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BACKGROUND INFORMATION

[0003] Coating compositions, such as powder coating compositions, often

include colorant and/or filler particles to impart color and/or performance properties in
the resulting coating. Pigment particles tend to have a strong affinity for each other and,

unless separated, tend to clump together to form agglomerates. Therefore, these



by mlling or grinding using high shear techniques to

break up the agglonerates. If nano-sized pignment
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required to obtain the desired particle size. [0004]

Pignents and fillers usually consist of solid

crystalline particles ranging in dianmeter from about

0.02 to 2 mcrons (i.e., 20 to 2000 nanoneters).
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[0007] It would also be desirable to provide an aqueous dispersion of resin-
enclosed particles, wherein re-agglomeration of the particles is minimized, and which

may be suitable for use in preparing powder coating compositions.

SUMMARY OF THE INVENTION

[0008] In certain respects, the present invention is directed to aqueous

dispersions comprising polymer-enclosed particles, wherein the polymer-enclosed
particles comprise particles enclosed by a friable polymer. The present invention is also
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[0013] In yet other respects, the present invention is directed to methods for
matching the color of a preselected protective and decorative coating deposited from a
liquid coating composition. These methods comprise: (a) determining the visible color
of the preselected coating by measuring the absorbance or reflectance of the preselected
coating; and (b) making a powder coating composition comprising a plurality of
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that the invention may assume various alternative variations and step sequences, except

where expressly specified to the contrary. Moreover, other than in any operating
examples, or where otherwise indicated, all numbers expressing, for example, quantities
of ingredients used in the specification and claims are to be understood as being
modified in all instances by the term “about”. Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached
claims are approximations that may vary depending upon the desired properties to be
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enclosed particles are suspended as the organic phase.

[0022] As used herein, the term “aqueous”, “aqueous phase”, “aqueous medium,”
and the like, refers to a medium that either consists exclusively of water or comprises
predominantly water in combination with another material, such as, for example, an inert
organic solvent. In certain embodiments, the amount of organic solvent present in the

aqueous dispersions of the present invention is less than 20 weight percent, such as less
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transmission electron microscopy (“TEM”) image of a representative sample of the
particles, measuring the diameter of the particles in the image, and calculating the
average primary particle size of the measured particles based on magnification of the
TEM image. One of ordinary skill in the art will understand how to prepare such a TEM

image and determine the primary particle size based on the magnification. The primary
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C

ORI S T SR AL P L MO 8o EroBER B nolloy st

@ bpasdd, ed edl dshpatticks dlaCa,lblccblc pllay, yor ageuladelongagd or fibrous).

%CECIHP I%.?lt t fe ga{m{léés?c:%g a\)setarn dgt I‘lﬁl?.les?l%l?]t Eeythat 1srrltlgqllﬁ%g\}gor%%srocr) l\jgld
foee, vod cbnﬁb’lm,on of arg of ﬂmtfblregdsmgm g0fa lmtlyw @éntérhath porous or solid

cen er w th oro r
ey 30 Bl 1FisPioR B R R E e g i RO ST i8R 8l o,
Hhamack eTilkdré &l BadcH 195Btzpts allo. (Ed.) Handbook of
Fillers and Pl astics (1987) at pages 9-10. [0027]

PepENndi ng Mpertdig; dhand detledpropefidsia@S ciddist teristics of the resultant
@har acteristics of the resuLt ant dj spersion and/or

ST A ORBLNE CORROSHIONS HhgPrEsahinve OB - o‘i’?at“@ hyjrdness,
&oAtH RPsthire SSify, o ¢618F) CRIixnESI FloAb 6:€mord fhakiclel hikingifferent
color), mxtures of one or nore particles having
?ﬂ‘i%qgépélﬁf‘eé\?%sr%@@eﬁ%‘?lob’%ﬂ e sizes can be enpl oyed.

'[ 28] The particles, such as nanoparticles, present
0928lhe aqUbbnatiehs peihss SROPHICR TSP SbiRe aatsBTHiRSFyions of

®a P&t fREARA b BMTRALY BN p6lyRRAL 8Xd/R3n PEIVIERE iforganic
inorganic materials, polyneric and/or non-polyneric
BrgaHP Pohacer ped/er, noBRBBSTiE eratpic araterials, conpoyied natggals, as
%ﬁ( Esl'lrhﬁﬁlr&fof %ﬁ'y ofocfle %&%Qf gr ad Qlké?iglerﬁ Hﬁﬁgd Hgﬁle Héhotes olﬁsn
formed front denotes “open Y onprising," clai
¢.aneamesinAs cking lpgiage.i 4s fsuﬁzhelhde@temd@éthaaa e@ntpyeKion pon
%stﬁﬁ&s‘%@&g%froﬁloraﬁ@tq)f fréc?t@& céhn olng’l{ts QJ a &d ﬁgn comprising at
conponents be a conpositlon npri sing 1I east 1 hese
ket itlteemlrecimttpompmeats anaag amthf:mmtpalse @Iberrpnonsrecicadlwemponents
?u%r}l%;li?eccghl%o%\d(g;n?%grﬁlg ! 3 y&é&iog%l&égeues:ég HcPreln L%l Qe{m Pr(l)lymer is
ihpait ynenicémpss Diégonterd, @ndei;ncloaiqs adggioad hrgcalt[en Both dndopolymers and
| nc{%,udes wi thout |[imtation both honopol yner S and
coBohers. [ 0029] As used herein, the term "pol yneric

tOBQg]gam ¢ As useec{ herem the t%l%? “polymeric inorganic material” means a
polymeric material having a backbone repeat unit based on an element or elements other
than carbon. Moreover, as used herein, the term “polymeric organic materials” means
synthetic polymeric materials, semi-synthetic polymeric materials and natural polymeric

materials, all of which have a backbone repeat unit based on carbon.



pol yneric material having a backbone repeat unit based
on an elenment or elenments other than carbon. Mreover,
w@g00ased3herein, the term "polyneric organi c neCEUBANE069101
means synthetic polyneric materials, sem -synthetic
pol yneric materials and natural polyneric materials,
all of which have a backbone repeat unit based on
carbon. [ 0030] The term "organic material," as used
herein, means carbon cont ai ni ng conpounds wherein the
WAMon i s Thy piragprepnip orebaidl. T &5 usedsledrdin,gpgdng earpppciopigame
SRS 0Bk L RARER S R, b 304, AR RS o
cthertyilaests as aielomd gk Gudes baery cempounds gedh as drervarbpn oxides, the

gaglg{g Eﬁ%onad?%:i)fgc%é%g ¢ @gglrt n %?ﬂ}fé&% ds C#g‘? eqj[u!:thlﬁc C)ﬁagldes

maualm lQaId)OlﬂI}ﬂﬁ Iphwsgglel, cmlvcmybsmmqtrteuetds arslmafboa%mammglwmc
CO O Suc S n@on { % Ce uIInl] aCr bl?l C onate SO
é?%‘ha?t 8 Tdﬁeﬁf RO THFEIRC PR} @R ﬁ% &h
cmbeabieal ' means any nmateri al that is not an organlc
material. [0032] As used herein, the term"conposite
08B Hr i al " Azeadithedeit, aidicmatinomardé mhwwd ald imeaiy @y dididral thags
materials. The particles fornmed from conposite

?fﬁtaBP]fgﬁPlgn&‘é%}‘al |y have a hardness at their surface
@% is different fromthe hardness of,the mt@gnal ¢

t? Ji ons & PHENEAPACLED poRwerily Teral ireaps & copgipgiion o

&@ﬁﬁlrﬁdr@ &Eﬂeﬁng ﬂhblterlﬁu r Tm&n&ﬂesthep alobd @hposemMmb&ials

nodi manner wel

in_the
ﬁ‘i‘&‘ia[hﬂ ﬁ?ng‘j ne%%&f their syrfacy ﬂ{abls d\&/:¥nff‘é‘?ﬂt &gy e @ﬁ‘dness of the

RSl pakibys GFRRNGNHNG: behSatd e fGE:, AalkApdcAidaBy | Iueessuﬁséertq the
techm ques known in the art. [0033] For exanple

PRl gancbedndiling tp asmianner el kioyy ipdlieArty e iding) byt H%Pthnill?d
©0&eBfballf bA ﬁly@f‘calma&g% A Qiekadd dhraBRAsHRS ug% t%chmques known

secondary materials to Torma conposite p icle
Wdke #t.sof ter surface. In certain enbodinents,
i%grtl cles fornmed fromconposite materials can be
PHed fr &t exapwicrapyrtipacar hedpropdddron 3 pEnay depteral Bt isr

aﬁﬁzﬁpﬁéﬁ @Iieﬁgalp‘é\ﬁlgtgd @/uﬁi 'oBJ &' rﬁ"(ﬁg SJCQﬁ([H}QIfIla&:HQS Ry f’oHRﬁXomposue

mat er1 al nore 1 nformation on partlc es useful 1n
pdieclphesient spfiay swrfaconn eogein @mbygipyaty, parihd berolked Gom

@#odogﬂesmatgﬂ?ﬁs gﬂ be (f(}r?n%g )froﬁ’lt glgagz gﬂagarlglotﬁat 1{190(21?&6] clﬁﬁor

ement1 oned, the partic resent
emv;sntatedmlmaerﬂlffﬂelhtlfd@l afrtye punozrgy anateriahreitoe moad mfdm@twm ann
art] I.cl es d f rQmy

ar?cles usT:fuﬁn ei]%lrf:s]entpm i0n,.5¢ 83\%5%h ﬁrI{rCrI%OOkO 1; earlsr1 Iéacﬁr}ig

eri-a ures o
t10e9)faopegoi 7902. Nonl i mi ti ng

[0034] As aforementioned, the particles useful in the present invention can
include any inorganic materials known in the art. Suitable particles can be formed from
ceramic materials, metallic materials, and mixtures of any of the foregoing. Non-
limiting examples of such ceramic materials can comprise metal oxides, mixed metal
oxides, metal nitrides, metal carbides, metal sulfides, metal silicates, metal borides, metal
carbonates, and mixtures of any of the foregoing. A specific, non-limiting example of a
metal nitride is boron nitride; a specific, non-limiting example of a metal oxide is zinc

oxide; non-limiting examples of suitable mixed metal oxides are aluminum silicates and
-8-



exanpl es of such ceram c materials can conprise netal
oxi des, m xed netal oxides, netal nitrides, netal
w@ambiigasy netal sul fides, netal silicates, nePGI/US2007/069101
bori des, netal carbonates, and m xtures of any of the
foregoing. A specific, non-limting exanple of a netal
nitride is boron nitride; a specific, non-limting
exanple of a metal oxide is zinc oxide; non-limting
exanpl es of suitable m xed netal oxides are alum num
wpgresigmedicags maghiariingaxgmples ol swyablppatal subfidep agg molybdenum
itabl ] f] :
TREIM FRufly SRILAG aEh R Bl O Bl R PR Ml
ofi ngtalssilichieglare alwonnuni sili¢atgygné xagpisies: viicapetsath &iveiniguldgs.
are alum num silicates and nagnesium silicates, such
KO33er mi c i parein ni@gBjenisof derpresiert ivvebael, thempagiclh cothprise
PP . el a . N o
AR BT kMU R O e SR ol R 30 B ot
@oivon cote Bdwppam iraalapihamym,eergnesmm,gudnghitese, oppybdenum, ngrogen,
AP e RO LTRSS RLERY e L [ RG
ytirtum, zink aaid uirportivingsdleding aada dhcuenf, nyditled thenzofZ phasphidds d

irconjum including oxides thepeof, nitrjdes thereof,
s A BB R RSek ST s GlEr et &
inb@wireotheresISuitst@s ndrhieh @@l ex Sudldsalf @ folesie@inoreanid particles
m xtures thereof. Suitable non-limting exanpl es. of.
RlEds Yragai HiFa HERgLRTIS ZB5nia- Ofsaath oridey asnepiym gyide. iron
Slilid, @Rimirkunt @B, bEBh Carbidé] fiGEHdh Aopdai R4, BnPdffum selenide.
magnesi um oxi de, iron oxide, alumnumsilicate, boron
ese)i de, Nt pAAESs EARBHADFite] AR eRmANY ERGTLHBAREAY & RindR-
| 0036] The particles can conprise, for exanple, a core
Bpreas’s enidp abtiyasailisp fytodloidalo hgud & ATRIEYS Lyapplygina or
&difoldaPathifing bR Al oxide UG o xi R c AR GRAUSid @k Bid@lcyidiaa
or colloidal alumna, titaniumdioxide, iron oxide,
e drosi g, coflotdel enpmexihaes zigenipgind arixyares of gny of the

BRI & iCQderd ¢ AL Yefds i &GOM Rskide of
ﬁ#f%u?észg’naﬁﬁnoflf%e ?%P@g%@%ﬁ% orlaﬁﬁ%ﬁorganzg 1o
owilgetypé. one type upon which is deposited an organic
oxi de of another type. [0037] Non-polyneric, inorganic
83T i al s Nesefobimdria, ingemiingatchiels pafuliie fessingdleadpartirlestiecd in

R ti . . . Ceri
BE RS0 GNP B SRTR 310 208 O P S,
oriidas) desdeshatridde $oridag] dulfdles silisatks, cabesfescatfhonatds,

ulfacﬁes, and. hydroxides.. A non-lim.ting exanple of a
RIS, naP R R =S o’ U R By o
Exainp lkesngds o yuitahkl isorgarir gdiitdes ieludt ndgddéemad disigfide, tantalum

nol.ybdenum di.syl.fi de, .t an um di.sul.fi de ungst en. .
AR FRE L5b o S b Rttt Sipolss BBl ingpeanic
siB€ikddlindluiR la@Aiihn Silibdi€saing Snak il gli@kdd Ndubi 8 \@ithicGiat ©Slon-
%ﬂingﬁi{ge?rgﬁ!@suo?sﬁiltalbIlecn?étaﬁg incfcl’lléllg pno%/%df\:/n%%lmpﬁlgllnlmtl,ep'alladium, nickel,

aluminum, copper, gold, iron, silver, alloys, and mixtures of any of the foregoing.

