COVPCSI TE TRANSPARENCI ES CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application is a
w@ontiiridad i on-i n-part of United States Patent PCT/US2007/007836

Application Serial No. 11/337,062, filed January 20,

2006 and entitled, "Aqueous Dispersions O

Pol yrer - Encl osed Particles, Related Coating

Conpositions And Coat ed Substrates”, which is a

continuation-in-part of United States Patent

Application Serial No. 10/876,031, entitled, "Aqueous

Di spersions of Mcroparticles HaV| ng a Nanoparticul ate

Phase and Coat i &QMEQSIE TRA ARENCIES

whi ch clains the beneats of United States Provisional

Appl i Cat(':%f_) ﬁ%ﬁ%c@i%&iﬁﬁﬁb‘ ?Pﬂf&gﬁﬁN@O?”

each of .
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sutbls RS T e HEp bY (aled Siate Toaeat iR ior seria
No.| IFER\WSI, ehtitl¢d) O QZhkbus Elspéﬁsﬁfths Qe MitrPatticlésHaving a
aest het i ovi de transparent

d ot
Nafaqpemui@el’ %%W%QLE&'PBS %gre]l?w ns#qﬁ%wg The R#E 1 Which claims

the %M%fmﬁma&eg Ba$Ronab Al gph&&wlnl defial NoaboR¥RI18Y 1
desired color, i.e., tint. color is sometines

Jung Bt 2034 cagh @fwhigh areincerpesatedihereiy by Tafeenered in t he
conmposition used to nmanufacture the glass or
transparent plastic materi aI AI ternat [ veI y, a col ored
coating cont a| n| n&1LE : ONd upon the
erial 4 I e
[0 0?@; cal | y p uce Y] tl%n rgfgiltecs%) cho@yféoqﬁg?sj?t%%aaﬁparéxpc%gs that
exhitsitia desiredrcalm'pmdmmyods[ ﬁ:@ﬂtb]lmeducthmz\em presdnit irevenfidie also
ble for .use.i [In colo t ranspar ent
relofof b IRuSerGeids™ Sy PP FRR e vl R o 8 20 R7 288 ipeghoas for
theis pbpcdretion.0 degr adati on by VI SI bI e I i ght and/ or
ultraviolet light. As a result, materials colored wth
dyes are typically less durable and exhibit |ess
i ght fastness ”BROI@;‘RQS@NMN@ORNINHON" ored with
8 ment s, % [ 0005] As a
(00 %ﬁm [tis fEem desitabif dpnacsthstic and pther masens: & Rigvide transparent

artiGIHRAEh haichABGRAL mcﬁﬁs hﬁ@h&w\ahao&aglé%w@w 1eRdes] éﬂa the
and || ghtfastness typical of pignmented materials whil

like hat leéliemab#eﬂrﬂ@ celb ier. 4 p areneslor isometimes oftaiyes by the use of
dyeS Y inBRdER i et ompo ¥R ePio Mk AN Qs 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.



[0006] I n certain respects, the present invention is
directed to conposite transparencies conprising a
waanfamassat | east partially coated with a tranBQEUS07/007836
tinted coating deposited froma coating conposition
conpri sing polyner-encl osed color-inparting particles.
In these conposite transparencies, the
pol ymer - encl osed col or-inparting particles are derived
. froman aqueous dispersion that is prepared by a
met hod conprising: (A) providing a mxture, in an

1005805 K3 s bR e S RE iy IRR potaposite

transpaeheieaitad embig lrdfekﬁs dusabilite I‘angllli gh)faaneasxypibﬁl cﬁfpl gmented
mre pa | )| .e nsat ur ate nononers Wt on
maiggpls “B‘BL%@ sszfﬂaaﬂag e transparsaey bpicab oEa dyp yﬁ%tﬁsnnsﬁatenal

t hen subjecting the adm xture to high stress shear
conditions in the pr esence of an aqueous nediumto
particul arize t HMMa O 1 NEYONNhc| osed

[0066] O - | MBREL S r %z,géétg %gfa esOft A@m{%ﬁﬂx hﬂsagd & QBripokite:
In an aqueous nmedium o f col or-inparting

transpareheiee somprifing a spd’agmtrlﬁasa baeladvrwlaed ivagl 4 fransparent tinted

coalﬁﬂé aﬁg‘gsﬁ\%gﬁéﬁqg i spe r%g‘ﬁgp &f%érarr? n gﬁﬁ%ﬁ‘é Boror feﬁ%fg’rs (f?d %Og;} or

1mp.aamng paréisles.n {mtheamecpmpdmtel temsparaukies) thanpolymerrgndlbged color-

eni.c sat at ed nono
e ERES R rte PSR B HisrRr o eis arepaged by @ method
commhsi)nig (A mévlamgmhtxmeeﬁx e&ﬂdmfebﬁs ﬂl@dﬁm of (i) color-imparting
wat er - di éﬁer si bl e g rrer L O@{ her res ects,
nanopartisless 3f}ione, % apRr SRINREriFaPlE, FiBYlepisally NpeEHRRd mohomers;
and/SrMSRARAGHESE chettirbhdre PO 1EndH AR hdskiuedted HRBoMERESAh one or

conposite transparenC|es conprise a surface at | east
MORRAYRETSy 2BYaF 63 MR PF Hore RAEPETSeprd thepsubiceldng thegdmixture to
hlgﬂ 8ROy shesk donaMdhs &R ﬁ{e' 15}95&19%? S Eh&%ug ﬁfgaﬁd.rﬁ kS BafiRularize the
aqueous di spersion of "pol yner-enclosed col or-ihparting
admpizhure étte Polyherr ericipsed eolosampatingparticles; or 4B) pypviding a mixture,
T

in &rﬂqﬁlg{)j\?sz%%%}nng I?)% éﬁ gtj&? Lfﬁ%pgxl\'/tﬁ%,e;fqagfugg (ﬁ)[ £ p&%{e‘?&a@% eﬁrylemcally
unsatyated mqmmemmndn(ﬁux dyvateoldispersitple pblymgerivahlephisgersingSprming the

nerlz bIe ethyl eni cal | .
oot k-G8 BireTRRIn@ROEREFRY. Fia foofiAbE T Myepicaty,
unsabrated uiq,umterr 2al ithe pniynienrzﬂﬂe dispersainett fomh pblyatee-eaclosed color-
and/ or V). One. or re polyners, and
lml?aﬁtcré?rg Eﬂﬁ'}xgg PW@’“ISW@ %ad eﬁ'fllfpgrsfbge Rg}éﬁmﬁ ress shear
[000TNdi t i Ol othRr kd¥Pedis,akie pﬁaeemfm%htmue aliscte@ e cothpesite

articularjze the ad Le i nt o pol yner.-encl osed
arggiar&pmieﬁﬁ lpfn}tﬁg g e cce@)osﬂe transparencies comprise a

surfA20 &t 1ed 4 shdir W@Qﬁ&% &Eﬂ"thﬂé@%aﬁm@&é}:bﬁi&d ftdin a coating
an ag ueous medi um of (i or |rrpart| ng particles,

corppasjion SRIMPAERE AABAECOS KA abe ] BolmeEeRHesedolor-imparting

parfiBIRE Wherefe Chitdng lé‘as‘é@ﬂlﬁtra‘l@}L SP@EKRERs PPhY H&&e‘oﬁ@ Bl ersmn is
di spersant; form ng t color-inparting particles 1nto

preparRe ;barrat mgthed compaising: %)spliozmgg ¢ meixbreyih eniage¢dup medium, of (i)

col AL B TRRAE (Bl A BR A TRELAANS SRR nsaturated

moocmplsr; gndigr @iijvanExtugée eﬁem&dn’aherepmlymenza‘t{lé)m}drateylenonomers
E}eﬁ’g §8§§ne6éf:£§rqgor ?v% oneI ?\r/r?orxlt | i Iesrs qL s dglae “(?éecgflg the
adrhﬁas'b t@highi melsyshbaat@ﬂlhmﬂshnahé pmameroe‘ rah at;uétiusdnedlum to
haV|n a first, hue and d sited f.rom

perfig Rt AE e AHTEREs B0 BOMEIT SRR b P R THng Sapicles: or (B)

col or - |npart|ng particles derd-ved froma first aqueous

di spersion of pol yner-encl osed col or-inparting

particles, and a second surface opposing the first

surface, wherein the second surface is at |east

partially coated with a transparent tinted coating

havrng a second hue and deposrted froma coating
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0012] O her
than in the operating exanples, or where otherw se
wo od7aziesd, al | nunbers expressing quantities BET/US2007/007836

i ngredi ents, reaction conditions and so forth used in
the specification and clains are to be understood as
being nodified in all instances by the term "about."
Accordingly, unless indicated to the contrary, the
nunerical paraneters set forth in the foll ow ng
specification and attached clains are approxinations
that may vary dependi ng upon the desired I&gger |e?"to

providinggraidieig. Man FueppeBetunt, of 6 CO-impartt s, (il

pol)lr?@l'ﬁz}% egég 1B@kally uﬁé&hﬁ%&ﬁ%n&n@éﬂ ét‘iﬂ (111} hevatRlibgeadiblen

rine of equi valents to scope of the
polwherizable dispssantnforhing thp go@mﬁmﬁm@t mrfea@tope@cles and

L e

fornh @olymanmlos{:d)ﬁdlﬁ}-ﬂnpwtmg aetrdeseypniprising & watarrdispecuble
lraeéges and paraneters setting forth the broad scope of

po i nvention are approximtions, the nunerical val ues

[00683t f or tin yo otHee regpectsS the peesantihesantiumes rdapcmeded cargposite

preci sel ossi bl e. unerical, val ues,..ho
TGRS P TGPPSO PP PEr iy SEalt i § Yalarent dnted
coafif$ Hidih@ 4 firkiiet @ dehasitharfeortl @\oatihg Boﬁlpdiidom Boxfnbﬁslhg
respectrve testing peasurements

POIHQG%WS@@GQWIIIWWPW?}E? fl%‘fedrlg é tﬁéﬁﬂ‘@&“ﬁ 1,sg¢|=,rﬁlon of
pol%'ralef @r{c%‘ééﬁ%oi&-lhﬁﬁhﬂ‘%epﬁﬁélé Whd ra%@@@ffd Sy BPPosing the first

erel n. For exanple, a range of "1 to 10"_is intended

surfage, wherreigdhe second surfasrgs gt l?@f%é‘haltya?ﬂi‘t‘?%%’}tb ditFRgpParRRt tinted
coaﬂﬁg hgﬁﬁg @fgh&dﬂh e%asﬂedaﬁ‘gmtar@)a’ilﬁg 'cBﬁl?oﬁﬁlSh @Hﬁbmsmg

ving a m ni num val ue equal
polymegemdosd qotmnnmaatmg partieles demyadafrom afecend aguaoys é’fsperswn of

polrlﬁsﬁgﬁcﬁsed c%ior— X\gaﬁgr?ﬁeé%%%ﬁs%gf @%gglyr g_%gogﬁﬁaqﬁeous c%lspersmn

revi o oned, certaln e
1s prdparql Bse methdd/mnpmngr(A) droadingch moctm@nm aqeous medium, of

t ranspar enci es co a surfac st
O SR BRPHTDS, M apa el HeuRbrias R SuBRble Al ¥
unshf@ifed niIdrieng B0/ O81) b mixtwe P bhe bn opobylyrterizalole ansaturated
color-inparting particles. €§ Esed herei n, the tern&ﬂ1
moneBRIF YKL 8¢ PEROFRPYNFTS; apd/PE (1Y) PRe oF MPLHRYYFEH, and then
subfédiing e ¥rhixt@et6 ﬁ%t@s@ﬂf&ﬁ& corflifibnFis tBe pf.eaémda:g;f an aqueous

attached t hereto. used. herein, the t%{ ‘'tinte 1
megivanto RaTiFyIrTee the adfrmitué%(@ﬁ%%lmgﬁ-ea?‘e? Pl igparting partices;

or @FrbNdi %e‘( &E)&ufep uﬁﬁh Afldotl She@funt Qﬁt( H@1drbiad Opaatbﬁg)ﬁabﬁcles, (ii) a

sorre wavel engths of visSible light (400 .to 7
polymeoiathle .eﬁsylwaélnwntuirqtecég@@pa@rwﬁe&n)\ﬁa‘v@e@ﬁ@m@mlﬁ
pol %n\éébci efsgﬂf Pomi ﬁ%t&?@cﬁopﬁﬁ ng p &&i@[&%ﬁ%%opmlcles, and

en re to an article or a coated article,
polurmnsxrnghhe eﬁmyhma&yemgwm@ meaomer ped polymeyizably |despfﬁbsant to

r%le%oelglgglﬁ gnﬁé%rﬁl%& #ﬁlg%bga}%g ?Eg ﬁsﬁlrgtsa!uxgét%r-dlspermble

pobmnmsparent article can have relatively |ow

nsm s ctrl t-r [
OR35S e S ol BRI g Sonps B
traii$paredicitsat ceasmmﬂ@ coited witha hekti-laed @atihg cotipeising: (a) a first

. cases, ra arent article can have.a rel.ativel
tlnﬁ;ﬁg:ﬂatllqgia ggﬁ? grﬁm a c%atmgaco%él[%rogl COIpHSng %%lmr- ?éﬁosed color-
impatifg bﬁﬁﬁ:léo%d (U) aSRBEnCRyESdepbsikPsier @OPéastal portitn péthe first

ot her cases, | east 8096%&2§m$°re§p spectr.al Ikoxide
layer ARk FATERTIHAS %na{ﬁsgo% Sepgst & §OmPoSItign GRMPRIging an alkoxi

rangi ng from 410 nanoneters t® 700 nanoneters, based

upon ASTM St andard No. D1003 using a Hunter Lab

COLORQUESTO I I Sphere spectrophotoneter that is

avai |l abl e from Hunter Associ ates Laboratory, Inc. of

Reston, Va. The transparency val ues reported herein
are obtalned u3|ng VISIb|e light with a wavel ength

T a I — e~ o~



[0018] I n certain enbodinents, the particles that are

encl osed by a pol yner conprise nanoparticles. As used
wheneizmsg he term "nanoparticle” refers to a pett/iUs10e7/007836

that has a particle size of less than 1 micron. In

certain enbodi nents, the nanoparticles used in the

present invention have an average particles size of

300 nanoneters or |ess, such as 200 nanoneters or

| ess, or, in some cases, 100 nanoneters or |ess.

