




Calle, the research is at the very earliest stages. "At this 
point we are engineering the sensor aspect. The next 
stage will be to include it in a paint formulation." 

Non-destructive evaluation (NDE) is a main research 
focus within the Air Force, too. "Aircraft are being kept 
in service for extended periods 
of time. There is a huge cost 
savings potential if we can find 
a mechanism for identifying 
corrosion underneath coat­
ings," says Jeff Sanders, acting 
branch chief for the Air Force's 
Coatings Branch. Currently, 
coatings are stripped/removed 
off every five to seven years to 
allow for visual inspection of 
the aircraft. This process results 
in hazardous waste and means 
the aircraft is out of service for 
an extended period of time. 
"We are currently evaluating 
existing NDE techniques to inspect structures through 
the exterior aircraft coatings. Also under consideration 
is the incorporation of sensors or additives to the coat­
ing system that will assist corrosion sensors and NDE 
in detecting the presence of corrosion and level of ad­
hesion under the surface of the coating. Our goal 
within 10 years is to be able to skip a depot cycle com­
pletely," says Mr. Szaruga. "The hard part won't be de­
veloping the technology, but demonstrating the efficacy 
of NDE to the structural community," he continues. 

Naval craft, too, are being kept in service for longer 
than ever. Longevity is a concern. The cost of inspecting 
tanks on a typical ship can be hundreds of thousands 
of dollars, in large part because of the procedures re­
quired to prepare for safe personnel entry. Research ef­
forts at NRL are aimed at developing coating systems 
that require less maintenance and designing in-situ sys­
tems that monitor for corrosion and coating failure, ac­
cording to Mr. Lucas. They a,re also investigating ways 
to conduct inspections mechanically by lowering opti­
cal scanners into the tanks, which will eliminate the 
need for costly preparation procedures. The Army, too, 
has ongoing projects directed at prevention and early 
detection of corrosion to maintain readiness and mini­
mize equipment life cycle costs. 

Another aspect of reducing costs is associated with 
the elimination of harmful substances from coatings. 
In general, NASA uses off-the-shelf, commercially avail­
able coatings that undergo extensive testing before re­
ceiving approval and incorporation into agency stan­
dards. Launch towers are typically coated with zinc rich 
primers and siloxane topcoats. Ongoing research proj­
ects include investigation of environmentally friendly 
alternative coatings and pretreatments that can replace 
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coatings that contain volatile organic compounds 
(VOCs) and chromium. NASA is also looking at coat­
ings for aluminum. 

The Army is involved in developing chemical agent 
resistant coating ( CARC) systems. At the Army Research 

Lab (ARL), three principles 
guide and assist scientists in 
the formulation, scale-up, 
and final implementation of 
new coatings in the field, ac­
cording to Mr. Escarsega. 
The principles are: durabil-f ity, environmental compli­

vi ance, and survivability 
i (which includes camouflage 
'E and chemical agent resist­
f ance). Topcoats are in gen­
s eral polyurethanes, primers 
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are two-component epoxy 
systems, and pretreatments 
are predominantly hexava­

lent chromium-based. "Our coatings can be catego­
rized as high performance industrial maintenance ma­
terials and really are in a class of their own," Mr. 
Escarsega notes. 

Most recently, ARL developed a water-reducible two­
component polyurethane CARC topcoat that will even­
tually replace the Army's standard two-component sol­
vent-based system and can be used along with the 
current one-component solvent-based system. This will 
provide the Army with optimum choices depending 
upon the application and environmental compliance 
considerations, ac-
cording to Mr. 
Escarsega. The wa­
ter-dispersible 
polyurethane hy­
brid system reduces 
the voes by nearly 
50% and eliminates 
hazardous air pollu­
tants (HAPs) while 
actually possessing 
enhanced perform­
ance with respect to 
UV ( a ten-fold im­
provement) and 
mar resistance and 
flexibility. The new 
topcoat contains hy­
brid resins with the 
attractive properties 
consistent with high 
performance 
polyurethanes. In 
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addition, the traditional diatomaceous silicas and talc 
used to reduce the gloss in camouflage coatings was re­
placed with polymeric beads. 

