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ince the wopic of stoatt coalings was reviewed in
Covres i in 20035, the field has garnered much
maore intetest and cxpectadons have grown regarding
e cormenercial potential of these important malerials,
Advances are being made by academic, government,
and industrial research aroups around the world. The
excilemenl being penertted Ty This work will continue
to propel further gains in knowledge and increase the
likglithood that smant coatings technology will eventu-
ally bevome 4 Mundaroental capaldilivy of te paint and
coatings indusoy.

Even with all of the interest in smart coaungs, i1 is
still ot olvwious in some cases whether a coating s
wuly “intelligeat” In pact because ol the attention the
field is receiving, many high performance coatings are
claimes] (o be smart materials, b they do nol meet
the proper criteria.

Smart coatings sense and respond to changes in the
enviranment or within themselves, preferalily ina re-
versible manmer, Changes in light, temperature, pres-
sure, it Now, sucface lension, elecrical qerment, acidily,
chermical composition, and bioaclivity, among olhers,
cause the coating to undergo some sort of wanstorma-
tiom, Onee The stimulos is cemoved, he coaling ideally
relurng Lo s eriginal form.

S umereus types of coatings that do meet this delini
ticm are being developed. Much allention is being fo-
cusen] on coalings (hal provide some soTt of sensing

functien, Set-healing caatings are heing develaped Ty
wnmber of differenl groups. While they do nol perform
a reversible function, they do respond to the ¢nviron-
ment and are generally considered as smart contings.
Super hydraphobic and lydrophilic coalings that can
control the wettability of surfaces have recently been
the center of several research elfons

The develapment of Uese soacl malesials is belng,
made possible tirough advances in science and tech-
nology. particularly the development of nanotechnal-
oy andl A belter understanding of chernistey and
physics of surface boundary layers; increasing enyviron-
mental pressures and concerns; aned a greater capaciiy
and willingness 1o mimic naturally ocoucring coatings,
according to Jo Lennartz, CTO of Akro Nobel.

“Cime of the most notable changes that has taken
place in the last wo years is that people invelved in
smiart coatings research ave shiftimg from leaming the
soience o developing technological solubions that can
Ire applied 1o real world problems,” netes lamil
Baghdachi, professor and program Jivector of the
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Coatings Reseanh Institute at Dastern Michigan
LIntversity.,

This shift does ool mean that a oo of commerneial
sinarn coatings products will be available any time
soodl, thaugh. “There is memendous interest in smart
coatings fight ow. The number of papers being pub-
lishesl and the number of companies, oth lange and
small, inifiating B&D effens is indicative of the ealth
of the field, " Baghdachi says. It will take time, though,
Liv s results 1o terms of commercially available smart
coalings products, “We are al the very early beginnings
of the shill lrom academia w industy, and eversone
involyed In smarl coaliogs is very excited abour their
[uiare jpevtential

The Do Chermival Compary is a good examypde of a
laege supphier to Le coalings industmy that has 2 signifi-
cant commitment to the development of siman coalings
technnlogy. A gt of its newly foned Dow Coatings
Solutons business, Dow will e focsing an four key
technelogy arcas including capabilities lor reducing the
enviranmental impact of coatings, cnhancing darability,
reducing systeny cosls, and smart coatings,

*Our new market-facing coalings unit is bunging to-
gether 11 different businesses widiin Dow o provide a
holisiic appeoach (o ey issues in the coatings indusiey,
and wo sce smart coalings as dn important coImponeit
ol mar strategy,” says Wendy Lloeniz, global REaD direc
o1 [or Dow Cealings Solutions, Her group is locused
on three pamicular areas of smarl coatings applications:
povel Amctionality for release technologies, sell heal
ing materials, and intelligent self-assemblyy scl-stratifi-
cation, “Our goal at Dow [s 1o gel some of these tech-
nologies commercialized within the nest vwo years,”
she adds.

