AQUEQUS DI SPERSI ONS OF POLYMER- ENCLOSED PARTI CLES, RELATED COATI NG

COVPCSI TI ONS AND COATED SUBSTRATES CROSS- REFERENCE TO RELATED APPLI CATI ONS
[ 0001] This application is a continuation-in-part of United States Patent
Application Serial No. 10/876,031, entitled, "Aqueous Di spersions of

M croparticles Havi ng a Nanoparticul ate Phase and Coating Conpositions

Cont ai ni ng The Sane", which clainms the benefit of United States Provisional

Appl i cation Setoekols DRYEHEOMSOF PAY M¥ReERALOARDPPARSIEL RS, Whi ch are
i ncor por at ed l@ELQ’I‘E 3&‘0&@f ﬁ?}eﬁﬁ POSYTY

continuation-in-part _of Te E No.
10/ 809, 764, which was fi I ed on March 25, 2004, and is entitled, "Process
For Manuf acturing RMﬂSS-REMRE@CWHATEBAIPNMOAU‘IOﬂg_ Hard to

| ncor por at d|t|v .and/ or Providin am c lor,. Control; United States
Pat ent Ap[;ﬁqugtl on ia%ﬂ 1eRjpn ‘i@?%’@“gﬁ’m‘\%ﬁt eﬁgove&é;* Statesliptenth Mar ch 25,

2004, and ApplietiohSedl No. Fosrsesi, H&ared, fubksuls PsplfsRAS S EMIQEpaRiYf act uri ng
Powder Coating Compositions”; and Uni te(ﬁ:l States Patent App Ii I cation Serial

No. 10/ 80913136,2 Neortiuase Phase andfroauae Slempssitins Gontaining The Senveel”tWiech

" Appar at u i t sitions Wth
Dynam ¢ %ﬁf@%ﬁh%ﬁ%%ﬁﬁf%leﬁ%&%%ﬁ@%%&l ﬁﬁ’?léé;? p@ﬁé @?e@g‘%z%m Cfof whi ch
bei ng i ncdwscita?@y, bgih pEWhick Arsdndogrogdted hﬂlEbDrdeeﬁEHEThikl\dﬁNiElam £@Re2] The

pr esent g n her Lhin S r5| ons

pol ymer - eg\éﬁoseg&ﬁlaﬁt ?%?’Zémed %%%gatﬁrgn attﬁoeggéalﬁﬁeﬁﬁg@s%‘ & Waki ng such
an aqueousvasifisdenMach 25 abgdyand ia&hﬂn&dptﬂrym EorM@ihificturifg Po ferToagiod,
powder coatin ositi.on d from h an gueous di spersion, and
Cubst 1 at o COmPor B SRR SRR A e Ing DL BT B1E BT EHAGRGROUND

| NFORMAT] @h&apoﬁlmtemwmpﬁsdaﬁb@s&:al Nucm/a@ spsvwlﬁéh #R2fi 8y
conpositions, often include co a,nt and/or fil Bartl cles to inpart

col or andMsFehgey 24nade enfitlspe Fopused ﬁﬁattﬁafé'uﬂ@sl?ﬂowsﬁ oraryfanguring gnent
particles 1 i unl ess
separ at edpéfﬁgo tgt é@ﬁ“ﬁsﬁ%gi ﬁrcladra{fj{ugéa %%ﬁ%gegfﬁﬁ}g § n%ﬂﬁr ‘efore, these
aggl oner al ¥80%639, Ubtcbrwaélﬁéﬁg@ﬂé\é@cfl% a09eshdowstitd) ‘M;bpamlmaﬂoe and,

optional | | 1,00~ 0L. ndln hear, technlques
to break Mm&ﬁ@%‘gﬁ&@?a# ?ﬂowfje °a8“g5%‘a°% d‘ﬁ@?ﬂ%‘é@?’%ﬁ Ure desi red,
further nincliding Lioss Rrbdsere InfectivnrSysteine”, @bdhad fiwtidhehelhigsndosbrad &y cl e si ze.

[ 0004] Pi gne ntsﬁgnd fillers usually consist of solid crystal I'i ne particles
rangi ng i ¥ AT 4fBEE™ from about 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|l ace area. Thus, acceptable
di sper si ofog] SUCh TRIBARAK ivehER OLER, LAGH grount of

r esi nouso[r0 i nd vehi cl B and/ or gﬁé,rper sant ?%g&&%ec ﬁeg{lﬁn@é&’gﬁﬁ)tnfon and to
prevent mﬁbwémlcl@sed agytlomsncit ds oanaphrtickes, mahtmsimttma‘ldlmuclﬁ 8005] The
presence r|n nd di spersants,
however , a% @ﬁﬁl}? %}12{1‘ ﬂowén%ﬁg B@%&B’?&? %fﬁﬁg esllrllc %%\?4‘ ﬁ?at‘t“é t he

resul tantconmasxtlmg foﬂﬁmd fmnasquhen aduiegins digpeedion, add sﬂbﬂﬁ&rsfial&m phraye, been known
to contrlcbutt(g ‘8 ter sen |t|V|ty of the resultant coating. Al so, sone

r esi nous GF P " ERTA CFPOFYPexanpl e, acrylic grind vehicles, can
negatively inpact coating performance properties such as chip resistance

and flexibility. [0006] Powder coatings conpositions for use in coating
various types of ACKGROUN INFO TION

[oC03] Coating compositions, such as powder coating compositions, often

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

unless separated, tend to clump together to form aggiomerates. Therefore, these
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substrates are often desired. Such coating conpositions can greatly reduce,
or even elimnate, the use of organic solvents that are often used in

| i quid coating conpositions. Wien a powder coating conposition is cured by
heating, little if any volatile material is given off to the surrounding
environment. This is a significant advantage over liquid coating
conpositions in which organic solvent is volatized into the surrounding

at nospher i 0s] L .S cur-ed by heati.ng, [0007]1t woul d
2l 50 b AtV ElrOCut AL AL RATRESIhA i viE s op il hiskiens e

parti cl es,bywhdlieg or grizdimg ghioghiphishean teofnitjies t@breiki @ 06 aggoriraiesi ged, and

whi ch may uitable for.use i r epari ng..nowder, coatjng conpositions.
SUMVARY oﬁpﬁﬁé‘zﬁt\wwcﬁ\%’?%@éﬁ qestoec e ‘%Pg%’éeﬁ%f} reapigedde aBightthe nvent i on

i s direct eitsiral petidesise. di spersi ons conprising pol yner-encl osed particles,
wherein tgﬁ | ymer - encl osed particles conprise particles enclosed by a
friable p 9‘%&. Th&1gneatsand fillers apally sonsist of spid coistallime particlss pogider coat i ng
COPOSI | GRS%iHRAER Hod Mu o R RRE 1RNhas SAARLHELES . AgHBRLLALeS at

| east partially coated wth such powder coating conpositions, Aoy

subst r at eds aferjong grobfeay for adroysized auridlewigrienss and|filler hatgeals acip@sdaftencoat i ng

wher ei n at t t] | ayer is. deposited.fromsuch a powder coating
conmposi ti &%%CET@(%&F ﬁlnagggcﬁggr%q?eesgéael}??gw@ﬁ "‘Vﬁﬁéglémeﬁlf ﬁ%ﬁ&ﬁﬁr}?ﬁ? %@ directed to
met hods f Gihuseccappbadispasenus stihsprsRirlesefed BB menGiRse dmldastdrc! es. The
met hods conprise. %i, ro%ir&g}a m xture, .in an aclueous medi um of (a)
particles, ™ Ib%“%“é Vﬁ@? 5 ESPEISHY Fusifechis-1e Hignand P preYrdtrer, and (c) a
wat er - di spebseqidinerepdplgloiiition bk fedhsparRRt . and (2) pol ynerizing the

et hyl eni CﬁM% unsat urat ed nmononer and pol ynerizabl e di spersant to form

pol yner - e ted pat B peesceefiFpeh Righlpvels abtesinows srind vehiplesandol yner . [ 0010] I n
ot her resp@gtSantd, AEwBFLSE | - ' ' thods for making

pol yrer - enﬁpsaend pa‘fti cl egge ﬂ'ﬁg&gnﬁﬁ%g&s&g%h%?ﬁ%%fﬁn%ﬁ%% %Ie ﬁegi“léanﬁi xture,
in an aquéeymemEar exsmpls high Jevplaof disparsintstaye beep dhywreto coabibetead ydeeni cal |y

unsat ur at : a er-di spersibl.e . yner.i zabl e di spersant;
(2) pol yngg}sﬁggt?&g r%:d E?ﬂQg)ﬁ]‘}tlgﬁ-}l\%ouﬁgﬁrﬁ?g‘{%@%E‘%ﬁé?s’ g’ﬁ&""ﬁ’éﬂ%?neri zabl e
di sper santcybic gumdehitlaeraogatitely papsk oouting PREdHiaAG RO kn@Ns rped
particles cosﬁ%ri Si gl\é\tylat er-dispersible, friable polynmer; (3) renoving

e diiabilh

wat er frofhf spersion to forma solid material conprising the

pol yner - eqaogsed paPdvdek &Satind WniphditibisHBr R A Atk PGk h@emﬁ erial.
[0011] I n other respects, the preSent invention is directed to nmethods for
maki ng pofehsiatebae phen dasiterb sTuch eprting 6pppesitiony camgreathyredgeciregert 0 an

extruder C@hindft, REUKOHS [ [ f ] rticles, and (b)
dry materi al S (2)g|db| ena%aﬁgls?g?ﬁtgﬁgp?gfﬁ?%h%ﬁzﬁ %‘ﬁ?‘?%‘%ﬁﬁ?#@“ﬁ‘é’w atilizing
t he bl end WhsnRreewdenroating edwostion 8)curd bl heajingHtleifanydaitiéle nangiali4) nilling
the extru i rticle shze. [00 In.still other respects,
the pres egi?&?%f\llrgon% gﬁﬂ“@%ﬁ r%%@{ogﬂl °f toﬁh]ést 158%@%% aflyaniags oy didpide

chromat i céaajingtorapgsiisdein vltel orgghic soliaesstvonmizediiRaRe sRicnedlse conpri se

i ncluding,in the r coating conpositigon a plurality of polymer-encl osed
nanopar-t i %tpjé)gplﬁgav‘iefﬁ%ﬂg‘? ?P&gfgﬁﬂﬂgﬂ?éﬁlggbgfcui@o%y Bedfées) | n yet other respects,
the presefoofnvent ipwoiid allb beadshablk & preTiNe S aduebusBeyERIAG g . col or of a
presel ected protective and decorative coating deposited froma liquid

coating cOKRSET pardsics. Yherew reagslormerationefthepartiqles) is suninvzedrandgvbidhe vi si bl e
col or of t.ed; [ i : bsor bance or refl ectance
hRebOLHBRBIL & ﬁ@:n%@ﬁghggfy@dﬁ%%% cé&g ditfond

of the presel ected coating; an owder coating conposition
conprising a plurality of -3-

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
-



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. [0014] The present invention is al so
directed to water-dispersible, polynerizable polyester polyurethanes
conprising termnal ethylenically unsaturated groups. The pol yurethanes are
prepared fromreactants conprising (a) a polyisocyanate, (b) a polyester

pol yol , (gﬁwa polyamine, (d) a naterial having an ethyl enically unsaturated
group and dsctad {q RSy eRaEEE FRTERASIIENS eATRpPT{SEg Sa&mlm‘?raqnclhwlimgmém, aci d

functi onal bt I TAl.LED

e s s S L S o e e T A e
descri pti ghleastipaitiglly codbal witlle nwittbaglertdonipositecontimgeriter amatrieast axseioagingvar i ous
alternati :ie evasrc{eat i.tong_ and st e(g EeEUﬁnces except where expressly specified
to the contTaFePRBFEEIESUchs REYIS fOnE SORROIYMar at i ng exanpl es, or wher e

ot her wi se [0009] cat edIn éhér redpetisilse B¥RAEIASENGN i dfectd RIMEBodsFoARbkihg €S Of
i ngredients used iin the specification and clains are to be understood as

d
bei ng nodidPidderousdisparsion, ek pahrae-spglosadatticles, Themgtheds seawsselilhgl y, unl ess
i ndi cat ed gévidifg a GRKhFeRYan AiSoud HXBIuLE 8 gﬁﬁ&@é i in the
fol |l ow ng pgpécli_giacati on a&r?dahat tuached cl g(la _arefgggfg%nn%%%as t hat may
vary depersdivirgicaByAnseieatetbpraserr pandfera water-dispetsiblo pelsinprizsbleydisphmansy esent

i nvention. y | Limt the

applicati c?ﬁéxg?f)tptg ﬁﬁggpégrﬁ%ﬁﬁ% “?%gﬂp%“@%? (gﬂltog&{n%e% éB‘f’}%‘é“’% ¢ {ehe cl ainms, each
nuneri cal dppemadteforsipolyntranclbsed pertibles camwisingadvater-dispghsiblopolider. nunber of
reported sianifican igits and by applying ordina roundi ng techni ques.
166561 Not JPTb: and tedt stspedte e prespnyerhtn GubbeRiie At i 1 g
forth theohyreadndeedpatitics. "Ehd MsBsdsicompase( 1 ppRYdie HBhixARS in he numeri cal
val ues set forth in the specific exanples are reported as precisely as

possi bl e. 2A¥RPURTAEINTe f (2yRaides. (Y wepbrerizae pthrenicallyowmsatiraledcertain errors

necessari yonbfst lahd fWamdishEid iR bRbd N : (I respective
testing rreasnur errentg:?a[ (510171S glo%a%gq%hggl d %%ér%ri}aé@stﬂaoo tzhlgﬁh%ny
numer i cal ethategisallpuiseht¢danenomer and palpmerigabledispersant thefoan lan sqzonainges

subsuned in. . , . "1 t.0 10" LS. intended to

hor ude. alPaSis eon i ATt er R BARES ol Sed Evpise Bt hE RS val e of
1 and t he pplyoiet;d8)) remeiing mateafrom thé aduBoust displersics, to fami axglid nitafianum val ue
equal toot greater than 1 and i mu l.ue of. equal .to or, | ess than 10.
[0018] I n Pﬂlggnsé%%c?&?'%ﬁ?m?%g?ﬁé% aﬁ@?ﬁ%ﬁﬂ“&ﬁ%ﬂﬁel@a@?ﬂﬁhe plural and
pl ural eng@mpsses Biog kdpectd) He@bssestRReEntibenldinicred RURGhR Rk | 0
addition, in _this application, the use of "or" nmeans "and/or" unless

speci fi caPPydecating corResiipns somprieng t1) Fipducingig/agextrydey (A)an egyspicit |y used
in certai Qish&SbABE £:00, kAL diyeid AReH: 1 ai di ments of
the pr esenisbi nvent?‘g%mar eég%e?ngﬁecgééi %M;(gzeous éé{a[sgpgr)glfegéfggw a&mﬁ

pol yner - efitthe serndse (3)idevelstilizigg the blgnd torform an extadater (@) catilisptesi on" refers to

atwo-phagﬁ%t i j LD finely divided particles
distri butg t %bﬁ%gm@éﬁgg%dgﬁgggflb{]}\ﬁpggﬁﬁlg S{aze'conti nuous phase. The

di sper si of012F t he Iors&s ethier fempeetaf the presdrit avermtion ipdirectad-twvaicthodefsn| si ons,
wher ei n an_aqgueoys di um provi des the conti nuous_phase of the di spersion
in which Fﬁ%egﬁw %@E’Bﬁ@?‘@g‘éﬁ RORAES ¢qafiug cOmposition« Hgsg methofscomprisani ¢ phase.
[ 0020] As  tipRdingen Eiebowtibrech@igBorpabiaon s pluralRFsRUMdPRASEsed " aqueous
medium” and the |jke, refers to a nediumthat either consists exclusively
of water BICRYHEF Sevees Baemumdies of Waker in conbination with anot her
material, {0‘6‘1‘9}“ as, IB?Etcﬁ%é?mbgcfts,ﬁ{}ﬂr&:@ﬁttin@nggrms%iré&!e&/ﬁar}{}lcthddg ggertain

embodi ments, the anpunt of ofganic 'solvent present I'n the aqueous

di sper si omgtchbing theccopr of & presélepasiprptoetiviesind derativa noRing vepogind foem eent , such
as less tf weli c \ i one. s. .l.esg th 5 . wei ght

per cent , g(?{}d %‘%tly f &ﬂé%gghbgg%sse ,n%’l't}g)gg @?rﬁ%{]{%Z&ﬁ% mﬂ%ﬁ'c?é'hst%?e 9% t he

wei ght pesfakapesdbetadgobiamdy mstrig thotabrbapiegh teflettahdvanrfdiegpekRt@n .
Non-limting exanpl.es.of suitable.organic, solvents ar .opyl ene gl ycol
monobut y | CREREARY L FAEE RN Boo B GBS 1IoR PRSI ARIPEHE %1 y ool momobut y!
et her, n-butanol, benzyl al cohol, andim neral spirits. [0021] As used
herein, the term "pol yner-encl osed particles" refers to particles



that are at least partially enclosed by, i.e., confined within, a polyner
to an extent sufficient to physically separate particles fromeach ot her

wi t hin the aqueous di spersion, thereby preventing significant aggl oneration
of the particles. It will be appreciated, of course, that the dispersions
of the present invention may al so include particles that are not

pol yner -encl osed particles. [0022]In certain enbodinents, the particles

t hat are encl osed ol r in the aqueous dispersions of the present

i nvention EBWT”%%SC%%SP%%@F%@W“B@WHW _ ‘?f,lo%_hé’hﬁé%“rﬁ eodfibparti cl es”
refers to pefdsited fsin thgbwlamRafik BHPbAEEh RakchdsthevisibReoRl of @S than 1
mcron. In certain enbodi nents, the nanoparticles used in the present

i nvention H%"é"%ﬁﬂ‘%@?&age particles size of 300 nanonmeters or |ess, such as
200 nanonefgwyig or | : i : I S L es

Ther ef or e, ti n ]certaﬁégﬁﬁgﬁi]%ﬁ@{@?ﬁgag%%%ggvagb?s%p réﬁ%%ehgggwc?ﬁ Icpr esent

i nventi on papgstar pelynsthapesrcpinptisisg tehainakbetieylpotajigmnsatnated godparihe t her ef or e,

are not significantly aqgl rated. [0023] For, purposes of the present

i nvention, 9@%?@_&‘@‘336%?%3?%@?3%%L B@P@%ﬁf@&&%ﬂ%@ﬂ@o known | aser
scat t er i ngpdlgestnpolyeis(c) k@blyexmRPlPa mAERRRINRRh itgleBichllZ hst@fuedde det ernined
using a Hori ba del LA 900 |l aser diffraction particle size instrunent,

whi ch uses#SUh &N aACH e drogss erappand 40) Ravateniad hgving o7 acgbfenetipvek owpeasur e t he
si ze of th&dﬂﬁ{,&ﬂc@|a§§m§£@iv@§§&g%ﬁg& particle has a spherical shape, i.e.,
the "particle size" refers to the small est sphere that will conpletely

