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Nanotech for

Goatings:
Moving from
Discovery to
Commercial Reality

s buzzwords go. nanolechnalogy has been a pretty zood ane. TThe po-
tential for nano-sized materials to impirt umicue propertiss to coatings has
enttanced many in the industry and led o significant invesumens in re-
search and development etfions w convert that potential into practical appli-
cations. In [acl, the use of nanotechnology has been a nawural progression
for some coatings. where micron-sized materials { 10-5 meters] have been re-
placed with nanopanicles (10-2 melers) and nanostruclured materials. L he
ability to conunl and wanipulate nanostruclures enables the control and
manipulation of chemical and plosical properties of specific materials.

I wwsalings, nanatechnology has been introduced via nanoparticle addi-
tives and crealion of nano-sived resins and pariicles through the sol-gel
process, where the coating siructure is designed beginning at the nanaoscale,
according w L3 Li-Fiin Sung, a research pluwsicist in the Polymenic Materials
Group of the Building and Fire Research Laboralony at the Natonal Instinate
of Standards and Technology. She adds that the list of demonstrated per-
formance erhancements derived from incorporation of naneechnology inta
coalings has grown quite lengthy

With soomany real benefits to be gained, it is not surjrising that numer-
ous companies—Dbalh Jarge, well established corporations and simail, entre-
prenenrial firms—have focused on developing products fir the coatings mar
kerplace thal aim (o dillerentiate themselves with nanotechnology, Several
newvel additives, nano-sized resing, and coating fermulations Ineceporating
one ar both of these techmologies are now commerclally available,

1he manulaciurers of these products sull Give soane serious challenges,
themgh. “Some nane-coatings lave heen shown o offer better shorn-Lerm
peitormance, bul the cost of these novel miaterials is often high, and we also
den’t have any data on the long-ierm performance,” notes Sung. “Therefore,
there isn'L vel a way to evaluate life-cyole costs.” Some develupers of nano-
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cirlings disagree, and point to several products on the
market thal are cost compelitive.

Environmental, heallh, and safety [FHE&S] issues
must be addressed as well. Current rules and regula-
tinns are inadecuale Tor addressing issues associated
with nanemalerials. 'Lhe small sizme of nanomaterials
combined with their chemical and physical behaviors
otk i lifMicult o estallish hazard ratings, Nowvel
chemistries and compler nanoparticles pose additional
prablems, Both the Furopean Commission and the
LLS. Environmenial Protection Agency [LPA) hawve inifi-
ated programs to callect data on nanomaterials

The EP&'s Nanoscale Materials Siewardship Program,
Launetied in Januwary 2008, is designed to “help provide
a firmer scientitic foundation for regulatory decisions
by encouraging submission and development of infor-
mativon mclading risk management pradices for
nanoscale materals,” according to the agenoy
Compamies are reguestend io volantarily ceprort avail-
able information on he engineered nanoscale mareri-
als they manutaciure, import, process, or use. [n the
lesngrer termm, EPA Bopes thal participants will soluntar-
ily conduct leas and develop additional data.

PG Industides is one company that 1s actively par
ticipating in the FRA program. “We hope that Ty pro-
viding informadion on our CeramiClear products,
which meet all current requircments, we will gain some
guidanee om sk manageament lor these and other
products tsat we will introduce in the futare, " says T
Draniel Bardon, manages of Advaneed Techinelogies in
P OMiee of Science &
‘lechnology, Sung, too, believes that
the government aned indusirial sec-
Leers musl work together to identidy
risks and develop appropriate poli-
cles {for managing them.

laking a proaclive approach
managing such FHE&S isses anl
othier challenges rellecls the entre-
preneurial nature of many of the
companiey developing new coaling
techoniogies based on nanomateri-
als. Below is a survey of some of
these comipanies and the prodocts
thev have developed for coatings
applications.

