COATED ARTI CLES AND MULTI - LAYER CQOATI NGS FI ELD OF THE
I NVENTI ON [ 0002] The present invention relates to
wanbtisplisao havi ng a surface, wherein a col or-i mparuSnWs/021128
non- hi ding coating layer is deposited on at |east a
portion of the surface. The coating |ayer is deposited
froma protective coating conposition conprising
color-inparting particles having | ow haze (high
transpar el@QATEDIARTICL BS AN D MY LT LiAYERICOATEN G
inventionis also directed to nulti-layer coatlngs
that include such color-inparting |ayers. BACKGROUND
OF THE | NVENTI ON [ 0003] "Col or-plus-clear" coating
systens involving the application of a col ored
pi gnent ed basecoat to a substrate foll owed by
application of a clear topcoat over the basecoat have
becone i ncreasingly popular as original finishes for a
nunber of consumer products including, for exanple,
cars and floor coverings such as ceramc tiles and

wood fl ooring. The kﬁéEDpd)#SrﬁéﬁQ{/ wag systens can
have out st andi ng appemﬁnte—m-cperg-es—ﬂ ncl udi ng
gloe9R] and dee ipnesare rsvevitionmeltes {OAdidles " Havirepatsurface,
coatl nrglas tens are used in certai n coat i

[

a‘ff eI 'mﬂﬂn%peﬂé}@neaﬁa&lea.% ’%dﬁg%?jted on at least a
t

SFTORIE pGRLEE 16 SEhidg SRR ST 13 i aieD
Tmaim@t cczryswﬁzsn iccxripujdmgaaolwdim parbng padolesx ha\npguiqw hgze

non- hj di n r d ed bet ween .t he basegcpat
AUBre rEh TP g Rt ahand By Bh TR EB4HRE o Y PEoant BIBBHGY | also
| BiYEBtHE o hﬂﬁtl%@r'cééﬁhg’i‘tr%ﬁf irfclddd §uc§b@l6?~|rﬁb5ﬂﬂptl§§i’ers
basecoat, wthor without a reflective conponen such
as net al I ic and/or m caeous interference fl akes,

foll owed by the application of a second stage

col orinparting Py i then a
clear topcoat. [LJ%E?C%. UNDOE T8 N?WN

ClRI003] i mpar tGdigr-pls-dieat’ Rgathegtystensayes!ving theretp@IhOatlon ofa’
tricoat systens can be to provide col or dept

rwﬁwés@gmnﬁ% bpsacad &0 a|8é5bétratm"@wefi§ysaﬂ%nca%@ of a clear
KRRWBaBSvdrife HaRBEb&ha B B Dme ¥easingly popular as original

finishes for a number of consumer products including, for example, cars and

floor coverings such as ceramic tiles and wood flooring. The base-plus-clear
coating systems can have outstanding appearance properties, including gloss
and distinctness of image.

[0004] “Tricoat” coating systems are used in certain coating
applications. Such systems can achieve a deep transparent color effect as
compared with the two-step base-plus-clear coating systems described
above. Tricoat systems include an additional color-imparting non-hiding layer
deposited between the basecoat layer and clear topcoat layer. A standard
tricoat process involves the application of a first stage pigmented basecoat,
with or without a reflective component, such as metallic and/or micaeous
interference flakes, followed by the application of a second stage color-
imparting non-hiding coating layer and then a clear topcoat.



exanpl e, in certain applications, an organic red

non-hi ding coating |ayer may be applied over a red
wori@loizao basecoat | ayer to enhance the red cobor/usepsih21128

and richness of the red netallic basecoat. In sone

tricoat systenms, a colorinparting non-hiding coating

| ayer provides a contrasting color effect over the

ba[oeoapt | ay®@ne lpam)éeeofqhetdmebrqmrﬂm hom-hiding @bltuSg layer in

plied, For exanp in certain applications,

o GREIRTE Tic0@! RUHETISRADE 4§ BIORS clor PN @t HoRoss to the
S'tia‘%%%oﬁ?l‘agé} \hiQF RS Etulr@té%om N fh\é' ‘%Snalerde%ffect For

éar ance. n ano

y edxlaonple pin-dartdim gpbﬁr;a&bnsaan begaarﬂ@kedadommmng coeting Iayer may
netal |l i,c basecoat ilﬁ(?r {o grow de an orange, neta

affeapRlifdeoVer Gotss me m layes R ANBANGH thenr&airqqlwgdepth
noefhd“h s%ﬁﬁ%g%d h‘gééglflé bA5ECEHIP 1A SB8rnRViFicodt SRt ?,aél color-

| ayer as descri ve but w thout application
adaipartivgphorcheting caatingleyer providdwes eontrastimy eelpr effect over the

o eanal By Bei e o the Reriath ofieiers ARISd. Por example, in
cl RAM=HPEPplidABAZ] an Brgj%tri‘n‘@fe&ﬁéﬁ%dnﬁ??a%}%r mer%be agplled over a

col or - |n'part|ng non- hi di ng coatin ayers
amdve@meé@hcab@e@aé layeatto @gow@gerredmef@ﬂiqanpaaaance In another

AERBE o bl BRSSP RiniCha T iy be ey {VET 8ka

t yhedicl baseicout k§eP® Provitledsn 8 dg@mbeamd Qgpé@rahbé
substrate. [0008 Hi storicall es have been used to

adfP@Gk a tlasopE eatess SH6H &P %ﬁmpﬁrtm;mpn hiding coating layers
goelrg g?ﬂ@@'b(/épg b%gecgét%gn &soaéédsﬁ)eda%edv% bdt%ﬁ{‘iﬁ{f application |

I ons €S are consi der organi ¢ colo )
t Imﬁtanaardiimmab IcMaebcyatslaye:bl [ tmsmimtamspm ¢olgr-imesarting non-
d which do .not scatter I|j in the so|vated state.
Dﬁ@ng FORKNG faves tyRifallyorroy Swe%rrﬂeﬁaﬁgm%rs@ 3 fraditional
pi pbst Wwhen exposed to anbient [ight and weathering
conditions. Dyes often possess poorer col or
pd08OZ) enci ds oftrencasegntvese ablor-itrpartireg nonémﬂag«::patmg layers

d)far abﬁ @ﬁyéa%?%uéagﬁecqo%@tg %@rﬁ?@ﬁgao ra?e with no

g;ﬂgggg??tgg AéskcohlayeF Pres@nbaAgSint Bﬁcﬁ gdlor®parting non-hiding
-coating layers typically provnde both color and protection to the substrate.
[0008] Hlstoncally, dyes have been used to achieve a transparent
cOIoration in such color-imparting non-hiding coating layers. In such
apphcatlons dyes are considered organic colorants that are completely
“soluble within the coating medium and which do not scatter Ilght in the
solvated state. Dyes, however, often possess poorer fastness than plgménts
when exposed to ambient light and weathering conditions. Dyes often

~ possess poorer color persistenbies than pigments due to their tendency to
migrate to the surface of the coating. in certain dyes, heavy metals are

- inc__:brporated to impart coloration and, in turn, enhance the fastness properties

of the dyes; Many heavy metals, however, are cohsiydered toxic and, as a

result, thére are obvious health and safety concerns with their use.
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of the dyes. Many heavy netal s, however, are

considered toxic and, as a result, there are obvious
waeadston2eand saf ety concerns with their use. PCT/US2005/021128

?Additionally, dyes may mgrate to the surface of the

coating layer, which can lead to loss of color. [0009]

Thus, there is a need in the coatings art for coated

ardditiosally, alyiasgndy paigrate do thesedaceotiblecgoatingdayernyhich can

in ting layer that can have transparency
aﬁ%?Jg{ﬂdIB?’gQgﬂ‘S]QFabl e to that of a sinilar coating
| 0609]cOoNt aATRLBOtHEYE & arh@ee% tHe BEAtFIGE! S0 s dVBREBFICRSS

simlar to conventionally pignented coatings. SUMVARY
ohavml depesitEd trereoo E0tolbriroparting feachidingeoaiingdayar that can

on s dire e

< BPr R ENgnr e il forhbiaRls T MRER i hestino dpyer
I avAtaitieg eybs efdf dosn FerBiseirret propefratdimilacRgssichtionally
is depositéd on at |east a portion of the surface. The
pipigreented€ogdingsng conposition conpri ses
colorinparting particles having a nmaxi num haze of
about 10% and a filmformng resin. [001 1] In another

~respect, the preseSUMMARY OBTHE INVENTION t o nul ti

| ayer coatings. The multi-layer coat|ngs of
é%@]t i nv&RPNBREERARY Y § ePreg%Dt 'ﬁv%l%}'slqﬁ?&iq faarticles

”%B rgtr@ga mgeﬁ%@ QSR a%rb?%@sﬁ rfrd ﬁ&ﬂ-ﬂ.&ﬁgksamgv%yer

coa oslti'on conprising i mpart
p_aleposntaisfrhawa pg)tacmm(cwatmgmpmsltlm Mep@tedrcm at least a

filmf d r ‘
1EpBT SINB uTaERe THG RiPiSal COPIGD AOMARSIRgEragizes color
[ @paHingrbartielbs h@omg@hawaeﬁmazet BealiSLAIE%% ahB\ePfihi-Riiming

is direCted to a mul'ti -1 ayer coating system
codgni sing: (a) a basecoat | ayer deposited froma .

i

C%Iér%@ahﬁgﬁf THE mtl-ﬂ r@oakingd of Brspredepdinventiotombeise: (a)
basecoat and a clearcoat | ayer deposited -
o\aeq*olgq-mmgmg aopthiqilngrgoatlng Iayer deposnted from a protective coating

composition comprising color—nmpartmg partucles havmg a maximum haze of

about 10% and a fi Im~form|ng resin; and (b) a clearcoat Iayer deposnted over
the color-imparting non- -hiding Iayer ‘

[0012] In still another respect, the present mventlon is directed to a
multi-layer coating system comprising: (a) a basecoat layer deposnted from a
film-formingacomposition comprising a resinous binder and a pigment; (b) a
color-imparting non-hiding cdating Iayer‘deposite‘d over at least a portion of

~ the basecoat layer; and (c) a clearcoat layer deposited over at‘léast a portion

“of the color-imparting non-hiding layer. The color-imparting non-hiding
coating layer is deposited frbm a protective cbating composition comprising
color-imparting particles,having a maximum haze of about 10% and a film-
‘for‘ming reSin. The clearcoat iéyer is depositéd from a film-forming . |

composition comprising a resinous binder.



of the color-inparting non-hiding |ayer. The

col or-inparting non-hiding coating |ayer is deposited
wonowsazpoot ective coating conmposition conpri sPam/US2005/021128

color-inparting particles having a maxi num haze of

about 10% and a filnform ng resin. The clearcoat |ayer

is deposited froma filmformng conposition

CW3]S| ng Metiae'dsm&ﬁngiﬂmse[MMSiﬁmmate;aISOMithm tiee scope

it within.th
A ERerian. aa ot Sifietef dalet anoling o BieHRTgelpnese
met hods. BRI EF DESCRI PTI ON OF THE DRAW NG [0014] Fig.

1 is a graph of particle size versus dlfference in
refractive i nd8RIEGrDESCHR A

r us Dbi DESCRI \

IS B s G }S%féPQHTfﬁﬂeeﬁ%iﬂ)ieé@Ct'VG
ormcv&@rbeceioheitvisa“rﬁcle@@ugﬁémbd il 4 réYineLes Bindeper i cal

par anet ers and/or ranges expressing, for exanple,
quantities of |ngred|ents reaction condltlons and so
forth used

under st 533 s

t gpon 5]about Othécmrndh m@é bpermingse(am\piee acbreidhéie cbth@rw:se
contrary, the nunerical paranmeters set forth in the

f mq'@ﬁiﬁﬁgaléﬁ@mbﬁr%ﬂqn@ﬁf'% Rararnelere andlosirarRges expressing, fo"
Q%ﬁ'@' dé”ﬁda%ﬁ §Biain e?ﬁ%{) d neﬁ'@nﬁ?w‘ﬁ@%o‘&? orth used in the

desi oper I es € 0 resen
i specification and blwnsequ to besmdeastdo@as tmsngimcnilﬁahlptallt 0

I h I h i val
RSl SRR BB ARS8 e T o,
e s b e e

smge epproinpatiens fred pady Wanyvdependinglupen theadesites
' t t rth t :
o PRe 8% s BEPETHi0S RYIRE PRt uNEbBy Atdbe Hab/Ban and not
NUBRIN SdmpBloUrsit #RE ap@iicabioh of thedeaeiakidf @qakamMt§ o the
are reported as precisely as possible. Any nunerical

‘vaFoRe of ewelaisns, asharumenical perameter sbeulsl at lgastdresconstrued in E

ﬁﬁlﬁfé&i"‘i tr%gilf&%éi%@cgﬁ%@g%ifi&%n%%ﬂg% %lﬂﬁé’b&%na%rdmary

rounding techniques.

[0016] Notwnthstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approximations, the -
numerical velues set forth in the specific examples are reperted as precisely
as possible Any numei'ical' values however, inherently contain certain errors
necessarily resulting from the standard devnatlon found in their respective ’
testmg measurements.

[0017] Also, it should be understood that any numerical range recuted
herein is intended to include all sub-ranges subsumed therein. For example,
a range of “1 to 10” is intended to include all sub-ranges between (and°
ineluding) the recited minimum value of 1 and the reeited maximum value of
10, that is, having a minimum value equal to or greater than 1 and a maximum
value of equai to or less than 10. | | |



testing neasurenents. [0017] Also, it should be

under st ood that any nunerical range recited herein is
wonverdzdot o i ncl ude all sub-ranges subsuned t ReTaiISEN05/021128

For exanple, a range of " 1 to 10" is intended to

i nclude all sub-ranges between (and including) the

recited mninmumvalue of 1 and the recited maxi mum

Vi80d8] of 10Cettaiatembod|hmntstgf thenpneisenhinvahtien acpudirected to

. t than 1 . .
rtdles oorts i s 2ce: WHP TR RS iRegtng Noribidine bating
'Slgy%nits'deboéftéd Qhra?“?éa‘ﬁq ol Sorfibh Iof LIRS sGRSEY | 'a?idﬂﬂhéreln the layer is

wherein a or-1nparting non-hiding coati ng
| dgpmsited foep agirotattive caating aemp@spj@ntocxmpmﬁest ¢ndor-imparting

sur and wherein the |ayer is poitd roma. .

HASHEES NeMEA (HITUBIOERS B SHPHicHIYE Boga fim-TRAng resin.

O[gb% i nparAg Oge@ﬁeté|ﬁ| $e t@ﬁﬁ"‘ﬁ@n-%ldm%'cmdm\ r’Orfefers toa
out®10% and a filmf ormngresm 1 used

mlrng layerewhesiein, wtmn@emmtgdmma@rf@pe ke Steltf%@%be@eath

T N T "

Whé'é@r'rl%ce'ben@@tﬁ tHem@hRihgessd gﬂ% yehig \isibRewhen the non-
i nvention, the surface beneath the non-hiding coatin

| hidiag laveris applied ghadypinal dryiimdhiskness khows infhe ad@

S11BriYP6 G8tniph $oatndB, SE 395 1o Bl 2 %toET 7 Rlcrons).

(Cbﬁe Wwdyotolassess m?)nrisdlngﬁn eymgasWSerﬁsmss opacityni Als nged hierein,

nea ur nent o 0 use

T BPRFDY B AT HyReB edoWIEN SAm At GY PaFCUBs Asisite

b?b at e. Pﬂa@ﬁ(—g}t gD ft§ er@fer%ﬁféreﬁtyto th€r8is ot"ﬁteel*e'ﬂect‘énce ofa
tIO 0] ect ance of ry coatlng
odwrcoatmg dith aveb atblagkesutistsie of 5P/esslesefreﬁentance tottkne

o Gho5 T P DS 8, SA0) 4B o B bl

r ffseate BE85% Héﬂeaeh@e NtTheRRGEENt csﬁacrtydrﬂe & addatieig filrh Will
w Il depend on the dry filmthickness of thé coating

adﬁpembom merrytfﬂmthmkness obther coglingt anththeseancentration ef color-

Bt SERRes e RE-RREERYpr A BrERR ' hon. e

mﬂ-ﬁs%palg?%l So{mﬁ@tng m(?trﬁg IaWrCh%ista Eémeht agaaq/ obricemore than
90 percen? suchnas ng moare tﬁ%’n 50 percent at ae ?:l?y fcl)lm thlckness of one
(1) mil (about 25 microns). _
| [0021] .  Asused herein, the term “protective coatingcompositicn" refers
to a corrtposition that, when depOsited onto a surface, provides protection of
that surface from degradation due to surrounding environmental conditions in
"'order to retain the lntegrlty of that surface unlike inks. Non-llmltmg examples‘ ,
of degradation due to environmental conditions include oxidation and light -
: ) degradatron In addition, a protective coatlng composition normally
possesses mechamcal properties such as scratch and ‘mar resistance.
[0022] ‘Certaln embodiments of the present invention are directed to an
article having a surface, wherein a protective coatihg ‘composition comprising
color-'imp'arting particles is deposited on at least a portion of the surface. As
5



( 1) ml (about 25 mcrons). [0021] As used herein,

the term "protective coating conposition” refers to a
woaopas2didon that, when deposited onto a surfaeer/us2005/021128

provi des protection of that surface from degradation

due to surroundi ng environnmental conditions in order

to retain the integrity of that surface, unlike inks.

Nosed |hereihn'@eete b@lgr-diﬁpdﬁ@gaﬂm’tiq‘:lea" wefierstto particles having little

environ al. i ncl ude oxi dation,and i ght

88 b ST n B Blatectie Cdbiind ottt 8 Mtfen infHirt cotor to
c ﬂf@@éﬂnbb@iﬁoﬁorNHH liMitPRSSeeNes BRSHAN bél%'r-lrﬁgeﬂﬁigt pfficles
such as scratch and nmar resistance. rtain
eifsbuiapigments thatempaé@m)lor Avemas ,a@reem y&llove cinddblue,

AR SErmosh B it i TSt vna e U the color-

pﬁﬁpamhgqoarﬁcldg A IViIfiEh ffa)abe LS8 in thePBridseAindEntiGitinclude,
surface. Asused herein, the term"color-inpartin
A?@ salt type

pawthput eitatien,eze (Mons@zo; dlsagomaﬁbthql,maréﬂml
HP [ C
 ofebiolsh ks Rz ok fes bR aRRR o, Aol
eEampH@Q (isbirsiatihones)|issintolirés)tanegpalpcydlic |(pthaludyadine,
ments that inpart a color, such as re qreen
ye INggridene Qﬁer@"eaH%H@OQﬁ rajopwiplomyroleithieindigo,
c [
o PahLinGAS (g TEe Fralriifine Y dVariidine) Birantirone,
i anthanthmoni ndioxdzineiriang aarbloniun aquinophthatone)pigraents, and
d| S {’? n ht hol, naphthol AS, salt type (azo
ﬁHFﬁ , benzi ni dazol one, disazo condensati on,
amt al Cthébreéérﬁ%mbhnﬂiéecolbﬁmwéiﬂhg 'b%}tlcﬁé?present in
polycycllc ( pht hal ocyani ne, qU|nacr|done peryl ene, "
pthe protective qqatloquompqsltp;n haveca manioiumihgze of 10%, such asa

FPIATRH B ot el R AR BRY o Vot et

t eviodirAdntao i riaxinmiliah RERE bhal 390 e AR HEERG ®in, 2A8ze” refers to a
mi xt ures t her eof . [0023] In the E)resent i nvention, the

cmqasurefmam @fﬁgeﬁeﬁnspar%@ymf@s@ﬁ eriah angds gefiped by VS TM
bbgg conposi tion have a maxi mum haze of 10% such
as a maxi num haze of 5% or a maxi num haze of 1% .or,

i [0024] ot herrherrmwwabmssformmlbmmphamg pértléle§‘d:esé¢i‘>bed

ed herein, "haze" refer
ﬁereln can be’ determined by fglerst havung the color-imparting particles

dispersed in a liquid (such as water, organic solvent, or a dlspersant, as
described herein) and then 'measuring these dispersioné 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 ofa
liquid sample is concentration dependent, we specify herein the % haze ata
transmittance of about 15% to about 20% at the wavelength of maximum |
absorbance.  As generally shown in FIG. 1, an acceptable haze may be
achieved for relatively Iérg'e 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’prov‘ide an accepfable haze.
6



nmeasur enent of the transparency of a material and is

defi ned by ASTM D1003. [0024] The haze val ues for the
woabmroizarparti ng particles described herei n carCbas2005/021128

determ ned by first having the color-inparting

particles dispersed in a liquid (such as water,

organi ¢ solvent, or a dispersant, as descri bed herein)

al025jen ne&anerailty, tmesleieue ¢he desioed hare (minimahseattering) of no
o for&ihan 1%, & PBlofiraBitinaaiib RS HayE i Mutaon ayimayy partile

5Q§er6f%QﬂoF@{Harpﬁ5mnémbfers Baparsierd, i céthimzdmbbditents, the
liquid sanple is concentration dependent we specify

h@cpl@r-umpaléln%meeamreser\tmﬂlﬁ prodeatyeatoalipgommsition have

o) Pl o S BB R SR B 5 gidbared by

aﬁhmﬁg edIK signieptaithehilingahegiataing besartiéle Bizd6f about 0.3

difference n refractive index between the particles
afilimetersusyduagiphguhdi mitimeters\er, Losree $eses, ahnut 0.1
Hﬁl“‘n%rt IJQartl cles, greater refractive index
drences between t he particle and the surroundi ng

026 may DToevntaia embaditentsadl thefmeeerhtﬂﬁﬂéﬂtlon pigment
Gener&q%_ E’ 8Ch| eve the desired haze 'gm ni mal
sPaftic §Mbe 18 NepPratticyiate sizesin@ hig &“ﬁpr%i\"{ L organic
Pébl(/éﬁﬁjé;%té@V Sué! a%‘é'ﬁeﬁ%e%% ;I?s;uﬂg a%ébérksnts sgenh @ no

nor e 0 nanonet in certarn
eBbispense® 82, ﬁGﬁ)eorch)Iepense@aM Dag qmln availade froes éhe Liubrizol

I T I

pB@%@%&@QT'Udd 4nfilabld ﬂforlﬁ"ﬂ’féi‘ﬂuﬁnz%l Uberlldtlbﬁglef?gh dptional
having a particle size of about meters, suc

" apolyFwiic gringing resine Odher, suitable meélm@ efaeduciagdhe color-

* pirbearlb Bilisior 8 e prgaBRt MM TREL R Sefealio,

npfémﬂtaitlbﬂpbéé phéSé Géndéh@tlbhgén@ RAEANCcANAtritibn (i, partlal
organi ¢ sol ve such as butyl acetaté, using

dd@ﬁ@hugam It §b@wdyd@.e aptedibakany bmcmn surthed for roducing the
- SELBPHH 5:‘(% ng FBﬁ@rbéaﬁ'lpldvelde J Bt ! %rg'gfo%eratlon of

Cor oralon er usrn
dtlmomlelamuparaug Ipasticles is minimized or av0|ded altogether.