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

m croscopy ("TEM') inmage of a representative sanple of the particles,
measuring the di amret @EDAILRR DESCRIPTEQN OF THE INWENTI@Nd cal cul ating the
aver age pry y particle size.pf .the. neasur articles based on

magni f i cat bodfeid: P "W‘?Sﬁ%@%ﬁe QAT ‘@PﬂF‘ﬁgﬁsg“Elaﬂt it ‘%tﬂlg? Haddessiqodyy | |

under st andthixalt inQeriof Py Qs afoubialdnaMmes afitbnd Qh@5tE) RGudess, Bfdepmr Y
particle size based on the magnification. The primary particle size of a
particle r‘é‘%f‘é? exPressly seecalind) tp digcoptrasireMereoxpiather tharnin aay pperatingpl et el y

encl ose t [ - j < BAL t] . Size"
Forers to QhapiesdEhercteh iR M hitocls Sty kel chf e

mor phol ogyof iegredi¢nés wsae it bt epscifiantionsany claffos are feelnpinderstogéaebadd v spheri c&

nor phol. ogi : i w1 Gr abeads, , or .hol.l ow spheres), can be
used, as m‘gﬁlﬁ%ﬁ%}e{?}?ﬁt%&ess@tﬁ%@ggr%brggﬁb?%:F gfginé%yy}’"%ﬁ“ @?a&ﬂqgﬁ"e( el ongat ed or
fibrous). cédiary)tbemithatical fraeanpas:t st lferth iaalfe foHyeingBpdcificafiftpdndSticdhed ur e t hat
is hollow  porous or void free, or a, conpination dof, any of the foregoing,
e.g., a hSTPGIAEERPRFIHAILT Lbﬁfmsvaﬁfd‘?ﬁq‘ 1RE YRop e desiged HipRestissie b? nat i on on
sui tabl e pdtHied/by ted1REREL iBTdnsibh.CAt $18 QeryleakBbfd &t adhn atleFs do linkipfigbook of
Fillers and Pl astics é1987) at pages 9-10. [0025] Depending on the desired
proper t i e2PRlifdtiehel the desting of equivglentyte thessape ofthe elpisiserash onmerind! or coat i ng
conposi ti s j kO [ scratch

resi st anc%,l st Etr)igl{ﬂ)?l%d&,&@%r%mgodlogﬁ?& ﬁlﬂﬁhﬁrggtge Slfrﬁg{%tg'fg%oﬁ%frégagfz? fcles havi ng
di f f er ent digile pgby ppplving prdingiyzesndizgitefmigrpl oyed. [ 0026] The particles, such
as nanoparticles, present in the aqueous dispersions of the present

i nvent i on [&HA] be f oNpisdthétamhimgibhtythenungerzalhuges anhppahstam sétting foethgani ¢

mat eri al s i c and/ or .non-polyneri.c organic .materi al onposite
et or ot BT o K Ol B s BBt S B T e e o G e o 1
"formed fspmifickemnplesarep@orte@atpreciselPaPokSbIBI ANy Glidérbal PAEIRGGveAS such, it
is intended that a corr(lposjtion or supstance "forned from a list of recited

conmponent FHETEY COTRIGSI e FreBmsrossariy resuling fem thegadagdaariation fewndponent s,

and can f i thbieFesFRIPE icsibnoth8iremBRy- r €ci ted conponents, during the
conposition's formation. Additionally, as used herein, the term"polyner"
i's meant {oRIPNCONDagSso, Y dhEREBE Sndeddtebd tﬂﬁ’tlaﬂgﬁ%%&h%%e febiddlifd,PR both
honopol ynmers and copol yners. [0027] As used herein, the term 'po]I yneric

i nor gani cinfded todneludpedlybaanges sphsirnes thereiar Fat exampiong rangbafiibone” r epeat
unit based on an el enent or elenents other than carbon. Mreover, as used
herein, the term"polyneric organic materials" neans synthetic polyneric
materials, sem -synthetic polymeric materials and natural polyneric
materials, all of which have a backbone repeat unit based on carbon.

[0028] The term "organic material,"” as used herein, neans carbon containing
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

t he carbon oxi des, the carbides, carbon disulfide, etc.; such ternary
conpounds as the metallic cyanides, netallic carbonyls, phosgene, carbonyl



[ 0030] As used herein, the term"conposite material"™ means a conbi nati on of
two or nore differing materials. The particles forned from conposite
materials generally have a hardness at their surface that is different
fromthe hardness of the internal portions of the particle beneath its
surface. More specifically, the surface of the particle can be nodified in
any manner well known in the art, including, but not limted to, chemcally
or physi cal | hangi its surface characterjistics using techni ques known
in the art® 1%@%@?&8&%@@&%& pefpesndpad Bendipg) the rassed migRIE valr mar y
material tofatanH theGOBHcR thaxfihdf vAlle Sﬁﬂ)ﬁ‘ﬁﬁwsﬂa@&g‘?{'rﬁiﬁi vélke g@%ﬁo%gcondar y

s as u

materials to forma conposite particle that h ofter s ace. In
certai n er#Redirthantlsand pamaximimsalue pfreqhaf toomesopodd.t e material s can be
formed froma primary material that is coated, clad or encapsulated with a
di fferent [PU8In of t ethjsrappléaatiomulicerse af the Emgulamingudesftior phatal oml pdaraparti cl es
useful in resent .Jnvention,..see ch, Ha ook of Fillers, 2nd
Ed. (1999)cha. ‘%589351]1%58%1?58[365%%51 S%ﬁg%ﬁ‘o{ﬂég‘?‘g?%@ ticles useful
in the prepplivation vienist on“@amehmClandier’aniess dpeci Oy tarsdiotidralss, degpwn in the
art. Suit?}l?le partigles can pe forped fromceramc materials, netallic

mat eri al s, DOREH FALAT ¥ b FX RGeS RECHYRASERFRS: Non-1imiting exanpl es of
such ceramtggateri |'s can corrpr,él]sj:ffe:1 net al oxi des, mnixed metal oxides, netal
nitrides, | car BF BEYlousR mantieneds gegfala embpdimentsof fhepressat infentien bor i des,
netal car hanaieRd atileilodispeRnobf MM entBSd RHRARI AP usdd RAGE uld C.
non-limting exanple of a nmetal nitride is boron nitride; a specific,

non- | i m t iteyes “dieasrpion” wierataveivetphesq syeteingn which oo plahse ingbided fimily i ng exanpl es

of suitablyg;4 : 4 OX] 1 bl magnesi um
silicates; ﬁ%gg)%ﬁﬁﬁigsrd%gn ng@ggrp 3@{ 0%% ﬂseg?}t‘d;ﬂ%cs’ lr“r‘)eb{cgﬁé aggq“?i?‘g‘aeus? pg?sg‘ nmol ybdenum
di sul fi de The disperbiom afitbupresedeinvention sftemard bi1in-vade emalsidng iwhereiiidd | de;
non-limti exanpl es of. tal silicates e . alum numsilicates and

magnesi um“@‘%ﬂ%‘&?@?f‘ PR %egg[%e W@EWO&&S%&SEP%%@%WH“ pevhigh fhe eplyBWrrent s of

t he pr esegiclosed paticleNare sieitiiital HeRSg@mUMEicSe | norganic materials sel ected
fromal um num barium bisnuth, boron, cadm um calcium cerium cobalt,
copper, i (920] | ant hanuay heRG) 8= itéHN “aRdedan esReoudPhiRteagiBoudint figgen.

oxygen, p%ﬁﬁhgr us,_ selenium silicon, silver, sulfur, tin, titanium

t ungst en, s dramsietsie p medumythpieitherransists exshisively af iatenar eqnsisedles t her eof |
ni trides bRasachnPRRSRRIHRSILIG & ; r | ghides
t her eof, Es)ul fides Wer eofc_, Em%?(g{ efsi’lfl ﬁog%ggggﬁgﬁ%J&r%ita;ttgféexgm?%é%g%igg
non- | i m t Piggniegelvgite i eeitainteenbiodimeytsi thg ampwnt @é nigenip aslvént peessent imihk ude

alum na, sl oL i La.. zLrconia, . bi t h, oxi de nesi um oxi de,
iron oxi dgafdeg U%Sp%ts%%%g © |1hg gf%%rﬁﬁ%vregtﬁonclgﬁeﬁ% tgilgn iﬁf ltggtg%eﬁce%ﬁ‘g%%ﬁ ?etséni a, and
cadm um stiaeh0 deighf fHGA}, Bhan pamé tasts escihn £ oriphi setcent, oF, igyarpee, a core of
essenti al I% S?%ea {l]‘,l'grllgw l}ﬁ%ﬁr anlt,c | thde’ .gﬁuch aﬁggg I !bcaﬂ!onﬁli(l:ol | oi dal, fumed,
or anor phdus: {6} MIHRIHBS BB B FSENR I e PpssRioR N dPBki de, iron
oxi de, ceweight shthddispeysidn. INGH-DNILAG exGRP1EsYIY@tablel drfdnfo sollehfGQR 8, €. 9.,

col | oi dal or am)rgchgus zirconia, and nmi xtures of any of the foregoing; or
an i nor gaPfPRYIERS Bl¥Fo FogpRuLYlFHer sHFnGAlEN meobepbettresthylanaglyemhi c oxi de of
another 't ¥BRobub) 0], Nl ¥ERY] feorbD HidAMeRol PHET 1 Al S useful in formi ng
the particles used in the presént 1nvention can conprise inorganic
mat er i al sppgejiect ed A4 ' . ?g?' o]l i:t,ri des,

bori des, [ggl f]i des, Ptssi‘?lgacg{rgg’%%ger gﬁ%@gé‘: engié):s eé",q‘%ané 3%?%&%18%5. A
non- | i m tthpirestdenst paridellyeenclossdibly, i.moogmidovithin, depolysner tnan exéntle.

Non-1imt|j . s of suitable inorganic,sulfides include myl ybdenum

di sul fi de%“ﬁ?“éeﬁif g‘inﬁj%g‘é?l? LICPTEate PaRtiGlES dpmeagh Ll yigun {hg AgUcpiR AISRipieT, de.

Non- | i mi tthergbyepraveities sighifluae hpglomaatigadthe pirlidl@atiewili ticpyateiagl WH NumM
silicates_and esi um,silicates, such as vermculite. Non-limting

exanpl es C@Pfsgﬁﬁ?fg%] ‘ﬁsﬂ?ﬁ‘ﬁpé’f ﬁﬁ(ﬂ“?f&’ét IMERUHBANHTC BeiRds parsletantasli um

ni ckel, alodpblgiher-crieRRBEparti€led. d, iron, silver, alloys, and mxtures of any
of the foregol ng. [OOBG?I n certain enbodi nents, the particles can be
selected fromfunmed silica, anmorphous silica, colloidal silica, alum na,
coll oidal alum na, titanium dioxide, -3-ron oxide, cesiumoxide, yttrium

oxi de, colloidal yttria, zirconia, colloidal zirconia, and m xtures of any
of the foregoing. In certain enbodinents, the particles conprise coll oidal
silica. As disclosed above, these materials can be surface treated or
untreated. O her useful particles include surface-nodified silicas, such as
are described in U S. Patent No. 5,853,809 at colum 6, line 51 to col um
8, line 43, incorporated herein by reference. [0037] As anot her alternative,
a particle can be formed froma primary materi al
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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 formed froma primary nmaterial that is coated, clad or
encapsul ated with a differing formof the primary material to forma
conposite material that has a harder surface. [0038]1n one exanple, and
without limting the present invention, an inorganic particle fornmed from
an i nor ganj teri uch s,.silicon carbide or Iunlnuntnrtrlde can be
provi ded WiLT i | ?’-85 %%?’B@%‘é%“‘%?h%&é‘tsé@até%tﬂ Plagpdiby arnglymes indief ul

conposite mtebusCﬂlspersidihs antak pREend Afvehtidhl doinpsEnentPirfoles? A sBEh&GAHPLE NY agent
wi th al kyl side chains can interact with the surface of an inorganic

particl e f6MPRetrrPHHrish rFﬁ?@ﬁ@ﬁﬁP@%%ﬁH@"?éﬂﬁ‘f‘?ﬁﬂ&e@éﬂlalelfsf@foﬁ lesebapdsi t e
particle hawrd) @ cedfh bRbodimbit %a%l%ﬁﬁtges%mltﬁépﬂe ﬁ Mg&tl%lt%g\qa' ng,
encapsul ating or coating particles from non- pol yneri ¢ ynmeric
mat eri al s derage Gﬁlthfﬂeti Flngofrﬁ@ﬂnpmnwgs prclegsy SLpblaymﬁmanomaumrdraadss orA\n specr fic

non-limti C it article s,. DUALI TETm which is a
synt heti c %9(} yireri c par %@%fég"tpo@ W? d lEﬁ?@%T‘H’%’é‘r‘rﬁgﬁ%lﬂ? AAHERIS | s

CONMET Ci aIdrgpemrmsloﬁﬁia@résémm@nﬁdmnqmde SirepatisleRRNRE filiRsr-akloluf fal o, NY.
[0039]In Cert%‘}erggo??b&ge?r;ﬁng@}n aﬁﬂgﬁg@rt%’%‘l es used in tﬁfaylgr esent invention
haveala g ngalarrellar structure are
corrposed E)ms:{ieets pl ates of atons in hexagonal array, wth strong
bondi ng wi t he HE@W%W%%WE%EIHM@F‘OWP@%B%PIQlebeftr\/t@en sheets

provi di ng rhmmearorcﬁﬁgermwn%&%ﬁ&nﬁ ?e%ﬁﬁ ués, RO exhinBle té&%ﬁsé i e of a

lamellar structure is a hexagonal crystal structure nor gari
parti cl es SHAFAREE deteratiead usingRiaribe dnslel 1.A 00 lasercliffisatidn) pasticlaizeur e ar e al so

useful 11 ihdianRhESith LA Lol AOACNONGLITLANGr SRR 82l s 20 €

materials having a lanellar structure inc on Nt o ite,

met al  di clvigeoffwmativts and saymesathe partiglpbasm spheridal shiape i.e dleChirticie giagtni um

i odi de, Y f| e, and tures_thereof i tabl tal di chal cogeni des
i ncl ude rm{afgﬁdenunstm&r P e[hé(t {ﬁ%@lﬁ% ielosy @*ﬁm@cﬁt g&?@ﬁﬁﬁ%? lgul fide,
tantal um dnzseh:eﬂscdae ddrerm@Ret 6 vibusiyl dxafienind ANGEdeR nﬂbrs apmbge and m xtures

t her eof [0041 .The %?rtl cles can be formed from non- ynmeric, organic

mat eri al s FARBHSSIPR pFtioRierestopy 4 M) i layrripseata tﬂ’ijamlfto fitg eri al s
useful in hx'%i@le@rrﬁ&@rﬁl’ing' thY @i%l&t@f‘of the ”é)altlgées iR 1ﬂfage,rl9& c a%qhé 0, stearates

(such as zinc stearate and al um num stearate am)n bon bl ack and
st ear ani déverfmarheafbetﬁtsizepé@em@rmmtréesrhawemtmagmf&ammf tan be formed

fromi nor Ies of .u I

| or gan ¢ o g2, CRECE GratE AP APRI! bk bl nS¥ RS Mot il

pol ysi | oxamags, anpdbtygmnmimesmag(jaymm sige lsasédm-rt,he m]a@mﬁcaibhy TRE pEmes!| eni um
silicones m.xt ures he oi n A specific, non. [imting
exanpl e of ‘%ﬁc Sare’° g?gmt“gF FF&#H% ﬁ“%‘?ﬂ?’gﬁtﬁt %’hHSIWI‘]t] EOmRleteli al  suit abl e
for Use | enddwe L . AW hérei, 1he tems"@ﬂﬁqraiyparztw&étze“srerersr%@tﬂe's& gr f or med
from cross-|i,nked sr |.gxanes and 1s commercially available from Toshi ba

Sili conesa‘tﬁ‘r‘?ﬁ’ e of Japan. [0043] The particles can be forned from

synt hetic anrc meric materials. Non-limting exanples of suitable
organi ¢ pmogﬁgri c nﬁt‘ie"’%i‘l:‘&l(%r moaphelagy) obthe partislessan vary Fadxawoplet her moset

mat eri al Sg@ﬁﬁllﬁ/tﬁﬁidﬁéﬁllrﬁtﬁfﬁtﬁo {lchak §ohc¢l§é§dé hﬁ@rB dads %%MW%hg cggu' table

thernopl astic materials 1nclu etherm) trc yesters
pol yet hyl w@et%rephwn&maexcl@dhgrramqubenelaWemmwuha(mxgamdr flabygt hyl ene

pol ypr opy BN BE BEAAEESn AT 4 ofonal irasBifs afE HBRibpors 6 ymer s of
stlyrenedafncb ana annbthatm:laﬁmdfdfnl Wﬁom@;b £0h ydmiihsl ceﬁfbmw@thlpbfwé aiestotttacryl atfe
pol yam des astic.pol yur anes, vin ners, and nmi xtures o
any of t hXalfs o?ébB’PE"‘g‘ E]%&H‘tfqtl?ﬁ’ﬁ”ﬁﬁ @%X“rﬂ E%S ¢ HoKateghale(Bdher noset
mat er i al sHaridbboklel Hifkes mtstnaptms@taef)sgeswoyl esters, epoxy materials,
phenol i cs, am nopl asts, thernoset pol yurethanes and m xtures of any of the

foregoing. A specific, non-limting exanple of a synthetic polyneric
particle formed froman epoxy material is an epoxy m crogel



particle. [0045] The particles can also be hollow particles forned from
materials sel ected from polyneric and non-polyneric inorganic material s,
pol ymeric and non-polyneric organic nmaterials, conposite materials and
m xtures of any of the foregoing. Non-limting exanpl es of suitable
materials fromwhich the hollow particles can be formed are descri bed
above. [0046]1n certain .enbodi nents, the particles used in the present
invention conprise an organic pignment, for exanple, azo conpounds
(monoazo, 02370, (Fepridirg eivthe degarst propprtinsanspharactymsicaebthpregnint | akes,
benzi m dazg; i : i 1.S0l .non i soi.ndali,ne), and
pol ycycl i c&)l% %gﬁ%%lgz@gﬁ?@g?ggg?ﬁ%dcngi%(leglﬁé?és‘%g?‘%})Ielgtgoél?(bﬁé?lgaﬁ%lgg?rdafs)ﬁ’et opyrrolo
pyrrol e, t$raéhgsigtenceasishilitzgern cong mixtmdaof dneon morepriylahavingdifeoney

fl avant hrone rant hr one, .ant hant hrone, di oxazine, triaryl carboni um
qui nopht ha?%ﬁé%%‘%&#?éﬁf%‘fah&’ﬁ&mﬁ%?? res of any of the foregoing. In certain

enbodi nent he organic .material is se]lected from peryl enes, .