Advanced Nana Coatings

Advanced Nano Coatings manu-
factures wnd markels Tigh perloem-
ance, environmentally fiendly
{"p(‘.ﬁ{}" ﬂmtingx }‘.lilﬁt‘.l'.] an iT'I('HTI}II}Til-
tion of nanomaterials into poly-
mcrs prepared using undgue chem-
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Table 1—Nuno-Derived

Performance Exhancements

Anti-microbial
Anti-static
Barrier Properties
Corrosion Resistance
Fire Retardancy
IR-Absorption
Magnetic Properties

Mechanical Properties
ftonghness)

Optical Froperties
Scratch Besistance

Self-cleaning
{phatocatalysts)

Surface Energy Modification
LY Stability

Soyrce: O, Li-Firm Sung, NIET

Market Update

igtry. The company's ANC coalings are VWC-tree and
exhibiit exceilent surace tolerance and superior Row
properties, allorring for application over marginally
prepared sieel surfaces and inorganic zine primess,
They have application as protective coatings for wood,
stee] and concrets protection, thermal insalation of
buidding materials, and provide [ire protection and re-
tarchancy. ANC Fire Retardant Coating is a high per-
lormance, twi-component thin Glm intumescen)
tlame-retardam eprosy Thal sappresses smaoke and re-
tards Mame spread across a wide variety of materials in-
cluding wood. metals, concrete, plastics, and insulating
foams. Tt has been tested o the ASTM ¥4 slandard by
an inglependent laboratory, achieving botly a Class 1
lame spread and a Class 1 smoke rating.
Incomparation of nanmrariicles inlo the coalings results
inimproved moisture resistance, flowr properties, adhe-
sion, and tensile strength,

AkzoMobel

Many products of AkzoMNobel's Siklens Cetol wood
care procducts line contain nano pgments (o rellecl and
selectively Nilier LY radialion. ‘1he nanoparticles help
maintain the natural color appearance of the underly-
ing woodl surface while al the same Gme sabslanlially
increasing the LY and weathering stability of the coat-
ings laver,

Almosobel also introdeced « new facade coaling in
January 2008, resulting from a developinent collabora-
tion with BAST and employing their new nanalinder
{see below). Llerbol-Symbiotec™,
which incorporates the advantages
of Trerth ooganic and inorganic coat-
ings in a single product, exhibits
much higher ditt picleupr resislance
and color retention than waditional
materials due to the nanotech-
based formulation. The paint gen-
erales a hydrophilic (water-atract-
ing) surface. Rain drops falling
earilo) wealls coated with | lerbol-
Symbiotec wet the substrate evenly
and de not leawe non-wedled spols
an which dirl can serde. Yhis tech-
nology is a completely different
concepl cormpired (o other dind re-
pellent facade coatings, which cre-
ate hydeophobic {(water-repellent)
surfaces—ihe fameous “lotus effect.”

BASF
BASEs COLA Binders hwomuoge-

neously incorporate inorganic silica
nanaparticles into organic polymer
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rarticles 1 a water-tused dispersion. When applied,
they form a three-dimensional network in e Gagicle
coating which results in a veey hard and hvdrephilic
surface that provides an excellent moisture hanier but
rermmiting penmeable o water vapar. Dirt does not stick
to the hard surface, so when witter droplets wet Lhe
substrate evenly and iy faster, dint is removed, The su-
perier color retention is a result of the homaogeneous
mcorparilion of the inorganic nanoparticle into the
binder, The water-Trsed coating is easy to worl with,
comes i a wide range of colors, and is ideally suiled
tor concrele and other mineral and organic bonded
substrates. The binder is sold o AkzoNobel in Europe
irid exclusively 1o a coatings manufactiurer in e 1.5,
Lo addilion to facade coatings, COL.Y has polential
applications in water-based woond siains and floor
AT ings,

Bayer MaterialScience

Catbon nanotubes (known as Baytubes) are now
available in farge quantities and al reasonahle cost
[rom Bayer MaterialScience (BMS), The company has
the capacity (o produce ~60 wonnesfyear of Bayiubes
and iy adding a further 200 tonnes/year of capricity that
will e onling by the end of 2009, BMS ships the amor-
phous nanowbes produced wia il proprietary catalytic
chemical vapor depesition {(CVD) process 1o syslem
suppliers such ag Amrov in Finland, a company that
has developed Lhe 1echnology 1o uniformly disperse the
Baviubes imto a varlely of materials including eposies.
These dispersions are then incorporated into coatings
by the formulator. Propertics of carbon nanoiubes of
interest for coatings applicaions include their elecieical
conductivily, thermal conduclivity, and mechanical
propetties, There sl Teast one commercial manine

 —rE

Schemabic rourtesy of BASF,
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coating on the miarket that incorporates Bayvtubes to
priorvide enhanced abrasion resistance, Fommulalions
wilh nanoiubes are also being invesiigated as anti-foul-
ing coarings [or marine applications and as additives
foor anti-static coatings where staric discharee imay ath-
elwise be considered dangerous.

