AQUEQUS DI SPERSI ONS OF POLYMER- ENCLOSED PARTI CLES, RELATED COATI NG
COVPCSI TI ONS AND COATED SUBSTRATES CROSS- REFERENCE TO RELATED
APPLI CATIONS [0001] This application is a continuation-in-part of United
States Patent Application Serial No. 10/876,031, entitled, "Agueous

Di spersions of Mcroparticles Having a Nanoparticul ate Phase and Coati ng
Conposi tions Containing The Sane", which clains the benefit of United

States Provi shgyigkotRMIsPRREPONSHE POLNMERF NCROSED PARPIEEgE 24, 2003,
both of wht CTREY ATERCORNRECONPINITIONSANS CTK D §U ation is

al so a continuatron-rn-part _of_ U ted States Serial No.
10/ 809, 764, which was filed on March 25, 2004, and is entitled, "Process
For Manufacturing GROSS-REFERENCICTIRELATRIAPPLICATIONS Hard to

| ncor por a ditives and/ or Providing Dynanc | or. Control; United States
Pat ent Apﬁ‘f‘%"& i i on SBY FRRCHISN 1913008HBU9E IR} %fﬁﬁg StatesddteBh March 25,

2004, andApflicibh beel No. FHS165034, digiaibd, Exlylisbsb DipBsBEESIMERpaRWT act uri ng
Powder Coati ng Conpositions"; and United States Patent Application Serial

No. 10/ 80H2688 2 Naperagtioniate Fhaseanddroaling €pmpssitions Gantaining The SeweT, twhich,

" Appar at u r o [Nale¥ . td itions Wth
Dynam ¢ Cglﬁ'?‘%ot}l%gfiu i%ﬂeﬁ%@?%?éﬁ%ﬁaﬁ %ﬁ?é%ﬁ%gﬁgnéﬁged&%?%g@%%of whi ch

bei ng i ncbme@ra2(8d, tpsh ofoflecteare inchpomited hefditbyre@irenteIEThiNSEIELN is 16©02] The

present ipyentign r.elates. t ot her..t hi ngs ueous di spersions of
pol yner - e?lg?nct)ls ‘é%loﬁéﬁ"tpﬁ% ng?l?%dusgﬁgsg%tﬂéz‘%lé%p%?%} ﬁﬁe’ﬁ it {3’57% oV MIfRKi ng such
an aq ueouw?gjﬁ]sa en Maoch, ZtSpQ(DQAI;T'fﬁfd i8 aﬂgit?dp%m&;}f&)r veahfabrting (F;M?dbr Eofffighod, g
powder coating.conpaositi.ons for rom such an_aqueoys di spersion, an
Subst r at eCompoY s fntidping R te Fnepmaraly AR s ARUoL RSB DIBATI HARNGROUND

| NFORMATI Cbhtrdll; 00l Seadsi Fant ApFIREHIH SUil N&.UD/R09.S95 MNHE! waRLd &P

conmposi tions, often include colorant _and/or filler particles to inpart

col or andMarchgér 30 maddcritisp e Fosused Heat ExmusiensRipessnBordgenifascingi gment

particles ; 1 ren Rl f . . unl ess
separ at edl? 6"?‘2% gbg{b&?ﬁnr@ Sjtﬁlggsgt %‘éi ?B{I{SHF Eér(er%%gaafgﬁglf %ﬁ@?e"%?'ef ore, these
aggl oner at¥09:638, whick wasifilep en Madich 25, 2004 sndnis estitlpd; ‘AppumhisFoe and, :

optionall ' rsants by. mlli.ng. or. i ndi ng_usi. hi gh shear techni ques
to break 1‘}//ulff‘)n ‘gﬁ%‘?‘gﬂ&;ﬁ%ﬁ& 5 %"é‘g].P ojvderg °ﬁﬁ@¢%‘8&°%&&ﬁ§"ﬁ@%ﬂ?‘?%¢%°ir e desired,
further nintlding Los Reéssee hijeslionSgsterns”, ekvhaif which®eid@ Sicb@rdiity cl e si ze.

[ 0004] Pignents and fillers usually consist of solid crystalline particles
rangi ng i'fi eEﬁn&ﬁ‘ETrE‘P' fromabout 0.02 to 2 microns (i.e., 20 to 2000
nanoneters). Aggloneration is a serious problemfor nano-sized particle

pigments and filler materials gsuch as carbon bl ack) in particular because
t hese nanoparticles have a E I ace area. Thus, acceptable
di spersi gpp suchTg, . j i pordinate anmount of

r esi nousqgr(?a d vehi c?@ggﬁé%o&tﬁﬁsrggeégghéﬁ%%ﬁe?ecégsdge@g%lgsl%gsﬁgrsgf‘f on and to
prevent sdbshmereiclosed pytitlesysuchtas oanaphrticles, melnals fortakirgsuc £#005] The
presence i.gh | evels .of resinou rind vehi cles and di spersants,
however , alﬂfrx]eot% Egﬂ?%g ’p(?Fa elnrz]%b %%%grlstuf%ﬁlq%é%g S, P%%lr 592108 t he

resul t antcompediiong fored frexadiech en adueois digesion, afd sdbsars sABisS phrayls, been known
to contribut(ﬁ tg “\{ﬁter sensitivity of the resultant coating. A'so, sone

r esi nous SGFFHYIY E¥HIA QEPOFIHP ox anpl e, acrylic grind vehicles, can
negatively inpact coating performance properties such as chip resistance
and flexibility. [0006] Powder coatings conpositions for use in coating
vari ous types of substratBA e INEQRMATIONich coati ng conpositions
can greafg educe; Mg , r iCc solvents that are
of ten usg\(}m |3L Iiqu?%ﬁégg%?ﬁ%ﬁgdg%gg%pgns.gr%g%o%’mg’g\%ggés’ ?:%e i ng

conposi t inghude solotantzhdior filleaparticies thiimpdrecdlér aadpr pavfoamarce propericé @l is gi ven

off to the surrounding £nvironment. i,s is_a significant, advantage over
liquid cOSETR ‘“@&H%‘&%g gt PRUCIKS ‘Sﬂgg’r*&é{ﬁi’&“‘%%}ﬁy forseagh pthenandy i nt o t he
sur r oundimigssatpmapd) eérd tyblmpttbgetion &f fond agglomastes.| DitréfsreCtieRd by heat i ng.
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[0007] 1t would al so be desirable to provide an aqueous di spersion of resin-
encl osed particles, wherein re-aggloneration of the particles is mnimzed,
and which may be suitable for use in preparing powder coating conmpositions.
SUMMARY OF THE | NVENTI ON [0008] 1 n certain respects, the present invention
is directed to aqueous dispersions conprising polyner-encl osed particl es,
wherei n the pol ynmer-encl osed particles conprise particles enclosed by a

friable p T sent_inventi.on is also . -2- irected to powder
coati ng ngl f(‘;%lre alteos%e @%er?r’par%lissefsﬁgmsadgﬂnoﬁlﬁ Ig{}ﬁ@?'&éﬂ%?rbds 8&“}5‘3@(’ i%tSP%ré‘?“Q%ubst rat es
at | east pogmiillalgor geindingdsiing high sheahtegtongles tocedki upghe SEldsariteHNs, and

substrates at least partially coated with a.multj-layer conposite coating
wher ei n atnap%'ﬁlg?(?@ﬁ’@e’&t@éch#@ ajefesiped; @"\‘{\%@68 ingdg oRsgRAUTsd e ebtaiswkrer coat i ng
conposi t i QRsirdd¢ARR]d dizedt her respects, the present invention is directed to
met hods for naki ng an aqueous di spersion_of polynmer-enclosed particles. The
net hods cdf¥Mise (1Pigmestsiaad fillerausually consist pfisolidh crystabivg partields nangingf ( a)

particles, | R i e noner, and (c) a
wat er - di sﬁ%?@ngﬁéﬂgo %Err%tr I'za ?ﬁé@s‘%@?égg%& 2loan?il z 5;&%%))[3\ ()lni‘elq%{j’ht he

et hyl eni ca$ & serions problent fednamorsczed particld pignieptyend fillkd matelidp@uchadstcatben f or m

pol ymer - enel psed partigcles conprising .a water-dispersible polynmer. [0010]1n
ot her resggac? 1B 'éu%f gescé‘r‘ﬁegl?%g%%f’?%ﬁdfi%hﬂ? Fé?}?tévd’&e]ﬁrgﬁé‘ff 8&for maki ng

pol ymer - embhgsestppdleldigptRivn of BehiRhdpasizies QB fegirds bh ifr@iMate hiGuf of1 Xt ur e,

in an aqueous nedium  of (a) particles, (b) a polynerizable ethylenically
unsat ur at é?f_"}?ﬁﬁgﬂ%‘iYel%iﬁm@@.dbﬁpmp-ﬁfegb@raﬁgmr%PMMPz_f%rlb di spersant ;
(2) pol ymeissgiues: el oRidaydish bE@E hinophsigfeslr at ed mononer and pol yneri zabl e

di spersant to form an aqueous di spersion conprising pol yner-encl osed

particl es [Q®98bri si nfheprogenesrofghehugisientleof ksineusigeind yehielerand( 3) r enpvi ng

water fro j i . r [ l,i tertal,.co i sing the
ol yrrer - onbPasuf NERHes ih HRGHRE| R ool 8 belte BRIt By Fiflant

[0011] | n otdtimg. Fespeuipk, high&vpls of disferiantsdiatd losen ksovwdh toaohiBute @ weehods f or
maki ng powder. ¢coatjng c ositions conprising (1) introducing to an
extruder %Tltgﬁyggﬁggﬁgﬁg}?a?@ﬂ%r é?SB’rfo rﬁ%‘?‘ﬁ}‘%@&%ﬂ‘l‘%@eg’r FAhle) es, and (b)
dry mat er aayic grird) vehictsaiaf @egativelgtpdcboating bé'iﬁ)rﬁhliﬁdeliﬁ’ﬁie'rtie@ @ch@‘é‘\éﬂ%ati l'i zi ng
the blend to forman extrudate; (3) cooling the extrudate, and (4) mlling
t he extrué"éts?n?%a"élaflféglﬂl‘te‘éd particle size. [0012]In still other respects,

the presepdoobpvent i Bhwded cshih 8dofpodifol¥abRE ™ E&Ené Woﬁéﬁjgg’gof{c Qﬁpr i se

chromaticity of a powder coating conposition. TheSe net

i ncl udi ngsybstretpearp ofteredesizersh tSusly coating oeripasitions canl greatlyireducefor padny ner - encl osed
nanoparti gj ' | f % 013l n yet other. respects,
the pres e%l!t"ﬁlﬁlﬁ@’gt‘r% P%n(ﬁ}ogg@cgg&mggaﬁagﬁgég%%%é ?nolr}q“]lrr%focaﬁ%601?995“1885'or of a

pr esel ect &theprapbwder coatirgmnpesitomisicwned bp atdting, litdpiFahy eclatdle aiftesial ik qui d

coating c osition. These net.hods ¢ rise; determ ning the visible
col or of gﬁgﬂ %ﬁfé%'g’lsé‘érfoél_&aléléﬁ?\'w&"ﬁﬁ}t' g@g’_s’ﬁ?? (ﬁ?%m agﬁélﬁﬁgﬁ_&?ﬁ‘?g‘q&d refl ectance
of the preseihgcsmpbsitioas indhicttordadibolveakisVelafizeionidehe §RRdLAdIGg COMPOSi ti on
conprising a Iura{lltx of | . )
OS;B‘AGI‘G 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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pol ymer - encl osed nanoparticles having a maxi rum haze of 10% wherein a
coating deposited fromthe powder coating conposition matches the visible
col or of the preselected coating. [00141The present invention is al so
directed to water-dispersible, polynerizable polyester polyurethanes
conprising term nal ethylenically unsaturated groups. The pol yurethanes are
prepared fromreactants conprising (a) a polyisocyanate, (b) a polyester
pol yol, (c %qgolyanine,_(d) a material having an ethyl enically unsaturated
HAC

group and toi peavdpr cprtiRg¢ompositipns eomprisiap suchrpghyarargnclpsed pagicks, aci d

functi onal j I r Al L ED

pescr pri KPR e R ke f i et ol ORI Rk Bad SIRIOURS O i 1
descri pti ahleast paritially coaled witickemslticlager codnposite keating wéeteinoat leustyonaseating vari ous
alternativye varjatio and ste equences, except where expressly specified
Lo the. cottFLPePREFbBYERICI YIS FRAHE FOMRREBor at i ng exanpl es, or  wher e
ot her wi se [0099] cat edin cihdr rédgEdRE ife pReRAIGHEPINAER isflddectek MM tRods Gorandking es of
ingredients used in the specification and clains are to be understood as

bei ng nodiah pegophdigpersiorefipabiaess-epslosed agticlep Thaypethods capprsedilhgl y, unl ess
i ndi cat ed ¥ : ] C { . in the

fol | ow ngpgdgé&é{{g? glg’??%%%{éﬁgﬁglﬁl g’é&%gin (’:F%aﬁagé are’g?)glp g@nﬁ%tal{bg@ns t hat may
vary depenrthylegicalhpwnsatusatefionomostr and (e ratwater-dispetsiblopal mnerizdbl dispérsanyr esent

i nvention, the veryv lLeast, and n n_at Lim.i the

applicati Sﬂ‘ftzf) pp ﬁ'e“eﬂ%)ﬁé% #qeﬁg%?lcggﬁﬁ%@%?(gm? 'gonﬁeﬁgg és%(;olgré‘e-%%{ehe cl ai ms, each
nuner i cal dizperaant tefons polyhdr-aticldsed pirtibles eomfsisingadvater-dispeisiblepolithéer. nunber of
reported sjignjfican igits and by applying ordinary roundi.n echni ques.
10026] Nt JpEALt and trg e ispes P RaRTen S DAL I (O 1§ g
forth the Q{yﬁﬁﬁie&ﬁ&ﬁ& &ticled) eTHSW ARG ds RBmpFi & (RPROAYingRInhiRfuge, id 4€ NUNEri Cal

val ues seF orth in tﬁe specific exanples are reported as precisely as

possi bl e. aguppunmigdipmeef (a)particdes, (o wpolymerizahieetbylenically yrsatyrated certain errors
necessari { : : At . ' i respective
festing mierbfighsid @9 WsBRLIhASBIHHAGIANRE iherOi, (HURBndiARY, | especti v

nuneri cal ethykgealiywistmoitddenaiomer snd prilgmetezdble dispersdnti theforth bn squsousanges
subsuned therei n. For .exag‘gllje, a‘ﬂr an .?f "1 to 10" iﬁ. i nt.@ndfﬁdblto i ncl ude
al | sub- r SRECSOR SoRBATPE nsT:oflgad ppftcles sommastead VA TR O T0l81 1 and

t he recit gelyrRxi(3Lemyahy eatt b, thé RfleousdispbRionne foammi soliddtevial ue equal to
or greater than 1 angl a maxi num val ue O‘L ? ual to ci{e |f3 s than 10. [0018]In
this appl PREPTGHE the RIYHELCnslosphRArkslngy AR(4) frABeRYEg ¢ rf@l%{nawa ~and pl ural
enconpassegigj ngul aﬁvotﬂéﬂé@ﬁ&ts?ﬁfe%ésbﬁ@“eﬁti&i @Hﬁ@cté&t@?ﬁé&oﬂ@for!n’ihkﬂ%d' tron, In
this application, the use of "or"” means "and/or" unless specifically stated
ot her w sepowdasgoatingisgmpostiens semprgys 0é intsoducing tolap eylseder (a) ag aquegis -

i nstances ; Vi PR i . 't t he
present i ﬁ{/sé%% gjglﬁﬁzorlgﬁﬁi érngfét?éedﬁ’ to a’ngieagg)sdrg%%égfra gf @Egggét“gggﬁt)é"rﬁ‘é{"? encl osed
parti cl esin ths extenldr; l{Brdevelatiliding theblend thi fope as exonvdate gBrewlingthe t wo- phase
systemin ich o hase 1 ncl ut finely.divided particles distributed

t hr oughouf’\ag‘dggc%fﬁg‘ngﬂg@@ thﬁﬁ’f%‘%gﬁasfo 3%%%9??#} Hﬁglzﬁ'hase. The di spersions of

t he presefooiznvent i aRtiDbiherresgeetspthe picserivriveritionridiliséceedso mathedeion an agqueous
medi um provi des the continuous phase qf the djspersion in which the

pol yrer - e HETe38Bg thsshiomafigity ofidpoxdeneatipgicompositign o Fhgss methofdscamprisg020] As
used her eifudinan HRPIWIGHEMScompoRAYE? YRirdiiPSHolymeddHaoa medi um” and the
like, refers to a nediumthat either consists exclusively of water or
conpr i sesnglopertinienbavinga maxiowm hazeohi"nat i on with another material, such
as, for e l e, an.i i . E 1Al .pents, the
anount of @?gani c ggly\%c{r% ergrsggdgéh?h aﬁ)%st%ﬁre}ﬁgeahg%ﬁgﬁ %&p]teoﬁg%%g%ss@f t he present
i nvent i onmaghingsls: dolanf 2 Preseleadtt prptectiveringd dscocdtive sodting depidsae fidinwei ght
percent, por..in sone cases, ..ess th 5 weig ercent. or. .in.yet other
cases, | eluiid ﬁ%‘wnﬁC%Pﬁﬁfonpgjpﬁsgﬁ?‘?th‘%;f?p{’%sg‘ @f‘%ﬂf‘%‘&?%ﬁt‘%"‘%éﬁ g based on
t he t ot al ofivié piebel@tedidoetinl t5ARESLENY thilebbolbande or Reflcetancarfeife paéseebied abl e

organi ¢ sol vents are propylene glycol nonobutyl ether, ethylene glycol
monohexy| ce¥fiAgand E)mAkER RANACLFO2HBH EASTRAFIHOB CoBPTISIRE 4RINEHBIOf benzy]

al cohol, and mneral spirits. -3




[ 0021] As used herein, the term"polynmer-enclosed particles" refers to
particles that are at |east 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

aggl oneration of the particles. It wll be appreciated, of course, that the
di spersions of the present invention nmay al so include particles that are

not pol ymer - encl osed particles. [0022]1n certal n _enbodi ments, the
particl es PH¥RCIHmElossdIanenatiqles having pynakimym hazge é@téeﬂb@el&awe‘% ons of the

present i Ny&B8itedFroRPIRP bbw&er RENABRbMbSHitRSEr mAShed R AL 8518y offdhE €T M
"nanoparticles" refers to particCles that have an average particle size of
| ess t han Bresplestedsoating. cert ai n embodi ment s, the nanoparticles used in the

present i ”@ﬁt‘&a{' on h%@p?egeq%/n%r?tﬂ)% 1?21 t“ilgécﬁé t(i f%ggxsﬁ%gglﬁ g}%rr%et eéls or |ess,

such as 20 nonet er s in so or | ess.

