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)

[0002] The present invention relates to, among other things, aqueous dispersions
of polymer-enclosed particles, such as nanoparticles, methods for making such an
aqueous dispersion, polymerizable polymers useful in such a method, powder coating
compositions formed from such an aqueous dispersion, and substrates at least partially

coated with such a composition.

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
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the resulting coating. Pignent particles tend to have
a strong affinity for each other and, unless
Wgéﬁ%{‘)é{‘]gﬂ, tend to clunp together to form  PCT/US2007/000637
aggl onerates. Therefore, theseaggl onerates are often
di spersed in a resinous grind vehicle and, optionally,
agglomperaand sfdydispdriddria aQesifdus peind I ehiglentid o idons g Aispersants
techni ques to break up the aggl onerates. If nano-sized
by prlingr gpading usiag highshgarteghaques te brsak upithe agglpmerates. If

narte i SRR A0 Biftg; BROEERTGE ST PG4 Bpgin e
desireyt phnicle gige.particl es ranging in diameter from about

0.02 to 2 microns (i.e., 20 to 2000 nanoneters).. )
[0084h1 oner Rignesmts andzfiliess usyally persiit efsqliskcryigalbng partigles ranging

. ' ' and .filler terhal s (such .as, carbon..

in QRS S pPURIPO0Z 182 hitrbit Bl RS 2OF oo iehetor adelispation

is sBseFiBl@priobRInY for BB sised patifle PpliGhents MibhilledeeRHaADs8ch as carbon
di spersion of such nanoparticles often reHU|res an

blarlgop diartenlar heeause these rasepartioles haverrrelasinekyllarga sunfage area.

ol S e SR A P o
res[roQ blind Déhi¢le @B @BE @ispdrsnt €dlefdct Be-h £M6MmErafibn RS td Y Pent

grind vehicles and di spersants, however, in the final
subseguenhig-aggipiaer ptioroef thenanepadisiesi nental to the

ul tan i ng. cFor .ex le, ~high | evels of
(08988 e 5 P& BRERL oL SRIAERI o of itun 150 PP ape
disp&sdits, heiweyerpin thé Enslesulii @édmpoRaiontdn bAUS®ImeneiTeo the resultant
resinous grind vehicles, for exanple, acrylic grind

coajiggi Epeexample highylevels ef gisperpaats have deemignayar toontibute to water

. b j . doFlexibiLity.
serfRBE T HENo Rl @3rfil. RSt MERuPi (B, ko hanls
acryki¢ pontbvéhigless cof negatisély ahpsct @6 &ingf feefor@fe pesperteGhich as chip

coating conpositions can greatly reduce, or even
resistangg ard Bexibiley. use of organic solvents that are often
din blLoui ti sitions. Wien a. powder
(0083EY, 1 BEAhSoRRTl PhoSETBET) LR ol ioBF BFES oty

subk@htas hle® ¥R desited] SuSh BbARE cBMmposiBohd @nTHRI9¥EEIcBIor even
environnent. This is a significant advantage over

elimingte; thesaof ergaeie splysnts thas arej afteptisechindiqyith¢aating compesitions.
' ' o di .at ) the. ..
WHen a\i)%k&%telé écﬁaglgg ?brl%gggfﬁ;or? férc{lf)eérbarlyh%%%xgg, Irﬁgtgé) 1'??%%6%§{étrnaﬁgnal is

coat’i ng nis cure

givemuffdo dessaroendigg biivikneneh THiIOW i grdificaf d@@age over liquid
di spersion of resinenclosed particles, wherein )
coatigg SePeTHHERE N Ahigl orgpuc selventds velatizedinigithg sustpunding

atrﬁMgf)l?JPe when the coating composition is cured by heating.
[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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may be suitable for use in preparing powder coating
conposi tions. SUMARY OF THE | NVENTI ON [ 0008] I|n
W@é%ﬁ}?ﬁlsi‘ espects, the present invention is di PEEUSHG00637
aqueous di spersions conprising pol ymer-encl osed
particles, wherein the pol yner-encl osed particles
diré@spto gevdertbatitigednpositiopEebrrisind $uchpbBmiteleno®Eed pditcles,
present invention is alsodirected to powder coatin
substratss 8t kepy partiadiseated Withsuempewdsreeatingrampnsiions, and substrates

[ , trates. at |east rtially coated wth .
ot BB pfafS cp MU it e dfing G RL Fded b coating
layeeiddepdatet ifin Yuchaiowdlieyeddling ctrmtpbéitibﬂ.yer conposi te

coating wherein at |east one coating |ayer is _
[08698bosi t edn pthendespasts, theypsoagat inyertionrs disesigbioi métheds for making
0009] .l 1 h spect the present invention is
an g0t 8PS oHa RBERT SPORSNE A afsebEsdh<oBRrss o
providiR® h WTRfuré; ik h@ 8QfoRSmediGhe Sf (a) PartiERi h®Y & po RARIZa8le
1) providing a mxture, in an aqueous nedium of (a)

ethéfb@niqaﬂy elgs—ag(myed anqmnmgﬁz(e}ﬁ waf@t-ld'gsp@gi@blfamlymzrlizable dispersant,
.. ter-
and (5 SR TG S lepichlly wh B ok AT bbefrable

dispéreatit @t foia polyBs@icisad paktioRe esmpridng a Mkt BRspersIt Bolymer.

di spersant to form pol yner-encl osed particles .
[0M8hpr i si Aryothenrgspactsdthepsesenbingersivnyisidirect¢do 1ogtheds for making

t resent inventdon i.s. directed.to
ol EagSRR T R TR TRER conBYSEL Hhlifing ol h in
aquedtiH BR8iue) B (d)partlcles, Q\ﬁooynmzablmemwx&an}yrﬁn%rated
aqueous nedium of (a) particles, (b) a polynerizable
mogprgr, apd €A wateindisparsibleaqglyraerizable dispersantc {2)polymerizing the

et a7 LSRR EeR rtorB Ry B bEPRs TSRS Bl bAb spAausays
dispersioARbmpabing pdiyaRelencloted sarfiedRoMpratisern steAHEPAEBID Riable

conprising polyner-enclosed particles conprising a
polyenes (3 Hrespwing Water fromithpaqueped disparsion B) formrapelid gnateriadr

. . e o
cobThE OF FANREBROR TR shR ) ol i 75 o
[0011 pgent Inatheh@spedts] the Pdsent iabentioR slditdctddto @hdidds for making

respects, the present invention is directed to nethods
POWEG CRAISIPIIRARHIONS eoraPTisiBg €0 npoeducingrie ar extrdes (a)@n @agyeous

aisp iR Y RhBhek 3B Bl ) BRI hRRERR L Pna )
in the exthdsndBndevioldtiliaiig th&blehd té foementektidedte; (B}Séooliné the
devol atilizing the blend to forman extrudate; (3)

extgyigle A ¢ anilligtheietteidateie adayirednarticlgsiene extrudate
[00t1 9 2 desy{ & &ﬁértxjeéﬂegts,st'hé ﬁresent invention is directed to methods for

increasing the chromaticity of a powder coating composition. These methods comprise

- =

including in the powder coating composition a plurality of polymer-enclosed
nanoparticles having a maximum haze of 10%.

[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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[0012] In still other respects, the present invention
is directed to nethods for increasing the chronaticit%
W20/ 038 er coating composition. These net hod8CT/US2007000637
conprise including in the powder coating conposition a
plurality of polymner-encl osed nanoparticles having a
polyacr-RHeloszafinopari&l¥s hdvahd 3 makimyifithafd SET0%, SERE6H 2. cohtitgs
present invention is directed to nmethods for matching
depqsiied pwy thg poyderrcegingeqrappsitian matchesdhe vigibiealerafi the
i osited froma |liquid coating conposition.
Pﬁ%ﬁ%@g@%%ﬁﬁ%ds conprise: (a) determning the visible
[002a) or of ThB@reRemIRVEREibR K ASPdirdtEedy WiR@SHEPeREbleNolymerizable
absorbance or reflectance of the presel ected coating;

polyasier polyuraibprgs compoiiingtersynaliethylementlyinsataratesgrpupss i Thg

ral ity of nmer - encl osed nanoparticles havi a
pofuBif PR Rl Bk B PSS Pa: B o
polyB&ersoMis! ﬁ?‘; @ pbiyashike) (HAShhteAN mtrfgfhasetm&ﬁaaw WBs&urated

color of the presel ected coating. [0014] The present
group\aad an getiveshysiregen diroups ardi(e) @ material havisg en eridifanctional group
I rizabl e po st er pol yuret hanes conpri sing
°r$§Pﬁ$§%Fm€?h§?§ﬁ%¥ °£V1€%§Bturated groups. The
pol yur et hanes are prepared fromreactants conprising
(a) a polyisocyanate, (b) a polyester polyol, (c) a
pol yanmi ne, (d) a material having an ethylenically

unsat ur at 1% ";” Q&S)EWFDEIWE .IL” and

(e) a rrat rurTtet \YAREeN! yruu Or

[oeashydri dﬁom&&{és @ﬂtHe\tBlléw%%@gﬁﬂe& aedAptidA T3k k&b understood
DESCRI PTI ON THE | NVENTI [0015] For purposes of

that the invsntignimiiy agetmg Yasi@us akernatpie vaniations and step speuences, except
: hat, t i nyenti may assu various ..

whit PRSP Seleliia bitfe Ry IPeel™. At Hon 1Pty ipparine
 exdiifles; o wRERTherwsReRditdted] allqubibRrsCXptessihy - foMNaBPI& quantities

other than in any operating exanples, or where _
of iperediaptssused indihe ap@mt?caapn an%nbensmex@b@smmood arbeing
quantities. of dngredients.used jn the

moffR8R F (AR AR e BB A s i ateaga g,

corliRgy, fthegurhétical parhnstery\eeforthyin tiefolI6WMg pBQHEation and attached
Accordingly, unless indicated to the contrary, the

claimmase pproxipaatione thet may seryfdspendingiupdnethé desirsdipngperties to be

b ST bl W ARG 20 pusiy Hralh abd oS A0pERL 0l e
apphieatidii 6ff th€doditiné HeqRIVaTRR toithy ﬁﬁf)é 8the Mlairh§@aMEh¥merical

| east, and not as an attenpt to [imt the o
parameter should at least be construed in hight of the number of reported significant

digits and by applying ordinary rounding techniques.

[0016] Notwithstanding that the numerical ranges and parameters setting forth
the broad scope of the invention are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. Any numerical value, however,
inherently contains certain errors necessarily resulting from the standard variation found

in their respective testing measurements.

[0017] Also, 1t should be understood that any numerical range recited herein is

intended to include all sub-ranges subsumed therein. For example, a range of “1 to 10”
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application of the doctrine of equivalents to the
scope of the clains, each nunerical paraneter shoul d
WQR0US033454 ne construed in |ight of the nunber 8?“‘152007/000637
reported significant digits and by applying ordinary
roundi ng techni ques. [0016] Notw t hstandi ng that the
is inweedd wahcludOgesubandg@tictneinaand SRdINY thoretited Mimum value
br oad scoPe of .the invention are approximations, the
of hawbﬁliedml edanaxdmumetalfenfi 19, that mhbavsrp&@nnmlmumm’rm equal to or

d I
Brefief fish ﬁ%@%\fg?’? U aEo yRALRRE S i ) o ervor o
T AT ARG R SR -

"%ﬁﬁ I toigﬁ%m, y nge

re |SSekts gmealyﬁﬁil ;ég?lsﬁagﬁgg%eggdl ncl ude ,%'F lffd‘ﬁ?{l ?lléﬁ}g%s

applichSemeht ddeerf €or?. méams “enddofilvalesaspeaifipall pbtated bthieawisd, ¢ven
i ntended,to include all sub-ranges between (and

thoppy AHgymavthe expbiciflyysed MickTANVBIEES 1 and the

recited maxi num value of 10, that is, having a m ni num
[0038] ue eqdaiPrevaousty mertianed, eerain embadimentsrakihepneseatiineention

arefreFRYTh ol HisPEEe O ok iRl bt R o veodrerin, the

tenﬁ| urspbrsfmd réfetstala tRBGBRATRATSERM 1§|\ﬂﬁ@ﬁ e pHasé BeRudes finely
ecifically stated otherwise. In addltl on, in this

d1v gmagg:ths(mstnblﬁgd threughput »gecond phase; \almg}p ma cqmmme@lg phase

The Rﬁﬁ&ggloﬁé%{ the % %{rﬁus eegﬁ&ﬁ W@gri; ?rgleo\éleﬁgn»tg IOP% d\%ﬂexﬁn

aqueb@s/memhypraeidbs heedntimiRik phide %ﬂf’ﬂ{édhiﬁéfﬁi&l wfwhibethe polymer-
resent_ invention are directed to aqueous dispersions

Seé@ﬂvw@ﬁﬂéﬁrﬂsm@édp&ﬂlﬁl%g%@phﬂse used herein, the
term"di spersion" refers to a two-phase systemin
[002B] ch ondAspbablereéingcthe tes ‘faueduy”, d‘bqtiededplpme’t I“aqiedus medium,”

pstrib dth h t d whi ch a
andg%ﬁﬁ Fh&gf?e g mﬁ a cﬁ?@%gq%glglé'iwxafwwﬂ@ g W@g‘%ﬁf comprises
reH&YlﬁﬁBil?Wa&frﬁr%brﬁElﬁat%rJ witlﬂ aNh& mAH1 Séu@ﬁﬁs fg\thff tﬁ'hﬁb A inert

aqueous” medi um provi des the cont | nuous phage
orgdms pekvsnto dn lccrtam embodinentsothe rmroancd>fafrgdmp solvent pessemtrie the

nded as e or anlc has 0] used herein,
QR éﬂ%ﬁl@%sq‘aféﬁﬁefes L8 %ISE?%& 22&%5% IRFECEH AP eihgs less
{
R0 AR beY, G Pl s, IS D3R AR, of R e
casesq; 1615@ ﬂtanr?awclght peircent, avitt the weight percerts being based onfthe total

£ e,..an ine r i C solve ..Iln certain
welghE g aispEsiof Nonlitpe Sr SBpES el ol eatnas ¢
prop¥i€ne glycol monobutyl ether, ethylene glycol monohexyl ether, ethylene glycol

monobutyl ether, n-butanol, benzyl alcohol, and mineral spirits.

[0021] As used herein, the term “polymer-enclosed particles™ refers to particles
that are at least partially enclosed by, i.e., confined within, a polymer to an extent
sufficient to physically separate particles from each other within the aqueous dispersion,
thereby preventing significant agglomeration of the particles. It will be appreciated, of
course, that the dispersions of the present invention may also include particles that are

not polymer-enclosed particles.



aqueous di spersions of the present invention is |ess
than 20 wei ght percent, such as less than 10 vvei/%ht
WRABIA4 oy~ in some cases, |ess than 5 wei ghPCT/US2007/000637
percent, or, in yet other cases, less than 2 weight
percent, with the wei ght percents being based on the
[002a] al weilybértain ethbedifeaRStheipanicldyaRat larddricldred B3 apely@er in the
of sujtable organic solvents are propyl ene glycol )
AqQUEOHY S’GP?HSIO@@ pEthe peaseyl iIByRItign yemprippraseBXYiclest Asused herein, the

‘ . , | h -b L .. b
e UGG TE1erIB TS A0 iRt SRR P ess than 1
miérof. TieEértaipehyodifmefRCIhe hatbpantidlésalses in the pRdsentlifvention have an

particles that are at |east partially enclosed by,
avgrage partdeles sireefl I0tnwnameterser lgssesuch@s 300 axnasmaters or less, or, in

ici.ent to physically, separate particles from each

sorf kb DB e R R o nErEBE P B B @penls” Reiicous
dispéreeasbr 1hg pséset ihiéidioh cagl?hmbmeleeiha& R piyhéCdiRfosed

It will be appreciated, of course, that the
andyjthgsefozrs, erpsnab significapilaggiemenatednt i on may al so i ncl ude

particles that are not pol yner-encl osed
[0033} t i cl eFof PMERE]es bfitheqrésennineertiod] awrige pattivde fiae tdnees

that, are enc| qQsed a polynmer jn the aqueous )
e KPS B1OHE 151 SOEH TR HEABET: dBRFYATSRIe, average particle
sizE BAPPRAdtéRlifict usfif 4 BBHbARIRENE AYBE lisgiﬁ'ilffr%ction particle size

nanoparticles"” refers to particles that have an

instivmenlgwhiphiruseca belginr-acaf labaswth hwavel lengthrofi63 B inmc@mestre the

. e di nﬁs, he nangparticl es us d.iq he present -
sz R BR PRBITIN 208 sy die ppcticle e amberical shanss Laothe particle size
{ : .
ref&3 ROTR sRlafleQ sphé2s that JiIF %lﬁ}glel%gped}mg 'ﬁFe[ e‘gdgé"l%élﬁg‘?‘g? g::’lrtlcle

or, in some cases, 100 nanoneters or
siz¢ parcalsd be detembinetl byevissallytdxemang auelecirapaicsogrash of a t he
resent .invention conprise nanoparticles that are -
tm‘%&}lm eleeHangBISEosSoRY, | (D HARS O KEPFesental wriampleefithg

parftgRt MBSk Sthe [Ieetdr ST e PUHIDESHINO Im%geé??rrg{a %Zcﬁlg%ing the

i nvention, average particle size can
avezageqrnary paiclenszaofl the micasieat pasticlegbdsed bm nagedicati@r of the

exanpl e, average parti.cle size can be determ ned usin
TESH e Ot o1 RaRY G0 i et 1 whdeEstanghqyatorprepase gychea TEM
o 8 ' . . i
e e e 4R, B P PRAE I Basfcthich, Fhtifary
particle stzs ofi aparticteerefeas toi the emhldest diametee splesad thahaflbcorpletely

he 'particle size" refers tg the smallest sphere that

enclgie |th%aﬂm‘ﬂst &Sw%ﬁarﬂgé £ HEmp Primary partiglsizgg getprarte the size of
an MdASdaRParfitRO be determined by visually exanining an

el ectron m crograph of a transm ssion el ectron

[ootﬁirt]]g r 0SCORYe {hapEtdrmdBRASe oftnd SREAEEMHA A Cr oA RInG1e2!

generally spherical morphologies (such as solid beads, microbeads, or hollow spheres),

can be used, as well as particles that are cubic, platy, or acicular (elongated or fibrous).
Additionally, the particles can have an internal structure that is hollow, porous or void
free, or a combination of any of the foregoing, e.g., a hollow center with porous or solid
walls. For more information on suitable particle characteristics see H. Katz et al. (Ed.),

Handbook of Fillers and Plastics (1987) at pages 9-10.



parti cles, measuring the dianeter of the particles in
i mge, and cal cul ating the average primar ¥

WQ&P‘{S‘)&? 4size of the measured particles basedPblUS2007/000637

magni fication of the TEMimge. One of ordinary skill

in the art will understand how to prepare such a TEM
[0028Rge anefeideigibm theldeSirdd propérfiePad dnatRtetisAEs SRS Fbs@ant

the magnification. The primary particle size of a
dlSp@ﬁStOin@mé/or epaiing opmppﬁ@osmﬁ the ptesent amgon épprecaating hardness,

sorff resi e il Orceid o SRS bl onf e pdt® pifEfes hay g dgfernt

ave’iii\gdlmﬂllédbdii@é cd@ad’etdnﬁiwyed[ 0024] The shape (or
nor phol ogy) of the particles can vary. For exanple,

[O(fr@nﬁlger al | g‘ht? Bor O,Ia%ucﬁr% R ng%cﬁ% cé pmatﬁe éoqs B%F&&bns of

r obeads ow sphe e use
thegsesear mvelteam dahbe fermeeddivdin polypieticyand/or nani:-pdlyimhc inorganic
gf‘gﬁi) g ted or fj brous) Addi tiopally, the particles

materiaisy Fic Apd/aF nofl-PRIYMGHS QFaanicHRCTIYSHOMRgNite patesals, as

r r a Yee »
e o T ny OF 1 SR s ePherBy Bmkl Bom dengtes open,
e.gudtompriding,” niaire linghagareAs achpimissinichddd thapeedmsdsition or

char ag isticg see H Katz et al. (Ed.), Handbook of
sub;s}ainpeeré \?{g}r adtlistef ‘(ei@@nonﬁonﬁ%& agompositiop spmprising at

leaQqHéas@‘ilé&QdQH égﬁen?se & &sh ﬁ?@gﬁé&ﬁﬁﬁe%ﬁgr non-reci dﬁfiocromponents,

characteri sti e resul tant spersion an
durigthie cgmpositiass foranationf Addiiopalbys an tisddrheedin,i thétef®. ‘Polymer” is
coati ng hardness, scratch resistance, st abl [ity, or

megR); 1§ ERConRazs aligaNess, g docdud q%mlﬁwstakmrteql%bqﬂahpmgpolymers and

Oﬁyowt, ent average particle sizes can be enployed.
The partl cles, such as nanoparticles, present

g the a P | ons the resent ention
I T R S e e et S
pollyﬁh@flg ﬁihltéhalﬂﬁi\ﬁﬁ% Qb&ckb@ﬁé ivbfﬂi@it'tﬁutdﬁﬁ’éd%n ﬁpé]erﬂ@tﬁtmfe'nfents other

organic materi nposite materials, as well as

thamc%tbenesl\’félfeo‘afﬁya&}fsed herefrt; thegfetnn Spol pmeris exgahig masterjals” means

L TR SR A AT Y

mat¥iaB1s bEwaiRh hbed aBstkbomdHepaat uhft bagdd dnattond
conponents be a conposition conprising at |east these

[0028F1 t ed FRORARCBESnicARARAM Js%&ﬂﬁé}elﬁoﬂgﬁﬂssc%r%&xr&%ﬁtammg

non-recited conponents, dufin e conposition
compyumds whareinidid |canbonai dypl,caﬁiﬁbamzied tdn Eseéf and tb lhgdtogemmand often to

"pglynmer" is.me t nconpass ol j goners, an .
otheP S a5 Bl AP MRS RN BBPAUHSHBRLFS HE Fisba grides, the
carbidBg) lciibBh Yisulfide, etc.; such ternary compounds as the metallic cyanides,
metallic carbonyls, phosgene, carbonyl sulfide, etc.; and carbon-containing ionic
compounds such as metallic carbonates, for example calcium carbonate and sodium

carbonate.