100271 Average pnmary particle size measurement can be obtained
with a Philips CM12 transmiésion electron microscope (TEM) at 100kV, as will
be understood by those skilled in the art. |

- [0028] In certain embodiments, the color-lmpartmg partlcles may be -

~ present in the protective coating composition in an amount of at least 0.01
weight percent up to 50 weight percent based on weight of total solids in t‘he
protective coating composition. The amount of the color-imparting particles |

- present in the protective coating of the present invention can range between
any combinations of the recited values, inclusive of the recited values.
['0029], In certain embodiments, the coior—imparting non-hiding coating

~ layer comprises color-imparting particles of one color or, in other



Sol sperse(r) 27,000 avail able from The Lubri zol
Corporation with an optional polyneric grinding resin.
warhesro1zuot abl e nmet hods of produci ng the col or PapaISLi0n/g21128
particles of the present invention include
crystallization, precipitation, gas phase
condensation, and chemcal attrition (i.e., partial
dnsisadintants))suchta lagentampesest exixturatof patidemehatfeastdwo or
for producing the color-inparting particles could be
dAPIESAANS- pr ovi ded that re-aggl oneration of the

Z{P?gglelt Epgarfqéqgrﬁ’gfakb%ﬁmb%omﬂﬁéﬂoﬁﬁﬁsﬁ infnel ftedent invention

verage prinmary particle size
reclades afilm-foeminigeresin. aASI eded\nherena, Hmtfopsinglaefers to resins

A b ol sot-S0aP B e SETTURTS Aot FRst A foraigurtace
|4t acgjeﬂsgﬂrag% gg’aﬁ%%%rs@f Ar}EsAPARE O BRATErS PlestHtlih BHes

in the protective coating composition
| qonapositiaruar updn au:rlmgaakammm onsieyategtaraperatuig. t o 50

JBOSAL, Ve EharRaReL AR RS S el A oo Aol Sdéh
‘-‘;S?b&!ctn\/mé@éflh@ BoRPOEItioheSndInESs Bsel thpichRy Nsed &t hitomotive
coating of the present invention can range between any

QR eecatingeoropositiens, @é&t@r@@t%rﬂwh W\%ﬂW%P%"'?%

Qﬁﬁg%%f??h% tlﬁﬁ "B]Fg 51240; %éa@{)ea A Coé%sntl&l?se powder

C@iamhgldmmdsmtgmpaoil cobthsg ocbmpoeltlons cancbaeraspace coating
ot her enbodi nents; such a | ayer conprises a m xture of

MP@'W%@W“Q%@@[SW\D or nmore colors. [0030] The
Bhﬁft ive s&fﬁdlé‘%s‘iﬁmc@ G5y, hefriplentHoae fBFrﬁéG'ﬁ‘bm the
ven ion -includes a

orming resin. As used '
heeetmm of &iplohyrive vy at kst ene typecs neectlmfum:émnakgrﬁup and-.

o Bt BPRCIA AL siRonat bt et R oftn kETinctapal grgunts)

SEH tHE HoRyrRér. CR% L56d ReRSif SBBltelh “bHIPMRPTBIREAMAD dicompass
upon curing at anbient or elevated tenperature. [0031]

ligoemers pand ircludast withoutdimitationdatin homapplyraeissanrd i n
R e R %ﬂé"éjm&‘@eons

%BI?u”r‘é'théﬂe bEepoIpEimBr,QsEViINg, 68INSSIE,tacPiate, silicon-based
polymers, co-polyfners thereof, and mixtures thereof, and ean contain
functional groups such as epoxy, carboxylic acid, hydroxyl; isocyanate, amide,
carbamate and carboxylate groups. | : o '
10033] The acrylic polymers, if used are typlcally copolymers of acryllc ,
acid or methacryllc acid or hydroxyalkyl esters of acrylic or methacrylic acid
such as hydroxyethyl methacrylate or hydroxypropyl acrylate with one or more
other polymerizable ethylenically unsaturated monomers such as alkyl esters
of acrylic acid including methyl methacrylate and 2-ethyl hexyl acrylate, and

- vinyl a_rorhatic édmpbunds such as styrene, alpha-methyl styrene and vinyl
toluene. ’The ratio of reactants and reaction chditionsar'e selected to result

in an acrylic polymer with pendant hydroxyl or carboxylic acid functionality.



i ndustrial coating conpositions, architectural coating

conposi tions, powder coating conpositions, coil
woaedsingpieconposi ti ons, and aerospace coating PCT/US2005/021128

conposi tions, anong others. [0032] Suitable resins

i nclude, for exanple, those formed fromthe reaction

of a‘ﬁol ymer having at | east one type of reactive

f (034lonal Gesidesaanaylic pelymegs . dhemroestiyhgoRiinT erpRasitions
g&%ﬁi’? fheezéllelséﬁtdWéﬂté&bgaﬁ %‘Bﬁ aélf ?n Hol F}Q{s?ér’gg&fl}mgﬁ of Bﬁ?qomer

t oriAGRRSse Cdrtgpirey free darehihalch C?xwl@ﬁyl \antﬂtmdarboxyl groups.
limtation both honopol yners and copoly

pSUEhEClyraars Hay bﬁd?re@ﬁ[ﬁﬁ)nnea Kpewy |mapnq5 y satlon of

| .
CBPUH O BBl AT KB EEIbopRe b8y Suispls bffidric alconols
airtiude ethyiene dgigesipheopertylogincal piineethylblipripanesdnd
gr oups such as epoxy, carboxylic acid, hydroxyl,

|[§66 gtolani de, carbamate and car boxyl ate groups.
W The
po ))rrers S5 té(l?'r y?&géé{'gsgﬁgréé&%é’ acry I(? Fatlﬂééi&@a JM¥eyclohexyl

hylibarhgaflik\dcideane hexaliydrophthiatic acidreBégidey the:palgcarboxyhc

such hyd t h th | at d

b pisTEnanan dhieved fuNBIBabe = Bar AL AR ESaEH =s
etah)’tb@ﬂ!ésa\lvhéré*ﬂfé@té% s’tt&q’o\ﬁ@ﬁé‘lﬂﬂréstéﬂécdf tA8 agldeyduch as the
estefrs of acrylic acid including nmethyl nethacrylate

ametizyleestqns may P ugsedy | Alse, smallamawpts af Gyeaprarboxylic acids
und SUc al pha- net hyl styrene and
n‘gﬁ %%Wegc'arsﬁ‘@? §%%§88f reactants and reaction
CWMG]' ons nydr I%@h&;inlhg dcwwtér oligomerswwbs:prepared by
pol ymer with ant hydroxyl or car boxyl i C

f uﬁ%@tlf@rﬁﬂ amyyqrwsqﬁa é@@rmha@rgﬂ suchy@s Dexa 'ydr?mtha"c
ﬁ@ﬁﬂié/ fith RGioT u&?gpﬂébpéﬁtgf%lyéﬁqp'éﬂ bR $SENT

ifon can con ain a mer or ol i goner,
I m(ttDMI ng tWberecnbtst@esmedgofem\ent:eram-dnylngmdrtabdpldrylng oil fatty

Aok HSpHAN i bitedbasa dRereaopoNyaaral S $654 Bean ol
SHALHD GridiEaLusE R uApBE 00 Lo b Yy e
t {0038]ny| ol Rolypethenerpblyeetseontaining tﬂrmn}nlal |s9oc);/anate or
hydroxyl groups may also be used. The polyurethane polyols or NCO-
terminated polyurethanes which can be used include tﬁose prepared by
reactlng ponols including polymeric polyols with polylsocyanates The
polyurea-contalnlng terminal isocyanate or primary or secondary amine
groups which can be used include those prepared by. reactlng polyammes
|nclud|ng polymerlc polyamines with polyisocyanates. The |
“hydroxyl/isocyanate or amine/isocyanate equivalent ratio is adjusted and
- reaction conditions selected to obtain the desired terminal group. Examples |
of suitable polyisocyanates include those described in United States Patent
No. 4,046,729"at column 5, line 26 to column 6, line 28, hereby incorporated
by Vrefer'enCe. Examples of suitable polyols include those described in United
States Patent No. 4,046,729 at column 7, line 52 to column 10, line 35,
9 : .



[ 0035] Suitable polycarboxylic acids include adipic

acid, 1,4-cyclohexyl dicarboxylic acid and
waenwlyzinopht hal i ¢ aci d. Besi des the pol ycar borgrius2005/021128

aci ds nentioned above, functional equivalents of the

aci ds such as anhydri des where they exist or |ower

al kyl esters of the acids such as the nethyl esters

Wzbﬁlmﬁpbraf&csby referdricearxamplesfof suitablergmyarhines include
aci ds such as, stearic acid ma 0036] .
esedosciban BuIRS SHSE BRI NG dbiih4204 calmn 6, line 61 to

KRl T2 g 2t oA BEKE Pt By Tog o A XgIgn =

dineb 1@stori ettt heregbwmobrpomatnthZrerﬁeﬂeacer atio. [0037]
VWiere it is desired to enhanée aj..r-

0558 oi | AnbreycHShuerionad. 3 sgoRAPH AcnSS Garbalso be
g.%[e'dv% Léé’d”‘hétéioﬁ e@ﬂ“sﬂldon -ISANER W%e?é"' is nhedrit Opdlymer

drated ca or tung 0038] Pol yur et hane
mnjnypmmg onetoalnnmnegSn@f pnitsaln thedlac&bane (&uch)allmm;/based

roshitBers v Bt GuiFelbameTsiich 4shoRe ol Blaoic

tIRERE BREKS With/ oh & BF Mdig meygh&s imfeushddbone! yneric
polyol's with polyisocyanates. %I&/jurea cont ai ni n
%lﬁrpf@,

t[eofwh al i shemendicsed eapiarnee ivelgpgtingreompositions

B4 445 DA BE R S R DRERFME PRI thals formeo

VVrduh the Lge P ayaiTiigesgenth €unndraperits seitatylaat ese'.)m the
am ne/i socyanate equivalent ratio is adjusted and

r@'ﬁtﬁqﬂbjﬁ coaiag crBIROsYionsutsed i o present ienges cABdnclude
{Hogast SHP n%bg%sﬁ i @5’ g‘ﬁxﬂ?eé/ E&a%@tc%ﬁng |

: ose t at es
' Aagbftﬁs 2D CoDdrantde, Iandecézbamt@mnuhmnel gnoupe:onalnmg

o ebégsl né 'ﬁa@astﬁ?ﬁg%%@éfrﬁﬁgc PHOEﬁnPg‘dSS"ﬁog&lliag)le as clring
1%&{?% nﬂﬂrgﬁﬁ&ﬁgéggtléﬁs ﬂ%{t%@é’y Be useBn e bﬁes‘éﬁé)t( #8ntion

I ncor por at ed by reference anpl e
ohclsudettlad;ﬁeedesnrumdl md@nteﬁ:Stw@ Phterd N 3:91%861 iah col. 5 line

b 2 by R S e U, o %8
3[0329] 854 aAlsé %'uhtﬁﬁle%re polyisocyanates and blocked polyisocyanates
as curing agents for OH and primary and/or secondary amino group-
containing materials. Examples of polyisocyanates and blocked isocyanates
suitable for use as curing agents in curable compositions that may ‘be used in

| the present i invention‘include those described in United ‘States Patent No.
4,546,045 at col. 5, lines 16 to 38; and in United States Patent No. 5,468,802
at col. 3, lines 48 to 60, both hereby mcorporated by reference |
[0042] Anhydndes as curing agents for OH and primary and/or

| secendary amino group containing materials are well known in the art.
Examples of anhydrides suitable for use as curing agents in the proteCtiVe
coating compositions that may be Used in the present invention include those
described in United’ States Patent No. 4,798,746 at c'oly. 10, lines 16 to 50; and
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lines 13 to 50, both hereby incorporated by reference.

[ 0039] As previously nentioned, a silicon-based
weoabosrmezoican al so be used. As used herein, by PCT/US2005/021128

"silicon-based polynmers" is nmeant a pol ymer conprising

one or nore -SiO- units in the backbone. Such

silicon-based polyners can include hybrid pol yners,

sincniesd Stenes PatentrNe. 419327981t cop @, Yimes Ud t0I5F¢ bethingreby
one or nore -SiO- units in the backbone. [0040] As
nBsOrRAaeddy 1afarenceer t ai n prot ect | ve coating

TR, § o e alfEPE RS AR TG nts DY OO CH LR TohAeLs

coontapirp atateridls @re wesﬂgeml\m iathée @il eEtampleseofipolyepexides

prot tive coatin ositions ysed in the present
? BT UsErPs FTngIA0aRR B IR RIOtP e ROA1RG CambRions; that

Cf%_'rb% Gél%j i %ngr%eﬁﬂﬁ{/@rﬁfo |ﬁ§lu8lérth19§?e 888&Hed iRrUHdd States
- am de, an

car bamat e unc I ona roup contai ning
nBRatenit Nos 4,656 8p1 @ cof. Salinepd ksﬁBalmequbtyemqrpaated by
resins suitable as curing agents in curable
Eﬁ?ﬁ'@éﬁcﬁ ons that may be used in the present invention

| id4a9e tho r
3[07951 9?’351 atPSI O%.ﬁ)‘é %@&ﬂmg“az tt‘s‘?& Pt lan;’ﬁr?](Ser%T ’rcb\&p containing

hmaéer}el$ At Wed faown lmthemrmpl%@rﬁm]ya&l@osmab@iﬂr@se as

3{%&“’?% é@l'éstﬁﬁli %F%b‘?wdgﬁﬁﬁac%yrﬁ@%%f) éaﬁsed in the

aﬁ?és‘énﬂrrﬁéﬁﬂ@mrﬂihﬁd@mmtdﬁsbﬁbéd uEM&I’(ij &at@% Patent No
I |soc anat es and bl ocked | socyanat es swtabl e fo

861s81c uah ¢y édm@ fhceluP aline5¢.J1RIeRY iniROkaiRd byrﬁ@/ference-

b d
SCr be:jnl Egﬁd)% ?@Etg%ahgis’e? _en!{]br!%ﬁ H\Z&ggg%ﬁ\gog{ morg ‘
bedroﬁyl dgroops peb mcﬂeéiﬂe eardbe nséhlaSmdmﬁgaathmrmo S
5,468, 802 at 48 to, 6 %I%L her eb :
 Rinstin irotb SN DPRAET ISR AN RS AL OB a1q Agp well
aﬂﬁé\kﬁ it fe & EAANRSILBS ya.arywﬂs ﬁ\%ﬁﬁ@jﬂ‘fo\ée%@sﬁﬁbéﬂ RHBnited

containing naterial's are wel'l "known in the art
EStatp é’Satexit Now,046 729 astuuot a?bllleeﬁartom &\sllnelﬂ ical 8, line 29 to

B Rl
col. 3, line 33, both hereby incorporated by reference. -
[0046] Polyammes can also be used as curing agents for NCO
functional group containing materials and for carbonates and unhindered
esters and a'r'e‘ well known in the art. ‘Exampl'es of polyamines suitable for use

| as in the protectlve coatlng composmons that may be used in the present
invention include those described in United States Patent No. 4, 046 729 at

- col. 8, line 61 to col. 7, line 26, and in United States Patent No. 3, 799 854 at
column 3, lines 13 to 50, hereby incorporated by reference.
[0047] ‘When desired, appropriate mixtures of curing agents may be
used. Moreover,‘ the protective coating compositions used in the present
invention can be formulated as a one-component cbmposition where a curing
agent such as an aminorplast resin and/or a blocked isoéyanate compound
such as those described above is admixed with other cbmpOSition
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described in United States Patent No. 4,798,746 at

col. 10, lines 16 to 50; andin United States Patent
wol2ooed17@2, 790 at col. 3, lines 4 1 to 57, bot kCchaisey021128

i ncorporated by reference. [0043] Pol yepoxi des as

curing agents for COOH functional group containing

materials are well known in the art. Exanpl es of

peomppositded heudneabdmpboentucampasition cag beggintage stablesas

AL AN AP SR Sl o e
Usdrh Gneﬁtt%ﬁiipd%ﬁﬁcﬁ%/hé'ﬁe 85 @?é'mpl%la]poﬂ'nséﬁan[a't_’e clitif@agent

33 to 58, hereby i ncorporated by reference

F@qua@s ttpsaﬁes@ﬂbe@ a@geatosnftmr a@qtﬁ;kto # pre-forored a@mmtlpre of

O hELOnPRL b EpRetbErihLRa B AdbibBiaf The pre-formed
aﬂﬁﬁtxfﬁurb%dn%rﬁb@é@é&ﬂﬂ@a@@ﬁfsﬁﬁ@e%@ lahhinoplabhrdsinseand/or

be used in the present 1nvention ude those
d@@@lﬁada@@cvanatﬁ|qosmpcstn§t3e@cb@3ewpsswesanbeqabsle1 at

c?grs orlalt 2@ %%é' ere "%en{sog'%sﬁﬁbf#}ﬁﬁﬁ@(e?ﬂaﬁ gegerally

nm’eeenah tha‘plrcll@cﬁve auatirkpeomposivion i animeolmtdjreater than about
grou per nol ecule, can be used as curlnﬁha gents for.

mtﬁe&ﬁﬂt WSLBs gmatar thepahast 40 weightpercent, and less

Bk 0 Heig R BErcTy 5f i ARIGHACEriT et BEsdd oh e it solid
me@bdowmmnpmlmn Rlor enampﬁ,, MWaightqnlerce‘ht dfiresin 5:2n be
to .col

- Setven gl o BB wisiafhercetn | When 2 el Sgentls uspa s e
'géiﬁarﬁlﬂ/ b#és@ﬁt in. e?n ah’tdﬁﬁnt 3Bup ko0 W@Qﬁpyeﬂcéﬁp rtW&éﬂﬁS’etween