Ther ef ore, palyasteepdtlmrathmﬂsodmpmmtgstmmhﬂ ettyleniualy dhsapuedtsd ga?sofl"hé he present
i nvention c se nano%artl cles that are i%glr(g/)mer encl osed _and, therefore,

are not si T’ ?i‘ﬁf?ﬂ?pé gied MRoLieatants ompsis surobasosxangte, e present

i nvention, oayeeteagayaa(rc)a9&19a1§ilnéQd%a@ﬁalrtﬁﬁ%gaﬁ&h%ﬁx@m WathQrefnoOWn | aser
scattering techni ques. For exanple, average Eart' cle si'ze can be determ ned
using a HEEPHANGBAEFIeAYImEen group, and fe) ﬂa@tﬁr@ haying angicid functionaligsaupurnrent |

whi ch uses,, gnﬂggﬂldy 0 wave | ength of 633 nmto neasure the
si ze of the parti c%‘ed;&a%dbégﬁr%g%g' particle has a spherical shape, i.e.,
the "particle size" refers to the snallest sphere that will conpletely

encl ose the particle. Average particle size can also be determ ned by
visual |y exam ning an el ectron m crograph of a transm ssion el ectron

m croscopy ("TEM') i DEJAREIRDES RQB'BIONTOWTHWhe particles,
i i he | nage, . and calculatlngthe

measuri ng b d| ameter of the ﬂgqa“

aver age prl par PIUEPasesQf thy fo h‘@‘mﬂéﬁgﬁ?%@sﬁ%ﬂ“f’f’df 4o baundgrsiged

magni fi Catthﬂ%&ﬁvénh@n el adstRE Qariddl Glt&hateVaRRlots &id didp defudnb&, écrcEptW A
understand how to prepare such a TEM i mage and determ né the’ pri mary
particle S)Y}EFF ppecsely epecified toiig sprtracat Moereoverhethgnthangn ynypeperitioge si ze of a
particle: tely
encl ose the pgr% })g?”éag& uslgee h]ec%g?%%tﬁ%lg%?grﬁéh%s r%afor\éﬂnkﬁ)éicstaggﬁn %% ze"
refers toof mergiients wed arthe spdtificatioaland elaimscdreto t{eﬁﬁﬂék];ﬁhhama;ge (or

nor phol og t.he.particl €S can ) For ener spheri cal

nor phol ogi O(Péeéidgﬁu ﬁ?ga%fis' a%ﬁ¥ @Beqég‘gagg?n??f’égt eg é’f"es) can be
used, as Wﬁ&arﬁ&h@ﬂﬁﬁdrﬁhﬁﬁr&ﬁb@&s aatﬁ)rmubue,fom\ﬁhgspe@fﬁca@dn%ha&acﬁed ongated or
fibr ous) Add| tionally, the particles can have an internal structure that

i s hol | owclayst Efﬁ§PR59’“0\§PEPSf”F%@aYcYPrYa@CE@Wngr}&’PP8}? dspiregpyoRstties kebef or egoi ng,
€e.g., a hghlapey Q?G{e%es%ttlﬁ'veﬂ%rpu&t tﬂév lléagk ml Ao%as %xod't’rr gt ga L mation on
suitable particle characteristics see Katz et . ndbook of

Fi | | ers ad@ppliopten ofdke QOPQer)ofaqmwé@eastoghemope qfOM?mep@nhinmgemal t he desired
propertle [ spersi o or coating
ompas 18 P ARk Rale ' Sikeily )fonf SFE Rt O ARGHS SARSY OF 202

resi st ancé;gxtstmxbb)tappj/ymg)mrdmaﬂycmt)ndm'gtxcﬂmms of one or nore particles having
different average particle sizes can be enployed. [0026] The particles, such
as nanopaf@di6] es, pPNetwithitaiding that thomeeirisaldutgee asd giranaérs sdgngoE ent

i nvention e %e for d from Wgol yneri.c and/ non %glémarlc I hor gani c

mat eri al s’ 3’6‘? REFHCE d?‘Yﬁ“" #re ABRTOHEIAHIRns, 8’5&?‘“’18” Védlpgssetdorte mihorsi t e

mat er i al SSpeamc\w&hplaasarew@bué@& précidWYasQossitle ARy BERLHEL valiR, BRReer ein,
"formed fronl' denotes open, e.g., "conprisin clalmlanguage As such it

i s i nt endBYeERtY °°&taélt§r‘?66§mteﬁ8ﬁ HS‘FCSW&SSW&HB@S g‘?@r‘hﬁeﬁﬂﬂnﬂﬁféwﬂﬁmﬁllf@tndof recited

conponent & (R&r AsGRIRORktide qﬁﬁ]aglggggd@l ng at |east these recited conponents,
and can further corrprl se ot non-recited conponents, during the

porrp03| t'@l? formlg@ sh@\gg'bghg&?ét%&ﬁthﬁs‘m ﬁt?tgexjﬂ:?i{] %Ere&ﬂiﬂh%%nls pol ymer
is neant to enconpass ol igoners i ncludes w thout | I'on both
honmopol ymstendethid inayds ajirreb-sangbO0BRinksl thigeid. Forexamplel henpeofiti'tpod’ymeri c
inorganic material" neans a polyneric material having a backbone repeat
unit based on an el enent or el enents.pther than carbon. Mreover, as used
herein, the term"polyneric organic materials" nmeans synthetic polyneric
materials, sem-synthetic polymeric materials and natural polyneric
materials, all of which have a backbone repeat unit based on carbon.

ﬂ

[ 0028] The term"organic material,"” as used herein, neans carbon contai ni ng
conpounds wherein the carbon is typically bonded to itself and to hydrogen,
and often to other elenments as well, and excludes binary conpounds such as

the carbon oxXi des the carbl des carbon d| sulfl de etc.; such ternary

o o " . . B o I I



not an organic material. [0030] As used herein, the term"conposite
material"” means a conbination of two or nore differing materials. The
particles formed fromconposite materials generally have a hardness at
their surface that is different fromthe hardness of the internal portions
of the particle beneath its surface. Mire specifically, the surface of the
particle can be nodified in any manner well known in the art, including,
but not limted (o, chem cally or physically changing its, surface

char act er 1$¥% g@fifgilwgudce@@ﬁﬁ#-mss hetween (pnd infludinglithe regitedmingpu yalipl e, a
particle ] | byl Ui R Q@éq‘ﬁ’ ad or
encapsul af(é gg ﬁ&?&?ﬁdﬁﬂgﬁ%ﬁgvgg%ﬁggﬁhgﬁ %%{a%@? g?‘gﬁl{mé}n? ‘(,)ér}m a glot(r)r%%)si te
particl e tgreater Hag 1and emaximem vilge of equal toer tesd tharetfhodi ment's, particl es
formed fromconposite materials can be fornmed froma primary material that
i s coated[0HBhd or Hutbmppplicatien thei usk ofithd sihfwdaramdludes the phdral dnd phuralmar y

material. For nore_.inf.ormgtion o articles useful .i.n the. present

i nvent i on NEERRES nghgﬁﬁfgﬁ%bigﬁ?ﬁ%fm{ﬁﬁf’ﬁg ?e-zlﬂaddéﬁ‘.’“’ (MY¥89) at pages
15-202. [ @psithtien, deaise B0 mBaR, “alidier” pAlets spbdifically efatéd otHerk3€ epéesent

i nvention _can |ncluge ag%/ [ n,organi c. materials known in the art. Suitable
parti cl es MOYRN KNdfas, may b pplicitlyuged i cREAB SN metal lic materials, and

m Xt ures ?@ﬁry of the foregoing. Non-limting exarrFI es of ;such ceramc
mat eri al s conprASRreRRpdy msntiened, ceppin gmbadimants g ihg preseniivantion t r i des,

et al car bielRRcted ) &'ﬁlue&!éldis%)gl%ﬁns Glehti6@uParticE! AL ulRHASS et al

t
carbonates, and m xtures of any of t’he foregoing. A specific, non-limting
exanpl e oferm “dispersion] refarsite a tyolnhassrsystemiin which angphest includesnfinelyt i i ti ng
exanpl e of; J i ' ' | de. n-l i miin | es_ of suitable
m xed mnet 21"?‘1555 egleg?ié'g’g)luharﬁﬁtﬁﬁg y ?ﬁ %g?négp%%snedwrr}ﬁé ﬁseag?oglfhg\énélpuls p@gg-es;
non- | i m t Thedispasiphsasf tlof present iakéntionefial ars vilin-desr andsiond, wheetiam di sul fi de,
tantalumdisul fid tungsten disulfide, a inc sulfide; non-limting
exanpl es Bqu_eﬂ’ést’E?CE@?‘IPF%"Z%@E}’%‘F’BU%"HW ?r?gtg? ﬁ‘é%ﬁr%%“ %‘ﬁ“ﬁh’é‘ﬁ@%‘iyﬁ’ﬁ{'si li cates,
such as vemdm'se@lbgrtiaes&@Q&%}ﬁd@d%ﬂ{e@@n@rﬂg&i ments of the present invention,
the particles conprise inorganic materials selected fromalum num barium
bi smuth, [paeop, cadsd wsel hérdinG e RrmCahkdeiR”, CRAdS phaseRPEfueotd MEliuh 2Nt hanum
magnesi um nanganese, nol ybdenum nitrogen, oxygen, phosphorus, sel enium
siTicon; 819 thefike, seferste a mefliym thatreither sapsistuenghsivaly of siated pusamyises i um  zi nc,
and. zi r copi.Hifink Wali i Ltrd hosphi des
t her eof , Bﬂﬁgs pwg? ?s %h@gggébﬁgg?r}eﬂ%%fﬁeﬁ@ra %(f)u? l,’ g%ﬂltagl%drgeg(t&?ﬁgr %nol ?11[ sul f at es
t her eof , enganipsciventel deiteineafbodiBientsathk emnant-of orgetit sgjvent argsdnt én thé t he

foregoi ng_inorganic.particles  include al umn silica itania, ceria,
zi rconi a, adﬁlles"r‘fﬁﬁ??ef)s%%agg {hﬁgbeﬁggi%vﬁ?tb% lﬁge,ss {*T‘]F‘bz“ gﬁlighgep,erdaﬂ‘{n ﬁll'cﬁtfr‘r?%s? licate,
boron car thanl@) weight pgeunt, de[ir dorhé taaey, Rss thils GRigHI puiceRt ot i (k& oteP034] The
particles can co%' se, .for exarrB)Irfﬁ, a core of essentially a single

i nor gani c°&% &S éﬁ"eb@t RYTPeGaV I he yFieh! Resgents pging gased on fsdpihous form
al um na omigml dfeheBbpeddi sHNh-lirhiting Bk d#iP1& dT$hifl8le drEi SWeflR arc€SI UM OXi de,
yttrium oxide, colloidal yttria, zirconia, e g col | oi dal or anorphous

zi r coni a, PraRyiens glyqel monefnutyd eihep fethyfeae gb@@g@ﬁfﬁ éfybﬂh@rnethwemﬁmoé oxi de of
one Lype hBbutil b, hbublRBO a5 ol it iR, Of another type.

[ 0035] Non- pol yrferi ¢, inorganic’materi use I'n formng the particles
r

used int esenty L G ' i AT o ials.,selected
From or apt . ot A RER B G B BRIl 3R R B PSS AR e,

si | i cat esthatzae itdemst pstiallydntlaseddy, Bncohfinbdoxitiie s pomeo o 4n éxitdnt Nng exanpl e of
a useful jnorganigc oxide is zinc. oxi.de. n=11nti exanpl.es of suitable

i nor gani csugﬁﬁl%?&oe@‘yflﬁﬁl Mol Ipﬁ‘%‘&%ﬁ&ﬁf"cﬁagg?‘wrd@fh"f PAYN? disRGETP de,

tungst en tHersby prieventing Bignificite aggibibdBon MR pdrtidiés. TOwRBKAI@bRSakl, grsef ul

i norganic silicates_include alum numsilicates and magnesi um silicates,
such as \ﬁé’PWchC]?ti‘}E%‘.hsqui%ﬂtemﬁ?fe@)!‘ﬁ?ﬂp@bm& algq inclyde partiglesthat arqvc| ude

nol ybdenugy; pBllyael-SiBsePpddi@dd um ni ckel, alum num copper, gold, iron,
silver, alloyS, and m xtures of any of the foregoing. [0036]1n certain
enbodi nents, the particles can be selected fromfuned silica, anorphous
silica, colloidal silica, alumna, co$-loidal alumna, titanium dioxide,
iron oxide, cesiumoxide, yttriumoxide, colloidal yttria, zirconia,
colloidal zirconia, and m xtures of any of the foregoing. In certain

enbodi ments, the particles conprise colloidal silica. As disclosed above,
these materials can be surface treated or untreated. Other useful particles
i nclude surface-nodified silicas, such as are described in U S. Patent No.
5,853,809 at colum 6, line 51 to colum 8, line 43, incorporated herein by
reference.




[ 0037] As another alternative, a particle can be fornmed froma primary
material that is coated, clad or encapsulated with one or nore secondary
materials to forma conposite material that has a harder surface.
Alternatively, a particle can be forned froma primary material that is
coated, clad or encapsulated with a differing formof the primary materi al
to forma conposite nmaterial that has a harder surface. [0038]In one

exanpl e, ithout limti t he present invention, i norganic_particle
formed fr gﬂ& i noyé%ﬁ?r@‘ : rl’gp}“éq“_,ts’ g’ﬁ@ﬁn’§1§5 3 ?rEGPI‘H%SSSBVGQO eél“&h? num
nitride, cyedi dRperioHEsE thé prisedt Bibvéition compidRARASRArMesN AR ASBNErPald NY L O
forma useful conposite particle. In another non-limting exanple, a silane
coupl i ng dg@hinapppagticiesk yefers tejearidies that hewman ayewmge partigle sige phlesssharf hce of an

i norganic [ o Tol iaﬁ'&f j q r-0vi usef ul
conposite Igiglr:({ni yge%%| ng dgﬁ&g%?{ta er éﬁrﬁy g%@%h@%ep& 985@5% nggn ?anvg 1Ude

cl addi ng, avewmgpparticts sizg of30¢ oatonretprpariesscduels asf 200manorhictenontess, plisymer i ¢ or

polymeric materials.wth differing,nop-polyneric or,. pol ric materials. A
et T o B EpiEbOR aiahelss ok SnBRRed st B oot | TETM

whi ch is aligynidiebf Ge pRkstiiRiveftidaohiptlénmopiredesthithremighatneRidaonat e t hat
is comercially available from Pierce and Stevens Corporation of Buffalo,
NY. [003972nf theretoss. aredieheignifeantly agglpmengigdt i cl es used in the present
invention have a lanmellar structure. Particles having a lanellar structure
are conpod@®3df sheEerpusmoses ﬁt‘%ﬁspréﬁ‘en%lﬂwoilyrﬁvﬁék%\wq‘g? sigg eambe wi t h strong

bondi ng wirkdibfted BEoRARRH W HE2 @i RELIARL SFUIALDN, RELUESIaReet S,

providing | ow shear stre et ween sheets. non-lfimting-e one of a
| anmel | ar stzegan be detérmined lueing g dlvaiba dogdek oA 980 lasrrtdiffrectionipartipbersize sol i d .

particles; I lar..fullerene (i.e. uc structure are al so
useful in l%%%égglﬁ? rﬁ?‘%\?@‘ﬁ{“ﬂ%h@ T%ﬁ%d‘f‘ﬁoanwﬂeﬁ?@ﬁ%aégééﬁbtp&eaﬁwe itabl e
mat elri SI S ﬁfmvn'ftig pgréicli:ﬁ&xhd_ asmﬁésrtllwlbauﬁcﬂe hasal spEa'iclbmﬁb, né.f mdeaﬂi@é é\i@ﬂi te,

metal dic C ni deg, m.ca, tal.c, psum Kkaolinite, calcite, cadmum

i odi de, sira%@?ggﬁlsmaﬁ%“ s h il baib g Besgplosece PHHPle. AXErage BTGl cogeni des
incl ude mgiz¥balesybdcidtined 8y vIRRAINRASAHIALUNSEEOh Aferof@ptt st im di sul i de,

tantal um di sel eni de, tungsten disulfide, tungsten diselenide-and m xtures
t her eof . [T30SMIpsofEeleiionmitrescopy i TEM D dmagscpTrirentessatatipasampierdfehe or gani ¢

materi al s = L . - oNn- pol ; i ic materials
useful i npt egﬁ’r%i%ﬁ%ﬁggﬁﬁﬁéﬁﬁ%%ﬁ&gwlélggé’no? cﬁ‘?%ﬁ{ﬁgghet 0, Stearates
(such as averagegiramarppaticladizabitie measusddgrmrtaies)basedioammpdificetiorbafithddl ack and

st ear am de..,[ 0042] The particl used jn.th esent inventio be forned
From © mor G B! RE e iR se R e Bleid S o et ueladdRe

i nor gani ¢ ipsge)ane deterniing & ipainary petidlelgzqasydiogp iagefegionp Thy slihakes,

pol ysi | oxanes, pol ygermanes, polyneric sulfur, -10- polyneric selenium
sili conesp%meleﬁf)%ﬁ? e&ﬂqgfs refery (e smallestdiagefersphers thab wali eqrapletalyn- | i i ti ng
exanpl e Obndosd@hd pacticte. | A ¥RAhEERMNE Rorn " BHARR fartRM HPPEErs TR Rlbr SUi tabl e
for use in the present invention is Tospearl’, which is a particle formed
from crosén jnd 1 pgrtidganes and is commercially avail abl e from Toshi ba
Silicones Conpany, Ltd. of Japan. [0043] The particles _can be formed from
synt het i clooéggani c Puishener(prmomhelpgdiof thelperticlds gan vary Borapinpls, of sui t abl e
organic p i I I e Lm t o, .1 hernoset

mat eri al sg%'ﬁrég?]& ﬁ@?éﬁ%%)]ﬁgés |§°¢§%ﬁé¢tﬂ;ﬁf g&%ﬁ&ﬁ, P?%]&{’?Jﬁg@é’igﬂ%’lwe%’h?{f"s suitable

t her nopl aedni te used, @s wall 8s paniidlestattabescubizpplass orcacppalay ddrpaed osfibrbus)s '

pol yet hyl terepht hal.ate, pol ybutyl ene terephthal ate and pol yet hyl ene
hapht hal ataa BB e e BaTaFe ten Hast grpiermalsiructise et s hallpaerys epesid

pol ypr opyfres)er 866mpiaationHP it GMBe fordgoig] €. PRhIIIGY Sentet With pBfous 8RR Mer s of
styrene and_an_acryljc¢ acid nmononer and pol yners cont ai ni ng nmet hacryl at e,

pol yani de%ally Hior mops nfarmatiqnansyptehlepatiele chargpierisien sppdl Katzghal. Bdwt ur es of
any of thga{Mb&06f Mflers kAPA4IIIO froshydt bhdtd oppanpl es of suitabl e thernoset
t

materi als 1 nclude thernose

-,
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pol yesters, vinyl esters, epoxy materials, phenolics, am nopl asts,

t hernoset pol yuret hanes and m xtures of any of the foregoing. A specific,
non-limting exanple of a synthetic polyneric particle formed from an epoxy
material is an epoxy mcrogel particle. [0045] The particles can al so be

hol |l ow particles forned frommaterials selected from pol yneric and
non- pol ynmeri c inorganic.materials, polyneric and non-pol yneric organic
materials, conposite materials and m xtures of any of the foregoing.

Non- | i miti[982¥8xanpl Esperrding anthedesiradiprepértiessant] characigristibs efttke ieslllantwv parti cl es
can be for 4 L t he
particles dl}?gdﬁ{ H}%Z&E)&nlﬂggo c%#&??}% |tgng%%%ﬁ§l%é&t% R 'g'Pg‘ba%Pgﬁi{ nt, for
exanpl e, esz;mtcrmnq)sjamd,ssta(bﬂnyl,ammlpr)dm*mes ofdne biegnbtelpatticldapvin@diffedht sal t type
azo pignent |akes. benzim azol -azo condensation, isoindolinone,

i soi ndol i rpg)arag%pﬁ]'hf}gwwgp Ee’(“Bﬁ T‘fhl ocyanl ne, qui nacri done, peryl ene,

peri none, ﬁb topyr [rg oﬂgﬁrrol t hi oi ndj go, ant hraqui none, indanthrone,

ant hr apyr il YBHTHPD ARE aﬁW’éﬂRﬁ‘lﬁ‘F heTesghiim s RAvHRdiSRardss A ne,

triaryl carth@ﬁewm mQéHti&ﬁléEH bfosn&d fréth %HEerﬁc mﬁﬂ&n@h)ﬁb}ﬁ&%c Horgy of the
foregoing. In_certain enbodi nments, e'organic material is selected from
peryl enes mﬁm%eﬂmﬁﬂ@@nd/orppn-mbmeﬁapts@ylamams;@ls ¢osrposifomatadals, adi oxazi nes
(that is, tdijf fgﬁ:g ke n yrim dines,
ant hant hr ongés bl? ant oﬁg@‘;fw%iﬁgt rg)(g’%gedg{epeg%rfoggg%g(ﬁ b%?ﬁ% Pohes

t hi oi ndi gesg., ‘hompnsimga’htlmm lapgageli Ansuchdtisiimendegd ﬂlaascma;bdsltma osubst i t ut ed
derivatives here i9)| tures t hereof [0047] Per Iene n’ents used in
the pract |sl‘§%sr1 ﬁgh%ﬁg%n? i(ftr?véei‘flt? ?%’WP&?C’[S%" ‘JSO ’I“P’Euf fngsaubsti t ut ed.
Subst i t ut dehsprhesgirevited corayondsts,Snbi shi futhercbofiprisddthe, MintredigAtomboBhtsf O
exanpl e, and sybstituents cl ude an, al kyl oup of 1 to 10 carbon

at oms, %HT‘% COPRRAH S Ip %%10 Aggﬁ“ﬁ%‘ﬂlya?sd’rﬁd gﬁﬁ?}na‘ he terB gBYIYEidh as
chlori ne) nf¥ania0 Bk oipatsBigombR! #flinclRIE Hhithbiti1RHaBE YSRRERo GOl N nore
t han one of any one substl tuent. The diimdes and di anhydrides o

peryl ene- 30RPIGNAS.- t et r acar boxylic acid are preferred. Crude perylenes can
be prepared. bi/ met hods known in the art. [0048]Phthal ocyani ne pi gnents,
especi al | Y0R&t al phihesed brgin, ﬁ’@éeﬂmivob@eusmrgmiqm@@t@f’mom@r

pht hal ocy | n

pht hal Ocyggflyﬂlgﬁ% ?{aﬁg%{sﬁm %%%Hlb‘én?i\:glzelt tg é%gxglelﬁgﬁ or%l% r?ts #)1812 ni ckel |
and ot her ﬂmuchrbnmt Mameoven s aseddetein, theeehn I‘ybly&ienf: b@nhhﬁdﬁﬁia@cy@mgﬁes are

al so swtable hal.ocyan. be unsu stltute r partially
substi t ut &4 heln8|p°]té’§’§%f'é?r\ﬂrtﬁ%gg’tg‘?nc egpmen@t% H@‘“’f YIEE?“’Car bon
atoms) ; ahigefkiyls(d1eofivitich Have @ bddkb6md lepeat ahiPbad oh@ii@ens such as chlori ne,
or other substituents typical of phthal ocyani ne pignents. Phthal ocyani nes

nmaybe premmesd by are t@in ‘oRyLicthatB®dl[1A8 Gsddhemh, hﬁaﬁm:bahfcomémig are.
typically prepared by a reaction of phthalic anhydr| de, phthalonitrile, or