qui nacr i dpﬁ?g%%]_ -11- gf%ﬁﬁﬁwgﬁﬁéy%ﬁsr?égqpaﬁﬁﬁsfmﬁem%&e %PW&Q!SR‘é@?Mq{at is,

t ri phenedi @ pkdhe sventiontan Hé k@iePHbmPoREHE @h @Sy no%rﬁomﬁ&%rih&%ﬂﬁ@es )

ant hant hrones, fl avant hrones, indanthrones, perinones, pyranthrones,

t hi oi ndi goBatenalsy potymeir Arfl/ar nop-relsarrris oBgRBicHBHgHals, aempgsite materiglalost i t ut ed
deri vat| veget Rargghes 1Al oF it HreRids o130l AOOA BerY hone Bhgampts used in

the practice of the present Invention may be unsubstitu tituted.
Subst i t ut edlg-perypusing” nlaim bogeagbs As sucheitlisdntended disat aicompapitionatr oms f or

exanpl e, skl » i-nclude an al kyl group.of 1to.10 carbon

at ons, an%gﬁﬁi%(ég %%g%ﬁ%@ %ﬁgto"fﬁf“&‘g?%‘&?ns‘%‘%ﬁ%a g‘?ﬂwg‘t'ﬁﬁlc?)@wnlgsﬁch as

chl orine) least thesetreciat camnporichi adfcaSOltitd dontipeide PBEY hGNRGItEISIPORInE, N NOr e

t han one g .an}i]fone substi {?uent. The. di i Fn des sgd di anhydrj des of

peryl ene- $VFTENEGOMBPSUNLS 19503 an, Addjtignalivs agpsed BtFiggthe tgrmdgolymetiignes can
be prepar egeabytoREdiNghSs HN@MRrs, tnd iREudds bwithbROASIBE Bath AHBPIIPReR bAENt S,
especially netal phthal ocyani nes may be used. Although copper

pht hal ocy #APHEEEr e nore readily available, other netal -containi ng

pht hal ocyani-ne pignments, such as those based on zinc, cobalt, iron, nickel,
and ot her [8Gdh net af\s usaddipred, &ie torm (pobanerivinargania watendlt mehnsey ani nes ar e

al so stuit : i ' iyt artially
substi t ut gg!yﬂ}egrg)%@ﬁpl e, ﬂf&ﬁﬂgﬁ?@%ﬁ%éa@ﬁ@?ﬁ?ﬁ%ﬁtﬂ% e{%&c?g%é’&g’é\r bon -
atons), althaolegrbphaNlergover,tas udd hesi dhe termoYy®) ymdnizlcogpaitanstertdis”aseagé| ori ne, or
ot her substi ts tvpical.of phth cyani ne, pi gnents. Phthal ocyani nes

may- be pr 85“5%‘%‘?&8@“’&%‘5 "b@%@v%%ﬁh%ﬁé’&@%ﬁ?quwe ngural pelymiernicyy o -

t ypi cal | y npresiaiar sitofoyhieh i@ athackbond rephbit aik base@bhydpdide, phthalonitrile, or
derivatives thereof, with a netal donor, a nitrogen donor (such as urea or
the phthal@mgjrile Theseti Yorg@incmanriflPtas Q5 hefed, aensid carin@bRbRley i N an

or gani ¢ sol vent .SL/g049] Qui nacr.i done_pi gnents, as used herein, include

unsubst i t GOBRPUGAS WRETHEHG Garteg iy typically bagad e itseld andiodvydrogen. and pftesrde or nor e
al kyl, al k@xysleh@tOBeRs1, SrtbdkchRe ARy BBpolls A8l the Lhsbi bHBE fiet VP! cal of
qui nacri done pignments), and are suitable for the practice of the present

i nvent i oncariges, §uberadiylidnh etcgisarheamaryrampbands e igmestalliycyanident sever al

met hods k ol I YarRE . thermal |y

ring-cl os?]%lgn{facrg{btgﬁgs’?:hgsf%#%r??llrbﬁwgtsglfrﬁg%ﬁeﬁ'faaln?ggrg@lg’g&ﬁgr%lgg (¥ s in the
presence oimpohyghick phroetkliic aenbdnatdsORE 6tdngie cedaim rerbphaerant ssdivwhi ch can
opt i onal I¥ l?oen %ubsti tuted symmetrically or unsymmetrically, are al so
suitabl e O the practice of the present invention can be prepared by

met hods k in the ar A suitable isojndoline pignent, Pignent Yellow
-12- 139{,68%5] a sy%‘?é{s?cs Iéeéfmefgﬁff@f’ Brrgapic it nragqni%ﬁ%y BAGIHARARER uri ¢ aci d
pr ecur sorsot abofpanicinferpl.gnent s (that is, triphenedi oxazines) are al so

sui tabl e organic pignments and can be prepared by nethods known in the art.

[6030] As used herein, the term *“composite material” means a combination of

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

-7-



[ 0051] M 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-inparting particles. By the term"color-inparting particles” is neant
a particle that significantly absorbs some wavel engths of visible |ight,
that is, mavelengths ranging from400 to 700 rim nore than it absorbs

ot her wavel eng in the visible region, [0053]If desired, the particles

descri bed &858 Yg% aferdngysrb theirsrgdacsdhb ff?réllltefgom fhe hardpessohthenbodi msnt s,

t he nanopapieheh s&naﬁseoffﬂ%rﬂsﬁ@tm Bensith s FlHHcE‘ ngonggEé %e bR gHRRU

di spersion of polyner-enclosed partic cri nore de all

bel ow. | n Rerticie casrigartidafiadtis ﬁnmmwmewelltdmvmmﬁbmm,mqmdmg hutelot bmited! prior to

their incarp a0ueo (S di ments, the
nanopart i 3 eés?l %Eadr?ﬁ 8} %%ﬁelgf %1 &’ S?m% Pgh ag%nf)tfcs\}lﬁlpggeﬁgmﬂ]é‘?%ﬂﬁ‘gn known i n
the art. HRethesxtainpl e, the nanoparticles can be prepared by pulverizing and
classifying the dry particulate material. For exanple, bulk pignents such
as any of [0b31]i nor g&ﬂi&a@nple@ﬁ@@ﬂbl@c&t@i@ﬂh&iﬁbtﬁﬁ%ﬁ&ﬁﬁuﬁﬁl@ﬂzﬂtba@%n be mlled
W|th mlllng HE ia having a _particle size of | ess than 0.5 mllineters

& ‘ﬂ%ﬁlrf’r(?“‘?p tedyith gag 0 HeMR sepondaryinaterials ko gwmcomaqltem es
typl cal ly ;ﬁmmttltﬁglatme%ﬂmarm&h@m%%%&nteﬂtsapém& EREI%0 in one or
nore solvents (either water, organic solvent, or a m xture o the t wo),
opti onal | ;ﬁomotlt'?én%?r@#e%eé’eéﬁﬂm @@megﬁml thetis cdated, tlad qrecessar Y,

di sper sant, I

_SC]_SPERSE( r ?@%%%8 g%@%gntaval &&%rﬁa@({ﬁi a?i@%%frhf%%a or (if in
wat er) SO;@PERSE@@I 1ﬁﬁ®Q@¢semlmvEnavmlsbﬂaﬁl ‘é’ypycmm{mmm]mﬂﬁﬂbs mnd&:tu on. O her
sui tabl e r{%@?gg for]ﬁo)goéduci ng the nanoparticles include crystall i zati on,
preci pi t atyi on, gp §esp condensation, and chem cal attrition (i.

R v e R AT T I e“?Lfsed
exanpl e, anmmemﬁn@@nﬁqmehm RiwWaGH e 26t mttmﬁmcispéaw%%rhﬁa%ﬁpl yners,
pol yester pol yners, polyether polyners, silicon-based polyners, co- polyners
t her eof , &RATHE BeigHds medlemetengscand gextprs o§anyaf thefopeamac Man- 13- by- any
sui tabl e netihededsnpng omlcmaaems&ttmgcanrto fshktaf zdt'a'rﬁttet Rgwpr esent
invention pertains. Suitable polynmer includ hose i sclosed I'n United

St at es Patoaisies, mmﬁahnctadfrsometgbqaﬂadesmaammma rmaal sdtcat[eﬂmﬁalqt bodds 006l , t he

cited porti® e| in or at ed f erence. .herein d United
St at es Patentg prmc'gtxl on %Ylﬁ%?l%?fgof\%g @%ﬁ?ﬁz’ﬁg@nﬁ? ’éaf“pf%%n@] to
[0044] , t heetadinitade ﬁtbbiom(mmd)é awhédific, hed- ngumceamﬁpmta aRtdyxidefseirnce herein.
[0055]As in cat |n oth og ment(i f) éer he. aqu ous di spersions
of the pr&% tnq ‘?‘hﬂ? uR l‘?eﬂ‘"?‘? mglel i VUQSHCPQSM@ pol ymer.
As used hefsghssiunk Eiﬂcdtt%r fdn-fihitRRleRamNbydRitabl&hhPsul e ald AhoffFiEndhat 1 s
easily puI verj zed at anbient conditions. That is upon renoval of liquid

materi al s fSPEWPttH@aW@%hmgttﬁbdlt%gtﬂ ppdgneswilids; penEmitiag examplessi | y

br oken 'n59m§ﬁﬁéli1caflésaager@u Buf silRlafeE %ﬁBu@EtlY&HL 4, Ofasiinidhlie as a dry
feed naterial to an extruder to produ er Coatlng COITpOSltlon

filmformmgs ﬁ]o 'ceAln Eﬁ’tﬁocmn?ﬁt@ opﬁggreswmvgnndﬁpﬁl@ 51‘?1% gl 1 QuI d
mat eri al s fro the dispersion, torma support'ln con ous filmon at
I east a hmorgatlmraitemlﬂ a‘e&cedﬁn‘onaa]mnbmhlr bireum, Assmutie dotoay cfaidm;unt leelctuar, m

"anbi ent gé)nc]illltclo r ef ers lt ers te% surroundi ngx fﬁgdl tions, which is
of ten aroun dne tt?&?%’fﬁté?%’ %‘P@Sg’ﬂ% B FEP ST PRRERE: PIFoBdhd 25C.

[ 0056] I n oeygen) phogiions) sekatusn, @fhcbﬂn @ﬂWr %\Efﬁht tih vt qangstdnevat]aalaqtal e pol yner
conprises the reaction product of pol yner.i zabl e polyester

pol yur et h¥iHEm-Z, g1 3rogpiug, Wt“é?ﬂig@étdﬁ/thﬁﬁ% firdgs dherepbrbaEphidens used

herein, tb@rebeﬁ)ﬂbspaawttta%f ;a&tl&sm%%?sshﬁtdemaéuf %tltmqheré&f &gs to a
polyrrer t hat incl udes ag)uralt of ester units, , -C0-R2N-G-0- R2
111 00 mixtures thereof. Suitable non-limifing examples of the foregomg morgamc particles

8-



, 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 oxyallcyl nmoiety, R2 is an al kyl or cycloall cyl

noi ety, and 123 is al kyl, cycloal kyl, arakyl, or aromatic noiety. In
certain enbodi nents, the polynerizabl e pol yester pol yurethane conprises a
pol yester pol yurethane having term nal ethylenic unsaturation. As used
herein, the phrase "term nal ethylenic unsaturation” neans that at |east
sone of t hiaclude simia, silickstivhiat dedapiicyms thismuplobxide, etagaesaine oxitigiiton a

functi onal 0 nt at.ni.n t hyl eni c. unsat uration. Such .pol yester

pol yur et ha?]xg(ge’ %%{/n%g"}ngsgh?art\%igaﬁg,c bb({%’ mﬁ%%e&adtﬁ%?ﬁﬁggg’sag F?‘FVB‘W%'ICW&%, i nt er nal
et hyl eni c turati.on. As a result. i.n certain enbodi nents, .t he aqueous

di sper si on@ﬂ?) the preBEAFIeT FRASRIPERE: &8/ FRFTRE 2ot fl"QLYH’I ¥l yest er

pol yur et hanerghiv bxide,isectisallcaéi EatloRIAl, Curkkds 8t AHHhRB fovH, elimi dpr epared from
reactants c rising (a) .a polyisocyanate, (b) a polyester polyol, and (c)
a mat eri al°clgidptaluning tHeniwn axids: e 9xpde, pesiim pede attg B @sidarellaidalact i ve
hydrogen gj@iaPzircoRiaClt | @iiBidAMMOHIIRILS zirdollE, RRINIAREAZAR B FofiRl YESTEr

pol yurethane utilized in the aqueous dispersions of the present invention

i s kil ned fpregpinecaen anvrganiqaxidenl ovetype ipdmshichils dapqsiied amorgaic aidé of (e) a
mat eri al m@h&#{g an acid functional group or anhydride and a functional
group reactive ‘h isocyanate or hydroxyl groups. As used herein, the term

"active-h en gr " I S f.uncti.onal _-qgr. s.that alre reactive with
i socyanat ggéjég de'? e%ﬂﬁgf e§‘ Ctlﬁéar%?el?{an\%\fefl%%ﬁ §ef@é§foorgléng§§%%rf1§%sd1sgﬁq he
JOURNAL  OFhéTpiEseAMaRbrTiah cHEMEAL ifBEEhi DYaterid seleé@d fpap@ a8 ImédIf?27) .

bol yeut or BSOS i PUREs Sl (oS Pt cEpei P el |

ar al i phat ikgatoxides) dA @bn-HrR dxampRQE ¥ Ak 18forg Aol YR DxidaensRf -

[ 0058] Exanpl.es of useful aljphatic and cycl oaliphatic polyisocyanates
i ncl ude Amtingexnplasobsuigbleyeqreanisspliides inslidy me ew@s@é@mm@@M| ),

hexanet hy lqgnerddi ﬂuﬁ%‘é&)ﬁ%ﬁﬁdeﬁ 5 Jinc %uﬂﬁﬂh Woﬂﬂﬁx}iﬁﬁ%%ﬁgﬁze@ Ak Bselill E;B}'%aml:

met hyl enebi s(cycl ohexyl isocyanate), trinet thyl'ene CIT1 Socyanat e
(TVDI), netligateeinchidealhpinug silietes add imsgmepinmatikbca(esMMEh )s veanttulitgc Nohexy| ene

di i socyanat a.. [ nated.. XDl ) ... S her aliphatic polyi spcyanates, i ncl ude
ooy anur Srauh Han B DR ER e UG Bl bR PaBfinl B i

pol yi socyahmtisan, doppardgnld,dloy) stiver, dlidys.omy atietuees 0T Bly) of the Pregoidgs- t ol yl ene

di i socyanate, 2,6-tolylene diisocyanate or a m xture thereof%,

di phgnyl rrﬁmmne- 4b4m§]ﬁehsi?@maﬁﬁmn(sm Parti€laddah maka&ﬁeddtfr&n (ﬁhﬂl?m;e«a,nat e (NDI),
3, 3-di net hyl- 4, 4- bj.phe e.diisocyanate (TODD, crude TDl (i.e., a mxture
of TDI and™ H’%B?ﬁ S@%ﬁ%@%ﬁéfggﬁ alu ay?@l"ﬁ%?fjﬂﬁ’@ﬁ’é# Yiapemdioxids Forsocyanat e,
crude MDI okideGeesiui oXide] yrRnPbxidlcoRdidhi 0 zir€RiE Coll i@l e0dohia, Yod VI ene

di i socyanate (XDL) and phenyl ene diisocCyanate. [0060] Polyisocyanate

deri vat i vEUXBiee phsplhedrragaipanmt septriaraibattinesisythn asecleg comprise

| socyanat oifbidhl Sribd.| APAMdced abRVRCHBRAT AL Ve BY GL BREYBAG &r thEBled

i ncl udi ng 1 socyanurates thereof, and/or

4, 4' - bi s( Pthse yeafidivetietss divdydg Isinfee evifielrsdicas)istaids @re des@Bd jd W.Scert ai n

enbodi nen t\he of . pol yi.s0 nate used to .prepare.tfhe polynerizable
pol yesterE)%t(e)ﬁ":yﬁuor'(gt%rﬁ,_g’lrg]g§ ?té;r?g%’sn ’rhg%g}zlg’ R i élfég'ﬁgc%@m@%ﬁi éﬁ{’f‘?%%ph as 30
to 60 permderendey wei ght or, in sone 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[083pol ynerAzaibther flitnyise, arpanitleysan 6t famed fbROLAIMeY waeter pol yol s
sui tabl e for, useﬁ'{'glgarepari ng the pol ynerizabl e pol yester pol yurethane may

be pr epar ®at By T SsPRSURdRYHEonegr giore reoigrysaitarialt wdomm 2ar boxyl i
aci ds or @mkpodid AesritiNka e a hlerGOTRN AlleRRivy, Ak 1A peRfayEs | des) and
pol yhydric al cohols, or bg ring opening of caprolactones, e.g., epsilon
capr ol act &¢re 2 pSiary weletialdhatis gsutedotlad erreocapswinted with laldjfferingiforabdfehd n vari ous
nol ecul ar LI SeriafNo i i v j i | e for preparing
polyester%%?%gludgwfﬁggﬁggg%?%%ﬁ?%§&%¥gﬁglﬁ¥%g%ﬂé%gﬁg ‘as 6 to 10, carbon
atons inclusive. Exanples of such dicarboxylic acids include: succinic
acid, glutaric acid, adipic acid, pimgJic acid, suberic acid, azelaic aid
and sebaci c acid. Correspondi ng anhydri des can al so be used. Typically,
adi pi c and azel aic acids are used.



