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conmposition used to nmanufacture the glass or
transparent plastic material. Alternatively, a col ored
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I |
U@(plezzlaial y p uce %&f;onor}éﬁlg)&gh ﬁélo?fa{é&ﬁg?géq‘a#%ﬁarw&gs that

exhikitia dedredre@immlden@ods[ 06 adir PpdsctidmoviBhwepresantinvention also
U NETE N ———

thei'r);pmdmnensubj ect to degradation by visible |ight

and/or ultraviolet light. As a result, materials
colored with dyes are typically | ess durable and

exhibit |less | i gBACISCROUND ENFORNAEADN naterial s
[008% ored It is often desirable, for aesthetic and other reasons, to provide transparent
articles, such as architectural windows, automotive windows, eyeWear lenses, and the
like, that exhibit a desired color, i.e., tint. Such color is sometimes obtained by the use of
dyes that are included in the composition used to manufacture the glass or transparent
plastic material. Alternatively, a colored coating containing a dye may be deposited
upon the material. Pigments are typically avoided because they typically produce hazy
or opaque materials with reduced transparency.
[0004] Dyes, however, while often suitable for use in preparing colored
transparent articles, also suffer from some drawbacks. Dyes are subject to degradation
by visible light and/or ultraviolet light. As a result, materials colored with dyes are
typically less durable and exhibit less lightfastness than comparable materials colored
with pigments.



with pignents.[0005] As a result, it would be
desirable to provide colored conposite transparenci es

wWao bat/1zis bit col or durability and |ightfast neBGI/US2007/007836
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the transparency typical of a dye containing nmaterial.
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coated with a transparent tinted coating deposited
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unsat uy at ed.
transparencires exhibiting a plurality of hues. These composite transparencies comprise a

surface at least partially coated with a transparent tinted coating deposited from a coating
composition comprising an aqueous dispersion of polymer-enclosed color-imparting
particles, wherein the coating has a plurality of thicknesses. The aqueous dispersion is
prepared by a method comprising: (A) providing a mixture, in an aqueous medium, of (i)
color-imparting nanoparticles, (ii) one or more polymerizable, ethylenically unsaturated
monomers; and/or (iii) a mixture of one or more polymerizable unsaturated monomers
with one or more polymers; and/or (iv) one or more polymers, and then subjecting the
admixture to high stress shear conditions in the presence of an aqueous medium to
particularize the admixture into polymer-enclosed color-imparting particles; or (B)
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nononers; and/or (iii) a mxture of one or nore
pol yneri zabl e unsat urated nononers with one or nore
w@ologiegs and/or (iv) one or nore pol yners, apdI/ukmn7/007836

subj ecting the adm xture to high stress shear

conditions in the presence of an aqueous nmediumto

particul ari ze the adm xture into pol yner-encl osed

color-inparting particles; or (B)providing a m xture,

in an aqueous nedium of (i) color-inparting
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particles, and _.a second surfgce opposi n

polymer-encdosedirelaimPeRIn SRAHAHES Se YescEomg E Q‘S’ﬁfgi‘g dispersion of
polﬁgéf-é@méédfc%ﬁ;r%ﬁ%ﬁxtg FartitRESR8RREoAd Sirfike OPPbIiAG the first

I ng a second hue and deposited froma coatin

surfagespulsreinghe senepdisuripes i@t pagiial oeqaged with a tra%sparent tinted

cbafiﬁ% ﬂﬁw'/ihg%?sre&rﬂﬂhm cfép%§itéﬂpfr5ﬁﬁ%dccfaﬁﬁg‘c§m?%§iﬁ5ﬂ comprising
aqueous™—di spersi on of pol yner-encl osed color-inparting
polpaet-pudlessd cph-impagingpaiticles dedwsiiremetsgendipaysors fispersion of
IS pr r - : r : i(di . .
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polymerizing the ethylenically unsaturated monomer and polymerizable dispersént to
form polymer-enclosed color-imparting particles comprising a water-dispersible
polymer.
[0009] In still other respects, the present invention is directed to composite
transparencies at least partially coated with a multi-layer coating comprising: () a first
tinted coating deposited from a coating composition comprising polymer-enclosed color-
imparting particles, and (b) a second layer deposited over at least a portion of the first
layer and comprising a hard coat deposited from a composition comprising an alkoxide
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pol yneri zing the ethylenically unsaturated nononmer and

pol yneri zabl e di spersant to form pol yner-encl osed
w@eloon2d4mparti ng particles conprising a PCT/US2007/007836

wat er - di spersi bl e polyner. [0009] In still other

respects, the present invention is directed to

conposite transparencies at |east partially coated

with a multi-layer coating conprising: (a) a first

tinted coating deposited froma coating conposition

conpri si ng polyner-enclosed colorinparting particles,
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and m xtures thereof, R is a |ow nolecular weight )
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such 88 e aginfol A SR eGP A prck N, o M B mephods.
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term &Qﬁélft"’cﬁtcb&ﬁn%f;g, e\ﬁig s§91'?cﬁgat&ll I8 Bhfr ﬂ{e%MChp ameters
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of the alibetieSrepbHEI Spnifivaint dighs andlby gpplpbig driibhafrentng
-wcﬁmq §f and paraneters setting forth

[0013] Notwithstanding that the numerical ranges and parameters setting forth
the broad scope of the invention are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. Any numerical values, however,
inherently contain certain errors necessarily resulting from the standard deviation found
in their respective testing measurements.

[0014] Also, it should be understood that any numerical range recited herein is
intended to include all sub-ranges subsumed therein. For example, a range of “1 to 10
is intended to include all sub-ranges between (and including) the recited minimum value
of 1 and the recited maximum value of 10, that is, having a minimum value equal to or

greater than 1 and a maximum value of equal to or less than 10.
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the broad scope of the invention are approximations,

the nunerical values set forth in the specific
wW@x@npkwes are reported as precisely as possi bl BCT/B82007/007836

nuneri cal val ues, however, inherently contain certain

errors necessarily resulting fromthe standard

deviation found in their respective testing

nmeasurenents. [0014] Also, it should be understood

that any nunerical range recited herein is intended to

i nclude all sub-ranges subsuned therein. For exanple,

range "1t | nt ended to.include al
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thrFRthpaMR)€ NDEpénddig Wpdi the Qleéltegfﬁppﬁlé@t%d QualD# transparent article

nanorreters) nore than it absorbs ot her wavel engths in .
canc hayeyelatinely lowdragsmisaion, ke a RRgcEirhtransmissien of A feore than 50%

or, TASSE 8485, rﬂJ‘:ﬂofeothQH 1@‘% b i tyQtr Otﬁelc(%£§ Qm%&‘e%& 5%, while, in
nmeans that a surface e On he arti cl e is visib e {O

othereaspy Klarjtrayspargné nﬁwﬂeew@&atvn raelgtiveldigl trarsneission, i.e., a spectral
trargftﬁgﬁgﬁ B8m @9&&%”?& 5§ rﬁg c@&:@l F ﬁe@gtj /6, frg%"&eq other cases, at least

transparent article’can have relative
80%r dierforsgoung, specteal, trmsmmm‘aﬂuetsr‘tmngmsssumd afa wavelargth

% es. . n han
ran§pr}g (t)rg éf’lac gg(érget?érsn&) i enapﬁral%z?eg% %on %g’l%/{ ﬁgapdarﬁ No. D-
1003as€sg a HhatdrIabIPQLORQUESTE i S@herers@uetr@lfoedméuembyls available
high transni ssi i.e. . a ecira sm ssi on of
sropf unieh ARSRE Diborpoy Tnd 3 Retonp e, T8 nSrarofky Yalyes
repottbé he&&ﬁ&‘é,ob@dnlléd?ﬁsi%g S3%le Tipe: \fvﬂléi a@(iuvféuangﬂﬁﬁhl Eitlg from about
ransm ssi on, va s bein ured at a wavel engt
41(5 BT o APt éﬁ&ﬂ’é‘?%F% ‘ﬁgp%ﬂﬁﬁ%ﬁ%ﬁ%ﬁﬂéﬁ@caﬁgé’@
perb.lé’@cﬁ Sl ettt bnbare E&se&@ﬁ%mﬁple@ BadinEdr9 FilkbBickness as

EST(r) |1 Sphere spectrophotoneter that is
Speﬁ%f&i‘]llaﬁ]l‘%EF"i’JBH*eﬂunter Associ ates Laboratory, Inc. of

[00F$T ON, e tLMSpArEANRRALEBE e\ BhIRSite transparencies of the present

invention can be formed from a variety of materials. In certain embodiments of the

present invention, the article comprises a rigid material, such as glass, including float
glass. In certain embodiments of the present invention, the article comprises a flexible
material, such as a polymeric material. Examples of polymeric materials suitable for
such articles include, but are not limited to, thermoplastic materials, such as
polycarbonates, acrylonitrile butadiene styrene, blends of polyphenylene ether and
polystyrene, polyetherimides, polyesters, polysulfones, acrylics, and copolymers and/or
blends of any of these. As discussed in more detail below, certain of these articles can
-5-



reported herein are obtained using visible light with

a wavel ength ranging from about 410 nanoneters to
wW@bmat1204@) nanoneters. Al |l percentage transm tPERUS20aTI0D7836

all percentage haze determi nations are based on

sanpl es having a dry filmthickness as specified in

the Exanples. [0016] The transparent articles of the

conposite transparencies of the present invention can

be formed froma variety of materials. In certain

enbodi nents of the present invention the article

conprises a rigid materi al | ass udi n
have pdgytugnd-s soughened syrface- SisBapHasRS Petm@aﬁ?éébémy Shitable
methBY Sfich @8 any %d@[efshﬁé Br %Hﬁfg' p°r8§es§ kﬁb%'t@ tidsBBkigled & the art.

such as a polymeric nateri al anpl es of polyneric
[00%E er i al $hegomppsite umpm@weapf the|psesenhinvgrtion eappprisec surface
ot 15} pat Ehartd it M TR fifre S B acpostr B couting
conhpcsrtdm mnmmhg@p@meﬁaclesd@olgnmmlyg psuticles, As used herein, the

83138%2{ enllo eedS %ar{g?llor’eg engs cYe%%e{t % %1? 1e&t [péétia‘f@ 'enclosed

by, dies quiﬁmdi whhiiioa @obaharith ahelxtem smfﬁlcteat to mbatatﬁspa'tlcles from each

artj ave a.textuyed d surfac
oth ihioiBe SRS ot cuth B Sler S, S ARt B 6T e ictes is
predéntady [t SN de! a%‘fal’dcwecg rofebﬁlrsbngam mg d@ﬁ@@ﬁltioﬁ doh@siging such
killed in the [ 0017]
“polympeRalessd mégt@ tw %‘F‘é 1& nﬁ?% it @55t pelymgr-enclosed

pariblich. 288 waid h&ast tHeakirh Lo r-aphdidg Wattltle lef@b sPapafikle that
tinted coating deposited froma coating conpositlon

sigeibsprtlsphrgrisoiopevaeienieef sibly ightpthat isnyayelenathy waging

ﬁoﬁsﬁmwmq{aﬁb&eteﬁ‘y ?nc;r@ n 1P Qi)é(ﬂﬁg otﬁ&q’vg\?*&gnm il ®b 9ible

ers to particles that are at |least partially
regemc| osed by, i.e., confined within, a polyner to an

ent s ' I [
0038her" o th berthif BB GREIAL Falbtles il 355 LIRELA% poymner
complgsu riampmtlcbgg IAsmsedihemm, dhe tem ‘mand;pm'tlds” rai'crs to a particle that

reci ated, eour.se

R BT S et BuRER Shiss & ortodiRthE g piRipeiptes used

in ma Ipidzsehﬁﬁven’fﬁm lalve @niavetagd pafiivlds sizeasy I(0aianameterobr less, such as
msr-enc!losed articles. @ used hereinh, the term

208 BRI GR i P 5 ODAREomE IS ShF ol o ¢ hat

[ooabgni f i camk birppBesithe pEFEnIAVEARINY bV agd pattiieldiR can be
light, that is, wavel engths ranging from 400 t E 700

measHedasOrding to krown Jaser tcalisung (Rehpianes. Hens -[R¥erage particle
sizb B&n ¥é a&@hﬁnesggag a HORESMJIdR1 LArd0di 1aseer&mﬁbﬁw bariclelgze

ins rﬁ:rntelng \A?l’?lch Es%ts aaﬂe?lu%r]géo%slgger%th a QV%LIZ 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
TEM image. One of ordinary skill in the art will understand how to prepare such a TEM
image and determine the primary particle size based on the magnification. The primary
particle size of a particle refers to the smallest diameter sphere that will completely
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conprise nanoparticles. As used herein, the term

"nanoparticle"” refers to a particle that has a
w@20ovizi4e8 si ze of |ess than 1 micron. In cert aPer/US2007/007836

enbodi nents, the nanoparticles used in the present

i nvention have an average particles size of 300

nanoneters or |ess, such as 200 nanoneters or |ess,

or, in sonme cases, 100 nanoneters or |less. [0019] For

pur poses of the present invention, average particle

size can be neasured according to known | aser

cattering techni ques, For exanpl e, average particle .
enclqss dhepariple- disserh r&&}’&g?mm%g FIZ%{ o the size of
an in@f8dualliphfticRCAd Gpob& ol il £;pPbrA&ratife bE WIE B movdlirlividsas

a heliumneon [ aser with a wave | ength of 633 nmto
partigl§Sure the size of the particles and assunmes the

[ooRay ticle gﬁe§h§pe%epﬁ{omﬁh?%@t The bol er—%ﬁ@l\?\;_slelﬁlﬁ&:ﬁbﬁin?parting

size" refers to the snal ré that w .
partigaptast wiry. &ot bxaraplehgenseallyi sphericalveerabelogies ($usheassplid beads,

miccef?&aﬂg,scg lP.)?log}e ?%{pgﬁﬂ ggn g:x tugécis lz@uen £ﬁﬁg]}ug%%@gﬁﬁe cubic, platy, or

ectron mcro radsmn ssi o
acienlar (ekbngpted (of Tibs)i Adddiaphlly, the paeidsstcanihage gmingémabdtructure

h articles, ring_the di aneter of .1.h articles
thaf R0, e og TR B o pPRLARHE ST apBisc s R e o 0 o
holpBy témtérewith perauk orkelidmalsr ed particl es based on

nification,of the TEM i.mage. .One of ordi nar il
00ZRP e e iengiain ohdi; desiisd PRdRertcs raictertibhy of fepsuliant
coatilB ¢Bnipositida (€. Nicbatingd earBhd PdcYatPlR FdsistarR e SétZ11iBASL Holof), it will
the magnification. The primary particle size of a
be respgnigedby ene pkilled in the agthpt mittugs ofenepr BgHaPAyMgEEnclosed

col%lelh]taaﬁﬁﬂg b%ﬁh%%@h@%ﬁfﬁ%ﬁt Q@Grrﬁée%ﬁ‘ticlé%ii@ eth be Eﬁlip[bye%l.

erm “primary particle size” refers to the size' o

[0022] i ndi vildearehpegrinclased solppopadingpagticlegepndirsioampd from
poI?%lre}i\éQanor Egg%lhglgh? kgﬂ%%rr.lg ﬁ{artéﬁlg%ol)[ég%%dy&%%@%eﬁc

mor pho C ] mer - encl os )
orgavicanateriplar comppsitamaterials, asavellasrmpixtigs of auyrpf the foregoing. As

.ald I G | es C i s

os HTRRSR RRL Bl BREL A S5 oA R s s,
it immteaiet ithdt asconimisitmner gubstancegifatmyed Homdailistbfirecited components

el ongat.ed or f.ibro . ddi tionall th article .
be § SRS lSH < Stntisiza Tk HER et R sonivartedfs R bt hffigr comprise
othf@f, n\oﬁir_éciterdemmlmneﬁtscdnml | i gwmbicompafsiti@n-;q/s fofmbtien. Additilopzally, as

reqol L e.4.,.a nNa ow center wt or ous or, .S | .

usqgerdln, st Tioldnn T gvan: B Reambr s el e, B 8eludes without
linffaf6R 6baY harhdpsulymbrstah@ copslyidedd)t coating conposition

e.qg., coatin ardness, scratch_resistance, .
[0 hgl it y'}s lbs[eg@@;eélp,)tp ]te(m\,\‘,i‘go?ymenc 1norgan?c material” means a

polymeric material having a backbone repeat unit based on an element or elements other

than carbon. Moreover, as used herein, the term “polymeric organic materials™ means
synthetic polymeric materials, semi-synthetic polymeric materials and natural polymeric
materials, all of which have a backbone repeat unit based on carbon.