der i vat i veemRayadsyhereip the raghops Qp’cébfmﬂdecbtoﬂﬁsﬁlf anskin hydresen, erd ofiends urea or
the phtha h I rﬁ%@’h’ b in an
organic sgtﬁeﬂe%ll{ ol &Wﬁdﬂeﬁ{ﬁ%ﬁd&gzﬁg% dé:ﬁ%lzwu@éamﬁserr?é)ﬁéﬁ t%h%cl ude
unsubst i t earkidesogar sulﬁ@m elg-; thﬁa@md:gmesur(dﬁathemtqﬂhceqyanmwh one or nore

al kyl, al bStI tuents typical of
qui nacri d%%éﬁ%lc%%&éﬁﬁg%?o%ﬁ%]gééo@ @ﬁg‘f Etc d?‘%{g rb'?o %"?18%‘08’? t he present

i nvent i oncomivendsusuciags metallie cabemaessy for exaynpdecaiui@p airdohdiyandnydigh sever al

met hods knolbonetgn the art but are preferably prepared by thermally

ri ng- cl os¥h rious 2,5-dianilinoterephthalic acid precursors in the

presence onphospho C .ac 0050] I soi ndol | ne pi gnments, which can
opt i onal I@Bbgg subst1StUst r%‘ﬂ%rfh%‘cef"%cg‘lo{%?mﬁrm atgTiad; ANy P@é‘F‘Ptﬁ“aléliaélsal so

sui t abl e fg&n blaniPhAEddake of the present invention can be prepared by

met hods known in the art. A suitable isoindoline pignment, Pignent Yellow
12- | 13003015 2 SWATR hekdh, (SR cchfpokid Rl BlRLd 1\BnAibRE! LU ¢ aci d
precursors. oxazi ne pi grrent s (that is, Ié{f)!) henedi oxazines) are al so

sui t abl e WHPGaRIoEe Hifemrgmatensls E@waﬁeclqsrfe@md npgompostonsteliald®wn in the art.
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[ 00511M xtures of any of the previously described inorganic particles

and/ or organic particles can also be used. [0052] The particles useful in

t he agueous di spersions of the present invention can conprise
color-inmparting particles. By the term"color-inparting particles” is neant
a particle that significantly absorbs sone wavel engths of visible |ight,
that is, wavel engths ranging from400 to 700 nm nore than it absorbs other

mavelengths in the visible region. [0053]1f desired, the particles
descri bed 8sperelly kave afhardness sbdeir sergacs #iwbisabifierent &iom the hardesss af the enbodi ment s,

t he nanopgj, r
di spersi on ttgn%l ‘gﬁ}%?}fgh%@llggg Bgdrt is gﬂfawwglgsggél(%géql #%ﬁ%@%}ﬁ?al I

bel ow. In ganw&rcaarbbmhdrﬁeduman)hnmwewdl k:lmvmamlmmf irictides, butaof limneid prior to
their inc ratl e.agueo spers In.these .enbodi nents, the
nanopar t i Pec e’@éfﬁ flﬁ’?‘;‘g' “B@“q%?ﬁljfl%ﬁ”réi %’ﬁﬁ&tre"g’fcs\'}sa‘llg %ﬁ@' & known i n
the art. E@ﬂwemanple t he nanoparticles can be prepared by pulverizing and
classifying the dry particulate material. For exanple, bulk pignments such
as any of [béma]i nor gasl dxaMpleQs SHIEIE cal KH BRI ﬁhxﬁsyﬁaa@@aatfaqemaﬁan be mlled
with mlling nedia having a particle size of less than 0.5 mllineters
(mm), or |ceatedicladrer encapsuigtedowith eresortmngp sepondagyinatprals i @ﬁemcmpmsntpcl es
typicall'y g%ftﬁté‘&t& g&tepﬁﬂﬁ@@rH&hﬁn%ﬁ%&ﬁn{eﬂts?aﬁc@é}f&%ﬁ in one or
nore sol v e wat er, organi c sol vent a mxture o the t wo) ,
optionall )compostlhenqwraisemcbe Gfrmad froimyapeimary graienidl thaths cdated, ¢léd orecessary,

di spersant_can be LA f.or ani c .sol vent

S0 SPerorePssHgEs i <4 B s IR by etsral B PRELPRERITN or (it i
wat er) SOpeiticRShicf)] iR HePoeseritlinvendvgistead) WypychnHandbookzef Filees, 2ad Bdj on. O her
sui tabl e Qﬁ%%?ds for pr ducing t he nanoparticles include crystallization,
preci pitat atd’égespll?a?so condensation, and chem cal attrition (i.

parti al solution). [0054]1In certain enbqdinents, the polyner- enclosed
col or - .rrpell?%zllg par &5 el[oe@en jened, ﬁpeweleﬁvsegé the RIFSFY IRYRNHSBHFAR | se, for

exanmpl e, gndd@l En&@hﬁ%zﬁ%eﬁs‘ l@l@w%%)ﬂe'a?t l%‘illté/lﬂ@ﬁaﬁﬁcl@soda}l% EriRAgoRo! yners,

pol yest er polyners pol yet her polyners, silicon-based polynmers, co- polyners
t her eof, a&Admis vaterids mélliconterigscnd puktyres pEanyznf thecforegoidgcan- 13- by any
sui tabl e S t [ resent
|nvent|onq§£§%glns8ﬂ%3 %aépgaglIﬁ%%éﬁgﬁéﬁﬁﬁgg?ﬁ%&ﬂ (ggfggg%m?%PUnlted

St at es Patogides, Aydl maadesmetﬁewarlaﬂesbhctaﬂ@dfﬂiéﬁ mk3dl sdicate) @feld] boddes Qfietll] , t he

Stat es. PatEROT B HARAEH BABY PLAT ROl SRSST6oPIFaTRE AR 0

[0044] , t hgtdinitede BBbioh ARri@d; aWPécific, Aeh-NGitingCREMApIedF A matawxxaei‘seﬁence her ei n.
[0055]As indicated, in ot her enbodi nents, however, the aqueous di spersi ons

of the pr@sinonripaities ermplnef Puteblsanixed metal eides gEeclumipury silicatgpind pol yner.
As used hefeh i ttﬁca&&f Ran-firhitfABleSarRALYSRbitabiEh S SsulRiefam Hofy rﬂ%lf \.l'n? I|::]U| g

easily pulverized at anbient conditions. That Is, upon renpbva
materi al s dfsrllfwlﬁ,ttmaldmsb@lfhleowngqtmdméﬁctﬁ tmchgncswlﬁctt, noi-kmitiag exanmessi | y

b oken 0 PrBlPLlich LIRS LRSS Al BB duiescsuitale 20 @ dry

feed materi 0 an e ercoar conpos i'tion. A

Tt o1 o SIRB3PO, ¥ TPhyoellly bl lfleﬁﬁ ﬁl‘ @”gtef?“‘?itlgﬂ“ ﬁl%é@é’%?lltp%&g' F i on at
l east a hﬁfolrg"zﬂf&rﬁiteﬁdlﬁ’é‘e&e&d(ﬁfonﬁalﬁmbﬁhlt birtum, Afsniusie Gofoa) cidmiunt, Relctugr, M

"amnbi ent condltlog refers to refers to, surroundin gﬁgdltlons which is
of ten aroffftmysad b FRPEFhEPR lapt %m&e&%%&teﬁn&tﬁe FRUBY fyrogehd 25C.

[0056] I n egyden) phoSHBRA! S¥RAun, @flwbrh%:l%?es%ﬁﬂtt nhrtltﬁﬁtrhqangstéﬂevatlﬁdlalal e pol ymer
conprises the reaction product of émerl zabl e pol yest er
pol yur et hatteum,aziw fnd gircgpiugy mleémg@atdpythewg nitrides depropdrbegnhidens used
her ei n, t to a polyner
that 1 nol Lot pRbpRRty MBLLE BRoR e, SindiPlfoE iBe ndfighe

mlxtures thereof Smtab]e non-limiting examples of the foregoing inorganic particles
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, and a plurality of urethane units, , has functional groups that are
capabl e of being polynerized to forma larger polyner, and wherein Rl is an
al kyl, cycl oal kyl or oxyalLkyl noiety, R2 is an al kyl or cycloal kyl noiety,
and R3 is al kyl, cycloal kyl, arakyl, or aromatic noiety. In certain

enbodi nents, the pol ynerizabl e pol yester pol yurethane conprises a pol yester
pol yur et hane having term nal ethylenic unsaturation. As used herein, the
phrase "term nal ethylenic unsaturation” nmeans that at |east sonme of the

t erm nal endsdedlurhine, sialaytitatiercepalzyroomd, besmaticaideaimgeesfuunatidepivah  gr oup

cont ai ni ng _et hyl eni ¢ unsatuyration., Such I ter po ret hanes . may al so
el de. e, St BBl AP HEoksR dorii Elin A Kt ArlEted

unsat urati As a result, in certain_enbodinments, the aqueous. dispersions
of the prdbBH | nvelit BREHHERIECEPIS Y SHARAIS 25PE FGFTRETA 581 ur ot hane
havi ng t erifdiaalic 648y, lsdh 4 siiod & ¢ol1sidald AinYdai SrthmiosphRue RAmesumia®y r eact ant s
conpri si ng éa) a polyisocyanate, (b) a poi yester polyol, and (c) a material
conpr i si ngolpidalatiymiantisanivny digiis: imgneaxids, esBTpOadR Yruma exidg.colgidalogen gr oup.
In certai I , I i : ane utilized
in the aq[}lggg’gg %ng’géicgpgﬁg tﬁe i#f) gsg%rftg n@’%&éﬁ??@ﬁ\esﬁg%@eﬁ from

r eact ant s foregeihgror anmorgasicrxidedf oae typé yzomi wiach iadepasited @) organimadxidd ]

conpri si n%natﬂl cid functional group or anhydride and a functional group
reactive PR %eCyanate or hydroxyl groups. As used herein, the term

"active-h en group" refers to functi.qnal .groups.that are reactive with
i socyanat ﬁ@é@i det eﬁﬂﬁ'ﬁgw ' REEZRS Me{lﬁgpsfeﬂgé%ro%gglggg%%%mg@djsia 1% he
JOURNAL - OfthelptEseAMEiRnGioNc it EMppiod indfdehic Materdtl seledtdd fiomgeaphits Indtdf27) .

[ 00571Pol yi socyanat es suitable for use_in preparing the polynerizable

.S, e
pol yest er opiiesGR@ideamirideRe Porles.aulfidrapilicars, ceiRnabal SRS PR
ar al i phat ingaloxideg) 04 Abn-BRHR dxGmbROFY B8R SSorgani@8Mddd s %ink b&ile.! NEH-EOT .
[ 0058] Exanpl es of useful allphatic and cycl| oali [)hatl ¢ pol él socyanat es
i ncl ude 4 lumitieg ¢xamples lof stablp anasgrmio gulfities melydematybd¢nwmidisd Bém tapthluvD ) |
hexanet hyl i 0 ( . o) e (i )
met hyl eneg?sg?iéigt ogsg%(ﬁﬁﬁlﬁ tgd&%@r%a?ées)ﬁgﬂar :[\Brrg'? ‘ﬁg‘lﬁ%%%ﬁe&? tﬁg&‘%ﬁ‘g%} %msn(%cyanat e
(TVMDD, netsHichtes inalwdé dlyminnysibeatesdnd sagryeainat slidaebMED as wndiceljtel Nbexyl ene

di i socyanat e, .(hydrogenat ed XDD. Q her aljphatic pol yiso nat eg j ncl ude
o0y anr JBUIEATBRF oA oS e BalyBr Bt pRa RN e

pol yi socy anaifsn, ddepetd@ld, doyt| SINEY, alttiys, 50 iaktaies of P f(the Bregoidg4-t ol yl ene .
diisocyanate, 2,6-tolylene diisocyanate or a mxture thereof),

di phenyl ngggaane- 4, dmdbettiaedOditRnts Mt partifladdah hakabkedlfrén Gih&agicanat e (NDI ),
3, 3-di net hy1- 4, 4- hi phenyl ene_di i socyanate fTCDD, crude TDI (i.e., a mxture
of TDI an@mapheps wissesoliopist e alupiiay rdlokipl dwapmel Yipmampionstst e ocyanat e,
crude M olideSresiuf dEidél rﬁmpfmiﬁ@lcoli’d}&‘al i ZirEE Eolidd@d1 $Rfohia, 3 V! €ne

dii socyanate (XDl ) and phenylene diisocCyanate. [’0060_1Po| yi socyanat e

deri vati veuxtpree phanychfitheofordgeingnit ¢eptipresbdilinsotsythn particled comprise

| socyanat g g StE | RELINdS A obARCHANI QOIS 8¥ L AREXBNE brihERled

i ncl udi ng T'socyanurates ereot,’ and/ or

4, 41- bi s( Osloee ysefidtpacictds ddvdudel shifeiehanisfialr sificay istcidsare dek&ribed f00DS1] I n certain

pol yost o PRETSR SHAAED PEARUEER $u1BRR B RS 6e ¢ rIDporied BRER Rt as 30

to 60 peregabnddy Wei ght or, in sonme cases, 40 to 50 percent by weight, with
t he wei ght percents being based on the total weight of resin solids used to

prepare t[3pp! yrerAzaphiRr MRSt 8 pahfie/dah Bk fifRd 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.
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[ 0062] Pol yester polyols suitable for use in preparing the polynerizable

pol yester pol yurethane may be prepared by any suitable nethods, e.g., using
saturated di carboxylic acids or anhydrides thereof (or conbination of acids
and anhydri des) and pol yhydric al cohols, or by ring opening of

caprol actones, e.g., epsilon caprol actone. Such polyester polyols are
comercially avail able in various nol ecul ar weights. Aliphatic dicarboxylic
acids suitable for preparing polyesters include those containing from4 to
14, such al088lt o 10In erg exemple: aifbwithpyl limiting themresep! iavenyipn, g drprganécar boxyl i ¢
aci ds incl : i R 2] 211G L Doz adi i i 'Hhﬂﬁiz aci d,
suberic ac ,dgggﬁgég&gfg%gﬁ%m%ggggﬁg’%%?h.11 9?@?&%3@?%8“an yéé%ﬁes can

al so be used.bepyqyidedvtith,a siliiapcarbematt oa n@loalay ceating$o form auseftll composite

[ 0063] Pol yhydr.ic,_al cohol s .used in the preparation of | yest.er pol yols
sui tabl o ROl d e onArrne erhmalt A Couing 2ge yRE ST et oSt nane
utilized idanGeedact witleRbOGTRE 61 & iRbrghile pticls Etinel Moa dd iAGrghii€ bxidio Wi t hout
limtation, aliphatic alcohols . contalning at |east 2 hydroxy groups,

e.g., stragride aHsH compesiie pagtiglethaving agsafiep susfagey Qther expipplegiyiclyde o 8,

carbon at k 1 : 1 al n.. aﬁﬁ%ﬁ i ain
hydr oxyl %&@%@ﬁggﬂ? p%&%gfl%%g?%ﬂg nEl ?Iirl E’la?ﬁ %’9?@%? es of such
pol yhydr i cmatedahwith diffecihg den-polmpkerner plyassic matérzish\A speeifigingu-dilmiting i et hyl ene

gl ycol, tetraethyl ene glycol, 1.3- < 0l..1 3-butane .diol, 1,4-butane
diol, 1, 5-65‘5?1"? E’fn sﬁhocf_)‘,%p o1 -P“H‘."%%t‘i?‘?ﬁg‘? pam’aW |Cglls:awg19ﬁce9<%¥‘geﬁ ol ,

1, 7- hept angrtibl®toated vathaaiciune catbaate thatidectanaciallylawlilabsia drom Biéro¢ &&1 of such

pol yhydric_al cohol s. [ 0064 rtain enbodi nents, the polyester polyol is
pr epar ed b%}eYeé‘égf’ipﬁb’t‘énﬂ‘G%‘gf#"g‘b Vtic acid (or anhydride thereof) wth a

pol yhydric al cohol in the presence qQf an esterification catalyst, such as
an organo [p&f? cat al %f?ﬂawbgﬁﬁw,gw%ms used 1o thedresent et fave gary and

depend on lmalmk.af)m%iegﬁvlir&oi MeslRsreest a&%ﬂﬂwﬂ@lmée&w})%& ed

pol yesters are obtained by utilizing an excess of the al cohol, thereby to

obt ai n | i rfatomstinheragenshemiyn Wil shops kopdingavithirctae slreet andnveskvamgesr oxy|

. 1 - > _ ) t ,
groups: SRRk B5hdls RAESHELS pliiigy ROl Mhpfrbibod efRad ARLE) .
pol y( 1, 4- Hirhiihg wenplew sitepllar pohorére st lexegineluryssalseuattre) Inopginic(sblid-

butyl ene azel ate),. po , 4but yl ene sebacate) and poly(epsilo

capr ol act (ﬂ?&)c?csﬁ%wl?g?k%ge#a%ﬁgﬁ%fl‘ﬁéﬁr Euc%ﬁazf)ﬁﬁwg al%’o‘is%’ NS 1ized in
prepari ng gréenflihveaibe, pol ymeri zabl e pol yester polyurethane utilized in the
aqueous dispersions of the present invention have a weight average

nol ecul ar pgdoght f r MEh2@0tADexRPRs oF 51513018 MaRPAIstHAViA8 dQamdlar sthidtupd e cases,
900 to about 1300. [0065]In certain enbodinments, the anmount of polyester
pol yol usédBcluds horapitride, graphitsongtakdichalenpaides, pisattele, Hppynkeelimige i ncl uded
in certai hBR EAE N rsq]quﬁ- m 10 to 60

per cent b;&af\%g?gzﬂétl su@%ﬁg’ssglggstggﬁggﬁ%g?cen?ﬁlhlggf\}\el g téc]}{re,fa(?i n sone cases, 30
to 40 per chshialcbgemes gictude wiolybdemun disulfide, npdytslemirs diselienide, bagaanon t he t ot al

wei ght of resd ol ids..used,t repar h | r.i zabl 0| yest er
pol yur et hé{rﬁsg‘fﬁ({}oég% PRLdipsletides g?““f)%%‘ﬁf}% ’g%ggfgg%lgmp%?n?es?‘e “pol yur et hane

present i nh&esft ai n enbodi nents of the aqueous di spersions of the present
invention is forned froma material conprising an ethylenically unsaturated
group and [Jeau&_act :c veThwhiﬁxgl €tafi be lftfhne&ﬂbﬁﬂbh%;ol}eﬁdm}él @;@hﬁailn:mlrim_suglur at ed
groups incJude, for exanple, acrylates, nethacry|ates, allyl carbanates,
and al ly! %’H&P‘%ﬁ‘éf”@?.s 0‘??@"%1‘3}“97’% areapg WE&%L‘P@? RIRERt BHAUOBr oups may
be represenigid B aldier fiitBA A stesrhids (Shéhlas ZicQddrate MaNGhiRuRbtehdehly dr ogen or
met hyl . The al [y" carbarnates and carbonates may be represented by the

f or nul ae, deHmadi¢adiqnbigck epdstepramiigad CH2=CH CH2- 0- (0) 0-, respectively.

[0067] In certain enbodinents, the material conprising an ethylenically
unsat ur at 480431 oup afhk partickestusedinttieiprossahinyentiop can be formetl from fnoegsaici ng t he

pol ymeri z L er I A _ i f I .

