Q11 ings research activiies within e LES,
Deparinent of Defense and NASA address aitical s
sues facing the military and upeoming space explo-
Jarion imitiatives. Cotrosion detection and conirol, en-
vironmenitally tendly/compliant techiologies, and
rapid cure topcoats lie at the center of many projects
within the Armmy, Navy, &ir Foree, and MASA coatings
research laboralories.

o e —

Revenl studies regarding the impact of comosion
darnage on U8, industry andd within the military high-
light the need for effeciive control strategies and further
research inle prevention and detection technologies. n
2002, a study inidated by NACE International- The
Comosion Socety fownd the wial annual estimated di-
rect cost of corrosion in the TLS, to be $276 billion—
approgimately 3, 1% of the nation's Cross Domeslic
Lroduct [T,

A 2000 gevernment-sponsered study estimated the
costs of corresion tor military svstems and infrastne-
e Lo be abour $20 hillion anoually. Corrosion was
identdfied as ome of (he largest components of life-cycle
costs Tor weapon systems and a major cause of down-
time [or critical military assets. The Government
Accounting (Hfice [CAQO) report, "Detense
Management: Opportunities to Reduce Cormosion Cosis

y and Increase Beadiness,” issued i July 2003, [ound

0 V e r n m en that the Tepuriment of Delense {Dol)) and the military
services do not have an effective approach 1o prevent
and mitigate corrosion, despile e Tcl thal each serv-

[} ice has muliple corrosion otfices,
coatingsResearan:
. ' '
. strategy should identily standardiced meihods tor eval-

uating project proposals, estimating resource needs,

and coordinating projects in an inler-sendoe and service-

u n a m e n a wide comtext, The Office of the Secretary ot Defense has

intlisted a concerted effort to fond comosion research a

the Dol and bring comesion maore (o the foreltond

The Ml has established a central corrosion contrel
aclivity and strategy. The GAQ recomimended that the

i _ _ Currenty, approximaiely $50 million is allocated
t 0 P er fO rm a n C e annually for funding comresion issues. Although signifi-
cant increases incocrosion Wnding are diTcedlo m
achieve ar this tme. an inceased emphasis has been

placed on trainings and specilication. The Tam will also
benefit in the Tong-lerm from the incorporation of lan-

guage it the defense federal acquisition regudations v
by Cynthia Challener requiring that corrosion conrol shall be _l'.'t}Tml[l[-:Tl'.j‘.{] up-
JCT CosTNGSTRCH frone in the procurement process, according o Keilh
{:Un[ﬂbl;lLinghWri.l_er Tucay, direclor of the Center fir Comosion Science &

Engineering at the Maval Research Laboralory in

Shutte fhate courtesy of HASA.
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Washinglon, C The “corosion exchange” within the
Dow eacourages the different government corrosion
labs to worls together andd maximize their effor, elimi-
nate duplication, and lacilitate access o resources. |1
shiould also make it possible to put together larger re-
search programs and make them more competitive
with others seeking funding.

A separale, infurmal parinership hay existed betwesen
the: Naval Research Laboratory (NRLY and NASA for
many years. The interagency agreement formalized the
relationship between the two research groups and
made it easier to share Gicllities and intormation and
work on Joint projects. Becently, both thoaght iU could
be highly advantageons Lo expand the agreement to in-
chade the other branches of the Dol and other related
povernment groups, A decument descrilying the agree-
ment is comently dirculating theeush the varlous chains
of commamd.

As mernhers of the *National Corrosion Technol ogy
Allianece,” the partidpants will agree to collaborale o-
gether and pursue initiatives with the goal ol enhane-
ing the government's cotrosion control capabilities and
techiwilogy in order to meet national corrosion control
needs. according to D T Marinae Callg, lead sclentist
for commosion lechnology at the NASA Kennedy Space
Center and a leader in genting the alliance established.
Lhe Army Besearch Tab's Coalings and Corrosion team
leadler and Ol CARC commodity manager. Tuhn
Facarsega, believes that “this avrangemen should [or-
malize the process for both disseminadng information
1o others and making inquiries as well, Identificatiom
of specific contacts withip each research group will
help us leverage the nalion’s resources and pigeyback
an one another's ellons.”