{QTEf erence. [ Pol yam nes can al so be used
ang 78gueight pcﬁce isumeightopercent isigise based nnrtge total solid

' and . far t es and unhi ndered esters and
a é@mm‘?t?aéo}t%ﬁ‘gn‘:"f‘ﬁé&gm" Exanpl es of polyamines = -
sfeouep! e for h@ﬁﬂ)té@twencdétﬁng&mﬁméltldﬁ G&&d ime present
conpositions that may be used in the Fresent I nvention

i IRvEnRtinn eampbe formed freayfilmfanming tesinsithat aradiawid, thst is,

'y g i e L el

| sSoheetd Swhier 5éhd/bewater/drganic Bl thikiuresf. Orgadie solvents in
which the protective coating compositions may be dispersed include, for
example, alcohols, ketones, aromatic hydrocarbons, glycol ethers, esters or
~mixtures thereof. The diluent is generally present in-amounts ranging from 5 |
to 80 weught percent based on total weight of the composition, such as30to
50 percent. | | |
[0050] The protective coating comp‘ositions used in the present
invention can also comprise optional ingredients such as those well knownin
the art of formulating surface coatings. Such optional ing‘redien'ts can ,
comprise, for example, surface active agents, flow contr'ollagents thixotropic
agents, fillers, anti-gassing agents organic co-solvents, catalysts, |
antioxidants, light stabilizers, UV absorbers and other customary auxullanes
Any such additives known in the art can be used, absent compatibility -
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[0047] When desired, appropriate m xtures of curing

agents may be used. Mreover, the protective coating
woaopas2did ons used in the present invention caRCDaS2005/021128

formul ated as a one-conponent conposition where a

curing agent such as an am noplast resin and/or a

bl ocked i socyanate conpound such as those descri bed

ap@btems, sailengeas thetneseiting coabing bayer deresiediiem K¢ The

ohe- a A 1.LI (0] i

BT REPRERT ho AT A5 porady BB R AR AmIN AP b forflos of these
f giatatizag afe deseribaetoindimitotedtates PatsrittNaw) 42Rr0,679,f4403,003;
exanpl e, a pol yi socyanate curing agent such as those
dbddn 168 2B AT L A penishRalen's aregrearparaled Nemin Bur e

o] t her J o] ' ' :
alsShiehss] Jf coBATPEREL: SR FHRT G ek cdbe presentin
camongtgs uvs a 00 eweaight @ercent mod! asshighes 2(: 0avelglorpercent.

bl ocked i socyanate c gunds such as those descr]

o LBURI 1ot ot oF BB HoBRUERTS Wil Fahgs TP hieg5

r st i | il ihiye coatin
N e A A AL L L
PE005dijt , subrhcertaigeastadiments, thd pratedilvenedajing gampesition may
apd. .l ess than 90 i gh er.cent 1 th Lght. rcent «. .
BT BagIateg AN pRicEb ePCERBMP e it bisEt nEren TRe €M “optical
CefBasiigment” rbftirs & piPhénts (UBBAUE insdifytBie GticaPEhdrasteristics of
can be Dbetween 30 and 90 wei ght percent. VWhen a curing

athencoatingdsyer, Nendimitinchexamplespf svidable eptigal-afiecinigments

u 0, 70. wei ght , i I t 0
WBele BisEbAe PRPETR el et e SRR
t brydHidride e9bials, whimiiunsbatbe pigraentsgliquidpgstal fiakes, or

[ 0049] The protective coating conpositions used in the
pEedbationg dieresh €he aFoUNs O HCh PBAFAl aNACH BigAReY present in

r . - " . i - . - r
SR e Befing Bosiohfls dof ppl AR leo Jong & the
S rdsultivigscoatimigd ay eradetiaziteddtcan the gamiposiiohig non-hiding as

m xtures, Organic solvents in which the protective
cgﬁﬁq’rwd&‘ﬁ&y%sit'i ons nmay be di spersed include, for

ol OB, PO, RS0 oo, IHE PO IREIng non-
i bidirnlayet Isydgpasitedton anreflestive surfangi frgr exampte, in certain
'embodiments, the color-imparting non-hidying coating layer is deposited over a
surféce comprising a reflective material having a total reflectance of at least
30%, such as at least 40%. “Total reflectance” refers herein to the ratio of
“reflected light from an object relativé‘to the incident light that impinges on the
object in tyhé_'v'isiblebsbéctrum ihtegrating over all vieWing angles. “Visible
spectrum” refers herein to that pOrtion of the electromagnetic spectrum
between wavelengths 400 and 700'nanométers.‘ “Viewing angle” refers
herein to the angle between the viewing ray and a normal to the surface at the

- point of incidence.. The reflectance values described herein are determ.ined '
using the Minolta Spéctrophotometer CM-3600d with the procedure described :

in thye Examples seétion.
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to 80 wei ght percent based on total weight of the

conposition, such as 30 to 50 percent. [0050] The
wonoeis@ariive coating conpositions used in the prPeTaISs005/021128

i nvention can al so conprise optional ingredients such

as those well known in the art of formulating surface

coatings Such optional ingredients can conprise, for

Je, Ssuld aeRaiRGEMbEdiFgsnd Shefrémtwerrhat@lnaﬂgﬁhpﬂses a
i xotropic agents, fillers, anti-gassing agent

oﬁghﬁr@e@é@cﬁ&é‘?ﬁ@@%@?aﬁ}}@ﬂ?d WM gepld ol ﬁﬁeghtchrome-
S B et o YhoB iAo ! QS BIRHE, B ihers, i otrer
bemissiimentss ¢ reflecthed nixtédilymap bbmpsise $oprlevivyshscdsted

s b et bl i
bl RpiBbSfibaL Sudlf A 6ERAE d §Eb GRS Esmat ver.
ﬁﬁlbred\knetblhp basetcatdayer|, oca rquntealbaiadmet Eyer, tamong others.
rﬁéq et s SUER s eBPRLNETS o pERRosHSd o dbasepat im-
Usua f1 ESﬁgﬁ%Ftloﬁrlﬂa%agtﬁﬂ e&én?ﬁpe Qnéfiﬁbgfétnglftﬁrtﬁ@ﬁevmusly

total anmou of tlona i ngrédients will .
r dagenbecbﬂmmmnmg) reinsvaserhin @'@rpfemctnvea:getjn@ gompoaition

the c QSi ti .n_ cert ai
o Aot eerier - EoreRrbe® e BaEmye SR BsHion o fag basecoat
f HﬂéW@dm?ﬁé@é'r@@n@ﬂs Bitide @nd&driecot mbrd plfiienté o BeEAk the
herein he term"optical effect pignent” refers to

ppgleéamts Usafdl resinawigi Figders @re gendigl Palyraetss pelyestare sineluding
fkygg%'h' ]':k?oe%t?r\éﬂ{a @oggéﬁ %tabg%fw §§u%§eoS|H'c}e"l"%’|| Sbove.

‘ I~-e I ncl'ude m ca-
' bO‘h@S'ebinoas dbﬂ’ﬁ:@g tﬂorriheﬂmséwamawbh e&amplé monﬂmse organlc

' t al | b d id t al
¢ Pieat-Bascu BIRPHRIE PO e AT Coating GHDRRIOTS.cuch
| ° 0%8)  ef T aGlndib@MRBbd¥eRE5 CorhBo |{?8n Eéﬁtc%ﬁfdn’{ Sigments as

at11mg conposition s not particu
I on@rastst rslllhabiajpngnmts ﬁ:zrtthe @alsagmt crd:emmmmmrdlnblwim fdre:

PRSP PR RN B R B R BRI, i Fhpromee
n@Bké BhB%netal 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. o o )

- [0056] Optional mgredlents swtable for inclusion in the basecoat |
composition include those, which are well known in the art of formulatlng
surface coatings, such as those materials déscribed.earlier. The solids
content of the basecoat composition often geherally ranges from 15 to 60
weight percent, or 20 to 50 weight percénf. ‘

[0057] ‘The basecoat composition can be. applied to a substrate by any |

conventional 6oating technique such as brushing, sp,raying, dipping or flowing,

amOng others. The usual spray technique’s.and-equipment for air spraying,

laiﬂess spraying and electrostatic spraying in either manual or automatic o
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| ayer is deposited on a reflective surface. For
exanple, in certain enbodi nents, the color-inparting
woaamshiiziimg coating | ayer is deposited over a BATfUae®5/021128
conprising a reflective material having a total
reflect ance of at Ieast 30% such as at |east 40%
refl ctana refers herelntother
r

tﬂ&%‘&?'} gHse HHring 3y licgtion of the Q%SQ(‘@G% Fﬁsthe substrate,
' e fﬂﬁﬁﬂwrdl&n@gg of I bASBRIORE FSnfdY & ﬁﬁ?ﬂu&%té %ﬂbherpn%es from
visi bl e spectrum ntegrating over all view n :
" Qi1stiod mrls f2& toutd7 midremetérs),err0. 1 do Lhails (ﬁ)ﬁum 60. 8)f

t he el e rragneti c spect rum betvveen wavel engt hs 400
%creme Shometers. "Viewing angle" refers herein to

t o589 € bRRVERIMIRa YilrR Wr sk Egge@cszﬁe re émbtrée the

surfaCe at the point” of "I ncide |'ectance
vhasanoatieae bebaded or altarnativelyegivemardsyingstep irt which solventis

M, nol S h CM.3600d h, t.h
o Qe bRBeRA Tl SR sbasaiving BEREdelor
e@f@fﬂﬁﬂaﬂ@ﬂb‘ﬁ subSequett lcBating @oﬁﬁb@ftbﬂb SUiRbleS&§ird conditions

substrate such as, for exanple, polished alum num
cwilldensind en the par@ﬁulaﬁbgse@cmi omms'thn, apgdaangnthe ambient

SRR B PSPl Vo RPN g g1 rom 1

pi@mmﬂt@bxatmhmbrswré af #5Mu 200‘“%21 °ftoro3egamill e adequate.
rpse a ecoat | ayer deposited froma coati ng
wﬁ%g;. t i onf~etQiERg gace @Qagkf&ntbpeméorslmwngr@t)wmdleg coating

bﬁ%ﬁf?@égé@é?@gtaﬁ@ﬁ@%ﬁo”ﬁ%%ﬁers iEsive Lofing '
bwel poatlomﬁpmwhmﬁu%rnai:mmus eelpoﬁe%lt::m r:)a(rb,ase:ectaﬂ] ol ude
f i

 opBeRiE 58 SRR sPamednn iRt DR InbRRe

. Uémsommérhe SUcH §9th¥§tnfé’@éét EARTPESitidh Wpygkgefpféﬁég by (a

earlier. For exanpl e, the f| formng co
tmr@vw@ﬁtﬁacolﬂhynmpg |p§etlcae$ descrined abote (bpadmixing the

R PR el € oo 5 B Aot Bt il gy
alieelgrated mioynsret 5829 S mbighe Gforor ®bord b@b}ﬁhenzable
di scussed in detail above. The resinous bindérs for

t iesaiuredech BONPAErs ith @& AhMore PORMErSe 0btdAtiecor more
iﬁ%ogh ngcg% ARLRhiRLTe: Ofc) bt trlh)&ﬁ%daﬁl%ﬂ&wegto high stress
shear conditions in the presence of an aqueous medium to partlcularlze the
admixture into mlcropartlcles, and (d) optronally, polymerlzmg said ‘
ethylenically unsaturated monomers under free radical polymerization
“conditions. " |
[0060] In certain embodiments the color-imparting particles are present
in such aqueous dlspersrons in an amount of at least 0.1 welght percent, or at
fleast 5 weight percent or at least 10 weight percent based on weight of total
: solids present in the dispersion. Also, the color-imparting particles can be
present in such aqueous dispersions in an amountjcf up to 50 weight percent,
or up to 40 weight percent, or up to 35 weight percent, based on weight of
total solids presént in the dispersion. The amount of the color-imparting
15



[ 0055] As noted, the basecoat conposition can contain

pi gnents as colorants. Suitable pignments for the
woas®saoatio conposi tion i nclude, for exanple, nerairiuseo0s/021128

pi gments, which include al um num fl ake, copper or

bronze fl ake and netal oxide coated mca; non-netallic

col or pignments, such as titanium di oxide, iron oxide,

c hadiciasnpresedkin SLlehdaqueoummerainds canengé babkeemany

[ i h I
PP AN e R as favanl e GETen vBlssse
Omioeanal 1 ngy g&litgintemisodifdbte tﬁ@bqhééuyélsﬁéréléh isﬂ?repared by
basecoOat conposition include those, whi are

kadmixing, aptionally irothef presaneca oﬁgn fqueaus mﬁshtumng‘xe CQiQE:h

h bed
c EpRafinG sPriies BuBLAERRC op B Haveirals, SBWEREaly
r aﬁgﬁerétée fﬁ\d&)ﬁérs@@n%rqm a PRkEREbf oRE of hdre fllymerizable
i ght percent. [0057] The basecoat conposition can be

appsatéﬂated r@pmmetslr\mﬂe op§ camporedners saKd/ardal PRg or more

¢ BERMe3S. oY Padbhtlten it nen B hieiod to hjoh
egheagirdssf conditionsesyibigl inadetait belosy)iayhe prevesice of an

el ectrostatjc spraying ineither, manuyal or
aBtuARMS CYPSIB AR PalicURrIZeLhe admijxiung 'r&empmarweef If present,

E E-;% %ﬁg@hﬂ%lyﬁﬁﬁbﬁﬁa@dﬁﬁhﬁ%ﬁﬁ %H?e‘h ddd \der free

ecoat med on the substrate o gn ranges
Orddital dbnmtiosns(as descobéd befover onmeters), or 0.1 to 2

(HIGRT ¢ el s Theeistisg: M et ons Beobig iy it the
C8BIoRTnpHHRE (riAbs eFd aldpepled @éwaau;alsdéxewva? %téln

whi ch sol vent driven out of the basecoat fi
hlslatMewgr dor acame| mommen gngher polyniestsyisterapot calabecdesuable to

< HRBTRERE A ApBRTRE e SRy CHbl P8 FpbEadh Bt intowering ’

Cmaoneedslgrbf th8 @o%%ﬁtb&:@dﬁ'@g@@bdh URc@rthlh erhbbbinnents the
conposition is water-borne ut often, a drying

oamuatrp&omg@nmswfm& esent in the AaBeaES fit,sp@fswns E} l@ss than 20
AR o SR SR kB, it 29

embodlments, less than 5 weight percent, or less than 2 weight percent based
on total weight of the dispersion. For example, if the Qrganic phase has a
Brookfield Viscosity greater than 1000 centipoise at 25°C or a W Gardner

" Holdt viscosity, some solvent can be used. Examples of s'ditable solvents that
can be incorporated include, but are not limited to, propylene glycol menobuiyl ‘
ether, ethylene glycol monohexyl ether ethylene glycol monobutyl ether n-
butanol, benzyl alcohol and mineral spirits.
[0063] When mcluded the polymerlzable ethylenlcally unsaturated
monomers can include any of the ethylemcally unsaturated monomers,
including vinyl monomers known in the art.. Nonelimiting examples of useful
ethylenically unsaturated carboxylic acid functional group-containing

" monomers include (meth)acrylic acid, betaﬁcarboxyeth,yl acrylate,
acryloxypropiOnic acid, crotonic acid, fUmaric acid, monoalky! e"s‘ters of.
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| ayer, the color-inparting particles included in the
protective coating conposition fromwhich such a | ayer
wo0@apzEdt ed may, in certain enbodi nents, be BCaWISY005/021128

di spersed in an aqueous nedium In these enbodi nents,
such a protective coating conposition may be prepared
bggéa)_ providing the color-inparting particles . \
dhxpaiGasidamalkic acid, menaalii gstais of Maleiciaghritacagic acid,

D ) ) . . . 2 able. _
CtiloBl R Pt of Ao S o8 TR 01 RENE A ueq herein

of (nfsth) iyl addite tiselerived treerafroat ameahtshdexdrtorimeladevboth
one gr nore polyners; or (3) one or nore polyners, to
f 8fiiaanddnethaghdic. (c) subjecting the admi xture to

hi ) " e . :
AL e NS RERahIE of SR BBl B aRAchiCaI Ahsaturated
Wr’gifﬁeeef, %asrg?xyslgt%aagpmrmﬁahbygroppb y‘mt?mdiez 'afkg!j_e%t‘e:as of
ically u u noners. undey fr r adi
UmbinSReye PdScER e, SRt A dete, eyl (ethfEcrviate,
. y . . . .
i g G g g e

0(rhethyaglytatechydraxypropyldmete)ssrylsteabydtaxydurtydmeth)acrylate,
b Re (BB RBUR D SBSR e ol e b
cal(fiethyERAN AN JiNPAIONSAtRS SRR desthFerreand i/ihgﬁt'\ibgjéne;

aqueous di'spersions in an anount of up to 5 [

péﬂ@ﬁﬁagwlﬂmidssﬁ@ch@s\mﬁngmxyg@tamqrylgmigg avdy'@eﬂﬂltes; dialkyl
\SEE%E%PP ﬁ?@gf@“&’ﬁgg‘%ﬁ'&?&&ﬁd@ I'Yﬁ{y gﬁé l}/ﬁ]ﬂhg%n?‘#gh&é& vinyl acetate;

CQIngT ethesesirdliyhgthard;iatlyesicohels pderivatives dheregfiand snixtures

di spersions can range between any conbinations of the
r thareeld val ues, inclusive of the recited val ues.

| 008 o ThEyE Rl DRSotbratblimabiRgSod TRidE 7,
aethgderdcaily uresiiturated,Hesta-blydroxypesten fugcpamalirobremers, Isuch as

1) one,or nosre | ymerj zahl e, ethyl enicall . .
hheRe eI THRdhe Feac Rt elBylehicay satisptesteig unctiona
”W(ﬁ\dﬁ‘i’(%&’ GBEh 281 RoHBESbBKAICACIEDIR BREfMPN, dErARSadd, and an
more polyners; and/or (3) one or nore polymers, to
f epoxynospoiind which dhes actpartigipate irethe fsee ragicatinitiated
" h'pgrglmerization with the unsaturated acid monomer. Examples of such epoxy
compounds are glycidyl ethers and esters. Suitable glycidyl ethers include
glycidyl ethers of alcohols and phenols such as butyl glycidyl ether, octyl
glycidyl ether, phenyl glycidyl ether and the like. ‘Suitable epoxy compounds -
include those having the following structure (1):

0
e

CH, —CH—CH, —0 —C—R
o | 0

- where R is a hydrocarbon radical containing from 4 to 26 carbon atoms.
Suitable glycidyl esters include those that are commercially available from
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shear stress conditions (described in detail below) in

the presence of an aqueous nediumto particul arize the
wadomictizme i nto mcroparticles. If present, theCcT/US2005/021128

et hyl eni cal | y unsaturated nononers then can be

pol yneri zed under free radical conditions as descri bed

bel ow. [0062] In such aqueous di spersions, the aqueous

mSbel ﬁahemmm} Gampasy coder tensadenarge SARPEIRA Eaansi from Exxon

d er. Sﬁ%pgﬂ)ﬁ ! Bﬁeb@.\e&ﬁ%c#eu%n\f %ﬁg&gg‘o éfié’r%%tlvélg,r the

d@étd ﬁ;bﬂr@xf/ @sﬁ!rﬁ@namﬂau AfondniBre Yandprdpagéd frRT n
vent that can assist in |owering the

nic so
gwwlwlydm&awam \BPeXy fenasiongl gissomnar, farexagplaiolycidyl

THBEE3 e g S0 o £ Ok s
Su§a sutRses nMditaiibxitit abid, fer eempledsostearicasid.
enbodi ments, less than 5 weight percent, or |ess than

2[0RG63ht peAsetievipuskdmentianada theaeplgrimpartingeparticles also can
dj bg %?iﬁik?&‘ wntﬁocfneeéna%'r@g ér? & ﬁﬁt%g%ﬁolgnfé% iSRRI without

Broo Vi scosity gr nti pol se at
2hi@itatiord, thosa pckmmus}m Ué*scnbettw&h trespesad e treeofilmefdrnidsen resins

6Pt e R DRI IS POl Beforart Metuds palyainides. such as
pée ?;él’ﬁﬂ% & ﬁé’c‘:ryl??rﬁl@?uﬂyéllé)ﬁéag ami%bgﬂn@%—a@lw’rﬁ@{hacrylamldes.

exyl et hyl ene nonobut yl et'her,
n tQQGir]oI bé’mty;elth@‘scnancawo bawsedrtermeparm thetaguepOS@thersnon

P b, Ao B AT A7 BR B Bl ghbdaiments of the
ephadephirfahtivn U ES@hipléd 6ﬂsﬂ@bﬁ?b@ethé?cdd%@|@ Oérﬂmlclude for

nmononers known in the art |mt|n% exanpl es of

ussamplepolyether palyols suafbas palyatkytaneoetigr pelya@ hpving the

(Bl By LA AR OBE VST Bcr vt e,

acryl oxypropi onic acid, crotogi)c acid, fumaric acid,

monoal kyl esters offumaric acid, maleic acid,

monoal kyl esters off maleic &cid, Tfaconilc acid,
Ind mlxt

monoal kyl est erl8 of TtTacOn ¢ adtldl 3 Ges
thereof. As used hérein, "( h) aery] i and terns
derived therefromare intended tgo include both acrylic
and met hacrylic.

or
(nn

H 0] CH,— CH OH
B 2 1 | ‘

n m
R

Wherein thé substituent R is hydrogen or a loWér alkyl group containing from 1
to 5 carbon atoms including mixed substituents, and n has a value typically
ranging from 2 to 6 and m has a value ranging from 8 to 100 or higher.