(et hy acr PfisRe s ERb] MR EEE SARRS BB SN AR ity 0o i ng
from 1 toiddBudegolyphosphaxnmes] polydilena] polysilosohes; spolydehrearsh,lpplymeaidisaléilr, bei ng
substituted or unsubstituted. Specifiggnon-limting exanples of such

mat eri al s i ncl ude 2-hydroxyethyl (neth)acrylate, 2-hydroxypropyl
(meth)acrylate, 2- hydroxybutyl (meth)acrylate, hexane-1, 6-diol

nono( et h) acryl ate, 4-hydroxybutyl (nmeth)acrylate, as well as m xtures
thereof. As used herein, the term"(nmeth)acrylate"” is nmeant to include both
acrylates and nethacrylates. [0068]1n certain enbodi ments, the anmount of
the material conprising an ethylenically unsaturated group and an active
hydrogen group used to prepare the pol yneri zabl e pol yester pol yurethane

. Y oA N Y. T




8 percent by weight or, in some cases, 4 to 6 percent by weight, with the
wei ght percents being based on the total weight of resin solids used to
prepare the pol ynerizabl e pol yester pol yurethane. [0069] As previously
indicated, in certain enbodi nents, the polynerizabl e pol yester pol yurethane
present in certain enbodi nents of the aqueous di spersions of the present
invention is forned froma polyam ne. Useful polyam nes include, but are
not limted to, primary or secondary di am nes or polyam nes in which the
groups at tRebediciselenm, pilicenss and mixgires ofany bhths &regoange A specifiosmnar at ed,

al i phat i ¢, ®éki ' 1555‘@41' £ -al. J co

al i phati c-hsxﬁlltt)ﬁslgixﬁfkpg%?g{ omatél; m%ﬁﬁ%??Z%Fﬁ d@&“@%nﬁtgﬁg%{?ﬂegﬁ e

al i phat i c usath the preyait inyenticants Respeanhovhiches 4 partiele yrired drodi @odstlimked , 2-

por phyl ene.di.am ne,. 1. 8-octane dj amne, ..i tone di am ne,

pr opane- Z%Eg%%g% Wé?(f/?mrgﬁﬁcf@_,y a&ﬂ!ﬁ‘gﬁf@"f F%B%%@Eﬁﬂ?sa W@Bf’ﬁé%l%]%ﬂaﬁ-nat ic

o- phenyi erlB4 am ho HLERBIELTH R BT AFTH RO SEERaio O BEITEr TaifeDl &
pol yam neNarEmil@gekirisies dfuitl@broariOpdihbtnatadiemcRat, &ul ardor 4, 046, 729 at
colum 6, |ine 61 to columm_ 7, line 26, the cited portion of which being

i ncor por at!Egitedde.dhermeset matesials sad theprpepiastic mateaipks aiNprelimisiag mamples afhe  anount
f | i . 3 | i th
of pol yamgifayisSmemi lagﬁ@ﬁ’iﬁfeﬁa% RRIRR tlﬁe?;ﬁfiﬂslgs?ﬁ lpglggs?ér%(,gﬁ%e% &B@Jeeﬁmyfee ane

ranges fromO0.5 to percent by weig Bf/ wei ght
or, in sortercphibalate, pRlybutybnp éarepdititaldveandeiotyethylent hiphthatateypolgtarbqratesent s bei ng

based on I [ resin solids used .t repare the polynerizabl e
pol yest er °p Io;eﬁbgtsﬁﬁiég%g[yﬁg%ﬁ’%f of (4 !?B% R9 f°2’5f‘)=8‘a ,aCVEC B@V’E’gﬁsn '

enbodi nentssch dstvep@ginyiself btyreht end fdcyidistacit nivbiner fidhalenddy @nGiting N certain
enbodi nent s_of e agueous di spersions of the present invention is formed
froma mf’éﬁ’%‘a&fﬁ%&?ﬁﬂi&g‘i‘#& tgﬁ“&&f“ﬁf”’fﬁ?ﬁ?ﬂ’ﬁ‘?ﬂéﬁ’i’ﬁ?’ V&ngw?mﬁﬁwrm ofind a
functi onalangbp®p fére@iid. ve Wi th the isocyanate or hydroxyl groups of other
conponents from which the polyurethane material is forned. Useful acid

f uncti onaljogmay er i al Nohnedifilee QUPGHablaMeRfosel RatehidIV b IAShediqler? WHET €1 N
X is OH, S[H H2, .oroNHR,l and Rmiajncl udgs' alekyls, a?yl ,ycgrgflgtae‘éﬁ%?tz

substi t ut é’ﬂiyﬁﬁitkry?’l viny] g§8usi apeK e enatgrighs, phgnalics, abundplagtseienmosétoal kyl groups, and

m xt ures BSHJPe‘PrF' Y, G . CUC |, o 11 tuted.al kyl,
substituteéed ar ya?esaaﬁlg%gl;ﬁ@get%i%tf %ﬁ#t93@5%°%‘§b?&048?‘§§&3?c‘)‘a"gt?’?g %A Pﬁio tures
t her eof ; asgntEeticyolyes paBCRHPmMBAdm PERIY maiHakian BfdRy mievoge]PO3H2, and
m Xt ures )&i) JrFéof. [ 0072] Exanpl es of suitable acid functional materials

r

i ncl ude h 18xypi valic acid, 3-hydroxy butyric acid, D /L-tropic acid, D, L

hydr oxy i Cc aci D L-malic acid, citrj cid, thioglycolic acid,

gl ycol i c%@gi am ngheMbc,lesf? ﬁ&?%g%g?}loﬁ@éﬁ“ﬁ?%%?}e&,m&? nge 3Jp galectrdopi oni ¢
aci d, mer cptlpheai M4 insn?siydmamoe&aﬂiconé@éﬁaﬂ b&lyRéricand TRh HBRAMRALICCI Ni C

acid, and m xtur esr,@ﬁ hereof, [0073] Useful anhydrides include aliphatic,

cycl oal i pRERNC MaGns, FRTRPosHy PRSHRS ARdmEcturgsof agy efie faregaing, d¥andes .

Substi t ut gghidld dxBmblies o i j ovi ded the
substituents do no ad%@%ﬁ%ﬁ%(@ﬂﬁ%ﬂ}fglg??%»?%rﬁglgs ﬁg)fegémﬁgri de or the
propert i edregiesaribed poyal t ant  pol yur et hane. Exanpl es of substituents include
chloro, alkyl and al koxy. Exanples of anhydrides include succinic

anhydr i de[0048} hy| sulcerdie embedinentsidhe photidesarssd inshecmresentinesntipulr i de,

oct adecen ini.c_anhydri ht hal i ¢ anhydr.i de, tetr.ahydrophthalic
anhydr i de,x‘l”ﬁ%%%iy £BAS ﬁ?%lgﬁ?rh%r‘m%a%ﬁyawr%&ds ﬁaé(ﬁ’ﬁ%ﬂbﬁ%t Bral i ¢ anhydri de,
al kyl . hexdiaptdhel] NiHttall AS salb bypd i sigigmentiken DeBinfakdleneabiygoopht hal i c
anhydride, tetrachlorophthalic anhydride, endonethyl ene tetrahydrophthalic

ny § .
anhydr i deSondensaiien isoimdolinane dseiadoling)s prsk RakxsyelicAphthalpeyaaine, g apeanhydri de,
citraconi RhY deditifie, dTRd:SlyFroR PIvRld ; e Wi 6aeS irdd! . [0074] In
certain eﬁ%rgdi rr(_e;n‘t S, et hetgﬂc}frg funcgéi’ g‘ﬁoé?(ﬁén}gt eri Q%g?ég{rﬁ@ rlﬂée provi des the
pol yner i zaBh@pyoniling: 8avangirgne pyrarthrongianthanthionn idioxiazing, tudsylearbomurmps whi ch

can be i opi; 1l i,Z] rdn water. As a result, in
certain e%éﬁiﬁ%ﬂmfﬁﬁgﬁ%gﬁgﬂnﬁtwg fag'bégﬁlfefésrteéorm%%fﬁ?aé? hane present in
certai n eemomdiinmens, sheafrgdnirematemia duseledied fierspepylanesfquirherigphesent i nvention is
wat er - di spersi ble. As used herein, thg.term "water-di spersible” neans that
a material may be dispersed in water without the aid or use of a
surfactant. As used herein, the term"ionizable" means a group capabl e of
becom ng ionic, i.e., capable of dissociating into ions or becom ng
electrically charged. An acid may be neutralized with base to froma
carboxyl ate salt group. Exanples of anionic groups include -0S03-,-0P03=,
-S020, -POO -; and PO3=.




[0075] I n certain enbodi nents, the anobunt of the material conprising an acid
functional group or anhydride and a functional group reactive with

i socyanate or hydroxyl groups used to prepare the polynerizabl e pol yester
pol yur et hane ranges from5 to 20 percent by weight, such as 7 to 15 percent
by weight or, in sone cases, 8 to 12 -19- percent by weight, with the

wei ght percents bei ng based on the total meight of resin solids used to

prepare t al YE st er | yur et 0076] As indicated, in
certain e gﬁ%ﬁ’?ﬂég %géﬁggl éorx(gﬂﬁgsp@P 1S tBB P’i H‘eﬁ’%ﬁ a base.

Neut r al i zadiketopyrmiopyarogs ahthedpyeidtdiiesCarfhahthraies) UlavantirondsUinbarrofesd t0 0.9
or, in sone cases the total theoretical neutralization

equi val entpe”gﬂ?elsdmr@‘ﬂl‘f%ﬁsréﬂ“ﬂlﬁﬁ 4 etianaing-d df-digathraquingmyli as wellds or gani ¢

bases sucm@mtﬁ@aia&mahvart@fe&%dwkm'mé'i!ao'?ydrOX' de, anmonia, anines,
al cohol amines having at |east one primary, secondary, or tertiary amno

group and east e
al kanol ami l?te)‘g]s uch g@%ﬁg%nﬁ%ﬁﬁh‘a p$%Etlkgﬁano?.‘r&é?ﬁ)ﬁ“'ll"["{ﬁ’!“Lﬁ(;lay be
di met hy| amnsgstiador S“‘l*iltuwp Substitebiperylencs amy belebstittee at [r6ia Hitrbgen

pol yneri z thane. utiliz in certain enpodi mnents of

t he aqueoﬁég&gl g)gé%la ons %&%@ugnﬁ?lg%wfm ﬁ%l&ﬁo%tlg‘é?? BT RERS: conbi ni ng
t he above-anddiuixiy fgroag ofd)llrpml&lﬂlb(& dtoinsding a&ialofg&bis&clﬁdsrcmwﬁ?ﬁﬂ For exanpl e,
the polynerizabl.e pﬁ g uret hane nmay be prepared by sol ution

pol yrer i z&CrbHafigns ?ré‘ifs ? RESYERSS {ay |GeRiain duqre fhéﬂloilenc’ftaﬁéomt to which
the pr eser&lbstm@ntmmnﬂﬁaésah@ammﬁ%&]oﬁe@mwﬂ; §)ﬁ)-€%9'9@a!'rt?d9:§'lh ioghe .
foregoi ng description, the p nerizabl e p ester polyurethane present in
certain erf5efgirsr feud %ﬂerllﬁl?sﬁ%éwfﬁpﬁfmﬂmgd@ﬁwbmth@nﬂtonl c, anionic or
cationic. In certain enbodi nents, the pol yneri zabl e pol yester pol yurethane
will have (8048 ght Bvéﬂa@@nwspwwem@é %#lph@sbcyammsmﬁbé)ﬁﬁdgrarm per
nol e, suc .Sone cases,
From 40. 000 PO ek it AP s AREERer nlfa chlgRRED

pol yur et hmhélalmzhrmehegmmd ytmras thosmbased anl zing) selhlt itor, Ine:kplr actdtlee of the

i nvention at.ion chr.omat ography .using a

pol ystyrenlel&sxggtglgap%cy ﬁfoo%ﬁ?isMgﬁ[)ge FpHalogxaipesare 4l5 t%/lH% f or egoi ng
descri pti d’ththald@?anpfeqﬁ@ﬂénts By BeirisObbtitgeddr pertidily amk@dtell fovedaiptediviner si bl e,
pol yneri zabl e ;éﬁ(dﬁl& pol yur et hanes conpri.sing term nal fl1)y [enically

unsat ur at &4¢ @‘? ayi9g (el 19 Fuberesemondiey (haag | Wga(bay atgms),

pol yi socy &BRbéhs sidh) as@h S mat eri al

havi ng an etE Isgnl cagl eahﬁg%ﬁl%%@gé Mgérn(t)st}gﬁgar%gfggh%ctl vge {‘?g)eotgen group, and
(e) a mat &hthg ocmmeﬁglaahe axspared byenyl disevery msthvdo knewrhipdhd aie Theydaran act i ve
hydrogen h vent i an is directed
to water- spe?g}égﬁégb%g %ﬁgw?d {ﬁ%ﬁé é‘}hy ‘fé?ﬂtﬁﬁ)%%}%}wé{& ﬁrévsa Bnpri si ng
term nal @telngplfemﬂmambtyl dmsalaunutaagenidgroo(qnsh imemdtﬁdmﬂhal@ﬁmme;ettﬁ conpri sing
(a) a pol X}léocgpqnatl%gtg{yesen i,n an_ano ranging from20 to 70

vei ght pefcent P83 8 D& @,lyl&;ilnfégangrsgg'g?& in an amount ranging from 10
to 60 wei erce a m ne esent a npunt ranging fromO0.5
to 5 wei gﬁibt Er cen[ksmf‘%ff‘)dgnerfg?@gﬁﬁlas Hﬁf@ﬁ’ﬁrﬁma’r?ct’gﬁy’i‘sé‘ﬁ?‘@gls‘i?f unsat ur at ed
group andsmn%ﬂlq\ﬁﬁxawh&qw edHApIB, WAKESRIYr niofe ARyl { hdlGRad fghbyom 1 to
12 wei ght percent, and (e) a material having an acid uncti onal group or

anhydr i deCAfdReAT %{Eﬁnswﬁlﬂgﬁaﬁsml ot Guppcpdens pigments).&nd aresuitable ntheng from 5
to 20 wei odi nent s
of the aqﬁﬂi‘%‘bd?%rf%qgr?é?sé‘.“‘gﬁ?qﬁ&?t?‘ee‘%‘?‘%@ﬁ[‘e piREher® R be R LT W e e
present t FRyerabwappdsiawnlietheardul on prefahiy prepired b}) tharnpadlly yimgclozinlg| e

I t t |
G nytoni cAERyY oS Ere AR Rk BRby RS B Ry PER ol rbRtGrdd o

nonomer s ude a he. |zable et eni.cal unsai at ed
nonomer s, kﬁg@ludlnqxwgkhﬁ Sw%rs %H@%ﬁpuﬂlp%g §F¥?tk%ﬁYTVﬁ¥? g exanpl es
of usef ul oxamlsy‘nmammlyl, yremlxsamwb&t fetlthe pfabﬁoe}df ithe paesent ihvunebh EuRde

gr oup- cont ai ni rs include acr. Ilc aci d, beta- carboxyethyl
acryl ate,P 5%?9{%833 AIVR I, ibe gr. SB’ct g 8ot é‘?lH‘epfgéﬁF&f’l eemeat dellavono al ky!
esters of fumaric acid, maleic acid,-l@noal kyl est-ers of maleic acid,
itaconi c acid, nDnoaIkyI esters of itaconic acid and m xtures thereof. As
used herein, "(meth)acrylic" and terns derived therefromare intended to

i nclude both acrylic and nethacrylic. [0081] Non-limting exanples of other
useful ethylenically unsaturated nononers free of carboxylic acid
functional groups include al kyl esters of (neth)acrylic acids, for exanple,
et hyl (meth)acryl ate, mnethyl (neth)acrylate butyl (neth)acryl ate,

2 ethylhexyl (neth)acrylate hydroxyethyl (neth)acrylate hydroxypropyl

T

o, o o o,



[ 0082] The ethylenically unsaturated nononers also can include ethylenically
unsat ur at ed, beta-hydroxy ester functional nononers, such as those derived
fromthe reaction of an ethylenically unsaturated acid functional nononer,
such as a nonocarboxylic acid, for exanple, acrylic acid, and an epoxy
conpound whi ch does not participate in the free radical initiated

pol yneri zation with the unsaturated acid -21- nononmer. Exanpl es of such
epoxy conpounds are Lyci%yl ethers and esters. Suitable glycidyl ethers

i ncl ude gl ¥4 éas el addugt of smatoisoindelinstrad bibitericdridmedyrop. gl yci dyl

t her, t yeidyl : - Alvehdyl et .1 00831l
Certal n_ erbuaiats pRher EIE, e NI B IR ] ’

arcO,

the |i
TR St ¢ he
et hyl eni catdmpepnepatedrbatnaathads koowen inghearpr esent i n t he aqueous di spersi ons of
the present invention in a weight ratio of 95:5 to 30:70, such as 90:10 to
40: 60, or, [00Al]some ddixeses dfanyroBife Bfdvioas!$ Qeséibed iNOS4]id paticei@@tss

di spersions_canpri.si ng _pel yner-encl osed particles of the present invention,
whet her th%rﬁa’flgg?hglgs%“fafsf’é’ﬁluéedpol ynmer or not, can be prepared by any of a

vari ety of hods. For ex l e, .in certain emhodi nents, the aqueous

di spersi _on_@Hg#] t he pﬁ’@?é‘ﬂf e?ﬁ%?gﬂt“?@ﬁa‘é‘fe@ub‘?‘@ffésr‘% OSQIeé’r%@ttWGn%hp_ri si ng

(A) provi dian@GompHiedoltrSmpriin@ParBEILE OB IR ol RfimpdnindhidiGh¢s. (i) one

or nore pol ynerizabl e, e{)h_yl eni cal Ié unsat urated nononers; and/or (iii) a
I8

m xt ure ofMeAve2a prrtigks that pigniigenily shssires samsaravelgngihs ofyisielightithatis,one or nore
pol yrmers; 3adabihb kahbi F I B i j kg the mxture
to high stress g%eaa;ﬁ)glggn F?‘?Ogr@ 7?%9‘?%[}%@%“&?1‘%%&3 8@815‘2%15%@%@5 ﬁ}ethfum

[ 00851 Suchvistbletregien.ar e described in detail in United States Patent
Application Serial No. 10/876,031 at [0054] to [0090], incorporated by
reference [B853i n, ahitlesingd, the pSttintes desetitd abbedicaRde dorineApd hardbir€ibles.

2005/ 0287348 _at. [ 003 to. ] 0050], .the cipted,porti.on of which _heing

i ncor por aﬁgﬁerﬁaenrl %Iingocgbe?t%ft%er%aﬁg @‘Tlﬁcfé%fome%?‘ﬁgf‘ d&?ﬁﬁ){‘if’%ﬁf‘é’f théowever, the
aqueous dispesus idizpearsioh of ftyréremeRbed paRieRR| stRsdibed FBHste Bt baBH N o
conprisin 1)Pgr(gvi ding a mxture, in an aqueous nedium of (i) particles,
(ii) a poliﬂféFé apmenis oyess s npiepartisles aiederaed pHAuiRhelr iapRIPqrRtidn) o

vat er - di s AgbhddReRR!dipBkioa 2 B Bed AibRanANk, fh@ﬂ&og@mep&amwf&&deﬁ% the
ethylenically unsaturated nononer and polyrnerizabl e di spersant Yo form
pol yner - erf@y o5& durpker(of ¥4rioys methods kiowy in thesrte Fod exapmpis thelnengpattictasr . 1 n t hese

enbodi nmen i i L CQ ise a ol rizabl e
mater o Chart PEeRes YR ERe R RO R e R bR SR TS G ow ¢ ¢ he
et hyl eni c@lullwig?sm su_rchhemy_mglmlm*inorl,garﬁc odlergsitic piginymﬂisamﬁdd%e(tde, p@{j{_}ej cles "
conpri sing_. r-di sper,sibl.e polynmer, ip so ses, a water-dispersible,
friabl o porDREPAE mifiog Rk houhe B araidios of s en § Senimebralrum polesant

conpr i ses thidne. Pmen/ oplésd tarl®:s aivk. DERL Mghet paitisRe typidallPare RalIBY | zabl e

pol yester pol yurethane having term nal ethylenic unsaturation. -22-

[0087] I n & értlé?fﬁfbﬁﬁ Hehitigh eqergy Wt i ong pspiesPIPRIS fsihereaterzerganic di sper sant
i s capabl GolvéntMreRfiaIrdSE the 8&))fopRBALIGLH i L Ml e

et hyl eni ca?l y unsatlu.r at ed non(%’noep?s, 1|9n %5%5%835’%@?‘3%%8}5 “the need
for " sur f adtngaessarynaidispersanigian S éngluded, for example, (if in organic solvent)

SOLSPERSE® 32000 or 32500 available from Lubrizol Corporation, or (if in water)
SOLSPERSE® 27000, also available from Lubrizol Corporation. Other suitable

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-



conditions. As a result, the foregoing nethod for maki ng an aqueous

di spersion of polyner-enclosed particles is particularly suitable in
situations where use of the high stress shear conditions described United
States Patent Application Serial No. 10/876,031 at [0081] to [0084] and
United States Published Patent Application No. 2005/0287348 at [0046], is
not desired or feasible. Therefore, in certain enbodi nents, the agueous

di spersions of the present invention are prepared by a nmethod that does not
i ncl ude t héy gresitable sighiod kno v tot theseskiled inghedrt pavhiticthe presend inyemtidnz abl e

et hyl eni ca : I [ pol y.neri zabl e

i sper sant PP SreehgmEAONR, o Rk MR Yl BE St P gl Rione

f or egoi ng Seddl d%. b3/876:03 1t {6 1] toi[0076] thiewtited partibe sf whieh befgimtorporaati
nanoparticles .in situ, rather than i,ring.t formation of nanoparticles
prior prep ¥éetf?r8'?fe$‘f’re{’hémggﬁlé‘?9t§§8ﬁ %@Féﬁ’%‘ﬁ%‘?‘ﬂ&%@@nr& ROWL028434% | ¢ es
having an aves Fwez]namom],@w&ﬂité@p&ﬁo&omlﬁétp&i@inmﬁ&aﬁﬁ{ ByakfcRelbog M xed with
the ethylenically unsaturated nononer and the water-di spersible

pol yrer i zaPft@ndi spersant in the aqueous medium may be formed into
nanopartic (1.e.,ad; [ : j | A Ccertain
enbodi nent tsa,ag?]he naﬁ%ﬁiplggf %lg@gg&g%ﬂg bgglnn%ééb@&ieggljggﬂg%qﬁééﬁy%%p ezﬁsd%n 6’65 medi um
to pul ver i themipsend indientianpompHse pasticlesindosediby afrintile pblgmex aks used herbihed Wit h
mlling megl aM. arhicle size of ss than 0.5 mllinmeters, or |ess
than 0.3 m ?elxﬁeﬁé%ge &%fm i F\ggrgﬁoea %oigg%r,d“}?éss S‘?’h%‘f]lv%‘.zi‘in?ﬁamb?%t ers. In
these enboclinditions, Thahis, wantrémbwes ofiamidinatenidll fomithe disgeasiar; thegésalmbze in a

hi gh energ%/l. 'Il?iér.the g)r sence of (he agueous medium the polynerizable
et hyl eni caqgl Aty proxshane smallements qrRicess: s 38 Merldibe spitilarer i zabl e

di sper sant as d dry 828 maesial ﬁ%%ﬁ@ﬁdeﬂiosﬂ?&{u%éﬂggﬁ_@é? cBRirgBhposttith) 2RO~ SPERSE
27000, avajlapble from Avecia, Inc. [0089] i ndi cat'ed, the foregoing

met hods f olPTREEPAY™MSH QB dheothrr hard: siouldsupon remeval pf ligdmatensle fioindhe i ncl ude
the step Ofjsfersisi, Fph a('s"éiflsiﬁgﬂ)?lli hlifdoR9filnd'én ?ttlg‘%él ?ﬂdr&@}n]a?/suﬁgc.s Agyrated
nmononer and. pol ynmeri zabl e di spersant to form polyner-enc osed particles
conpr i si ngpubstuede. eks used hereisi the terpGhmbient conditionest” refem terdiodiosentmdingt | east a
portion of - 0 Lization occurs during formatipn of. nanaparticles, if
appl i cabl e‘fo;l&flﬁgrgs,’ kNz{{zgr'gege@ern é’ra‘l’uélg N7 HMePRRFTS Ot RES B 58%&8%@&% »er and oi |
sol ubl e i rantli2dt@r s can be used. [0090] Non-limting exanples suitable

wat er-soluble initiators include amoni um peroxydi sul fate, potassium

per oxydi sybbsgie andIhsegiaipgaibopidicisiodthe phabntlihvention) the@IPpS§mef 0i | sol ubl e
initiators include t-butyl hydroperoxide, dilauryl peroxide and

