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MULTI - LAYER COATI NGS FI ELD OF THE | NVENTI ON [ 0002] The
wEr@seno10 nvention relates to articles havi ng BCT/US2005/021128
surface, wherein a color-inparting non-hiding coating

| ayer is deposited on at |least a portion of the
surface. The coating layer is deposited froma
protective coating conposition conprising

col or - i NPECATEDNARTICILES ANDIMOLITAVAYER CAATINGS
transparency) and a frlmtformng resin. Ihe present
invention is also directed to nulti-Ilayer coatings
that include such color-inparting |ayers. BACKGROUND
OF THE | NVENTI ON (0003] "Col or-plus-clear" coating
systens involving the application of a colored

pi gnent ed basecoat to a substrate foll owed by
application of a clear topcoat over the basecoat have
becone increasingly popular as original finishes for
a nunber of consumer products including, for exanple,

cars and floor cov mmmc tiles and
wood fl ooring. The i ng systens
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gl oss. ‘and distinctness of image. [0004] "Tricoat"
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[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.



i mparting non-hiding coating |ayer provides a

contrasting color effect over the basecoat |ayer
whemaus®1®f the conbination of col ors appli ed. pEDUS2005/021128

exanple, in certain applications, an organic red

non- hi ding | ayer may be applied over a silver

netal lic basecoat layer to provide a red netallic

appgeglance. One gmid@@rof tﬁé@ﬁ@r-@npéﬂnr@ﬁﬂﬂﬂh@nd@bb@ﬁhg layer in
non- hi di ng | ayer be applied over a red nmeta

b@gaa@a&ncpag@fstems ;ﬁa@\hej@ pieVisieagrier gepthianderich ness to the

o DRSRE G Bver, MRt s vl R6RN 8GR -Gohdiey’ AL £
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c@lecﬁpﬂ igg aver ﬁgeﬁdnetamcohaﬁ@cgablﬁva@tq enhanceythedadioplor depth
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Pearcoa cases
cﬁhpamngrram hidingewatiniglaper povidess b@rytmistmgmyonb@ﬁect over the

lied as a single coating, |ayer tly
@Fé%?%ﬁt aygrihecayse i g sambyation ?ﬂpﬂi)%‘# For example, in
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‘poor.er col or.persistencies than %_grrents due to their

t Bigirghegating layegypically prevides prorgries sinpilas to @dlraditionaln

C‘E[eta%c{é tdyes, heavy nmetals are incorporated to inpart
oration and, i-n turn, enhance the fastness .
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to that of a simlar coating |ayer
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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cont ai ni ng dyes and col or persistence properties

simlar to conventionally pignmented coatings. SUMVARY
W@ER00§6IE20LNVENTI ON [ 0010] I n one respect, the prerEst005/021128

invention is directed to articles conprising a

surface, wherein a color-inparting non-hiding coating

| ayer deposited froma protective coating conmposition

| Additipnally, elyesmay migrate taathepsurfacerofdhe coatisg idyeeawhich can

The t ect coating conposition conprises col or-
F?ﬁgrtf’??@s ?fa‘f‘iﬁ‘i)'i:l es having a nmaxi num haze of about 10%

Ltg) 03] 1 | m{R0E tREre 1s@FhBed [%Hodﬂﬂg@%‘ﬁﬁ?%éféﬂ%ﬁbles

t esent invention Is directed to [ti- |ayer
_cbawi'ng gleposited thedreon Iaaqoémr-lum'ilmgggoomldlng opaéeg tayer that can

i pvention co r-i on hi
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C@éﬁ’@ﬁilﬁg 8y BRB b PerisleRte ipiBserntibs erﬁil’érttb(‘doﬂsrentlonally

havi ng a naxi nrum haze of about 10% and a filmformng

r pigimentechgoati)gsa cl ear coat | ayer deposited over the

color-inparting non-hiding layer. [0012] In still '

anot her respect, the present invention is directed to
~a mlti-layer COEBUMMARW@FWWVEN’NOM a) a

basecoat | ayer deposited froma. filmfor

[18983 t i onlncon Fespiesh the peasand irvantinnds daﬁateg to articles

pb&“ﬁﬂ% ggag%lfr?adc Wh%rrel{nr?eélbt n\qpé‘ﬁ’ﬂ rHo(ili H? rﬁ’ﬁﬁétlﬁ% layer

over at 1éast a por ion o
bdep@svmti framer protectiveajoading lceanposition isydepodied entadeast a

ver. at | ea th | art ‘
nBﬂrtIRPd?fﬁ@e ﬁﬁg@?g oﬁ:h 8 p(ggieg{'vt? ﬁcg%t:l:r?q g@nhggl?hp Id;gﬁ'&)nses color-
CRAba0g baKRIed RalfBesiaaini?az8 JItoRe DuFaRe B ididorming

|on conpris color-inparting particles
heesimg a maxi num haze of about 10% and a f| Im form ng '

e SRR B T s o o
blagé%oaﬁ?n 'IEHé -y a2 EbAlng 6 Tihb'ptdddnttnidntibh don?p@se (a)

ods for .usi'ng these conpositions are als
\Mamicn-lmertmw -higling oating layer depegitedsiiomta Q[@@Cﬂve coating

R e

S hBEuUtVHD% Wmdd filneferrsing lr@smeéﬁcﬂ(ﬁ)la/@leardwksfe@ deposited over
colorant particles suspended in a resinous binder.

lprrinaparting RORAIMINENEYSTOF THE | NVENTI ON-
[0012] In still another respect, the present mventl._on is directed to a

multi-layer coating system comprising: (a) a basecoat layer deposited 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-
forming reSin. The clearcoat iéyer is depositéd from a film-forming - |

composition comprising a resinous binder.



[0015] Other than in the operating exanples, or where
ot herwi se indicated, all nunbers, nunerical

w@a0oaneter S and/ or ranges expressing, for exapgl/e$2005/021128
quantities of ingredients, reaction conditions and so
forth used in the specification and clains are to be
understood as being nodified in all instances by the
t [00h3] about Methedfotiusiigytheselcestpdsitiinsaredals@withim the scope
coptrary, the nunerical matersst forth in the
£ Is@iian. cschrerubsirale® cReAPeROIIS G ingRRdmalhBds.
approxi mations that may vary dependi ng upon the
desired properties to be obtained by the present
i nvention. At B%EE(DE/SCB&BTIOMQF MbiE DRAWINGt t enpt

, ¢ Q}dmﬁ" ten: 2 Fi%gg%bg&g%%ﬁwﬁg%ﬁgr%s d@%&e]nce in refractive
nma@wf@.aéoleﬁa"rﬁ@sahﬁﬂess SsHhdRl i {]%af%‘sirhﬁis‘iﬁﬁééﬁued in

I 1ght of the nunber of reported significant digits and
by applying ordinary rounding techniques. [0016]

Not wi t hs 0 1.h3 | a
par amet o ESCARTIEN of EnBinERs BFfRe dilanTion

| [0OABY i ON aO‘ﬁ'iéiﬂﬁéﬁth Rt bperating Raniple® 'draersdthevise
set forth in the specific exanples are reported as

pin@lmaéeql y’5” REMPeLSs nun@rlcahgar@mmiar%emd/oarms REFRSAING, for

re’?ﬁf‘?. M?ﬁ@*ﬂ%ﬁ“ﬂ@fén ali?’d 'gtc ﬁ?ﬁog%hh fopth,used in the

rasemmatim aricesihing) areetashes en’délfs$ood QQbé]ngﬁdnsdlﬂedtln all
should b derstod that any, numerl cal  range recited
hi@ﬁ@"ﬁ'eﬁiy tH?éﬁH@dal?QPti nererEdingly, wWiess l@ﬁg@ge%mﬁ\?rﬁ;qptrary,

LY fiferiédpa @?r@’se ﬁ)rf Qﬁe%llov@n@ Wg%@.f. éﬁ%,'i and attached
i ntended to |nclu ranges f
i clelrnsi ar&g;appriwnmaﬁnnsekh\atnnaymmyvdepaedmg Upcamithetdesired

t ed I hat
o iamiRe/ b oBand B the pissent BRenlidn, ATHiIer feast-and not
as 4A é’t’ﬂ‘en@ﬂ%@'lm‘iiﬂh@raod §§tlc§|}i‘8f‘th%0docﬂril’{po?@8@i</9%%1@) the
, PCT/ US2005/ 021128 Certal n enbodi nents of
| p$@mmf thﬁ\ﬂ@im&) eaaln @umaf@at paranmetenshowd e leaa’rpei cmnsg-ued in

gt pudBeF B P! SaaERAIbRLaB8 By Uritiifle arcipary

tmnamg‘@@ﬁmq@@g wherein the 'layer is deposited from
a protective coating conposition conprises

cl036]i npar prthqﬁeidlng theat thevumericaktangesmanthparapieters
d .
ﬁgéﬁgb% }%mét %l?)r%]a Sl'n - hI gill'é]ng\{:egg H are %ggllb%'mAﬁ llellsrsgﬂ

anumetitaingllerysat foltRiethe spduific dmple‘sewecreponed as precisely

surface, the surface beneath
as possible. ~Any numerical values, however, inherently contain certain errors

necessarily resultlng 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. | | |



the coating layer is visible. In certain enbodi nents

of the present invention, the surface beneath the
woonshiming coating |ayer is visible when the PONYS2005/021128

hiding layer is applied at a typical dry film

t hi ckness known in the art of autonotive refinish

coatings, such as 0.5 to 5.0 mls (12.7 to 127

f0018ns) . Caraineymbodimestsssf therpresehtrigvérdidnyare directed to

L s R
tlé Gbgomié?fﬁr%t A Sedﬂ)trtl&rpéffﬁeysu&fa%f e hRd W@r?ﬁ\ the layer is

rati ect ance o ¢oatin
m}eposmedb fraoka poditettivd eoatingS%ropoSn_ﬁss comprtsesmdm imparting

I f fil _ .
SRUIGIES BRYING SRz it abeut d9ek and adlimsforming tein
flect :
AT g bre o g g
coating gawndvhehremc wmeerdemsned onto esiutiace| theasurfaog beneath
RS EhEhs avER s Mot R SuRens 8o S8Rt gention,

Ry surfbés b@n@&l‘hQﬁétnoﬂplﬁélﬁgycdﬁtlngQaW i§ Viditaie wl%h the non-
percent, such as no nore than 50 percent, at a dry

thiding dayesiis apeliest aba éVPIQQ)dI'er Im (claglmsszlmqwm rrbﬁh@)art of

Q0D i Sh, ASHEIR, 50G7RL Brle BIPRTEL1? 632 MRrons).

o fialyad asséss aoshidiag & by hsdstesmpenbdespacity. Oﬁﬁs uséthherein,
surface from degradation due to surroundi ng

eﬂWCF'B’n reier 10 e ARGTPS A3 WINCh 3 MaRlEriBLPhsaUIsHaswbstrate.
ity GFe d&eﬁt géél&lft)?‘}@f S RLF&R 1 B rathpé‘r‘ tf‘ub%ﬂé&gnce of a

| es ation ue to environnent
cdmyudoailmﬁlnn orzéluai blacki sidnsirate ahB%l orgass refmg:taxm tothe

eddange S inelede cB3hag i e PP Lol cied, over a
ng@fréfé @F’%%’?‘éﬂécﬁéh@é anRE pet&é dpacit{-Bf h@ir{) coatin ng filr film will

odi nents of present |nvent|on are directe
alepeadtarcthe dfa\fuimghuaksess‘ ofctbe qm@nguamdathpm@neenﬁraﬂpn of color-

- 3PRMERSAHERS. 13 8PraR SnbinrhniS Br B RRgl nEntisp, the
%@Icfrﬂﬁfba nn HRIAG bodbid ekaE hdd b ke e
i

herein, the term "col or-i artl

@Qrmerceets 'SuUgle Bg Mo m@repmani %0 psraeati at drwftl %lczkneﬁ% of one

otective coating conposition and
(H%‘é%t%@ nQ o the conposition. Non-limting

'qamml es, 0fA§tuI@éd n@mﬁ thetem Iprotautiveicoatiag cbmddsdi@n" refers
gnents that inpart col or such as red, gr

;t@@ Qﬁmp%ﬁ‘rmpfbm?é WhengrEOBHLPRIO BFHHALR T v'gﬁsﬂotectlon of

gartl Teice bt td\%%}ac??i "@l{eg used&ﬁ-' #ghwréﬁm@ﬁfa'l B8nditions in

o iomdemtol retain o mﬂegnty of that surface, unlike lnks Non-limiting examples

of degradation due to environmental conditions include oxidation and light -
: ) degradatlon 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
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wi thout [imtation, azo (nonoazo, disazo, ,6-naphthol,
napht hol AS, salt type (azo pignent | akes),

whensgomodezol one, di sazo condensation, azo nmetedT/US2005/021128
conpl ex, (i soindolinone, isoindoline) and polycyclic
(pht hal ocyani ne, qui nacri done, perylene, perinone,
di ket opyrrol o pyrrole, thioindigo, anthraquinone
(usethhetainrtbe tamo mcziplywmparﬁng partidies/ aefers doparticles having little
pyr ant h nt h throne di oxaz L
POt 80 5PLEIEbin (5, ralHCMYR HORLNG REF HsRBiop And whish impart color to
”il‘PétéHrﬁﬁoélf'@ﬁ eRon- Imgﬁg]exb rp‘l&eopétﬁﬁ%ﬁl i—ﬁﬁﬁéﬁlhgrbarﬁd@s

col or - |npart|n partlc es p esent e prote tive
cmatheg)lgmeptssthat onpard eecalomsuahasitedh geee, yHN%N, aodtblue,

crmBng e, ST ot OmPos T BT 7Bk Ug e polor-

Apnpeireiflg b@ﬁ&!lé‘s and aAfch fr@fyedeSuééa i thaq#égémﬁ%nmfn ihBtide,
transparency of a material and is defined

Dyidkesut ljnaitetion, aa@ (meneave) disazd, @-naplhthob! ﬁthmd’ﬁ isa type

- RBebiofRot BRE) R R Ry Ops  Pedfa EShaPTeARE. ko inesdl
| estrpléx( fissindainomd, &oindulie) 'aﬁd%ﬁilytgfﬁﬁc ($Hthalocyanine,
di spersant, as described herein) and then neasuring

t%@@cm%mrﬂﬁaemwm diketopysrole pyrrole;, ghiowdiam| e,
Sé’rﬁtmai’lﬁﬁér?é ndéﬁth eaaﬁYﬁ?ag%rggﬁﬁe magmﬁpgg%nthrone,

here I nstrunen év n m’'cron ce

| amthahthr@es,adioxadiie, tﬂranmbomum duirpphdhsianp) pignsents, and
con entrgtl o dependent, we specify herein the % haze
AXUrestHREATt t ance of about 15%to about 20% at the

\r@‘ogbgngt h ¢h tHEpiesent rﬁ@ﬁﬁéﬁ’QHB%LﬁSnm%‘béMic%%sent in

, an acceptab aze may
rtdalealrotmtnye Iceatieg pamposities hevere traxirdudrf kazenok10%, such as a

B T n

pémbbaine@qtsgé ARbGHUFEhERCHS §.8%. nﬂ@’&s@dfﬁé‘éﬁn Gfdze” refers to a
between the particle and the surrounding medi um na

pmeasdementaf dee trapspaneagy of @ maepial andisigafngdiby ASTM
Pﬂé 5211115 /1121 1 2 8 [0025] Generally, to-achieve
'sired haze (minimal scattering) of no nore than

J[0%24] he coTie hage &atue@gopﬁfet d:dlbleﬁnms&‘tm% rifles described
primary partlcle size of no nmore than 0 nanoneters.