Exemplary polyalkylene ether polyols include poly(oxytetramethyléne) glycols,
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[0064] Non-limting exanples of other useful

et hyl eni cal | y unsat urated nononers free of carboxylic
wacom/ofiemaet i onal groups include al kyl esters oPCT/US2005/021128

(meth)acrylic acids, for exanple, ethyl

(et h)acrylate, nethyl (net h) acryl ate, butyl

(met h) acrélaate 2- et hyl hex (et h) acr

| a
2pngyd®m etwlemégm:etst pp @(y-hﬁdwr@pyén@bglycols and poly(oxy-
droxy butyl (neth)acrylate,
(ﬁgt‘ﬁﬁ’@@f‘iﬂgzm at/e Igurgl (rr)et h)ZtcryI ate, and
e{dogsine glarsPlsstul et folpsthet pb@olsvfoﬁhbdﬁfdhﬁbkyélﬁylaﬂéﬁ of
as styrene and vinyl toluene; (rneth)acrylam des such

gaup%%petyylﬁemrﬁxaarmlm alieels sughmap &hylene ighwol.dt athexanediol,
vl ns‘g:ﬁ%g@LAnﬁhﬁ ”gee@@ s "W e ey fg&y‘a'.g'ﬁ;“?éh ﬁkﬁP‘sethigP\Pr?Pane;

epbataprytatital) amd thehlikes ; Pelgsls\cithigiest fuhetiopedityanbich can be
m xtures thereof. [0065] The ethylenically unsaturat ed

RSk as iedicatad cab deanage der inatarca, ymxypliwialion of
e&ad&gﬂpe&cﬁ%%esfucfd&%a &?@lt%mﬁﬁﬁ{)ﬁrmoﬁﬂf Btiffed 8% fkytation

derived fromthe reaction o eni ca
unssthod é8 echction of fameyol ovithl amatlwtme oxide, tfoaexample propylene

LS TR GKHE: BRERreRRnee B an, ap d R npaci Fejabi Ppegnc
r éﬁaﬁﬂes oF pdl%tﬁgrﬁﬁblﬁﬁ%ﬁhé@é seu UHdeh tihé ﬁaﬁfégaFE‘Rﬂtl'ﬁmNE

aci d nononer. anpl es of such epoxy conpounds are
grapd |Td§FRA60hee§adaatzle froneEs|. BuPoabde NerpeurgyandeChmpany, Inc.

RSURS, OL Shie oDk % BhR0 80 LS BARRERS ity

gwsat@yéteatm@morﬁeré aior biker additioAPalyrReaxablée Wﬂ#ﬁé‘l% and
i ncl ude those having the follow ng structure (1): O CH

> preformedpelymens are wellikngnay t those skillegdn SieaB&f polymer

?gntﬂglslls éé‘Ll{ fﬁ'rtWePgl {:D%ﬁbﬁ tltré’re%ié h %tkta%nie%c? t®be ﬁ%(;{aé‘?érﬁ in

ers 1 nc hose are comercl a

avew abthe gresefihdisdlosurem leex@nrme,rpblméaZattdrEOf the
t radenanme CARDURA E -and from Exxon Chenic

ufthenierlivt yngplraiRd monpmers £an be cainad bl 9ulkt edqueous or
bSt%H“é’ d5REMt Ssitifisn SRS BRALRDBP Hqté(aﬁ@”mbé%nﬂtsﬁﬂma ofth

aqueous dispersion. Klrk-Othmer Encvclopedra of Chemlcal Technoloqv, Vol :

1 (1963) at page 305. The polymerlzatlon can be effected by means of a
suitable initiator system’, including free radical initiators Vsuch'as“ benzoyl

- peroxide or azobisisobutyronitrile anionic initiation and organometallic

initiation. Molecular weight can be controlled by chorce of solvent or
polymerrzatlon medium, concentratlon of initiator or monomer temperature
and the use of chain transfer agents If additional information is' needed, such
polymerization methods are disclosed in Kirk- Othmer VoI 1 at pages 203-
205, 259-297 and 305-307. ,
[0070] - Generally, the polymers which are useful in the preparation of

~ the aqueous dlsperS|on of microparticles comprlsmg color-lmpartmg partrcles |
that may be present in the protective coating composntlon used in the present
lnventron can have a weight average molecular weight (Mw) ranging from
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et hyl eni cal | y unsaturated, epoxy functional nononer,

for exanple glycidyl (nmeth)acrylate and allyl glycidyl
webtbmroizeamd a sat urated carboxylic acid, such R’eTAS2005/021128

sat urat ed nonocar boxylic acid, for exanple isostearic

acid. [0066] As previously nentioned, the

color-inparting particles also can be adm xed with one

ol 00 te 20 A0pwer 450Gto f &108, po 296@ ite 12:R00edetarmingd by gel

I t th

¢ RERERA ShrbitiiooBeRN Rl Y poBBH e rdidatey fEByrhérs
U§@ifé5le RSY lyg@rn&h@@aew@héﬁ of @gbu @@ihé@@s dispefsiess of color-
acryl am de, methacryl am de, N-al kyl acryl am des and

Nnapasfingpanticies canbeeither tosmosetiala oidhermaplasiieo be

T —

egbeftropattelcyf cdrﬁ;@rlcﬂﬁ SORIr-imPretiHg Particlesampl #1so ﬂ'fclude one or

sui t abl e pol yet her ymers can include, for exanple

pma}@mmeﬁym@alwegerg%cbm as cpasis|iaking lageatset Puitabie cyessiinking

RIS BB b BB ARt ot

hghimgstastoesins| amengathsts. group containing from1 to 5
car bon at o i ncl udi ng@f!n substit uents, and n

vERA2lt ypi c pg,rtma@p »3he gayeausy ﬁpﬁg%ogof,g]lggpamcles
pg{@gﬁg ngr%'s'"?f%r&’q)%f’g §},§ epé?é%fw &dmixing the color-imparting

ene et
ppastictesywitlh aamixturel of ompe q:ﬂ morﬂ et thel palyretizablecethylesica)ly

gl ycal s ol ox-l 2- pbrqpyl ene) ql

utsRFateB TG oy BERiRbNe: apd ke ke i dap petvmers
a&éscﬂfﬂébeélﬁtﬁfe mkawlsé frfedRed f rpauRsYsF the laBbl@PoBfisocyanates
vari ous polyol's, for example, glycols such as_ ethylene

ghpd @minopleshessinsechrobe used pae sl a5 Mixteresies eithreone or both of

olRERofétEls Bt e InB RE HrdtR SRR MIP HRPGHE pr more

f airgAdmcaly insatdtivatdd Amobters idelstAlbsd abovandi cat ed can
be made, for instance, hy oxyal kylation of conpounds

sIO73s sucimsertain esmbodiments, dhe agyapen dispersion skmicroparticles
oééfl?\'p'ﬁ%?'ébmbosne mlcropa’rtlcles having a first phase comprising the one or

more monomers and/or the one or more polymers previously described (and, if
used, organic solvent), and a second phase comprising the color-imparting
particles.
[0074] As used herein, the term “compositemicroparticle” means a
combination of two or more differihgv materials. The particles formed from
- composite materials generally have a hardness at their surface thatis
different from the hardness of the internal portlons of the partlcle beneath |ts '
surface. More specifically, the surface of the particle can be modified in any
' manner well known in the art, including, but not limited to, chemically or
physically changing its surface characteristics using techniques known in the
art. - | o |
[0075] For example, a particle can bé formed from a primary material
that is coated, clad or encapsulated with one or more secondary materials to
20



nmethod is reaction of a polyol with an al kyl ene oxi de,

for exanple, propylene or ethylene oxide, in the
wonremaoaoof an aci dic or basic catal yst. SpecPCras2005/021128

exanpl es of pol yethers include those sold under the

nanmes TERATHANE and TERACCL avai lable fromE. 1. Du

Pont de Nenours and Conp Inc. [0069] Suitable

n&m asomposiierpartiel dhetdnqroa paler surfacest AWeraatively) garticles

oot PO e AR BeRHAS baf bR IPHEGE oS Ryimary matgripl that
krmmtba tladse evichps@dtadwitive different farpl gihtbe sHtmadyanaterial,
and further discussion thereof is not believed to be

n&©E §xgIejnformatian optparficep usebihin thesrreseui iavemtinn, see G.

CXRYRI, HRMGEEK of BlI6P o E818bBY LEBMGA 14202, which are

nmnonomner s e ca

agpecitisalty incogrunateddn refivenselheréinn such as benzene or
n- hexane, in enmulsion, or in agueous di spersion.

K|[W< & hrrer TN epRgramanankisiang OrIRAEhPIOMOKS polypsrs can be
L pfeiin Ble 83960, ispdBrPl TBOBA! SO 1688 fEweignt percent,

sulta intiator sy
[ Bublul disrad léas&QOr\aelugbapencent icatf i urs)mej embmilmenmoat least 30
zohisi s an|0|C|n|I|ato

Dot iR SasReon Rl Weiohtof seis siPssTUS b ispRiTigE Also,

CEE bAE P Phdte RBRbHBrLANEBE YRE or AhorB PolREFZEHEH BE present in the
medi um concentration of initiator or nbnoner,

t digpersioniire anamouief updodi0 waighh percm&.fsachagetm to 70 weight

niElsit & it B BERAImehyg B0, Bih: GRIER Ut ot

2Q=igRAQH, soBEQﬁ?éeén@rrdth%Qﬁsﬁ&Elor{ OPH® hrricaRebBdheyond BEmore

pol ynmers which are useful .in the preparation of the
afUaBImers afseprmOobMoe PPbaersiresaNtdd e dispagsion can range

~ CBE% C%H‘Bﬁ‘{/ Eb w%%h‘scdf %?es‘té“\%iu@}’ é:'ﬂfs N ﬁf‘:‘ﬁ]% rebﬁ?ec@ Rhges.

pro Ive  coall ng conmposition use resen
| [0GFR]i on cAS mavmualyvm:scgj‘dsedyhm@ge rrm:thedslfcarprepamlig composnte

L lor S 58 ob sl by ot N oRatB

RS B ORAeROR S 8878 AP fheodh of g nanosiea

apadmlss and/peceiooimpaltinggasticlep io forrrga statile dispersian obe

elcxt)rrlll%rosttg %lgrpospatrttl gsl, eSScr:h tn?c?nronn? rls can generally comprise relatlvely
high levels of hydrophilic monomers, for example carboxylic acid group-
contéining monomers, as well as relatively high levels of hydrophilic surfactants
or dlspersants The hydrophlllc nature of such dlspersmns if included in a |
coating composmon may adversely affect humldlty reS|stance or may lmpart
undesirable water sensutnvuty The aqueous dispersion of mlcropartlcles
_comprising color-imparting particles of the present lnventlon can minimize or
eliminate altogether the aforementlonedv negatlve effects because the binder

- system (i e. polymer and éurfactaht if any) typically has an acid value of less
than or equal to 40 mg KOH/gram binder system, or Iess than or equal to 30 |
mg KOH/gram of binder system or less than or equal to 20 mg KOH/gram of
binder system.

21



[0071] The polymers useful in the preparation of the

aqueous di spersion of mcroparticles conprising
woabmroizarparti ng particles can al so include oneComUs2005/021128

materials typically referred to as crosslinking

agents. Suitable crosslinking agents include those

di scussed earlier, such as polyi socyanates and

am | ast b iAS: F Bhi :
emodg?i?nen fr?té RSin MBBYIMRNEE tRe ab08d4d disPefsbi af Microparticles

ments, the aqueous dispersion of microparticles
conompprisingealart-ioparting partiteismrepared, pepiherniedimyarting

B A SR PR 4t RO bbbl R Encior o

ugseoy h@dr@%dmﬂemeééd%@ﬁgéé@aso@cpy%umin@nﬁe@dmwe to high

of the polyners described above. Likew se, if desired, .
niteess shearfcansitiansdn dhe presenseyaiam agueans radiwppiaparticularize

o Ameahel et e AT, TR WO S5 B Goh B ackBinpiisned
PBY WRBICT 1R High sthddd shrar eschiiitgesoivbl kaowadh kiye art.
unsat ur at ed nononers descri bed above. [0073] In

cHR781n enbbsiusesthereim thatpidoiighyplipes sheal gonditions” is meant

; Cicl . . F o
L e P
gnﬁpiﬁgﬁmdeam tﬂcﬂniq% dis?ssedrin r@tmbb?lum fupaleoidhhgh; bpeed
escribed (and, if used, arganic solv , :
sée%wqgh&hegﬁml SagSt b Saig os ﬂs%rf]ﬁ%ﬁaafﬁ% fidgsired. any
[ A ofpaspr%f)figa sHes8td thd BEMhaLMD é'é?rpﬁ?ﬁﬁiiiéﬂ so long as sufficient

m cr opar t' neans a corrr‘gl nation of two or nore
dsfréss isnapplieddoiadhisveThartipalatizationsof therasimikiugenand the requisite

conposite terials generally have a hardness at their
sfﬂgﬁ‘&i"es'tzﬁgﬁ_f'@“@‘?'?‘f erent fromthe hardness of .the
"I\giﬁd]a' POThemiRiurk RANF $usjkEteBed @sé Bppiopriats 586ss by use

re specifically, é'he surface of the particle can be
mﬂaN&R@ﬁLHi@lﬁé& nemuigdier whishsis avaitahte Epm Microfluidics

oFpep@iafBy ENaiBh MePedlirls, SAEMERROF HElipIZERC igh-
t BESUTURY BRpivaeEnt enilisifier is.ddseABed iraetathiats ePatent No.

particle can be fornmed froma primary materjal, )
4,533,254, which is hereby incorporated by reference. The device consists of a

| high-pressure (up to about 1.4 X 10° kPa (20,000 psi)) pump and an interaction
chamber in which emulsification takes place. The pump forces the admixture,
typically in aqueous medium, into the chamber where it is split into at least two
streams which pass at very high velocity through at least two slits and collide,

~ resulting in the formation of small particles, i.e., the admixture is ‘ '

“particularized”. Generally, the pré—emulsion admixture is passed through the

| emulsifier at a pressure of-betWeen about 3.5 x 10* and about 1 x 10° kPa
(5,000 and 15,000 psi). Multiple passes can result in smaller average particle
size and a narrower range for the particle size distribution.” When using the
aforesaid MICROFLUIDIZER® emulsifier, stress is'applied by quuid-liduid :
impingement as has been described. As mentioned above, other modes of
applying stress to the pre-emulsification admixture can be utilized so Iohg as
sufficient stress is applied to achieve the requisite particle size distribution. For
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that is coated, clad or encapsulated with one or nore

secondary materials toforma conposite particle that
woaesoc@i1zabt er surface. Alternatively, particlesctasnmdoz21128

fromconposite materials can be fornmed froma primary

material that is coated, clad or encapsulated with a

different formof the primary material. For nore

i BKIMPIR, OIS aiterrpaima aspenekapplying stiessyyadd e the use of

[ [ Wpych, Handbook of Fillers, 2nd Ed.
(QE@%&"“& "p%§§s 15-202, which are specifically

| (08 1jor at etreys iLHES@THRRY Fefored pel Qﬁft’ Bled haltRbEgPthe precise
nmore nononers and/ or one or nore 'g ynmers can be

pﬁ@é@ﬁﬂ'ﬁ"ﬁth@'%U‘@oMéCB%éﬂQﬂ%ﬁ enasifign stiessss the

I TN

pﬂ'femizéd hiastestre®s it ekettetn pitire thars 6he tsamiars ahis helietbe that
di spersion., Also, the one or nore nononers and/or one

oPNAHRANNES IR WG StEgsHis gnesied s bi»'rsh@ﬁé thatisetha face is such that
agnaRror far mb%é?)a\“ﬁle@m aH%rd Shel"ﬁaH%OS?regQ can

wel ght per n sone errbo
walsglrtte emrtm:htromkﬁlssades astaobalk, mgtﬁssm‘n stoésedsln this instance

resent t he er.sian. t of the o or, .
eSSy ord i SHaet AAyher Ehanss Bk pradycing
t iReric PPss |§rbycc?ef%téﬁ&ge CREHARED oéél}’rswgﬂ i preRsu® within a
these val ues inclusive of the recited ranges. [0077]

Aiquid ds/ reslusied afiotighde eausk ivaparingticnodEhé ﬁJm’!ﬂt@m@ndwgollapse of
ﬁﬁ)@oém%g’,eéno‘lpc |’§§4Il§.lffn ‘?Vz?:'{ Iaf %'Eofﬁlf %E\é%eem iyyoduces

NPRENEY Strédse AENOUFR' nataatendi s Be@E by@‘nyfﬂpamcular theory, it
nanosj zed particles and/or color-inparting particles ‘

t @ bethewea taatnate sheapand cawitationcenidaitedo producing the stress

_ erally conprise
Pl e i 2 TR RS B BB Doer s, for
e[(maz] e car Aewﬂou@,se@ lattbogepmpmntﬁlemmbmimmmwafm present
wel | as rel at [ | evel s of hydrophij

sWPHE?%ﬁP% 9 rdﬂ@gﬁf%ﬂ@@deﬁr@r}% aewerq %'th%rtvu'#heoa? or more
cBoRiceREle” eRionical, SR MidfalRERy, Bwith ane or more

opollymeruza’pm; ethyd&funlh/ab’n&atumtm r’rmnmers\arldwnér bemore polymers.
R R R SR UL e VU
”hlﬁ‘ééﬂ;l?é%e@'inonomers (and polymers if used) are blended with the color-
imparting particles and an aqueous medium to form a pre-emulsion admixture.

