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NEXT GENERATION OF
Aircraft Coatings Systems

Gordon Bierwagen—North Dakota State University*

e current generation of aircraft coatings had ity
basis in the polymer technologies of the 1970s
and the use of chromate-based meta} pretreatments

and primers. There have been some incremental improve-
ments in the epoxy and polyamide oligomers used in the
primers as well as the isocyanates and Bexibie polvols
wsed in topooatks, us inceeases in the volume aolids of the
coatings to contirue minimally meeting environmental
regquivernents, but no truly new technologies have been
developed and applied tn atrevaft coatings since that time,
However, because of increasing cconomic and environs
mental pressures, this siluabion will wem change, Adzo, the
LL5. Alr Porce is secking a coating system that will have an
wlttmate lifetime of 30 vears for mainlenance cost contral
and fleet sustainabilily, The first change in the present
coatings system will be it the pretreatments plus primers
that currently comstitute the metal protection systemn for
the high strength Al alloys used for aivcraft. For military
aircraft, these alloys will continue to be Al 2024 T-3 and Al
7075-Té, heat-treated metals that have phase-separated
regioms rich tn reactive metals such as Cu, Mg, and Zn.
There are several now technologies now under consider-
ation for such metal protection including conductive poly-
mers as primers withoul Cr-based mets] pretreatments,
sol-gel based prelreatments and primers, plasma polymer
metal pretreatiments, and otgano—mod_ified alumindm ox-
ide particles. Each of these techneogies has shown somne
promise for O replacemnent, but each presently has s weak-
ness that necds toe be corvected for immediate usage. For
the toproat system, flucrinated polyols and improved use
of UV-absorbers and fight stabilizers will probably be the
first changes Implemented, with cetamer and other new
crosslinking svstems the most Hkely next polymer matyix
candidates. The target for the entire coabings svstem is o
have drastically improved wet-adhesion due to a covalently
bonded systers thal has a gradient in composition that
goes continuously from metal to metal oxide to mixed
metal oxideforganic polvowr o bigh-petformance UV-
stable arganic polymer. The materials cosl for such a sys-
tem may be quite high, but the maintenance cost savings
witl ruch mote than offset these costs.
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INTRODUCTION

The three primary reasons for painbng military
alrcraft are survivability (visual appearance, infeared
signature), corension profocion, and appearance
{including weatherabilily as well as abrasion and
cherical resistance), while dvilian and commercial
alreraft use coatings for corrosion prohecion, airline
identification, and appearance. The ¢oating film on
aireralt profocts the metal and compaosite compao-
nents of aircraft from their environrment, since many
camprnents are designed and fabricated for siec-
{ural reasons from materials thal are not very
registant to atmosphetic exposure. As aireraft
coatings syuterns evolved, by the 1960 and 1970, the
predominant requirermnents were chiamical and fuid
Teststance, oorrosion rosistance, exterior durability,
and ambiett cute. There are also coatings wsed over
the plastics and metal substrates ot the interior of
aireralt, el this paper saddresses only the high
pertarmance exterior costings used on aircraft.

CURRENT COATINGS SYSTEMS

The current aircralt coatings sy stems are based
mainty on a chromate pretreatment to 2n acrospace
Al alloy surface, a chromated epoxy-polvarmide
primer, and a urethans topecat based on a two-
component socyanate—flexible polyol system.' A
schematic of such a coating system, which is used by
the military, s given in Figure 1. bometimes @ tiecoat
is used betiwern the primer and the topeoat. The
currosion protection of this systemn depands an both
the chromatod prefreatment and the chroma te
pigment used in the prmer. The relatively current
specifications for comman mililary and commercial
aircraft coatingy are discwssed in several references,
The Department of Defense (Do) spedfication
nuriher for its common gray topooat is MIL-C-A5285;
and the specification number for the solvent primer
ie bl 1L ~F235377. The coatings are wsually applied by
olectrastatic assisted spray costing methinds, The
CIRM business for cummeraiat aireralt is dominated
worbd-wide by Bogtrg and Adrbus, and beth seem o
have fairly similar specifications for 0 usage.
Eeferemces in this paper will ba predemninantly from
Buelry. Military usages and specifications are more
diverae, and this paper will nditizc U5, Dolr infoe-
malion pertaiming s 1.5, Adr Force and Navy
aircraft,
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Figure 1 —Schemalic of currenf perospace couting sys

The ypecifications for the military
aned commercial coatingy are qurte
gitnilar, bt e thight usage and
refinish practices of commercial ancd
miliary aiegraft am very diferont
Military aircrafl spend up o AR ol
their tirme on tha g,mund, where o
primary threal o perkormance is
corension, whikte commercial aircraft
Fpend up o ¥, of thetr tine i flight;
the primary threat to perfonnance iy
probably structural fatizue, A discus-
wion of corrusion threats in commerciad
gircraft was ghven ina yecent artiele !

