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FIB-SEMs are commonly used to characterize composite materials [1], however, their application to
analysis of polymeric corrosion barrier coatings has been limited. This technique can be used to quantify
3D distributions of pigment particles and pores in pristine and corroded samples. Resistance of the
coatings to penetration by water and dissolved ions is strongly affected by both of these geometrical
features but their influence is typically quantified in effective terms using macroscopic measurements
[2-3]. Chen et al.[2] recently quantified the 3D distribution of aluminum flakes dispersed in epoxy using
serial block-face SEM imaging and x-ray tomography and used this information to theoretically predict
barrier properties of the coating. As oppose to slicing using an ultramicrotome, FIB can be used to mill a
smooth cross section of a pigmented paint without risk of artefacts arising from heterogeneous
properties of the sample such as dislodging of particles by the microtome blade.

One of the main concerns that arise when using a FIB-SEM to characterize polymeric materials is
the possibility of ion beam heating induced damage [4-5]. Previously thermal damage stemming from a
significant temperature rise at the point of ion beam impact has been described. This temperature rise is
proportional to ratio of the beam power and thermal conductivity of the material and for polymers
characterized by low thermal conductivity could reach over thousand of degrees Celsius [5]. The degree
of sample heating can be decreased using cryogenic cooling of the sample, low ion beam current during
milling, and intelligent navigation of the ion beam [4-7].

In this work FIB-SEM is used to study surface and internal morphology of polysiloxane corrosion
barrier coatings with various concentrations of pigment nanoparticles prior to and at different stages of
accelerated corrosion tests. These novel coatings are potential candidates for replacing silicone alkyds,
which are currently used to paint the topside of naval surface vessels. The single and two component
polysiloxane coatings are hydrophobic and have enhanced cleanability, gloss retention, hardness, and
color-stability as compared to the silicone alkyds [8-9]. It is shown that room temperature FIB cross
sectioning of pure polysiloxane can be done with a wide range of ion beam currents (1 to 20 nA) without
causing any significant damage the exposed section (see Figure 1a and 1b). In contrast, FIB milling of
the pigmented polysiloxane coating with ion beam current higher than 1 nA leads to an unexpected
mode of severe polymer damage. Specifically, it is shown that FIB milling of such polymer-ceramic
nanoparticle composites can lead to formation of multiple voids within the substrate as far as 5 um away
from the ion beam impact (see Figure lc and 1d). Using systematic experimentation coupled with heat
transfer modeling, it is shown that the primary void formation occurs due to decomposition and
vaporization of the polymer around ion beam heated pigment nanoparticles (see schematic in Figure 1e).
The primary void enlargement and formation of secondary voids likely occurs due to mechanical
damage of the polymer induced by the entrapped vapors that could be pressurized up to ~100 MPa [10].
Similarly, secondary voids could form via cracking and seepage of the high-pressure vapors along
weaker parts of the composite such as neighboring particle-polymer interfaces. This work demonstrates
that processes occurring during FIB-milling of pure polymers and their composites with strongly
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heterogeneous thermal and mechanical properties can differ dramatically and care must be taken to
avoid confusion of processing induced artefacts and genuine sample features.
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Figure 1. 52° tilt SEM images of clear polysiloxane FIB milled at (a) 1 nA and (b) 7 nA and of the haze
gray polysiloxane FIB milled at (c¢) 1 nA and (d) 7 nA; and (e) Schematic of the proposed thermal route
of void formation.
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