T’I‘ﬁfﬁkﬁ earebedeterarined Ry dirgidiavirchthe calpimparting particles
[?érsbﬂpﬁ%tllc@ﬁ{ f%[c]:hh%\/\géte‘?r@%%ﬂ c éd?\rlréarﬂ;opé %‘tiﬁfﬁtréa‘(rﬂ as

sdmmsddierelab ahd ltleesn measuting tieesewlispersiengpditied éda sbivent,

~ 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.
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mlling bulk pignents wwth mlling nedia having a

particle size of about 0.3 mllineters, such as about
w®2@60idoko meters, or, in some cases, about 0. 1pCT/US2005/021128

mllimeters. [0026] In certain enbodi nents of the

present invention, pigment particles are mlled to

nanoparticulate sizes in a high energy mll in an

diofan] c soGeeetalls'y’sx mhlemjm desitaa lydzea@minimal, saadtienigg) of no

o B 0%, 43 S0a  Tunaring Reries have 2 AYe agm Priggyy particle
qﬁ@ Bf ﬁb'n%‘re‘%aW@Ol r‘lefrfo?netgﬁ g{%réf&e\/\ﬁf &rtaln 'e‘ﬁ%cﬁilments the

di spersant, such as Sol spers 27,000 avail abl e
f¢Qim rnmmrtmg rplaztmle&:prq@@nam ibe protectisie copting samposition have

p rrerlc I hg res sui tahl e net of

AR PHETh D3RS s1z8; ehishRatiCss Mo TCegmpR, Be Prepared by
%ﬂlﬁfg”‘bulkrm@ﬂbhféfwnlﬁ‘ ehilAg n@édﬁétr@vmgzabbﬁrble size of about 0.3
precipitation, gas phase condensation, and chem cal

amillimetess, gucheas abewttQ. amillimeters, or. iorspme casem @boube. 1

qgﬁ@ﬂ fﬁgt any known net hod for producing the ,
c farting particles could be enpl oyed, provided

t[0026] e- agdhasErtait eAtbodlimehtdeofent Predemaivantion, pigment
particles is mnimzed or avoi ded_ altogether. [O )27

Tasticles a5 imied (o AARORATECWAIR SIS iR dYaeneiy B in an organic
g stoth dlich aTbliyPRcrRle ey Btk P 56T
t&dspesle@ BZ&,&ODmrtStﬂsm&rBe@[ﬁmam bbth a\emllabimfrom 'Lhe Lubrizol
d { { {
o eoratiarot Wickirey DBl B uater R M BBRTI, T4rAs
4pérse® 2f Ob@%ll@blgjfron\ﬁ@h%h_uﬂ?%?@Bde’r@tléﬁ’vﬁ@i an optional

wel gﬁt percent based on weight of total solids In
" ppalyraeric peindingr fesin. cOthes suitable. methodarmd pnoduding e color-

B BAR I o Be e s mBTRR hohe Bl ©
AprécipREtom, ?as%ﬁaﬁ cdl’ﬂﬁnfs@ﬁbrﬁ e@hd/é\lhé#ﬂﬁaal BfAlior (i, @drtial

the recited val ues 29] I'n certain embodi ments

tdiesajation)- i hphould be rmiﬂd thatiany knssn methedijasiproducing the

SRR 18 OB ShS B et o

ethib @di areinipartisg! partieldsay eninihoizdd ios evoRledl attogfetherf
particles of at |least two or nore colors. [0030] The

dP82&Lt i ve /é‘(ﬁfﬁgﬂg’r@@ﬁm%r@qlgﬁ'ﬁ%@éaﬁwwtpﬁaéﬁ@btamed
'h\}g.}’rgaﬁ]mﬂrgs Fﬂlﬂfé‘ﬁﬁﬁsﬂsgﬁgg%légﬁ H‘ﬁcrrogébﬂe lqﬁé %ggOQKV as will
ebesahderstqnubloy thwemhﬂteldnnclhe aft. I m on at | east a ,

- h[%"zgfnt al I?’\uc‘,lrefrt{fla(frf3 embodiments, the color-imparting particles 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 coatihg 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



of a substrate upon renoval of any solvents or

carriers present in the conposition or upon curing at
wapisennior el evated tenperature. [0031] ConvertT/05mb5/021128

filmformng resins that may be used in such

protective coating conpositions include those

typically used in autonotive OEM coating

eafiimbhisnsuckratiayat doreprsdfs anmixtucoaf paricies of at least two or

conpositions, industrial coating conpositions,

MUBIOIBur al coat i ng conpositions, powder coating

sitio
LT cﬁeﬁBté°32§%Bb“%EB@%%‘“&“[%@“%@F%%EFZ"’*’W"

ircdudess a nnhd@ienmgwesmemmmj hemséﬁlﬁmfmmrdng'r refetsto resins
reaction of a mer. havi g east

thatqanferm asel g orgjpg &8N us.1 |Ighq>n ﬁg[egégﬁ%qgggp% surface
fo'f‘Q%Iu'PQ;FQ{ l?ﬁ&ﬁl‘é?n&félcc}f 'aYl? SMivehtd Bﬁcér‘r‘n@% bFHL*’é'nt in the

used erein term
‘tpoipositioh @mpmmurungoambwpasseleuategbhemperab,ma

i) ror < Comventions) imcofindes e aRBE AR Ssdl fyyen

@%ﬁé@ﬁ@@ antlﬁboédiﬁbﬁsméﬁ@ ifudtoinest hﬁilcalﬁmséd myautomotive

osic, acrylate, silicon-based polyners,

QEMmomiegsommsams au@m@tweéalshma@ag compsitians,

sl e oRER it Pt PR AL oS Yo ISR, bbwcer

¢oahAY LbalpdsBiohE PSoil CEXMY corhositiand, Iaﬂdmdrgwmce codting
used, are typical l% copol yners of acrylic acid or
e

w@mmtgmsf:amns% Wydr oxyal kyl esters of acrylic or

is d&@g YT el reditfdinBRideY RI-QRARIONY thBBE Rafhed bR e

prop acry one or 'nmore :
W@écytimf mfzaibblgrrm:rhrbdvmg aldbbgt cmestyperdtredctmfunehenai lgccbup and-

%Z@ﬁkéy gucitbaxing Bnelingal drougs renctye D R RCUng eroue(s)

|
st ik ehe g‘%‘g 4 n;}f% Feiehh, afe ?ér)‘rﬁ %mél’ R Bty encompass

t ol uéne. o of reactants and
rodagotnems), armmcmeaswnﬁmntﬁmltehoe@otrohmm@pbwmerﬁ and

,acré| "%‘rger 'ng"tep%gen Eiléo{ dro fBCDi' C%&B’%ééllllS
eﬂna%e%r ddi&itidr, BORMIIRA, éellmds'icp aRp)INtEE Blicohbased

TOteCtIVG coat’l ng COﬂpOSItIOﬂS used in the present

.pw;eneusO noqelyroersttherecl, pad ybstuess iersafeAnd capicogiiier
nlﬁ(';tfﬂ?'u' @&%&ﬁ%céo%;%é&w%ﬁ%o h% SE@ H%r ¥g ﬁ&&%ngtreé gmide,

idarSaBaEndBaRKyldYe grouggnsat i on of pol yhydr iC
al cohol s and pol ycar boxyl ic_acids. Sui talli) cf
40033bl s The acrylic polymers, if used are typica [?o yl¥1
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

1! acrylic

of acrylic acid including methyl methacrylate and 2-ethyl hexyl acrylate, and
- vinyl aromatic éompbunds such as styrene, alpha-methyl styrene and vinyl
toluene. - The ratio of reactants and reaction cqnditionsar'e selected to result

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



i ncl ude ethyl ene glycol, neopentyl glycol, trinethylol

propane and pentaerythritol. [0035] Suitable
w@edogoanboxyl i ¢ acids include adipic acid, PCT/US2005/021128

1, 4-cycl ohexyl dicarboxylic acid and

hexahydr opht hal i ¢ aci d. Besi des the pol ycarboxylic

aci ds nentioned above, functional equivalents of the .

aiQOéM]suoh agsidaarapwliicmiymﬁ@a éhe pesfeetiiesgoaiing| GaRRROSItions

al k t 1h [ .

ot o e bR (S THIr S gbEsieREathe 5 dlobmer,
aﬁ'cﬂﬁimgf%@e&fonﬁlﬁﬂ@l feecrtdrehima hyl Foxys 8Ad/or @@ﬂ:ﬁixyl groups.

dr ox cont ai ni ng pol yester oligonmers can

uplap@lmgrs maybe iprgpareddn @knavaemanngr QV@Qr\S@mtm of

e

Wheruael éth?/l%nd@ydcﬁdwécg)eﬂtmml timethiyldingopané aadl e

dryi ng fatt aci may be used and include those
dbent@é&'ﬂﬁfﬂt@h | | nseed oi | ; soya bean oil, tall oil

d%at ed § RABE r&l*ca?ﬁo#ﬁp%cﬁé mcﬁﬂ@%mugﬂh 164 '&?El‘éhexyl

rs con ar ni erm I'socyanate or
gdnaﬂmwﬁ'ny aaidsandabcl-:-xa'q,diroﬂﬁtbahmbgldr Bdsides {hel g(ﬂycsarboxyhc
ter m nat e 0 nes h
| ﬁ%‘pﬁd‘éeri losed agqoé’ﬁa%l Lelgha ‘?%@ {aﬁﬁ %28? @é Whlﬂﬁ ng
{1 y%ﬁ?fde% VR réqhe Wb(fsh oP RIwe rsHieyl @38 Bf tHd'8cids such as the

rea-cont ai ni g termnal | socyanat e or pr| mary or
senemlnmams;eramnabebe gisedpAlsmisrhalbamobstsuefanoneearbawylic acids

reacting pol yam nes including
p%‘i‘@}rﬁgﬁﬁep%'gl%% beHE#d-pol yi socyanates. The
1Y /1 SpGURHGI-Bomtairii poryesmmg@mroqan vel prepared by
rat| o'is adjusted and reaction conditions selected to

omaentlngtamearﬂwund@d:ftaecﬂlﬁawm acig. SUEQaﬁﬁdP@@hYQfophtha“C

SHhbRH<E RRhY BAURRERebRE IR 0TE CERIAPR "
2fpaarjcol UﬁWHiarehtl iseledfted h@eahand;mamdmngt suitabdy drylng oil fatty
ref erence, | es of sujtable A&gl s.include th

dacigsimaybe NS@ﬂuanéidnc lagathasederivad fem lipsggd o §0¥a Bean,ol" |

2@6’%9%8&%"3@?@588@5%@9 hlelrggy?,?ncgr\p/)gr at eo, by |

r [f0383nce. Ema/mpétbanefpos,tmerakmmtmningatmmml isocyaniate or
B ebp oA e el S BoREr LB SN
;J? Frﬁﬁjagg@i %@ﬁhgﬁﬁeﬁﬁﬁ wWifich 3arf $&: L%'éﬂ |ﬁélu88|tH<5‘§é Breparéd B§

reby I ncorporated by reference.
reactlng ponols including polymeric polyols with polynsocyanates 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 Stateé Patent
No. 4,046,729"at column 5, line 26 to column 6, line 28, hereby incorporated
by Vrefer'enoe. 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 : .



[0039] As previously nmentioned, a silicon-based
pol yner can al so be used. As used herein, by
w0 siokiocmm based pol yners" is neant a pol yner PCT/US2005/021128
conprising one or nore -SiO- units in the backbone.
Such silicon-based polyners can include hybrid
pol yners, such as those conprising organic polyneric
Bk indbipdrated By ref@retce SERampies of suitdble pohyanineinclude

004 As nentioned earlier, certai rotective
&tmq csibegdr iUnitedsStatrseiiatent N%%@é@@ af fQIIAIN Byrline 61 to
I I
ERIDE, 1132 iU StePhfbrk A, o Fod B5HEE colihMS,
lines 118 td 150, bDﬂﬂh@@bW@cdrpatate@ bwetmend:e ons used in

ioa ‘ﬁrh:ﬁggwrés&kﬁgméﬁgoﬁi'ﬁ%@%oq Rape poineraaan. %@0 be
t
29&8! A L?e{ eddbrefd: ﬁi%ﬁ%as@ﬂ%omf@%m?% ﬁéa%i‘% FH il

group’ contai ni ng terrals am no
eommismp@heist mozs i-BK0-sunitsaihltee backbonegSuaksiicenibased

RERRTe s PGB S R EEG Shge 45 HoshppBarBngaganic
lp%h)ﬁ%rlsd\ﬂocﬁs WA &@o%o&o'-&@ un'ntsﬁﬁﬁ thegoéckbéﬁe 6,

hereby incorporated by reference. [0041] Al so
$m4031b| e ars rpen;med:yaﬂer egertainl prtectiericoating compositions

R e e L e e
BoRTeeas@bf Aelying eeanatasingagehtskivmblé faraysenaties

suitable for use as curing agents in curable
oootestive coating eempasifiops ugedd the prteﬁenbuné@@mn can include

ST ERbIeRE ey HtEphHRGRRSERRIS Y il REredipatuine

' iagehity foe OHt @OSH, Ramizlet, ahd ca&:ﬁﬁ&teSﬁmctlmalcglrbup 8ontaining
cor por at ed b ence.

i nes 48 to 60, bath hereb ef
["0@22? SArﬁ?S?dWP|8§§ é’ﬁ"@@?'?ﬁé‘a%ﬁg@h? oplgst resl F’[en%ﬁ 9“””9
%g%@km GREORYG @éﬂ.&% a8 cﬁ‘irﬂ&%@éhﬁh\?eﬁkﬁ\

RO T The ATt arrp es o
smnlmeé)trmsfecdemlbedsn umtedQStatpesri?atenhNDhé YB3zt at ¢al. 5, line

oy &ﬁ%gfi&e R0 nataled DLETERGR: { oq B atee
Tgom 2006/ sd 2aitdil€ 7é / Ug%ﬁlsocggnaiés@rﬁi Bl cked Egl%/us’@)wanates

012010 PCT 21128 in United States
RSt@mingNges ﬁHZ)HEthamrlmary argj/of seedndary @siBg greyi-h

g AR BBl SRR i PR Rt e
| gitﬁglgggfggi @ \Wekihg et incurbBleaddmpdeitiond at eday be used in
the present i mventlon 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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suitable for use as curing agents in the protective
coating conpositions that may be used in the present

wo pooentzoon i ncl ude those described in United Seat/es2005/021128
Patent No. 4,681,811 at col. 5, lines 33 to 58, hereby
i ncorporated by reference. [0044] Polyacids as curing
agents for epoxy functional group containing
NBiLEHiled StatsLPudrt No1avTe2, 100 becall B, lidesdpteS57 oboth hereby
pol yacids suitable for use as curing agents in the
phedrperated bydeferegc@onposi ti ons that nmay be used in

U8t & areaVEPHeS s U BBeh ] COOF 1Bford] group
tevre@hingSmatdrizés arfe wek kabwniim thes pdr deenilgs oépelyepoxides

[ 0045 PoI yols, that is, material having an avera e of
tsmtaale ﬁ%u@e 3SR, 20841ts ipthegept QP&'N@&@%QHQ CQMANS @@édhat

@?g Bl Lf%%dqg gﬂé %ﬁé%ntgggntlg n|’?(t.l @0 tlo @é%ri%%ﬂtlﬁ'UHltge States

riral's an an ers and ar

kmmnt No. 4]&16811 aﬁz«anﬁj Im?esc33 '&8581 rmrbbpirmarp@at&tbby
se described in United St ates Patent No. 4, 046, 729

&6NC-7, |ine 52 to col. 8, line 9;.col. 8, line 29
t . . :
3@848]331 - al?élggﬁd@%s c[%l?ﬁ'lg d&e‘dﬁ) fcﬁ%g'é%?tfﬁﬁctll%ﬁgﬁgh)’dﬁg%%nﬁalnmg

hreatdrials arcovplh kaowd ibjhe efte Exacnles 00pelyaridsaaitbledor use as

B0 SR e e P e aR Bl aiat eV e A in the
»seﬁﬁhe@htncﬁsh@me&haséees&méd ironited Btdtbe Patdnt No.
npl es of polyam nes suitable for use as in the

pt, BB b.8iTval £.iling Aolepeali 9.ilieed4, thereuincpeparateg yreference.

