| | MPROVED ARTI CLES The present invention is directed to scratch and mar
resistant articles. Mdire specifically, the present invention is directed to
scratch and mar resistant articles with inproved optical properties. "Mar"
and "scratch” refer to physical deformations resulting from nmechani cal and
chem cal abrasion. "Mar resistance” is a neasure of a material's ability to
resi st appearance degradation caused by snmall scal e nechanical stress.
"Scratch resistance” is the ability of a material to resist nore severe
damage than what is referred to in the art as nmar. The two are regarded in
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distort the image. For example, defects in the surfaces of such optical articles may cause

light to undesirably scatter and reflect from the articles’ surfaces, or may alter the
refractive index of the articles at the place of the defect to change the transmission of
light through the articles, thus distorting the image. To protect optical articles such as
computer screens, touch screen displays, windows and other articles where a clear visual
image is desired film coatings such as multi-layer films have been developed. Such
multi-layer films have impact resistance and generally desirable optical properties.

Multi-layer films are sometimes formed together (e.g., co-extruded), are sometimes
laminated from separate preformed film layers into a multi-layer film construction, or are
placed together and kept in contact using an adhesive layer that may have optical
properties. However, one or more of the components which compose the multi-layer film
can negatively affect the optical properties of the films such as clarity, transmissivity, or
cause such negative optical effects as ghosting, haloing, or cause an increased reflection
of the optical product due to interfacial reflection.

Another optical problem is the formation of color “fringes”. Such color fringes

may be observable with the naked eye as a multitude of colors. This phenomenon may



Anot her optical problemis the formation of color "fringes". Such col or
fringes my be observable with the naked eye as a nmultitude of colors. This
phenonenon may 2 occur with or without a coating. Wile not being bound by
t heory, the phenonenon is believed to be due to interference patterns
formed when |ight passes through optical articles such as glass w ndows or
ot her such optical articles with coatings. It is highly wundesirable because
it my interfere with the optinmum perfornmance of the article U S. patent
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Articles include a composition including nanoparticles, one or more fluorinated

compounds and one or more compounds to cure the composition, the composition is
adjacent to a first side of a support film and an adhesive is adjacent a second side of the
support film. The articles may be applied to various substrates to function as protective
coatings. The articles also inhibit the formation of interference patterns. Such
interference patterns are observable as color fringes when light passes through a
transparent substrate such as glass and transparent polymer materials. The color fringes
are undesirable since they compromise the optimum performance of the substrate.

In another aspect, the articles include a composition including nanoparticles, one or
more fluorinated compounds, and one or more compounds to cure the composition, the
composition is adjacent a first side of a support film and an adhesive is adjacent a second
side of the support film, the adhesive is a releasable adhesive.

The compositions also may include one or more optional additives. Such additives

include, but are not limited to, film forming polymers, antioxidants, colorants,



side of the support film the adhesive is a rel easabl e adhesive. The
conpositions also may include one or nore optional additives. Such additives
i nclude, but are not limted to, filmform ng polynmers, antioxidants,
colorants, 3 antireflective materials, UV absorbers, stabilizers,

pl asticzers, levelers, slip agents, surfactants, adhesion pronoters and
diluents. In a further aspect, a nethod includes providing an article

i ncluding a conposition including nangparticles, one or nore fluorinated
conpounds, one or nore conpounds to cure the conposition, the conposition
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The terms “polymer” and “copolymer” are used interchangeably throughout this
specification. The term “oligomer” means a polymer with 2 to 10 repeating units.
“(Meth)acrylate™ includes both methacrylate and acrylate. “(Meth)acrylic acid” includes
both methacrylic acid and acrylic acid. “Glass transition temperature” is the temperature
at which an amorphous material (such as glass) changes from a brittle vitreous state to a
plastic state. The term “diluent” means a carrier or vehicle, such as solvents or solid
fillers. “Yellowness Index” is a deviation of the colorlessness to yellow as determined
via colorimetric or spectrophotometric analysis. “Haze” (in transmission) is the
scattering of light by a specimen responsible for the reduction in contrast of objects
viewed through it; or the percent of transmitted light that is scattered such that its
direction deviates more than a specified angle from the direction of the incident beam.
Unless otherwise noted, all percentages are by weight and are based on dry weight
(solvent free weight). All numerical ranges are inclusive and combinable in any order,

except where it is logical that such numerical ranges are constrained to add up to 100%.



direction deviates nore than a specified angle fromthe direction of the

i nci dent beam Unless otherw se noted, all percentages are by weight and are
based on dry weight (solvent free weight). Al nunerical ranges are
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oxides include the metal oxides such as, zirconia, titania, ceria, alumina, iron oxide,

chromium oxide, magnesium oxide, cobalt oxide, antimony oxide, cadmium oxide,
arsenic oxide, lead oxide and zinc oxide. Suitable sulfides and sulfates include zinc, lead,
titanium, antimony, cadmium, iron, arsenic magnesium, aluminum, cobalt, and
chromium. An example of suitable silica is colloidal silica. Typically, titania, alumina
and silica are used in the compositions. More typically titania, such as colloidal titanium
dioxide, and colloidal silica are used. Most typically colloidal silica is used. The
nanoparticles may be commercially available, or prepared by methods known in the
literature. Examples of methods of preparing nanoparticles are disclosed in U.S.
5,472,477 and U.S. 5,876,683.

Typically dispersions of surface-treated nanoparticles are used in the compositions.
Examples of such surface-treated nanoparticles are HHGHLINK NanO G®, which is a
dispersion of nanosilica in (meth)acrylic monomers and an organic solvent commercially
available from Clariant; NANOCRYL®, which is a dispersion of nanosilica in

(meth)acrylic monomers and NANOPOX®, which is a dispersion of nanosilica in epoxy



5,472,477 and U.S. 5, 876,683. Typically dispersions of surface-treated
nanoparticles are used in the conpositions. Exanples of such
surface-treated nanoparticles are H GHLI NK NanO GO, which is a dispersion
of nanosilica in (nmeth)acrylic nmonomers and an organi c sol vent conmerci aHy
avai l abl e from d ariant; NANOCRYLO, which is a dispersion of nanosilica in
(meth)acrylic nmononmers and NANOPOX(g, which is a dispersion of nanosilica in
epoxy 5 nononers both commercially avail able from hanse chem e;
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and increased weathering resrstance (neasured by an Atlas Wather-O Meter)
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and for s articles, such as,silica, limted |agss inh. transparency
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conposi ti %&OQQQS%R/FEIM) ahﬁ'%&fl&ﬁ&ﬁc \Mettln)dt(ﬂgTM D3985) are used), decreased
moisture and vapor permeability (ASTM E96 and ASTM F372 methods are used) and
increased weathering resistance (measured by an Atlas Weather-O-Meter) such as light,
darkness, water spray, temperature and humidity conditions, and for some nanoparticles,
such as silica, limited loss in transparency (UV and visible light spectrophotometer,
Gardner hazemeter). The nanoparticles range in size of 5 nm to 500 nm, or such as from
10 nm to 150 nm, or such as from 10 nm to 75 nm.