2, 2" - azobiCMPES S FeAHOR Prqdust of (12 pelyperzablegolyesfer palwiethans, and (dham i ed out

at a tenpefipidai&ll { C ey %Fz%' | be carried
out in eithﬁglrl a bg?g%h%?e(g&glgerﬁnﬁgg)gssé%glrglgclzne’?ge.t%e en%?hﬂlggolfé%%é necessary
to carry delyustangore{arpiojanelymens thegincludespepltinality offegter untanpl e, 10 nminutes to
6 hours, provided that the tine is sufficient forma polynmer in situ
fromthe one or nore et hyl eni cal | y unsat ur at ed jnononers. [0091] Once the

pol ymer i zaRr-oq:—p@ﬁdgss is conplete, the resRA+NrtCpipdBét is a stable

di spersi on of (')pol ymer -encl osed particles in an aa(%eous medi um whi ch can

contai n some Or gani c ,so0d ¥phralitySofrectbaneaihits,of t he Or gani c, iselfiuetiénatan be
renmoved via reduced pressure distillatiop at .a tenperature, for exanple, of
| ess t han 540 g’ﬂi”ﬁ%%’&&%é’fé?‘ﬂ% P‘?‘WE"W@?M gygdpger&%@gwhe@}nlislg abl y

di sper sed'an aR§l)sydiduiKty] bhéxyalklyyibletyeRE s Q8 @ity Par dyt ohIRS] Msibd/Ne eI t] e nor

coagul at eﬁ@g{j fl(?écul ate fromthe agueous nmedi um upon standing. [0092]In
certain e cYoaleyL ardkyl 9ppspmsHC BREDYL dB gerfain embedimgents, dhenobaranizatile t he
aqueous dpsPedicpBRarcdfant BSnRieS P lydsRY fol i@ thal i |east 10
wei ght pelrpclgnt : _pop'%irnagn arf%nt g(;fyfo ?'05'%0 ﬁag%ﬁ?igg%@rlf%’lg@%i n an anount
of 25 to Busasitight Asapwidierein,dhe phrasa fiteeminalrethydéniQ@nsatoration iveeagk thapatr cent

with weig i [ t ot al _.sol.i d esent in the
di sper si o%taStF%ggﬁh% t%g;@g?@éﬁéggﬁl%%@?fypﬁeghaaf g%’et?lgé(gu ’18@?‘53 P*Rncl osed
parti cl escdémaiging ethmbenicwnsanaation fSudlDpolyater polyusthareseasedso irclid)xburum haze of
5% or, in yet other cases, a maxi num haze of 1% or, in other enbodi nents,
a maxi mum haze of 0.5% As used hereijpy,. "haze" is determ ned by ASTM D1003.
[ 0094] The haze val ues for the polyner-encl osed particles described herein
are



determ ned by first having the particles, such as nanoparticles, dispersed
inaliquid (such as water, organic solvent, and/or a dispersant, as

descri bed herein) and then neasuring these dispersions diluted in a
solvent, for exanple, butyl acetate, using a Byk-Gardner TCS (The Col or
Sphere) instrunent having a 500 mcron cell path |ength. Because the % haze
of aliquid sanple is concentration dependent, the % haze as used herein is
reported atcﬁ transm ttance of about 15%to about 20% at the wavel ength of

maxi mum - 23%%4 nghEsessaHY ancluds, intemab ethileric BRI Y adenitanedtdior rel ati vel y
| ar ge part éfb&Bm¥iie Isf ' ] [ n._t.he
particles and the s’&%%ﬁ%(giis ggﬁﬁgﬁﬁ(ﬁgtﬁzﬁlﬁ%@vﬁﬁ%ﬁl@gIrcé}g%el%g’tg serrrléz%lfq%r

parti cl es, PYJyester pelynrsthanchdving temainad ethylehzrumsatestideyhieleis prdpereddioi cl e and

For egol ng. e s i eTeYe BRI FiE (RSN R AL a0 (SR mverhe

et hyl eni catdmprisingah ethytenttalipmoarirated groug 4id apativediyidgll goth. SRRESANT |

pol yrer - encl osded@;garti ck es arlg formed, which, as previously indicated, the
i nvent or s BRTGILDE diepofngriza e pAiyester palyrietiang wilized iy e aaePys prevents t he

parti cl es, digREdiérs W &felpYesBRHARAib ﬁlf&%edfﬁroﬁmeMax@QﬂhR@f%mPh{iﬂgew&ahi n the
aqueous dispersion. ,As a result, the foregoing nethods of t resent

i nvention R ipe, ppd/ar(chymatstial emppising imp acid fungtional groesor anhydridasnd a
nanoparti ckg&; j j oparticles s mnimzed or
avoi ded al toglé)tn %’fg‘s‘% ’F%%%E%%@?%ﬁ%%ﬁ%g%ﬁgﬁ? g Sgd %?rgléle Y ention is
di rected t'@cistiydegen groupikeifery topfohgtiveal-geoupk dmeate pactiveolidsisochasta et hods

conprise t t f.or Ki an.aquequs,.di i-0 ner - encl osed
particl es,&geggﬁ&egggg{fs e§°“§§§’gﬂ?%8§iflesgﬁ%gé’i’ Wegﬁmﬁg&%@“ﬂarti cles
conpri se aCHEMAOAE SOGIETE) Vando,fpdgd st (cap7pri sing (1) renoving water from
t he aqueous dispersion to forma solid material conprising the

k@t In

pol ymer - enf60§ed paPblyisbegnatenshiteBl} fdriusditiépaiifg the poHRletishbley
q

t hese enbodinents, .the ter, can be renoved fromtge aqueous 06gafspersi on by
any sui t.aH?oly“&?‘éﬁ‘.‘ﬁg"%\iggﬂl}at@ﬂcwcﬁllﬁh%‘%gqﬁaltph@%b andfer agoratiem dryer, a -
rol l.er dryigdcyarated @ ¥nidfuyRher&r the i ke. Moreover, the solid material can
be fragnmented.by any suitable technique, such as through the use of a

hamrer i lthos® the Eikképl ' i 0N nt .granul es
may be f.ur[t h?r] pr ocesgg%,eﬁ?t#g aa'{slﬂjgét&g%?ﬁ lg%ypg%ﬁggnﬁsr?%gﬁlgt{e%@gfug?er, bef ore
packagi ng.44-oetylewehisdinyslobeyl diisoeyanatsr(hydsogehated MDIp hibxmhethylgpowder coat i ng

conposi ti gf r. weous di si gn, of. .pol r -encl osed

particl es%i%cy %%E%@ﬁ%é’éuﬁ}‘&{gﬂg&fsé’%mﬁém mc?g‘é’hnﬁtﬂg(%%%ﬁdti on" refers to
conposi t i osEysaie),atinethydrexpnetyleiddisacyanat (TMDD)WAEE Rt tRNEAdiRd i n sol id
parti cul at .lsforn}ﬁmb %@an l{wﬂ&ld form In certain enbodinments of the
powder coati Nyt MPPotd cyplobgrylene didsonyanpts (hydregsnated KBDp Sityarer - encl osed
parti cl es atipioic ipslyisbeyagaad intlalieRocyhMRINd PRI BN t0 the pol yner-encl osed
particles, the powder coating conpositions of the present invention may
conprise 053] ti cul Bi@nglésloNshiRiblE AAEmAR ol isosiinb@PineIubit foMifRr M ng resins
include, for exanple, an epoxy resjin, such as an epoxy -25-

gr oup- contHsyH3eLTP @6 BAttgkriene diisogyaatey6-jalylenyd diisedyenatosr zzmixtiry hydr i c

al cohol a ' @}m,ﬁ\ i IE&Sk: uch a

pol yf unct ;ﬂ%rr%ﬂ? gfg?boxy?t{;%{eadg‘?gg%rg%gqemlg?‘ﬁrﬁﬁgﬁ%gilgsﬁ?la célpatgﬂgﬁpyanam de.
Exanpl es 8f3-dmetityl-&4pahendereatisocyesata (@D hahele THISi.ay emitegesf BO i N Rei ssue

United St .~ RE; 32 1 and .United.States Pate No. 4,804, 581,
i ncor por at%g(gﬁl){/@tpe %atrh EI\%SQ’ W@P&?ﬁ&@@?@e@g P y’?ﬁ’f’ﬁaé’f‘tesfﬂ“%"a@bé (far? i cul at e
fi | mfor nmigurees MBI zad @n ofigdet Whereofp &Y ichel Bitdot Pnak (RDH M8 phéyfeie S
carboxylig..acid functional polyesters and acrylic polyners and suitable

curing ag&Mi°Y¥8® such materiai's, such as triglycidyl isocyanurate and

bet a- hydr kyl ami de curing agents as described, for exanple, in United
States Paf@ﬁﬁ No. LB,"%G%’FB‘BW%HVW% pgpasedhirers hpgpmethylaxe diispcpmater 657,

i ncor por afsegyaldto 36 LERNIS, } A%%%g i g%?ﬂi- ts, the powder
coating cpnggsitions of tﬁ?qgﬁgggﬁ{ invﬁkg?gﬁ&%59?§? réﬁﬁgo to 90 percent
by wei ght 1S09iaa¥atss thegof, endor heérbistisecyayatenycighexyokthahearp awitableu| at e
filmformng resin, based on the totals-weight of the powder coating
conposition. In certain enbodi nents, the powder coating conpositions of the
present invention contain fromO.1 to 50 percent by weight, such as 1 to 20
percent by weight, of polyner-enclosed particles, based on the total weight
of the powder coating conposition.. [0100] The powder coating conpositions
of the present invention can optionally include other nmaterials such as

ot her pigments, fillers, light stabilizers, flow nodifiers, anti-popping
agents, and anti-oxidants. Suitable pignents include, for exanple, titanium



[ 0101] Anti - poppi ng agents can be added to the conposition to all ow any
volatile material to escape fromthe filmduring baking. Benzoin is a
commonly preferred anti-poppi ng agent and when used is generally present in
anounts of from0.5 to 3.0 percent by weight based on total weight of the
powder coating conposition. [0102]In certain enbodi nents, the powder
coating conpositions of the present invention include funed silica or the
like to reg@ge caking of the powder during storage. An exanple of a funed
silica is 99fPH by cAbstrtaimephadiments theraount of@olyisedyanale kscdABpteparSithe The
fumed sili hé&r i j I 1 .percent wei ght
based on t%?g?éugPﬁﬁﬁﬂﬁ?h?ﬁgﬂ%% §F£%§§§@ﬁ§6%§?¢§?§?¥@%W“?@18§F?ﬁ3¥present
i nventi on fo$0persontdiyrenight dr, timsamit dasas4(d or50matcentdyvesighe rwidoné iwefght

conpositio rtai.n odi nent s,. wherei.n the pol yner-encl osed
particles &gcgn 45%8%%? s?egémgﬁ%)tlp%;w’&hwlr%?o,?‘df Hségb‘blgrﬁ%?ﬁhélﬁ’@m@éaa%rt icles
and ot her mdgisienpolg@sthanents are all enbodied in a dried, particulate form
bl ended together, and then nelt blended in an extruder. In other

enbodi ment{9062)owev ePolygsietboRold siRge f’o@%@bﬁn%&%ﬁﬁﬁﬁh@ﬂo@ﬂb‘%‘i% rp@g%g@{ sion of
polyner-enciosed particles is used that does not include a friable polyner,
t he” powderPbBSERaRG may s FEspared by apy suitgble prethodpie. 8. isimgsitontedrdicarmagliby a

met hod coOrgR{ds st Bthvi i &%&% : coati conposition
conmponent s conpri gi %?S“E% an aglglentgﬁc"s |a§?§%%§$§%y§$&%§{@ﬁ&g’&’§% osed

par ti cl es,2leehels(dspyding openieg ofaprolac@hesy b.gnapsilgn Capyolaneche( IShch polydier ext r uder ;

(3) devol gt iJaiZi 49 form an_extrudate: (4) cqoling the

ext r udat eﬁ}oyﬁﬁg%rﬁnr? %F?lr%g%%&%i Yalig4; Lofegular ‘ﬁeégm?'e‘aﬁ%‘&?‘f flicgrBoxlise.  As
used her eianids stibledomprésheing palyestas indRide thobOcdnemNefyal4ab itk Subied doal S,

i ncl udi ng ) te$ and ar&ani co%ol v?nt ?ré"( hn, certain enbodi nents, such powder
coati ng coﬁg%?g P34 1BfEs TNy dexagiples of schdirarheyylisracids preludeticeinis eeidbed i n
Uni ted St ahesricRaide BdipibRpidi ga{eli@ﬁbiflsb&érﬁ%iu%eiﬂ%m %%3;5643 FD9AL; _
2005/ 0213423A1; and/ or 2005/ 0212171A1, the’ relevant disclosufes of which
bei ng i nc&OFEIPNEAS ARSrdessan alse be used e Typicallysydipic endazslaivstchis dee wsbd.t he
present invention, the dry materials may include the particulate
filmformi®§3tesi n Brdviidripalgokely nsed in the prpirhticrsofpoiyestermmlyotosgiatsle t i on

addi ti ves f5; R inYr¥o B Hel ' nding..in.a high shear m xer
such as a pl ar]e?;{a{r%/ mé ?(l{ed)r% «k-:ﬁn eﬁ%@%ﬁ?&%@éﬂ@é’%%%%en@gfzeq RSl materials and
t he aqueosmbedigats of the pofertt revepticesiacitdd, mitnitiliatitatior atiftafic Blcspged i n an

ext ruder 1 [ re ranging from.80C t.o 150C. The extrudate is then
cool ed ang&‘ﬁﬁf“\?g% f%%%’ﬁ?@% BPSL?F@uFté"l‘%htﬁpﬁﬂé.ycf’léfﬂ?ﬁ“?ﬁé fromdieriScoat i ng
conposi ti suth a6 té Biecaibov aftinisafclesive. R caRitl éRtbdiRerts, MR dIRbY Bhtagubst rat es

i ncl udi ngP)r);gt allic substrates, for exanple, alum numand steel substrates.

The powdefYEH EIYPE BrosTrinaresisprs. d¥anckimitin praseplenof spahaplyhydriand i n t he
case Of aaNBHioN inSUBSIALER gm%l,%ke%ﬁhéng%g}gu, gAY g, &Era&yg\ﬂ% e use of a

fluidized bed. The powder <Ccoating - co Itro pres " nvention can
be appl i e@YFd: h3-prapgredigiwvddputane diel,dedrbutade dielsbSpentanentiay2,de a fil m havi ng

a thi ckneggcaf fe gL 1o 10 mls (25 50 mcroneters),
usual | y agoﬁt %%aﬁgaﬁll’ﬁés {({3,‘8&%%}9@83 h#f’tgrr’%%%glf g]’r’gé‘ic.tagfzﬁ’omn@"g&%"és, after
appl i cat i dinl afd mikwrgs@fisieh pobaydrivgalahoRosi ti on, the coated substrate is
heated to a tenperature sufficient to cure the coating, often to a

et ea g B e ( Tan ot L ok (bl s By rbfnda | 0 bos. 27
m nut es, uc a 0 | .Y, (0] .. or (0] m nutes. - -
[ 0106] As Wge]"éﬂﬁ‘f acid (qr aﬁwé’gﬁfhef%%’e‘m% ppplyhydys §’)6°13:ﬂl incthe gresenee efdsst r at es,

such as netedificsisnThtBESuchab ah 630 MASAAIAY Th&zﬁ\%uﬁgoﬁ%idaanﬁgﬁ%qg deposi ted

froma povvd(?r X foatl ng. conposition of the present Invention. 071The
powder cd4ff WY PP the mojseular weighttpolyesterdesioed. Hydrdxy used to

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-



forma single coating, for exanple, a nonocoat, a clear top coating or a
base coat in a two-|layered systemor both; or as one or nore |ayers of a
mul ti-layered systemincluding a clear top coating conposition, a col orant
| ayer and/or a base coating conposition, and/or a priner |ayer, including,
for exanple, an el ectrodeposition prinmer and/or a priner-surfacer |ayer.

[ 01081The present invention is also directed to substrates at | east

partially coated wth a nulti-Iayer corrgosi te coating wherein at |east one
coating | afeyleneglytamie) pady 14 riylensarimelaied ppbyéi,. ¢-butylene puberated gioly(edbodi nent s,

for exanpl | A .h [ i pventi on
conpr i ses. ThypozRB b iFabhRnE BRAR W Philentiaf SRRk R erpr i si ng
a basecoat embefliments sooplyestés palyolesilizdd in prephtivestae fimblgpimpnérivzabf t er
applicatio t.he

' f .ing. ition.of th t
vent  on, PP b haRt wiea PP GheSEE R g BT Pearee e imentinidubont | ayer.

The t opcoatveightavefagé moleailal Reightefrdhe POBHo 13600, [sh@Bs300 QYERRD, ORlsbRg
conposition, a? org%nl c _sol vent - based coating conposition or a water-based
coating cofs®srq Boowd30d wel| known in the art. The filmformng
conposition of the topcoat can _be any of the conpositions useful in
coatings al¥§fFlcati ord certanermbpdiments, die ameaninf@olyssten nokyol uyeditmprepweposi ti on
t hat conpri FXN i f. C i rs
pol yest or o PRIkl Pl elcial Rl s CaRF OB KPR Bkssmt ¢ 1 on
can be appinvetiopyanges/fraron0¢n60 parent ywtightysuchahnd pusd rerreht tysvdghiShi g,
sprayi ng, di_ppi 2 N ut they.are nost often a i ed by spraying.
The usual @5?@%9 8%%3&%8@1 ergér?agéaﬁ'iggﬁ'ré'ﬁ‘ﬁ Weo‘yelé?trperscﬁrr‘tﬁk}?lﬁ%g?as P ®€s spray
and el ect rtotl weight cfpesiy saligs useded plepare ERPOBIMPizatMIbSITRE folpRbihass can be
used. [0109]In certain enbodi nents, the present invention is directed to
refl ectivel00&6)r f acesdinditapeals thepalyirietikatle falpdsed pdlifBthand bRt ih ¥B@diL | N

wder coating conposition

non- hi di ng goating | ayer deposited froma pow [ofoF:

conpri si nge"g”oainﬂﬁngﬁ qft%?% %91“3?}’6|dfﬁéﬁlpéﬁ%ﬁ%%@asqqh%ﬁéwil%ﬁoegedrféam Ag a maxi num
haze of - 1GHatcrid) c6rtpidtarPRACH Y uisanitarEd BRLS AR arl UG nRER BraflpPOS L €
over at least a portion of the color-inparting non-hidi'ng codting |ayer.
101101As u¥@égblpethylepicallyunsateratad grevps énsludeefos enainples crylefes macthapridates,r f ace.

conpri sin [ ' ' | refl.ectance of at |east
30%  such 40! SRR 49N EicRuet Mol e B AP b T ot 0
of ref!| ectreay Heirgirtesehted iy sire fobjuee (CHeC@R V&0 WaerdinR} eiytrogegbtt that
angl oo, el ARCHBR bwhine Pl oot b7 Earen B Ry Al foge
el ect r oma@IB=CEH-Spig NHUOId) OtV eRITHRCE-eMgt B 000 radpectitel§, nanonet er s.

"View ng angle" refers herein to the angle between the viewing ray and a

nor mal to [0067] sur f aBecetthintehBoligients, tﬂf:niafbﬁiaﬂ%ﬂﬁb@isinglaﬁeﬂh?]teﬁi‘é‘ﬁiyance val ues
descri bed herein may be determ ned, for exanple, by using a’M nolta

Spect r ophSREHERET BtoNp sehotackive Bydipgsg erQPtUsAzefkin nfoparing the Pelymptizable

i nstructi @gFresté i ':mg}? PEIAS

conpri ses(ﬁa@gs{jb&%ﬁ%ﬁhﬁg? g&?g%sgggﬁggs g?etgj%%?%,ﬁggl?l?g%%{)}[%ﬁt&ﬁi num

col d rol | (@edberylaesinrudgihesedaving fiam, 1 torl 8\abouatoths ot ligll rdical then pl asti c,
o oSSR SRR SRS, SELRCIG R PRI TR o0 °

previously Coate ch may, xanp ective

C_oi';lti ng | ayiearll ialy eqdsdet2ekly dkoxymhl (@mﬂt)hdiga&}glmﬁﬁbiyp@di _ py})ﬁﬁ&lﬁ)a@?latlef@f exanple, a
silver metalli ecoat r, a.colore t [ secoat | ayer, a mca
cont ai ni néy 3’%@3@2?“?@@8?,&3?%&%iéf‘g"llfﬁ%’é’ggﬁ'g;*’é' ,%'}Q’H{S’Piéb%l’lher s.

