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Iterest in multifunctional costings has
grown in recent years as end uscrs seek high
performance surface protection combined
with added foatures. Ihereflors, the idea of
synart coatings Lhat can raspond to stimuli
has became very attractive. Research groups
continue to investigate novel coating systoms
Lhal can seli-heal, selfclean. and provide
an-demand corresion protection, ameng other
functionalities. Some of these technologies
have beeh commercialized on 7 small seale,
while athors arc nearing commercialization
and many more are in the early stages of dis
covery and developrner.

Even given the advances that have been
made in this field, thera still remains same
debate about what defines a smart coating.
and rnany also question the appropriatensss
of the "smar” label.

For purposes of this discussion, smart coat-
IMEs are considerad 3 be those that sense and
respond b changes in the envinchment ar within
themsehes, and preferably do 2o ina revesible
manner. These chandes include variations in
light, ternperature, pressure, sir flow, surface
tension, electrical current, acidity, chemical
composition, bioactivity, surface contaminatian.

etc. When a change in one of these conditions
GooUrS, @ SMart coating responds by undergoing
sorne further ransformation—releasing a marsrial,
allowing a chemical reaction to take place, aligning
prHyroer chains in 8 certain weay - thet addresses

a prablem. Once the stimulus is remaved. the
responge i halted and ideally the coating ratums
Lo ils criginal slale.

While these capabilities dramatically improve
the functionality of costings, they do not make
the coatings truly smat, according Lo many
invchved in the ficld, "Smart coatings is o sexy
term that catches a lot of attendion,” noles
Stuart Rowan of Case Western Reserve Univer-
sity {CWRLI). "But these coatings do not undergo
comples Lhoughl processes, so lhey aren't raalky
smart.” He and some other researchers like Vic
toria J. Gelling of North Daketa State Universily
(MDSUY prefer terms such as responsive, adap-
tive, or active 1o describc these coatings.

Others belisve (kal “smark” is indesd an ap-
propriate tarm. “While these surfaces possces no
ability to actually process information, the casual
observer does see a stimulus-responsive process
that appears to be a conscious activity . .. B.8.,
Lhe coaling appears o "sense” a change in condi-
tions and 'decide’ te act in a certain way Hcause



of that change,” says Steve McDanigl, chief innova-
Lion officer wilh Reactive Surfaces Lid. (RSLL. Othors.
such as Jamil Baghdachi of the Coatings Resaanh
Institute &t Eastern Michigan Liniversity (EMU), con-
sider “smarl”™ lo be a descrigtion that can e much
better understoad than more scientific tenminol ogy
such as stimuli responsive or adaplive.

Whalever Lhey are called, some of these re-
sponsive technologies have boen advanced to the
point where they can be effectively commercialized
and applied as real solutions, “Three or four years
ago, people imalved in smart coatings rescarch
had just hegun to develop respnsive fechnolo-
gies afler having gained an understanding of the
furdamentals of the scientific concopts. Today, they
have moved cwen further along the developmernl
cycla, with come products actually on the market,”
obeerves Baghdachi,

The smart coatings field is at about the midway
poirt in its development, according to Timathy Long
of ¥irginia Tech, "We are at the point now whore we
naod to translate cur fundamental understanding
into new technologies. Given that these coatings
are deriving their responses ot the molcoular lovel
whzrs the required chemistyy is, for the most part,
significanlly differenl lrom totday's technologies,
moving towards commercialization will require
the coatings industry to step outside of its nonmal
cinmferl zone” The biggest issue will be adop-
tion, agrees Jasan Benkoski of the Johns Hopkins
Lniversity Applied Physics Laboraion “lnnovalion
is vealiy about user adoption and the practical ap-
plication of new technology. Fortunately, there is a
hunger for new technology across Lhe board, with
nbaraest in SIMAT coatings in the military, industrial.
and consumer markets.”