NEEDS IN NEXT GENERATION
MILITARY FINISHES

The needs of the LS. Adr Porce jLUsal)
gre fur rpch increased service 1ife
profeciion againgl cortaaion ard
increased durability in the: opcaal Foe
fhe et gmm'ah‘nn of TISAT coatings,
a1l materials must be environmentally
benign (ie,, chromate-free pretreat-
ment and primer), with a 40-yeaz
comosion prutective (pretreatment +
primer) system, and a winfenum of
cight wears of topeoat durabi lity with
T el ﬁtrippabﬁ[L}f as noecded.
Mainkerance costs for the 175AF Mect in
1997 were $300 million. The acoual
cust of curEU=1on maintenance et
aircraft is caralating at a rate 0536 o~
e primary aircraft for which these
new coatings will be used are the aging
KC-135, KC-14), and T-5 tanker arit
tranuport aircraft of the UBAF flest.

Enhanced Durability —
Minimum Maintenance

These roquitermants given ropresent
an cklraordinary nercase in perfor-
mance rcquirements frorn those
]:mesenﬂ}r i nee and ave £ven more
demanding in that there must b
chromate-fres cortasiun protection.
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‘Thete will be a need for the extranrdi-
nary Hietime of pretreatinenl + primer
sleucture, and for the topeoal, a
cleanable durable system is de-
manded.f The goals of these require-
ments are increased fleet readinesy,
risk reductior, and drastically reduced
maintenance eosts. This will meat that
the coating mus have drastically
improved exterior duzability, an well a5
enpability in feld use. 1t shoold not
b sorited casily by lubricatian fluids or
pther hazards of normal use. The
oplical properties shoukd be Lailorable
10 misston Tequirernents —his rmost
wftor will require 2 malie, camouflage
appearance. This lasl requirement has
hoen difficult to achieve sbrlbs-
neausly with true cleanability.”

Strippability
The topouat system should be
srippatble i existing Adr Logistic

Centers (Al Cs} using eavirenmentally
acceptable materials and methods. The
primer-pretreatment swatein shoubd not
pr aflecind by {oponat rernoval and
should be recoatable in the ficld or at
AR as needed.

Compliance with Valatile
Orgonic Compound Emission
Requlations

It new military and commerciat
coatings, VO compliance widl be an
tmportant issue, but definitely pot a
rew tsowe. Theee has beah ongeing
veork to reduce VO emissions in all
classes of coatings, including thase
far aircraft, since the 190s, and a
drastic impravement in VOc
reductinns has oocureed in fhis
period.” In aircraft coatings, must of
the WOHZ reduclion has pocurred
through the use aof high—sulids, Ty -
component systeins for primets anid
toponats Az well as some use of
weaterborne (W /B systems for
primers, These developments will
continme. The most diffieult im-
proveinents o achigrve will be in
vbtaining the prapor rhealogical
properties of now tapenats that
provide cnhanced exteriar durability
and fatd resistance. The wery
gyslems thal can provide theze
prnperties, such s flunrocarbon
containing oligomers/polymers.
require very siTOng solvents and
haye not been amenable for wse in
W /B systems. The restrictions al
ambient cure at high arosskinking
tevels for fluld resistance akso
provide 2 ronsiderable challenge for
SO eoduction.
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NEEDS IN NEXT GENERATION )
COMMERCIAL COATINGS
SYSTEMS ‘

Exterior Coatings

The pritnary requitements for exterior
aircraft finishes will be durability and
cleanability in fiekd use, including

gloss, oolor, and other decorative
attributes, The systein should be field
rerpatable and repajrable and have low
maintenangce costs. As long, high
altitnde Mights become more comimnon \

and more sircraft are spending, o
coneiderable arnound of fime at

altinades that give UV axpusure al '
shorter wavelengths than at graund
lewel, improved UV durability will be
required in opeaats, Improved and
modiied ullraviolet absorbers (LW As}) \

wAll need o be tuned to a wider hand
of IT¥ {at higher altitudes, 1he pertinent |
LY wavelenglhs ate from 250-400,
rather than the 326400, nm region ak
sea lovel) Also, improved hindered
aming light stabilizer: {FLATS) weill be
needed to provide improved coatings
photostability, and all pigments ut-
lized in topooats UST have outstand-
ing UV stabilifty and a total Iack of
oiclative photocatalylic tendencics. !