8,554 B, G055 AR50 B B oy
thd?@kyl foups per Adleculs] dan bdﬂus@ﬂa&:atlag a@ehtsnlbr NGO

799,854 at colum 3, Ilnes 13 to 50, here
|fh'66i4<mﬁ4 SH4pP poniaitiag Sirterials eodAnhyRBAes @@ﬂree%ers and are well

ﬁ\/ﬁ'ﬂfvﬂpm tﬂtee%rf” Er df z)?esoéf <A ge@o%ﬁemeqﬁﬁséﬁesﬁgegﬂ in United

reover ct1ve coatrng conpositions
t&t‘at@s Patamt Na. r4v@s¢ﬁ 729 at aol. Belifebddd abkd, tise 8; col. 8, Ilne 29 to

oE0 ot i R et Ve ey Bt bk pL BT B 2eline 64 to

C cAlenBel S adm xed
Vﬂ'h"@;‘{fﬁ e e S R A

HO04652005/ Ralyaatinesoavalsoths usitkas suriog @gentsrfor NCO

sition can st o sta mu
B oo Soutaine 8o S DAce Brpnidh o Bhhigegred
e dtefs alfPAROWEN kneARNAThE BAN BeARes OPpoR¥AiINESsuitable for use
pol'yi socyanat e curing agent
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 composition where a curing
agent such as an aminoplast resin and/or a blocked isocyanate compound
such as those described above is admixed with other composition

"o



such as those descri bed above can be added to a
pre-fornmed adm xture of the other conposition

W@ owponend S just prior to application. The prepdpusmoso21128
adm xture can conprise curing agents for exanpl e,
am nopl ast resins and/or bl ocked i socyanate conpounds
such as those described above. [0048] In certain
vuub neets. sThe loeet cdmpomenticoghpasition can gersmsrage)stable as

resen rOteCtlve coat th
iBted. sabdRafdl St Sormas g fan Beriotnuiated eh 3 wo-
%ﬁ%‘%"& eafh fﬁ’gﬁi‘% flerk teH ExaRiE g ﬁ%vi%’*.VEéé o cdrifagent
tslmehtastthbse desdribedabbve oéin bbeammiosa piesformeédradmixture of

30 T soniar GamBERE Mo el prict 2o Aok é‘eﬁaiht i Plistgmed
I ddrhigturd @8R R priser & Sht@Foradirhle Ohmi dilé’sﬁr@sms and/or

a
wel ght percent, typ |cg{@It gbetween 10 and 7
@@d@dtlsowarete\eogipoums @enln assthassedeaerﬁmﬁ aivo\tehe

t I ight of th t

10, o e ot EReB TR0 rat S e SRR et Ragenerald
Preés&ittin the grNbete @caaim@a:cfrﬁ;bwt@bﬁ inPah Biidunt @fsatBethan about
resins that are |iquid, that wat er bor ne “or

SO weighbpereensysiichas gle@itetra*ba@ abpubéﬂwlgmmeraent and less
3541 S0 oG8} . P G510 PR, B S0 i Bl

Mmglntng‘ the m:pcrq)dsltmns Faryexzenple stherweight peraatie of fesin can be
al co oI s, ket ones, V%ormtl c. hydrocar bon
m

Xa
FPUBe BPRACLO0 i Degronty Fhen Bcuringl aEanT Briges, it s
I
Sl Sy SR oL 1o R ARl ke

d@mmis?@ waighterbents e weight perpentde aiso haxsbon trectotal solid
rotectiyve co ositions used in the present

%'ﬁttqfaheggﬁ?'éé ga"hpé? P'se optional ingredients such.
04dyose walHe frdeMlivetoating c@deeftld‘r@rdﬂéoﬁh'tﬁQ preddrace

coatl ngs. Such optional ingredients can conprise, for

éxvantion canhe farmesdromdilmderming resing thehareliquidiethatis,

SRR bf soflflfiotne blotefS; aois SRS G n0R88 Hianic

%bﬁ)e'nls 2RAtSy, dd\d/@@@t@h’@fgarﬁ@@al%hﬁmmu%@[@fgenlc solvents in
auxiliarties. such additives known in the art can

Mbl%ﬂ‘@ pr@&%féme anﬁlﬁatqomnqast;pnﬁzmmb@lqlqwﬁw inclyda,yfor
(‘r] ]ajfé&l'ﬁal%* Keddnds ar8nRtie R&?@a{ﬁ&é,mﬂ:@&ﬁé}?, esters or
res ti'ng coa g layer deposrie rom’tire ‘ ‘

‘ooiRfurss theveof. sTtnmdmhmttlmgeaerauemesémdn abwumts ranging from 5
gllmtlgﬂn exanpl es, of '

0 weight percen ased on total welght of the composition, such as 30 to
50 percent. | | |
[0050] The protective coating compositions 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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materials are described in United States Patent Nos.

4,220, 679; 4,403,003; 4,147,769; and 5,071,904, which
w@adoeni®1@r e i ncorporated herein by referencepct/us2005/021128

certain cases, each of the optional ingredients can be

present in anmpunts as |low as 0.01 wei ght percent and

as high as 20.0 weight percent. Usually the total

Problemsfsodpng @sdhe iregitldng epatingdayer dapesitad bandhe1 t o

g‘?ﬂ%%% h%ﬁpﬁcfrﬁﬁgﬁqg $§a§§?%¢8t§%ﬁ e hgr%rtf?rf %)&'?nples of these

Rhaterrld ¥R d&sdribed lﬁQJﬁm@@StthS Patent Nost 42200878 141,463,003;
an O?tl cal - ef f ect 8| gnent . used_ herein, the term

"7 I80; and Hef 1,904 rnich na&réﬁ@r@ mqﬂr@mt& hekedr by o

Eﬁ%ﬁc%ﬁn ??r&#rﬁadﬁagg %&p]ttgf; t'h% p?r%n? |npréh‘?ercﬁt‘§ada'nrr9e present in

cirhbGils-a8f IbRcds 0i0dneeight pervehtidad misdgtvasad. @)M@Igmtp@rcent
borosi |l i cat e- based pignents, bisnmuth ox chl gri

Wsuallyithe tatalameymt @Bgefeprrﬁl ingsadients wilfenge fiap §r01 to 25

ARyt of such
opé‘bcaPe@;ePéﬁmhéb?fefﬁ?é@éég en Fre CEF'ﬁDe protective .
doasing coripccsrtarmemb@dnnempaﬂ*te pmltemive doating edmEsition may

e A o 5
[ ERCY&Ers td) r@ﬁfetrﬁs OsENRPHOMD tRe obli€al characteristics of

or - | arting non hiding |ayer is deposited on a
rthteloeatmg dayaur Norelimiting exeanglee of puitatde woptinal-effect pigments

R et ase i Retls, bPSUlnepe oa%ka gthEfhs R

r ShcArideecri@tbRy, flmiRaw-pasaéd %h%ntéeﬁ ued cAyaea flakesitor
1 ea)Jst SO%rwstuch as at | east A 40% Totdal rg‘sl ect ance"

regrabigatiensthereef. t he amoust of sugheeptical etfert Rjament prasamt in

ﬁﬁ%ep?éﬁecgl@tcb Qgﬁ]goﬁw%sfgﬁﬁ'rgﬁgf éﬂn@ﬂfarwﬂ%néd‘f@bﬁ&@aefﬂhe

e spec fumin

a*ebumhg\do@gngrl@)e?ﬁepo‘s’ited froen tmommpumlom o mmhhﬁn@ae
to that portion of the el ectronmagnetic spectrum '

respEbad\@PP¥eengt hs 400 and 700 nanonmeters. "\i ew ng
6@@%@}1 dref el(/lﬁredva'eih%trt‘érr’rg b%B%SntgefHéeé‘dlort-ﬂﬁ‘pe}ﬂiﬁﬁ“n@)ﬁ; |

a norma e sur ace at the
i hndln@ela;zer is Bepositéd entaameflectia smsﬁaciesEor @eampler i certaie

det he M. nol

SO AT T T

Sﬁfrfddérboﬂﬁrréf\% 2l:Ad 6D rhaferibl hatikd/ éﬁ%éﬂréﬂléct/aﬂré@ of 4t Rast
I'n certain embodi nents, the reflective

n&ﬂ%r sath apaplaast40%. ‘Jotalrefiectance refers Heseindraheratio of
lﬂ'ecte%qrg% Prg]mngrmobject gelaﬁve tos{h%el'rmd%n{ f?gm‘:t that impinges on the

object in the visible spectrum rntegratrng over all vrewmg angles. “Visible
spectrum” refers herein to that portron of the electromagnetlc spectrum
between wavelengths 400 and 700'nanometers.‘ “Viewing angle” refers
herein to the angle between the viewing ray and a normal to the surface at the
. point of incidence.. The reflectance values described herein are determ.ined '
usrng the Minolta Spectrophotometer CM- 3600d with the procedure described .

in the Examples section.
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pl ated netal, or vacuum deposited netal on plastic,

anong others. In other enbodinents, the reflective
wOoRdoenimio may conprise a previously coated supdBUS2005/021128

whi ch may, for exanple, conprise a basecoat | ayer

deposited froma coating conposition, such as for

exanple a silver netallic basecoat |ayer, a colored

3 ¢ bagresrdin lemtiidimehtsa thd ifRCERS asstiall cormrises a
anong ot hers. 0054] Such basecoat |ayers may be
d ratesuch em r@agmni@atohshemalummwg:%rqi@eelb ehrome-

ceBed Bt B v B Bnob el HERIZRP BRoc A ISR, b other
cambolInSREPHR refletivedataridd ethyeesrptise afprevieysiyrioated
the filmform ng conposition of the basecoat nmm

ceuffresswhighraay et examples commissriebaseqaat taysr gﬁeéﬁiéedﬁom a
. f ' '
60 o ARbT Bl Br et LR ot Sl aytever.

pedigteEinetalis basestat &syednor @ivhitedzsedoatiagec dmong others.
detai| above. The resinous binders fOIQA;H'e basecoat .
nP54] or exaHph baseenslavess Mauhe depesited fpmya dage-coat film-

TRl B3R or ekl ARIBGS ) 1 o bRARER
pd esaribies fim-focming m@strs. ustd ingbe grotiegtiven teating composition

B I Tt e o
bR ZRDmMPnstE rédifoiebmbePihd ®neHRErdBigRients to act as the
non-netal lic color pignments, such as titanium

de@grand, Usefir resinaus bintdessratgraesiie @olyineers, pelyesters including

R g, B o BET b,
- Pk aésiIRy@N binlets 22 the bES&Edat Asy, Forexamples dbeiptise organic

"suitable for inclusion in the basecoat conposition
i RiVenibaspskmateiiale ar waterhasediGRalingiGeMPRSIANS. of

- f atin af i o arial
B B " 25 ised s BRL i ot odr) CORaFEBIORF oo
cmtpf]arits.i Suitalblbqﬂg@\ggtyf@klt%e bafstg}ﬁxatbompo]sﬁimfigggc?ie, f_cr)r' o
wei ght percent, . or to 50 wei ercent. [ The =~
pexaDae, me) eﬁ'gm%wscwﬁlogémva@sgi%ﬁw%f@Es%sqqp@@ opyronze
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stitaaiun didxide s @Mide,exuomitenoxids, ledad consstengnd carbon
HALE 54 B e R, 075 S A, b b
P&Ad Hﬁ@ﬂéc%n‘rﬂel%r%eﬁ.z 8 nethods can be used. During

- application of the basecoat to the substrate 3
- ﬁ)056] Optional ingredients suitable for inclusion in the basecoat

composition include those, which are well known in the art of forrynulatin'g}
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
14



the filmthickness of the basecoat fornmed on the

substrate often ranges from 0.1 to 5 mls (2.5 to 127
wor@somiers), or 0.1 to 2 nmils (2.5 to 50.8 PCT/US2005/021128

m croneters). [0058] After forming a filmof the

basecoat on the substrate, the basecoat can be cured

or alternatively given a drying step in which solvent

ethadis @ e used. DHENG 2RPGatoN ol theiaseeqat ieghgsubstrate,
ahb ftﬂ‘ﬂhi‘&ﬂn@% bpﬂqus%@a% tggr{?tlgbgﬁf th%”sdgst H%)ﬁﬁé’n' ?é“vges from

coat1 ng compositions conditrons
c[epeoﬁ roits (& tpaammlmrcanetms)eooﬂﬂ tcommcnm @.»to 568d one
the anbjent humidity if the conposition is
vtBtCé‘Pmﬁtﬁ’ﬁ)e but often, a drying time of from1 to
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A e A 5 L e Pl 5 e
C&ﬂfﬁ%éﬁ&ﬁof‘%sédﬂreﬁ?&éé’ﬂﬂb ccﬂﬂBSé’ihBﬁé‘t SUItQSIef% Iiaibycondltlons
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PEY inirfites anattembéiatareoT5Mer 200761 (e kd 884t Bwill be adequate.
et hél eni caIIy unsat urated nononers; or (2) a mxture

or reeferng 9@%& agaip|te the eelarimpaetndeemhisiing coating
thich diodbripsng peffides rfiuded inthE ROl coating
axdmmpcsmmw tron*iwghhmchseslayeheatepnsnéd tm@,ln $n lcertaitmﬁ
) mt rtic arl ze e
. Ebadiests. sesRidieerd iean a?me%yamlfcﬂwbda these
| |
B ﬁﬁ%@ﬁ@? U profé e B comiSLsiids! e b BrRRARI Py (2)
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Rﬁfs@ﬁﬁéteoqhoﬁbnteﬁ?s?‘sdr QPa‘tﬁlb(ﬁJ?e d?%h@%?tmo@?é&?m@ﬂzable
i ght of total ds present in the dispersion.