[0029] As used herein, the term “inorganic material” means any material that is

not an organic material.

[0030] As used herein, the term “composite material” means a combination of

two or more differing materials. The particles formed from composite materials

-7-



[0027] As used herein, the term"polyneric inorganic
materi al" nmeans a polyneric material having a backbone

WOMSAB3I3hi t based on an el ement or el enents oPREUSEHZR00637
carbon. Moreover, as used herein, the term"polyneric
organi c material s" means synthetic polyneric

gererdlby havie d, hasdnghs atythéinsirface el ydifferennRé@rth@hsrdadrd of the
. natural polyneric materials, all of which have a
interpalasshensiael thapartiele bereatie s sfasar More spegifirs]ly;the suréacaof the

i erial " ' b L

PR S B P 0 REh BB Py By

to, bhéardieally or pHysrhfly amgmg iyl RS tharafétisats 8ding RcRif&ds known
an

. elements as well, excl udes binary conpounds such
inthe afthe car bon oxi des, the carbides, carbon di sul fi de,
etc.; such ternary conpounds as the netallic cyani des,

[003#] al | i c Fonexamp)¢, s, paptivde gamis:, focraed)frgml a m?ﬁﬂydﬁateﬁdlftllm is
bon- t ai ni. i oni ¢ conmpouynds such as_netallic .

cofeh 6Bet gecappypicg pifms wrapers e?@eﬁwav@é%alamoga dicgraposite

parfitlcRRNAAE a sORGZ LS HIEHail %ﬁﬁ)'oahncitngs? Rﬁﬁlrc@s oS ©

material ™ means any naterial that ot an organic
compaosite inzdterifl 0GR (e fBemerd frdmheepramary rhdieridl dhianis' argdpslad er

material " nme a conbinati on of two or, nore differing
en%ﬁf‘ﬁ?tfii“’éth S licrsa o oL e Ry atERALCS RpBSr¢ igformation on
pax’tﬁ'ﬁfgtﬁ béeFhISHINESRdnY il RN forP sg%dnglﬁgﬁl{fﬁédk cﬁ*#lflég,ﬁznd Ed.

is different fromthe har e I nterna
(1998) atipages Ui-2@he particle beneath its surface. Mire
specifically, the surface of the particle can be

[0082Hi i edAsafayentonee) thephrticles avdfuliif thdsresdnt invention can
. Including, but not limted to, chemcally or
inchydg apy Horganahmatgrialy knewndn these Stitablergidlestaan be fermed from

' ' : 1003 F [ .
AT RN A oS 1R o
limétry edxdmpldsad s@dh @fdirip ShuteriR6lcabl dofp?ide nidtal BRIdRs, mixed metal

secondary materials to forma conposite particle that
oxidess meta] gitrides, metal gabides metel sulfides omplebisilieatess metal borides, metal

' 0 ORposi-t e terial s can.be
carBlak st AT Bt AT R PRI MRS pndim gl of o
megil 8¢ isdosh nitride; &spbiclfice hemlinfigigRapldief DikERbNMde is zinc

material. For nore information on particles useful in

oxifg,noprlumiting exavRlgs phsvitablesnized mpis) exidespra @bwaikumfsilicates and
maEﬁéslu‘fﬁ §’ilicgtgsq nglq:lin(igigg g}lan?ptlesooafgs%ﬁab]les in%?a% sulfides are molybdenum
disulfide, tantalum disulfide, tungsten disulfide, and zinc sulfide; non-limiting examples

of metal silicates are aluminum silicates and magnesium silicates, such as vermiculite.

[0033] In certain embodiments of the present invention, the particles comprise
inorganic materials selected from aluminum, barium, bismuth, boron, cadmium, calcium,
. cerium, cobalt, copper, iron, lanthanum, magnesium, manganese, molybdenum, nitrogen,
oxygen, phosphorus, selenium, silicon, silver, sulfur, tin, titanium, tungsten, vanadium,
yttrium, zinc, and zirconium, including oxides thereof, nitrides thereof, phosphides
thereof, phosphates thereof, selenides thereof, sulfides thereof, sulfates thereof, and

mixtures thereof. Suitable non-limiting examples of the foregoing inorganic particles

-8-



[0032] As aforenentioned, the particles useful in the
resent invention can include any inorganic materials
W83W3T’lﬁ4the art. Suitable particles can be f8FHg§2007/000637
fromceramc materials, netallic materials, and
m xtures of any of the foregoing. Nonlimting exanpl es
inchidesilghing £41 BeH, €itaibd, Céri lzfrcGri) MR bgRieMBhghesif 8€3e, iron
m xed netal_oxides, netal nitrides, netal carbides, .
oXigg duminunt silieate, hopernearkide, nitegen doped Hifankne pndieadmine sglenide.
carbonates, and m xtures of any of the foregoing. A
[003g&ci f i c Thaparticlesican ngmprisyfirexahple, aedralof essentially 4 single
. boron nitride; a.specifigc,, non-]Jimting exanple of a
incRgA o uCl as SHGERGelIagal, AGRed o impRG RS Bigh SR or
colfdliA13|rfind] tﬁﬁﬂuﬂﬁiiékid%f Eokidd. Eeﬁﬁxﬂ@xﬁén@’i&? %Qfd%scog‘ll%f’dal
magnesi um silicates; non-limting exanples of suitable
yttngtzaicosia) ¢.8.desllcadad onvingiphensizirabing) hifid ohéx tutea iof ahyof the
di sul fide, tungsten di.sul fide, and. zi.n¢ sul fjde; . .
forpgning:; qrapiinRyedNa Apde Of he tyae yporsy ichat deposited 2 aramic axide of
hed es and magnesiumsilicates, such as
an?/i}é%ﬂrﬁl%{jlite. [0033] In certain enmbodi nents of the

sent | i on.  t icl. rise in ani. .
OB or T NRUGRde PG raferEh SR Rt Pres usea in
thelpResent indastionwah cempsibe iMorgafici riiterisl® balédted FOMPBphite! Mbtals,

I ant hanum rmagnesi um rmanganese, nol ybdenum hi'trogen,

oxiggs; garbides ygjsesrhesides spléides milicaies.icathonatss,| subfates, ot f ur |

hydrbRidet A BBholhisihy PREHAE or X BOHR1 M entloifdtTh e Phige ifor-
limptiviseanthdss dfieitaid inophafdidRs itdhaleafblyb&@luadiddSide, tantalum

thereof, sulfides thereof, sulfates thereof, and

disphfide, fupgstedipdble, agdizinstsulfidso Nanrlimiting gxamplep busel inorganic
- ' i .nar i.c particlesinclude alumna, ..
it PR Aol YRR o abacin T Sl Spch i Vgicutce. Non-
limitge@Qiiplsfisaigablé mefalsanéldes madlybabmis) platinued palladi@hORickel,
carbi de, nitrogen doped titania, and cadm um sel eni de.
aluppygn, copper, geld: iren, sivera#llaysndimiaturesnf any sfthedforegoingr e
of essentially a single inorganic oxide, such as
[0036] i ca i m cantaiménoleddiméntsttie particlasroarpteosedectelr from ditmed sikica,
or .col l.oi dal .. al.ym.na, .titani ym.di oxide, jron oxide, .
a5 Gt G S eatirpecolifat iR iy Gionide, ron
oxidk,ceSiirPoxie, ttriumxid, 6lloidl yRRRI RRBHS, &It zReori)dnd
_m xtures of any of the foregding; or an inorganic
mixjuied of aty ofitbe forpgoing oln agttainrente diegts ithephrticleocqgaprise

co i 5i5h A 3b et o5 RGP eAR RN AERS P st
Oth¥k QST partiol €5 tht 88e §:3Pace MO fiSEsilieHR! GRRA 1§ artRieSritRli$h U.S.

sel ected fromgraphite, netals,
Patent No. 5,853,809 at column 6, line 51 to column 8, line 43, incorporated herein by

reference.

[0037] As another alternative, a particle can be formed from a primary material
that is coated, clad or encapsulated with one or more secondary materials to form a
composite material that has a harder surface. Alternatively, a particle can be formed
from a primary material that is coated, clad or encapsulated with a differing form of the

primary material to form a composite material that has a harder surface.

9.



oxi des, carbides, nitrides, borides, sulfides,
silicates, car bonat es, sul fat es, and hydr oxi des
WQSMS(335¢ | ng exanpl e of a useful inorganic oxPHE’US%“WOOOG”
zinc oxide. Nonlimting exanples of suitable inorganic
sul fides include nol ybdenum di sul fide, tantal um
[003815ul fi dén oticirgmipde) add stithoutiemitigdhe presers invientlén, an inorganic
t] imting exanpl es of usef ul ingrganic sili cat es
partlﬁ{% aErReiromi AURPIEANIF aatetal.aveh Angy e earbige T eldmirum nitride,
e X
(:allS ﬂ)‘{é}oeﬁle}f éﬂléi{ %%rggﬁ%%n 01[1}141‘{0?%%% gtr{:p %glg“l a?#ef{xﬁcon%osne

parficiek ¢h ,anaheundmulﬁnntﬁxgmamﬁleg@ kﬂanelcbﬁlﬁlmgf[idgeﬁﬁ\fvlth alklyP¥i8e chains
and m xtures of any of the foregoing I
carcigferagt widvthe gurkacstod an innsgane par@pléior@mql fb@ngelllectrg@tlc oxide to

provadu%E é}%ﬁﬁ %oﬁ#)&lgeg?art?ﬂg BEJhgé‘ﬁ “E anl agg loé? g%;(:iu}sl}lg)lﬁs 11ude
clad&ingeencassal ﬁF@X b&ﬁlng&ﬁahidlééﬁbﬂﬂédjﬁom%hlﬂlﬁﬁénd’éﬁﬁo‘l)ﬁnenc

zirconja, colloidal zirconia, and m xtures of any of
mafqﬁ@lsrwlé Q’cffeﬁlgg npn-p@bmmcmr@nb@@ﬁnmmtgnals hé& Spa¢1ﬁp obedimiting

<L d abov
exERE0F Sfep B8l hardoit SHUAR TR WARRs B3 fendgtigReric
parltlsl%fdohteﬂ avith @llcﬁ‘ﬁmlcﬁﬂiouﬁie tisdt i @memerendllyia0gi1abld fré@Pierce and
such_as are described in U S. Patent . 5,853,809 at
Stey s frerperation ggByffalo; NYeol urm 8, 1ine 43, incorporat ed
herein by reference. [0037] As another alternative, a
0038} t i cl ehcmntabeerﬁbwdimdnﬁsrtherpmipfeis osadyin it presalt irtvieatiior lsave a

| h
a3 Siep{ie rhardF 1o REVIRG S el Susygare MRS phsheeisaf plats
of !ﬁ@ﬁls #n héNagBtial aHLY,a6ih stﬁin?%roﬂéitng‘(ﬁ Hin (12 sBB&tlhE lvx%af ggn gér?

formed froma primary eriral "that Is coated
Waatsdaopd ingdretreen shbcta puovidiag ilovg shear Btlrﬂ’fgtlt between steets. A non-
material . to for 0Sj t ¢ rrater at has ) )
11m|1|t &ﬁ?ffc Er n{) eég(% c‘erysta rganic solid .
par’tlblé'k hivigg b ﬁ‘ﬁnélfa? 8fRtedeRVE nl'idc‘? balﬁ Rtrh i Ll ij g hféo BQJFEJ ifltfe

formed ffoman inorganic materi a as silicon
present mvgstion. al unmi num nitride, can be provided with a
silica, carbonate or nanoclay coating to forma useful

[0040posi t Bopdinkitig exarhpleSosultable itiferlal S hdvinita RN Sructire
si | ane cqupling a?ent wi th al kyl side chains can

incfyde bproynitdengrepltes tieta dichalcoggnidasomisantale, gmsc.ume keolinite,
cal&gér g?(ﬂmfufxpl%ﬁl@ élﬁfgxt ﬂﬁﬁ\;&ié:an%&?ur%: th@f.e%f” glflg% ur%gaﬁ er

conposite partic
dickaleogenities lmwdedﬂolybdﬁﬂdmr‘djsulﬁdﬁ; @ﬂﬂyﬁc&hhlﬂghwlerﬁdbatdnﬂﬂlum
rticles grrredfromnon polynmeric or_polymeric
!

dispide, tantp vlenife.twrgskeg divshides fupgsten élsslenwaaydrmlmres

thef@erials. A specific non-limting

[0041] The particles can be formed from non-polymeric, organic materials. Non-
limiting examples of non-polymeric, organic materials useful in the present invention
include, but are not limited to, stearates (such as zinc stearate and aluminum stearate),

diamond, carbon black and stearamide.

[0042] The particles used in the present invention can be formed from inorganic
polymeric materials. Non-limiting examples of useful inorganic polymeric materials

include polyphosphazenes, polysilanes, polysiloxanes, polygermanes, polymeric sulfur,
-10-



exan‘pl e of such conposite particles is DUALI TE(tn)
is a synthetic polymeric particle coated wi

W?&P‘}?{‘)ﬁ?ﬁséar bonate that is commercially avail aBFE/UfS?QWﬁOO“”

Pierce and Stevens Corporation of Buffalo, NY. [0039]

In certain enbodi nents, the particles used in the
po@hﬁbﬁ@@&lehiﬂl&ﬁ@ﬂic@ﬂesﬁ:ﬁlﬂ@nﬁtdr@d@dn?rofﬂierfd?‘egﬁfr% Lgekiffd, fidn-

having a |anellar structure are” conpose sheets or
limiting examile of vpasticle fnguqb@mhnamqrggmc polymesic maaterial suitable for

Wit hin.the weak van der

us 1At Aol imieBibL RERBEk, SueE Ay EFbad B ungrinked
silORhVERTY i§ BeBkerciAlyRilable tiond TEHBEPS ificéres TondMMY, B, of Japan.

structure i s a hexagonal crystal structure. |norganic

id pa : ,

[003‘@ k bal F}lhgﬁg{gﬁﬁggrf@ Pso u%ﬁﬂ‘ﬂﬁﬁﬁci ng?ﬂgpéi ese cmatenals
Nomrhmmﬂng @namﬁl@ﬁ)éﬂiulﬂﬁbh:-drgamut polgmerie materalsohclade, tbabine not

materi al s havi ng. | ar structure include boron
limjted to, dg ermosetppgterials ﬁ%%nglrﬂnmn!#ﬁalp@éﬁm lgje Nonrljrpising exaraples of

sulg{éﬁt‘l‘ﬂgﬂénﬁ%hk %Jt&aﬁﬂ: it e @%t%ﬁ]zﬁ%{eﬁe sPai ds Polyethylene

m Xtures t ereo

terefihtiidite quytiutidend tﬁfdphdﬁlaltﬁairwhﬂﬁywﬁmélesn&pht}ﬂ&te polycarbonates,

el enide, tantalumdisul fide, tantalum

polggteﬁggggégasdéﬁwy lgpe, @plypranyisae and nplyisehutane arelic @elymers,
suc?ﬁor <8 ?er%sbt{sﬁ‘?&?ﬁo d AnOQAK aIlEﬂn&?&B%r%lplﬁ ;P@?rﬂsrp Eontaining

rom no yneric,” organi c

meNiaatyilate tpoﬂwlnﬁﬁes;rﬂieﬂsoplﬁistnm’bimémﬁiiﬁsj vinylQfad@aners, and mixtures of
an)éﬁ)étﬁ“ al s .useful in the present invention include, but

RETCEQIREt ed to, stearates (such as zinc stearate
and al um num st earate), dianond, carbon black and
(0048 b ar arri abn-l{lm@ng]exarhelepaf swt@bleéhmlesletinuatcrlmés pcke thermoset

Olbfa\{ JifN SAD tée for rrtedalf m lncor alnl C ﬁ;me“ C

POYRYErT al's PP PR &Pgﬁ‘ﬂ? s nag 1 ETSEani ¢

polpieyamEed ﬁldffﬁix@irbﬁbﬁaﬂyr&'th@ﬁ)r% h@?xﬁé&ﬁ?& ﬂS§-hm1t1ng example of
pol ysi | anes, pol ysil oxanes, polygernanes pol ynmeric

a swithetigrpobngreparticls dorated fram en Epayormateralds an spaxyasicrsigel
of the foregoing. A specific, nonlimting exanple
of[’] a particle formed froman i norgani c polynmeric

erlal wtabefor t he pre ent invention is
l‘"’?gfs pear | . %fiﬂ&lﬁ ef ganya ﬁ%ﬁ? P%‘F%?V Lot W@ﬁ]ﬁ@%@éterlahw@@cted
froftl BARAABES ari bl ol GRBFE ok d3hl ok é%ﬁél% 3’?]‘5 e 135!
OSII% i'cones Com?alrio %Lt dn %ln p ed-pl;l(aar [Blo em
organic nhaserials, weuhpbsitematyrislhend mixtoregafiany qftthy foregaing. Non-
limrirt?rggee{xlafanlpfe's of suitable materials from which the hollow particles can be formed

are described above.

[0046] In certain embodiments, the particles used in the present invention
comprise an organic pigment, for example, azo compounds (monoazo, di-azo, B-
Naphthol, Naphthol AS salt type azo pigment lakes, benzimidazolone, di-azo
condensation, isoindolinone, isoindoline), and polycyclic (phthalocyanine, quinacridone,
perylene, perinone, diketopyrrolo pyrrole, thioindigo, anthraquinone, indanthrone,
anthrapyrimidine, flavanthrone, pyranthrone, anthanthrone, dioxazine, triarylcarbonium,
quinophthalone) pigments, and mixtures of any of the foregoing. In certain

embodiments, the organic material is selected from perylenes, quinacridones,
-11-



Non-limting exanples of suitable organic polyneric
materials include, but are not limted to, thernoset
WEEPBIPESE and t her nopl astic materials. Non-1i HFT/iUﬁéﬂWOO%”
exanpl es of suitable thernoplastic materials include
t her nopl astic pol yesters, such as pol yethyl ene
phtheloepdriies] Bo@dowdsy diok ydisssgthaciscpiphbpddidxaziaes), 1,4-
.pol yet hyl ene napht hal ate, pol ycarbonates, polyo]efins,
diketopprrglopymplesamhrapaimidgies andianthepresatey aptirgnes ol danthrenes,
i . \ B+ Sy
pefiink SRR, Tioifeds 30 SRR T St Ahuth SR, AMLIPR
substtitaderivatiees thekeyf ahdiasxtutdd @isiegd] asti c pol yur et hanes,
vinyl polynmers, and m xtures of any of the foregoing.
0049944]  NoBryldrfdii biiéht€ HéUaRh 8% RhctRilol AR fredAENYBRRIn may b
[ rmPeri al s Iiyylrlml lf;ld%rﬁt her noset prgﬁglestoers,ﬁs?% ny{n est errrsu,1y ©
unsubstityteder substinged. pSebstitutebpergengsapayalst substitneedrap smide nitrogen

atofR b PO, AL PRl RS eE aF alk vk it o 60 TO Cltbon atoms,
an BROYYBFdup of31th 116 cErbbf {am[ Jnagdrqa cRRSIEN ag@f,lgﬁh@l ol S an

epoxy m crogel particle. [0045 e particles can al so
combbinhadrisaherpetf: tSubktetutedqrendehes nuay avatain matethaebecofmhy one

st R A SRR i B0 g i
pref@aOVrh@e PAYRAESE R epired bY B8thBlls R P thb&rt.
foregoing. Nonlimting exanpl'es of suitable materials

m whi t] I .
Od8E 0, EROBRE DAL YRR LA AR RSy be vt
Althaugh @ppsr plkdlodyaninee aferrecre Réadilp \heaildbly) ofePRictd-2ontaining

rgani ¢ pi.gnment, for exanple, azo conpounds (nonoazo,
thgfilpabzaél}nedvgms%{ weh as mamwngwﬁ Omging g¢abaltyigen, ickel prthether
NZii. 07 I Ls QN .
suh R S s ee ARt MGl ks AR GRRHRIE e b suiable
Phthplot felinecpyigmients maylbenagibstaned ofeitidlBrsabstRételd fon example, with
di ketopyrrol o _pyrrole, thioindigo,. ant hrnagﬂ]gl none,

ong SrERerHIBRGaviRg hical)sarbamainms). plkavi faingrleto 10 carbon atoms),

; t : ine o
ral B A o O B SRt ecvanipg gmens.
Phhbot yenixes @ayetityproparéd By hioy €118l metho@Ekdowin the art. They are
enbodi nents, the organic material is selected from_
typietly Pespated by A seagtiondd phthape aphydsdy.rhthpdenitrile o devatives
. | 7 o -
el D TIOAES A v RSN BIRAIRRAMniche
andaant dpaionbl carebgst, grefevabiy inramrseganid selediithr ones,

[0049] Quinacridone pigments, as used herein, include unsubstituted or
substituted quinacridones (for example, with one or more alkyl, alkoxy, halogens such as
chlorine, or other substituents typical of quinacridone pigments), and are suitable for the
practice of the present invention. The quinacridone pigments may be prepared by any of
several methods known in the art but are preferably prepared by thermally ring-closing

various 2,5-dianilinoterephthalic acid precursors in the presence of polyphosphoric acid.