Advannes in supperling lechnology and periph-
eral apabilitias are also helping the smart coatings
ficld advance more rapidly today, he adds. "Many
newer lechnologies developed n other indus-
tries—particularly those related to production and
manipulation of nanomaterials—are now becoming
routine and commenplace, which will make it pos-
sible to cost-cffoctively manufacture smart coatings
on the industrial scale”

Long expects that initial commercial successcs
will 1ake place in industrics that can support the
higher costs of the first wave of new smart coatings
technologizs, such as the bivmedicad and electron-
ies fields. One such cxample is cathoters, which are
cagted with & hydrogel based coating that is self-
lufricating when exposed 1o the kigher tempera-
tures and mcisture inside the human hody.,

Smart coating technalogies will have Lo be im-

“...smart coatings are considered to be
those that sense and respend to changes in
the environment or within themselves, and

preferably do so in a reversible manner.”

prcrdad, however, bofors & highly cost sensitive sec-
tor such as the adhesive industry will adopt thermn,
raintains Long, Baghdachi adds that it is alzo
important to realize that commercialization does not
nocossanly mean largs volume production. WMany of
the high-technology, high-performance smart coat-
ings will have applications in sraller, niche markels,

Companies large and small are fecused on de-
veloping smart coating solutians. Dxamplcs include
RSL; Tovata Research Institute of Morth Armerics
(TRINA), Ine.; &nd NEI Corparation {MEIL.

RSL develops bic-bascd additive technalogy spe
cifically for making corventional coatings dynantical-
Iy functional, accerding 1o MceDanigl, and is targoting
development of drop-in technelogy for large scale
chd-use applications. The company's first technol-
ogy up for auction is DeGreez™, an chzyme-based
formula doveloped in conjunction with The Univer-
sity of Southern Mississippi that provides self-
cleaning capabilities, Carcfully sclected lipases in
the additive hvdralvze the long-chain lriacylgycerols
feund in varinus oils and greases commonly dopos-
ited on surfaccs. breaking thern down into barmless
substances that can be washed away with water,
Tesls confirmed that the additive docs not have any
measurable offect on coating performance al addi-
tion levels of 3-15%. When prepared surfaces wern
eontaminated with a 2 pl per cm? layer of vegetable
cil, @ coating blended with DaGreaz was clear of
S0-95% of the ol within 12-24 hr, Furthermore,
the dogreasing antivity is maintained alfter serub-
bireg with alwasion and detargents.

In a typical automobile, thers are about 62 5
s ft of sudfaces thal can he coated with a self-
clesning coating, RSL cetimatos that the hydrolysis
rafe fassuming 100% conlacl coverage of an evanly
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eoated contarmination) of a thin layer of cooking il
over the tolal surface ares iz about 26.8 oz/hr.

DeGreez has alss been shown 1o be effective as
a droprin liguid additive containing 2 wi cnzyme
in commercial laminates prepared from overlay
paper troated with melamine resin. Wheh progerly
conditinned, the lipalytic enzyme not anly remains
catalytically active after being pressed wnder typfoal
manufacturing condilicns (Emparature and pres-
sure; but alzo romains stable in pressed compos-
ites stored at voom temperature.

Tho company is conlinuing Lo improve the
DeGroez technology by increasing the
additive’s capalility to withstand higher

tempearatures and pressures, creat-

ind quantitative assays far measuring
cleanability dnd modifying the formula
tion Tor true anti-fingerprint coatings
that actually remave oils and cther
residues that comprise the cormgples

chermical compasition of & fingarprint or

smudge from the surface, accosding to Welaniel. In
addition, the cormpary will soon be cammercializing
enzyme-bascd additives for self-decantamination
of phosphorns containing posticides and chemical
warfare agents (OFox) and nordosic peplce-
based anfimicrokial additives [ProweCost™) that
should redquire no or only minimal cautionary kabel-
ing {ms opposed to exsting toxic hiocides) based an
a recent EPA dotermination. In fact, ASL is currently
developing an industrial scale fermentation route
to ProteCoot and wil eventually be targeting the
general biozides markot,

