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hen first incraduced, smart coat
ings were cosidered novelics

with little likeliheod ol commer-
cializalion in the near term. That hasnot
proven to be the case. Tusl g decade laler,
acveral {ypes of smart coatings find use
on a daily hasis in sulomoetive, construe-
Hum, consumer electranics, and ncher
applicarions, Advanees in technolows
comtinue as will, and while theee 2l
P N TIHIY #TATT coatings that may be
mnsuicalle for practical use, cqually as
mury are being introduced chac have the
patential lo significantly inpact indus-
trial and consumer markats.

WHEN ARE COATINGS ‘SMART?
Becanse thers is moone yniviersyl
definilion of sinare eoacings, the size of
the smarr contings market is difficulr to
wgsesy, As aresult, the numbers reported
b differeat market research finms can
wary dramatically haaed on 1he ypes of
cralings inchuded m their stadies. For
mstance, Grandwvicw Resos roeh eslimales
that Lhe global smart coatings market,
including sel “healing, sclf-cleaning:,
selfstratitying assembling, and sim-
ilar cnating lechnologies, wis worth
$EH5.5 millinn in 20015 Transparency
Marke! Research predicts the valoe of
the slobal smarc coatings muarkeo! will
reach approximately $1 hillion by 2024,
“This firm defines smarl costings as Nms
or layers made up of enating materials
that have pee-delined charucteristics
and dixplay certain properties upon
veacting o oxdernal stimuli sueh as
light, pressure, orelectric current and
includes s nlicorrosion, self-dimming,
sulf-cleaning, self-lealing, hiemedical,
and ovher coatings. Both of these -
bers are mueh smaller than thal reporicd
Ty n-lewh Research, which predicts the
global smart coatings marlel willbe
worth 88,1 billion bv 2021, This finm

hng o mowch o der delinilion of sty
coml ingy— | heir estimate covers electro-
chromie, hvdrophilic, hwdiophobic s
onnmniphobie, microencapsulation and
vascular selFhealing, multifunetional,
avher self-dimming and color shifeing,
photovaltaic, st piceoclectric aml



Time wit

picar-trag i i coalings, a5 well aasmarr
anticorresioantifouling, antintcrohial
and antifunzal coulings, and sel-hoealing
polymer foamsa and hyd romels.

vy hile stime nneertainty remains
reparding what should ar shoold na
he claxsified as smiart coatings, there
definitely s mprcemens thal coatings
neaed to provide added functionaticg
bevond the fundamenral performance
requirernents of beautification and haaie
protection.” staves Jamil Baghdachi,
d professor al Faslern Wichigan
University and organizer and chair-
man of the anmial Smart Coutings
Conflerence held in Tehruary in
Orlandn, FL, *The speed of cliange and
imrneation in e s ed coaings Gelds
has beenr phenomenal over the lazc ik
viears, and this rate of developraocnl will
enly eoncinue to accelerate,” he asserts.
“Ioew technologies and spproaches are
heing incradaeed continually, O coarse,
some of them do not have commercial
applicabilily, Bug they avs interesting
properties and raise provecative ques-
tians char drive Turher developmend
of technnlogies that will evencually be
comimiereial, 1t s & very exceiting field
with the potential to have significant
inpacts on the indnstry and society,”
Taghdachi adds.

ADVANCES |K SMART TECHHOLOGIES

Tricdieead, s el cialiiggs Are soen as
having the ability to address kew unmer
neds i gaps ina normber of Ji Terend
sectors, aceording to Avinash Bhaslar,
BASE's Tronsporlation Coulings sou-
ment manager for Disperaions, Resing

& Additives in heerth America, “Smart
coatings help to fmprove people's Tives™
asserts Songwel L, group leader,
Display Coatings and senior resca reh
axsociate, Industrial Coatings st PPy,
“Transparent, funclinngl, case-to-clean,
titingerint, and antiglae coatings
fon Lirtnch-se reen displave; supethaden-
phebic, easy-to-clean coatings for sensor
wind ey ey cover lenses for salononmous
vehicles; de-icing coatings tor airplane
wimelshiclds; el solac-hew-murapgement
eoatings tor aireratt, for inseance, are

Many More

attraetive solutions bocsuse ey ensu e
poeplc's salery and comfortwhile alzo
meeting the needs of socicty fur cnergy
savings and coviron mental compacibil-
ity,” he comments.