[ 0063] Pol yhydric al cohols used in the preparation of polyester polyols
suitable for use in preparing the polynerizable pol yester pol yurethane
utilized in certain enbodi nents of the present invention include, wthout
limtation, aliphatic alcohols containing at |east 2 hydroxy groups, e.g.,
straight chain glycols containing from2 to 15, such as 4 to 8, carbon
atons inclusive. In certain enbodi nents, the glycols contain hydroxyl
groups in the termnal positions. Non-limting exanples of such pol yhydric
al cohol s i 8B8lde et Hypemexagpice and wighawt hgitig dhegirgsent inventippapyrasganiq| ycol |

tetraet hyl e zgﬁ,{]ﬁ -9l = - i - byt ane di ol ,
1, 5- pent anﬁ?lgrﬁ% %9&1313 t"ﬁ:r(-ir- ny p?%%%hsém%fl%ﬁlw%,%@ hexogh}é]mc]ﬁlg? Hﬁi&g hept ane
di ol , 1, 8-wothampeoviiedwithla silivadescizometedir obnoalay codting i fesmafussfubeongmsighydri ¢

al cohol s. [0064]1n certain.enbodi nents,..the pqlyester.po l. . repared by
feact 1 ng. e aRpRrERRin re PR asine cofidmbars B Het Ol o

al cohol i neahhitefatesiGe s@facabf @6ineighdtit F@tiblemorﬁ@moﬁsan, inérd&lic asidéd or gano
tin catal yst. The ar’[%unt of acjid and al cohol used will vary and depend on

the ol ecuayidsa pspsil cppposlsparticldarngd “solfedr wilpcs Stherratmplepprlpdet ers are
obt ai ned i dd bl : &dol*&?b } i .n | i near
chai ns com{%#%%éhgﬂgﬁ%ﬁagg%%g%gﬁ% é‘%lpsffg% na ﬁ?%P@@PM%EF'g"SE’E‘t‘ anpl es of
pol yest er smitadalsiwith diftsripg nompoiymytieerpodianquistresicriatso| A §pecific ponJinstieg

succi nat e) - =16- ut yl. -1 I 4-but yl ene

oi el ot e aBBIer SoticampBiie Rl PGPS BhRY s Sl g Ty

pol y( 1, 4bytayticdenasd vathatakjuna cafb@atettspstdnanercially atafiatile frein. Pitoe giey t ai n
enbodi nents, th ol yest | yal. utilized in preparing the friable,

pol yrer i zaﬁF‘éenﬁgP&&%‘B? 0%?@43?5%-61% utilized in the aqueous dispersions of
t he prese [jvention have i ght aver age l.ecul ar wei ght from 500 to
3000, suc&bggiSOO t 5 ot ehodipetls it e uscd gm he pEesa SRR HQIDIRYE £ 006511 n
certain enpadidrafidiret hﬁﬁ@l@phmngﬁi laRelaf Q6-hcdiire R MRIposAVT sheRtsh pRALE the

pol yneri zabl e pal ¥lest er pol yurethane included in certain enbodi nents of the
present i rAf@MMSh hexpagiad ar b withotrers wdise~dewn theghegargdriveak yamferas 20 to 50

percent byyMal gl ven)din $H Ohﬁ@ﬁ@&tglmsﬁ%eggwg&gg%ﬁmen%ww p. W Eh the

wei ght percents bei'ng base “ot-al resin sol1ds used to
prepar e t Henipop yraemilees lenglir yrstter ipolsxegeathaystal sfrodee.1 Arganitisold ed, t he
pol yneri zabl e | yester pol yurethane,present in certain embodj nents of the
oubous. apEBReHEs b amddr SHESuh R, RBESEH i dp Gty YerBh R or i o
conpri si ngrésantahvntieni cal |y unsaturated group and an active hydrogen group.
Sui tabl e ethyl enically unsaturated groups include, for exanple, acrylates,

net hacryl qoem] al | yNosahhaipdxampled B8siatably matiaReRding s lanldiRr sifikcitkat € and
nmet hacryl ate functignal group .be_represented by the formla,

) UpS I8 T
CH2=C( R1) eglegegroron fHigide, sankite; ractpl dichglrapenides raicpyiple, sypaimy keoliniear bamat es
and car bongiQs AEYiuBeioiAL sRPE e Ad MDQubOMBMb A Suitkbie 7etd CH2- NH-C(0) O,
and CH2=CH- CHZ-0- (0) 0-, r'espectively. [0067]n certain enbodi ments, the
mat eri al  clghplcogdnidys inglude mplybdemm igulfide sealyhdanu digelonide, dandalem acti ve

hydr ogen g iJized in.or i I i e | yest er

pol yur ot naatie fbialof s il £RRLH Brbithe RRLKEFERABIEIURIE" o1 ouyal
(et h) acr ykea¢cds i ncl ude those having from1l to 18 carbon atons in the al kyl
radi cal, the al kyl radical being substituted or unsubstituted. Specific
?on- |hl) m t i{}){gﬂ_@x arrplhﬂege mitticdescdan Iha{cemeﬁl)ﬁsm naajﬁlpoci.meﬁcmggﬁc(metgﬁmk.l Non-

nmet h)acryl ate, 2- r oxypr . (et h) acr te, . 2- roxybuty.

(ot h) acr JPabEs exmpln ar RGPt ric Biespik St aBrg il B et bRy

(et h) acr Yhohid®, b reddt limfsd ) #bdHies(shdlplseffc.stedbtd AANMEAGh BteahRE term
"(meth)acrylate" is neant to include both acryl ates and met hacryl at es.
[0068] | n Ewrtoadrcaghon béackerd soargmidearpunt of the material conprising an
ethylenical ly unsaturated group and an active hydrogen group used to

pr epar e tlﬂ@‘%bl y mer Theagrticlgsaisgeintties prpssnt gy entinn aen '?Qafggé@i e norgapic12 per cent
by wei ght o PPy PP j i cases, 4 to
o per cont PBYHEH: Bitchel?Npr i oRELRERTviotel Mgl Slhmedy SRBRIED T,

wei ght of inchslepolyphdspisazerse dpdlysilpres peol wilokemep qlojymermash Ipelypekiy ewfier

pol yur et hane. [00691As previously indigated, in certain enbodi nents, the
pol ymeri zabl e




pol yester pol yurethane present in certain enbodi nents of the aqueous

di spersions of the present invention is fornmed froma pol yam ne. Useful
pol yam nes include, but are not limted to, primary or secondary diam nes
or polyam nes in which the groups attached to the nitrogen atons can be
saturated or unsaturated, aliphatic, alicyclic, aromatic,

aromati c-substituted-aliphatic, aliphatic-substituted-aromtic and

het erocycli¢. Exenplary suitable aliphatic and alicyclic diam nes include
1, 2- et hyl e YIHF%%%}% SPicoRRs aRd KIS af anyiof die faregoing t Anpecificandme,

i sophor onelglitaFeR ) = = ﬁhﬁg ) gad e . enpl ary
sui tabl e arormt@: cﬁnd?la%Pﬁggﬁ?lﬁg%g%g@B eny?{éérﬁgﬁ%ﬁg?ﬁ]nes lzlitre] ltsklga%%eo%ﬁene

di am nes, ¥s§rin theargsert ineniiereinyllosgrear] oivkint is@ partitlqfotnnddyfremerosk-tikeine. These

and ot her i I tni.-nes are . descri hed i.n detail in United States

Pat ent No. é%?%%g%gﬁgoﬁlﬁﬁ%wgﬁa%ﬁ %ng-l?glletlf %H?WB%PW%tHQ@?IaE%e cited

portion of i.ch bei i ncorpor.ated herein reference. [0070]1ln certain

enbodi rrent[somlhe am)]El% a%‘f:f)efjgmrﬁgﬂré% S?@%F@ﬁ%ﬁ”@&%%l%ﬁ@ﬁ'zabl e

pol yest er Nai-jimiteighaaepleastmitaile oifabic polytheBe RRIHEI inchie Wk SRthot SUCh as 1 to
2.to 3, percent by weight, with the

4 percent 1133:% v&i grgt or, in some cases, . ok

vei ght per GBI BEmpst duate feermgplagticatesisls. oNon-Emitingswarnpies efsed t o
prepar e t heitaslk WERhbAABL thaRlaSRI6de (RAYHRE! O | gusly
indicated, in certailﬁ errbgdi r?ents, et he pglayﬁg%ﬂggg%b&g%%@éﬁg&%gl yur et hane
present i rteahthalpts, roiBuidilensrierspivhalath andpplysthjdendingptehadite polyodrbomueespr esent

annyari de e SFoRel i e ForaRlE o) B B e e IR 1o ouy

groups of svchescopolypererftyrdneand whialicded ipalopmer efdyshmérmt@itdiahgi s f or med.

Useful aci nct.i onal terial s ipclyde conmpounds having the structure:
vy o e B e biashE el oG TR A Bo ks, Sheprccrsnal

cycl oal kylanysfilztfodepsingl al kyl , substituted aryl, and substituted cycl oal kyl
groups, and m xtures thereof; Y includes al kyl, aryl, cycloallcyl,
subst i t ut gdoadjky! , mhamm% ednipletlof saRBlehPRbict HaRfals ABude meﬁh@%{ kyl
groups, and m xtures thereof; and Z includes OSC3H, COCH, 0P03112, 8020H,
POOH, and RS&YSEISTs. WY syiets eRox¥ matesialsophenpliyganimplas, tismadses ui t abl e aci d
funct i onalpoRk&hinds snd [ Mk doCag] e 3= . ri,c acid,
D, L-tropi cp g%i} d, DL h@%%i&?{ﬁ}é gﬁ}&gmgg@h{gc Seﬁ;egrrlgfﬁg Hggﬂglg%é/ %’?{’hﬁjlye@f;ci d,

t hi ogl ycold ynthgiicpolgngreparticlabimied fom ao epaxiyanatdriyl hsyedeposy sicegel ¢ aci d,

di met hyl ol .pr@pi onic acid, nercapto propionic acid, mercapto butyric acid,
mer capt osdccinic aci d, and m xtures thereof. [0073] Useful anhydrides

i ncl ude aljj tic, | oal,l phatjc | ef i ni cyclool efinic and aromatic
anhydr i des[p@%j}bst i tﬁt{éé%a?@flfsg fafse bgﬁﬂﬁoﬂ B‘?’Fﬁ?lfsc%gﬂ?ﬁﬁlﬁ‘ﬂ‘ Hjétenéllgéae‘é?de usef ul
provi ded tflogn pelpstiid annfos-pdbmtesit imey@iceityriaAd, hesetibend wacllytdt of the
anhydri de or the t%ra.agéoerti es_of t.hf rﬁsul t ant ogur et hane. anpl es of
subst i t uerffEHHEIEYES CRPBIHe "RfRpS ag EF“&PWEE)R‘;@Y HigpPregoing Nethydri des
include suiing exaaipiis AF bd@ble MRkl TS Which (RIS ipdicled edRGEBY caSUCCI Ni C
anhydri de, octadecenyl succinic anhydride, phthalic anhydride,

t et r ahydr Gfrlected 288%eydri de, met hyl t et r ahydr opht hal i ¢ anhydri de,

hexahydropht hal i ¢ anhydride, al kyl hexahydrophthalic anhydrides such as
met hyl hexd¥8A9 opht hil Geetaia smpedimeats, thepartielpd used st piesent @mensioni de,

endonet hyl : r i i trinellitic.anhydride,

chl or endi g&gﬁﬂ%ﬁh g% ipgég%ﬁ’laﬂg} %‘r‘i‘ﬁﬁ%&?g{@e&g@PﬁdgﬁﬁWg%ﬁiﬁﬁﬁ de, maleic
anhydr i de NaphtlolpiNaphih@d'AS saheyreabo pighRrdikites, asitmdaolend)dilizzent s, the acid
functi onal ter.ial. or, anhydrid rovi des the polynerizabl e paol yester

pol yur et h&AE eWat['ﬂn’é?ﬁ’%‘?ﬁﬂor?éoﬁ?lggcﬂﬁ‘@)’ @?Qd)l’fﬁwm &’chélgﬁy%‘élei GHpaEEdoeo

sol ubi | i zipaglchtigeAtdneEiketbfyridS Sfrold shidindies, thihraguthos€ i@k EPodi nents, the
pol ymer i zabbgpgr?l yester pol'yurethane present in certain enbodinents of the
aqueous df¥ ingidance flayandhrpmee sianthiong.cnthapiirans, dipsasine. drispleabpihe, As used
herel n. t BEnb@RAIGHAL BreAL IR RIS of SRARTed MRLoRAG B CHiA! Y be di sper sed
in water without the aid or use of a sdrfactant. As used herein, the term
"i oni zabl embedimarts.dhgergupc vaisabliesabictdddonparglenaspquinaciidanes, capabl e of

di ssociating into ions or becom ng eldgetrically charged. An acid may be
neutralized with base to froma carboxylate salt group. Exanples of anionic
groups include -0803-, -0001, -0PO3, -5020, -P001; and POr. [0075]1In
certain enbodi nents, the anmount of the material conprising an acid
functional group or anhydride and a ffinctional 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 -109-



percent by weight, with the weight percents being based on the total weight
of resin solids used to prepare the pol ynerizabl e pol yester pol yurethane.
[0076] As indicated, in certain enbodi nents, the acid groups are neutralized
with a base. Neutralization can range fromabout 0.6 to about 1.1, such as
0.4 to 0.9 or, in sone cases, 0.8 to 1.0, of the total theoretica
neutralization equivalent. Suitable neutralizing agents include inorganic

and or gani SUC sodi um _hydr axi de,. pot assi um roxi de, ammoni a,
ani nes, al (}E%?&g%ﬁ%é% Oﬁia%mneé’ @?"#‘éﬁ%@‘%ﬁe"”ﬁﬁ?ﬁ?ﬁfpiﬁ?z‘%eéﬂiﬁaar y, or tertiary
am no gr ougiketmplyratiopyeraks, atieagyyidfidings| agliatRoncSUldvabthonaindaghions ude

al kanol am nes such as nonoet hanol am ne, di et hanol am ne,

di net hyl anP%‘@P??a%FT}WBP?Ssglp?lﬁfb&%ﬂ,ﬁrﬁlﬁé{n?éﬂdd{caﬁ@rwwepyl{ BOTH Fhe

pol yner i za@ilbgtithel ¥esia8lesRRrYdl SldhaRQirdtthdiiged in certain enbodi nents of
the aqueous dispersions of the present invention nmay be formed by conbining
the above-jodgntifi edcpamonsnt, aséhmyeasﬁt&étagﬁegfésé{@ mgle exanple,
the pol ymerizabl e polyester polyurethane nay be prepare y sal ution

pol yrmer i zagnsabstit isalrti8itesa cRubstitatodi pirylendsasay telsubstioded 71 itnide nitrdgeri 0 Whi ch

the prese I | i 7 houl d _be arent.fromthe

f or egoi ngn%g%%?o?g%ﬁ?,%ﬁ%éﬂggﬁvﬁ%%? gr%ﬁiée %%%gg?%"}p %ﬁﬁ%ﬁ&’ﬁ%@mﬁf’esent in
certai n enbodkaxgrtapal 1 tde0 parbaendms mdertialopen Gach Hechtwink)dti ¢, ani oni c or
cationic. In.certain enbqedinents, the polynerjzabl e pol yester pol yurethane
will have @TRETESAES tﬁ?fé@%&‘)%‘&%ﬁ?%ﬂ%ﬂgww W@E@WW&?\OEL%PBBO grans per
nol e, suchsub8ithdn®NTHLi R Bestad HRAhRPRe OS5 By 1R !3, 410 §-teti@EarbdxiS HTF ae@S €S,
from 40,000@10 80,000 grans per nole. The nol ecul ar weight "of the

pol yur et hatEeEFY GAepeTyignssvan bepispared pnmethodsddown in the air act i ce of t he
invention is determ.ned by gel perneation chromatography using a

pol yst yr ed8%4&8 andar fhthplopaomagisrrsts espprialygpeiplahthaiocynines may de vspdi ng
descriptio @ﬁﬂ*ﬁﬂ i i i i t : ~di spersi bl e,
pol ymer i za‘gllthe&g%f%st er aé%c Sy/tg?éest %ﬁg% r%ié’ﬁg? ‘?ag{aﬁ%’ Cﬁg?rﬁeﬁégll%&gt% ]ﬁgﬁgeni cally
unsat ur at eththptasygeneamrigménss, sech s timose basap omeint. sobadiypon,siickg, (e other

| yi b l.y ol I in d i al
Pt ng. an ek apsk haf Pt BhCheBE RSB B BET N ogen or oup, . and

(e) a nmat diitlalochminanggiaentamiag bé umabstonal organiafly eibsammadfor eenspld with active
hydr ogen rouE. I n c?rtai n eandi ment s, t_glg present invention is directed
to wat er - 1§ gePeranliey! (haxme ] a.10 sambpnatpmel alkewt (bpung L tetdrarhos atasdr i si ng
termnal  efafbpbanuandd dioHAs A bkt ﬁmsﬁﬁ&m?pmrdrﬁﬂthﬁib%ﬁﬁ%%ﬂ&t s conpri sing
(a) a polyisocyanate present in an anoun ranging from to 70 wei ght

per cent , %%@}haéf’cwniﬁéﬁtaéibeﬁtﬂ%ﬁ by eesefitevary mathedsknewn inghgirhJhey omm 10 to 60

wei ght  penre8iMiy pk&hred HRa ] gﬂﬁlﬁﬁ ' T I: rom0.5to 5
wei ght pertgignt :yp(%}n abﬁgtrée{ar%?g? avi ﬁg%hﬁld g?‘ﬁ@f@%@ﬁ?y&l@g}s‘%&ﬁ%ﬂ ed group
and an actthereofhyith ogehal doroup mprezsse dondr suai asureuor the pitbalogtrile peelf), to 12

wei ght per terial havin n acid functional group or
anhydri de agr%gﬁ %pnt%gglﬁg@ Sﬁ?%?%%"é%‘“g%%%%%é’@?ﬂ? in an amount ranging fromb5
to 20 wei ercent... [ 0080] As pr.evi ousl,y indicated, .in certain enbodi ments
of 1 he aoiase® o cRuPaRE QRnBHE % PR el it du B PhDl ¢ pol ymer 15
present t balistioipimesddnbe(foeaahpRwit i mdé alkil) alkopQ hybEmk 2ak.e

pol yest er I.Xuret ane, such as th?t previously described, and (ii) an

0 A

et hyl eni c&HOY1% Q8 ol i sHpstinentsypieal of apinqcgene RAgASHtDrANdArq Spitetle for theat ed
NONONEr S ipfetitdds hit i i ‘Iyﬁga(g'- i t ed
nmononers, Ipi nél udiﬂ?\ﬂ*\e/&?ntﬁbﬁlgﬁgner S d&‘ﬁ%ﬁ%@?%@%@ﬁ?ﬁﬁ#@ exanpl es
of usef ul S&HY meHioesknoymin sherart bt arg pecferbelx prapared b thefroalbtringrddsing

gr oup- cont,ak ni. B jv0GA i i t a-carboxyet hyl
Syl at o Bt ABRBRRES S HGR ok BRI bl et bR 2ol Ky
esters of ric L: ' (o] | ers. of naleic, acid,
i taconic g{:qsg]ﬂ rmngg%ﬂglﬂ}ﬁgggg%géb%ﬁf}% g%}%?ék%gibgigbﬁé&ﬁ%%x IFsEEler eof . As
used her eprynsyfimetrichlc el dlo "sudsbde foe thepratacs afabe plagnefhvenioaca: tent ended t o

i ncl ude both | i d nmet.hacryli.c. .[Q081 -l imti exanpl.es of other
ueot ut et PP RS b me{po R KoaPRon B o syietlS N bbb Sl ek
functional groups include al kyl ester¥-of (meth)acryl c acids, for exanple,
ethyl (meth)acrylate, nmethyl (neth)acrylate, butyl (neth)acrylate,