[0038] In certain embodiments, the particles can be selected from fumed silica,
amorphous silica, colloidal silica, alumina, colloidal alumina, titanium dioxide, iron
oxide, cesium oxide, yttrium oxide, colloidal yttria, zirconia, colloidal zirconia, and

mixtures of any of the foregoing. In certain embodiments, the particles comprise
9-



exanpl es of suitable metals include nol ybdenum
pl ati num palladium nickel, alum num copper, gold,

WO e@m/14@81 ver, alloys, and m xtures of any of BE¢EUS2007/069101
foregoing. [0038] In certain enbodi nents, the
particles can be selected fromfuned silica, anorphous
silica, colloidal silica, alumna, colloidal alumna
titani um di oxi de, iron oxide, cesiumoxide, yttrium
oxi de, colloidal yttria, zirconia, colloidal zirconia,

eoHigide] stiar ds distlosgrhabete, thivee m@tﬁ@@bmﬂ@e spface dtieglggl pr untreated,
gsfﬂgplgsjeﬂ?g calest %glu@@sru}fﬁgé l%gdlﬁgd'rafléﬁé 93%9111 é Q%Q@éscﬁﬂeh Lf8:S.
cl 0se ove

di s ese materials can be surface
Patera Nod5.893.8(i9t at ecltimd 6, ldeHd rto pglefn B, lpwrd3i mb@poriied herdien by
%ﬂ;&% e-nodi fied silicas, such as are described in

é atent No. 5,853,809 at colum 6, line 51 to

AR S Al 0G0L PRLALEL.ET BhiL o SLEREDG i

9] As ano er alternative, a par l'e ca
thetrimechtdd; dad ar qmmpmlaty:d waithené at mora aecon¢ar¢ oateedls tefoad aor

?eorﬁ(l:p%g“?e mgtenag th Bas q}arder sqrg? ﬁeﬁnaglvglyh a]?an?(‘l:lee (r:a %p%ormed

orma conp05| eria as ‘a er surtace
ﬁbmarplmatarwmhtymal aham arcoited, eladan elnepdubitedpdit & diffeangioiraf the

ted, | d with
b maheaart&f?ﬁiﬁ% g@f%éﬁ& i LS IgRRY ke " @
t t I h f
98e. cxdpreetaini DRoBER MR PR grEHG S thoreni

pdﬂmﬂ@ tdr@Bd frém ah NQE QAT rﬁataaﬂ tsued B sfieomegdbilie GManinum nitride,
such as silicon carbhjde or

ani.c material,
g’ﬁ] FH%H Yy achca cRFPOBie BF BAPPEIRY SRR ifth 040wy f preful composite
ﬁa@ﬁ@@ NEtaBo@Er MOANREHRYe@Plel NU1hO IR cHSRfihikyl side chams
conposite particle. Tn another non-limting exanple

l e
i ispeCovtpiy Hyfaageiin pprerpiapgile Sraed EngiaRoesic oxide To

ffnﬁ(u@é aﬁgefwcbmpm@ pREAGEnOF « el RAFHRN fheP @f:ﬁﬁp@éﬁnclude
ormed from an inorganic oxide to provide a usef

dlastings Preapyytating ef eoaheg/pandcles fogeetiieny naprpdl yeesic Oepﬁlémenc
£XRARL GRh'la f-éln ngg rﬂ;é} bWr % P8 Wafkib RY %e&ﬂéﬁémﬂnmng

particles non- ol'ymeric or polyneric
erangtd o Isgcmomomefpfaléncleﬂ & 1OAL DG nehitleis @rsylpib¢t5¢rr@mn@rlc

FBRAELE ) SRS LT bl AT O
Stgvink €viporapioh yhulifdo,p8Y.t i cl e coated with cal ci um

carbonate that is comrercially available fromPierce
HOd11St evers Cdﬂahmmt&ﬂirmmtsoﬁle Balﬁif:lai; ased ivthe p@Beht Invemion have a

0 s used in th resent
ﬁmehartspr%(% garggl ﬁdVII}gl agl?laglﬁarr at(I:'l%CuurI‘fé are,sgrrnpose egsl‘%%t\sl Iorn]gates
af dtmhlhamgsﬁai Uﬁﬁ}tJ methatrengdonpiag edthof thes fteetaad orealpl at des

n hexa onal arra ith strong bon
SR b oS B e s GabP I RRrisgS. A non
haiiwg eRangheet Slampll@wirchinig id Owxsdoaalrcrital engtdie. bmbi@ﬁﬁiﬁ solid
Sar}tlcﬁft:sshavmg a?gnllflzllra{} %uller%ne (i.e., buckyball) structure are also useful in the

present invention,

[0042] Non-limiting examples of suitable materials having a lamellar structure
include boron nitride, graphite, metal dichalcogenides, mica, talc, gypsum, kaolinite,
calcite, cadmium iodide, silver sulfide and mixtures thereof. Suitable metal

dichalcogenides include molybdenum disulfide, molybdenum diselenide, tantalum
-10-



exanple of a lanellar structure is a hexagonal crystal
structure. Inorganic solid particles having a | anellar
wo xo7a4Epe (i.e., buckyball) structure are al seCUE8f007/069101

in the present invention. [0042] Non-limting exanpl es
of suitable materials having a lanellar structure
i ncl ude boron nitride, graphite, netal
di chal cogeni des, mica, talc, gypsum kaolinite,
calcite, cadmumiodide, silver sulfide and m xtures
dind o tantagim dispprddergingsteriflisH ffle et ridiselenidd andanixtures
fiRleypdenum di sul fi de, nol ybdenum di sel eni de,
tantalundlsulflde tant al um di sel eni de, tungsten

| fide, ' [ d, 0 xt.ur ~ i
Py e J0R PRI, BB Rk R o
omigaaiesampeserf inah-poly Mo, jordatic p@t@}a@smpq:fgbin(ﬂ]ie present invention
ReRaL BLYTERLS m%ﬁ%@ﬂe raf B8 FsG L A nc%fe%Iagé nd%utnupgurﬁ LERGHRS,
i'nventon ncl but ar not g ear at es
{ismoind, amban lecksind areakmidend al um num stearate),
di anond, carbon bl ack and stearam de. [0044] The
ﬁmﬂﬂiclesThsedﬁﬂnsmhéhpheQEﬁmtmwmﬁhmk@mwﬁhnnﬁbﬁ@mhw&mmc
}]éorlygln%rlcgrglgtg? sI CN(? °1ﬂ1¥mn examm?es of ufefgl 1n0r%anhal%oé¥meqc%atenals

use
innmﬂmpkﬂymmhgt]pkmsp ba]gzﬁhiﬁSs, p@@dlyosaﬂeanﬁg/,gemhm pbl@mame@,lfur

BT REP R RRo D ) oty S R Pt mon

BRRGE bk Anploond paiidid fa)gm@cxmsm la@ irdtgadicpalyiiceit enafeping@dlable for
mat eri al use

froman inorganic | UIt le for

155 18 e P é‘}Yf’n?%}g %Baﬁ @1%%@%{??16 @ omgrogs-linked
ARk ke b & 06 MR Erclal10 BV £12818 $rohi TdeBlha SillcOXRM@Spamd 1k of Japan.
commercially available from Toshi ba Silicones Conpany,

tobais] of JapapartitiBO4B]be Thithep Aot Hh@StS Bitahie phYMIBE mbhicA AT,
synt hetic, organic polyneric materials. Non- I|n1t|n%

MR PG ermelEs @féwt?éﬂeo?rg%m? olyatrifrptpialiigelads, Bpigre no

liRGé e Ethertidhe M ferARlanh IHTh 6astiO mateREE MOGALIRAEEadlpfes of
and thernnplastlc materials. Non-limting exanpl es of

gyifpbla BieemeMastigrpigicaigls inclydg thepmeplastic pelyestss. srdrardplyadyicee
gé:p}ﬁ%%taérﬁbl b%%&e%ée[ﬂﬁllla}'a% 1l np%ﬂ%glﬁrf%@ Hﬂ)thﬁﬂ aﬁat ﬁolycarbonates

tyiene ter epht ate a yet hyl ene
mslmitﬁml [rkeas padyojlyianbareditrecpylepe hl}LmOésrmqbgten@s @etyliggolymers,
r |
AEh YEL B orROIHELAPH] £0c A0 RRKLE AR s BELAE
mcthacrpipte oprgyanadad, thtinmhlsm wdnirethaies yinykpdlgoery,| aatl @jixtures of

es,. t hernopl asti ¢ pol yuret hanes, vinyl
ﬁgVX%wfgmgmn% m xtures of any of the foregoing. [0046]

Nﬁ Gl it Il\f(])% 1%’1‘1?{1? examp?es of é'lullttaglg ltheerr%gs%{ r%?t%r%ls 1ncltu8e hermoset
netude t ReriD

polyesters, vinyl esters, epoxy materials, phenolics, aminoplasts, thermoset
polyurethanes and mixtures of any of the foregoing. A specific, non-limiting example of
a synthetic polymeric particle formed from an epoxy material is an epoxy microgel

particle.

[0047] The particles can also be hollow particles formed from materials selected
from polymeric and non-polymeric inorganic materials, polymeric and non-polymeric

organic materials, composite materials and mixtures of any of the foregoing. Non-
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pol yesters, vinyl esters, epoxy materials, phenolics,
am nopl asts, thernoset pol yurethanes and m xtures of
w@ep7od018he foregoing. A specific, non-limtinpCEKS200T/@69101

of a synthetic polyneric particle formed from an epoxy

material is an epoxy mcrogel particle. [0047] The

particles can also be hollow particles formed from

mat eri als sel ected from pol yneric and non-pol yneric

i norganic materials, polymeric and non-pol yneric

bingiag csanpeseal iswilable r@asm?é%ﬁrqr@ wirtphélrd kellewapariiclers gan fredgrnegd
regoing. Nonlimting exanples of suitable

%gﬁggﬁg%nﬁ?%gn1mhlch the holl ow particles can be

fO@ﬁﬂe d ar QII g&é én%%n?éﬁ V&le L&gl%? Jlseh& fe@én'? 1nvent10n

enbodi nent s, e particle in the esen

¢mmmmtammgmunpgmsm:&meumg&nma)gn@mumh(mbmwuexhﬂpié

0az0, Napht hol
SR B AS SRS & il Bresy oAy R
djnda&ﬁxl(ﬁl()ﬂdlﬁﬂ@lﬁbh@ rsomdsmnd) dml ipaigeyelic I(}ﬁﬂiamgbdmuﬁte hulnﬁ:midone,
olycyclic haloc ani ui nacri done, r
BRI g R By Par s P TGRSy ety ndanioe,
alilirap,a 0iRe,NBavahRERB! fYkDRonc M thin@Ryel SlohiZR, triarylcarbonium,
fl avant hrone, pyranthrone, anthanthrone, dioxazine,

AP AP HEAPT SRR H 4B ARRE Breivis, n e

Shxdduh&ss, afe 1ch1at$IJ{h¢ isf Ol88P[rBE pelylenc € 'Z]ﬁl%hcﬁ‘ldones
enbodlnents he organlc material i's selected from

plehajocypmines. Koindeliney. dispagnes shetial wehpasdioregines), 1.4-

Hlﬁ&b@#ﬁb‘ldg@ﬁ@es th‘ﬁi‘a?ﬁuﬂ%ne@ téﬂa‘fant‘hﬁmes flavanthrones, indanthrones,
tri phenedi oxazi nes - di ket opyrrol opyrroles,

BaRtnRRepRriTirdnas elioinliaoh vt tikeones | 1T dianvbiaarinarnb gs well as
%@Qﬁ&%@ﬁ&ﬂaﬁwﬁQﬁﬁ&g an?HMH%Eﬁﬁhgfones t hi oi ndi gos,

I am no- raqui nonyl, as well as

F)gg%]t Lt ut g &%E 'pV hX@Sed i@ £ctlc@ﬁfdthgt;l)é§eﬂ{ ﬁ%entt?ﬁ 'hﬁgfbe

9] Pery ene pi gnent s use in t actice o
wrselssintted Qr\sebmtlmql ﬁabstlbeemﬂm intapihe duhstltuwdlasumtlmledgen

%?1?1? %olrte%ilgnﬁﬁe R& %(db?tqegntyl%%y Itt)lgluaé’l ?nsél%ys %%({ug 0?:1 tA TB éja?bon atoms,
MHﬂhud@nam(ﬁﬂkWHOgnmnpn@ﬁsﬂﬂt@m&@mc@n@ﬂmchbnmsoran

b t
Culiamial” GiPol ity grd Baarenaby ShATARPL g O 4R one

&bbﬁhmﬁ utiecdiipeiassl .aa e&nmmtyldmftpatymném (40, t(h@tant®x glic fitYare
s an i.anh dr des of

«%{fﬁib figé Sigleies P | éf'&ﬁ%r '%wl?tg Seaneiy E?réf orr ed.
fﬁh 8015, P b GRb BBl P Ha i RS Ry D wsed.

ARE@Igh RHEJAAPREN YRR BS a[@ﬁﬁoﬂé&eddlﬁ? gvailblt ki@ MeG0RPREining
ht hal ocyani nes are nore readily avajl abl e, %ther
halpcypy ?Qg]ﬁlfblﬂ;@ such as those based on zinc, cobalt, rron, nickel, and other
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
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pht hal ocyani ne pi gnents, such as those based on zinc,
cobalt, iron, nickel, and other such netals, may al so
wheooaded3l Met al - free pht hal ocyani nes are al so BCi/US0E069101
Pht hal ocyani ne pignments may be unsubstituted or
partially substituted, for exanple, wth one or nore
al kyl (having 1 to 10 carbon atons), al koxy (having 1
to 10 carbon atons), hal ogens such as chlorine, or
ot her substituents typical of phthal ocyani ne pignents.
'lhhlteh% Wi ypaneta dgnarea/niegoprdepar(eugh gy umm gr (be phtbalerigle itsell),
ypically prepared
?ﬁoﬁ?@@é@ﬁyét rbr%fﬁnthzllﬁ an a{%ﬁ% c, & nt.

eact| on i C dride, phthalonitrile,
eriva I gen
@Bﬁﬂr SRR S Rentt bR RN ot surRudlel HPOZT
‘aabstctpttd Qmaacrldamea Kfps exanpies th @b gr therealkybrtkany. dalogens such as
n | S

i e R e e e
Priaice ok tiplesgnt wiveitiamn 8 he guinmiridosd piyrhf;ntainky)kwpremel:cdgeams
%3?rﬁla%§t|hg olr%(gl(r)l 1:? gn ntlelfr:] ?rt Eut are n%fe%aéFaéf Isptré'I eap td% e@ma]?)hrmg closing
prat 2.6 eiadflinbliee:ppthekenid pracuesvid i the p“ﬂsnemq:wf palgphcdptingic acid.
pi gmrents may be prepared by any of several nethods
00524N | n tidvendatite ﬂﬂglﬂher&f evhithehe bpdinyllypbepastdagdedyymmetrically
thernal lh %_ % far'hous . . . b

‘%15361“3?1 0P8 F Bﬁ‘PW citer G PEcse QLU SBPL iy epyg can be
@é@&&ﬂ@&na&%@mﬁwiﬂ aspbaiti & slahleabmb blscﬁlﬁm)g@a: pllgﬁlenm Highief€Yellow

ts, ich can optionally be substitu

g{??ﬁ?@tsly PI&EFWI WG RE YRR MROLPE ?nd brtutugip é‘%}d Q{i’ic‘t“é‘ﬁ F-e
bkatiRepiPhasd (6 iOfriphbR IRk LSRR ark ANE ALilaBIB ofARicPyments and
prepared by nmethods known in the art. A suitable
?@&erﬁ&@ﬁﬁeﬁﬁy Biegivdnknowniig et Yel | ow 139, is a
symret ri cal adduct of im noisoindoline and barbituric

P pr ecdMigBFes of poXdhs pievipshrisnerded {nesganjcgarticles and/or

bloh b pediOXA%I1sD8Shsedr © al so suitabl e organic pignments
and can be prepared by nethods known in the art.

[00953] M xthipgsicief uRAY ihe ARoRIBYERIGAL ¥ HEFL dnPBYention

I norganic particles and/or organic particles can al so
8 casiedise ObUSmpartRepasities: cede (e gplof-ipaHE aguiEtssis

AR & HRHCR $haP ki g hiREarRl GHLMs sbﬁ% %Eél%t}ﬁ%@ VISP dn® Shat is,

color-inparting particles. By the term

welagthp rmpamg ifieg HKErte 760 ey, mors taparbserbpether vedvelengibg in the
[ ntly absorbs some wavel engths of visible

fhﬂﬁr@é&ﬂ- i's, wavel engths ranging from400 to 700

fold55)Or € tlpdaersllrécf h%%g;g cﬁ? g&gﬁ% a\ﬂ@yeeéa Bg H'llﬁleél nilt(; ﬁ‘a%opamcles

Vi Si'bl e region. esl red, e particle
Hesuwnbem0®UBMEtbammbsnﬁ@ﬁnm@ﬁmnuunnamd@amﬂbum@@nOfme

qutesu% éhslpglrsrggglf éﬁnﬁ%gf encf?)?edtrh%rﬁ)cﬁ) as d% FiBed 1rn%1§rg Elg[?ﬂjbélgw. In
other embodlments however, the nanoparticles are formed prior to their incorporation
into the aqueous dispersion. In these embodiments, the nanoparticles can be formed by
any of a number of various methods known in the art. For example, the nanoparticles
can be prepared by pulverizing and classifying the dry particulate material. For example,
bulk pigments such as any of the inorganic or organic pigments discussed above, can be

milled with milling media having a particle size of less than 0.5 millimeters (mm), or less
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aqueous di spersion of polyner-enclosed particles, as
described in nore detail below. In other enbodi nents,
whoweiter3l t he nanoparticles are forned prior tRCT/K81007/069101

i ncorporation into the aqueous dispersion. In these
enbodi nents, the nanoparticles can be forned by any of
a nunber of various nethods known in the art. For
exanpl e, the nanoparticles can be prepared by
pul verizing and classifying the dry particul ate
thar @40z, or fysp thay §dppma, plzmpmtg%w{eg typireHy ars nzHgd tof

i e
R I RN E U G
$odent, bhami-Qws ofifhi Itwwemmosal(mhe wesehe@sd @ pakynoria ginmd ved)rcle