' The pre-emuléio‘n admixture is then subjected to high‘ stress conditions as
described above to particularize fhe admixture thereby forming microparticles.
The pblymerizable species within each particle are subsequently polymerized
(i.e. the polymer is formed in Situ, typically under suitable 'frlee-radical |
polymerization conditions as described below) under conditions sufficient to
produce composite micropérticles (each having a first organic or polymeric
phase, and a second _color-imparting particle phase) which are stably dispersed
in the aqueous medium.
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elimnate altogether the aforenenti oned negative

ef fects because the binder system (i.e. polyner and
weuodemarant, if any) typically has an acid val reTai2005/021128

| ess than or equal to 40 ng KOH gram bi nder system or

| ess than or equal to 30 ng KOH gram of bi nder system

or less than or equal to 20 ng KOH gram of bi nder

spous3N [ 0078 somersbal & saFhedhiBRgispetdant daH®RUsresent to
di spersion of mcroparticles conprisin

celadilizeripadispessipar thinel ssfactaniusyaiyis gr_&ﬁeat whae the organic
- BhBbph DR e L LS S e g OBy o

PfIriatioA dishel icropatitlesh oXigernbiivelypihecdurfagtaritaecan be introduced
adm xture to high stress shear conditions in the

pinka Hhe mesiur @t Ak iushalten i rocmpariiclas have beprdormed.

fBgs 7S Afori, TafBffcidrd foniofiSubibril Ee SR8 or use in
t praparatissoi@idh dqueousi dislbmim}]-OW@BWJQ?SISMHknown to those
ess shear. copnditi

herein, the term"high str ns" is .
- nekiied ppthert aEPeaHBtS%&ﬁBS‘P fer yee Hereins %ﬂﬁ'fﬁﬁlqipéf,‘ ianiggnd

3 . it A ; ! ,
T iahESuleelfe oY (0 TRl AU rtactant can range
sfrear aboutidypencehtioi tperoenb dypicallslesaltbam@ perdentdiased on total

that, if desired, an de of. applying stress to the

20098 RIPSCR 18 2gPPUS BIFPeSiPBng as sufficient stress

' EOQE!it}l i ed [t@haald 5 andafstosditat) thatdrRduritiofishffactant necessary
adm xture and the requisite particle size

diosprodyaeiaostablectigpgrsinmeofanierapartieles stepecanupg atnigtzedby the

ciEe EP BT b fieni g st REstBhify o S SHmirglofi Poexample, 2
, Cl\fb matdoﬁmihiﬁ?ww funmctibhsifq ehatseint ise ndbigalized with an amineto

LUl DI ZER(r) hi ghpressure inpingement emul sifier,
i foraea wateredisparsiie ARlymer earnsbe pged e disperse elber ingredients
j o i by reference. The device
\Q@ﬁg‘!&é@mﬁ@%@ﬂ&ﬁb@?ﬁﬁ ‘up to about 1.4 x 105 kPa
(D8BJ0 psi )n ondenmto eondwct the pelyatdrization fud e ethytenidallyh
enul sification takes place. The punp forces the . ‘
TS SHIAEE THGTBEIS) the DERHRIGA QT AR Pl MREBIGHRartcles (and the

o[RS HOSED) St A P e 38 br 40 A Tt ot
saind oil sotubienitiaters can be used. Examples of water-soluble initiators
include ammonium peroxydisulfate, potassiUm peroxydiSquate and hydrogen
pefokide., Exampleé of oil soluble initiators include t-butyl hydroperqxide,
dilauryl peroxide énd 2,2'-azobis(i30butyronitrilé). Generally, the reaction is
carried out at ‘a temperature rahging f’r‘or’n‘ 20° to 80° C. The polymerization can
be carried out in either a batch ora continuoUs process. The length of time
necessary to carry out the polymerization can range from 10 minutes to 6
hours, provided that the time is sufficient to form a polyher in situ from the one |
~.or more ethylreni‘cally uhsaturated monomers.

[0087] Once the microparticles have been formed and the polymérization
process, if any, is complete, the resultant product is a stable dispersioh of

microparticles in an aqueous medium which can contain some organic solvent.
| o 24 | | |



resulting in the formation of small particles, i.e.,

the adm xture is "particularized'. Generally, the
wonres@rdisi on adm xture is passed through the PCT/US2005/021128

enul sifier at a pressure of between about 3.5 x 104

and about 1 x 105 kPa (5,000 and 15,000 psi). Miltiple

passes can result in smaller average particle size and

aSeare onall of thegergaoic sdieentanihs eraevasl vpgeduerd peassure

W@rs&ﬁefs A8 BBt G et PR BTSRRIl lis meant

tﬂ@%éﬂo?%ﬁrcl@n@%r'éé’i‘@né@&%bulé’cbﬂﬁfr frRRegRte lipon standmg

plying stress to the pre-enul sification adm xture
c&Oﬂ&&] uti | irzeertaio emlv@dlwrwﬂhe preseant snvendioniis directed to an

aPBide BavRgr St maifing F4gHE0kg ERihbTferigisiteg hereon,
?Wh'e)‘ém qh& cbatifg w%@t 13 @@pdsmedlfﬁcﬁn@‘pfétédti@é%aﬁng RSAEPOSition

0081] Stress is described as force per unit area.
Acompliging: areapueeisdispersiehoEmiasgpaiiclss admaprising Color-lmpartmg

N hRIASS el L S5 Rl s opyerus ispersio

nef ridropatiiisyis pressretandany of the etdwerdeszsdubea ahethbtess

|s exerted in nore than one manner. is believed
08%ne makrihoulchbemngarsioedthat e aqee@%dtseewon of

P‘E affiiids bémgf %ﬁﬁp c%'i&r%tp%rt?rﬁ@artn@@s rﬂQ blefmglparlﬁiery film-

RS PRV eS par to an ' ad paraf |

Sfcrraang cempahent dafeswkmcte&m\gfdommcmlﬂlorss cbesalmnatntelly Ieuch
essi on stress. n thi,s inst anceb Iﬁér ess. coul

esze ea'twﬁw a'éﬂ;Paé‘HB%'Pde@ KNS LinderRystem Compf's'ng one
gggﬁﬁé -fatrﬁ.negmwrhsﬁsswh@h%yam A& NnclGay iréadtivan -

ressure wwthina liquidis reduced .
efunagibnabgroaps eandipn ifi agpropriateTheuriogragent having functuonal
R s
AlhvidiftieaBd e dritt SNFIoRE pbRynists bOURE de @nmoRapblyfidraformed in

theory, it is believed that both shear and cavitation .
c St vieopalgmeszatioiotineneaer Bore FONIMEE Usedtin die areparation

| , Eﬁt/h%r %fcﬁg@%&hfgﬁiﬁ%gﬁ{g@l‘%&}ﬁ Wfﬁ@%g@r oﬂ)P%C Léc'tfb%dpol.ymefs -

i REeinGireActividgroupk aire avaRdLile fer rRALtio, with aamod%tmklng agent, for
adm xed either w.th one or nore poI ymeri zab

e£XgMela. ¥éth 3n amingripsk A PAlypReHANSLe tnclwetdnmdhe agganic phase
Bf fhe microparticle, or for reaction with any of the crosslinking, i.e., curing

agents (described above) included in the ceating cemposition,

[0090] o It should be un’derstood that the amount of the aqueous
dlspersmn of mtcropartlcles comprlsmg color-lmpartlng partlcles present in the
protective coating compositions can vary widely depending upon a varlety of
factors, e.g., the final color desired, the curing method to be used‘, desired
coating performance properties, etc. For exemple the agueous dispersion of
mlcropartlcles comprising color-imparting particles can be present i in the
coating composmon in an amount as low as 0.05 welght percent (e g., when
used as a pigment tint paste), and as high as 100 weight percent (e g., when

 used as the coatlyng composition itself).



pol yneri zabl e, ethylenically unsaturated nononmers and

one or nore polyners. If any of these nethods is
wenpleaysdg t he pol ynmeri zabl e et hyl eni cal | y unsatcumatmdo21128

nmononers (and polyners if used) are blended with the

colorinparting particles and an agqueous nmediumto form

a pre-enul sion adm xture. The pre-enul sion adm xture

i $009n subjieekrdinteambodimesits,che statiidisiguenas aspersion of
descri bed above to particul arize the adm xture thereb

f GRIRTORGrigles %'apns@ge@lormm%mgj Rafticlesomay fe-priepared by (a)
(PrBRIR0 PR bt RSB cBSl LT g n e
s présdrice dfrorganiadiobaint pdescnibed de)wthecnmld)rt-nhmmiags particles

descri bed bel ow), under conditions sufficient
M@'LQQB eoMes’ ﬁPlé/emb@rf%aW?'ie& @%@E@P@l&mﬁﬁﬁ () sykigeting the

Y ¥

SRR RSB BB Suon 3o agy o i i st

sshbaynmtrmdsr destribedtabevagindbe presehcenof &ps8Rjusl mediurre as
rsant can b resent

t di
- CERRRInSBbaNE b Tin Shioshe b eapeitien fishetied 1 the aqueous
Phesfin. Wcénﬂﬁoéﬁf@ﬁﬂbr@ pSRIRA AV & ﬁfsqrdh%getc%n?&%ﬁ’rﬁg the one

is mxed into the agqueous nmediumprior to formation
t be mﬁrem@baftbwneswamrtm;msibl&apglymaie andy opldersally, ttmorganlc

¢ ReRhE AR PoedEohas, CFHbHSR 6l s8Ry Shwla PaFes

Cf0097]i ¢ anMomaithiting@xakigles bastitaldé ergani¢ sbiventscariimelude
i n preparation of such aqueous dispersions. O her

nﬁ{y@pl eiherswauchiasoniyh @retes propyiane-alycolmanebuiyl ether,
18 p@ébﬁwérﬂfb ;&gtalﬁﬁﬁab”suéﬁ?% @dn& 538{@}]@&{&@@,

nr.c sur ate used toget’her v
atn:iﬂuylabéormur ketunes} sucinas mujlaylﬁwbntwbmlbné, rpethydpropylo

¢ belanes gptets bl AcateleaaluBate b aeAgiaIs, spgoasyyiens
| %néh@lﬁbﬂeb&d@g@tcqu@ é“%})on‘% rﬁx&%‘ﬂé @besurfact ant

necessary to pr e dlsperS|on 0
n{@093]ar t i clTas arfet@rmoemsdueenhbnrrm Meatebdispeesibleepatymers

b e 167,54 e et et bepilegaabr are any of
f Hﬂ/étri'e%n@ﬁ ﬂ)élymbt’s'iiha@ afe BRpBRIbIEALOHILBIR, Wrte%lﬂéifléﬁlbriﬁ abfeous

form a ‘water-di spersi bl e polymer can be used
dmgshivmesuethpelymegs ean eamprise any of a variety of hydrophlllc groups,

e.g., hydroxyl groups, amino groups, carboxyhc acid groups, or mixtures of

~ such hydrophilic groups. Such hydrophilic groups can be present on the
polymer inan amount sufficient to rendér‘the polymer dispersible, soluble, or
emulsifiable in aqueous media. The polymers can be rendered dispersible in '
'aquedus media either by virtue of being sufficiently hydrophilic, or by
neutralization or solubilization with an acid or base to facilitate dispersion. |
[0094] ~  The protective coating compositions used in the present |
invention may be used to forrh a single color-imparting noh-hiding layer; or, in
certain embodi'ments, the protective coating compositions may form a layer of
a mUIti-Iayered system, which includes a clearcoat layer deposited over the
color-impérting, non-hiding layer. As a resqlt, thepresent invention is also
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including the color-inparting particles. [0086] In
order to conduct the polynerization of the
webtbhysloezmiical | y unsaturated nononmers in the prepenws2mb/021128
the color-inparting particles (and the polyner, if
used), a free radical initiator typically is present.
Bot h wat er-sol ubl e and oil sol ubl e i ni t| ators can be

usirgctaddampuiidayer ceatings sommising (A eRlsr-imparingden-hiding

a I

R oGRS B 2 A fhve DOMARPEMBBRNEN EE sl Golor-

i nmpaaig@rpmrgciek lm@elngégmaadlmhgdmmmobabmlﬂ 1096 Iaadra/fllm-formmg
per oxi de 2, 2" -azobi s obut yroni Gener a .

tﬁ%S'F'eﬁ%ft' 0k PlBecath faxe” copoated,op e caldir eaniies AgH-hiding
%20 to 80 C. The pol ynerization can be carried out

in elther a batch or a continuous process. The |ength

0f0@95ie necé‘skmacrlgancoatmyeynmytbet depcpmtegirfemmmtompomhon that
ranefromlo our

hrised ot ey Sorgn,r SSs ResBibeg, S60ye and shivbeapplied
| 069epf MISFNMIHQ 'n‘éﬂl-llll?dlnﬁr@gérqqumaﬁ deb&pé?&/or

Once the mcroparticles have been formed and
p orotesctive prapenties t@ctb§§Uﬁanea4ﬂgderm@tboﬁ;bieeteeqnouaéamders for the

r%%ﬁsé%éhqa%{%igfq@ i oGy BhEoRSeLRlEeR AL Blerrbassst g

SeBRmpYsinsC Gistiofeingredienty s@iébl@forﬁﬁtﬂugbﬁaﬁltm clearcoat
sol vent can be renoved via reduced pressure

dpgmnqsa\qndnclade éh@%ﬁ‘rb’é'rcé& areavelt knewa in Hgmad 9btormpyating
ﬁﬁ&? cgéﬁrﬁ)ﬁé@ueﬂ as tﬁo% ﬁﬁ;eﬁé\@ dfeﬁgﬁbéﬂi ‘é?ﬁﬁ?r trhe! dksarcoat

er se nor coagu nor occu

sbambdsgton[dwﬁlsé appliexktd aisobstndtedynamy sonﬂdrﬁuopabmthg
ntion i ectedto ana ‘icle havin
%mq%av& ﬂb‘-‘rh'rpﬁl oﬁm@y'ea IPREGII QL %wg@mpf*g@thers
t F@Gé@ whetyg ﬂe&@ﬁt lﬁ?éﬁtidhglsla?é/c?alrééteﬂ%%srhhﬁf*agéroéﬁéhng
protective coating conposition conprising an aqugous
disygtens compdsingi (a) afmsecoatdayendepasiteddrom a film-forming

T T )
Mhehaidink! coalifig 18yt RpREREY BVeﬁé’b’le%t & Bértlon of the basecoat.

above-deScri bed nethods. [0089] It should be
utayerswbergin the ccnlhenram@cag@o@rfygmgdaw lefdepOSIted from a

S REA LShTR PO o LB E A  phEes naving

CaahbKithuAMRes idf iaBbat 10%,; aAt By & fim-¥eining $8€iR; and (c) a
clearcoat I‘aye'r deposited oVer at least a portion of the color-imparting non-
hiding‘ layer, wherein the clearcoat layer is deposited from a film-fdrming .;
composition'comprising a resinous binder. ,
[0097] ~ As would be understood by one ékilled in thé art, coating film
thickness and curing temperatures and conditions for the color-imparting non-

| hiding coating layer will depend upoh the type of coating layer to be formed,
i.e.,‘a single layer or as a layer of a muIti-Iayeréd system; as well as the

- coating composityi'on itself, i.e., whether thermoseﬁing or thermoplastic,
wheth'er‘ar'nbient or thermally curable, and, if thermosetting, the type of curing |

~ reaction required.
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conpositions may al so can include a resinous binder

system conprising one or nore filmform ng polyners
wohowhizay or may not include reactive functi orai/UuS2005/021128

groups, and/or, if appropriate, a curing agent having

functional groups reactive with those of the

filmformng polyner. As previously nentioned, the one

ofoggEe Po! TREIotekive Bsamﬁgfc@mﬁsgm@n@@ﬂmﬁ fler®for-
in sifu via pO ymarlzatlono e one Oor nore nononers

uiseparting tnea-pidingsecatingriaysr is m@pnsmda pan tbecamﬁleda;y any

cont ai n. re cti.ve, functional

- e Rrtiob8E Fetidt pdtT S Widhg SR, ding ol Edfting. rol
Wcéé‘tlrfq %ﬁ@éhﬂldﬂ‘dl R@dadedtiostaid s@ré?ﬁ‘@ E’Spr\é%/ttéclﬂﬂques are most
am nopl ast _or pol yi socyanat e i ncl uded he organic

phtier ueedt il ypmaﬂy,dﬂmwcmn@ss or qused coating®is ail Ieasta(hy mils and

ke g BERA O Bl s Bl g’ Conpost 5 on £0090] 1t
sjoogg9] be uager apprehtiohabuth prasetivel cadtinghsorapivsitiors may be

di spersion of mcroparticles conprisi nc’g~|
covied. i 3guaral %tWququP%%!t'%seg%’h ejcyredhat am@te&sﬁweerature

COGLA gu‘g@@ﬁé?% %rﬁblﬁégcyeﬁ{?fe ﬁS‘yﬁé a5aeli bﬂﬁ’nig’ﬁé‘?tﬁgr they

vari e or desir
coanm bg cueedati mmniﬁlylaadated daanpe[btumttonmsm fher corac An

D PRBEleoaHCTS lrcet AR SN gH e RLpor g taRout 8eS to

CGO°(§’ewlﬁ’ibﬁ-°r§ Bbm‘nﬁbﬁ ﬂﬁh@oﬁftbl‘?\%tﬁ?é’ mﬁéﬁ jrffust %eaéfﬁldféht

| ow as 0.05 wei ght percent (e.g., when u
ptegmeeraturemu rablstaompasitibresarei uguadly ptemarwdua@m t\fp@(%)mackage

| S (2800 e st S0iTE B AERREC cldsSeripag) is kept

ageieadte ﬂbﬁﬂmbsﬂll(ﬁnfo%mg @sﬂp@l‘éénrﬁ?bﬁék{)@ﬁﬁfdlﬁh Qhe reactive
~color-inparti ng_(b1 particles may be prepar

pfunetignalgrone eopaqkﬁrgsstareugomnecbsfwﬂm@@%qremhcaﬂon

(B0, Lew BB PruRele Gyl ERERBog ity B s BfieEing

oblecked vcyanaley aniihoplast, pheheplast, potfepolide @ch}l!?@cﬁd curing
(c) subjecting the adm xture to hb‘%h st ress _shear

cBaent; GaRe PEeRated @sshgnerPackaos PyFiest (' 8Ky). stase compositions

TE B0 EIeS PR DARAR) S5 TIE 0 Rt

nR 60 tptar abaiteS04F {21 X2 th 282 1C)ewitty temperature primarily dependent
upon the type of substrate used. Dwell time (i.e., time that the coated '
substrate is exposed to elevated temperatUre for curing) is dependeht upon |
the cure temperatures used as well as wet film thickness of the applied .
coating‘composition. For example, coated automotive elaStOmeric parts
require a long dwell time at a lower cure temberature (e.g., 30 minutes at
250°F (121 °C)), while coated aluminum beverage containers require avery |
short dwell time at a very high cure temperature (e.g., 1 minute at 375°F
(191°C)). 1K systems can also be cuyred by exposure to actihic 'radiation,
such as UV light or electron beam. '

,[0101] Iliustrating the invention are the foIIoWing examples that are not
to be considered as limiting the invention to their details. Al parts and |
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medi um The conposite mcroparticles have a first

phase conprising the one or nore sol vent bor ne,
woav@roigiisper si bl e pol yners and, optionally, tReT/US2005/021128

organi ¢ solvent, and a second phase conprising the

color-inmparting particles. [0092] Non-limting

exanpl es of suitable organic solvents can include,

gIP?tQﬂntQﬁQ‘ﬁe'ﬂ§hesﬁ3‘@mFﬁ§S As yell astiyorghoutingspesification, are by

vyl ene gl ycol nonobutyl ;
al cm%né)suc EE’?%‘% Ia a- et hyl hexanol ,
tridecyl al cohol ; ket ones E)GAMPL;ES nmet hyl i sobut yI

ket one, meth propyl ket one; esters, such a

SEeT0ETe: "o xR 46 drdntobs ihe pedpardis PLRACKBParting
[gﬁ,gﬁ&rﬂ@@%@ fBRAR Hé&?rd?q@@bons such as hept ane.

or nore sol vent bor ne, wat er - di spersi bl e
polynmers suitable for use in the enbodi ments descri bed

i mredi atel y above, are any iety of polyners

that are dispersible, sol Mwl sifiable in

a s medigyR, ®PP f rfr @Ba falty
ﬂﬁ'fﬁgi Wﬂélbﬂ%ééw&‘/a 515!8 Splec

y of hydr Ic groups, e.g., r oxyl groups
aﬁhemnngale@:rpowrdmi(wnytnmmdb\g anlp)swaamlhedan glispeirsed on

Suc;}f@é&ﬁg h| l | Cﬁk&%‘%ﬁ@ ﬁa'gwéﬂﬁﬁ) oL | Mﬁ%@@'\u@fﬁv‘??@sew

r RERS 1 5Be f@?ﬂhﬁﬁ@rco%[fcﬁﬁrﬁé Bh@ mifiab ld:b'n@ntlo% to produce the
enul sifiable in aqueous nedia. The polynmers can be

r dispersidnsl pkpelpsimparting pajtidlesis nedi a ei ther by virtue

ndORETY o1 ok ShEY i it nsrSipndf Blorimesrino pariles was

t Qlilfiel With Attty sgetatel OFabld 008t th@f‘[ﬂopemsscmlthe fmal dispersion
coating conpositions used in the present. jnvention

bef geleimpartingrharticlefgl TdeRyesage REMATY R !ﬁ%sﬁﬁd’i’%w%med
3y 2 Pﬂfhgs'dM‘i?rtFa?‘isHu?é]Bﬂ%\éE%hsrnlctn?secggfegﬁm ¥€100 kV. The

coa Frma |l a
m% hezé a\;asrméasumdamth wiBW@Garctrieud’é!S dThe Entard3phdrayer

osited over t col or - i N on- hi di ng | ayer.
siryneenihaving,@ H0LBIGHen Pgﬁ; '8ﬁ9€ al sodirected to

mJItl -l ayer coatings conprising (a) a color-inparting
non-hi ding |ayer deposited froma protective coating

conposi tion conprising coI_MEQﬁ_an partl cl es havi ng

al{m;m ;n 2 Z%g@%%j{}g}%@%&%n@e% er&{ﬂg@vafa%lé]from

CHARF Odpsratiod, MRUNTONVEY New Jersey) was milled and dispersed and
then analyzed asin Example 1. See Tables.1 and 2. |

