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SUMMARY OF THE INVENTION

[0003] In certain respects, the present invention is directed to coating
compositions comprising: (a) an alkoxide of the general formula RyM(OR"),.x where R is
an organic radical, M is silicon, aluminum, titanium, and/or zirconium, each R' is
independently an alkyl radical, z is the valence of M, and x is a number less than z and
may be zero; and (b) a silica sol comprising silica nanoparticles and a polymerizable
(meth)acrylate binding agent. In these coating compositions the polymerizable
(meth)acrylate binding agent remains substantially uncrosslinked after the coating
composition has been cured to form a hard coat.

[0004] In other respects, the present invention is directed to an article at least

partially coated with a hard coat. The hard coat is deposited from a coating composition
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0007] For purposes of the following detailed description, it is to be understood
that the invention may assume various alternative variations and step sequences, except
where expressly specified to the contrary. Moreover, other than in any operating
examples, or where otherwise indicated, all numbers expressing, for example, quantities
of ingredients used in the specification and claims are to be understood as being

modified in all instances by the term “about”. Accordingly, unless indicated to the
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[0011] As indicated, certain embodiments of the present invention are directed to
coating compositions, such as coating compositions suitable for producing a hard coat.
As used herein, the term “hard coat” refers to a coating, such as a clear coat, that offers
one or more of chip resistance, impact resistance, abrasion resistance, UV degradation

resistance, humidity resistance, and/or chemical resistance.
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[0014] Suitable tetra(C;-Ce)alkoxysilanes that may be used in combination with

the glycidoxy[(C;-Cs)alkyl]tri(C;-Cs)alkoxysilane in the coating compositions of the
present invention include, for example, materials such as tetramethoxysilane,
tetraethoxysilane, tetrapropoxysilane, tetrabutoxysilane, tetrapentyloxysilane,

tetrahexyloxysilane and mixtures thereof.
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el B 5B 130 BE SRS e i
siz&éahebe determined using a Horiba Model LA 900 laser diffraction particle size
instrument, which uses a helium-neon laser with a wave length of 633 nm to measure the
size of the particles and assumes the particle has a spherical shape, i.e., the “particle size”
refers to the smallest sphere that will completely enclose the particle. Average particle
size can also be determined by visually examining an electron micrograph of a
transmission electron microscopy (“TEM”) image of a representative sample of the
particles, measuring the diameter of the particles in the image, and calculating the

average primary particle size of the measured particles based on magnification of the
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from 20 to 90 weight percent based on the total weight of the coating composition.
Suitable solvents include, but are not limited to, the following: benzene, toluene, methyl
ethyl ketone, methyl isobutyl ketone, acetone, ethanol, tetrahydrofurfuryl alcohol, propyl
alcohol, propylene carbonate, N-methylpyrrolidinone, N-vinylpyrrolidinone, N-
acetylpyrrolidinone, N-hydroxymethylpyrrolidinone, N-butyl-pyrrolidinone, N-
ethylpyrrolidinone, N-(N-octyl)-pyrrolidinone, N-(n-dodecyl)pyrrolidinone, 2-

methoxyethyl ether, xylene, cyclohexane, 3-methylcyclohexanone, ethyl acetate, butyl
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tol uene, nethyl ethyl ketone, nethyl isobutyl ketone,
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OSEEL! S0y SrAGEEHHE LA 0 SHAUE Rl My e
hydrblysisiof theltgidag yzabbeoalhanidd(e)d Hoy ekmﬁple,emwertinﬁrembndlments water

[0025] In certaln enbodi nts water is ovj ded i n
is pressnhin aﬁéggglgh?{,atflqﬂst Lpan wf'dye}}gq Rer gyolg ﬂéhydrolyzable alkox1de

In i@érﬂﬁcﬁf%@nt@'éfﬂ&&%é}no&@{e BXRMRIAt, b b SQéqg:hfé
e t | east

odiments, water 1s present In an anount o
[0026F noI eln cn‘navmd:mbodnmentﬂm atalyst hypiovidgd abéatalptekthe hydrolysis

and GpriFRsERR TeaEaRT BB CRHBHHIBITROR e SHRIERS Y 8 idic mateial
an(ggpflgth;gﬁfs Qe THoh HRlacidhe RERYLELSMidhendlafls iA GcidPon
exposure to actinic radiation. In certain embodiments, the acidic material is chosen from
an organic acid, inorganic acid or mixture thereof. Non-limiting examples of such
materials include acetic, formic, glutaric, maleic, nitric, hydrochloric, phosphoric,
hydrofluoric, sulfuric acid or mixtures thereof.
[0027] Any material that generates an acid on exposure to actinic radiation can be

used as a hydrolysis and condensation catalyst in the coating compositions of the present

invention, such as a Lewis acid and/or a Bronsted acid. Non-limiting examples of acid



and condensation reaction. In certain enbodi rrents t he

cataléﬂlyﬁ is an acidic material and/or a mater
WAL fromthe acidic material, which gengF£{11§§005/H07883
aci d upon exposure to actinic radlatlon In certain

enbodi nents, the acidic material is chosen from an
organic acid, inorganic acid or m xture thereof.
gemgicnmpbmgiséndnqlﬂ esunfsabuatd indesyt sadlssarometicdi@zonium salts,

ti I i ; ]
mefiGtesiim sl Hinheltafors e The b puanachy Saspolypers dssqriped in
Unféd States PaRft Nbes 9@1f ,033, QR hitrdeXbiFRY 8dtérd |de§c'ih%tad in United States
gener ates an aC| on eXposure to aCtl nl (o ra | atl on can