Any suitable fluorinated compound may be used which does not cause
agglomeration of the nanoparticles in the compositions and does not interfere with the
desired optical properties. Such compounds include, but are not limited to, fluorinated
polyethers, fluorocarbon (meth)acrylates, fluoroaliphatic polymeric esters and
polyurethanes incorporated with fluorinated polyethers and combinations thereof.
Typically the fluorinated compounds are chosen from one or more fluorinated polyethers,
fluorocarbon (meth)acrylates, fluoroaliphatic polymeric esters having a perfluorinated
carbon four group (C4F9) and polyurethanes incorporated with fluorinated polyethers
derived from oxetane monomers. More typically the fluorinated compounds are chosen

from one or more fluorinated polyethers such as hydroxy-terminated fluorinated



desired optical properties. Such conpounds include, but are not limted to,
fluorinated polyethers, fluorocarbon (neth)acrylates, fluoroaliphatic

pol ymeric esters and pol yurethanes incorporated with fluorinated pol yethers
and conbi nations thereof. Typically the fluorinated conmpounds are chosen
fromone or nore fluorinated polyethers, fluorocarbon (nmeth)acryl ates,
fluoroaliphatic polyneric esters having a perfluorinated carbon four group
(C4F9) and pol yuret hanes incorporated w th fluorinated pol yethers derived
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wherein n is an integer of 1 to 3, typically n is 1 to 2, more typically n is 1; R is (C;-
Cy)alkyl, such as methyl and ethyl, typically, R is methyl; Rt is a linear or branched
perfluorinated (C;-Cyo)alkyl, or an oxaperfluorinated polyether of 4 to 20 carbons,
typically Ry is a linear perfluorinated (C;-Cs)alkyl, more typically R¢ is -CF3, -C,Fs, or -
CsF7, most typically Ry is —CF3; x is 1 to 100, typically x is 1 to 20, more typically, x is 1
to 8, and most typically x is 3 to 6; y is 0 to 150, typically y is 0 to 20, more typically y is
0 to 10, most typically y is 0; R; may be the same or different, typically R, is the same,
and is hydrogen, an alkyl alcohol residue having from 2 to 5 carbons, or a SO3M, where
M is a counter-ion, such as sodium (Na"), potassium (K*) or ammonium (NH4", typically
R; is hydrogen or SOsM, more typically R; is hydrogen.

Polyurethanes incorporated with fluorinated polyethers may be composed of repeat
units having a formula:
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to 8, and nost typically x is 3 to 6; yis 0 to 150, typically y is 0 to 20,
nore typically y is 0 to 10, nost typically y is 0; R may be the sane or
different, typically R is the same, and is hydrogen, an al kyl al cohol

resi due having from2 to 5 carbons, or a SGBM where Mis a counter-ion,
such as sodi um (Na+), potassium (K+) or ammonium (NH4), typically R is
hydr ogen or SOBM nore typically R is hydrogen. Pol yurethanes incorporated
with fluorinated polyethers nay be conposed of repeat units having a
formula: H2-0-(CH2)n-Rf | [O H2GCGCHJu-[OGCGNR2-N RO HI1]Jz 0 (11) 7
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The cross-linking agents used to make the polyurethanes having formula (1)

include, but are not limited to, low molecular weight polyols or polyamines such as
trimethylpropane, pentaerythitol, ISONOL™ 93 trimethylolethane, tricthanolamine,
Jeffamines, 1,4-butanediamine, xylene diamine, diethylenetriamine, methylene dianiline,
and diethanolamine. Typcially, the cross-linking agent is trimethylolpropane,
ISONOL™ 93, methylene dianiline and the Jeffamines.

Examples of other suitable fluorinated polyethers have a formula:

CHy——0——(CH,),—FR;

__[O—-HZC—CII—CH?_]X\O O~

R (1)



Jeffam nes, 1, 4-butanedi am ne, xylene diam ne, diethylenetriamne, nethylene
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EBECRYL 381 is a mixture of 25wt% fluorocarbon acrylates having one to four carbon
perfluorinated groups and 75wt% propoxylated glycerol triacrylate.

Fluoroaliphatic polymeric esters also may be made from the methods disclosed in
the literature, or obtained commercially. Examples of commercially available
fluoroaliphatic polymeric ester having four carbons in the aliphatic group are the
NOVECs, which are available from 3M Company.

The fluorinated compounds are included in the compositions in amounts of
0.01wt% to Swt%, or such as from 0.025wt% to 3wt%, or such as 0.05wt% to 1.5.

The compositions may be cured by any suitable method known in the art.
Examples of curing include electron beam, UV light, visible light, thermal cure, moisture
cure and by free radical initiators. Conventional curing compounds may be used in the
compositions. Examples of such curing compounds include unsaturated monomers,
oligomers, epoxy compounds, photoinitiators and thermal initiators. In general, curing
compounds are included in the compositions in amounts of 0.01wt% to 80wt%, or such
as from 0.5wt% to 60wt%, or such as from 1wt% to 50wt%, or such as from 5wt% to
20wt% of the composition.

Examples of epoxy compounds and unsaturated monomers and oligomers include

epoxy compounds such as bisphenol A-based materials and cycloaliphatic epoxides,



The conpositions may be cured by any suitable nmethod known in the art.

Exanpl es of curing include electron beam WV light, visible |ight, thernal
cure, nmoisture cure and by free radical initiators. Conventional curing
conpounds may be used in the conpositions. Exanples of such curing
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photoinitiators and thermal initiators. In general, curing conpounds are
included in the conpositions in anountg of 0.Ow%to 80wt % or such as
fromO.5wt %to 60wt % or such as fromlw%to 50w % or such as from5wm%to
20wt % of wingl @herpeshtas divinybearpd, aliphafic efedaye divinybethers, @eth)acght ur at ed

nonomers and ol i goners i ncl ude . . epox unds such as bi henpl A-based
material s “‘fﬁ’ﬁﬂmﬁr_ﬁgl’ Si"b‘?ﬂﬁ’tal"'g_“é‘ﬁﬁg’gﬁté%‘?f:&@l%ﬁﬁ’tee‘?m%% ﬂt?ﬁe’ﬁésog?‘@%yl
et hers, akdl&ﬁ)%%ﬂy%té!Tc?élh:latﬂﬁr?g{tyxdlﬁ%barf%ttﬁﬁﬁa? acrly[HBL, @tﬁﬁ&%’rbftﬁfurylrﬁgﬂ%@rr s such as

mono and nul t1fuanctional ( )acryl ate nononers such as isobony
( met h) acr glkexyated hexanediokdizasy latgl wipprojsanelyeolrdiadrylater paoaertyl glycol

t et r ahydr gf |.at Lk ' '
tr1 promy! SRERIS EnoRGiet Bspnenc® A BNCRREIC S ARRRY BlorflBF TR, 1 e
bi sphenol eflogylite@trin@bylyipadpane triaciidtd)dipehfegianel pehtaacylatea(eth)aeiytioxyl at ed
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IRGACURE™ 1173; and examples of commercially available arylphosphine oxide-
containing photoinitiators include IRGACURE™ 500, 819 and 1850.

Examples of suitable photoinitiators which are onium salts include onium salts in
which the onium cation is iodonium, sulfonium, phosphonium, oxysulfonium,
oxysulfoxonium, sulfoxonium, ammonium, diazonium, selononium, arsonium; and
onium salts where the anion is a halogen such as chloride or a non-nucleophilic anion
such as triflate, tetrafluoroborate and trifluoromethyl acetate.

The photoinitiators typically are included in the compositions in amounts of
0.01wt% to 10wt%, or such as from 0.5wt% to Swt%.

Other suitable curing compounds include thermal initiators and redox initiators.
Such compounds may be used in conventional amounts.