2- et hyl hexyl (neth)acrylate, 2-hydroxyethyl (nmeth)acrylate, hydroxypropyl
(meth)acrylate, hydroxy butyl (nmeth)acrylate, isobonyl (neth)acrylate,

| auryl (meth)acrylate, and ethyl ene glycol di(nmeth)acrylate; vinyl
aromatics such as styrene and vinyl toluene; (neth)acrylam des such as

N but oxyrnet hyl acryl am de; acrylonitriles; dialkyl esters of naleic and
fumaric acids; vinyl and vinylidene halides; vinyl acetate; vinyl ethers;



-21- rnononer. Exanpl es of such epoxy conmpounds are glycidyl ethers and
esters. Suitable glycidyl ethers include glycidyl ethers of alcohols and
phenol s such as butyl glycidyl ether, octyl glycidyl ether, phenyl glycidyl
ether and the like. [0083]1n certain enbodi nents, the polyrnerizable

pol yester pol yurethane and the ethylenically unsaturated nononmer 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 663%ds 2 povyBeyiTH @ddust ebimincisoinseling sWdaitipe ﬁ@ﬂn@cwmryrrer encl osed
particles t fr poI yrrer
o ot can e B (AR e R AR B

certain enﬁ@d‘i’ﬂrmmagedhmethcfbémamm&pwm ons of the present inventi on are
prepared by a nethod conprising (A) providing a mxture, in an aqueous
medi um of [405)] part iMli)eIgs:s ¢ dny obthe poaviaushyelespoibydrizniganiblperticet yd/@ni cal | y
unsat ur at edr pnone cPeS ﬂ qt%u(si#i) a mxture of one or nore polynerizable
unsat ur at ed &on ﬁﬂ e nore pol yners; and/or (iv) one or nore

pol yners, hen ect xture to high stress shear conditions
in the pr egdebg% of a Iﬂle‘a ﬁq”T%§§?§ﬂgW%%§§HHP@%8§crl bed in

detail in mmn&e&mmﬁaﬂa afiRRb.l B3tthORrPesditinaring 84848431 at [ 0054]
to [0090], incorpor gﬁgd by . rg?}erencegﬁ(erel n, and IUnl tlg%QSt atses Publ i shed

Pat ent AppPcRHEiPaHIckrhe sEptirauy sbsopoerms wavslongs of visibledighs, thetispor t i on of
whi Ch_bel NGl dAGRIRRATBAGRUG) B 700 ahf hiSt SRGLr bBAATP WRIAGLaRTPAA! Ment S,
however, the aqueous “dispersions of t he present invention a|gt by a
met hod conﬂﬁibﬁrﬁgo(!l) providing a mxture, in an aqueous nedi um of (|)
particles, Qg a polynerizabl e ethylenically unsaturated nononer, and
(iii) a wal0Bs31di sperléfiﬁblred phﬂgamtsmsziatﬂrlbecblats)pemebﬁpmnt(o&)mthmmr| zing

the ethyle r a abled ant to form
pol ymer - en Cf)ég% )éf)ng? e’s cgarﬁ?Pl snﬁﬁmg?%fgfy‘gf dﬁ’@P%fWé ‘Hﬁ‘%rﬁfe In these
enPOdl rr:ent&;ued)ﬂseilqpeisyomﬁ pal&bﬂeﬁexﬂﬂ&p&peﬁﬁ?ﬁs BPJesEHEa fin ﬁllereai&lbllFbﬁitowlﬂﬁl Z?E' teh
mat eri a i bl e an iC on pol yneri zation wi e
et hyl eni ca‘%}ﬁﬁf l‘}ﬁ’é’ﬁa Ei’tg %ﬁhﬁw GEJSPBB?‘&PF@F 1GHEIr BSRoBLAL i cl es
CONpri si NGinf heth§Uiensl EHRFFInD 18 tHosd Wd.mén& af&rfﬁné“;%ﬁ%s c M\?@%eocﬂf persibl e,
friable pol yrrer In certain enbodi nents, F*E;? yneriza I spersant

conpri ses ¥BOfpoawpeefvytiens sugthads o @rﬂl@% skahide, thotapopariideb| e

pol yest er | [ t

P05 711 ' ( L PEERRERS pUthilfl bRIROBinEhodh SR B, B8 bamies per san
is capabl bailk Blgmestpem@langny ofthé moggaticot hgamnptgmenalcmcusserbhhmde rtgn bhre

t hyl t t h d th d
For sur f aarisy SRR Re T TRARGE Pl @S HRE U et ol oF bt goi ng

met hod forthau'B&angnamlaqmos i S (Ta¢ igMentqiartiMds\aEalloacd msediarticles is
parti cul arl% ) tlable in. s tuatlon]? where use of the high stress shear
condi ti ong" %@E‘l‘q HREFS e igh cagray Bl BAng AF maFIoNE a&sl(ewefswpraprawc 10/ 876, 031

at [0081] sblvehtDoShixdire ofihe hosh, Sitrhasy iRwk pre L No.
2005/ 02873848‘3attQ [00146] 0| S not ?tm rgydl or I%re%gl&bﬁ%p%%re%h&%qlﬂgcerta| n
enbodi mentlEnecessarya s disbrsnticasheringleded, for exampley fié searganicnspient)on are pr epar ed
by a net haidpdRrsERe 326tk orizR d%llabrﬁeﬁ&h‘iﬂblquoi%gﬁ &b ’B?né*ffhew@ )ft ure of
particles, polynerizable ethyleni ca y unsat ur at J oo g

wat er - di SM@WE&IW%M@@YB@b& ﬁmestmaoi Corphiaghn.sOthessitsiear condi ti ons.

0088] | t.h t t bl
the for mat i ek P ERRLR G TR bl PR R nioo Aty e | or mat i on

of nanoparbadehesioprandchgnieglatiftioné.eQpartiltaliaguaens di spersion. In these

nmet hods, - particles having an average particle size of 1 mcron or nore,
after bei figpsd] xed V\Intderthlhenﬁbdim-leﬁm hapdlymenariddedionst-impRGRE parafld; t he

wat er - di spersi neri.zabl e di spersant in the aqueous nedi um may be
fornmed in ﬁedﬁaﬁﬁ'ﬁﬁg EAPYROtion cmprisear Gamplsar pelymesselicied figphesaylion situ). In
certain egbpmierepdl e&&emﬁﬂé}%blﬁét&%o%&ré %iy@ﬁ{elbablm Rffcbigdkde agueots
medi um to pul verizing conditions. "For exa rticles can

with mll PPﬂgmﬁed?Oapwawrﬁ@eanéaﬁnﬂm@mwg ﬂzeeeoéf S‘F@S’Sﬂmﬁa@b@pmdwqdrret er s or

| ess than 0.3 mllimeters, or, in some cases, less than 0.1 mlllmeters.
In these enbodi nents, the particles can be nilled to nanoparticle size in a
hi gh energy mll in the presence of the aqueous nedium the polymnerizable
et hyl enically unsaturated nononer, and the water-dispersible polynerizable
di spersant. |f desired, another dispersant can be used, such as SO.SPERSE
27000, available from Avecia, Inc. [0089JAs indicated, the foregoing

nmet hods for maki ng aqueous di spersions of



t he present invention include the step of free-radically polynerizing the
et hyl eni cally unsaturated nononer and pol ynerizabl e di spersant to form

pol ymer - encl osed particles conprising a water-dispersible polyner. In
certain enbodi nents, at |east a portion of the polynerization occurs during
formati on of nanoparticles, if applicable. Also, a free radical initiator
may be used. Both water and oil soluble initiators can be used.

[ 00901Non-1imting exanples suitable water-soluble initiators include

ammoni um p&¥ 3Ry shidble method kpewa sasthase shdledinthe art o whish His@resgrt inygatiomer oxi de.
Non- 1 imiti - bd ' iR

hydr oper ox?grééﬁsgﬁﬁgﬁ%Pélglé{%%?@gy@hﬁ dismfgé(g&zlg%?tse? ?%&)%%?V&%‘?ﬁlﬁtf%') . I'n many
cases, the Semaldid. dO/87&0Hat (008d] w0074, the ditedpertiat of whichhghgmebmporntédd t o 80C.

pr ocess.  TREMESHEIER 8 B SReDben RrlioanGh phueRhE NP BF AR o can

range fromAlfap(00a3papdei4], 1 diied Ybrisn bOwRchBeRS inchontioesly tehadéncthe tine is
sufficient to forma polyner in situ fromthe one or nore ethylenically
unsat ur at e8e®noner s. [0091] Once the pol ynerization process is conplete,
the resul t pisspr odUCs indicéed 3h BibliertlioBRRinEl Al &Yer, BRI ATBTs BRELGSRG,Par Li ol es
in an aqueous medi um which can contain sonme organic solvent. Sonme or all of
t he or gani thegutsoetipveption dsmpriserparielesdnglopeschyceliaple polymee 4% wted heraini on at a

t enper at ur « %(‘ﬁg? f g . iNn..the term

"stabl e di g’ﬁe"%@{ c;fﬁ 0 (h%s]?lgtr)?flfﬁgl %E@?ngéggrlrseé%gyﬁﬁg nk}t%{%gg a;%qlélnﬁer - encl osed
partiel es paidithoas. Tist is, epamoemovd gfilliqidmaterialf fromotht disgerdion thetthsltigueous

medi um upon st andi ng. [.0092] 1 n_certai.n enbodi nents, .t he nmer - encl osed
par t 1l o B Gl freati iR S0 R RRE e St e AR e | on
in an anoupda @ fedd chaai told extru@ito prodwe Atpowdér dodtig coafpsifén, Ok fikfl- t o 80

wei ght percgent, 0{ in an anBu t of 25 to 50 wei ght, percent, or in an anount
of 25 to 4P REIBFRYTIFE @SRt othehhapd. e vrprermert Of Berid gatsaal foshthaei ght of
total sol i ghigpd?di&s ®otin 4 RINBEpsHiSPOnBhRIs il 893 b4kt § BEiAN &REdLENtS, the

di spersed pol ymer-encl osed particles have a maxi mum haze of 10% or, in
sone casesSubstraigxAiiaed hergia, tie (g0 “ambieni gongitipndtrplers te sefers fo yrundimim haze of

1% or, in j t ' . % . d. herein,
R R A R L S L e

pol ymer - enoidd$&@d. particl es described herein are determned by first having
the particles, such as nanoparticles, dispersed in a liquid (such as water,

organi ¢ soj00ssjt , andi certain ehiisdénasndf thagegasiavdnten thefriablk)poBadr t hen

measuring these djspersions,diluted jn a | vent, faor exanple, butyl
acetate, uSyHRy® qh@%@@gp@ﬁ%}u%@})@fﬁbﬂ‘@gpﬁe 1§§¥ﬁ§f"é)’°m (R&Ying a 500
m cron cel dthypedi¢hlly@ighbateBRoasRE. AR RAGE, tBY tefin FhdlirheHABRBbRedtS
concentration dependent, the % haze as used herein is reported at a

d
transni t t aifdBrghanghgiers oppalynensbaldnciusies apluralisy lsstsr Bhtse h of naxi mum - 24-
absor bance. An acceptabl e haze may be achieved{or relatively | arge
particles when the dﬂ'fference in refractive jndex betvveezn the particles and
t he surrouRdi fedRumis | ow. Conversely, Ror H@rRarticles, greater
refractive ingex differences between the particl ejand the surroundi ng
medi um may provi de an aadeepraliy of trathene YriiSO5] | n tfe for egbisfynatiehdiods of
t he prese I i i f. t.he hyl eni cal | nsat ui at ed
noNoner Wi ?ldptg X}gar?%ﬂgﬁ@p@ﬁoﬁ%g{n&%ﬁbﬁn&%é@éﬂ ?mp%ﬂtﬂﬁ\érﬁ?@gﬁgrl’ d; eﬁ%i?#i Bles are
f ormed, whinalkyl,agclpaileyion usyajkyil ndictyy RA ds antdliey] bnssehiatkybmbRtyi, @yERTiesul ts in a

phase barrier that. physicall revents the particl.es, particul arl _
nanopart i & cve Pﬂhﬁré@}g‘ir&%’%&é‘?iwtw ﬁ“‘rﬁeﬁglf’ﬁ@ba H’éﬂﬁs‘ﬁﬁp%%‘@%@ . As a
resul t, thelkaeq@dwndhdRicbapsseat pbResteHRESAMNhdnB hSAAS RANMESMlleni) an aqueous
di spersion of particl such as nanoparticl es, wherein reaggl oneration of

es
the nanopdPeaterieas. iAs usphharrinethe Bhrasey tiraén! eihylegjetpsturationd ousfsithat er t ai n
embodi mentig; Jofife iR IERind! BYRYrHRbolyRste fobfibr&fareRoRBOfRctoR% group

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

-14-



maki ng pol ynmer -encl osed particles. These nmethods conprise the nmethods for
maki ng an aqueous di spersion of polyner-enclosed particles, as previously
descri bed, wherein the polyner-enclosed particles conprise a friable

pol ymer and further conprising (1) renoving water fromthe aqueous

di spersion to forma solid material conprising the polymner-encl osed
particles, and.(2) fragnenting the solid material. In these enbodi nents,

t he wat er can be renoved fr£n1thel%gyeous di spersi on by any suitable drying

met hod, sulRedQPFreEagl Hude, snerps! ethylenigmnsrtyation. Asageiully ingestain, a spray

dryer, or thbodiikss, MOLROMA di ' [v8hti BEsef ;ﬁq)r,m by any
sui tabl e tech(r)ﬂlqueS succﬁ as ‘tlsﬁ%gﬁ?gﬁg%‘!ﬁgpﬁ%%n%mvagmﬁgﬁ’rr?‘gﬁsen% oe%HZt?l & iike.
Fol | owi ng P?léiéﬁﬁ%rﬁ’@a‘ﬁirwe hineng eouinalathylepicunshtestiomyhiok isf irepahel frgrn ocessed,

such as by hghnd I : | fier. befor ackagi ng., [.Q097] The

present i n\r/éeantl oﬁ&lﬁg a|§g) %chl@ﬁ%%ﬁft% & oavgfgegt(%%‘ﬁ?’(ﬁ’gmﬁ%ﬁdg?tf’ﬁlwgns f or med

from an aqeeuprsing syrtindéninallp iingairgted groem atdosedtinsnidioee sroups Inkgadinher ei n,

the term" r coating co sitjon" refers to . conpositions suitable for

pr oduci ng gﬁé\%‘ﬁ F%@%Wf??ﬂer%gleé’ﬂh%?@&?wt%?PHI‘ i} e aRUeBs f orm r at her

than |iqui dispevsions dftheqRedent ilvafibR tbi FERAMIS I rehbightPRVEHES coﬁ@ﬁ&iirnrggd)caoﬁposi tions
|

of the presgnt lnvention, the, gol yner -encl osed particles co se
nanopar t i cPEEMAHEIAPT () A tfitaripsprinsisingan geid fenstionsh stoyp etandydiidecinds, t he
powder coafnBbraPEBRSichdtRASvilli ' i (158, 2

parti cul at gnf_i | m o?‘?ﬁeng r es?lnl.sc;c %}a{%ﬁ?‘g&%ﬁﬁ{%&'mﬁB@égﬁ%ﬁlgﬂfer{%%de, for
exanpl e, arrcEpRydregenigroups meftrs &sfuactiospgryups2Ket aregeastipe withnisagyahites &cr yl i ¢

pol ymer orgy i of | y.hydr.i i{}&l' I suj tabl e
curing agent?erﬁgée\ﬁ?) :%Eée%%é\;ﬁéog@{éﬁ,as g%@ﬁgeggmﬁmplg Lfﬁ]gb%ﬂgf ic acid
gr oup- cont @HEMIGARERQCIETTY, ¥ol. 49diagy ArgIniloz7). Exanpl es of curabl e particul ate
resinous nmaterials are described in Reissue United States Patent No. RE

32,261 andl00FT}t ed StPatyesscPatentuifible fér B0 Iﬁ&iaﬁn% HePoBaieakafle Polydseher ence
articulate rilmformng resins are

herei n. Exanpl es of. qt her. sujt abl ) i )

car boxyl-i @oﬁfﬁgﬂeﬂﬁ V%ﬁé‘?’ﬁaﬁ@%}i’ e OZSBW”alsaré]éﬂhB@ﬁéiﬁlaP‘é/O%@P’@athcti onal

pol yest er sisedyana| MdihixRLésin&Esy. and suitabl e curing agents for such

mat eri al.s, such as triglycidyl isocyanurate and beta-hydroxyal kyl am de
curing agejousglas desRhmpRes fsefiul SXRAIR Sd dyBokil i - No.
4,801,680 and United St g[t es Igat_en%%No. 4,%83?%7%0%% %lragégge%ﬂ%!f/ reference
herein. [ cbYoethylanebisdicyslobasd diisaspianste (hydrogamage MR dekageticdenzosi t i ons of

the preseniishfusnt | - j . t ent. i ght, such as 60
to 88 per gleur?? by mﬂﬁg&%@ O{H ﬁgﬁ%g?%?tgd&a@g n%ﬁﬁﬁ“ﬁ%’?@%éﬁﬁ sin, based on
the total Wesygte}dfimetiyl poacethylenadiisogyanate DI, fista-tbifartdiiyilatflegrbodi nent s,

Lo 50 per cnCIRyROIRIRBE’ wid §eRu S e S5 R By RO gotber | T

pol yner - erdipbatiegopasotyanhiesinchids Bdcy@nuates of ®DakndEDENt of the powder coating
conposition. [0100] The powder coating conpositions of the present invention

can opti orf@83% i ncl Bdenglehesuitdbl eirbmhitc folatbeimart MRfudRkGpBML S, fillers,

| i ght stabj.lizers, Tlfphfév modi fjers,  anti -gogpl ng agents, and anti-oxidants.