Patpnt Nis ées4&sl 33, Ihy@rmtrylshe@yhamtadﬂo thedrpsdydsters @l caldyesppédh

dertyiines DRE0 Blfiicpetint N0 BREDL syl 58 or

arohMafic hlcﬂhél!; e&u%ﬁi@ta &sbayl g@hﬁgﬁa Bb&tibMalphL BB EbSthe
i nclude onium salts and’i odosyl salts, aromatic

sulphcmatsrestengeaipt N-sulphonylosy deriativesofian aromatic amide or imide,

arofial: pREBT AP Y dinr B e P Fe s cog gy BE bUEIA grgups in
the‘?éhﬁ‘iht §déﬁ as ﬂio@@ hes%ﬁb@d th @ﬁ%rStQ@?Pétht% et Hsat E)‘Eamples of
Pat ent . 49,137, the o-nitrophenyl acefals, their

theﬁﬁﬁaslmgoe a@natﬁdl w@%m@deml dissldsod in Unisest $tbted Patent No.
545115%?(1 States Patent No. 4,086,210, sul phonate esters
‘'omati ¢ al cohol s containing a carbonyl group in a

[00R8F! T i ONIAdepiath QhbdMhants,Ghé AGd %é&ﬁe‘?itﬁ&aéoﬁl&%& Is &XdafibRic

N- sul phonyl oxy derivatives of an aromatic am de or
phatpingditorasushas an oniimealts INgrHamiingsxamples ofisuchinaateriads include

a h
aioffiogbREm R 8 Bl Bimatiig S PhENEFe (Bl A fgpble o
Sartaf® E12 5612 &ada0bL 188 | Font SAEANEraTnilan9N OdrisuRdtRE oMb salts

catal ysts are al so disclosed in United States Patent

areescribed 51 Ugitgl Statps Pglent NochpIh802, eolvou §ndine $9 to pelumn 14, line

46g§ner 1:8%‘1{’] an‘ﬁ’?un%tﬁ“}"?‘}ﬂc?f%gf ﬁ&ﬁé@ng# dsator such

tetrﬁﬂﬁ&bb@ﬂa&l, ?lﬁ&iyﬂd%c@ll@fmhbﬂd PhényRodahitim REfluoroantimonate,

triarylsulfoniumsalts, which are comercially

dodgexldinhengd laciﬂn@an@axz(ﬂlyor@tmm@ate2[4aﬁﬁ&tmdqmoliox>ﬂphnnyllphenyl

le gnium salts are
IOdgescr ‘B‘ag“‘”ro H]X(tma% i iy ﬁl TP No. 5, 639, 802,
[0029] UM 8Thé mMButDf catalySl Wik irlthe chatirly onposAidAPbEHe Present
such onium salts include 4, 4'-dinethyl di phenyli odoni um

lnvmtmrmamly@mw&ebt and dspent,on me@@ﬁw@xwm used. Only the amount

reqlﬁgggg 9aq¥1zelxa oLr] gr)}clg étﬁ { oa%dngt)lggts) cdndgr?scall 160 Irecallic 1811e 1ns¥|equired,

e.gl, 4cb(a1%fzir%t dndsleg.anoderaitydnrimibtp b ydidic aekderidl @hd/or acid

hexaf | uorganti nonat e and m xtures thereof. )
generating material can be used in an amount from 0.01 to 5 percent by weight, based on
the total weight of the composition.
[0030] In certain embodiments, the coating compositions of the present invention
include other additive materials, such as tints or colorants and/or photochromic
compounds, including those described in United States Patent Application Publication
2002/00651407 at [0051] to [0056], the cited portion of which being incorporated herein

by reference.



[0029] The anmount of catalyst used in the coating
conposi tions of the present invention can vary w del
Wgﬁ%@éﬂﬁghd on the particular materials used. ERMAYSEHE007883
anount required to catalyze and/or initiate the
hydrolysis and condensation reaction is required,
., a catalyzing amount. In certain enbodi nents, the
[0031:] di ¢ nbhecaating sompositiersi of thyepreseat 1m’gntmn @nialso inelnddene or

molfSinoB AR e = Py Aot e oRTERN AP A B ppomotes
and the HRE ! B GrBFRAA AL, th@@oa@lﬂgtcbﬁ oﬁemtﬁé fresen®fnvention

he present 1 nvention I nclude 6thef additive
conmwraﬂaWsabsmbmh as tints or colorants and/ or _
o0 O R s R oS Rafia i Rt venion
cor&?@s%/ag%é%%@he pOgsildf thet @%&;h,bea hﬁUﬁﬂtédegtae@ Phﬂeﬁtn

whi ch™ bei ng i ncofporated herein by reference.[0

Appiigation SerialdNe ddﬁdé;&SQ@hEDO@ﬂ] tor{QO(b'/r] etéle wited partion pﬁwhtciarbemg

1nc?qp8wt%gglgqr?ulg$¥ggﬁefeﬁr8%ng@ Sha eflfl se a%llgé?rb?fese ‘t:m t%e coating
corRpSNRInGh an addent 6¥el ol 2’5&%1%1‘& ﬁé?dehﬁ'sﬂclﬁﬁ@@' IBeHSSto 10REeight

coatl1 ng COﬁ'pOSI tions of t present | nvention conpri se
pergenthbaatb o th@rtota[ gddoyeight of @het coatingpdropRsiENt s, t he

ti ng 05|t|o of t resent inventi
100337 o1 gan GO BRLAREn g BF oPHEE B pRoBGH o1k SRR i Ention
are %hdeel%xﬁ'tﬂ% ﬁﬁteﬁ@k@ﬁﬁodﬁ@éﬂ 10G8¢ LHHnSRbMPbsifien aslﬂdlﬂof the silica
16, 552 at 0004] to [0007], the cited portion of ch

solbmbﬂtgnmai geofaom ih someeqaaesbyomplmbefmeof @wcﬂteaadlcally

t f. th ti
ol BkStatis iglerint Eamss fhsb S mbleFaRBke tlnni-SBR el or
pertafifictRhalmbRomk&iOér o'?_hgbﬁleilig alpai! cyRBSafifRdtic o@%ﬁﬁﬁiatf?:n

the total solid weight of the coat’ing conposition. _
(m¢thpeajlates Awwsedihareamitatiorns fisubstantiallctyed”i mepns that the material

ositions of resen 9\ ion are L de
beifip ARG et i e g o, et iluad P el epBimaly Ryotner
woRR! the hatérine dﬁéd ndt affe&lthe propertie@bf @k kymbbfforRf As ded Hefein, the
sone cases, conpletely free of any free radically
tenpo‘pympktebafne mamrthalthe BRigrpl s sobpresant n thacemperidomatell.
nt af unct. onm