[0019] For purposes of the present invention, average

article, si C red accordlng to. kn
of the genessl fagoy é&i%ﬁ% dz Rris o8 orgapds mgie ﬁmr éﬁscted from
the ?hﬁl% ABishEe GLLiRES, 'éﬁﬂniﬁ%h{ ' %taﬁm'ﬂﬁr ribsonivad %.hd lefixB0E thereof, R’
aser diffraction partlc e size instrunent, whi ch uses
is ajowanelgenlaewpightalky] wrical, 7 inghrevalencgioh Mo And 33s Amymber less than
z adBRARYbE zEQe size of the particles and assunes the '
partlc e has a spherical shape, i.e., the "particle
[0089]ze" r efbe prasenttinventionlib aksp dgphfed ¢otthnexamplE, tinted glass units,
I
suc SRl E T i L8R %%ﬁn%@% Sl 8 3R B b
el ectron nrcrograph of a transm ssion electron
m croscopy (. ) anpl e of
the particl F—ttre—particles
[o011} t he | FEGel 1saiild110§tk"£idn&iﬂm@céei%&r@d@’aa@ﬁnrﬂxaﬁmﬂy 17.
particle size of the neasured particles based on
magni fication of the TEMinmage. One of ordinary skill

in the ar DE‘TMLENBESEWTJ’I@NUF WD SNV ENEION TEM
i mage and determne th F mary particle size based

(0042 " ragnPtherdbanyin. thfrﬁee NEEXGPIEFQrYherg pheryise indicated, all
nmﬂ?ér& bﬂ:@ssﬁﬁ% &Lﬁa%tlh@s b ﬁlg?é@éﬂt@ Stadica@haftionR AR So f(ﬁﬁ{ used in the
-6- enclose the particle. As used
SPew&cetlw altdqelatre‘r are 't be padersiogd ab bemggneodified & all instancenlby the
I‘G f”
eSS, A g BAOLIEH & 5 RRESF ol pramcers
set [0 ﬂﬁh @l&mpg spmiﬁnajiqgtmjd@tylthﬁ claimg; are approximations that may
I 0 - i | v,

e KIS BB SRS L AoRAT 8 3 B heon.
the yoty Madieadbnotrs an alemps to khmiththe hplicagibe béthe, dac&mm equ1valents

sed wel | agrticles.that re cu
to o Fipe 38 oS it e et Bitesion prmera bl Siedpt 65 fansBhod in light
of tha himbkesf Rportédsigniitahtdigitd and By hpislyitgeorliivaty totinding
hal | ow, porous or void free, or a conbination of any
techipiqugse foregoing, e.g., a hollow center with porous or
[0038] i d vvaNoimthQQ?d%qu&w fMénétcal k@S ahd fitaRicRREEdHIRS forth
and characteristics of the resultant coatin
the @6??;5’05:9??? ef]th(:énbentlog@ée pp{go;r@pegw@g,st e mflegl values set forth in the
spebBR! XafiM& ars tépiietlay prédisefP 4150% ssiblld. )’Mﬁ' huR@rical values, however,
recogni zed by one sk|F | ed e art that m xtures of
inhereatly pom@%@rrymrarsémrse%br reslidng froputhe istagdpr deviation found
ﬁ¥£& article sizes can be
1nt§%%h%%gﬂhkﬂﬁ& éﬁéﬁgr encl osed color-inmparting
(0034}t i cl es\lsm it sheuldb crstopd that gmenimergad range recited herein is
mté?x‘&@&? WTRIde St 185 AA Dés su%BSrﬁ£+ f'ﬂef'em p%}’ £§~a§ﬁ;ﬁe g{é of “1 to 10”
olyneric organic naterl mat er |
is mrsndﬁi 1o iaslude xll wuleganyes hatwezh (mlmbufchldqu)lth@ recitsd ussihum value

erei,n, "faorned fronl. de es _open, .e.g. .. .
of 1l Piresiled MEgmeR ¥ puf G4 0c a8 By Ipiiningrp el gagel to o
grehfenthad ICarpOsiakindMmOAhewWTHgaslae or flexsnish fo.ont' a | i st
of recited conponents be a conposition conprising at
| east these recited conponents, and can further’
conprise other, non-recited gonponents, during the
conposition's formation. Additionally, as used herein,
the term"polyner" is nmeant to enconpass oligoners,
and includes without limtation both honnpolyners and
copol ymers. [0023]As used herein, the term"polyneric
|norgan|c naterlal ~means a polynerrc naterral havrng

g, - o .




conpounds such as netallic carbonates, for exanple

cal ci um car bonat e and sodi um car bonate. 100251As used
whegeilzng4g he term "inorganic material ™ neans aPgI/US2007/007836

material that is not an organic material. [0026]As

used herein, the term"conposite material" nmeans a

conbi nation of two or nore differing nmaterials. The

particles formed fromconposite materials generally

have a hardness at their surface that is different

fromthe hardness of the internal portions of the

article beneath its surface. More specifically, the .
[00L3) f ace &F PrREOPY meafigned, efsain fephocients of gmprﬁ%?ﬁh@fventwn
are Wﬁjelzteh ?&%bbé‘sxfe"t?a:@fairenélé‘s%élﬂbﬂi‘ﬁng B4hrfAQd at'léaﬁ?t b&HallP coated

cheni ca ysically changing its surface
witlg néraaemaéem@tntecgcmmﬂglep@wm frre ¢ coabng competibon eemprising

R e e

trangpaitencyie refersto rgraspantariiclearity & atntl @ldngent such as a coating,
| etht has « 5t surface

atsfAIPREIT, AR brEhich! Bhe U7, Bt Wil WA g g, oo

artinletcera cobting a&feiseo fanrantmje br osatimgphatrabsgrbeadme ivadvelehgths of

visigle GER G0 17 ot RBE e A eg ot iy clietnS il the

visifpe feigidne sAsiesediHer¢in, ‘thpureﬁten\tvhemMMn@rto aﬁ@.ﬁncﬁ or a coated

g 5t o yrRceeegPRATIRFUFIE: Viele frafe phicaLediotiay viewed

thréuphithe aﬁfc‘i@ eDbpdrddBpSHhE @Bsﬂe’alcd.pgm@at%ly s ﬁﬁﬂslpﬁrent article
mat eri al. s known in the art. Suitable partlcl es can

canchaviegelatiyelmlew tapsmissione-¢-af spectral Hpnpsuaissign ef pg more ﬁm 50%
or, B §(§1Hé @%e?fnoarﬂxreoémaﬁ 6o 6,88 9&%&]\9@% IndinhdB%han 5%, rvhlle in

exarrp es of such ceram C rrat érials can conpri se
othgi¢ases therirsusparent aftickx¢addmve ﬁgﬁlatlvqalmmgldtrsnsnmslam, i. e a spectral

trar'sﬁlgé gr?%f rrlrmgfé ﬁxan%lé% ug ?c?me @e Iat ﬁea,%t' 603 ecﬁ- mﬁe&/ %g}er {:%sees, at least

carbadn ures of
80%0 rﬁgdoregomg sppamlftransmmmd valhudsmeglgemammlr@i aifa wavebdrgith

itride i.s b f
ol 0 453 RSP KA BRRE b g o
1003xasing eHmierimbt@mLemuEST@em Sphevei sﬂear@}ﬁtcﬁhetm thamis available

sil.i cates and nesi um.sil i.cat es onslimtin
froRi HEL &S e RO (o of FeroReY Aot he s hpy elues
repdrtadl hédetteare tobbdindd igid Sisibé Hght Widh g StReledigfidahphlg fraandbout
inc sulfide; nonllmtlnge npl es of netal silicates
410, panomeicrs 49 Abyt| 700 AaBemEigEs- r@ﬁﬂ%g?r&ﬁs%mseaft@éce aod @il

per8énti 8 hize WetdrMindtRd 8ld bhse& bh 3hMpRENAGNERUrS M thid&ness as

present inventjon, the particles conprise inorganic
SPeﬁﬁieé‘rlpéh%E%‘PB]@ﬁed from al umi num barium bisnuth,

[0038] 0N CtHfp&ShCirtiBlbs 6LiHe WBnpbelhns ARRRRK of icFesent

I ant hanum rragneS| um nanganese, nol ybdenum nitrogen,
inventjeeean prhiosmhe fipm agetietiofmatetials.c bncertain embodigents of the

pregérﬁ’ln\‘;énh%ﬂ' tﬁﬁg]a]rtﬁéég géﬁlgﬁseg ?ﬁ'rﬁ'ame é(lt EJ&#HI‘ flﬁsﬁixgl}lgg‘% float

zirconium ' 1nc er eo
glagsh olsm:rtdmsembmhm@hts q[ihbssmhatresn\telmﬁpaam agtglle ppripgses a flexible

t her eof :(sul f.at t.hereo
ma{eneag % r es ggiggxfe%cgattea%ll d no rPI?s gf 1%01 [élelélg.‘,( giat?naqs SL?table for
suchfeetitles aghidegbutrae ganhmltadi td It]ﬂ:érﬁﬁ)phefsﬁc ahaﬂmahs; sush &4 ca,

tit
pollchfiandles SERAGHTe R RMiR SRt blkad of BalvBRoNs Ger and
pol@hﬁyf@@?ﬁoIQSImeﬂnﬁdésaﬁb]@est&@Qp&?ﬁﬂfdm% Sa@i’ﬁIUs deﬁxd copolymers and/or

1The particles can conp r e core
blegf gbarith biliFsey As Semieer ifBPraial {aé)épwe R A e tictes can
silicain colloidal, funed, - anorphous form alum na
or col | oi dal alunina, titaniun1dioxide, i ron oxi de,
cesi um oxi de, yttrium oxide, colloidal yttria,
zirconia, e.g., colloidal or anorphous zirconia, and
m xtures of any of the foregoing; or an inorganic
OXIde of one type upon mhlch |s dep03|ted an organlc

g, NN A




[0032] I n certain enbodinents, the particles are

sel ected fromfunmed silica, anorphous silica,
wa@olorardad silica, alumna, colloidal alum na, PCT/US2WDTIONTS36

di oxi de, iron oxide, cesiumoxide, yttrium oxide,

colloidal yttria, zireonia, colloidal zirconia, and

m xtures of any of the foregoing. In certain

enbodi ments, the particles conprise colloidal silica.

As di scl osed above, these materials can be surface

treated or untreated. Ot her useful particles include

surface-nodi fied silicas, such as are_ describ n
havejadextpred s ronghensd gurfaggo Sugh surfasss/frs b eIWﬁ@rﬁbx goy suitable
meﬂi@h Lgﬁeh%s any %dﬁfmhg 6PERAMB! FREcdS kﬁbwnlw tHoRE SKiBl6E & the art.