EXAMPLE 3
[0106] A green pigment of Monohte@ Green 860 / Monastrol Green 6Y
(available from Avecia) was milled and dlspersed and analyzed as in Example
1. See Tables 1 and 2. '
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| ayer. [0095] The clearcoat |ayer may be deposited

froma conposition that conprises any of the

woibowofiznai ng resins descri bed above and can becapsbkiosd21128
over the color-inparting non-hiding |ayer to inpart

addi ti onal depth and/or protective properties to the
surface underneath. The resinous binders for the

basecoat can be organi c s@wanptpaged materials or

wat er - based coating conpoSitions. Optional ingredients

s[,%&ibl e f oA redqigmiecho Imamm'd?@hﬁw(aavajlebiﬁ) omi Giba

| d .h
¢ SPRiPLy CGTDere searRbdion yas BieH 20 dRGefefians angzed as
dmsgié,ﬁgﬁ, £agkkgabldd @ dfigear coat conposition can be

applied to a substrate by any conventional coating
technl que such as brushi ngm ng, di pping or

R A BT W e T Elahie 1 T ERaliPRy d R el S | Ehatibie 4

cloPgeAt Ng (a) a basecoag 1yayqr eppsl [0 168N a| 952
fl%lgﬁéﬂéé@g@bdﬂ)”p(fbl lI OT1 eunpl I bl l2£b7d ltbl lb)slg UI II.UIEIO
I PP s A N W I nod ion T
@.\F Paver. wherein 9A2 cdlor- Cnpartli ng on- i di
aSalsperse®I320't ed frlom a0pr otlect2%84 codt i Ad.12 26.35
dbippsrsanton conpri si ng (fio)73colfor -i Wpartijng parti ¢l es 0
NN GrifdPpdiyRér hazel ofzpaipoutl LUV and [(11)g a 0
-bat '“ 3V‘6?0 acTe BF T A8E60 37.10

naocrt V-er af | Fa¥allal nxf i ¥o¥al pal
BLEAYAY =4 LAY AN LA™

0 ‘?WaWO[# Mﬂqemennnhl di ﬁ%‘ ayer \ﬁ/l\'g3 reid t ABOR ear coft
d\ill residenge §gw @det) f rlom 8% i i m for%8 ng dorp®® tion 25
clovigdia Sizegdmm) esi nous ,bl QcBer . [[009%3 As |[wouP@ be| -0.1
urchedrsdreialy abyilable érosikthd Ludelzdl Bodpb@tiar, Wickefeadhiag 11 m

t e amesisly amallable fiomghe isrbpzn SorppratoraMickiften Ohibi ons f or
t}ﬁpwrmllylanw@bleufrng! EloRbiPafit ReNeroars, gg » Mélgangtoni Pelaware.
d?ﬁ@?ﬁ@?fﬂﬁm@‘/@"ﬁé'effyméh%lfubezyéﬁprﬁgfat' ckiifee, @Biof or rred

AEquate a zﬁ%glqna taggngapof épregqretéaqﬂﬂn@rall gdin us.

e followmg
nome ight n 14.1%
RN T e glém%fmm
amn( 80 SRR w) G VG4 b % G Rdrmeation
éf&ﬁa&l u§iHg & P8lystyrene standard.

An acrylic polymer iminated with propylene imine prepared by solutlon polymerization

techniques from the following monomers on a weight basis: 29.32% styrene, 19.55% 2-

ethylhexyl acrylate, 19.04% butyl methacrylate, 9.77% 2-hydroxyethyl acrylate, 1.86%

methacryllc acid, and 0.59% acrylic acid.
" Commercially available from Dow.Chemical Co., Mldland Mlchlgan

—h

— O —o —Q

o

TABLE 2

| Properties | Example 1 | Example.2 | Example 3-| Example 4
TEM primary 100 30 20 40
particle size (nm) L ' ,
%Haze® 9.18 0.13 ~0.33° 0.25
% Total Solids 31.42 38.43 249 | 2749
(by weight)® ' ' ,
% Pigment - 8.92 9.73 8.75 13.05
(by weight) . ' B '

8 Percent haze at a transmittance of about 17.5% at the wavelength of maximum absorbance.
*The dispersions of color-imparting particles were adjusted to attain these final % sohds and
% plgment values.
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reaction required.[0098] The protective coating
conpositions fromwhich the col orinparting non-hiding

woaedsingpibayer i s deposited can be applied by aay/us2005/021128
conventional nethod such as w ping, brushing, dipping,
flow coating, roll coating, conventional and

el ectrostatic sprayin Spray techni ques are nost
often used. Typicall Mﬁéﬁ&@&ﬂgﬁor cured
SROBRS", e AmbERfodpl st SR pbrBetecve

%d&tﬁgtdohﬁ)m&ms’@rﬁprmng ithe oolsr-nmpa umgcparhdes sétxaniples 1
coating conpositions can bhe cured.at anb

ttbrm@M as&howbln Table Rodd! %mpﬂﬂt'%nwew Qsecigﬁgﬂglbg rgixing the
R SR ol ST 5 TS, T o
e?éék?"v@as/\@cbl-btérm&wnmﬂté “CrosslinkenPack” justipriar trsibstrate

boot h at about 400C_t O0C, whi ch

abRlvB o o ACEIioneL TBAA JRIUpe! e aarreEY Veenply aistment
curabl e conpositions are usuathg pregpared as a two (2)
package system ("2K") in which € anhient curing
agent ("cro$slinkerampek") ijs ket Separdtel fBom the
filmform ny“cesr Padk"r esi n gack")| contlai ni ng the ,
reactive fu 59@% 1 group |rge;9packages--are conbj ned
shortly bef (}:"E.é:‘( 2 Featiom 0166} 6&3"3]' malty curabl e
coating compotPiPons such—ag—these—tsHag
i socyanat e, EYPRR :?ast phenoplaslt . ~p B e

pol yaci d curliExgmplecht can be prepared as~a oh Slnhckage
system ("1 KDCUZI4E¥e conpos|i 680ns5&d6e| 884%(d5%40
el.evat ed tenperaelires, typi caldp |f t8:301] 13303D13@6nut es

at about 250%}6%3&}9&-‘19 @lpuur— Iz Ctol 2320 wit
~tenperature T‘QCXQ,'Z' y—trependents; wmt qu;ézy ?@%f

substrate ug el time (i—e—1H-rerthatthe—roat ed
substrate id BRUWSERFE ol eviated fenpetature for
curing) is JépeE®dent upon t hie 26Gr e St18npdrat il lised
as Viebtuzm2 west Ory Clertchatodonesescialf avaﬂeblaﬁphiP@@ lmtriieﬁgm-
compmsgtt, PAn. For exanpl e, coated autonotiv

el asj amsuﬂe togmmeteiglly avaiabiegirom B Indug ég% Pigsbu
cure @ (otids(Hargener, SYNREAR Yeryailgbles 'iStrﬂfé
whittslurghy f‘ed al um num beverage containers require a
very

[ 2l
CRATU
obd r

' COMPARATIVE EXAMPLES 9 through 12
[0109] Comparative Examples 9 through 12 were prepared using the
componehts as shown in Table 4. Inthe comparative examples each
plgment dlspersmn from Examples 5 through 8 was replaced by a
correspondlng hlgh -performance dye. For example, in Comparatlve Example
9, the yellow pigment dispersion of Example 5 was a yellow dye solution.
Plgment and weight solids were held constant in all of Examples 5 through 12.
[0110] All Comparative Examples.were prepared by mixing the
components by weight in the order of addition shown by Table 4. The “Color

Pack” Was'co-blended with the “Crosslinker Pack” just prior to substrate |
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short dwell time at a very high cure tenperature

(e.g., 1 mnute at 375F ( 19 10C)). 1K systens can
wabhemw/bzicur ed by exposure to actinic radi ati ORCTAISE(95/021128

as W light or electron beam [0101] Illustrating the

invention are the follow ng exanples that are not to

be considered as limting the invention to their

dg;bpﬂlclaﬁon ANddRIra? DATBSBERSAMRIRSs Addéd foraxeiarite adjisment if

as throughout the specification, are by weight

umwam herw se indicated. EXAMPLES [0102] Exanples 1

to 4 describe the preparati cpl or inparting

particl es having a maxi mum O-hgéng‘fé)m% EXAMPLE 1

[ 0103] ChroDemparalivd EXahplesv 8GN g ayaitbahl & 1f formeCiba

Specialty [G rcpaédin L,orporatl on, ~Tarrytgwn,  New Yor k)

Al H AY o |

was m || ed—an spersed—on—an chulb\l L
(avai | abl e%%ﬁ swerke | "‘52?2 Mahyak ,J' NewJergey) .
Table 1 set the commn onfs Anb®mill 1T nd

condi t i ons| P¥Xpldduce t he di spersi ons-of] 559 |
col or-i yrpa{rDMD(gz1;2éﬁrt| cles. [0104} For-anal-ysi{s553 he
final di spemsugpsdt color-Tnpawsbund epar filipy 60a7

di | ut ed_ W t@l-gg ot y| d(..El ate: '13‘.%38 1577I S]I35/3l Ng 78 _

pr Opertl eSi— =ag; dl SPeSHo6t color—i ||pa| t|l Nng
particles. ‘.‘ﬁggss 0'3 k Licle

) sizelwas. |

obt ai ned wiP®X&1philips cvi2 r@-f‘l%ﬂﬁ@@? d7dl ek by
m cr oscope ‘REgMperdtack00 kV. The % haze was ngasur ¢d
with a Byk-Eaggther TCS (The Copldn $phzor e)3.0:st 3.0618nt
havi'gyedo dfE $0IUEBR Porkrfértialfah BlabRAGH PP E-RaMtds, 1Ac[ 0105]
A cyanbipé gyeanmnefcidie bvagea(sm PBGUsdUstriéf8dc. D (avai | abl e
f r orfi ABdk&En Gerspiatiat doomerdidiy atail@ble from PPRendubeiesdyd. was

mi | "edred age stillgipe coretieraialty avhiahledreal RR@ thdagri¢sninExanpl e
1. See Tables 1 and 2. EXAMPLE 3 [0106] A green

pi gment of Monolite(r) Gq.eegtgggst/ratl\egnastrol Green 6Y

[0111] Percent opacity of Examples 5 through 12 were determined by
drawing down each example with a 48 gauge, wire drawdown rod (available
from Paul N. Gardner Co. Inc., Pompano Beach, Florida) over Leneta paper
Form 1B (available from The Leneta Company, New Jersey) and measuring
the percent opacity using the Minolta Spectrophotometer CM-3600d
according to the instructions provided by the manufacturer.

[0112] Initial measurements were taken for dry film thickness using the
Fisherscope MMS (Multi-measuring System) instrument. Dry film thickness
was determined by drawing down each example with the same 48 gauge wire
drawdown rod over cold roll steel. The appropriate probe was chosen to
measure the dry film thickness of each coating.

[0113] All drawdowns of Examples 5 through 12 were cured at ambient
conditions for 24 hours. The percent opacity for each example can be found

in Table 5 at a specific dry film thickness.
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(avail able from Avecia) was m |l ed and di spersed and
anal yzed as in Exanple 1. See Tables 1 and 2. EXAMPLE 4
wpQd@Mi20d0r ed pi gnment of Irgazin(r) Red 379 (avariuakioso21128
from G ba Specialty Chemicals Corporation) was mlled
and di spersed and anal yzed as in Exanple 1. See Tabl es
1 and 2. TABLE 1 Commercially avail able fromthe
Lubri zol Corporation, Wckliffe, Chio. Commercially
avai l abl e fromthe Lubri zol r ation, Wckliffe,
Ohio. Commercially avai l ablj-ﬁgg‘l”ﬂr DuPont
DeNenour >,Exg,,ﬂ|ge W1 m ngt ¢ mFT[@ehgvvar e Apdceatnopadital |
avai | abl ¢=fromthetobrizZor—Corporatton, WCKITTTE,
Chi 0. 5A|&eavarkeEemarSni| J8gr oup contpl4f’hg pol yne
grepared @a,g@ggrally descr1|,1bed in US |£s. No.
, 365, 66 t angferTtadrcalr ppi ynert zation
t echni qugg_a;fnlpg#'\tféhégé?gqel owi'd§ rononer s ‘& wei ght

basis: 4. ggg,gwgl dyT” et hagigsl ate, 20. 3Pk 32
benzyl meth NeeExa“ 4—310%

T~

70 uut yl |ICL Ilabl y al <,

2- et hyl he )? nacry[ng cmd)27 1% of hyd$”e35ypropy|
nmet hacryl é:fe potymeT { am M) of 1§

Mw) of J%%E'raﬁ“ "f‘:n“r'em ped—by—get—perpeatton
chr omat og g i ‘éﬁ% R pol y1$£10yrene stanfiartd 6An ‘
acrylic pe yrer fated propytene é |}C|c prepared
by sol uti ti-of chpi gues fromthe

fol |l ow ng m)noners on a WEI ght basi s: 29. 32% styrene,

B, 1 of SOUT G Rl Cl g Al My Spectropntometer

n@lM%ﬂOfd |Vﬂtratt1eoCIEd.nkB mdﬁﬂ%)iamlyr spacei B65aylight source and

Il | )
vDhAgSis® anfglf Moy & heen it BT IEag s (Rlint 14 QHNERSiing)
| ab\/élr'é de"k nedh 8bch l&eat@\fﬁérﬁévgtrheeé CBRIddHEN G W6 pr§Fared by

I spersions of color-inparting particles were
\adraysmgdiom eaclaenamp&\wtln arkd g9ugel Wiss deavadoypreshavailable

& FEBAITA Brtona? Gl B Bruters, BPe Moy pllimieeh

C@UBﬁ%telvﬂﬂ'ﬁ nfiififish 8108 (doemesdially avairble ﬁ@rrmm'ludbesatones
of Exanples 1 -
Inc. ) Initial measurements were taken for dry fllm thlckness on the panels

‘was measured using the Fisherscope MMS (Multi- measurlng System)
instrument. The appropriate probe was chosen to measure the dry film
thickness of each coating.

[0115] = The coated panels were then tested in eccelerated weathering
conditions using the QUV/se Accelerated Weather Tester available from Q-
Panel Lab Products, 800 Canterbury Road, Cleveland, Ohio 44145. The Iight',
sou‘rce used for all panels was provided by UVB-313 nanometer bulbs. The
iradiance value was set at 0.48 watts / meter” / nanometer at calibration

wavelength. All panels were subject to an alternating test cycle of eight (8)
hoUrs light exposure at 70°C followed by 'foﬁr (4) hours condensation
exposure at 50°C. The panels were exposed to these cyclic’conditions for
750 hours. After 750 hours, the panels were removed from the QUV cabinet

and color measurements were taken on each of them to generate a color
' 33



t hrough 4 as shown in Table 3. Al conpositions were

prepared by m xi ng the conponents by weight in the
wondmsroizfio addi ti on shown by Table 3. The " Col opcPaski05/021128

was co-blended with the "Crosslinker Pack"™ just prior

to substrate application. Additional DT885 Reducer was

added for viscosity adjustnent. TABLE 3 10 , DCU2042

Faffer&fde @Eab] Yalue. CTHEER @isalté Breghowaln Fableodn PREexamples

I ndustries, Inc Pittsburgh, PA. 11 DT885, Reducer

c armgiatiped accarding A fhe eorspsmamding aemparatiyve QWP'G (containing

Pi,t 6 1 H gh Solids Hardener,
Vﬁ%bfgr g??‘;‘/ éﬂfﬂ%’% tg&é from PPG | ndustries, Inc.
P| ttsburgh, PA. COWPARATI VE EXBMBLES 9 through 12
[0109] nmparative Exanples 9 throygh 12 were prepated
using th i eAb 4_afte1 zﬁotl-ﬁgrs’ﬁt)\f
corrparatlol!m?Ia P68 - e LS Per-S+61
Exanpl es Bitth 8 vvaso52e Iaced )W.18 correspondin
hi gh- perfé"ﬁ'ﬁﬂ'&@bq:‘m. He egarrp. € Ey Conpat anT VS 0
Exanpl e EXP'WB"??QI Low niYy %nt dispe |2<é5nn of
was a yel|lGompgiaives ol ut i om55 Pi grrent ad wei ght solids
wer e hel d i of —Exanphes5-through—12
[01 10] -AlfxemB§Sarati ve ‘E@&arml es V\ELIOF? prepared hy
m xi ng t HeCoompambveent s b i ght in|t order of
addi t i on |Shemaledy Tahl oel ont ol SB%M
co- bl enddExample %t he " Or o380 i nker Padie” just prior to
subst r at qaqupdpacaive on. Adgdit i onal DT188jsReducer was
added for| Brasplesiot y adjusinent if necessary TABLE 4
13 A vyel ||Exachple 6sol ut i oj0.8onmer ci al{l3P2avai [able from
PPG I ndustries, Inc. 14 A blue dye conmercial ly

avai |l abl e from PPG | ndust | es, é ]12 A green dye

sol ution commercially PG I ndustri es,

b @511#3u§t : ﬁéé(a%{;?e§Qb#e @RI BrRpEé IVtVBIb@RAG SRR, The
compositions of Examples 6 and 7 were hand spray applied onto 4X12 inch -
panels prepared as follows. The 4X12 inch panels were type APR24711 (cold
roll steel; ED5000 e-coat; GPX primer) available from ACT Laboratories, Inc.
[0117] . First, a primer Iayer was hand spray applled to the APR24711
panels. The primer was DP40LF/DP401 LF epoxy primer commercially
available from PPG Industries, Inc. The blend ratio of the primer was 2 to 1

by volume per the technical data sheet instructions. All spray and dry

requurements were followed as shpulated by the techmcal data sheet The ’

composmons of Example 6 and 7 were then applled.
[0118] ’N'ex"c‘, in Examples 13 and 15, a basecoat layer was hand spray
applied over the DP40LF / 401LF primer. The white baseCoat was Global
D751, commercially available from PPG Industries, Inc. The white basecoat
- was blended with D871 Reducer and DX57 Basecoat Activator (both available
“from PPG Industries, Inc.) and applied and cured as per the instructions on

the téchnical data sheet.

34



[01 11] Percent opacity of Exanples 5 through 12 were
determ ned by drawi ng down each exanple with a 48

wgaoug®12oi r e drawdown rod (avail abl e from Paul ptI/US2005/021128
Gardner Co. Inc., Ponpano Beach, Florida) over Leneta
paper Form 1B (avail able from The Leneta Conpany, New
Jersey) and neasuring the percent opacity us

ing th
MAHAH a SpeNaxbpaq@Jﬁameélay@w@@cﬂRPh&ééwﬁai%lrftr}gefi ﬁgand’7 such

i I ' '

| HEtEABIES oIt Wil a CltarGBRIP6 SR bplpetbd to
uEkaepldwe Eingrmwfapfao@?%@vﬁgt Myet.i - megsuri ng System

I nstrunent . Irm | CKNess S eter n

df¢d0g dowd h@’é&@ﬁf@?ﬁwﬁa% PiRaTEE hY TBMIA S@@%@édﬂ@at

d . - .
PN RS TR RS i, 1T AR OREA Bbssirher
eﬁabkagﬁag%mmer{:i@lly ﬁ@%ila‘ldlé frgbnamﬁ/\kmim_triesx o) asd gefuced with

t hrou were cured at ammi ent nalfl on or .