The Kennedy Space Center (K5C) has heen invalved
willl corTosion research since the 19605, when it began
investigating coalings [or Lthe protection of launch
struclures. “Lhie high salt content in the ain combined
with the high heat and humidity and UY exposure lev-
els akes lor a very cotrosive environment—one of the
muesl corosive in North

technology Today

The curreni direction of NASAS coatings research is
aimed toward meeting the needs of [Ulue space explo-
ration missicns, “We are preparing for new vehicles,
Taunch pads. and other strictures that will be reguired
in the fisture, Cormosion in general is defined as degra-
dation of material in a given environmenl AL NASA,
we w1l Lo ko [Low materials will degrade o extra-
terpestial emvironmenis as well as here on Canth, ™ T
Calle explains. “lor example, on tavs, there is much
areatey T racliation, aod most likely brine solutions
lie umder the Martian surface, Both comtribute to commo-
sion, and we must leam how 1o huild spaceports and
human habitats o such an environment.” MNASA s us-
ing simmulation chambers to do just thart,

Feputipment to be used on exploration missions must
e pesistant to comrosion ard reguire veey liole malnte-
nance, If corrogion does ocou, coatings will need “self-
healing™ properties to repair the damage at a very early
slage and prevent any further failures. "We are very ex-
cited about how our research in corrosion control will
be vsed for uiwoming space exploration activities,” savs
D Calle. “We are geing to have 10 look at coalings in
ways We haven't done beforg, amd develop new tech-
nologics o address these issues.”

sultilunclional coatings with self-healing properties
are also under investigation Iy the Air Force and the
Nawy, Most feilures in alreraft occur in areas of high
stress. “We are looking at the use of microencapsulated
reactants [menomery, catalvsls, ele:] 3% 2 way Lo repair
minor failures immediately atter they ocour When a
simaleh or void is formed, the reactants wiomld be re-
leased and seal or Aill the damaped areas,” explains
Stephen Swiruga, area manager for Specialty Materials
with the Air borce Besearch Laboratory. His feam is also
exploring polymer sell assembly, where monomers laid
out on @ surface polvimerize under certain condidons
tor prowide opical, comrosion, and health monionng
capabilities.

Carly detection, particulady detecion of comwosion
undemeath a coating, is a major goal tor NASA and
Tt A current research

America, if not the world,”
notes T Calle Shatle
launiches add an additional
7o tons of hydrochloric acid
from the solid tackel boost-
ets Lo Lhe mix, o, KSC's
corrosion program, which
began with exposure raclks
el up at the beach near the
launch sites, now lnwolves
personnel and several facili-
Ues dedicared 1o RATY, (esl-
ing, andd development of
malnlenance procedures.

tocus at NASA cuncemns
the development of
“Smart” coatngs that de-
tect the presence of corro-
sion and release inhibilors
as a response. The coatings
will detect the change in
L hat accompanies the
acourence of kocalized
cortosion beneath the
coalings. Corrosion in-
hibitors will then be re-
lessed toarrest Lhe
process. According o [Ir

v coatingsfech.arg
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coatings that contain volatile organic compounds
(VOCs) and chromium. NASA is also looking at coat-
ings for aluminum.

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

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

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

Phatia courtesy of the LS. Army.

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-
ity, environmental compli-
ance, and survivability
(which includes camouflage
and chemical agent resist-
ance). Topcoats are in gen-
eral polyurethanes, primers
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.

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.

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

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 polyurethane hy-
that require less maintenance and designing in-situ sys- brid system reduces
tems that monitor for corrosion and coating failure, ac- the VOCs 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

cording to Mr. Lucas. They are 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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addition, the taditional diatomaceous silicas and talc
used to reduce the gloss in camouilage coatings was ne-
placed with polymneric beads,

“We have laken a new approach with our coatings
gystems,” comments M Fscarsega, “Any matetial incor-
porated into a coaliogs formalation musl have a fune-
tion, We will no longer use emenders or fillers or other
submtances that do not contribinle (o the perfommmince
ot the coalng.” he explaing. The polyineric beads,
which find wide use in antomotive applications. act as
an excellent Matlening agent while simultangously in-
ceeasing LY and mar eeatstance and peoviding added
flexdibilivy. The Anmy's intent is to incorporate such
technaology into all of its existing topooats for added
peclormance, acenrding Lo M Fxcirsega. Additionally,
ARL is evaluating self-contained and portable kits tiat
will assist In waste minimization, ficld application, and
fouch wp.

