topcoat Primer
Shear modulus | 50 MPa | Shear modulus | 250 MPa | Permeability | 107"° m/s
Bulk modulus | 1225 MPa Swell range 0-300% Porosity 0.4

3. RESULTS AND DISCUSSION

The self-sealing capacity of the coating is estimated from the maximum crack width
that can be filled. The exposed coating expands gradually as moisture is adsorbed,
and the free part of the coating bends slightly due to the restraining effect of the
topcoat (see Figure 2), in agreement with experimental observations and previous
numerical results [2,4].
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Figure 2: Initial and deformed coating after 10 min exposed to 30°C and 30% of
relative humidity (close view of damaged area).

In order to study the performance of the coating at various geographical locations, we
vary the environmental temperature and relative humidity. Vapour pressure, obtained
from psychrometric charts, increases with both temperature and relative humidity
(see Table 2).

Table 2: Vapour pressure (kPa) for different temperatures and relative humidity.

Temperature Relative Humidity (%)
(°C) 10 30 50
15 0.17 0.49 0.83
30 0.4 1.27 2.10

Taking as reference the response of the coating after 10 min of exposure to 15°C and
10% RH (i.e., the temperature and relative humidity that give the lowest vapour
pressure), results show that the sealing capacity of the coating increases linearly with
vapour pressure (see Figure 3). In terms of the environmental conditions, this means
that the largest increment in the self-sealing capacity of the coating is obtained when
both temperature and relative humidity are increased simultaneously.
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Figure 3: Increment in maximal crack-width sealed after 10 min of exposure to
environmental conditions as function of the increment in vapour pressure. Results
normalized with respect to the reference case.
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4. CONCLUSIONS

The dependence of self-sealing capability of an expandable coating on the
environmental conditions has been addressed. Results show that better performance
is obtained under temperatures and relative humidity that yield a larger moisture
vapour pressure.

However, thorough analyses of the material properties (both topcoat and primer)
needs to be conducted in order obtain a full characterization of the self-sealing
response of these types of coatings. A full set of results will be given in the
presentation.
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