[00 0340 in c:erttalrnI (Trnb qod Iais tﬁg&/ g(? ‘nr‘%icﬁ‘ﬁlg??‘ 10%5r éfrlrggrgﬁné invention

or” ol i goneri C C

are(sUBStADRALY Yied o€ %r, ﬂ%oﬂ}%@:ﬁs&@ edapletelyTeect F1afly free radical
substantlally free" means that the material bein

polan@@a@mdnmgtom eSushtmaterialnmchidampoy pempennd; thatgfornag iree radicals
th t h
oo G it ARG syl e S oo o S

certa®ieémb&difiefits, 4rbSubstantially or completely absent from the coating

compositions of the present invention, are benzoins, benzil, benzil ketals,
anthraquinones, thioxanthones, xanthones, acridine derivatives, phenazene derivatives,
quinoxaline derivatives, 1-phenyl-1,2-propanedione-2-O-benzoyloxime, 1-aminophenyl
ketones, 1-hydroxyphenyl ketones, and triazine compounds. Other free radical
polymerization initiators, which, in certain embodiments, are substantially or completely
absent from the coating compositions of the present invention are acetophenones, benzil

ketals and benzoylphosphine oxides. Another class of free radical polymerization



term”conpletely free" neans that the material is not
resent in the conposition at all. [0034] In cer
5%@%%M s, the coating conpositions of the BFE@@%‘{WOMS%
i nvention are substantially free of, or, in sone
cases, conpletely free of any free radica
pol ynerization initiators. Such materials include any
initgadorp.ouinidh tih atrtdio embodineeats; axtisubstantiablyor essppletel pabsont from the

cosfie PP RO ARE brewAL BV ebfor SRR i e EOaplg ion compounds,

whitMRsd @phbRlof Xbébrrblﬁg ARrfé Rly¥ aRPpRIdbcihf Bk b BcAQ 3G the
conposi tions of & present invention, are benzoins,

mateeinlsidescribed i pl_lbd_fshed Eurogcmhpaiqulappimspn ERI222 5811 amhlém,ted
Stalya i3t Ko el Rofdy pnd ot T2 SEECR 3 Fkospain
embodimehi F?)? rQSréﬁf %vﬁﬁtkb%flﬁ YAOKS FBre ﬂigﬁ“inlpl azHlecgy\klelght or, in

ket ones, ydroxyphenyl etones
sonpoegses, nd morelhaaro ¥ paeent @mwmghtm iyt bthat cases, no more than 0.1

|n| i at or n certain enhodi nents,.are .
pergEis by Siscatijof o Fedica Bp St g ihadBitors G pieiehE Begprigbeing
base@ BRAR tbta@%lghft of e c@étﬁl%edi‘hﬁo@i\ﬁ%ﬁt ion are

acet ophenones, benzil ketals and benzoyl phosphi ne

[0038] des. lih@ccmtgmg cbmpesitidnsfafdhke prasting alvention can be prepared by any

suififlpstrihed fid G Eafs Risin UG pheaifridhy, Easeuppote, the

coaftﬂhg @bhb@sxﬁ&%tdaﬁ%e ‘i)%ﬁﬁ%%l' By aQ m&spﬁarﬁilgr d@@l?ﬂhg KHRVARG NN
are the ionic dye-counter ion conpoun whi ch are

desenbedrbove indihsnabdding thectilica sol toalias atleast pamauE hpdsolyzed
Eachals, such as the materials described in published
pean- patent application EP 223587 and United

[00§5Pt es Pah&Blatigompodifidns!dhe ?rez%z 1@%&1&1"%‘&7%611% any

a result, certain enbodi ments of the present
sultablﬁaubstme |hnwlewemmarmmaees; timrsulnstme serplastip sulestrgbet, such as

th

theffpoplpflieBesfR 35Tl P e o opiPGT SRl noTsge

butwbﬂ&ity&tle fo1&f1s ro@ﬂb@@hex@wn)é ¥Rk &ﬁ’d papstylréhé Ip%m&hen\mla@
wei ght” percents bei ng based on the total wei ght of the

polyesieri p@ys@fvacrylwn and gpRBjmerH en@@ablem@ th‘tm?fom tions
t he gsent ven Lon_.can be
10037) ¢ a1 PARERamP R bk S0ahorDoBHERBY fitn MoyBibass thegpipstrate
surfad thaytehfedted t9cl@naipp| Bffedtiie teamdnd cERMIGRES oF pRABEcsGAdlude
be prepared by at |east partially hydrolyzing the

ultrapgros tlgeningskashipgavigdbanaqugnes mn@we@é@rmglqsnb/egt, qugea 50:50

0l t he aty | east

mi s B R b B Rt QY G T RS b e,
e.gl, eaiienOWith ddw lﬁﬁnﬁdﬂ&hiefiﬂastnﬁh GBorérial disthh@e satldschemil treatment

however, in many cases, the substrate is a plastic
such g @yd@g@laﬂgx@bdw ,&tching of the surface with an aqueous solution of alkali, e.g.,
sodium hydroxide or potassium hydroxide, that may also contain a fluorosurfactant. See
United States Patent No. 3,971,872, column 3, lines 13 to 25; United States Patent No.
4,904,525, column 6, lines 10 to 48; and United States Patent No. 5,104,692, column 13,
lines 10 to 59, which describe surface treatments of polymeric organic materials.