L DTESS (ReguBS Baskbcsranmaraly el kil BPEhdfsties, inc)
f ' | 84 i £ ! :

A Eeldno R rfio o7 49 178 TG eRafectidier wa applied ond
Vehowed tepers atearhbientreorditiong 800 days piionthdesling. ABitial color

del of col.or space. ,D65 dayl i ght : .
dusaessig e Hsd S Ehee abd e hendhe RN PalllF yhle subiected to
(U Predting@dintiREtéd abover AftbAKEO0 ABuRA e panéledvere removed
panel . These coated panels were prepared by draw n
dfrem thec@Udxealinet and golar meagHIRyBENtS; W%redagwm @weacgdo

' & [ P |
(BLBH R 1410 bsbre e s B e PorPano
mllfinish 3105 (conmmer ci _aI,IIABtETabI e fromACT

Laboratories

asy VSR en
for | gkamgiée | m ies 3%k Alles 18P hours
usi pg—i-he—F-shet st She MBI - t--—rreasu] ' '

i ns{ Exgrenie 13 Th¥esappr opr i 8% _prohe was ché&en to

meas Erkamplh®t df Ves i | m t hil dkness of each| €®&Ating. [0115]
The| ceahgélipanets were thes tested in peeel erated
wea 'E%rj‘ﬁeg@on%stl oNnS Usigg (he QUV/ se[ fggel erated

Weat-her—teste —avat Fabte—from \d"dllei |
EXAMPLE 17A |
[0121] This example describes the preparation of a polyurethane / urea

dispersant which was subsequently used to the form the respective aqueous
dispersioh of Example 18 b:elow.' The p‘olyurethane/urea‘dispersant was "
prepared from a batch of the following mixture of ingr‘edients in the ratios

indicated:
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Lab Products, 800 Canterbury Road, C eveland, GChio

44145. The |ight source used for all panels was

wonraesiodsdo by UVB- 313 nanoneter bul bs. The i rradCamse005/021128

val ue was set at 0.48 watts / nmeter2 / nanoneter at

calibration wavel ength. Al panels were subject to an

alternating test cycle of eight (8) hours light

exposure at 700C foll owed by four (4) hours

condensati on exposure at 500C.__The panels re exposed

to ﬂwlelytﬁ i c condl t| ons for 7 Enuivalents Ar Weight (grams)
i+ e - ——ot-t-hre—Od-cabi-het

and rge neasl r.pm:an were f.’-\l(an on-each aof themto

gend-meshy pysoddi@ioneer ence (DE*ab) val ue. These 269.8

r es tdydsoxyethy methacrylata{HEMA) The eXafl es lare gr@uped

ac ¢ @ishetiyyldlprapienic @cice@IMPA)Ng conp@.80 i ve exanpRe4.7

(con’rr,@h@hng)ﬁag@ﬁ)tefor each pigment type. TABLE 6 22

EXNHL R tih dilaprahe [UJ.J.6] Exanpres 13 10 16 |Were 55

D L elgli 0 R TR AT AR A ¥

‘3[

79 O T C TTTTa \J'JI [=,8 u'J'JI T O T \>4 A Y

i NGk ” L The 4X12 inch panels |
wer £y utylere oxide) (col d rol | st eell:4ED5000 e- c48P-0
GPxGharged) available from ACT Laboratories, Inc. [01.
17] Methglene bigid+ ner | ayer was hand Sty appl i edl 10D.4
t he cpBBBxlisbepamatey. The prinmef was DPAOLKE/ DP401 LF
epoohargeTyr commercially available from PPG

| ndBSkirRethabRflate The DI end ratip of the priimer Wgg1 g

L O EHYq¥q) ume per—the tecthmrcal—data——sheet
i ns gl ot Al aenravs, anma Aragl oy A e A Wy

fo‘| Bl).'l\ achy _l' f@rr\:n:” Sptay aft——at-y gt SRRt S—Wet :425

vvu

- The 8Vl i ons of Exanple 6 ahd 7 were then anlied'
[ 0LDsjorNesd watel Exanpl es 13 and| 15. a basecoat [4868:3
“was$ Dimethydethagolapphé ed over the| DPAAL40/ 401 LF 1247
pr i Disthanblanvihet e basecoat was d oba@l.7d751 ], - 736
commghyieredidmiye! | able Trom PPG | ndqsdgl es| I'nc. gbne

white U%qu&ﬁyneaw&.d@i)@msg nOnbEr erbde RefEHAT welhPor 1000,
Basecoat Activator oth avail abl e Trom PPG

I ndustries, Inc.) and applied and cured as per the .
| [B122]Ct | Onsr@ﬁge | was stlrred in the flask at a temperature of 100°C until

all solids were dlssolved. , Charge II was added and the" mixture was reheated
to 70°C. Charge Il was added over a 15 minute ‘period. Charge IV was
added and the resulting mixture was held at 90°C for 3 hours. Charge V was
added. Charge VIl was stirred in a separate flask and heated to 70°C. The
, 'reactlon product of Charges i, Il, Hll, IV, and V was added to Charge VI and
the resultlng mixture was cooled fo room temperature. The flnal product was
~ a white emulsion with an acid value of 15.2, a Brookfield wscosnty of 800
“centipoise (spindle #3 at 60 rpm), a pH of 7.4, and a nonvolatile content of
28.4% as measured at 110°C for one hour. |
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the technical data sheet.[01 19] Next, a clearcoat

| ayer was applied over Exanples 6 and 7 such that
wéxerspizao6 and 7 without a clearcoat |ayer corC@/use005/021128

conpared to Exanples 6 and 7 with a cl earcoat | ayer.

[0120] The cl earcoat was prepared by m xi ng DCU2042

(clearcoat comercially available from PPG I ndustri es,

Inc.) with DCX61 (crossli e comercially

-
YRS, TR SRR 0 g st

Ilmi_ﬁi wa|98ub‘sé@éntl&tus@d\tolfunmtlre oeds;m:gwe pfgrdentadidpersion of

e cl ear coat Wwas a | e an | owe e

oEvampleA{Cookh #97 e disBproanl ks Hepgied EoeLprie. of the
FRASMH i bove, then

t élbwﬁ e BFa.eﬂas‘flﬁgV\Bf e éﬁ@jﬂﬁ{‘%gfgﬁg&%dﬁest i ng as

i ndi cat ed above After 1000 hours, the panel S were
renoved fromthe-ON -cabi-nret—and r-nl

“rToa GO Q\J bllbll

were t aker| 1pgredients o g generate DE val J 9‘9 ams)”
results ares I g I Tr tapte 7. TABLE 7] EXAVPLE J.//—\
[0121] Thi -e—deser+bes—the—preparat f
po| yuret ha agne a—di sper. sapt—whi-ch—-was m.:zof\(x
VVCA T L= AV | U\zlll | y
used to t oTalene t he rpqnprhvp aguedus di c?;:%g i on of |
Exanpl e 19 Ghakge N The pol yur et hane/ urlea di spersant wab
prepar ed flrgi-dipgadyh of the foll owi ng ni xtufe® of
i ngr edi ent|Coppdr(0) pewdes i ndi cated: Holy (bubyl ene
oxi de) havi@gameginber average nol ecdl ar wei ght of

1000. [012 %f\gbuff@rﬁ(l%horrfd%d Injthe TTagkgat a

ara- ; . .
t enper at ur Rar VJ\, ot T sotTds; were dairssotved:
Charge 11 i {thc A-xttt-e was—r—eh?a@d—m—
7Q)C Char e m r]rg over-a—15 m-pute

Charge |V \ialycisyhisaprapyl efer esul t i ng mi xt t 1200as hel

P

oQ

at 900C f arChakge)¥s. Charge V was add 5
stirred i n MPESEGH)MAl ask and heated to 78&8 3The
reacti on pgrosiluehe of Charges I, 1, 11|, 1V, 2500 V was

added to Charge VI and the resultlng m Xt ure was

cool ed to roomtenperature. The final product was
[0124] ~ Charge | was mixed in a 2 liter flask with air-stirrer,

thermocouple and azeotropic distillation set-up. Charge | was heated to ,reﬂuxr
and water was azeotroped off. Charge | was then cooled and put under a
nitrogen blanket. | | | | |
[0125] Charges Il and |l were added in order while malntalnmg a
nitrogen blanket. Charge IV was added to an addition funnel and sparged‘
with nitrogen for 15 minutes brior to ad‘diti’on. Charge IV was added to the
reaction flask and the mixture was heated carefully to 70 °C. When the solids
reached 60.7%, Charge V was charged to an addition funnel and spérged

with nitrogen for 15 minutes. Charge V was added to the reaction over 30
minuteé while maintaining a 70.°C reaction temperature. ‘
[0126] ~ The reaction was heated for 6 hours and then cooled and stirred

overnight under a nitrogen blanket. The reéction mixture was thinned with
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a white enulsion wwth an acid value of 15.2, a
Brookfield viscosity of 800 centipoise (spindle #3 at
wéQorspmaioa pH of 7.4, and a nonvol atil e cont eRCTAS2005/021128
28.4% as neasured at 1100C for one hour. EXAMPLE 17B
[0123] This exanpl e describes the preparation of an
acrylic dispersant which was subsequently used to form
t 560 resiitolienecari hemfiiteteds frrosglon ckeofanagreesbl ( refhéve the
acrylic dispersant was prepared froma batch of the
f@Q'%ﬁﬁ@@W%ure of ingredients in the ratios
Ated:  GRhedk mfé‘%%%v%d%e’?‘véﬁ&uﬁ%& ga?gin at 98.4%

ask’with airr-stirrer ernocoupl e amnd azeotropi C

dselidd. | Bheé anmber auprag@momularmgme(a\ﬂrﬁ)dvasoﬂw.l TiKe avdight

t t ed s then_cool ed and
13 lanbaoRH i Bl TS hsflnsboia T oo
I1l were added in order while maintaining a nitrogen

bl anket. Charge IV was added to an addition funnel and
sparged with nitrogen foEXEMRLEUWAS prior to

i 28C" s <t Do Sl EaDES e pisPgratI e AnalRBIe B 153
Qh’dh‘éﬂbdyﬁﬁﬁ'leQQUQ Q)ldﬁ(enﬂléﬁ&%lo\ﬁ Wﬁ%h% Ql?ﬁsédheﬁﬂy used to form

,ad ition funnel and eg h nitrogen for
heuagueous s prrsion.ef: xamele ‘t&; The prgmemtudmm@m \8@s prepared

S E ot A LAl g e
hour s (afigrddientssool ed and stirred overni ght ung[gm :
ni trogen bl anket. The reaction m xture was thl(

wi t h5 Bélo IE@HW 1& IS] culu ann F+tered LlTrJugl

f HESH O e Hat—eatalyst—7F 7
Sol veAcRllc diSparSaRY B ERAMBE: L i yi oty b s SLI608e
98. 4% @imathylefhﬁmﬁnmar aver age nol ecul ar [ wei g-2(\vn)
was 7468 15%pigamett average nol ecul ar_wei ght 43487 was '
9212. Mv Mh'" \REsI5B, phthocsamiebide @y @ 28innTErvialy evedlali fom BASF
descri 8- t he preparation of a nano-sized PB 15:3

pht hal ocyani ne bl ue pi gnent di spersion which was

'Swﬁ@i‘uem | ¥hé'?\?di'ed%n{sowg}e ground in an Advantis V15 Drais mill

containing 0.3 mm YTZ grlndlng media. The mixture was milled at 1650 rem

for a total residence time of 218'minutes. The progress of the milling was
monitored by measuring the visible spectra of samples and observing the
decrease in absorbance at a wavelength of 400 nanometers. During the
course of the milling 4535. 99 of water and 544 39 propylene glycol monobutyl
ether was added to make a final mixture W|th a nonvolatile content of 24.4%
as measured at 110°C for one hour The particle size was 139 nanometers
as measured using a Horiba Model LA 900 laser diffraction particle size
instrument, which 'uses a helium-neon' laser with a wavelength of 633

: nahometere to measure the size of the particles and assumes the particles
have a sp'herical shape, 'ie the “particle size” refers to the smallest ‘sphere
that will completely enclose the particle. The percent haze was 1.0% and
measured as described in Example 1.
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t he aqueous di spersion of Exanple 18. The pi gnent
di spersion was prepared froma batch of the follow ng
woiadenz10f i ngredients in the ratios indi cat edCTR®B2005/021128
15: 3, pht hal ocyani ne bl ue pignment, conmercially
avai | abl e from BASF Corp. [0129] The ingredients were
ground in an Advantis V15 Drais mll containing 0.3 nm
YTZ grinding nedia. The rEXAMRLEV8 m || ed at 1650 rpm
total eS|denet| of ., 218 mnIes
oBaaBLee of THRERRING AgSUaRST e RIGPAtPIG GRATLGAYSRPS he
lel§|b€ll 81eﬁﬁdr8 Qlftlc%%m?ﬂl@ﬁ c@ﬂ%n?@ﬁﬁﬁéﬂs%dt pg 1degr ease
sor ance a a wavel ength of 400 nanometers.
eitthalpcyarinedius pigmenth el he dispersictteas Paepdreddram the following
544 %g [?ropyl ene glycol nonobutyl ether was added to
®nal nixture with ‘a nonvol atile content of
24. 4% as neasured at 1100C for one hour. The particle
size was 139 nanoneters as neasured using a Horiba
Model | igredientaser diffraction particle size |Weight
i nstrjunment, which uses a heliumneon | aser wi th(grams)
wavel egghbfg®{ 0633 nanoneters to neasure the sifze of

Lzﬁef-&"bbyﬁ ARaAS P ufE Ul Exampre PAALI CTES “avee? lb578.6
t he SEEEI esfe?ﬁ %%?%Fﬂ%ét H@‘e Fﬁﬁhlelnwﬁpérs{‘[/&‘eﬁf:l ose 4%20

parti amp rr\ont haze was—1 0% andmerasured—as
descr| |ﬁQJJ'B0ﬁ0M&\ﬁ} erig [0130] _This lexard)-®

descr Be'é’lﬁﬁ'é’laiﬁeoar ation of an aoueous di sper A
m cr op€harge ds whi ch contai ns nano-si zed PB 15} 3 '
pht hal] Dejomietewhtare pi gment. The di spersion was 40.0

prepar ehatgemthe follTow ng Iingredients: [0131] A
pre-e au%“_—ﬁm%b,g@i fg Dy stirringCharge T Wi a g6
|
I

cowl eSEB) BUE ShThaa Rk PAigEs St et _beaker-—The | oy
pr e- epxt—st C S 1PaSSeo WHEe—t1i ougn—a
Mcro W?‘g r.I\/ﬂ1ﬁ'|' at- 8000 pC| and—transt ”g.@on

a fOULEE?L?qe nd bhattam flask equipped with an
over he&d%stbutykhydreper@xifiser . el ectronic t enperiat ur86
pr obe| Deimhizedhwatesgen at nosphere. Charge Il was uskdo
to rinse the ‘ - ‘

- [0131] A pre-emulsion was made by stirring Charge Iuwith‘ a cowles blade in
a steinless steel beaker. The pre-emulsion was passed twice through a
Micfoﬂuidizer@ M110T at 8000 psi and transferred to a fourneck round bottom
flask equipped with an overhead stirrer, condenser, electronic temperature
probe, and a nitrogen atmosphere. Charge Il was used to rinse the
Microfluidizer© and added to the flask. The temperature of the microemulsion |
was adjusted to 30°C. The polymerization was initiated by adding Charge || |

| followed by a 30 minute addition of Charge IV. The temperature of the
reaction increased to 43°C. The final pH of the latex was 7.0, the nonvolatile

content was 32.6%, and the Brookfield viscosity was 56 cps (spindle #2, 60
rpom). '
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M crofluidizer(c) and added to the flask. The

tenperature of the m croenul sion was adjusted to 300C.
wohespatogoeri zati on was initiated by addi ng Chacgaskdos/o21128

followed by a 30 m nute addition of Charge IV. The

tenperature of the reaction increased to 430C. The

final pH of the latex was_ 7.0 éhg nonvol atil e content
was 3§| 6% and the BrookE PLE] sity was 56 cps
e # i
TR o or EpaPIE NPy 55 o, PrepePL g (RO, ProlSotiescoating
mmittdnaiesﬂgmtedae@kmplémmwcampomhtmmmmcbby
mere added b{ ht under [ n the order
dea@t 'PRBE@"%Oi@e /ﬁ%\?é(\gl E% %10 r heol ogy

rmdl fi er conmerm ally available fromHercules, Inc.

was used to prepare the fo pre-sol ution:
[hBIEN

Dei oni zed water; Diethylen nonobut yl et her;

Aquafl ow N 210 at 20~/ 5/ 20 wei ght—rat+o

respect i vel °mE‘6‘e§'aysu | qveeight39, pol ylesdids - modi f i ed
met hyl pol oI COMeT atty—avarfabtefromBayer
Cor por at i of g[{ofredumdg[dfe pol yur et hggs resin f ol med

from adi pi (:Egé‘,h‘dedg hydr dzi de, di et hy| ol propionic
acid, poly '%@%W erbe43et her) gl ycoJ I sophor one

di i socyanat 682122 7 weight—ratio} at
37.5% sol i déq;&aﬂ?.%aimsg}]ol étWanol ami ne Oﬁ%?hyl et hyl

ket one, an IEﬁ 31.6}%'3%9’2"""3‘(?2"3 (267 0.BoA796.6 vel glnt

ratio). [0 RsaigHE 19 was evat uat pd”_agai nst
Conpar ative%er E“,eezé% B8 r obase T4{126%r anspar ent

Bl ue Basec nohﬁ&dWafef' didodval Tabl e[ Lrom PPG

Logust i esq .
uaflow 510 Thedioay ndlfer: S LRIy iR oV HEF S, FE. was used
éfg D% Hiotin (;» - RA Beid HTE% t&% e%l@dl&hdn@gltﬁ ether;
éhlaa A5 m%&.@be&@ké@,bé&wy Inc. of Hillsdale, ,
95”& 3738 %o@é\ﬂ@rln%dﬁﬁa et poh3AtaIE Srrirker&PGQ QualEbIb from Bayer -
;ﬁqp‘; BRer, washed with water, ‘and dried. [0134] The
Wt @&%Elgﬂtpolg;&@ﬂ% fekif REm¥®frén BERE 2P BiRYdradR, tigthylol
@‘&ﬁonﬁ NRIdPPSPaLRFhePPRRS Sthét$ bin!, Bop¥breiisstysnble (BI9LB.1/68.2 /
FPldight fafﬁSFth'PB%ysoﬁhérh dimethylethanol amine, methyl ethyl ketone, and
- deionized water (2.6 / 0.8 / 96.6 weight ratio). ;

o

[0133]  Example 19 was evaluated against Comparative Example 20;
Envirobase T412 Transparent Blue Basecoat (commercially available from
PPG Industnes Inc.). Both examples were spray applied over pnmed
electrocoated 4x12 inch panels available as APR 43741 from ACT
Laboratones Inc. of Hlllsdale Mlchlgan The panels were wet sanded wnth
P600 grit sand paper, washed with water, and dried.
[0134] The blue basecoat compositions were hand-spray applied over
the prepared panels using a DeVilbiss GTI HVLP gravity feed spray gun.
equped with a 413 needle, 1.2 air nozzle and No. 2000 air cap. Air

" pressure at the base of the gun was 28 Ibs/lnch2 (2 kg/cm®). Envirobase T412

- Transparent Blue Basecoat (Comparative Example 20) was prepared for
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equi pped with a 413 needle, 1.2 air nozzle, and No.