Separalely, in February of 2008 BMS introduced
Faytesit® ¥I'LS 2331, a new, highlv-lunctional ethoxy-
citrbasiloxame crosslinker Lailor-made for the [ormula
tion ol ilms and coatings using the sol-gel process that
1 compatible with the use of nanoparticles. Coatings
prucluced with this crosslinker have high flexibiliy,
hardness and seratch resistance, pronounced chemical
and corrosion resistance, and cxhibit very Tinle shrinle-
age during thenmal curing, making thicker coatings pos
sibile.

Bahr Faints

sanobuard® lechnology from Behy Paints is Trased
on ninoparticles thar create an interlocking molecular
structure that Nills the voids created Iy Targer particles,
resulting in coatings products that provide better adhe
sion, more durability, and die, moisture, and UY resist-
ance. bour prodocts incovporate the NanoGnand tech-
nology: BEHR Basement & Masomy Waterprooling
Maint, BEHR Premivm Plus Ulua™, BRHR® Premium
Solid Color and Seni-Transparent Weatherproofing
Stains, and BEIIR® Preminm Muos Tnterior Sateen
Kitchen and Bath Enamel, All of these producs are for-
mulated to provide maximum durability and siain and
wiler resistance, plus each provides additional perlorm-
ance teatures designed for its specilic application.

Bioni C5 GmbH

Working with research scientises at the Traunhofer
lnstiluie for Chemical Techoology, Rioni 3
Grbll developed an antibacterial coating,
Riom Hyglenic?, that containg silver nanepar-
ticles that destroy mold and mildew, fungi
spores. and bacteria on contact. 'The nandopar
livles are stabilized with addiives and inte-
grated homuogeneously into the polyimer ma-
trix, Antimicrobial activiny does ot decrease
wilhy time hecause the solid nanaparticles are
not volatile, Tike many commaonly used Dico-
vide adiitives, Good antimirrobial, antiviral,
and antiallergic performance bas Treen
demonstrated tirough independent testing.
The witethorne, volatile organic compound
(VOO -[ree, and nearly odorless coating iy re-
sistant to disinfectans, acid, and solvents; per-
mealdle 1 waler vapor nomdlammalile; ex-
hikits good washability; amul comes in a wide
range ol rolors. The coating has application in
medical facilities sol sensitive building appsi.
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cations such as sehools, hath-
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rooms, food industry Tacilities, = = B |
and retirement homes, g ! k - ES
Additional applications being ex- Llnear chain with and N |
plored include dencal implants, M M PENCRRT Vil _perdant Lone! Hydrophabin

N N nEaLip [Growing Vicry| group oe cruzslinked
synthetic bones, catheters, artifi- raclical) Srssing’ paricgarticle and
cial hearl valves, ool jrackages, W%T;;ELS Pcngﬂliull-l:lnyl
and tovs. W iniiator, My Monofundiondl morRorme Reacive Folymeric

M, Trifungiitnal snonsmer Manoparticls
BYK LISA e
Scheme 1—Formation of reactive polymeric nanoparticles [RPNPs) in emulsion.
poby

For a number of years, BVE
LISA has offered dispersions of nana-sized alumina par-
ticles, initally developed joindy wilh Nanophase
Technology Corporation, to Improve scratch and wear
resislance. Today, VK ofless nimopatticle dispersions of
alwminam oxide, silica, zine oxide, and ceria wnder the
NANQRYK mmadename, The particles ave dispersed in a
wittiety of solvents, providing easy handling and simple
incorporation via post-addilion inw i wide range of
ceratingss furmulations, Silica- and alumina-based
naneparticles prowvicde: improved soratch and ahrasion
resistance, while ceria- and zine oxide-based nanopard-
vle dispersions prepdde stabilization against UV radia-
Lon (LA by wine oxides and 1WA by ceria). Because of
the size of the nanoparticles, they de nod scader Tight
anel cam be added 10 a coating formulatdon without af-
lecting is oplical properties such as gloss amd trany-
parcncy. Incorporation of nanepardcles also provides a
rmechanism for efficient dissipation of stress through-
out the polvoeer mally, preventing calastrophic Gilure.