T ar

{ER ey 8 At Rp A ATAR RS 6L B MR SR, ©
SOESIHR SHD 62@@;0 meSBHQ) a(vallztlihtefromm&mzol Gog)amltlon smbf/HTWater)

o SrTATeR i Rt U PEASEAT bl Gl SRETES

ﬁhbt&p@f sambdealy tb@nanﬁpdrti(deﬁnclﬁdrr cresxAhzlkien, p(rdcfplthtﬁbn gas phase
anlc sol v n SOLSPERSE(r). 32000 .or. 32500 avai |l abl e
GRS PSR O e ﬁ%'?ﬂa firo UHO%t er)

PERSE( r 2700 al so able
‘ﬁor et oheraitodieiitn e P PRb S Phg s
0 QPAE pieCdn® fvedioh ¢RpEdey Sk atdnipldbipolymepscbeiepifioat dcdylic
gas phase condensati on, and chen1ca| attrition (i,e

B FTRIPOHELBIE DY B 10005 6) P HM e P RSB HHicgh-besed
ﬁdiﬁnﬁ@'cb%[yn%ﬂh@r@&d a&ghﬁtmésrm@éafl BGclﬂﬂil}tﬂlé%é & blé%ﬁﬂiub&l

t he pr esent i nvention COITprI Se, f or exanﬁ yrrer
et erdlF methodlopn te thoss Skilksddn ths grtye MK &ﬁé)r‘ifsmyﬁ@flgon

a}h% S Sﬁ[abfécﬂo}’}fﬁ?& $ncltde ltﬁ()@é H‘i@crlos@@ hyl'jﬁife%l Stk Pa?e%f‘APﬂ&ﬁQon
E ﬁners CO-p tdﬁmers her eof m xt ures t her eof

NpolOjer03 | eldR0hld tpligdice Clwl p&ﬁyonsﬁ vtha’blbémﬁemq@wrated
g}r&%ﬁ@entc@ h(t,rgfﬁsﬁld%1 eh gglte's @g%ﬂte%@ﬁ&atfo‘ﬂ P‘ﬁ’ﬂlI H dﬁ FIS 2@)()?/@9@348
i'nvention pertains. e 'ymer |nc e those
4il scll0b%H do [Q@44]niht3 eidedSroati @sof P drbeindpisiol fosttion hy Bdercade

sin 10/ 876,031 at [0061] to [0076], the cited portion
whi ch being incorporated by reference herein, and
005T]led St atsesdifadideimt ot pmbodinewr, hBwbYdroh¢ aquaouNalispersions of
&1{9 %%gn% ﬁn?rgﬁ"tﬁ)nAclom rlse[pamc (Jts encﬁo%g %44lfﬂabﬁe2p§0 eygnlrllére%,s %(s)erdthlerem

corpora
{h@ Qo] “foisld pwym@’t extkrs o @it tl&lﬂb@dsﬂyqjﬂlvﬁnzdd@\t\a’mﬁént

dIS ersi ons..of . the esent vent |
i S By Aot Qg er s e P repgiing
4453i€ Gh 0@ TaBis Rasilly HEOKe L 1d sthall @ih@nREk YIeess, suck hewsulll Be Suitable
pol ymer that |s easil verized at anbient ,
{5ed pateriplgan 'e§tm‘%/ib§r?r‘?4@ﬁ%?/ BYWET cp3iga FempRsttion; 4 1dm-
fo&ﬁﬂfrgtphl%nfét SR SRR hatd %zoﬁl@sﬁﬂoh &80 va0bi ldlu{mhﬁéﬂlﬁd frérf the
|

easi [y broken into snall fragments or pieces, such as
HEREIriom éorgy 4 seHispgporting continuous film on at least a horizontal surface of a

substrate. As used herein, the term “ambient conditions” refers to refers to surrounding
conditions, which is often around one atmosphere of pressure, 50% relative humidity,

and 25°C.

[0058] In certain embodiments of the present invention, the friable polymer

comprises the reaction product of (i) a polymerizable polyester polyurethane, and (ii) an
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as a dry feed material to an extruder to produce a
powder coating conposition. A filnformng polyner, on

we b@7o4t1er hand, woul d, upon renoval of |iqui dPCT/US2007/069101
materials fromthe dispersion, forma self-supporting
continuous filmon at |east a horizontal surface of a
substrate. As used herein, the term "anbient
conditions" refers to refers to surrounding
conditions, which is often around one atnosphere of
pheeeally UNSOYEEEMARIE. Wl heyein, ghedeps(rolynianigads polyester

f t he

R R SR RL R8s or (1)
a polynerizabl e pol yester polyurethamhe, and (ii)

?ﬁet_ykpnkzally unsat urat ed nmonongs. ﬁfsc deereln
e [ferm "pol yneri zabl e pol yester polyujethane” refers

to & pol I lity Of t
HRL G o ro ) e B R e B B YTy or i Rlfena

gmiysshat arerragabﬂwfdielng rpalyngrlmdps feorined la@eep(ﬂﬁp@cbzhld vferein R’ is

rized forma
%alp)qi HICJQXLI or oxyallf}i( n}01et}é llsoaa q%k))/l oo?yc}é))l:g( { %ylleg/ and 1%
BIZyll Sychalkal, kI;&kledir ae(yfﬁzitmahd{tydz Iiegthiyt endodimistis | tse ]ailj(rw:nzable
C or a onat i In certa
R N R Sl S Bl R LA A B L
GRARFAHISLSAauea hyemt e pﬁﬁlsey‘lﬂdirﬁﬁm&ﬁylhﬁv luAGitdrR1oAT Ahns that at
et hyl eni ¢ unsat urati on. ed he%E t he phrase

leps F‘Pﬁl%%\ft eteAynahnds Qs eéief B‘Hyur IS <OpiRL f’él?“‘loé%lﬂo‘lp

SEi A eth€nit BAsTuRAIon ERELH Ryt B PRIKRMEEhay also include, but
pol yur et hane contain a functional group containing

e pPElPessaig e lidatinemal cdpdanigusgastien Hot iestleiheHag

DRYodRh S, 'tH&céhﬁ@)ﬁs diBpHsiReA tﬂé%es@ﬁQﬁéﬁﬁgﬂ Aoynp'n@@i Plemerizable
i nt er nal y eni ¢ unsaturation. result, in

pEyasEr nolé%@@lmeri@mng terpfnal ghylese gnsaiusqé@ﬁ Sihishgs preparerbirom

i I
BAFBECLMRMER A SARRUSE () RRNIRE 4D 2uR) VLD
gimieisinggn pthelsaicaly ynsgmiared geauannd ac antiye hgirm}n(ga)upa In certain
B AIFY ST S B Sy RRL KR AR ARy
dirgtrauns af thie\peesknyt dinvog@m ig) faompd frbm re:aetahalfmm*:nbtomiprmmgt(é), a
LGB0 BRL! 670G BR B BRI B

fumétnmdl grmqmeaicelae tvath ﬁ@ciamatb behydmmb iogpsn As(udyd herem the term
m ne,

PR RSien SRotpa kMl raerane 8 PGt M onah igredpes =

d@aﬁﬁﬂe\wy\Mdlbré»ﬁa@ﬁamh@ddg&nﬂw et @x yd)UQN@,mm)F TAS AMBHICAN
rm"active-h ggﬁn group” refers to

?Hﬁkﬂ?éﬁéﬁxgﬁ$ﬁp¥°%ﬁ%ﬂma?g l've with isocyanates

[%?)59] Polyisocyanates suitable for use in preparing the polymerizable polyester
polyurethane include aliphatical, cycloaliphatical, araliphatical, and/or aromatic

isocyanates, and mixtures thereof,

[0060] Examples of useful aliphatic and cycloaliphatic polyisocyanates include
4,4-methylenebisdicyclohexyl diisocyanate (hydrogenated MDI), hexamethylene
diisocyanate (HDI), isophorone diisocyanate (IPDI), methylenebis(cyclohexyl

isocyanate), trimethyl hexamethylene diisocyanate (TMDI), meta-tetramethylxylylene
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determined by the Zerewitnoff test as described in the

JOURNAL OF THE AMERI CAN CHEM CAL SOCI ETY, Vol. 49,
w1818l (1927). [0059] Pol yi socyanat es sui tBiI/8S$007/069101

use in preparing the polynerizabl e polyester

pol yur et hane i nclude aliphatical, cycloaliphatical,

aral i phatical, and/or aromatic isocyanates, and

m xtures thereof. [0060] Exanpl es of useful aliphatic

and cycl oal i phatic pol yi socyanates incl ude
diisacyraeth TMAB), 8vfl @yplohetydsey diigicy geieyhyiiegenated XDI). Other

51@%%%9)% &a&%@l&clud@ %@){5%1'3%(@% ,Sf‘ﬂ?’D? bhpApyanate (HDI),

I I socyanat e
yl ene k
B oS AR o B
drspeyanee (e {ilvy 2y ohlandd sdcsorieaAbttelylemvibDoyyanatp dr a mixture
r
e
3, B’Llalm@myj 4Ha>1ph¢1@®ﬁ&]illd§xmpﬂe €80D1), gudd 'BBI @c.as onretrie©f TDI
%Jn%l Qﬁ'oﬁgﬁ%q R ﬁ g&&m& ele%égp)})élﬁa?ngzl 8@&%8%%01%?? ten élg M%I)(l e, a
olixtgooysiMd taad of olﬁomet(ﬂlem‘eeﬁli}@lﬁmfd)lsocyanate (XDI) and phenylene
%7 hen | met hane- 4, 4-di i socyanate (M),
5 Fene |, 5- d||socyanate (NDI ),

- di net | ene dii anat e
@’P e TDI iylsé?cya“%\teﬁ? %Yeé PEFPaEey ro&ﬁ%exélﬂetli}glf"beo‘!’r@cyanate 1-
isb@améN)BE , P@imerst- bydoeytfna@hmpiy&wbhq&@%ey(l"m?oalmalh&mg
crude o) a an o
Fﬁ@ﬁ‘é‘&?tfs th§<‘§7P§/ prisir 424 ‘b§§%‘§?éiﬁ]§foéy‘(l9%}§l"yl)f8?f8anﬁﬁgen%‘z‘ﬁ%tﬂ%
ocyanate. [0062] . Polyisocyanate derivative

@ ar ed 1o ltnilﬁpfsew% oyt o Qgﬁlé?cganaie useg to prepare the

pAPEHBABI @oges”uer@otyﬁtemh@whg& TPy M@t RBkht fwlv@eygit ahexa 30
ne ("IPD."), including isocyanurates thereo and/ or

64 pe@re%t(hyg%feghé ALY BHEsAN 19 AR PSISTT DX el Bl ith Bregweight
pRABAIbelnd va&uloRiuR SAPAELIRMN S in oli& REPWPrefdfe the polymerizable

pol yi socyanate used to prepare the pol ynerizable

ﬁﬂﬁ?@%?@vmﬁ@PWMrethane ranges from 20 to 70 percent by
ht, such as 30 to 60 percent by MEIght or, in sone

E’Qé s, 40 Pelyesigr nobiobseuitatig fopmsegh prepyingtihe prdymerizghle polyester

&Hﬁ& rﬁagrl Hégbraﬁﬁeﬁ@y QRy &Pﬁbl& %eﬂlodé“’%' gg Iﬁtsmgfsatﬁﬁéh Ricarboxylic

ds used to prepare the polynmeri'zabl e pol yester
mlﬂsym peltyidefes, thqred 6] com@h%@t dracyde pydanbydrisies il @olybydric

r b
SRR R PEATRE! AP TRLNES e, sy
Eolgols arg somglele;&dllm lasftlkablle@ln mb@mlep@almmgms o@sl_lr&lnm/@iparliwhc
acnfs SHRaCPle( F gﬁ%ﬁﬁﬁlglpofyesc{ers bnclu%(e: th%‘g’e go% alrﬂ gﬁgﬁlqu %A, sgaldas 6 to
uhpanbbmﬂbmm aslusiee. gEéaan df emthccﬁrarhmb;@lm @i incBide hsuccinic acid,
Bﬁ@a}{c‘? %ig,radipic acid, pimelic acid, suberic acid, azelaic aid and sebacic acid.

Corresponding anhydrides can also be used. Typically, adipic and azelaic acids are used.

[0065] Polyhydric alcohols used in the preparation of polyester polyols suitable
for use in preparing the polymerizable polyester polyurethane utilized in certain
embodiments of the present invention include, without limitation, aliphatic alcohols

containing at least 2 hydroxy groups, e.g., straight chain glycols containing from 2 to 15,
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pol yol s are commercially available in various

nmol ecul ar wei ghts. Aliphatic dicarboxylic acids
waeiorakiiel f or preparing pol yesters include thoB&I/US2007/069101

containing from4 to 14, such as 6 to 10, carbon atons

i ncl usive. Exanples of such dicarboxylic acids

i ncl ude: succinic acid, glutaric acid, adipic acid,

pinelic acid, suberic acid, azelaic aid and sebacic

aci d. Cbrrespondlng anhydrldes can al so be used.

oehatald & carhen Ppas mghisiyg. elnaieﬁala@magdlalﬁ@ts ubeglycqomesjn

)%}f %ve ol ift ltlfé‘%%}gllﬁal Pés%g? BH %nﬁtﬁtﬁg@ﬁﬁ&l‘e?@f s‘agh pol%hgdnc

r poly or use i n preparing
@i@fblyblﬁenqhz@tﬂﬂwlqm@ lelyestt éuethpl@htyglm?tl haﬁéylamq dlycobdetianthylene

pﬁ%p?l%ddl P§ %ut%f. E Qrb%tc‘a$1 yi"se;gla%t R0al fof %'zuo'e

|c a 'S al nr’'ng
dheastylpZOmy@Idloky Sgremupsholel ,@heptsterdi] ghg-octhizd diolgl,y@ déc&ne

4'to 8, carb
R Remo B of B pobProdbfihen: < t?he ol yeol s Contai n

@éﬁglf’m c PhEP B ot oh "R PRl P R pyregerine o
dlﬂﬂb(bbdfﬂic etil Ydraﬂl@/dgldgl ﬂﬁfepf)dmeltdpdlﬂnyéncgilycﬂml in the presence of an

ene |, tetraethyl ene gl ycol , 3~ propane
criosteon SRR NER gt ot SLiRGIMMAERE Hieliune udaRbERENG
alicOhwill Yarg andldopeidiyt BE RO atEabht pblyEm&iepeafba cﬂiy@fo,xy
1, 7- heptane diol, 1, 8-octane di ol 10- decane di
’ﬁﬁﬂ‘nﬁtf"i?‘ﬂ}?’@éerﬁm §'i?f&1ﬁe‘b'&‘>i VHVH\glaB eé?eé%‘?fdh%alc‘{h@b @@febV ﬁo obtain

GGt @aths @Bmﬂﬂing@rﬁeﬁbonde%c@@ﬂ YOFhAhy MOk Y koupS PEARA:QH

y react carboxylic acid Qor anhydri de thereof
Relygstess 19@}1«?%9%41& -BytderaAdinaie) ek bﬂ@gai%l@ sygringi). poly(l,
%1@1% glﬁtﬁﬁteg HR1y¢ Rk %hbyﬁahe ﬁﬁé@éﬂ@%lﬂﬁ' 4%95@81% shll)e'ﬂate) : poly(14-

e anount ~of and al cohol used

wylyneaaa”rala% pebyél. dnixiens e .powequmn oamo;pé@p@r In certain

desd by

T e, T BN BAT) OO ER LRGP B RiE pORRRLRRY. ¢

palycsr pdhaithgncoimived lmtlmgaqaeqms dppaslensnicie péscni@nyrinfien have a
dr.o T

DX R AR ATOL Y BRSPS i some

suiess Potatbapout padoy (| , 4 butylene gl utarate),

pol y(1, 4-butyl ene pinelate), pol y(1, 4-butyl ene

06dEr at e) In p&mtay(dmb@dlntmmsyihe lamoatzte)lf gd)l&)s;er polyol used to prepare
n € se

BX]&Flngl%a% eé:jo efter pco %flaﬁ e 1n u 88 Pn cyei'tal?l e{ntl]oogllme{lts of %he Ipresent

modnm@h rdtiiged ﬂrdre do tdﬁ@pe&mawbmgelgmesuﬁm hsalfl t@ 50 percent by weight or,
nerlz ester ur han utilized in the
a5 geeh b s DRaskabr RS e Bl et gh e gn the
M\)ﬁil @Bighﬁd/f&és@gﬁ)hﬂ'@h@ﬂ uw @epaneing pblyfnearmbRd] fletre S NhiretBaie
as 500 to 2500, or, in sone cases, 900 to about 1300.