A major trend driving vhe doevelop-
munl ol smart coating techinologies is
the cantinuous demand fur higher per-
formanee Lo estend product lifecimes
and redoce maintenance, to enhaice
energy eticlency bolh Tor cos) and
crvirpninental reazong, and to cope
with the chanps in substrates toward
e and liphtweiphe macerials 1ike
compnsices and aluminum, according to
Angels Smits, leehnology development
manager with Oroda. She adds that
Liealth and envirenmentad or relalel
regulalory limicacions to some addi
rives and chemistries combined with
propress in palymer chemistry and
rechnodngy are alse fueling advancwes in
STUATT Ccoiatinps evhmnlogy,

AL AkenMNohel, functional coarings are
coatings designed to huve speciin inher-
el chyracreriarics (e m, Toa-adhesinn
surfaces, warer repellency, ice phebicity,
ete ), bul srmarl coatings are distinec
ltam functional coatings in that they
exhibit stimuli-responsiee behavior,
respanding to envirommental or other
external stiruli and vhunging hear
propuertics to pravide a performance
benefit. according to Paul Juckson,
tevhnology manager with AkzoMNohel
Performance Coatings Besearch, Over
the vieurs, sinavk coarings have haen
tacithy defined as the most funetional
of funetivnal coutings, agroces Oleg
Fignveky divector of Lély for 1IN
Iolymate (Lstacl), Groen Coaling, Tne.,
and Wanetech Industries, [ne. (LISA
He adds, though, that the Tunclionyl-
ily ol coalings and othar marerials has
changed, nnd o coating that migh have
b theught of ag smare in the past may
not be constdered as such now, “Over
time, one gercration of smart cratings
hecomes merely funetonal, and a e
gencralion ol eoatings talies aner in the
srnart cnarings category.”

I addition 1o generating doeens ol
R&TH prajects all over the world and
severl conforenees, Tigoesky helieves
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that in e Tutnee, smart coarings will
creare protectable ntellectual property
(L1%, srvioid comrmond il e lien of cost-

ings products, and lead tooa scream ol
new products over s sustained period

pf Lime. ®*The reerd Pmweaed @ et e TR
ervironment will ateract aew attentinr
for sTaart coalings busincises Mrom ven-
rure and angel capitaliste. All of these
trends sugrkes| heal smart coatings (ad
stiart materials mere generally will b
a subsranrial business opportunity going
forveurah, Wee e ot osee lirge firms
make substantial invesoments in this
ares; some huve ulready, These firms
will include noc just coatings comfm nics,
but also the large ghass firmes and other
compa iics higher up the sypply chain®
he observes,

APPLICATIONS FOR SMART COATINGS

There is particular interest In smarl
coatings in the acrospace and autern -
livi industries, For hoth applicalions,
increased ease of maintenance wich
scll-cleaningyedrophalic v rophilic
coarings is artracdve, aceording o
Bhaskar, He olso rotes chal stoart conting:
that prewvide protection From extoernal
environment] fuetors that may atfect
porlormanee, such as anti-icing coatings,
are of nterest for alreraft. while mproved
duralility and acsrharics throuel the se
nf self-healing coarings thar can tackle
micru-seralchies o vehicle bodics and
interior surfaces is artracting attentinn

to smart technoloeivs fur suconcebiles,
Sabrina Peczanczyle, research scivnlisl
with Forl Motor Company, LSA points to
the increasing amountal elocteanic lech-
nidogy being ineoprorated mto vehicles

as an irmportantdriver ol smar
cnatings vse o the atomotive
goclon, "The perforems nee ol dis-
plaas, cameras, and sensors hoch
insicde anel oulside ol The vehicle.
and thus the user experience,
can be augznented by smarct
cnatings thart have easy-to-clean
sl for self-hesling properties.”
ahe phacrves, The crend oowaid
rmalti-passengs and ride-share

vihicles 1s alse driving the developinent of
enatings Wil anlimicrobial proportics e
wihicle interiors, while the continual push
trr imiprrgees Mol etfieivney is sneoutageing
the develmpnent ol new amicerrngion
coalings for mixed materials, according to
Peczonc vk,

Smart coatings are designed to
PEMETN Prassive naless prompred to
perform a function hased on rhe stimuli,
ani §o be able to repear the processup
to thousands of cvcles e e, and
spiming ever several vears. Figovsley
notes thal they can improse sesiems
effiviency by reducing inspection times,
marnlcnance costs, mid equipnens
downcime They can also reduce the
neeel for repairing corroded areas
in addirion o elending the life of
components and séruectd res made from
corrasive materials, Other advantages
include their abilivy (o detert and pre-
vl corrosion, on-demand delivery of
oorrozicn inhiliters, aned being cnviron-
mentally friendly. Az a result, chey are
increasingly gsed i o varicty of appli-
eations in the medical, milicary, textile,