Alsa in the pipeline are various bio-based addi-
Lives {enmymes, peptides, cellular) far long-1asting
self-healing coatings that could prevent natural
embrittlement through molecular level healing as
well as for anti-corrosive, anti-algasfungl, anti-viral,
and antifouling coatings. "At BEL, we are using g
virtually urtappad databasgse of natural compolnos
that has 'giga ytes' of information critically useful
to the coatings industry," MeDaniel asserls. Thers
are endless possibilities, and as imporantly, many
hin-based additives offer multiple functionalities,
he adds. The company is aclively using polymer
ehgincering to design resin systems to specifically
host nevel funclionalities and genetic engineering
Lo tweak natural functionalitias to fit unique specifi-
cations of particular polymers,

Scientists at the Malerials Resesarch Depart-
mernt of TRIMA, collaborating with rescarchors at
the University ol Minnesota, are also esploring
Lhe use of erzymes in easy-to-clean coatings.
Clearcoats on automobiles are often stained by tfree
=ap, hugs, bird droppings, and cther organic-based
materials. Hongfei fia and his collcagues thought
that natural catalysts would be & beller apprcach

to degrading bialogical statns and preventing their
accumutation on the surface of the cogting. The
targeled autivity of hvdrolytic enzyimes was an-
cther attractive featurs. Potentially useful enzyme
classes include proteases, lipases, amviases, and
cellulases, which target profeing, fats, slarch, and
cellulose, respeactively.

To prove this idea, the encpmes werg applied
a5 Lhin coatings on tosting substrates and Lhan
exposed 1¢ stains. Buath proteaso and c-amylase
were found to decanmpose Lhe comples molcoules
in stains such a5 egg white and starch, respectively, H
as gvidenced by Lhe detection of low molecular
wizight products. By simply rinsing with water, many
stains—barbecue sauce, light mayonnaise, graund i
crickets (bug bodies analogy), chicken blood, ete—
warg visualized o be easy (o clean on Qigactive
coalings cormpared 10 a control without enzymes.

A5 many coating processes require Boking at
high termpcratures, ane challernge was to develop 2
mearis of stabilizing the cnzymes at elevated tem-
poratures, "Enzyme reaclivity is determined by the
three dimensicnal shape of the slructure. Therefure,
wiz needed Lo find A way to prevent the engyme from
changing its natural shape,” explains lia, Ono strat- i
egy was to incorporate the enzymes into a Fediogel.
This approach was 50 successtul that the enzymes
retained most of their inilial activity even whaon
heated as high as B0 C for over 1000 hr.

The same melhodolagy then was applied 1o
the incorparation of enzymes inte a 2K PL coating
systern with the antizipation that some covalent
irnmobilization of the enzyme would take place
through reaction af the enzyme's amineg groups
with the polyal. Whils the stability of amylase in the
PU coating was adeguately improved, the results
ablained for this system were not as impressive
a5 the hydrogel slahilized enzymes. Even 5o, the
cleaning perfarmance of amylass in the PU coating
was slill about 1200 times greater than thal of Lhe
native enzyme. “We lound through analysis using
flunrescent tags that in the PU coating the enzyme
particles were dizpersed at the micrametar leveal,
whilc in the hydrogel they were present at the 10s of '
nanarneters. Tharefore, our next efforls are focuged
an improving the dispersion in ardor to improve the
performance,” says ig. He does note, though, that [
their resulls to date clearly verify the concept,

Meanwhile. MEI is offeting a plattorm of sclf-
healing pelymer nanocomposite coalings Lhal heal
hath surface scralches and mesoscopic damags
e d | micre-cracks and cavitation). Simubanscus
crack closing and sealing is achieved hy heating the
surface of the coating using a simple devico such
as a heat gun. In addition, according g Lhe com-
pany. the technology iz applicable to o broad range
of polymer systems, particularly Lhose that reguins
maintaining a clear glossy appoarance. Nanomiyte® |



Mend-hMW self-healing
clearceat technology is &
rer-yOC self-healing paly-
urelhans dispersion. Mang-
rryte MendwW is designed
to ko a low-ratrtenance
firrissh foar wiond.