Ecology Coatings

Frology Coatings develops nano-enabled, TV-aunr-
able “cleantechnology” coatings il are designed to
drive efficiencies and clean processes in manulaciuring.
The company's coatings incorporate dispersions of
metal exides throwgh mechanical mising ints the coat-
ing formulation, Properties enhanced by nanotechnol-
ogy include hardness, alrasion resistance, and optical
clarity, plus improvement in Qow, beter coverage with
less pigrnent, improved corwosion resistance due to re-
duced Qaws, and lenability of harciers Lo water, air, and
solvents have also been achieved. In April of 2008,
Fealogy Coulings Taunched i BeaCuik™ line of prod-
ucts—Leotuik Clear Coatings, Leoduik Pigmenled
Ceratinges, anud FeodJuile Barrier Coatings—Tor the auto-
maotive, eleclrenics, industrial, medical device, paper,
and other marlets.

ElizaNor Palymier and BES Biochermistry Ltd.

LlizaMor Molvier and BBS Biochemisiny Lid. have
developed nanostructured polymeric particles tor high
solicds systems and reactive polymeric nimoparticles
{EPSPs) with the polenlal [oc use o low-vOC, envi
rommentally friendly coating tormulations, Both sys-

wwi coatingstech. org

tems have been prepared by non-linear leee radical
copohmerization of aovlic monomers {Scheme 1), Lhe
Cere-Shell Nano-Particle Technology allows for manip-
wlation of the composition to suil ditlerent applica-
tions alomg with retention or improvement of mechani-
cal properties such ay adhesiveness, viscosity, fledbiliny,
2loss, and hardness, e nanoparticles can be solnbi-
lized at high solid content while retaining a ow viscos-
ity of the solution. The inside of the nanoparticle is
made of high molecular weight polvmers and is hard,
while the cuter shell is soft. The nanopanicles react
when spraved Grio a subsirate, releasing the high mo-
lecular weight resin. A very low visvosily coating formuo-
latiom comprised of RPNPs and burvl acetate was

found o exhibit good adhesion and Aexibility when
cast on an aluminum surtace. 'The technology has leen
patented and the companies expect to comunercialize it
in e near [,

Green Earth Nano Science Inc.

areen Farth Nana Science Inc, {GLNS) ofters X500,
a light-activated, water luased, VOUO-free hygienic coat-
ing containing nanc-sized titaniuwm dioxide pariicles
that the company dlaims destroy vimses, baceria,
odors, harmful gases [VOUs), allergens, airfwater podly-
tants, and protects weated surfaces against growth of al-
gae lungus, and mold GENS sulsidiary MCH Nano
Solutions offers a range of products foc interior aod ex-
terior applications,

Green Millennium, Inc,/Jita Enterprise

Clear phetocatalytic coatings from Creen
sillennium, Tne fTita Enterprise are also based on rita-
niurmn dinside nanoparticles. Al he nanoscale, both the
surface area and the redox potentiat of the TiC2 prli.
cles increase dramatically. As a result, any ambient light
source can be used eltectively as the energy source for
the photocatalytic reaction. The company oilers several
dilTerent [otmulations, which are typically spray ap-
plied. Tor centain products, tie Ulaniwm s in an amor-
phous state and the coating must be heated to greater
tha 2507 C (o cause colverdion [o the aclive anatase
crystalline state, Other products centain the crvstalline
[errm, bul heating is cecommended to improve the
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and ¥,

Pk e i oty

Scherme eourtesy of Kta Enterprise,

hardness of the coating. S61l athers are a mix of these
two product tvpes. Depending on (e formualation,
these phutocalalytic coatings can, be appdied to omganic
substrates, metals, plastics, and owver painted surlaces,
Tox imterior applications, the coating is designed to oxi-
i unweanied contaminants such ay VO Os, fungi, bac-
teria, viruses, and olher harmiu] substinees [ound in
air or water, When vsed on the exterior of a building,
the coating reduces contmninatiom by mold aod other
organisims, soot, hydrocarbons, and oil grime, helping
to maintain the aesthetics of the facade.