5 33] As another alternative, a particle can be forned
[0017lom a pThereeyipesitedranspareneies pEthepaesent inypatipmpeomprise a surface

I

ot A B P LA AR OBl RO AR R P Sockfing
compctsﬁrqmatqmmismg polpaet-en¢lesasiroldreinimrtingl pardicless Asmsed herein, the

e mat.er | c I
B B ey o8 0 oA o
by, & eG eoplited withinl & pbbﬁmdrhahn ha&nasd’fﬁméﬁt tcssmpﬁmwapartlcles from each
oth%rn034 Itgﬁ ?egghl%)é?{:g glag" sgcg W L o 1cfa8 %n%gtjlo A @&hheﬁ? the pa.r{icles is
prevéiRédlanivill HRtppiaiated WERoASe, Sthhﬂ £ Edhtiga dai@sidion comprising such
alunlnunInltrld , ,can he pr lded th a silic ca,
Dol P OISR PAHIAR, Ry &l Hibat ggdpofpolymer-enclosed

parfORPOAL e PRErEInG R tedrh “8616%- ﬂﬁEaﬂﬁﬁ@ pbﬁfﬂlé" REEre P Bhrficledhat
silane coupling agent wt

de chai ns can
sighificanthcabsprhsipomeevayplengtlas Qﬁwaglq of#at is. pavelergtls ranging
frot B 700 %@ﬁ{efe?@ 'h%ﬁ'@ lfearOX hBorh @otﬁé%gﬁet?gﬂﬁﬁlf ﬂ’ﬂe visible
conposite particle having a "softer"” surface. Oher
lfgkmanples i ncl ude cl addi ng, encapsulatlng or coating

ticl
008 T S MR Bl BTN a ot
compti g nambpartidles p Asiused hewwin, ltherietmrigasopamitle” oifersuch partxcle that

co ite panticles.is DUALI TEr ich is nt het.i
eSO PR e AT LERPRR dP e BRSO BE BORa B R clos used
in the peceRiEinCérit dnyhaty anla&biage panildsi stteasf 300chafibareamsor less, such as
Cbrporatlon of Buffal o, l}bgOSS n certain
20Q RAERSIEROE LespE: Posome ases: 178 P lesent
[00!19}/ ent i orFop @uﬁmaed RE badsest ihVeitionSavdragd paticle siR\ah be
anel | ar, structure are conposed of sheets or plates
meggured afROTIIAS R KRB ASCRIGRHFTINGFACHNIGRES nEonSREINN average particle

siz¥Ad1b& dEBEni%RE %gmgractqm%mel ORrofdaades dd@RdiidYparticle size
bet ween sheets, providing | ow shear strength between

insypeens Whichhases i hefinmpeandasgsvathyp Wave sergth af 631 prdp gpe@sure the
sizk 8f ﬁaeg:%gﬁs’tgﬁsnﬁ{d &Eﬁﬁﬁﬁa@l;he?a&ﬁ’&tz ﬂﬁ?a S}!»l{k?fcgﬁiliaﬁe SQ. i tfle “particle size”

parti avi ng ['anellar fullerene
ref@u d@ fhisashallest mbemhet wikcemplstaly englpse emwélogﬁ edeerage particle
I
R o e e e i R
transrhisside elegirap mitwscomst GTEM OHadage of e népresentativesampld af the

oo T b A L oy R Lo g e

avéthgdiptimagepurtels sirafubenzaiybd pmmmed ibased ordmagnification of the
. ybdenum dj. sel. eni talu ul fi t ant al um
T i (e Of S Aol 530 S gSteaH e @R such a TEM
imagsiand ddiethififie tHegirRRdry ﬂaaqxaa ]sfz'e @aﬂﬂfdﬂ thle@8aghificdtidn. The primary

formed from non- poI neric, 1i ¢ mat |aIs Ng

particlf $ire\9f 2RAtpleasient (o S@@Ily grpctop SRRt bahuillporgplstely
useful in the present inventign include, but are not
limted to, stearates (such as zinc stearate and
al um num stearate), dianond, carbon bl ack and
stearam de. [0038] The particles used in the present
i nvention can be forned frominorganic polyneric
materials. Non- I|n1t|ng exanpl es of useful inorganic

.



-10- include pol yphosphazenes, polysil anes,
pol ysi | oxanes, pol yger manes, polyneric sulfur,

w@oloynaHie sel enium silicones and m xtures of PemySmwhH7/007836
the foregoing. A specific, non-limting exanple of a
particle formed from an inorganic polymeric materi al
suitable for use in the present invention is Tospearl,
which is a particle formed fromcross-1inked sil oxanes
and is commercially available from Toshi ba Silicones
Company, Ltd. of Japan. [0039]The particles can be
formed from synth |c gamc pol ynmeri

c.mate
enclgsf the partifieg hetrrmdirendsy aricle pee yﬁ%“? o the size of
an iRBiEdUAR :pﬁtﬁcﬂé%s%qﬁ)os% eﬁf&g’[&heﬂabﬂh Bﬁﬁlwé Br mioheIIpA Qkal
materials and thernoplastic materials. Non-limting
pargelasipl es of suitable thernoplastic materials include

00RO T, 5ty 55 i A o mpaing

parpicey earhydrgn &onapimplal generallysiphered) omarpbelogiss (sushakisplid beads,
SR IR L VLT LI AR MU .o
ac1taﬂary(lelomgatcdd)r oSy Addtthmally,rthc padizhdsaianihage an internal structure

I [ ) d h
0TS P ORI chABLIRER 3205 sPELISHINES.
hoH&ﬁM&#&b@ﬂhpﬁhhkmgs&Mﬁﬁpﬂgs of suitabl e thernoset

TR NS R LN -

coa@iﬁb)éblﬁ%%ﬁ@i@ﬁ%e %n 1oafing her@8es8f scidtvh E'stsfteﬁﬁ,efﬂé}ﬁl]@l B8 colbr), it will
speci f non-limting exanple of a synthetic

be ﬁspgrnﬁd Ey pag skilpdin %‘P pEdbat hitaes eheRs oreEs palymesenglosed
col&pﬁﬁﬁ/arﬂh%'b%gﬁles@ﬁ@ﬁg(iilﬁer&lp%%%xﬁagsiiég an E@Emﬂo%@d

be hollo articles forned erials sel ected

[0022bm pol ;IﬂmmOWdemtﬂseéGpgpn-empértﬁngmagm#a:cmeeﬁorrapéﬁom
poRHESH o AP TCLATSALS DGR P S1L Al sompotymer
orghoicayaerigls, dsnmmatﬂgala)aa mplleas roixtengs phaeofthe doiegbing. As

ol e PP 5 5 G SR e

it ipauténded elsat la%mlnomtiolne)r ;snbstamte ‘formesd fram™ cadrsp of meltam components

ex ou
be § PSR nSit5h SoRErRgh e R PR ARy e 51 BRG8: comrie
othbf; moh#reciestiodoptyhnetlis; Mg:medseﬁﬁaatmmn’s ﬂcmhatllorc oApdigisnally, as
oi ndol i none, isoindoline and po cli
usg @H‘a=| g eI rROLYRIEE 5 832l weencB@% onaf‘é?’laﬁsra%cludes without

linftati6h BBWH&h(deWIﬁé&'aﬁd cbpbgidegd. go, ant hraqui none,

i_ndant hrone, antluapyrimdine, flavanthrone, .
[0033} ant hr dheised herpimithe 178 “Rolymers ingrganic material” means a

polsfﬁieﬁwhﬁéﬁmﬁwg a BadkBOR EpBhIANEY bk d BB Bh $lerff or elements other
m xtures thereof. W) 2007/120448PCT/ US2007/ 007836
thapgetheppdigreener, ps Birdrheseinsibe tyrm {rrlypere praapicopatepials” means
syr%ﬁ%ﬁ:eﬂglﬂfn@xgg ﬂ{dt §n§¥mp §§Mgéﬁ@€<ggﬁféh@ ‘iin Eriall Qﬁcﬁ hﬁtﬂ}a@ golymerlc

ubstitute per enes nm tituted at imd
materiatso gl of athieishivera eackhpherepaatdmdt rsed on embgnnay
| ude h oA
OGAF oy st rofafishnfends) & 1o S8 1o B Wbl Lontaining
cor(lpunhlsa?sh&rhlndhe: nza'))on) is typithlip hbndatstotitselfandl. to hydrogen and often to
S nt ain nor e tha one an
othgh Bt v SRE WSS SR e B 5Ph otliks, e
carpiiey) @mﬁmﬁdﬁul@i.dkpetb ShlidCeaoy ybmpomﬁisdas aheenﬁfalllﬁﬂcm&ﬁ:s

Cr.ude enes can b by ds -known, i

e POy s THE B SR OE ) By Pt o R N Tonic
nmet al phthalocyanlnes may be'used Although copper
pht hal ocyani nes are nore readily avail able, other
nmet al - cont ai ni ng pht hal ocyani ne pi gnments, such as
t hose based on zinc, cobalt, iron, nickel, and other
such netals, may al so be used. Metal-free
phthalocyanlnes are also SU|tabIe Phthalocyanine

. L T Y 1




substituted qui nacridones (for exanple, with one or

nmore al kyl, al koxy, hal ogens such as chlorine, or
wordeen2mubst i tuents typi cal of quinacri done piBEETSHNT/007836

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 soi ndol i ne pignments, which can optionally be

substituted symetrically or unsymeirically, are.also
compoupdsFuchas matpkic sreronaies 167 xanapls calcupp CrIHPBAEiABf S
carbifafy epared by methods known in the art. A suitable

I soi ndol i ne pignent, Pigment Yellow 139, is a ) )
[0023Imet r | AalusediRiein, Bfe ey fbloseiRiBIatoral amgansany maerial that is
notdficfeRfCRUaAls, O oxazine pigments (that 1s.

ri phenedi oxazi nes) are al so suitable organic pignments
[0026]d can Bs upedhereiag theytene {‘bodpositeonateiial "trheans acombination of

0047] M.xt ures of. any~.of t evij | .
et gp gt bl Yl i Ge IR Al ARREU R ial
genbaallydade a MARANROOA theio 4dERERhAISR AUTrONMBI6 thODABhéss of the

. desired, t art.icles scri hed ve can. be for
mtqqzﬂ‘j @oﬁmﬁg E]Eléf) Bq.rbgfe qeﬁe%g j55 a%%al%r%%?ﬁc&caﬁxe e gﬁlq”ace of the
partiél8 @RAbE infdd@ﬁecﬁf@r{yciﬁaiﬁ]gér wélus&rbwmmrtPa grtf @rhm@ing bubfiot limited
to, QR Ly OB A EVEIRE P PUbEIe ST DS Pani cehines known
in t88hQdi ments, however, the nanoparticles are forned

srior to_their incorporation into such an_aqueous |, )
[0037k per si &Ar examplpcspartiglssanbeieancd Hemmpdpant weiegal that is

costé) cRA. Jr%ﬁﬁ%ﬁu@eda@ﬁh Qhe 8r MO SIcoRfaryahhteH s IE FBFS composite

néwn in t art. For exanple, the nanoparticles can
partieleghatfas egofigr pufager I ¢ertpin pribedimments, partiglesforged from

corR&sie ‘%Ha'ug}i@ 0B 6L kdhied Fm DAHIRLS m ik tﬂlatqggaétéa,wﬁﬂor
2 any o Ré I norgani ¢ or drganfc prgments di scussed
encapsuléed cdth dédifferdritdormiof ﬂlerpﬂmarmgnmdala Hvaniarg information on

ticle size of |ess than 0. RN er -
pachglel b RS e RO Pt st Py ol Bk Efts, 2nd B4,
(1999 hii ges 15gPRcal |y are nilled to nanoparticle sizes
in a high ener mll in one or nore. solvents (either
1008] o1, orpieTieafipnr thopargiclss wpefhbinghe pretgyention can
incﬁwﬁ! aﬁ? 3hbngahid rhdterifls REEWA &n GHe aat. POhiyABls partigles B be formed from
vehicl e.

.If necessary, .a di spersant_can i.ncl uded

cerpNe BRERIS S MR PIFSh AP POBT b e R e S BRSSO
linffing 18Y 8f 28 cBrankic Mdierpdls 2 c&apRY MbiaDOxides, nfikéd metal

in water) SOLSPERSEO 27000, al so available from )
oxidgnrmetel nituitesomatal e#idep reFtab ey, stliHisates; petal borides, metal
caBbRANC A8 nliRRrSCHORF Jithd fteddifis.UACspRENR] Abn-lifAtih®Bxample of a

precipitation, gas phase condensation, and chemcal = |
metal itride dnberonmitridezs spesificlingsdimiting gxamplyoafg] patal oxide is zinc
xR B&i—ﬂnﬁﬁxﬁ% &ﬁg@@ of LiEpRIREeR S GEIBAG dr€ BB Sfichtes and

pol yner-entl os color-inparting particles that are
magoesied silicuesanozdindtog exiraples of suitable mota) melfidenategeepbdenum

. C r-inparti.n articles,. S ' I 3
aisifh AR P rBP GG s Tk 0 A5 FliBes MRy cxamples
of plesd eilicatds ueealufnimeh silibates dad npenesiohedlichites, sidhasedrmiculite.
AL AR5 o YR g5 P Bctes compis
ind?paki6 hiErialy\BE@ed ot Atki@nus, baeikinyBigmew] basn] delmium, calcium,

conti nuous phase of the dispersi.on in which th .
coriPy FRHAL o FRARSBIEP, HNERANEY THAESSS T, SHIEANSRS. PgLybdenum, nitrogen,

organi ¢ phase. [0050) As used-fierein, the term

"agueous", "agueous phase", "aqueous nedium" and the

like, refers to a nediumthat either consists

excl usively of' water or conprises predonm nantly water

in conbination with another material, such as, for

exanple, an inert organic solvent. In certain

Y T LT o o Y

o o e e



[ 0052] The previously-descri bed aqueous di spersions of

pol yner - encl osed color- inparting particles can be
w@empazeds by any of a variety of methods. For BXEIR1087/007836

in certain enbodi nents, the aqueous dispersion is

prepared by a nethod conprising (A providing a

m xture, in an aqueous nedium of (i) color-inparting

particles, (ii) one or nore polynmnerizabl e,

et hyl eni cal | y unsaturated nononers; and/or (iii) a

m xture of one or nore polyn-|erizable unsaturated

nmononers with one or _nore and/ or (iv) one
OXYRE. AIBBIpRER SelcnivER. cHiEns b éc{f*ff%@ (i P B yanadium,

yttritind) Vil hRE SirShiRah, GRNMiAS 8Fitlcd thebdd®, MERRS Mdteof, pﬁ@sphldes
aqueous nmediumto’ particul ari ze the adnmi xture int

therpgf, phesphatrs|thereef, sdlenides tseaofi swifigrsrthereph suifgge Hiereof and