[0050] Isoindoline pigments, which can optionally be substituted symmetrically
or unsymmetrically, are also suitable for the practice of the present invention can be

prepared by methods known in the art. A suitable isoindoline pigment, Pigment Yellow
-12- .



perinones pyr ant hr ones, thioi ndi gos, 4,4'-diam no-
r - di ant hraqui nonyl, as well as substituted
‘VQéWWG%f@@eS thereof, and mixtures thereof. [0B4¥S2007/000637
Peryl ene pignents used in the practice of the present
i nvention may be unsubstituted or substituted.
138Ub s kjrhiHeaitaPRIdEOEMiAFIYoi Rdo e A58 bhbitaelc atidipRéciors.
nitrogen atoms for exanple, and substituents may
Digxpzingqugments (thytiis,griphapedioxazines) a@ asersuatablatoegasic pigments and

kox 0 10 carbon atons and a hal ogen
calté X%{gdgﬁgbeﬁ?orﬁ%)k%wn&ﬁﬁ ¥ations ther eof .

stitu eryl ene contai n nore than one_ of an
[00§HE s ubs&"f‘f‘ﬁ’gﬁ’ﬁ of apheT theith RiFveuslydescabethinptganisartigles and/or
ag{&ﬂagmﬁa&%%b]ﬂg ajetracarboxylic acid are

pr ef'erre e peryl enes can be prepared by net hods

h Pht h
10053Fac: o1 e Raales phetiinsns AneRuCEES B O BERsFi nvsghon
carC€tiseRBloh AP ENiAB ipARR1ea! %ﬁﬁfeQeﬁﬁ%lérﬁnﬁa‘éﬁiﬂgﬁﬁ%leS” is

ot her netal -cont aini ng pht hal ocyani ne pi gnent’s, such
megat & psiele that signidisantinebsorhsisame wavelsngths pﬁkreible kight, that is,

such. so_be
wall PR S BT Sp OB e B et g i plengtns in e
visibl@reefns may be unsubstituted or partially
substituted, for exanple, with one or nore alkyl

[0088pVi Ng if&e@srél(p tﬁ?ﬁmaesa&égmed a%%b?é% 6%\‘1'119(9 1#%58101)Qrtlcles

carbon atons ogens such as chlori ne,
In cartagt ¢rhbmiumsnts ythe naiopaftlcﬂﬁstakmfmydim sigu chlrgllgﬁhltm;atlon of the
es na pr.epa by any of several

Pht h
aqq?et‘%@‘a% E'am Polyme en peed Pﬁtﬁ@fﬁSa%Sedeﬁsr&reéan mpre,detal pelgw. In
othBY erﬁ%c?cﬁ@lg{n:s \C/Hebs\?&gt‘Vﬁg Pﬁé‘t?inbgﬂarﬂﬁl@% erﬁe ttglgT %Jg?!) G{a%'ulnlfléclrgoratxon
1nt@| tlmcaquécms dispassian: da tiese tinbodihtent| theinanopaetidlésseinfbe, for&hmill by

N S AT S
carl Mrb‘ﬁ'ﬁ'edjﬂf Hﬁ)ﬁ&hil é &l aﬁssﬁxggéhéa Wr&éﬁ?ﬁ@ﬁ{ai&iﬁp SRor example

for exanpl e one or oXxy,

bulkmgmfasS githas amyeof the immirgatic srudrganit pements digdussed atbfwe can be
d are U|table for the

il 8K 58 e inechibariole e P S tes Och il Helegfam), or less
thaRIOPRAL or [EBYHRR OR' RRATBR p%&ggg?f)gg{cgle%% Ezﬂ!yeag%hﬁéjdﬁto

known in the art but are
nanopatictel sizes in abighlensigygnillan ioneier more solvents (either water, organic

L SR AL S S St v
If et &5&! @dlsql@?éa‘hh c&PBE MBlLE) 361 okahipleS WP R drghihi€ dolvent)

tica
SOLgPERSE® 32000 or 32500 available from Lubrizol Corporation, or (if in water)

SOLSPERSE® 27000, also available from Lubrizol Corporation. Other suitable

m

methods for producing the nanoparticles include crystallization, precipitation, gas phase

condensation, and chemical attrition (i.e., partial dissolution).

[0054] In certain embodiments, the polymer-enclosed color-imparting particles
used in the present invention comprise, for example, a polymer selected from acrylic
polymers, polyurethane polymers, polyester polymers, polyether polymers, silicon-based

polymers, co-polymers thereof, and mixtures thereof. Such polymers can be produced
-13-



or unsymmetrically, are also suitable for the practice
of the present invention can be prepared by net

WQ%W31”1% “the art. A suitable isoindoline pi ngEﬁT/USZOM/OO%”
Pi gnent Yellowl39, is a symmetrical adduct of
i m noi soi ndol i ne and barbituric acid precursors.

by Bhpxdmblempthgd®néwn (d thate skslled ihithdh&o &ﬂ\ivméﬁllheﬁﬁﬁéenﬁfrﬁentlon
al.so suitabl e organi cea&pgrrents and _can be prepared b

PertAiRg, o%&tale}?dml]ym?r ipgladethose digeigsed)in nited Stajesfaters y\milcatlon
Seltum\loo r16)§78 gﬁ%ﬁi ﬁ7éc]n r%ﬁ@c’i o ?Bbg%?%b%%%l 1%corporated

or gani ¢ paf € use

by pﬁbﬁeh@é @aemsafmumnéd Stars aqwmuﬁpldﬂaﬁ&epﬁbmﬁﬁom\lot b&05/0287348
resent invention can conprise color-inpartin

Alp?é[QQ“@ﬂ tos[00g4], theecited partionsif ovhi¢hhhring mgmpsatlon%b'ésferqnge
ant a particle that significantly absorbs sone
wavel engt hs of visible Iight, that is, wavel engths

[0058gi g fASGRAIGAEd, iR oﬁﬁaemsdsumﬁﬁfsehd\b@@r ithe agx%@ﬁdocﬁspersmns of
ot her wavel engt hs in the visible on 3] If
thequeseptigyentipa qemprise p@@cl@egmlmé@y blecmﬁvm tAsrusediherein,
“ s l.Ln_ce tal nbodi,nen
the B EBRARLN G o o B R o  WB Bp vt ais

coriditora 0 ThAtS, lqjo‘sxﬁemaval _f fiuidahate®ils @of1 Bis atbpeaion] e @&sulting
as descri bed in nore detail below |In other

solifpataripkin easilysokepdnto smadl frrgmspie arinitces, sueleas wpwd de suitable
as 2951?0% bed f?la{epﬁi fo r&%ggrr ng% chl]lcé §8W%1E coaty egorﬁr[)osufon A film-

rsion ese e SR par
forfriug Ibrﬂyrfneﬂ‘ o8 thédythéhanaf weuld ufﬂmrremﬁvad&if liquid mAERS om the
known in the art. For exanp t he nanoparticles can

dispersigncfoam aceliysupperiing ptzntwgoumﬁlna; pmgklieasiahgrizontalguface of a

*suli] LTRSS SN R Ron SRR i
- corafforg, whizh iDeftdhl drb@il ovet AmBs Odhbfemf pr&din?, 5Esiré18tive humidity,
article size of less than 5 mll meters(m*r) or

and2¥€-than 0.3 mm or less than 0.1 nm The pignent
particles typically are mlled to nanoparticle sizes
[0056] a hi ghn mﬁahggmbbdimelhtn obthe poesentineersohythafisatlepslymier
wat er nic s ora m x of the two), .
corBises e TF S 1o I’E‘Ng‘%? RUYRPriZed ieow@qur@og/whgne and (ii) an
thyRAical “
cUYRAREPurfdrigs hghl, s NG a8 s 4 ROt
polg@etangi re§2500a pelyuinenthheintiudes ¢p11braluy)bf c@oarpmrtat ion, or

(if in water) SCOLSPERSE(r) 27000, also avail able from
Lubri zol Corporation. O her suitable Il'ﬁet hods for

Rptgcu@um? t he nanoparticles incl uﬁé_qu;L@_aU_LRatl on,
prém pitation, gas phase

, and a plurality of urethane units, , has functional
groups that are capable of being polymerized to form a larger polymer, and wherein R' is
an alkyl, cycloalkyl or oxyalkyl moiety, R? is an alkyl or cycloalkyl moiety, and R® is
alkyl, cycloalkyl, arakyl, or aromatic moiety. In certain embodiments, the polymerizable
polyester polyurethane comprises a polyester polyurethane having terminal ethylenic
unsaturation. As used herein, the phrase “terminal ethylenic unsaturation” means that at
least some of the terminal ends of the polyester polyurethane contain a functional group

containing ethylenic unsaturation. Such polyester polyurethanes may also include, but

-14-



condensation, and chemcal attrition (i.e., partial
dlssolutlon) [0054] In certain enbodi nents,

WP 154 i osed color-inparting particles usEHTﬂﬁ”WﬁQNM37
present invention conprise, for exanple, a polyner
sel ected fromacrylic polynmers, polyurethane polyners,

ne@bhot @8t @karflg linclides intgrahlethyleiic pAdayTBlich. A4 b k30N iBas@4In
ol ynmers, co-polyners thereof, and m xtures t her eof .
emgeélmeﬁtﬂ ewrﬁil&p@rﬁm@dﬁ dhecrgseahipveutiqngomprise apelymerizable

N N L e

readiaftsl coagdising p@l?ls&)&tn @?h%ﬂ yeé‘d@ﬂhdﬂ?@lt hf(cPa imadérial
No., .10/ 876, 031 at [ 0061 e cited portion
cogpriging am cthelonisally upsatera @aowm@macbmbydwem groumnk certain

e e g RBstel B BBANE i RZ R T Riers on

dlspérsibhs ehtheirédgnt invEHtRANafdrMBd Bon! RhEAME GEtHE tohprising (d) a
0055] As indicated, in other enbodi nents, however,

Ingg aRdiors(cYip spseral eorapasing Aragid danstipnal gy drgwhydride and a

fun%ﬂ Ig? éior%!’lét{ %|v9 fhe§ rTé:ylraggtg gBFédrB)éylggI@l}bplse llﬁgsftg¥€ﬁ?r8mp‘axe term
a@ﬁb&ﬂﬂfog@ﬁl gfoulﬁs rﬁafsl tb YurRUbiiA gk G tiddt ardeh@iVee with isocyanates as
condi ti ons is, upon renoval of liquid materials

determpied b the Zgsewsnafh test weieﬁ@wﬂtm thy JOIRNAR=QBTHE AMERICAN
CI-W;I(%X%%%%‘T‘Y‘ Wo?aﬁ]’gg%ﬁgwig s or pieces, such as

e suitable terial to an

[00%5 f :nlcj g re :nphgn%r ogu %ﬁ)‘fc\{ﬂg ruéé: @ré%o%aﬁleggp&&polyester
pol@ﬁ%le iffude ;ﬂli;&hé’ném ?Elb@lll;?nafl&g Mrhfshaflta pﬁ{cﬁdroa?omgtﬁr m

a sel f-supporting confinuous i1 mon at |east
lsohﬁnawe,rwdlmlsmrésathereof a substrate. As used herel n, the .
term "anbi ent conditions" refers to refers to

[0058} r ound Ergmples df tisefiilaliphdticcindicyclolighatia polyixdc pimates include

ng here of pressure, 50%relative humdity, and

4 429@ lgedssllqulpf@éykcalsﬁcsélﬁﬁf@dhyﬂéﬁz@a@ﬂ MR, bw@@m&tylene
b L

diisdYaRd D! B8k RoRRbXERIPIT TRL AR IS ARRRY °0

1soay’aﬂal(eb iimethybhénaneotyterel diisocyanite (BVEH), TR f@Famofisy X fiéne
herein, the term "polynerizabl e pol yester

diisoey3natef MK PD. raq eYCéofteesylanﬁénw@nafm@vdmﬂew%gDé) Other
ah;ma'tif: ﬁ!)fyﬁs\éc%nafé Hx?cﬁu&érlkcsc%amﬂa&o%l%d Rt G O R

[0059] Examples of suitable aromatic polyisocyanates include tolylene
diisocyanate (TDI) (i.e., 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate or a mixture
thereof), diphenylmethane-4,4-diisocyanate (MDI), naphthalene-1,5-diisocyanate (NDI),
3,3-dimethyl-4,4-biphenylene diisocyanate (TODI), crude TDI (i.e., a mixture of TDI
and an oligomer thereof), polymethylenepolyphenyl polyisocyanate, crude MDI (i.e., a
mixture of MDI and an oligomer thereof), xylylene diisocyanate (XDI) and phenylene

diisocyanate.

[0060] Polyisocyanate derivatives prepared from hexamethylene diisocyanate, 1-
isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane ("IPDI"), including

1socyanurates thereof, and/or 4,4'-bis(isocyanatocyclohexyl)methane are suitable.
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[ 11 , and a plurality of urethane units, , has
functional groups that are capable of being

WONBHREI4ed to forma | arger pol ymer, and whePET/YSEP7/000637
is an al kyl, cycl oal kyl or oxyal kyl nmoiety, R2 is an
al kyl or cycl oal kyl noiety, and R3 is al kyl,

[005¢E 1 oal kyn ceraaimbmbodimiens) heaioantd il yisocyanat€tdeditd prepare the
enbodi ments, the polynerizabl e paol yester pol yurethane

polyBispzatle polyesien Ralwrethansapgesdrom 78 to 40 pargentdiyweight, such as 30

[ 1sat ur-at i on. ' r-as .
to ) ALY T i S B8 oot AREOTRIE Ty MBI By ayeiem
persaitebeihg bhsdicarthe fadl v&ﬂ?ﬁ oFkesihsolide uy&Btoiepare the polymerizable
pol yur et hane contain a functional group containing
Polyesicn RodywrethaReat ur at i on. Such pol yest er pol yur et hanes
may al so include, butneed not necessarily include,
[0062} er nal Pelyksteepnlyols ssitable far usmin pAepaaing élsapdlymenizable polyester
certai n _enhodi nents, the agueous dj spersi.ons of the )
polistiing may RErREF e by Siable saatlarse F 8 BHIBE pebipisd;dicarboxylic
{89bYAHhGURERENEBYE (B cSRbiRLER ofSdctél Rl afih HRRS | i
amvvni ch ?s prepar ed(ef (r:om lr eact%\nt S c:orrpa{r:dll Si ngg)?‘{é\x)atplgmydm
alcpladly;ios by ymgaipening lof caprplattpess, eg., gpsilonl capmibattdne) Sach polyester

pol{is i P IA HASR A rrads ToFulal Wil e e Alcatbonyic
acill)&uitaBlHBEpep A oMM sHeS tneTudP Modk b6k eRialtE #rh 411899, dudh as 6 to

the aqueous dispersions of the present invention is
10,fearbonctdmomclhusvet Examples of hiwh dicupniylic agid¢ dichale: succinic acid,

eI, A<t B ASH) RS i S PG AL abeces Bt
Cofr8@ohding awhjdides 05y ASFbEURH. pggfcgm/,'ad iOMREazelifc difhre used.

herein, "the term "active-hyd en group” refers to

A e BN
fortubeinJseeiriNNg thEpdlyineAMBRE et yurdth HEGREYd invRktain? 9,

age 3181 (1927). [0057]. Polyisocyanates suitable for
emggfgmieﬁts @f gmrpﬁ:gt yentis| ipelade, ioat lywitgtéan, aliphatic alcohols

- - h - y | | - t - '
co B SFIAR Rl 8L LS SR by BB LG Hom 2 o 15,
suchiax ¥u6 8scdrbat &tofs ildMdDR] Hrxaraith embofinenes tHe gdydol @ntdin
and cycl oal i phatic pol yi socyanates include

hydroxyl gequpy e st prainglyosisines homiliné@w@wmpées of such polyhydric
i |
alcélg%%{ﬁlg RQe @fh&ﬂ:lngg%gh gf@éﬂ?%g@c%@ﬁngfh&lsegg %@let, 'teetx(a'é{lgy?ehe

orone
glyosi; hipeodne {aly B dhexy didlsRéypanat dol, I 5-pembiydiol, 2,2-
. hexanet hyl ene di i socyanate

™MDl ) ,
dimgthylpropatie ik hyBexpys dak 1,7-I(1eptane)diol, 1,8-octane diol, 1,10-decane

diol and mixtures of such polyhydric alcohols.

[0064] In certain embodiments, the polyester polyol is prepared by reacting a
dicarboxylic acid (or anhydride thereof) with a polyhydric alcohol in the presence of an
esterification catalyst, such as an organo tin catalyst. The amount of acid and alcohol
used will vary and depend on the molecular weight polyester desired. Hydroxy
terminated polyesters are obtained by utilizing an excess of the alcohol, thereby to obtain
linear chains containing a preponderance of terminal hydroxyl groups. Examples of

polyesters include: poly(1,4-butylene adipate), poly(1,4-butylene succinate), poly(1,4-
-16-



di i socyanate (TMXDI), and cycl ohexyl ene diisocyanate
dro enated XDl ). OQther aliphatic polyisocyanates
Wéﬁg 8(98 Stsocyanurates of |PDI and HDI. [0059] PEXARH0&800637

of suitable aromatic polyi socyanates include tolyl ene

dii socyanate (TDl) (i.e., 2,4-tolylene diisocyanate,
bufzﬂdiretgmtwaw) q)ay(nwwmaé fin®dlatd), Bb umuma{e%%émte) poly(1,4-
di phenyl nmet hane- 4, 4-di i socyanat e , hapht hal ene-

butylene az¢laies patii Abytyiong set&caehandemmyaepmlom d@pmﬂmtgnebs nkn certain

QD t M) |
e TN T S
polyesty ﬁﬂ@&@lhﬁﬁ@utﬂ@ieﬂdﬁtﬂﬂ@quédus%s eﬁldﬁsWWeepr@.\fenmlvexﬁﬁﬂl have a

an oligoner thereof), xylylene diisocyanate (XDI) and
Wepﬁhéﬁwrégﬁemalepgletyaxght fom[ 50060 PGB sycsaxcyiita 2600, or, in some
cas%_?,rdoﬁ% LYSS 1RbGPar ed from hexanet hyl ene dii socyanate,

i socyanat o- , ri.met hyl - 5-i socyanat onmet hyl cycl ohexa
[0de3 & Y poﬁlj Cerf%?‘ﬂé?‘ﬁﬁ@%‘o@ﬁ amouat %f@ﬂsr?éteéa?g/olawayl & prepare
t:
e R O R e B AU R BB Efiodiment o g presen
1nvpnﬂ19n mogesafinah d Ous 60 ptieetrbgpagight; hechRe 29ne 50 patekst by weight or,
uret hane ranges from20 to 70 percent by

%é‘?%‘ﬁ?éseréﬁ 5910' gerseﬂtbéf veielfelvith the weighinegenntsdieing WS%%the
ot o e P R Brrtl M g?&’meﬂ%ﬁlﬁﬁl}’ést%é&ﬂ&rﬁhme

O] 2 RS B L T RS O B

emb&ﬂmeﬁtsw’f eRPdquesust diﬁ)eﬁﬁéﬁémfrthez Séht RRAeMESH Bformed from a
4; urethane may be prepared Qg any suitabl e nmethods,

Tigl compriisieg amet Ylatllé@ﬂl)dv@ahw Bioupaoi ds a@trveeh‘yldmen gemip.
Sul{te{ﬁ% ﬁtﬁ&]el(n%gll &5‘%@1@ ('1 g{bugé ml%fuﬁig @ggg hyd{'}lllgtgs me%qacrylates

rrc

ally &ﬁfb@hﬁfds OdifiSally® cftbona®dss IThe AcKdiE Qﬁ(ﬁﬁl‘éﬂﬁ@rylaﬂlﬁﬂctxonal groups
pol yester polyols are commercially available in

may Re repseserisd dyihe formalag fHe=CR)-BE) Oc;, tht‘antibmlhydrogen or

mefihe Ehe Hioh B et ol SRS AR UE RS Sed Rt i
CHzﬁGHUSH\é«%NHEKﬁH}Q}—eﬁn@CPEHGH—@[EﬁOb@»ﬂ—' fé kidely.

i ncl ude: succinic acid, glutarlc aC|d adi pi c aC|d

[003'7[TE| ic ﬁf?ée‘flt'amsémduﬁelﬂg ?e‘?llaﬂ':cﬁn LR ARREAEy
i

aci d. Correspondi ng anhy es can use
unsaiuated giopp andiap lacnwhydmh araupatilized ﬁr}ﬁepmﬂxg th¢ ﬁ(ﬁ]@}l&]snzable

poly S AbDar i< orPriets Riredelnt (Beftgrer Snfthe byworyalio
(m?lgjraty%észlﬁblluﬁe By RALRE Bl Va1 AR dtirhd in&RE alk il radical, the
alkyl radical being substituted or unsubstituted. Specific non-limiting examples of such
materials include 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 2-
hydroxybutyl (meth)acrylate, hexane-1,6-diol mono(meth)acrylate, 4-hydroxybutyl
(meth)acrylate, as well as mixtures thereof. As used herein, the term “(meth)acrylate” is

meant to include both acrylates and methacrylates.