Manlkel

Bonderite 5'1-1 from [lenkel is an ultra thin
{nanometer scale), uniform, nanotechnology-based
conversion coating lor metalsi—free of plcsphale and
heavy metals. It is designed (o replace conventional
irom phesphate systems for industral pretreatment aps
plications. ‘Lhe nano-ceramic coaling is suitable [or sur-
face pretreatment prior to conventional powder and
wel prainl coalings. The process streamlines painl pre-
treatment operationg, reduces energy consumplion,
and minimjzes the environmental impact of the
process. Bonderite e lalis is Tased on u dillerant
nano-ceramic material and is rargeted to replace con-
venlional «ine phosphates in automaotive ORM
processes. Both Bonderie syalems meel desived per-
furmance specifications, and the company is working
e turther improve the processes so thal they are beller
than traditiomal metheds,

industrial Nanotech

Manswlate manslucent waterhiome coatings rom
Industdal Manedech contain a nanocomposite material
{1 lydro-Mbd-Oixide) that possesses o nano-seale inlernal
architecture and surface chemistry, This nanomaterial is

susprended ina walerbased acrylic resin systemn thit acl-

heres well to a variety of surfaces. Because Lhe
nanocomposite has a very low thermal conduciving
Lhe coaling acls as a barcrier (o heat wanster and is used
for thermal inswlation in a number of indusnial and
commercial applications. Nansalale has also heen
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shown to provide good corrosion, mald and moisluce
resistance, and has the ability 1o encapsulate lead,
TRecently, the company received certificatiom of ity
tvansulare products under European Lnion Tuilding
codes. It also expects to launch a new 2-part epoxy sys-
tern basedd onils nanotechmslogy that w311 incomporine
body fire and chemical resistance.

Intumescent Associates Group

Inmmescent Associates Group [TAG) produces high
performance, VOU-[ree epoxy nlimescent coalings 1o
protec steel. wood, and other substrates from high in-
tensity hydrowarhon pool and jet fires; and, depending
et the subsirate, Nanochar also provides corrosion
protection to the substrate. Manochar is its latest prod-
uct designed for fire protection and, accordiog w the
company, s e {irst epoxy inlumescent fire prooliog
material fonmulated to incorporate nanotechnology. By
incompornling nanoparticles imo the formulation, the
key benelils are enhanced fire perlormance, improved
material application characteristics, cohesive and adle-
sive praperlies, impact resistunce, and overall dorabilite
Among others applications, Nanochar is correndy un-
der evaluation by the ULS, military for a wide range of
fire: proteclion reguirements, from Bve munilions teo
munirion storage containers.

LaamScience, Inc.

LamSeience, Tne [Light Activaled Anti-sicrolyialy)
has licensed a novel coating technolagy lrom North
Caroling State University, Developed by D Stephen
Michielsen, associale professor in the school’s College
of Textiles, the nano-coating inactivates most vinises
{(influeme, BEY, asirovirus, vaccinia] and kills bacteria
[incdluding Staph, MESA] when exposed 1o visible light
A photoactive dye, used presdously in medical applica-
fions, s cosvalendy bonded o the ouwside ol Tabrics and
when exposed to visible light, convents oxygen to a
shor-lived reactive species that inactivates 99,99% or
meore of viruses and bacteria on the surlace. Current
product development efforts are fooused on textle ap-
plications, but the company expects the technology will
be adaptable for numerous other subsiraies.
LaamScience will soon prisdoce the coating in Lilogram
quantiries and is currently manofacturing thousands ol
vards of coated fabrics in collaboration with a German
campiany. A Sew England mask manulaciorer is also
working with the company to produce an antiviral/an-
tibacterial mask lor wae by medical professionals sl
the public during pandemics. Lhe coating has been
subject to many testing procedures and TaamScience
hapes o submit applicalions for approval 1o markel 1o
the I and NIOSH ([ National Institute of
Crecupradional Salety and Healtl) in lale summer 2008
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Nanophase Technologies

Manaphase Technologizs manulactures ranopowder
metal caddes such as aluminum cadde, zing oxidr,
cerinm oxide, and others. s Miserete Particle
Lncapsulation process coats the surface ol the nanopar-
ticles with a thin polyneric shell that enables compati-
Iility oo the particles with o wide vadedy af Muids,
resing, and polymers. 'Lhe company also has developed
a process for dispersiog its nanoparticles in a wide vari-
ety of liguids, incnding wier, polar and nonpaolar ar-
ganic solvents. ‘This integraled set of lechnnlngiles
malies it possible for Nanophase to nancengineer ma-
terials Ao M specific amstomeer needs, which ofien in-
clude improving the perlormance ol and-louling, ant-
microbial, TV-atenuation, saatch-resistant, and
charge dissipating coulings. Performance properties are
achieved without influencing the final tormuolation in
terms of clarity, theology, sface texture, gloss, or phys-
icalfmechanical propenies due 1o the small particle size
of the ManoDur™ and Sanc'lek® marerials. Punctional
coatings containing Nanophase products can be ap-
plied o metal, plasde, and glass

Nangvaltions Pty tid.