[0038] The coating compositions of the present invention may be applied to the

substrate using, for example, any conventional coating technique including flow coating,
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t hernopl astic substrate, including, but not limted

to, polycarbonate, acrylonitrile butadiene st¥rene
WBIZE‘H‘G@O%\‘ pol yphenyl ene et her and pol yst yr ene PCT/US2007/007883

pol yet heri mi de, pol yester, polysulfone, acrylic, and

copol yners and/or bl ends thereof. [0037] Prior to

applying the coating conposition to such a substrate,
diptchating, bpin caatings wlf coatinggeoprtpin doating anl dpyayctcating.ngpplication of

Ef fective tr.eatngnt chni ques . for .pl astic¢cs incl.ude
the PSSRSO 4 TG DR Y, B ediPediie dLeh R ioamgnt that
is s@bst2ftRAY e SPHYRRE coRaflinan®, &P, 8 @ledh ¥Jd#h.€CO4tings prepared by

i sopropanol : water or ethanohwafer; UV treatnent:
the peadessefghie grsent inventiemmay eange in thideessemem k to J0owicrons (um),

enper r | asnp.or corona.di scharge, and_chem cal
such SR B0 ZLER S5 ) SPGSPESe AGM 210 LAt B idiof ¢ he
[0039f face Mmﬁg aﬁ;ﬂi&%ﬁb@oﬁ@béﬂti&lg%ﬁﬁoﬁ{i&%ﬁhe réent invention to
sodi um hydroxi de or potassi um hydroxi de, that may al so

the substraten the dohtig ssurddasicars by Haship Heawatipatambmett éemperature
for it e R b BEIaNE (5 cpfihecet 1 ARGIoPT e {GbRgyd Gine
whffg'chﬁ e SlairiRedd) 6R siilled 1 tRO4m B2d upSh %H@’ba%t%%ulér'cﬂﬁﬁlg

to 59, vyhi ch descri be sprface treat ment's of
andporl sphsirate bangasedc Avatsed heilem, tHeGodsy “clited” @odit‘¢urng” refer to the

conposition f t present .inventign be. [ i
at IEGP PRl drihning Of elboiontnts Qb e cbtgl i aieiBiRied Fope
curéd® §Tei, Qﬁ)sﬁ-@iﬁi&éﬂ. QS etthigl e%?doﬁﬁnédt@, %&&@isiliﬂﬁ d@ﬁdi’ty?f?é!,t thede gree of
spin coating, roll coating, curtain coating and spray

crogshimkinggrangespliroro 36iteh 0@ percens of semplety wossbiokingi dhe preseree and
substrate may,. i f, desired,, be, done i n,an.envi ronnent
degtp gt 8Bt P I RE deBub St b b S b ST of
mefhofls, suéh 4 BHAMIORABhaBRA! iheHSal RSN SE COMDA kg PASSEr
of the present invention may range in thickness from

Latratories MK H DMHA apaliyer, asus Hesgsibéd onb/mitadsStates Ratentdvel,

6 SPGB T Sofoss . TR iy Bopiep RGPS e

incgfp@fsg@mhéraﬁ%tr'b@fbnk@. t h_e substrat e, ot he coati ng is
cured, such as by flashing the coating at anbi ent

[0048hper at Lir eertapy embppdimentaevham s matgrial thategeneraics ag aciden

coating at an.appropriate tenperature.and tine i.ch ..
exsSiey ferfic PRiRRE TEBFeAGRY g, FIRER iSO p i Broshifivhgtion.
as dd3erilisardbo el Ithe coubing cofpadiidOmas BBt leadt Pariaily gurdd & irrdMiating

used herein, the terns "cured" and "curing" refer to
theicpated subsiraterwithh enring ames of Akianigles dight sithes afendhamaal byt

A T e

theetfflutiyig ptocess. DuithgdRe refliMionGteds theicBited gubstrategrsy Be om
35 to 100 percent of conplete crosslinking. The
mapytaBh# SOQIR dCTHRYIRIMES, 618-.Z20S st thiaay §e heated to anplevated

tenfePittle WHicHIS BRI W the S8 Hp RS HEH ST En 2% 8 theAhubSitte 8curs.
[0041] One feature of certain embodiments of the coating compositions of the
present invention is that the polymerizable (meth)acrylate binding agent present in the
silica sol remains substantially uncrosslinked after the coating composition has been
cured to form a hard coat, i.e., after the previously described curing step which cures the

hardcoat resin matrix. As used herein, the term “substantially uncrosslinked” means that
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met hods, such as dynam c nechani cal thermal analysis
éDMTA using a Pol yner Laboratories MK Il DMIA
WARYBIPER1 a5 is described in United States PaPEMUSRY7/007883
6,803,408, at col. 7, line 66 to col. 8, line 18, the
cited portion of which being incorporated herein by
reference. [0040] In certain enbodi nents, when a
upamatuer ofethe tbminggemposities taforac lthrd coatxhe polymetieatdet i ni ¢
radiation is present. . in coatin conposition of the
(mfa@é%ra s Feagied with HheLiqF ot CABBRRTOR FRIMRABSR'S figyan extent
thaCRERRsidn VT tiPsEinfhard %aﬁtton 31y &rbohafe bbbty is nr%atively

irradiating the coated substrate"wth a curing anbunt
impafted) ita: ahie bardtcoht exhibitsairedeed afhesiontratngymitiep nasurag)as

thl.e G2 ting, sinultaneously during a thermal curing
desgy 3§2qw'or inlieu of a thermal curing process.