[0024] The term “organic material,” as used herein, means carbon containing
compounds wherein the carbon is typically bonded to itself and to hydrogen, and often to
other elements as well, and excludes binary compounds such as the carbon oxides, the
carbides, carbon disulfide, etc.; such ternary compounds as the metallic cyanides,
metallic carbonyls, phosgene, carbonyl sulfide, etc.; and carbon;containing ionic

-7-



be recogni zed by one skilled in the art that m xtures

of one or nore pol yner-enclosed col or-inparting
w@20viizi4es havi ng di fferent average particl e sP@EESIATI007836

be enpl oyed. [0022] The pol ymer-encl osed

color-inparting particles can be forned from pol yneric

and/ or nonpol yneric inorganic materials, polyneric

and/ or nonpol yneric organic materials, conposite

materials, as well as m xtures of any of the

foregoing As used herein, "formed front denotes open,

‘conprising," claim]an s
comm%whtame%ﬂle& SRIEP G BRATS &@?ﬂfe m&r‘ﬁ@&n?%ﬂhmn
carfbrateSt Of  recited conponents be a conposition

conprising at least these recited conponents, and can
[0023 t her A8mped bereims therterm SHOoFgANIG BRI pBGART 2y maeripifhat is

not%ggréagq@gﬁ{eg PN’ s formati on. Addi tionally, as used

e term"polymer" is neant to enconpass
[0026] goner ds vaedihémmin, dudsrmi“coopesite materal”’onednstarombination of

twci ?féﬂ{i) cﬁﬁE L angena?sp Oi'l¥ %ar?lcle.ls Po%e}iif%ﬁn%gng%ﬁg?% ﬁ%&nals

of PREF1SC- i norigant ¢
genptillyiare @ }madness al thbmxsunfg:aathhtas Kbiferentr fepmdbe haidnedsad dlak

| :
inteRGel POuPrRa b Poctirls BT SGPONET | CLOBY Gy iiaoe of the
partiEl@REn BY MdiehiéLinlalyyfitineg walltlgioval i, the arti nsjudids butnot limited

pol ymeric material s and nat ural neric materi
to, BRiGHil i BAYofERl BaBHBK o 0 s SR 1 SUBg nidues known,
mtﬁ@g{qon [0024] The term "organic rmterl al," as used

erein, neans carbon contai ni nfg ounds .wherein t%
[0083} bon i §oF ¥ARRIF) 3 PHERSADS Piaed FrompPHRAR Hats 5@E atis

ﬁ cﬁlﬁt(ﬁ%nk%sgfalﬂﬁf wﬁh QUEBE fackS séhbaryahsteAXIS |td>' ?&ﬁx a composite

ar such as the carbon Oxides, th
parualemaié@s acsaﬁbmurﬁhcs ulif peftain empodinmgnih Ptaérql\%ﬁrfyrmed from

Cgfg%tglﬁqzﬁénﬁ gulfge Ml lﬁ' nﬁ%ﬁ?}lﬁ%&%&' i§ coated clad or

gene, car etc
enaaasxtlamé ~atit zadlffemgltlfonn of twpoundy rsyectialad mﬁmm Im@rmatlon on

pS R o BT ik TSR B 98 P .
(1999) eypages 15280s any material that is not a.r.] organic
ol S 2 ad ER B DL e L RSB e
mcﬁﬁie%bfdh&rgafﬁb&nﬁaﬁ&lb &hewn fie feeat. f seikblopatsics €an be formed from
e el 2y 9enchel Ly Baye s hardhecs: & 1B KB4 Ron
limiting examples of such ceramic materials can comprise metal oxides, mixed metal
oxides, metal nitrides, metal carbides, metal sulfides, metal silicates, metal borides, metal
carbonates, and mixtures of any of the foregoing. A specific, non-limiting example of a
metal nitride is boron nitride; a specific, non-limiting example of a metal oxide is zinc
oxide; non-limiting examples of suitable mixed metal oxides are aluminum silicates and
magnesium silicates; non-limiting examples of suitable metal sulfides are molybdenum
disulfide, tantalum disulfide, tungsten d_isulﬁde, and zinc sulfide; non-limiting examples
of metal silicates are aluminum silicates and magnesium silicates, such as vermiculite.
[0029] In certain embodiments of the present invention, the particles comprise
inorganic materials selected from aluminum, barium, bismuth, boron, cadmium, calcium,
cerium, cobalt, copper, iron, lanthanum, magnesium, manganese, molybdenum, nitrogen,
-8-



internal portions of the particle beneath its surface.

More specifically, the surface of the particle can be
woreafizeeds i n any manner well known in the art,PCT/US2007/007836

including, but not Iimted to, chemcally or

physically changing its surface characteristics using

techni ques known in the art. [0027] For exanple, a

particle can be formed froma prinmary material that is

coated, clad or encapsulated with one or nore

secondary naterials to forma conposite particle that

has a softer surface, . In cgrta enbodlnents

OXyBER-tHNSRAOTHS SHERIUR. SHH BN 5 1 W bt {tATdurR o fymgten, vanadium,

yttrfudh, "Bk, bhe %r@onﬁﬁlh"ﬁ{dudiﬁé kidesd tHehRE, hifrided W& Eof, phagphides
enc;gsulated with a different formof the primary

thergaf, @hpsphatasghernef sclenie tardobrsubhdesdhereef, sylfyise fhfreqfnand
mv#}t}% geg%“% tg%l@ rﬁ%ﬁlgﬂg tﬁg%xgl‘n }egérb\fgllﬂaz cg@éb‘i‘%%%rggmc particles are
almairms sitieattitamie doeriah wirgraia, ibisneath oxide, magnealh@ qHiés dren oxide,

CR e [ n
el e Bito R e R By B8 B Bt B
[Oom erial The mmttaldsmranman@riise:,lfer e:aamplaj a¢are of egfential)y @fingle
he, for nlim in € | es of uch.ceramc
inotgdfis PN Suan et DG (e pkihls PR BSerR B i, Allinine or
colloxdall Qﬁlmﬁﬁ,t t&tb.mlilhi diotiR, 1r6ﬁbﬂide,0&rshhﬁl Gﬁldemﬁdlm oxide, colloidal
sul fides, $hp |I|cates nmet al bori des, %
yttria, Z AR R e - Lgr gmaplgus zizcopie, ’8%65 gy ohthe
forédRSe; for &n iAGBanhit Bkide W od% 3 @2 wRicHBS @dpolitkd hélerdafic oxide of
boron nitride; a specific, non-limting exanple of a
anofar4YPoxi de i s zi nc oxi de; non-limting exanples of
[003y] t abl eN‘BR‘;I?cq yixetial inGrghf i%%n%ﬁal@lugé@upﬂf%ﬂnllﬂéﬁ‘k%ﬁnﬁﬂé& used in
nagnesi um silicates; non-liniting exanples of suitab
the msant mmtme@neqommpngmm@mls pelected ﬁwnamﬁhlte, metals
ox1géss ld%lgbllcijet‘% ni &&SB&F %.\?Jﬁ&éstg §]11c§t@ (%H;b(fla?egl le’i@es and

ing exa ‘icates are al um num
hyckokudeat Amoanldnnu@wm of 4 ussftldnorganisipxade is zinc oxide. Non- .

lim%/)?}rgsfnxc yl ﬂlet:s of E)taglg]l?%rgar%% rst ﬁ'l es mn?u(ge rrrrlggrﬁaae&flmtdhs%lﬁde, tantalum

I nven I cles nor
disuldide; ﬂuagﬁels disatfidedaiid ginc alifidien Nnn—Mtlng‘nxamIﬂeﬂmﬁuseﬁll inorganic

51115%%%) ﬂ)ﬁh{ﬁi%aT ulglwgg?i %‘tg G nggeé urprs* ﬁ RS vbrrmculnfe Non-
limfitidg ©g@iplexyiRitableincipRan¢lGde ﬁﬁ'l}&j’dleﬂﬁm platihG@N palladium, nickel,

silver, sulfur, tin,_titanium tungsten, van
alufippey eAPPST: 010, diog. S YeEHiays andpdiesen gt ey 86 tolegoing.

[00BRET €Of , TREAMiHMUJARhERE, thO PATRIYs GESsdIERERBLm fumed silica,
phosphates t her eof . sel enjdes thereof, sulfides

ampﬂg\ogﬁﬁlllc%oﬁlgtd@é sklﬁéoraélgpmaaﬁ%llmdal alumina, t1tan1um dioxide, iron

oxide, cesium oxide, yttrium oxide, colloidal yttria, zirconia, colloidal zirconia, and

mixtures of any of the foregoing. In certain embodiments, the particles comprise
colloidal silica. As disclosed above, these materials can be surface treated or untreated.
Other useful particles include surface-modified silicas, such as are described in U.S.
Patent No. 5,853,809 at column 6, line 51 to column 8, line 43, incorporated herein by
reference.
[0033] As another alternative, a particle can be formed from a primary material
that is coated, clad or encapsulated with one or more secondary materials to form a
composite material that has a harder surface. Alternatively, a particle can be formed
-9-



m xtures thereof. Suitable non-limting exanples of
the foregoing inorganic particles are alumna, silica,

W@ Raoan2@48 ceria, zirconia, bisnmuth oxide, nagneGT/UN2007/007836
oxi de, iron oxide, alumnumsilicate, boron carbide,
ni trogen doped titania, and cadm um sel eni de. [0030]
The particles can conprise, for exanple, a core of
essentially a single inorganic oxide, such as silica
in colloidal, funed, or anorphous form alum na or
col l oi dal alum na, titanium dioxide, iron oxide,
cesi um oxi de, yttrlun1OX|de colloidal yttria

frony p peiawirs material thatds pesterh clagrorengrpstiaid with aghifaring frm of the
prmqgr? g&[t@x?al % £ a 0bm Bhﬁtef Vﬁaﬁam 1A% hfd'a BRd&NQEGREI C

one type u I's deposited an organic
[003#]i de of Inamstexemple; pad Wihost Jimitires hs|pyesent mventien, ga imerganic
particle t r| alcﬁi'ol%ﬁ%?lﬂllorggm %zﬂ&%@ gdlﬁ aQ@fI{coﬁlcgtsoﬂ‘esgzdalhﬁuthﬁ nitride,
pre invention®can conprise inorganic materials

canbe |p®@\tlé€ﬂ fvithra sijlicep harﬁ;enatmet ahmcla;mm;g tq doini @ elsqful composite
ni,trjides,. bori

I cat car
pardj £ b St IR Srer om0 TR LR alk) s chains
can ket withQh@ Al @f| Iadend)rgaxiib I@@rtwl’d ﬂﬁmeﬂlﬁfbm an Inncn‘gﬁmdfl gx1de to

exanpl es _of suitable ani,
Proyige patei romPesiter ragecl L’E‘ﬁ]ﬁ‘?‘g%pﬁf) 12 lfr-lf &ﬂ’e thfﬁ §§?Igﬂles include

claddih lleht&Rula®ing of coatimpdriicles foNard fidth hbAgpotyaeHd @Spcﬂf;menc

set ul inorgani c silicates include alum num sili ﬁ
mataﬂalsrragh@ﬁeaﬁgglpnrmgm SLRRIYBIETIG BISTANF | APecific T onslimiting

exa%?é g fildch 'Egnﬁﬁgﬁ@i)zﬁﬁcfég 1§]9tﬁﬁﬁﬁﬁﬁm%ﬁ ch ik B%M&lc polymeric

denum platinum palTadium nickel, alum num
partide pgated g\@ﬂtpalmu@n:artgmageethat 1g|cpw@rc1gﬂﬁ W@@ ggmo]flerce and

Ste?ﬁgg (Q(I,.P{) I,Q,rfgg@faﬁgN{'OOBZ] In certain enbodinents,

es are sélected fromfuned silica,
[0035{or phou In sdrtdim embodintaitsy] e wArticlennsad inthepresent| ihvingigh have a

;mg?l Pl natl_brXI Ed)glq_lc&'esl l}avﬁjn)%zf ]%h} {llalQ gﬁpcﬁrg%re &?rﬁb ld%sg&]-ts or plates

ra, zirconi a,
of atorhe hﬂhagagaﬂai aftay] Wlithstxoflg hmydmg whithén fier dhgel argl weak van der

certain nts, the,.pa CcO sSe
WalE HRe e R YT TS BrP R BURE 1A AP BPQ ER AR A non-
hm&ﬁfg}‘ ékd@ﬁlﬂlé Gifii Biiinélrar ldﬂﬁcft&ﬁtleld hehidvanl uﬁefav ktrypidel dh@ganic solid
i.ncl ude surfac si.licas,..such as ar
parfigles pryjag ail ?fnﬂ?%%gﬁ‘ieéﬁ Mucga%ﬁéﬁ,sgagma? aeR ?weé‘l in the
pretdn@$nndioh0 colum 8, line 43, incorporated herein by

reference. [0033] As another_ alternative, a particle
[0036h be f dlomeldmitingsxammlesafsyitable &atepials having a lamellar structure

include boron nitride, graphite, metal dichalcogenides, mica, talc, gypsum, kaolinite,

calcite, cadmium iodide, silver sulfide and mixtures thereof. Suitable metal
dichalcogenides include molybdenum disulfide, molybdenum diselenide, tantalum
disulfide, tantalum diselenide, tungsten disulfide, tungsten diselenide and mixtures
thereof.
[0037] The particles can be formed from non-polymeric, organic materials. Non-
limiting examples of non-polymeric, organic materials useful in the present invention
include, but are not limited to, stearates (such as zinc stearate and aluminum stearate),
diamond, carbon black and stearamide.
[0038] The particles used in the present invention can be formed from inorganic
polymeric materials. Non-limiting examples of useful inorganic polymeric materials
-10-



that is coated, clad or encapsulated with one or nore
secondary materials to forma conposite nmaterial that
whaw7a2as der surface. Alternatively, a parti CPET/US200T@7836

formedfroma primary material that is coated, clad or
encapsul ated with a differing formof the primary

material to forma conposite material that has a

harder surface. [0034] In one exanple, and w thout
limting the present invention, an inorganic particle
formed froman inorganic material, such as silicon

rbi de, or ., al um nu ri de an be ovi ded wi
inclG Py PhGhasaE PN ahts oL Ter 1B P B RO atbris sulfur,
pol FREROSIIEFuRASilic6he  aniniX0@tHNEF aryOsF the Farblsigg € vaspebific, Aon-
si | ane coupllng agent with al kyl side chains ca
limitiggexample i tqmlﬁele;w%ﬁowranazﬁowa%swg&ﬁy@eaapﬁt@raé suitable for

use fn?[l'ﬁgpq P fﬂv@ﬂuéﬁ‘ %r’ﬁc%Bb&l Q%l'ugﬁ if OpaHioni fdfmad ﬁ%ia{ &tbss-linked

e particle having a "softer"” surface
sﬂoemnsp:héss tomngridally awdiably, fremdaskibe Silieryes EO@u@anTgtd of Japan.

0033 150l BLEAL EABLIGBBIAIR e BRI i s

Nomrihgtingksamples pﬁs;iifaibhe organik ipolymeris wateniplsanciide, bl are not

ticl. DUAL I TE( t
iR BB En s apd ptapeiashe Hgrify - Noblfip cxamples of
sunﬁarehlaaﬂic@ldshatmatslnﬂ@ ifchidz thémnyopdasticlpabtestelrs, gaeiPaepalgethylene

t f Buyffal NY. 3 I
terepfelzis, RO B (P b Lehs ani o Dok PR TpiLe-sPbicaronates
polycﬁl\éﬁﬁi is@éh AepdyethiRie) paypropyldad Hlﬁ@pol?ﬁ:.bbu&heﬁachﬁw Ibtgymers,

| anel | ar structure are CO{T’pOSG S eets | a
suchfas SOPRRITIH Hekaganand ap peylic aﬁltiﬁngww gfs Sontaining

meﬂa&&ﬂﬁe,tﬂb‘?ya?ﬁaﬁ tﬁé}ﬁmogﬁﬁ c pBRARhanfa Y is pﬁé’l ek, and mixtures of
bet ween "sheet's, "providin ow shear strengt bet ween
anysHdhe oregoingnl i m ti ng exarrpl e of a lanellar structure
a hex ] l; de th:
[Oﬂhﬁlt i cl eg&%g\%ﬁg{%é{aﬁ#e% Jﬂéﬁ#tylfl@ él}ééﬁlgrs&?ﬁht@nﬁg ih&ude thermoset
polmm:mbuhyl) estrrs, LePbRY eatgréalsn [phenelinsf munoplasmﬂpmgﬁqﬁt

ot P 513855 RS R 55BN vl o

a sytithéticdsoly@erp baitﬁ:le foetnal fichine hmbp@gemalréasl isranepoxy alicrogel
arg%‘osum kaolinite, calcite, cadm umi odi de, silver
P °fi de and mi xtures thereof. Suitable netal
[00di1]3 hal cogasipdfitcléseintilis bohyllobe particits Sotvhédiftom materials selected
bdenun1 i sel enide, tantalum disul fide, tantal um
froen mﬁrlaén PORESIERFTH; LTSNt HASsPANTEIS APE AP B olymeric

orgAhid SN SSonk ¥t Phaterials and mixtures of any of the foregoing. Non-

limiting examples of suitable materials from which the hollow particles can be formed

are described above.

[0042] In certain embodiments, the particles used in the present invention
comprise an organic pigment, for example, azo compounds (monoazo, di-azo, B-
Naphthol, Naphthol AS, azo pigment lakes, benzimidazolone, di-azo condensation, metal
complex, isoindolinone, isoindoline), and polycyclic (phthalocyanine, quinacridone,
perylene, perinone, diketopyrrolo pyrrole, thioindigo, anthraquinone, indanthrone,
anthrapyrimidine, flavanthrone, pyranthrone, anthanthrone, dioxazine, triarylcarbonium,

quinophthalone) pigments, and mixtures thereof.
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[0037] The particles can be forned from non-pol yneric,
organic materials. Nonlimting exanpl es of

woenwpaidysreri c, organic materials useful in theECPUERETI007836
i nvention include, but are not limted to, stearates
(such as zinc stearate and al um num st earate),
di anond, carbon bl ack and stearam de. [0038] The
particles used in the present invention can be forned
frominorganic polyneric materials. Non-limting
exanpl es of usef ul inorganic pol ynmeric

mat eri al si ncl ude polyp azen si |l ane
1004351y | Fearieas PREIFRATBAE ot GHnsl oY Bifefanvention may be
uns1ﬁ§§{1b(1@&f SiCsubsti@ifidu "Bub‘éﬁfu't&pﬁ@ﬁleﬂéﬁnﬁy Kt ihesdingbd aﬂh‘mdfs nitrogen
he foregoing. A specific, nonI|n1t|ng exanpl e of

maﬂor esampleommentrtenismhEaRie el e of hia 1 ¢agbon atoms,
an a&#&&%%@) 501 td'56 ¢ %Q@n&r ElhalbgbrAiRhéPss dorRORRar | |

partic orned rom cross-1i nked S|onanes
combihtipss th@mtér <Smhstityte4\mrylarnﬁsena>r emtaipspengsha) onecefrany one

subé‘g\%weong dﬁx e tithia&f ?‘éltacﬁ%ﬁiygglggsﬁ?ﬂ cp%gllgﬁg %Q{ b (ib%étr&%gcr&&hc acid are

om synt I’'C nat
oftehiased. | ﬁmdierpgndxmspiaabeqirepamd bpinetimdg &mwnpn tyenart.i c

terial clude, but are not. l.imted
[00‘¥£t erial @%%8%’%?%%‘5 é‘isr & RFEY IIP’ %ﬁ@l’*t}{ﬁa&#ﬁﬁﬁﬁgﬁ be used.
Alﬂﬁ?ﬁ@ﬁkbﬁ?erqfhﬂﬁlbd)&hirﬁs tRemorpkadily @vaihbbl; bthles mietedicodtining
ﬂ{%&&gﬁﬁ%?&lgmg%\%s Lo Ség Hgsue:ih oA $ %g}{t l egueckel and other
suctpﬁleyasé h¥dyen8o BaRbdd aMatae,free @hmwdg@ﬁmesne smi $titablel Ns,

such as pol yet hyl ene, pol ypropyl ene, ut e
Phthglegyanine i gipgpis anayshr pnsybstiisd] oy martia fsugf%ﬁ(@ﬁe %ﬁ&g‘glﬁle with

one?r 'h#rb '(l‘ijav'i'i‘i’é‘ PIET 0 aboR Q{o\fﬁ@r ﬁk&)@}“{lﬁt‘vﬁi Oto 10 carbon atoms),

acryl’ate, polyam des, thernoplastic pol yurethanes,
halogeny suqclxﬂswhérvrsne anathet subsHaentstiypisgl offphthalogygningdpiggents.
i R
typmplbyprapatheelrbm B’—agmuenﬁbhtb&hc amyduét,aéﬁ@lomﬁdpn@s@ivaﬂves
0 et hanes, and _mi e
S LSRRl RN B OEAhscr
md&@lmhabcmym often i mgariceolvant. epoxy material is an

oXy m ¢roge article, [0041]. The | |cIe
0of&”10, 1o RuierioBRetesin o Prohetanepras darsbRlefor
subéﬁtqt@dnﬁhﬂa&fdbﬁe@@ﬂr SQRHE] Wil bhE ot xliiefegﬂlayk; almt(?,r lheAbgens such as
pol ymeric and non-pol ynerjc organic materials

chleriey 95 PtheT sehsEfveRtStyRical ¢ QHigpKlons PigRyeniy); prphare suitable for use
in thOpRIGtNEverhion! ITHelquiMhcridone pigments may be prepared by any of several

methods known in the art, such as by thermally ring-closing various 2,5-
dianilinoterephthalic acid precursors in the presence of polyphosphoric acid.
[0046] Isoindoline pigments, which can optionally be substituted symmetrically
or unsymmetrically, are also suitable for the practice of the present invention can be
prepared by methods known in the art. A suitable isoindoline pigment, Pigment Yellow
139, is a symmetrical adduct of iminoisoindoline and barbituric acid precursors.
Dioxazine pigments (that is, triphenedioxazines) are also suitable organic pigments and
can be prepared by methods known in the art.
[0047] Mixtures of any of the previously described inorganic particles and/or
organic particles can also be used.
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exanpl es of suitable materials fromwhich the holl ow

particles can be fornmed are descri bed above. [0042] In
w@enrvarm4enbodi ments, the particles used in t hECPUERETI007836

i nvention conprise an organi c pignent, for exanple,

azo conpounds (nonoazo, di-azo, b- Naphthol, Naphtho

AS, azo pignent |akes, benzi m dazol one, di-azo

condensati on, netal conplex, isoindolinone,

i soi ndol i ne), and pol ycyclic (phthal ocyani ne,

qui nacri done, perylene, perinone, diketopyrrolo

rrol e, thi.oindigo, .anthraquinaone, t hrone
[Oo‘g‘ﬁt hr apyl]f idesiErds fhe RArticiss deicH g abgye %ﬂ&ﬂgﬂec{] nto nanoparticles.