Primers

The (primer + pretreatment] system
sheuld be environmentally benign and
provide up o 10 vears of corrosion
protection. L herefore, much like the
mrilitary systenus, a chrorme-free system
is roguired. The newer generations of
commerdial airoratt will have extensiie
nse Of cumpesites and newet, more \

cotrasion-resistant altoys bor the
aircralt stmcture and skin, and so the
threat of cortesinn will not be as great
as that for ofder mililacy afrcraft.

Refinishing ond Strippability

The refinishing and strippabalify
requirererity of the next generation
firnuhes will be nuch like those of the
railitary. Thae systems should be
strippable with envirmmentaliy
beniym materials and wes fecoat
systemns that provide the same gloss
and color retention as the QLR
finishes.

Compliance to Volatile Organic
Compound Emission Regulations

The cumrnents concerning YOO |
compliance issues in future military
aireraft apply as well to commeroal
airexaft enatings. In roremercial airaaft \

MNext Generation of Aircralt Cogtings Systems
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usage of coatings, local regulations will
have to be considered very carefully as
there 4 a larpe varation from site-bo-
Bito in such rules. o the U5, for
example, the rules for YO emdasions
are mosl severs i svathern Califormia,
and perhaps the least severe T North
Dralacta.

NEW MEASUREMENT
TECHNOLOGIES FOR AIRCRAFT
COATING DEVELOPMENT

There have been many pew measure-
ment and characterization technigues
developed for the testing of coatings
whick are being ublized in the deval-
vprnent and study of aivcrall coatings
and metal pretreatments. Many of
these bave buen developed in the area
of coreosion characterization and poly-
mer surface artalysis. New methods
hawe alao beon developed, or are in
devclopmenl, dirceted towards in sitn
senwsors of corrosion urder oeatings as
apphed to aircralt melal substrates.

New Developments in Corrosion
Measurement Methads in Coated
Systems

Considerable offort has been
oxpended by scientific instrument
devolopers in making the use of
etectrochetnical techniques easier and
more accurate, This holds true espe-
dally for electrochernical impedance
spectroscopy (LS} electrnchemical
noize methads (KM, and dynamic
polarization methads. There have Bron
comedderable improvements in the
instrumenialion for the roubne use of
such messu remonts, cspecially in the
compuler methods for controlling the
exporirnents and data acquisiton and
analysis.

Also, equipmend for Jocal fmeasure-
teents made in 4 scanning, mapping
made at a resvlution of —Ljum}
charactorization of eleckeochemical
preopetlics has been inroduced and
shomvn to be extremely useful in
shuddying performance of coating
systems in providing corrosicon

preotection to daragred areas in
coatings. Two methods, the scarming
vibrating electrode technigue (SYET),
st inteod Boed for cocrosion studies
by Tsaacs and co-workers,™ and local
EIS {LELS), mast recently studied by
Taylor and his co-workors, 1518 haye
been showm b be quile useful instch
measurements. A receni paper From
this laboratory discusses these
methods, ¥ Also useful in ona lings
shudies 19 the use of scanning Kelvin
probe force microscopy, 5 as well as
ather seanning electrochemical

PTG (RSO,

in sty Corrasion Sensors

There has been mech work: done on
developing in sitn sensors of coerosion
under cortings, especially in the area
of ElS testing, A vecent article™
divensses prte sach system, and other
workers ate pursuing similar studies
based o KBS amd ENM techniques, ®

New BRevelopments in Coafings
Durahility Characterization and
Lifatima Prediction
A pecent symposiom reviewed

current efforis in durability charagtee
izalioe and Tifefime prodiction i
nrganic ooalings.* huch work has
been expended utilizing surface
anaiysis methods for this purpose™ as
well as micro-FTIR and micrn-FT-
Ramat technigques.®