The company's subsid-
iary Amarican Manohyte,
Iracs [AMBAY, which was
formed i 2010, also of-
fors a chromats-free self
healing system designod

“The military is very interested in
making coatings multifunctional,
and smart coatings are a very
attractive approach because they
have the potential to incorporate
systems that otherwise would
have to be carried in some way.”

lifg is alsa longer be-
cAuse the matal creates
a hermatic seal, prevanl-
ing degradation dus to
the passage of small
mokerules throigh il
hManufacturing the
rmetal shell has been the
mosl challerging and
The most expansive part,
and the group is working
o iprove e process
g0 that it will be easily

o prevent corrosion of
liphtwiight metals including
aluminurm and magnesium alloys. a5 weall a5 steel,
ANMS developmenl elforts are patly funded by
the LS. Army's Armaments Ressarch, Development
and Engingering Center [ARDED) Corrosion Protec-
tian and Conbol Group located at Picatinny Arscnal,
M. The gaal of the picject with ARDEC, acconding
to the cormpany, is 1o provide cormosion protection
of armaments, ground vehicles, and helicopters,
therehy reducing rewark, decreasing mainlenanog
costs, and extending useful life,

Several academic researchers alse receive
support from the military for their research, which
i% nol surpriging. “1he military is vory interested
in making coatings multifunclional, and smart
coatings arc o vory attractive approach because
they have Lhe putential to incorporate svstoms that
athorwise would have o be carried in sorme way,”
rermarks Peter Zarras of the LS. Neval AlF Warfare
Center Weapons Division dAWEWE) at China Lake,
CA, For instanes, smart coatings mighl be able 1o
generats electricity and/or incorporate a means of
communication as well as possess self healing and
corrosion protoction capabilities. adds Benkoski.

His group at the Applied Physics Laborgtory is
doveloping paint additives that imparl self-healing
capahility and enhanced protection 1o off-the
shelf primears wilh Tunding from the Gffice of MNaval
Reoscarch (Grant MNa, Mo0014-02-1-0383). Like
rary alher self healing technologics, Gankaski's
appraodach relies an microcapsules containing ligud
reserviirs of paint that are releazed when the cap-
sule is broken as lhe result of damage 1o the coat-
ing. what is unique about his technolegy, howewer,
ig Lhe use of g metal shell tor the microcapsules,

The Polyfibroblast addilive is a Mree-flowing pow
rer cornprised of lowid polvurethane droplets with
an autar polymeric shell that is coated with nickel
ar 7ing, "The motal not only makes the capsule
rauch harder, and thus prevents degradation of
coating properties through incarporation of the ad
ditive, it also aids in corrosion protection by acting
a5 a sacrificial agent,” Benbkoski explaing. The shel

stalable and o &8s cost-
allective as possitle.
Impatantly, accarding to Benkoski, everything is
fdone in water using inespensive, commiorcially
available raw materials. Inilial lab lesls have shown
pramising rosults. and the groug s now looking for
an industrial partner for production of larder quanti-
ties for field trials.

Zarros’ approach 1o anti-corrogion coatings is
hased on the use of the electroactive polymer (CAP)
paky[2,5-his- [M-mathyd-M-hexelaming] phenylene
yinylenz) (BAN-PPYY (Figure 1), The work was
conducted at WAWEWD in eonjunction with Wright
Pattarsan Air Force Base SVPAFED and Lhe Univer-
sity of Rayton Rescarch Instituta (UDRI). The high
molecular weighl (60,000 -20,0001 chromate-free
pretreatment was developed 1o be effective wilh
cpaakfied non Gyl primer and standard topoeat
for & tatal non-CryD painl syslem. When cormosion
oCoUrs, the polymor is oxidized rather than the
metal surface being protected. This mechanism is
effective, but also s a limiting facler e he perfor
MAance, since ance it is oxidized, the BAM-PPY can
na longer provide prolection.

Even so. Zarras has shown that the pretreal-
ment when used in & full military coating is an
effective new option, meeling the 2000 hr neutral
salt fog expasure requirement for alternatives t
Cri¥ls military cogtings. |he coating system also
passed adhasion testing, A 12-month lield test of
the BAM-PPY pretroatmaent as part of a full military
coaling was conduclad an the rear hatch doorat a
C-5 carga Mane, A L owtk solution of BAM-PTY dis-
solvied in Oxsal 100 (4 chiorbenzotrifluoridc) was
applied asa 2 pm thick coating using HPLW.