In c%ﬁﬂ%ﬁiﬂ%ﬁﬁﬂ&ﬁs dhonRtdfasticlEd ér@’ft\(llnféf MR Buring formatlon of an
qgunopht hal one)” pi gnents, and m xtures thereof [0043]
@ms;dp ispeesipn gﬁmivglewgeiosqﬁi pasticlpy, e desibefl ip morp deted helow. In

othéér%rﬂ%l Fﬂ%htg%v&%ef‘ YRS )Pta.gk‘?éiuagé FOHRAL eﬂa’fch‘tt@ I@helr incorporation

d peryl énes nma stitut
intorsuth ey equams wispesions xbrtpt s, enabrdliments the lmgntp}garhdys can be formed

B

can(tﬁlmdspaﬁﬁi Bﬁﬂbﬂlveﬂﬁ)lg and ctaskifyiag ltltﬂ’rk'ytﬁaemnxheﬁe matenal For example,

Substitute er I es. may contain.nmore than on f,.a
bl RSP SR AY OTHE TaPTERPIFGE SR P SIS PG saf abdVR)can be
milRaWitieReHiag rdedia ﬁa\Qng ﬁtphﬁﬁﬂé hi@a yf less ah @. améllioddtan (mm), or less

s S g feo o004 ke P B BRI FEbE R BgBUICA

nanHE&rﬁEle%ié@% hYSHMe Sy Hﬁbl nli) Snéléﬁﬁore%dlwgténh@ﬂﬂﬁfer organic

t hal ocyani nes  are nore readily avallable ot her
solm,aqraeawne 9 e BYharptinnply ﬂrhglemrsw@ﬁ% efa §91é'ﬁled§ grind vehicle.

If ntzgé%ﬁﬁ'ﬁe?gﬁgergﬁﬁzdaﬁ Be 1&89@4& ffoﬂ erx‘aﬂlpl@ '(ff‘iﬁ 'orgaﬁ@sd?@é’iﬁ)”

al so used. Metal -
SOpSPEBRSE®, éaomgr é@fé)oaa@dalslg ifrcam L@bnmit%p@@ylam oreif in water)

SOE@EE?Q{EU Y2 Obglsg Q%&?aﬁtlé hghue]?lﬁﬂ{zoﬁ’ @o‘i’ﬁcﬁglyn ?I(hflr suitable

for ne or nore
meihlody fmg)rdducanglmemnbpm’ua]tes nm)udemrksixljazéﬂmu ipregifitagionQgas phase

ar ban at .hal ns ,such rin or ot her
conggpeppp Rt aretyi e ERR (Rei FuftB fiiofliahs: o o
[o0®9} hal OC%&B&rﬂa&ﬁ ehibydingers, eh)aéceﬁﬁngy:oﬁipjbsmbn%mﬁhs polymer-
nown. i n th ar. t caII epar ed
eniped 2Pz dmpang Pt raek ek e foi B Adspis REPRFRR St
polPieflefdl¥add dobsr-nkiRESRS particles. Asﬁi@&dlheréﬁﬂ tHe teBnYidispogiom” refers
donor_ (such as urea or the phthal og érﬁﬁe itself),

to 2§ espasE FuFtemAP AYRjelh ongphask Iglu iedpuctps abfibuced
thré:bal a Qﬂoﬁéﬁhh@ Qi BRRhEnuds phassl TS @isPersions bitee arc oil-

unsubstituted or
in-water emulsions, wherein an aqueous medium provides the continuous phase of the
dispersion in which the polymer-enclosed particles are suspended as the organic phase.
[0050] As used herein, the term “aqueous”, “aqueous phase”, “aqueous medium,”
and the like, refers to a medium that either consists exclusively of water or comprises
predominantly water in combination with another material, such as, for example, an inert
organic solvent. In certain embodiments, the amount of organic solvent present in the
aqueous dispersions is less than 20 weight percent, such as less than 10 weight percent,
or, in some cases, less than 5 weight percent, or, in yet other cases, less than 2 weight
percent, with the weight percents being based on the total weight of the dispersion. Non-
limiting examples of suitable organic solvents are propylene glycol monobutyl ether,
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substituted quinacridones (for exanple, with one or

nore al kyl, al koxy, hal ogens such as chlorine, or
worden2@ust i tuents typical of quinacri done piRCEOSHPT007836

and are suitable for use in the present invention. The

qui nacri done pignents may be prepared by any of

several nethods known in the art, such as by thermally

ring-closing various 2,5- dianilinoterephthalic acid

precursors in the presence of pol yphosphoric acid.

[ 0046] I soindoline pignents whi ch can optionally be

et eyt PR st e Breti S e St BhEnsl eyl

mc&ubuuhagﬁﬁ@ﬁnbyungthods known in the art. A suitable
oi ndol i ne pj gnent, %gent Yellow 139, is a

[f"’éilmet ri QBF PalyRFErenslosedrolor-impartne pAgIclssdised i the present
invésidh BALEHNPASS forld:aAs, %«ﬁ&&@@ﬂ&té& £ dc?yhc olymers,

tri phenedi oxazi nes) are al'so suitable organic gnents
polyyrgthaan p@b/nmrém;eﬂﬁtqwommd@lmmqlﬁnmﬁesmmn- ased polymers,

co- #(ggﬂng's Mefgok} Fond xﬁ{xt@g¥8% et Subh ?Xfy%ﬁt ﬁ{odﬁ fga bsy any

rgani c particlés an organf ¢ ’par 1) esk can
suitableusettiofl 8048 té fhate skilled in thearpt@rwhich dise presant idpedtion pertains.
v be f L. N n r e Jn ceLt ai
L i e I R R
10/8v6,0Baf [@ﬂﬁh] ﬂo({ﬂO’M] amitad SmeSPaielﬁpﬁﬁ;ﬂloaﬁom Publication No.

2o S T3 S o AR o s o

11/83M062 k¢ noolsepmqoeﬂp teadted PodtiodsOWIEEH béiflg MiquRpethiedby
i nto such an aqueous dispersion. In these enbodi nents,
reﬁ?ﬁ%??ﬁﬁmﬂﬁartlcles can be formed by any of a number of

[0082] | ous nBEhadse \ﬁ@sdrﬂbeﬂ E@u&futs dléf@fm&i&%ﬂﬂo‘f’ym&b&closed color-

nanopartl cl es can prep ar ed y pu verl zi ng
impartiag paricies cambe afegparﬁalrlm Ay eftavanate pf methodsy Fe&mnle in
.I
crih B ATERLS U1 B BN e foad e
profrisiinga yiung mapaqwcmsenqhme, of (i} exder-irhpartiog sarncles (n) one or

mo écllk%%h%bﬁe (eql?len ?51 p} ﬁ? Qt%ﬁ y%r}o(gﬁ%}% ya%él/rOé:e(Hﬁ gﬁfrg of one or

morﬁaprdpmenmhle uasazmtednnandmg’e vaﬁemrwoxrmbﬂe pobymess; aid/or (iv) one
nmore sol vents elth 1y mat or.gani c ,sal] vent

or BRI EnR- ek Sloeiiy B PR BIREFESibi Prgitions in

the @mésyeﬁtﬂ bfzaxgiqliedus/ﬁiédﬁinem ﬂ)irh&ﬁﬁﬁié&é}ﬁdnﬁxtdréﬁﬁcﬁ pélfiner-enclosed

col G PP PP iz s0 SSh oSBT S G it FeLBhit bRed SPRids Patent
Apﬁmamheserﬁmom 0/876,08 D at\fi051) toJOLSHEBRE(iteH pdfE&0of Whitl being

mcgr\gglrallteﬂ)}grgér%gwcL grregnzol Corporation. O her suitable
[0053] In certain embodiments, however, the aqueous dispersions are made by a
method comprising (1) providing a mixture, in an aqueous medium, of (i) color-
imparting particles, (ii) a polymerizable ethylenically unsaturated monomer, and (iii) a
water-dispersible polymerizable dispersant, and (2) polymerizing the ethylenically
unsaturated monomer and polymerizable dispersant to form polymer-enclosed color-
imparting particles comprising a water-dispersible polymer. In these embodiments, the
polymerizable dispersant may comprise any polymerizable material that is water-
dispersible and which, upon polymerization with the ethylenically unsaturated monomer,
produces polymer-enclosed color-imparting particles comprising a water-dispersible
-14-



met hods for produci ng the nanoparticles include
crystallization, precipitation, gas phase
w@oewdarat i on, and chemical attrition (i.e., pBCT/U82007/007836
di ssolution). [0049] In certain enbodi nents, the
coati ng conposition conprises pol ynerencl osed
color-inparting particles that are forned from an
aqueous di spersion of polymer-encl osed col or-inparting
particles. As used herein, the term "di spersion”
refers to a two-phase systemin which one phase
includes finely divided particles distributed |
polymero Jgisstipinemhadimantsnks @olympsrizabledispesssint FofupHises a water-
aisgB0E; pdohefl gD RHRRS: N ERRLE 1Bl e lorhh ihylenie
unsatordationuous phase of the dispersion in which the

0088, YT LS5 BAEE5L B8 1 SHABSRIEHTpeh B cipesns

capilbslg iedispérsingdgeifand ofiiea sedtcridlaocoding mhe:iét_hmehicaﬂyj up$pgurated

like, refers to a nedium.th ei ther consjsts .
OB FSSIIEF G MU Fredieed B R Ry i shear
conkiﬂidh@.ln’msfhﬁlbisﬂﬂ thé fdteguing hfﬁhdlmﬁoe faking @uajueass dispersion of
exanmple, an inert organi ¢ solvent. In certain . .
Pol¥REHERGIRSTELOlTHERAR arfipies fspppiculerly %f?ﬁ??EpPe%%lﬁ?Ol}snwhefe
useldTRiAIHRRY Shedk SHLLiBA) Bs USsckiBes il ARed Btai& Bliént Application
percent, such as |less than 10 m5|ght percent, or

Serigh Mo- 4 84876,03 eisgof Hesired andrasthlepdpersfire. igrcertain iné"t‘old?mems, the
aqu%&!\]seﬂitsﬁ&ﬁ%ﬁ of kag%érmko%e&\@)lgmimgﬁ‘ﬁﬁg ?)tg{tldl\ést i8 ﬁ}éiﬁr dby a

wel g percents “bei ng based on the tot wei ght ;ﬁethe
methiod ghatsioon notNoaluderithe step efsubitcting die mikturgpicolorgmpaging
I . t &
pari Rk SRR ARYCRRENS e Mk or, Eh] e UpcRiBic
polgmkedrable dizpemant tp higngtydss sheaoleohditiansd mi neral spirits.

51] T l. - | | or - i ; , .
00525 | ' CheSpPSEp Oy RR e £ B mRRAE PhARIATEA el mixed
withtiagrpthglenitallp yisaturase] moh@derf arginthe svaydridispeodiblegosymerizable

. pol yur.et. hane pol IS, polLyester polyners,.polyether :
L L R I o B O T
thedRfoPArkities afe foEE 9 sindl Th cHEdif RBbDdIaehth)@hPLalotiapartivg

any suitable nethod known to those sﬁjlled in the art

nanoparilestre fRImsodyeTroIHPE S Mept Mafive tapilyeniias conditions.

FoP S a¥iPIE, Sh@pSrtidles ©hR $8 thil1Bd Wit 1Sy Ale@f I2A4RN particle size of less
Application Serial No. 10/876,031 at [0061] to [OO7%J

thaw§i.3 sulliseterssoriasscthan Aggnilimetess on i sPRISGagss. NS than 0.1

. 2 . . i .
B8 ChugA B8 e Lo B e s

naffqpentile sizhin & higheensegyt imghin e prtseree ofcthp ganenus mssivnde
pofgr}herizable ethylenically unsaturated monomer, and the water-dispersible

-

polymerizable dispersant. If desired, other dispersant can be used, such as SOLSPERSE
27000, available from Avecia, Inc.

[0056] As indicated, the foregoing methods for making aqueous dispersions of
polymer-enclosed color-imparting particles include the step of polymerizing the
ethylenically unsaturated monomer and polymerizable dispersant to form polymer-
enclosed color-imbarting particles. In certain embodiments, at least a portion of the
polymerization occurs during formation of nanoparticles, if applicable. A free radical
initiator is often used. Both water and oil soluble initiators can be used.
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reference herein. [0052] The previously-described

aqueous di spersions of pol yner-encl osed col ori nparting
w@anriizd4es can be prepared by any of a vari et yPof/US2007/007836

nmet hods. For exanple, in certain enbodi nents, the

aqueous dispersion is prepared by a nethod conprising

(A) providing a mxture, in an aqueous nedium of (i)

color-inparting particles, (ii) one or nore

pol yneri zabl e, ethylenically unsaturated nonomers;

and/or (iii) a mxture of one or nor e polynerizable

unsat urated_rmnoners wth o nor e_po) ypers;. and/ or
[0037]y) oneNep-limihag pEApRiss sui "dwtaf?é ﬁoglafﬁ ’é‘ztﬁt?@ “l“ﬁ
amiAGTt r@xytcﬁ’mf'fa‘ttfé'r potds§igth ﬁé?@fé‘fdlﬁﬁﬂﬁé £rid31|i‘§1‘fdrb ged ﬁ&omde Non-

presenc an aqueous nmed |umtogart| arrze the
hrn:amgmexmupl@s |oﬁpd spbxb;nmmaéﬂ:@u@@lu@e tbviy} hydrpperoxidg. dilauryl

e
prfd b 22, YR BLORGROR R0 0 by
tempérahd@ Ee&ﬂglrtg)fr{)ﬂDHB]to SDP@ d‘hb@dlypnﬂﬂzanm oan hécainied @iun'gl either a

inco orated reference .. [0 In _cer
bat"é‘rfﬁ@o%’f‘é‘ﬁ’c‘%us rerrh Eﬂ@@&tgﬁ't??eg?% rQi°8HY ©, 3& ®nmade
polR¥edziidhkad r&@asmdrﬁl 18 ekdhpR( OV irinitgs ® Erhatiirs) srovided: amat the
agqueaus, nedlun1 of

.col or] ing parti

time, i Rifyerent to ferme aé’PWP%‘HP@&PIfSPQEﬂ?a‘F{?PéE%‘&FGﬁﬁWE?fB?aI Yand
unsgﬁﬂtgd ﬁm\fya;n%fs- di spersi bl e pol ynerizabl e di spersant,

ymeri zing the ethylenlcally unsat ur at ed
[00ﬁ%horrer g’ﬁé nebeperizgtion RIP&Y5R ISP l¢tg, thgresultant product is a
stalﬂQ lcﬁé 0?1 Iﬁﬁgﬁelcéﬂc%éemaf 1R Rl fafli Q8s FOMPAubidmedium

|spe e polymer. In these enbodi nents, the

whpblcymeomtzmmomajmrgpmp§ah'lenha§0m© apali Qéﬂlam}gamc solvent can be

rerrpvc\h%leéf r\;Farr'ea&pedga F?stuiaer (!h@{l &tlbfht at. astﬁfﬂ?% % SEBF @ @ﬂgss than

nmeri z a 1 on
40°@)S Al ised H&em;) ﬁm’t&fm "gabldutigerion’ ydiiéfstabm:ﬂlspﬁded” means that the

col or-i np articles conpris
P"‘W’é?md?s&g&’ T BERATICICR D TRl aPtde Bop sanebne gor flpgeulate
ﬁnﬁﬁhyﬂﬁkb&§hkﬁnﬁh%96ﬁ§@ﬁﬂu@0ﬁprlSeS a V\/<’it9|f0|ISI09|fSlb|e

pol ymeri zabl e pol yester polyurethane havj termn

[0089hy| eni & certadin gmkodispents. dosaolymsrepedase ﬂpﬁé&ﬁpgesent in the

anebﬁs H‘@f)&gmﬁé FPSE ShBh JTQk Yamsi 1@@@1@ féreBR! 8P anl dinount of 10 to
l'e 1's dispersing itself and other mat eri al s,

80 Wﬁtghu Betegnt nremearwn@mt@é 25yo §ASErietReEE Ifnsi B amoppt of 25 to
40 %%h@?éjﬁ ear %&%Mé bliflg va&Rb W& Igﬁ’r'&if 13Ed1 D& present in