Az with all new techinology. smarnl contings must
overcome several hordles and address ceraln ey is-
sues belore they can hecome mainstoeam,
Affordabilicy is perhaps tae largest of the chal-
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coatings coubd Twe part of 2 life-saving diagnostic test or
drug therapry, are one stch exampie,

“The many R&LD successes will onby reach their full
potential shen smarm coatings become economically
marketable,” asserts Stephen Lapitka, a consultant with
lline & Compaty, a research and consulting firm. “As
various smart cnatings Llake their respective markets by
starm, R&D will be heavier focused on these coatings,
further fueling the growth of this secter of the painl
and coatings indusry,”

The manulacuring processes for smart coatings will
also help determine their success in the marketplace,
Thixse new coatings that can be eeadily produced nying
exisling production eoipment will be far more likely
tor lead to a viable commercial product, Processability
15 alsis an issue that st be considered.

Performance, particulacdy with respect to repeatalyil-
ity, will also be necessary helore any smart coating can
e rommercialized, “Smart coatings, in order 1o be
Lewhy valuwable, must Bave o minimum acceptable pet-
formance lifetime,” explains Baghdachi, Whether the
coating is responding to changes in light, the presence
ol water, or an electtic current, it must respond Lo Lthase
changes thousands of tmes withont fail.”

Cme of the attractive [eatures of sroart coatings is
their emential to not only Inprave wpon te perfonm-
ance of traditional coalings or other materials, but wo
prowide functonality that cannel be achieved with cu-
rent lecdhmalogy. *The emergence of smart and other
ypes of modern coalings means that the defining func-
tioms of o coating—protection and aesthetics—will be
supplemented Ty a wide variety of new tunclionalities,”
states Lennartz. “At a [undamentisd level, these addi-
tivnal fmctionalities mean that the coatings them-

selves, ag opposed (o rhe strucures they coat, will in-
creasingly become the source of

value 1o bolh the business world
anil society,”

lenges that must be surmounted, “Smart coat-
ings today are very expensive to manufacure
but provide i many cases sciu
Livms that can replace low
cost b very Labaor inlensive
current methods for achiew-
ing certain funcrions,”
notes Raghdachi.

Today, high cost
SONAPL Coralings can only
bz successful il Lhey are
prroviding an uninet need
in the markelplace, or if they
ave targeted to Indusiry seciors
where cosl 1% not a aitical tactor
Applications in the medical field, where smart

Wi Coatingstech, o

Military-related op-
portnilies include cor-
1osion conbol, camou
Mage, hioweapon
detectivn and destrac-
tiog, and other salely
apyications, Smarnt
coatings have the: poten-
tial to reduce costs and
equipHnent downtime, de-
crease maintenance burdens,
and uliimately eliminate the
need for hazardous paintingfde-
puinting operations, GoveInment-sup-
ported smarl coalings research programs ave
investigating self-healing, comosion conlrnsl,

February 2004 39



vholochromic and thermachromic, selective remonal,
and various sensing technologies.

The need for functional surfaces also existy in the
derospace, manne, automotive, ronsinaclion, comnnm-
nication, lextile, biomedical, elecironics, energy, envi-
ronimental protection, personal satery, and many other
industies,

Self-healing coatings repair damages caused by van-
cans emvironmental conditioms, A number of different ap-
proaches are being aken 1o develop such smart coatings.

wenyan L1 and Luz p. Calle of the NASA Corrosion
Technology Lahoratory at the Kennedy Spice Center are
using micracapsiles formed through an Interfacial
polvinerization; both size and pll sensitivity of the cap-
sules can be controlled by adjusting the emulsion lor-
rula and reaction time Boll pH indicalors duat show
a wisible color change and corrosion inhibitors are
placed in the microcapsules and then incorporated into
paint systems. Determination of compatibilily berween
the microcsule syalem and vartous paint formula-
tiong is underway, as ate long-term exposure studies Lo
evaluate performandce of the coatings.

At the University of Aliron, associate professor Mark
Soucek continues W siudy sell-slealilying smart coat-
ingz that have the components of a pretreatment,
primer, and base coating. The idea 1% o have one coat-
ing that stratifies 1o perform all of the unctions of the
wariols separate coatings currently required. The coat
ings, called “ceramers” by Soucels, are a parl organic
polymer roupled with an inorganic ceramic and are
lased on nanophase separated metal-oxo clusters con-
nected 1o 2 continuous organic polymer via a phase
couphing agenl.