In addition to the nanoparticles, the one or more fluorinated compounds, the one or
more curing compounds, the compositions may include one or more optional additives.
Such additives include, but are not limited to, film forming polymers, UV absorbers, UV

stabilizers, antioxidants, colorants, surfactants, and diluents.



whi ch the oniurn cation is iodonium sulfonium phosphonium oxysul fonium
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oniurn salts where the anion is a hal ogen such as chloride or a

non- nucl eophilic anion such as triflate, tetrafluoroborate and
trifluoronethyl acetate. The photoinitiators typically are included in the
conpositions in anbunts of 0.01 wt%to | OM% or such as fromO.5wt%to
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available or they may be made according to methods disclosed in the literature. An
example of a commercially available phenol is IRGANOX™ such as IRGANOX™
1010. When antioxidants are used in the compositions, they may be included in amounts
of 0.0 Iwt% to Swt%, or such as from 0.5wt% to 2wt%.
Any suitable stabilizer may be used. Suitable stabilizers include, but are not limited
to, various UV absorbers. Examples are hindered-amines such as bis(1,2,2,6,6-
pentamethyl-4-piperidinyl)sebacate, methyl(1,2,2,6,6-pentamethyl-4-piperidinyl)sebacate
and bis(1,2,2,6,6-pentamethyl-4-piperidinyl)(3,5-di-tert-butyl-4-hydroxybenzyl)butyl
propanediolhydroxyphenyl; benzotriazoles such as hydroxyphenyl benzotriazoles such as
2-(2’-hydroxy-5’-methylphenyl) benzotriazole; benzophenone UV absorbers and salicylic
acid derivatives. An example of a benzophenone UV absorber is 2-hydroxy-4-
methoxybenzophenone, and an example of a salicylic acid derivative is p-octylphenyl
salicylate. Many of the stabilizers are commercially available, or may be prepared by

methods known in the literature. An example of a commercially available hindered

amine includes TINUVIN™ 622, obtainable from Ciba-Geigy Corporation. When
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i ncl ude alceih@desand derivatives thereof. Examples of suitable organic diluents include alcohols,
acetone, methyl ethyl ketone, and propylene glycol methyl ether acetate.

Additional optional additives which may be included in the compositions include,
but are not limited to, antireflective materials, levelers, plasticizers, adhesion promoters
and slip agents. Such additives are well known in the art and may be used in
conventional amounts.

The components may be mixed or blended together in any order. Typically, the
components are mixed together at room temperature. Optionally, sufficient heat and
milling techniques may be applied to solubilize or disperse the components in a diluent.

The compositions may be applied to a support film by any suitable method in the art
to form a coating on the support film. Examples of such methods include spray coating,
brushing, immersing the substrate in a bath of the composition, reverse roll, knife over
roll, gravure, rod and slot. After the coating is formed on the film, it is cured. The
thickness of the cured coating may range from 0.05 mils to 5 mils, or such as from 0.2

mil to 2 mils.



acetone, nethyl ethyl ketone, and propyl ene glycol nethyl ether acetate.
Addi tional optional additives which may be included in the conpositions
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The tensile elongation of the support films is less than or equal to 300% or such as
from 300% to less than or equal to 175% (ASTM D882). The tensile modulus is greater
than or equal to 50,000 psi or such as from 100,000 psi to greater than or equal to
200,000 psi (ASTM D882).

Support films include an adhesive opposite the side on which the composition
containing the nanopartilces is applied. Suitable adhesives are transparent and typically
have light transmissions in the visible spectrum of greater than or equal to 80% or such as
from 80% to greater than or equal to 90%. Typically, a protective backing is included on
the adhesive to protect it from the environment prior to use.

Any suitable adhesive which is transparent and prevents formation of interference
patterns with or without polarizing filters may be used. Typically, the adhesive has a
refractive index of 1.4 to 1.65 or such as 1.45 to 1.6 (ASTM D542A). Examples of
suitable adhesives include permanent adhesives, semi-permanent adhesives,
repositionable adhesives, releasable adhesives, pressure sensitive adhesives and freezer

category adhesives. Many of such adhesives may be classified as hot-melt, hot-melt-
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Adhesi ve TsﬁUh% or>3 f@lléssrtﬁﬂg@r Jqﬁélrqu (QgTM b§9259 {Fhérhdh%sweé)a{ls&hlﬁf]hﬁ% aromo0.1
mls to 3 mls, or such as fromO0.3 mls. Such adhesives are well

known in hige &BY6 @rddssnwumeas:fmnéil‘yciOdBSSyhambIr&qWé(ﬂo oY (MdddM 8dEoR)di ng to the

literature. | t.a esives t have ndexes. of |ess
than or equal TSRy~ gE SIS e iPisEs ot U Tk FRASBREEIREGR © asThr o
925) . Thetygidaas ppeeﬁlrak@@nmydﬁbams AEx NP (ﬂ‘fsuﬁl%eléésablﬁsf&ess@ﬂe sshiitiveas from 3%
to less than or equal to 1% (ASTM DI 300). pical ly, the adhesives are

rel easabl & lb?ﬂWé%@Wégryl‘%EOWeQ%%P‘ély&éﬂ*’ééﬂ E'és %]r‘@ne%fﬁi“é%i’lapwsﬁ’r essure
sensitive gr?%?idr&% re sgﬁ‘s‘?t'f%l ffees %H&hleﬁﬂ(lgflé’s%@léla OH{CF§§ Sm%%‘r%' tive

adhesi ves crylics, pol yuret anes y-al pha-o sil'icones,

conbi nat i eersitive adlzsives, andthnké'sdmatgra&emksmthcsc athbessi ves and t hernopl astic

el astomer - basﬁxerrp rla%?z%ressure sensitive adhesives include acrylic and silicone based
adhesives. Examples of silicone based pressure sensitive adhesives include
polydimethylsiloxane (PDMS) polymers that contain silanol functionalities at the
polymer chain ends and polydimethyldiphenylsiloxane (PDMDPS) polymers that contain
silanol functionality at the polymer chain ends. These are often referred to as MQ resins.
The MQ name derives from the fact that its structure has a core of three-dimensional Q
units (SiO4/>) surrounded by a shell of M units (CH3SiO). The resin also has a level of
silanol functionality on the surface. The ratio of M:Q is typically in the range of 0.6-
1.21. Suitable acrylic pressure sensitive adhesives have T, of -5° C and less, or such as
from -5° C to -60° C. Typically, the Ty is from -5° C to -15° C and more typically the T,
is from -40° C to -60° C.