IR
w00t SR e g R AP B s e
alurpﬁwa]lca,ttﬁeme; tegid, piocaniia hisphuthioxide, mgngsmmm‘#ﬁ; rllamexznde
alu:H}/n : efsi?lcgttrécgorggu%lcl))d%e 5990&%%8%@ Elga?%a{] ﬁagggg%hmgeﬁ{:%ldg
[00B@}pri Si THe @mlchsa:an domgriae,foxéxaneple; acan oﬁqmen’uslly a single

inoffanimidd syt by iRor trgolRrdal, Sifelytr o by, Bugyige or

coll()ic:jdl %léljimﬂﬁ,lt tﬁﬁmﬁihﬁ@i@&ﬁieﬁir& Bﬁidlﬁmﬁshﬂllﬁl lbkﬁeﬁymmﬁhmi%e,, colloidal
an pol ymeri .zing the ethyl enica ynsat urat e
Ytirip AB AR AN wll%eequrfgmrehwsszaepglan%nff Bytgpesof any of the
forég&ly%r%&aﬁm%rg&ﬁ@ o&RleWt-dnERASd hpteh WHICh i Qs RO bfdal oxide of
er-di spersible polyner. I'n these enbodi nents, the

anoghr fYRe- i zabl e di spersant may conprise any

ymer i 2 |iRbrohhidt B dthe paRfles used i
[‘"’m h, u%%% ‘f? lfm%g% | lg}grt I on rIvl\futérﬁé‘\l?tugéﬁeltPI ir%s;ll%em cé;dh pAftftles used in
the mnmcmmnmmpm iepigens npaseyate seleqied Eromrigraphite, metals,

C 0

ox189%, g&bgdggber idez, B -%éi’- éﬁ%%{s Qﬂﬁ&t@% angLEtg)nates, sulfates, and
hydzokides. rrAntoa-hmhmgm)damphi ofzatdefuldneprnisanddecsmmnd exdde.aNon- .

ter di ner
i S Sl g R s Pl ESly Bemep e, tatalun
dlsﬁl@EE 4ﬂuhgsté1|i] dizalfklehasd pAaossifideh & cmaltumtm:g opaipgeddfauseful inorganic

sﬂlgqtg%‘nf: I e l i dl > E:%%n%ﬂctl% gq.%ﬁg% gﬂgngg,gs%%ﬁ velgniculite Non-
11maﬁrgg/é>@m;qeé bﬁ/suhwmtrﬂaamseﬂcmwmﬂﬁznmn pllaﬁnmumwlmn, nickel,
um wi t hout the need for surfactants _and/

aluBRBYR, CQPREY-18okh dronagilveryalloysandimpixtysss af %mhafo Wﬁ?ﬁf&&omg

[00&9{ meki g camalﬁqmaﬁnsi{@ RRE A1l lard IR figRChBRAilica,
col or-inparting Partlc es . is particularly suitable in

amefnhQus Fidisa, ‘wlm‘@id@ El’%’éa:cﬂqmﬁl‘@hc%li(?‘é%lsal‘é'ﬁ@ér titagium diqxide, iron
oxﬁé &@ﬁﬁﬁ bled Oi/’rgn{rﬁ kR, 1RieR y‘ﬁ@faeﬁﬁ'ccﬁﬂ@cbﬂafdapﬁrcoma and

Seri al 76,031, 'is not "‘desired or feas
migthegseit @Flké of the feragoing I@rﬁ@ﬁélmb@mlen@, ﬁlqln%tarées compnse

colfjdlaz%iesﬁ? 'K@cfhsagééﬁr'ﬁ; Vv Lé%srﬁgtﬁﬁgf élrfﬁéen@eated or untreated.
'S prepare t at oes not
Othawlsemlapmmnmﬂu«kﬁ smsfdgpmdlﬁgd silicasyisu¢huascargfdescribed in U.S.
Pat(éﬁés Ig? v g?? gb§ ngccﬁ%ﬁl'éc lllgé 51 Qg lcglg?r{n £ eiﬁue%fﬂ%k‘&ﬂﬁt%alheyem by
ref@ehyerer i zabl e d|spersant to hi gh stress shear

dition 0055 ertal nbod nts . .
OB or - | s 1o ARt balHEE Eoh bF g Aot g Rrimppgmateria
tha®ld8oarsdl, 6RbIoY eHeRUlAte with BRE Gfﬂi’bréléﬁioh&t&y materials to form a
wat er - dlsper i bl e pol yneri zabl e_di spersant in the
comgpoRiisEatREal ‘E‘ﬁﬁ hag, sphadsr e 4 lemrbyel ma?lttacwan be formed
nanoparticles (i.e., the nartapartieles are forned in
situ). In certain enbodinents, the color-inparting
nanoparticles are formed by subjecting the aqueous
medi um to pul veri zing conditions. For exanple, the
particles can be mlled wwth mlling nedia having a
partlcle S|ze of |ess than O 5 n1II|nEters or Iess

. o o o " ~ A



[ 005810nce the polynerization process is conplete, the
resul tant product is a stable dispersion of
w@oloyna4encl osed col or-inparting particl es i NnP@EIUS2007/007836

aqueous nedi um whi ch can contain some organi c sol vent.
Sonme or all of the organic solvent can be renoved via
reduced pressure distillation at a tenperature, for
exanpl e, of |ess than 40C. As used herein, the term
"stabl e dispersion” or "stably di spersed® neans that

t he pol yner-encl osed color-inparting particles neither
settle nor coagul ate nor flocculate fromthe agueous

fromre@irmrm piterial dhatiinegoatsd gld arengansuilited withddlifferpg form of the
prlnjial.?g 5 FSHIES 8RB0 AR thitcliSmar I?asparl?égélt sutfacé he

eous sper3|ons I'n an amount of at least 10 weight
[00?,;1&} r cent , Ingmei etxamplea and mtithofit limlimg ®e meghmvmtmm @n Inorganic

partg:iiﬁ)tq{pagf FR ntino a.r%é nlwh?r?aq uch nFtsﬂféan %gﬁ)tlde ﬁ;r alhﬁlurﬂﬂn nitride,
can pe peevided bﬁhmgsxlms eairbonatwer ghdooddy ¢wtial te ﬁbrmia upefek@mhposite

lnt e di_spersi.on.. [ 00601 i ndi cat e for oses .qf .
partdl OB XS PRE. BTG PNBE SGER YAk ST sifle chains
can &RERIct wmaané ktﬁ&cﬁaiflahﬁh&gang paitivtofop@ed fRan b iorganic oxide to

coatin onposi tion ita cpat,i ng. conpqsi ti on .
provife pawey ﬁ%nt?lﬁ%tedgaﬁ%le BBYipES: ShOS SUrtath oSS SEeTRlgs include
clacfd'ing? chc&psLREhE of eHRGR Ilﬁdr@élés fo?ﬁleblffﬁﬂn A6hH-Polmdtyc or polymeric

ernDsettlng mat er i or thernDsettln
maté’éﬁ*ﬁd@ th diGisring SORmRhImeRoLRALERETIS Braferial ¢ 4\ ppeifisgn-limiting

exaﬂrﬁ%]of:éffc '8 Bsﬁf PafibleRiCOOAL MRS RichNg a @?ﬁtﬁ@ﬁé pol enc

ains o pol ymeric conponents’ are j ol ned toget.

partigle coatad @nth dadrive. carrnateghaipis commescighy avaijable Gon %@&9 and
Suﬁ%nsQ%%P&&ﬁ§§okpﬂﬁhﬁ9}5?30t'0” of the conposition

cons uents ten rnduced, for exanple, by heat or
[0033di at i ofn cdraivi eyboGassite ﬂle(iaa,mdlhgu@dndeh@sprtsmemmn have a

ct on Nt h Edltl S
am%;%rt ?tﬂ“l ‘V VERHCEs ngaa %gu T C%fs{ are ?ét{'lsgs%d of sheets or plates
of afsrae &t Hé}qiagﬁnal/%hhalyr withatrodg\Bimdidg edthin el shBetodosl dAA4n, der

or crossllnke t her npset mat e I r
W R Sh G 1HeS Reprovigite et FOogh SRele SR R A "
limfiing8Apl6f & Emhdlﬁl@ ktHidtarelif a SokygonhberyBiyl seunitirs Tnorganic solid
ast i

"t her mgpl asti c rlal_ r
Pariglap BEYIDE 81 ERAIISES® (oteky D SRR T 43 el i the
pnggﬁlﬁ&%ﬂsg by coval ent bonds and thereby can undergo
liquid flow upon heating and are soluble in solv nts
[0036lunder s Nor-limiting eramplesmi|syitable appderials hgving 3. a@i“%ftmct“fe
mcfaﬁg @Jgﬁﬁl ﬁﬁgdé_%}dgmtl: oRdan dﬂ:ﬂxﬁzgéemc{l&oﬁ&&i Bal€ SRUM, kaolinite,
odi ment s

agueous |sperS|ons conpr|5|n

calgitst, padsmiune fstids stlverotudfids andaniitergs frereafe |S@stablgrmetal
dmﬁaﬁ@{;ge%?&‘s ﬁ&lﬁdé’{d g%&én dﬁJlﬁ&éT‘rH&gB@éﬂﬁ?ﬁaﬁéleﬂfdeSaﬁﬁlum

I N sone tases e aqueous
dxsulﬁslpenastahnn dmetem@a tmgswh;dls;dﬁd@ftungseenabﬁqimdﬁ agd pxtures
he coating conposition. For exanple, in addition to

fq?‘ aqueous di spersion, such coating conpositions al so
[0088) i ncl Tthe partiches ¢camits formekd frosyisire polyorepici eigagiconagetals. Non-

i e O Ry SRS S B i (g Bhsen vetion
incRiRe[ Btﬁ?tfdr@hﬁt lirhited 08 Steardteluéetp@ntind stearag: dndnadtumbmanh stearate),
gro L flve th thgse of the filmformng
aH@I“;i neroorshlack gpd stepramifiey ni ng pol ymers i ncl ude, for
[003BRNP! €, TaRYpabdiclédesed i Ble/presdnt tiveatiss esh BE Etenedifidin inorganic
respect to the ueous di spersion of  pol yner-encl osed
polypiesic- maiprals, h@ngl iting examplesed 25efyl ingrganis polymeric materials
enbodi nents, such a filmforRpng pol ynmer conprises
reactive functional groups. Such polyners typically
are used in conjunction wth a curing agent, and can
i nclude, for exanple, hydroxyl, epoxy, carbanate,
am no or carboxylic acid group-containing acrylic
copolyners hydroxyl or carboxyllc aC|d contalnlng

o o s o o o, R



[ 0064] When desired, appropriate m xtures of curing
agents may be used. In certain enbodi nents, the
W@ omvizmg4onposi ti ons descri bed herein are formul/asmdr/07836
as a one-conponent conposition where a curing agent,
such as an am nopl ast resin ancifor a bl ocked
i socyanate conpound, is adm xed with other conposition
conmponents. The one-conponent conposition can be
storage stable as fornulated. Alternatively,
conpositions can be fornul ated as a two-conponent

. C osition where, .for exanple, a polyisocyanate .
inclids PolgphesBRe2enE S PobEsTantRe BOPS IS FOF SO AP Rhygegic sulfur,
polyherdid 11 BRI sitiOHRR St iRRHGOIPORABNGIIhe Bsibgdinp O $pecific, non-
. application, The pre-forpmed adm xture can QOHDYI%@ )
limigmeiexamalseafiaparticle dommgsl Eoman iRergagicpol wapHe mateyya) suitable for
| ; ' fetBsRedBSAT érbSlinked
e D A B R e paR T aRed 25
silogarmsand és opunerradlly axpilebliedinmm Togbia Silicdngs Eomatany Kadwaf Japan.

o), osrbaRiERa T B oA RS STnBRAL e BANRAE, Aiterials

Nomfihiiting kxdmyjee df sritablecargamio pphyinsarjc meterialsangihde, but are not

. colorants i gnent.s _and/ or dyes urface. acti
oL Moot} oS PR spobSd tastefplsc Nefdiplfhe examples of
suithbleltBérgnophstit m&ﬁdlﬂ thohgRnthermaplgticipolyestesy lsuenaspolyethylene
catal ysts, .and ot her customary -18-. auxilijaries.
teroR P S G R4 GO PRI EE SRR afycgrbonates
170TBHAS, Sucd & slasemiRae, dhgkx’ leff@ gD bolpiRSbuknd 2R jolymers,
pe 4,403, 083; 4‘%[127 %69; Iban (5)%)%1,, 904?0 0061(15] ?[1 cg}?%g?on?,n,ler
such b sapeiumes, ofihrcroatd ryawslpasimenrmgrandipolgpes spptaining
meﬂﬁ&?ﬁt&,%lﬁﬁﬁeﬁ%ﬁoﬁ;@aﬁc %biﬁ?&h&%’éﬂih?gpﬁgﬁﬁ@?s, and mixtures of
Useful “sil’ane coupling agents include glycidyl,
anyi ofdby forag@ing.anmi no or carbanyl functional silane
pling € oo T i r .
OoRfEE | NS ing SR S SN o
polgeitris ngnyloasteos icpopy matdrialh phpnamspaminoplasts, thermaset

resylt in the production..of l.ass I: '
polpiithset i PR B S0 by BRofiiafedift In BBt melAtiihebrample of
a sypfih@icgsolymetid pagicksformed ifwne aepoxyumaerialdstan epoxy microgel

condi tions, such as woul d be experienced in a
ParE®hwasher . [0067] The coating conpositions can be
[00app! i ed tThetphiclkés daladsdiye Boljove phrtialek fotreahfibtiateials Belected

as sprayin brushi ng, spin-coating, dip coati and .
ffo%i‘s@l%!le%c aﬁ%dawwm%gd@gfﬁmw Thatey zp‘?&m@é‘ﬂa& %‘011'1’013’“‘6“0
org8ARQAABBAL SconRsisite Ghttérial Y BEN ik taRisbf AR olf BE: foregoing. Non-
_application technique is used, the_ coating conp05|t|%§
limjitngpsrmles efsuitablemmataripla from whigh the dollawnsengles ¢andte fgrmed
are Rkt dbolé. m 1.e., a dry filmthickness of 0.05 to