[OOIWF ing t Hl_ecehﬁfnae‘ilﬁlﬁ;d'hﬁéhtﬁttﬁ@coaﬁﬁg chﬂﬁéﬁﬁlorfsl&stﬁé' fresentB¥ention
be mai ntained at roomtenperature, e.g., 22C, or it

exhitr by intpero veslaetdbelsiom toapo] pdaghoiatecs ubstrapes; ithoet thiisehofi agprimer,
el ow t.he tenperature at .V\:h}'éch damage.to,the substrate

while paidaingng 654,10 HRC Fases Highidrantly impaying e Abraainp desiance of
the rERiItERAOL AL ST teré%rirlg{lﬁ;éasﬁ #3E0es nBY EMArRR thSsilica

that the polynmerizable ( acryl ate bi ndi ng agent
sol desesibed hémint Her pintposes of the preseat insestidhs abrasioakdsystance is

e oL S SRS b T SR L OS00h BEo)
witH 85 f52cRtheGHEd TR ASIHRP3 08 Hablt btdsfoh dydRsh F[nd}i?lﬁﬁéseﬁ BBthe present
As d h h tiraltly

mat ri X. use erein, the term"sSubstan
invemtmo gl abrisima resigams dfazoaiagis Cimprowvéd thlativo tit another coating if

itJ .0 f d t, the. ol i zabl e.
the Bt eh FontBe A By sz S S e B engine to
whicR 9 Blink @BmBRIFR0 AAIRESiof, FoPPurPddes BF thehadsehtiRvaiBRSK ON
of the resultant hard coat on a pol ycarbonate

megsubrst usittgs Ceosshaehr ddhesign tesh adierd a imudti-bladh eutier(Baw ddat
GGl PSR Ssh B PRk ek A R s FERRL L B8 o0
makif@shRGhE BRIk iR6 theubithfe. RIRHERE AdHeSRMN meikufed s

_inproved adhesion to polycarbonate substrates, wthout
Nidhihanlde24tape (qrei padlradjackintl te theesubstzdte). Adhesiah isirated oma 0-5 scale

(=GP0 g o FEesonig S U 45 braseat B fffagy the idbesion
of £&tihP % ‘tiﬁ?hv@awem% 16 QARhrTRatifeif athdsich rifthg is higher than the

described herein. For purposes of the present” .
coating ¢nwhish it iatbemgicomparedi tsaresnli, shepresent maeition is also directed

o TREH Baoor s 1B ehd S RSoR Birnge RLSCaiog cappesiton
the Hhd BERprfipAn L RBing A HRScoafiRs cAHpRafmSa ficd e cHRhHSER silica
nanoparticles and a polymerizable (meth)acrylate binding agent, wherein the
polymerizable (meth)acrylate binding agent remains substantially uncrosslinked after the
coating composition has been cured to form a hard coat.

[0043] As will be apparent from the foregoing description, the present invention
is also directed to an article at least partially coated with a hard coat deposited from a
coating composition comprising: (a) an alkoxide of the general formula RyM(OR"),«

where R is an organic radical, M is silicon, aluminum, titanium, and/or zirconium, each

12



i nvention, the abrasion resistance of a coating is
"i mproved” relative to another coating if the % h
ngz‘%%l‘?é“%bau ng after 300 taber abrasion cycl ech@]SZO‘”/‘)Om83
| oner than the coating to which it is being conpared.
Adhesi on, for purposes of the present invention, is
nmeasured using a Crosshatch adhesion test, wherein a
R' imindepersleate an atkykrad{cRhalis the vaendnef MCamdra ima numibr Jess shan z

and B85 beseto R (e e S@ﬁ@gﬁrla@ggﬁ‘@%aﬂl%%%beg a polyierizable
(iS¢ Sindt LRI WREIEHS BolydaY (EEnYRHIfte MrdhdAftnt s

subsahtiallyoumcirasshisktedd on a 0-5 scal e (5 100% adheS| on,

% adhesi on For es of t inventio
(00440 e TR Arekint Tvepheh RaNPiEie A FRods Bir depyaiifg, s Rird
coa®BR b RAst %%hﬁcﬁﬂoﬂ afplés‘ilﬁ%ﬁb%té aFHe@Qrﬂeﬁlotik %}ﬁfm;ehedj at R8st

coating to which it is being conpared. As a resul

partially hydselymingianadoxidsrofitee gdneral ormaia RM(QR Dmtwieeds Rflsuan
i Ny he. adhe i on an braS| resi stance, qf. a
ore R e iR SLERT GRirR Hngop PrRITYR b Raiong
1ndb§bn*d9ﬁl)ﬁeﬁﬁélk§1§fa&i@£fpﬁ§§ thé oaleﬁceSdﬂM Cﬁld%@ils aGRYet Rkthan z and
lica nanopartl cles and a pO yrrerl zabl e

may hgtzm)a(h)y’lﬂ@ng alsilivdispbcomygising sifearreinopartieles and a polymerlzable

BT B R LG Tl ek BB E B Yo o

coa%igg'\l/ém_@ﬁ)&il%h hasdepesifing tl{e%attil‘i% é&ﬁﬁasﬁmmfndat @8t a pdriOt8f the

be apparent ffomthe Toregoing description,
substrate panslsdh curingvtbe coasimgicompbsitionli whereie thet polymerizablec| e

I | | t with a hard ted
mhgsi e b iiesRounFoGens cehe HrupY HErGnRE o U st
In QhtallGnBRINBERS, Subl fﬂét}ﬁ)dmgﬂrn):l%dgtﬁé@?erpeof%p?@n@h primer

or ganl c radi ca Mis silicon al um num titanium
befamﬁp@tynzgﬂlc@natmgcogmmms i ndependent |y an al kyl