[ 01121 Suc tméthfabghitd, ¥eweldad mb@urbaeresst, EVushehdaRass fepd “gzﬁm&yﬂ‘aie"ﬁg form ng
conposition that y. for exanple, include any of the filmform ng resins
typi cal | ymgaddo 1%@? Beth aerylptes apdmelgealstmsosi t i ons. For exanpl e, the
filmformng conposition of the reflective coating may conprise a resinous
bi nder antp? or nBCEtIn gRRetimenty theamaust effhe matenploampritisgdrul r esi nous

bi nders i | : i | yesters,

i ncl udi ngag lﬁ’ggas"yg%”g’%%l% ﬁg!rilngﬁs?&% gy?gg{nyr%%@ ‘E%%@? ép%\teotggt he reflective
coat i ng ceatpveizablgpolyaster fodyurethanepinges fiemdrtb ddperderit by svejphtyderh as@as i ng
conposition, an organi c sol vent-basedi7coati ng conposition or a water-based
coating conposition. [01131As noted, the reflective coating conposition can
contain pignments as colorants. Suitable pignents for the reflective coating
conposition include, for exanple, netallic pignents, which include alum num
fl ake, copper or bronze flake and netal oxide coated mca; non-netallic

col or pignments, such as titanium dioxide, iron oxide, chrom um oxide, |ead
chromate, and carbon bl ack; as well as organic pignents, such as, for
exanpl e, pht hal ocyani ne bl ue and pht hal ocyani ne green. [0114] The

o, . o " v o o o,

s




with a color-inparting non-hiding coating |ayer deposited from a-powder
coating conposition of the present invention. As used herein, the term
"non-hiding coating layer"” refers to a coating |ayer wherein, when
deposited onto a surface, the surface beneath the coating layer is visible.
In certain enbodi nents of the present invention, the surface beneath the
non- hi ding coating layer is visible when the non-hiding layer is applied at
a dry filmthickness of 0.5 to 5.0 mls (12.7 to 127 microns). One way to
assess nonSHEHEHPYiveei gy opimsnmmeqassst 4 t9f6 prveant by weipht, with thehediglit percémpaci t y"

f t ' i-al bst r. :
(0127 per 2ant CRsa g oMy A RBRSR usPR R WaHe Be PRSI cct ance of a

dry coat i polyéstdripotyurethane.bl ack substrate of 5% or |ess reflectance, to the
refl ectance of the sanme coating film equivalently applied and dried, over
a substrat §0069] 85% rAS predbaE Ridicdiee, iR Er@NémBIARG ety ﬂgfpog,nmatqg)ati ng film
wi || depend .on the dry filmthickness of the coating and the concentration
of col or - i RPEFStsr RYYBEHane prssent incepaip embadigents of themgucons dispresionsos gt

| nvent ] on. pielit BeRlonifRAhEd R AYBtyaHen UsERRDIPEnh ARLAL Bud DR CENt
opacity of _no nore than 90 percent, such as n re than percent, at a
dry fiim t hmitghieserimary oneecondarydipmngpexpol @dninésgn which the grodpsajtached oy t ai n

enbodi nent j t he, present..i nvention, a

cl ear coat g@fetrrotg?x‘gaté@%g@f@éeséﬁxé@%!frgrg@?ﬁ%rg%{i, aélp%zg}ct Spclisy arf’ﬂléa%ol or-imparting
non- hi di ngarowatié-sipstitated+alipiatie, aiphaticesnbdtithtad-atomaty alEhettegslid.ed from a
conposi ti t co ises any. .typically.filmform resin _and can be

appl i ed O\C/)%fet‘{]pﬁaeryé‘g & [e-ai%ﬁ%aéﬂptah@mﬁ'fiﬁq '1!’1[%}9’?@“1" %lLTf YisasiamingdiZ i onal -

dept h and/ murplpyieic@iinine 1[3-6upeiediafind, BopiRosd Hikming, proshas-n 2% Rioh resinous
bi nders for the &I eaJ coat can be enbodi ed -as a powder coati'ng conposition,

an or gani cAgen#8th thellikeo fix¢rpplny suitablsaseraatiq dipgmings ingludephenyloasdeminest i ng
conposi ti ofd thbiueRediahiHes 6 G RhS1eSH) ek UShORaL Bkl ¢! ear coat
conposi tion include tlh_ose whi ch gre’edjb\gﬁapie %g@n&léen%{igzb@%f& g‘f’l&’fﬁ& mul ati ng
surface cobhesmas,otkan switahle nolyeginesateatesaibsd dedetail ipdbhitediBlates Pateilitdo. c| ear coat
conposi ti ARRL | t ubstrat e, by any, copventional .coating

t echni queods}%@ﬁﬁgg?%r usﬁrﬁgfe@[;?g@}”ﬁﬁ?? r’cliﬁea% ﬁﬁcg&i?qlﬁ% df’hlcz{lfhfr‘f& ot hers.
[0119] | n decarpuratedhdreidibyeefeencecoat i ngs deposited from a powder coating
conposition of the present invention exhibit a "richer" color as conpared
to a sim [[6070powder IicaatinregnbodimRns| the ol poi9@ninBAtedithplepsle ng Pl urality
of pol ymar-?ancl.o%d (Qano articles having a nmaxinum haze of 10% such as
those desdPPHEGZaNoRYYeske palyurethaps fangesirom,P.a de i percens &) teight, isechdislect ed t o
met hods f @6 4ipBeERdFiweikh: BE if @Ik cabds CIHSSserdht By OBk hped froma
powder coatiqu cq#gosi tion. Thesce rsret h@%rqorrlgyrig ‘:ﬂgi’gﬁﬁ%? |ttn t he powder
coating c®RSEEF beingbasedprthgtotahweight 9 regimesolidsusbdtoaquepasatbp polyinedizblenavi ng a

maxi mum h 53,63&13]0%9(&68%&%% herein, the term"color richness" refers to
the L* valué 1n'thHe ClELAB col or systemas described in United States

Pat ent Noyodr1792, 55 TP he, ci ted portion of which
bei ng i nC(gr po?at ed ﬁse?ltglv{rég{%{/mr%le? {eG?’gﬁEgr?ﬁ%@?(gcﬁ%e%ts’ﬁ%%\%oﬁyrﬂq&\?@?ue
cor r espondgslyesterpohiugdtime preseit imdertainl enbodinehtsest she dqadoup Uispasiess Fhd he

present i tQn...color surenents at various, | es can be nmade using
an X-Rl TEB%S%E E“S’S% °&‘6ﬁ§?‘§$ }ar"%‘&éﬂat%as’ SPMRRGH a"l\ﬁﬂqa ‘i[c‘gﬁWQPlegwup or

spect r ophatiydaieand cfaneonel godptresiat Wah i ifdcymMate &fHyBrok isdrbupdBpt S, | nc.

[ 0120] The present inv ntlrvgg is also directed to nethods for matching the

col or of SUBTOTPPERFEHOE icdithe palyupthaneangenal isformesaUsefl aciposi ted from a
l'iquid Coﬁﬁlbﬁkglapﬂﬂi@ﬁﬂ!sidcﬁﬁeca_rngodnayﬁﬁﬁxfgtﬁe DAy gl scovered that, unlike
prior art powder coating conposSitions, e powder coating conpositions of
the present invention are capable ok_QL%duci ng coatings that exhibit color
properties simlar to coatings deposited fromliquid coating conpositions.
As a resuvhereingeis dhddt, Nibaoi NJRcawi icidevalkydf arylheychratks stbstiBiled

i nvention n . | or t ghi of coatings deposited fromliquid
coating co b%‘lpgtftg%g.gwil’%égg‘%ﬁ@tuﬁg%g&%a & LES a{‘éfn’ é‘{eéﬁﬁ"f‘?‘?f; the visible
col or of inbledgraiod ey @dloalist, sutgtifayednitias ubsititédyiabasubaiaes or refl ectance
of the preselected coating; and (b) ngking a powder coating conposition

conprising a plurality of polynmer-enclosed nanoparticles having a maxi mum
haze of 10% wherein a coating deposited fromthe powder coating
conposition matches the visible color of the preselected coating. In these
net hods, the absorbance or reflectance of the preselected coating is

determ ned using a spectrophotoneter (as descri bed above) and a curve of

t he absorbance or reflectance across the range of wavel engths correspondi ng
to the visible spectrumis produced. This curve is referred to as the

o o o v o, . o " - -




was subsequently used to the formthe pol yurethane/ nanopi gnent di spersions
of Exanples 2 to 4. The pol yurethane di spersion was prepared fromthe
following mxture of ingredients in the ratios indicated: Ingredients

Wi ght (grams) Charge | Poly (neopentylglycol adipate)l 780.0
D net hyl ol propionic acid (DMPA) 280.7 Tri-ethylamne 127.1 Butyl at ed
hydr oxyt ol uene 2.5 Tri phenyl phosphite 2.5 Charge!! Hydroxyethyl

met hacryl ate (HEMA) . ]
cycloalkyl groups, and mixtures thereof; and Z includes OSO;H, COOH, OPO;H,,

SO,0H, POOH, and PO;H,;, and mixtures thereof,
[0072] Examples of suitable acid functional materials include hydroxypivalic
acid, 3-hydroxy butyric acid, D,L-tropic acid, D,L hydroxy malonic acid, D,L-malic
acid, citric acid, thioglycolic acid, glycolic acid, amino acid, 12-hydroxy stearic acid,
dimethylol propionic acid, mercapto propionic acid, mercapto butyric acid, mercapto-
succinic acid, and mixtures thereof.
[0073] Useful anhydrides include aliphatic, cycloaliphatic, olefinic, cycloolefinic
and aromatic anhydrides. Substituted aliphatic and aromatic anhydrides also are useful
provided the substituents do not adversely affect the reactivity of the anhydride or the
properties of the resultant polyurethane. Examples of substituents include chloro, alkyl -
and alkoxy. Examples of anhydrides include succinic anhydride, methylsuccinic
anhydride, dodecenyl succinic anhydride, octadecenylsuccinic anhydride, phthalic
anhydride, tetrahydrophthalic anhydride, methyltetrahydrophthalic anhydride,
hexahydrophthalic anhydride, alkyl‘hexahydrop'h.t}.x.al'ic anhydrides such as
methylhexahydrophthalic anhydride, tetrachlorophthalic anhydride, endomethylene
tetrahydrophthalic anhydride, trimellitic anhydride, chlorendic anhydride, itaconic
anhydride, citraconic anhydride, maleic aﬁhydride, and mixtﬁre's thereof.
[0074] ~ In certain embodiments, the acid functional material or anhydride
provides the polymerizable polyester polyurethane with anionic ionizable groups which
can be ionized for solubilizing the polymer in water. As a result, in certain
embodiments, the polymerizable polyester polyurethane present in certain embodiments
of the aqueous dispersions of the present invention is water-dispersible. As used herein,
the term “water-dispersible” means that a material may be dispersed in water without the
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 —0SO;”, -COQ™, -OP0s~, -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
-19-



116.7 Butyl nethacrylate 791.2 Char !'e IIl Methyl ene
bi s(4-cycl ohexylisocyanate) 1175.1 Charge |V Butyl methacrylate 57.5
Charge V Deionized water 4734.8 Ethyl enedi am ne 49. 2 Di net hyl et hanol am ne

40. 6

percent by weight, with the weight percents being based on the total weight of resin
solids used to prepare the polymerizable polyester polyurethane.
[0076] As indicated, in certain embodiments, the acid groups are neutralized with
a base. Neutralization can range from about 0.6 to about 1.1, such as 0.4 to 0.9 or, in
some cases, 0.8 to 1.0, of the total theoretical neutralization equivalent. Suitable
neutralizing agents include inorganic and organic bases such as sodium hydroxide,
potassium hydroxide, ammonia, amines, alcohol amines having at least one primary,
secondary, or tertiary amino group and at least one hydroxyl group. Suitable amines
include alkanolamines such as monoethanolamine, diethanolamine,
dimethylaminoethanol, diisopropanolamine, and the like.
[0077] The polymerizable polyester polyurethane utilized in certain embodiments
of the aqueous dispersions of the present invention may be formed by combining the
above-identified components in any suitable arrangement. For example, the
polymerizable polyester polyurethane may be prepared by solutibn polymerization
techniques understood by those skilled in the art to-which the present invention pertains.
[0078] As should be apparent from the foregoing description, the polymerizable
polyester polyurethane present in certain embodiments of the present invention can be
nonionic, anionic or cationic. In certain embodiments, the polymerizable polyester
polyurethane will have a weight average molecular weight of less than 150,000 grams
per mole, such as from 10,000 to 100;000 grams per mole, or, in some cases, from
40,000 to 80,000 grams per mole. The molecular weight of the polyurethane 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 polyisocyanate, (b) a polyester polyol, (c) a polyamine, (d) a material
having an ethylenically unsaturated group and an active hydrogen group, and (e) 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
-20-



Charge VI Butyl nethacrylate 50 [0123] The pol yur et hane di spersion was
prepared in a four neck round bottom flask equipped with an electronic

t enperature probe, nechanical stirrer, condenser, and a heating mantle.
Charge | was stirred 5 mnutes in the flask at a tenperature of 90C. Charge
Il was added and the mi xture was cooled to 60C. Charge Ill was added over a
10 mnute period. Charge |V was added and 'Ejhe resEIHjngt mgétcu][e Wgsh e

al | t0,90C.over 45 m nutes and the eld.a or o] .

Chargo. v AZBbE Mol P 703Gty et F) S ineel el petentéh amomo00. 0g of t he
reacti on prangiug fronf 1068 &0 GRSght perkdnt, (@rh%oh%nﬂﬁépr@éégﬁﬁah%n%ﬂrrﬂgi over 30

m nut es. arge VI_ was added and the resulti ngwm Xture was cG00 ed to room
t enper at u%"m R0 P Weaght peisenicld) sastesiak haxinglan cthytenisally wisatmrawidtgnowpn aci d

o o iR AT 1 6
U Ny oo A i i ol (e a4 (AL
P Rt a0 5o BB ABES om P o S
m xture of[0080)r edi emsprivivuslydndiedtédytn deRtlinGaibeGimehid OF 8dIagitoss VI ght  (grans)
Char ge | d:i)s%leysyorn(sa% 312 %recs“enst I1Driavrersltiio?1?a %abl%x p%rlryexge? islpresent that comprises the

reaction product of (i) a polymerizable polyester polyurethane, such as that previously

described, and (ii) an ethylenically unsaturated monomer. Suitable ethylenically

unsaturated monomers include any of the polymerizable ethylenically, unsaturated

monomers, including vinyl monomers known in the art. Non-limiting examples of

useful ethylenically unsaturated carboxylic acid functional group-containing monomers

include (meth)acrylic acid, beta-carboxyethyl acrylate, acryloxypropionic acid, crotonic

acid, fumaric acid, monoalkyl esters of fumaric acid, maleic acid, monoalkyl esters of

maleic acid, itaconic acid, monoalky] esters of itaconic-acid and mixtures thereof. As

used herein, "(meth)acrylic" and terms derived therefrom are intended to include both

~ acrylic and methacrylic.

[0081] Non-limiting examples of other useful ethylenically unsaturated

monomers free of carboxylic acid functional groups include alkyl esters of (meth)acrylic

acids, for example, ethyl (meth)acrylate, methyl (meth)acrylate, butyl (meth)acrylate,

2-ethylhexyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, hydroxypropyl

(meth)acrylate, hydroxy butyl (meth)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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4772.7 Deionized water 2304.5 Hydroquinone nethyl ether (MEHQ 1.36 PB 15:3
pi gnent2 700. 0 Shel I sol OMS (Shell Chemical Co.) 86.4 Charge Il Deionized
water 71.5 t-Butyl hydroperoxide (70% aqueous solution) 5.8 Charge |11

Dei oni zed water 337.2

monomer. Examples of such epoxy compounds are glycidyl ethers and esters. Suitable
glycidy! ethers include glycidyl ethers of alcohols and phenols such as butyl glycidyl
ether, octyl glycidy! ether, phenyl glycidyl ether and the like.
[0083] In certain embodiments, the polymerizable polyester polyurethane and the
ethylenically unsaturated monomer are present in the aqueous dispersions of the present
invention in a weight ratio of 95:5 to 30:70, such as 90:10 to 40:60, or, in some cases,
from 80:20 to 60:40.
{0084] The aqueous dispersions comprising polymer-enclosed particles of the
present invention, whether they include a friable polymer or not, can be prepared by any
of a variety of methods. For example, in certain embodiments, the aqueous dispersions
of the present invention are prepared by a method comprising (A) providing a mixture, in
an aqueous medium, of (i) particles, (ii) one or more polymerizable, ethylenically
unsaturated monomers; and/or (iii) a mixture of one or more polymerizable unsaturated
monomers with one or more polymers; and/or (iv) one or more polymers, and then

' subjecting the mixture to high stress shear conditions in the presence of an aqueous =

- medium. : ‘
[0085] Such methods are described in detail in United States Patent Application -
Serial No. 10/876,031 at [0054] to [0090], incorporated by reference herein, and United -
States Published Patent Application 2005/0287348 at [0036] to [0050], the cited portion
of which being incorporated herein by reference.
[0086] In other embodiments, however, the aqueous dispersions of the present
invention are made by a method comprising (1) providing a mixture, in an aqueous
medium, of (i) particles, (ii) a polymerizable ethylenically unsaturated monomer, and
(iii) a water-dispersible polymerizable dispersant, and (2) polymerizing the ethylenically
unsaturated monomer and polymerizable dispersant to form polymer-enclosed 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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Ferrous ammoni um sul fate 0.13 Sodi um netabisulfite , 8.18 Commercially

avai l abl e from BASF Corp. [0125] The ingredients were m xed using a 4.5 inch
Cow es bl ade attached to an air notor. The m xture was then pre-dispersed
Premer MII|I PSM 11 basket m |l containing 353 nL of 1.2-1.7nmm Zirconox
YTZ(r) mlling nmedia for 1.25 hours at 1000 fpmfor the m x bl ades and 960
rpm punp speed and then recycled through an Advantis V15 Drais ml|
containing 500 nL of 0.3 nm Zirconox YTZ(r) grinding nmedia in a one liter

grindi ng cHé®Jér. Thér thvsctembedimsts,rﬂltjve&dr-dispetsiﬂe polymerizdble dispersant i§et ting of
mllin

19 rpmfor f urs.. The ogr e f th
noni !to or ed b%’ Jb?esluaﬁk %/rgg 3%erlf\%| n c%lgﬁt@g% ﬁchﬂ%g t?'? ﬁﬁé'lﬁﬁlrcg%‘?sﬁ%“?% n filns
of sanpl es nhmamersginvhe aqneﬁusbdl@lﬂim Wﬁﬂomﬁﬂidrﬁed-fbﬁ irfacRARAN/oFTNBh HRal | WAS
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step of subjecting the mixture of particles, polymerizable ethylenically unsaturated
monomer, and water-dispersible polymerizable dispersant to high stress shear conditions.
[0088] In addition, the foregoing method of the present invention enables the
formation of nanoparticles in situ, rather than requiring the formation of nanoparticles
prior preparation of the aqueous dispersion. In these methods, particles having an

* average particle size of 1 micron or more, after being mixed with the ethylenically
unsaturated monomer and the water-dispersible polymerizable dispersant in the aqueous
medium, may be formed into nanoparticles (i.e., the nanoparticles are formed in situ). In
certain embodiments, the nanoparticles are formed by subjecting the aqueous medium to
pulveﬁzing conditions. For example, the particles can be milled with milling media
having a particle size of less than 0.5 millimeters, or less than 0.3 millimeters, or, in
some cases, less than 0.1 millimeters. In these embodiments, the particles can be milled
to nanoparticle size in a high energy mill in the presence of the aqueous medium, the
polymerizable ethylenically unsaturated monomer, and the water-dispersible
polymerizable dispersant. If desired, another dispersant can be used, such as
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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[0090] Non-limiting examples suitable water-soluble initiators include
ammonium peroxydisulfate, potassium peroxydisulfate and hydrogen peroxide. Non-
limiting examples of oil soluble initiators include t-butyl hydroperoxide, dilauryl
peroxide and 2,2'-azobis(isobutyronitrile). In many cases, the reaction is carried out at a
temperature ranging from 20° to 80°C. The polymerization can be carried out in either a
batch or a continuous process. The length of time necessary to carry out the
polymerization can range from, for example, 10 minutes to 6 hours, provided that the
time is sufficient to form a polymer in situ from the one or more ethylenically
unsaturated monomers.
[0091] Once the polymerization process is complete, the resultant product is a
stable dispersion of polymer-enclosed particles in an aqueous medium which can contain
some organic solvent. Some or all of the organic solvent can be removed via reduced
pressure distillation at a temperature, for example, of less than 40°C. As used herein,
the term "stable dispersion" or “stably dispersed” means that the polymer-enclosed
 particles neither settle nor coagulate nor flocculate from the aqueous medium upon
standing.
[0092]  In certain embodiments, the polymer-enclosed particles are present in the
aqueous dispersions of the present invention in an amount of at least 10 weight percent,
or in an amount of 10 to 80 weight percent, or in an amount of 25 to 50 weight percent,
or in an amount of 25 to 40 weight percent, with weight percents being based on weight
of total solids present in the dispersion.
[0093] In certain embodiments, the dispersed polymer-enclosed particles have a
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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, going methods of the
present invention result in an aqueous dispersion of particles, such as nanoparticles,
wherein reagglomeration of the nanoparticles is minimized or avoided altogether.