0.3 mls (2-5 microns) is achieved. One particular
[0043) ant agdn e¢rtainenhodiraents,i the particlas used ime psesent invention

t ransparent. L9 Lhiti j . i
co AL B MBLA0R Bl B BB ool e
Naphthtl) Naphthol AS) a26 Phgnont lakes seeneintidsmdone)di-apo eondeasation, metal

5% . .achi d [ in filns, ik
cort ol RS LT b 5 b s e
pexfylHneslpérﬁ{o&_b,i &Reto?ﬁrrald Batdlé, thioiali gy, edtiopduinaie, GutzintHryne,

can be .achi eved fo

r such coatings, due tqQ the use o .
anthrapyHEHdine) Yw@ee%]pﬁg%MFﬁgwtbrﬁawﬁ%%}n% ﬁ“aw{cabemum:
quﬁ%ﬁﬁﬁhﬁn@f’?@ﬂieﬁ?sﬁ‘hﬁd pfixtube tREesENt i nvention, the

cohposite transparency conprises a glass article. For
exanple, in certain enbodi nents, the glass article
conprises an architectural gliass unit, i.e., glass
used in an architectural applications, such as, for
exanple, wndows. As a result, in certain enbodi nents,
the present invention is also directed to a nmethod for
reduci ng the transm ssion of solar energy through a
transparent architectural glass unit, wherein the

o o R oy o " Y I




one or nore of chip resistance, inpact resistance,

abrasi on resi stance, UV degradation resistance,
whenvrd2odys resi st ance, and/ or chem cal resi st aneer/u$awo7/007836

certain enbodi nents, the hard coat is deposited froma

conmposition conprising an al koxi de of the genera

formula RMORDz..x. where Ris an organic radical, M

is silicon, alumnum titanium and/or zirconium each

It" is independently an alkyl radical, z is the

valence of M and x is a nunber |ess than z and may be

zero. Exanpl es of suitahl e organic radicals include,
(0043t ar o HaYIons RhEEsA S W 48 kiR PTaaR AL the, BRASH TR on may be

unsubRERYLG osuBbiiRtd0 OUbRAREM pedlendd Tk BE kibsited aDRYide nitrogen
The al koxi de can be further m xed and/or reacted with
atoms flow exaropisornttis: batianents oy ipakide 2R UM erern Hel tey 10 carbon atoms,
| : o <
o off EALP6E 1016 DL B0, SRR AN,
comhinatipgatheeddfo Sybititated pegletesasasoemntainmndrg thaneomeopfanypne

ove. l.es of ' I i [ : .
o 0 TR 08, 99100
ofteb/uSed. RaiudetpelNdsnesG@al b ptGSredb R o {IRES kn6wngo thie1ot.
180, 248: ,916.686;. 5,401,579:, 4. 799 ; . X
["0‘&‘;1 731, zg‘%?‘hg’f’%%‘}%ezﬁ‘,gmﬂ“fs Gengislly E?eé%zﬁbgﬁ ?C@Fﬁ’g “@é" e used.
AltifougB _Qoﬁﬁ&;phﬁlai&gnaﬁﬁﬁs areomdRFe RS avaiildble, aher fital-cohiaiting
are incorporate

o B L, oh 5 g ol
such metals, may also be used. Metal-free phthalocyanines are also suitable.
Phthalocyanine pigments may be unsubstituted or partially substituted, for example, with
one or more alkyl (having 1 to 10 carbon atoms), alkoxy (having 1 to 10 carbon atoms),
halogens such as chlorine, or other substituents typical of phthalocyanine pigments.
Phthalocyanines may be prepared by any of several methods known in the art. They are
typically prepared by a reaction of phthalic anhydride, phthalonitrile, or derivatives
thereof, with a metal donor, a nitrogen donor (such as urea or the phthalonitrile itself),
and an optional catalyst, often in an organic solvent.

[0045] Quinacridone pigments, as used herein, include unsubstituted or
substituted quinacridones (for example, with one or more alkyl, alkoxy, halogens such as
chlorine, or other substituents typical of quinacridone pigments), and are suitable for use
in the present invention. The quinacridone 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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gl yci doxy[ (G -C3)al kyl Jtri (Ct-C4)al koxysi | ane nmonomner

and a tetra(Cl-Co6)al koxysi | ane nononer.
waopcizhaxs/ RCl - C3) al kylitri (G - CCal koxysi | ane nBCIDITEI087/007836

suitable for use in the coating conpositions of the

present invention include

gl yci doxynet hyl tri et hoxysi | ane,

a- gl yci doxyet hyl trirnet hoxysi | ane,

a- gl yci doxyet hyl tri et hoxysi | ane, 13- gl yci doxyet hyl tri nme

t hoxysi | ane, P-glyci doxyethyltriethoxysil ane,

I 'yci doxy- propyl t ri net hoxysi | ane, ) .
[Ol)ﬁﬂm yCi déf BF ngrgflﬁ%st?sgppedc}]%bm@ can be formed into nanoparticles.
Inc éﬁﬁ'eﬂ%ﬁﬂﬁ&ﬁy lthe h%ﬂ%&ﬂé& 4r8%&med in situ during formation of an

3-gl yci doxy ropyl-triethoxysil ane,
aquegtusclishersipn obgolymemsnelosepparticles, an fgrcsibed An epre detall delow. In

othe?%%%rigﬁ&?& og\%tvg t %&Qm%%&tﬂ:?{soxy snotrﬁ% ttherltlta 1;/10%1goratlon

intoustiell an aquans Idlmrsmn V\]nttheielmnbodlments the nanopartlcles can be formed

o LS R B ) R A% il

canbeprépasdtpbepulvetiging ahd chissifying tlteetlnquettdtﬂ:asty sidterizd, For example,
t ef raet hoxysi |l ane, .t etrapropoxysil.ane

bul]f as any, gf tb(eetpp %}'I ﬁ: p%ents discussed above, can be

mille@twigh@xi¥ih ngxmmt BHEng a(il)afticXé sivesf lebethanf.5 hdllidhet@k mm), or less
certain enbodi ments,

thary .3 e 91 tesethapd) hmp, ﬁ? piampent paticles sypicalinang millgd to

nanbstrtle{e(;tze%ﬁ 2 ikt e AR IO BRSEY okts@ivénis {eitBeRater, rlﬂgamc
onpositions of the present invention are present in
sol\(,q@,t e mixtarg of theyiwai eRfigpally in the presence of a polymeric grmd vehicle.

If n@s?ér% g ht&%%ﬂs{f? ca.ﬁ:%lttfcmﬂeﬁ k’@}r@caﬁ%le (ifin orglamc solvent)

Koxysi | ane of fro
SOESBERSE®D 32600 0t 32300 avadable from Lghm@é&rporatlpgmrl@flmt%ater)

sof g AL el ot
membhefortpmthﬂm nahopdraclem atluly crystplfigatiom precipitiionsgas phase

the ol yner -encl .col or - | a ticles. Such a
g ‘3}’85’6?3 flgn& qr}ﬁ%dfl?sﬁ ed States
[00@9} ent Nlh cdrtadd Smb8Qindénts; @he caditing chﬁﬁ;o?itibﬁ cBﬁx,prisbs‘:‘polymer-
ited portion of which_ being. incotporated eferenc
enclpsed Fﬂf%rm@a#@]glm%ﬁ A orE TR AR %‘F%tf qigpersion of
pol?%@ﬂbﬁcggseidrbo%gl mrﬁmﬂﬁl 3 pﬁﬁ(@&s amé uked hérbm, hiédéﬂh?‘ﬁistpeﬁfon” refers
e rol yzahl e _al koxi de(s or e in cer
to %Wﬁbﬂ’%/% sy gemiavdpch gne,phase mcltlftf:samﬁ%me dapertigles digtibuted
thrdugholP4 §toRfl phadee Whikd] is MRloBtiRhoRYHaS. Y FRDABp&s#68X bfien are oil-
In certain enbodlnents at nospheric noisture, if
in-wafer P@uk}mns whercifean aeineus edfusn prasiqss the pentinpous phase of the
dis é‘@ol s ang p%gﬂgéryé{cldsﬁd PhANIIeTe §&F€§dé'ﬂ| a6%Be bifnic phase.

nsation reaction. In certain
[00§ﬂbod| medtssused hereiratthe (esm ‘laquennsaciadpeousambesd af‘agneappmedium,”
andPhTHKE! deBlrs 1A Lfe ?ELEH it QRS Jb%si@&' éjﬂcﬁlsﬂ%i}%f @gt:er W&&Hpnses
generates an acl on exposure to actinic ra
pretiurrmmlmwatanbwm’mnatmp witle anatheli woatetiak sueli as, l‘cdm@ﬂﬂ an inert

ani c. aC| 10r gani [ mi r .
or g?ﬁlé’ e gfe nﬁbﬁl SR YR 0%‘)'2" anpr g{s% a%?oqglﬁ gﬁ 8{%13]5%0% egl t present in the
aqttebok didpersivdb IlsC}.essf thani20, wéphtapereent, skl aslesmthanl 16, welght percent,

h drochl ori.c, phari.c r of. uorl sul furic .
SO Fenee RS S PP R A P Eife Tt EP pdieht
petﬁéht@ﬁ/;]tﬁ éﬁ?@w%igh@ @Hﬂcgnﬁs cbegfgtbarsecc offi €ltH tatal Qﬂ:lgl‘_ﬁ ribfltlﬁa dispxision. Non-
as ydr.ol ysi condensat i on cat in the
limgga PYRPRIGH ST ieP G BBIe SR SBaePT e BB hmoBRk Y hether,
a Lewis acid and/or a Bronstegd-acid. Non-limting
exanpl es of acid generating conpounds include onium
salts and iodosyl salts, aromatic diazoniumsalts,
-21- nmetall ocenium salts, o-nitrobenzal dehyde, the
pol yoxynet hyl ene pol yners described in United States
Patent hb 3 991 033 t he o- nltrocarblnol esters

~: o ~ a2 a2 o PN N AN AN I



[0078] I n certain enbodi nents, the acid generating

conpound is a cationic photoinitiator, such as an
womoaneEad t . Non-1imting exanpl es of such natBCT/EE®07/007836

i nclude diaryliodoniumsalts and triarylsul fonium

salts, which are comercially avail able as SarCate

CD- 1012 and CD- 1011 from Sartonmer Conpany. O her

suitable oniumsalts are described in United States

Patent No. 5,639,802, colum 8, line 59 to colum 10,

i ne 46. Exanples of such onitun salts |nclude

et PR AR S 8 LUt BT & Bien, benay

alcditadndupinead spirdat e, dodecyl di phenyl i odoni um
hexaf | uor pant ] nonat e

[005KL [ ( 2. t &P RebmssIplessd polerimpaties prrticksdised in the present
invaRIA hEPEORPELTEAEEnANE. ﬂ&%ﬂé@@é&%@& ﬁelfn a&ﬁw&lﬂe

anount of catalyst used in the coatln? mposi ti ons of
polyyrethsne pelymars\pelydstsn pobymeranplysitiesi pp yan@tsdssbecndbmd polymers,

oA T S ER BB

suitablg mcihdé hBawil omtlmsa skilled in theraeqtioi witidh the greserd invention pertains.

sl ool e AP B sl Rl P TR PR i St

10/876,a31 anfo061] tor[oave), unmw s&twmanmmm&mg Bﬁbhcbxﬁ%ﬁCNo

2o ah RN 1B o REEL S B30t o

11/3375;0621& [@OBPPRI 0079, tHeAlited|poticiR IS béiRg incorporated by
4% ggg$' .encl osed color-inparting particles described
referen Teifly certain enbodi nents, the pol yner-encl osed