Examples of suitable polyurethane type releasable adhesives include a polyurethane
elastomer having a soft segment which includes a long chain polyol as a main component
and a hard segment which includes a diisocyanate compound and a chain extension agent.
Typically, the long chain polyol is a polyester polyol or a polyether polyol. The

diisocyanate compound may, for example, be tolylene diisocyanate (TDI),

diphenylmethane diisocyanate (MDI), and hexamethylene diisocyanate (HDI). The chain



sensitive adhesives, and tackified natural and synthetic rubbers. Exenplary
pressure sensitive adhesives include acrylic and silicone based adhesives.
Exanpl es of silicone based pressure sensitive adhesives include

pol ydi net hyl si | oxane (PDMS) polyners that contain silanol functionallities
at the polyner chain ends and pol ydi net hyl di phenyl si |l oxane (PDM ) PS)
polynmers that contain silanol functionality at the polynmer chain ends.
These are often referred to as MQ resijgs. The MQ nane derives fromthe fact
that its structure has a core of three-dinensional Q units (Si &4/2)

sur r oundeekténsicn aghlrhayy forldxamplesbe 8 Snpculdrhecighe potyoblasd ahamnsticevel of
silanol fynctionality on the surface. The ratio of MQis typically in the
range of ©@BIM° 21, Suitable acrylic pressure sensitive adhesives have T. of
-5 C and | eSsuch Pblyatethnd Slastbiefd infludeCbiitire AR linfited kY Al $@d-domgdnentTg is from
-50 Cto -150 C ang nore typically the Tg is from-40° Cto -6WC Exanples
of sui t abtypesaihgieracthermaplasijopolyelethaneelpdomernBroryeed by oliersizingrolopgr et hane

el ast oner Vi fit. ' ' e I ' | as a main
conponent Cﬁ]"%‘n%‘n g“%&?%dﬁs‘%%ﬁe%’rg\t}\lﬁ%ﬁpln%ﬁﬁ@gg cglugﬁ%@g}g?gn %@c%@%{ghnd and a
chai n ext embRptwaganponentilypéscahéry a cutirg teactipndl aarriepp olityhyl addimga qpadsy est er

pol yol or a .polyether polyol, The diisocyanate conpound may, for exanple, be
tol yl ene Hikiapageahsuch @T@P?lylsoﬁiaﬁﬁ%ﬁwﬁrﬁ‘@%’ﬁ nﬂieﬁétBEVéﬂ%ﬁ‘ PR and
hexamet hyg)%&%f.drwpﬁw@afoes-ﬁmg acclitfudiARbNs ddlied Xt ensi on agent nmay, for
exanpl e, be a | ow nolecul ar weight polyol, and an aromatic diam ne. Such
pol yur et hane Bipisd Iy thertsvorqooipadent typetpodpruectivme elastoimesscare osed(in ountrast tvonponent

types, where a thernop] ast | ol yur et hane .el ast onqer, pr,.oduced hy.. .
ol yrer | 2 FRGnaPBRYRENEEn MR P HAReT G LB S MRero SRR SRR i by v
di | ut ed Wad fliphati©613ARYEliclysdtl anatc@ MThig @julisil i praPewedthdringassistiver € a

curing reaction is carried out b%} adding a cross- |inking agent, such as, a
pol yi socyanati@irtheg the pedyusethanerphastongar say thermejstyreasising hghe, Whpts a8 of

Typi cal | yiso@ af50 $rehdi kg nﬁ)@s@uﬁl‘:?ﬂ QP,Q)'} oﬂh%?hérﬁoﬁegtgi@dextr-ﬁmgh e f%/e.,tﬂb?-

t wo- conponent type polyurethane el astoners are i'n contrast to the
one- conpomeht type. \Wen a polyisocyanate is used as the cross-Ilinking
agent. 1t i PR BB Ot AL RALL SORAE G el hESUI €5 T
polyurethane produced by reacting a prepolymer, having an end isocyanate group and
produced by reacting a mixture of one or more polyols having an average functional
group number of 2 to 2.6 with an excess of organic diisocyanate, with a mixture of one or
more polyols having an average functional number of 2 or more in an equivalent ratio of
—~N=C=0 to —OH of 0.65 to 1.15; where the total of the average functional group number
of the polyol mixture and the average functional group number of the polyol mixture as
the prepolymer component is more than 4 and less than 5.

Polyol mixtures include, but are not limited to, propylene glycol, ethylene glycol,
polymer produced by the addition polymerization of propylene oxide or ethylene oxide to
propylene glycol or ethylene glycol; polyether diols, such as polytetramethylene ether
glycol; polyester glycols produced by the dehydration condensation of low molecular
weight glycols, such as, ethylene glycol, propylene glycol and 1,4-butane diol and
organic acids, such as, adipic acid and phthalic acid; glycerol, trimethylol propane,

pentaerythritol, arabitol, sorbitol, and polymers produced by the addition polymerization

of propylene oxide or ethylene oxide to one or more of these as an initial agent. Polymer



Further, the pol yurethane el astoner may be of the noisture-curing type,
where an isocyanate is reacted with noisture in air, or of the

t hernosetting extrusion type, i.e., hot- nelt. In addition, other

pol yur et hane rel easabl e adhesives include, for exanple, a polyurethane
produced by reacting a prepolyner, having an end i socyanate group and
produced by reacting a m xture of one or nore polyols having an average
functional group nunber of 2 to 2.6 wisth an excess of organic diisocyanate,
with a mxture of one or nore polyols having an average functional nunber
of 2 or npolgols prodnceschyi podyreerizingating mgnomer: Gy as cacrybphitsile andgyrepe m  15;

where the,tot e average functional group nunber of the polyol

m xture a SPPQQBéG%¥§GQaWUﬁc |on£ﬁxﬁpdﬂp nunber of the polyol mxture as

the prepol ynmesuitablgpenalt diisécyanites inblade, bueard nbeliiﬁltédlanatﬁmaﬁ’ol on m xtures

i nclude, but are not limted to, propylen et hyl ene col pol ymer
produced SVSOFY?é‘atﬁébcfPfh%)%12140@!)’#@’??‘12‘3‘{‘%3’6‘??‘%2 ﬁg‘fﬂegﬂﬁ’% t?:l%ndo'?' ’%‘Erfﬁ/l ene oxi de
to pr Opy{h%f]:%f Qh}ﬁ%%l Be(ﬁfsg?'ﬂaﬁélg AQA’Y& en f?l‘RJtlYa%’éﬁ‘i%c&jdngﬂe% 4such as
polytetraneth ene e ? gl ycol s’ produced by the

dehydr at i drphexqﬂrdethmwdnmymfatd pmlymthylmb]miyphmylgmwlgicym‘@tesandslt,li*h as, ethylene

gl ycol, 0 col d 1,.4- byt C o8¢} such as,

adi pi c acf“ﬁﬁ‘\éﬁ' ﬂ‘?src? a}n(‘,‘te i‘rﬁ’aﬁ%f"y% Qlc 'ts?(iyﬁg??ﬁ?%ﬁhgaﬁ’r fame {H§fene:

pent aer yt Hﬂidob?inte Hsietfi ey, RopiWroncaiishcpaayads-diyedtestmbtaidie addi tion
pol ymeri zat i on of propyl ene oxi de or ethylene oxi de to_one or nore of these

as an i ni diisgcyangienisoprppylidene bisgcycibeydisecysnaal eedixyidepedipasrnateriidyi ny|
nmononers, c X ﬁ;lbed above
al 50y BEidedimely g Actinh & ABGR KrbRRnl ekl RANEYE AERE

i mted t diisoayamaes the alighateeny atieyois diisnegémates areXygichlby ydekiebnenllse sfitbgianat e,
2,6-to|y|eneﬁ|lsoc rante and m xtures thereof, crude tolylenediisocyanate,

4, 4 - di ph¥R¥hsRneHssiEaiCsocyanat e, 2, 4- di pheny! net hanedi i socyanat e,

pol ymet hyl ene&&&mﬁ@p&&m@maué SRV eI ifclide, BaRE Rt 16RRL thspCyanat e;
aliphatic or alicyclic diisocyanates, such as, hexanethylene-

di i socyanp@yﬁw@am@piudmmlwcwmﬂm@em arstﬁzkbmﬂécdamweldht@%ﬂrbhexyl met ha

di d oh
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conpounds gioligy, Q(hﬁmb&rﬁiil@@agb >l @ Mielght of from 500 to 5,000 and from 1.5to 8

hydroxyl groups per molecule.