Arreeturate@ m@nemermntqnegorpapre polysiaraom(@) opeesenerei n

AR TSRS MR B Rk W sss

Ihewetghditions Fetie, prbéém‘e ehaivatgbbu®medihab padtidullsrize the
present in the dispersion. The anmount of .the -

astnwtureﬁﬁmmlﬁga wm&cbmg?oahcme@emmmzs

ethylenrcally unsaturated monomers under free radical polymerization
‘conditions. |
[0060] In certain embodiments the color-imparting particles are present
in such aqueous dlspersmns in an amount of at least 0.1 welght percent, or at
Ieast 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 disperston. The amount of the color-imparting
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particles present in such aqueous dispersions can
range between any conbinations of the recited val ues,

wo pmbusioye of the recited values. [0061] |n ceptBEUS2005/021128
enbodi nents, the aqueous dispersion is prepared by
adm xi ng, optionally in the presence of an aqueous
medium the color- inparting particles with (1) one or
rmrﬁclpslpjemntzalsbeh aqubatmdlspetduyns oas sangeabettveen any

S RBRRoas pEe e allies. nshusnis: S e ol Valesor o
g@m rs; al_'iFPééHa d“ %hwtfdd?m s”ﬁf&ag&%dé’@&ﬁerstd?hkgﬁgb%d by

xture. The adm xture then Is ected t
sadmb(irg, optieonalbhidi tthunesQntxesmfrarbeduearuajmedlum Ulaleom)on- n

17 Retieis wib (SR Tore pabmaral sifleRicai

%Mt@r@té@ﬁtdﬁo%b?@t a‘n%??)@ﬁﬁffﬁféoﬁ HENOERTOrE Polymerizable
pol ymeri zed under free dical conditions as

desatiiadet wnomerp @rﬂthzdne ar W patykerss aod/op €3)somer more

di
A RRIE30 TorlF B SPlavBulC. dhelatfriyfife His FIiedtH to hign
VEHeRIr strele \WBHEtions Pe SRR A TR RIGEERN baloW) AT theobreBBACe of an
systens, it can be desirable to also include a mnor-

aarieausdnedivgt fo parjaniasize dhe admixttea inka migropagticles If present,

dtﬂ h@glalcahﬁuxégt gastgde n@to&h@ﬁs tﬁgh%{aﬁrbé g%gﬁtretnzgd under free
Qfagwall cosditivas tis peserinéd belotwne aqueous dispersion is

ess _than 20 ght pergent, such as less th 10 .
BSRI per c Qrﬁum%aquqqqsmrs'@ﬁﬁof@ﬁmun @%@ lufhiywBich the

"\f‘dltglhfm §S>E dgc%s a%sénaf)&%ﬁdé is Fé‘?(%ﬁl%ﬂiehp@v%

on tot sper or exanple, 11 the
drlgwever fdresoend avoromMer ara(oi pd)lglmarsystemsy |tgzambe desinable to

IS it Bawer Shobinferlogh oShicpvant fintitan agsist in lowering
etvi’éfdo%lﬁ oK Wbélyﬁfé@tto b@@i‘sﬁeﬁsé@ CH Qﬁﬁh@nbmm | the

but .are not limteéd to, propylene glycol nonobutyl
eameunt @‘tquaenesog\rqrtt presam dhthe/aquadiis dispersiareisdess than 20

ShEh) RERARC St RUBEE iy O eI e P e

p@hw@nme?mbl l8s&thnn BW&?{ﬂdere@ﬁabﬂre%b ellan ROVSIgRY pereeﬁt based
i ncl ude ant\;t of the ethylenically unsaturated nonomers,

i ot fQlidli wieight e/ therﬁmﬁfém ks @xanplenié the erganic phase has a
BB A0 8715 58] o A bEAS bl 4 Garcnen
- groldpvisonsity, song scrmemtrwnsbe asédidExamplidy aﬁ:smytabtze solvents that
ot B oRTAlod tshides bk pie, NI, PSS g Calgnonobutyl
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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WO 21)1)6/1)121)11) PCT/US211115 /1121 1 2 8 fumaric
acid, maleic acid, nonoal kyl esters of maleic acid,
wo ta@eomioto aci d, nonoal kyl esters of itaconi c pci/dsanslo21128

m xtures thereof. As used herein, "(neth)acrylic" and
ternms derived therefromare intended to include both
acrylic and nethacrylic. hq064é Non-1limting exanples
ofumarmcud.,sr@atﬂlc acidy mamoelyl gstens af meém@ac'd?rﬁﬁmf:@md
t
AP BRI ol Sl AR B dheeBl. Ailssrerein,

et(ﬁﬁé'th JaBBlig) and Yél@ﬁ@deln\lﬁdﬁu‘ﬂeréff@h@radmt}éhdé@ to |Hmuldé both
(et h) acryl ate, 2-ethyl hexyl (meth)acrylate,

226Gyl @QQ&ﬁVECW{'ﬁet h)acryl ate, hydroxypropyl

I(Lﬁg)bg ﬁ;{yl ﬁbﬁw"ﬂ g%%(mB\’%%%frc(t H?Q ggﬂh?fﬁ%cally unsgturated

efnbyibeiees @Jeyémﬁlcarlﬁbmtabbdammtlma graupwlnc&rdmﬂkyloesters of
such as styrene and vin

|
s@“&ﬁh&CW%%@‘é%yfﬁéPH?‘lnp i %@n)agé/a@;poﬁ w (G EErtate,

Vi nkrﬁf ﬁ’i‘?fed%ef?@!lﬁﬁl @g\%pgé’é@i%'t%lzgg yahgy! and
a{moth)atrietes hyafdgprayd Qm“‘ﬁ)acddnteyhydmgg buwmh)am,j.ate

nSaetEirethipsTalale Uk matiedy e A Siviena gveol
Sugﬁkggé&?ﬂatehﬁhﬂ AroRH=%Y sBsh %‘s th@ﬁblawommmam@%s

hose derived fromthe reaction of an

e@wthmrwamngesmem as N-butoxymethyl eerylamide; agpvienitsiles; dialkyl

h as; a noc rboxvli c. aci X | .
ars of a @ &waﬁ%@ggﬁ gm%rﬁ vﬁg@@%ee paﬁ&ésy Ivin‘i/l acetate;
Dﬁh?li gtheds: allyinethbss; bilgaldstibis alerivativéaiteteof and mixtures
poI yrrerl zation with the unsaturated acid nononer.

eogfgafes of such epoxy conpounds ar e gI ycidyl et her S
R e g
eéﬂhgranlcmlywnsagl ratsd;ljoletashmbxy ristamyfl ngiqnal d}dnoemdsrsr such as
PibesRGeried fior i frpclion G sy ppicaly uoppturalesace inctional
?gﬁﬁgpﬁr%& I‘) as Bﬁo%ébéw(%ﬁgﬁém%ea%@ﬁh acid, and an
gdapqugdmpemmad whnatndimhanmttmﬁcmhm inghe freenmadliasil mlilayted
| /B@i’é&laéillzgtl%n With tllne unsa?u %t%e)d acu} rlnzolr)oln%%r é:_%mp eso such epoxy
compounds are glycidyl ethers and esters. Suitable glycidyl ethers include
glycidyl ethers of alcohols and phenols such as butyl glycidyl ether, octyl
glyéidyl ether, phenyl glycidyl ether and the like. ‘ Suitable epoxy compounds -
include those having the following structure (1):
| 0
-
CH, —CH—CH, —0 —C— R
o / | M
- 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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Shel | Chem cal Conpany under the tradename CARDURA E

and from Exxon Chem cal Conpany under the tradenane
waRoibe¥idl 0. Alternatively, the beta-hydr oxyPesUS1005/021128

functi onal nononers can be prepared from an

et hyl enical |y unsaturated, epoxy functional nononer,

for exanpl e glycidyl (met h)acrylate and al |yl
gBhell Gpemicdldgmpanly andert hheatta;bbumanAR[DURécE @nddrwh Exxon

"Codrich Kistainy U by HedeRuth BLyRPRaTDl dlidinativay. the

Ciodtalydieey éstae fttibh&l rﬁ%nah@@s ean beb@reaafe@mnmﬁ h

one or nore polyners. Suitab pol ynmers i ncl ude, )
vethilenically iumsaturated, ephnssﬁlrmtleoabm@ng)rr@wm exampla giycidyl

t t th | . d
R Rsul < B S tier B b AR 53O STk RCEL sucn
agd ws@mr%d HRhBasibokae 86id, f&r@x&mm@isdsmr@&fc.@nd
N-al kyl met hacryl am des. [ 0067] Polyethers can al so be

ul9866] o pr epapecionsiy mesiioped; @%iﬁnpaﬂing particles also can

Fe SR L BPeRd o EayineR,  SRa0R PeRHlels oERighT Wihou
slithitatidre; tssey pitavivushodgseribedosith respedtitn thiedtim fexmimzj K®sins
pol yet her pol yols such_as pol yal kyl ene eth

ndistypedmariien) Pharvget pe £ C%Fﬁ'HF’ﬁ?‘f)fqnj"dS? SUCh as

I
(g e H B FraCH St anod Pht M oK i,
anomrn gr oupPolyathersicag allscnlne lised do preparb dine agjpesus dispersion
RSP TAS BRI b S pes B3 iR SrGhtiments of the

r&‘é@éﬁﬂm@éﬁl"@@ EQarkBfe st di'ilth%rpolyEt’h%FBbWers can include, for
polya kyl ene et her polyols i1nclude

angple (éyethﬁephlyolerml)chga%/mjyalkylgae\ﬂl)”ler polyols having the

2@1%/ 6/ 1), ‘i}%\éﬂﬁf F@%ﬁuaé]@riﬁﬁs/ 1121 1 2 8

pol y(oxy-1, 2- propyl ene) gl ycqiiy, and pol y(oxy-
1, 2- butyl ene) gl ycals. [0068] Also useful are

pol yet her pol yols {ormed f rgm ox kyl ati on of
H- 0 I_ CH —— OH

n
R

or

- o o
H [ 0 I_CH2+ Clﬂ—% OH
", ‘&{ n —m

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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vari ous polyols, for exanple, glycols such as ethyl ene

gl ycol, 1,6-hexanediol, Bisphenol A and the |ike, or
w@tdenidigher pol yols such as trinethyl ol pr oparer/us2005/021128

pentaerythritol, and the |ike. Polyols of higher

functionality which can be wutilized as indicated can

be made, for instance, by oxyal kylation of conpounds

spalii(aytettaatogene) glgcols) paly(oxgrk2qrapyang) glycolszard poly(oxy-

thod is reaction of a polyol with an
aTéi?@%@nSiQ&gosfor exanpl e, propylene or ethylene
go i in AR® d%fe?@lea?é?)oWetﬁé\‘ Myéiscfoﬁﬁe@ﬁ@ht:o%l@latﬁn of
eci
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PO BB (naS WS koRRY LR, SRrus kN DAIE8 ol Bikytation

e necessary In View

dmeﬂtolsisrreacﬁm ofx polyobwith alrnyaiRylenatoxide, débr é)lai'nple propylene
eth en| cal I%Q]d@ atur at ed nomers can be carrl ed_out

hyiene; gy B PEHSENGe YAan2 F@él’?@s&ﬂeﬁ@ Yol %pﬁqqﬁc
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TMWEIR@OLVaVallabﬂe {ramaB) . au iBaniedes Demoting and Company, Inc.
| i t] b f bl,
PRIOEET: 17 ° S RafiE helBps it aestnd o B erizing elmaeniCaty

Suisdhtafated AidhomeB NN drdth8F addifibh pofPRer24bR hidohfars and
anionic initiation and organonetallic .initiation.

\eriefermed polymgtis acaweh &newnttodhosel sbueai irothesard of polymer

5Bl B OB S4T TS ot SRR By i

cVlgiwoftthe peésant @mmswe | Fordsampts) Molymémzatidhi ¢fithé S
needed, such meri zati on met hods are disclosed in

kethilepigatiyuns ra ed mpn@AgES; cam Be cagted oybinduik,dA@queous or |
3&@@%&7%@'%75%%@%%&' dy berfg{b‘?}eﬁo’l] o 'ﬁ%&én&ﬂh%’hfﬂéﬁn orin .

e preparatlon 0] aqueous I spersi bn '
chqueaursagispérsidne sKide Qbinmer Egcvctbpedramialrtemngapﬁetthrrdlm Vol.

bRt aoB Y. e el Riestzahon can e Tasted Bk maans of o
VD GHe PG00 TR M Bo8 Ty ihiRge e Ry

20erofide mamsomjtwonﬂﬂle amonm)mmatlonmr,d(mgaaemetalhc
BREESYr SaEE eicht AR Bl Gyl B HP B sl

polymerization 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 compnsrng 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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suitable for use in the preparation of such aqueous
di spersions of color- inparting particles can be
we@dob@er2otdher nosettabl e or thernopl astic. [0071pcilus2005/021128
pol ymers useful in the preparation of the aqueous
di spersion of mcroparticles conprising
color-inparting particles can al so include one or
mEQ0E) 10a2@,000 porc B0G/tar €5,600c0r 200Git0 £2,6661asrdetagmined by gel

P Rition ipTelagraaiE ks B9 2 oy B8EME slahaerd: nghd Bekmers
aérgoﬁg@ ﬁﬁ'tusEeEIﬁ 'tﬁ’é grﬁi&éﬁﬁbrﬁ’bﬁ@u& af@ébid dlbﬂen%ﬁfﬁsacbffbolor-

I ments, us di spersion of n1cropart|c es
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%fﬁﬁfc%ﬁérﬁQleg%ﬁmﬂs%gj€(§|6f-hﬁ€§'rtlﬂ§%é$tlc|é§ daf Rfsdihcliletone or
of the polyners ‘describ ove kew se, if

dnetar@dﬁ typicallyreterisd toras erosoknking poenisy Sititedle cepsglinking

AP o RS afbs B bR eh, i HEponacieptéing o,

nahinmopiast T8siAs AA6AY otigrsone or nore ethylenical ly
unsat urat ed nononers descri bed above. [007

c[QDF &l n enblcarain emhodimanise thsaaueqs %'ﬁaw]szﬁn of microparticles
GRSl mgBA A8EeS8RISH 8 BYSARRI i ior mparting
nmartioles switma hoixturéef one cxmmmrercﬁ_tpe Ipplyenerizabéey ictingegically
R s cebigbe BOBER T S o e e potymers
p@éstdri%basa bo[vgo {HleviiSe Ui? BEsihed, GhixturbBof tRe Bbove ook fanates

n1cropart|c e" neans . conblnatlon of two or nor e
darid aniimoplasttresinalcan umesgmraa wP&QSMMmqs f either one or both of

CHRRR AR T Bl o EPE R PoR Ers Bl BE sy R
i éth?Feﬁﬂiallﬁ/gfn%bﬁﬁéte@fmbhém@% Hestrbdpasald) its

surface ecifically, the surface of the
9078EI e calm epstaienthosimentsatie ageeats digpersigmelmigraparticles

bdes SIEhH i BB A B RS 8o B one o

t pe ke bresndrs @ma/drthelume @irrnord POIYAers previousip blescwbed (and, if
particle can be formed froma prinary material that

i usach Araanic Splendbr abd GatRaONgt RItASS qMRiRing fhenplgr-mparting

%ﬁ%gry materials to 20 WD 21)1)6/1)121)11)
11115 /1121 1 2 8 forma conposite particle

tj0874has a Asised hewihathe. teAht‘eompbsite micropartidle’ rasans 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
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formed from conposite materials can be fornmed froma
primary material that is coated, clad or encapsul ated
wovdobogodh fferent form of the primary materi al pCT/E91005/021128
nore information on particles useful in the present
|nvent| on, see G Wpych, Handbook of Fillers, 2nd
(1999) at pages 15-202, which are specifi caII
i fmm@camp@@ltepartsﬂ@ﬂmi&@sraes@‘ﬁef SL{IM%]AItHﬁ@atméy cnartlcles

e Pt a1t Br Sorfied Eioa B e g magerial that

| Rasdatdd, ngd %hbn@@éﬁﬁé‘.‘bd wnﬁ‘UQ Riiffsrent fdruﬂ&ﬁ&h@%r%rg haterial.
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pEecawre inforratien e partickes ysefubin thelprasemiirwaniion ﬁee Iﬁ?e

ol SRS BangRedtor e, 208 £2L (7505 AN, 208 hichae
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relatively high |levels of hydrophilic nononmers, for ,

eRORPMES ANBENANEOTABPEE pelyniers ot i e dispRisionscameange

Bk 4L BB gl BEuleBY eyl nENELARR bk Fegiag engps.