[00§2] O - | NIRE b Golrkdy Lbshi®ed aaeeo% eg,e;smxﬁ e IhaEdedefidkd color-

conposition in an anount of per cent,
impayiing partisles gan be peapgrad lpfemyeqﬁa vame(cm Of»@rc@mﬂs nBprexample, in
L
corail SADARREAO bl dfichl Hspafioh i Wbl i hPhod cqmprising (A)
proyishimg & 5UKIUEY in en 8Quewsisgiediwe; ol casizipasting pariclesolii) dne or
oS LR RSB A A A B o onec
momapcﬂymahzabl@unsaenatqdl reon@Enay vnﬁmimsmrtmmoctyanexat aal/or (iv) one
one nor e, st andard .additiyv such
or i it Rg PRLUFB gL e Aesie G TBEh reobemgottiyions in
the épbmh&adiﬁan Aot melivieto pRSRAMire the ratiﬁhituﬁ"bﬂdbﬂ?ﬁfc&enclosed
xane

t he har.d coat. co ition comprises. an, or (L
oy Ing S AL, FBOR M AR ar R SHRT Onlied SEHce Patent
ApﬁﬂﬁtioﬁaenanNSem/své b1 afl D052 F1059896Y, el d]poreod 8ORHich being

t he Cli ortion of which being incorporated herein

incggporatedp E’en% $elnpterial, if used, is often

[00BB8ESeNt IR cédsn @H%Hﬁﬁerﬁ@ 'H?)Q@VH e édﬁeéﬂs @ggé@itongtirel th@de by a
25 wei ght percent, such as 2 to 15 or

meﬁr@d@eﬁtpnsyws(éapmmhng aTpxaITe sig| a»nmnemnge@m o€ (D) color-

1m§a?@1t1 Q’tlER!g‘,g@g go%eﬁ&%@ithﬂeﬁﬁﬁﬁﬁh sa‘f‘m&@ rﬁgﬁgtﬁcr 51111&(111) a

har oat tTon conprises a silica sol
waigpdppetsitig pelymesizahlerbsnersant lapd (2pblzmprtzipgdhé ethylepically
uns%ﬂﬁ.{ié% g&@g}n%e& ‘r%‘uel& gﬁ@k{l‘egugggegcfl?pgrﬁ%nf ) df% goﬂrﬂeré?c%}eﬁ 'Bor-
impartineg particles dempﬂsingcaiwmr-thspbleﬁﬂd pely&teseih thes@elbodimegts, the
agent ich conmprises
polEgil Pl RE) ESBa B! RO PRASHRLF pscrial fagis water-
dispﬁﬁlblémid)wﬁcﬁﬁlpdrfpcﬂﬁmbﬁzahcﬁﬁbﬂlﬁi thesh\@enichiey unsaturated monomer,
anopa i cles g;g de'n t he S|I|ca sol .have a

pro BTG MDA EDHHCISO PR BAG fatalerefispersible
Iess such as 200 nanonetersiqr less, or, in sone
cases, 100 nanoneters or |ess, or, in yet ot her cases,
50 nanoneters or less, or, in sone cases, 20
nanoneters or |less. [0084] As indicated, the silica so
conprises a polynerizabl e (neth)acrylate bi ndi ng
agent . Ae used hereln the term” (neth)acrylate 'S

T a o, - o,



WO 2007/ 120448PCT/ US2007/ 007836 [0086]In certain

enbodi nents, the silica sol further conprises an
woe@ankm4sol vent . Sui tabl e organi ¢ sol vent s areCT/hie®e7/007836

that will stabilize the silica sal in the coating

conposition. The m ni mrum anount of solvent present in

the coating conposition is a solvating anount, Le., an

anmount which is sufficient to solubilize or disperse

the silica sol in the coating conposition. For

exanpl e, the anmount of -sol vent present may range from

20 to 90 weight percent based on the total weight of
polyrher. dogetinig covmdimrntsohe polymerizablesBIneains copRERg@, water-

aisriftE oD RlerzTe pBel r porp ot AR 1o ERIR e
unsatosttione, et hanol tetrahydrofurfuryl al cohol , propyl

[00§4iConO} I&&%{J%ﬁnodlgl%ﬁﬁé&%%?te Q%laﬁ%&lg&'eh%ﬁié’ Bfpersant is

Vi nyl pyrv n cet
capiblb yddiopersing gkl ynd othed manmals I‘lhd:ludlylg -tlmlethp]enwaﬂy) mpsaturated

Net hyl py rolldlnon 1 rrol none .
mORSTFBRE SRICEYT PR AEthe e S Thel Kt s REaHigy high shear
conditioR8 e AsGirehdt) eafiRegaingbickhddcfoe h&ﬂtﬁ)gaam:{tﬁl.eoei digpersion of

acetate, hutyl .acetate, tetrah drofu t hano

pol¥REI-cRl o5 SRR mpREiNE ParfiFlen | CRSIpYRs) Where
use'm‘ﬂ?@i‘étbé'ss shdag F:oncﬁhHﬁJ By Hes%ﬁ'b@@l‘d Qﬁltedj Sfﬂi’ésf%ltent Application

formam de, ethyl ene mono- and chal ky! ethers of
Serial Na. 48761034 ois r@hdeméuqr f@ﬁ@ftb 9aifh¢fr@£oremcsﬁalareénb§’élﬂaems the

B

method lijat doehuot incloda the, stvmoﬁwbm@ng d)lhfd r(lrr)paﬂmg
{

S RS By ARG LR o TG B

polymeneatlile\drspenshmdormg}t sressahﬂarasnd/iitiensa the silica sol

[Oﬂiggl Iog Z gilp tgctj {H‘tﬁ%ﬁgﬁmg éléea & r-fantlsjglaq?mn P2 1c¥e!s( er be ng mixed
with ithelétBglewically &ﬁsm@&m mosaheemid the mtertdjspmmhlerpongmtdwble

.silica sol with an_at |east rtial .hydrolyzed . .
iSRRG PGB EoRPBEY e Feldk RSO opartcles G.c,
theGRhbFdrficles RRICFRBA 1 sitd)e 1§ bért4iA ef®odinterfis, eﬁemlor-nnpatrhﬁg

hard coat conposition in an anmount of 1 to %5 percen

narwamlﬁmre Fartin b BIang She GBI Mg GRHIY e R caTyitions.

FOM@& le, RBE 5&%& Reh 'BG nRfsE i@ mhihes hikhml hawa@& arfitlelsie of less
gg)OSItI on. [0089]In certain enbodi nents, such hard

than@ mglbigrsberisy ¢1‘dﬁ§$ are 031l imeters or RSO C@Fesaless than 0.1

mlfl S04V §eHhet ex&ggdfﬁ%ﬁ Ak &Q&pﬂﬁéﬁlﬂé‘pﬁﬁcfé@ Ichn 8 nlill&d to

I cCa SO stanti a i/ free IN sone cases,

narwngicé@ sray irf 2 bzghcﬁnemymfl incthe pysentd of the Rgwasus Mg, th
poffieFizpBle PG Py HER B0k et S ol .%%"’r%& P

pohqunizablle d;lspc;sahb alfidgkizgd, oth@r dispensanti can (bewtsed,suely BaS@E.SPERSE
use t he rm"substantially free" nmeans

27@&?"?‘?:%’? ré’r‘?*g?m%ellgigg di scussed is present in the

[0(156]rposi t iAm:,ndldatemﬁ; theel ﬂoregamgamethnds ﬁﬁrm:ﬂhng agpagous dispénsions of

: ALl
PR et Pe 10T HPR AR BRI IR teaten e iibypae the
ethy®midall§gQmpAtetRed mohegicr ARBpslyieizatilb dlslpatsaﬁﬂ @lfoirs polymer-

enqg‘r;ﬁe;glgqm RURAL Cﬁ%ﬁﬁeat txggqr?até%%ﬂggg O%%g af, @gtear lgoa}'tmn of the

Zafbh al:édfs {1188 Rfrmafibn of RadPaRi e ESapplieanlt e efrde radical
ree of any free radical polyperization initiators.

mlBElT@h inefteay isafls Boe waiss and il sgiibla ingtiatergican be pged-r ee
radi cal s upon exposure to acljisni c radi ation. Specific
exanpl es of such materials, which, in certain
enbodi nents, are substantially or conpletely absent
fromthe coating conpositions of the present
i nvention, are benzoins, benzil, benzil ketals,
ant hr aqui nones, th| oxant hones _xant hones, acri dine

o o o "



[0093] I n certain enbodi nents, when a material that
generates an acid on exposure to actinic radiation is
w@emsari44s n t he hard coat conposition, as descri@bEs2007/007836
above, -25- WD 2007/ 120448PCT/ US2007/ 007836 t he
conposition may be at least partially cured by
irradiating the conposition with a curing anount of
ultraviolet light, either after thermally curing the
coating, sinultaneously during a thermal curing
process, or in lieu of a thermal curing process.
During the irradiation step, the coat gg?,a[ti cle rIa be
[003Ai nt ai Nden-imilipg fxaBpise puitahle watergoluble)ipitiators ipe
amxbﬁmhﬁl e‘?&ﬁﬁ’sﬂ%ﬁ%{p@iﬁ@éiﬁﬁ PEERRL Al CandhFdtogch R2bLde. Non-
the tenperature at which danege to the article occurs.
limitipg @44rhples of pHisplublrbivitiatenstincludhhutyl kydrpperoxige, dilauryl
e . ( | s _
perG R 2 A RRNORUEAIS, HRIAGEK, BleTeRildSGarricd outata
tempeanire bagimbhum 20°he 8peCy Mhe ipphivhaizatien hambe ydraied out in either a

resent in the sili ol reppins substanti al l

bt e O HRAPraressr 1R dnesh o R Qs REoup P SAK Lt Mgen
polfHERshtioh cn rarpletfRim | 0@ eRdrBilep UG hiinttes®yr 6 hedhs optoividgd that the
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comprising one or more film-forming polymers which may or may not include reactive
functional groups, and/or, if appropriate, a crosslinking agent having functional groups
reactive with those of the film-forming polymer. Suitable film-forming polymers
include, for example, any of those polymers discussed above with respect to the aqueous
dispersion of polymer-enclosed color-imparting particles.
[0062] In certain embodiments, such a film-forming polymer comprises reactive
functional groups. Such polymers typically are used in conjunction with a curing agent,
and can include, for example, hydroxyl, epoxy, carbamate, amino or carboxylic acid
group-containing acrylic copolymers; hydroxyl or carboxylic acid-containing polyester
polymers and oligomers; and isocyanate or hydroxyl-containing polyurethane polymers,
or amine or isocyanate-containing polyureas which can enhance cure rate, appearance
and other physical properties of the cured coating.
[0063] Curing agents suitable for use in the curable coating composition 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 example, 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
-17-
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amino group containing materials are suitable, and are described, for example, in U.S.
Pat. No. 4,798,746 at col. 10, lines 16 to 50; and in U.S. Pat. No. 4,732,790 at col. 3,
lines 41 to 57, the cited portions of which being incorporated by reference. Polyepoxides
as curing agents for carboxyl functional group containing materials are suitable, and are
described, for example, in U.S. Pat. No. 4,681,811 at col. 5, lines 33 to 58, the cited
portion of which being incorporated herein by reference. Polyacids as curing agents for
epoxy functional group containing materials are suitable, and are described, for example,
in U.S. Pat. No. 4,681,811 at col. 6, line 45 to col. 9, line 54, the cited portion of which
being incorporated herein by reference. Polyols as curing agents for isocyanate
functional group containing materials and anhydrides and esters are suitable, and are
described, for example, in U.S. Pat. No. 4,046,729 at col. 7, line 52 to col. 8, line 9; col.
8, line 29 to col. 9, line 66; and in U.S. Pat. No. 3,919,315 at col. 2, line 64 to col. 3, line
33, the cited portions of which being incorporated herein by reference. Polyamines as
curing agents for isocyanate functional group containing materials and for carbonates
and unhindered esters are suitable and are described, for example, in U.S. Pat. No.
4,046,729 at col. 6, line 61 to col. 7, line 26, the cited portion of which being
incorporated herein by reference.
[0064] When desired, appropriate mixtures of curing agents may be used. In
certain embodiments, the coating compositions described herein are formulated as a one-
component composition where a curing agent, such as an aminoplast resin and/or a