Ha,
AR Figura 1—BAN PFY [ar
k >: \ L2 ih CofTosion protection
coatings by Patar Zarras at
CaHys—N, n MAWCWD at China | ake, CA,
CH3
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The: BAK PPV polyrner has bocn produced in up
ta KE quantities using straightforward organic syn-
thetic technigues and commercially available raw
materials. Mo signiticant chando in dry film thick
nese was cheerved from 41.4 to 296.7 Mighl hours,
and mingr changes were attributed o dirt build-up.

ALNDEU, Gelling is also tackling corrosian inhibi
tion using & resporsive coating tksed on eleclio-
conducting polmers, Har approach
iz very diffcrent, though, and invalves
deposilivn of polypyrrole onls a carris
particte, typically aluminum flake, whizh
i currenthy uscd as a special effect
pigmenl by the coatings induslry. She
incorparates special dopant inkibitors—
vanadates and/or molybdates have
beeen shown to be the mosl ellec-
five—which have negative chargas and
Arg attractod to the positively charged
prolypyrrcle backbone, When corrosion is
detected, the dopants are released and mave 10 the
5ite of corrosion and halt its progression.

A second special aspect of Gelling's wark
centers around the advanced electiochermical
measurerment technigues she employs 0 evaluate
the coatings, Through Lhese sludies she has been
abile to confirm the migration of the dopants through
the cogting, for exarmple. “The ability to gether
detaitcd electrachamical measuremeants helps us
gain a much mare in-depth understanding of these
rESRONGive malerials and thus aids In the develop-
et of mare effective coatings,” she comments.

Currently har group is warking on improving
the polymer deposition process. Up Lo Lhis goint,
catechol has been a necessany additive 1o gat the
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Figure 3—Light activated photnreversible adhesion for fabrication
of microelectranics.
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""While these scientists are looking
at coatings that respond to the
presence of corrosion conditions,
several others are investigating the
use of light as a stimulus.”

dopant into the pokamer, Ta be more commercially
viable, 8 method for dopositing the polymer onto Lhe
aluminum partcles that does not reguire arny addi-
tive necds 1o be identified.

While these scientists are looking al coalings
that respond to Lhe presence of corrosion condi-
tions, several othars are invesligating the use of
lighl a5 a stimulus. At CWRU, Rowan is collaborat-
ing with colleagues a1 the Adokphc Merkle Instituts
of the Dniversity of Fribourg and the LS. Army
Research Laboratory at Aberdeen Proving Ground 1o
dovelop supramolacular assemblics for use in self-
healing coatings. The telechelic polymers have a
backbone of short imolecular weights <5,000% paly-
cthylene butylene chains wiﬂ'! terdentate ligands
Al each end. Upon addition of a coordinating metal
ian such as sine, these groups self-assemble inta
long palymeric chains to yield an elastomerc filno,
When the matarial is cuposed to lighl of & specific
wavalength, it depolymerizes and the low molecular
weight scgments can flove to Gl in & void. When the
light iz Lurmed off, the units repolymerize. In addi-
tian, only the area targeted with light is affected. so
the changde can b pracisely conlrollad.

“Atthis point we have proved the concept that
chromophares in supramolecular materials can b
aclivated and respond with photo-healing behewvior.
The technology al Lhis point is not commetcializable,
bt we belicve we will be able 1o develop an effective
systert with real world applications,” Rowan observes,
Polyothivlene butylane was elected a3 the backlxne
riaterial because of it low T, and the: groups are now
irvestigaling higher T, matenals to see if they will work
as cfficiently. "The ché[lenge is to makc the coatings
hard Bnough to boe high-performanee materials. o
Way We are trying e improve hardness and abrasian
resigtance is by making nanocompnsites.” He notes
that imtial results appear to be pramising,

Photaravarsible chewistry is also boing cxplored
by Long. His goal is 1o develop easily removable
COatings for increased recyciability recovery and
other emerging clectionics applications (Figure 2.
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“Costings are uscd extensivaly in the manufaciuring
of sophislicated elactronics and It wiould be highhy
beneficial 1o be able 1o use reversible coatings and
adhesives to facilitate these processes. ™ Long notes.
The: adhesive wound care industry neads a smarl
adhesive technology thal would provide a strongly
adhering matzral that, when desired, could be read-
ily removed in A triggered fashion.