Suit abl e pf#“a?%ﬁ?"éeﬁ Ge 2-4riglylees diigncuanate; 2.8reliteneidiisesyaaate ar 2 miwherei ne bl ue,

pht hal ocyand _loue | pgYIARY p bl a i fibrils,
ré¥), RlpHenylRBhARLDENANCDS B (RN, nﬁﬁi&gﬂ%‘eﬂ,fﬁﬁmc e[ng%m

bl ack iron oxide, chrom um green oxide, ferr el 'ow an red.
[ 0101] Ant i%9Bisthrl4 dduirhenyleradiisecyanate (T OB dredeciM(Ds | 4 inditurk of ADI ow any

vol atile i p ' uri.ng. baki ng. pinis a
conmonl y grﬁ,ae%!rﬂ?é&g{ cgtrl}lt%l&'?gb%%ﬁgg}@%ﬁ? lfyg#]%&a%oé%so&%ﬁr gﬁﬁ%ﬁﬁﬁ-?-;ﬁ present in
amount s ofMmikiusf04BI and 28 .oligpeerdhertofl) K ylpking dlisdogarrd (NI} Sidghedinght of the
powder co%gor}g %%nposi tion. [0102] 1 n certain enbodi nents, the powder
coating conpo #¥tns of the present invention include fumed silica or the

like tor caki .of the powder during_storage. An exanple of a funed
silica i S?@éﬁﬁ by (%ggfoc@ﬂ'abeo CHYVRUbIS HWH@F‘gf"ﬂ’é‘ heyatprdingdene dapgyenategly  The

fumed sil isoayanstof¥ BS-aithethyl- 2B aASorh @RAEROHEL LY ApBI” cent by wei ght
based on total weight of ){]he powder cggtllﬂﬁ) f%rm(rrulg{ ?’E%QU&[?%OB] The present
i nvent i on'PEYaRNELss Hiereebaadof H4 his(eeramatesycloiirt hignetunrlae seigabld. ng
conpositions. In certain enbodi nents-1%herein the pol yner-encl osed
particles -26-




conprise a friable polyner, the pol yner-encl osed particles and ot her
coating conponents are all enbodied in a dried, particulate form bl ended
together, and then nelt blended in an extruder. In other enbodi nents,
however, such as those cases wherein an aqueous dispersion of

pol ymer - encl osed particles is used that does not include a friable polyner,
t he- powder coating conpositions of the present invention are nade by a

met hod conﬁfi ing (1) introducing to an extruder powder coating conposition
conponent s é’éﬁpr i si 1§ certaly embodimenss dhs amaypaigiobisosyanpis lugedeto peapeteabed
particl es, p@tgledifable i : ! in the_extruder;
(3) devola?i i zing ?ﬁgmgﬁgﬁgﬁﬁﬁﬁ?§&%¢§§h§§?PE%géE%t%ﬁgy%%§Wf% hfﬁég '
ext r udat e, tOHRPEYt byi Weighigr,.tih sorextases4l © Hperventdryi waght paittt the beight ze. As

used herei rrm.".devpl ati ze" ns to..remgve volatile materials,

i ncl udi ng %’X%‘Eéé‘% Ebaegnng’ bg%eé‘é’rﬁ‘i t@e’ @Eﬁl VSWPQ‘E?S&P f:oi'ldf 55 'R piseRF Hepeymesigatie powder
coati ng copgwsict palpsrethnge. nade by a met hod and/ or apparatus described in
United States Patent Application Publication Nos. 2005/ 0212159A1;

2005/ 02134@862; and/PotyeRB0fl Rk TblMor ubdia ffﬁJaﬁxv@mta pélyﬁleﬂi%wd;%@e ¢ Whi ch
being incorporated herein by reference. [0104]1n thesé net hods "of the
present i rR)jgﬂ{‘?t e maybedrpappd by any puitaphgymstinds. fole. usingsatyratad diearbometic
filmform fgsioeshHydHeSGhdr [W=Ig I r osition
additives. The 3"?“3 mat er i gfﬁg°ﬁng§4bg’§ﬁ?‘?‘?fs§teﬁé|a%ﬁ’ﬁ§%r?§}%‘?g"ﬁg@ ear mxer such
as a pl anetlephplspenbying oppring ef aepiotactontm digneprilon cafelacione. Satiepladsserand t he
aqueous dip%@:%r j SNtV ion.are .then, bl.ended in an extruder
at a tenperat lﬂsfderggoarﬁélfgﬁ%ﬂyr%aﬁnﬁg%%] {(d(;)lmﬁg%l&% cqlﬁrewggl?'}?.uéﬁqugf gm?rhg’?ﬁ’&ool ed and
pul ver i zedcidsswtablafar prieparingtpelybdtan thelude 1H¥s¢ ddnezimiagiem 4c0at] sash &OOROSI ti ons

of the invgntion can be applied to a varjiety of supstrates including

metal lic s@béatrr%]tag%n?s ’flglll'ls‘gga#tﬁ"@, eszﬂ? ﬁ'ffsrﬁilfﬁ‘?{léﬁﬁh%ﬁc medyissucginisecidThe powder
coating cquipasd dcid)agipRraeidppinlic a8 suBichids Rletid /9 andPdRBadidudde case of a
metal substrate, by electrostatic spraying, or by the use of a fluidized
bed. The ghondigg apinyindetisn glse be uiedo ypindivp pdipis pud paelaéancidsaraemed.be
applied |rl[? single sweep or in several passes to provide a filmhaving a

t hi ckness (3483&r cur Bolghydric glerhaipuged in the prepasafipmofj miyester miwlniuitaldeet er s) |
usual |y abguise 2 ey ] . ny.cases, after
application 3?,%@%8%@%’3‘3#%&@%%@? l|r)T’§Jtne, aﬁ%tém(l:zg%{%ﬁ}[tglﬂbst rate is =
heat ed t o catbpéimsetsaf theersaitfinwnéorn intlods withotthimitatiab, iatighatiobilcelivlt 0 a

t enper at ur i LM, 250F t o 500F, (.121.1C to 260.0C) for 1 to 60

ot o, SopARg B Bt XS bl 8 Bo iR PR Gpiibne SO I Hut o5, - 27-
[0106] As auchesdltd 8, datnpre@scinéludivy gatertdin efbaliments itKagi@t doftagubst r at es,
such as rrml @ubstrat Es at leas,t partilal |y coated by a coating deposited
froma po XY SKUPR I 106 IRFB WP RosTionY Nenslimitiag smmplaselsvsiarelylydio7] The
powder  coalcblitgds ORROSHERNSYR, GdIRIRIGHRBL, tidiel PRt ab,Uged to forma
single coating, for exanple, a noriocoat, a clé€ar top coating or a base coat
in a two- BXGe) bd-rsspspediobd 3 e dig, Ixbbetare diol, hdmentasgydiok23f a

mul ti - aygpes tncl aidi l, & td C sjtion, a col orant
Tayer and e RESbaR O HbA: Bof 1 9cphRP AR T o AR Lddihe 707l ng.
for exanphiel amrmigfuestaf sedyodityilmnalgatiolser and/ or a pri nmer-surfacer |ayer.

[ 0108] The present invention is also directed to substrates at | east

partial | yll®6#k ed wilnkertaimebadithents theqoiyessi padya dajremgeddiaesiingat | east one

: o e ) ; h : o ! ; 1
For exanplEibonde g Ende Moty SAERG ol o Besrscnenotm on |
conpr i sesestdnifichivsrandist, kashes ah BraandTih tdtallAY Bhe SAGRPST 4RI £RAIAY CONPri sing
a basecoat gmd1 a t%ecﬁ at. As a resulJt, in these enbodi nents, after

vaY ‘SEPSFd

appl i cat i GKI AW phibe giolggalar weight nodyestsnsirsised. i BydroNy t he present

i nvent i onem@hatke® Aeark 8 : [ coat | ayer.
The topeosr iarePebcRifut BRERELLY MR i) Up: BPRE LB b, BRREH

conposi t i Hisar diing cepinining sorspendertyas efitenwiatlihydrosphgrogist Esangles &f wat er - based

ot 9 AR iy 8O DS Bl DB AETE

coatings applications, including, fongexanple, a filmform ng conposition
that conprises a resinous binder selected fromacrylic polyners,

pol yesters, including al kyds, and pol yuret hanes. The topcoat conposition
can be applied by any conventional coating technique such as brushing,
sprayi ng, dipping or flow ng, but they are nost often applied by spraying.
The usual spray techniques and equi pnment for air spraying, airless spray
and el ectrostatic spraying in either manual or automatic methods can be
used. [0109]In certain enbodi nents, the present invention is directed to



conprising a reflective material having a total reflectance of at |east
30% such as at least 40% "Total reflectance" refers herein to the ratio
of reflected light froman object relative to the incident |ight that

i npi nges on the object in the visible spectrumintegrating over all view ng
angles. "Visible spectrum refers herein to that portion of the

el ectromagneti c spectrum bet ween wavel engt hs 400 and 700 nanoneters.

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

normal to ORI stk polyHed-beyiane pitmelatad nobi b4-buthinne seteratot paip@d,dval ues
d i bed J b t ! . i t
Spect r ophot Svero 2 Rle Rolo] BUIE el o BRI R eS0T b PRiph®

i nst r uct i omsboditients) thepagesteapolyelnbitidedinpteparishibe frédblcc poliymeriziblef ace

conpri ses ubstrate materj al .sych as, f.or examl.e, polished al um num
cold roll g?lgeeﬁl??r pgﬁ?%eﬁ]%apf)flé’t‘@g "?TE‘F&?E“"%?&‘%?&H%%3’6&’§$‘F’§dﬂvﬁﬁ?%ahadﬁapl asti c,
anong ot hemgight #vefigh efole@i e deighnrem SOMR 3060 6t ivBOIHPACE, 0PI i se a
previ ously coa}g@ﬂd) s%f ace which may, for exanple, conprise a reflective
coating | af&Fs dBHIAPPR W 30Pom a coating conposition, such as, for exanple, a
silver metallic basecoat |ayer, a colored netallic basecoat |ayer, a mca

cont ai ni ng[¥48kcoat Ip&gRan epbodimapts.ithe amei@EeERolycaipEROlye Merddo Dreheres .
[ 0112] Suchiesb i i I L : i orm ng
omposi 11 ou oy tiife GAR oy hte APl CEREy b RS bl Poa ne
typi cal | y Uwentionmarges fromtliOvte 68 percém §y ewighb sidhi as 28 to Hopereenbbpiveight die

filmform [ reflect.jve coating nay copprise a resinous
bi nder and&%ﬁggg?% ?fo%dégng%%'{@y £ 5‘1%?%““ stﬁ?ng%tcﬂeg?gtﬁ#m%ggsfﬁmp&i nous

bi nder s i notadejghbefiregin eolitivtusdd topteparettios podyatistizaisic pollyysiee polyufetayest er s,

i ncludi ng al kyds and pol yuret hanes. The resinous binders for the reflective

coating colf66]i t i on Amiydicited, tiexqigheizatle pelyendipoliutcthade Pevdilein €AAKI NY

conposition n_or {c solvent-based_coating, conposition or a water-based
coati ng co%%%r‘]’fl?rﬁ%‘?ﬂl‘?ﬁ‘%?'ﬁsd?%fsé’&? OfﬁEPWé‘F’I?éE’WW 1%%%‘?‘?41@“"8@@0& tion can
contai n pi gaRALIToRPrisiag 8 SRYISnica indithRteR BB RLS af Rhtive H%E@:&Jf@. ve coating
conposi tion .include, for exanple, netallic pignments, which irncldde al um num
f1 ake, coppétablsethylenically prsausatedhegrovmstingludsx foi exameple. aarylatasamethamylates.al | ¢ -
color pig i ' i Ol L ' 1 ym oxi de, | ead
chromat e, ”ﬁ% éaég%%%%’ %?da%'lyﬁ @%g&%gl ?gés&gv%tg ﬁ’? d;mgt:%%glﬁiegmcggﬁb% gf'fgl?s for

exanpl e, phehbd wpesamitaldyshe orand, GHIEGR 0eGENOrewhereia R, is hydideéh dhe

reflective ti sition can be appljed to ubstrate by any
convent i onrgﬁtﬁglogiﬁ ?%gﬁ?%‘gﬁ%%w‘“g‘i%%“a%s %E%E%feﬁﬁfe@%f%ﬁ%@fmw’%pi ng or
flow ng, OBACHICHFNH-TIR)0S wid CHRGI-QHBcOR(esesiretiwgi prent for air
spraying, airless spraying and el ectrostatic spraying in either manual or

automati c [08sf)ods cancdrin@sibdiriinty, (@ ndddal caliprRihgQh effyRnRaggcoat to the
substrate, the fi,l mthi ckness %f the basecpat forned on the substrate often

ranges fr disgurpief groppang an paiivg hydrogomerpan-ytilized Wrpssparipg thg pelymsrizabld | s (2. 5
to 50.8 m;&bﬂ)&@@iﬁf]ﬁ)rethmjﬁ%lﬁipﬁgés%rhyﬁfb&ﬁll@ﬁ (ﬁe&lbdgmlﬁé. élgﬁg{e%g tQ}Juy _coating

on the substrate, the reflective 'coating can be cure ernatively

gi ven a drjichyacsylatps ingludmihese kpgingdiom 1 & i daghon atams inthetaiky] pdivet 0mt fi | m by
heati ng or : - V] J |1 10 uent .coati ng
conposi ti oa n .1 ra%Lcira;[ géér%{ée&g?tgﬁe]gngﬁgﬁgs%%cg%&F%lﬁ@h(!énggrrr]lglcng%}#ﬁpggspog?s??hcuI ar

ba;secogt amwl%s![ ini:I]?dr‘; 2-hpdtoxyeenyt b'e&:th)atnyka:ﬁ, ?hudﬂod?;?{rypjllgmeth}acwafi tionis
wat er - bor a.drying tipe. ro nut es a
t enper at urq'1 drg? %}%ﬁt@%{%&fHI%%%"E‘%WQIS%?IO&“PW(B@@??@H?fﬁ’t“éf.{g'd[“ﬁ‘ﬁ%t}y he

refl ecti vémsidcadss, afvelihe nipttere terdo VANES0 Rerdingth terme gmbthparldidl ik y coat ed
with a color-inpartjng_non-hiding coating |ayer deposited from a-powder
coati ng c&i‘ﬁ%%tf’ﬂ*?%#e&gﬂk%@'lﬁ?w@ﬁ%ﬁhw&% on. As used herein, the term
"non- hi di T@F@gati ng Iaﬁe,r " refers to a coating |layer wherein, when

deposi ted a sulrcsHain emhadigispisthe apewi af the prEErabepmpsi§ineaYer i s vi si bl e.
I n cert ai ReEhaRal hirdddd i vel ' beneat h t he
non- hi di ngth(goat_i nﬁﬁlﬁayer |ésr&\€/b| :;g{dgll%g%v\‘ﬁeﬂgu?%ﬂ %rg!rll13 hguégfﬁ%&r ggglre is applied at
adry fil mkymeemgfs&olwteepgwréﬂm@ams§ro(r1112t.o712tp@rc@2t7bynwigm,m9;ch asChie way to
assess non-hiding is by neasurenent of7-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 filmover a black substrate of 5% or |less reflectance, to the
refl ectance of the sane coating film equivalently applied and dried, over
a substrate of 85%refl ectance. The percent opacity of a dry coating film
will depend on the dry filmthickness of the coating and the concentration
of color-inparting particles. In certain enbodi nents of the present



conposition of the present invention exhibit a "richer" color as conpared
to a simlar powler coating conposition that does not include a plurality
of pol ymer-encl osed nanoparticles having a nmaxi nrum haze of 10% such as

t hose descri bed above. As a result, the present invention is directed to
met hods for increasing the color richness of a coating deposited froma
powder coating conposition. These nethods conprise including in the powder
coating conposition a plurality of polyner-encl osed nanoparticles having a
maxi num haZdeirntpoyeiply ondnsemesastsn4 ta hpercant by weight withitldweight' percefiter s t o
the L* val ygijl 9]0 escribed in United States

Pat ent No. bbg gg%%eggggﬁi%béo %g’{lt,orflr?sﬁésoﬁg;4&t%gg%9f? patrﬁgle@f’@g]&“ﬁaﬁ?i on of which
bei ng i ncomplyesitraulyuestidng. by ref erence, wherein a |ower L* val ue
corresponds to a higher level of color richness. For purposes of the
present i n{@ted] on, cAk previoesls indearRa)in cataiy ahbalisen GhSolFAdizge Made usi ng
an X-RITE sg&gttroppotometer, such as an MA68I Milti-angle

spect r ophoPSNETEPOLUERAGE PTesent {p ceitamcabrdinents of shernpeous disparsinasritdhe | nc.
[01201The preges vehtivhah tirRBd BSmal polyatitie Wik by MBIBOSSI A bul BE ﬁ&l‘ ng the
color of a_preselected protective and decorati vg coati ng deposited froma
li quid coatlififgd o AmaTaF serondans diaminsa popalyaraines iivdiahnthy grdupsirtichetind | ke
prior art AWWeT=Ys i L cQat i ng_canmpositions of
the pr esenfme i nv_egﬁll??%E{Sg%égggaggg%%&g@%aﬁ?}g%gtﬁﬁgg%a c&%‘%&s ag’ﬁrff?lc’exhi bit color
properti esawmatig-agbstigtedadiphaigsalipbpiicsiubstitutbd-aronatiq uhdhaaadyicig conposi ti ons.