[00@@7] | n Azendiedtd, ma’@e@hﬁﬂmbie, pdﬁeteﬂpmjdm&thﬁfe pﬁié@bl){@ﬁ;&fﬂlfain
ol used to prepare the nmerizabl e pal ter
gﬂw%lu?%%%fﬁ%e e &@Berﬁlﬁn%‘étp][‘%é/rﬁseéﬁ%e&?lﬂ%ﬁt
REBAARbmprising an ethylenically unsaturated group and an active hydrogen group.
Suitable ethylenically unsaturated groups include, for example, acrylates, methacrylates,
allyl carbamates, and allyl carbonates. The acrylate and methacrylate functional groups

may be represented by the formula, CH,=C(R;)~C(O)O—, wherein R, is hydrogen or
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i nvention ranges from 10 to 60 percent by weight, such
as 20 to 50 percent by weight or, in sonme cases, 30 to

waloopaswent by wei ght, with the wei ght percentBCDEBI997/069101

based on the total weight of resin solids used to
prepare the pol ynerizabl e pol yester pol yurethane.
[0068] As indicated, the polynerizable polyester

pol yur et hane present in certain enbodi nents of the
aqueous di spersions of the present invention is forned

m?@m d hﬁﬁthércaﬂwmétémﬁ cgibegatemet beyrrraicaigH by the formulae,
g vlgfc’vﬁ eﬁﬁﬁfi AR YE BY 4@5@9% 8l
ui tabl e et enlca

y unsat ur at e group I nc ude for
a
B 1 Y o R RSP Bt A P PEIPLBS
finsalwtatasreadupgnd ap sctivapydreganegupupsaitivetin pyepetieg the pelyinerizable

SIS it pehacomeiRath oKl (GaRR, SAEhE b R
tnhﬁeh)ﬁ@ylmls aelud CHR sy Dig fRnNHeOBOrMon agnd iCHZ 2B @BHical, the
a%lk Cl)-réa.%a%%mg Sl{%ﬁ ?tgtteldve 1¥su sItlglgedg ?,SIpeclflc non- lamitlg% f:xamplesl qf )s/uch

erl a comprising an e enica

nmusﬁﬁlm frﬁluﬂd zglszdmpyemml (raahacxtylavaa zlmydimgeaspyg (Iﬁd:t}i))acrylate 2-
ut|I| est er

aring the ner Z e
P ke EEREe Sluea hlR BRI RN Dy Gy
Qubith)adrl1acehysdr oy aikiyites (Hegion) ASise Al , ihe GdrindeméthRslate” is
having from1l to 18 carbon atons in t he al kyl radical,
PRt 4 iReIpde bty paaylatsaandgmedbasetlateut ed or unsubsti t ut ed.

ific non [imti exanpl es of .such materials
ﬁﬁi ude 2- ‘F]%WBW%QOH%@“ Srr%"f’ AR %Pénat@?aL%‘i‘PéW}ﬁraprl
iz 130 ‘Iirﬁﬂrﬂ;a@dr@ted Zrouf XSl Qe wdr&geﬁtgmﬁagewt@b@pare the

hexane- di ol nono neth)aciylate ydroxybutyl
leq%ﬂ%lmza@wplaﬁ%er pelyuEiape g et oy b £513 1veseBy, Weghtsgiglyas 2 to

8 Sér@én@ by twlafgmt &' ﬁnsm&g@&s@g agh B baté&t b{( %vegﬁa Rithtte WS PeRents
both acryl ates and net hacryl at es. In certain

@stm the togeh @veighbefriesinfolidp aserhie picpae th@cpﬁbmegzarbée an

1B RbICAL I nunsat urated group and an active hydrogen
g%%%ﬁ Esgﬂkt&lprepare t he pol yneri zabl e pol yester

o pur et h%%rév?dﬁ@f?%ncﬁ&a@é@ th Jeﬁalﬁ%mlBS&lﬁl%HtE tf?ér’T%d’fﬁh&Etable

such as 2 to 8 percent by weight In so cases
pdysteppelgenthatpyprogenighrertan thquh@emmfghﬂ aqpequs dispersibes Qi ghe

%@Sc‘eﬁgm%ht%n & f{)%tne‘c('il fro%ﬁ g{;’%argiﬁlf.r ﬁs?‘elflﬂ rp%gJ S Hl% e, tb?lt are not

repare the polymeriza ol'yeste yur et ane
ﬁl@@édlt}) p!ksmqmy en/seotusllaw dianginesatr @dlyaimimeg mrwlaenthe groups attached to

t%e IIRI'OI%%H aq g canq)e sgtura¥ Ori' u%saap.]traﬁe i aC d IE}F%?IC alr’lorn?gtf(]:ane
certal

ﬂi‘bﬁlﬁtﬁﬂ’ S]bStl‘tSted)—fathH’aec M1§]$ﬁnisubsﬂuﬁdt-arﬁlﬂatlcsanﬂ hemmdycﬂlbo m a
PR e 5P BRSPS, 5 PG B8hie, 1
Psphyadic @esnihd) 1\8hdctie i, Bufiraktdastiied ptdpane-2,2-cyclohexyl
amine, and the like. Exemplary suitable aromatic diamines include phenylene diamines
and the toluene diamines, for example, o-phenylene diamine and p-tolylene diamine.
These and other suitable polyamines are described in detail in United States Patent No.
4,046,729 at column 6, line 61 to column 7, line 26, the cited portion of which being

incorporated herein by reference.
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the nitrogen atons can be saturated or unsaturated,
aliphatic, alicyclic, aromatic,
W@e@nasi1dt subst i t ut ed-al i phati c, PCT/US2007/069101

al i phati c-substituted-aromatic and heterocyclic.
Exenpl ary suitable aliphatic and alicyclic diam nes
i nclude 1, 2-ethyl ene diam ne, 1,2- porphyl ene di am ne,
1, 8-octane di am ne, isophorone diami ne,
E}r@ fane 2, 2-cycl ohexyl am ne, and the |ike. Exenplary
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paipsteppolatrediateer ei n by reference.[0072] In certain
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resi.n o I ds used to

450 PP A it ot B RGP sERants poBaporsberoups of
AE&WoNPShe sl R &BICE the polyuftidha naeenllo thiriedt Ssefillfaeid
E}gl yneri zabl e pol yest er pol yuret hane present in

FopimamRb TN HEd ongruRdidabige B seud S per si ons of the

present invention is fornmed froma material conprising
an acid functional group o %l?hydrl de and a functi onal

GhQUiR X BT, ISYE NM,{ &t NI, an8 RGHARE QIK9T, aRY, @5 Q3Mkyl KuBdtidsted
of other components from which the pol yurethane

tarletupetitued ap b ppbirbstiiied gyclogdhyd groupse £ uresepIpefa) s
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R, R i ncl udes a ar
ikl kyhi subkiriseued) g indubs AN GOSNy OF u
a nd m xtures thereof;
[ ngﬁ[ (ﬁg}séﬁddﬁg?ﬁé lgzr b{&wng?}%?&ﬂﬁﬁ o substituted al kyl,
OBt i t ut @dalaplw of saﬁaj)lesmfumctmneldn@tmlmﬂkw h}glmuplgahc

A e I e

{00 edlic Exdnipbggcodit agid glysdolle a@d iachifuavad, |12m&llromasttwr1|cablsl
|nc dr o ¥ric,ac

(BmL htyﬂ)?Bméloch%% %gl%fla%cto 8r0810’mc aclzl%rﬁleré:a tQ Blaty ba(i_d mfircagto
actidic acidf andmiamird thetretufogl ycoI ic acid, glycolic acid,
R 2 B A B B TR B oot
Mt ydrhicagh firid 6 ruBRI@SASIGIhAKCand aromatic anhydrides also are useful
provided the substituents do not adversely affect the reactivity of the anhydride or the
properties of the resultant polyurethane. Examples of substituents include chloro, alkyl
and alkoxy. Examples of anhydrides include succinic anhydride, methylsuccinic
anhydride, dodecenyl succinic anhydride, octadecenylsuccinic anhydride, phthalic
anhydride, tetrahydrophthalic anhydride, methyltetrahydrophthalic anhydride,
hexahydrophthalic anhydride, alkyl hexahydrophthalic anhydrides such as

methylhexahydrophthalic anhydride, tetrachlorophthalic anhydride, endomethylene
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acid, and m xtures thereof. [0075] Useful anhydrides
i nclude aliphatic, cycloaliphatic, olefinic,
weywrogiief i nic and aromati c anhydri des. Subst i RPCE/E82007/069101
ali phatic and aromati c anhydrides al so are useful
provi ded the substituents do not adversely affect the
reactivity of the anhydride or the properties of the
resul tant pol yurethane. Exanples of substituents
i nclude chloro, alkyl and al koxy. Exanples of
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Hlidpegensriaclute 1O preskht —PhemShh: 11O - and PO,

M§ﬂr di SpRESp &nbdﬁﬁnéﬁ?seﬁ‘le BRS¢ th'érﬂﬁatérﬁf Bmprising an acid
wat'er - di spersi bl e" means that a material may be
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i socyan or . hydroxyl . groups u d to prepare th
RN & Lo B S s D e e BRERERT i ¢ o
a&tralemgeargbmbyncmb gokgan®USH 0RSni¢ bhRs hixhREEGRAR: hftifoxide,
ght or, in sone cases, 8 to 12 percent by weight,

wtf%lumad%fd@h%mrﬁ@%@m@st?é?ql?@l SHREAGHE FHER Bregmay,
yebiaty, 6f cfi@s) aﬁ‘mﬁ@ biogs aﬂﬂsﬁ qjeaEtQ)nQ heR8%y8 ofddB. Suitable amines

pol ynmeri zabl e yester ur et hane.

include alkanolamines such as monoet ano amine, diethanolamine,
dimethylaminoethanol, diisopropanolamine, and the like.

[0079] The polymerizable polyester polyurethane utilized in certain embodiments
of the aqueous dispersions of the present invention may be formed by combining the
above-identified components in any suitable arrangement. For example, the

polymerizable polyester polyurethane may be prepared by solution polymerization

techniques understood by those skilled in the art to which the present invention pertains.
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[0078] As indicated, in certain enbodinents, the acid
groups are neutralized with a base. Neutralization can
WO 200g4¢f1Bom about 0.6 to about 1.1, such as 0.BECT/OSDND069101
or, in sone cases, 0.8 to 1.0, of the total
theoretical neutralization equival ent. Suitable
neutralizing agents include inorganic and organic
bases such as sodi um hydr oxi de, potassi um hydroxi de,
amoni a, am nes, al cohol am nes having at | east one
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et hyl eni cal |l y unsat ur at ed gr ou(ﬁ and an active hydrogen
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certain enbodi ments, the present invention is directed
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RALM RIAIENE Bi) QB&Q&'eﬁia!B Odoﬁfe&h{wly&étﬂ%b%bﬂéé th¥ previously
unsat ur at ed groups formed fromconponents conprising

deayribed prad il savcjtaivacallp pesg @rrted monpmeanduitable ethylenically
unsaturated monomers include any of the polymerizable ethylenically, unsaturated
monomers, including vinyl monomers known in the art. Non-limiting examples of
useful ethylenically unsaturated carboxylic acid functional group-containing monomers
include (meth)acrylic acid, beta-carboxyethyl acrylate, acryloxypropionic acid, crotonic
acid, fumaric acid, monoalkyl esters of fumaric acid, maleic acid, monoalkyl esters of
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ranging from20 to 70 wei ght percent, (b) a polyester
pol yol present in an anount ranging from 10 to 60
wa@eioghso1per cent, (c) a pol yam ne present in anP@nOs2IN7/069101
ranging from0.5 to 5 weight percent, (d) a naterial
having an ethylenically unsaturated group and an
active hydrogen group present in an anpunt ranging
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H@&ﬂi M'{zéhtu%ﬁl, Afkidy Ih@? Qe Ql’frlmﬁer oP H&hcaﬂ%e Prepared by any

of a variety of methods. For example, in certain embodiments, the aqueous dispersions
of the present invention are prepared by a method comprising (A) providing a mixture, in
an aqueous medium, of (i) particles, (ii) one or more polymerizable, ethylenically
unsaturated monomers; and/or (iii) a mixture of one or more polymerizable unsaturated

monomers with one or more polymers; and/or (iv) one or more polymers, and then

292



nonocar boxylic acid, for exanple, acrylic acid, and an
epoxy conpound whi ch does not participate in the free
WO 2@7a#13i ni ti ated pol ynerization with the unse€T/D8100T069101

aci d nononer. Exanples of such epoxy conpounds are

gl ycidyl ethers and esters. Suitable glycidyl ethers

i ncl ude glycidyl ethers of alcohols and phenols such

as butyl glycidyl ether, octyl glycidyl ether, phenyl

gl ycidyl ether and the like. [0085] In certain
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ﬁdp%F@dH%% gp¢United States Published Patent Apphcatlon No 2005/0287348 at
[0046], is not desired or feasible. Therefore, in certain embodiments, the aqueous
dispersions of the present invention are prepared by a method that does not include the
step of subjecting the mixture of particles, polymerizable ethylenically unsaturated
monomer, and water-dispersible polymerizable dispersant to high stress shear conditions.
[0090] In addition, the foregoing method of the present invention enables the
formation of nanoparticles in siti, rather than requiring the formation of nanoparticles

prior preparation of the aqueous dispersion. In these methods, particles having an
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particles conprising a water-dispersible polynmer, in
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nanoparticle size in a high energy mll in the

W@S‘ér@@éntﬁﬂloﬂﬁ’r@%ﬁq% ebigde fiiivpe neressay Lo/ REY ioREBE e
{ﬂ)e{ér?z,‘ah&%amfa %H" f(ﬁte%gnﬂp I’l@ rﬁ'ﬁﬁutesatg% htonl% pri)}/ided that the

r-dis erS| I'e polynerizable di spersant _
das lSrseﬁlcleah@tfh@r a mlglp@rls aint frema thejyme gs mgre eflyddmicaly

gg@p@@ﬁ,gm%gﬁ avai | abl e from Avecia, Inc. [0091] As

i cate e fore90|ng nmet hods for maki ng aqueous
[j)l()giﬁer si ofmcofhe polymerization process is complete, the resultant product is a

stable dispersion of polymer-enclosed particles in an aqueous medium which can contain
some organic solvent. Some or all of the organic solvent can be removed via reduced
pressure distillation at a temperature, for example, of less than 40°C. As used herein,

the term "stable dispersion” or “stably dispersed” means that the polymer-enclosed

4.



the present invention include the step of
free-radically polynerizing the ethylenically
waee®atdmat ed nononer and pol ymeri zabl e di sper SBEE/US2907/069101

form pol yner-encl osed particles conprising a

wat er - di spersi bl e polyner. In certain enbodi nents, at

| east a portion of the polynerization occurs during

formati on of nanoparticles, if applicable. A so, a

free radical initiator may be used. Both water and oi
Reoticien neitharisetile nerregagydate by flosadate [ro@airy agues mediup] wign

gxahpl es suitable water-soluble initiators include

ammoii um per oxydi sul fate, potassi um peroxydi sul fate

B Ihy dr ode eerpparapdiodienenNothk ippdy ienegncdnsedprredesgite priegent in the

S PGP e RO g

bdmin ma Ay oCASEH) tot&@ewalgmmrp@m 0|r$n aamnquadof@itto &0 waight percent,
tenperature ron12
oYy 55 Rt B bt e s o e

aﬁomhﬁmny@ﬂ@nqm@ﬁﬁﬁgmmﬁme l ength of tine necessary to

B o 1o et 6. g e B ea rug Pefiget bavg

m§x1ﬁiuﬁi°ha@d: 8Mtos4, Or, fidEdMecal] yfBLimiuh 1Bizd of F9.@Mih Re dm:ecases
nor e ethylenlcall unsat ur at ed nononers.