The adhesive may be applied to the support film by any suitable method known in
the art. Examples include dissolving the adhesive in a suitable solvent and applying it to
the support film, such as, by hot melt extrusion; dispersing or emulsifying the adhesive in
a suitable medium and applying it to the base film; casting or by calendar rolls or knives;
and forming the adhesive on a release liner and transferring it to the support film.

When the anchoring force between the support film and the adhesive layer is
insufficient, the surface of the support film may be treated with corona discharge or a
primer layer may be applied thereto. Such a primer layer may include a polyester resin, a
urethane resin, or a chlorinated polyolefin resin and may contain fillers, as required.
Examples of such fillers include, but are not limited to, silica, calcium carbonate,
magnesium carbonate, kaolin, sintered clay, bentonite, zeolite, talc and diatomaceous
earth.

Protective backings, which protect the adhesives from the environment and

accidental adhesion prior to application of the article to a substrate, may be composed of



di i socyanates the aliphatic and alicyclic diisocyanates are typically used
because of their weathering resistance. Additional polyurethane rel easabl e
adhesives include, but are not limted to, a polyurethane including a

pol yi socyanat e conpound and a | ow nol ecul ar wei ght olefin type polyol that
has no polar groups in it nolecul ar skeleton, and has end hydroxyl groups,
a nunber average nol ecul ar weight of from500 to 5,000 and froml1l.5 to 8
hydr oxyl groups per nol ecul e. The adhegd ve may be applied to the support
filmby any suitable nethod known in the art. Exanples include dissolving
t he adhesimaterials whishirtchiole cbws ateveniimaitadi toa pgllujosagpalymers and pepodymgssef il m
such as, by, hot nelt extrusi.on; di.spersi of emul sifyi esive in a
sui tabl e r%!ﬁeffﬁﬁsa%"dy‘gﬁtﬁf‘%ﬁSnE“Y {°P %lyﬁlﬁré’ %021 oeleél}sl’ ’:erlcH y?:aé% '%aﬁ"g’ %O?ﬁgﬁaj%al endar
rolI's or kpiyafitdes, posdy pelferschnti kemBihatsis\eerest. 2 rel ease |iner and
transferring it to the suggort film Wen the anchoring force between the

support film Swestrates toawhies theartidgeapay ke anphediine|udednt ?‘ret‘}ﬁ’élig‘éfﬁ i 8las% t he
support 1, S t&iﬁ@%\ﬁg s L WA RBRs BF RABAL BCaRbnddtichahTRfarih@yer may be

applied there uch remer Tayer may | nclude a polyester resin, a

ur et hane rebicles; alier ¥ekible@oimpanents, paodhyas) fefidens, hesdsndems) bwenpersopartiaien fill ers,
as required. Exanples of such fillers jnclude, but are not limted to,

STl ca, calbnaerEsl boRet d SofHymeiavold Meliances Wt N AT 0y,
bent oni t e,6v2R0nlsRved, PéF g inghRIBCERAUSS; afd@prlobectif¥ Sda@Gutl &, RaGletsngs, whi ch
protect the adhesives fromthe environnent and accidental adhesion prior to

appl i cat i dncleding vieoraof helmets Geacrslinghe eanepositieps and ardelpomar bepppisd tarat eri al s
whi ch i ncludg, ;bity, ?{]gla&%ol&fngi‘ .Ilnﬁtgriﬁlg’mgcgll hid \9&?&&. pol yners and copol yners of
nes’ vinyl copoly

pol yesters, poal yure nets, polyol efins, polycarbonates,

pol yi m des,  pepivaliy, derticepacy agpdiey neglassaind transpatenapolpmsrstshetr safsed mubst r at es
to which the articles may be appl'ied i nclude, but .are not °|i§>|rtﬁte to, gl ass,
such as, MiPdQYss Wingshighdssmirrosn@ad lenggs, dbpariclss permit alrlpast {90t Visbls onaut i cal

and e | NGighiRRhCH E%lcrRitBhed/GoBh s (6 JUMARRIaSs R, A3pickBIdRY driclBoods,

doors, bunpers; artié I ngs; green houses an uns; househol d
appl i ancegpemsitirthma % el¥e pEvisibtt lighy trpmss thonghs Aatidlesswitly eedgasabdé r i ger at or s;
furnitur e;adﬁées%(\;[eis lm%? be %;r)]p i€d 10 h%cstul)s\{reé\ltegaef\lﬁrp’eelg&l gvr&]/ayags’ dersllff\éd.r\%tﬁout damage or
staining of the substrate.
In addition to the other properties described above, the articles have a yellowness
index of less than or equal to 3 or such as from 3 to less than or equal to 1 (ASTM
D1925). Haze ranges from less than or equal to 3%, or such as from 3% to less than or
equal to 1% (ASTM D1300).
The compositions and articles provide mar and scratch resistant coatings for
substrates and inhibit interference patterns, which typically are observable by color
fringes. Additionally, many of the formulations include fluorinated compounds which

are environmentally friendly. Typically, fluorinated compounds where Ry is CF3, C;Fs,

C3F7, or C4Fy are environmentally friendly.

Example 1
Poly-3-(2,2,2-trifluoroethoxymethyl)-3-methyloxetane with a T, = -45° C, an M,

7376 and an M,, = 7951 is mixed with a urethane acrylate oligomer having an M,, = 965,

an arylphosphine oxide containing free radical photoinitiator IRGACURE™ 184, and
colloidal silica particles dispersed 50% by weight in tripropylene glycol diacrylate at



i ncluding visors of helnets. Generally, the conpositions and articles may be
applied to materials such as glass, polyner materials, netal, and wood.
Typically, the articles are applied to glass and transparent pol yners such
as used in w ndows, w ndshields, mrrors, and | enses. The articles permt
at least 70%of visible light in the wavel ength range of 400nmto 700run to
pass through. Typically, the articles permt from85%to 90% of visible
light to pass through. Articles with nel easable adhesives nay be applied to
the substrate and peel ed away as desired w thout damage or staining of the
subst r at erooinrterapetaturato fomn & liguidtnhisturg r Bpevtiags sidesicthe beltbidddsiliea t he articl es

have a yel | ownes i ndex of |es h o} ual ,t ar, such as f 3to
| ess t hanP%Pe %Sq'aif’m{‘oqﬁe REHG m%ﬁeg%%_wtﬁﬁfg)ofyé%-égg,%tp&lwliog §X¥Iﬂ%1th§)lg']r equal
to 3% or3siéedyIxetahé, B 5394 6f thes®tiah@icrPate oigbiabr, 6OWRAGLE ASTMISHaI300) . The
conpositions and articles provide mar and scratch resistant coatings for

subst r at esjlicanenppasiigde dispersiensandSme® of she fegerradicaliphewiniigpal |y are observabl e

by color fri s | aki.ans. incl ud
{1 uor nat ed CRgBAHAER AR B KoKl by RERYLRUERAL D 1001 1,

f 1 uori nat mdylaanjacuops]ywee sweppbft film viHBa thickkéss of €3diEtp fam L£ddatiag an ¢he
envi ronnent al | I

friendl Ex | e s . .
ol y- 3- ( 25eppor s hﬁ%%%’i%%@gg?‘h = KORMON o lightdnapRliet fp e foatne. 450 ¢, an
M 7376 apgh 8ReMdn pulstdamp Squippe@yit 4 1B balbuh 8l HeEsededdsl(@dEmPmdPger havi ng
an M = 965, an aryl phosphi ne oxi de containing free radical photoinitiator

| RGACURET®Mrd 84 Thepehtingad 0.5imiksithisk.l i ca particl es di spersed 50% by weight in

tripropylene glycol diacrylate at 17 r.oomtenperature t.q farm.a ki quid
mxcur s The Retd of St Electe iRt FERE MeteBol b Ut b The
m xture ischsdess Betbrifieddby POCYs dpplidd & tRe buppbitumastthedereppgltd to the