Professor Scoll White and colleagues at the
Lniversity of Illinois, Urbana, have made significant
progress towards commercially viable and cosl effective
self-healing chermisteies o the past two vears, "These
sell-healing chemistiies can be envisioned o have a
wide variety of applicatioms including sell-healing coat-
ings lur anlicorresion applicadons.” White notes.

I one of his approaches, two different polydi-
methylsiloxane (PDMS)-based healing chemisuries
{peilycerndensation wd hvdrosilylation) are wsed.
Reaclants ol starting materials are embedded in the
coating matrix in separate microcapsules. When Lhese
microcapsitles are raptueed by some form of damage,
their contents are released to the site of damage where
they mix and initiale polymerization, thereby repair-
ing the damage. The microcapsules were tested by
adding them to a commercial epowy coating aned ap-
plving the modified coating 1o a metal substrate. No
misling was detecied alief the coated metal was
scribed, allowed to heal, and then submerged in salt
water for several diys.
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A serond approach of White's group involves the
microencapsulation of an epoeyfsolvent mixlire
Damage to a coating eontaining these microcapsules
resulty in their rupture and the release of the
eposy/solvent mixture, At the site of damage, the sol.
velll promotes the reaction ol the epoxy with residual
amine ouring agents present in the coating matrix, “In
addition o being cost effective, these chemistres offer
broad chemical compatibility and the ability 1o be in-
vorporated into a wide varlely of coatings Induding
commen epoxy, polvurethane, and silicon-based coat-
ings,” save White.

“lamara Dikic at Tindhoven University of
Technalogy in The Metherlands is applying the concept
of self-healing 1o low-adherence coatings. She has de-
velopred coatings
Lhar have uniformly
distributed through-
ot The hulk of the
filrn Nuorinated
spedes that contain
long polvmer spac-
ers. ‘The palymers re-
olient themselves or
move from sul-lay-
©r% 11 res[se 1o
changes in the sur-
face temsion of the
filmy/fair interface.
Key properties that
affect the ability of
the polymers o self-
replenish include
miscibility, maohility,
ang spacer lenzth of
nebwork precursors
{dangling chaing
that are Muoring
end-capped} plus mobility of the bulk pulymer.

Because smart coatings berhnologies can sehse a
change in the surrounding environment or within the
coatings themselves, they ideally can be applied in
sensing devices, These technologies have polential as
SELSOTY 11 any indusly sectors and are atrractive be-
cawse the coatings can cover a large surface area anid
are not restricted o a given shape. They also have no
mewing arls and do not require an external source of
EOErEY.

Pleznelectric painis prepared using lead Adreonale U-
tanate {PAT) reramic powder az a pigment and epoxy
resin as a binder have been shown to sexve as vibration
and aconstc emission sensors. Cnee o Ehin Nl has
bern deposiled, a high electiic tield is applied to align
the particles in the coating, Vikrations stretch the Glo,
creating an eleciric charge that can be converled o
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voltage which can be read using a mumber of commeon
Insmaments, These smarl coatings are vsetil for meas-
uring shack and vibration damage on large struciures
such ag bridges, off-shore platieems, and pipelines
where conventional instaments are difficult 1o install,
require too much energy, or would be vulnerable,

Topasel LLC is a nanotechmologne-based company
that focnses on rmudtiluncticonal cosatings for te aero-
space and solar industites. The company has developed
a patent-pending in-sitn nanaopartice technology that
in a smarl caabing larmuolation provides a special
mechantsm thal recognizes exterusl foree and allows
the detection of impact and/or thermal damage on air-
oraft structural composite components. The nanoparti-
clex can be dispersed in coulings and provide s color
change upon expo-
sure 1o heat or im-
pact, accorcding o
the campany. The
first commercial
application is antic-
ippatesd 1oy he airerall
surfaces, followed
by namral gas
andor hydnogen
luel Lanks lor com-
meercial vehides,