EHEE TR0 Fer 2B Ol HOTEP RS, P S Y B8 OLQH@ As used

ﬁe@éiﬁl “hant iMRdmblkd by ABTHM BRH3. di spersion of
@@ﬂ%ner encl osed gartlcles i n an aqueous nedi um whi ch

cont ailhe 8esealyeyion be pelympepiclosahpitiges deperingd herpig are

&{t&ﬁﬁﬂe@l ?@ﬂré{ ﬁQ\tmgftﬂ@ p%cl’é@ RRYEH n!ﬁo%aﬁ@féy Qﬁs%et@&leﬁ%q{qﬁld (such
distil ion at a tenperature, for exanple, of less

Wem@g@w sadvans apd/prey @;;mrsapth@s desgriped Bergip) @d then measuring
&%ﬁ%}%ﬁg §1lsf?)ﬂs fh(ﬁ{ted ﬁta%gl!v tgféns%%:fr? dbut 2 teE &"i’l{ llé]ﬁ( Gardner

r-encl ose part ettle no coagu ate
HGP (FHedader Spheref msxmmdneheequgeﬂcﬁﬁ)@ nnrg@n uet paiotengtha Bdéapep. the

57 qgl?‘%f a lrhu?cf"sa % els gd]a?gnq}aﬂgrﬂéfﬁogn&eﬁg tIEcb} YIRS lel&%lhgl%? 18

i Cl'es'"are presen ueous dlsper5|ons 0
tepertqdraes entsniittanea dli about 15 %atoe ahml uat aofheatavbleash ofl@aximum
in _an,anmu

er cent nt
5B P T SRt el a Ry o8 PR B ad B giee BEHAR phen the
dlffeteﬁceaﬁ r& otV 1nd)sfx bEENdeﬁ) tt&(bamﬁleg hid pe Elﬁrﬁfmhdmg\/lkrtehlulm 1(s:I low.

I t rcents based_on. we total so
O PR STl e Gy e aRr 30 adth iR hant i R e
@m@@ihmﬁé Surrouh@ndinS@iemSRd RONYNEY acCpedbasde. part icles

have a nmaxi num haze of 10% or, in sone cases,

(08 Thruim nd e Soreguge BFOs P ierese i et SPOTFERD AL
«li'tﬁ @m@afll 1LRan@hted hlﬂn&hé}ex%thQH@ & Vable dRporeati, fAéficlosed
y P

5% As used herein, "haze" is determned by ASTM
m@é@ are formed, which, as prev1ously indicated, the inventors believe results ina
phase barrier that physically prevents the particles, particularly nanoparticles, from re-
agglomerating within the aqueous dispersion. As a result, the foregoing methods of the
present invention result in an aqueous dispersion of particles, such as nanoparticles,
wherein reagglomeration of the nanoparticles is minimized or avoided altogether.
[0098] In certain embodiments, the present invention is directed to methods for
making polymer-enclosed particles. These methods comprise the methods for making an

aqueous dispersion of polymer-enclosed particles, as previously described, wherein the
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[ 0096] The haze val ues for the pol yner-encl osed

particles described herein are determ ned by first
whawirngpishe particles, such as nanoparticl es, BPUBPS208E069101

inaliquid (such as water, organic solvent, and/or a

di spersant, as described herein) and then neasuring

these dispersions diluted in a solvent, for exanple,

butyl acetate, using a Byk-Gardner TCS (The Col or

Sphere) instrunent having a 500 mcron cell path

pargerenciBeadnagisles wempaing Adrigile aolymefmnd feythepanprising (1)

T O AR R e B YRS PR R Bl I B,

palymérecnplased pariigtel, avfl (ekigmantingsbosdbid mepgeriapninglesept abl e

TR B P LR
paimgincdtlesl, Sinhi ag lihﬂ)ughl thecmsmdﬁ andyummeighiew ra roBer|doyer, afspray dryer or
ST ORI

ssuhifoaghndli: nga stediammerayl] artylide Idlowing épgabieaidhade resultant

0097] | e forego t s of the present.
RO 5 RSt GieTat O RanerHEh ey er,befor
pd&ﬁ@gmgr ated monomer with the pol ymeri zabl e di spersant,
@P%%]mer encl osed particles are forned, which, as

i ous| yIF REFS@ABENUNHRaliqdiEnted FaPeTEler erping eampopidons,

ArROPESm BRRGUBES difREsiRY b Rlt-YncRs&YVSiidest P& used herein, the
particles, particularly nanoparticles, from

CEBGREIREFRNRE TS HOR 1eHES BEaBBLSIUR SHEPSIfpfrprogusing a

5&%’% tyhidhhe &RBREQAIRA Qolﬂﬁ%ﬁf&ql%te%nﬁ h&n&" tﬁaﬁlqnfmd BME N QRain
res I n an aqueous dispersion of particles, such as

erabrsiyaents ¢l ﬂéﬁsleowmé@O@Pﬁg pamggitionrett dha ragsefinyangion, the polymer-
aﬁgl&ésecg ﬁser'ﬂaﬁggglgfc@g or avoi ded al together.
%%8%?‘5 n cert In e ments, the present invention
[0§0Qil rect éa actd@thnHD Hogolyior-cnakses garpdey therpopded cog@
Po 31%01% of (e %s%nt”g\t]e*ﬁ?%mﬁg%oé&g %Qr%c%% Bo, %or‘ingﬁg resin.

an aq eous di spersi yImer - enc
&arab]e(film§prrmsg rtsmv inolislt )fommp]eb&mhpomﬁ&sml quch as an epoxy

t hepol yner - en art a.fri.abl.e
R TR R R B b e SR B Gl ot Sonet prst
§d’1@blaqmﬁrgw@eldlf&f1m Sloaf rdsin, ueh @ apﬁQﬂuhdldﬁﬁlt(ﬁfboajlhc acid group-
r.i sing.the e osed cl es .
i TR e DS RS of B BBl aerials
irB aes)&ﬂb@lrm RRsRaMiRIBKEd PhicfiNG. IR B QUS UAItEPRESS Pdent
sui t abl e drg nmet hod, such _as through the use

8. S iggqyeqrateds by gsfqrerce fergidy Exampdes ol gthgr %tﬁble partigylale

hlnkﬁ)rmM%rr@s@ﬂéea'ie cartt ﬁ@édl(ﬂfuﬂ?tto%ﬁl' @linC ahhecfb3gNERLISd
by any suitable tec% such as through thé use of

BINEERREROLPP TS apd aqriléc waﬁr@@ers st it hgprmg agtmwfpwb materials,

§JE§ a$ &%ch ko GhaRAE G lg%)lh)f%ﬁ JyHik&ﬁﬁﬁde%ﬂ%ég%ﬁ@ as 8846Hbed,
by being screened in a classifier, before

@ag*@@gqlengl United States Patent No. 4,801,680 and United States Patent No.

4,988,767, incorporated by reference herein.

[0101] In certain embodiments, the powder coating compositions of the present

invention contain from 50 to 90 percent by weight, such as 60 to 80 percent by weight, of

the particulate film-forming resin, based on the total weight of the powder coating

composition. In certain embodiments, the powder coating compositions of the present
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[0099] The present invention is also directed to

powder coating conpositions forned from an aqueous
waele®pasdson of pol yner-encl osed particles. As RBGEUS2007/069101

herein, the term "powder coating conposition"” refers

to conpositions suitable for producing a coating,

whi ch are enbodied in solid particulate form rather

than liquid form In certain enbodi nents of the powder

coating conpositions of the present invention, the

Potnyep cetein doad). b r 30 nerest hyomghtsfédna@nlot@éiﬁmﬁ@m@y weight, of

]

RLARL L0 Stk G, ROk 4RGP 2 A o

[0402nt i on Tirayoednrpeitise campesitiang of e prefdnt mvérsionricargoptionally

{nglﬂhy?thé%a{tgﬁlls su]élll Ls%tlfle? rplgnﬂzgﬁrﬁﬁérp %igfltr;?albﬁggrs, fflo% modifiers,

exanpl e, an epoxy resin as an-epoxy

grcepqppmg @it imbangierxydanc. Soitapierigroentainplody déresardyle, titanium

Ghuat Ry ReRE LTS P B W, AN, Tt PR b Qe

gaptiexibilsC black 1dolgrxdn¢pemnrhamngra@ axideeferrade yetlow and qu1nd0 red.

ﬁ’:}{j anami de. | es of ﬁu%&bl e particul ate r@5| nous .
rials 1@088@ PRPEEA RS felied /8¢ BRTRatiot (o any volatile
Rakaflto MeapeRiond the 20t dansk bikideeBerSbiti®s chtament pf\é@erred ant1
4,804,581, incorporated br ref erence herejn. nB
BPPBErRErnt apy vhg) ‘@e‘b‘é BEREYIYARIES R, I AP YR K rflf;oni‘ @él“ﬁ% &Fréent

BRR B abd AGHE \fzéi%lﬁtof 2R Pbwi@SToitihe cEMBEi@S. Car boxyl i c
aci d functi onal yesters and acrylic polyners and

Wiftlabl e dupiriag eal@@ﬁtr%enfsmhe sovderrattpeicampositiage R e present

ﬁl(lélﬁhlo}{ Glctlil rhrRQGYRAWYE B Gika RFBRE %aﬁﬂ@éﬂﬁé’ﬁévl@ét @l[ﬂn%%torage.
curing agents as described, for exanple, in Uni

&0 axaseplPalt elymedoilicatis 804 bBSBDe PRI tioa dnGir iceEadrmprs (AB-O-
%18% 1%?‘%(1 Zl@lZa is p?é%gﬂtr?r? 5 Blﬁlgs @Xglﬁgﬁfm@[{l %V\&S 1?)%{0@& Welght

certain enbodi ments e powder ‘coat iR
bavaposiotal prighioff tludr@wdmecsvsnng formrdatidnon cont ai n from 50

@gogo be’ ke re?é{lt tis A Célfe’%‘éfi e m&ﬂoc%(%op&%l‘?%éos“g%r

e par |cu ormng resin,
mtlng1®rmpms1abnsz\ﬂn gdsnalroefmltddenqamvweeremam ﬂ)qignerennplo&idtljanmles

In certain, e t he er.coatin .

COmEBe ISR B b wabioe ROSEMs A Bk eopingm 0. 1

&@n@ﬁelpem ahn tembydlmmgmmd spaﬂiaula& fdrn, ®1ea@edqegezmtanbyhen melt
r encl o rticles,

e R AR A e I e e d AR e o A A

AfveoR Ve 08 OBPOI NP rCHIROGET fak NS iDised MRt @eeBQ&Nhclude a friable

i nvention can optionally include other nmaterials such

PRIYIBEHEF PRV FTSARUDE cPmposgiaas of the presai qRpitiop@regmade| iy

AREbd L&hSisirANt) m@&p@ing% A08MU8er pRRHerdBhiimeQbnpaditich
Sui tabl e pignents include, for exanple, titanium

RHIRONSISS CMIT () HEAYPQHs dispersing PbRS UAFacigpadeparticles, and (b)
m?tnmér%y@@ bUAGEE BF ind GRIA0RLACK (3) %aﬁmhtzﬁgftﬁeb&édd%@

bl ack 1 ron”oxi de; chrom um green oxide, ferride yell
fonel agakindleter ol coohng the extrudate, and (5) milling the extrudate to a de31red
particle size. As used herein, the term “devolatize” means to remove volatile materials,
including water and organic solvents. In certain embodiments, such powder coating

compositions are made by a method and/or apparatus described in United States Patent

Application Publication Nos. 2005/0212159A1; 2005/0213423A1; and/or
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[0103] Anti-popping agents can be added to the
conposition to allow any volatile nmaterial to escape
wWo e@mitddiel fi | m duri ng baki ng. Benzoin is a conP@hiU§2007/069101
preferred anti poppi ng agent and when used is generally
present in amounts of fromO0.5 to 3.0 percent by
wei ght based on total weight of the powder coating
conmposition. [0104] In certain enbodi ments, the powder
coatin npositions of the present invention include
2Qﬂ§é)@lgh7ll Addherelavart disclosurppofvddecheingdreangpreied hagein by
g@%p%g% during storage. An exanple of a funed silica is
y Cabot Corporation under the trademark
0AGS1OSI L. Ik ofhgnerdbaiithénss sioh mwé@matiﬂmomoﬂm® are made by
[ r I
£ DRl SRRt o BB B8 BB MELARD R R R s R ReF
preédertd a|rmmaretqompnslsg diysatehialseamtl Mtdrxnndtéb)heldsvmgMe water

wd i o i
B BB BT el R TRER P Bt BB P B et ey
aomaipie degnganéthod bll;](ﬁ apdiryuphthe dsbef @dﬂumyeremtbﬂl@ﬁc&ybr a spray
ot her

g%rgérlc hea I?'llcei,] r@or&we& dhec 2 t | ng g(?g%]e g mmser %F)gﬁgeéldsuch as by

rQgRinkaes by a@ctuttMte&ﬁhque Pluei skebroufh &6 ueXdfrald@imer hifll or the
ot her enbodi nents, however, such as those cases

{Hefe rlebe RolHMalerial 15 alsp Op BrOST st Brouglh iy s deriai/ggssgpened in a

@Qg‘sfﬂewb@ﬁ)réﬁac t hat does not include a friable
’é t he po er coati ng conp03|t| ons of the
&1@ ent i hyB6E Brhedsof Fadesey IRYCRTh e deoRpeTias mgy nelude

ih%ﬁl‘a%i&tb B rOnfl 8%h AR RAWREEs GORLS a9 o&@f‘&ﬁﬁﬂo&h@@
onents conprising: }a) an aqueous di Spersion of

mtmrwy ogegaly anay be less blepgiag (o) higl shepramiges syklsas o 2)

) u
DLEALTB ) 1 GELE Ry Bl g oo
cfob¢ pmggnt ingengivn amdlaﬂnéolendﬂmm(a@)exmder atrrgempaatesetrangife feom

é(gC%o qg(?br e'[%e Q)?tﬁ}da&llse thélll go%led’%?ld #A&l%grllzgg En%(% QPathlﬁatE %feml

devol freans to renbve Vo
i0168Judi ng Thapewdeeoating QGInPQBItB)DIS vitht swvertivncen badpplied to a

e S S SR T R e

SibsdRs. Fat powdofp@dting abmpssitBudhc oot QiplidOSy sp2OODY, Bl ih 2He
59Al ; 2005/ 0213423 and/ or 2005/ 021217 1 Al ,_ the
1 B fe KB Bs O S5-1BR SR Bertly Pt oyt bea. The

pef®Rl Boaitg é@ﬁ@fsmﬁ@@f tﬁeo;ir@s@ht ihPenyieh c@t%applm@d kiREIR ts&reep or
such powder coati ng npositions are nade by a nethod

tnrfg‘fer@@ﬁﬁ?ﬁ @@gove%?)a iR &ithigkngss afigrewe af b gt 10

fifls psly 18l mRRGHhASEduRany Moues wlPmis F0XS WiEne RS HY
dry materials and water, and (b) renoving the water

PRBh§Healtes RNCRNG Arihetngmeer oAl regwoBtieTb derreped subs e is
Hatro & %lpgﬁtl{r@ DR &EEhRY c RO coating, often to a temperature ranging

from 250°F to 500°F (121.1°C to 260.0°C) for 1 to 60 minutes, such as 300°F to 400°F
(148.9°C to 204.4°C) for 15 to 30 minutes.