Loth the Navy and Air Force are swilching from fra-
ditional spray equipment to the plural component
technology in use for commerdal applications. The re-
duced amaount of lines amd hoses means guicker
cleanup and reduced hazardous materials concerns,
which, when combined, equal improved productivity
anel ellciency. “In the Air Force we need to work with
established spray svsierms. Planes cannol be taken apart,
put through an aven, or ivadiated. Plural component
technology allows us 1o vse reduced amonnix of sol-
wvent in a system thal is comtortable for the guys actu-
ally applving the paint,” savs Mr. Szaruga. “This is espe-
cially impartand ler the feld units that need a rapid
coating repair capability that enables them uo ceturn
airaraft o active
service,”

[Driamatic re-
ductions i lyexa-
valent chromium
permissilde exnr
sure limits due to
taloe cffect in 2006
will aliect the nse
of chrome in pre-
treatments and
sonme primers. The
Armiy does ptilize
chrominm-free
premers, bl is
anrently in the
process of evalual-
ing chromivm-
free prelresiientf
primer combina-
tions, “Owerall we
are 1aking a new
lite cycle ap-

wwwe coatingstech.org
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proach o coalings development,” says M1, Fscarsega.
“we are looking at both shor-term perlarmance capa-
bilities and long-term recyclabilify fssues.”

The Air Foroy, acconding 1o M. Searuga, is about
HO-90%4 of the way to developing a complete
chromium-free system, “We have found chromivm-free
primers and pretreatments that work, but ner tageiher
as a systein. Each one requires chromivm in the olther
compoment of the coaling to make the system etfective.
I anticipate we will have a [ull cheomiom-free systemn
that meets Alr Force perfonmance requiremenis within
the next five years,”

The Navy has the additional challenge of maintain-
ing functicnal antifouling coatings, which have recenily
come under scruting by global regulatory agencies. "We
removed tributyl dn from our antifouling coatings
years ager and replaced i0with copper-hased antifouling
agents,” notes b Lucas. As a result, the Mavy has oot
been impacted by the receni ban on that particular sub-
stance, However, as athers switch over to copper-bascd
syslems, There 1% a cancern thal capper Tevels in global
warerways will rise to levels that wigger regulation of
these actives as well, “The Navy management is verv
pro-active in his arena and we are currently investigat-
ing biocides and other technology as alternatives Lo
copper-based antifoulants in our coatings in order to
be prepared for any {ulure changes in reguladions,” he
further states.

The Coast Guard plays a major role in the testing
priygram for aniilouling coatings. “The Coast Guard has
an excellent platform for testing ancifouling coatings,”
savs Mr. Lucas, “The Navy has a very symbiotic relation-
ship with the Coast Guacd. They provide us with the
testing plartorms at minimal cost and In return we
share with them all results of new technology as it is
developed.”

wWilh regard w VOUs, the Navy i addressing this
regulatory issue as part of a program to develop 100%
solids rapid cure coatings. Fxisting coating systems Ie-
quire roughly bwo weeks ol applicadon and cure Lime
before the painted surface can be put back into service.
The NRL has developedl a resin thut incorporates the
anticorresive properties of an epoxy with the rapid cure
properties of polyurethanes. When formulated into a
paint, the resin sysiem possesses the benelits of both
the epoxy (corosion and chemical resistance) and the
urethane {11V resisiance and Aexibility), “We ave cus-
rently developing this echnotopy for tanks, but enwvi-
sicm 1t will have widespread applications [or mamy sur-
Gaces. Deying time can be reduced significantly, and we
lwope to be able o spry oul all coats in one evoha-
ton,” savs Mr Lucas, 1Ie also hopes the techinology will
allow application of coatings at near freezing tempera-
Lures, which would extend the painting season Lo
nearly vear round. Currenty the NRL 13 doing panel
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Guiding Principles for Coating Systems

Environmental

Survivability

sewage, ballast, peel, etc ). imegior decking, crew
quanrers, and non-skod ianding deck on aircraft
carrier, 1o name a few. For ships, tiere is alse
the added recuirernent for cathodic protection
ol underwaler coated materials; the NIIL also de-