Itrons. As a resu
thefdmpegmmg mst hod for maki ng an aqueous di spersion of

[0060] As indicated, for purposes of the present invention, the polymer-enclosed

color-imparting particles are incorporated into a coating composition. Suitable coating
compositions include thermoplastic compositions or thermosetting (i.e.) curable
compositions. As used herein, by “thermosetting material” or “thermosetting
composition” is meant one which “sets” irreversibly upon curing or crosslinking,
wherein the polymer chains of the polymeric components are joined together by covalent
bonds. This property is usually associated with a cross-linking reaction of the
composition constituents often induced, for example, by heat or radiation. Hawley,
Gessner G., The Condensed Chemical Dictionary, Ninth Edition., page 856; Surface
Coatings, vol. 2, Oil and Colour Chemists’ Association, Australia, TAFE Educational

Books (1974). Once cured or crosslinked, a thermosetting material or composition will
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pol ymer - encl osed col or-inparting particles is

particularly suitable in situations where use of high
wa@reess4ghear conditions, as described in UnitedI/BSBDEE7836

Pat ent Application Serial No. 10/876,03 1, is not

desired or feasible. Therefore, in certain

enbodi nents, the aqueous di spersion of

pol ymer - encl osed col or-inparting particles is prepared

by a nethod that does not include the step of

subj ecting the nixture of color-inparting particles

pol ynmeri zabl e eth i cal uns rate
not R €5 8P B GHOh S PSS R & PP et 15y Rost 2
“thérhdPPtic heAEriA10 0 f‘ﬁlbﬁﬁk&plaitﬁz%'ﬂpdsﬁldiﬁ rcbﬁiﬁi‘lses polymerlc
enbodi nents, the _color-inparting particles, after

comppanggtsiviighi atg 1ot jeined by kv aentheondy and therehy-aae yndgigerdiquid flow
upcfmséaaﬂ aﬁ\@él%rsoﬂib‘i@ﬁf s%wén%s p@Awﬁ'aEfs' &ab)| Gr@hRRigReE Chéistry,

ueous medi um ‘are formed into color-inparting

pp. ﬁérﬂﬂe mlaggn(lﬂ-laél, Londan ﬁ&ﬁé})artl cles are formed in
[00§Zii]:1 S{e{xﬁ‘ E&b?ﬁf‘&? BQ??ﬁﬁérg{oHE @Bﬁhﬁkﬂg polymer-

opartlc es are tornmed’by s Jec
enchaseid lanioirompatmgrpazmdgs mndptesmtshe ﬁnmaesxﬁhmmmmg gomponent of

suchRohig PSR, P Sing khofstbi sty AipRreldh FePafnis only one
of the &ﬁm@oﬁelﬂ% id ihe®batisg cafipositib OFr exatpls, in additibh &nthe .afjueous
mllinet In these,enb dlmsntslﬂcihe CD|OI‘J artie&%

dlsﬁeéF‘PPc%"é CSQ‘}H“%%OIHP‘P%“&P% SHIAY e Tsmons bnder syst
18 ofi¢ bt mofe ﬁme-f&rnﬁﬁg Fb@@n@érs WEchPad S O fnafBidk Witludeh®active

poI yneri zabl e etg/l eni cally unsaturated nononer, and

ﬁmﬁﬂ%ﬂ%@mps APERSEIS Reeroslipking ageptdiaying funptional groups

reab§vd WiH thfb t&?"théjﬁl%ﬂ’-%rﬁﬁﬁ% p@%‘i’n&e StiEBle ARCIAg polymers
SOLSPERSE 27000, avail ab om Aveci a, Inc. Cﬁ)% f

incjudgi oaesamplehany @ﬁf@gsﬁ pRlymersdisenssest abeyriwith @amfé ysthe aqueous
dis ééi%ﬁfo% %&ter% 510? E&ﬁb&?ﬁg GRtldLs | mparting

ti1cles - incl este Iyrrer|2|ngthe ) ]
[00é2hy| eni dakéyain nmhodrrmrésl suoina ﬂi‘ém—fa»nulmqlmm gethpmses reactive

' t
PSR T. eh 35 DR KRGO RREE LA s s
andéant inelude) fprrexample] hmquxyiuqm)@ucarbgynﬁteg aminooor aafboxylic acid
R g PR nG SR e SaP RIS A SR L oT CE B ooy polyester
pol@ﬁi’érsﬁﬂldkﬂﬁgﬂnl[léiﬁ}%}:i idahdt8lof hpdrofyPeatifingidlptthane polymers,
wai er-soluble initjators include amonium

O RISy dASHPIAE GONABNBE BRI HISEE PSR AnhARES Giigrate, appearance
andl&t@kéﬂﬂ%ldaepﬂygeﬁﬁgso&d@&uﬁw togingxanpl es of oil soluble

[00I6gi thato r(ls’ur{ngcalglégtes shltgl;'llfa %or li]se%rl ?IPeeéu?;(lglg %oat?xllgl cg)lilqugtlsxtlon of the
present invention can include aminoplast resins and phenoplast resins and mixtures
thereof, as curing agents for hydroxyl, carboxyl, amide, and carbamate functional group
containing materials, as described in, for examplé, U.S. Pat. No. 3,919,351 at col. 5, line
22 to col. 6, line 25, the cited portion of which being incorporated herein by reference.
Also suitable are polyisocyanates and blocked polyisocyanates as curing agents for
hydroxyl and primary and/or secondary amino group-containing materials, as described,
for example, in U.S. Pat. No. 4,546,045 at col. 5, lines 16 to 38; and in U.S. Pat. No.
5,468,802 at col. 3, lines 48 to 60, the cited portions of which being incorporated herein
by reference. Anhydrides as curing agents for hydroxyl and primary and/or secondary
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peroxi de and 2, 2'-azobis(isobutyronitrile). In many
cases, the reaction is carried out at a tenperature

wo 200gitzig4$ rom 20 to 800C. The pol yneri zati on CBEI/D82007/007836
carried out in either a batch or a continuous process.
The length of time necessary to carry out the
pol yneri zati on can range from for exanple, 10 m nutes
to 6 hours, provided that the tine is sufficient to
forma polymer in situ fromthe one or nore
et hyl eni cal | y unsaturated nononers. [0058] Once the

pol yneri zation pro¢gess is.co t he. resul t ant
amifip SERMPLCOPEAIBING CRHFRAl PRkt Pl ar&# atg sl g ﬁ’aeé%laale inU.S.

Pat 00b o 79814 4tidofl 1021ihé£1 @R 501 288 iR WIS A, NBd4 90,70 &fcol. 3,
can contain some orgam c sol’'vent. Some or all of the

lineg 45 the pv@chpméla»ns pé whighdheaeg ipicarnoszied by refeEsnst Bolyepomdes
t
as cﬁhgg 'aé%@%ﬁﬁ%s 703 &hal éf{)lﬁpe ccfrﬁﬁmﬁ?é@ﬂpﬂeﬁals%fre k@i&dle, and are

reln, term “stab
desdlityglsieanpls s&&tﬂay . s‘b@%]s&ﬂ'aﬁmérﬁs lmnaﬁz 88, the cited

porgm% %(f'@fuc%%%k gg u?%:())ka%d h e% &Eeéstph g agents for

e nor e nor e aqueous
eporg dinctionglogrosp acmathingng {n@%ﬁ}s arm smmtﬂaland erm&ﬁcnbed dor examPle

i Rep BTN AT RES, RN B 5 PR e figm g oin
beiReineeiporated herirbby fiferdnte. dolgbls s cfingmgagid fopdésovganate

fungligish et SoBIRR A BAEPRCS B FrGts e oiable and ar

des@ﬁlls&ie !i’dlsexlaﬁi iRESS PR an&l alpd, 729 ai?tllg’ 1§@Iszcts cpl. &ﬁﬁé 9: col.
i ndi cat e or

N 1 di sperS| an. pur poses
me &%g cg} &s lipe 6 6,@5{#1,[6§ P@qqglop%p}lﬁ@rﬁ@ﬁeqﬂogelepe to col. 3, line
33,50 Gfed Ad (‘Iigwﬁ%fl%bﬁﬁﬁccﬁ?@ra‘té@ﬂ%r%r@tlﬁﬁeréﬂgeo Fdlyamines as

coat I n COﬂpOSItIOﬂ Sui t e coatl ng compositlons

curingigguie foh@pw@sﬁm@nmmmqoamm@g maierigtyard fqrggrbonates
and(lk.rﬁﬁnaer&dj%%}g grecﬁﬁagﬁa' afx:‘doagg dﬁ&ﬁbgé el Q}‘?ﬁtﬁﬂ)l@ inQY.S. Pat. No.

rnmosetting materl ernosett
4,046,729 si ¢dlof) 'hnesé Ineael. T hise 2hi thh citsépsftlmrq’fevlecls being
n rossllnklng, wherein the pol ymer
m°8%§f%e&l%?re po rﬁrﬁ%er i c components are joi ned together
[006%] coval &Viherbdusited, apprpristopdstusesicf cusnghgntasmydicased In

cel PoREE e BSRTHPof e BBk o one-
corthpéhieat Efipodiion GhereCRaERRY adent, sudleadangatinpthsCieein alor a
' blolgkgc} Jsggyaaglgt’e clglmnptollqm a tahgiqxed \Enag %thge? gomggsrlilgg components. The
one-component composition can be storage stable as formulated. Alternatively,
compositions can be formulated as a two-component composition where, for example, a
polyisocyanate curing agent, can be added to a pre-formed admixture of the other
composition components just prior to application. The pre-formed admixture can
comprise curing agents for example, aminoplast resins and/or blocked isocyanate
compounds such as those described above.
[0065] The coating compositions also may comprise optional ingredients such as
those well known in the art of formulating surface coatings, so long as the resultant
coating is tinted and transparent. Such optional ingredients can comprise, for example,
colorants (pigments and/or dyes), surface active agents, flow control agents, thixotropic
agents, fillers, anti-gassing agents, organic co-solvents, catalysts, and other customary
-18-



Coatings, vol. 2, Gl and Col our Chem sts

Associ ation, Australia, TAFE Educational Books (1974).
wonee/1zudaed or crosslinked, a thernosetting naR€r/Us1000007836

conposition willnot nmelt upon the application of heat

and is insoluble in solvents. By contrast, a

"thernoplastic material" or "thernoplastic

conmposi tion” conprises polyneric conponents which are

not joined by coval ent bonds and thereby can undergo

liquid flow upon heating and are sol uble in sol vents.

uxa?%&%gﬁogﬁanpag Fx %Iﬁl gﬁtﬁ)‘?’l n%{]s(e%n@i “%Weég}qugﬁﬁre described

in [©8D PaleAENDS. 4,23056 789 U103500dt agav%gmald:s) Op1,08itNg
ol ymerencl osed colgr-inparting particles can

l00§ébr esen{n e¢ftain pRRadimanty, fhq BGOEBRBIARH O B pigRept invention

als&&%lbﬁ& £ TRRhhp! agéﬁ'i Ubéfu?ﬁ%e%ﬁﬁﬁmg IQ8 ARURAN Slycidyl,
di spersion represents only one of the conponents in

isogyapaiee ammvgord@wfmyltﬂl@ﬁmnrabmlmanppbng agentsd dThe praseng inventors
haJer}a*H;sgﬁ@Hﬁ%ﬁ atthe Hx%ﬁ?sh&ﬁo 'a o éltlljtl%%e%? PRSI b gn?smons

e a reS|nous er S conpri si ng
of thre pecstnt inyvérgiromi qag rpmﬂgnmhspmdmchomagla glasanledtavmg a tinted
unct

[ an /0
cou B AT IRIES S I B o iRSten 0 Rl Bmiabiap gyen under wer
corglithaiss suchastwotdd be tkpdritnsed m‘atlishwﬁs}iem f orm ng
ymer. . Suit bIefllmf.ormn s.1ncl for
0BT T e TR OB FELR TR S AL HTLsce Biisfe by uitable
techii§RE Guch @s §figyiagUsaslting) sphetsathiy, aip quatiigand eseofséfw-down
col or-i artlng partjcles. [0062] In certajin

bladé b aineiar-s In eqtan empediments RrigUlss Mhve Semfﬁ?a}tglgsapphcatmn

tech®igdfé is\/&ef:l Ulﬂé Eb&ﬁfé cdipisition 1§lé§i9hélpioytﬁﬁ hﬁnéﬁé?élﬁ attic¥e in the form
are used in conjunction with a curing agent, and can

of 3 Fexy thia, filp i-ceealip Fdm thigkpeseyt 0-Qpiexds3 mulsr(Bahamaons) is achieved.
I

O R B S8R i ALy U AR AR i it

a rqlafiivedy law trpnsmyission, iarsems| dagcm ispectzah transmissian @f eo grore than

109y 3 ?ﬁ% 889&@"&8&%@&& bTHARE o 1%%&5{5%'1%9 oHE il Films,

I'S0C¢yana re-contal i ng po ureas ance’ cure
unlulaet manspmaaccmmngs tnad utilize nfoqoeh{pmpdaldyps fpreotaresonf As heesult,

._cured coati ng. 00?)3 nts suitable for use .
im{i B oS GG bt SRR R et e ARRL R R of il ¢ iomer
filtheiventi on can i ncl ude am nopl ast resins and phenopl ast

resins and mqures h as. curin ent.s for . .
100558 oyt ATEPBRY ST B U R e Gh g Grggnt invention,
theg:fomﬂbsﬁ@ ahadpatdi@y I?f&hﬁiiiséd @glaﬁéia.t@ieliﬁ er@edmhple ideSertam

% U S. Pat I\I03919351atai) 5, line
em odlments the glass artlcle comprises an architectural glass unit, i.e., glass used in an
architectural applications, such as, for example, windows. As a result, in certain
embodiments, the present invention is also directed to a method for reducing the
transmission of solar energy through a transparent architectural glass unit, wherein the
method comprises applying a coating composition of the present invention to at least a
portion of a surface of the unit. In other embodiments, the glass article comprises
automotive glass. As a result, the present invention is also directed to methods for
providing a tinted automotive glass unit, wherein the method comprises, for example,
post bend application of a coating composition of the present invention to at least a

portion of a surface of the unit.
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22 to col. 6, line 25, the cited portion of which

bei ng i ncorporated herein by reference. Al so suitable
ware®@7pei4ys socyanat es and bl ocked pol yi socyanat BGI/ES2007/007836

curing agents for hydroxyl and primary and/or

secondary am no group-containing materials, as

descri bed, for exanple, in U S. Pat. No. 4,546,045 at

col. 5, lines 16 to 38; and in U S. Pat. No. 5,468, 802

at col. 3, lines 48 to 60, the cited portions of which

bei ng incorporated herein by reference. Amhydrides as

curing agents for hydroxyl and_pripmary an

/0
[006Uc ondar Vameomsingreouposisions descryedabeys mpg g iged to form a single

i : bEM 'FEfe?n ith hbketh adat
cou 0y s o L s g ToL e 01

tran@mrenmmtechctrasmgm@ calttale@lmboglmmtmé@wpvzr tagothipr ceaiiag layer, such
0 i

as acﬂa% e?%%t{éﬂi& %@%egésﬂ@ﬁ gzgr %gé% ralpﬁgt?dgggfé ftﬂé %%n@éé%nrt colorer.nt layer.

As f masalt] t’mn@lresgnnmpemm isiatsortjrectedgp icainpositetransparenCies at least

paﬂdé]g'sioagefid \Tﬁg{a n%%el?-lager %( ré%ngg;g;p{lélﬂgga§? i e@t Ctllntté;&écoatmg deposited
frofa@rdoatifg Oifwmphsiutibn be:inpgsmg polymxradnetbshé celon-ifnparting particles, and

ref er ence. acids. a curlng agents for epoxy
(b)PGﬁ‘t‘}‘ﬂ%gﬁ%ﬂr °§Fﬁ%‘ﬁ ]E‘ﬁaﬁloﬁg materials are suitable,
[ooad are dgssed Redin, kIR tefi &Hﬂdﬁhoat”ftefér&o é’aéatnﬂEQayer that offers
4,681,81 1 at col. 6, line 45 to col , Jline

onecgriraere;nd chiRoSiSTanGhi ERAHSPHENR GP'ﬁ‘é‘roé‘tré%}S‘ﬁ’é?“e g S%radatlon

resfs@h@é PRERdity RlskPirRe 2en &P dhRghil S8 stad Rl Th eed¥aRAlRdiments, the
funct’ional group cont ai ning materjals and anhydri des

hard gelatds depositad &osyp campesitigh gompesiag sgallgadde pighe general formula
R"I\qg@ﬁgf ,?wgérg 1#15%119(?1@51110 I}nglcaﬁ Mﬁ sﬁl%%naﬁluﬁ?ﬁm7mtalﬂt1ﬁ? aﬁa/or

29 to co 9, line
zuczmdlmmadl 8! isiadependently mglksl_lﬁidalal @ois thepvalengeefed, 417@ xisa

numger less’ th%ri egmg tb'% ;f‘/& :g? a E 5? Ha%alggea#%h&g rgcﬁhglg 1ncl1.éde, but

I ncor por nce. nes as curin
area@eliimitet a6, alB}dpy]ﬂmethmb{yam)dmﬂiengt q&-.glymdmt}apmpygand -

terials and t d d d t
Lo SRS, F G G
cort urflis 848/of p8lyRiers I@how@ in {hke%t EpattiéQalPbuitable kﬂe%m%@sﬂmns

e C|ted portion of which bei nag i_.ncor por at ed her ej

cormynfrl@g silerraes fqrowd Tonpreleagiaertially, hstlﬁe}%'@ﬂ.aétOéganoaikoxysﬂane

sucl! r%tolcl}[e ?ﬁ ok E1AHRVE S ETRNPRE ofs@ithbld Qlkat‘fd%fHoﬁtalmng
ts, the coating conpositions described

corap@nfd@randmtb@dségr makingcbempove Aescebad s Ui §. d’ﬁtquOé @13 55 139;
6, 2%&' %'5296 268N 9, SY§61246. 59@1 61%94061347# Q?@@ 9%'30'6 %4 E?12

ed 1 Socyanat € conp , i'$ adm xe

4 76b@éés%ﬂﬁhﬁ%dﬁ%@h@s%srﬂa@% Pl Lo iAo ALTO, 7¢‘ém§=8§|111ﬁ6’n
S5, 199@79%1% 6168805, LR a?e%nt:%%t@& ﬁ}drefélehgé Rakinvely,