0043672 HGrsliireBe SRieB0STAS e forghing' el WARR hoEler, are
notG6 P lcbsdidi@edad lifhiinl ganwmeﬁti&ll 16 $heddbta1sP Qs lotieaRise
(et h) acryl at e bindi ng aﬁent, wherein the

mdy@teyln@l partssind perasniagescingthefadlopiingiexagpigsens weld as throughout the

rosslinked. [0044] The present
Spe%llﬁ%%{rl} 8#19“%6 gf) directed to nethods for depositing a

hard coat on at | east amf a plastic
substrate. These nethod 2! (a) at |east
partial ly hydgeh élln&eaé}aé&&mﬁaﬁingfc&ﬁb%sg per al

formula RAMOR JZ-X where R 1S an organic radical, M
[0(]46] Sili c&ﬂutedlnnmncrwmhsotuttoanwasmreparmﬂ/hyrmmmg:hﬂﬁ gmmseafdl@%

it o iy RO D0 B o3 Sl {han 2 nd may be veror

[0045) addi pP, fesd }e'a&?orﬁ'@sseq o914 %"afhg ofilica
nanoparticles and a polynerizabl e

glycidoxypropyltrimethoxysilane and 186.0 grams of tetramethyl orthosilicate were

mixed. The contents were cooled with an ice/water bath. When the temperature of the
silane mixture in the reaction vessel reached to between 10-15°C, 80.5 grams of pre-
diluted nitric acid solution was rapidly added with stirring to the reaction vessel.
Increased temperature was observed as the result of the exothermal reaction. The

ice/water bath kept the maximum reaction temperature between 15-20°C. The maximum
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(rret h)acryl ate binding agent to the at |east parti aI 'y
ydrol yzed al koxide to forma coating conposition; )
W@é%@ézhg the coating conposition on at | easPCEHUS2007/007883

portion of the substrate; and (d) curing the coating

conposition, wherein the pol ynerizable (nmeth)acryl ate

bi ndi ng agent remains substantially uncrosslinked
temgferaturetwas reached §- 19tneiputek aftergthe additiembbidie aeidtsel,utisuc After the

net hods do not i ncl e. St & pl
ma R IR S A R i Rignlo, SR pre e Mo i
solhﬂléﬁiv%i AdeBhtb B fefMRRAVSR] éﬁd%r H&@in %Wﬁé’fﬂhﬂﬂqdﬁ &ﬂ’&ﬂe?a‘%ure
however, are not to be considered as Imting
was tﬁached\/ieh@ imomuteoatten e sedertda¢tasge dfitheasd sdlheonnilhe ice/water bath
all parts and percentages _in _the follow ng

Sh%éégkiﬂpt ged mgXinyn reaglon iKPPGHRYE PCMYren Bws €1 Adter i, m%ﬁl@um

DS T R o B 80 (i

at rpbmnampetabye for i mmrsl Afer gristime Othe pB6Mhe mmulacwai b&th&n 1.9-
granms of wat er. [00 In_a clean_reaction

2.0, L8 aH W SO0y BY HeMIOKAREH Y SPREOFS! | ane

tet%@t}%xﬂo&ﬁ&rﬁ%’d%xﬁee;oﬁﬂ%t1H¥1[1eéﬂa[ntohﬁ§ Heq”@z{c omés%el After pH
m xe e contents were cool anice

adjbstirent, M6€.85 grdms d>fdhmmaﬂ®rm/1,0f 2@twn§¢ﬂ BYIK- 3ﬁ6xan.¢f@ 1 prams of
the r ion ves reached to t ween 1

50°é’rt§ﬁ%’?%‘f OpiNEYheXa @aroahqsp e é%‘FSoFO OfR BIPPYkEES F%rg%ﬁt?/as

catRAHEshotd-tlitistht WeleRdddPint ﬁ‘le rr&%%h 95’551¥1e§1§(ﬂhe 4655 Aigitre was
tenperature was observe the resurt of the

stireedofolh 0428Iminetes tif oom tﬁmpenaﬁné wat er bat h kept the

1068 mnt brbsvaias nilacn 84,40 o 0P T B 40430 s of

Do@ﬂ%l@ Pl zﬁlfd @B%Oaéhtﬁ fgclh%ééﬂﬂzt al&fhtof{}vgg}glxgg.gfnﬂgygﬂflxmre was

t enper at ure was reac I ona
thepradded intit the rediction eesael] ahdsthe udaction nﬂﬁu&dd&:htlhmﬂ dort ddditional 30
reacti on vessel undgr stjrri maxi mum

miREes At raem temperatures 4 ﬁé%?t@gfeﬂh%bﬂ u‘faééheaffilaqreq theough @M
m‘ﬁ@@é‘gﬁ%ﬁ nﬁﬁleqﬁ{eg 11’?951&1%&% The ice/water bath shoul d

mum r eact tenperature between 20-25C.
After the maxi mum t enper &xampleids reached, the water

bath was_renoved and the reaction vessel was stirred

[0049] r oom Matrpelpa®draaspasent polysarbenatpsubstrater{BayeriAg) wanhgnsed

s OB EERY I PR o

withd¥bulb with UVA dosage of 6-8 J/cm” under air. The final dry film thickness was 3-

5 pm. Coated samples were evaluated for optical appearance, adhesion and taber
abrasion resistance.

[0050] As demonstrated in Table 1, the coating without the silica sol did not
provide acceptable adhesion. The coatings with the silica sol provided excellent
adhesion and abrasion resistant. The coating with silica sol and a free radical initiator did
not provide acceptable adhesion. Without acceptable adhesion, coatings do not exhibit

abrasion resistance.
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t et ramet hyl ammoni um hydr oxi de sol ution in net hanol
into the reaction vessel. After pH adjustnent,
WO R2YRHR1 Dowanol (r) PM 1.2 grans of BYK-306 BHE/UMO:'(/OWS%
granms of 50%triaryl sul foni um hexafl uor ophosphate
salts solution in propyl ene carbonate as cationic
photo-initiator were added into the reaction vessel,
and the reaction mxture vabledtirred for 10-20 ninutes
rnnAo1 I A ocponAar PN
I UUIII C CII’JCI ou ul C UUH‘U I A OC'JC!.I At Il Cl TTC
42. 40 grﬁqmmuna%bcryr (r) 14D, 42.40 gr§?§’l’$
Dowanol (T PIVI and590. 00 granp of djacejone ar£onpl