[0109] As a result, the present invention is also directed to substrates, such as
metal substrates, at least partially coated by a coating deposited from a powder coating

composition of the present invention.
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suitabl e drying nmethod, such as through the use of a
drumdryer, a roller dryer, a spray dryer, or the

WO 2002/1408Bt eover, the solid material can be furk¢BEDS2007/069101
processed, such as by fragnmenting by any suitable
techni que, such as through the use of a hamer m Il or
the like. The solid nmaterial nmay al so be processed
t hrough an extruder and/or screened in a classifier,
bef ore packagi ng. [0107] In these nethods of the
Wtdent i dhe ﬂt)‘ivgﬂli cogting coinpostine P e Brepray invertiop gyt ased to
RED Gl TSl | BT S BELO ATTRE [ SEAREL LS cBin
e laydred systemyor bethf pras ongpranele tayeisiof a nhiltghyshé sirstem ielpding

. . n p
FHEN (e RuR ARGy PollolifleykedaGRE) B8 SARECLIRM R
prdés emprinieniagat inclndiag ot eremphl andedroi¢posinoeptimexdar/oad a
t en%)er %t ur g rangi ng from800C to 1500C. The extrudate
PEYRERCO6PEd and pul verized into a particul ate
phend. [ OUB8preddieinpomidars doaditc@d CcosupsitdsiaoRSst Phrtihliyecoated
i nvention can be applied.to.a variety of substrates
VIR F O R SR mor T Bl st gt ons kaphioe ek GRasiisd from
aRH a sbapdsitinb 31 ftlaRembbbigncRRVWIE Ex PR, IHRPoGASMOEIH ONS
are often applied by spraying, and in the case of a
rRIEROPitigy plshy Begent Ryendioa cpmBETa e dagsprasiayRGn adpuliyavehe
Snhoite @_afiﬁg"doﬂifp?iﬁi@g R @6secddn SnPOWP&Iat. C AL IKAEIL, in these

conpositions of the present invention can be applied
¢Rboglinggniy piderapplisgtign andpugpg efrth PyEles enating comRrevitige obthe

Elljeée'ﬁl Ravdig, R1ehBlogk bpScat ﬁfyéregfan Bl Eﬁpli&ﬁ of tE@EQs@&QMEye}. iR
Omls (25 to 250 mcroneters), usually about 27to 4

tebecst ¢agofor exaptle. b densnieaddros) a powderaeajing aeaRositight agrorganic
mlnl-gﬁ%& 0B cdllfos REYHES &Qéﬁa{s&gcoaﬁgg)gjtﬁﬁ X gﬁgrﬁ % R&yen

coat ed substrate 1s heategtoaterrp I cl ent
krpwaun éetante Too &tmhigrmingf commposigomott tharopecat canderangf the

AT EEN Sk 0 bt ad g ah B feigt Sy B2
fammpodibion dlaG@)nquils&staassilécE? bgﬁ%rosélss:algcsl’ ftfgltﬂégy,lic phlgmprseg@ysters,

invention.is also djr uch .a
N o e B e R S
mr?aéﬂtﬂgaldeﬂﬁ@itécﬁﬁﬁqﬁé 91&1[1 as lpmmﬂ@h sir@ghd, AR OisivingPbut tfey
t he present j enti an. 110] .The powder coatin )
et BT Bt S TR ben DG BB s S it o i

{piyn R aisleGhRy aAREIEAstafi OfprEXa R leBher B4 O€ BAbmat@& methods
clear top coating or a base coat in a two-|ayered

epdedsidor both; or as one or nore layers of a

i3] - | ayef 8GiafyShRMndA&! thedipRGerR itk AR if GRcRAAS FMBetive
conposition, a colorant [ayer and/or a base coating

Poipest lepy Rartiabhbgogied avithrg Goer-impgrang nanrding repging fayer
&%@H&h @pon?app(ﬁélcﬁﬁ:&d'agg§&9§ﬂogiitigﬁ] c&ﬁﬁrﬁﬁfg aalﬁlg/a% oftpolymer-
enclosed nanoparticles having a maximum haze of 10%. In certain embodiments, a
clearcoat layer may be deposited over at least a portion of the color-imparting non-hiding
coating layer.

[0113] As used herein, the term “reflective surface” refers to a surface
comprising a reflective material having a total reflectance of at least 30%, such as at least

40%. ‘“Total reflectance” refers herein to the ratio of reflected light from an object

9.



primer-surfacer |ayer. [0111] The present invention is
al so directed to substrates at |east partially coated
wWowRaon/14018l ti -1 ayer conposite coating wherei n BET/U8A81/069101

one coating |layer is deposited fromsuch a

conposition. In certain enbodi nents, for exanple, the

powder coating conposition of the present invention

conprises the basecoat layer in a nulti-Ilayer

conposi te coating conprising a basecoat and a topcoat.

mbatlae foebgineidentpighiba empimbesdintemetycct B theyisiglsppeaam on
ra%H blg aﬁfVl wﬂ% :ﬁgi@g ekyiCBRts &gruﬁlo%}@ﬁlhf:ﬂeﬂﬂo ﬁfat %&Eon of
sen I nventi | east onhe topcoat [ayer ca

dap plet:tetdn&g@ettd‘ﬁee@@gel@@menlvayelﬂngtlTSWé)Otaoqb&Qﬁhmanelaﬁtersf OViewing

S‘g?em&fgris hQI%mdtg RS Bﬁ%e{v&reg h% V%%%alraggg Ml(ﬂ’glal to the surface at
nposi an organic so coat

e ppmsa)ﬂlncmhenoaf Ehewafi@ranbasdcs demhbedglemrmas bd: dayermigsg, for

osition
pmpRby SRRk B bt S Sene s E DR R
mBndaairem@ppladphsraaidnons, i ncl udi ng, for exarrpl e a
[ formn n that. conprises r.esi
Wikdier 5 one SR TRy b RS pBpySS p artguce
mAehydudtasadok ythsnplaa palished Muheiuhaaas rollldel tcm@ﬁ@a}ﬂated metal,
conposition can be a Iled by any convent j onal coatlng

PreRHI oS (sAncs op LA, AonLashey Hpthen Pprens e

fek10MivB GurfRb naly REMpAEQ PIRSSusBicbRBd ARRLE RHicR Yna$POAKaRPIe,
The usual spray techniques and equi pnment for air

<prpase p Eeflegl e cogtnedprengerapitr ddTote ¢ PR EARPOSIHPBPHEIRS; Hor

@;Jahﬁ}%r a SRRHAk A b@é&%@ﬂ%ﬁc 2 UBbRA %ta@l@é‘ba@é’co%%r Afitd 2]
I'n certain enbodi nents, ‘the present Invention I's

@nnﬁa@@n&@mmwﬂéﬁreﬁtﬁuwe@mﬁﬁ% Egeragmprdherpar tial |y
i’ﬁ?]edt ‘é\" g Pc@reﬁ%tf% M@ﬁa G %@d L Q&0 3 R YE"

p05| roma po atin osi tion conpri sihg
epnpriogitiah thtaym@sf fgekymple andidesa Oﬁénn diparfoing hessihatypiegllyaused

M&t&%@e cgeﬁl%§ ggmé_(él/?og (I\r%g(érgélg Csl? r@l&dfoﬁg%%()msosulon of the

["ear coat epos over a
mﬂﬁcttlve noaving thifag combm-al rnsp)m bmgelranri oh¢ ok mge (prmtents go act as the

ol LR ERbpaR RES G B als o T oL IR Pl
pﬁiﬁ&t‘ersalnchlamg ragcyas :trrdtp@lyufeeﬁalned: e G?@u@ﬁs aﬁldérﬁﬂﬁ the391%ct1ve
such as at 40% "Tot al g@dect anc

tares ?P“i‘pémtuﬂ‘é mia&tf%exéfnplﬂe‘?q DG HRYVIF 8%“&% composition,

abjresdi¢ @llahi-VRed QatiR@cdnipokidenbr 4 Wbt bdsbddoati IPEINGRSILOMN
the object in the visible spectrumintegrating over

Bfelyi ewi iy "l B reﬂ@mvgﬁawg%@ewmcav ETTEHB DigaIcRi AS
tQorhRat SRRkl ip&fs thige @%&I%QHB&@%BMEOMQB&&H@ for example,
bet ween wavel engt hs 400 and 700 nanoneters. "View ng
metallic pigments, which include aluminum flake, copper or bronze flake and metal
oxide coated mica; non-metallic color pigments, such as titanium dioxide, iron oxide,
chromium oxide, lead chromate, and carbon black; as well as organic pigments, such as,
for example, phthalocyanine blue and phthalocyanine green.

[0117] The reflective coating composition can be applied to a substrate by any
conventional coating technique such as brushing, spraying, dipping or flowing, among
others. The usual spray techniques and equipment for air spraying, airless spraying and

electrostatic spraying in either manual or automatic methods can be used. During
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angle" refers herein to the angle between the view ng
ray and a normal to the surface at the point of
W0 pw7dende. The refl ectance val ues descri bed heCBUS200E§69101
be determ ned, for exanple, by using a Mnolta
Spect r ophot onet er CM 3600d according to the
manuf acturer supplied instructions. [0114] In certain
enbodi ments, the reflective surface conprises a
substrate material such as, for exanple, polished
aiplipdtienny the bhggcqaplq the substrate. dr g rethiskeaseel thebapcoapiormed on
%ﬁ@gﬁ{}é{}btg %ﬂ%ﬁaﬁ%@ FHSRL @l toofﬂ L 854 {0007 ANTPR QLN 8:1 tb P mils
ot enbo ectlve surface nay conprise
& préliSoustometoat ed surface whi ch may, for exanple,
IER o APl MRy RM DB Gl HPAPRL LR LI 2
oat’i ng conposi such as
mitaivk maulngsacloraiurdday elternaivelyl givead dngh@step vﬂa@m@bant is
tai nlhg% basecoat

%ré%g 88t (ﬁ’ t}ile ba ecoatg r}%l r?@’ HIS, 0L an Flb Er]?/g]gy 8%8gg?lam%catlon of
abadquerg cbzat)ng cemp@ytione siepokidigtk Ednditioas #ill daspélmlrcmﬂ thg

con s ition that

PR Gt o B e s RSB e dPhoicon s
@3t bdtfe, BONPRE] 4 drPig infe @ f1@¥aNPI18 mihdes t i ettt BY75° to
corrFo& tion of the reflective coating may conprise a

WsF frdude Bi Ryl drfedt¥ or nore pigments to act as the

Fﬂiﬂr ant. 14s ?écﬂél:tl\fe%ﬁffﬁ&y St thé ﬁl@ﬁ‘ern&n'v&ﬁioﬁ AR at RUdt pafi@1Y&Sated
mted to, acrylic polynmers, polyesters, including

ity e%loraﬁ@aﬁmgyl@fl@tmungﬂh@r Aesisiish fEom R Resdes cpmet he

&%ﬂo%%h Y€mé BéEénE‘ GvERITROA LM RRY theltQn G rmiu?g coQ&n
nbodi ed in a powder coating conposition, an organlc

bmrv eahers paseadtinolaydr vdieeshpdsh depositedontp agarfage. tha Serfhce
Ge%@&th Be c%&{%qae} s%blé Oﬂf‘c@ﬂtaﬁ?‘%mﬂ@&ﬁgnts Bihtﬁe EI%C nF ﬁltvéﬁf%n the

coating co tion can contalin pignents a or ant
Sufatalyineatpthgmenhglifgoroatitpelayee fid @gble wéier fampmgiding layer s
it , I
TR R de? gk BN o 35 SRR o TEH3 i, OEI
anchs next-biding X$ l@bemezmmtemdntmf opacitno As netddletain; “gmkioy” refers to the
i titani um di oxi de, iron oxide,

I nt
gﬁ%?eg ﬁ'{cgflnbaéen ?%1%?8“8%?‘ MRFES and carbon bl ack: as
0d20] as orpatint opicgfemrtcss hessit o @dSratib of theXx&Teplatce of a dry

R A g

ﬁﬁb&bﬁtﬁig&llﬂl}/e@méldﬁﬂﬁ y@mbﬂ QiBdricd Ot Hbk@ANBT SP9RreSluEce.
as brushing, rayin I ppi, oW n

Bt oG S g i DA ek RE B RS efhe

&alinS Blaaid AficerMalibeSiToRRdydritth ek eCtdr@t@AldoGiments of the
spraying in either manual or automatic nethods can be

prswat inpxtioRghpplerd aprEag Ben-hidimg waaime daver has agngecent opacity of
ﬁ&%&&l’%@)o ]Je]fb%ntf, bdcat B mkRegs ﬁfpefclaﬁt, Qaastﬁ'f AR iRt one

(1) mil (about 25 microns).

[0121] In certain embodiments of the reflective surfaces of the present invention,
a clearcoat layer is deposited over at least a portion of the color-imparting non-hiding
coating layer. The clearcoat layer may be deposited from a composition that comprises
any typically film-forming resin and can be applied over the color-imparting non-hiding
layer to impart additional depth and/or protective properties to the surface underneath.
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the substrate often ranges from0.1 to 5 mls (2.5 to
127 mcroneters), or 0.1 to 2 mls (2.5 to 50.8
wWorR@ro#asers). [0118] After formng a film of BEBEUS2007/069101
reflective coating on the substrate, the reflective
coating can be cured or alternatively given a drying
step in which solvent is driven out of the basecoat
filmby heating or an air drying period before
application of subsequent coating comnpositions.
B resipdus bindgisagr thoelenreapern hricnibogiedasropysler ¢pating composition,
B DRSO COMREAb 00 AN 18 iR, RN
aptdomy] ingrediente safablerfonmdlusion lnshqnlmoescoatpoatlmempl@dfaﬁmee
3?(&1012 gre%f)ell Q\QIE iI{ t%g' Itt i I%'l?’lgﬁ)alttl# Jul’fag: ?r?g]g Usﬁ&?as tilcg)s% :l’r?a]terlals
e ref Pve 'surfaces o Fesent S nvention
dﬁscﬂl‘t&dgarhplaﬂfhiealelalywm&amﬁolsmmntdan he goliod tol aqobstiaterigy any

hi di.n r osited .fr
L LR MR AR e A A L
haerel n, the tern1 'non- hiding coating layer" refers to
ating rein osi ted onto
DaEft e o ek e imaEbgsg vy SPapat souine
Mngdobitien 01' tﬁe ﬁﬁﬁdnﬁinﬂerﬁiﬁib Qghip® Bt Schef” dole aPE@FRR to a similar
i nvention, the surface beneath the ngn-hiding coating

%VE’F cqading pppsiEopahdqen 8otBHus QCHIWQ 1t|y£§ aplymer- %Pﬁkﬂ f%d
fdnopar@E1Ys Havin@atoltixekae $82eQf 1095sukR a@th@semeéo‘ilbéd[ﬁ)oze tRsa

127 mcrons). One way to assess non-hidin

el tedespnt ipendpsie idtr%te lAg meghogds foi instegsing g‘ﬁ&@l‘)f gjehness of a

&ﬁﬁﬁ% dep Bgltehrﬁ%rrﬁ wier LML SR TR Bhds@ne@BICfis@
substrate. "Percent opacity" refers herein to

mplading in Ge @W@qii E0AE [CamPpesitoa agflurality pﬁxp@ﬂa@rrqmglwqdl m
R \ﬁgﬁarg(f'l?g Iﬁgﬁl %lﬁt{]ﬁirﬁ ﬁaz%fof @&%o%s u§ efﬁ? tl?ectgl"ﬂp‘%% or gllmess”

Ctafice 0 e sane coating m eqU|va ent
@ﬁqyft ol heklay inglet, CloN.AB @lagpgdm at @smbea B94/nited States Patent

&Sfi fdgtS%B%FCOI Thfﬁ&%écfg 84 tl? att%%’llfjgrtlgﬁ of? Wﬁi]gp[{x% 1&1(: oratleh

gpend on ckness 0
mmdnbheﬁeﬁmmewmﬂanmanwmﬂﬁomhmpemmpaﬂmmmgh@mmﬂm@hﬁspbkn
certai i nvention

% enbodinqﬂ%s of the @reseﬁ i

AT 1 RDAPRCRG ABRRCB RGBT AY B RS ‘éa“b)&? e
apaeiniade 0finoh XRIEE shatofdiq@miaediith asancVAESI Mﬁlummgle

t han 50 percent ness of one (1)
Rt ieas e e Y bl kG Prar G tent s
pi231he refihepickateiruitfoacedsddirdcRe phedentfol Myeths B8 coldr
cl earcoat | ayer is deposited over at |east a portion

ofa Rrprslecisfl B?thcﬂtfa%lld@ﬁ@or%’ﬁ CRRtER GRS fory a|haylér00atrnse

SInGREGIOR TheAY &lntdFoavP @i sd@RRR e hinfik O 2B PIRAS! bhif}
that conprises

compositions, the powder coating compositions of the present invention are capable of
producing coatings that exhibit color properties similar to coatings deposited from liquid
coating compositions. As a result, the powder coating compositions of the present
invention can be used for color matching of coatings deposited from liquid coating
compositions. These methods comprise: (a) determining the visible color of the
preselected coating by measuring the absorbance or reflectance of the preselected
coating; and (b) making a powder coating composition comprising a plurality of
polymer-enclosed nanoparticles having a maximum haze of 10%, wherein a coating
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any typically filmformng resin and can be applied

over the color-inparting non-hiding |ayer to inpart
wa@etiasnl depth and/ or protective properti esP€DUSI907/069101

surface underneat h. The resi nous binders for the

cl earcoat can be enbodi ed as a powder coating

conposition, an organic sol vent-based coati ng

conposi tion, or a water-based coating conposition.