[0068] In certain embodiments, the amount of the material comprising an
ethylenically unsaturated group and an active hydrogen group used to prepare the

polymerizable polyester polyurethane ranges from 1 to 12 percent by weight, such as 2 to
-17-



enbodi nents of the present invention include, wthout

[imtation, aliphatic alcohols containing at |east 2
WRZHSHNASEr oups, e.g., straight chain glycols PCT/US2007/000637

containing from2 to 15, such as 4 to 8, carbon atons

i nclusive hi certain enbodi nents, the glycols contain

8 pby:rdndx)ytveght)mpm $0md dwsed, dnod Ipafcenﬂ&j Wweight with the weight percents

#‘ exanpl es. of such pol%hydrl c al cohol S

belpﬁéﬁfdé) ﬁ?ﬂt@ﬁwghﬁwéé?sm #hlids pysklogrepaye te pohmrgrizaklse
thylene gl ycol, 1, 3-propane dlm

poq'leéét&ﬁ; oI 1, 4- but ane di oI 1, 5- pent ane di ol ,

. di al h d
106595 hep?Z\%é%ﬁ‘F ST E N A P —
pol@@ﬂer"ﬁd‘ﬂéﬁﬁn@fsre&%ﬁ@ th Maﬁh&ﬁﬁd(ﬁm@ﬁt@ 8 ﬁiesdquiécglg g‘rfggells% 5 of the

Certain enbodi nents, the polyester polyol par e
prejsgnt n@aentipm g @ndectﬁpmc»qgmya;maeu tUs¢fut pelpigohes theludechieafd not

timfli g PSR 8 ScRbdAry St paly s eIa Atich i roups attached to
theGRfrGehSdtomd B B SRHRhte@br Afdafliratg a"l‘llpﬁﬁnp lah%&@ﬁg Abhtic,

vary and depend on the nolecular weig ht l'ye'st er
afoﬂ@@pfSGUSthdl-rabﬂlyatICealmmat-eubSpult9(b81t0ma$lc andahctbtoaycimd by
utl | cohol bt ain

Exiplaty SR B iy 1 BeRasei I hyiede Amane, 1.2-

Y le D& HianGhd) 4 tﬁa@dmhﬁﬁ Rb m&y@cﬁhﬁ{& FRpAMIE -
poip ?lly(l 4- butyﬁ?ﬁe adi pat e}, %o ly(l bufi))/ gne -cyclohexyl

ammc didthe dike. Eatlyplar)llsmmylammatgll chmams giclude phenylene diamines

ancg{f}siélg?rbe)cg ée& ann&}?a h—}é}?gglggé Flgfrngleng} ;l teorl]}?lene diamine.
Thé&seland btiftp §1§1de%"§‘01§£§1§€§£@ YegpBed d’étﬁpﬁi fited States Patent No.

caprol actone). 1n certain enbodi nents, e pol yester
4 066179% bt eotlirhi peling ¢l toroopamn AgirtelR6, fhei it pprtlon of which being

zabl e ester polyurethane utilized in the

mcﬁﬂ’l?ﬁ%%@?f?@ﬁ’&‘%&&%@ ®of the present invention have a
wei ght average nol ecul ar wei ght from 500 to 3000, such
[0048] 500 t & we@m erabodiments Jhe amgurtf pgty@mm ussd tn PrEBTE the

pol%gﬂgﬁé blé Eol%%%r%g&g%%ﬁ%@tlﬁﬁe&%g{mﬁ B% tgg&% Pl})g/&gllgﬁfs %uc%r as 1

neriza

to ppdryent by wasightiondh woiae cases,Etot3percenl by dielphn tvsittofhe tWitght
present jnvention ranges from 10 to 60 percent by
Perﬁ%}tfg?ﬁmg SR ongheigtal sveeght perestrmoligy usedite prepate the polymeazable

1 2,40 percent by weight, with the weight
p°ggs%&3”°tl Q%tel ng based on the total weight of resin

ids uged to i zabl ster
(00351 et ASAE BB eRet: PRl Eaoof e o My AER Ll
po19@#&@@1ﬁﬁetﬂ@ie}wéséhh@r&rt&h%ﬁﬁiaalméh@@fth@hc{iue%m dF8iBASof the
of the aqueous dispersions of the present invention is
presesit ygntiominfermed from a material comprising an acid functional group or
anhydride and a functional group reactive with the isocyanate or hydroxyl groups of
other components from which the polyurethane material is formed. Useful acid

functional materials include compounds having the structure:

X-Y-Z
wherein X is OH, SH, NH,, or NHR, and R includes alkyl, aryl, cycloalkyl, substituted
alkyl, substituted aryl, and substituted cycloalkyl groups, and mixtures thereof; Y

includes alkyl, aryl, cycloalkyl, substituted alkyl, substituted aryl, and substituted
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material conprising an ethylenically unsaturated group

and an active hydrogen group. Suitable ethylenic
WORL%(d3 13t ed groups include, for exanple, acryPﬁT@§2%7/000637

nmet hacryl ates, allyl carbamates, and allyl carbonates.

The acryl ate and nethacrylate functional groups may be

cydlemkﬁsgaﬁ@q alymixi@reb eHefedffand A arefldes DSCLE) COOMBPOIH,
SO@QHb ﬁg/é}lrogen or met hyl . The al |yl carbamates and

e, andpnixgues Barepf t he f or nul ae,

06728 pect ve?m%%%ﬁwe AR P higrorpivai

acidp3-aydroky &ofyeiciasidn D, 2 fropichiide K Aldnsx i ifuddrii¢ adie D 3-RHRc
and an active hydrogen group utilized i reparing the

a"‘écﬁlwida élbpalye@lm elycolit geidcamianacido h%rﬁy@resy stearic acid,

T L N AR T B o -

sudeifibadid adndmhixiied fhereat kyl radi cal, the al kyl radical
bei ng substituted or unsubstltuted Sfecific
1

[0073h- |'i mi Usaly! axdurdpidessinolude aliphatia: eicloaliphatiecolefinic, cycloolefinic

B TR T TR Y ——

provedednie subBtifiets dBROOAdRERIyHITelt Be@eactivity 8F @Ré)éﬁ]‘ﬂrdﬂde or the

(nmeth)acrylate, as well as m xtures thereof. used
propexties af tmﬁ@mmmoimm@o&vm@ ofisgbstituants mgludcu chlorbe alkyl

LT SN N

antgidfiye, vadé@énlyysdéeﬁl@d zﬂﬂ@ﬁﬁd’e GEQUEcAPEuMid GRS dBYSHIRARN
group used to prepare the polynerizable polyester

alﬂp'drl%rte&fﬂmdéonhﬁwgéMYd@mﬁamcfbyllgrq@edmhthaby anteidgide,,

helSdoBindid AhyBRIE S RES B bRl e wEREE et ng
lih@/ﬂﬁﬁla@iﬂrb;ﬁlﬂhdl@ta@hy&ﬁie%f&ra&flofo@ﬁth@h@ Qﬂmyéﬁdel Se%dox‘h@thylene

repare the polyneriza est er polyur et hane.
tet y;g'

ophthalignbyiads Itlymﬁlﬂmp@aln ide; thcuemdlaanhydnde itaconic

| zabl.e ester et hane
antfjABOE PG e SR M R BeSany ik BB
[oodu]s per si iMé&ergin éxh@od@meﬁe Nthe héld @ﬁﬁc‘t@ﬂal'rﬁaté&dl%?ﬂnﬁyfdﬁﬁé a
yam ne. Usef ul polyan1nes i ncl ude, but are not

prOIVM?F thecpolymenablesnofyester pelyrethang withcamionésionizable groups which

hed
cof L LR LA G P PR RSB B

embd)dlﬂi&ﬁtsl the palynteyizhble poBesiBBidlfurethane present in certain embodiments
aromati c-substituted-aliphatic,

of t&F AU dispersions of the aresewsiavansion irawaler-disprrsible: cAs used herein,
e dzgtE%dlgfi‘é % ﬁﬁl’ ?ne%é Rﬁ% }n%te%npréxgy bé Mlspersecfj 1n%vn:]1tgrev§1thout the

| ene "di am
aid or use of a surfactant. As used herein, the term "ionizable” means a group capable of

becoming ionic, i.e., capable of dissociating into ions or becoming electrically charged.
An acid may be neutralized with base to from a carboxylate salt group. Examples of
anionic groups include ~0OSO;~, -COO™, -OPO5", -S0,0, -POO; and PO;".
[0075] In certain embodiments, the amount of the material comprising an acid
functional group or anhydride and a functional group reactive with isocyanate or
hydroxyl groups used to prepare the polymerizable polyester polyurethane ranges from 5
to 20 percent by weight, such as 7 to 15 percent by weight or, in some cases, 8 to 12
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por phyl ene di am ne, 1, 8-octane di am ne, isophorone

di am ne, propane-2, 2- cycl ohexyl amne, and the |i
WRRMBHSY suitabl e aromatic di ani nes incl ude BHE/WF@WQ‘)%”

di am nes and the tol uene diam nes, for exanple,
0- phenyl ene di am ne and p-tolyl ene di am ne. These and

peroéitéry el phtabith thowyiahi peecentd l@elﬂgbfsred o thd tatall leddhlt of fesin
United States Patent No. 4,046,729 at colum 6, line 6

solidstuged: t9) RrgpAry thei polemergzablernolyastes golysrethase. of whi ch
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netFig e gbln el LR G 4T G TaoR e oSt udioSide

potASSiV B dR RleCaflonRS ifiineB AU100hoEAR ARE ha\[nQQZt]ﬂ:asA%ne primary,
previously indicat ed, in certain enbodi nents, the

secoBiaryEaTi tzrélmwarpmp@@tpemdm@ ﬂe,agtrmeﬁafdmxyl groupt Sititable amines
nbod t f ueou er.sions of the
ineifl Bl R B BN wBoos e e MREFY R Compr i 1 g

dinféthy@mthokthassl] @T@Jprcﬂfaﬁélﬁmﬁl{e anhenikee and a functional
roup reactive with the i socyanate or hydroxyl grou

[0057] ot her The ngldn@mz@blc p@‘b{ﬁw rotyurpibapontilized imheartain emlr))odlments

aci.d functional ter
of B bers dlheisRREF s PR n@S o Bl SR BT bk e
abovetider{tified Sompblehts B anii3itatae grrih eﬁﬁhﬂcﬁﬁr eﬁhﬂﬁiﬂe th@r y|
cycl oal kyl, substituted al kg@ subst ituted aryl,
pri

po mgiahlﬁp@aewmo@awpan@n@w caargd bl soluties pe e@anonv

Bl A AR BB P B e

00380 m xt KsQBotlABE arerﬂ'ﬂll)nZtHerfoe o deSEPon Qﬁpﬁbl erizable
[ (P}(jBHz SO2CH, P(gis and PCBH2, gndgm xtures theré’gl

polymzaolﬂt@thmeayewm mertaml embodinerftyafthe orﬁaentnamnpa can be

Iude h dro ic acid X
norPey§ S SLERIL T Sl sRyomesh B helicHeniefelyeer
pol§Giethané lwlilfl h§veaé3wgl i Neppeialbduaragdight of |léé§ @Hahcl 5@‘0’0@ grams
am no acid, 12-hydroxy stearic acid, dinethyl

perpnelpi weh es Femdl 0,0 te 4PO.HOP BTAB SR o104 ot in weine ames, from

40 ?‘?ﬁe %rgego(g()(ﬂ)c érgms perrr%gfét The (r:r?ollgclu ara\lngellg(.jﬂt of Ble p%‘lyur&hane and other
polymeric materials used in the practice of the invention is determined by gel permeation
chromatography using a polystyrene standard. |

[0079] As should be apparent from the foregoing description, the present
invention is also directed to water-dispersible, polymerizable polyester polyurethanes
comprising terminal ethylenically unsaturated groups and formed from components
comprising (a) a polyisocyanate, (b) a polyester polyol, (c) a polyamine, (d) a material
having an ethylenically unsaturated group and an active hydrogen group, and () a
material having an acid functional group or anhydride and an active hydrogen group. In
certain embodiments, the present invention is directed to water-dispersible,
polymerizable polyester polyurethanes comprising terminal ethylenically unsaturated
groups formed from components comprising (a) a polyisocyanate present in an amount
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[0073] Useful anhydrides include aliphatic,
cycl oal i phatic, olefinic, cycloolefinic and aromati

WARMBESIdés. Substituted aliphatic and aromati BCT/U52007/000637
anhydri des al so are useful provided the substituents

do not adversely affect the reactivity of the

an@iHyyflérh 20 16170 Wb?g}f@ "p@ﬂ%@ﬁtt gtﬁ% pllydstee 61%@%&@6‘?& in an amount

polyurethane | es of "substi tuents i ncl ude chl oro,
rangmgyﬁrorad@ tal6R weyght Brieemt, 69 aqafol)amhydpnem in arcérooient ranging

drid drid
Ty i A ——
et S S

anche) amyaterigd ﬂItIaVIiagi)e/tn aaldIfyntrtlouiel, grabyx gt arﬁqdathcyahcqufﬂduab hydrogen
anhydrides such s net Egdro hallc anhydri de,

DB BY R G a0 oAl FEEREARE  do20 SIRABREP RS ane

[0(189} r ahy diaQphéiédstFindidaed! inq,%rtaﬁ‘nrén‘f@dkdléﬂ@ ofhB )igﬁéoqg

chl orendi c "anhydr’i de, i taconic anhydride, citraconic
disperiipts pfithe prescrtiioventionor fribble pm:ztnm ix praserd thadteompfises the

I
reabiiontproghct o U g seaiz ple SoiERler PAGUStHE sy e previously
ded@ﬁbé/d?%h@ (i) efwlaxmryeud%ﬁlﬁt%emrﬁeﬂ RitaRE |eﬁw9€'n@déﬂ

can ‘be ionizedfor solubilizing the polyner |
unsnatr@tﬁd nmomersescﬂnd¢ anyofitbe palymesimihie etinglenically, msaturated

moBSmbaT fr-Gtsar e st RePvi e e POBORSR bR SxmPlenel
usd?ﬁl%ﬂﬁfl&mbd’]l‘&etﬂfsbtﬁﬁté@c )ﬁ[lc Qéﬁﬁﬁ%&i‘oﬁﬁlre% ,%s M’ﬁﬁﬂmg monomers

herei'n, thé term "wat er-di spersi
mctmlleémneﬁi)aqmlyc dwid, et seqyethy] avarylate, adrylosypropioeicaicit, orotonic

b B e S G LB18 BpekEe Ffont omer
malei®acid, GRRSHIL ﬁmﬁf mghéa‘}l@@e@ttefsrlﬁf i1aBérfc hQA @ fm%’tﬁi:e@ gﬂéﬂ&)f As

el ectrically charged acid nmay be neutralize
uselddiseein, d'(mctbbncaylmélabd)teymatlalmﬂ thergfrompre tendpd ¢sinofude both
- ionjc rousmclude-OSOS, -C0O, -OPO3 = -SO
aca% ﬁ‘d PO 3 =. [0075] In certain enmbodinents,

[00Bp amD Uan—Qi‘mxﬁH@ ef@ﬁ;ﬂéé @f* otH&'HQEfuP étﬂ?leﬁﬁal?fh&aturated

functi onal group or anh y ride and unct1’onal group
mopewersifiee qﬂcmﬂmoxﬁmahﬁmenmal ggodps) xgludg atkyp sstets efl(theth)acrylic

are t 0 i za I e I
i RS B S R Tt B
2- eﬂ@ﬂmm (nliéfh)‘d@ﬂyﬁﬁ’é ZQKydré)@eﬁﬁflT&nétﬁﬁ@x%dat@ Hy@rok¢pRpyENt by

wi th the weight "'percents’ béing based on"the

(mqtb}aglryla,tmhg'ﬁtoxafbutﬁgmnth)acrylate isobornyl (meth)acrylate lauryl
(meth)acrylate, and ethylene glycol di(meth)acrylate; vinyl aromatics such as styrene and
vinyl toluene; (meth)acrylamides such as N-butoxymethyl acrylamide; acrylonitriles;
dialkyl esters of maleic and fumaric acids; vinyl and vinylidene halides; vinyl acetate;
vinyl ethers; allyl ethers; allyl alcohols; derivatives thereof and mixtures thereof.
[0082] The ethylenically unsaturated monomers also can include ethylenically
unsaturated, beta-hydroxy ester functional monomers, such as those derived from the
reaction of an ethylenically unsaturated acid functional monomer, such as a
monocarboxylic acid, for example, acrylic acid, and an epoxy compound which does not

participate in the free radical initiated polymerization with the unsaturated acid
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solids used to prepare the polynerizabl e pol yester

ol yuret hane. [0076] As indicated, in certain
Wg @PMehts, the acid groups are neutralized RFTHSZ07/000637
base. Neutralization can range from about 0.6 to about

1.1, such as 0.4 to 0.9 or, in sone cases, 0.8 to 1.0,

modbnicheEx ahples b0k epd6doniiduhiShre Zggfciicgm ekt andle8feks. Suitable
Sui tabl e neutralizing agents include i'norganic and

glysidyhethersinglude glyeidybethers f algohnls prskpheaolssacnashuiyh glycidyl

ide. [ ' | coh ' havi ng at
et ST ey IRE b Reng ARG et il BRE') " ami mo. o oup
[0083F at | @@sdrt embBydRAMK! the peliRner2ublt PBlyRstepdlfsrethane and the
i ncl ude al kanol ani nes such as "nbnoet hanol ani ne;

ethyleaically ohsatirated nafinenteh prepreseotintthe aqueous dispersions of the present

P PSRRLAT B 25308 3, 5 ah 30T bR, ygome s,
frof£80:20 tb 6h@di nents of the aqueous di spersions of the

resent invention may be formed by conbining the
l00§6bve- i ddhe aquasys dispgreivns cempmsingipolyunet-emdlesed particles of the

o TR GRS R BOIRRL A SR oy
of POArYeIRbf ARtH0AE FEGEXAMPUS n LHART ShEmEts [ thO8Guedlis disF&sions

in the art to which the present invention pertains. _
of the praEntasvertioniar: prepaph by e methiodospmyivisifer(A podviding a mixture, in

| pt.i.on I r.izabl e pol yester | yuret hane
S350 e, oS pREEITSE) RBEbEmBE LRGN Grab JHSEARERS
undafif &8l inhofiRis; BRd/BOMH PNMEx tuRkIYFeRE 6r Hn()réﬁﬂ%qﬁ&‘ii:&blé thsaturated
certai n enbodi ments, the pol ynerizabl e pol yester

mopemgis itheneoninete pohywrers; apdiog Kiv) andorayerempol yanerb,zand then
Caaelaght, of .| es han,k 150,000 grans per nole, such as
sul it mins o b 6% sypsrpontions Bitbe Pisscrice 3t &g dieous
. me@ages, from 40,000 to 80,000 grans .per nole. The ‘
nmol ecul ar wei ght of the pol yurethane and ot her o
[0088] yner i Suetamethods are dsesaiibied 11t desaipinclduitesleStates Pitent Application

serid] Kb 35 03 108 A0 00 B BRI TES ariFenae iy e Maited
StafR PubHstea FARMAAPlication 70041628 348 4P[00A6 PRI0H50)L the Rited Hition
present invention is also directed to

of which bewigdpearpirbled herso! Yyférendsl e pol yest er

T e vy N
investaH dré hidde 6§ h nfetRed o0 @l Broviding ity ﬁg ﬁ{a agqueous

polyol, (c) a am ne, ( a material havin

megiugyy & H) emipgﬁsﬁ%i épglrymeéaatge ethiylenisallmnnsatirateé nippdmeyend
(iiif’ﬁ %{%r-d?s'ﬂgrs{b?é pcﬁymerizable dispersant, and (2) polymerizing the ethylenically
unsaturated monomer and polymerizable dispersant to form polymer-enclosed particles
comprising a water-dispersible polymer. In these embodiments, the polymerizable
dispersant may comprise any polymerizable material that is water-dispersible and which,
upon polymerization with the ethylenically unsaturated monomer, produces polymer-
enclosed particles comprising a water-dispersible polymer, in some cases, a water-
dispersible, friable polymer. In certain embodiments, the polymerizable dispersant
comprises the previously described water-dispersible, polymerizable polyester
polyurethane having terminal ethylenic unsaturation.
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mat eri al having an acid functional group or anhydride
and an active hydrogen group. In certain enbodi nents