3-net hyl oxet ane, 30.5wWm % of the urethane ac%%lﬂjate ol.i goner, 64w % of the

col | oi dal sidepfitheeurpdheratiag: The adhgpive isratesrbasedappliod using grapweto fumiay i cal
phot oi ni thgér 'mil 1§ M Xture is drawn down onto an optically clear
met hyl met hacr yIPat e- butylacryl ate copol yner support filmw th a thickness of
5 mils to forApeyctatrelngsedinet isplacedipyo tlte. adh¢sive td peotead ifkogmrthre has an MV =
100, 000. eLrjl\\//irlo}n%Qrgt pri%)r %p sle.I %ﬁe i[)(())lyésrt]eef\ h%s? éar;[ fn?rglsic viscosity of 6.75 mL/g in

dichloroacetic acid solution at 25° C. The polyester is a copolymer derived from

dihydroxy alcohols of 50% ethylene glycol and 50% propylene glycol.

The coating of the article with the nanoparticles is then scoured with steel wool of
0000 gauge for 5 seconds. No marring and scratches are expected. Also, no color fringes
are expected to be seen with or without a polarized filter when light passes through the

article.

Example 2
A mixture is prepared by combining poly-3-(2,2,2-trifluroethoxymethyl)-3-

methyloxetane having a M, = 7376, M,, = 7951 and a Tg = -45° C with a urethane
acrylate oligomer having an M,, = 965, an acrylic copolymer of methylmethacrylate and
butyl acrylate having a M,, = 8000, the free radical photoinitiators are IRGACURE™ 184
and IRGACURE™ 819, and a dispersion of 30wt% alumina nanoparticles with an
average size of 25 nm in propylene glycol methyl ether acetate. The molecular weights
are determined by GPC. The fluorinated polymer composes 0.5wt% of the formulation,

the urethane polymer composes 40wt%, the acrylic copolymer composes 30wt%, the



wi th a xenon pul sed | anp equipped with a B bulb in air for 9 seconds (100
mJ/cnR) to cure it. The coating is 0.5 mls thick. A copolyner of

2- et hyl hexyl acrylate, vinyl acetate and nethacrylic acid with a T. of -43
C as determined by DSC is applied to the support filmon the side opposite
to the side of the cured coating. The adhesive is water-based applied using
gravure to forma layer 1 ml| thick. A polyester release liner is placed
over the adhesive to protect it fromtfge environment prior to use. The

pol yester has an intrinsic viscosity of 6.75 nL/g in dichloroacetic acid
sol uti on atndpartiCle dispergimi gomgtose 3wtth,ahe GAGHRE™E1 9 verdpdseo Awidiamnd theox y

ariiole wRAACHORSsRamPelsa v M rBhF buiouthed ot miflSt S8 ' 0800 |

gauge for ygise680&8. No marring and scratches are expected. Also, no color
fringes are expected to be seen with or without a polarized filter when
| i ght passes The Bixgeretseoatedroniaci @ils Eansppreat sppporhfil ay @ Examplehathsy by

conbi ni ng _pol y- =t 1] t =13~ . ving a M =
7376, e DL e e rein's et SRER IR, T hontte BB MELBRRgIET N0 B U 0
an M = 9@bscribéd indxahipte Copaky/eA fiof curiaphan adbediecwith dtefommdatidnsyh acr yl at e
having a M = 8000, the free radical photoinitiatorg arge | &JRETM 184 and
| RGACURETW*8mple 155 appiiedita e teansnarest Swpt Sm opResits o B Sisteran Whigh thg; ¢ h an

aver age Skéﬁhlﬁsaﬁﬂ@@?in propyl ene glycol nethyl ether acetate. The

mol ecul ar wei ghts ™ are determ ned by GPC. The fluorinated pol ymer conposes
0. 5wt % of t heThosidubfthe amicle withetha fidm isaatingdey ingthe domppegesopatitlenist he acrylic

copol ymer co ses 30wt % the 1 noparticl e, dispersion ¢ ose 3w % the
| RGACURETI?/F%‘E%O‘EMS‘Q&OO%\?& Giog Qoo BP0 SeRp SRRl IR R S dciB A o, The
remai nder ekgecRdO PN A6 cAloy fritige @t BYpeciiie be obseplaBleavisiDdrweittiout dhe m xture is
coated on a 5 m|s transparent support filmas in Exanple 1. The solvent is
driven of fPolarized fileeswdgn fightpagses throughdahe atiglesi ght is applied to the coating
as described in Exanple | to cure it. After curing, an adhesive with the
formulation as in

Example 3

A fluorinated oligomer with acrylate functionality and acrylate terminated
fluorinated polyether (POLYFOX™ PF-3320) is mixed with ethoxylated trimethylol
propane triacrylate having an My, = 1000, acrylic copolymer derived from (meth)acrylate
and butyl acrylate monomers with an M,, = 10,000, nanoparticles of titanium dioxide
with an average size of 90 nm, and the organic solvent methyl ethyl ketone. The
fluorinated oligomer composes 0.05wt% of the mixture, the acrylic copolymers composes
20wt%, the ethoxylated trimethylol propane triacrylate composes 20wt%, the
nanoparticles compose 20wt%, and the remainder is composed of methyl ethyl ketone
organic solvent to bring the formulation to 100wt%.

The mixture is spray coated onto a support film 5 mils thick composed of
polyethylene terephthalate with a T, = 140° C to form a coating on the support film. The
coating is heated in a forced air oven to drive off the organic solvent. The coating is then
cured on the polyethylene terephthalate support film using an electron beam with a dose
of 6 Mrads. The cured coating is 2 mils thick. The adhesive with the formulation of
Example 1 is applied to the polyethylene terephthalate film.

The cured coating with the nanoparticles is scoured with steel wool of 0000 gauge

for 15 seconds. No marring and scratching are expected on the surface. Also, no color



Exanple | is applied to the transparent support filmopposite to the side on
which the coating is applied. The side of the article with the filmcoating
havi ng the al um na nanoparticles is scoured with steel wool of gauge 0000
for 10 seconds. No nmarring and scratches are expected. Al so, no color
fringes are expected to be observable with or without a polarized filter
when |ight passes through the articles. Exanple 3 A fluorinated ol i goner
with acrylate functionality and acryl atge term nated fluorinated polyether
(POLYFOXTM PF-3320) is mxed with ethoxylated trinethylol propane

triacryl atfindeseicregpented\p be-seeh0gith omwithdut & pelarizddyifiter when ligkichatsesm

(et h)acri}lratc?1 agﬁg gutyl acrylate nononers with an M = 10, 000,

nanoparti c1'& otPe i'f&hi um di oxi de with an average size of 90 rim and the
organi ¢ solvent nmethyl ethyl ketone. The fluorinated oligonmer conposes
0.05m % of the m xture, the acrylic_copol ynmers conposes 20w % the

et hoxyl ated trinethylol propane tri e conposes 20wt % the

nanoparti cl es,GeRRASEd RNbALAWrINE dsFERk I Hiad ok HBRARE (PBECRYRY| et hy!

ketone organic solvent”to bring rmulation" to 100wt % The m xture is
spray coatiét) ientixedavishupipoopylehk Iginchl dindrglateland kthowylpted ¢timethylopplopastehy | ene
terephthalate with a Tg = 140 Cto.form.a coating on t support. film The
coating i ¢! Eﬂ‘ft&c?oinﬂldalg'?aé‘f’ﬁaéﬂdﬁ? ?fosblxlféﬁlaYIBg ar F\’/eéa%fsfzetqg%%é‘ﬁﬁ?étﬁ%! vent. The
coating i $adik®Phot&iitRtbr PRGATRTRIIMY EE4hYIThe Afofih &IHYidARIaroR asHpper t fil m using
an electron beamwith a dose of 6 Mads. The cured coating is 2 mls thick.