[0071] In certain embodiments, the alkoxide comprises a combination ofa

glycidoxy[(C,-Cs)alkyl}tri(C;-Cs)alkoxysilane monomer and a tetra(C,-Ce)alkoxysilane
monomer. Glycidoxy[(C-C3)alkyl]tri(C;-Ca)alkoxysilane monomers suitable for use in
the coating compositions of the present invention include
glycidoxymethyltriethoxysilane, a-glycidoxyethyltrimethoxysilane, a-glycidoxyethyl-
triethoxysilane, B-glycidoxyethyltrimethoxysilane, B-glycidoxyethyltriethoxysilane, -
glycidoxy-propyltrimethoxysilane, a-glycidoxypropyltriethoxysilane, B-
glycidoxypropyltrimethoxysilane, B-glycidoxypropyl-triethoxysilane, y-
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conpositions can be fornul ated as a two-conponent

conposition where, for exanple, a polyisocyanate
w@enrngp4agent, can be added to a pre-forned adreRUS2087/007836

of the other conposition conponents just prior to

application. The pre-formed adm xture can conpri se

curing agents for exanple, am noplast resins and/or

bl ocked i socyanate conmpounds such as those descri bed

above. [0065] The coating conpositions al so may

conpri se optional ingredients such as those well known

i.n the art of for surf SO |
By YPETHE FR SD iy PP STy isS heirot APYRE i e ST afgh ilane
morhdrenal |ngred|ents can conprlse for exanpl e,

col orants (pignents and/or dyes), surface active
[00&Jent s, StichleishalG-Caghenysilangs et meyibe usgd it gombination with

the %%Jt éﬁ)&? @ ?%Eﬁﬁlé@gc R gsﬂ&{eQﬁrﬂhé:cé‘d%m%%ﬁﬁ)Wsﬁwns of the

ryauxilraries.” Nonlimting
presenanwlemsomfnctddesﬁ)r eaampleaisteriats sghias biteangtbersdang, e

oS5l 0 it e a5, 0

tetrﬂié&@tbmyeﬂm&anﬂhmmasthegaofonposwl ons of the pr esent

inventiop al so co I [
ooterur of G SRR s wSRRer - CruRgRite -
C4)£1&6ﬁysiraﬁé and wnﬂauol]:ﬁg)anaixbatanle hotuahdre neéhd ini thaneating
nt s e present inventor
comB ORI O RGBS GGG BIewBh 1 § NG E G LT REon [Cr-

cg%ﬂm,%;ym&xﬁnmw&ﬁdm @a)aﬁeﬂysﬂlaﬂa enfroANd.6dno 100:1, such
resul t roducti on of a g ass article haV|ng a

as Q.75 de S8 daandni %%"o%ﬁsﬁ%tfrqmér]e'@rﬁ wherei n the coating
[009&’1?'] eres {Pcdrfién SBsdindid, ShealRYEile ltbn:«ﬁQEas‘(VEIu‘tlally hydrolyzed

dltlonS such as woul d be experlence In a
befaiesh mmneq Wb ptherisemponerta gl th@r?pegmg PO/RBO PN, IsHch as the

polg:%@r eggoée% n%-lﬁ{sé a!n?ljx pQ‘chl%Qy Sﬁ 9&.@1}15 R4 d%é&ﬁ)ed in

spi n- coa coat1 ng and
UnnedaStatesd’ammNaj (6\/9;55&8;9(:9& cok. 3y\hn® ’bm28 Itlme citgd: pairfion of which
odi nent r .when a spin-coating

belﬂ%ﬁf‘ﬁogﬁr?tgab?'é%%ﬁm&ets‘elreén ‘'used, the coating conposition
[0075] app! i &flcérenih Iambbﬁﬁmmarvmﬂ mprdxadicai innant dvweodrs mecashary for the
ery. thi [ i..e.. a.dr m t hi ckness, of 0,0
by ¥isatih BidsChyzabis aloh Qe es FuerPfan i el epagiments, water
is pﬁéééﬁﬂiﬁ@ﬁaxﬁcﬁudt@aﬂfeﬁﬁelﬂi gidhé‘eﬁiﬂwa?tér pe3 rhdlatof Ehydrolyzable alkoxide.
transparent coatin xniprgin ativel

In ¢ertyn pbedigients, At %egela%\g@és % gﬁaglﬁl%ﬂf ¢ sarﬁegg?f‘an
00@9 no NoNg cthAn chiBiirhénts, Iarbawgm i€ povEdedts cﬁﬁ[ﬁe&h@ﬁydrolysm

can be achjeved using such very thin filmns, H@%

glatenal

and 9%@9%@#@%@& A sertaigenpogdiments, tP%FatéEYéhla g ac
and/Of a ARtRHALdiffBrenf Bof th83bidio material, which generates an acid upon

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.

[0077] 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
generating compounds include onium salts and iodosyl salts, aromatic diazonium salts,
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i mproved optical quality can be achieved for such
coatings, due to the use of thinner filns. [0068] As
w@e@viizggs y i ndi cated, in certain enbodi nents PET/UR®07/007836
present invention, the conposite transparency
conprises a glass article. For exanple, in certain
enbodi nents, the glass article conprises an
architectural glass unit, i.e., glass used in an
architectural applications, such as, for exanple,
wi ndows. As a result, in certain enbodi nents, the
present invention is also directed to a nethqd for . .
met%&e’@iuﬁgsat ﬁeowmﬁ%aéé?lwﬁ%ﬁ‘eé’aﬁwyg}?&wet mﬂ(i}%}@ﬁ described in

Unifell %Q@Pﬁ@ﬁt VLo 1393}' HRd o HiBScarbiibl esteth BERkribed REUnited States
met hod conprises ap | a coating conposition of the

Patept Noe 840 13dnthe @nmerQP agelals.hels polyssiery and endrqapped
dengétnyeg %e&r}'iﬂed ih E‘Jn%ﬁ %rtat%'gés’cgﬁm@ L£084, f‘ﬁ) ,ShpBenAE hietscor

nprises autonotive @ As a ’resul the present
arommneaicmlmis tentaining al¢arbenyd grouwp imet mgorf dpth pobeteinthea

d
sulp%lg{l]é}g Iegtggtgr%[ung; -suﬁxﬁ)l%gf’ox %“’%‘}é%gr"?ﬁgla?@g’ o% og imide,

arorBated mxigqsxmlmmates,a{umﬂnetd]mlmseaadltesms\n@ntmning benztin groups in

| east ortion of. a su fac of t.

he g5 HEh BO IS RETCOHE BE LRSSt AP Figmples of
thes%QédIhﬁo& h&rBlatedcarad baﬂﬂybt@ﬁ% aled disclosed Bpdhied SatdsiRateant No.

such a layer being referred to herein as a transparent
5,43%3t%d coating. In certain enbodi ments, however,

[00P8]0t her LR aRDerhBY@ments! e R& Qed%?étﬁg%b&ipouﬂ&ﬁs Heationic
deposited over at |east a portion of the transparen f

photmnr@pm Suchyeran onire salb.sNpp- i iag GRRBEIRS of FURHRRisFalsnclude
h&‘i’orqﬁn%%it? dnd ﬁiﬁm@éﬁl{]ﬁl §a§t§ NFRRLARCEGRmBLcid1BASailable as

coate

Sareamﬁzingmgz an(chgiDalomrfsqmtSan{o'@Es:r Company. Qhgsmitableroniim salis
are ﬁe c%&l Iﬂ'ggr?lﬁg@ g?ﬁtég lgﬂe %6)@ @m%,j %Mﬁﬁ{ 8, qﬂﬁ:l @St%Q:olumn 10, line

or-|np parti a second aye
46. cmamnplm ogsxmhlmmdn saimmc[lﬂeﬂeﬂj dAseﬂnykﬁpltmwbpdomume

tetrgﬁléor{ap ﬁ{ﬁ, 8ﬁ éh?‘%ﬂ?’régi’ﬁ%‘ 2@@ nyﬁlogg%lwﬁé’xahng}oaﬁi&%ﬁéte

docﬁbil&ﬁih@ﬁylr16&d)lihﬂﬂ&6:aﬂhbf‘odﬁ@lhaﬂab4 [@tn[(ﬂ-ecst;;isemiﬁ)gxy]phenyl]phenyl
oD ehmhane s MOkl e BEER  Soistancs: In
[0079FPOS| t iTes aﬁ@ﬁﬂf bﬁéaﬁﬂys’tl’hsédi kothe doatddg &&ﬁp@tﬁkﬁ’fs&if the present
AN T GG I N I R —
reqﬁﬂé@td Jh@ﬁ?%‘é*ﬁﬂ&l Hitte MlekMidrdifsls 6Ad codenSatiohere¥@idaris eequired,
eg.,a czl\t/ltalyzmg ;(ml)ﬁnta In certain embodiments, the acidic material and/or acid
generating material can be used in an amount from 0.01 to 5 percent by weight, based on
the total weight of the composition.

[0080] In certain embodiments, the hard coat is deposited from a coating
composition that also comprises the polymer-enclosed color-imparting particles
described herein. In certain embodiments, the polymer-enclosed color-imparting
particles are present in the hard coat composition in an amount of 1 to 25 weight percent,
such as 5 to 15 weight percent, with weight percent being based on the total solid weight
of the composition. In certain embodiments, the alkoxide is comprises 50 to 99 weight
percent based on total solid weight.
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nunber | ess than z and may be zero. Exanples of

sui tabl e organic radicals include, but are not limted
wo 2g07akdeyd , vi nyl, methoxyal kyl, phenyl, g-gl yrCTU%2007/007836

propyl and g- nethacryl oxy propyl. The al koxi de can be

further m xed and/or reacted with other conpounds

and/ or polyners known in the art. Particularly

suitabl e are conpositions conprising siloxanes fornmed

fromat |east partially hydrolyzing an

or ganoal koxysi | ane, such as one within the fornul a

f t abl | K d
1008 oundL bR R HRIEP e o ERY AGO LRGP Lo BERT it
o e o ot i,
flow agdjtives; healogmogdifiers, adhesiomprpmotens; %Voafﬁmbsr% f8d é‘?ghke
[00821032, 74 céta%?’énﬂ:é&me’éltslg% 1hed coﬁ%n@o@ﬂ@n@%&pﬂ&@é &M

are incorporated by ref efence herein.

orgamnsilaxaneapiiveli aredassribedhin Wnikesk$tates Fotapt A@ébw%tlon Serial No.
11/ g%%fﬁlb %ﬁﬁ&ﬁ%@'}%ﬁfc%%ﬂ %()glon%f%lﬁlcff lél;xlmgrlhéogporated herein by

nomner tetra
refe¢mdek Gugb ial matenmlorfomed is Gfty pdsgm;t[l(l @he coating composition in an

am?%g’go}“ 1 ltlo< &ﬁ]\%e;]%l‘(tc%er%nf')s%cﬁ 9%y % ilé‘ BF 5154 fl 8 mﬁerlgc'htﬁ)lé!réeﬁp lfBsed on the

use conpositions o esent
1nuﬂ@ummhbqﬂnbﬁﬂhuﬂﬁuggycm@omyamthyItr|ethoxy3|Iane

[oogég: zg: ggg(g%riq% %Pg{%ﬁ%g?ﬁ? %“H'g cbat composition comprises a silica sol

compr@divE sitlex uaidputtidiéswmidwpdlsiesidgble (meth)acrylate binding agent. As

h- gl d thylt
use@hygq%xél %i(%g’o ] an:qloﬁé{:]a%xyy ilaggl:icgd& dispersion of finely divided silica

parﬁclgg M&b&@é&’ 2 Qgﬂdh{g )(Mﬁblll 88\8prifks an polymerizable (meth)acrylate.
Oxypro tr|nE X si | ane,

As psegi lgfgi:lgoﬁy:ﬁp@p i$ilieg’ r@f@xg%y&@za ﬂé certain embodiments, the
nan?;ﬁ%t s P%Qg%g{; ﬁ’ﬂ)ﬁl: tsflicﬁ%&hﬁ’ﬁ%sdnl Afage Ma?&r }ﬁﬁﬁfc?ec‘sme of 300

m xtures of such silane nhononers.
nafjodEIap OSlﬁssmrﬂe as 309 ap®meteF) | lesex9s i spee casgat 1 09gqpanpeaeters or

35 AP s BSOS, 20 et

lesconpositions of the present invention include, for

[Ooséfrglete h &rgii ﬁcg%gs 2 51 ch%?b%oﬁr&é@%%ta&% erlzab?é (meth)acrylate
bink@tgl spletit. 0Xy asddaireein] ei—:rtame ﬁ@riyéth)ayﬁjldita’l’us,meant to include both
i | ane, and. tur r eof

acrté(gtetr %Pcffég%ﬁéli n gim F S sulta{ﬂ(&%(%(?n3 llsel ata binding
ageht Qﬁﬂlﬂiekﬁﬂshﬁiété@(m ﬁ?ﬁ@&i&%&hérﬁé@ aad féhgomers such as, for example,
tetra(C - C6)al koxysi | ane. pronqners_used 1 n the éoatin

moggmsks 1 HiE-gnd et taedRcTy AF nhoBH e 5PES RExpRBlgs of
sudherh SRtalk 3h410d0hy Stb¥Hd P thdctliate, trimethylolpropaneformalacrylate,

hexanedioldiacrylate, tripropyleneglycoldiacrylate, neopentylglycoldiacrylate,

trimethylolpropanetriacrylate, glycerintriacrylate, and/or pentaerythritoltetraacrylate,
among others.

[0085] Silica sols suitable for use in the present invention are commercially
available. Examples include the Nanocryl® line of products available from Hanse
Chemie AG, Geesthacht, Germany. These products are low viscosity sols having a silica

content of up to S0 percent by weight.
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C3)al kyl]Jtri (G -C4)al koxysilane to tetra(C

1- C6) al koxysilane of fromO0.5:1 to 100:1, such as
w®2003/12048%0 50: 1 and, in sone cases, from 1:1 tPCBU32007/007836

[0074] In certain enbodi nents, the al koxide is at

| east partially hydrolyzed before it is conbined with

ot her conponents of the coating conposition, such as

t he pol yner-encl osed col or-inparting particles. Such a

hydrol ysis reaction is described in United States

Patent No. 6, 355 189 at col. 3, Ilnes 7 to 28, the

ed portio L,ch e|n ncor. ted by. reference
[008@ ei n. ? W\Mggﬂe ﬂé‘%ﬂh Spyan organic
solynoV Sdﬁéble Braaficadtithls e ckseahm Vfu(lllrstéﬂiﬁzd‘lﬂ‘ré lsllcgsbbinGhe coating
t he ,ﬁtyzabl e al koxi de(s For aﬂﬁr«; i.n certain
°°“é9ﬁ§b‘d¥ CSTURARHE} a‘P@“‘Hr"éﬁ ent PFe%f‘r‘i“ (foatipg spmpesiden is a
solvatigHRh it Ofe. WAlBAORE WHIEH B sgfﬁdwrrirts |sbfl¥19ﬁiz% o2 dkpeisd ehe silica
In Certain embodi ments, atnospheric noisture, i

sol g thiej copting cormpesitien. aEerqfa@r@le [tbo@mpuntpfsehveat present may range
ﬁoxﬁrﬂgfr’l‘g' JEFRL; ﬁgtngpreéﬁtg%yeﬁt o the RS0V bl Bf’ih‘é %Qhé(%&&ﬂ@smon

I'ysI's condansati on Feactiton. I'n cer
Sultﬁbllmshlmi fcludecbuetare hgslimited & the folliowvimgithenkere, toianer methyl

ethgl l&%r?er h?eltlgflqéobtlglqp{one gc@dn'%eet%%.ngl {:etrgﬁt fro?xéjl&trﬁ’\gcghol propyl

at es
alcdhulppmpalrene embodataﬁﬁ{methylpgnahdmone riﬂtvamlpjrnolsdmbm.s e

s RN bR Bl

ethymhudauaﬁe,tmxm cﬁdtyll)ﬂp@'rroﬁﬂiﬂoaé J N (nRldetyd)pyidlidirone, 2-

g‘% tﬁ?’iﬁ"é ﬂg?%ggml%ﬁ]s dr S l oL ?l%ﬁa?lglﬁg,tjecdlly acetat% butyl
ace@fté)] &E@él@ﬁinﬂﬂra&‘ﬁhféﬂ%oﬁéﬁ@ﬂ gaf(ﬁ)ﬂ)l@atéi%étﬁypp@ﬂinﬁfd ORRiAhe

be used as a hydrol ysis and condensati on cat al in

glyeplanenoh gaﬂafénsbezﬁ ¥l suioride; dimefhd §emamlﬁ9errhylsﬂe glycol, mono-
ancﬁ&iﬁfkyﬁéth@rs 185 8 @cnda{nﬁrthé‘lr BE@Paied vAbH are sold as

Non- | |mt|n exanp Ies of acid eneratlng conpounds
CELROIS$deVEnn |spbfea‘rsd>y‘| Yuienarbiges proprlepergtyicel methyl ether and

prog&féﬁ? P até‘é'l %%}h&? ﬁ{h? Q&Jﬁ‘}% e\%hﬁ%ﬁla%'eagol? 25 PQWANPL®.PM and PMA

enza yoxyne ene -porymers
soldasg redpedtively, Wy Dedf (Bi@mesl dndtrabdtuiye of Sich3tcibdFolvdnes.
itroc rblnol esters de rLbed in
[0087] e

t
ot Nl aBhe TR S R e s e Bt i e silieagel is one of

the%@hﬁﬁérb%ﬂ? aaa@h;ﬂamaﬁ&&pm Zﬂ%a lsmgtldgy@ﬂ)elde%@w JABé&lsiliba sol is first
ni, t t at es, Pat ent No. SUlp nate esters
dihgpd ar&far qrganjp éerrspgpr&rﬁpgpm jng thesilessAl vyhampatleaspartially

hycﬁegazted Qlkoﬂidéhﬁ‘tl% typeidesdribelitRreinll phonate ester group,

[00:2\3%]8 3 e, pho rfl)ll lcgr)t(g/m %ﬁ{b'o\éfanﬁéﬁis Sthg ];11122 S(z)alrlg g}aetsler(l:t 1?1%edﬁar?1 rcoa’c '
composition in an amount of 1 to 25 percent by weight, such as 2 to 15 percent by
weight, with the weight percents being based on the total weight of the composition.
[0089] In certain embodiments, such hard coat compositions are, aside from the
materials introduced to the coating composition as part of the silica sol, substantially free
of, or, in some cases, completely free of any free radically polymerizable material.
Examples of such materials are mono-, di-, tri-, tetra- or pentafunctional monomeric or
oligomeric aliphatic, cycloaliphatic or aromatic (meth)acrylates. As used herein, the

term “substantially free” means that the material being discussed is present in the

composition, if at all, as an incidental impurity. In other words, the material does not
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aromati c oxi nme sul phonates, quinone diazides, and
resins containing benzoin groups in the chain, such as
W b@saedescri bed in United States Patent No. 4PGBBSHB007836
Exanpl es of these radiation activated acid catal ysts
are also disclosed in United States Patent No.
5,451, 345. [0078] In certain enbodi nents, the acid
generating compound is a cationic photoinitiator, such
as an oniumsalt. Non-limting exanples of such
materi al s i nclude diaryliodoniumsalts and

triarylsulfoniumsalts, which are comrercial, ”
affegi thielpaeneatiessofhe compesition. Ag 1sedbrreipthegerm Wxaaktely free