As a resul in onposi ti.ons of e presepnt -31-

i nventi on %}é%ﬁ;ggry%g%%?f{%ﬁyﬂ%% agg aﬁ%‘f%ﬁﬁﬁﬁmﬁf “}98”:9["’}[2@‘5”%6@1? g 1s3-om | quid
coating coppphyltreatianing Hes ectamtdiasiae, CRPRooAEdiathk, HEEMET NERbHERG Vi Si bl e
col or of the. pr ea?l eg%e%ﬁcoa]t&%ng, by nmeasuring, the absorbance or Teflectance
of the pre88ii& COEt TGP c?“(tﬂﬁe #ampigliampshineiude phanylege diempesi t i on
conpri si NQard thé toithé §¥mafes o} Q.?{féﬁ IC g @ nmaxi mum
haze of 10% wherein a coati nﬁg%egg-ﬁe f?gmtﬂe g&%@?ﬂng%“ﬁ%g

conposi t i oRbsFatrdRibershidable palyaninesgrogeseribet fredgiribindimied StitasPatehigo. | n t hese
nmet hods, t PR of; f : y e presel.ect .coating is
determ ned%p’gg}ng épgglg]gtéF %%i@t%gélﬁl@ﬂ%?gg%ﬁég’&l B‘g rjgg%o e\?hlﬁthge%g curve of

t he absor baparporated hekindptrafeacacr oss. t he range of wavel engt hs correspondi ng
to the visible spectrumis produced. This curve is referred to as the

vi si bl e ab¥®8f@ance @ carein enticdinamtss fhe ainount of fopemiiR useioa ipkdpgreGRITPOSI tion i's
pr oduced, V\(ﬁli ch. ilﬂd Uldfejs? a E’Iuyral ity of_ polyner-encl gsed, nanoparticles
having a rex MO Hs 28y EYer PObRrelipep rangey fram 8540 4 Prisept b psight. euctr asdm t he
powder coabidngreeartiyosditit of iMasmekcavdss? B LpRbmPrPABEE:, ik iRl l&glance spectrum
closely matching that of the presel ected coating. |[0121]111ustrating the

i nvention ;gfcgn@%@ng gf‘qeg\%ﬂ&tét%hWﬁB]été)ff%E’tsohﬁ%uﬁﬁgiﬁ prepasethe polysicdzabled as
limting tﬂa@yegte,vmaﬂm{ep their details. Al parts and percentages in the
exanpl es, as well ‘as throughout the specification, are by weight unless

ot herw se fpgdj cat ed g;g,ema : . | speysion

[ 0122] Thi s[ ex:]';mpl e J(‘:!I\gscri béeigﬁ% ‘%ﬁ‘%ﬁ?ﬁ@ﬁ%ﬁeg&%@%?&? Z&%% di spersi on
that was Polyssepadme¢thang pragentdn cdrainf ambrod nmmtsodltly ageedva disp ersioaps fgrn ent

di spersi o . . 4. The.pol yur.et hane.dLspersjon was prepared
fromthe ;is g S?’%Jﬁ%ﬁ l)%?%rr%gh %Pmi 1P 53@53%3“?’“‘% ?’h‘éc“?@f'?t&?ém HORAt ed: ' Poly
(neope [ @aR@}idhendmwiupcticnhgaog dagive nithahe W6 a@itePeyatbxylgrdufs@dr neck round
bottomflaﬁxrlé eq(i%gé)ggeid WI”}H%Q el ectrmc t enrper at ure praobe, nechani cal
stirrer, COYHE onts, famphiehihe pelywesthanematenalisformedyddsefiliapided 5 ni nutes in
the fl ask figictiénal ARAREER indlRIe@bmPOnds PN Dfe btuch@s. added and the m xture was
cooled to 60C. Charge IlIl was added over a 10 mnute period. Charge |V was

added and the resulting m xture wasxgkagual |y heated to 90C over 45 mi nutes
and then held at 90C for 3 hours. Charge V was stirred in a separate flask

and heat eybeisingd e CHoHd Nz, of NHRe and inciusies slkddapt cydloaliydrsgesinited 11, 111,

and 1V wagaddedit,RqGAarg LUl es. arge V. was added and the
resul ting lrlfﬂ’(t Ur e vvasgn’g’ooﬁg%{)s? ig?‘{dgimo%ﬂé%&g)tsuar%g.m!gﬁ'éesfﬂ?eﬁ%ﬂ%’ gr oduct was a
t r ans| ucemcludendlicl.camyweschpatiryl, achstituiel alieyl Glibstiutdd argl, Bridbsshtitededl Vi scosity of

872 centipoise (spindle #3 at 30 rpmyg-a pH of 7.75, and a nonvolatile
content of 29.4% as neasured at 110C for one hour. EXAMPLE 2




Pol vur et hane/ Nanopi gnent Di spersion [0124] Thi s exanpl e descri bes the
preparation of a nano-sized PB 15:3 phthal ocyani ne bl ue pignent dispersion.
The di spersion was prepared fromthe followi ng m xture of ingredients in
the ratios indicated: Ingredients Wight (grans) Charge | Pol yurethane

di spersion of Exanple 1 4772.7 Deionized water 2304.5 Hydroqui none methyl
ether (MEHQ 1.36 PB 15:3 pignent2 700.0 Shellsol OMS (Shell Chem cal Co.)

86.4 Charge |1 _
cycloalkyl groups, and mixtures thereof; and Z includes OSOsH, COOH, OPO,H;,

S0O,0H, POOH, and PQ;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'hexahydroﬁh_ﬂ.l.al'ic anhydrides such as
methylhexahydrophthalic anhydride, tetrachlorophthalic anhydride, endomethylene
tetrahydrophthalic anhydride, triméllitic anhydride, chlorendic anhydride, itaconic
anhydride, citraconic anhydride, maleic ahhydn'de, and mixtﬁre’s thereof.
[0074] In certain embodiments, the acid functional méterial 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 ~0S05~, -COO07, —-0PO5", -S0,0, —-POOQ™; and PO5".
[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-



Dei oni zed water 71.5 t-Butyl hydroperoxide (70% aqueous solution) 5.8
Charge Il Deionized water 337.2 Ferrous ammoni um sul fate 0.13 Sodi um
nmet abi sulfite 8.18 ormermal ]y avail able from BASF Corp. [0125] The

i ngredients were mxed using a 4.5 inch Cowl es blade attached to an air
notor. The m xture was then pre-dispersed Premer MII| PSM 11 basket m |

containing 353 nL of 1.2-1.7mm Zirconox YTZ(r) mlling nedia for 1.25 hours
speed and then recycl ed

at 1000 fpmfor,the. m x.blades and 960 rp u

t hr ough anPAKRMARY 185113’ ”%‘% %C‘%tPFrCE‘HﬁP%WQ’BEBJT‘%D@e il greight of tefn zi r conox
YTZ(r) gri gtﬂid@gssa&ab@péreﬂ@p@n@lehhéb@épayés&dtiagu@dﬁwer- The mixture was
mlled at 1400 rpmw th a punp setting of 19 rpmfor a total tinme of 15
hours. ThelW7®lgr ess Asindipaedyin qertaig smbodimsnist be exid Bipupy arentutylizddseittyi ng
changes in ' L] own_over bl ack
and white ?_E%E't gqrégtg%ig?ﬁ%&%f gge ﬁ%%@dt&@g%ﬂ%@g@%@ﬁ fagé'g\l‘??‘né’r’r’r’i’ xture was
stirred 5 snmmutaes, 0.Chal.gef Heltotabtbemelthabindutralizatomdguiyaehs Swetle5 ni nutes. The
final produch Was d with a Brookfj el i scosity of 356

a cyan, (Blue) liqui
centi poi se" CEpIA %gegé g (‘)“Orr%ﬁ'ﬂc,agg OFganGibases sk a3 5 ﬂanﬂas%%ﬂ%ti | e content
of 28. 9% agotireianLtiyatbxade, dl6nih,AniRRCalOHIT aminb MRk Bt Bast one primary,
Pol yur et hane/ Nanopi gnent Di spersion [0126] This exanpl e descr;llrﬁ‘;es t he

pr epar at | ofycyIaLy, pLigtiasy amppe grup o at least one hydroxyl group. Suitable amines

inciude 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 solutién 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) a polyisocyanate, (b) 2 polyester polyol, (¢) 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-



qui nacridone magenta pignment dispersion. The dispersion was prepared from
the follow ng mxture of ingredients in the ratios indicated: |ngredients

Wei ght (grams) Charge | Pol yuret hane di spersion of Exanple 1 4772.7

Dei oni zed wat er 2304.5 Hydroqui none methyl ether (MEHQ 1.36 PR 122

pi gmenti 700.0 Shellsol OV5 (Shell Chemcal Co.) 86.4 Charge Il Deionized

water 71.5
ranging from 20 to 70 weight percent, (b) a polyester polyo! present in an amount

ranging from 10 to 60 weight percent, (c) a polyamine present in an amount ranging
from 0.5 to S weight percent, (d) a material having an ethylenically unsaturated group
and an active hydrogen group present in an amount ranging from 1 to 12 weight percent,
and () a material having an acid functional group or anhydride and an active hydrogen
group present in an amount ranging from 5 to 20 weight percent.
[0080] As previously indicated, in certain embodiments of the aqueous
dispersions of the present invention, a friable polymer is present 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 thercof. 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, isobornyt (meth)acrylate, lauryl
(meth)acrylate, and ethylene glycol di{meth)acrylate; vinyl aromatics such as styrene and
vinyl toluene; (meth)acrylamides such as N-butoxymethy! 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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t-Butyl hydroperoxide (70% aqueous solution) 5.8 Charge Il Deionized

wat er 337.2 Ferrous ammoni um sul fate 0. 13 Sodi um netabisulfite 8.18
Commercially available from Sun Chem cal [0127] 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|l PSM 11 basket m |l containing 353 nL of
1.2-1.7mm Zirconox YTZ(r) mlling nmedia for 1.5 hours at 1000 fpmfor the

m x bl ades _and 96Q rpm punp speed and then recycled through an Advantis VI5
Drais nil| TOBMREH HXAGPise0! sich enoxy compapyds pieaiisidylatiers pndyestanel Suwgabledi a i n a
one liter grtigdi ; ) ' 1260 fpmw th a punp
setting of QIYQH?]p%r?r_ﬁagg ?%1? gla-ﬂfe fﬂé&f&%ﬁéﬁcﬁ)ﬁ&@%&&ﬂ&@gg&%ﬁ Pt&%@%ﬁm he mlIling
was noni t ofther estyhglynidyl! etren bhayl glpgdyledrgesd thalikhe transparency of thin

films of s es dr own _over bl ack and iite Leneta paper. Charge |]
was added Snek he rg[}sqné?r?all %mﬁq@[‘ffg%?%a??@mz? fPelysRig pplurelieRe bt was
added i n tethylehitalyoinsat@dRE nfonbinetkre preschil & thé Afleoly @%&Eon%?tg?g%‘?m a

liquid with a Brookfi%d viscosity of 28.1 centipoise (spin at 30
rpm), a pHRYFRLULnEYa Wy “&“%ﬁ%ﬁ @30, sushiae A0: 1@t 40860295, imssomsassesed at 110C
for one hofism 80B¥ANBN:E).4 Pol yur et hane/ Nanopi grnent Di spersion [0128] This
exanpl e describes the preparation of a nano-sized PY 128 di-azo yellow

pi gnent di OBRlsi on. Theadusoupdispsrsionswamprisingpalpdertenclosedyertiodsloditieng mi xt ur e

of ingredi r8deft ih@enttit]ﬁ, »ﬂﬁettﬂepﬁ]ey ﬂ'ﬂhﬁi@ta%ablé gcg)rn%grl ot I%ts, 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-enciosed 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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{6087} In these embodiments, the water-dispersible polymerizable dispersant is
capable is dispersing itself and other materials, including the ethylenically unsaturated
monomers, in the aqueous medium without the need for surfactants and/or high shear
conditions. As a result, the foregoing method for making an aqueous dispersion of
polymer-enclosed particles is particularly suitable in situations where use of the high
stfess 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 embodiments, the aqueous
dispersions of the present invention are prepared by a method that does not include the
step of subjecting the mixture of particles, polymerizable ethylenically unsaturated
monomer, and water-dispersible polymerizable dispersant to high stress shear conditions.
[6088] 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
pulveﬂzing 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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t hat 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.
[6093] 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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was subsequently used to the formthe respective pol yurethane/ nanopi gnent
di spersions of Exanples 7 to 9 and 13. The pol yurethane di spersion was .
prepared fromthe follow ng mxture of ingredients in the ratios indicated:
| ngredi ents Wi ght (grams) Charge! Poly (butylene oxide) 5 355.6

Di met hyl ol propi onic acid (DMPA) 119.2 Tri-ethylam ne 54.0 Butyl at ed

hydr oxyt ol uene 2.2 Tri phenyl phosphite 1.1 Charge Il Hydroxyet hyl

nmet hacryl ate (HEMA)
absorbance. An acceptable haze may be achieved for relatively large particles when the

difference in refractive index between the particles and the surrounding medium is low.
Conversely, for smaller particles, greater refractive index differences between the
particle and the surrounding medium may provide an acceptable haze.
[0095] In the foregoing methods of the present invention, upon reaction of the
ethylenically unsaturated monomer with the polymerizable dispersant, polymer-enclosed
particles are formed, which, as previously indicated, the inventors believe results in a
phase barrier that physically prevents the particles, particularly nanoparticles, from re-
agglomerating within the aqueous dispersion. As a result, the foregoing methods of the
present invention result in an aqueous dispersion of particles, such as nanoparticles,
wherein reagglomeration of the nanoparticles is minimized or avoided altogether.
[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 a hammer mili 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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27.8 Butyl methacrylate 48.4 Butyl acrylate 319.2 Charge Il Methyl ene
bi s(4-cycl ohexyli socyanate) 558.9 Charge |V Butyl nethacrylate 55.6 Charge

V Deionized water 2086.3 Di et hanol am ne 20. 2

group-contatning acrylic polymer or a polyglycidyl 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 S0 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.
[6102} 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-QO-
SIL. The fumed silica is present in amounts ranging from 0.1 to 1 percent by weight
based on total weight of the powder coating formulation.
[0103] The present invention is also directed to methods for making powder
coating compositions. In certain embodiments, wherein the polymer-enclosed particles
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B e e
dry materials; (2) blending (a) and (b) in the extruder; (3) devolatilizing the blend to
form an extrudate; (4) cooling the extrudate, and (3) milling the extrudate to a desired
particle size. As used herein, the term “devolatize” means to remove volatile materials,
including water and organic solvents. In certain embodiments, such powder coating
compositions are made by a method and/or apparatus described in United States Patent
Application Publication Nos. 2005/0212159A1; 2005/0213423A1; and/or
2005/0212171A1, the relevant disclosures of which being incorporated herein by
reference.
{0104} In these methods of the present invention, the dry materials may include
the particulate film-forming resin described earlier as. well as any other composition
additives. The dry materials may be first blending in-a high shear mixer such as a
planetary mixture. In certain embodiments, the dry materials and the aqueous dispersion
of the present invention are then blended in an extruder at a temperature ranging from
80°C to 150°C. The extrudate is then cooled and pulverized into a particulate blend,
{0105] The powder coating compositions of the invention can be applied to a
variety of substrates including metallic substrates, for example, aluminum and steel
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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[0106] As a result, the present invention is also directed to substrates, such as
metal substrates, at least partially coated by a coating deposited from a powder coating
composition of the present invention.

[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-powdet 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 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 ceating 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 ﬁhﬁ-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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[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 aiternatively 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-bormne, 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).
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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. Asa
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
nichness. 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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invention can be used for color matching of coatings deposited from liquid coating
compositions. These methods comprise: () 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] Ilustrating the invention are the following examples that are not to be
considered as limiting the invention to their details. All parts and percentages in the
examples, as well as throughout the specification, are by weight unless otherwise
indicated.

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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Dei oni zed water 512.1 Ferrous ammoni um sul fate 0.15 Sodi um
metabisulfite 12.3 [0138] The ingredients were m xed using a Ross
rotor/stator m xer Moddel #HSM 100L for 5.5 hours and then recycl ed through
an Advantis V15 Drais m |l containing 500 mM of 0.3 nmm Zirconox YTZ8
grinding nedia in a one liter grinding chanber. The m xture was m || ed at
1400 rpmfor a total time of 23 hours. The progress of the mlling was
nonitored by visually observing changes in the transparency of thin filns

Charge 111

of sanpl es drawn dogreNeits bl ack and white Lenet wepdp@fram&Nal ge |1 was
added and t he resultdi 1 stirred 5 mnutes Charqge |1l was added
in two aliquots oveekaed nutes. The final product was a yellbw liquid with
a Brookfield viscqdidy(ne¢phylgpe adipitge (spi ndl e #1780.060 rph), a pH of
7.3, and a nonvol gtRiethybaprepibnioficid BDBWALS nmeasur ed280.7110C for one hour.
EXAMPLE 10 Pr epar|dir-ethylamidédowder Coati ng Congositi op7.i nternedi ate
[ 0139] Thi s exanpl g gted BeGotyigudnceparation qf a cogg Tormul a of dry
materials used to %ﬁghﬁgm@gr coating comgositiopg of “the subsequent
Exanpl es. The cor ¢ ¢ Pl Was prepargd frunLthe fgi owng—ngredi ents in
the ratios indi Cat%ﬁiﬂlﬁé&mﬁméwm s—Parts U)f'lé,_",l‘si ght

Butyl methacrylate 791.2

Charge I11

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]

flask equipped with an electronic temperature probe, mechanical stirrer, condenser, and a

The polyurethane dispersion was prepared in a four neck round bottom

heating mantle. Charge I was stirred 5 minutes in the flask at a temperature of $0°C.
Charge Il was added and the mixture was cooled to 60°C. Charge IIT 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, I,
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,
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EXAMPLE 2

1 Uralac P880 Resin 81.136 2 Primd XL5527 11.064 3 Resinflow PL 200g 1 4
Benzoin9 0.7 5 Irganox 107610 1.2 6 Flow Additive 1.3 7

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)
Chargel
Polyurethane dispersion of Example 1 4772.7
Deionized water 2304.5
Hydroquinone methyl ether (MEHQ) 1.36
PB 15:3 pigment’ 700.0
Sheilsol OMS (Shell Chemical Co.) 86.4
Charge I1 .
Deionized water 71.5
t-Butyl hydroperoxide (70% agueous solution) 5.8
Charge I
Deionized water o 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 miil
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
V135 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
tpm 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 I 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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Tinuvin 144" 1 8 Tinuvin 900" 2 9 Transparent Zinc Oxidel2 0.5 10 Al um num
xide C13 0.01 om USM Resns ' Commercially available fromEMS 8
Commercially available from Estron Chem cal 8Commercially available from
GCA Chemical . i Commercially available. fromdariant Il Commrercially
avai | abl e from CLBA 12 Commercially avail able from Bayer Chem cal 13
Comrerci al available from Pal mer Supplies 101401Conponents 1 to 9 were
prem xed in a Henschel Blender for 1 minute at 1000 RPM The m xture was
t hen extruded through a Coperi on WRAMPUB 3cOo-rotating twin screw extruder
at a 340 RPM screw speed and an average torque of . 30-40% The extruder was
equi pped with a | ow pressur gl 20e/ NG ) BRIAION| ve | ndependent |y

t enper at ur ggieent r ol I'pgs & e@&b@?&%?f@%&qtlbﬂ‘oﬂéma}ﬁ@zg ﬁlﬁq;%Publ | shed