The adhesicompages Bwt’hef thecampagitiem thsrtripropslent glypolidiacayipieicempesss Howt"
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expected to be seen wi.th or wi.thout a polarized filter when |ight passes
t hrough t S@MBPSES BYVES g e8MROSItiNN- | yor i nat ed hydr ocarbon acryl ate di spersed

in triacryl atendQpyRHioh %%Ydﬂatea%l;ﬁo d Smils $6Gcatbbraid SupP6@ BiYth €9 foril 2y c Ol

di acryl ate and ethoxyl ated trinethylol propané
1 mil coating on the support film. The polycarbonate film has a T, = 143° C as

determined by DSC.

The coating is UV cured in air for 10 seconds using a xenon lamp (100 mJ/cm?).
The film coating is 0.5 mils thick. After the curing, a polyurethane adhesive of 2 mils
thick is applied to the support film on the side opposite to that of the cured coating by
hot-melt extrusion to form an article. The polyurethane has an adhesive strength of 1
g/25mm.

The article is then applied to one side of a glass window 3 c¢m thick. The side of the
window containing the article is exposed to sunlight. At least 80% of the light in the
visible spectrum from 400nm to 700nm is expected to pass through the article without

observable color fringes with or without a polarized filter.

Example 5
A fluoroaliphatic polymeric ester with an R¢= C4Fg NOVEC FC-4434) is mixed

with Tone Polyol 0301 which is a linear polycaprolactone polyol, 40% nanosilica in
cycloaliphatic epoxy with an average particle size of 25nm (NANOPOX C620), and
triarylsulfonium hexafluoroantimonate salts (CYRACURE UVI-6976). The

fluroaliphatic polymer composes 1wt% of the mixture, the dispersion of nanoparticles



triacrylate, colloidal nanoparticles of silica having an average size of 50
nm and a free radical photoinitiator | RGACURETM 184. The fl uori nated

hydr ocarbon acryl ate conposes 2w % of the conposition, the tripropyl ene

gl ycol diacryl ate conposes 40wt % of the conposition, the ethoxylated
trimethyl ol propane triacrylate conposes 25wt % of the conposition, the
nanoparticles conpose 27wt % and the free radical photoinitiator conposes
6wt % of the conposition. The conpositign is roller coated onto a 5 mls

pol ycar bonat e support filmto forma 1 m | coating on the support film The
pol ycar boramposes BowtigshapdlyolcohpBseS 1 awt% drd the wnivedsaitycuD8Cageft eompeses ng i s WV
cured in iro/for 10 seconds using a xenon lanp (100 mi/cnR). The film
coating i ™05 nils thick. After the curi ng, a pol yuret hane adhesive of 2

mls thick i ghegpositiohds dphdy @diRA®Ao 4 pdlyoatidnhie SuspodtiEfilapP asistigick.o t hat of
the cured coating by hot-nmelt extrusion to forman article. The

pol yur et hdhe pplxsarhenatiweRet Blm hash e 7 1H° § as dptersyingd bydSGrticle is then
applied to ong si f | | i5b & et W ndow
cont ai ni ng thzhe;ﬂgllg(ﬁ%r & (?lsr&ie@gg%ﬁg%Q%wééﬂﬁ@g%pb&ﬁlﬁkﬂgg‘g?é gg}%a{)r?e the light in
the visi blibussipecFusion D donp #06nan506 mdGetmA solpxpbateedihesvpasppliddrtough t he
article wi thoyt obseryable caqlor fringes wth,or w.thout.a.polarized
flltor. BORRAAORE DA PHERRRESIP oD SN b TUT CHPtn iRPRLCbAFS ( NOVEC
FC-4434) iisis BhpiRd byWicbhveh@iogal Ret-¥elt pRhetsk. Wk alhdsive 3s 0.5 MR thRRhNERA! Ol act one
pol yol , 40% nanosi ?II ca in cycloaliphatic epoxy with an average particle

si ze of 2BnpdiesiAnerPaetiosDif) g/25min. tri aryl sul f oni um hexaf | uor oant i nonat e

I CYRA - 69 . f | | d . .1 wt%of th
mxture, the BRHOFE oo bl haRLs B3hEE PR MIELERRRaR i Ol P 1

conposes :pdstd andirettstindightiandsssivs toca% ofthagBitle kghmpoapsctedwt Pass The
conposition is spray, coated onto a polycarbonate support film8 mls thick.
The pol ycaiBegidhe adiglsigd the windpya Nopoler fringes greexpectebiodieseded by DSC. The

mXture i's cupfgukficd OF i 3ueRak I sl GinPURRY:higd WbIIRY S Qo cness of

No mars and scratches are expected.

Example 6

Poly-3-(2,2,2-trifluoroethoxymethyl)-3-methyloxetane with a Tg = -45° C, an M,, =
7376 and an M,, = 7951 is mixed with a urethane acrylate oligomer having an Mw = 965,
arylphosphine oxide containing free radical photoinitiator IRGACURE™ 184, and
colloidal silica particles dispersed 50% by weight in tripropylene glycol diacrylate at
room temperature to form a liquid mixture. The average size of the colloidal silica
particles is 50nm. The mixture includes 0.5wt% of poly-3-(2,2,2-trifluoroethoxymethyl)-
3-methyloxetane, 30.5wt% of the urethane acrylate oligomer, 64wt% of the colloidal
silica nanoparticles, and 5wt% of the free radical photoinitiator.

The mixture is drawn down onto an optically clear methylmethacrylate-
butylacrylate copolymer support film with a thickness of 5 mils to form a coating on the
support film. The copolymer has an Mw = 100,000. UV light is applied to the coating
with a xenon pulsed lamp equipped with a B bulb in air for 9 seconds (100 mJ/cm?) to
cure it. The coating is 0.5 mils thick.