' blocked isocyanate compound, is admixed with other composition 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
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blade or wire bar. In certain embodiments, particular when a spin-coating application
technique is used, the coating composition is applied to the transparent article in the form
of a very thin film, i.e., a dry film thickness of 0.05 to 0.3 mils (2-5 microns) is achieved.
One particular advantage of the present invention is that a transparent coating exhibiting
a relatively low transmission, in some cases, a spectral transmission of no more than
10%, or, in some cases, no more than 5%, can be achieved using such very thin films,
unlike transparent coatings that utilize, for example, dyes for coloration. As a result,
improved optical quality can be achieved for such coatings, due to the use of thinner
films.
[0068] As previously indicated, in certain embodiments of the present invention,
the composite transparency comprises a glass article. For example, in certain
embodiments, the glass article 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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[0069] The coating compositions described above may be used to form a single
coating layer on a transparent article, such a layer being referred to herein as a
transparent tinted coating. In certain embodiments, however, another coating layer, such
as a hard coat, may be deposited over at least a portion of the transparent colorant layer.
As aresult, the present invention is also directed to composite transparencies at least
partially coated with a multi-layer coating comprising: (a) a first tinted coating deposited
from a coating composition comprising polymer-enclosed color-imparting particles, and
(b) a second layer comprising a hard coat.
[0070] As used herein, the term “hard coat” refers to a coating layer that offers
one or more of chip resistance, impact resistance, abrasion resistance, UV degradation
resistance, humidity resistance, and/or chemical resistance. In certain embodiments, the
hard coat is deposited from a composition comprising an alkoxide of the general formula
R.M(OR"),.x where R is an organic radical, M is silicon, aluminum, titanium, and/or
zirconium, each R' is independently an alkyl radical, z is the valence of M, and x is a
number less than z and may be zero. Examples of suitable organic radicals include, but
are not limited to, alkyl, vinyl, methoxyalkyl, phenyl, y-glycidoxy propyl and y-
methacryloxy propyl. The alkoxide can be further mixed and/or reacted with other
compounds and/or polymers known in the art. Particularly suitable are compositions
comprising siloxanes formed from at least partially hydrolyzing an organoalkoxysilane,
such as one within the formula above. Examples of suitable alkoxide-containing
compounds and methods for making them are described in U.S. Patent Nos. 6,355,189;
6,264,859; 6,469,119; 6,180,248; 5,916,686; 5,401,579; 4,799,963; 5,344,712;
4,731,264; 4,753,827; 4,754,012; 4,814,017; 5,115,023; 5,035,745; 5,231,156,
5,199,979; and 6,106,605, which are incorporated by reference herein.
[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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Cs)alkyl]tri(Ci-Cgalkoxysilane to tetra(Cl-C(,)alkoxysﬂane of from 0.5:1 to 100:1, such
as 0.75:1 to 50:1 and, in some cases, from 1:1 to 5:1.
[0074] In certain embodiments, the alkoxide is at least partially hydrolyzed
before it is combined with other components of the coating composition, such as the
polymer-enclosed color-imparting particles. Such a hydrolysis reaction is described in
United States Patent No. 6,355,189 at col. 3, lines 7 to 28, the cited portion of which
being incorporated by reference herein.
[0075] In certain embodiments, water is provided in an amount necessary for the
hydrolysis of the hydrolyzable alkoxide(s). For example, in certain embodiments, water
is present in an amount of at least 1.5 moles of water per mole of hydrolyzable alkoxide.
In certain embodiments, atmospheric moisture, if sufficient, can be adequate.
[0076] In certain embodiments, a catalyst is provided to catalyze the hydrolysis
and condensation reaction. In certain embodiments, the catalyst is an acidic material
and/or a material, different from the acidic 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,
21-
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metallocenium salts, o-nitrobenzaldehyde, the polyoxymethylene polymers described in
United States Patent No. 3,991,033, the o-nitrocarbinol esters described in United States
Patent No. 3,849,137, the o-nitrophenyl acetals, their polyesters and end-capped
derivatives described in United States Patent No. 4,086,210, sulphonate esters or
aromatic alcohols containing a carbonyl group in a position alpha or beta to the
sulphonate ester group, N-sulphonyloxy derivatives of an aromatic amide or imide,
aromatic oxime sulphonates, quinone diazides, and resins containing benzoin groups in
the chain, such as those described in United States Patent No. 4,368,253. Examples of
these radiation activated acid catalysts are also disclosed in United States Patent No.
5,451,345,
[007 8] In certain embodiments, the acid generating compound is a cationic
photoinitiator, such as an onium salt. Non-limiting examples of such materials include
diaryliodonium salts and triarylsulfonium salts, which are commercially available as
SarCat® CD-1012 and CD-1011 from Sartomer Company. Other suitable onium salts
are described in United States Patent No. 5,639,802, column 8, line 59 to column 10, line
46. Examples of such onium salts include 4,4'-dimethyldiphenyliodonium
tetrafluoroborate, phenyl-4-octyloxyphenyl phenyliodonium hexafluoroantimonate,
dodecyldiphenyl iodonium hexafluoroantimonate, [4-[(2-tetradecanol)oxy]phenyl]phenyl
iodonium hexafluoroantimonate and mixtures thereof.
[0079] The amount of catalyst used in the coating compositions of the present
invention can vary widely and depend on the particular materials used. Only the amount
required to catalyze and/or initiate the hydrolysis and condensation reaction is required,
e.g., a catalyzing amount. 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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comprising silica nanoparticles and a polymerizable (meth)acrylate binding agent. As
used herein, the term “silica sol” refers to a colloidal dispersion of finely divided silica
particles dispersed in a binding agent, which comprises an polymerizable (meth)acrylate.
As used herein, the term “silica” refers to SiO,. In certain embodiments, the
nanoparticles present in the silica sol have an average primary particle size of 300
nanometers or less, such as 200 nanometers or less, or, in some cases, 100 nanometers or
less, or, in yet other cases, 50 nanometers or less, or, in some cases, 20 nanometers or
less.

[0084] As indicated, the silica sol comprises a polymerizable (meth)acrylate
binding agent. As used herein, the term “(meth)acrylate” is meant to include both
acrylate and methacrylate. Polymerizable (meth)acrylates suitable for use as a binding
agent include unsaturated (meth)acrylate monomers and oligomers, such as, for example,
mono-, di-, tri-, tetra-, and penta-(meth)acrylates. Non-limiting specific examples of
such materials include hydroxyethylmethacrylate, 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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solv¥ating amount, i.e., an amount which is sufficient to solubilize or disperse the silica

sol in the coating composition. For example, the amount of solvent present may range
from 20 to 90 weight percent based on the total weight of the coating composition.
Suitable solvents include, but are not limited to, the following: benzene, toluene, methyl
cthyl ketone, methyl isobutyl ketone, acetone, ethanol, tetrahydrofurfuryl alcohol, propyl
alcohol, propylene carbonate, N-methylpyrrolidinone, N-vinylpyrrolidinone, N-
acetylpyrrolidinone, N-hydroxymethylpyrrolidinone, N-butyl-pyrrolidinone, N-
ethylpyrrolidinone, N-(N-octyl)-pyrrolidinone, N-(n-dodecyl)pyrrolidinone, 2-
methoxyethyl ether, xylene, cyclohexane, 3-methylcyclohexanone, ethyl acetate, butyl
acetate, tetrahydrofuran, methanol, amyl propionate, methyl propionate, diethylene
glycol monobutyl ether, dimethyl sulfoxide, dimethy! formamide, ethylene glycol, mono-
and dialkyl ethers of ethylene glycol and their derivatives, which are sold as
CELLOSOLYVE industrial solvents by Union Carbide, propylene glycol methyl ether and
propylene glycol methyl ether acetate, which are sold as DOWANOL® PM and PMA
solvents, respectively, by Dow Chemical and mixtures of such recited solvents.

[0087] As aresult, in certain embodiments, such as where the silica sol is one of
the commercially available Nanocryl® silica sols described above, the silica sol is first
diluted with an organic solvent prior to combining the silica sol with an at least partially
hydrolyzed alkoxide of the type described herein.

[0088] In certain embodiments, the silica sol is present in the hard coat
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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affect the properties of the composition. As used herein, the term “completely free”
means that the material is not present in the composition at all.

[0090] In certain embodiments, such hard coat compositions are substantially
free of, or, in some cases, completely free of any free radical polymerization initiators.
Such materials include any compound that forms free radicals upon exposure to actinic
radiation. Specific examples of such materials, which, in certain embodiments, are
substantially or completely absent from the coating compositions of the present
invention, are benzoins, benzil, benzil ketals, anthraquinones, thioxanthones, xanthones,
acridine derivatives, phenazene derivatives, quinoxaline derivatives, 1-phenyl-1,2-
propanedione-2-O-benzoyloxime, 1-aminophenyl ketones, 1-hydroxyphenyl ketones,
and triazine compounds. Other free radical polymerization initiators, which, in certain
embodiments, are substantially or completely absent from the hard coat compositions
described herein are acetophenones, benzil ketals and benzoylphosphine oxides. Another
class of free radical polymerization initiators, which, in certain embodiments, are
substantially or completely absent from such hard coat compositions are the ionic dye-
counter ion compounds, which are capable of absorbing actinic rays and producing free
radicals, such as the materials described in published European-patent application EP
223587 and United States Patent Nos. 4,751,102; 4,772,530 and 4,772,541.

[0091] The hard coat composition may be applied to the transparent tinted
coating using, for example, any conventional coating technique including flow coating,
dip coating, spin coating, roll coating, curtain coating and spray coating. Application of
the coating composition may, 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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(métﬁﬁt}ﬁ% bﬁlequ agent is used in the hard coat composition, as described above,
the polymerizable (meth)acrylate present in the silica sol remains substantially

uncrosslinked after the coating composition has been cured, i.e., after the previously
described curing step which cures the hardcoat resin matrix. As used herein, the term
“substantially uncrosslinked™ means that upon cure of the coating composition to form a
hard coat, the polymerizable (meth)acrylate has not reacted with itself or other
composition components to an extent that the adhesion of the resultant hard coat on a
transparent tinted coating is negatively impacted, i.e., the hard coat exhibits a reduced
adhesion rating, when measured as described in the Examples herein.

[0095] As previously indicated, the present invention is also directed to colored
composite transparencies exhibiting a plurality of hues, wherein the composite
transparency comprises a surface at least partially coated with a transparent tinted
coating deposited from a coating composition comprising polymer-enclosed color-
imparting particles, wherein the coating has a plurality of thicknesses. As used herein,
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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portion of the coating at certain locations, such as in any desired pattern form. Asa
result, articles with a patterned appearance may be produced, if desired.

[0097] The present invention is also directed to a composite transparency
comprising a first surface at least partially coated with a transparent tinted coating having
a first hue and deposited from a coating composition comprising polymer-enclosed
color-imparting particles, and a second surface opposing the first surface, wherein the
second surface is at least partially coated with a transparent tinted coating having a
second hue and deposited from a coating composition comprising polymer-enclosed
color-imparting particles. In certain embodiments, the first hue is different from the
second hue. As will be appreciated, a composite transparency can be produced which
exhibits a desired hue by coating two opposing surfaces of the transparency with
transparent coating of different hues. For example, and without limitation, the first
surface may be coated with a transparent cyan colored coating and the second surface
may be colored with a transparent yellow colored coating. The resultant composite
transparency would then exhibit a green or blue-green color, depending on the relative
thicknesses of each transparent coating.

[0098] As a result, the present invention is also directed to a method for
providing a composite transparency exhibiting a desired color. These methods comprise
(i) depositing a first transparent tinted coating on at least 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 surface opposes the first
surface. In these methods of the present invention, at least one of the first coating
composition and the second coating composition 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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EXAMPLES
EXAMPLE 1: Preparation of Polyurethane Dispersion
[0100] This example describes the preparation of a polyuretharie dispersion that
was subsequently used to the form the respective polyurefhane/nanopigment dispersions
of Examples 2 to 5. The polyurethane dispersion was prepared from the following

mixture of ingredients in the amounts indicated:

Ingredients Weight (grams)
Charge 1

Poly (butylene oxide) ' 355.6
Dimethylolpropionic acid (DMPA) 119.2
Tri-ethylamine 54.0
Butylated hydroxytoluene 2.2
Triphenyl phosphite 1.1
Charge 11

Hydroxyethyl methacrylate (HEMA) 27.8
Butyl methacrylate 48.4
Butyl acrylate 319.2
Charge I1I

Methylene bis(4-cyclohexylisocyanate) 558.9
Charge IV

Butyl methacrylate 55.6
Charge V

Deionized water 2086.3
Diethanolamine 20.2
Ethylenediamine 26.9
Dimethylethanolamine 19.7
Charge VI

Butyl methacrylate 50.0

'Poly (butylene oxide) having a number average molecular weight of 1000.

[0101] The polyurethane dispersion was prepared in a fourneck round bottom
flask equipped with an electronic 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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with an acid value of 12.5, a Brookfield viscosity of 3710 centipoise (spindle #5 at 60
rpm), a pH of 7.6, and a nonvolatile content of 29.4% as measured at 110°C for one

hour.
EXAMPLE 2: Polyurethane/Nanopigment Dispersion with PB 15:3
[0102] This example describes the preparation of a nano-sized PB 15:3

phthalocyanine blue pigment 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)
Charge I
Polyurethane dispersion of Example 1 7271.0
Deionized water 3293.1
Hydroquinone methyl ether (MEHQ) 2.0
PB 15:3 pigment 1079.5
Shellsol OMS (Shell Chemical Co.) 131.5
Charge 11
Deionized water 1024
t-Butyl hydroperoxide (70% aqueous solution) 12.3
Charge 111
Deionized water 512.1
Ferrous ammonium sulfate 0.15
Sodium metabisulfite 12.3
[0103] The ingredients were mixed using a Ross rotor/stator mixer Model #HSM-

100L for 2.5 hours and then recycled through an Advantis V15 Drais mill containing 500
ml of 0.3 mm YTZ grinding media in a one liter grinding chamber. The mixture was
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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for 10 minutes. The final ingredients were added and

the total m xture was stirred for an additional 30
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Exanpl ML}Q 3: ]E’(Z)IES e%ﬁaan%gngpigmem Dispersion with PR 122
[0104] This example describes the preparation of a nano-sized PR 122
quinacridone magenta pigment 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)
Charge 1
Polyurethane dispersion of Example 1 7271.0
Deionized water 3293.1
Hydroquinone methyl ether (MEHQ) 2.0
PR 122 pigment 1079.5
Shellsol OMS (Shell Chemical Co.) 131.5
Charge 11
Deionized water 102.4
t-Butyl hydroperoxide {(70% aqueous solution) 12.3
Charge 111
Deionized water 512.1
Ferrous ammonium sulfate 0.15
Sodium metabisulfite 12.3
[0105] The ingredients were mixed using a Ross rotor/stator mixer Model #HSM-

100L for 4 hours and then recycled through an Advantis V15 Drais mill containing 500
ml of 0.3 mm YTZ grinding media in a one liter grinding chamber. The mixture was
milled at 1400 rpm for a total time of 23 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 24°C. Charge III was added in two aliquots over 5
minutes. The temperature of the mixture increased to 26°C. The final product was a
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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[0107] The ingredients were mixed using a Ross rotor/stator mixer Model #HSM-

100L for 5.5 hours and then recycled through an Advantis V15 Drais mill containing 500
ml of 0.3 mm YTZ grinding media in a one liter grinding chamber. The mixture was
milled at 1400 rpm for a total time of 23 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. Charge III was added in two aliquots over 5 minutes.

The final product was a yellow liquid with a Brookfield viscosity of 53 centipoise

(spindle #1 at 60 rpm), a pH of 7.3, and a nonvolatile content of 28.8% as measured at
110°C for one hour.