Optional ingredients suitable for inclusion in the

ddpesited depm t@@ﬁ@b@r £o2IAg Cormpastienmtahes R visiplegodorpé fhe
é‘@&: te'd%o&tnl r,s%fnéef I%dgt{h@%ys%a Wl {r ?e‘f’l% Qﬂ%@tolf g resél&'&éh
ose materi a escri eariier. The clear

cwfipoisideiconinedyrsitzes spppfopbelomeen(as d@smbeétabow alatlwcurve of the
[ t i .

SRPACLPRALASRRLAN RN 0NR ACSRRAL By i

gectan iy pemmodi Mcslrveommferwgsm abetpe)susmowbﬁarbamaomﬁmbmnce

ti ng,c osi tl of the .present nvent
e R R R T R D e
p(ﬂy(’ﬁﬂé‘ﬂnb]omal rtah@iarttidlze $aving a macinuwtiehaae pf L(]%,lshctlythﬁfthe coating
nano articles havi

PO B3O8 oh SRSt FBaE Gube P GRA b Yo Ble ST e e ance

iﬂé@mﬁﬁ EPSY mhANi@R tHaO8¥ thSprdiclR@ededating. met hods f or
i ncreasing the color richness of a coating dep03|ted

Wlgth a povide PredatiVARy B ShPsErEA 0 SHdes: Tek rotgilective

SRS, laB1Bask Palisl ddBtedl With RQraRPMREY it QBLohileh SAMRAS at]dhﬁﬁlh@ of
ﬁ%;rallty of pol yner-encl osed nanoparticl es havi ng
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e Q@?ﬁ@wde‘f @éaﬁhg C(grgpdsnﬁn m\bﬁgl S? p(')lg)mglhélcgsg-c%ﬁ)rqgibﬁ{mg

system as described in Uni t at es Pat ent :
Brqdes B8 thpe degtribed herlehnnﬁéhergn thegogang hape PblrfathéBdOfﬁblﬁklieéWS

z\%ﬁu%‘ﬁ !hgllgin, e@&m ﬁﬁ@ f%fsqg % gﬁtg opa péﬂmr a%fd@{] ﬁﬂ]ﬁgd by its

erein a [ ower ue cor onds to a | evel
@ﬁmoaﬁ@@Vﬂh@ﬂne&sww¢budpuhp®geépbﬁmbhempnewﬁnnnuﬂe As used

he@e\ég rHlé Qb “t(f‘gns&{ ﬁ%&g pg(gf? anﬁﬁgghgr {nl aosﬁisfac%rh% S tlgeﬁ &)agl?g is

€ using an rophot one suc
WKBRBIto MeInkkedayg vbes peetd hptugh dreebaing. @mpmﬂngn@bmywcmmmd
nstru

available fromX-Rite

TPRLRR Tt AR Coue SR iy B o nae ik pe- o

st e g niifeona0ho moaf than fU% 8L iewhetapss otoaasit wenan, or, in
decorative coati pasited froma |liquid coati

e L Uy e AR R A 0 S

1NivKe hihit@hsn@kdior) QWIE§peCea trbiilhi SUHP Biokd BRASS0% NG some
powder coating. conpositions of the present i nvent i on

s o JeasiS0%- B ihyeh AES Gaaes el g triy% -+ Phsdorspinpinectea) or

RIRPRETh §8luSd Haﬂg%eagﬁe&Q%tWMQn ﬁ pﬁging @@nf £110Mahbrfdidd o
coat i ng conposi t1ons. a resu ovvder coati ng

E&m@%m@tr:réd@swfupph aSg %%témard Nvé?nl P%usmrﬁ entgrdall f or
€0l BRQTAIE NGpRfre GRALOIRIDNRER AR 8 chifabR Ml A Associates

coati ng
Laboratory, Inc. of Reston, Va.

[0125] 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
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conpositions. These nethods conprise: (a) determ ning
the visible color of the presel ected coating by
wores4d1sy t he absorbance or refl ectance of thRCT/US2007/069101

presel ected coating; and (b) making a powder coating
conposition conprising a plurality of polyner-encl osed
nanoparticles having a maxi nrum haze of 10% wherein a
coat i ngdeposited fromthe powder coating conposition

mat ches the visible color of the preselected coating.
juifagch edleerpativ bl dbis cembe abisgedohimioe ﬂ@rCOPtéfgl dspesititnetcdf byt he
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CRIRRR édaﬁ’ﬂ% 6O sk RYinRA Y iRles SRALAIR from a coating

color i nparting particles of the type described
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PR B <S8Rk rr o PERER R BB TS E R have
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Pt o ﬁWln%?Omﬂoﬁm%P B¢ H@Fen&%%lonr?b“’% C PRYAUSY
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tH YRS pRaEBgSOMi e ICHiR 18 (‘55%0‘1? ﬁp@l@%ngég@gasgpwp@ggq
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foregoi ng spectral transm ssion val ues bei ng neasured
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”%ﬁﬁﬁﬁer %ﬂu SQMHQ9B0ﬁ§¥®®§§%&QE§@oﬁﬁbmdgh;003 usi ng

Il Sphere spectrophot oneter
[R23] i s avdusiralnedhd mgentido ateehe g winR gaxamples 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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ol VQfllaa{ﬁteléEﬁl)ﬂE ?e%p%ﬁlﬁ{ré Pi%Be, %Hcﬁﬁ@éa?stfr&:f condenser, and a

%ﬁatlmmtiﬁe (herticdsvas girtedrioninvies pehe Ea8k3é¢ @mar@@,re of 90°C.
éf?a{llgéJWas g(llcﬁﬁ LAk ?Iﬁxtul%rl)gas %&Iﬂ&{ to%p&.l éfﬁrggé)ﬁISWast &ded over a

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

to 90°C over 45 minutes and then held at 90°C for 3 hours. Charge V was stirred in a

separate flask and heated to 80°C. 3000.0g of the reaction product of Charges I, II, III,

and IV was added to Charge V over 30 minutes. Charge VI was added and the resulting

mixture was cooled to room temperature. The final product was a translucent emulsion

with an acid value of 12.1, a Brookfield viscosity of 872 centipoise (spindle #3 at 30
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achi eve appearances heretofore unattai nabl e through
the use of conventional coating conpositions,
w@a0oritgaaBar |y conventional powder coating conpPGI/UB290%069101

[0128] Illustrating the invention are the foll ow ng
exanpl es that are not to be considered as Iimting the
invention to their details. Al parts and percentages
in the exanples, as well as throughout the
specification, are ght unl ess ot herw se
ol . G117 EX At BB R, 93Dt smpams S P Cshoppne
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vi sceButyhhydfopgpRide € Hi% poieges sobomdl e #3 at 3068pm), a

pH pE€hargédll and a nonvol atile content |of 29.4% as

nmeagDeiegizat wa&d00C for one hour. EXAMPLE 2 3372

Pol ytereiuhanaohNamoplfgoent Di spersion [(0131] Thik

exam&kanda&&mﬁbﬁﬁ:the preparation of a nano-siged PB
thmhah@@yammn&mmeﬁuphgnent di spersion. The

ﬁ)l er si orrl"he mner e% sav5 %9 mfl)(regrl? }lhg 4f5011(|:h%v5193 brﬁci(etaﬂgcﬁleg to an

ngredi ent's LY rati 0s I ndicat ed:
air motor. The rmxture was then pre-dispersed Premier Mill PSM-11 basket mill

@D 7

(

containing 353 ml. of 1.2-1.7mm Zirconox Y'TZ® milling media for 1.25 hours at 1000
fpm for the mix blades and 960 rpm pump speed and then recycled through an Advantis
V15 Drais mill containing 500 mL of 0.3 mm Zirconox YTZ® grinding media in a one
liter grinding chamber. The mixture was milled at 1400 rpm with a pump setting of 19
rpm for a total time of 15 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
cyan (Blue) liquid with a Brookfield viscosity of 356 centipoise (spindle #3 at 30 rpm), a

pH of 7.29, and a nonvolatile content of 28.9% as measured at 110°C for one hour.
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Commercially avail able from BASF Corp. [0132] The
ingredients were m xed using a 4.5 inch Cow es bl ade
W@raoagkmsi to an air notor. The m xture was t hePCT/US2007/069101
pre-di spersed Premier MI|I PSM1 1 basket m |
containing 353 nL of 1.2-1.7mm Zirconox YTZ(r) mlling
media for 1.25 hours at 1000 fpmfor the m x bl ades
and 960 rpm punp speed and then recycl ed through an
Advantis V15 Drais m Il containing 500 nL of 0.3 mm
Zirconox YTZ(r) grinding nedia in a one liter grinding
chanber. The m xture vva%ﬂMIPi@:jat 1400 rpmwith a
punp setting of 19 rpm tinme of 15 hours.
The progress of Idig hleiTyeg egptand by V|sually
rving [ I8 of
RIS s o B Ags b g E’ﬁ%ﬁmﬁ%%%f‘e%é R Barer.
@hmacgdorelmagamsta a@d&dt (hsq:d;rsudme Tihe gispdrsing was peparel fnas the
r dded in two
Eqﬁloa’lngtn%mgreeo? "ﬁgr?ﬁl?{lust 18§1% r‘?"ﬁos 1?%§€fdapr oduct was a cyan
(Bl Upjgrédienits d with a Brookfield viscosi tWeig‘ht@Eﬁms)
ceny ,,,,7,'77,,,,,,,,,75,j7: 20 rnnri a nH of 7 and {a
non 2l of 28 9% aq m:aqmpd at 11()()(‘ faor
one B@M?re@%ﬁm@s@npéﬁww@? hane/ Nanopi gment 4f82sper si gn
[ 01BB¢iomke¢bwastanpl e descri bes the preparatidiW4ef a
nanpHsdre@dn®@R nk@®1 gbemd8rlidone magent a pi gneh#6
di spBR $2Dpigm¥e di spersi on was prepar ed fromb.he
f ol | shwillag ONK (Shed ChEmicagreyi ents in the rati&s4
i nd gnﬁ%n Commercially avail able from Sun Chem cal .
[01 ionin@ wigt edi ents were m xed using a 4.p.4 nch

Cow €BudI R pakok R TR, hQuedit BldkioMPT O | The Nxture was

t heNcRE S QISPET Sed Prem er M1 PSWITI basket mi i
confBLh; g ML Of 1. 2= I 7TmT ZITTOMOX Y123 ?Qni g
med g 9t arﬁm%nlﬂi’fl%ﬁ}ffatgt 1600 fpmfor—the mx pigdes a d
960 T pUnp.Sp and—then—recycted—{hrougt

diurh bRulfire. bl dlle-
Adv~$‘(5} URbE at s C%o“}t a-A-g—500—+tk of'8833 diii

mvll% allal .fI'OTa un 1(& .

erconox (\) grin 'a in a one liter grinding

Wddhber . ‘fhe mgr@dmrse’vmsnwﬂ lupiagla 485 inchdCovflpmblgdetatiached to an
@ﬁlgigto? elthtelnﬂgtu&fwa]s%herngﬁq% Pl@;%er?edtP%n%L:r ﬁ/ﬁlf'FSI\gflé ]ogslégpﬁﬂlfl y

progress of the was nonitor y Vi sua
abserivg Ay whah géd %mmﬂreonoma&mmmg/medla tfdrilrd Haursms 1040
TP % DL S PSSO L B P BP0
¥is Draﬁﬂmﬁl aoinnaitiess00@hanHy@3 hint med’(f 2@ grimdingonedia in a one

Rt ek R W WREEas R 1 B0 BRBet i B sGpe or 19
gantor paitg @m(e&ﬂ i1 Rebws.#Bheiro@Ehss fop (e, mifling 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
magenta liquid with a Brookfield viscosity of 28.1 centipoise (spindle #3 at 30 rpm), a

pH of 7.61, and a nonvolatile content of 28.2% as measured at 110°C for one hour.
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pH of 7.61 , and a nonvolatile content of 28.2% as

nmeasured at 1100C for one hour. EXAMPLE 4 Preparation
w@Ro0RPa¥der Coati ng Conposition |Internedi ate [ ORGBPSZ0NT/669101

exanpl e descri bes the preparation of a core fornula of

dry materials used to nmake the powder coating

conpositions of the subsequent Exanples. The core

formula was prepared fromthe follow ng ingredients in

the ratios indicated: Conmercially avail able from DSM

Resins. 5 Commercial |y EXAMPREA from EMS. 6

Conmrer ci al f’r)épaqytﬁﬂnl@?h@d&@gﬂu@%&&bs%ﬁ lﬂt&ﬂ{edla?e

Conmer ci al Ty avai rabl e from GCA Chem cal .

Od3Fler ci allhis cagaple dedcabdstiomprepasatioant a c@e @amtrbtr@ e thgterials

B A RO B R ERITR 51 AU S o

pllameas pre[oﬁ&dSﬁ])mGhnmtm\emg mgteduamtsgn\lii&rrethsnmm@d [ n a

~Arhal Pl andar 1. 000 RPA
\Jllcl I C L Ul J. ||| ||ulc Cll LUUUVU T\Iriv |||c |||W Llll
eig t

wels COmBANGRY rﬁé’é‘iﬂh"t"ttﬁ ough a Coperion WeP BEARE PY
cag-rotati ng twalkc PeEERegt ruder at a 340 RPM sqgriew
spgeed and an @yg3asshorque of 30-40% The extruger
Wasy equi pped Iy\gs;n@log,pL%()gbessure mjection systgm and

fIVF_I_ﬂ'dE'p'E'ﬂVUi? 7tenperature controltedrzone as
d HI PPN - é&bl}ﬂ 4 p; Niglal Ia sl Dot 4+ b()'7
I'TocuU 111 C BEdl ©S FUDIT STICTU Fal ©fIl 1.2
ﬁb: ANt T Ao R AN19072- "'NNE/ N2121EC0 A1 and *
prroeat it uris UU#Q ltd.\)"i'LO, LZUVUJI VL1 Z1I9INL [¢1 RV} 1
2 H /| 0212171 ow 1 ve—i ndonendent v+ ar at 3:‘\
\.47.}[ U L Z LT 1] 49 \"AA Y 1 IIUCPCIIUClll 1 _y o |’JC| atc C
coHirolled zmﬁg‘é" BiHe controbled at the fbitow :]g
r(g eraturest: lw\ﬂagqo 600C; 7nnn 2 1200 Zong 3
fperat-tH - 4L 401 .
13dbc. Zone ATrans/pglzqum@Qﬁlge - 1000C.__The extrQlat e

waslO upitihaXida Ca mechani cal milling 4t em
toscéonﬁréfctailﬁv@la@?f?@W%%t 28 to 30 microns.