I FANSpOTE, construetion, electroics., and
other industres for prcicel on againat
corrosion amt abrasion, oz well as other
sPtacn prnree | iem puTpISss,

Einant coatings can ke found to smme
extent in sell-cleaning fagude panehs il
intouchsereens and displays, aceording
Lo ik where they provide an obvious
pertormance banchi. Sl naces thae while
high-shear requirements for ant-ieing
coacings are A0 Hmiced, s microhial
and partieularly antifouling contings
hawe been adopled, “addivionalalierna-
tive smiart and envivonmentally triendly
solulicns are wlso being develuped in
which the etfect iz huile into ¢he polymer
chemisery or tnorphology, First adoplion
i related oo che rechnical advancement.
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Uhe cost of The snlution versns the savings
henetit, and the operiness ef the marker to
chanpre or willingress 1o pay for Aoeel -
Ligw,™ Smits comnents.

' : industrial costings business
unil kas commercialiaed casv-to-clean,
antiglare, antivelective, and antifinger-
print coatings for display applicalions,
wcarding to T, *These technologies
have been rapidly adopted In reeene
wiars due o the surging popularicy of
smarcphomes, tablets, and other touch-
sereew displays, such as innchacreen
Tapeopes,” e savs. The transparent
functional coatings are applicd via
spray process and create casy-ro-clean
surfaces with a silly feel that vifer
berter readabilily undor diveet Tigh
comhined wich inereazed scrateh resis-
tanee, accordig to L, Fingerprinis
van b ¢lea rad cazily Meom surfaces
rreated with easv-to-clenn coatings,
while apifingerpring coutings provide a
lingerprinc-hiding effect. PIME has alse
comnmereiabized SurfaceSeal™ hydin-
phabic coarings that help leep airplane
windshields clear in wet conditions,
reducing wircrall weightand increasing
fuel efficiency by eliminating the need
for windshicld wipers, Rocapsatalion
tech nelogies have also been developed
that enable the tinoeky rolease of aenive
subwrances, such as corrnaion inhil
itors, in response to certain catermal
crvironmental conditinns, such as pIE
changes or metal jon refease nssociated
with corvosion processes, thar can help
with inmpreving the performance of the
coatings, sccording o Bhasksr

Lasy-oo-clean and antifingerprint
coatings for nmrernal touchseroen Jdis-
play were the v cype of smare coat
ingz to be mplemented commereially in
aulornchiles, arennding to Peezonesyl.
“These technologles were the st to be
adoptod becawse the dneahilicy require-
menrs for nside of the vehicle are less
severe than coalings that aee adhersd o
the nutside of the vebicle ™ she explains,
1 fact, hydrophohic amd anienger-
printonatings are wideby used for eouch
sereens in consunwer clectiomic Jevices.
The latter coatings ofren relense surtae-
TAltE (0 £IEVIES in Tesponss o surface
coonkace and act to Made the deposited
Angerprint:, "Coatings that are casy o
clean, sell-cleaning, or resistant to the
accumulation of dirt, water droplers,
lrist, orsall have much potential tohe
comnmercialized as protecrive coatings

fur curnerus ar sensors. These contings
would need to be transparenl, have gond
adhesion io the underlying substrate
(plass or polvearbonate), and be durabhe
under a wide varicly ol anvironmen-

val cunditions. This fimerionalicy will
become eritical as autonomions vehicles
tely oo camicras and sensors for naviga-
tiom and safety,” Peceonceyk wsserls

COMMERCIAL VIABILITY

el healing coatings, particularly cou-
ings used 1o repair minor seracches on
aviomobiles where healing is stimulaced
by heat from the sun, are commereial
Lclay, v arc selfcleaning coatings based
on phatoeatalytic T, or ot technol-
oy, Jacksan alao peints to photochro-
mic/thermochromic/cleeirochTimic
coatings upplied (o tranaparent glass or
plastics that change color and speciral
transmission cha ractoristics in response
Lo appprepriste stimuli. Antimierobial
silver-ion-coniaiming conatings release
gilvor igns threugh jon exchangs with
the cell oralls of microbis] comaminanca.
Akeolobel, forinatance, has suceesstully
developed self-healing vehicl: refinish
coatinges, smare antifingerprint coatings,
and antimicrobinl costings.