Pat ent Applications 2005/0213423; 2005/ 0212159A1; and 2005/ 0212171A1. The
five i ndepawaemdpye megﬁuermuwdtsmmml Tleatlisporsion Wasipecpatsdtironi thed at t he

foll owi ng raRALALNESS or fORSchs B0 (£80FRc20C Zone 3: 130G Zone 4

120C;, Zone and ground in a nechani cal
mlling systemldgrediepart i cI e size of about 28 to 30W8iEf@Rsms)Oversi zed
particles wer =¥sl

Charge 1

Polyurethane dispersion of Example 1 4772.7

Deionized water . 2304.5

Hydroquinone methyl ether (MEHQ) 1.36

PR 122 pigment’ 700.0

Shelisol OMS (Shell Chemical Co.) 86.4

Charge 11

Deionized water 71.5

t-Butyl hydroperoxide (70% aqueous solution) 5.8

Charge I

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 visualty
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 1pm), a

pH of 7.61, and a nonvolatile content of 28.2% as measured at 110°C for one hour.
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conmponent 10 was added. EXAMPLE 11 Preparation of Powder Coating
Conpositions [0141] Vari ous powder coating conpositions were prepared from
t he powder coating conposition internediate of Exanple 10 and the

Pol yur et hane/ Nanopi gnent Di spersions of Exanples 2-4 and 7-9, as well as
various m xtures of those dispersions (weight ratios ranging from90:10 to
10:90). Each of the powder coating conpositions were prepared using the
Coperion WeP 30mm co-rotating twin screw extruder and conditions described
in Exanple 10 equipped with a | ow BKaMPEE4i nj ection systemand five

i ndependent|y tenperature ol | ¢ as _described in United States
Publ i shed Patent Applicati 6Hs-256" 32 (IBREsIaB 12159A1: and

2005/ 02121[012d]. The THV&QmpRAREIBSs tﬁ@ ﬁiaﬁcbrﬂffa'ﬂﬁﬁ@%ﬂ&ﬂ!’?tl% gfafexanpl e 10
wasfedtothe extruder at a rate of gr ans r mnute and the pignents
di sper si on¥lip@remey dispersiga. Ehe ﬁhéﬂféﬁwfawasd?r?@f@%ﬁﬂ@e@ll:ﬂ“ﬂh&mp@wenf nut e

through a JL,@WJRhESS HeSatldliREdkAn System Zone 4 was equipped with a
devol atilization port for volatile vapor renoval. The extrudate was cool ed

and ground in a nechanical mlling systemto a particle S|ze of about 28 to

30 mi crons. Efﬁclg?ljﬁﬂ%—%—erhmﬂﬁ—ﬁg—%t frot [’“"” Thi-=S ._,\u.. e
dermonstr at es fHPFOved ability of the powder {c Jsig si{ions of the

present inven{Chirgeg match the color of a chromstl C coatl ng dep)si ted from
a liquid coat|pdyseMResdifgeRibn JiExkRbR 1EXANDI €, g ChTongy3 & purpj e/ magent a
coati ng depos DEOniEEPRLE | 1 gurd coat g COMpOoST tion vv@ﬂ'g'e—?faMar d. The

|.

P

}JC\.’LI U I

col or data as MEGR] t+—=angte tef at various
ol ot H?&Béﬁn éﬁe%ﬂmmavmﬁm g S loantod the

'i

(D 4
T

a
U T
A _r

T

vi ewi ng angl e ] et—t+-t& coat
best cgl orgma (128 piement Fe—aehieved using—a pe‘.ﬂ,derm rg;x-l-ng_,orrposi tion
conprising on $1“°l’$°l£§3ﬂ$§lﬁmﬂéﬂ&1£@bmder coatidg B reflBsents {he best

col or match thGhatgsedl 4 ne achi eved usi ng a_powddr coating composition
conprising a coepniget WHer of t he nanopi gnent di sper si ondldf Exanpl es 2-4 and
7-9. Powder [GoButyHiydropeysside (70% FBb®s splutianh C 15 9.2 5.8 .

Charge III

Deionized water C : 337.2
Ferrous ammonium sulfate : 0.13
Sodium metabisulfite ' o 8.18

* Commercially available from CIBA.
[0129] The ingredients were mixed using a 4.5 inch Cowles bladé attached to an
| air motor. The mixture was then pre-dispersed with a Premier Mill PSM-11 basket mill
containing 353 mL of 1.2-1.7mm Zirconox YTZ® milling media for 4.7 hours at 1000
fpm for the mix blades and 960 rpm pump speed and then recycled through an Advantis
V13 Drais mill containing 500 mL of 0.3 mm Zirconox YTZ® grinding media in a one
liter grinding chamber. The mixture was milled at 1400 rpm with a pump setting of 19
rpm for a total time of 18 hours. The progress of the milling was monitored by visually
observing changes in the transparency of thin films of samples drawn down over black
and white Leneta paper. Charge II was added and the resulting mixture was stirred 5
minutes. Charge ITI was added in two aliquots over 5 minutes. The final product was a
yellow liquid with a Brookfield viscosity of 48.1 centipoise (spindle #3 at 30 rpm), a pH

of 7.40, and a nonvolatile content of 29.4% as measured at 110°C for one hour.



-14.6 8.53 -15.6 25 6.27 -7.94 5.68 -8.46 45 8.19 5.16 5.71 5.35 75 10.083
17.53 6.73 18.34 110

EXAMPLE §

Drum Drying Nanopigment Dispersion

[0130] | This example describes the conversion of the liquid polyurethane
/manopigment dispersion of Example 3 to a dried material suitable for mechanical milling
into a powdered feedstack 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 mi! 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 §

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:

237-



10.69 22 7.24 22.97 Powder Coating B Angle L a b C15 -9.58 -9.21 -1.6
-8.57 -3.72 25 -5.59 -5.98

Ingredients Weight (grams)
Chargel
Poly (butylene oxide)° 355.6
Dimethylolpropionic acid (DMPA) 119.2
Tri-ethylamine 54.0
Butylated hydroxytoluene 2.2
Triphenyl phosphite 1.1
Charge 11
Hydroxyethyl methacrylate (HEMA) 27.8
Butyl methacrylate 48.4
Butyl acrylate 315.2
Charge II1
Methylene bis(4-cyclohexylisocyanate) 558.9
Charge IV
Butyl methacrylate 55.6
Charge V 7
Deionized water 2086.3
Diethanolamine 20.2
Ethylenediamine 26.9
Dimethylethanolamine 19.7
Charge VI L
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, mechanica 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 I1I 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 [, 11, 111,
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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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)

Charge 1

Polyurethane dispersion of Example 6 7271.0

Deionized water 3293.1

Hydroquinone methyl ether (MEHQ) 2.0

PB 15:3 pigment 1079.5

Shellsol OMS (Shell Chemical Co.) 131.5

Charge I

Deionized water 102.4

t-Butyl hydroperoxide (70% aqueous solution) 12.3

Charge 1H

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

hour.

.39,



6.32 -3.8 [0143]In this Exanple, a positive trend in "C' value is Cbserved
thus indicating a better color match with the standard at face angles (15
and 25). Wen neasuring flop angles (45,75,110) negative trends indicate
dar ker and nore desirable chroma novenents. In the case of the above
sanple, all three angles decreased in their values in regards to the
original powder match thus noving closer to standard. EXAMPLE 13

Pol vur et hane/ Nanopi grnent Di spersion 101441Thi s exanpl e descri bes the
preparation of a nano-sized PR 179EX&MPERE red pigment di spersion. The
di spersi on was prepared frgnfth e itk ure of ingredients in the
rati os indicated: Ingredie ET gt : Yoyttt et hane di spersion of
Exanpl e 6 Bd351 3 Del"ﬂms mmpmwnbééﬁép&pﬁalw&amaﬂmaédlm1@8 2 Shel | sol

OV (Shel |l Chem,cal 2 18. 2
qumacndone 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 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 IT
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 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 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 ITI 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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y avail able trom Sun Chernica [0145] The ingredients were m xed and

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 a maxi mum of 1350 rpmfor a total tinme of 42.75 hours. The
final product was a red liquid with a nonvol atile content of 39.4% as
nmeasured at 110C for one hour. EXAMPLE 14 [0146]In this Exanple, two
powder coating conpositions were prepared using the ingredients and the
met hod described in Exanple 10. Foéééﬁﬂﬁhﬂé 14a, 3 parts by weight of PR
179 pignent, commercially Chenlcal was included in the
conposi tion of Exanple 10. B ¥%§ ah D s by wei ght of the

pol yur et haH3BRknopi gﬂﬂmxam;JiﬁpESmb@mtha@sepmﬁbIU(iliefhahﬁLsizB@PYQQBGﬁhéol on of

Exanmpl e 10 coat | asi tions of, Exanpl es 14a and 14b were
electrostaylgﬂf?gﬁapgﬁﬁj5“?oqg 8§g¥§mlg@%@?ﬁ%%b%?@Hwﬁﬁm%ngHmﬁwfpénels wer e
cured at amgedpmopn tirtretiglielaiad t enperature and cool ed to anbi ent
tenperature. Col or data was neasured by an MA68I Milti-angle

spectrophot oneter at various view ng angles. The results are "illustrated

in Table 1 an ib@ROr t ed-as the difference T thesvarue—+for—Exanpl e 14b
as conpared t ! Iﬁ%‘i‘f‘? 14a. Angle L a 15 -1.76 -~5ei86t@rams) 4 osrrPo. 77

Charge

Polyurethane dispersion of Example 6 7271.0

Deionized water 3293.1

Hydroquinone methyl ether (MEHQ) 2.0

PY 128 pigment 13079.5

Sheflsol OMS (Shell Chemical Co.) ' 131.5

Charge I1

Deionized water 102.4

t-Butyl hydroperoxide (70% aqueous solution) 12.3

Charge I

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 m!l 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 IT 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 yetlow 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 ! 10°C for one hour.
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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

EXAMPLE 10

Preparation of Powder Coating Composition Intermediate

[0139] This example describes the preparation of a core formula of dry materials
used to make the powder coating compositions of the subsequent Examples. The core

formula was prepared from the following ingredients in the ratios indicated:

Component | Ingredients Parts by Weight
1 Uralac P880 Resin® 81.136
2 Primid X1.5527 11.064
3 Resinflow PL 200A% 1
4 Benzoin® ‘ 0.7
5 Irganox 1076 1.2
6 Flow Additive 1.3
7 Tinuvin 144" 1
8 Tinuvin 900"

9 Transparent Zinc Oxide™ 0.5

10 Aluminum Oxide C"° 0.01

Commcrcxally available from DSM Resins
Commercnally available from EMS
Commercza]ly available from Estron Chemical
Commercmlly available from GCA Chemical
' Commercially available from Clariant
" Commerma]ly available from CIBA
Commerc:ally 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 2 mechanical milling system to a
particle size of about 28 to 30 microns. Qversized particles were removed and

component 10 was added.
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- -10. -6.68 -12.74 -0.18 [0147]In this Exanple, the reduction in
"ﬁ;SSalﬁg ?ﬁdigated an increase iL color richness and devel opnent. [0148]1t
wi |l be appreciated by those skilled in the art that changes could be made
to the enbodi ments described above w thout departing fromthe broad _

i nventive concept thereof It is understood, therefore, that this invention
is not limted to the particular embodinents disclosed, but it is intended
to cover nodifications which are within the spirit and scope of the

i nvention, as defined by the appendnﬂmﬂPBEﬁﬁ WE CLAIM 1. A powder coating
conposition fornmed from a '_p r5|on conpri sing pol yner-encl osed
particles, wherein the pcHh 5 HeQIESIEEAHr | se particl es

encl osed by a friable polynmer, the pomder coating conp05|t|on nmade by a

met hod conpi®i4i ng: (Y)lﬁéu%tpro@dthdoﬂﬁlgtd@n@:ﬂsxﬁé‘ﬂsﬂ%ﬂ@ﬁreﬁ%&?ﬂ@rﬁ rising:

(a) the aquequs dis mat eri al |ng a) and (b)

b
in the ext iyt P%‘?geé%?l%fm? 13tp H#¥W¥%1%ﬁ'd ﬂtlfoPtﬂnrrnﬂwm/Péammgdmme

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 system toa partlcle 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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(4) cooling the extrudate, and (5) mlling the extrudate to a desired
particle size, wherein the friable polynmer conprises the reaction product
of: (1) a water-dispersible polynerizable dispersant; and (2) a

pol ynmeri zabl e ethyl enically unsaturated nononer. 2. A nethod for naking an
aqueous di spersion of polyner-enclosed particles conprising: (1) providing
a mxture, in an aqueous nedium of: (a) particles, (b) an ethylenically
unsat urated nononer, and (c) a water-dispersible polynerizabl e dispersant,
and (2) polynerizing the ethylTBIdal | y unsaturated nononer and

pol yneri zabl i sant .to form pol yner-encl osed particles conprising a
wat er - di sperglllqudZepg‘{S’fis'ﬁ%ﬁ wherein the nethod does not include the
step of subjecti ngﬂt he m xture to_high stress shear conditions. 3. The

met hod of claim 2] gfﬁerei n the pafticles arfe fornkd int€® nanoparticles
after step (1). 4.YThe nethod of c}aim2, weteiB.5he wdbsr - diespersi bl e

pol yneri zabl e di sp%? sant conpri s®27pol ynerl-2abl e5.6bl yestdsr palgpur et hane
havi ng a wei ght av&tage nol ecul a8.Mei ght &f1640, QDD t 0 885000 sg3ans per

mol e. 5. A powder ¢bating conposi@9bn for hksB f r g¥an aguwaous 4djssper si on
prepared by the ndfliod of clai mB®.6%. A netiwd for2aekingrzan aggeous

di spersion of polyner-encl osed particles

Powder Coating B
Angle L a b C h

15 -9.58 -9.21 -1.6 -8.57 -3.72

25 -5.59 -5.98  -3.27 -5.13 -4.49

45 0.25 0.09 -5.75 1.06 -5.66

75 1.75 5.86 -5.54 6.43 -4.86
110 1.84 6.02 -4.26 6.32 -3.8

[0143] In this Example, a positive t'renc:{ in"C"valug is ébsewed thus indicating a

better color match with the standard at face angles (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 three angles decreased in their values in

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

EXAMPLE 13

Polyurethane/Nanopigment Dispersion

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

ingredients in the ratios indicated:

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

" Commercially available from Sun Chemical
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conpri sing subjecting an aqueous nediumto pulverizing conditions, wherein
t he aqueous nedi um conprises a m xture conprising: (a) particles, (b) an
et hyl enical ly unsaturated nononer, and (c) a water-dispersible

pol yneri zabl e di spersant, and wherein the pol yner-encl osed particles
are formed by polynerizing at |east a portion of the ethylenically

unsat urated nononer with the water-dispersible polynerizabl e di spersant
during the pulverizing conditions. 7.A nethod for maki ng an aqueous

di sper si on [of45pol yneTheinglcaRed Wi Rpak hhdles1RRL LA Advihlid VgD, Xture
conpr|5|ng:_ﬁa) particles, bb) an ethyl eni cal |l y unsaturated nononer, and

(c) a wat erificSpenEien R npof \-Aurm Zansenoxdi s4f eauding mpdia e enpldbongsindingi um
et Pyl eni cal Ty bRoar o e e T gk o LB i B B B B 2 e
di sper sant heumsi hhe fired predhetiwag a rethliquiheite 2 modvodatitd dohiengoff3@d¥ananoparti cl es
col or -1 mpatl i e ECHRENUBE 1 Tayer deposi ted f1om a povder coating
conposition of claim1l, wherein the polymer enclosed particle conprises
pol yner - encl osed nanoparticl es hayén %qﬂgﬁinun1haze of 10%
{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
elevated temperature and cooled to ambient temperature. Color data was measured by an
MAG68I 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 -3.41 -59 -102 . -1.23
75 -4.5 -10.17 -6.52 -12.06 -0.65
110 -4.59 -10.85 -6.68 -12.74 -0.18
[0147] In this Example, the reduction in "L" value indicated an increase in color

richness and development.

[0148] It will be appreciated by those skilled in the art that changes could be
made to the embodiments described above without departing from the broad inventive
concept thereof, It is understood, therefore, that this invention is not limited to the
particular embodiments disclosed, but it is intended to cover modifications which are

within the spirit and scope of the invention, as defined by the appended claims.
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WE CLAIM:

1. A powder coating composition formed from an agueous dispersion comprising
polymer-enclosed particles, wherein the polymer-enclosed particles comprise particles
enclosed by a friable polymer, the powder coating composition made by a method
comprising:
(1) introducing to an extruder components comprising:
(a) the aqueous dispersion, and
(b) dry materials;
(2) blending (a) and (b) in the extruder
(3) devolatilizing the blend to form an extrudate;
(4) codling the extrudate, and
(5) milling the extrudate to a desired particle size,
wherein the friable polymer comprises the reaction product of: (1) a water-dispersible

polymerizable dispersant; and (2) a polymerizable ethylenically unsaturated monomer.

2. 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.

3. The method of claim 2, wherein the particles are formed into nanoparticles after
step (1).
4. The method of claim 2, wherein the water-dispersible polymerizable dispersant

comprises polymerizable polyester polyurethane having a weight average molecular

weight of 40,000 to 80,000 grams per mole.
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5. A powder coating composition formed from an aqueous dispersion prepared by

the method of claim 2.

0. A method for making an aqueous dispersion of polymer-enclosed particles
comprising subjecting an aqueous medium to pulverizing conditions, wherein the
aqueous medium comprises a mixture comprising:

(a) particles,

(b) an ethylenically unsaturated monomer, and

(c) a water-dispersible polymerizable dispersant, and

wherein the polymer-enclosed particles are formed by polymerizing at least a
portion of the ethylenically unsaturated monomer with the water-dispersible

polymerizable dispersant during the pulverizing conditions.

7. A method for making an aqueous dispersion of polymer-enclosed nanoparticles
comprising milling a mixture comprising:

(a) particles,

(b) an ethylenically unsaturated monomer, and

(c) a water-dispersible polymerizable dispersant, in an aqueous medium,

wherein the polymer-enclosed nanoparticles are formed by polymerizing the
ethylenically unsaturated monomer with the water-dispersible polymerizable dispersant

during the milling, and wherein the milling forms nanoparticles from the particles.

8. A reflective surface at least partially coated with a color-imparting non-hiding
coating layer deposited from a powder coating composition of claim 1, wherein the
polymer enclosed particle comprises polymer-enclosed nanoparticles having a maximum

haze of 10%,.
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