Om_gﬁu e &Egﬁ%r Lemoved and conponent 10 was
added, .k E}E akhen of Powder Coati ng
COﬁmsrLetciamrhsaﬂ[a@le%?dcﬁFm powder coating conpositions
\A/efeonpmeepaya@dlabla'ﬂfmctlmst powder coating conposition

r%?l‘:@ parleevafable freh Beerddempesi ti on i nternedi at e of
Exa

@erc|4a1 Al ﬁ%m %Peﬁﬁqé’@tehage/ Nanopi gment Di spersi on
2. T
Bladrsr ehataivprah RS EorBoER6 S kb SRR b} Riue a

BaRMNe. Fhemn e was then extruded through a Coperion W&P 30mm co-rotating

Q
ale
~é

twin screw extruder at a 340 RPM screw speed and an average torque of 30-40%. The
extruder was equipped with a low pressure injection system and five independently
temperature controlled zones, as described in United States Published Patent
Applications 2005/0213423; 2005/0212159A1; and 2005/0212171A1. The five
independently temperature controlled zones were controlled at the following
temperatures: Zone 1: 60°C; Zone 2: 120°C; Zone 3: 130°C; Zone 4: 120°C; Zone 5:
100°C. The extrudate was cooled and ground in a mechanical milling system to a
particle size of about 28 to 30 microns. Oversized particles were removed and

component 10 was added.
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m xture of the Pol yuret hane/ Nanopi gnent Di spersions of
Exanples 3 and 2 (weight ratio of 95:5). The

W@ oovpo#i18i on i nternedi ate from Exanpl e 4 and tP@&r/US2007/069101
pi gment di spersions were m xed by creating powder
slurries. The slurries were prepared fromthe
followng mxture of ingredients in the ratios
i ndicated: [0138] The slurries were prepared in half
gal l on netal cans equi pped with a nechanical stirrer.
Each of the powder conpdEXAMEBAE Here prepared by
di spersing t hepcomnosiol pQPad: HoeEMRdndcSiighs Exampl e 4
in water for five mnutes to credate a sturry; the
WildAent dilspaosidomyaive @nphsomddedprepared elhelfustpgweerd

' 1. ' T . :
L s 7 P b 5t (ol GG ERAUERS bR hmpte 4 and
the Pulyerthhie/Nacipigaredt Nispersihn ofMemnipddd. ithepacad powdaicnating
the slurries ner e t hghn CpI acetd i.n a vent iﬂa]:?t ed1 tho and
ATRSWEA" 8% P OO 8 KO TP I T RSB e O d PR poiér s
weit@e bhéa Pols e/ Nauipidnivat Dakdrsignpamsaapds @xiid 2dedeht ratio
usj| n APV MP19PC co-rotati twi n rew extruder at
et Bsowpdlyrapenting i ah i gnd fs R ap dgteson
Wb nlir byl dielBRL peledt kirreoNThodlhigits &0 pFepied &om the following
controlled at the foll owi ng tenperatures: Zone 1:

BotEe oggredisnts iy hgFpHios Adifalcd: - 1300C; Zone 4 : 1000C.
The extrudate was cool ed and 0.01% of Al umi num Oxi de C
was added  The resulting powder was then ground in a
Gemperinéal nillinhg sySEMMRleSA part|cle dixampgSBbout
25-30 mi crons. EXAMPLE 6(g¥aBXshr ati on| of Whetdram®140]
The powder coatings from Exanple 5 Wwere applied to a
Toygiat Taconma al um num wheed (18 inches). THE.@l uni num
DhiemkzedWstepur chased commBtlcial ly and was al 18ady
Exaipped2 W t h a standard wheel coating. The c@ali ng was
Femplesl and the bare al unirium was c| eaned anid9

pol i shed. The sides of the wheel were covered wth
alumnumfoil to protect against overspray during .
WddRler apdibe slgeries wereransted TRl gallop P& ciil sayipRggavith a
peahgRiedrt0 FRAUPORLE fowdel ESBRRIBhIWES Prephibl 8 di@]ﬁéi‘ﬁhg"ﬁe
t he wheel was nounted vertically on a spray rack in a
aEmopitigh B¢erapdialy obBEmRle FHeWHeWHEH VeoBEChlp qreashg slurry; the
]ﬁéﬁ%ld‘rzsgglgio}g?%e £ ltl%cr‘ltaﬁ@fﬁittékﬂecsﬂlné/yané R 848 6r @Je gmhlﬁl@s. The

outer e the wheel face so that a gradi ent was

drisiat werewitvarreud irsa iyt hebiag parg: (haplorpXeniwed et@eends inch and
1. THR ' L l.
WIJI&Q %alél?%%d}g? Ig()erg&lm%lg Eﬁ‘ﬁ%ﬂlgr?es%eré ﬁllgn mge% in Qggntﬁ]:ﬂed hood

coatl ng was a e center o
and allowed to dry for 16 hours.

[0139] The dried powders were then removed from the baking pans and extruded
using an APV MP19PC co-rotating twin screw extruder at a 450 RPM screw speed and
average torque of 50-60%. The four independently controlled zones were controlled at
the following temperatures: Zone 1: 60°C; Zone 2: 120°C; Zone 3: 130°C; Zone 4:
100°C. The extrudate was cooled and 0.01% of Aluminum Oxide C was added. The
resulting powder was then ground in a mechanical milling system to a particle size of

about 25-30 microns.
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t he wheel. The coated wheel was then baked at 3400F

for twenty mnutes. After the bake was conpl eted, the
wob@eh40ds al |l omed to cool at room tenperat ur eP€DUS108T1069101

m nutes. The wheel was then vertically nounted on a

spray rack in a ventilated spray booth and

approximately 2 mls of the powder coating from

Exanpl e 5A was then electrostatically sprayed over the

entire wheel. The coated wheel was then baked at 3400F

for thirty mnutes. [01E¥AMPIE 6t he bake was

conpl eted, the wheel \We%aﬁlbl%&e&%ée‘? cool at room
tenperature for 15 m nutes. The wheel was then

Wa4Qli cal | Yhapowda doasimgalrap faymplaSkvdarpapplivdtotd Tayp@dlacoma

AR AR Ty Salb SRR B ERAR oy an

wassalteh@ymoateé etithestaatlard alhkgl cogingy dtle oaaa‘ng Whereemrédr and the

at.ed at 3400F
ligaée %Hllll u{nywarﬁ EeaP Sand[palij\%? Jl{.lﬁe s@e(.s) gF &lﬁ dv 8 v¥eﬁe CVRISE| with
hhidoii fed t@proebigaigstadespmty th&ngl m@déﬂapmlmloﬂl et around

IR R e E R R ke RS i W AR

kuhd theviiead Bodni@ verieid mgp'iayda&clhlab@ﬁtﬂab@y@ay booth,
w t hout departi n%af rom_the broad i nventi ve concep
Qugler coating oy hyanile sBavaselserestadiraly sPryed %IH‘P%the Ou“’r edge

bNHERhéePhck §0 mata gracﬁan{t eds tRabiehHB ﬁ%b%'c@ﬁtm%"{%%xmﬁﬁlﬁ§ 2-
disclosed, but it is intended to cover i cati ons

dRilehwasraepligdian ihs cdgreofdn Whael acrosewiig o apilisd at the center of
!h@ V2Rl 9Re c@ReddfebNgd dh daki&i a@@@@’ﬁ‘i’&‘jcwgﬁt? infTBuE AFAHM
. Areflective surface at |east parti al coated wth
'aakf: M Spapletad, thd \ﬁlne@bW@SoﬁkOWﬂ@ toegenl 4§|r<tqn’n @nmer@nm k9r fepymiggtes.
heemgg tﬁé&e%ll;f %Hrcf'tg@{)t? ra)} lg.El?gl acv%ﬁﬁlafgg ¢1r§y booth and
eposite roma coati ng conpp03| t1on conprising
poroxmeatels Fohibsd dhe(mlwdpn qonplw firpm gixgpaple S&lves thenlebca@pstatically
I hi ¢k 0
b PR RR R e Bphdnle WL REPRSET 3o Al
mimufeace is a reflecti ve substrate 3. The reflective
surface of claim1l, wherein the transparent tinted
g1 ng i e P
R0, | PRSNGSRS oy o
whpemiure foh &S pmm:ber Toowahéeah g/as:mamwmalla mdusgtefl on gspkay raoknin a
S B RRNS SR T E RO P PR R b B16 7
(cohlyﬂmﬁan@m&iumedrum {ndmaei) iwag thea eletedsesicdyrsprayseover the

g tire wﬁee??ace The coated wheel was then baked at 340°F for thirty minutes.

[0143] The coating on the wheel exhibited a color gradient ranging from violet

around the rim to light blue in the center.

[0144] 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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encl osed by a friable polynmer. 5. The reflective
surface of claim4, wherein the color-inparting
w@a0rirglieés conpri se nanoparticles. 6. The refl|RC/US®07/069101

surface of claim5, wherein the color-inparting
particles conprise an organi c pignent selected from
peryl enes, quinacridones, phthal ocyani nes,
i soi ndol i nes, di oxazi nes, 1, 4-diketopyrrolopyrroles,
anthraﬁ%rlnrdlnes ant hant hrones, fl avant hrones,

ones, perinones, pyranthrones, thioindigos,
4, 4" -diam no-1,1"- dianthraqui nonyl, azo conpounds,
substituted derivatives thereof, and m xtures thereof.
7. Theraflettiectilye aslend poealbyf cogled ivith4, rapkrareal nnteheoating

i e
A e S e AP L BT AL Bl Bl rd
ataliyg emyositiby ccumprsstngrmt}mbmmiomé col8e-inffagingghitielet,iwkerein the
erein the polynerizable

“3ﬁ?%@?€ﬁ&g%tyopégﬁgﬁgmis wat er - di spersible. 9. The

refl ective surface of cIain17 wherein the

oly i zabl.e t urethan has a
ey b Rt Rl B Tor eI o B B Bt e
fbkewe. 10. The reflective surface of claim4, wherein
t he aqueous dispersion is prepared by a nethod
conprising: (A) providing a mxture, in an aqueous

sedi urfe r@feclive supf@bedrclaRar {hddein ARNARHkdn€liRSd cdatihg isone
or nore polynerizable, ethylenically unsaturated

dapAYied fom HPpRYYASF cqafipg Jongpositigh.ur e of one or nore

pol ynmeri zabl e unsaturated nononmers with one or nore
pol yners; and/or (iv) one or nore polynmers, and then
$ubj éBterrﬁéeCtltresuafarﬁ tclpira 3t wheipig thegromeigiscogtireegomposition is

ﬁ)?rﬂgd ﬁb[ﬁarl d?:o& ﬁﬁiecgﬁl I‘IQII% Iﬁ%%%drﬁ% r—'ﬁ?%&d‘ﬁng

particu dm xt u o pol ymer - enc
eutides, whgalmtthmrg)lpwternclb@ color-ir(yRytinyr pavticdis egmarisyipattigres ,

&ngaiﬁqyﬁg p?ggwynr of (i) color-inparting

pol yneri zabl e ethylenically
unsaturated nonomer , and (|||) a wat er - di spersi bl e

gglr %ll e é%t?e%h?e s%' gg (g; 4 \ggerelgﬁ% clgg?)}lﬁgarou% ]I%aé c?% com%nse

ednbydrediescal |y unsaturated nmononer and pol yneri zabl e

di spersant to form pol yner-encl osed col or-inparting
particles conprising a water-dispersible polynmner.

6. The reflective surface of claim 5, wherein the color-imparting particles comprise

an organic pigment selected from perylenes, quinacridones, phthalocyanines,
isoindolines, dioxazines, 1,4-diketopyrrolopyrroles, anthrapyrimidines, anthanthrones,
flavanthrones, indanthrones, perinones, pyranthrones, thioindigos, 4,4'-diamino-1,1'-

dianthraquinonyl, azo compounds, substituted derivatives thereof, and mixtures thereof.
7. The reflective surface of claim 4, wherein the friable polymer comprises the

reaction product of (i) a polymerizable polyester polyurethane, and (ii) an ethylenically

unsaturated monomer,
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11. A reflective surface at |least partially coated
wWth a nmulti-layer conposite coating conprising: (a) a
WO peogti4tisansparent tinted coating exhi biting aP€T/081007/069101
color; and (b) a second transparent tinted coating
deposited over at least a portion of the first
transparent tinted coating and exhibiting a second
color different fromthe first color, wherein the
first transparent tinted coating and the second
8.r ansPwrelfactivg wrleer of g dgwharein thepwdiniasidaltile potyegter
' : sht o conpri sing pol yner - encl osed
g%%%t?gngggglg%éh%%gﬁlgl es, and wherein at |east one of
the transparent tinted coatings have a plurality of
hi c . e seflectiv r . ' 1,
her ol Terg i pealeer B A U B AR R bR et
palpstthatedhas 4 Beightweragé heketulvewd gt fof ¢@0QT to D ADMekins per
wherein at |east one of the first transparent tinted
at i ng and the second transparent tinted coating is
deposited froma powder coating conposition. 14. The
flegtive surface of claim 13, wherein .the powder
WGt i/ reGiessT RO el dr WhSHRIh (5HOLT 5 JoBRSRIBY 1 prepered by a
RGPS EShFRingoNpri si ng pol yner - encl osed col or-inparting
particles, wherein the pol yner-encl osed _ _
col or{&y H’E?éﬂdt“?gr?gn“d‘&’rr?’i”é P‘é%qué%‘}fﬁ?qdé"én’ p?é fY PUPIEPRIYAL 0s ed
Rhoparfiélea ) @nP 6l MOBpolyhrizable cth@khieAlyl whGatSidfch RRoMbrs;
claim 14, wherein the color-inparting particles
i (iiig @ DR HS PAPRG neye P‘llﬁmeﬂ%gler‘@%t‘éfétﬁﬁi engers HéB ogg or
fbRi PByvhRrs; wheseiw ohd&: Gk 861y R4 dd! G dﬁﬁj‘é&tin%'tﬁesadmixture to
conpri'se an organi ¢ pignent “sel ected from peryl enes,
igh pieasy sheareaditiphtip geausparficrpé 8n aqusensiarsiyny ksparticularize the
' j - di rrol es,
o e A TR RSkt e,
i ndanBhpongsg peximonesn aquyewmddiones (i) ¢didrainpditigg particles,

A e
folymdriveble éfspeednit;fernsng thaceloofmmitaigmpadidles whe naniopartities; and
friabl | . ' h ti duct ..of (i
RO e s BT P B R e By P e R R oo
ki pbBhicc-ahdlygediogativipatiad paoitieseimpribihg a WigerfdidpbBibld ve

squrface of claim 17, wherein the polynerizable
BoYYest er

11. A reflective surface at least partially coated with a multi-layer composite coating
comprising:

(a) a first transparent tinted coating exhibiting a first color; and

(b) a second transparent tinted coating deposited over at least a portion of the first
transparent tinted coating and exhibiting a second color different from the first color,

wherein the first transparent tinted coating and the second transparent tinted
coating are deposited from a coating composition comprising polymer-enclosed color-
imparting particles, and

wherein at least one of the transparent tinted coatings have a plurality of
thicknesses.
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pol yuret hane is water-dispersible. 19. The reflective

surface of claim 14, wherein the aqueous dispersion is
wW@e@pasmEsl by a nmet hod conprising: (A) providi NnRBCEHUS2007/069101

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

nanoparticles, (ii) one or nore polynerizable,

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

m xture of one or nore pol ynerizabl e unsaturated

nononers with one or nore polyners; and/or (iv) one or

Hor e ‘Beirgitashise suglaek aflstanm d Lipyhesain tg rellestivedywiireeyp araflgetive

hivghystress shear conditions in the presence of an

aqueous nmediumto particularize the adm xture into

pol yner - encl osed col or-inparting particles; or (B)

p{ ovi ﬁ{quﬂe% i s)ﬁhldgee fcl r}nzﬁl, \?‘gﬁ‘lefﬁ) Htslegr"(%e%ﬂheq& t(tf‘a)lsparent
color-lnpar{lng pargléTes, ||3 a polyneriza Te
edthd/¢canngcald the sepsralt trangtaeot imadoering anrdpdsited from a powder
maégrédi%gﬁrsible pol yneri zabl e di spersant; formng
ROl e har ti ng particles into nanoparticles; and
pol yneri zing the ethylenically unsaturated nononer and

il S erkc)l{i?%sglir% e{fﬁ:@ﬁ%g%g\g#gehﬁ”g{%%'a%g&rcb%{‘n%'08%%Qsmon is

wahed fréth SPeqiRbi ®spRlionempridfe pdy et dhemsddoldrdpagna
powder coating conposition conprising:_é%) i nt roduci ng
%Pﬁ“‘_él?ﬁu%%Fgmd]il%%\‘fg‘?r‘c?ﬁd(%?edﬁB‘%‘ffEl?aﬁétfcha8§ CB‘é‘P"tlf’le(ﬂa€§letso
Shclls&d by £rPIRPblyRileng dry materials and water, (b)
renmoving the water fromthe product of step (a) to

forma solid material; and (c) fragnenting the solid
Rt erfileflective surface of claim 14, wherein the color-imparting particles comprise

nanoparticles.

16. The reflective surface of claim 15, wherein the color-imparting particles comprise
an organic pigment selected from perylenes, quinacridones, phthalocyanines,
isoindolines, dioxazines, 1,4-diketopyrrolopyrroles, anthrapyrimidines, anthanthrones,
flavanthrones, indanthrones, perinones, pyranthrones, thioindigos, 4,4'-diamino-1,1'-

dianthraquinonyl, azo compounds, substituted derivatives thereof, and mixtures thereof.

17. The reflective surface of claim 14, wherein the friable polymer comprises the
reaction product of (i) a polymerizable polyester polyurethane, and (ii) an ethylenically

unsaturated monomer,

18. The reflective surface of claim 17, wherein the polymerizable polyester

polyurethane is water-dispersible.

19. The reflective surface of claim 14, wherein the aqueous dispersion is prepared by
a method comprising:

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

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

polymer.

20. A method for making a powder coating composition comprising:

(a) introducing an aqueous dispersion of polymer-enclosed particles to a mixture
comprising dry materials and water,

(b) removing the water from the product of step (a) to form a solid material; and

(c) fragmenting the solid material.
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