NEW POLYMER SYSTEMS AND
ADDITIVES FCR AIRCRAFT
COATINGS

Fluarecarbkon-Based Polymers

The developmenl of polyurethane
topooats based on fivorocarbon-

Sol-Gel Coatings Chemistries

- Two approaches

— “Thin Film"
= Melat oxda fims with organic agepling Agants
= Adhesion and comaslon potectios

o Functions similar io prasant eoeversion coatings

— "Hybrid coatings”
r Ceganichinoigame nelwork polymers
: Ehasibitty foq inearporating comosion prodachion schemes
v Enhanced mechenical peformerce

« Progress
HaneCr sakgel v Cr-pores syslar passes sall Fog
— Norr chesmated so-gel prmer sysfar fals sai fog
FT cura, low acid system farmutated
~ Hybrid eyslems arg improving
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“Thin Film” Sol-Gel Coating Status

+ Boegel-EP provides excalient primer
adhesion
— BT curg, Jow acid system formulated
— Suyrfactant improves visual appearance

= Mo impact on adhesion
» Non-Cr primers perform poorly on non-Cr
conversion coatings

» Investigating methods of encapsulation or
mcorporation of inhibitors
- inhibitor malerials aktersolgel film formation
— solutrbty of nan-Crinhibitors not optimized

.  figure 7 — General dascriplion of sol.gel chemistrios, _J

— Figure 8—Salgel coatings shhus, It




based palyols™ and exterior-grade
wucyanste oligomers is the carrent,
st pProAmising route to increased
durability. These systermy have
extremely pood TV and moisture
resivtanae and have the polential of
glving toproats with lifetimes
greater than 10 years. The exposure
pratocol used to study the sysiem is
described in Figure 2.

Sume recent data on a mititary
taprecat of this type exarmined under
this exposure pritoco] is shown in
Figures 3-4. The corrosion performance
as the kow frequency impedance
modulys, 1Z1, data for this topeoat
overa standard chromale pimentod
EPOY prrimer e, MIL-P-23377) is
given in Figure 3. Hyure 4 gives color
data far the same svstems and Figure 5

shows a photo of the pancls of the ELY

fluorocarbon versus the standard
coating These systems have shown
little change in either their appesrance
ar cortosion proteclion behavior over
considerably exposure tme and show
Tlch promise as & futtre military
SVSloT,

Ceramers and Gther Mixed
Organic/Inorgonic Systems

The use of coramic precussors
together with standard coaling
polymer systerns has shown promise
0 leading {0 enhancod urability and
barrier performance in coatings
systems for alreraft, The gsefulness of
these materials is being studied for this
purpose &

New Developments in UV-
Stabilixation Additives

Refevences 9 and 23 disonss the
slate-of-the-art in UV As und HALS for
improved resistance bo photodegrada-
ton in coatings.

Expert Systems Use for New
Courting Design

Recenlly, the USAF has been
sponsuring work on the development
of advanced coating design methods
for the development of new, cleanable,
durable topeoats and aircraft primers.®
The original emphasis of this project
was properly incorporating C'VE
prediction methods ito the forrmula-
Hon process. 'Iis work has been
extitided in recent studies.? Nigusy 6
shows a flow chart of the cuatings
design software curvently under
development,

Next Generation of Aircraft Coatings Systarns
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Figure 9—Schemotic of ideal solgel struclure,

CHROMATE-FREE CORROSION
PROTECTION IN AIRCRAFT
COATINGS

Specific Aerospoce Alloy Issuas—
Al 2024 and Al 7075

The main driver of new coalings
development ab fhis time i the heed to
tind a system thal provides corresion
protection better Bhan or equal to the
present chrormate pigmented primer +
chromale-hased prelrestoaent, This bas

been the fovus of both basic™ and

applied rescarch The problems are
exaerbated by the Facts that the
primary alloys tsed in the militars air
flect and much of the commerrial fleet

ave Al 2024 and A1 7N75 Bath are
capedally corrosion prone berause
Lhey are heat-treated Co /Mg rich
allays which haye phase-separated
mtermetailic compounds that cannot
be cogted with materials which Fod)iire
curing temperatures exceeding 18017,
Chromate specics of some sourt are Lhe
vy current option for offective
Lurrosion proteciion for thoge commeon
aerpspace alloys,