[ts are
med S thATR GRRT Mot Pheleh fhe BhGoIOHELAR % 00n

[003] urm 8In ¢eraEn Gabodiments, srchligrd pcat&cwcs@oaﬁpree@bﬁﬂnﬁaﬂy
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Such hﬁatymle dmiudﬂndyeocmﬁlimmdowttfomﬁaﬁ m,dx@tbsjqnyi akipokiga yo actinic
exaf

t
radllago?( Ep?ﬁé ?g}agelgjlﬁalo g%rm gﬂgll jghlchﬂn cert glnemubodlments are
subfteadllyuet @ﬁhﬁ}iléﬁ@rwisemam&n fihex t‘,(w’cmg cbhﬁfo@ﬁ)fons bﬂﬂ%ﬁﬂresEhG

ampunt qf cat al sed. i n oatln osi tions of
mV?rﬁ@np'fv@s!@ﬁﬁown}é%l ne&ﬂfekﬁi& ﬁxﬁ{ﬁ) ngsy xanthones,

acridife RAFVhiiCeY, pheBLAS d@tvativVes @mr@ihﬁn& B@‘n&lﬁiﬂwtl-phenyl-l 2-
required to catalyze and/or initiate the hydro

propgnedionsciefshenzonloximes | -sminaphery] dietengs, kh foxzipl‘}/enyfkemnes
andctﬁ‘éxﬂd %Fﬁgng]?@-‘ r@thef ReCRAdi@N Bo@m@aﬂ@ﬂ trStiatbRe wisdnd iif certain

teria aci d gener ati gag@mat erial can e used
emlpqdlannénmmubmmnlb' g romplgehabsenitiany thachad coatragmpsitions

o L BBl s TR BB B0k g, Anote
classcuﬁﬁeegamﬂlrmﬂ}’MUnattdmamtat@s, whichys ingegammnbodiments, are

I - ' . ' .
T e B
couRiErdon t:diltlﬁmhndsgwbmhtaire cambby ef ghrseshdng adtmld; teys land gracloging free

radf o it a5 e R R et 20 eSS fjpetion £2

223387nadiated Siteb mateheNah K181, do:waa msm‘ artdre772 541.
conposi tion certain enbodi nents éhe al koxi de i s

(0088 | seJhs@afi:c% caEpgrition Mayheanplied ip h tragspgrent smted

coa\fﬁggﬁfng[ RAGLEmPIE ahiR conveRBbnAIUTRGS idcﬁﬂlqﬁamo&hcﬁﬁg flow coating,
i ncl ude ot her naterlals For . exanpl e, such

dipcopfiagispitoraatingnroll costingqubain easting and spray Sogtig  4pplication of
the@aRHihd ¥SfiposiHGndS, if desired, be done in an environment that is substantially

free of dust or contaminants, e.g., a clean room. Hard coats may range in thickness from

0.1 to 50 microns (um), such as from 2 to 20 pm, and, in some cases, from 2 to 10 um,
e.g., 5 pm.

[0092] Following application of a hard coat composition to the transparent tined
coating, the hard coat composition is cured, such as by flashing the coating at ambient
temperature for up to one hour, and then baking the coating at an appropriate temperature
and time, which can be determined by one skilled in the art based upon the particular
coating and/or article being used.

[0093] In certain embodiments, when a material that generates an acid on
exposure to actinic radiation is present in the hard coat composition, as described above,
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fl ow additives, rheology nodifiers, adhesion

pronoters, UV absorbers, and the |ike. [0082] In
w@eorar@4enbodi ments, the hard coat conpositi oPCT/US2007/007836

conpri ses an organosil oxane polyol, as described in

United States Patent Application Serial No. 11/1

16,552 at [0004] to [0007], the cited portion of which

bei ng i ncorporated herein by reference. Such a

material, if used, is often present in the coating

conposition in an anmount of 1to 25 wei ght percent

h t, b
ooy o AN O RS i
cm{r%Qﬁﬁdudt of QRfavidler §H QA ha Rftér, theM@lRAGHingQBE coating,

c OSi n. co rlses a silica sol conprising sillca
%‘F{YI atharmaal CIrpEPreceab|oe it Hey RY aghepmal euring process.
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©.&s PP it pupey bF satgd ipen sleyated teanmrmmg/ha@en belomhiihe emperature
atvqgeipaguﬁg @,nthgg{ﬁgj@ +&_@§JI e (nmeth)acrylate. As used

herein, The term"silica" refers to Si@2. In certain
[0084b0di ekt ecrtaim embadiopants, vdiees: q@hmﬁ boinlpritsimg aspdlymenzable

(meﬁﬂjac%é’t@ bﬁ'ﬂiu@é’ %g & lpsreh E??Ea% t%ﬁ% cst e né:{o%ﬁ%mb?s egglgbed above,

nanoret ers or suc RANo
the @plymengbhf(nmls)eet;yla’ta ﬁrasemtormheeslhca)sollremsms Qubstartiajlgt

50 nanonet er SS, cases,
unc RGPS s o R e iioR han BEfH iy ATER Erecpyiusly
desedbeccaning ssgswhich@uyesithe Zlaﬁbeat(rﬁﬁh gk y AathRe® ho@in) the term
the term" h)acrylate" |s

SR ARG Guiins S PR CHRCPMBE Haig raposiion o form a

har@ebat(reiei poiktheri£abal (@R Jarhaie has Hbt @Béed fith MSEF Fotifkr
bi ndi ng agent include unsaturated (neth)acryiate

COmpPASHIAT, cg)ng}mxegqslt@ ghertent thag thepghesion oftherrpswtantibgrd-coat on a
traxil?{'.[ganenf fihted cb&deAs ne@&fireﬁeﬂﬁ}?acgéﬂei b) ﬁ'%]ﬂr@ﬁ:gact exfnbxts a reduced

limting specific eXa such mater

adhesien gatings W@mwﬁ@étdnwbyﬂam the Examples herein.
[00b5] net hyg]g aﬁ’ Ql?ﬁngilﬁfl (f‘%é/ I%F&‘lt 1n\fent10f1 és also dlrrgcf‘ttéd to colored

hexanedi r’pro eneglycol di acry
compasige mayﬂgrgm:msd:xhdmyn@a plurahty of hues, wherem the comp051te
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coafigg dsposBed ifivm 8 obsnmdrmhﬁsaldmcrommsmglpﬁllyﬁ]eweﬁsm&d color-

e b1 S e g £ b o GlRaBesee nsferein

the term “hue” refers to the quality of a color as determined by its dominant wavelength.

As used herein, the term “plurality” means two or more.

[0096] As indicated, in these embodiments of the present invention, the
transparent coating has a plurality of thicknesses. This can be achieved by any of a
variety of methods. For example, in certain embodiments, this is achieved by applying
the coating to a transparent article comprising a surface that has been roughened or
textured, so that the thickness of the coating varies along the roughened or textured
surface. Alternatively, this can be achieved during the coating deposition step, by
differentially depositing the coating over selected portions of the surface of the article.

This can also be achieved by depositing the coating onto the article and then removing a
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Chem e AG Ceesthacht, Germany. These products are | ow

viscosity sols having a silica content of up to 50
w@encani44dy wei ght.[0086] I n certain enbodi mene&T/Us1087/007836

silica sol further conprises an organic solvent.

Sui t abl e organic solvents are those that wl |

stabilize the silica sol in the coating conposition.

The m ni num amount of solvent present in the coating

conposition is a solvating amount, i.e., an anount

which is sufficient to solubilize or disperse the

silica sol in the coating conposition, For exan&
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resuﬁehtgmes RGEE S Phtt RS EbRArdnlE ni R pro@h @Al ifRlesitdie

I ng conposition. SU|tabIe solvents i ncl.ude, but
[00957He not Thepresent inyentipe is g5 dinpaied t%mn@ltett%ﬂna%@cy

I t l, k61
coff i Ao SR JEL 0N o4l g S il g
a ﬁrp’r lnpa,/dxﬂnhepoatdabﬁnam@, cdatmg t:hynpp;atmn k:ompneme polymer-enclosed

N-.Vi n rrolidin rm
colquripp 8%4 HSP G oFc%P nc?ﬁ%eél cghy%ostl {h%%grgtoﬁur%ce Jpherein the
secdﬂ?lg §my1:jaﬁa i a‘tlleait pﬁﬂlell}é Doftbd wiﬂhyd &mrspmrent tmheﬁ onﬁ;ng havmg a
N- (.\n-do ol 1 dl nane,
sccq e P TR SoTD 2 CoMIBE Ry PRYUR N CUARHNEE PEIHgicnclosed
col&QE{p%hﬁlg lbauﬁmles ahfdeiath etBbdiatonel, ﬁfellﬁ@ﬂhudﬁstdiﬁﬂeht from the
propi onate, nethyl propiqnate, diethylene % X %. hich
w%@mﬂ% well he PPPYG?‘ﬁ@@h? FOmBPT IS AsPAgR ARty e produced whic

exlﬁm{s@d”esﬁed hﬁé B?/ ks&ﬁlggdwa:@dpos rafacesifahdithnphhaes uaﬁl
et hyl ene gl yco hei r derlvatlves whi ch are sol %
tranaBar@ELq_O@@vadiffRﬁ@thuﬁal Fergxpatle ang vifow limitaippghe first

surﬁ[:@ %@ﬁ:ﬁg{e}i%&h Tebi¥lar&it 34n @(Qgreﬁrc%ﬁﬁh% ﬂﬂe)é"é@énd sl\tjrface

er acetate, which are sold as
ma:ﬂhd cam:dswith emasxspameyp@d;lpmlcyred lspatbay M@@am awaposne
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il]ica sqls descri bed a ove, ..t he
00 ¢ o AeareSHE sheratatieruhl 5 Phopifeitle d facidaibr
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al koxi de of the type .described herei

) dpopig ScBLEPHERIEL Hied COPPHEan Soleafta HPRRbYR @ Fist syigece of the

traﬁ%@ﬁfén&@ Hnd CRYPRVdih®A sbébrdliraiPattht ited boatidg dedtd&nt a portion
y weight, such as to 15 gercent b

of amcgml syErceaithe BarmgroapsEonneRinthe S?%Pﬁﬁu%g?egwp%?s ‘ﬁ“ﬁ glfst

surfREP 8 tHes O et JAS 3P the! presc t@eﬁu&m WaBEsHeSof (e Gt RBsitthg
coat COTTpOSI tions ar e, aside from the
composition and the second coating composmon comprises polymer-enclosed color

imparting particles.

[0099] Ilustrating the invention are the following examples that are not to be
considered as limiting the invention to their details. All parts and percentages in the
examples, as well as throughout the specification, are by weight unless otherwise

indicated.
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flaskheduiprse dswitls ametectbhig temperature probe, mechanical stirrer, condenser, and a

heating mantle. Charge I was stirred 5 minutes in the flask at a temperature of 125°C.

Charge II was added and the mixture was cooled to 70°C. Charge III was added over a

10 minute period. Charge IV was added and the resulting mixture was gradually heated

to 90°C over 90 minutes and then held at 90°C for 1 hour. Charge V was stirred in a
separate flask and heated to 60°C. 1387.8g of the reaction product of Charges I, II, III,

and IV was added to Charge V over 10 minutes. Charge VI was added and the resulting

mixture was cooled to room temperature. The final product was a translucent emulsion
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free of dust or contam nants, e.g., a clean room Hard
coats may range in thickness fromO0.1 to 50 m crons
w@ povy/128eh as from2 to 20 mm and, in sone CBSEES2007/007836

from2 to 10 mm e.g., 5 mm [0092] Foll ow ng

application of a hard coat conposition to the

transparent tined coating, the hard coat conposition

is cured, such as by flashing the coating at anbient
tenperature for up to one hour, and then baking the
coating at an appropriate tenperature and tinme, which

..can he deter ' ed by o skill he art. based, u
with #peagid velug o BﬁfPﬂbf[‘gﬂ Py ?'ilﬁ 1D FaRPRiSE, Gipgpicte #5 4t 60
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Theldispengot h@.s iprepacidafirorarths famwinp enisoee eﬂlrgrddlcﬂte imtdry abwunts
o di 'ﬁyai ned at roomtenperature, e.g., 22C, or it may
indigdefiaat ed to an el evated tenperature which i s bel ow

the tenperature at which damage to the article occurs.

HHrgredients 2 pol yneri zabl e (nmeth)acryl at e Yiehght{grams)
J?fl]ﬁmr éI usea 1n thne nard coat COprOSl T on, as

i e‘ﬁi‘arfé“ Héfﬂ%rsxbﬁ”afﬁ%aﬁﬂlérf zabte (et acT yhgj £o
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roquinone meth e RIS 9, SomPOSTIT 2.0
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3 133 PGl oc_; ho ha .
3Sh¢u§01QMSt(Shq\n Ch n§95a| | YV UNcross i nlzar{"l A ns
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@H cure of the coating rnrmnqntu nto forma
hD¢iarizad wathe pol yreri zabl e (et h) acryl at e hat02fht
b &Butyd haidrdperaxids (703 aguénais solwbipnki t| op conpohddts to
N GhatrgalIlt hat t he adhesion of the resu|tant hard coat
on Deiddigstbwaeent tinted coating i s negatively 512.1
i MPefrbedammonium tWlgatbar d coat exhibits B reduceds

alkedi detdbidilfitewhen nmeasured as descr| bed 1 nithe
Examples herern. [0095] As previously 1 ndicated, the
present invention is also directed to col ored

IOIQéhposu t Ehq ingredinmte wereanixedriisiig 3 Rgssopr(statps mjxesModel #HSM-
1001983 2. $R6ES laRd & LOFBIB ik Sugh an Advantis V15 Drais mill containing 500

ml of 0.3 mm YTZ grinding media in a one liter grinding chamber. The mixture was

D_

QJ“:T"":TU)OC'OQQJO'_‘

milled at 1400 rpm for a total time of 19.0 hours. The progress of the milling was
monitored by visually observing changes in the transparency of thin films of samples
drawn down over black and white Leneta paper. Charge II was added and the resulting
mixture was stirred 5 minutes at 11°C. Charge III was added in two aliquots over 5
minutes. The temperature of the mixture increased to 13°C. The final product was a
blue liquid with a Brookfield viscosity of 26 centipoise (spindle #1 at 60 rpm), a pH of

7.2, and a nonvolatile content of 30.0% as measured at 110°C for one hour.
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transparency conprises a surface at |least partially
coated with a transparent tinted coating deposited

WO p@miz04¢0at i ng conposi ti on conpri sing pol ynmerP€nUhmeea7836
colorinparting particles, wherein the coating has a
plurality of thicknesses. As used herein, the term
"hue" refers to the quality of a color as determ ned
by its dom nant wavel ength. As used herein, the term
"plurality” neans two or nore. [0096] As indicated, in
t hese enbodi nents of the present invention, the
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first hue is different fromthe second hue. As will be
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ml Qff Od.! fnheva gﬂiﬁtﬁﬁ nfedia 196201 1Rer @rsing thatber. The mixture was

[ imtation, eflrst surface gﬁé)ﬂe{coated Wth a

milled A l00eRm %yaﬁO@btlme@J 28 dwirsn ogress gbthsrmilling was

mo‘ﬁ%feﬂqg' ﬂ@NaIEEO&QMﬁg ghéﬂgteb irPtht HRARSRAEERR o RN AWMs of samples
col coating. The resultant co osité transparency

dragusieme Rusr Rlagk 1 whitg Leegia prras) Uebayeedhwappdged and the resulting
mifRPEREL BGraDs hiRuteS§ bA9AXE Charge 11T was added in two aliquots over 5

minutes. The temperature of the mixture increased to 26°C. The final product was a

I

magenta liquid with a Brookfield viscosity of 27 centipoise (spindle #1 at 60 rpm), a pH
of 7.4, and a nonvolatile content of 29.3% as measured at 110°C for one hour.

EXAMPLE 4: Polyurethane/Nanopigment Dispersion with PY 128
[0106] This example describes the preparation of a nano-sized PY 128 di-azo

yellow pigment dispersion that was subsequently used to form coatings. The dispersion

was prepared from the following mixture of ingredients in the amounts indicated:
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t hi cknesses of each transparent coating. [0098] As a
result, the present invention is also directed to a
woredohozh4i®or provi di ng a conposite transpar encyPCT/US2007/007836
exhibiting a desired color. These nethods conprise (i)
depositing a first transparent tinted coating on at

| east a portion of a first surface of the

transparency, and (ii) providing a second transparent

tinted coating on at least a portion of a second

surface of the transparency, wherein the second
sy 0ses the frrst—surface—tn—thesg
ti1gﬁ%%gsen invention, at |east one of [he ql*'l"f'%t((éramu)
co&harge Lonposi ti on and the second coat] ng conp05|t|on
C o Pplyustbaqe0diypeesios BE ER&MGILO! OF 1 par T NG parmbh£Hes.

1|v used to the formthe resoectlve
1ﬂ¢iﬂfm%‘ﬁﬁﬁhannnl gment _di sper sions of| Exanpl®g.2 to
FﬁﬂﬁuiﬁHHHQném%@ﬁéﬂqlsoerS|on was prep@ared froist he
b Spdimmetabisuifite of i ngredi ents in t he amount $2.3
i ndi cated: 1Poly (butylene oxide) having a nunber
rage l.ecul.ar wei ght. of 1000._[0101]

018 2 T R o Th S0 PRI R TR/t n sE Model HHSM.-
100rLoﬁam d.5dauroand thes kemwd&nﬁmgwali)amnﬁb &4l 9ACmill contajning 500

I%S@Eerahéf 8 chanical stirrer, condenser, and

ﬁ&ﬁf‘ ? dea pog fiter grindingrhgmben,  The mixture was

milledext flh@@ mforca io%]ﬁﬁﬁ@&ﬁ?h&frs 1€'§gprc%@srsgﬁ % m‘i‘ffiﬁg Was

addgg the m xture was cooled to
moxyiared by é(tﬁuélhé pbgeryine ghanges ip e tsanspa@isaeyef thin fils afishaaples

dra®A Aot vee Bk laNg V\rﬂlt)étL%gﬁﬁeIgr é‘gxg.%l I? v&!}g%ﬁﬁgd I 82 Qesultmg '

over 90 m nutes and
mixgHgs SYrtgdS minutese ChangellE wpaadded inltwslalignaisisat & ehitutes.