Nancvations Lignol® wood coatings are water-
Irauedd, WO-Tree, clear impregiing wood coalings
conraining nanoscale LY absorbers. Lionol Leak Cuard
Marine has been specifically develuped for wood pro-
teclion in the marine enviromment. The penetrating
codating provides excellent water and stain repellency in
addition to UV protection. Nanovations 3001, designed
(o wse o masoary and concrele swrlaces, provides su-
perior water repellency, reduces efflorescence, and pro-
vidles sigrilcantly improved abmasion resistanee. [oad-
dition, the coating is applied ar the manutacturing
stage withoat any modification to existing prodacion
machinery. Lhe company also oflers hydrophobic
scratch-resistamt, casy to clean coatings for mmany sub-
strates includiog glass, cervmic, metal, and plasiic.

Nanovere Technologies

The Zyvere coating platfonn from Nanovere
Technelogies includes & Lwo-pact armlbient cure clear
coating svstem and a single-component bake clear coat-
ng system that serve ax fopeoats for automaotive, avia-
Lo, marine, and indusiial applications. Kather than
choosing to simply add nanopanicles to its fonmula-
Livsos, Manowvere has (ocused oo developing nowvel
nano-stctured polymers as the backbone of its coat-
inges. These nanostruciured materials form three-dimen-
sional molecular networks resulting in a high crosslink
dlemsity, They can be applied by conventional high vol-
urme lowe pressare [1IVLEY spray guns or rolary alomis-
exs. Spedal characteristics of Zyvere coatings incliede
dramatically enhanced serateh (6H pencil) o imppact

wwaw coatingstech.ong
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resistance, gloss retention, flexibility, and chemical, TV,
and corrosion vesistance, The products also exhibit seli-
ceaning characierisiics including waler repellency plus
ull, dirl, and lce release properies.

MaturatNann, Inc.

The ley component of nanecoatings from
MNaturalNar, Tne, is hallusile clay, a natumally aeour-
ringg aluemina silicace webslar clay material 1lalloysie
natural tubes [[INTTH) exhibit a hollow ubular stiie-
ture that s about one microm in length (11000 of a
i) oweithe it average ouler diameler of approximalely
L0 nm and an average inner diamerter of 20 nm. They
imprart ineteased] strength, abrasion resistance, andl
durabilily Lo polvmer composiles and coalings while
maintaining transparency. In addition, the wbes them-
selves can be Nilled with aclive agents such as antimicro-
Iastals, lubricanis, or llame retardants, enabling the cre-
ation of new products with time-release and other
adviinced properiies. HNT can T dispersed in bath
aquenus and solvenl-hased coating lormulations and
forms stable solutions at concentrations as high as
300 satralMano has successhally dispersed HNT into
acrylic, luoropolymeer, wrethane aquernus dispersions,
and solvent-based podymer solutions,

nteat, Inc.

nioat, lnc, manufacturers high performance nane-
formulated and wmicromized coatings with iimproved
loerd surength, heal managemeny, corrosion resislance,
abrasion protection, fiiction reduction, and appearance

Phita coureeey of Behr Pairts,
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enhancement for the anomotive,
aerospace, defense, diesel engine,
recrealional vehicles, and energy
services induswies. REND efforts
forus ool creating new nanoparti-
cles, (riggering nano-level chiemi-
cal reactiong Lo manmipulate and change molecular
stouctures, and utilizing proprictacy chemistries to pro-
duce universal dispersion and eliminate clumping of
nanoscale particulates, Products include thermal barrier
coatings designed o enable the fuselage of spacecraft 1o
endune exposure 1o 1,200°F for a period during orbiial
re-entty; anli-comosion coatings used 1o reduce alu-
minum degradation in exhaust gas recirculation for
iliese]l engines; formulated high density, low porosity
compasile materials providing abrasion resistance for-
anrcratt wings subjected 1o rain and parnticulate matter at
oy airspeeds; thermal managemend surface treatmenty
minimizing under-hood heat from headers and exbausy
systems of INASCAR engmies, and at the same time max-
imizing air demsity and increasing horsepower; and
lubritic surface protection for internal engine parts 1o
reduce friction, control heat, and increase engine effi-
cieny. Subsidiary nTech, Inc. supparts the activities of
nCoal through management of intefleciual propery;
engineening, prololyping and testing operations; and
technology licensing activites.