WORMSA3USENt i nvention is directed to PCT/US2007/000637
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ercent. [0080] As previously indicated, in certain
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aisp 83 oo ofesphBifoB e PP P R e ElosS AR S e
step OF yubjedsting tite mdUere o paitiohs, fUlpne@sible/etiassitalRAthsabded
(ii) an _ethylenically unsaturated nononer. Suitable

mogpmgT, apd vatdrydispersthle pelyaerigane dispersant ¢9 bigh stiess sbeartcaditions.
ri .et vl eni cal | upnsat ur at ed .nononers
0B8N R BT B RS Ep VEIRR abis the

fortdation bivhdriopartieled iP5ing rather A tehuieinB YheeoBatidryof nanoparticles
.unsat urated carboxylic acid functional

Prigf IERATRtAN: @fi the AgperBhdisRersionntn igee methods, pattigles baviogdn

oo de) as : . acrvl ate, -acyyl oxypropi.oni c acid
o RPN B W et b g R R B ey
undatifiated enonoh@r andihe iwaterdishersiBle palykiekiza5ié Bisperdint MR Aqueous
acid, itaconic acid, nonoal kyl esters of itaconic acid

megiyin, map ber fosmedhiateanopaticles ick- +be panopartichastary formed ircsitu). In

ad t: rived therefrom.are.intended to include ..
cerf bR kP RITH Tk By el e el rediom o
pulewiding esnddiors! For eximgflel thepdnitiontad nilled satihaliggmedia
nmononers free of carboxylic acid functional ﬁroups

having p paréicle skap of dess dhran &bF miMimetgra or Jess thaad). Hmilli

nsters, or, in

sorﬁ%?zg?é, ?eﬁc% tﬁ%ﬂ?clr §1/‘11 aiHe%?te%g %}{tﬁ%ﬁ%ﬁg@hﬁﬁ%{, Wéﬁ@(ﬁ% (é@%tb%’milled
to rmbyattiche sy b highedne)gyanhill intigs prayedec® sy e agdous medium, the
nmet.h) acryl ate, hydroxy butyl (neth)acryl ate,

polg'glsaaq)kbrm%mﬁicnl})awswﬁ@teq mogemgt, apdriheryaier-dispersibleand
pol%@ﬁ%@{l‘g%igﬁ%%%lt. fH d%gf?écf? mﬁéfl cﬁgp%rsa?ﬁ] J&lee %Egd]%éhc% such
SOLSPERSE 27000, available from Avecia, Inc.

[0089] As indicated, the foregoing methods for making aqueous dispersions of
the present invention include the step of free-radically polymerizing the ethylenically
unsaturated monomer and polymerizable dispersant to form polymer-enclosed particles
comprising a water-dispersible polymer. In certain embodiments, at least a portion of the
polymerization occurs during formation of nanoparticles, if applicable. Also, a free

radical initiator may be used. Both water and oil soluble initiators can be used.
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vinyl toluene; (nmeth)acrylam des such as
N- but oxymet hyl acryl am de; acrylonitriles; dial kX]I
WR2BO3315¢ naieic and fumaric acids; vinyl andPCT/US2007/000637
vi nyl i dene halides; vinyl acetate; vinyl ethers; allyl
ethers; allyl alcohols; derivatives thereof and
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. as butyl glycidyl ether, octyl glycidyl ether, phenyl
timgliy suffigienttotferm apdlymies i sikefromab@6ie onmereretinilenically
odiinments, the pol ynerizabl e pol yester pol yurethane

nseg’o

u glngﬂgng?HVF%nipally unsaturated nononmer are present
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stallg-déspersinn ofi polmereenclosedparfielosingr 0eous a1, whidioe contain
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SO Pretie SEIVGRL Yo Y seatigisEit e gl f oY s Feduced
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any of a variety of nmethods. For exanple, in certain

thederno tiitahderdispersioe” anfistablis didperpel’ snaans thatf thepelymesmaonlosed
. _l.nvent.i.on ar.e prepared by a thad c risin A
partiles Reitiel seiiE plt GHRBNIa(e pok fogi e dom A patious fhetitim upon

staR@ihticles, (ii) one or nore polynerizable,
et hyl eni cal | y unsaturated nononers; and/or (iii) a
[0092kt ur e Tf certain @mbaodimentsothy pelyheabhdosed patticlastaselpresent in the
mononers w th. one or nore .polyners;, and/or (iy) one or
AqYEgHY lﬁﬁqf?f’r’ésr%f,tgﬁﬁﬁs‘ffﬁ é%vegﬂgﬁl el HgoHmh eg i lsz%sgulé“ieeghﬁ pepRent,
h i .
o O P R rcsl R, B ERGIRRLSS 170 AR Htcent.
or igrantagtbuBt af Z5stoRd) veeight4epdent atithoweightr peadenticheidgBa8db o) J2ight

054 [0090], . ted b f h in,
of Bl Sebieeredt ABSORASTPShed Pat ont appl 1 cation
[OO%QPS/ 028%343taf erhBWMRAEntt Ahé Q@?%L%i fo?gr?gﬂ-én%ﬁ)se@ piiRs Rive a

hi ch being incorporat ed here erence.
maximum haze of 10%, or, in some cases, a maximum haze of 5%, or, in yet other cases,

a maximum haze of 1%, or, in other embodiments, a maximum haze of 0.5%. As used
herein, “haze” is determined by ASTM D1003.

[0094] The haze values for the polymer-enclosed particles described herein are
determined by first having the particles, such as nanoparticles, dispersed in a liquid (such
as water, organic solvent, and/or a dispersant, as described herein) and then measuring
these dispersions diluted in a solvent, for example, butyl acetate, using a Byk-Gardner
TCS (The Color Sphere) instrument having a 500 micron cell path length. Because the
% haze of a liquid sample is concentration dependent, the % haze as used herein is

reported at a transmittance of about 15% to about 20% at the wavelength of maximum
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[0086] In other enbodi nents, however, the aqueous
di spersions of the present invention are nmade by a
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preséift invneion esaI e 84 BuRoROAiYFEREIbA 8PpAtiles RBEIS A Manbparticles,

capable is dispersing itself and other material s,
wherey) igagglgmeration of hedanepartiglesissninimiaedor avoidedmitogether.

aque di u it hout the need f.or.surfagtant

1008, o Rt SR PERdnsie: e bFSed S epliGh e 18 s for
makingg@die-dielosedipdratlesrekhddg nftthod Y6MPAscthe RRKISId8 Tordthaking an

pol ymer -encl osed particles is particularly suitable in
aqusppg dispapign RhBelymet-endlesed partivleshassprewiously Hessribed, wherein the

ey i bed Uni t.ed . St at P licati
polf R e R piERE 5 pre0e oSV RS b ERhet Bl
renfdvar@watek fbinsthe dq3atie Bisp&bibh it € Birin0dsoNg m A8 cORBAIAS the
at [0046], is not desired or feasible. Therefore, in
polymet-gneloseaipodiclasnend (2) Fregmeutingutbe solishwaterialndn diese he

j [ r r red by a t hod. t hat doe
e8RS s P N TR he My RS AR D 259 e
dryingy ihethbesuclp el thi®igh2Rdhg dTlalith@ntirget! 4 YoleP&det aabRF dryer, or

nmononer, and water-di spersi bl e pol yneri zabl'e _
thedikep Maggeier.ithe polighmaterialsan b dragmenied by iany suitqbirotgelinique, such
b t f [ t{hod the present.
o B ec 8 e T R R K G R o putant
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nanoparticles prior preparation of the aqueous .
PackpgiBEr sion. In these methods, particles havi Pg anb _
rage i - SJ . CI or. re. after bein
(00 a7 PRE bsSer iR efofis o B  poBl Sl med oS
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aqueoys N . : :
termq‘powger coating composition” refers to compositions suitable for producing a

coating, which are embodied in solid particulate form, rather than liquid form. In certain
embodiments of the powder coating compositions of the present invention, the polymer-
enclosed particles comprise nanoparticles.

[0098] In addition to the polymer-enclosed particles, the powder coating
compositions of the present invention may comprise a particulate film-forming resin.
Suitable film-forming resins include, for example, an epoxy resin, such as an epoxy
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medi um may be forned into nanoparticles (i.e., the
nanoparticles are fornmed in situ). In certain
WartsdB#Heht s, the nanoparticles are formed by PCT/US2007/000637
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thegpaptigales finiféatihg rosii, easeacunubé ptdl Weigabo e (Poﬂﬁieidé’&tmg
amoni um per oxydi sul fate, potassi um peroxy fate

compRtig rlb geraip smbefmentsyihe nowder eptiag sempesitions afithe present

4L S 55 0 BB A A 080 B o

polb'ﬂleﬂeﬁt)losédiiﬁﬁlcléshleasé@ af theaBtal Heipht 6f the ﬁ@wtiexadoaﬁng composition.
enperature ranging from20 to 800C. T

[01381 yner i 28¢ PowdeE gaatieg composiigns of the presentiayension gaw bptinmally

mcﬁldg %ﬂ{e'r prtﬁ? Lf'ﬁaléogu rr%trhlelg pr»‘lgmlgﬁtrs] gttélmer§ allxr%xg rle? Elﬁg%rg,fs qfavg Xlodﬁ’lers
antﬁp@iﬁiﬁ@ageh& ﬁlﬁ(ﬂéﬂtﬁ&lﬂﬁltﬁ $\ﬂtﬁbfe, plgfh@ft‘tb drtudenfr ekitfiple] tBnium
is sufficient to forma pol In situ fromthe one

diogjdeyglframaring blup, ;&Jéhaltysyam@ab apléhalﬁm@mrgeeng wbqr} black,

gra?ﬂ? f I%ng,tﬁ%ky g&(r: (%lec‘% cﬁx%nf ulgllcgégezﬁ c; S%er, gcfr}glgig Ss?ellow and quindo red.

[01pD] yrrer - anﬁlpappﬂg R@Erts Edrese ddded b e YEMPSsiiBKlioHNoWdr§ Volatile
can contain sone organic solvent. Sone or all of the

matsrighiicscaps fipanthe fim %ng&ﬁmgdBmzamé@@@mqmém@fm@d anti-
poﬁ%ﬁéfbg@d%&tusgd E%&H&raﬁ& Bf‘e%ent i Bm%ér?tngk' ﬁ'bmo(; 5 k $39 percent

by weight based on total weight of the powder coating composition.

[0102] In certain embodiments, the powder coating compositions of the present
invention include fumed silica or the like to reduce caking of the powder during storage.
An example of a fumed silica is sold by Cabot Corporation under the trademark CAB-O-
SIL. The fumed silica is present in amounts ranging from 0.1 to 1 percent by weight
based on total weight of the powder coating formulation.

[0103] The present invention is also directed to methods for making powder
coating compositions. In certain embodiments, wherein the polymer-enclosed particles
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the term"stabl e di spersion” or "stably dispersed”

nmeans t hat the pol yner-encl osed particles neither
WQ2B083158r coagul ate nor floccul ate fromthe BRETAGHY7/000637

medi um upon standi ng. [0092] In certain enbodi nents,

the pol yner-enclosed particles are present in the
comfitiseoal friablesppadyaeg dge pollyrhéreenploss® particRy end bther ¢datiag

anmount of at |east 10 wei ght percent, or in an anount
cogponents e gh epbpgisd ipa deedtpartisulatafogm, blepded togethers andthen melt

[ (NPT f 0 ' :

blened | bk 2 otel b Do AR RDbvR st gf oSGt Fhbgpin an

aquicouglispersiot »f poBawiftentlBsdd il&oie usédhat ddR A8] intide a friable
certain enbodi nents, the dispersed pol yner-encl osed
polyaier,i the pawdenceatingepmpasiions 26 thefprasens inpentionarg mage by a

. | . f..59 r,..In,vet other cases,
Tl CpdRciEs & oo cimile et EbuBlg?Binedies
companetityeongtBingt (4) ahYgudus 'd&sgérsibﬁf(ﬂ' ipBlymér@aelosébparticles, and (b)

determ ned by ASTM D1003:tg 094] The haze val ues for
dryt matepalsy(# bleadingdakanddh) i the extryfiesdB) devglatidizaigrtheblend to

oERPEIRARE B8 PG P B p s

pardicpasiieC Alsee Rbreird el toFfm adéliofpiee’SMBins t8 Serd@eCvdlRAe materials,
herein) and then neasuring these di spersions dil uted

inclyding watey ant orgape s@‘)‘(ﬁ‘i’fﬁ: n C%@Emmmamte, sugk pawder coating
- t.
co R nad R § Ml SREAE) AR T g e

Apblichtiotl FRidIipdtdniNosC 2005202 12359 AT, 2005BNUBAU3A It hed/&p haze
erein is reported at a transmttance of about

as used h
200404 k24 7 kB buthe pdexant diselesures/afl varigh beipg incorporated herein by
refd@gidrumabsor bance. An acceptabl e haze may be achieved
g%r felatively large particles when the difference in

[0104f r act i Wethestinuthbas vfrhe pidsent didvehtion, @Be @fydnitBRals may include
surroundi_ng mediumis_ | ow. Cbnyerselé, for smaller
thepaptiquigte §lm-dorming resindgserahgd\earlien g wellias pey etherepmposition

s e R B B S S Y R AR e o
planethiodixt@t. Theerpire&abddimsiie/the 8 mutRAals 8@ e Q0edifs didpRrsion

thyl enical |y unsaturated nononmer with the _
of @s PYaFERY 1R ¥ERtan dresthen blspded ipanyinandes aba tpmneraiuierargieg from
; . | ndi o q 1
S0 10 e Mhie S SH byl QLA g e s

[0168) si cal The powdarbatingeonimisitionl 65the piehtionital beyapplied to a
nanogarti cles, fromreagglonerating within the aqueous

vangiy geyubsiaaes ingludingduetphlic subpiratesy fog exanp pealyrpympmd;stes]
substrates. The powder coating compositions are often applied by spraying, and in the
case of a metal substrate, by electrostatic spraying, or by the use of a fluidized bed. The
powder coating compositions of the present invention can be applied in a single sweep or
in several passes to provide a film having a thickness after cure of from about 1 to 10
mils (25 to 250 micrometers), usually about 2 to 4 mils (50 to 100 micrometers). In
many cases, after application of the powder coating composition, the coated substrate is
heated to a temperature sufficient to cure the coating, often to a temperature ranging
from 250°F to S00°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.
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present invention result in an aqueous di spersion of
articles, such as nanoparticles, wherein
‘Vséﬂﬁﬁ?ﬂﬁération of the nanoparticles is i ni nPGEYSEP7/000637
avoi ded altogether. [0096] In certain enbodi nents, the
present invention is directed to nethods for making
[01106] y ner - el resudt] tiRapreient BventichEis @lsORIBEES tCUBBAtES; stdleas
met hods for maki ng an aqueous di spersion of _
mefpd sybairatespt lepsepprially ceateshy aeoaging depnsited fraasapovwday coating
' . @] r-encl osed particles conprise a
coxﬁ??sé@c}rﬁo%ﬁ?y%%%xﬁgﬁv n?lﬁﬁ’t her conprising (1) renobving

[0103] er fr QhE bR daeAaRS céthSRetichs Of tHePpréRhiMin@eRRIni tHay be used to
mat eri al conprising the pol ynmer-enclosed particles,

foravaisipgly coatingrfortexagplen a manotehtAatlearitep coatingionaedase coat in a
[ , the wat b d f t he aqueous ..
o GRS iy vty ST nc A ate R ek muli e s B Siefuding
a clebf @pP@BatiniecotsfosRfonda eblerantlfayer and?orraQJals@Eoéili!h% %E)rlgltp@sition,
|

spray dryer, or the |ike. Mreover, the solid eri al
and/ema premer lageremchidingy ferraxample; abelectrastshositioreprimerander a

pﬁég{_?%%&ﬁ%ﬁ%use of a hanmer mll or the Ilike.

%gnentation, the resultant granul es may be

[0108] t her [The fRS&R Gnventich istdsdirdeRIdNE sessiraRe afllehd? partially coated
classifier, before packaging. [0097] The present

withaJawitirlgyericomppsits enating agreimatgeastione enating tayer is deposited from

| Lians n._agueous di spersion of.
e R R T e P
compexiar ofah@prebént OFRAGH toraptisel BfedfaSecot 1aGEMA A inhi18Syer
sui tabl e for producing a coating, which are enbodi ed

COMPPSHE CPHINEAOMPEISing: acbaseroat anda tepeoat.n ks 4 fequit,dnthesen | n

1 aj ' t th er coating conpositians
R TR L S
prepeit inveh&6n, a01¥RSt 0ne téjoaMIaYdricah BS apdlfe8 98 Ihe! bas@ddi ay&@NThe

to the polyner-enclosed particles, the powder coating

topgeatsanifer eamply, bedepgsited &iom a parudaricoatingaopmpositionsan erganic
I CUl ilmfarmng resin. Suitable fil.mrformn

solfibafed bfingyecrTposol A8 Shse THRADE e Broph B Redeh
kndéWh B8¥ @I THE fikRTbMhiAk REmPEitidr 6f tROtOpIBAL cah bdany of the
pol ygl yci dyl ether of “a polyhydric alcohol and a _

comspasttms aseful insgatingsrapplicationd énclpbing; forexiample adimaforming

o 15 B2 R BRI s, oy
T 04 0 A HEAE 7 T8 gy SRS LDSE, by
congentional enptipg techpiqug sgdvpsdeushingn srying.adiering yr flewingebusdhey
are AsEbflen @f)‘ﬁg@ 'b? §pr91§'ing.t tﬁn@ ug'ﬁJaiI ts&% ?ecRx%rqﬁésca%ldaetqgipment for air
spraying, airless spray and electrostatic spraying in either manual or automatic methods
can be used.