Long's approach is Lo use light, which he visws
A% a green reagent, o irigeer changes at the
interface belwesn the coating and the surface, His
dosign empays either polvasters imore sustainable
due to acness to bio-based raw matarials) or poly
imides (for high-tesnperature applications) that are
funetionalized with cyclobulane substrates through
Lhe photochemistry of maleic anhydrides, which
undergo a [2+2] cveloaddition reaction to form
oyl gbutanes whan exposed Lo cne wavelength
of light and the reversc when expased to anolher.
The properties of Lhe surface of the coating are
thus affectcd in the presence of lighl. This type of
chemislry, often termed “click™ chamistry, 0oturs in
the absence of solvenl at room termperaturs in high
yields without formation of a by-produce.

“One guestion we have to address when using
light as the stimulus is whelher or not certain
wavelengths can penetrate deeply enough into the
coating, That deplh is dependent on the axtinction
poetficient of the coating. Bul for many applica-
tions, we only require a response at the interface
of the coating and the surface, s0 we are ablo
to tune the chemistry o overcome this apparent
obetacle,” Long vermerks.

In & scparate program, his research groupis
invesligating the interface between biclogy and
coatings. "Binlogical systerms are continuausly
healing and refreshing themselves and respord
ing to multiple stimuoli, so it seems coimpelling to
drawy connoctions between biological concepts and
smarl coadings.” His goal is to incorporate nucleic
acids, or fragments ol GMNA, into systems in crder 1o
cregte costings capable of molecular recognitions
[Figufe 2. If ane fucleic acid heterocyclic base is

bound to 3 resin, the ecaling should only recognize
its complementary base pair {or funclionalized de
rivatives) and thus react selcctively, "The challenge
here,™ Long savs, “is Lo incorporate the fragmeonts
=0 that they rotain their recognition akilily. ™

If he is successful, Longd chvisions a coating
systerm with molecular recognition capability that
can bo designed to react differently wilh differsnt
substances, and thus have properties that change
depanding on what comes in contact with it

Michao! Rubner st MIT is also focused o the
riclecular level, huilding coatings one layer at a time,
allowing Tar careful placement of specific substancos
within the coating, and therefore providing a means
for hawing precise control gver coating functionality.
The thickness of @ach layer (10 fm o less) is de-
terrnined by thermodynamics and repulsive forees.
Charged species are used to create each layer, and
chly so mary chargad molesules can be laid down at
any one time. After a short rinse, a differant oppo-
sitely charged substance is applied. The process is
then repoatod as many tmes as desired. The fune
tiomality of the: costing is controllcd by the selection
of the various species Leed ineach laver.

If layers ot matcrials with different refractive
indices (R are used to huild the coating, the iri-
descent colors obsenved in insecls, which are also
aAchieved thwowagh structural design. can be crealed
[the top layer has a higher BRI If @ ow BRI material is
uaed as the top [aver, highly effective antireflactive
coatings can be produced. “We have baen able to
achigve an increase in kghl ransmittancs throuvgh

*Long envisions a coating system with molecular
recognition capability that can be designed to
react differently with different substances, and
thus have properties that change depending on

what comes in contact with it.”
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hase coatings with molecular
racognition capability.



., ..inthe automotive sector, a coating that self-stratifies
into a pigmented bottom layer and clear top layer could
potentially enable elimination of one complete coating step.”
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glass from 92 to 99.9%. This enhancernont is critl-
cal for improving the performance of solar cells,”
Rubner ohearves. Extremely unilorm conforrmak
ceatings of minute dimensions that are not possitHe
wilh existing procogscs can alsa ho produced using
this technalogy. Rubnar can also eonlriol UV and IR
refloctivine—key characteristics for optical coatings,