L3 SN TR 0
(spigdigri]eat U0 mpn, apded 7ahdnt heoneslatite comtent of 28.8% as measured at
110°C for one hour.

[ PORIniddd watef at 1 ng the Tnvention are tfie 1o kg 1y

e Hyﬂk&ﬁnﬁ&@tm&[ﬁl aﬁ&.(q\QEﬁ@)COHSI dered db 1 tz ng the
| B8 fherT detarts.  At—parts—and d—pergaiy gges
. 4 b ol g

' IShiffeo el B%al?s?tlu;}r;ggugéh e 1315

. a ! .

| n nf

PpOFIQEE WRlery, - ooy i on 101001 This exanple det®d hes
{ BE Aranerexids (0% agvsaus seluHanti spefr sion t a8 was
s

P

5

f

EXAMPLE 5: Polyurethane/Nanopigment Dispersion of Carbon Black

[0108] This example describes the preparation of a nano-sized carbon black
dispersion that was subsequently used to form coatings. The dispersion was prepared

from the following mixture of ingredients in the amounts indicated:

Ingredients Weight (grams)
Polyurethane dispersion of Example 1 6078.1
Deionized water 4535.9
Monarch 1300 (Cabot Corporation) 1814.4
Shellsol OMS (Shell Chemical Co.) 217.7
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m xture was cooled to roomtenperature. The fi nal

product was a translucent enmul sionwith an acid val ue
wW®@R00122@48 a Br ookf eld viscosity of 3710 centiPpoOIl/BE82007/007836

(spindle #5 at 60 rpn), a pH of 7.6, and a nonvolatile

content of 29.4% as neasured at 1100C for one hour.

EXAMPLE 2: Pol vur et hane/ Nanopi gnment Di spersion with PB

15:3 [0102] This exanpl e describes the preparation of

a nano-si zed PB 15: 3 pht hal ocyani ne bl ue pi gnent

di spersion that was subsequently used to form

coati ng The di spersion ro
016857} oy Ty AERediPRR grers Fw iR 4bHOCER AR AGoSD Yo Preis mill
confalifheE 6@l off 003 YT gﬁmﬁ inRBiaSin\4asn@ Hﬂ:ﬂ@ﬂldﬂﬁg Gl@.naber The
Ross r ot or/st ator m xer el #HSM. 100, for 2. gl
mixg¥ie| Wep SHl P@eé&zH%pﬂhﬁwgﬁtahHm&dMﬁth%“\/1@@fa BCW?SIa ack
llqufcpaft? aHoRGo BBt Mntdd: 09 23.59hs héadiéd st NO°CEEE 6né Rowd. A portion
one liter grinding chanber. The m xture was m || ed at
of tlig 0@rbpp ﬂmlatcirdlaaermrawas uped astannigteympdigiesto make the dgakdigpersion
t t
e IS B I 1 SR it
dr awn dovvn over bl ack and white Leneta paper. Char ge

AMAD-Q

| VWS cu allu L IIC ¥ CDUI LI Ty ||| )\L ul t© vva:“,b

n ng“’ 110C. Charge |1l was added i|n tvvo{ggt(g "?sg

ON€habedll NUt ES. The tenperature of the |m xture

| NBOT QidperSion o Exdmprel1 Pr oduct WS a bl uasla qui d

WWQC{QA&EK efd-viscosity of 26 centilpoi se (;9pigndl e

ﬁ ?mi)&].@%‘églfdb’{mo‘ﬁoﬂﬁy‘l’ Cthélj. ﬁ;\’\dnu d nonl oratrtl e7§.gnt ent

o Caiton Sk JERRLT Bt Bl @0C T o ome Hom B &

I'Jcll\;ll T TreT ! Mo SPTT 31T Ut V\II i PR 1ZZ lU.J.U‘F_]

Thiss—eR le—desert-bes—the—preparattonof—= ey =—stzed

PRD L WEY | done—nagenta—pigrent—disipersion Qo

W uently used to form coatings The dispersion
Qetﬂm}%ﬁﬁ]r‘b@efrnm t hp nt | owi ng mi xturel of | ngﬂia ients
ht-Btyld (7054 0 r F‘dl pntho wer e

Mq a Ross rotor/st at or _m xer )
b Deibriiwadrwatend t hen recycl ed through an AdvanﬁOQ VI 5
Df Aesons drhmonitmasaifatg 500 nl of 0.3 mm [YTZ gri Adilng
me Sbaiunmztabisulfitet er gri ndi ng chanber. [The ni xtiude was.
mTTed at 1400 rpmfor a total tine of 23 hours. The

rogress of the mlling was nonitored by vi
[012%15er vi fgharaahyes mined msa beakggpngd Tglﬁeyecaf e@ﬁﬁw‘ﬁg!h@m of
MiG8fRIERr® M110T at 8000 psi for 10 minutes and transferred to a fourneck round

bottom flask equipped with an overhead stirrer, condenser, thermometer, and a nitrogen

I
m

—

atmosphere. Charge II was used to rinse the Microfluidizer® and then added to the

flask. The temperature of the mixture was adjusted to 28°C. The polymerization was
initiated by adding charge III followed by a 30 minute addition of charge IV. The
temperature of the mixture increased to 33°C. The final pH of the dispersion was 7.1, the
nonvolatile content was 26.3%, and the Brookfield viscosity was 23 cps (spindle #1, 60

rpm).
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drawn down over black and white Leneta paper. Charge

Il was added and the resulting m xture was stirred 5
worwatizg4@t 24C. Charge 111 was added in two aPCTyuS1087/007836

over 5 mnutes. The tenperature of the mxture

increased to 26C. The final product was a nmagenta

liquid with a Brookfield viscosity of 27 centi poise

(spindle # 1 at 60 rpm, a pHof 7.4, and a

nonvol atil e content of 29.3% as neasured at 1100C for

one hour. EXAMPLE 4: Pol vur et hane/ Nanopi gnent

Di sper gj | Y 3_8 0106] This,.exa I& descri bes

the pr O 32 e FANE A OIADOSIEIONS ANG, . O SEISES w
[01PI9NENt ThieSPSIPNEs ddBtibYBRpaldBsa GFesiting sht@ordfs@oMinted

coatings. The dispersion was prepared fromthe
polycarhopaterlgnsesx e €oaingsiwere grepares frpmithe follayving gnixture of

norellh&ah ek LRI04 ndlgh&gli ents were mixed using a
mgﬂ&@%s&rétorést at o?ﬁn?ier Mbdel #HSM 100L for 5.5 hours
and then recycled through an Advantis VI 5 Drais ml|

containing 500 mM of 0.3 M YTZ grinding nedia in a

Ingrediengs | i t er gri ndi pExehpleiber Exdinpleffi x {Expwplads | nE¥amplt 9a{ Example 10
1400 rom for a tiot ACYaW np| (Magemtayo |, EYellgwh Hy c@!%_@c hf (Brown)
Ethylentyglyce] morjohvhemer hnni3P8r ed] by 3§- 1y 388ser Y ng0 14
Texan&'lﬁbﬁ'%%%‘p?“r?nfqﬁ‘@ tfandpdrenky df% hin fiPMs of sanples
mono-igobutyrate, Eastman .
Kodaldll & dovynl over Ibl .ack and| white Lepeta papef. Charge
Cymel 327 BRethyfide U and| T egleSU[ TT g ol X{ UT SgWas $U1 rigd o 7.8
melamilefoin@Rlehyd)@y@e |11 was apded in two aliquofs over 5
Industtigspiné.es. The finhl product was a vellow liquid with a
DeionBedywrefri el d vi scofi t\P0O8f 58 ceéOi poil se Bdpi ndl e -0 af 6.3
Dispergign pffispmpla2 nH of | 7_228.Lnd a nonvol atile content 48f 1.4
Dispersign ol Xaupled asur ofl-at 1100587 bae hoyt; - EXNVPLES: 23
Disper E al Nanhni conad N crar i ~b o e o o .
Disgeéz Eg\’g:g}x(gﬁln%gb/ I'\“I(J.IIJIJI u:cllt ..1: DPU:' ;Dl U Ul \za:- .[J\)ll Lﬁﬂ;r\
[OIUo Mt S—eXanpre aeScr1 eSS tne preparattorr o Ja

nano-s zed carbon bl ack di spersion that was
[013$2]bs equ efdrlegichis@dinigp tHedim thestinggdienfhwerdi ssiped SO0 h0 masutes in a

plofiecieghero i Wrer vas B bmogn ety P b S Sy Tor To

- mirful€sy CIIRAfAD itedieAr vy addddSand the tddsktidel Was stirred for an
containing 500 mM of 0.3 nm YTZ grinding nedia in a
addifienal 3P gpingiesndi ng chanber. The mixture was nilled at

[011§g0 r pnEfRplas 1 Pl 3 WefEmalle ¥ miRidbIhe dhRin2s OF BKAMPRS 6, 7,
a black liquid with a nonvol atile content of 29.5% as
and $ Hxthe @garg Emerpts she Wour. A portion of this

carbon bl ack di spersion was used as an internediate to
make the final dispersion that was prepared fromthe

Ihgiadd%?ftﬂg_ mxture ot THUrERLinpie11 M | Exaniple12' ¥ Example 13

1 ndi cated: (Blue-green) Red) (Violet)
Example 6 30.0 12.5
Example 7 35.0 37.5
Example 8 20.0 15.0

[0114] PDQ® coated Gentex® polycarbonate plano lenses having a diameter of

76 millimeters were washed with dishwashing detergent and water, rinsed with deionized
water and dried. The lenses were treated with oxygen plasma at a flow rate of 100

milliliters (mL) per minute of oxygen at 100 watts of power for 5 minutes.
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[0110] Charge 1was m xed in a beaker and then recycl ed
through a Mcrofluidizer(r) M 10T at 8000 psi for 10
worRevatnzr4@and transferred to a fourneck round bPECT/U82007/007836

flask equi pped with an overhead stirrer, condenser,

thernmometer, and a nitrogen atnosphere. Charge Il was
used to rinse the Mcrofluidizer(r) and then added to
the flask. The tenperature of the m xture was adj usted
to 28C. The polynerization was initiated by adding

charge 1l followed by a 30 m nute addition of charge

oukaf, {1 e TREs toRs e e B sofaons of Topplos 61013 Via.a spin

' coalifPPRIcats. | AbGRANLE RIL YBhe 261udi¥n oFescH é)@rrﬁﬂ@ﬁlﬁﬁ ldﬁipdnsed onto the
V|sc03|ty was 23 cps (spindle #1, 6Q

len% wndrthe lensapiatigl o5 spYsa sepenes ah sepeds of 8%‘9 (3 h}@s,rp[nc 1Ea°PJlens was
C%ﬁ.%%o%&% 1@5’3@1‘0@6 085 (ﬁ%ﬁ(ﬁp aQ:t)TxﬁH&Haﬂg a]\qlallable solgel

ositions for tinted onate lenses
hardrmat pmglsciwgroeapngmiubdn fmnnPPGeIndlmtﬂlwlrmg mi xt ure of

' i ent ram s _i,ndi cat ed .

o Oh TR R 12pc Syt SRR Aot A0t 2 08 s MG e cvele
0°0cfor 20 nithiites Ganiptod 20P@divecs hamites, holha mPerfomaours and cool
added and the resulting mxture was stirred for

to rpp femBerattie. FoaHNs thighnssies srngeddram gda Sdnigrens fFré the color coat

and! PR nilrshif tH@ﬁaﬁEba{tr g& Horp=an, adeinisabA! and®s haze were
mnutes. [0113] Exanples 11 to0’13 were made by m xi ng

measyeederhe Prgter diabiilinegras X speetrephgtgnéter anrbthg regnlts are reported
bel@dgount s shown bel ow. [0114] PDQr) coated Gentex(r)

pol ycar bonat e piano | enses having a di ameter of 76
mllimeters were washed with di shwashi ng detergent and
water, rinsed wth de‘i oni zed. wat er La,nd dri ed Th%*

Example _ Color . o 7o Tyansmission ., [ Do o by o oto Haze

of 100 mlliliters (nm) {)7 m nute of oxy en at 100
gvvatts of r for 5mnt6es [01159*|'hel 3‘ g';’
g coat ed wi PAEPRe sol uti on L{)f Exanp 6t 3 Vi’ 4a 0.6
9 spi n coat Fg‘ process. 1-2 rrLsp the_ [ uti ]lg of 58
jp€ach exanpl e was dlspendﬁ ont o th ens ap the.JTens 5'3
11 otated f %g en seconds; at speed 9f 70 _7 0 115995(9

127 pm Each de was then g n coate 1;;vlth rd( 94108062
13‘coatl ng sg Mbion, a commgpcial ly ayail abl q7§ol ge i

har dcoat produci ng coating solution fromP

I ndustri es, Inc 0116] The coated Ienses mere cured

in a faeayiy, g 167 & e and Coated |Hass
[0117] These examples describe preparations of coating compositions for tinted

glass articles. The coatings were prepared from the following mixture of ingredients in

the gram amounts indicated:
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600C for 20 mnutes, ranp to 1200C over 5 m nutes,
hold at 1200C for 3 hours and cool to room

wao esopee@stir e. Coating thicknesses ranged fromBCT/USH07/007836
m crons for the color coat and 3 to 4 mcrons for the
hardcoat. L*, a*, b*, %ransm ssion, and % haze were

nmeasured on a Hunter

Lab U traScan XE

spectrophotoneter and the results are reported bel ow.
Exanpl e Color % Transm ssion L * a* b* % Haze 6 Cyan
17.6 49.1 -24.5 -60.7 0.7 7 Magenta 59.0 81.3 27.1
-16.9 0.3 8 Yellow 83.4 93.2 -16.6 93.4 0.6 9 Bl ack

In

dfent® 5 6.5 5.8 10

1 Iue green 13 5 43 5 1

PRl 14

%Dx&inﬂl% B
: enta!

ane an

Example’16
12 ellow
+ P b O

NTEETT
gcl.i.{\b L

¥ P gﬁ't

DL

z%gp% o

tinted gl as

rhm t ha 'Fnll

UIT1S lagg,l \/U

pr epar at i
s arti cI es

f'\\l\l
T — 11T T7%T

T U;
bNns 10‘193
The

e Q'F

: pi{at
ae}?l%@Fﬁﬂ'@?algPleqenﬁﬂé’ﬂi énts were a
IndustriescIngdy shaken by

L

ﬂ;oun?é)ol ndi

hand until

cat 011

dded to 4
m xed Al |

AL
bunce
three

TOoOQOD T OO0 QMM O
s} ¥

#8r appl i ed tQ

gl asdt-Bhnel

s ud2Af a

Hr avddedfh

hDispersior oS Exampleier e ke

bt _eXpded

to the air

for 20

hen7B4dlted

m_Mispession ofiEkample 3 enper at ure and t [ or 45
m Mispessian ofl BA&npleB119] The cured cdati ngs wer 74.69
eval uated for adhesion to the gl ass panels under "wet"

conditiops. T tests were erfor | mer
RNl s wEvieashicaatipe eHdngredl eSSV agd?céw qpRee ase Jars and

shakeR W9 Mafd uhfil ﬁ‘m&iﬂ“ A 1wed é’éat s ¢ BPYlicddQBRMs3 hhlieds using a
100 for ours., he panel s were

(approxi mately
dr%%w%@@e opaw-% were\kﬁpwxpoe%tqus ajgrfpr 2Q mynutes at ambient
tenﬁﬂE?&tE{fe%ﬁi ﬂ&eﬁ%ﬁl&&ﬁfow?ghﬁﬁt%@%{ gsy-gdhesi on. A single

scribe and tenplate available fromEl coneter was
[0h1§éd t o The ewtegeopiingssv@mevalpated foadhssiendo the glassipapsls under

“wéf;"%'hﬁﬁrongwﬁw tests were performed: (1) Immersion: Panels were held on their
sides by a rack and submerged in a pan of water at ambient temperature (approximately

21°C) for 24 hours. The panels were then removed from the water, blotted dry, and

immediately tested by crosshatch adhesion. A single blade scribe and template available
from Elcometer was used to inscribe lines 3mm apart to form a grid of 25 squares. 3M™
232 masking tape was then applied over the grid and pulled off. The percent of the area
of the grid that pulled off was recorded as % Adhesion Loss. (2) Hot Rinse: Panels were
held upright in a rack and placed under a constant stream of hot tap water (approximately
105°F) for 15 minutes over the surface of the coatings. After drying, the panels were
then immediately crosshatched and rated as described in the previous test. Test results

are provided in the following table:

Example 14 Example 15 Example 16
(Cyan) (Magenta) (Yellow)
Immersion Test - 0 0 0
% Adhesion Loss
Hot Rinse Test - 0 0 0
% Adhesion Loss
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232 masking tape was then applied over the grid and
pul l ed off. The percent of the area of the grid that
w@eiozazh4as f was recorded as % Adhesi on Loss. (2)T/H®1007/007836
Ri nse: Panels were held upright in a rack and pl aced
under a constant stream of hot tap water
(approxi mately 1050F) for 15 m nutes over the surface
of the coatings. After drying, the panels were then
i mredi ately crosshatched and rated as described in the
previous test. Test results are provided in the
follow ng tabl e: . JTransparent Coaster [0120]
A transparent y 20 ted wWith a