[
ITCHI auucu IHLU l T

4
|Olrm'vf||§a\ clfr .eés
2

D%recruré%@. tional 30 minutes at Foofhtémmedature 9 Th
coating sol Uitstong was then filf fered thr Ou%sﬁltsp- 45

I nnnnnn I ‘ I t or e ) ol N o laValal
HIbIUH4HUHIHuI uuPQU|p 1t

[<p]

D

W%ﬁ’?ﬂep 2 rnnaqr Mokraol on(r) r@ﬁ@p r &rlgar ;gig‘rrhnngq@r
Initiahtsansmissio @@V er AG) was rinsed &nd|wi $8d wi t 87 85

Adhegiogfpanol . Coatings were spih applied ®n un-psi ned 4
HAHASREAI0R cw& dTHh6S ABtdsian® DUl D w th U_‘S’/SI dosagg o n622§)
Haze‘% aﬁeruibﬂ ’gycles chab'e'r'tzaxbgaéfc'n‘?j ary : 4‘6“'8554%5 B

ant 1 pla
A SOTIC T U oT™ CT—Cvoar—uo

Al?—‘fﬁ%ghrreﬁﬂ?’l&e adhesion and taber |Q§?S$e; chashcb  fail

6‘68?5 d‘)%és’r;deg& gfg‘\it:l?' ed HA Tagl e 1, the coating WI t hout

adical photq- rcm 1ally:a 11 € 8 e 1 hadh orporation.

4Coa é Lrwance 11uaﬁedlgg %U%l m Eb,;{ Of IE? %\7? %@% ﬁjﬁ){

51m al[u%{ Jn%?La% hcm?et?oa“ ng wit

6A(§1EJldnC@ro§ tchiEhikd E’Q@ad'h@sq}e ﬁﬂgtséaﬂ: 0Qfs (rQJ thegi% 100% adhesion

aﬁepﬁ%gu e accept abl e adhesi on Wt out acceptab

7 TaBEHMBEEION TalePA0 ABEdef] €SNOWhRXK H0D phm&dTWwaBhtOMaze% was measured after

300rtsded cgdl@nce. Tabl e 1 Wei ght based on hardcoat tot al

* If baat is &t7% 2fteNa0Daghendycldsd@mple eagren foi @ilitiynatdoa ebrasloh eycfes aimpleting a

gotaHafriQ(eab@hemyeles 3 A free radical photo-initiator,

Reguirement dir gbrasjonzissisfantagst Bo ofhaanalBir B0 t@sewyelal ty Cheni cal s
Corporation. 4 Coating appear ance was eval uated after

cure. itial, transm was ..nmeas red ith .. .

10088k or © L e cbRAEP BRIy Bo SRR g ey Bt o gifications

mal)ibe Mdae fo tH-inven@dh Saihvat depRRingFRinh B2 o%ﬁé’ép@s @sclosed (R the
adhesi on - 100% adhesi on after t ape pul

foregoing description. Such modifications are to be con51dered as included within the

following claims unless the claims, by their language, expressly state otherwise.
Accordingly, the particular embodiments described in detail herein are illustrative only
and are not limiting to the scope of the invention which is to be given the full breadth of

the appended claims and any and all equivalents thereof.

15



7 Taber Abrasion: Taber 5150 Abrader, CS-10 vvheel S,

500 grans of weight. Haze% was measured after 30
WL es. 8 If haze is <7% after 300 tabePCEﬂp(,slzqé)g/‘ms83

sanpl e was run for additional 200 abrasion cycles

conpleting a total of 500 abrasion cycles. 9

Requi rement for abrasion resistant is < 7% of haze
WeeClagn: 300 taber cycle. [0051] It will be readily

appreci ated by those skilled in the art that

nodi ficati ons may be nade to the invention w thout

depar s disclosed in the foregoing
L des%ﬁo%(‘@g)&fn‘?@shﬁ%ﬁc%ﬁ{b?ﬁ@ tions are to be considered

as (ayah alkedideiof khiergenbtal fcminluleM(lR Bixvehers R ésan drigenic radical,

cl aj s, their | ang expressly state otherw se.
M 15 sEi5PBy ar%kﬁ?ylu% qn@?ﬂrgrrcmd? & & aderepdently anplkyl

[

radfeBE 2is (B SRRD: O 9, AL S0 BN 08 e TS, B and

gi véh) atsﬂ&:afsu] donimrsatgt dilicaf nahbpartgpeatialpall merizabde@nethicrylate
.and all equivalents thereof . W Caim 1. A coating
bindhg3getty i on conprising: (a) an al kOXI de of the general

for i

R e R L S R b

undrssslmkmlpiﬁed tretdogtimncahpositiondais baén. cuzed ® fole a\hatdgoae of

M and x is a nunber less than z and nay be zero; and

(b) a silica sol conprising silica nanoparticles and a

pol I [ LN
2. P e TR bt S e Sy R AR Ul RORR, coIREEL T 1
comsbibsti andfi agg 1} oi denyd € SG4) alkidgui (@ f-Celalkokgsilaaaiongmer and a tetra(C;-

C osjtion has been cured to forma hard coat. 2. The
C6)€@‘§? CBIPPBYFti on of claim 1, wherein the al koxi de

conprises a conbination of a glycidoxy[(C

1-C3)alkylJtri (C 1-C4) al koxysi | ane nonomer and a
3. t et The @ating Canpbsivory ef ¢laine2, molreoea the gyciatmqr[@laej)mlgyl]td(cl-

osition of claim 2, erein the
Cosliekysilens mopomersemRsss R LR B | ses
g- gl yci doxypropyl tri nmet hoxysi |l ane. 4. The coati ng
conp05|t|on of claim2, wherein the tetra(G-C
4. 6) alThosoating aompositionef claiunixmflmsinnlm tetrash Hojalkoxyailene
and/ or tetraethox The coating conposition

MOGPMEY CAMRTISes {Hame XYS}?]%“% R/ tettagthoxysilang es have an

5. The coating composition of claim 1, wherein the silica nanoparticles have an

average primary particle size of 100 nanometers or less.

