
inorganic additives because the resulting image con-

trast is based upon differences in atomic mass.

Lighter atomic mass components (e.g., polymers,

carbon and boron) appear darker in the image;

higher atomic mass components (metals, glasses)

appear lighter. The primer layer and topcoat are

clearly evident in addition to the precipitates of

the aluminum alloy.

The SEM images for the control Sample A reveal

a non-porous topcoat with surface pigments covered

by a thin layer of polymer shown in Fig. 7. The

primary pigments of the topcoat are titanium dioxide

(10–20 wt.%) and carbon black (3–5 wt.%). Carbon

black is added to the topcoat to produce the gray

color. The remaining contents include siliceous filler,

a small amount of flattening agent and organic pig-

ment. Fig. 8 provides the overall view of Sample A

exhibiting the variation in thickness of the topcoat

and primer over the substrate. Large black pigments

dispersed throughout the topcoat are visible. Fine

scratches are observed across large pigments at

higher magnifications. Glass beads are intact and

scattered randomly throughout the topcoat. It is be-

lieved the coating manufacturers include these beads

to physically roughen the surface and impart a low

gloss finish. Microscopic inspection during this study

found the distribution of these spheres throughout

the topcoat, not necessarily at the surface. The prim-

er appears to be heavily loaded with a variety of

particulates of a different morphology than the top-

coat. More specifically, non-spherical, plate-like par-

ticles (mica) are abundant within the primer. The

primer also contains strontium chromate (25–30

wt.%) and siliceous filler.

A different surface texture is revealed when differ-

ent QUV exposures are compared. The surface

Fig. 10. Backscatter secondary electron images; Sample C, 2016

h exposure to QUV.

Fig. 11. Backscatter SEM image viewing degraded microstructure; Sample C.
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apparent in degraded samples as shown in Fig. 10.

The bulk of the topcoat and primer coatings appears to

be substantially degraded when compared to images

of Sample A. It is evident in Fig. 11 that some of the

plate-like particulates from the primer have migrated

into the topcoat. This observation is not considered to

be the result of the preparation method. There are no

signs of drag marks through the coating and increased

porosity observed using secondary mode indicates

that smearing is not a factor. The mechanism for the

migration of these particulates from the primer to the

topcoat after aging is not understood.

Some degree of increased porosity is expected to

result from UV exposure due to chalking. However,

before making quantitative judgments about the po-

rosity of the coating, the relationship between in-

creased porosity and the true microstructure must be

further investigated.

In order to verify that the particulate movement is

not due to the preparation method, a non-polished

sample was examined. This sample was sheared

from an exposed section of the panel and then carbon

coated on the long edge to conduct electrons. The

sample was placed vertically in a clamp allowing the

edge to be viewed in the SEM.

In both pairs of SE and BSE images shown in Fig.

12, the particulate is surrounded by the topcoat effec-

tively holding the particulate in position. These

images of the edge confirm that the particulate move-

ment is not due to the preparation method. This

observation suggests that the UV radiation penetrates

the topcoat and causes the degradation of the under-

lying primer. The UV transmissivity of the topcoat

was therefore examined.

3.2. Free film transmissivity

Free films of the polyurethane topcoat were cast

at thicknesses below and above the desired dry film

thickness (DFT) at 40.6 (1.6 mils) and 76.2 Am

Fig. 13. Free film UV transmission spectra for two dry-film thicknesses (DFTs).
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(3.0 mils), respectively. The UV transmission was

then measured for each film5. The initial UV scans

resulted in 0% transmission for the 40.6 and 76.2 Am
free films indicating that the topcoat is opaque to UV

irradiation. However, when the transmission scale is

plotted from �1% to +1%, minute transmission in the

visible region of the 40.6 Am film is revealed.

Fig. 13 is the UV transmission spectra with the

expanded scale showing increasing transmission

above 400 nm. The transmission maximum for the

40.6 Am film is 0.04% at 600 nm.

The spectrum yielded significant transmission of

near-infrared energy as shown in Fig. 14. It also

illustrates the transmission as a function of thickness.

The 40.6 Am film has a transmissivity of about 16%

at 2500 nm while the 76.2 Am film has approximate-

ly half this level. A greater transmissivity for the

40.6 Am film is expected due to the smaller thick-

ness of the film.

The transmission spectrum in the mid-infrared re-

gion was obtained using Fourier Transform Infra-Red

spectroscopy (FTIR) shown in Fig. 15. Spectral peaks

are observed and denoted by wavenumbers. A broad

transmission band from approximately 2780 to 1780

cm�1 dominates the spectra.

The free film data suggests that it is possible for

UV irradiation to penetrate the topcoat and cause

damage to the underlying primer. However, it is

more likely that the degradation observed in the

epoxy primer is caused by thermal radiation indicated

by the IR spectra.

4. Summary

It is important to obtain a true microstructure of

aircraft coatings for the determination of degrada-

Fig. 14. Transmission spectra of the near-infrared region.

5 A Perkin-Elmer Lambda 900 was used.
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tion mechanisms. This is a challenging objective for

these multilayer coatings due to the variety of

materials incorporated in each layer. The method

described in the present paper was effective for the

required microstructural characterization. The fine

scratches that remain do not prevent the observation

and recording of fundamental differences in coating

microstructures before and after QUV exposure.

Before QUV exposure, the method produces excel-

lent sample flatness and allows the recording of

accurate coating characteristics. After exposure,

however, some edge rounding is observed using

the identical preparation procedure. Overall, the

sample preparation method presented does reveal

the distribution of pigments and surface roughness

within these complex coatings when samples are

examined in the SEM.

Microstructures revealed degraded surface pig-

ments after QUV exposure. The microstructures

also revealed that some of the inorganic pigments

in the primer migrate into the topcoat after QUV

exposure. Minute transmission of ultraviolet radiation

through the topcoat was detected at 0.04%. Addi-

tional transmission spectra of the topcoat yielded

peaks in the IR region suggesting that thermal radi-

ation can also penetrate the highly loaded topcoat

and may be a source of degradation of the underlying

primer. The effects of humidity are to be examined in

a further investigation of the particulate movement

phenomenon.
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