Thermaochromic
and phowchromic
pigments and poly-
mes that change
color or exhibil
some other charac-
TeTISTC IN TESpOm S
tor chiarges in heat
or light, respec-
tively, bave been
widely esed ina
number of coatings. Reversible temperature indicators
arve valuable safety devices for applications whers high
temperalures are possible Lowe Lemperalure indicalor
hawve potential uses as well Thermally responsive inks
and coatings may have application in the packaging in-
cusiry, where they could indicale, Tor exammple, i e-
quired storage temiperatures have beon exceeded,

Professor Robert A, Weiss at the University of
Commecticud s employving intrinsically condacting poly-
mers [1CPs) in chemical sensors thal detect e pres-
ence of volatile organic compounds [VOCs), Changes
inthe exiringic conductivily of the polymers due Lo
gwelling by the VOCs, or changes in the nlbinsic con-
ductivity in Tesponse 1o charge-mansfer interactions be-
Lween the polvimer and the VO s, cun e easily de
tected. Polypyrrole/polyiner composites prepared by
in—situ polymerization of perrole in the polymer matrix
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have heen incorporated as a miceo-laver of conductive
material in polystyrene {a glassy polymer surfare) and
in open-cell polyurethane foam com posites.

Tandec Intelligent Materials has commercialized its
Inelimer® polvmers fora number of food packaging
applications. 'Ihese materials can abruplly change their
pemmeability, adhesion. viscosity, or volume when
heated or coled by just a few degrees above or below a
[rres sl Lempecalure switch, according (o the company.
'The reversible changes are tizzered by a buili-in tem-
perature switch that can be set within temperature
ranges compatible with maost biological applications.

Fighting viruses and bacteria has become a critical is-
sue as Lhe possibilily of a pandermic looims, ¥arious
types of antimicrobial coatings have been available and
others arg heing developed.

AR Coatings, a subsidianye of AK steel, offers silver-
based AgION™ anlimicrobial coalings for HVAC ws-
temis in Lospitals, schools, and offices and in (pod han-
dling and other industrial and consumer areas, The
AnlON antimivrolial agent is a wealite, alyminam sili-
cale ceramic containing 2.5% silver and 14% «ine ioos.
The silver is released when the temperature and miois-
ture level in the air are appropmiate for supporting
pathogens.

Allstagen's Caliwel™ antimicrobial wacer-based, cero-
VO paints are based on a polvethylene resin and con-
tain citeine hydroxide (Ca{OH), encapsulated in a
specially designed semi-permeable membrane The
membrane of the microcapsule prevents carbon dios-
ile: Trom desctivating the calcium hydroxide while al-
lewing moisture and pathogens to come i conlact
with the antimicrobial agent.

Several groups are working o develop smarnt coat-
ings conLaining Lianiom dioxide nanopardicles thal are
photocatalvtic and oxidize microbes when activaled by
certain wavelengths of light, Generally, ttanium re-
queives LW light for the desieed phioto: Cransition 1o oc-
cur Means of doping the titanium with other metals
and elements so that the catalvtic reaction can be wig-
gered Ty visible Light is (he Tocus of varioos reseanch
teamns.

Professor Michael Rubmer at the Massachusetts
Institgie of lechnology s developing thin coatings ore-
aled using controlled layer-by-laver assembly tech-
migues to create surtace texture and chemisty with
nanapacliclef polymer or nanopartcle/nanoparticle as-
semblies, Lising appropriate chemistiies, textured sur-
faces that can slough off the btofilm that forms when
lacteria atlach 1o the coaring can be createdd. These
stimuli-response coatings will siect the biotilm based
o a pH change. “We have achievedl inital vesults and
hive shiowa that the coatings can cause the release of
the biafilm,” Rubner says. Currently, additional tests
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ate undensiy to confirm these ini-
tial resulis and further explore the
chemistiy,

In addilion to antimicrobial
coatings, self-deaning systems
bised on ultrabydraphobic or ulira-
hydrophilic coatings offer signiti-
cant polential for commercial sue-
cess with smart coatings.