A silicone pressure sensitive adhesive made from a linear polysiloxane polymer and

a silicate tackifying resin (MQ resin) with a T; =-90° C is applied by transfer coating to



m| using a Fusion D lanp in air at 500 mJ/cnR2. A polyurethane adhesive is
applied to the polycarbonate filmon the side opposite to that on which the
filmcoating is applied. It is applied by a conventional hot-nelt process.
The adhesive is 0.5 mls thick and has an adhesive strength of 50 g/ 25 nmm
The article is placed on a glass window 5 cmthick. The side with the
article is exposed to direct sun |[ight and 85%to 90% of the visible |ight
is expected to pass through the artichp and the wi ndow. No color fringes
are expected to be seen. The surface of the article is then scoured with
0000 gaugehssuppprt firolon thsy side enppesiteds the Side ofthescuaedicoatingt Theadhgsize lyprect ed.
Exanpl e 6 Mf%yth"% (2,2,2-trifluoroethoxynethyl)-3-nethyl oxetane with a T. =
-45 C, an - %76 and an Mv = 7951 is mixed with a urethane acryl ate

ol i gonmer havi AgpcyestdMimera6placedasvet theadipdiveeo protateit Gont tiekhvigorinieae r adi cal
photoinitiator | RGACURETM 184, and. col.loidal silica particles dispersed 50%
by wei ght AIQr {a yssr ARg Pelyestesinas an indingic \jscasisy ofto- 7#@523 incHhorapGstie agif form a
l'iquid m of e is 50nm
The m xt Urs 1 el nIeB S tatoh oty S BB sl vk e e

3- et hyl oxgtyahand 300 Brepyicoé glyba. ur et hane acryl ate oI i gorer, 64wt % of the

phot of ni 1 at ofhe P BEDHALC SotR At S P B Moy EafT e iSear
met hyl net haaoyddatme aRile/is dedny 911@1 &ptn@bnéﬁfewlrﬁwmelardfafphdkmmrﬁdk ahehi ckness of
5 mls to forma coating on t P port film The copol ymer has an Mwv =

100, 000. Wvrfpgegrithg %ﬂ%lﬁgﬁ th@rusqosreflm hcQ09Pigavge waal foral 0)@@%25}‘1‘5 phiogeats andp

equi pped n re it. The
coating I‘é&%ﬂg@s ﬁFQk%%}e'gk A%Rr ?‘ﬁ%@%ﬁfﬁggﬁ{%@éﬂgé %)e[hrgg%e@?ve made from
a |inear pahyshididwhere theodriictelis @lpded avithi drivdthioet pearididgy/filegs.r esi n (MQ resi n)
wth aTg = -90 Cis applied by transfer coating to 21 the support filmon
the side opposite to the side of the cured coating. The adhesive |ayer is |
m | thick. A polyester liner is placed over the adhesive to protect it from
t he environnent



prior to use. The polyester has an intrinsic viscosity of 6.75 nL/g in

di chl oroacetic acid at 25 C. The polyester is a copolyner derived from

di hydroxy al cohols of 50% et hyl ene glycol and 50% propyl ene glycol. The
article is then taken outside of the | aboratory, and the polyester liner is
removed. The article is then applied on the clean w ndshield of a pick-up
truck. The surface of the article is then scoured with 0000 gauge wool for
10 seconds. No mars and scratches arejexpected. Al so, no color fringes are
expected to be seen through the w ndshield where the article is applied,
wi th or wWhabistclapmediist zi ng filters. 22 What is claimed is: 1. An article
conpri si ng cQnpasition conprising.nanoparticl es e qr r fl uori nated
conmpounds a?lld gﬁéglﬁe ?%?pélsg}grﬁ)c()oﬁwggm?%c% rémf%téan%aﬁ%%g?’tofl%n?mg Fe ‘
conposi tion i sflaghimearbmpouiisiand she &1 ére @bmposds p@¢iire thid ovnipasitian thelhesi ve is
adj acent a second side of the (sfgfs)rport film The conposition of claim1,

2.
wherein the f| eRsrpastioads adizgsBlinddiratsideaf gsupport ilm andram adhesiys is adjacent
fl uori nated poLg&éQ&gi?T Oﬂhgg,?]‘g)%ﬁrfﬁ&r_l (meth)acrylates, fluoroalliphatic
po

pol ymer esters an yurethidnes 1 ncorporated with fluorinated polyethers.
3. The arti d.eThd campmusitioh,of wlagn &) wherbia tiafhopmated chmpownds ashdween frarom

di spersions of surface_treated nangparticles, neat. nanoparticles and
m xt ures ther e8f€ or@or?ﬂghagrfqa&q% Oﬁea@Fsa' Hyrpear &%?twafrﬁgal?es%pport filmis

chosen from onfu&baliPhatc pdlPm¥Oesers s pobirstianeY inceilofdtédiRith PAbNiSded enes,
acrylonitrile-butadiene-styrene, polyvinyl alcohols, polyacrylics,

acrylonitriie-pelyethera pol yners, pol yvinyiidene chlorides, acrylonitrile
e L1 ey PRLYE B RS RO L SRS R P Siale ™
net hyl pent ene- surfapetryared sanopartiylestneatarandpaprédigsrand snixedsythdresfny| i dene
(Lor1 60)  BelYTeLs, Rabu L CLuel do polyer s pelycarsenates.
et s JSTOLRLp LR phpl RN R il ik 5,
polyvinyl alcohols, polyacrylics, acrylonitrile-styrene polymers, polyvinylidene
chlorides, acrylonitrile acrylic styrene polymers, acrylonitrile ethylene-propylene
terpolymer styrene polymers, polyurethanes, polybutyral polymers, poly-4-
methylpentene-1 polymers, polybutene-1 polymers, poly (vinylidene fluoride)
polymers, polyvinyl fluoride polymers, polycarbonates, copolyestercarbonates,
polyamides, polyacetals, polyphenylene oxides, polyesters, glycolized polyesters,
polyphenylene sulfides, polyimides, polysulfones, polyether sulfones, aromatic
polyesters, and polyallylates.
5. The article of claim 1, wherein the adhesive is chosen from permanent adhesives,
semi-permanent adhesives, repositionable adhesives, releasable adhesives,
pressure sensitive adhesives and freezer category adhesives.
6. An article comprising a composition comprising nanoparticles, one or more
fluorinated compounds, and one or more compounds to cure the composition, the
composition is adjacent a first side of a support film and an adhesive is adjacent a
second side of the support film, the adhesive is a releasable adhesive.
7. The article of claim 6, wherein the fluorinated compounds are chosen from one or

more fluorinated polyethers.



5. The article of claim1, wherein the adhesive is chosen from permanent
adhesi ves, sem -pernmanent adhesives, repositionable adhesives, rel easable
adhesi ves, pressure sensitive adhesives and freezer category adhesives. 6.
An article conprising a conposition conprising nanoparticles, one or nore
fluorinated conmpounds, and one or nore conpounds to cure the conposition,
the conposition is adjacent a first side of a support filmand an adhesive
is adjacent a second side of the supppyt film the adhesive is a rel easable
adhesive. 7. The article of claim®6, wherein the fluorinated conpounds are
chosen from ®ndé methodrosreprfidingr i nat ed pol yethers. 23 8. A nethod conpri sing:

a) providing an article.conpri.sing a.conmpositign conpr.ising nanoparticles
and one or nore fq)UBFqVWéT%%P%'bHﬁSEWBQS'% c%ﬂ%osg}on%%néngﬁﬂgﬁ%agmﬁeg cure the
conposi tion, the copiPsiedr@fort FludhaAsdmpdundsanll ofié B€mefe cdnipepidtb fil m and

an adhesive is adjacent a second side of the support film and b) applying
the article to a subyetha@mpesitientthecomppsitionisadizeeat it side pimsuppert

substrate is chosentIT o af SrkEvOk pdfoent A3 AR ofinebdh fin IS, Lo
cl ai m 9, wher ei n b)hepplyibg thearcle © asubstnadotw, profectdbéd sudisttate lapdo iohibitmi r r or .
formation of interference patterns.
9. The method of claim 8, wherein the substrate is chosen from glass, and
transparent polymers.

10. The method claim 9, wherein the substrate is a window, windshield, lens or

mirror.