[0109] In certain embodiments, the present invention is directed to reflective
surfaces at least partially coated with a color-imparting non-hiding coating layer
deposited from a powder coating composition comprising a plurality of polymer-
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.
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filmformng resins are carboxylic acid functiona

resins, such as carboxylic acid functional lé sters
WQRMSHE3SE i ¢ pol ymers and suitable curing agenF TRUS007/000637

such materials, such as triglycidyl isocyanurate and

bet a- hydroxyalkylanide curing agents as described, for
[01a9RNDI €, AlsthisbdhdreR, Heabms f@Ab@iVe siiface? r&féds 63QuARGE

United States Patent No. 4,988, 767, i ncor por at ed by
comerﬂfén&aa eeflagiyematerabindng total geflestance ebaideant B0%, suches at least

f.th
0o e SlohFeitblaeks TBRPORErbiae Dirot OGRS Tebt bR ansBleeh
rel&fVeR6 kiEEntidBnt 11t gt 1mﬂﬁ%ésrb?1 thé BBJ'thlih %@wglble@p@&fdﬂl ng

resin, based on the total weight "of the powder coating
mt@gntp@q»\ter olh viewing angles. ri' Ve siblsdipeesning’; refdre hereunde that portion of

e R 3R B e BEARS Ho AR D 2P R “Wiewing
%@ 8 h&)ém%'tﬂé‘ingl@ﬁet@@éﬁ’ e rvw%ﬂﬁé PRLHdRAIdrNG] ®%he surface at
ased on the total weight of the powder coating

thecp@np@§ incidence. [ ThoBYleqtancepaivbe desooidied hgreompypbé détemsined, for
t t | ot
T AR MR SR er Rt d400K dhesrdinen

maﬁﬁﬁ@t‘ul‘ér% BpSliedfih@MciBe fiers, antl-p0ppl ng agents, and
anti-oxidants. Suitable pignments include, for exanple,

[0181} ani uniréesteirembadimentspthe lﬁlebtlmesuriahe tmhpnigea misnlbstrate

PR 5L QENRRA T S GRSk BB e e,

or ‘ﬁd%ﬁﬁﬂndﬁpblﬁieh %tﬁ% Jﬂ&ﬂtl@ daﬁn&?gdothérg 1 %thé"@rﬁb&ﬂ?fﬁ@ﬁt? Ghe

agents can to the conposition to allow any
reflgofivet SUIF@CWE pompnseoa p@&mpelyfcpamd stréackiwhiclomay rfgr example,

referred anti
comgriters e ETRA ChitinalaPor SR SioPy & BAEE G PR BB sHE Las for
exandENaiRet xﬁetﬁllg H&@éc%ﬁﬂtay&}’a ¥&bedtimAane @a&@oz{tQ%ﬁ'r a mica
wei ght of the powder coating conposition
Com@nmalhaS@nﬂddqunaswhntm@swmbwem ammwgthcrsnpom ti ons

: th | ude f d I t h
R L N L
f 1
oD e, b Tk T BB AR

in prpigsidys coating pempesitionsn donexaimmientio ﬂlmﬁomlp@cmmsltm of the
i gh d to ti
B ATea PR EOnb S e PLbofle S5 oB B i S2ALAT ot s e

col6rah€ AU &GultresiAdiisbtierd AEIERHuP SreRRMIRHite 85 labRUc tpolymers,
conpositions. In certain enbodi nents, whérei'n the

polp@ﬂtcysrenclédmg alqyds pad mqlwre@emsp fTihg eesindfus birtsless foothgmeflective
coa‘ﬁgg c&%pgsnﬁ‘on 1‘%ay,I 137 eexdanpp;i‘e e em odleH in gtpgvevgiercc%%{mgn 9omposition,

an organic solvent-based coating composition or a water-based coating composition.

m

m

[0113] As noted, the reflective coating composition can contain pigments as
colorants. Suitable pigments for the reflective coating composition include, for example,
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.
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conponents are all enbodied in a dried, particul ate
form blended together, and then nelt blended in an
WRAPPIES4 | n ot her enbodi ments, however, suchPQ¥/USHYEA00637

cases wherein an aqueous dispersion of
pol yner - encl osed particles is used that does not

[0114¢| ude Tht réffdetiee DHtMEROMPbSIoR OIS applied td@substrate by any
conposi tions of the present invention are nmade by a
Cowggwl cotpg tachmiduespch pg bryshing, sgrayingadippitg ardlowing, among

o e oS8 B EPERERE B BB orviT SERUP B A g Py and
cleatiektatly) spﬁdﬁn%"ﬁt&thkﬂ'nﬁhuaﬁ &) altbRRGk Hllgth@ﬁg ca8k (Rd. Dirihpe

ext ruder; gB devol atilizing the blend to forman
applicationief e baseroddo thermybstrate, dive filmi tiieknessef thE&basetdat formed on

the extrydate to.a si red. i C size. As._us .
the it OterRbafers et ot miRE S Hit bty G0 iora il
(2.5 §0.8 lisroniefgé)udi ng water and organic solvents. In

certain enbodi nents, such powder coating conpositions

[01dPE nmde Afigr forminga film el hereflgntiae avatingomstbe sidstraienthe

e o GBS BB e e BB e
drivédut of i bacdcduefilin ﬂ%ﬁ@d@g& a8 aﬁfd:%'% Bil]iclRﬂBéIEre application of

i ncorporated herein by reference 1 In these
subspquestieoabing comppgivensn tSuitable dying contdittonsrwillrepend aul the

include th ticulate fi in
R YR AT —
wat@®birieyB&-offthca difying Whebf Bbm 1MV Siftinkids 3t a Rinfeeitie dfhse to
a high shear m xer such as a planetary m xture. In
20(b°§r(£g‘iﬁ6>%‘ﬁﬁbmlh’em@quathe dry materials and thgI aqgeous
. ' [ fo th t..] ti e th nae
it 0" ! 2 Slneb e G BRI AT R SR B Sataly comea

* with2@fr-impart@ytnodadifls tSatindeiyes 8 Rted RINPHbHGLdr 264
Wli nto arl lfggrt [ gul ate lb%en%.dg[%,l%]% Thg powder cpz;rlti nlgng
corapaspiti afitgpressnt irtventiony eAs ussd herain, e epp|“nemthidingcoating

' f b t i.ncl pdi etal li bst r at es,
REIR e hTe ,
bere@fitheotAENAR Is Va§IBleATE c&HaieBmBOMIeRR IPYheSRE@NE R¥ention, the

and in the case of a nmetal substrate, by electrostatic
surfpse henegth the nonhidingcoating dfyenisfisibldiwhed theubn-Hidmgdoywmtés

' C sition t r [wventio an be

sprf 3t Lo MR eReT oe Bt (LRl | 4 el B way o
asses @shdeding Is By mbauteRtEnfof sHaciNeAS uddd Rkreif Wopadly frERM to the

about 1 to 10 mls (25 to 250 m croneters), usually
degrestgtwipch @ material ebscaigs asubst@teni cr onet ers)  hi
[0117] “Percent opacity” refers herein to the ratio of the reflectance of a dry
coating film over a black substrate of 5% or less reflectance, to the reflectance of the
same coating film, equivalently applied and dried, over a substrate of 85% reflectance.
The percent opacity of a dry coating film will depend on the dry film thickness of the
coating and the concentration of color-imparting particles. In certain embodiments of the
present invention, the color-imparting non-hiding coating layer has a percent opacity of

no more than 90 percent, such as no more than 50 percent, at a dry film thickness of one

(1) mil (about 25 microns).
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many cases, after application of the powder coating
conposi tion, the coated substrate is heated to a
W?é%@?ﬁ?ﬁre sufficient to cure the coating, oftEYSEY7g00637
tenperature rangi ng from 25Q0F to 5000F (121. 1Cto
260.00C) for 1 to 60 m nutes, such as 3000F to 4000F

[011348. 90CI1 ertfirt erhB6dindets of the 1@ 18 v suEfa&ss of tsefiSin@ention,
result, the present invention is also directed to
a clegront layerds deppsitediavarat lpstansstionefethe celor-inaparting non-hiding

tpall ti ited from.a powder .
cof ! $uEERREA M E7 BB S Lnb RSy B horss
any yidatiyier-fofAinigtesif @RPOSI Bd DpHed@bvériiRe f¥16SRYarting non-hiding

invention nmay be used to forma single coatlng, for
layex teripipart additiopalcisath and/aspeetectiveprepsati¢sitg ths suafabeuederneath.

' ered system or, hoth: or one_or .
g Bflnch bk 43t REEIERGoR SR tioa i RGg compositon,
an 6tgaaic sohRNCBAEH 08atiiRHoaPokitiOA, ord WALIOBABA cbAMB coRpesifbn.
a base coating conposition, and/or a priner |ayer,

Optineal uegredjents suitabletaplinclusion is|the ¢leardeds somppsitiop micinsle those

i mer - f I r. [0108]. The present .
iR bl RO 18 45 OBy B s Prind® GplH BB materias
desesibéd édrlistr. ClhRtcRsArodat Eorpd¥itioni cah B¥ ApplicdB ASubfratdBy Ao

wherein at | east one coati n%wllayer I's deposited from

conyigationgl eeapgdeahinistuetsicleashrashing ispragtingedippingfos flowing, among
oﬂgé@nple, t he powder coating conposition of the present
I'nvention conprises the basecoat layer in a

[0119] ti - | ayeéeraiEnbodiMertdddatify §itedl fRdin @ pBAABCRAting
and a topcoat. As a result, in these enbodinments,
CO@PQS@FOWSM BESSGTY pnvgRtoR extibig a orichernecqlenwberomparadta@ similar

‘ Lt of . resent .l pvention,. at.least on
pof SR il AR NG BPEhbP fiosa
nanbperticltl Gaving @ahaximain 1% 6P1 €%, iRhdSBRSE HERribéPMBode. Asa

_powder coating conposition, an organic solvent-based
resplbdhe prgses ipisslion srdiseted tuaxethody fordrcreasing the color richness of a

‘ L as._ | []l..known in the,art. Th .
cofi ATRERHE ot it Fouirt P ihes b dpB e Sheomppis
includéngCia MROpdWdep B6atitpefomipokifiof @lhraBS FPBlynterlehOBSed
including, for exanple, a filmformng conposition
nanopaticles aying @gnaximusi hnae of Hi%d s used bareiagthe teym “eotoyirichness”

, | Al i | kyd nd . .
ror 01 BB gL T I R s 8 oo g
Nob§, 782155 atrvet s linexd4 1@t ihe @itk poriiofl WE whithibedfe incorporated

brushi ng, spraying, dipping or flow ng, but they are
hergipdyy refer@iseappsreiad Ipyeshbt ¥3lnagorrespandsda alhighsr keyel of color

richrRS ¥} lﬁ‘ﬁﬁm@&%ﬁﬂéjh@g&@ Emfegtrioﬁr’,1 Ieblor measurements at various angles

can be made using an X-RITE spectrophotometer, such as an MA68] Multi-angle
spectrophotometer, commercially available from X-Rite Instruments, Inc.

[0120] The present invention is also directed to methods for matching the color
of a preselected protective and decorative coating deposited from a liquid coating
composition. The inventors have discovered that, unlike prior art powder coating
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
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spraying, airless spray and el ectrostatic spraying in

ei t her manual or automatic nethods can be used. APlOQ%
WR20A3313¢ n enbodi nents, the present inventi onPfEUS2007000637

directed to reflective surfaces at least partially

coated with a color-inparting non-hiding coating |ayer
inv@BAOS Ednatst ised ﬂ%racom\/iﬂzﬁéhiﬁ? af ¢daingPHePRSitdd Pén HYUTY doatin

a plurality of polynerenclosed nanoparticles having a
compesitiens Hagee wethedssomprisgea) determmingdtherwisibde celor of the

l.ear t.layer may be deposited over at | east a
PreSeFRrO RO e eBR e e sRrpany o Relielihy O bR preRglected
codtiigeind B} metingBpdiedd cbAIrY ddmpoSitioh @bMprikifk h RIS of

surface" refers to a surface conprising a reflective
po}meﬁﬁndpsqda?nn@arazlg?hwn}g emlaeirmfa? hezaodf W%,Ivd?zsain 3@04ting
sy S east % "Total.re ctance". refers
i) Ronihe RE%Rer dogttg corthPuichdne Fiesbe Vst calorontae
prek@leatbd ¥@ating, UM hekEfietRAS, the 8¥briahéd or rRNERARS of 'fhet;f}l@selected

object in the visible spectrumintegrating over a
coafingus defermmigedusing Wispéchiophatpmeter (asidesasibed gbone) endha turve of the

t rtion.of the electro netic,.spectrumbetween. .
s Rty Ak R Shi et el B P Bty e vsibe
spac@hifris phatueéd) Tids bl d@lePreddb WEBR vidiBle WbRMbIGe bAYRBMEnce
a normal to the surface at the point of incidence. e

spectifime A powdencoriing catepasitidnds prodneddy winoh ibdudestaplniatieoof

polgﬁeg-gl)éﬁgpelggfgg?%qrﬁé%{ vt"f‘rhg';/a!l ﬁ%ﬁﬁg@ %%éq&qggb%\%’g%‘g{the coating
depoRftéd f6ini tR&powd&tebdding CongiRsitdnhal AR AHIEBEYoPbant&6r reflectance

reflective surface conprises a substrate material such

spegrumfclpselixmaishiag thasof Sfequesglegtedeoatingsol d rol | st eel |

one-plated.nmetal., of. vac eposited nmetal on
013001 PhsERG R aneion, S5 e B R RIS gt not to be
corfs@fekeiCds! lﬁﬁ_tiﬁg kHeABPerlTRN 16 HER' debflsd AR [SiHs AHE b¥rcERatR%n the
surface which may, for exanple, conprise a reflective
examples, a3 wel pe throeghout the gpdaifinatian,coaby mgight npless athawise
in sc%geg as, for exanple, a silver netallic basecoat
dIlay f, a colored netallic basecoat |ayer, a mca
contai ni ng basecoat |aygxampiEs\hite basecoat |ayer,
anong others. [01 12] SUch refrective coating | ayers
may be deposited from aEXAMPLE hi ng conposition that

may, for exanple, irplludg any.of the filmformng
resins typically useélﬁﬁigggigggg§%mcoating
[01e@posi t ThRExamiple dR¥GHBRS the préjfardtionBf b Polfuhdhane dispersion that
e

conposition of th
was subsequently used to the form the polyurethane/nanopigment dispersions of

Examples 2 to 4. The polyurethane dispersion was prepared from the following mixture

of ingredients in the ratios indicated:
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reflective coating nmay conprise a resinous binder and

one or nore pigments to act as the colorant. Useful
WP2R18H3#S4 bi nders i ncl ude, but are not linit edPFB/U52007/000637

acrylic polyners, polyesters, including alkyds and
pol yur et hanes. The resinous binders for the reflective

coat i MnePdMestst1 ON may, for exanpl n a
powder cgatl ng _conposition, an orga |c S(%F' g% hﬁ J=d
coat i NChangedsi tion or a water-based coating

conpos|}td19(heobg}ﬂty1g%]cop§diﬂg§)éd the feflectgyg coating
C oM OSTBinith 15Hr SHi&hdd b )f's as col SEE

Sui t alt ent s Tor—tner+reftective bUd.l.
Con-poc- ’fn E‘ %am |r~|a fNr avgnﬁl Qa ! 2 <

whi ch Jgﬂqdmﬂdhﬂmﬂ%ﬂﬂhﬁmﬁlakp Prn;fmm ar bhrédze flake
and ndtEipherylphospliteed ni ca: non-nefal lic 26l or
pi gnentGhargadh as titani um di oxide, |iron oxide,
chr o |UHydesx yithyl hestlkhceIa@ MEERMARND ¢arbonipd ack; as
vel | 4y 10aehecrplaBNTS, Such as, {or EXagph €,

pht hal LR of ue_amd pmnou uuyan e gl eem. {01t
The rg e - posieon—ean—be—apptHed140 a
subst réﬂ&%ﬁh@( oV WV 5 Var}a@fl ha tedd :?Srljup suth

as br LijLafd_ng__dj_apj_ng_QLf_m ng. anmong
ot her 9.Butylaneibacrylatpr ay t echni ques and equi7gnent f or

air sprGharggV airless spraying and el ectrostatic

sprayi|meibkiz&l Wwaef manual or automafic maﬁgq;@s can| be
used. [TRH{IBEE Qilnacation of the bas,coat 49 2 ne

Q

N J

substr i nrthrckness—of—the—base t—fored
on th'ﬁl%gﬂq? AOI‘mm. ranges—fromp—a1—t n“4§% bs-(£. 5
tO 127 ters) or 0.1 to 2 m q(?'%tn 50. 8

i cromdiutylqpethacrylates) after formingla filnd®f the
POWélfeP@eftYIg{réol adiepte) paying p nynkber ayerkgstmiolerwlar weight of HI0D.ect i ve
ting [

S T e R e T
flagki dqrui;iwd Iwe‘dntanmjemnwtemperadlwpmge,pﬁedhaﬁhcbl&"tlﬁreﬁ condenser, and a

%BEI i C of subsequent .coat| n'g conposi ti .
he g1esd wasisHed o unyles in the Ha ﬂaat@ﬁema@ramre of 90°C.
Ch&%E 1] \95@ ﬁfdeg’ ﬁﬁ@ﬁfé%wﬁﬂ%? E&d19 0 GRE. Gy ﬁgteehlﬁb d??& over a

mdity if the conposition I's water-bor en,

10 mmirty perpd. | Gleargd IV masraddetiand Shendesultieg matture wanpaduatly heated

.~9 to_ 2000F to 0 b d t 01 16]
to S et P Snerhald 890 Fdop Bawi Chpe Novastiea n
sepafatd ﬁ?s‘f(tanﬁ Akhtbdtd 8’0°€0 ajop0 8@"0&" hleal'e%@lfﬁ g)rddaﬁeg%ft Jadges L 11, I11,

non- hi di ng coating | ayer posit
andcBawanadded np Charnge &hom‘r 30 lmunmees(éhatga Vilwat adued akd theseghlting

.t}erein, tpgterm"non-hidiqﬂ b g
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
pm), a pH of 7.75, and a nonvolatile content of 29.4% as measured at 110°C for one

hour.
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Iayer refers to a coating |ayer wherein, when

osited onto a surface, the surface beneath

‘Veagp(ﬁﬁwfayer is visible hi certain enbodlneanT6§NPEQNM37

present invention, the surface beneath the non-hiding
coating layer is visibl e when the non- hi ding |ayer is
applied at a dry filmtiExksmasEoef 0.5 to 5.0 mls
(12.7 to 127 n1crons). Cﬁe way tOo assess non- hiding is
by neasur enent teaneiNanopigmenti Dispersion. " opaci t y"

afers t h ch a material obs
o8 <F 3 { dnl %f%??e fe%%l?besﬁf?'%rs%%mn RS Ra I T3,
phﬁlbl@cijzaﬁmdiblﬁé pightent @fsh&sibANThe Gfspérs%h&(va%?ﬁé pafddl frérh 'i]‘le
over a black substrate of 5% or | ess refl ectance,

foljoeng m¥ixturs efringredients e theaatiosdodicatad: fi | m equi val ent ly
applied and dried, over a substrate of 85%
refl ectance. The percent opacity of a dry coating film

W ITh Q@mﬂg on the dry TiTmthickness pf yR h2 @
Ry

and the concentration of color-inpartihg par

celGharge Enbodi nents of the present invention, the

C 0 [Polyurdth@iet digigrdieof Exliniide ¢0at i ng | ayer hasgaper cent
O Sidniz waie NMOr € t han 90 percent, quk:n as @gmnpre

H':ﬁyﬂ?@%ngﬁﬁﬁ‘h%ﬁh?fmm AR I .(.if. s
of PiB'J gnLe ive surfaces nf fhp preslent L\ qpl on,
clL.She hOMS (Shell GhepigalGoded over at Ileast a $e#tion
of GtasgeHl or - i npar ti ng non- hi di ng coatling | ayer. The
cl| Exiomzdd wagrer nay be deposited fromfa conpoHisgion
t haBue HYaropeRxaIeY 70%Righads%olutioR) F Or M Ng TeskR and
CATHA g8 | €0 over the cofor-| nparu g ToT= HrdiTTg
T N A ARGl A

pI-G e
biLE gpusammomnmsulﬁmmm can be enhadied as Glhouder

c §§dlﬁ§1 metehisulfite on, an organi ¢ sol vent - based.Bbat i ng
con efcily available finentBeSF Gamed coat i ng conposi tion.

[012 | onal Th{ %&1 &@@e@%l&?@gﬁné Er4 g lﬂ% P42 piddel ?ched to an

“clearcoat” corposi tion include those are \e

air kwdmnThennm)hareavds thén pre+displeesed Poeraier Milt PSM}&H bagket milich

as th t al s described earlier. The cl earcoat
COIE%WBsg‘?? mno ﬁgh Ipanmrcoper Y 2 syilhiag media fey | 2ayours at 1000

fprp ﬁ“é‘%“h&f’“ tesCAR oD Sorh B U e R PIUP G pg A qantis
Vig @rriua rmll enﬂﬁenhnrrgaiﬁosnL@(ﬁ 813 mysZidwnos YTRAR grinding npdiaian one
coa Jrgl on of the ]% sent _inventjon exhibit a

liter g]l'x m&’gﬁf?a‘?’@dmt 3t 1490 ppgy 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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powder coating conposition that does not include a
lurality of polyner-enclosed nanoparticles haying. a
%Pﬁﬁﬁ?%aze of 10% such as those descri bed 588@%?”%@“”37
aresult, the present invention is directed to nethods
for increasing the color richness of a coating
deposited froma powder EXAMPIZE gonposi ti on. These
nmet hods conpri se includigg in the powder coating
conmposition a pIPQI*V:Hl'ﬂtha}ne aneplgmang 1St08e d

opart gl e ' ' haze of 10%.