[0096] In certain embodiments, the present invention is directed to methods for
making polymer-enclosed particles. These methods comprise the methods for making an
aqueous dispersion of polymer-enclosed particles, as previously described, wherein the
polymer-enclosed particles comprise a friable polymer and further comprising (1)
removing water from the aqueous dispersion to form a solid material comprising the
polymer-enclosed particles, and (2) fragmenting the solid material. In these
embodiments, the water can be removed from the aqueous dispersion by any suitable
drying method, such as through the use of a drum dryer, a roller dryer, a spray dryer, or
the like. Moreover, the solid material can be fragmented by any suitable technique, such
as through the use of 2 hammer mill or the like. Following fragmentation, the resultant
granules may be further processed, such as by being screened in a classifier, before
packaging. ‘

[0097] The present invention is also directed to powder coating compositions
formed from an aqueous dispersion of polymer-enclosed particles. As used herein, the
term “powder 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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group-containing acrylic polymer or a polyglycidy] ether of a polyhydric alcohol and a
suitable curing agent for the epoxy resin, such as a polyfunctional carboxylic acid group-
containing material or a dicyanamide. Examples of curable particulate resinous materials
are described in Reissue United States Patent No. RE 32,261 and United States Patent
No. 4,804,581, incorporated by reference herein. Examples of other suitable particulate
film-forming resins are carboxylic acid functional resins, such as carboxylic acid
functional polyesters and acrylic polymers and suitable curing agents for such materials,
such as triglycidyl isocyanurate and beta-hydroxyalkylamide curing agents as described,
for example, in United States Patent No. 4,801,680 and United States Patent No.
4,988,767, incorporated by reference herein.
[0099] In certain embodiments, the powder coating compositions of the present
invention contain from 50 to 90 percent by weight, such as 60 to 80 percent by weight, of
the particulate film-forming resin, based on the total weight of the powder coating
composition. In certain embodiments, the powder coating compositions of the present
invention contain from 0.1 to 50 percent by.weight, such as 1 to 20 percent by weight, of
polymer-enclosed particles, based on the total weight of the powder coating composition.
[0100] The powder coating compositions of the present invention can optionally
include other materials such as other pigments, fillers, light stabilizers, flow modifiers,
anti-popping agents, and anti-oxidants. Suitable pigments include, for example, titanium
dioxide, ultramarine blue, phthalocyanine blue, phthalocyanine green, carbon black,
graphite fibrils, black iron oxide, chromium green oxide, ferride yellow and quindo red.
[0101] Anti-popping agents can be added to the composition to allow any volatile
material to escape from the film during baking. Benzoin is a commonly preferred anti-
popping agent and when used is generally present in amounts of from 0.5 to 3.0 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
-26-
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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 500°F (121.1°C to 260.0°C) for 1 to 60 minutes, such as 300°F to 400°F
(148.9°C to 204.4°C) for 15 to 30 minutes.
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Pol yur et hane di spersion of Exanple 6 7271.0 Deioni zed water 3293.1

Hydr oqui none net hyl ether (MEHQ 2.0 PB 15:3 pignent 1079.5 Shel |l sol OVB

(Shell Chemical Co.) 131.5
[0106] As aresult, the present invention is also directed to substrates, such as

metal substrates, at least partially coated by a coating deposited from a powder coating
composition of the present invention.

[0107] The powder coating compositions of the present invention may be used to
form a single coating, for example, a monocoat, a clear top coating or a base coat in a
two-layered system or both; or as one or more layers of a multi-layered system including
a clear top coating composition, a colorant layer and/or a base coating composition,
and/or a primer layer, including, for example, an electrodeposition primer and/or a
primer-surfacer layer.

[0108] The present invention is also directed to substrates at least partially coated
with a multi-layer composite coating wherein at least one coating layer is deposited from
such a composition. In certain embodiments, for example, the powder coating
composition of the present invention comprises the basecoat layer in a multi-layer
composite coating comprising a basecoat and a topcoat. As a result, in these
embodiments, after application and curing of the powder coating composition of the
present invention, at least one topcoat layer can be applied to the basecoat layer. The
topcoat can, for example, be deposited from a-powdert coating composition, an organic
solvent-based coating composition or a water-based coating composition, as is well
known in the art. The film-forming composition of the topcoat can be any of the
compositions useful in coatings applications, including, for example, a film-forming
composition that comprises a resinous binder selected from acrylic polymers, polyesters,
including alkyds, and polyurethanes. The topcoat composition can be applied by any
conventional coating technique such as brushing, spraying, dipping or flowing, but they
are most often applied by spraying. The usual spray techniques and equipment 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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the electromagnetic spectrum between wavelengths 400 and 700 nanometers. “Viewing

angle” refers herein to the angle between the viewing ray and a normal to the surface at
the point of incidence. The reflectance values described herein may be determined, for
example, by using a Minolta Spectrophotometer CM-3600d according to the
manufacturer supplied instructions.

[0111] In certain embodiments, the reflective surface comprises a substrate
material such as, for example, polished aluminum, cold roll steel, chrome-plated metal,
or vacuum deposited metal on plastic, among others. In other embodiments, the
reflective surface may comprise a previously coated surface which may, for example,
comprise a reflective coating layer deposited from a coating composition, such as, for
example, a silver metallic basecoat layer, a colored metallic basecoat layer, a mica
containing basecoat layer, or a white basecoat layer, among others.

[0112] Such reflective coating layers may be deposited from a film-forming
composition that may, for example, include any of the film-forming resins typically used
in protective coating compositions. For example, the ﬁlrh~forming composition of the
reflective coating may comprise a resinous binder and one or more pigments to act as the
colorant. Useful resinous binders include, but are not limited to, acrylic polymers,
polyesters, including alkyds and polyurethanes. The resinous binders for the reflective
coating composition may, for example, be embodied in a powder coating composition,
an organic solvent-based coating composition or a water-based coating composition.
[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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Pol yur et hane/ Nanopi gnent Di spersion [0135] This exanpl e describes the _
preparation of a nano-sized PR 122 qui nacri done nmagenta pi gnent dispersion.
The di spersion was prepared fromthe followi ng m xture of ingredients in
the ratios indicated: Ingredients Wight (grans) Charge | Pol yur et hane
di spersion of Exanple 6 7271.0 Deionized water 3293.1 Hydroqui none methyl
ether (MEHQ 2.0 PR 122 pignent 1079.5 Shellsol OMS (Shell Chem cal Co.)

131.5 Charge |1
[0114) The reflective coating composition can be applied to a substrate by any

conventional coating technique such as brushing, spraying, dipping or flowing, among
others. The usual spray techniques and equipment for air spraying, airless spraying and
electrostatic spraying in either manual or automatic methods can be used. During
application of the basecoat to the substrate, the film thickness of the basecoat formed on
the substrate often ranges from 0.1 to 5 mils (2.5 to 127 micrometers), or 0.1 to 2 mils
(2.5 to 50.8 micrometers).

[0115] After forming a film of the reflective coating on the substrate, the
reflective coating can be cured or alternatively given a drying step in which solvent is
driven out of the basecoat film by heating or an air drying period before application of
subsequent coating compositions. Suitable drying conditions will depend on the
particular basecoat composition, and one the ambient humidity if the composition is
water-bome, but often, a drying time of from 1 to 15 minutes at a temperature of 75° to
200°F (21° to 93°C) will be adequate.

“[0116] The reflective surfaces of the present invention are at least partially coated
with a color-imparting non-hiding coating layer deposited from a-powder coating
composition of the present invention. As used herein, the term “non-hiding coating
layer” refers to a coating layer wherein, when deposited onto a surface, the surface
beneath the coating layer is visible. In certain embodiments of the present invention, the
surface beneath the non-hiding coating layer is visible when the non-hiding layer is
applied at a dry film thickness of 0.5 to 5.0 mils (12.7 to 127 microns). One way to
assess non-hiding is by measurement of opacity. As used herein, “opacity” refers to the
degree to which a material obscures a substrate.

[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).

-30-
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The resinous binders for the clearcoat can be embodied as a powder coating composition,
an organic solvent-based coating composition, or a water-based coating composition.
Optional ingredients suitable for inclusion in the clearcoat composition include those
which are well known in the art of formulating surface coatings, such as those materials
described earlier. The clearcoat composition can be applied to a substrate by any
conventional coating technique such as brushing, spraying, dipping or flowing, among
others.

[0119] In certain embodiments, coatings deposited from a powder coating
composition of the present invention exhibit a “richer” color as compared to a similar
powder coating composition that does not include a plurality of polymer-enclosed
nanoparticles having a maximum haze of 10%, such as those described above. As a
result, the present invention is directed to methods for increasing the color richness of a
coating deposited from 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%. As used herein, the term “color richness”
refers to the L* value in the CIELAB color system as described in United States Patent
No. 5,792,559 at col. 1, lines 34 to 64, the cited portion of which being incorporated
herein by reference, wherein a lower L* value corresponds to a higher level of color
richness. For purposes of the present invention, color measurements at various angles
can be made using an X-RITE spectrophotometer, such as an MA68I 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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EXAMPLE 9 Pol yur et hane/ Nanopi gnment Di spersion [0137] This exanpl e descri bes
the preparation of a nano-sized PY 128 di-azo yellow pi gment dispersion.
The di spersion was prepared fromthe followi ng m xture of ingredients in
the ratios indicated: Ingredients Wight (grans) Charge | Pol yur et hane

di spersion of Exanple 6 7271.0 Deionized water 3293.1 Hydroqui none methyl
ether (MEHQ 2.0 PY 128 pignent 1079.5 Shellsol OMS (Shell Chem cal Co.)

131.5
invention can be used for color matching of coatings deposited from liquid coating

compositions. These methods comprise: (a) determining the visible color of the
preselected coating by measuring the absorbance or reflectance of the preselected
coating; and (b) making a powder coating composition comprising a plurality of
polymer-enclosed nanoparticles having a maximum haze of 10%, wherein a coating
deposited from the powder coating composition matches the visible color of the
preselected coating. In these methods, the absorbance or reflectance of the preselected
coating is determined using a spectrophotometer (as described above) and a curve of the
absorbance or reflectance across the range of wavelengths corresponding to the visible
spectrum is produced. This curve is referred to as the visible absorbance or reflectance
spectrum. A powder coating composition is produced, which includes a plurality of
polymer-enclosed nanoparticles having a maximum haze of 10%, such that the coating
deposited from the powder coating composition has a visible absorbance or reflectance
spectrum closely matching that of the preselected coating.
[0121] Illustrating the invention are the following examples that are not to be
considered as limiting the invention to their details. All parts and percentages in the
examples, as well as throughout the specification, are by weight unless otherwise
indicated.

EXAMPLES

EXAMPLE 1

Polyurethane Dispersion

[0122] This example describes the preparation of a polyurethane dispersion that
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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Charge |I1 Dei oni zed water 102.4 t-Butyl hydroperoxide (70% aqueous
solution) 12.3 Charge |11 Dei oni zed water 512.1 Ferrous ammobni um
sulfate. 0.15 Sodium netabisulfite 12.3 [0138] The ingredients were m xed
using a Ross rotor/stator m xer Mdel #HSM 100L for 5.5 hours and then
recycl ed through an Advantis V15 Drais m Il containing 500 M of 0.3 mm
Zirconox YTZ(r) grinding nedia in a one liter grinding chanber. The m xture
was mlled at 1400 rpmfor a total tine of 23 hours. The progress of the

mlling was nonit oi@gedigntéi sual [y observing changasnd Brdnflg {ransparency of
thin filns of samples—drawn-down over bhlack and white |eneta paper. Charge
|1 was added and {/&hargedy|tjing mixture was stirred 5 minutes. Charge |11
was added in two aPplydetopersylglycd adipats} es. The|fi nal780oduct |was a yel | ow
liquid with a BropRimehylolprapommid 4cid @MPBS) cent | poi se280gpi ndl ¢ #1 at 60 rpm,
a pH of 7.3, and aTrathytdnsihé | € content of 28.B% as ypasured|at 110C for one
hour. EXAMPLE 10| Butylated hydroxytoluene 2.5

Triphenyl phosphite 2.5

Charge 11

Hydroxyethyl methacrylate (HEMA) 116.7

Butyl methacrylate 791.2

Charge 111

Methylene bis(4-cyclohexylisocyanate) 1175.1

Charge IV

Butyl methacrylate 57.5

Charge V

Deionized water 4734.8

Ethylenediamine 49.2

Dimethylethanolamine 40.6

Charge VI

Butyl methacrylate 50

'Poly (neopentylglycol adipate) having a number average molecular weight of 1000.

[0123] The polyurethane dispersion was prepared in a four neck round bottom
flask equipped with an electronic temperature probe, mechanical stirrer, condenser, and a
heating mantle. Charge I was stirred 5 minutes in the flask at a temperature of 90°C.
Charge II was added and the mixture was cooled to 60°C. Charge III was added over a
10 minute period. Charge IV was added and the resulting mixture was gradually heated
to 90°C over 45 minutes and then held at 90°C for 3 hours. Charge V was stirred in a
separate flask and heated to 80°C. 3000.0g of the reaction product of Charges I, I, III,
and IV was added to Charge V over 30 minutes. Charge VI was added and the resulting
mixture was cooled to room temperature. The final product was a translucent emulsion
with an acid value of 12.1, a Brookfield viscosity of 872 centipoise (spindle #3 at 30

rpm), a pH of 7.75, and a nonvolatile content of 29.4% as measured at 110°C for one

hour.

-33-



Preparati on of Powder Coating Conposition Internediate [0139] This exanple
descri bes the preparation of a core fornula of dry materials used to nmake
t he powder coating conpositions of the subsequent Exanples. The core
formula was prepared fromthe follow ng ingredients in the ratios

I ndi cat ed: Conponent Ingredients Parts by Weight 1 Uralac P880 Resin's
81.136 2 Primd XL5521 11.064 3 Resinflow PL 200A8 1 4 Benzoin9 0.7 5

EXAMPLE 2

Polyurethane/Nanopigment Dispersion
[0124] This example describes the preparation of a nano-sized PB 15:3

phthalocyanine blue pigment dispersion. The dispersion was prepared from the

following mixture of ingredients in the ratios indicated:

Ingredients Weight (grams)
Charge 1
Polyurethane dispersion of Example 1 4772.7
Deionized water 2304.5
Hydroquinone methyl ether (MEHQ) 1.36
PB 15:3 pigment” 700.0
Shellsol OMS (Shell Chemical Co.) 86.4
Charge I1 :
Deionized water 71.5
t-Butyl hydroperoxide (70% aqueous solution) 5.8
Charge II1
Deionized water . . 337.2
Ferrous ammonium sulfate 0.13
Sodium metabisulfite 8.18
* Commercially available from BASF Corp. .
[0125] The ingredients were mixed using a 4.5 inch Cowles blade attached to an

air motor. The mixture was then pre-dispersed Premier Mill PSM-11 basket mill
containing 353 mL of 1.2-1.7mm Zirconox YTZ® milling media for 1.25 hours at 1000
fpm for the mix blades and 960 rpm pump speed and then recycled through an Advantis
V15 Drais mill containing 500 mL of 0.3 mm Zirconox YTZ® grinding media in a one
liter grinding chamber. The mixture was milled at 1400 rpm with a pump setting of 19
rpm for a total time of 15 hours. The progress of the milling was monitored by visually
observing changes in the transparency of thin films of samples drawn down over black
and white Leneta paper. Charge II was added and the resulting mixture was stirred 5
minutes. Charge III was added in two aliquots over 5 minutes., The final product was a
cyan (Blue) liquid with a Brookfield viscosity of 356 centipoise (spindle #3 at 30 rpm), a

pH of 7.29, and a nonvolatile content of 28.9% as measured at 110°C for one hour.
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| rganox 107610 1.2 6 Flow Additive 1.3 7 Tinuvin 144" 1 8 Tinuvin 90011 2
9 Transparent Zinc Oxide' 2 0.5 10 Al umi num Oxide C 3 0.01 om USM Kesns 7

Commercially avail able from EVMS

EXAMPLE 3

Polyurethane/Nanopigment Dispersion

[0126] This example describes the preparation of a nano-sized PR 122

quinacridone magenta pigment dispersion. The dispersion was prepared from the

following mixture of ingredients in the ratios indicated:

Ingredients Weight (grams)
Charge I
Polyurethane dispersion of Example 1 4772.7
Deionized water A 2304.5
Hydroquinone methyl ether (MEHQ) 1.36
PR 122 pigment’ 700.0
Shellsol OMS (Shell Chemical Co.) 86.4
Charge II
Deionized water 71.5
t-Butyl hydroperoxide (70% aqueous solution) 5.8
Charge I11
Deionized water 337.2
Ferrous ammonium sulfate 0.13
Sodium metabisulfite _ 8.18
* Commercially available from Sun Chemical
[0127] The ingredients were mixed using a 4.5 inch Cowles blade attached to an

air motor. The mixture was then pre-dispersed Premier Mill PSM-11 basket mill

containing 353 mL of 1.2-1.7mm Zirconox YTZ® milling media for 1.5 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 1260 fpm 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
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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8 Commercially available fromEstron Chemcal 9 Comercially available from
GCA Chemical Commercially available. fromCariant Il Commercially

avai l able from CIBA 12 Conunercially avail abl e from Bayer Chem cal 13
Commerci al avail abl e from Pal ner Supplies [0140] Conponents 1 to 9 were

prem xed in a Henschel Blender for 1 mnute at 1000 RPM The m xture was
then extruded t hrough a Coperion W&P 30mm co-rotating tw n screw extruder

at a 340 RPM screw speed and an average torque of 30-40% The extruder was
equi pped with a | ow pressure i I’lj ecnxmmgﬁ em and five independently
tenperature controlled zong ascribed i Unsllted St at es Publ i shed

Pat ent Applications 2005/ 0288 -‘,_,,.\_, 9hnd 2005/ 0212171 Al. The

five indegerzgnt|y Hﬂm&aﬁlea@scﬁaattﬁ@ﬁrkﬁéﬂat%%%nWﬁze@W 13 digdoat the
follow ng tenmperatures: Zone 1: 60C, Zone 2: 120C, Zone 3: 130C, Zone 4:

120C;, Zone'eHow prament cmer%&q r Thealisersios veas orepared fiamghe fallewing mixtee vani cal
mlling sxm%g&ﬂtgupthp glldg:at%hze of about 28 to 30 microns. Oversized

particles re rem)ve component 10 was added. EXAMPLE 11 Preparation
of Powder Coatl ng Corrp05| tions [0141] Vari ous powder coati ng corrp03| tions
wer e prepare ..c pewter—eoat-ng—eenrpestt-en—{pterfediateof Exanple
10 and the Poll;'}l She/ Nanopi gnment Di spersions of“@@ﬁﬁ@g‘sé and 7-9, as
wel | as vari OL@h iures of those di Spersrons (yergnt ratros ranging from
90:10 to 10: 9 _ﬁlg%spl:ﬁﬁn%? Eple PaL T g CO oSt WER FETE repar ed
using the Co 3jééﬂbé§“éﬁﬁunn'bu rotatTng-twnscew-exty %F andl condi tions
described in B non=meﬂ” é’ & L”‘ a—t-owpressure—taLeeten-syst em and
five indepen Vxl teh at-u-e—eertHoH-ed—zenres—as—desk-bed—in Uni t ed

St at es Publ i dﬁanl @ "ntAnn| -cati-ons—-2005/.02134 Q' 20 H 'H7171L_\QA1 and

=TT

2005/ 02121714 13\56H$9£Q§4§A(Sb“§ﬁ§h§!n cAdf®hmosition {nternedfdt e of |Exanple 10
was fed to th&{geﬂﬁpr at_a rate of 280 grams per ninute and tlhe pignents
di sper si ons vidpeorized wagert he extruder at a rate of 105 YrBns per| minute

t hrough a | owtfuddydwpéemiide (100hapyatsaniutigdigne 4| was eqdi8pped wifth a

devol ati | i zat|iCharpeIll for volatile vapor renoval. - The extrudatg was cool ed
and ground i n Deisregeddavitagal m 111 ng systemto a particlig7gi ze of| about 28 to
30 microns. RRlYbkdammoniff s@fatd/BT Ching Vet hod [PTI4Z]Thy 53 Exanptie
denonstr at es (TG uLIRERYEHR@0I 11Ty Of tne powuer coatTgyg Composi ti ons of
the present imnv . TP of chromattc coating deposited
froma liquid ngtl n%‘%ﬁ’#ﬁg‘é“w’i %dn}ﬁcﬁ; this Exarrpl e, a chromatic

pur pl e/ mageroh coat Thﬂglngleﬁiestisba&cbrﬁixedmangaqﬂlud:h(ﬂmtltsrmmémﬁmditd&n was the

standard. _The co a as  neasur.ed b

spect r ophi'SHELT W&ﬁglegpf?\/\ﬁglﬁ’ﬁmﬁ &'?t & frem W%L%%?ﬂ&?iﬁ@ﬂ& e 1.
Powder coabmtmgm@ 358 aﬂe@taru-edmgu&zﬂsi YOeROhilHE hétid foals. 70utstht Ppoachi eved
usi ng a p%@’flﬁ‘g coat i ng, conposi tion conpr i si,ng only standard pigments.