s[oaT74i sper Asprsviously idistusged, krndven metiiddsfer preparing composite
corrp05| tion, nmay adversel y affect humdity reS| st ance

of0 %V“P%'agtpa pRsPRItionaly empianemuision polymearization
O#ﬁﬁ@ﬁp'vﬁ%@ﬁy b m C:Jr@&ﬁ)rl)hh& ized] mctﬁg%rré%ri& of a nanosnzed

arting’ par resent. i nven
npantmlezseamjr/or mlomnnpnrenglpadgmény fordnea aﬂabtaemepermdf

atlv ef f ect Eqs t he bi nder ‘
O has e icrORRRIcESa BUCH MORRTIOTS A CRMBIAINLL RIS feptively
VRiGHGe®ls 'o?ﬁZdroTphﬁlB rRbnSAEA], féuoe%é?nﬂé dé%ogfvlié‘@cm gﬂ'ﬁr -
syStem or ss than or equal to 30 ram
btentaining stomemers, aswell @isaelativelydugh le\/@lszof Imgira(p]aung surfactants

| ;)qucﬁbg?rds%‘\gssyﬁt\g H]ydroph\ﬁlc) naneurle) 06}1 sll.Pcllfzd1 gpergloﬁgrljf 'iIJ’ISC u1 e i?\ a
coating composition, 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



[0078] In certain enbodi nents, the aqueous dispersion
of mcroparticles conprising color-inparting
w@20obiocloes i s prepared, after the col or-i npartPaOmgus2005/021128
particles are adm xed with the one or nore
pol yneri zabl e nononers and/or the one or nore
pol ymers as di scussed above, by subjecting the

grsf ure LR ddrgln eﬁ{tfo‘ifﬁﬁgﬁﬁeﬂ{e SQIEHs &Qﬁeﬂslbri Bﬁmcropamcles

esehce of an aqueous mediumto particularize
acbrhprising coiuromp\admgomntlcblses prépared afterdhe @Qéorsmrtmg

(R Hfleg 408 SHENKSR RN Bl THPEE BRI BREFaRE TIGRAMER andior the
'“t%énaltaf‘motr@ ?obﬁﬁég’g e &Ec@ésfe%%%o%eey sQBJé‘éhh%Qﬁ@ adirixture to high

not only high stress techni ques,
ssicdfssaemday cohditiongiin the prasence ofiphrageeets medium tgueasticularize

oo et RLBl, 704 a8 aBP i sesmppiened

t én bftlﬂﬁﬁl h%‘ﬂres§%ﬁeaﬁ¥é&n€t{ue@ﬁ@é%rﬁtﬂ~ﬁiﬁ gfrsato the
¥ure can be utilized so Ir%l%as sufficient

Sﬂoﬂé‘% i s appuised heseinctiedesmphidh Hiassrshear cerdigonghis meant

Absbih o AR @é@&ﬁ%#hi%w@%ﬁséﬁh B Hyifhe iguid-fiauid,
tuhﬁnﬁ@é}h@ﬁf ﬁe@hﬁlcfénbs Qﬁécd@}seufhedeta’ | e ld Cmﬁ?ﬁ:élsdb Blgl‘ﬁﬁ(e@d
emul sifier which is available from M crofl

chassingtDyomechanisat seantm dsehamld be jndeqs @03I that ﬁ desired, any

MR B Gy il SRR ReEY EARER lonp agsuffctent
4st5&’$ i2 pplieditc hchieve eastigulanzatiopaf dbe ddmixtues and therequisite

The devi.ce consists of a high-pressure (up to about
1p3!'t'§|efd€eﬁé w(”ét?”ooo psi)) punmp and an interaction

rin gﬁé GQnfls béh %@téu‘b"bdté’dﬁ%tl@ aASFophaR SHEER by use

rces the m xt ure, i cal I n aqueous medi um
i ufta)MIBRQFHautEHZEMeemuIStﬁarsvm@ IStawaﬂtableafmeé‘A@fOftwaS

PERGRTR R i NeBRSE sRssathlisSe TR MIERIFL Ol DizERhigh-

f resBlicOSihgemBht eRIsifier i§ destritfed intdetainiiig.PatentNo.
“particularized". Generally, the pre-emnulsion

8501204 Whichytsdhergby inasuperated by sefgrence: aFheydeyice consists of a

Pl QR BRI 1 Foh A Apa e dnd f erasin

r@ﬁalhbelf in whieh lepriulsifieatigetakastplade Tise panmﬁr@es the admixture,
narrower range for the particle sjze dist

viyeicallgiim gqu@us Beshiws ainge WIWE'E!F’DWQ@IQ( ui is spllt mqo at least two
SO ShE ! '\Aﬁ{l?h gégﬁﬁf;v%@/en dl\/b%@ltgi’hd'bbgfg'a‘f’ 1ddst W/SI its and collide,

i npingenen escri nentlone above,.
otgseitingriddbe dbrmatimm ofi smalspariskes;, be, the admixture is
xture can be ut.ilized so

- DioaricieiedCaistels T Pigpridgor edlinues & piged Bibugh e
r gfhdisHidreatRApidseli S BwdkhtdddayBisR10Fand 2Bout 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
22



WO 21)1)6/1)121)11) PCT/US211115 /1121 1 2 8 exanple,
one alternative manner of applying stress would be the
wolis@meoi21ml t rasoni c energy. [0081] Stress is despusiwesioziizs

as force per unit area. Although the precise

mechani sm by whi ch the M CROFLUI DI ZER emnul sifier

stresses the pre-enmulsification adm xture to

pexarhple, ane adtermative mannerafrapplfing stressiwosidbe the use of

n@ orized that stress is exerted in nore than one
ﬁg?nlc €Y pel i eved that one manner in which

51? i's eSﬁééﬂé désd?’beé'%a%%rcé béi{umﬁaretah@\mw@ the precise
such hat one er or Bane noves parallel to an

ar@pabemism lpsawalq eV stlalszs'il%aamuém&@ geessesithed

| ereblefpl eBifuritd e RTR B R el MSBRgnlylulgbrigoa. tis

fiebligsd frRnReesois ExatE imdore tHaRNGSe Aidrmes. Itss lb)eneved that
cavitation, Cavitation occurs when the pressure wthi

aone manngr inswhish teagsdn eugred és bﬁ@beam&wls,z@euf@me l$r$e|ch that
P B e 0w Rrio o' IF BRSBTS Sfess can

pert o rod
| alse Ibeeemma‘ﬁom Allltsidesybs adjulk rddfmheeslohcst*wsb duiels rystance

an art lar th t is believed that both shear
gﬁsgé%ﬂd"ig?&ﬁfe% tW'?/W@"Vé?‘SPBdMPHBG'E ME@NgeF ggRroducing
[ ogeg',%]e%‘zgésg%‘ b tc%@n(géﬁtgr\o PESVEMRIrShEduTE WHEA tﬁbﬁ%%%rg within a

I sclsse ve, I n various enb
tilquig iseredoced ienoagh t@causd eapmzatnonnpﬁmt fongpagian taindl cmtlapse of

b i xed either. w I
PR 007 BbPES sttt iglinyV S RtahoM tife gt pduces
MRfehselMfasBEAIRBALR. noQ‘irﬁ’céh@nﬁgQ@HedeLﬁﬁﬁE)y' bﬁ? rtlcular theory, it
‘mononers and one Or nore pol yners. hese

netietiaed that pthoglenr antkcaidtajion rqmmtlée é@ ﬁWCBJﬂ"EgatheyStreSS |

Eh R ER TR Bl s U BRI Rl /STel ana an

qQoeays nedAsidiscasded abevalrigvarols embo@@ﬁbnfsttﬁfethe pfésant
pre-emul sion adm xture is then subjected to hig

dhventions 8l celosHBPadingRastieles sandsadmixed pmmeirmthemez@r more
Wvﬁgﬂké%lg{ h&,%‘?l c,%lﬂ?{ Jn%?ﬂ]rafédmn hORREL) cﬁjvﬁish ond 6 more

neri za n eac partl e are
Mmquz&b!éyeﬁh&ylemwllywﬂan(rate@ mbhenzes anaronesonfmbmaplolymers

Sit typic under- sujtable free-r
Bt nesbosthoni i emiisesh e powmsairable ey asialy
Ctﬁ’ﬂé%l}‘tﬁﬁa%bsm%%ﬁle% gﬂﬁ%gelyn@rgm ?@B%rfd%d wuth the color-
mcroparticles vi'n aflr organi c
poipaming partnple@sand mmaqaeees: m&ﬁlwnltorfennrrpapre'rergulsmn adm|xture

' p‘jlf’elB'[(:?ls, ew@ﬂq S d@m@d&he %rtﬁer‘? tsagle%tedd t%{;l% s?ress conla‘:flons as
descrlbed above to particularize the 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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WO 21)1)6/1)121)11) PCT/US211115 /1121 1 2 8 [0083] In
sone cases, a surfactant or dispersant can be present

wo 206®imii | i ze the di spersion. The surfactant esyebioysno21128
is present when the organic conponent referred to
above is mxed into the aqueous nediumprior to
formation of the mcroparticles. Alternatively, the

SfeoBaft ant maerbnb@ ch&éd @Wtahﬂﬁﬁdléﬁ@sﬁﬁﬂééﬂrbétpr@sent to
point just after the microparticles have been forned.

[siebilize the dispersiomt Tbaisuriastantuatally is prasertoviaen theaprganic

chrpBaghy @lerdifio Ay BE RKEA 1P e RS EHERALR pror o

Sferhbash bR tHdmickbpardicrsal Aerastienp | the fsaFfabmt Bah ®elintroduced
CGeneral ly, both ionic and non-ionic surfactants are

uptaitheggediver aka @oini dusiedien the Micoppriclembavabheen foyamed.

([H9RE "Dy AnBAlsE BBl aPQ RO EE FugeBrECuieysiits for use i
aerepatitionl sfRRIchisgjueoclid fsdersibns h@ihér b@temadg walldedwn to those
that, the anpunt of surfactant necessary %roduce a

, s%'%llﬁdemdh@@é%%r@oa{swunataea@me bptein.o preperalli boih lonic and
' f
f 100 ’qnfcg? gtéﬁﬁl r#%.%e? t?ﬁéttﬁglf ghg ?I‘éfé %ﬁ?dl’&g ro? gagactlant can range

rfwry\m&loutbdrn&lcemtrtg 1zﬁ)cpe1'céuh d:yplmﬂyl lesy them? pemertbebased on total
trallz wi.t h an amaeto forma water-di spersible

Vﬁé’r’e% ipthe,aaeqys AISRBEI¥L ot her i ngredients
' ['OGBBP“ ng thehs@bYe bndstsidoi%hBathé ‘éhﬂimrt] bP&@hcthAt necessary

order  to conduct the polymerization of

etﬁmrbdm:e; alstgble lispersiontos cnrlunmmﬁh;cﬂes ﬁﬁen nermeemsnmfze@f by the
(1 ore; (ERihRInRe e o RN it ARDEYUBH; Bt grample.a

, ﬁ%li?m\éﬁb@ﬁtaﬁﬁhgl BkRl fupbbridlity tit dBh®d madtiAized withban Beine to
used. Exanples of water-soluble initiators include

derore waterslisneraibiapelymer captkesuseshiodispsisei aiher ngeedients

| es of oil soluble
a\ﬁglyﬁwtﬁg%{&rl%rﬁﬁ{ '%B?Eféﬂ%g;dr operoxi de, dilauryl
M0088] de anlg didét toacaiaiust tieopolyriesization beihe éihyl@naiduy
the reaction is carried out at _a tenperature ran

fynsAtgtebmenomers e teopipsepre of thencelakhimpartipd Pa es (andthe
t .
l%eﬁr%r‘tnﬁr,g ﬁ%lﬁ?bé FRAL SR |rﬁtlé¥8ﬁfg‘f)§3}%ﬂgast B{(—%%ﬁﬁs BotH'ater-soluble

- necessary to c
pand/ ok soloble ioitiatans daartgeeuseahnEmmpimfesaﬁeo-sﬁlubﬂmLmtlators

|rﬂgl\ébge@%r§1gﬁ1tugwtp]gemg%gkfg SUf %ﬁ%@ﬁt@m}r&%ﬂp §;ma?e gnd)ﬁmarogen
%&ekubat%megwm so[u%ﬁ@u?iht.a%.%qn&maemrﬁmrr%w,fé@f«de
have been tormed and th ol yneri zation process, if

atilauryl pecoxige end, 2,2 mqb&(mqbatwomrden cGenerailystrweactlon is
d S@g‘é ggﬂgggrgqrg{)nﬁ%éoﬁgr%bb% %m?&%\r}ggﬁ)g%?uﬁwe pglymenzatlon can
be carried out in either a batch or a continuous process. The length of time
necessary to carry out the polymerization can range from 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

mlcropartlcles in an aqueous medium which can contaln some organlc solvent.
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24 WD 21)1)6/1)121)11) PCT/US211115 /1121 1 2 8 Sone
or all of the organic solvent can be renoved via

wo emvoedipressure distillation at a tenperat uper/0$2005/021128
| ess than 40G By "stable dispersion” is neant that
the microparticles neither settle nor coagul ate nor
floccul ate upon standing. [0088] In certain
efomgi oraait of the lmgmlemh,tenrt naeibeiremaveddiia eeduned preasure

Fsifarioensa Eaderairan ST handbs L nBY cotabi §3Patsiis meant
dl‘ﬁ%??ﬂé ﬁ@crﬁggﬂ‘c%smé?ﬂw%?%b&% Wa@?laﬁ@ 'ﬁBPﬁbEélﬂgﬁeeuspon standing.

conpri si ng n aqueous di sper st on m cropartl
c[@®88] si ng kno:beﬁalm Epﬂradumgntspme p:elseat imxention & disedted to an

. ha%lﬁ@glt@\f&fr% gte@ (8';/ A egen&ﬁ a%gzogf ing haépe Sép?)Sltedo hereon,
3\9 YRS BRE BB IE‘E&FQ% dsHE8 %o b p‘?B@éWe B8ating composition

erstood t hat e aqu ous di spersi on of
nmazmppsmg iagl mwemw$mrag>ncm‘l mncrcppqrmles sgMpisingt@er-imparting

BBy iR e MRy Bz 8 Fhofl.fRFER)SRL 18adittls dispersion
,C@ﬁmtb%;sarﬂa@s R predlaved B iy stitHe %b@véwsaﬁb@d hiélﬁ@cﬂs
stem conpri sing one or nore filmfor qﬁ&gp@'ﬁ yners .