One of the challcnges has boon the devalop
rment of a commersially practical produclion meth-
cd. riginally each laver was creatad by dipping the
substrate into an agueous solution of the relevart
rmaterial followed by a rinsing step, which was labo-
rious and time conswming, Recently, Rubner and
olhers have found that tho layors will ferm if the:
solition is sprayed onto the supstrale. L now anly
takos tens of seconds per layer compared to 5- 10
mir. “We: are very croited abaout this development,
because it means the technology s now commear-
cially vioble,” Ruhner asserts, The campany Svava
Manctechnologies is in fact building the processire
equipment i enable production of these coatings
on @ [argn scale,

Oplical coatings are by ng means the only pos-
sible applicatian far Lhis molecular construction
approach. Rubner has had promising results in the
araa of anli-fog coatings that remain clear evan in
high humidity conditicns. In addition, he is alsa us-
ing the lzyering tochnolcgy for biomedical applica
tions, Ir this case, he has created a “backpack” for
cells that can be loaded with drugs, The Dackpack
binds tn & cell programmed 1o go o & specific site
in the body and, once Lhare, responds by releas-
ing the drug. The resultis highly targetod delivery,
anahbling lower dosages and reducing Lhe polenlial
for negative side effects,

Optimization of polymcric thin films for energy
generation is another Aarea of study related 1 smait
coatings. Rachel Segalman at the Universigy of
California at Berkelay is investigating the effecls of
the molecular struciure on Lhe electronic propeties
of semiconducting polymars, the crystal and grain
struclure on bulk conductivity, and the nanometer
lenghh scale on charge separation and recombi-
nation in photovoltaic and light emitting devices.
Specifically, she and her group are studying block co-
palymers of scmiconducting polymars and are trying
o unclersland the effect of chain shape on polymear
sclf-assembly and routes to control bath sclf-asscem-
bly and crystallization an multiple dimensiors.

Still others are exploring the poiential of self-
stratifying polyrners. At EMU, Baghdachi is develop
ing such coalings that exbibit muolli-functionality

auch as sensory and on demand surface activite
“Throeugh selfstratification, Lwo-layver coatings can
be produced with cach layver possessing different
functionality thal complements or cyven modities
the properties of the other. The potential applica-
tiores for such svstoms are extramely broad,” he
adds. Far example, in the auotomotive scctor, @
coating that self-stratifies inlo & pigmenterd botborm
layer and clear top laver could potentially enable
elimination of one complete coating stop,

In cther areas, self-slralifving coatings would
allow for incorporation of active ingradisnts anly
al Lhe relevant surface of the coating—the tap for
antirmicrotial, barriar, or sellwleaning coatings,
for example, ar in the bottom layer for anti-
carresion ceatings. “In all ot these cases, the
active ingredient only needs Lo be at the surface
of the coating,” Baghdachi camments, “Current
technologies require incorparation of such actives
throughaout the bulk of the coaling. Self-stratilving
systens tharefore provide the oppartunity 1o re-
duce resource consurmption and 1ower cost.”

Baphdachi’'s approach o crealing Lhase cosdings
i5 Lo rely oo diffarentizted chomistry, More specifi-
cally, similar types of reagents [such as cedain fypes
of resing) with difforent rates of reaction allow for two
different curing rates. As the fastor reaction pra-
ceeds, the matarial becomes more viscous, while the
reagents for the slower roaction remain misre fguid.
Mass transporl rules then come into play, and the
result is @ twc-layer coating wilk the [aster curing sys-
tern on the top and the slower system on the Bottom.
Incctporstion of arganasilicon and organciuoring
groups allows for differentiation through surlzaes Len-
sion as well. "In Bssence, we are relying on differen-
tiating chemical and physical characterstics to drive
the seff.etratification mochanism,” save Baghdachi.

Based o Lhis survey of active smant coatings
rescarch programs., it certainly appesrs that skgnifi-
cant progress has been made in the field, Whether
ar not the term smarl coalings is 8 miznomer, i
i5 clear that respansive coating technelogies—in-
cluding Lhose that only & few yoars age seecmod
farfetchad—ars indead reaching Lhe marketplace.
End many of the projects underway are designed
with uitimate commercialization in mind. "l won't
be surprized at all it in a few years from now these
projecls have reached fruition and there will be
all now smart coating concepls—perhaps those
designed fur true multi-functicnalig—that are
already advancing through the concept verification
stage.” Baghdachi concludes, @
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