Luna Innovations is investgating
water-repelling coatings for use as
corrasion inhibiwors for metal com-
ponents, for stain-resistant clothing,
and as andfouling coatings for ma-
rine vessels, The company has de-
veloped a class of biomimelic ultra-
Evdrophobic coatings that are
simple to apply Wsing conventional
Lechmichaes and are cost ellertive for
widespread use in various commer-
cial applications.

For More information on
This Tepic:

smarl Coatings 20C8
A three-day sympasium on
smarl coatings is being held on
Febrruary 27-29, 2003, in Orlando,
FL, spansored by the Coatings
Research Institute (CRLE) in the
College of Technology at Eastern
Michigan University (EML). The
first symposium on this subject
spansored by the CRI was held in
2005, The conference will focus
on bicachive coalings, nano-tech-
nalogy-tased coatings, sell-as-
sembiled intelligent layers, and
slimulus and response coatings. A
complete list of paper tithes and
abstraces, and registration ang
housing information can be found
al waweemich,edu/public/
coatings_researchfsmarLcoatings.
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Prafesser Dva Malmstréym of the
Foval Institute of lechnology in
Sweden is using contrilled adical
olymerizalion to create superby-
drophobic anid sell-cleaning
biobased simarn coatings. Chemelic
Timiled in Leeds. UK, Is also nsing
conrtrodled radical polymenzation tw
prachice pH-responsive copalymmers
that self-assernble into micelles that
have a reversible morphology once
adsorbed cnto a surface, The tech-
nelogy has been incomorated into
an eagy-clean coatng [or use on a
wide range of surfaces incduding
melals, glasy, and plastics.

Certain typres of palymer brushes
have been shown by Rigobero
Advincula, an assodate professor at
the Liniversity of Housion, to ¢on-
duct electricity and emit light very
efficienddy. Palymer brushies are
formed by bonding polymer chiins
only at one end, forcing the chain
to extend away from the substiates
m o brush-like structure. Polymer
coatings ased on ihese materials
could lead to brighter and clearsr
cell phone display screens, The coat-
ings can be applied simply by dip-
ping the scrcen into the polmmer so-
lutions or throngh
electrodepositon methods similar
1o metal plaging.

As can be xeen from the few ex
amples discussed here, sipart coat-
ings have the polential to impact
gvery aspect of daily life, Our health
will be Trupreved through antimi-
crobial paints for hospitals and
medical diagnostic devices based on
sensing coatings. The safety of Uavel
will be enhanced with sima coat-
ings that delect corrosion or defecls
in bridges and airplanes, Our food
supply will be better protected with
simart coabings that indicate siorage
ternperatures, Fren our rell phone

sereens will be easier to read be-
cause ol smart coatings.

Wilh all of this commercial po-
tendal, it is nol surprising thal in-
creasing numbers of compranies and
academic groups are becoming in
witlved in some aspect of smart
coatings R&D. “Like any hoom and
bust cyele, some technalogy will
stay, Tt ot will not, We are suli
eatly enough in the opcle thal e
winners and losers have not sepa-
rated yer, 5o it is 561l very exciting,”
Suucel notes.

Dow's Hoenlg expects several of
the more basic smant, or perhaps
what should be considered
“smarter,” coatings technologies to
be commercialized over the next
few vears, “In the medinm and
Tonger verm,” shie asserts, “the more
challenging Lechnologies will be de-
veloped in a way that makes them
saitable for commerdalization.
Civer time, coatings will become in-
creasingly intelligeni and provide
miilerials with longer life spans and
advanced (unctonalities a0 a rea-
sanalile price, while being produced
in a sustainalle manner.”

The innale nature of coalings
malces the idea of smirl coatings al)
the more attractive “Codtings pres-
ent 3 simple avenue for improving
the tunclionality of & malerial,” svs
While. "Smart coutings can exlend
the lifetime of the substrales they
protedd, increase the ringe of appli-
cations for which the substrates can
be used, and impart additional cx-
minyic (unctionality. Since coatings
typically augment a materialy abil-
ity 1o be used in a particular appli-
cation, the trend 1owards smarler
coatngs will continue as new appli-
cations [or existing materials as well
as new materials are developed. '@l
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