6. The coating composition of claim 1, wherein the polymerizable (meth)acrylate

binding agent comprises hexanedioldiacrylate.

7. The coating composition of claim 1, further comprising a catalyst.

8. The coating composition of claim 7, wherein the catalyst comprises an acidic

material and/or a material that generates an acid upon exposure to actinic radiation.
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average primary particle size of 100 nanoneters or
ess. 6. The coating conposition of claim1l, whe
W?H%‘)sﬁ)éﬁﬁren zabl e (meth)acryl ate binding agen?CT/USZO‘”/007883
conpri ses hexanedi ol di acrylate. 7. The coating
conposition of claim1, further conprising a catalyst.
8. The coating conposition of claim?7, wherein the
catal yst conprises an acidic material and/or a

| .t hat t
9. mot Tt Saptba b PERRET ST el Bt SRt i eshrates pppcid
up S ex\ﬁ@ﬁfr@{(ﬁa&lﬂﬁ: Iﬁg‘ltaﬁéﬁ @(gm}t)lli@g agmﬁ@bﬁﬁoﬁﬁlaﬁﬁ' d upon
eXposure to aCtl nl C radl atl on COlTprl Ses a Catl Onl C

photoinitiator. 10. The coating conposition of claim
erei.n, aside.fromt.he terials uced .t
10 f PipaBk sBEPET O ST 1 ahereinarsile foch Hegpaterglgintroduced
to thE B&B&?ﬁxgtcb Eomﬁoﬁ; H@ﬁérﬁ@ﬂthéllslhﬂéa §d18@e @bmbb&Bod @@'usﬁ!idtﬁélly free
yneri zabl e materi al s. . Tecoatlng conposi tion
enaﬂlaaltlw nolynmezahlmmatﬁ:elabon'pom tion is substantially
free of a free radical polynerization initiator. 12. A
plastic substrate at |least partially coated with a
11.har E’hé?&fhhng @&ﬂgb.‘hﬁ&n 6f Qi N8viep@ht Itﬁwc&lqmaﬁﬁ,htls Sibs@htially free
claiml1. 1 lastic substrate of claim1
ofa/\fneer@dmakmymm@ttmanmtla@r pol ycar bonate. 14. The
pl astic substrate of claim 13, wherein the substrate
does not conprise a priner layer. 15. An article at
12.| eagtplpde tsu@dtﬂate # Qs Eshritdllycoatedavich £Rat cogRRpbiRd fonPihe
a coatl ng osition conprising: (a) an al koxi de of
coaunecgmpemtwno laimt b RXM OR )Z-X where R is an organic
radical, Mis silicon, alumnum titanium and/or
zirconium each R is independently an al kyl radical,
13.Z | $hé PRsticAduBStefe 6f cle 9 Gyvherdifl tife SUBSBRE is RhcaltdbRRteZ
and may be zero; and (b) a silica sol conpri'sing
silica nanoparticles and a polynerlzable

14007 hbP ot Rl Sl PR AR 7 Stisrsib 0 My Eje fpes npt comprise a

pnﬁl@pﬁygntl ally uncrosslinked. 16. A net hod for
depositing a hard coat on at |east a portion of a
pl astic substrate conprl sing:(a) at least partially

15. hy%% % 1844t fa)a.ljt(l y coeaté)c{ w1tﬂ hard Saf liepfo(s)f(terﬁ‘J %rom a coating

composition comprising:

(a) an alkoxide of the general formula RyM(OR"),.x where R is an organic
radical, M is silicon, aluminum, titanium, and/or zirconium, each R' is independently an
alkyl radical, z is the valence of M, and x is a number less than z and may be zero; and

(b) a silica sol comprising silica nanoparticles and a polymerizable (meth)acrylate
binding agent,

wherein the polymerizable (meth)acrylate binding agent is substantially

uncrosslinked.

16. A method for depositing a hard coat on at least a portion of a plastic substrate

comprising:

17



where R is an organi c radical, Mis silicon, alum num
titanium and/or zirconium each Rlis i ndependentl

WaRMB069324i cal , z is the valence of M and x |§CS/US¥007/007333

nunber | ess than z and may be zero; and (b) adding a
silica sol conprising silica nanoparticles and a
pol yneri zabl e (neth)acrylate binding agent to the at

| eaf) aplgastipattially Ihydltrowzyr@@ alkdedst¢ afethe eerienalrfpamd@ &MEGR )z

A A
R' ffshﬁleg)@lgégp’g? af el%l’fa'dldap'% is MR&aRNBe HITOL, R ¥ 1A huiAbYr Sess than z

i ndi ng agent remai ns substantially
mKUmeybsstnMEU after step (d). 17. A nmethod for

i, 0 adhesi on. and .abr asi on..r,esi
conlt Rl Be 30icR P B TisHig S g PEICIES P51 § RO Rgrzale
(m&RRkH e SRIMRSIgehB the a&llédsf:ﬁarﬁaahy Hy%@l?rk&i zilﬁoﬁﬂé {oCRBrm a
nanoparticles and a polynerizabl'e h)acryl at e
cmﬁmg@ommoagemt wherein the polynerlzable

(el SErqsHetkife oine PSP RS LB APOTT PhIEESe: and
cur gf chifing MeBoatifPEdnsRton,

wherein the polymerizable (meth)acrylate binding agent remains substantially

uncrosslinked after step (d).

17. A method for improving the adhesion and abrasion resistance of a coating
composition, comprising including in the coating composition a silica sol comprising
silica nanoparticles and a polymerizable (meth)acrylate binding agent, wherein the
polymerizable (meth)acrylate binding agent remains substantially uncrosslinked after the

coating composition has been cured to form a hard coat.
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