[omip/l | zed\ em%napéudﬁ %1a%§ Rodest deBelatddshga EhAizb®6RMEa and
d yell ow coatings of Exanples 15 and 16. The coaster

red mwnam@ neine she oRgertg ang yellow gosfingn of Expmphesy] 5 and p. The
coa ex%v&sGmaHé: )onpé. v\g?:gFH x $of H&H' r§&1§r@4 BLASS &BEQ 3/ 16 1nch) piece

ndustries was e che an | mage of
of Sctauphlrs’t“’{ glgsso(ﬁ’PCoIndus@gﬁiem whwhhw@eetdcﬂd@nmge 0£ ‘thftsues

conglé é%?]{] ou{:,\é?b%n er{t C,ﬁ.grme th)?geq%'gﬁé & H:lggmﬂfmﬁldg&] B{) %?eﬂ—ﬂ,eonsisting
of etdinuiysl Thesepiment veere @tdhied it tlpmglas;dmowsdapﬂaof d;xmt 1ghm. Using

t he, magent a L f dto
on s Tt GHER P BSOS Gt rbabite T RstfRle b bl o e
fouﬂétbﬁwsséghﬁneb"of the fgldswo’rh@ Uﬁ?lsr@nﬁ}aséamﬁfhﬂrtd dltr%yc:irtwoﬂ}ommeand a
enta coatln of exanple |
secqblaye ot Bt B8 n@é@ﬁé %?faﬂerrl,%q SNQ@%PP@FP& SMROTRe fgps etched
segaieﬁe%f@zmgagé erﬁéﬂﬁd@bﬁﬂe@amggom&hs eiBE® sy fvay dsdwered
ow coating o exa le 16 applied

t%%a/e llow cesting §f Rijad W'é‘hﬁéfaavﬁ‘@ ey After

dryﬂ%eat Qﬂﬂﬁe ot e Bdrafte ﬁﬁ%?x'é%ui“@ﬁ: A edadier wé@baﬁ&eﬁ%ﬁ% alinutes at

4 C. The results are illustrated in Flgh
1548€ g b tresuliis tare dlvetratgd én Fif. 1t %lersﬁgeﬁmé vél Wen]gyelf fof the magenta

’ 1
coafiE OB e Fartple ARRAGRLEHA 0 bE B BOCoIbPapisc on i two layers
apdb&&ﬁi@bbtedmddokhe appreC|ated by those skilled in the

changes coul d, be '
0138 o 1o SR B EBnepitit PR B i e SRS RO coutd be made
to thél Eﬁhbdﬁr&n@dﬁseﬁbed h]m’mfnthdﬂt deﬁartmgiﬁrom thechroad inventive concept
fore Lon I S. nat
thef%z t e persnhh sy %Fg%fso%aﬂ it o} BnkeSi i} epaicular
emb@dlﬁféﬁfs][dléﬂl?;@éeﬁl Batit ﬁriﬁtehﬂd:&fb cafver téfbgﬁida‘ﬁbﬁwwﬁﬂﬂhgarz wathih the
scope of the invention, i he t he ende
spig %%OVEO@B&I IWYenPonAa%g?afSH}"g ctgﬁ‘ﬁ%%’ldsdf ‘par ency

conprising a surface at |east partially coated
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with a transparent col ored coating deposited froma

coating conposition conprising an aqueous di spersion
w@boopatosmer - encl osed col or-inparting particl esPCTIg2007/607836

t he aqueous di spersion is prepared by a nethod

conprising: (A) providing a mxture, in an aqueous

medium of (i) color-inparting nanoparticles, (ii) one

or nore polynerizable, ethylenically unsaturated

nononers; and/or (iii) a mxture of one or nore

polynerizable unsat urated nononers with one or nore
“q§§L%g§¢ and/or (iv) one or nore polyners, and then

ing the adm xture to high stress shear

conditions in the presence of an aqueous nedlun1to

partlcularlze the adm xture intQ polyner- enclos
- col dreolarprhrempesifsdranspaigacy %ﬁmle%m%ﬁé\ﬁfﬁﬁerﬁ %ﬁsﬁpaatlallzé coated
w1tl'1 Q u%ﬁsﬁg&ﬁ%ﬁ)rg@ Hodtifg pofitdd FGHh Y cofiRE E&'n?gsmon comprising an

ticles, (11) a po ynerlzable et hyl eni cal | )

aquawmilweatleu ofipalymsr-caalpsed Solpr-imparting partisirsy whetedn the aqueous
. . ' | ng the color-inparting
dlsl%gérléﬂl{g%%w ?896“3‘%%‘3’??.{% Iélgf gland pol ymeri zi ng the

et hi)eroeidinga mistate) inte dqumus mtmduandoifxm] ol inzpestieg

nanEFEEIES C00 S F PP GO VPR e e Gp POy St g Spmers

andldiiit)al mmdreaiﬂmasﬁ nfork Ipar}&mfzﬁméytuﬁﬁtuﬁdted mohomeshewith ne or

t he trans ri ses Iass The col ore
OB B G % e R o R SPHSHRES the admixture to
high 68EERAER! Ub)ﬁdﬁﬂﬁﬁﬁ i §RSprascReé YR a?udam afddalm $&patiteidrize the

froma polycarbonate acrylonitrile_butadi ene styrene,

admixfre Ho pplpetryclasyd splor-anpating PartHdes; 8t yr ene, a
pol yf ﬁ}%(rfd'iﬁ & mli‘m&o i gﬁta&&eoué R %A UJ)if loxaﬁn;f)art1n4g particles,
acr I"I'c, @g ymer thereof, or a bl end thereo
(i) e mc@a&a@&p sbicatlE msaén@;ﬁ&lrréﬁwn@t agql élillhﬁ rvatw@sl&qrﬁble
y a%tﬁl?%
P 01%%1‘%8%%%@00 %%&f f& [ rans pgcr%é%c )E/KBO g%@ffg n\lkger el Iﬂgs’ and
polymarigipgrtha ctghyhmqaily smsatarasbﬁtd fagemehartd pcdymemmble dlspcrsant to
roughene Qr site transparency.
forfy R Siglosedi 1 R eBnaro R £EmbiRRR R AR et
pdﬁﬁmﬁpartlcles. 7. The colored conposite transparency
of claim1l, wherein the nanoparticles

2. The colored composite transparency of claim 1, wherein the transparency

comprises glass.

3. The colored composite transparency of claim 1, wherein the transparency
comprises a polymeric material selected from a polycarbonate, acrylonitrile butadiene
styrene, a blend of polyphenylene ether and polystyrene, a polyetherimide, a polyester, a

polysulfone, an acrylic, a copolymer thereof, or a blend thereof.

4. The colored composite transparency of claim 1, wherein the transparency

comprises a polycarbonate.

5. The colored composite transparency of claim 1, wherein the transparency
comprises a surface that is textured or roughened.
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conprise organi c nanoparticles. 8. The col ored
conposite transparency of claim1, further conprising
w@2Gvaneh4evat deposited over at | east a porti onP@f/US1987/007836
transparent col ored coating. 9. The col ored conposite
transparency of claim@8, wherein the hard coat is
deposited froma conposition conprising an al koxi de of
the general formula RXMOR ) z.c, wherein Ris an
organic radical, Mis selected fromthe group
consisting of silicon, alumnum titanium zirconium
and m xtures thereof, R is a |ow nolecul ar wei ght
al kyl radical, z is the valence of Mand x is a nunber
6. | espnd bAbred B ogﬁyuﬁﬁsgé%rﬁy o BlairhNe wiekdih Gtk KRBPaAsicles
transparency of claim wherein the hard coat is
COW{?Q@Q@@F”P%WW@@%O& tion further conprising
pol ymer - encl osed col or-inparting particles, wherein
the polyner-encl osed color-inparting particles are
7. pr eBamcolpredicomposiip trenspapmcy wf ghaimni wlterein the nanopgrticles
he al koxide is present in the
“ﬁ%ﬁ%gé%ﬁﬁéﬁ |Emgggginunt of 50 to 99 wei ght percent,
wi th wei ght percents being based on the total solid

n €0
8. ¢ O P SuRRPHE FsPReprp LY L e E SRR b€ pasd coat
depobitedcovap asichst 4 partien of dirctyarspareni culered coatidfgace at
| east partially coated with a transparent col ored
coating deposited froma coating conposition
9. CONPhé &610L:dAIdNASHARE %%n@bai@rﬁ:ly?df@[mﬂf 8, ﬁﬂiéfﬁﬁﬁh@l‘mﬂ@aeﬁs

color-inparting, particles, wherein Eﬂe coatlr% as a
dengsitecfrpmya empQsitigheaREsing ap alliquidsiof the, genegal dgrnaula

R,J@ﬁ@ﬁ%[i’,‘ Wikrkid 10§ERP6:28ni N adicAE M AdekRBAN kSth 186 o consisting of
provi'ding a mxture, 1 n an aqueous nedium of (i)

siligent, @}ummpm titanium arisgraiuh end sixures thergef.dy' i lew molecular

we%ﬁ d%ﬁg?f f(xlﬁlﬁ% ©is %WAI@&U g?‘lM¥mH RSk Whaated fe@?ﬁﬁsﬂq ahd may be zero.

a mxture one or nore polynerizable
unsat urated nononers with one or nore pol yners; and/or
(1 Vv),.0n r I t

104 B S e B en 1 TS RS
demrses(bﬂom a)éompoaqomﬁu&le!redmpmmg pptyrnereaﬂchrsed eolohémparting

re i ner en sed col.or
pa.rglgg]?,l W %‘gm ¥ pf)%m 66‘1\7 O&F r'}ﬁ??“fﬁ‘% paﬁﬁc easnarea:l %resent in the
corﬁpddlﬂmm indn drhdurt@f drtolmelghﬂ]g:rcmt ahd Itl&sdkémdé 1szpresent in the
unsat ur at

comiprYorsin it 8o S PP SP VBRI G & "R BFISARE Peing based

on (& t9tall Golid) Refk OF tHeGoMigdshibupar ticles into
nanoparticles; and

11. A colored composite transparency exhibiting a plurality of hues, wherein the
composite transparency comprises a surface at least partially coated with a transparent
colored coating deposited from a coating composition comprising an aqueous dispersion
of polymer-enclosed color-imparting particles, wherein the coating has a plurality of
thicknesses, and wherein the aqueous dispersion is prepared by a method comprising:
(A) providing a mixture, in an aqueous medium, of (i} color-imparting
nanoparticles, (ii) one or more polymerizable, ethylenically unsaturated monomers;
and/or (iii) a mixture of one or more polymerizable unsaturated monomers with one or
more polymers; and/or (iv) one or more polymers, and then subjecting the admixture to
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pol yneri zing the ethylenically unsaturated nononmer and
pol yneri zabl e di spersant to form pol yner-encl osed

W@ loen2i4nparti ng particles conprising a PCT/US2007/007836
wat er - di spersi bl e polyner. 12. A conposite
transparency conprising a first surface at | east
partially coated with a transparent coating having a
first hue and deposited froma coating conposition
conprising a first aqueous dispersion of
pol ymer - encl osed col or-inparting particles and a

second, surfa oppo the first sur
ie SR G et P A H RS Ro el ieics of 4 dquRod Bsfiunt R ptiGubfife te
adn?kﬁﬁéﬂﬂb 961ynm&1nblmgemaulbﬂgnpamag@admﬂmeoﬂnd dgposu ted
roma Co tlngc OSItIOﬂ co rr.sin on agueous
di sSEOREPEAME2 B Fn%E‘ﬂ‘EFé‘Qgpnteé‘F‘HP?‘#gQr‘ﬁ wglmpagtmg particles,

(ii) Q%Urﬁér?z%blé’\é’iﬁﬁ%hféamﬁ ﬁnﬁdtﬁr%ﬁed@ﬁgﬁ&ﬁers aepd) QW&@&L&spermble
di'spersion is prepared by a method cogPr|S|n

rolypmerizabiledispergantt fprming ﬂﬂeffﬁ’l%fcﬂ}mﬁﬁé“ igles ine nempartlcles and
pol%‘ﬂlet%m?l A a%tlhgl%guﬂﬂ'g (&Bét{tﬁlla]&%datﬁonéﬂx&) axﬁﬂ?oé PineflPdtie dispersant to

I'eni cal Ty unsaturated” nononers;
formmlymert¢ndlgsed colortionpertifg narkcles comprisipg awmrrdlamrelble
3 turated nononers with one or nore polyners; and/or
pol{z'x]; ? . :
V)" one or nore polynmers, and then subjecting the
adm xture to high stress shear conditions in the

pr ence of aqueous nedi un1t i cul
TR oGRS, ol HURER PO b gy coated with
a trﬁﬁﬂ;fatdhlt e6atingrhalvi)g zi)ﬁﬁst hdé agd aepiﬂsxtédl fi®dm & boﬁmg&qmqmsﬁlon

nmedi.um _of or-i ng particles, (il .
ooy HeR s ETICRPT o BSEEBF bt piip g pepticles, and
a sddohll suFFadBd fpositigIRE Fisst Qhﬁ‘a&o WhERSih AfNeBolld Sureiceasht least

formng the color-inparting particles jnto

partiahiy padted Bitbe: tramspatsst Wémgziawglgﬂf@ce%weemdc%ﬁwlted froma
coalt'fﬁé%‘b g@gﬁﬂn@gﬁﬁﬂﬁfng@f‘&cgﬂﬁ YARIOuE ﬁ@p@rsﬁirﬁ&%&ﬁﬁ&-&&losed color-

form pol ymer -encl osed color-inparting particles
impratipg pentlnycSaWhmem theifispteandyas| sgccpmi aavepus digpergion is prepared by a
Indﬂggqgﬁhkﬁu§%ansparency at |east partially coated with

coating conprising: (a) a first tinted
co a(A_hgr_o&ehng; atngigtfre.dmaa aquactlisngectionm o§(i) calor-imparting

conpr SI ol yner - encl osed ticl
nan R DR Rk el bl BRI el fcRBrmers
ancgsf tulipa ngf;tfnﬁdw@f brier c&tmbﬁxﬁﬂymadzabdmmsmm@d anchmnderg mﬁhfone or
osite m a.co OSItIO e, O
mop BOGEiFET AOPD PR B NEEO] Y St o e bigPfige fie simiure to

higBlsgr@iy ghear conditions in the presence of an aqueous medium to particularize the

admixture into polymer-enclosed color-imparting particles; or

(B) providing a mixture, in an aqueous medium, of (i) color-imparting particles,
(ii) a polymerizable ethylenically unsaturated monomer, and (iii) a water-dispersible
polymerizable dispersant; forming the color-imparting particles into nanopaﬁicles; and
polymerizing the ethylenically unsaturated monomer and polymerizable dispersant to
form polymer-enclosed color-imparting particles comprising a water-dispersible

polymer.

13. A composite transparency at least partially coated with a multi-layer coating
comprising: (a) a first tinted coating deposited from a coating composition comprising
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radical, Mis selected fromthe group consisting of

silicon, alumnum titanium zirconiumand m xtures
wo b@raezi4s8 R is a | ow nol ecul ar wei ght al kyl reci/ostop7/a07836

is the valence of Mand x is a nunber |ess than z and

may be zero. 14. The conposite transparency of claim

13, wherein the al koxi de conprises a conbi nation of a

gl yci doxy[ (G -C )al kyl]tri (Cl-C4)al koxysi | ane nmonomer

and a tetra(G - C6)al koxysi | ane nononer. 15. The

conposite transparency of claim 14, wherein the

gl ycidoxy[(C - C3)al kyl]tri(Ci-C4)alko ){si | ane .
polymyRpRRsloted pelordapaging partiglss\asdB)# ?ﬁ"ioﬁét W@gw%ﬁé over at least
a pdifion DREhECHRIAPRS L nd EARSHAAE R Ri¥rddoal héhdHitdd froW 8 teinPosition

the tetra(C '1_%2)6” koxysi | 'ane nononer conpri ses . )
compprisingran AllRyide|od e ganerd fomauls ReMHOR/ i« wiherein R is ap erganic

. . wher el 0. . q

e A e e R
zireoaipn asd njxamnesatiaeof) R'ds 8 oy siodecutdr weikhtradkylandicals ads the

COl Ofcpi rtin rtic rern aqueous
Valel°§ poé‘rlvslil;g}cﬁl %1 aglrugngjgf !eegls g@anaz\/\g}rr@t'ﬁ%%bég%&i sing: (A

providing a mxture, in an aqueous nedium of (i)

col gr-inpart.ing nanopartjgles,. (ij) one of nore .
14,001 JherPBRbrls SageBry EfRGE yioubdretrBe Hsiiicsomprises a
corabigthén 6f & blycRlofyHTWE;)akylPiieC pIC,Jalk kysidane raohGrael dhd a tetra(Ci-

unsat urated nononers with one or nore polyners; and/or
Colalkprygin@e SONAME- pol yners, and t hen subj ecting the

adm xture to high stress shear conditions in the

presence of an aqueous nmediumto particul arize the
15.admilke gpmppsitoirgnspyieney ehelpga éd. whetsin thegdyaiday[(Ci-
CRBYRECEP0 Rk HeBe BORY o PHE B cldbFhopI U Roxysilane.

pol ynmeri zabl e et hyl eni cal |l y unsat urated nononer, and

ot e 1) . : i .
16.]S Iolr lr#“ﬁ go}t“@éggeo?%r?sggﬁ%lgf tO? %18191%){ He&h%r%m %e?%t?zﬂérl -%?g%lkoxysﬂane

artrclres in

monamepesmprdseagetrancthprysilaee azd/ogtetthethekysilasai cal | y

unsat ur at ed nononer and pol yneri zabl e di sper sant

t of orm pol ymer - encl osed col or-inparting particles
17 ConMithk oigposite\aishattingyp ef slatrh & 3 peheyeiarthe fifited Eoating is deposited

corr?osj te transg)g‘renc .of claim 13, wherei n tpye hard1 q
fropya PORS ORISR CPUHISIEBIASPES BiiPTsinpafphgner-eoclose
colBRiNPREing PaHRIAd whetedh thaBiabbihs Wspasibh ¢4 fepared by a method

comprising:

(A) providing a mixture, in an aqueous medium, of (i) color-imparting
nanoparticles, (ii) one or more polymerizable, ethylenically unsaturated monomers;
and/or (iii) a mixture of one or more polymerizable unsaturated monomers with one or
more polymers; and/or (iv) one or more polymers, and then subjecting the admixture to
high stress shear conditions in the presence of an aqueous medium to particularize the
admixture into polymer-enclosed color-imparting particles; or

(B) providing a mixture, in an aqueous medium, of (i) color-imparting particles,
(ii) a polymerizable ethylenically unsaturated monomer, and (iii) a water-dispersible
polymerizable dispersant; forming the color-imparting particles into nanoparticles; and

polymerizing the ethylenically unsaturated monomer and polymerizable dispersant to
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19. The conposite transparency of claim 13, wherein
the tinted coating has a plurality of thicknesses. 20.

wab@7azaposi t e transparency of claim 19, wher ePCT/UR®07/007836
transparency has a surface that is textured or
r oughened.

form polymer-enclosed color-imparting particles comprising a water-dispersible

polymer.

18.  The composite transparency of claim 13, wherein the hard coat is deposited from

a composition comprising polymer-enclosed color-imparting particles.

19. The composite transparency of claim 13, wherein the tinted coating has a
plurality of thicknesses.
20. The composite transparency of claim 19, wherein the transparency has a surface

that is textured or roughened.
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