089] may ol shﬁyldrhﬁ ungerstans thahthe aqued gn of
AP Blopiind BEIPADR e it e B Bhe BRLRP -

fﬂolrrmﬁg)cdsmpanml qf sRch oéatmg evhmpesitionsirentalterreativetyhsuch
one oOr nore yners, he one or no

| -
f GRBEsitians GtYua 9 ﬁaﬂdﬁg’ AZg8iNGHS bin ée’gﬁ‘?}é‘ngfgrsn%'ﬁ@g one
MBNERE il lhgng %&%Wﬂ&ﬁmﬁfbr r‘?ifa e mcludc—i reactive -
y contain rea

m cropartic {5ct ona groups. =
S‘lwobtlmmlmmas, amMcDmg appeapriate, 3 coting ageat banding dilmiational

onpa et Libsd, SBE Tede R T her. AS arcvoms

OhgptlbRed A8 Dnedr hoR ﬁ&liﬁfé?@fdr'tﬁé Bnedr rhéfe pEIFHerPdrmed in
with any of the crosslin curing ‘agents

(@i&ewaupméwnem@ afibe wiecd ot EOoDOME §oed matm preparation

cchiBBuctofleS iy AIETEBB HEoubRE JGRHE: sflonbemers

- CRAARG réRANEIgIeUPRBEd SVSiRbIS RFFBACtON, With a BFs¥sirKihy @igent, for
coating conpositions can vary w dely dependi ng upon, a

v%xar@ply with anaaminoplass of polvispeyanats mébud@rd igdg p@gianlc phase

p i th %?ﬁg%a‘?ﬁél@ o8k P ré’e?ctfb?\e\gltl‘f:gw bf b ?r‘agélﬁri]lﬁggd e, curing

properti es, or’ éxa

?@ﬁs gilestribed abovep pridded iathe @matung Icoglposmon
r i cles can be present. i

| cwgpphbngg%éggwﬂié SRR AL RSNl e aLeer e
5{58&? &t rﬂgrsroq%}gaﬁgilbgﬁb % g@?ﬂ[ﬁﬁéﬁﬁbﬁarﬁééé Present in the

protectlve 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 exémple 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).



used as the coating conposition itself). 25 WO
21)1)6/1)121)11) PCT/US211115 /1121 1 2 8 [0091] In

we gvob@izienbodi nents, the stabl e aqueous di spersi/ose00§/021128
m croparticles conprising color-inparting particles
may be prepared by (a) providing the color-inparting
particles described above; (b) adm xing in the

propeance of ipedredih @nfisddivehts, mstad@dqb@éw\bhsbb@on of
color-inparting particles wth one or nor

sBlicTepeRisiafeCoMBlYIRg EPFEMPRRING RRItigiesTeay p@)prepared by (a)

SRR A bOBe Aoy DAL 850 6Tfmpang n e
nptds;@daed)é@tgarb@dol&bm/(éd.esbﬂbé@bel@m&ﬁé@eldﬁm@@nﬂ@lpamcles
medi um as described above, to form conposite

ivih G TP SalVepbPEe wate{-ﬁ@pawé@myrnem, (@) sublcting the
Cﬁ%%&b?e%’ﬂu%%&@&é Fﬁé&ns forts %PEE%B%WS g'ﬂgdH Sk

re so vent orne,
psﬂwe'ammetmnld desptibedabbye, ihftike presemce oferjueens medidma as

hase ¢ ris the color-i n rticles.
Con Q%c%qven?qn?%@ @{g t@smdﬁm@%rtg%él‘ii B‘%@ﬁa i the aqueous
Sme\ﬂ‘ﬁﬂﬁs TH'td ble@tﬂé%sa fn%ﬁéba@é g?ﬁfﬂ‘ glrr]\g the one

carbitol, prop ene yco rronobuty ,
gd)lymmlrerenkvbutbprne avatehdispersiblehpalgmiecs and| gptionally, the organic
Iheéanol trldec | al coho et one

0, BB B S8rongniAte canbing s o C-RRGSoD HetidSs.

WUQZTS but Mbnaipsiting exampRErdf suitapil @@n@é@veﬁ@%nﬂﬁclude
xyl ene and tol uene; and aliphatic hydrocarbons, such

aglypelrthaes, sponas buty sashitol dpropwieaeahyaaimopebuty) ether,

BBl R IR BB BE A Ui bFabgl viaf.

vizideeyaloohohoketones, suvhtasametie m@uwl tklemnes @hethy@ropyl
enul si fiable in agueous nedium such cﬁ'@c ynmers can

ckatBRe@stars, syeh as\ba#ylacytaiﬁ, ARy &bongssuch as xylene
Cait (oA U PN By GRIEPOLML QR astERBY | © ac d

groups, or mxtures o suc hi'l'r ¢ groups. Such
hpo®93phi | i cThe oup:brcrmrekm)lmrﬂbemrie watéhdispersiblemolyinmers

t f.f tot ol
ol fan e o s SribocimentinssiiPed BreTedetaly ahnie, are any of
o SaRely CTodhhY et S e ERIE %Iigl'ngp ISR ) squeous

hiypedivoh, $uak, palymets canaoonmarlse any @f awariﬂby obhydnpahiliogroups,
W|th an,.acid or base to facilitate

5 PR 880 BrSins, Ating o, chitiuc sERERHBE; or miAure of
pétﬂ#ﬂwdropnu@@hws thﬁ/dvé@rﬂhé Qrcfdbfsfﬁafh 15é PEBs®nt on the

col .or - |npart|ng non- hi din In certaln

ehalpanerihes amaunt spificient ity éem{asathe @@lym@rpbgmrsmh@ sedyble, or

fé)tlhms‘?flelb"fyﬁ{ac%eous media. The polymers can be rendered dispersible in -
aqueous media either by virtue of belng 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

‘ ‘ 26



a multi-layered system which includes a clearcoat
| ayer deposited over the color-inparting, non-hiding

wo 2008012086 a result, the present invention is etBOSR65/021128
WD 21)1)6/1)121)11) PCT/US211115 /1121 1 2 8 directed
to multi-layer coatings conprising (a) a
color-inparting non-hiding |ayer dep05| ted froma
p%@@t@ﬂ|t9@tdb~éayaig30@6n%§pmp@ﬁlr@cﬁabau alergimparting non-hiding

LB 4 £ B B RST Bl

mmlhg(ﬂ)aﬂMS hheingd mxinﬁmﬁrﬁaz@gafratbmuln HaPsand kdimrforming
[ 0095] The clearcoat |ayer mae/%ﬁbe de osited froma

cfﬁﬁﬂ'b@ﬁq () at‘H%@rCOé‘bW?F g8RO% @\fertt @ cPlarippaFtiAgPn-hiding
@ ps described above and can be applied over the
: or-imparting non-hiding layer to inpart additiona
dms] and/ oThe ro:tenremu lagemmap ebetdemsited tfioen awdimapasition that

under neat h. The resi pnous bi nder basecoat can

bEOHPHERS é‘%&fﬁ'@w&' BYNGERSNS P%Cfﬁ}eq/é%fé’re g@n be applied
I

?Q?édtﬁ%ﬁgi?*ﬁﬁﬁdrﬁﬁdn’ﬂén h%hg@é;iér tb i EH'a%BTtﬁ)n%bezﬁtﬁeeﬁ\d/or

. e clear osition inc
t pmﬁecwa propartesvelthe lsndace undemeam it Tbé résmnu‘s btnmgs for the
t hose

rface coai} suc a
Sbb St S8R be Rk s Hased pAlElL & RaltEbEsrd $oating
acsbokitishs. mpnénm |ﬁgfétﬁ@rﬁt's(§‘uﬂlabl@%1’ intlsion RERG cltkrcoat
such as brushing; spraglng, di pping or flow anong

oterepesition gudede thasepybich @re walidsiavwghini tﬁe@r‘s@fg f’@rmulatlés

viuted %5#5{9?3{5%@%?"#5% PR bR né cearcoat

cenmppakitiontandiEapsictdod sEisstrane dykinydsonventomlgmating.
(b) a color-inparting non-hiding coating |ayer

dieshaiauecsusheas Riushis SPERYG, tdiramnamﬂﬁ@m!ﬂam others.
d@b@@ﬂ . wher ¢ha ptré‘seerﬁgljtl e r{tﬂoﬁﬁé‘%‘éo@ré&é‘d R Q'rﬂt?tl'lé’?’é? colafing

ed froma  pr I've coatln

csvymenrmmgpr(smg w) a)basetpnﬂtﬂaycg dnmosltedi émnha\fllmg‘orramg
maxi num haze about 10% a fil
- GATROSHAR coEpris sasipaus DAp A é@mﬁngkbb@z;?@gfmpamng

,| /&5 hidin ‘ébéh@ﬁ?@rﬁ@ﬁoé’if&d’év HR3E4tHp&rEBn ditie Bdsecoat.

ayer, ere| cl ear coat ayer 'S dep03|ted roma
f iayer, fvdneremgthemimamparbmg oonhiding tayex is depnst&d from a

P ivel Rt £ orasatiah, S hReRa 0 23 PeR T ShfiRE having

térﬁﬁ&(n@h% ﬁézé‘Bfias@ﬂm 0%988d t:gra ﬁlhﬁfcﬁﬁiu% résﬁiﬁ)aa'ﬁd @Ja
non- hiding coating |ayer wll depen pe of

cdaarangt layge depesitrd omrrﬁdeastua @ortloa dutﬁép@lqrwéart@g non-
aﬁudﬁ‘nd |%¥8F, \Aﬂ‘fergmwletdleéréxgtr |89e§%%‘e%@suté‘& f% !a f‘ﬂ‘ﬁ-fanﬁmg .
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.
. 2



coating conposition itself, i.e., whether
thernosetting or thernoplastic, whether. anbient or
wo beeoedoky curable, and, if thernosetting, thep¢wyps200§021128
curing reaction required. 27 WD 21)1)6/1)121)11)
PCT/ US211115 /1121 1 2 8 [0098] The protective
coating conpositions fromwhich the color- inparting

By di - i iBfbr-
@pg t i ng tRE tdt@c%nfé’@é?tir@ Sucgéé.f.eﬁs fiahh RRICARRALicBfbr

conventi ona as W pi ng, brushing,
dimpairting nbh-didiogaoatiog laysirlis depemtedgcartbewptied)balanand
el ectraos tlc Spray techni ques are nos
e fised meyERLSHAAS witig. e SRAG. S8pid ELEpating, roll
gﬁgétiggge%h\fﬁrlﬁfgnbfgﬁd efockodtdtie ﬁﬁg in§arsgraf @&:Iﬁﬁéd&eﬁte most

; ! After ap [T cati on,
pmftereusedzeTyplaaily;gulmd bBess mﬁeure@cpetmgmsat Ie@é@e‘r adils and

coatl n osi t n.be cured at anbi ent
%Ffpega/eeg c anq‘?mﬁe havi ng a pol yi socyanate or

F’[‘O'OEQP hydr i Aecapplicatiofesiich rotddiivy coatig Rentpdsafbndtmay be
mninally el evated tenperatures to hasten the cure. An

estingl SeaxelalCogtng soaMPSsHiansan ey Curedsatcshicnt tapperature,

it BB e oot bR pRER el g, g they

ceHrabé eureummimmn;z emvetedStmpe'ranIresatb adsten thetowpe.( Ah
packagIEe syste in which the anbient curin

WS U 5o Thiced ShekARG s Houh dBBhacl &t APBHLARS to
fadew WHich chdrﬁﬁtdi‘\ tﬁS%hfbrﬁ%\}‘e Pefff |ﬂHUét'F)g The amblgnt

react'ive functional group ages are conbi ne
sﬂemndratubeburabletppmpmttloos are [uemeny piEparedibb\a twor @) Ipackage
coa t i, O s such '

‘ bl ocked, ,. .
B e AbBRE Ry ager oM siEa £a6K) is kept

pé&pé?ﬁtectr&ﬂrthé gllmﬂgﬁﬁhgcréﬁm ereﬁfne@é’él@)jc@f&aﬁung the reactive
~one- package system ( hese conpositions are .

cfunetioral g@lm afl bel ptaehp@ﬁeeam eambingdi sharlly betare applicadion.

oRHOF & pe ERGHa MR AR B o 3BH SoiBS S oS using
slbsitechisecysitdte, %dplédt?héhe;ﬂast pbliyepbkide drgpblmﬁi egking

substrate 1Is exposed to evat ed tenperature or

cagentg)anm Rreparerbas auppackagecestemdnen atlliees casmesitions
aac‘re\’&,re étéd t arﬁét?ﬁh@? S‘tgp%%llgﬁfr 13‘%%6 ﬁﬁnut‘eg%\tt But

ofr ex onot T ve
@QWFCtmﬂbo@ut da0tB (12@%2{3230)&71@1 t@mpbératurmrmiarﬂy dependent

Y B o S BRGSO
asedgsgl?éget %r‘%%fpéf)g@g‘Etpleié\}d@d ?émger‘é%r_fﬁt abrisgy i§ dependent upon
the cure temperatures used as well as wet film thickness of the applied .
coatlng composition. For example, coated automotive elastomerlc parts
require a long dwell time at a lower cure temperature (e.g., 30 minutes at
250°F (121 °C)), while coated aluminum beverage containers require avery |
short dWeII 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 ectinic 'radiation,
such as UV light or electron beam. '

,[0101] Iltustrating 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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(191 Q). 1K systens can also be cured by exposure to
actinic radiation, such as W |light or electron beam

wao 8ibed]20kd | ustrating the invention are the fol POWuS®os/021128
exanpl es that are not to be considered as limting
the invention to their details. Al parts and 28 WO
2006/ 012010 PCT/ US2005/ 021128 tper centages in the,
epancphtagesan the examplash a6 wgloas mﬁ@wghe ispaeifigationyage by

et uBleen aERAsTIIARAT, D' he pr eparation of
color inparting particlegsMPRESE nmaxi num haze of

10% EXAMPLE 1 [01031 Chronot hal (r) Yel|ow 8GN | )
(EA92] abl e ExampEsohicpsesaribs thecp@pasation elsdier impasting

AR S PRt ot P8 D o swor ke Inc.
Mahwah, New Jersey). Table 1 sets forth the

conmponents and mlling conditions to produce the
di spersions of color-i n’pa@.@&éﬁ\sﬁdi cles. [0104] For

apaloawsi s, t ' i ' ; o ' ;
P8t o \EErom B yeRBIBaN B afsid frohERd Shcialy

| Chemiddie Corperatibh £Tamitonne Newn¥brig iveazemillednand dispersed on
o B BR20 Sl BSE 55pAhNE, B, bt srso)
i PeTs ! . .

od RS SEUB IR LERMORRRIATRORING BAdond Ripiautitne
Spispersjonaait galomimpdrting pgrticlex00 micron cell path

085 on P8t aaaipsisobE oo dipkRrsifh 8RRl maagno partictes was
Cailred afithoitbulyp diabtatd | Table Negis 186 peoperties ofitd fathl aigpersion

di spersed and " then analyzed as in Exanple 1. See - =
Tabtaler-impartiag particled /Pl ke avpEoea)rimant RaHCls $#e wasbtained

B N T
i % FA2whe mdasuped withbh Byk!GaddeR TCEI(TWE Color Sphere)

21)1)6/1)121)11) PCT/US211115 /1121 1 2 8
instrument having a 500 micron cell path length.