ORRoPo" TRl Pahle Ao RS o Lp e R 12

quinatritonk ndgesta@i EhaB dispeions Mc&iﬁg@ﬁsi&ﬁﬁ@i prepated from the
United States Patent No. 5,792,559 at col. 1, lines 34

follayigg mixthee of ingrgdisnistin the refiosinilisatedei ng i ncor por at ed
hererTn— reference—whererr—atower—tH—valt

ccr‘P%%"é‘E‘?yP& to a higher level of color i ielght deramy)

puT 10T {NE present [nvention, cOlpr Measur ements

WSV SRR AN BB 177
SFM@%\X&@ er, commercially availahle frodéRite

| ndiydueqirimane methyl qtier SMEHQE present j hventi oh36s al so
di| PRt 2Bpigmentt hods for mmat ching the cplor of708.0

pr| Shellst 10MS SlodleClidnviealafud) decor ati ve goati ngge.4

demrbeg froma ITiquid coating conpos)tion. The

i rﬁlﬁwa&e discovered that, unt Ee pri O 7§

c iy VPR 07, A B solilinl 0 e & apdih o ot
pr fmhvarrg._ﬁ}m{r‘nnfi ngs that exhibit color roperties
si|Aeiemzedovatent i ngs deposited from i quid codd?Adg
coieuons ammeniugsswfatesul t, t he powder [coati ng).13

coigpdiimi metsbisaffitt he presentinvention can be ugegl for
col dConiidk &GNy Bl FortSuh BBMIAEPOST T €D Trom 1 qui d

ting osi L.ions. -These net hods. conpri se: (a)
0132f or nffﬁquaﬁ NS VBIeambes yFingh 4 imch, @své«rsé&@%oattached to an
} ; i b h | . of
o B i i FpREE AL PSR 1T 0 i
comt@aingrid 3 culp 6§22t i. anmcingonb s iYIE @ nplling ahddia/ fopfl .5 hours at 1000
I r-encl ose noparticl es_havi ng a maxi mum haze )

fpﬂg?or%gg A %ﬂag%géa‘gipﬁﬁlpos@ﬁ%%%@% Fesislech thronghiar Advantis
V16 This A1 COARRThS SO mTBONERnt Plec o§1}%2®%ﬁh@i@ Hedid ' a one

presel ected coating. In these nethods, tfe a Eorbance
litep grindih ebanalvar e Thé ntiktarqwasmiliedtae 4260 withiapump setting of 19

dgter ] ged usfi g%a s&gct r ophot ter..(as described .
TP, AP ah e T d o OWrSo L NE REPEEESS OF BgrRidling WasspRiiqredh by visually
obs%?dhi@%&latx@@s inARIBariibardAAXLOERG fifh s SERFIRE BhWA% W 6\}%gb1ack

visible spectrumis produced. This curve is referre
and white Leneta papst.biChargedbwhsiadided and thefresdtimgumexture was stirred 5

minutes. Charge III was added in two aliquots over 5 minutes. The final product was a

® q

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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spectrum A powder coating conposition is proguced,
whi ch includes a plurality of polyner-encl ose
WQMBEHA1E cl es haang a nailnun1haze of 10% sHERUSHW{/000637

the coating deposited fromthe powder coating

conposition has a visible absorbance or reflectance
spectrum cl osely mat chi rexAMagLRY t he presel ected

coating. [0121] IIIustréTTﬁﬁ_Tﬁ__lnventlon are the
fol | owi ng exanpk® AANCAY 3NoptpIme (0S| dered as

I tin i_nven the|
o381 S TR RO NSt L Sl 13 B
.yel$61€ Bigneén tlispersioal TheYi E;Rﬁsﬁﬁtwéé ed)fr&%rth‘é ffflowing mixture of

i ndi cat ed. MPLES MPLE 1 Pol yur et hane Di spersion
ingretionty inthi satinsandicasediescri bes the preparation of a

pol yur et hane di spersion that was subsequently used to

the form the pol yurethane/ nanopi gnent di spersi ons of

Exafpr&femds t 0 4. The polyurethane disp M SHRIEMR egmms)
|

prwnq m xture of]ingred ts I'n
t heChaageds i ndicated: 1Poly (neopentyl g] ycol adi pate)

haHohgiréhimediggeradebABRaniglt ¢cul ar wei ght of  §P0;
[ I BednifwRel YUr et hane di spersion Was| prepasggh I a
f“f{,xdﬂc?@ndn%%uéhyl” hef KMEH@ SquT pped-m T

el A t-e—5t —echanteqd
cahdeh |

da heating mantle Charge | \LA/;QZOQ;O; rred
5 | mhsl %ngMﬁ (8hell Chegaigal:Go.hy t enperat urke of 90864 Char ge
| I Geargedbled and the ni xture was cool ed to 60C. Charge
| Il Deimsizehslstedr over a 10 mi nute period.| Charge71l.¥y was
addght A didpRrdx @& 70 AuBdasis8Nfiopps grjadual T'ysieated

tcC"iHH- ﬁer 45 m nutres ano tnen fretd at 900CTor—S

h( H copnariat o £l acle

na
he bei(?nlze Jaﬁl;‘v gg?\nb:‘\g of thn rna_gt‘_g[g_p,Lg,d,azggL__-
o &egaus smmopium suifatesnd v was added tlo Char &3/ over
iwn mstabulfitge VI was added and the resul8ig

3
m xt Gommumsialtpevakibledrano GiBAenper at ur e. - The fi nal
mul sion with an acid valu

03pP55°5 MG iterdisien Bremmiseduning adrs By Coiis jsegiiached to an
air ﬁﬁ%l""ﬂl@ nitruft wgsothtérpgf)exdé%epééd Nithla Izr%mlg'g\qngil_yLIGB l?aoslr<et mill

nonvol atile conten 4% as neasur
congaping@iB ntXAMPRH .2mm Zirconox YTZ® milling media for 4.7 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 18 hours. The progress of the milling was monitored by visually
observing changes in the transparency of thin films of samples drawn down over black
and white Leneta paper. Charge II was added and the resulting mixture was stirred 5
minutes. Charge III was added in two aliquots over 5 minutes. The final product was a
yellow liquid with a Brookfield viscosity of 48.1 centipoise (spindle #3 at 30 rpm), a pH

of 7.40, and a nonvolatile content of 29.4% as measured at 110°C for one hour.
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Pol vur et hane/ Nanopi gnent Di spersion [0124] This

exanpl e describes the preparation of a nano-sized PB
WQ39%/08H5hal ocyani ne bl ue pi gnent di spersi on. ?ﬁE/USZOW‘)O“”

di spersion was prepared fromthe follow ng m xture of

ingredients in the ratios indicated: Comercially

avai | abl e from BASF Cor gXANIISH sThe i ngredients were

m xed using a 4.5 inch Cowles blade attached to an air

m)tor The ni xt rlﬂn\Drmngﬁj:amonmqumsmm Premier MII

035} L T RS hld des IS TR SFactiohs Botrt s

/nah@igient dikfifersib oPERARSe 316l 2 UEd hidierial B tabREBE nRBKAN B hilling
recycl ed through an Advantis VI 5 Drais ml|

inte & powidered g‘e@@tochfor@nb@qsenmszmtbg prepandtizy of a gowdcn qogting

nedi ' di Th t.
et o T ditriooh s eI FiehrelEs Ao it Crigd syt 4 Bifolvak
6” k 8 Aouble WRur diryle? s&tQkikSa Fé‘ﬂ“@f U 8avARSa Sfund ﬂ%ﬁlp@}altﬁrb B39 240°F
was nonitored by visuall'y observing changes in the

rotatingrat 3 wmoy Tl resulting matemal fofrmed adacedikgrshest thidwas casily
ene added and ..
brRe 65 LB A ¥R bR nBERGlH e e arpeRRas il B 110°C
forlohk hs@s added in two aliquots over 5 mnutes. The
final product was a cyan (Blue) liquid with a
Brookfield viscosity of 356 centipoise (spindle #3 at

30 rpnm), a pH of 7.29, olatil e content of
28.9% as neasured at 113&-@@ hour . EXAMPLE 3

Pol yur et hane/ Nanopi gp@irefBas®Bispe@idbnl 0126] Thi s
exanpl e descri bes the preparation of a nano-sized PR

[0132b qui nih}suea@mpler@gmheaﬂmgmmoam of pepodyusetharfrdispersion that

wf RS LAY Vo ERP P S LB e A ) B rons
of ax/aatm;iledo’y ®9 mmnﬁunheq;tﬂmr@ﬁhhné V\feghoﬂ_ Ras bRPardifRIM the

were mxed using a 4.5 inch s blade attached to

follgwing mixtutes ingredients ut the eatiggsndipated:pr e- di sper sed
Premer MII PSM1 1 basket m |l containing 353 nL of
1.2-1.7mm Zirconox YTZ(r) mlling media for 1.5 hours
at 1000 fpmfor the m x bl ades and 960 rpm punp speed
and then recycled through an Advantis VI 5 Drais ml|
containing 500 nL of 0.3 nm Zirconox YTZ(r) grinding
nmedia in a one
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Iiter grindi ng chanber. The m xture was mlled at 1260
fpmwth a punp setting of 19 rpmfor a total tinme

WIS The progress of the mlling was mnFFUP@E"OWO%”
vi sual | y observing changes in the transparency of thin
films of sanples drawn down over black and white

Lenet g7 arge 11 was added and ngy
ReP&lients :E W@i?h\fl\gg;rggﬁ)

m xturle was stirred 5 mnutes. Char ded in
t wo aI%ﬂover 5 mnutes. The final product was|a
magent|apoly (it Flend 5,{1d@58rookf| el d vi scosi tg55)5 28

centi F‘blﬁ‘retﬂﬁ@l %&&ﬁgm&zngﬁn{)pm @ PH Ofg01 —and a

nonvol ] Z 0. z70as—freasttr—ea 1“’\ ‘ or
one hC \n_a_l /I Dnl ynr et hana/ I\Iannnl nneﬁttf"(a Sper | on
[ 0128] ‘ﬁﬂ“?l’gteé tolhe; | hes 1 he p enar at?8n of a

nano- i Eriphemyt phosphite- azo yel | ow pi girent di bper si on
The di|Sdeargedh was prepared fromthe foll ow ng m xfure
of i ngrkeglirexyethyll diti@rylatt (HEMAYJi cafed: Commgercially
avai | cllﬁﬁylfrﬁ&%&yﬁé [OIZ9] The 1 ngyedi enigg sere m xed

usi ng I 153 Cowlesbtrade—attached lU art
ac
not or . C"% ..rﬂtﬁu.c was—t-hen—pre—ei-spersed—# f§2
Premni € I \taining 353 il of

1.2-1, viepe bistfzcyetohexylisocyanate) nhdia f9¥8-% 7 holirs
at 10QCHarge{¥r the mi x bl ades and 960 rpm punp speed
and t h@utylensthheglatehr ough an Advant{s M 5s5grais mll
cont ai| Chige® nl of 0.3 mm Zirconok YTZ(r) grindipg

medi a Tk, eh Pew Al €7 gr| nding chamber % Ehxr UTE| Was

m | ed mMmw-th—a—punp—sett go. pm-fpr a
mhthén(i‘iam Crourea The P r\gr es of zgé

total = . LAY A" B> ary rTIrre m"'“

was nt ﬂ?l}ﬁ@lmn% sually observing rhanngé 9| n the
transj lewlﬁhamlﬂfwnh | ms of sanpl ks dra\lﬂ7dovvn olver
bl ack MthIe Leneta paper. Chargge Il was added pnd’
t he reButylimghaoryater e was stirred 5 m nutggo Charge

SPolyl(Huty}lﬁSmﬁtﬁ:ﬂl&dmg Bnunibex a@éﬁg@ﬂ@fe&ﬂz@\kﬁl@ht frlzjnmu}g €s. kflhel
uct, wag a yellow [iquid wt I OOKT | €

013¢5c0s  t ShepoliEbe HEpratoaey Sprmtican Adost nesb o otigm

fladktqafppéd 4Qth aﬁrk‘ijec?roﬂféri&ﬁhérﬁL ?ﬁggtxﬁ%aﬁgalégrr%t/ &Qﬁdenser and a

measured at H OOC for
heaing opintlae Chae § peas stived § afiddes ifitthe ﬂesl@ar[altanplersmre di)feEz5°C

t he. conversion, of the |iquid | yur /nanopl nment
Chayge vy e%ﬂﬂ%&*ﬁr%‘rﬁaﬂ%wgﬁ%o o ﬁa@@{g&ﬁ Hevastadipcover a
10 ir@futEBEHGR Citrgd IV Wad8dded and the resulting mixture was gradually heated
to 90°C over 90 minutes and then held at 90°C for 1 hour. Charge V was stirred in a

LJ

separate flask and heated to 60°C. 1387.8g of the reaction product of Charges I, II, III,

and IV was added to Charge V over 10 minutes. Charge VI was added and the resulting
mixture was cooled to room temperature. The final product was a translucent emulsion
with an acid value of 12.5, a Brookfield viscosity of 3710 centipoise (spindle #5 at 60

rpm), a pH of 7.6, and a nonvolatile content of 29.4% as measured at 110°C for one

hour.

-38-



into a powdered feedstock for subsequent use in the
reparation of a powder coating conposition.

5 #@P¥5Hn described in Exanpl e 3 above was dP?E’&FSW‘)Wﬂ‘)“”
a Bufolvak 6" x 8" double drumdryer set with a gap of

10 ml with a drumtenperature of 240F rotating at 2.9
rpm. The resulting mat @XAMPIgETed a | ace-1i ke sheet

that was easily broken up |nfo a Iarge powder with a
nonvol atil e conBﬁMrQﬂlanetN pmenbBispewstbnat 110C f or

hour [ et hane D|s ersion
0133 " ex e TSR R M TPRREIAA S e P 133
phtheloy ydreidsine pfélnﬁa@lﬁﬂi%p&@xohh%e ?er&},%sz@ﬁtﬁéﬁakéﬁ f&84hd O
the formthe respective polyurethane/ nanopi gnent
follpvgpe mixtyresofdngresiants e theratios ipdigatgd13. The
pol yur et hane di spersi on was prepared fromthe
following mxture of ingredients in the ratios
i NdhgrddchtpPol Y (butyT ene oXi de) havi ng
a ergme nol ecul ar weight of 1000. [Q132] aYrV%eiﬂm?ﬁrams)
polCharge hane di spersion was prepared inh a four neck
r o Potlubethirddiépeason SOERPRAEGW th an ellectronygy) o
t eTREEALAH RatBf ODE, Mechanical stiTrer, conoemrl amd

a %&ﬂ] dflfélllﬁét yle ‘é?[(l?l% Q)vab stirredr 5t T)b 1

th at “eHpet-attr 1250C—Charge WaS
ac@gd—aiﬂlﬂf&?m-xi_m—e_\mc cooled to 700C ChEVT9e |||

wahesel OMS LShell Glremiral (o) peri od. Chaf ge | V184§ added
andhange Hesul ting mixture was gradual lly heated to 900C
oy ®&rei@ized wattres and then held at 900C [for 1 honq.

By ydRsperdxide (0% Aqueo@BRftidhy TTaSk and pepted 10
60 harecfif- 00 Of LhE reacu on prooucr of dr 985 |,

: ”"Del n@gda”‘T Fv—was—added—to—Charge—Vover 512:'3;ulc :

"C'l'i:rc QI' addad and t+ ha rnclll f| nm m Xtur

co p@ﬂusaqnmﬂnmsﬂﬁtﬁmmrp The final nroducto s a

t | 2edipreatabisaifitaion with an acid value of 1228 a
Brookfield viscosity of 3710 centi poi se (spindle #5 at

10138) 1,5i"% The Rilients,vere 705 HERE R Shister/ SR PEr Hodel
HHEM- yw@fdmryeﬁdﬂ@@m fEE R Qb& 9&&3@%&%& VT@!Dcralg mill

exanpl e descri bes the pr parat| a nano-si ze
cont&n@g S0 nall cf OyBamimZirérinoe Y ZRerindidk spedisinerone Ther grinding

cha R CTRE A i8S R R §81 00 98 a total time of 19.0 hours. The

progress of the milling was monitored by visually observing changes in the transparency
of thin films of samples drawn down over black and white Leneta paper. Charge II was
added and the resulting mixture was stirred 5 minutes at 11°C. Charge ITI was added in
two aliquots over 5 minutes. The temperature of the mixture increased to 13°C. The
final product was a blue liquid with a Brookfield viscosity of 26 centipoise (spindle #1 at
60 rpm), a pH of 7.2, and a nonvolatile content of 30.0% as measured at 110°C for one

hour.
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following mxture of ingredients in the ratios

i ndi cated: [0134] The ingredients were m xed usin
We3GLS/B8H54r / st at or mi xer Model #HSM 100L for ZPQTWgEﬂ‘)%/‘)OOG”

and then recycled through an Advantis V15 Drais m ||

containing 500 mM of 0.3 nm Zirconox YTZ(r) grinding

media in a one liter gripxAngpghgnber. The m xture was

mlled at 1400 rpmfor a total tine of 19.0 hours. The

progress of thePaivurdtiapedemopgnienbPesgetsionvi sual |y
ervi ng,chan n t.he transparency of thi of

013851 Ve 3:“%“3‘8\?&1&68%9“ ROt npissd P, LIE
uith@iddfe mageft Ersidne THRkdpktsitth WAsHrepRedBOm th
d stirred 5 mnutes atﬁ?lc Chargeplll was Hg%eg inmtvvg
follpwing ot xturpvadringredients e the raties indicpted:at ure of the

m xture increased to 130C. The final product was a

blue liquid with a Brookfield viscosity of 26

CéMhbRAAiGRs (SPTndlTe # T at 60 rpm, a pH

n nv%l at i Ise content of 30.0% as neasuried Wei%ﬂ‘&%%&
on&Hupge I EXAMPLE 8 Pol yur et hane/ Nanopi jgnment Di sper si on
[oﬂfra rothiAr RS IBRRIgIDES T Ne Pr epar at i ofpAlg a
ngimi&h%;{& I22quinact rdone magent 4 pi gnegz% 1

B O Al A A

1Y) T /AC Or ©

i gMERY1 361 The |nnrpd| ents wer e xedej@ﬁm a
R §§6MS@GQMS(&6BrCm@a1%)del #HoM 100L for 43héurs

an€Changalk ecycl ed through an Advantis (Ml 5 Drais mll
cOMetonizedgy X0 M of 0.3 nm Zirconox YTZ(r) gop2.prding

P eUBty1 hyardPRRxidel(30%HquBslis 81RO .| The T @iiIre wa

LJ IIUUIb IIIC

1400T
ldh%g @ill pm Tor - l:l ::luunilltg:fegl Y-S
D¢ B e ot

h 1QTIZE ‘y-qtgnmnc in—the tr f t hi

[ g . ransparency 1o
;aEﬁFQ@@WﬁMﬁWa er _bl ack and whitle Lenet®ldaper.
ch&ediam metghisulfideled and t he resul ti ng |m xt ur d2ds
stirred 5 mnutes at 240C. Charge Ill was added in two
er 5.m nutes. The tenmperature of the

CEOR S?ESFEV%&] s Wersgeecd tBg f Rt roprGtaiet mixes Medel
H#HSRO A1 0 4 n?e%c@&hé%o@gﬂ %'A&ﬁgﬁt’ﬁ_{‘y g f? %Z mill |

centl1 pol se Spl
comnimimg 1580 inmlef (‘)drmﬁnlircﬂfnoi YT gﬂndhiﬁgmtﬁ&dnattonk lﬁ&%rfnﬁfng

0 VPLE 9,
cham% ’Phe mixture was milled at 1400 rpm for a total time of 23 hours. The progress

3.3

UJO'O

of the milling was monitored by visually observing changes in the transparency of thin
films of samples drawn down over black and white Leneta paper. Charge II was added
and the resulting mixture was stirred 5 minutes at 24°C. Charge III was added in two
aliquots over 5 minutes. The temperature of the mixture increased to 26°C. The final
product was a magenta liquid with a Brookfield viscosity of 27 centipoise (spindle #1 at
60 rpm), a pH of 7.4, and a nonvolatile content of 29.3% as measured at 110°C for one

hour.
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Pol yur et hane/ Nanopi gnent Di spersion [0137] This

exanpl e descri bes the preparation of a nano-size
WQQ%”"@F’”&%O yel | ow pi gment di spersion. The di sB@T@fSHWWOO“”

was prepared fromthe foll ow ng m xture of ingredients

in the ratios indicated: [0138] The ingredients were

m xed using a Ross rot oEXAMPRLE i xer Mdel #HSM 100L

for 5.5 hours and then recycl ed through an Advantis

V15 Drais ml| £ anop 12 M Zi r conox

r e

OLEFE(T) 9T (T F@“J* ttl?ell%glgarlzﬁ&n gt af a%ha PR Sl LT
yelR3v pigitent dispezsiph.oThedBpasioheas Ipréﬂar@mmmhmangaﬁlbee of
. visually obserV|ng changes in the transparency of thin
ingrqdigpgs igfthe Eatiep indieatedin down over bl ack and white

Leneta paper. Charge Il was added and the resulting

m xture was stirred 5 mnutes. Charge Il was added in

t Wingledign@d S over 5 minutes. The final DTW@%ghgégﬁ%séi

yellow Liguid with a Brookfield viscoslity o

ce¢@thapeé¢ ke (spindle # 1 at 60 rpm, apH of 7.3, and a
noRebluadthdre dispeisiort ofxadthl860 as nmeasurjed at 22Q@ f or
on®ehihiFedAMLE 10 Preparation of Povwder Cogdg3ng
Com;aed 'il%eh@tl?fliéﬂﬂ:km}l@ldw T S Xamnpte ge)scrl bes

Aln

t I?prs clalgllltUH ot—a coretot r-a—of ty fract —7'905 S~

va t hn nauwrar r\nrmncl t | oRS
sLoE glisek @jégucﬁi’eﬁﬁé’émb e Poroun e lune prddbded
f | &hargelk o| | owi ng i ngredients in the |ratios
i nMecatized:walemmerci al |y avai |l abl e from DSM Ré62.4s
7 CoBireyl tiyaiopyroaidai(7 69l aguédussolabn)8 Conmrer ci al12y3
@ibagd gIfrom Estron Chem cal 9 Conmgrcrally

a
. ? fjeid eﬁv\rle{tam GCA k,nem Ldl 16 bUIlIIl:‘ILi al Iy g abte

al l ahl A f v A+ 19
E A dAdl 1T dilt. tI1ICI bl &t | y av-atT—=ant 1 O Tz

QUS ammoni r  Chemcal 1
chSAdium metaBisuiiten) o fr om Pal ner Supplli es [Ol@(ﬂ;
Conmponents 1 to 9 were prem xed in a Henschel Bl ender