Scl-Gel Systems

Work done in a TA REA (Defense
Advanced Regearch Projects Mgency)
Project led by Boeing has been examin-
ing sol-gel type tnaterials for chromate

E-Coat Beik Phase
(20-30 ].u'el']}

I
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Figure 10—Schematic of
sysferm.

plasma polymerbased prefragtmant cooting
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{ree protection of At 2024 T-3, This
work has nol sneceeded in totally
malching fhe performance of chromate
Pretreatment (Alodine™) ur chromaie-
pigmented primers, but it is hoped that
Farther improvements of the sol-gel
precursors that are under study wili
yiell the desired porformance.™
Figures 7-9 are zonoric descriptions of
the process and current status, The
zoals of the soj-gel process are to
generate a chemically bonded struchure
that undergoes a controllable gradient
in chemical properbies from inorganic
melal oxide ol the surface through an
thorganic oxide formed in a sol-gel
process through a mixed inorganic/
RTgamic strichure to the puraly grganic
shuchure of a primer coating. A
schematic of this ideal strocture is
given in Figure 9,

Plasma Pretregtment

A possible strategy (or protecHon
20124 and 7073 based on plasma
potymer £ms plus an elecorodoposi-
Liom primer has been considered in
recent studies.™ This continuer work
begun by Yasuda in studies of the
plasina polymer protreatrnent of steel %
These studies have shown that by
ceaning the surface of Al 2004 T-3 first
with an alkaline cleaner and then
plasma-treating the meta! in a cold
vathodic plasma, with O 1o further
clean the surface andd then forming a
plasma polymer fim based trimethyl
silane ay the monomer gas, by a
subsequent coating with a eathodic
clectrodeposition ptimer ome can pet
corTusian protection exceeding
chromaie prefreatments or chromate
pigmented primers. A schematic of this
steucture for &t aiccraft alloy substrate
15 given in Figure 10. The performance
of such a system has been studied by
standard salt fog and Prohesion ™
exposure cabinet testing followed by
visnal ranking av well 25 by immersion
and Prohesion exposure with ENM
and FIS tesbng, 'xamples of these
clectrochemicat data are given in Figure
11, The data shown in Figuee 11 is for a
2024 T-3 sample with a plasma
pelymer pretreatment and a chromate-
free electrodeposition primer measured
by EIS during Prohesion exposire, A
similar expariment with a chromated
epuxy primer over an alkaline washed
2024 T3 pame] gave failure (12 < 1k
vhm fem?) after several weeks,

Conductive Polymers

Ancther stralegy for non-chromale
based corrosion is the consideratinn of
condustive pobymers, These materials



have receivind ponsidorable athention
for praviding cheamate-like corrosion
contral, inn:'.ll.n:lin;;j1 COMDSIoN protection
in damagi:d ATCAR, 4% priver cnalings
tor mielals swithawt the need for
Pretreatments 2 This work has
recently been extended to aireralt me tal
#lloys™ and recent work of our lab
shows considerahle promiss in this
area.™ One such pulymner under
consideraton is poly{3-uetyl yrolle]
whose structize is given in Frgure 12,

Fignere 13 shows the remarkahle
stability in immersion in diluke
Harrivon's sobubion of the comosion
prutection of this material as 8 primer
with a standard urethane topreoat over
Al 2024 T-3 a5 measared by EIS. Byuse
14 shows an opticat micrgTaph of this
Swstern affer 615 days.

SUMMARY and
CONCLUSIONS

New aircraft coating systems will
provide enhanced and enyironmen-
ity compliant ways to inerease
outdaor darability and corrosion
privection. New polytiers snd the
improved use of UVAs and H. ALS il
drive the enhanced 4 Urabitity o
aitcraft Lopcnat sysicms for Both
military and cormamerdial use, How-
ever, fulmire airevaft coalngs will
chanpe mast in the way in which they
Prvide corrusiom protection, Even
though there is no current systern
available to replace chromate-based
pretreatments and primers, there js
much work in progress indigatitig that
chirome-freg systems lor aircraft altoys
will be available in the near future
Ameng the bop candidate stralegics
cwrrently being considerad ape z0l-ze}
based systerns, plasma polymer
pretreatments, and conduckye poly-
miers. The most immediate beneficia-
12e6 of these tew ORI Systerns will
b roilitary air fleets and aging
cammercial aireraft
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