EXAMPLE 2
[0105] A cyan pigment of Heliogen® Blue L 7081 D (available from
BASF Corporation, Mount Oliver, New Jersey) was milled and dispersed and

then analyzed asin Example 1. See Tables.1 and 2. |

EXAMPLE 3
[0106] A green pigment of Monolite® Green 860 / Monastrol Green 6Y
(available from Avecia) was milled ahd dispersed and anaiyzed as in Example
1. See Tables 1and 2. a
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EXAMPLE 4 [0107] A red pignent of Irgazin(r) Red 379
(available from C ba Specialty Chem cals Corporation)

wowmemidoked and di spersed and anal yzed as i n Bxpopi085/021128

1. See Tables 1 and 2. TABLE 1 % of m |l base (by

wei ght) Exanple 1 Exanple 2 Exanple 3 Exanple 4
Pignment 8.17 13.24 9.34 9.52 Sol sperse(r) 5000 0 2.07
0.89 0 Sol sperse(r) 2200 Q. 94 Zonyl (r) FSO3
0.12 0 0 0O Sol sperse(r) g‘z%t%—?g 94 41.12 26.35
[}040@€} sant AGed Bigmeéntof Irgazii® Ker3 78i(gvailgblerfran .Ciba 0

37.60 48.
SrerBhatboicss Brierfionbuds milled Sndalisheraed anpdnanzed as
(iHEXamgiéa. %eé&%b%%w(ﬁ&'za Size (mm) 0.3 0. 3,0 2 0.1

1 Commercially available fromthe Lubrizol
Cor.poration, Wckliffe, ChTé\BLfd:omrermally avallable

fsem-theubrizot-—Cormerati-on— W -ekt-Fe——Chi
G o2 DT ol P | £ iro: | BERRBL L oampre 4
| Eigmerd? T'M NGTON, ~DeT[aney §7 ComEeg41 all Ty gyl T abl € 57

‘Soiapetse® 385000 ng fonorers on 29@d ghi basil2: 4. 726.35
| IDispedddnt et hacryl at ¢, 20.73% benzybrret hdcrylmte, 14. 9
oAC'q;WE)drfﬁgtF;‘g,Wéfé are,53p 340 2 et nybnexyl et ‘r@)acry areg
'ﬁ”butyt’a,g;,ét’at’e mydroxy OBy BT | MR T 3660 P0[ Y 10

OEHE = 445 3§

Tt

ha 3
adiouanol M’ qqgta}ﬁal per rmgsgl?ln chr %At ogt apmoﬁm g a0
poMil easideape timedmimt d.| An18crylic @& ymel i M08at e wi 25
privigald 8ize (m)ne pr epar edoBy sol ut i0dh pol yma@ Pzat| on 0.1
t"EpmAicEHiel aldilate frbie tHeQlub@ol CipdrattA WIcRIifle 0o Wel ght
Fawsiercklly 32Mats¢ frore tre, Lub@obS8rpcetioat Wickifiex@hio.acr yl at e,
TS o0ukdinly gVailate¢ fiers Eyl RuRent BENEAE,: y.dWdxipgtohyDelaware.
&oyimgraally avaigos frwetﬂeat@bgaol Corparptivn, \WisHliffe, G906 acryl i c

MSBRb e ST 20t Conpor g Tom Wa gt e o g
4SRRI 290000 scrindd i US| PaP Nal 6 4k5 6h6 A4
D ZoRYIBFRSPanst er r adilcalO-bdl vireri z8ti onlt ecthi qubs O
f

q

I\ﬁe q%‘\atét)er@%q\ﬁegm O‘tit?\Fé’Natﬁllﬁ'B@?W'P}éfrﬁr@%Wd(?ﬁ‘eg?ﬂ%f a'!¥ 0@6?;"0?(‘"'" us.
gfom rradical polymerization techniques from the following
mag”omgrs ona welghgéasm 4, FErldyl methacrylate, 20.3% benzylmethacrylate, 14.1%

- butylmethacrylate, 52.3% 2- ethylhexylmethacrylate and 7.1% of hydroxypropyl methacrylate.
The polymer has an M(n) of 9505 and an M(w) of 15,445 as determined by gel permeatlon
chromatography using a polystyrene 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

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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Properties Exanple 1 Exanple.2 Exanple 3 Exanple 4

TEM primary 100 30 20 40 %darticle size (nm aze 9.18
w@2008/002088 0.25 % Total Solids 31.42 38.43 24pCOr/832049021128

(by weig ht s %Pigment 8.92 9.73 8.75 13.05 (by

wei ght) 3 Percent haze at a transm ttance of about

17. 5% at t he wavel engt h of naxi num absorbance. The
di spe{si ons of C?I or%Zg&MELE@gé_ﬁﬁﬂﬂgﬂlfjes wer e adj ust ed
1168 51) 1 FpTpiss bl HESH R ne igharRh fPrdRtive

Se ! é‘@&'r@o‘shibﬂg%n%rm@ﬁie Eleniphestifg thartinleshoBExamples 1

scribe the preparation of protective coatin

doropgbid 25AB0WDDARBITS MICORHISUGNEIETS PigPatTt Py iging the

of Exa 1 .t.hr i | “
ERRIET o W f Y o oy O] halfhs T5piecR, T “Coler
tF)’adk? Wgllco-Plehbied evittethedCrasidinken Frasquvmt ;bxyor'rta [subsBate
"Col or Pack” was co-blended with t

rapplicaarst Apdifionat 3] 56 decer Wap Audes PoHS Sy, adiBrgent.
DT885 Reducer was added for v]rmgglgy adj ust nent .
TABLE 3 Exanple 5 6 7 8 "Color Pack” Exanple 1 8.49

--- -- --- ExanplBxagple - 6. 66 5 - - @(arrplég 8- |---
10.08 --- ExaggePabk’ -- --- |--- 11.61| DCUZ2042 58. 80
58036 58. 39ﬁ e b le; @ﬁg‘_l;x:_dg)ﬂ 9_50 1372
ossl i nk“Exér‘ﬁb’l’éZ 231663 54521646 |DCX 61
Example 3 - 11008 | -
Example 4 11.61
DCU2042™ 58.80 | 58.36 | 58.39 | 58.20
.| DT885" 13.40 | 13.30 | 13.30 | 13.26
‘| “Crosslinker Pack” ' '
DCX 61" - 16.63 | 16.51 | 16.52 | 16.46
“Reducer Pack” o ‘
DT885 267 | 516 | 1.71 | 047

10 DCU2042 Fast Dry Clearcoat commercially avallable from PPG Industries, Inc.

Pittsburgh, PA. ;
"' DT885 Reducer, commerC|a||y available from PPG Industries, Inc. Pittsburgh, PA.
2DCX 61 High Solids Hardener, commercnally available from PPG Industrles Inc.

'Pnttsburgh PA.

| ' COMPARATIVE EXAMPLES 9 through 12
[0109] Comparative Examples 9 through 12 were prepared using the

components 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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"Reducer Pack" DT885 2.67 5.16 1.71 0.47 10 DCU2042
Fast Dry Clearcoat, comrercially available from PPG

wo pemizoies, Inc. Pittsburgh, PA 11 DT885 Repuryes2005/021128
commercially available fromPPG Industries, Inc.
Pittsburgh, PA. 12 DCX 61 Hi gh Solids Hardener,
comercially available fromPPG I ndustries, Inc.
%ﬁﬁl@%lﬂhAdEﬁon%Eé%ﬁe%cW%'—é%@e% fob K/%%Bﬁlt)lgdjustment if

Conpar ative Exanples 9 through 12 were prepared

umqegsarrye conmponents as shown in Table 4. In the
conparative exanpl es, each ' t di spersion from
Exanpl es 5 through 8 was remgby a correspondi ng
hi gh- perfcrgmﬁmaméegxalﬁmesexanplge, [ moConmar atnhye
Exanpl e E:‘Cbﬂgpéa{nl ow pir gment dispersiom of [Exampl e 5
was a vyel lie fotutor—PgRpnr —andwei-ght—sof i ds
were held E;g‘zp es 5lihrough 1
[0110] Al || 9dPati ve Exanpl es-wer d43r epar ed by
m xi ng t he D\¥@ddRent s by weight-ih the| dx¥et of
addi ti on smeN2b216Tabl e 4. The “Co| or- Paek"|vEsd

co- bl ended E¥p42N€ O OSST 1 NKeq4g°R6kK12 | 6647 Pob.AT | L O

substrate gl 2 2L 6 2 7 PeT 3SR i et a3t 21 1
2 8 appl itegtrep—Addi-tienal 385 Redueer—was—added

for viscodi p(i”&#?'ﬂ?& REht it ecessary. | TABLE 4

Conpar at | V@@ Bhples 9 10 11 13717 (6% | patkt TBii| 210
5.42 -- --“Redud@WRag’6 --- 7.43 --| ---|DWX 217 -].
--- 5.59 pTdHKX 212 --- --- 3215 999 DAEBO4R.BO| 48

60. 24 \Rfbvftdye@Biutloh cofiherstail} Avalibld forh PPEINdURLiES, 1M
e ﬁ&&ﬂldéﬂ?@borﬁﬁ@&élallm&% fofn BAG InfuStBesl hell 17.11

ReHlACg%éenR@é k&lution commercially available from PPG Industries, Inc.
'® A red dye solution commercially available from PPG industries, Inc.

Test Substrates

[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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DT885 3.21 1.29 3.05 3.05 13A yellow dye sol ution

comercially available from PPG | ndustri es,
wdbossothyer commerci al |y avail abl e from PPG | ndustT/Uus®05/021128
"5A green dye solution conmercially avail able
I nc.
comercially avail able from PPG | ndustri es,

I nc.
from PPG

| ndustri es,

16A red dye

I nc. 14

sol uti on

I nc. Te

Substrates [0111] Percent opacity of Exanples 5

t hrough 12 were determ ned
exanple with a 48 gauge, w

aw ng

down each

A

st

wdown rod (avail abl e

from Pau
over

Leng

ERmgi@r dner Co.

DFT (mildpnpano

Beaght Ofdcy | d

a)

avdl T dlil €

rToIT e Lene

a

Téﬁéurl ng thg Bécent
$RECT T Ophot offel &y CM 3600

OTTS T OvVI Ueu U‘é e
A6 measur enentdd-"er e t aken

ng7! e Fi sner@gg_@pe VVS

IIDL l UIICIIL . y LI LU

h)}bzdravvl ng dgvwd.2@ach exanp
TOOU' awdowT T u1% gaveT cotd

-G a V.V a¥al hnc—r\n +n
neasur e Frgmﬂ?’?t"’]ei i ckmess of each
Al | draw Exarptes

! dnaﬂlng
hy
LE> I III Uuyll J.L
ambi ent RS S ons for 24 dﬁ urs. The
for each exanple can be found

femparalive EF3Mpin 8
IEkdMpid §€_M nol ta

Jﬁzgﬂpar rgiﬂﬁuy%t

Conpany,
opacity
accordin
manuf act
for dry TKNESS us
(Mt 2 EkéH&ré“é

t hi ckness

~ °msat§sF3?Wﬁed
with the 48

roll stea AH

[ 0113]

fa) JJ nt _opacith
T TOoOTIC UPM\II L]

in Table 5 at a

ok o1 1 EPl 3B DegeaRRnE MO Bpeotpholdheter

RBM.&BOO dOpdthi thy CIELABamat ehaf dBkaxmpameQ DBBGayJigmBource and

1&0 Teperiglawer gboscﬁgm%&f?@ "eadig rl%r ed@vdfestlng
%8?95%%& I8 Eodted pARel 8TRE E@é‘%ﬁ%ﬂde\@w@@ﬁﬁip@red by

- drawing down each example with a 24 gauge, wire drawdown rod (available

from Paul N. Gardner Co. Inc., Pompano Beach, Florida) over aluminum

‘ substrate with miIIfinish 3105 '(commercially available from ACT Laboratories,
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]
conditions using the QUV/se Accelerated Weather Tester available from Q-
Panel Lab Products, 800 Canterbury Road, Cleveland, Ohio 44145. The Iight',
sou‘rceused for all panels was provided by UVB-313 nanometer bulbs. The

The coated panels were then tested in accelerated weathering

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 'fodr (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



10 Exanple 6 0.98 36.70 [0114] Col or was neasured

using the Mnolta Spectrophotoneter CM3600-d with the
wEhdsbABompdel of col or space. D65 dayli ght sourcpusmis/o21128

10 degree angle were chosen. Initial color readings

(prior to QUV testing) were taken on each coated

panel . These coated panels were prepared by draw ng

d&ﬁ@reﬁﬁ%rm@*éﬁp{/ﬁué" tihede 24s ARG showWeindTahid @wThe@dxamples
(aval fromPaul N Gardner Co. Inc

Baracdrpuped ricdaiding t thel mﬂaamndmwma@@twm%me (containing
m IIf| ni sh 3105 é{ﬁ rmerC| ally available from ACT

LAYES £0lugacdypigm P€nitial measurenments were taken
for dry fil mth| ckness on th]EAngaEess was neasur ed

usi ng the_Fi sherscaope | D&X%’ ;gét;rei g%fe?ﬁ oy
i nst runen appr o r| IMr ohe "apR gj;?)“'sb
neasur e Exani—ﬁi% f !Olom P mnggg;@: g

[0115] ThEcweaeld panel Qa@ere thenjgested in

accel er at r-ng-—cond-+oens Arg—the \

Accel er al EEWEPher Te<10§l4 availab Zgérgm Q E;n:alacl ab
Product s, Ce®paretivet er burly, ggoad, Cl eyghand, Chi 0 44145,
The |1 ghiExample 42 uised Lo all _panpl e was—provided by
UVB- 313 n&nonme 8r bul bs 05the irradPdhce value vas set
at 0.48 \&btnparativeet er 2 |/, gganonet er | gg og£al i brati on
wavel engt lExample 1panel s were subject to an altern

test cycl&xahplefght (8) 0.8ours |igh?-2éxposure at_70C
fol | oved {Iggmbarative( 4) hqurs, condensathgrn exposure at
50C. The |Eaaeplg 10er e exposed to these cyclic

condi ti onExérople 6750 hoyrosas After 7509Rours, the panels
were renmoved fromthe cabi net and col or

measur enents were taken on each of themto generate a
col or 33 WD 21)1) 6/ 1) 1EXAMPLESTI3 210115/ 11211 2 8

e, 3B 15190 TP aE S hor. The
?g?ﬁ@ggﬁ:@ﬁls@ﬁmag]?ﬁméiﬁlarﬁ;mwhend sprayaapplieg ontpe§12 inch
F Dher e 45 NeT NSRS e idis Pl B ABR2AM1 (cold
C%‘P&%@f 'Et?ﬁdbo‘% cf‘)a@%Pﬁ’iﬁ%r? 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.
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Exanple 5 0.84 2.85 Conparative 0.56 6.25 Exanple 12
Exanple 8 0.51 0.71 Conparative 0.49 30,04 Exanple

wd dookwexwpd e 7 0.50 7.27 Conparative 0.53 32. 6BCT/US2005/021128
Exanpl e 10 Exanple 6 0.55 2.92 EXAMPLES 13 to 16
[0116] Exanples 13 to 16 were prepared in the
follow ng manlier. The conpositions of Exanples and
7104dBE handNeps ayclearspatlayenwas arplied gver Exameles 6 and’7 such

ABRD e b fnd o nd i et iy PRl o BBpreifLo

aFRamplRIses AneM Wit alodmeestaayes, Inc. [0117] F| rst a
prinmer |ayer was hand spray applied to the APR247

pﬁ’ﬂ@% TheThe clagrcapigvasraisparasbhy MikingdHe g0 ( arcoat
b&gﬂﬁ'{e&?‘%&? Pﬂ\q?éehgm ﬁgrﬁ @aﬁgﬁij bﬂ%“)s\gftﬁ @?Xéﬁ&rogglﬁker

t;bwcnag@rummbrdauwamwe frostPRG lndnstneeJ Incs)ramyraiuded with

“Of sk (Bpduser packese comHBeTaRIRETIAD ?Fg@aﬂ%v%tnes Inc.)
agtga X%IW&BE e PPkl §%0 1[ J:Ie t Id “é’d iedhd
an . 'a basecoat |ayer was Spray - appl over

t Slioviziital . ¢ure at@a]:nﬂuénpccnmﬂluonsTﬂme 7vdamseprtm$ed:esimgwdeltlal color
ai l able from PP

d obal D75
a8 drsased paceSpbey Abote.Jigh ti pSati P ariels ate sybipcted to
D8 f2R6HG 8 iR atetPabdias et 1 0BT hoars Othel itdls were removed

avai | abl e from PPG I ndustries, Inc.) and applied and
cliomcthe ¥ rcabinetianst saken easurements were dakarcan eaah 20