\.J

[01§§f 1 m ?Het 1%graetdients were mixed using a Ross rotor/stator mixer Model
#HSM-100L for 5.5 hours and then recycled through an Advantis V15 Drais mill
containing 500 ml of 0.3 mm Zirconox YTZ® grinding media in a one liter grinding
chamber. The mixture was milled at 1400 rpm for a total time of 23 hours. The progress
of the milling was monitored by visually observing changes in the transparency of thin
films of samples drawn down over black and white Leneta paper. Charge II was added
and the resulting mixture was stirred 5 minutes. Charge III was added in two aliquots
over 5 minutes. The final product was a yellow liquid with a Brookfield viscosity of 53
centipoise (spindle #1 at 60 rpm), a pH of 7.3, and a nonvolatile content of 28.8% as

measured at 110°C for one hour.
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1000 RPM The m xture was then extruded through a
rion W&P 30mm co-rotating twin screw extruder at a

W@&EPSQWS%creW speed and an average torque of BET/H§Y07/000637

The extruder was equi pped with a | ow pressure

injection system and five independently tenperature

control |l ed zones, as deEXAMPE.HF [y Uni ted States

Publ i shed Pat ent |'i cations 2005/ 0213423;

2005/ 021 zﬂrﬁnaratiorha&? owides Goating Comppsitiqm Intermediate

OB PR AR, SRSy s
uséd@ Giaké Mepadvdel 20RTxg @%s%on@@@@su%@@@enﬂExa&ﬁ@cThe core

Zone 5: 1000C. The extrudate was cool e nd ground in
foralul?ewmprepaﬁd friom ﬁhnéoléy@ns mgredientpir the catisdndicated:

y ol o AARY-O

ad
A LO O—111.C1017S- \JVCI St+Z€et artTCTT "
ké)" d ﬁlgﬁff St 10 was addedPEXAI\/PLE Parts by Weight
[epar alT 0N Ofalfc PRED R s | N9 COMPOSTTTOMS[ TUTAg 177
e—poveer ermfi”ﬁiﬁ“‘:ﬁfs'f?ilﬂ ot orrodi otk be 064 Tr
nd the l:%’%ﬂf—t 3?\" Qéﬁﬁﬁhnnpi gnent Di sperki ons o.i

ampl es 2-/BURAIN-9. as well as various nj xt ur e87of

t hose di spdrlsgamos 10#&1 ght ratios ranging ffom 901.20 to

16: 90) . Eac|tFlow Addtipowder coating conposiftions ware

py epared Usi Tyguyifiq4%0pET T ON V&P 30MM co-Tofat i ng W n
U

S§T EW extT thu@m@o@unal T ons destTT ! bed—n :xanpi'z 1
Ul Cu V\II JOAA t C|2I ||J ectt+oeh oy
9‘ i ﬂfal SP.%IZ.CMZ d%nf rolled zgneslas 5

| CHL;II\JL'IILI

cribhed | mmlmkm qu'l‘i‘RGQ Publ i shed Pat PI’]‘L 0.01
ggﬁ;ﬁfsfltyaﬁagla%@‘ss'@%!&% 2005/ 0212159A1: and
0éﬁier coating conposition

E @ ?f“ﬁ'}(g%@‘ fifalias fed to the extruder at
rc1a ble from g
1

a
r ab A “M*hute and the pignents

e&"aé #oleSro ﬁ% the extruder at a rate of 105

g*@memn emalﬁmfe%owﬁ%&y@ﬁbnﬁcai ow pressure injection
smlﬂmmzimb@ﬁms»aﬁ%mesd with a devol atilization
port for volatile vapor renoval . The extrudate was

[0140p! ed aggmgbReHs tcm e NeRdh aliqehkdh@gB&)&&ér&}H} i Hnﬁute at
article size of about 28 to 30 m crons.

10 l\?ﬁtecrmxnge Weas Hisd ek Tradez] thfﬂmgh ammbmm&mﬁﬁm at—&ﬁatmg

twih Iggrewrg))( Xer at k34[) IM/I scre\tJv spec?do and an a(\:lgr%tge togque 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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conpositi ons of the present invention to match the

ol or of a chromatic coating deposited froma_|i
We&%ﬂs 0335t onposition. In this Exanple, a chronBtt ST
pur pl e/ magenta coating deposited froma |iquid coating

conposition was the standard. The col or data as
measured by an MA68I MIEXAMP@IEe1spect rophot omet er at
various viewing angles is i(llustrated in Table 1.
Powder coat i n%%réaﬁﬁ-égw Goating Eompesitians nat ch t hat
coul d be achi eved using a powder coating conposition
risi
O e ant e Pl YA AN, SAEHofs vERBEDy 0RO e Bowger
coa.tmgmgnmopmmi eriterteetiate of Exxdimsls il 0 iand tHePayrirsthagk/ Manopi %ment
combi nat| on of the nanopi gnent di spersions of Exa es

Dispepsiopspf Fxamples2et andsqReesy Wethas Yarguamaxigres of thesp disprsions

o et K T O
wefleBprpardd 0§ing fe (dpefidn IR&P.3Dhn 20-YotatinOwilPeurdr exGaadr ang

BAgle LabCh 15 -9.58 -9.21 -1.6 -8.57 -3.72 25
Con%tl@‘é descripgd imEsgmple 103quippad) with ajoppressyg injsctian sysga and

fivé ﬁldgg rgi%g%y ze%p% %grf A:gjlt?(?lle% %ﬁes éggscpggd 1:IL1 ‘gmge% qulgs Published

PatenteApplicatiths'2008102¢3423; abGSIOX/Pzd SDAILISaridrBﬂlosmllllWlakl The
er .col or match with the standard at face angl es

povgt t%ﬁ@n&mmpqm@ﬁ nsEBedinte of Exemppler§iveas fed &) the extrudpy at a rate
of SEEAN el SN ol L SRR B R SRR gy e

of 10t gramapgt minutetht agbedovpreddererinéatiotesysieth. Zone 4 was equipped

with a devolatilization port for volatile vapor removal. The extrudate was cooled and

ground in a mechanical milling system-to a particle size of about 28 to 30 microns.

EXAMPLE 12
Color Matching Method

[0142] This Example demonstrates the improved ability of the powder coating
compositions of the present invention to match the color of a chromatic coating
deposited from a liquid coating composition. In this Example, a chromatic
purple/magenta coating deposited from a liquid coating composition was the standard.
The color data as measured by an MA681 Multi-angle spectrophotometer at various
viewing angles is illustrated in Table 1. Powder coating A represented the best color
match that could be achieved using a powder coating composition comprising only
standard pigments. Powder coating B represents the best color match that could be
achieved using a powder coating composition comprising a combination of the

nanopigment dispersions of Examples 2-4 and 7-9.
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regards to the original powder match thus noving
cl oser to standard. EXAMPLE 13
W3NG (IPEShane/ Nanopi gnent Di spersi on [0144] ThPST/US2007/000637
exanpl e descri bes the preparation of a nano-sized PR
179 perylene red pignent dispersion. The dispersion
was prepared fromthe folTABLEY m xture of ingredients
in the ratios indicated: Conmercially available from
Fowdercoting 8145] The ingredients were ni xed and
recycl ed through an Advantis VI 5 Drais ml|
cont aiAnighg 500 ml of 0.B mm Zircanox YTE(r) gr€ndingh
media i15 a one liter goiondi ng chander. gE3e M xsgre ess
mlledast a maxi mum ofg3d850 rpmfe4 a tgkal tgmg of 486
42.75 hgurs. The finalggoduct Wag a I e 1Ilqufg vvltlgssg

nonvol a7t| | e content of1 4A; as gsur; é for4 05
ti ng conposi ns were“prepa u5|2 7t he 2:95

one ho EXAMPLE 14 |

pomlerllli%a 1

ingredients and the net hod descri bed in Exanple 10.
FBowdsrpatinglBa, 3 parts by weight of PR 179 pignent,
commercially available from Sun Chem cal, was incl uded
i n thangtmposi ti on of Hxanple 10.a For esanpl e,C14b, 3
parts ks wei ght of thegggl yuret hgme/ nanpgi gnmegts7 3.72
di spersgison was includegspn the o_pggao& Bign of s arrpl49 49
10. Thegspowder coati ngy £9nMposi t iy of F%arrplleé l4a 5.66

and 14b.were el ectrost écal Iy I |ed t 4" 2"

-4.86
el ect rﬂ:@at ed panel s. ‘?%% panel% :;9 232
appropriate el evated tle erat ur nd c Ped t nbi &Rt

tenperature. Col or data was neasured by an MAGSI
Mul ti-angl e spectrophotoneter at various view ng

01998 2. B4 B2 ot R Tl BB

betﬂe#bolasmtmh‘pmtleﬂhetsmn&'atdﬁpfa‘ee dgles A5@NE 25). a\?vthefﬁn’fbaélﬂx flop
08 -0.77 25 -3 -5.02 -4.05 63§

anglff (éi 72,3 lohnqggtwqgtrqmls nghgate ngg angd mgre desirable chroma
movements. In the case of the above sample, all three angles decreased in their values in

regards to the original powder match thus moving closer to standard.

EXAMPLE 13

Polyurethane/Nanopigment Dispersion

[0144] This example describes the preparation of a nano-sized PR-179 perylene
red pigment dispersion. The dispersion was prepared from the following mixture of

ingredients in the ratios indicated:

Ingredients Weight (grams)
Polyurethane dispersion of Example 6 6272.3
Deionized water 4545.6
PR 179 pigment 1818.2
Shellsol OMS (Shell Chemical Co.) 218.2

1 Commercially available from Sun Chemical
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75 -4.5 -10.17 -6.52 -12.06 -0.65 110 -4.59 1085
-6.68 -12.74 -0.18 [0147] In this Exanple, th
WORMBBEA in “L" value indicated an increase PﬁT/&]éFQW/OO“”
ri chness and devel opnment. [0148] It will be
appreci ated by those skilled in the art that changes
[01asyl d be ThBGrédienth & cfIADREARA t&eyEled EhrbB@flarRAVAhtis V15 Drais
w t hout departing.fromthe broad inventive concept
mill geptaiging 40 mbof(hdiamn Zixsenox KEZer gringing madiafing ene liter grinding

t ted to.th
chagiE T T8 ikl Whs il 8 abbish 5 550 ot A L e 4275
howSi The &nal prbduttt Wak Beed RyWil Wit EnohvRE1ontR€ of 39. 4% as
i nvention, as defined by the appended clai nrs. W\E CLAI M

meisurﬁdwataldﬁe@lﬁ@rmestw@rm on conpri sing pol ymer-encl osed
particles, wherein the pol yner-encl osed particles
conpri se parti cles enclosed by a friable polyner. 2.
The aqueous dispersion pkaMipL¥h Wherein the
particles conprise nanopartrclres. 3. The aqueous

0146k per si dnthis Exdmaplen tvo pasler¢aating eomposipienst were psepared using

|
theRERAEEE ah Qe IBRPANERABRL bubreRie PO TERAHHES L. 3 parts by
welhtBf PRA 70 s | OritAteRAY hi4ilaBF fBéth §&h €hefmi@N was included in

colloidal silica, funed silica, anor phous si | i ca,
thegompopision e6Exanplgl10alFonexample,i k4an pantsihoweight of then

o8 s SR G e 0

Thé E@W@@fooaﬁng doMep iR 88 ERAfipIes $aPthdofabalébk mestroMﬁraﬁy n
e 1 nor g{anl C nanopartl cl es COITprI se a m xed net al

apniwd de4” 8.12"nlsctaepsatedpanitls p&he panelsod ere icurexha? an apmppmate

e G 3 o SR e el by

MAGE1 Opltitangletsp e SEsHRbIoR 16 20 am&lsnﬁmagaﬁ%leé €Phe BsultEFe
aqueous di spersion of claim?7, wherern the organic

flllua@mg%ar Table &ond arepepastedms daadiffersingerirthe vale. écmra@nfpﬂ@ b as

ui pacri dones, phthal ocyani nes,
of\;/é]g)g]?)f%g, IIJ(ng‘oxazi nes (that is,
tri phenedigayrzi nes), i, 4-di ketopyr ol opyrgol es,

"ﬁ

ant hrapyri nkdi nes, .1.76 32 -2.64 -4.08 -0.77
25 -3 -5.02 -4.05 -6.33 -1.21
45 -4.05 -8.41 -5.9 -102 . -1.23
75 -4.5 -10.17 -6.52 -12.06 -0.65
110 -4.59 -10.85 -6.68 -12.74 -0.18
[0147] In this Example, the reduction in "L" value indicated an increase in color

richness and development.

[0148] 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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ant hant hrones, fl avant hrones, indanthrones, perinones,
E%ranthrones, t hi oi ndi gos, 4,4' -
WRRABOAYS | r - di ant hr aqui nonyl, azo conpounds,
substituted derivatives thereof, and m xtures
thereof. 9. The aqueous di spersion of claim1l, wherein
WE CEAIM:abl e pol ymer conprises the reaction product of
(i) a polynmnerizabl e pol yester polyurethane, and (ii)
an ethylenically unsaturated nononmer. 10. The aqueous

. 8 o g B
polyniey-onctdded partivdes dognpride partiales eqdlyded byt feiabRpslyahdron.

11. The aqueous dispersion of claim 10, wherein the
pol yest er pol yurethane having term nal ethylenic

uns [ i r I fr re ant.s, conpri.sing. .
2. (2 ThYABIoREy DBl 1. MG BRI SRbn S i pagrictes.
a material conprising an ethylenically unsaturated
group and an_ active hydrogen group. 12. The aqueous
3. di sEE? aqusaubdisparsipmot ¢laimievbergingthe ngnsippgisiescomprise inorganic
1 ?Lu)ﬁ*éfe@t hane having term nal ethylenic unsaturation is
prepared fromreactants further conprising: (d) a
pol yam ne; and (e) a material conprising an acid
functional group or anhydride and a functional group
4. 1 eadbe gqueaps dispargien ahelesn 3y wheraindhe hangpatiisiss compristhigorganic
[ |.O 2l rein the .. .
USSR P BlasF LT s REEE s s, atuine,
collvidat ahuaianeitaiibhelioxide, irbh®xafdleRiitn 8kidpghtivanodle, CoRbidnl
9, wherein the polynerizabl e pol yester pol yurethane
vtz goloigali Zinepnia, amerghoyssiseniasnd ixgies Gereadb, 000 t o
- ...80,000 grans per nole. 15. A powder coating
conposition formed fromthe aqueous di spersion of
5. cl aThe dquedfs diépeasibs bf elbn a,twhéiéi&tth@ﬂl\?gg'aﬂid nan6Pi€les comprise
with a coating deposited fromthe powder coati ng
- anmgxgdgpetal 9xdde. of claim 15.17. The substrate of clai m 16,
wherein the substrate conprises a netal substrate. 18.
A multi-layer conposite coating wherein at | east one
6. coaThagyueaysedispetsioie pOShin€Y, wherein the nanoparticles have a maximum

haze of 10%.

PCT/US2007/000637

7. The aqueous dispersion of claim 2, wherein the nanoparticles comprise organic
nanoparticles.
8. The aqueous dispersion of claim 7, wherein the organic nanoparticles comprise

organic pigments selected from perylenes, quinacridones, phthalocyanines, isoindolines,
dioxazines (that is, triphenedioxazines), 1,4-diketopyrrolopyrroles, anthrapyrimidines,
anthanthrones, flavanthrones, indanthrones, perinones, pyranthrones, thioindigos, 4,4'-
diamino-1,1'-dianthraquinonyl, azo compounds, substituted derivatives thereof, and

mixtures thereof.
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fromthe powder coating conposition of claim15. 19.
The powder coating conposition of claim15, wherein
WORMSHHIEr coating conposition is nade by a mBYHY§2007/000637
conprising: (1) introducing to an extruder conponents
conprising: (a) the aqueous dispersion of claim1, and
9. (b) Thewquepiue dispersion(of)cldinel) dihegti Mk feftsle pblymien céMprises the
extruder (3) devolatilizing the blend to form an

reaglion H@éﬂ@;of) (12 podianenizgblemolyester polatieethangdands)i) ai ethylggically

lnééﬁﬁaééﬁﬁ&ﬁﬁﬁé? to a desired particle size. 20. A nethod
or maki ng an aqueous di spersion of pol yner-encl osed
particles conprising: (1) providing a m xture, in an
aqueous nedi um of: ai_particles, (b) an

10et hyfibe anesous dispersionef glaim Srvheres the @nime@zable polyester

- di sihl e polvnerizabl e.di spersant, .and.(2 .
polfi<hant BRIt BRDMERE BB RRE B i Foaption.
pol yneri zabl e di spersant to form pol yner-encl osed
particles conprisjing a water-dispersible polyner, )
1TwhedBe aquasss dispersion@dslpimdo, whereundhe polyesterapplyfrethane having

e . C ' ah st hear.
e b SRR eyttt FrehRsingh SheRR s8R lierei n < ne
par (d)cl peyisdcgahse;med i nto nanoparticles after step

(1). 22. The nethod of claim 20, wherein the

vat &)-anadysstes pplyelgaflyner i zabl e gi sper sant hcorrpr ihses ?
| ' : | 23 T t
RSB GRLSedb Firte

hyf@iopstugreipane has a wei ght average nol ecul ar wei ght of
40,000 to 80,000 granms per nole. 24. A powder coating
conposition formed from an aqueous di spersion prepared

120y ‘g a&ﬂ%tong gisﬁ’érsi%'n %'fc alznq 11, wherein the polyester polyurethane having

terminal ethylenic unsaturation is prepared from reactants further comprising:

(d) a polyamine; and
(e) a material comprising an acid functional group or anhydride and a functional

group reactive with isocyanate or hydroxyl groups.

13. The aqueous dispersion of claim 9, wherein the polymerizable polyester

polyurethane is water-dispersible.

14.  The aqueous dispersion of claim 9, wherein the polymerizable polyester
polyurethane has a weight average molecular weight of 40,000 to 80,000 grams per
mole.

15. A powder coating composition formed from the aqueous dispersion of claim 1.

16. A substrate at least partially coated with a coating deposited from the powder

coating composition of claim 15.
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25. A nethod for making polymer-encl osed particles

conprising: (1) providing a mxture, in an aqueo
gﬂ%(?ﬁ?l%f (a) particles, (b) an ethylenical P9T/U52007/000637

unsat urated nononer, and (c) a water-dispersible
pol yneri zabl e di spersant; (2) polynerizing the

17et hithe gulsseraleyo flenamt 16, ¥hedinhe QiBtratd dniH s¥E'E frie?a? Bhtitrate.
di spersant to form an aqueous di spersion conpri sing

pol ymer - encl osed particles conpr|5|ng a friable

1857 ARl R ol Ph Fnst§ R T oEFRER yer nteposics

froRDthy FBWdensatfg Borpssitici ﬁsolalﬂﬂﬂj (4) fragmenting the
solid material. 26. A reflective surface at | east

part!ally coated wth a color-lnpartlng non- hi di ng
192 o i & Por i Raif Parag ot ATy SBriy e derrortine
comPEAIGH isintdde byamethed doripeidiagm haze of 10%
(1) introducing to an extruder components comprising:
(a) the aqueous dispersion of claim 1, and
(b) dry materials;
(2) blending (a) and (b) in the extruder
(3) devolatilizing the blend to form an extrudate;
(4) cooling the extrudate, and

(5) milling the extrudate to a desired particle size.

20." A method for making an aqueous dispersion of polymer-enclosed particles
comprising:
(1) providing a mixture, in an aqueous medium, of:
(a) particles,
(b) an ethylenically unsaturated monomer, and
(c) a water-dispersible polymerizable dispersant, and
(2) polymerizing the ethylenically unsaturated monomer and polymerizable
dispersant to form polymer-enclosed particles comprising a water-dispersible polymer,
wherein the method does not include the step of subjecting the mixture to high

stress shear conditions.

21.  The method of claim 20, wherein the particles are formed into nanoparticles after

step (1).

22.  The method of claim 20, wherein the water-dispersible polymerizable dispersant

comprises a polymerizable polyester polyurethane.
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23.  The method of claim 22, wherein the polymerizable polyester polyurethane has a
weight average molecular weight of 40,000 to 80,000 grams per mole.

24. A powder coating composition formed from an aqueous dispersion prepared by

the method of claim 20.

25. A method for making polymer-enclosed particles comprising:

(1) providing a mixture, in an aqueous medium, of:

(a) particles,
(b) an ethylenically unsaturated monomer, and
(c) a water-dispersible polymerizable dispersant;

(2) polymerizing the ethylenically unsaturated monomer and polymerizable
dispersant to form an aqueous dispersion comprising polymer-enclosed particles
comprising a friable polymer;

(3) removing water from the aqueous dispersion to form a solid material
comprising the polymer-enclosed particles; and

(4) fragmenting the solid material.
26. A reflective surface at least partially coated with a color-imparting non-hiding

coating layer deposited from a powder coating composition comprising a plurality of

polymer-enclosed nanoparticles having a maximum haze of 10%.
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