Lo the e ivm oo lnnger term,
Tackaon can envisage vther types of
smart coatings progreasing ec oo
mureial applications. ineluding coal-
ing surfaces thal undergn reversible
i e ngenient in response to speeific
seiznali £pH, temperature, lrmidicy,
sutfaue contace, ete), with the palymer
rearrangeiment significanily changing
thissurlace properties. As an exaniple,
he deseribes a coatiing thar swilches

W

bzl weeen hvd raphinbic and hvdraphilic
surtace characterizties. *This type of
approach hus been widely dizcossed and
intdeed demonsrrared experimentally;
hewever, to date, commeroializalion
incoul ing markers has been Mmiced
he notex. Coatings contalning semsor
technolowics leal moniroe rhe conditicn
of the ceating and/or substrates, partic-
wlarly with regard 1o corrosion pretac-
tinn and mechanical integrity, are also
Hlely to be on the macket in the Naoure,
accwrding o Tackson. “Providing real-
timie coaring inforimation to asser own-
ers wisl coutine cormanice conld allow
more efficient maintenance of largs 21/
or rernote struclurcs wilh the polenrial
fuznefit of both redueing overall mainte-
nance costs and extendimg the lifelimes
ol 1he gsanls” he ohaserves.

smits believes that in the longer
Lerm, sell-healing coatings will find
applications in consumer slectron-
ics, Croda, for instanoe, s develnping
incrinaically selt-heating techrology
that allovars amnbicnt healing while
proveiding mechanical performance
berter than that observed with exisling
technalogzics, The ness polymer huild-
ing blocls maks poly mers intrinsicatl v
soll-healing Ty elosing seratehes and
re-combining curs while recovering
the polymer steength Hirough hiedeo-
gel-londing and polymer alisunenrt
o enlynglemend, The company already
affers antimicrobial techoology that is
built into the coating surface, sciing
by phivrsical interaction wich microbes,
which leads to cell disruption.

“Several developments are taking
place at the academic kevel, but w see
increasing RET) elorcs in industrs.
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There is elear marker and vonsumer
imturest inseveral smart coating ech-
nilogies. “A4s with a1l leehnology at an
early stage, however, marker aduption
and technedogy improvement should
comie hand-in-hand o develop the
vkl cotoments Smits. Hurdles wo
achieving this gnal include the nwreley
of lhe technology combined wirh ngew
market development,

BASE's Colors and Effects division
nflers TR-reflective pigroents tor nse in

lreat managemient coatings. Tn purticular

e cornpa iy ulfers Inmuorative black pig-
meits that can help reduce Lhe heating
eMecd it sunlischt through reflection or
transmizsion of nea r-infrared radiation
with very low levels of abzorption, The
aptical impression of bluckness is pre-
served, but the “total aolar rallec anee”
{TSR) is Treroase] Frem = 30 for carban
black to = 30%, “lo practical lorms., this
improved TSR performance can result
in aremperatire decreass ol up e 2000
an The surlyee, which not only provides
benefits from a comforl perspective, but

also resules mreduced demand from i
marerial sl savs Bhaslar
Meanwhile, Ford Weoter Company is
interesled in smart or funcrional coat-
ings for camery lenses or light detection
amd ranging (LIDATR sonsor windows us
an enabling lechnology for aiwonomons
vehicles “Antanomous vehicles rely on
asuire ol cameras and LiTIAR sensnrs
to map and sense bhe surrounding envi-
FaReme Ot wlien operaring i agdonomons
mode. Accurmulation of dire, water
dvoplets, froar, orsull can nogatively
impract he reliability of chese cameras
and sensors. Funcliondl coating: that
can ¢ Lher prevent the buildup af dir,
trost, or waler droplets ov can exhibit
self-cleaning properciics may increase
the reliahilivy of the cameras and sen-
sors,” eczoncivk savs, Therv s alsoan
interesl in antimicrobial enacings loe
intertnr parrs and seating materials for
Matureride-zhare vehiclos,

*SMARY" RESEARCH

Tiaghdachi has been involeed invhe soare
eaatings ekl sinee itz emnergence. ITis
researcl group has developed several
coating levhnologies thar have actracted
interest from M industry, Self-stratifying
crrlings, while not stimuli-respaonsive,
are 4 8Ma T wuy e produce coating

sy srems, according to Baphduch, Toliks:
mther sel 50 rucifving solutions that worlk
Lthroush phase separation, his technology
is hascd on kinetieally driven separation.
Asthe applied enslite passes through the
lirst, loveer-temperatire zone ol a cu ring
oveny, the reactivn with a lmaer aetivation
teanperature proceeds, and as vhe resin