2000 air cap. Air pressure at the base of the gun was
w@&odelmszaimch2 (2 kg/ cnB). Envirobase T412 Tr anBOafusmios/ 021128

Bl ue Basecoat (Conparative Exanple 20) was prepared

forspray application as the respective product data

sheet instructed. Exanple 19 was sprayed with no

acipray applicatiodidsi thatrespactiveqirdgiliciziata sheatimistruatesl. Example

[ied.i t X t i,t h X te 5 m t
S B SRR o S,
angigsput 68%drebairhye WASThEpIie inHiR &Ris Wid d@ﬁggroximate 5

al'l oned to anbi ent flash about 30 m nutes prior
clmiautsiashpeiweesnt ¢caats af abadl] 70%re(23F @htatoperatre and about 68%

"SRRI RHERE) T oLEbE R A o 80 it
Conierid CloardXdv2Ppiicdliongr avail abl e from PPG

Industries, Inc. The clearcoat was m xed with DCX61
HI[Gh38)! i ds Ther cleawoat RS hangusnray @épplied dsingdhe sesre spray

o S TREhLREHIE BBREo B, e CadbpfLieh Kb

C @GTIY20565 [Tlearldvaiablet froraP@rhdistaes, Ihel R cledroad@whs mixed
at .about 700F (21 0C) tenperature and about 40%

C .
r ity PGS urion, S@Ji.dsxt)'@rﬂynfer (RPeHNdwsiEiss, be.)ans w871 Medium
1'ﬁ1@ﬁn[%er'(ﬁ’9’(§rmo§.lsﬂ@e°s ﬂ?&!}ﬁf’&@ luFR&rie3 Bf’}@ﬁr:@g?"ﬁ%"\ﬁgarcoat
to anbient cure In a ho |zon?é'1 position for days
pwas appligdasttvogoatdwitB g 10 henptersrhbientflash betvezkrf thie coats at

aabout ol & G Roioeruta. Bpc abah GRS Tafpauenily oty fim

1@nieRiEsempbutn 864 190"Sils b%%hi&em‘s ThébhAkRKIEZallowed to

was neasured using the Fisherscope / .
( mbienheuredn iarhprigpstal positiontfoudelays prioe tapgstiopr i at e.

i8S ta:  na et MRS el B, it RkhPE (A2 C bearee
Mgi$ss, Bifidl RFRERINGSs Well sV d¥GreéeiSss andbahésidAtiter 10 days
white hiding chart (available Trom The Lenata

Chwipadyy teshng. nei t her exanpl e provided hide to that
iR, T P e i PR 8580 v
| iUttt meaisuring System) instrument. The appropriate probe was chosen to
measure the dry film thickness of each coating. The value is reported in
Table 9 in mils. Both examples were sprayed over a black and white hiding
chart (available from The Lenata Company), but neither example provided
“hide to that chart. The chart could be seen. The 20 degree gloss was
 measured using a BYK Gardner micro-TRI-gIos's instrument. -
[01 39] ~ Adhesion of the cured coating to the substrate was measured by
cutting two sets of six (6) parallel lines through the cured coating to the
substrate surface usi'ng a cutting edge. First, six pérallel lines were cut
spacéd two (2) millimeters apart with the aid of a spacing template. Each line
was apprbximately two (2) inches in length. Theh, a second set of six (6)
parallel lines was cut perpendicular to the first set.' Each line was also
approximately two (2) inches in length. The result was a ,gr'id of 25 squares.
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[0139] Adhesion of the cured coating to the substrate

was nmeasured by cutting two sets of six (6) parallel
woizoesg12dioough the cured coating to the substra&Ceus2005/021128

surface using a cutting edge. First, six parallel

lines were cut spaced two (2) mllineters apart with

the aid of a spacing tenplate. Each |ine was

apppiese ohBM Vapew898 Xapprokimsately 3 incheh lordjemas placed @ver the

© Rerifed 1 ebd el AmoPined a8 oBl Rl IV b finety 00)
( gécd)rﬁH%h@ﬁtabB dppneatbn, Tﬁ@td;fes%é raﬁanyapareucbfpfn &% continuous

squares. A plece of 3M Tape #898 (approxi nat el
maﬂtw I'dregpuling aptlmwsahmctedn@\r\safdltbeﬁe@m oamerwhlle

d
(sesobediRiRrsrs sl Sntetip to g Bi-fsbieniidlas TPagRhvyed
pvéiuedegféselnlﬂs HREpSIRBh IV FIMTEMMiIng b tAE!SubBEate.
action was directed toward the test perfornmer while

kdbpraigre, ieaethiynsred (H0Qgvears pofailusee to a 60- degree

RPN oo oGRS oSt WAl 2R S D BRSYe80Farbls to

huﬁcérrﬁ'ﬁo(\ﬂdé@ll withan el atvef hu:hlm? of [96%+ €] 160% ahd 3 temperature of
resi stance was eval uat ed exposi ng test panels to

eﬁol G SHETR). viherPapelewere UQPWDW'&lqu'rQP”WJQ"&er@% days and
o %sﬁlngfh n@g@%sg %l%f’;ébﬁr}o(r&rgbe\gmﬂ%r% Hﬁrgaom the

| I's envir ays and
renmxbbetésirhacbemdetg Al tests are perforned within

REAES 1 BRI son b dois Bats G BR5ReN I TaHI0

TABLE 9 [0142] Whereas partygml@rg enmbodi ments of this

i nvention have been descrilbed apove for purposes of

illustrati mb it will be s sentinkia tho:posshh}nlioeg j frost

t hexaigie # hat PVUHEY ous vargegbes onsadfesibhe| setayrdes Of | faidity.

pf esent i nveRPFORSHBYS)og gmesle Wi Eh)out degagstl ng fr /;‘es'°” ‘
onti N nAa Aafinad o +hAal aonsan °

L '“- ' ""iE.LLiBQ‘AE ggirhed +r-the appendes—— 1 "

C fITI]Darath - LJI'\I_ VI O TV L. I artruovyp o .\JUITP] 31 Ilg [}

SUEL 20 ez(ymeﬁéfrn aS@GJJQOrBBrrpar,t H9 non- h8&li ng coatji ¥y

| ayer—1s deposited-on_at teast adJurtiUIUf the ,

suFraeRe 19np 1 fher P01 ORe 88 100 81 75

[0142] Whereas particular embodiments of this invention have been

described above for purposes of illustration, it will be evident to those skilled
in the art that numerous variations of the details of the ‘present invention may
be made without departing from the invention as defined in the appended

claims.



| ayer is deposited froma protective coating
conposition conprising (i) colorinparting particles
woavierng20a0 maxi mum haze of 10% and (ii) a fil mp€omseemgo21128
resin. 2. The article of claim1l, wherein the
color-inparting particles have an average primary
particle size of |less than 150 nanoneters. 3. The
al HERES @REVEE allMiher ei n the col or-i nparting
particles are produced by mlling color-inparting
particles with mlling nedia having a particle size of
013 m Ahiariitlercomptisintha sarfa'celwhafewclaa:iomrampmﬁngahnn-hldmg
t he col or |rrpart| particles a roduced mlJi .
orInG Iapas BlRpOsHEd ol A dcatt o oI SuraCe AN eein the
p r R
Rt %%Sé?g"%m? REprBlctERpRliy compbaiof b i () color
pingsiarting paytiokes havigg @omaxinurpdrazeraf 1636 and 69 afileforming
mlling nmedia having a particle size of 0.1
M830-neters. 6. The article of claim1, wherein the
color-inparting particles have a maxi nrum haze of 5%

7. The article of claim1, wherein the color-inparting
part i cTbe dnticle ofi claimi mwheraindhefcolorsinparting:particles l@a\@r an

e o D atoe Sgecorions W e Befats e °

wherein the color-inparting particles conprise a

m xture of particles of at |east two or nore col ors.
18. Théhamriide &f slaim hiwhereindhecaigr-imparting particles are

BlcthiceBRA/ hiiftth 826k rrﬁéﬁﬁugg%@ip@h?ﬂﬂldg@'ggf?ﬁ‘é\ﬁng a
Ppartess sizelof Osehllitnetersr om t he group consi st ng of

peryl enes, ‘qui nacri dones, phthal ocyani nes,
i soi ndol i nes, di oxazines (that is,

Ly pheﬁ*ﬁ@'a‘?‘ff@é'o‘i‘%@im 3, véher@lrh%(&b‘fdrtlﬁhfé‘?ﬁﬁé Blaﬁfcles are

ant hrapyri m dirnes, ant’hant hrones, fl avant ht ones,
produced by milling color-imparting partlcles with m|II|ng media havmg a

particle size of 0.2 millimeters.

5.  The article 6f claim 4, wherein the color—irhpartihg'par’ticles'are
produced by milling color-imparting particles with milling m‘edia having a

particle size of 0.1 millimeters.

6.  The article of claim 1, wherein the color-imparting partlcles have a

maximum haze of 5%.

7. The értic|e of claim 1, wherein the color-imparting particles have a

maximum haze of 1%.

8. The article of claim 5, wherein the color-lmpartlng partlcles have a

" maximum haze of 0.5 %.
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i ndant hr ones, perinones, pyranthrones, thioindigos,

4,4" -di am no-1,1" - di ant hraqui nonyl, azo conpounds,
weubmtoizaabed derivatives thereof, and m xturespchasemb/o21128

12. The article of claim1, wherein the

color-inparting non-hiding coating | ayer has a percent

opacity of no nore than 90 percent at a dry film )

ohi ck Mdmsartitleafeldif) 1, mvherelrBtheTbalorimpaitinggrarticlas gpnmprise a

wherei n_the, col or-i rting non-hiding coating |ayer
ﬁ@&%eﬁépégl?ﬁe%ﬁé@i 'gggcw’o MBFRCPIRSh 50 percent at a

dry filmthickness of one (1) ml. 14. The article of
claim1, wherein the protective coating conposition
1@ t h&fhecantiplei afeddai 1) Whereinthe calbr-impadingmastielas conprise
The article of claim1, wherein the color-inparting ‘
(BAME RIGYSRSati ng | ayer i s deposited over a

reflective surface conprising a reflective mteri al

having a total reflectance of at |east 30% 16. The

drtt i cleneodrticleadfalaif) 1Qnhwherein thecorganis Pigmrts Ay selected from

hi di ti I . . )
16¢ bttt G S8 AberBieTias, AuiiBEARRIFE chtflofyanines,
haoihaslirfes, BloXazines! (geitas afpeénadiokeines)40%4-17. The
article of claim 15, wherein the reflective materi al

shirtopweelopyigoles: aaibaRynidines: eptanthrogesTiavanthoppe,
S flsHies: e, Py fesy BomaRls, 457 dapino ot -

\dignthradlenorsylt 22b cempbunds, Hubstituted derivatesadheresif.eanst
claim15, wherein the reflective material is a
paEweathergPbr deposited from a coating conposition.

20. The article of claim1l, wherein the filmformng
resin conprises at |least one reactive functional ‘group,
ciiht ai Thengrtictd gihalainan dwherdie dise coles-imparting reyehiding coating

gg)\l/)é[ q); g t%(ﬁ:tééegg ?leﬁg{t}s) 6PRo %ec?r%tthgﬁ QW 6&0&”&’(@88} #ilf?lntﬂtckness

of one (1) mil.

13.  The article of claim 12, wherein the color-imparting non-hiding cqating
layer has a percent opacity of no more than 50 percent at a dry film thickness

of one (1) mil.

" 14.  The article of claim 1, wherein the protective,coating composition

~ further comprises (iii) an optical-effect pigment.

15.  The article of claim 1, wheréin the colbr—imparting non-hiding coating
layer is deposited over a reflective surface comprising a reflective material

. having a total reflectance of at least 30%.

16.  The article of claim 15, wherein the color-imparting non-hiding cOating
layer is deposited over a reflective surface comprising a reflective material

having a total reflectance of at least 40%.
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2 1. The article of claim 20, wherein the polyner is
sel ected fromthe group consisting of acrylic

woabosrezEg pol yester pol yners, pol yuret hane pobPygm@Iss005/021128
and pol yether polyners. 22. The article of claim2 1,
wherein the pol ymer conprises reactive functiona
groups selected fromthe group consisting of epoxy
groups, carboxylic acid groups, hydroxyl groups,

i gocya : ;
37 boy i eryB o SlaiiCls i e ARGt Bhprises the
agtifsteobthecaréicier 1, wherein the color-inparting
particles are stably dispersed in an aqueous
medi um 24. A nulti-layer coating conprising: a) a
Pabor - TABIEABS s BRI £\ ERAhE NirtsB BoniFRAS dofhed
roma protective coati’'ng conposition conprising |?
caluminunpaold o) stesl] Civloate-pled metalirex vacunrh aizposked metal on
about, 10% and (ii) a filmformng resin; b) a
cPEstieoat | ayer deposited over at |east a portion of
the color-inparting non-hiding |ayer. 25. A substrate
~ coated with the nmulti-layer coating of claim24. 26.
The. nullhe-driigie of cladrni 1oy wifereindhenr@lectiMeeneteniat isea basecoat
cplor-inpartj particles have.an average primary
ol2ver BpeBSle iy caaing CompesIiRanomet or s. ' 27. The
mul ti-layer coating of claim24, wherein the

color-inparting particles are produced by mlling.
célor - Thearticle @f plaimi . vdhereintthefiimiforminggesia ¢rraprigpsaat least

p i . Si f 0. 1L L A 3. i-1a
cBhe rétyp BfeftineD srodh bR Botvpis ahdC st apeefing
pagénthasngfuncioralugrodpd Yeattivei with tHel fahctitiis igronyg of the

- particles wwth mllrng nedia having a particle size of
OPQ'YFHQTI imeters. 29. The nulti-layer coating of claim
28, wherein the color-inparting particles are produced
by milling color-inparting particles with mlling
nedi a Mhgiangicla op alaimd0es whiezeindhe polymet isisebdated froRDthe group
The nul ti # ayer coating of claim 24, wherein, the
ngngﬁlstpr}q)grq ml@c polymers, polyester polymers, polyurethane polymers,

and polyether polymers.

22.  The article of claim 21, wherein the polymer comprises reactive
functional groups selected from the group Consisting of epoxy groups,
carboxylic acid groups, hydroxyl groups, isocyanate groups, amide groups,
carbamate g_roups, carboxylate’ groups and mixtures thereof. |

23. The article of claim 1, wherein the color-imparting particles are stably

dispersed in an aqueous medium.
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particles have a maxi num haze of 5% 3 1. The

mul ti-layer coating of claim30, wherein the
woab@vo1zorparti ng particles have a maxi num hazeprai/uk%05/021128

32. The nmulti-layer coating of claim3 1, wherein the

color-inparting particles have a maxi num haze of 0.5

% 33. The nulti-layer coating of claim24, wherein the

cafor - Anpultitiayer eRatiNOEBPEINGTr i se a ni xture of

522, AR Bt A Rl postc

mul ti-1|ayer rng of .

col or - hpetectivg coatitid composition doseprising (i) colpr-impartisg particles

35. The nulti-layer coating of cl %m 34,. W& refi nthe ..

or gani bayngrefeginue hazeaahout r1_9 and G 8 E’"' orming resin,

consi sting Bﬁl pe%)’c!l@é}ﬁéa‘ lgxépé‘éﬁddéilt%ﬁe&/er at Zeast a portion of the
es, ol I nes, di IS,

pht hal ocyani i sol n oxazl nes (that

t r i phepedrompaitimgsion-hiding kdyket opyr r ol opyrr ol es,
ant hrapyri m di nes, ant hant hrones, fl avanthrones,

i ndant hr ones, perinones, pyranthrones, thioindigos,

4o’ - dinad} g3ty ated Wit HY RAHI-RYBY LoatiPoCaaPPRAdS,
sg Sti ﬁﬁ%ﬂe%‘?rgéer Fé@o\t;ep\%lgptlﬁr eof 9and m Xt ures t hereof.
36. The nulti-layer coating of claim24, wherein the

oot ¢ AR R ceta 8 s L GERL e PR

t Pbﬁ,ﬁfé’ssﬁa@ aRR%etdge Piimanddartitlesizalof iessatian 160atanometers.
of clai

m 36, wherein the col or-inparting nonhiding
coating |layer has a percent opacity of no nore than 50

peLcent_, at ar ' ' L ;

T e ayEpvettodliny UrHER4 Wngref (kL odlbt impiting

C plapiciédTary piodacee blyirdiling culort-imgarting artideswith evillingonedia
the protective coating conposition further conprises =~
ahay|ig @ ppdislg sige Ogﬁiog:g‘@ﬂ“'me@@'.s- A reflective materi al

havi ng deposited thereon the nulti-Ilayer coating of

claim 24, wherein the reflective material has 'a total

r &fgl ectiheoaultflager teamtbly GF0dain027 Avherfdirthe oalorrinpantiap

h%\grtri]c esd gPeoS}otd%%eé %%/rn%mpngt go onl-rynl'néallriiks BrticIoS Witﬂ%lﬂ{ng media

having a particle size of 0.2 millimeters.

29. The mu|ti-|éyer coating of claim 28, wherein the color-imparting
particles are produced by milling color-imparting particles with milling media

having a particle size of 0.1 millimeters.

30. The fhulti—layer coating of claim 24, wherein the color-imparting

particles have a maximum haze of 5%.

31.  The multi-layer coating of claim 30, wherein the color-imparting

particles have a maximum haze of 1%.

- 32.  The multi-layer coating of claim 31, wherein the cblor—imparting
particles have a maximum haze of 0.5 %. |
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claim 39, wherein the reflective material has a total

reflectance of at least 40% 4 1. The nulti-|ayer
woaadsiongpiof cl ai m 39, wherein the reflective maCemsalos/ 021128

conprises the surface of the article. 42. The

mul ti-layer coating of claim4 1, wherein the surface

conprises polished alum num cold roll steel,

chrorre pl ated netal, or vacuum deposited nmetal on

CuL Todbel ol BT A o U Figaring

d‘pﬁﬁﬁdléﬁdorﬁbﬂ@@ a raixairentd paeides bf apleastitivo dhore colors.
mul ti-layer coating of claim24, wherein the

filmformng resin conprises at | east one reactive

et | ol UL ORI 0 A0SY RN Rl cBRRp AR

clri ng agen groups fe5ctqve

t partideEctdrapese organic ?fgmélﬁspol yner. 45. The
mul ti-layer coating of claim44, wherein the polyner

Is selected fromthe group consi st i ng of acrylic

; I
p@ ygg"l'@e efrtlﬁggél‘;é;)eérifﬁlquzdrléi%ﬁ@ MH%'%WQ&Z?@%@W ﬁreg s are
c Iselemtddﬂffrom‘teecgmup henslstuygmf peyhgness esinagadones,

fu i onal oups ect d fromthe CcOoNnsi stln

o PhaAGE sy Sodnesy Pox ey (e i, S aeiAnes), 1.4-
9'694% r+d1 ééeer%ﬁég)%mlélﬁbgear%QHfPﬁ@n@sarffé%ﬁﬁirﬁones
groups, carboxylate gr s and m xtures thereof
Tmammmnesag@ﬂnamst pmrtﬂﬂroaea; ﬂmcamdlgm,efi éu-dlanh90-1 1'-

l or arti articles are a n
ST S Sty s f P e ARRRES el Ao

. CORfRtUres thisredfl a basecoat | ayer deposited from a

filmform ng conposition conprising a resinous binder
and a pignent; b) a color-i rrparti ng non-hi ding coati ng

| ager %@%bﬁlqu atﬁlﬁ c%fhe co a1 Rﬁﬁéﬂeﬂ{‘th%fcélgﬁimparting non-

basécoat i par
hiding coatlng layer has a percent opacity of no more than 90 percent at a dry

film thickness of one (1) mil.

37.  The multi—layér Coating of claim 36, wherein the color—imparting non-
hiding coating layer has a percent opacity of no more than 50 percent atadry
film thickness of one (1) mil.

38.  The multi-layer coating of claim 24, wherein the color-imparting non-
hiding coating Iayer‘, déposited from the protective coating composition further -

comprises an optical-effect pigment.
39. A reflective material having deposited thereon the multi-layer coating of

claim 24, wherein the reflective material has a total reflectance of at least
30%. |
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non-hiding layer is deposited froma protective

coating conposition conprising (i) color-inparting
weoaodsioaoas havi ng a maxi mnum haze of about 10% pamas¢ios)21128

afilmformng resin; and c) a clearcoat |ayer

deposited over at |least a portion of the

color-inparting non-hiding | ayer, wherei

cl48ar c dukeflestiee maée@@lﬁwnge@ewq%hedéhem%th@rrﬁvlﬁdayer coating of

R N T T SR

of40ej.ai m 48.

41. The muiti-layer coating of claim 39, wherein the reflective material
comprises the surface of the article. | |

42. The multi-layer coating of claim 41, wherein the surface comprises
polished aluminum, cold roll steel, chrome -plated metal or vacuum deposnted

metal on plastic.

43. The multi-layer coating of claim 39, wherein the reflective material is a

basecoat layer deposited from a coating composition.

44. The multi-layer coating of claim 24, wherein the film-forming resin
comprises at least one reactive functional group containing polymer and at
least one curing agent having functional groups reactive with the functional

group of the polymer.

45. The multi-layer coating of claim 44, wherein the polymer is selected .
from the group consisting of écrylic polymers, polyéster polymers,
polyurethane polymers, and polyether polymers.

46. The multi-layer coating of claim 44 wherein the polymer compnses
reactive functlonal groups selected from the group consnstlng of epoxy groups )
carboxylic acid groups, hydroxyl groups, lsocyanate groups, amide groups, |
carbamate groups, carboxylate grou ps’and' mixtures the'reof.

47.  The multi-layer coating of claim 24, wherein the color-imparting

particles are stably dispersed in an aqueous medium.
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48.

49.

A multi-layer coating system comprising:

a) a basecoat layer deposited from a film-forming
composition comprising a resinous binder and a pigment;

b) a color-imparting non-hiding coating layer deposited over
at least a portion of the basecoat layer, wherein the color-imparting
non-hiding layer is deposited from a protective coating composition
comprising (i) color-imparting particles having a maximum haze of
about 10%; and (ii) a film-forming resin; and

c) a clearcoat layer deposited over at least a portion of the |
color-imparting non-hiding layer, wherein the clearcoat layer is
deposited from a film-forming composition comprising a resinous

binder.

A substrate coated with the multi-layer coating system of claim 48.
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