Powder co tee mighledes ArdOQemwa seeadand thep depyEldthreusag Aduaniishi eved
using a peWdesrais Al chfaif ?@9@ bl cﬁ'@ TR itcahfgY ?Z@%%ﬁh%ﬂgn{eg% V\é Rf ohdre
and 7-9

nanopi gnent di spersions o anples 2-4 Coating A
liter grinding chamber. The mixture was milled at 1400 rpm with a pump setting of 19

1pm 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

0f 7.40, and a nonvolatile content of 29.4% as measured at 110°C for one hour.
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Angle L a b Ch 15 9.2 -14.6 8.53 -15.6 6.53 25 6.27 -7.94 5.68 -8.46 4.86
45

EXAMPLE §

Drum Drying Nanopigment Dispersion

[0130] | This example describes the conversion of the liquid polyurethane
/nanopigment dispersion of Example 3 to a dried material suitable for mechanical milling
into a powdered feedstock for subsequent use in the preparation of a powder coating
composition. The dispersion described in Example 3 above was dried with a Bufolvak
6” x 8” double drum dryer set with a gap of 10 mil with a drum temperature of 240°F
rotating at 2.9 rpm.. The resulting material formed a lace-like sheet that was easily
broken up into a large powder with a nonvolatile content of 96.0% as measured at 110°C

for one hour.

EXAMPLE 6

Polyurethane Dispersion

[0131] This example describes the preparation of a polyurethane dispersion that
was subsequently used to the form the respective polyurethane/nanopigment dispersions
of Examples 7 to 9 and 13. The polyurethane dispersion was prepared from the

following mixture of ingredients in the ratios indicated:
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8.19 5.16 5.71 5.35 5.53 75 10.03 17.53 6.73 18.34 4.05 110 10.69 22 7.24
22.97 2.95 Powder Coating B Angle

Ingredients Weight (grams)
Charge I
Poly (butylene oxide)’ 355.6
Dimethylolpropionic acid (DMPA) 119.2
Tri-ethylamine 54.0
Butylated hydroxytoluene 2.2
Triphenyl phosphite 1.1
Charge I
Hydroxyethyl methacrylate (HEMA) 27.8
Butyl methacrylate 48.4
Butyl acrylate 319.2
Charge III
Methylene bis(4-cyclohexylisocyanate) 558.9
Charge IV
Butyl methacrylate 55.6
Charge V _
Deionized water 2086.3
Diethanolamine 20.2
Ethylenediamine 26.9
Dimethylethanolamine 19.7
Charge VI -
Butyl methacrylate 50.0
*Poly (butylene oxide) having a number average molecular weight of 1000.
[6132] The polyurethane dispersion was prepared in a four neck round bottom

flask equipped with an electronic temperature probe, mechanical stirrer, condenser; and a
heating mantle. Charge I was stirred 5 minutes in the flask at a temperature of 125°C.
Charge II was added and the mixture was cooled to 70°C. Charge III was added over a
10 minute period. Charge IV was added and the resulting mixture was gradually heated
to 90°C over 90 minutes and then held at 90°C for 1 hour. Charge V was stirred in a
separate flask and heated to 60°C. 1387.8g of the reaction product of Charges I, II, II,
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.
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LabCh15-9.58 -9.21 -1.6 -8.57 -3.72 25 -5.59 -5.98 -3.27 -5.13 -4.49
45 0. 25

EXAMPLE 7
Polyurethane/Nanopigment Dispersion

[0133] This example describes the preparation of a nano-sized PB 15:3
phthalocyanine blue pigment dispersion. The dispersion was prepared from the

following mixture of ingredients in the ratios indicated:

Ingredients Weight (grams)

Chargel

Polyurethane dispersion of Example 6 7271.0

Deionized water 3293.1

Hydroquinone methyl ether (MEHQ) 2.0

PB 15:3 pigment 1079.5

Shelisol OMS (Shell Chemical Co.) 131.5

Charge I1

Deionized water 102.4

t-Butyl hydroperoxide (70% aqueous solution) 12.3

Charge I11

Deionized water : 512.1

Ferrous ammonium sulfate 0.15

Sodium metabisulfite 12.3
[0134] . The ingredients were mixed using a Ross rotor/stator mixer Model

#HSM-100L for 2.5 hours and then recycled through an Advantis V15 Drais mill
containing 500 m! 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 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 IT 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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0.09 -5.75 1.06 -5.66 75
6.32 -3.8 [0143]In this
Qbserved thus indicating
angles (15 md 25). Wen
I ndi cat e darker and nore

1.75 5.86 -5.54 6.43 -4.86 110 1.84 6.02_-4.26
Exanpl e, a positive trend in "C value. is

a better color match with the standard at face
measuring flop angles (45,75,110) negative trends
desirabl e chroma novenents. In the case of the

above sanple, all three angles decreased in their values in regards to the

ori gi nal

powder nmatch thus noving closer to standard.
EXAMPLE 8

Polyurethane/Nanopigment Dispersion

[0135] This example describes the preparation of a nano-sized PR 122
quinacridone magenta pigment dispersion. The dispersion was prepared from the

following mixture of ingredients in the ratios indicated:

Ingredients Weight (grams)
Chargel
Polyurethane dispersion of Example 6 7271.0
Deionized water 3293.1
Hydroquinone methyl ether (MEHQ) 2.0
PR 122 pigment 1079.5
Shellsol OMS (Shell Chemical Co.) 131.5
Charge II
Deionized water 102.4
t-Butyl hydroperoxide (70% aqueous solution) 12.3
 Charge III :
Deionized water 512.1
| Ferrous ammonium sulfate 0.15
Sodium metabisulfite 12.3
[0136] The ingredients were mixed using a Ross rotor/stator mixer Model

#HSM-100L for 4 hours and then recycled through an Advantis V15 Drais mill
containing 500 ml of 0.3 mm 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 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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EXAMPLE 13 Pol yur et hane/ Nanopi gment Di spersion [0144] This exanpl e
describes the preparation of a nano-sized PR 179 perylene red pigment

di spersion. The dispersion was prepared fromthe follow ng mxture of
ingredients in the ratios indicated: Ingredients Wight (grams)

Pol yur et hane di spersion of Exanple 6 6272.3 Deionized water 4545.6 PR 179

pignent” 1818.2 Shellsol OM5 (Shell Chemcal Co.) _.. 218.2 rclauy
avail able trom Sun Chenmica [0145]The ingredients were mxed and recycled
t hrough an Advantis V15 Drais m | |EXAMPIE®ng 500 nl of 0.3 nm Zirconox

YTZ(r) grinding nedia in apqpe bl e%m%rf' ndit .chSE}nber. The m xture was
mlled at a maxi nrum of 135%%?—&%&% 42.75 hours. The final
product wel1¥Ired | Thisiedample destrib@ntuoprapdrhtneBhant-sisdd B0 1494ias, easur ed at
110C er O)Qﬁmg%tljgrment dispersion. The dispersion was prepared from the following mixture of

ingredients in the ratios indicated:

Ingredients Weight (grams)

Charge I

Polyurethane dispersion of Example 6 7271.0

Deionized water 3293.1

Hydroquinone methyl ether (MEHQ) 2.0

PY 128 pigment 1079.5

Shellsol OMS (Shell Chemical Co.) ‘ 131.5

Charge I1

Deionized water 102.4

t-Butyl hydroperoxide (70% aqueous solution) 12.3

Charge III

Deionized water 512.1

Ferrous ammonium sulfate- 0.15

Sodium metabisulfite : 12.3
[0138] The ingredients were mixed using a Ross rotor/stator mixer Model

#HSM-100L for 5.5 hours and then recycled through an Advantis V15 Drais mill
containing 500 ml of 0.3 mm 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 IIT 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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EXAMPLE 14 [0146]1n this Exanple, two powder coating conpositions were
prepared using the ingredients and the method described in Exanple 10. For
Exanpl e 14a, 3 parts by weight of PR 179 pignent, conmercially available
from Sun Chemical, was included in the conposition of Exanple 10. For
exanpl e, 14b, 3 parts by weight of the polyarethane/nanopi gment di spersion
was included in the conposition of Exanple 10. The powder coating )
conposi tions of Exanples 14a and 14b were electrostatically applied to 4" x
12" el ectrocoated panels. The pandiXAMPRIEE taured at an appropriate el evated
t enperature and cool g &p.anb' nt t nper%}ure. .Co] or d%ta was neasured by
an MA68I Milti-angle angl es. The

resul ts ar @139] | ust r’ﬂﬁmamplemhdrﬁaesltha@fbp&raﬁoﬂ &Fwo}eefénﬁélaBF@ry%aftJrﬁi Shee. '1“7 6

t he val ue- fo

2 (RS powdp

as conpared to Exanmple 1
T ceating composatiqus of the subsequent Examples The core

-3.2 -2.64"

formula was prepared from the following ingredients in the ratios indicated:
Component | Ingredients Parts by Weight
1 Uralac P880 Resin® 81.136
2 Primid XL552’ 11.064
3 Resinflow PL 200A8 1
4 Benzoin’ 0.7
5 Irganox 1076'° 1.2
6 Flow Additive 1.3
7 Tinuvin 144" 1
8 Tinuvin 900" 2
9 Transparent Zinc Oxide'” 0.5
10 Aluminum Oxide C" 0.01

Commermally available from DSM Resins
Commercxa]ly available from EMS
Commercxally available from Estron Chemical
Commercxally available from GCA Chemical

10 Commercially available from Clariarit

i Commermally available from CIBA’
Commercxally available from Bayer Chemical
" Commercial available from Palmer Supphes

[0140] Components 1 to 9 were premixed in a Henschel Blender for 1 minute at
1000 RPM. The mixture was then extruded through a Coperion W&P 30mm co-rotating
twin screw extruder at a 340 RPM screw speed and an average torque of 30-40%. The
extruder was equipped with a low pressure injection system and five independently
temperature controlled zones, as described in United States Published Patent
Applications 2005/0213423; 2005/0212159A1; and 2005/0212171A1. The five
independently temperature controlled zones were controlled at the following
temperatures: Zone 1: 60°C; Zone 2: 120°C; Zone 3: 130°C; Zone 4: 120°C; Zone 5:
100°C. The extrudate was cooled and ground in a mechanical milling system to a
particle size of about 28 to 30 microns. Oversized particles were removed and

component 10 was added.
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-6.33 -1.21 45 -4.05 -8.41 -5.9 -10.2 -1.23 75 -4.5 -10.17 -6.52 -12.06
-0.65 110 -4.59 -10.85 -6.68 -12. 74

EXAMPLE 11

Preparation of Powder Coating Compositions

[0141] Various powder coating compositions were prepared from the powder
coating composition intermediate of Example 10 and the Polyurethane/Nanopigment
Dispersions of Examples 2-4 and 7-9, as well as various mixtures of those dispersions
(weight ratios ranging from 90:10 to 10:90). Each of the powder coating compositions
were prepared using the Coperion W&P 30mm co-rotating twin screw extruder and
conditions described in Example 10 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
powder coating composition intermediate of Example 10 was fed to the extruder at a rate
of 280 grams per minute and the pigments dispersions were fed to the extruder at a rate
of 105 grams per minute through a low pressure injection system. Zone 4 was equipped
with a devolatilization port for volatile vapor removal. The extrudate was cooled and

ground in a mechanical milling s&stém-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 MA68I 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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-0.18 [0147)In this Exanple, the reduction in "L" value indicated an
increase in color richness and devel opnent. [01481lIt will be appreciated by
those skilled in the art that changes could be made to the enbodi nents
descri bed above w thout departing fromthe broad inventive concept thereof.
It is understood, therefore, that this invention is not limted to the
particul ar enbodi nents disclosed, but it is intended to cover nodifications
which are within the spirit and scope of the invention, as defined by the
appended clainms. WE CLAIM 1. An 34BEBUS di spersion conprising

pol yner - enclqs%, ge; { S, wherein the polyner-enclosed particles conprise
particles enclos§ B?' riable polyner. 2. The aqueous dispersion of
claim1l1, wherei na)\?ﬁ% particles conprise nanoparticles. 3. The aqueous

di spersion of cl %, wherein thé& nanoparﬁlclesltonprlge i nohgani c
nanoparticl es. SThe aqueous d|953§er si on-14f6 cl &.¥8 3, Whérei 6.58he
nanoparticl es con‘p?fl se inorgani c6ddnopart i%%4es Sefect ef.46r omdgel | oi dal
silica, funmed sili4ha, amor phous 8ilPi ca, albuwi na,5. Mol | of.8%l akygi na,

titani um di oxi de, 7xon oxide, cediBm oxi dE7.53/tt rd. 18m oxigda, calgkoi dal

yttria, coIIoidaIliOrconia, anorighesus zi rczmni a, 7agad mizglogr esolgher eof .

. 5. The aqueous di spersion of claim3, wherein the inorganic nanoparticles
conpri se a. mPeedemn€batingdi de. 6. The aqueous di spersion of claim 2,
wherein the nanoparticles have a maxi num haze of 10% 7. The aqueous

di spersion of cl &d@le?2, wherein the nanoparticl esconprise orggnlc
nanoparticles. 8.15The aqueous dpgger si on 9Qf cl ai 7, g% rei he organic
nanoparticl es conpsi se organi c pkggents sgggcte 4 om, ?iyle %%

qui nacri dones, phtggal ocyani nes, 489 |ndoI| 2|qe (th ls

tri phenedi oxazi nesk, 1, 4-diketopy H ol opyrggfes 5aﬂ‘t hr rim ﬁes

ant hant hrones, fl gyant hrones i n throne€o per |4r‘%nes ran ﬁ ones,

t hi oi ndi gos, 4,4'- diamno-1,1'- d| ant hr aqui %onyT azo our

substituted derivatives thereof, and m xtures t her eof .

[0143] In this Example, a positive trend in"C" valué is observed thus indicating a
better color match with the standard at face anglés (15 and 25). 'When measuring flop
angles (45,75,110) negative trends indicate darker-and more desirable chroma
movements. In the case of the above sample, all ﬂnee 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

" Commercially available from Sun Chemical
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9. The aqueous dispersion of claim1l1l, wherein the friable polynmer conprises
the reaction product of (i) a polynerizable polyester pol yurethane, and
(ii) an ethylenically unsaturated nononer. 10. The aqueous di spersion of
claim9, wherein the polynerizabl e pol yester pol yurethane conprises a

pol yester pol yuret hane having term nal ethylenic unsaturation. 11.The
aqueous di spersion of claim 10, wherein the polyester pol yurethane havi ng
term nal ethylenic unsaturation is prepared fromreactants conprising:

(a) a pol yj@asyanat efhe(ibgredieOW¥RHiREd RRIMGtled BRSugh an AdvaktR)y B HRler | &
conprising an ethyl eni ca Ie;qunsaturat ed group and an active hydrogen group.

12. The aquBtlisongidipgpq whoif).3 mmZisgonex Y@} srindingireediminycont diter guhding et hane
havi ng tergj eﬁ{% | raf ' I r.eact further
conprising: ( )er'a po %gﬁwg%gfr? a?éh%mh%e#lgaﬁ{apﬁgﬁoggg%éﬁ%ﬂ@?% an acid
f unct i onal heyrs ubhedfmabpriogbt wde a saddigaidf witicd nomvalatilgrcontpntrof 304 Wi t h

| socyanat e hvd r oups. 13. The aqueous di spersion of claim?9,
wherein th’é“%b‘f%@f@?ﬁ?fe‘“ﬁ@%‘%st er pol yurethane is water-dispersible.
14. The aqueous di spersion of claim9, wherein the polynerizabl e pol yester
pol yur et hane has a wei ght average nol ecul ar wei ght of 40,000 to 80, 000
granms per nole. EXAMPLE 14

[0146] In this Example, two powder coating compositions were prepared using

the ingredients and the method described in Example 10. For Example 14a, 3 parts by
weight of PR 179 pigment, commercially available from Sun Chemical, was included in
the composition of Example 10. For example, 14b, 3 parts by weight of the
polyurethane/nanopigment dispersion was included in the composition of Example 10.
The powder coating compositions of Examples 14a and 14b were electrostatically
applied to 4” x 12” electrocoated panels. The panels were cured at an appropriate
clevated temperature and cooled to ambient temperature. Color data was measured by an
MAG8I Multi-angle spectrophotometer at various viewing angles. The results are
‘illustrated in Table 1 and are reported as the difference in the value.for Example 14b as

compared to Example 14a.

Angle L a b C h
15 -1.76 -3.2 -2.64 -4.08 -0.77
25 -3 -5.02 -4.05 -6.33 -1.21
45 -4,05 -8.41 -5.9 -10.2 . -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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15. A powder coating conposition fornmed fromthe aqueous dispersion of claim
1. 16. A substrate at |least partially coated with a coating deposited from
t he powder coating conposition of claim15. 17.The substrate of claim 16,
wherein the substrate conprises a netal substrate. 18. A nulti-|ayer
conposite coating wherein at | east one coating |ayer is deposited fromthe
powder coating conposition of claim15. 19. The powder coating conposition
of claim 15, wherein the powder coating conmposition is made by a net hod
conpri si ngWE)AIMt r oduci ng to an extruder conponents conprising: (a) the
aqueous dispersion of claiml1, and (b) dry materials; (2) blending (a) and
(b) in the extruder (3) devolatilizing the blend to forman extrudate; (4)
cooling thge eXt_/.(ﬂlﬂ? i bl d-d . ired particle
size. 20. A et hod %@#&E%ﬁ%ﬁggﬁgﬁé&%&l | segélﬁ)gscpgﬁhfgkg’&é §%§rﬁ1—eencl osed
particl es RObymgrica¢lased perticlep eorprisicmgrtiglesenclasedby # frizhle iymeous nedi um  of

2. The aqueous dispersion of claim 1, wherein the particles comprise nanoparticles.
3. The aqueous dispersion of claim 2, wherein the nanoparticles comprise inorganic
nanoparticles.

4, The aqueous dispersion of claim 3, wherein the nanoparticles comprise inorganic

nanoparticles selected from colloidal silica, fumed silica, amorphous silica, alumina,
colloidal alumina, titanium dioxide, iron oxide, cesium oxide, yttrium oxide, colloidal

yttria, colloidal zirconia, amorphous zirconia, and mixtures thereof,

5. The aqueous dispersion of claim 3, wherein the inorganic nanoparticles comprise

a-mixed metal oxide.

6. The aqueous dispersion of claim 2, wherein the nanoparticles have a maximum

haze of 10%.

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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(a) particles, (b) an ethylenically unsaturated nononer, and (c) a

wat er - di spersi bl e pol yneri zabl e di spersant, and (2) polynerizing the
et hyl eni cal |y unsaturated nononmer and pol yneri zabl e di spersant to form

pol ymer - encl osed particles conprising a water-dispersible pol yner,

wherein the nmethod does not include the step of subjecting the m xture to
hi gh stress shear conditions. 21. The nethod of claim20, wherein the
particles are formed into nanoparticles after step (1). 22. The nethod of

clai m 20, ®her elThe idneowsalispersidnoPElm bl veheRQh WRGFA ' - conpri ses

a polynerizable ofh;s e;@polyurethane. R%%.Themﬁggﬂgaggég@ﬁigg$ﬁz, wher ein
the pol ymeff2gis) ;go W@Qtﬂé}olwrvablépﬁaw@r rakyurethsat, ghd (idve etglenitallyecul ar

wei ght of dafPfed RoRnd00 grans per nole. 24. A powder coating conposition

formed froman aqueous di spersion prepared by the nethod of claim?20. 25.A

met hod for maki ng pol yner-encl osed particles conprising: (1) providing a
m xture, ifyan di u fo. ( pacticles, (b).an ethylenically
unsat ur at ego'm)n@%ﬁ?%zlﬁggf%fl%ogﬂ?&fé‘%ﬁ&@FBP]éfmﬁB? lediolyealBl e di sper sant ;

polyurethane comprises a polyester polyurethane having terminal ethylenic unsaturation.

11. The aqueous dispersion of claim 10, wherein the polyester polyurethane having
terminal ethylenic unsaturation is prepared from reactants comprising;:

(a) a polyisocyanate;

(b) a polyester polyol; and

(c) a material comprising an ethylenically unsaturated group and an active

hydrogen group.

12. © The aqueous dispersion of claim 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.

-47-



(2) polynerizing the ethylenically unsaturated nonomer and pol ynerizabl e

di spersant to form an aqueous dispersion conprising polymer-enclosed
particles conprising a friable polyner; (3) removing water fromthe
aqueous dispersion to forma solid material conprising the polymer-enclosed
particles; and (4) fragmenting the solid material. 26.A reflective surface
at least partially coated with a color-inparting non-hiding coating |ayer
deposited froma powder coating conposition conprising a plurality of

pol yner - enef.os ethd vabaRad 41l i@ 6haNdréd ti sH’@é&'afEH&di&ﬁ@é% aQhetd Qbstrate.

18. A multi-layer composite coating wherein at least one coating layer is deposited

from the powder coating composition of claim 15.

19.  The powder coating composition of claim 15, wherein the powder coating
composition is made by a method comprising:
(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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