iz tormed it procipitates and settles on
the surface due taits higher densily, The
second rescliun with ahigher activarion
ety then ocewrs in the higher-tem-
perature sone of the oven. By designing
the first polvmer so thyl unrescted
Zroups rermain after its deposition, the
twro larers then rescl with one another,
enauring thar the *primer” and “operar®
are phwsically bonined to vne anocher, The
Avstom ean also be designed such chal vhe
topenat has 4 low surface energy. accord-
ing 1o Baghdachi The teehnoloiy Tus
been used lor cpuies, rethanes, nervlic
mlumiing, phenalic, and silicone -Esed
coati ngs and hus been commercialized
om o small seale. “Woe haee Laken Lhae st
ste]y in the right direction. Hopefully
these initial sueeessos will cnvourige



industry to further pursae dhis tvpe of
peaoeas,” e stabes.,

Encapanlation te enable controlled
woed Eirmed eelesss of coaling ingre-
dients has also heen a focus of the
Baphdachi group. Carulysts, pholoing-
fiators, corrosion inhibitors, and raw
materials for self-healing coatings have
all been cneapsulaled, Tradilional
BMloclked catalysts require high tempetra-
tuares (1200-130%C0 for their relewse, By
ched paulating uniloecked catalysts ina
thermoplastic, polymeric mmatrix that
el e Al Tevarger lempretal ures (60 =7RIC),
it iz possible to achieve effective cure
wilh stenificantly reduced vnergy
consLmption. T mme example, the group
developed aerylic melamine coatings
Ihal ¢uree al 7R carher than 13050,

To date, one of the majer
hurdles to advancing current
smart coating technologies for
external and internal auiomotive
applications is durability . ..
External automotive coatings
need to withstand a wide range
of environmental {U¥ light,
heat, humidity) and physicai
conditions for extended
oeriods of time.

Encapaulacion of phacod nitiators and
corrovion inhibitors prevents these
impaartant ingredienl s Trom degrading
ar being washed away betore they are
necdd. Tresipring Lhe capsules b npen
up under basic or acidie conditions that
AT preseTl as e cual N S o il
suffers trom degradation or corrosion
allowas Tur approprialely {imed release
of the reactive agents, according to
Baphdachi, He is working with Tandec,
which produces Intellimer Polymers'
wilh lunable melling puings, Lo many-
facture capsules of appropriate sizes for
different upplications (Fne for aule-
mntive enarings, lavger for indastrial
protcelive codrings),

CHALLENGES AHEAD

The higgest challengs that Bhaskar seos
for the adupticm ol additional smart
enalings rechnalogies is the econwm-
ies inwvolved with their development
amd eventual mass adoption in various
markecs. “Ak the ouset, smart coatings
technologivs may be cosi-prohibitive
lor several applicatioms, which may lead
tn slower adoption i the marke place,”
b savs.

Tranzlaring smart coatings concepts
demonstrated in the baboratars and
cotreerEing ther into practical coat-
ing syatems is another koew challenge,
according lo JTackann. “The fact that
smart contings must provide a widy
range of other perloemance atceibotes
in addition to cheir smart behaviorn
the methods of coaling apphicalion
and cure regime currencly available in
the target market: the el emmental,
heulihy and salety regulations peroain-
ing to che targeted end vse markets;
aml cost comslvainis inevitably place
limitacicns an the suitability of certain
coneepts,” he cxplaing, “ow smarl
voaling teehnedngies must also provide
effective performance umder “real-
worl]' condicions where the srimuali
often cannor e controlled and nuay
waly signifcantly, and this effective
performance must be maincained
threnghout Lhe coaling Tifetime,”
Jackaon adds.

To date, one of vhe megor T edlos
Lo advaneing current smart coating
techinologies for cxlernal amd inlernal
dutormative applications is durability,
according to Pecaoneeyk. Bxlernul
dulometive cnatings need o withstand
awide range of envirenmental UV
light, heat, humidics) and physical
crnditinns for extended pericds of
timme. Eusy-le-clean and acher fune-
ricnal coatings for the vehicle interior
are also subject o exrreme ehallenges
fabwasinn, hear, chemicals. humility,
ete,] for many voars. “These huedles in
T heraurnmocive industry are at times
greater than i olher industrics due Lo
Lhe Tomgg Tife spans and difficult enviren-
menta! conditions vehicles are expoaed
tr, Treaddicion, adding funerionality to
coatings often also adds cost For mas)
applical wins, improvements in funetion-
ality must be weiphed againsl added
vust,” whio skaces. 5
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