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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[0109] The ingredients were recycled through an Advantis V15 Drais mill
containing 500 ml of 0.3 mm YTZ grinding media in a one liter grinding chamber. The
mixture was milled at 1400 rpm for a total time of 46 hours. The product was a black
liquid with a nonvolatile content of 29.5% as measured at 110°C for one hour. A portion
of this carbon black dispersion was used as an intermediate to make the final dispersion

that was prepared from the following mixture of ingredients in the amounts indicated:

Ingredients Weight (grams)

Charge 1

Polyurethane dispersion of Example 1 443.2

Deionized water 110.0

Propylene glycol monobutyl ether 75.0

Carbon black dispersion from above 310.0

Charge 11

Deionized water 30.0

Charge 111

Deionized water 10.0

t-Butyl hydroperoxide (70% aqueous solution) 1.0

Charge 1V

Deionized water 50.0

Ferrous ammonium sulfate 0.01

Sodium metabisulfite 1.0
[0110] Charge I was mixed in a beaker and then recycled through a

Microfluidizer® 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
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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EXAMPLES 6 to 13: Coating Compositions and Coated Lenses

[0111]

These examples describe preparation of coating compositions for tinted

polycarbonate lenses. The coatings were prepared from the following mixture of

ingredients in the gram amounts indicated:

Ingredients Example 6 Example 7 Example 8 Example 9 | Example 10
(Cyan) (Magenta) (Yellow) (Black) (Brown)

Ethylene glycol monobutyl ether 30.0 30.0 30.0 1.4

Texanol (trimethylpentanediol 15.0 15.0 15.0

mono-isobutyrate, Eastman

Kodak)

Cymel 327 (methylated 38.9 38.9 389 11.7 7.8

melamine/formaldehyde, Cytec

Industries, Inc.)

Dejonized water 90.0 90.0 75.0 27.0 6.3

Dispersion of Example 2 228.1 14

Dispersion of Example 3 233.0 9.3

Dispersion of Example 4 232.1 35.8

Dispersion of Example 5 69.6

[0112]

For each coating, the first three ingredients were stirred for 10 minutes ina

plastic beaker. The water was added and the resulting mixture was stirred for 10

-minutes. The final ingredients were added and the total mixture was stirred for an

additional 30 minutes.
[0113]

and 8 in the gram amounts shown below:

Examples 11 to 13 were made by mixing the coatings of Examples 6, 7,

Ingredients Example 11 Example 12 Example 13
. (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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[0115] The lenses were coated with the solutions of Examples 6 to 13 via a spin

~ coating process. About 1-2 mL of the solution of each example was dispensed onto the
lens and the lens rotated for seven seconds at speeds of 700 to 1100 rpm. Each lens was
then spin coated with HiGard®1080 coating solution, a commercially available solgel
hardcoat producing coating solution from PPG Industries, Inc.

[0116] The coated lenses were cured in a forced air oven via the following cure cycle:
60°C for 20 minutes, ramp to 120°C over 5 minutes, hold at 120°C for 3 hours and cool
to room temperature. Coating thicknesses ranged from 2 to 5 microns for the color coat
and 3 to 4 microns for the hardcoat. L*, a*, b*, % transmission, and % haze were

measured on a Hunter Lab UltraScan XE spectrophotometer and the results are reported

below.
Example Color % Transmission 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 834 93.2 -16.6 934 0.6
9 Black 6.7 312 -6.5 6.5 5.8
10 Brown 24.7 56.8 16.9 54.5 5.3
11 Blue-green 13.5 43.5 -47.6 25 52
12 Red 12.4 41.9 71.6 554 6.2
13 Violet 5.2 273 47.7 -70.5 34

EXAMPLES 14 to 16: Coating Compositions and Coated Glass
[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:

-34-



5.2 27.3 47.7 -70.5 3.4 EXAMPLES 14 to 16: Coating

Conpositions and Coated 3 ass [0117] These exanpl es
walementdaes preparati ons of coating conpositi onsPdDUS2007/007836

tinted glass articles. The coatings were prepared from
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I ngredients _SapMa BYK 346 (BYK Chenie) Exanple 14

0. 10 Exanple 15 0.10

Ingredients Example 14 | Example 15 | Example 16
(Cyan) (Magenta) (Yellow)

BYK 346 (BYK Chemie) 0.10 0.10 0.10

Glycidoxypropyl trimethoxy 1.93 1.93 1.93

silane ( Silquest® A-187 , GE

Advanced Materials)

Cymel 327 (methylated 2.00 2.00 2.00

melamine/formaldehyde, Cytec

Industries, Inc.)

Deionized water 24.27 22.56 21.28

Dispersion of Example 2 71.70

Dispersion of Example 3 73.41

Dispersion of Example 4 74.69

[0118]

shaken by hand until mixed. All three coatings were applied to glass panels using a

For each coating, all ingredients were added to 4 ounce glass jars and

drawdown bar. The coatings were kept exposed to the air for 20 minutes at ambient
temperature and then baked for 45 minutes at 154°C.
[0119]

“wet” conditions. Two tests were performed: (1) Immersion: Panels were held on their

The cured coatings were evaluated for adhesion to the glass panels under

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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EXAMPLE 17: Transparent Coaster

[0120] A transparent yellow glass coaster decorated with a stylized orange and

red sun was made using the magenta and yellow coatings of Examples 15 and 16. The
coaster was made from a 102mm x 127 mm x 5 mm (4 inch x 5 inch x 3/16 inch) piece
of Starphire™ glass (PPG Industries) on which was etched an image of the sun
consisting of four segments, three concentric circles surrounded by a segment consisting
of eight rays. The segments were etched into the glass to a depth of about 1 mm. Using
an artist’s paintbrush, a layer of the magenta coating of example 15 was applied to the
four etched segments of the glass. The coating was allowed to dry for two hours and a
second layer of the magenta coating of example 15 was applied to two of the four etched
segments of the glass. The side of the glass opposite the etched image was covered
uniformly with the yellow coating of example 16 applied with a drawdown bar. After
drying at ambient temperature for one hour the glass coaster was baked for 45 minutes at
154°C. The results are illustrated in Fig. 1. The segments with one layer of the magenta
coating of example 15 appeared to be orange in color and the segments with two layers
appeared to be red in color.

[0121] It will be appreciated by those skilled in the art that changes could be made
to the embodiments described above without departing from the broad inventive concept
thereof. It is understood, therefore, that this invention is not limited to the particular
embodiments disclosed, but it is intended to cover modifications which are within the

spirit and scope of the invention, as defined by the appended claims.
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Di spersion of Exanple 2 71.70 Di spersion of Exanple

3 73.41 Dispersion of Exanple 4 74.69 [0118] For
each coating, all ingredients were added to 4 ounce
vaF &g ivers and shaken by hand until mxed. Al three
coatings were applied to glass panels using a drawdown
bar. The coatings were kept exposed to the air for 20
m nutes at anbient tenperature and then baked for 45
m nuA&mI@’edMﬁbos[t@]mers'Dheermyr@Hnmﬁimg gtpssvancea surface at
eval d for adhesjo t he SS el Sy "wet ;
conalerbrartRhusorEd §thatinianrioutel ErBiia dRkpaliEd from a
Panebéaﬂ)‘g;’ é‘or’ﬂﬁbﬁtl@ﬁ‘ Cbﬁﬁin%nﬁj steag¥ods dieplrsiditlof polymer-

sub nmer ge pan of water at ambi ent tenperature
( appeosipaed @pkprm.lp:?rtmmaztlclﬁauwbere“nh&%&%@#@S\/@ﬁ@eﬁr@hls

r eno t.h ed dry, and i medi ately
testége%ﬁ/&gggsasﬁgmoe&éﬂgégb A single blade scribe
and tmnpl chﬁnc&fd@lahﬂb(hﬁef froam Ebo@m&t sledias, ofs@dcdlor-imparting

inscribe lines 3nmm a&art to forma grid of 25 % yar es.
3MIm 232 haRpHYCleapd) Ra8 qrrﬁ%@fedfgfﬂvmsa%%re&hw g\g&ﬁa”@r

?Egt pl“u: Fgagétpgatg@‘?ncﬂ%n‘?&% &/Sotrg(‘}? gfrﬁ*&uﬁ’é of Bﬁler(rgs)re

was recor Adhesi on Loss
Hot R| nsepolr?arwizabwemreasdmnadedjmdr@htersnwth o kr arde polymers;
pl aced under,6 a constant stream of ho

t ta
Caonr oxi natdiey (1585 o grorerammgtse ang St sHecling the
of the coglinfdsre t@fﬁ@ﬁ sHE¥s BHeal EShdMSH B B Redd1Rit of an

i mredi ately crosshatChed and rated as described in the

previ ous agseousTeediune su bagicatasizertbe iadetixiune irte polymer-

fol I ow ngertwaosed color-imparting particles; or

(B)  providing a mixture, in an aqueous medium, of (i) color-imparting
particles, (i) 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 form polymer-enclosed color-imparting particles comprising a

water-dispersible polymer.

2. The colored composite transparency of claim 1 wherein the colored
composite transparency exhibits a plurality of hues, and wherein the

coating has a plurality of thicknesses.

3. A composite transparency comprising glass and a first surface at elast
partially coated with a transparent coating having a first hue and
deposited from a coating composition comprising a first aqueous
dispersion of polymer-enclosed color-imparting particles, and a second
surface opposing the first surface, wherein the second surface is at least

partially coated with a transparent coating having a second hue and
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Exanpl e 14 (Cyan) Exanple 15 (Magenta) Exanple 16
(Yellow) |nmersion Test - % Adhesion Loss 0 0 0 Hot
Ri nse Test - % Adhesion Loss 0 0 0O EXAMPLE 17:

Trangpar ent ter., :

ConctarsiaH PR Bt S SRS b Wae BNat AR us

was gegersisi eipdinecregeitad aotbrymipbdingcpaticiegswberein the first
Exanpl es 15 and 16. The coaster was ctg/ froma,102nm . .
X 128G HSKCEN AP YSTHBPKSEN 'ﬁaorﬁeQ(arggl 7 RHHogLemprising:

of Sé r phﬁ{o%ﬂ}{kg%%ﬁﬁ%&é’ﬂﬁ A EYg S LmbdRItn VTl (B leov@Simparting

etch an image” of the sun consisting of four _

segment s, nafupesticesc@none or cigrelppdyrserizaiiadigylspically

segnment consisti né; .
unsaturated monomers; and/or (i) 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, (i) 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 form polymer-enclosed color-imparting particles comprising a

water-dispersible polymer.

A composite transparency comprising glass and at least partially coated
with a multi-layer coating comprising: (a) 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 of the general formula RyM(OR').x, wherein R is
an organic radical, M is selected from the group consisting of silicon,
aluminum, titanium, zirconium and mixtures thereof, R’ is a low molecular
weight alkyl radical, z is the valence of M and x'is a number less than z

and may be zero.

The colored composite transparency of claim 1, wherein the

nanoparticles comprise inorganic nanoparticles or organic nanoparticles.
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col ofeathetiosRaahe transparency exhibits a plurality of

hues, and wherein the coating has a plurality of
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f r omdapositd ingmcod npopiosition comnpidisg pglymdr-estloseiiedos
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partVE?@”Pgéﬁﬂ'aegecond surface opposing the first
surface, wherein the second g rface is at |east
partially coated with a tran garent coating having a
second hue and deposited froma coating conposition
conprising a second aqueous di spersion of

pol ymer - encl osed col or-inparting particles, wherein
the first and/or second aqueous di spersion is prepared
by a nethod conprising: (A providing a mxture, in an
aqueous nedium of (i) color-inparting nanoparticles,
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5. The col ored conposite transparency of claim1l,

wherein the nanoparticles conprise inorganic
nanoparticles or organic nanoparticles. The colored
180Gkl S ANSRARPEYe Ry &'(ﬁ’élfﬁ 4, whevelihele BREBICOSLAG has a
a hard coat deposited ovér at |east a portion of the

t r anppeinkitof tutkrassesoati ng. 7. The col ored conposite
transparency of claim®6, wherein the hard coat is
deposited froma conposition conprising an al koxi de of

1he GQéQfo@hJJd%ﬁbdr%pW@%f)olalm wWoeckiim 18, iwheaain the
organic radical, Mis selected fromthe group

const@ﬂsm@re@fsy dapicceHTacs that isdextured ahreHaherefeoni um
and m xtures thereof, R is a |ow nolecular weight

al kyl radical, z is the val ence of Mand x is a nunber
| ess than z and may be zero. 8. The col ored conposite
transparency of claim7, wherein the hard coat is
deposited froma conposition further conprising

pol yner - encl osed col or-inparting particles, wherein

t he pol yner-encl osed col or-inparting particles are
present in the conposition in an anmount of 1 to 25
wei ght percent and the al koxide is present in the
conposition in an anount of 50 to 99 wei ght percent,
wi th wei ght percents being based on the total solid
wei ght of the conposition. The conposite transparency
of claim4, wherein the al koxi de conprises a

conbi nation of a

gl yci doxyRCl - C3) al kyl I tri (Cl- C4) al koxysi | ane nononer
and a tetra(Cl-C6)al koxysi |l ane nononer. 10. The
conposite transparency of claim9, wherein the

gl yci doxyRel103) al kyl I tri (Cl- C4) al koxysi | ane nononer
conpri ses ygl yci doxypropyl tri net hoxysilane. 11. The
conposite transparency of claim9, wherein the
tetra(C C6)al koxysi | ane nononer conpri ses

tetranet hoxysi |l ane and/or tetraethoxysilane. 12. The
conposite transparency of claim4, wherein the hard
coat is deposited froma conposition conprising

pol ymer - encl osed col or-inparting particles. 13. The
conposite transparency of claim4, wherein the tinted
coating has a plurality of thicknesses. 14. The
conposite transparency of claim1 or claim13, wherein
the transparency has a surface that is textured or

r oughened.
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