"We have taken a new approach with our coatings 
systems," comments Mr. Escarsega. "Any material incor­
porated into a coatings formulation must have a func­
tion. We will no longer use extenders or fillers or other 
substances that do not contribute to the performance 
of the coating," he explains. The polymeric beads, 
which find wide use in automotive applications, act as 
an excellent flattening agent while simultaneously in­
creasing UV and mar resistance and providing added 
flexibility. The Army's intent is to incorporate such 
technology into all of its existing topcoats for added 
performance, according to Mr. Escarsega. Additionally, 
ARL is evaluating self-contained and portable kits that 
will assist in waste minimization, field application, and 
touch up. 

Both the Navy and Air Force are switching from tra­
ditional spray equipment to the plural component 
technology in use for commercial applications. The re­
duced amount of lines and hoses means quicker 
cleanup and reduced hazardous materials concerns, 
which, when combined, equal improved productivity 
and efficiency. "In the Air Force we need to work with 
established spray systems. Planes cannot be taken apart, 
put through an ovenf or irradiated. Plural component 
technology allows us to use reduced amounts of sol­
vent in a system that is comfortable for the guys actu­
ally applying the paint," says Mr. Szaruga. "This is espe­
cially important to the field units that need a rapid 
coating repair capability that enables them to return 
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aircraft to active . "service. 
Dramatic re­

ductions in hexa­
valent chromium 
permissible expo­
sure limits due to 
take effect in 2006 
will affect the use 
of chrome in pre­
treatments and 
some primers. The 
Army does utilize 
chromium-free 
primers, but is 
currently in the 
process of evaluat­
ing chromium­
free pretreatment/ 
primer combina­
tions. "Overall we 
are taking a new 
life cycle ap-
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proach to coatings development," says Mr. Escarsega. 
"We are looking at both short-term performance capa­
bilities and long-term recyclability issues." 

The Air Force, according to Mr. Szaruga, is about 
80-90% of the way to developing a complete
chromium-free system. "We have found chromium-free
primers and pretreatments that work, but not together
as a system. Each one requires chromium in the other
component of the coating to make the system effective.
I anticipate we will have a full chromium-free system
that meets Air Force performance requirements within
the next five years."

The Navy has the additional challenge of maintain­
ing functional antifouling coatings, which have recently 
come under scrutiny by global regulatory agencies. "We 
removed tributyl tin from our antifouling coatings 
years ago and replaced it with copper-based antifouling 
agents," notes Mr. Lucas. As a result, the Navy has not 
been impacted by the recent ban on that particular sub­
stance. However, as others switch over to copper-based 
systems, there is a concern that copper levels in global 
waterways will rise to levels that trigger regulation of 
these actives as well. "The Navy management is very 
pro-active in this arena and we are currently investigat­
ing biocides and other technology as alternatives to 
copper-based antifoulants in our coatings in order to 
be prepared for any future changes in regulations," he 
further states. 

The Coast Guard plays a major role in the testing 
program for antifouling coatings. "The Coast Guard has 
an excellent platform for testing antifouling coatings," 
says Mr. Lucas. "The Navy has a very symbiotic relation­
ship with the Coast Guard. They provide us with the 
testing platforms at minimal cost and in return we 
share with them all results of new technology as it is 
developed." 

With regard to voes, the Navy is addressing this 
regulatory issue as part of a program to develop 100% 
solids rapid cure coatings. Existing coating systems re­
quire roughly two weeks of application and cure time 
before the painted surface can be put back into service. 
The NRL has developed a resin that incorporates the 
anticorrosive properties of an epoxy with the rapid cure 
properties of polyurethanes. When formulated into a 
paint, the resin system possesses the benefits of both 
the epoxy ( corrosion and chemical resistance) and the 
urethane (UV resistance and flexibility). "We are cur­
rently developing this technology for tanks, but envi­
sion it will have widespread applications for many sur­
faces. Drying time can be reduced significantly, and we 
hope to be able to spray out all coats in one evolu­
tion," says Mr. Lucas. He also hopes the technology will 
allow application of coatings at near freezing tempera­
tures, which would extend the painting season to 
nearly year round. Currently the NRL is doing panel 
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