PPE Indusiries

CeramiClear® clearcoat from PPG Indusuies has
heen attracting growing inlerest since its introduction
in 2002 This automotive coating containg nanoceramic
particles that are designed o selfalign during oqure to-
ward the top surface of an arganic nlk Glm and (orm
an almost glass-like Tayer that provides improved
scratch and mar resistance duning every dayv use. The
COMLpAny is COMAnUIng to bnprove the lechnology amld
make it more amenable for a wider array of applica-
tioms. Research eftorts al the company are focused on
nano-hased produds for the aerospace and other in-
dustries. Nanosliuciured materials are used to provide
COIMMON protecion equal i or greater than that at-
tained with older chrome systems that have heen ellmi-
nalex] for safety and environmental reasons, PPG's pro-
prietary process for manufactueing it nanoimalerials
allows access to newer ypres of mived metal cxides and
other cornpounds that exhibit mewed chemistmies, mak-
ing it possible to achieve protection withoul impacing
visual appearance, Initial tesling has been performed
adl the: company is in the process of scaling up pro-
duction to conduct large scale evaluations.

GQuantumSphere, Inc.

tsing its patented process t0 manufacture retal
nanoparticles, QuaniomSphere, Iree, (51 is develop-
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ing unique: dispersion and ccat-
ing methods w Iniegrate metal
nanoparticles inte elecuades,
cormposites, and films for clean
hydrogen generalion from water,
hatteries, fuel cells, magnetic sen-
sors, and antimicrobial coatings. Specfically, Q351 has
developed a nanoparticle-coated elecinde, CST-Nano®
NiFe for hydrogen generation by water elecleolysis (hal
provides a two (o tiree Mold improvement in gas outpur
without an increase in energy conswnption. The large
surface area ol the nanoparticles is responsible for the
increased efficiency of (he reaction, The nano-coating
can provide a cost-competitive solwion, enabling the
use of Tvdringen as a firel in cxisting commercial, indus
trial, and transporation applications, In addition, wa-
ter electrolysis is a zero emissinns process,

Both the activity of the nanopariicle cialvst and the
methaod bry which the nanoparicles are dispersed are
citical to coating perlormance In (257's nano-coating
process, nickel and iron nanoparticles {less than 20 nm
in diameter) are lunctionalized and then dispersed ot
solvents to form an ink. The ink is then applied to a
standand commerdal electrode surface, usoally nickel
or stainless steel meal, Iy spraying or screen prindng.
The nano-coated elecirode s then hear meared to ad-
here the nanoparticles 1o the subsirale. Elecirodes can
be cut Lo any shape or size, depending on a customer's
Téquirements. Because the coaling does not tequire any
lundamental change to the system, 1L is a “drop-in® so-
lutien {or exisling commerdal electrolyzers.
Commercial products incorporaling QuantumSpherc's
techinelogy includs a non-rechargeable bhatery with in
creased capacity thal will e umched in the second
half of 2008,

Silco International

Silco Inlernational mmmfactures and markets ulua
pure silica nanoparticle dispersions produced o its
madern slale-of-the-ant manutacturing faciliy in
Portland, OR. These dispersions are incorporated into
coatings to Tmprove scratch resistance aned dorability
without negatively affecting color, darity, or gloss.

Sizes [diameter) lrom 5 nm Lo 135 nm are available,
Because the particles have never been agglomeratesd
during processing, precise control of particle size diste-
bartions is possible, Also, the dispersions are fres of
large agglomerates, which range in size from 200 mn 1o
mnicrons. which can cause catasirophic coating failuve,
The parlicles are dispersed in water or selected organics,
and are casily incorporated directly imto the coadng [or-
mulation. Because SHco lnternational directly controls
the entire manufachring process, custom practicle sixes
and dismbutions can be Wilored for unigque coating
loronedations, 6
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