=7

Durability

Courtesy of the U.5. Anmy,

tests aned expects to conduct demonymilions in the
near future. Mr Tucas hopes to have a coaring for ac-
tmnl use within ihe next three years,

Development of rapid cure topcoats for replacement
areas (less than 100 square feet) on aircraft is also a
priorily for the Air Force, *Current military specifica-
tions requite dey times of 72 howrs, bul there is Do
data tor support the seleclion of this particolar lengih
of ime,” Mr, Szaniga comments. The Air Force is not
only studying standard topeoats to detertnine minimal
dey times, bt is also investigating new polyurethine
formulations and cure mechanisms in these applica-
tomns.

Recent deployments to e Gulf have raised the is-
sue of solar loading of vehicles, equipment, and ships,
Festh the Army and the Navy are involved in develop-
ing paint Mocmulations with minimal solar loading,
Minimization of UV light absorplion shoubd reduce
the: cate of degradation of these coatings and lower the
temperature of surfaces on which they are applied. "Air
conditioning systems on naval ships were not designed
1o withstand the Leat that is commen in the Gulf, We
need all of the help we can get in reducing the heat
Izad on the boats,” notes Mr. Lucas,

Efforts at NRL include basic and fundamental as
well as applied research projects, The group based in
Washington. DLC,, in addition to eonducting labora-
tory comosion and coatimgs lormulations wok, also li-
aises directly with System Commands and teams wilh
ather Mavy labs. The Marine Corrosion Facility leld
sile at Key Wesl, bL, is ideally situated for marine engi-
neening and testing. The waters aronnd Key West are
the closest approximation of hlue” oceanic walers to
which naval ships are typically accustermed. The NRL
has rexponsibility for a very broad array of coatings
technologies, including anticorrosive and andilouling
coatings (or ship bulls, bilge coatingy, and topside
coalings for mimerous types of tanks (potable water,
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signs the corrosion pratecilon systems tor these
applications.

In many cases, the results of R&L efforts
within government coatings research labis get
Lransferred hack out to industry, Technology
transter is comman at K5C. A Tatest example is
techinology for rotecting relar in concrete used
fur balconies and bridges. Rusting of the rebar
accurs due Lo chloride intrusion (rom ocean o
deicing salt, Expansion of the rebar as it rusis
frust has a larger volume than the metal) canses
the cement o crack, NASA developed a galvanic
coating that is applied to the concrete. The technology,
which has been licensed to industry, protects the rebar
underneatl and prevents msting.

Tn the Air Force, standand aireraft coaling systems in-
clude a surface weatmeni, primer (typically epoxies, i
some polywethanes), and the topooat (poharethane ).
The Air Foree uses (Ive to six dillerent colors of gray and
creates low visual gloss in s paints usually through
very high pigment loading, Deft, Inc. recently pardci-
pated in a cooperailve development peoject wilh the Air
Torce that resulled in a new extended life, high per-
formance polyurethane-hbased gray paint. The new Lop-
coat incorporates luorinated components and exhibits
an eight-fold increase in UV slability. Acoording to Me
Searuga, the majority of Lthe Alr Force has switched Lo
using this techiology.

Tor its CARC wpeoats, the Any is investizgaling sev-
eral new technologies, *We are loolking at both nane.
materials and enzymalic materials in novel coatings
syslems, These technologies can be utilized as sensors
[or detecting Loxic agents. 1L may even be possible far
them 1o act as reactors for decontamination procvesses.
This type of technology wendld be easily exiended to the
romunercial sector, especially for fivst responders,” ex-
plains Mo Fscamsegs.

Although coalings research s not what comes Lo
mind when most people think about stale-of-the-art
technology being investigated by the military, it is clear
that coatings do in fac play » lundamental role in de-
termining the ultimate level of readiness and effective-
ness of the anmed forces. Research labs at NASA and
the Dol are designing highly (uncdonal, environmen-
Lally friendly coarings that incorporate novel technalo-
gies 1o wddress critical issues facing vehicles, shipy, abe-
crali, spacecrafl, and many other types of equipment.
I hese efforis will condeibute to signilicant advances in
the capabilities for defense, securiiy, and space explo-
Tallon.
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