[Sgﬁéfft%\é%%“iel% e detlpte SRR IR e ©

Exanples 6 and 7 such that ExBhBEles 6 and 7 without a

clearcoat layer could be conpared to. Fynnml es 6 _and 7
Wi t heampleear 5T Ver | an'i?é@]z Cienecoal ¢ gftep AQO0 hours
pr e rod hyv 1 Bﬂsﬁ(}p ”_er( C! eakecoat teSt'ng .
- | Example 13 | Yes Yes 1.32
Example 14 | Yes No - 2.67
Example 15 | Yes ‘ Yes , -1 0.21
Example 16 | Yes No ©10.83
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 polyurethane/urea dispersant was -
prepared from a batch of the following mixture of ingredients in the ratios

indicated:
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commercially available from PPG Industries, Inc.) wth
DCX61 (crosslinker package commercially avail abl e
wo ewen e | ndustries, Inc.) and reduced with BIB882005/021128
(Reducer package conmercially avail able from PPG
I ndustries, Inc.) at a volunetric ratio of 4 to 1 to
1. The clearcoat |ayer was applied and allowed to
cure at anbient conditions for 7 days prior to
testing. Initial color was neasured as described
abplrgrediantst he coat ed panel s weEquivdignts ¢dWeightigrams)
t epti-Rg—as—i-ndi-cat-ed—abeve—Aer-1000-howt-s—the
pan.gt@fﬁﬁlp reppved fromthe QUNV cabi net nd col or
mepBumetivhpyrrolidisoneken on eachl to generate AE 269.8
va| HgdroxXybthgt metbatiyata (EMAWN| i n Tail e 7] TABLB17
ExpDihethyicidroitric abidUBMRRAY ear coaB 58E* ab| af t er234@0
holif 8ph q;,gg hilt@yer QUV Testijng Exanpl € [37YeS ¥&S

1. BBin : xanpi e 15 Ygs Yes 2)24J.
Exe 0 EAMPEE AT 0123 This

ex '-'”ybhtﬁ bélﬁr%&\%OI ﬁﬁenr nnnr nfl a) nf a po! rur-et hnzfg I
ur ¢ha rsant \Alm r‘h \ARQ subslequent |\ uq-ar‘l to _the

f o RolyHbubdenrexider' ‘aqueous  di soerél‘@n of | Exanp{@0.98

be| Sargadll pol yur et hane/ ur ea dilspersant wab  prepar ed
f r phlethylene bistd- t he fol | owi ng nji xt uBetof i pgr editd00st
i n| eyoti@iyiioscydnaticat ed: 35 WO 21) 1) 6/ 1) 1p1) 11)

POTEHarg@ M5/ 11211 2 8 Ingredifents Equivalents Ver ght
Nmethyt rrjorrarnone 2 . OX
(etg |B JI’T]_G'EH%I’? Létc \HEHQX Gp)llu 9t 1 —Drreth—tot F{BJ‘PB
i 0 a DMRPAY—3—50234—F—TFr+—hen—t—phbsphite 22
D Jty ﬁfiwla\iﬁ aurate 2.2 Ruf yliated h droxl ol ||pn€42;57
- Ch Ghargg Vi 4 , -
Deionized water ' \ 4263.3
Dimethylethanolamine - 1.40 - 1247
Diethanolamine : 0.70 - 73.6
Ethylenediamine 1.40 42 1

" Poly (butylene oxide) having a number average molecular weight of 1000.

[0122]. = Charge | was stirred in the flask at a temperature of 100.°C until
all solids were dissolvéd. , Chafge Il 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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Poly (butylene oxide) 1.40 700.0 Charge IIl Methylene

bi s(4- 8.40 1100.4 c¢ clohex lisoc anate Char a IV
wasedoyh12ves hacryl ate 481.8 Charge V Butyl ac |etpusHdseri128

Charge VI Deionized water 4263.3 Dinet hyl et hanol am ne

1.40 124.7 Diethanolamne 0.70 73.6 Ethyl enedi am ne

1.40 42.1 Poly (butyl ene_oxide) having a nunber

average nol ecul ar wei ghtEﬁﬂMﬂﬁﬁﬁ 0122] Charge I vvas
din I

o2, 108l B P AU pgran

niviicHvag\@sbsetfuentipdsed ¢o T tHehaispective pngmerﬁdi@thérsmn of

over a 15 mnute period. Charge |V was ,Z added and
riexamplenty G ;Ihar@rwgsdlﬁmréaat wep ererared fmm.agk &&Q@

Y}% separate
ffloﬁ@mgﬁﬁgﬁeatée%gﬁ@%%% e%l}'égc |'%5n)tegroduct of
Charges I, II, 1Il, 1V, and V was added to Charge Vi
and the r s cooled to rnnm

esulting mxture was
ten‘peraturé"g"ﬁ%e'ﬂﬂsnal product was d\’%ﬂnahé graIns) on

wWth an ag¢ 'vuLIc o152 —a Brookfietd—viscosST Tty of
800 centi B uu.pr,-, a—pH-—of —F4;
and a nony Yo-2 S P at

110C for H@lm 36 WD 21)1)6/1)121)11) B ?61q711115
/1121 1 2 |€hargeVPLE 178 [0123] Thi s lexanpl e _descri bes
t he prepan&2daipyidydan acrylic di spergant  wh.bh was
subsequent IGoppeed0) goviderm t he respect]i ve pi grgnt

di spersi o cHar eianpre I7C The acrylli c di spersant was

prepar ed G o HEREL R BRiqril@! WMy T XBgTE of

i ngredi ent T ot ua rhdrcated—ingredrents
V%' h aAr oo,
' ght (o erzylme Hai?rylate ' 169.2
Glycidyl isopropyl ether - 20.0
Charge V ‘ o ,
MPEG (550) MA 888.3
Toluene - 250.0
[0124] - Charge | was mixed ina 2 liter flask with éir—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. ‘ A
[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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Magnesol 20.0 Toluene 120.0 Charge Il 2,2'-di rid |
7.5 Copper (0) powder 6.1 Change |11

wda00anioiaienesul fonyl chloride 30.4 Charge | \Ww®p082005/021128
| methac late 169.2 dycidyl isopropyl ether 20.0
Char e V MPEG 550 MA 888.3 Toluene 250.0 [0124]
Charge | was mxed in a 2 liter flask with
aB00 gioftslaene ahbdehem siReiRidethas\ihhad eaks e htaghesbi {d reiidv@ the
set - up. arge | was heated to reflux and water was
destsiuabpat@l\sts . Charge | was then cool ed and put under

Lt rogen I 0
309271 5 oradhelt Frs ralbesd MRRL Maudrh vk 4 el o8 4%
Guiidge Theé nerabaddestage navleadidr Wetghtf(Mnelas 7G9S PEHeD@Eight
with nitrogen for 15 mnputes prior to addition. Charge
|1average melesulppweight (Mehwes 212 ddw/Mrivas Ae-ni xt ur e
was heated carefully to 70 C. Wien the solids reached
60. 7% Charge V was charged to an addition funnel and
sparged w th nitrogen fBXAMPIEMN7ZG:s. Charge V was

T8BEL i ngl s BamHE dersines begPHr AN gfemo-sied PB 15:3
r;tﬁ_ﬁﬁéfogpamé dﬂf@h@ﬂﬁ@fwﬁ;&@ﬂéﬁwm v{)%%g{]tksggahgﬁtyné*ed to form

‘stirred’ overnig er 'a nitrogen
rtba@quenusidispersionad Example d 8wiThe gigmamt dispersion was prepared

1)1)6 21)11) PCT/US211115 /112 2 500 f
THthet Ml bl FEI I Bringiédiedsia the Flgg Todpted
to renpygredignts' est dual catalyst. [0I27] 3P VVéights
renmoved under vacuumyielding a resin at 98.4 rams)

sol i daqgﬁﬁ.-“z\éldi i fér aver age motecutar—wel CLL p :\‘ 0 : Z‘L

avnr ana_ mmlocildl ar vl aht
gg?g Aapyic dishersant of Example 178~~~ |~ 1360.8
' Dimethylethanolamine - - - 10.2
PB 15:3 pigment'® ‘ ' 2358.7
" PB 15:3, phthalocyanine blue pigment, commercially available from BASF
Corp.
- [0129] The ingredients were ground in an Advantis V15 Drais mill

containing 0.3 mm YTZ grindihg media. The mixture was milled at 1650 rpm
for a total residence time of 218'minutes. The progress of the milling was
monitored by measuring the visible spectra of samplés and observing the
decrease in absorbance at a wavelength of 400 nanometers. During the
course of the milling 4535.9¢g of water and 544.3g propylene glycol monobutyl
ether was added to make a final mixture wifh a nonvolatile content of 24.4%
as measufed 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

: nahometers to measure the size of the particles and assumes the particles
have a spyherical shape,'i.é., 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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EXAMPLE 17C [0128] Thi s exanpl e describes the

preparation of a nano-sized PB 15:3 phthal ocyani ne
whbaseopiogiment di spersi on whi ch was subsequent | gcussmot/e1128

form the aqueous dispersion of Exanple 18. The

pi gment di spersion was prepared froma batch of the

followng mxture of ingredients in the ratios

i ndi cated: |ngredi ent S V‘ﬁ}gﬂx_MPLEg‘r&irrs) Dei oni zed

wat er. 2077.4 . Acrylic dispersant of anpl.e 17B 1360. 8

B #e0hy| et hEHSEXANRLE dBST éﬁeerepir@t'%"pmf aﬂs%%leﬁulss

ava‘%rsﬁmﬁﬁt\%m IQ@S Q)H'% B?rg% ”afﬁgg?ﬁg?ed. ents were

ghtiwaldcyamine bmb/plgmesntvmem‘lepersmnl was prepagedifrogn thesfollowing
rrmYTZ rinding media. The m xture was mlled at 1650
ARPRedISNS:y total residence tinme of 218 nminutes. The
progress' of the mlling was nonitored by neasuring
the visible spectra of sanples and observing the

decr ddagredieabsor bance at a wavel ength of 400 | Weight
nanoreters. During the course of the milling |468AmS)
of el 4 gj| 544, 3¢9 propyl ene glycol m)nobutyl et her

was AU ethARE Fural JTERapIE 7S W UIT @ Tonval argFes

cont &t e ti reho

The peJ ?k"gr%pggzloc&égmfgauﬁﬁ %ﬁé?€¢§ﬁe'§§°WT§aSL d432 0
usi ng cti-on pﬂl’flc e
si ze | Rrepyienglycol ipenabui¥ether hel i um neon | ader 3P4
a wadBuiybasiylete 633 nanoneters to nmeasure thd si 2€.Gf
the pahajecd and assumes the particles havela ,
spher|{ip@bnizedpgater . €., the "particle size" reflers40M

the SrehhREnsPhere that wil conpl etely encllose the
%ﬁu

parti M‘I%QR%&,{I Ib hazewas 1. 0% and nmeasyr ed &8

descr 8O 21‘ oy 6 iy oy 1

PCT/ L%e'”i St shifgts EXAMPLE 18- 16130) TI)”‘ s 001
Ll 1

exa éiﬁﬁ@ﬁ@“@é?f ;phnr epar atv; oh-of an .a Ico 10-0
di Spejw m crooartl cles which contains nana-sized
PB 15:70%putylihydyeperaxidel ue pi gment. The di sder si®f

was fr@gienzedfwatert he f ol | owi ng | 10.0

=4

- [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

rem).
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i ngredients: Ingredients Wight (grans) Charge |

Pol yur et hane / urea of Exanple 17A 578.6 PB 15:3
w@bdobaimeyani ne bl ue pigrment di spersion of 432p@r/Us2005/021128

Exanpl e 17C Propyl ene gl ycol nonobutyl ether 90.0

Butyl ac late 57.0 Charge 11 Deionized water 40.0

Char a Ill Sodium netabisulfite 0.6 Ferrous amoni um

sul fate O 01 Dei oni zed EEAMBL:IEBJ_@ Charge |1V 70%

[P EGRIEE Mooy BRAREA A it thaing

E6MbBSitibh adsignatechas Ea@hipﬂé 49s tAletorhpakents widre added by

pre-enul sion was passed tw ce thro
weight unded ﬂ‘ﬂ'@rqgﬂﬁt'% in the @EdeS@bQWB&gyh&%aetq" ansferred
to a fourneck round bottom flask equi pped with an

overhead stirrer, condensef#@li%ctrom Cc tenperature

probe, and a nltrogen at Charge Il was used
to rinse the Mcrofluidizer{e)—and—added—+to—the
flask. The ﬁ"i{ture of/vdidme m cr oem8ofidsson  was
adj ust ed t he—pot-yrerzatton—was—nitiatedpy

addi ng Char g 'jnoc;’f‘ef ol | pyed, by a 30 nijyke additiop of
Charge IV. atyre of the rgaction increaged
to 43C. Th Dilsb] _5y|g;ﬁ|mgr big rarex wag .. 0, the
nonvol ati | B A Qi RLS210ES 32 6% —and—tiheBrookfield
vi scosity J\@%ut% 19CPS pa; i@l e #2, 60 |&BPm. 39 WO
211116/ 111‘%&3}1‘.'&0 REIFiUS? HHEIS TII2T T8 EXAVPLE| 19
[0132] Exa L8 e tyet toprepat the—fottowmn
protective| paksthshe?’ 6.96 2.61

Deionized Water 22.00 -
1"“"Aquaflow NLS 210 rheology modifier, commercially available from Hercules, Inc. was used
to prepare the following pre-solution: Deionized water; Diethylene glycol monobutyl ether;
Aquaflow NLS 210 at 20 / 5 / 20 weight ratio respectively. -

0 Baysilone 3739, polyether-modified methyl ponsnonane commerc:ally available from Bayer .
Corporation.

! Water-reducible polyurethane resin formed from adipic acid dihydrazide, dimethylol
propionic acid, poly (tetramethylene ether) glycol, isophorone diisocyanate (3.0 /6.1/68.2/
22.7 weight ratio) at 37.5% solids in dimethylethanol amine, methyl ethyl ketone, and

- deionized water (2.6 /0.8 / 96.6 welght ratio). ,

[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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conposition designated as Exanple 19. Al conponents

were added by weight under mld agitation in the
wor@en1®own by Table 8. TABLE 8 Conponent b wei/ghdops/o21128

Wei ght Solids Blue aqueous dispersion of 93.47 26.15

- Exanpl e 18. Diisopropyl amne 0.43 -- Aquaflo WNLS210

1.15 0.13 Solution Baysilone 373920 0.23 0.17 Water

Red[ayl appication ad tbd redpEclive qmmm data Beeelningteagctédt &xample

nodi fi er

 d oA s p AU NS BRI AP REEAITR. e et used

are f li | i
WJYBIAPE ¢, Eaen et s NiBe O Tpal Wil et fhprgyimate 5
Nirin@ted asth lmlwbeﬁ cbam)ambcgm?Or" Et 26)°G)etenq1aratm,e )andz—ibout 68%
Baysj.| ope 3 ther mo th ol ysi ne,

c Rty RV TR salnd v ey ef o itk About S0 Rinutes
V\ﬁp,gfg;@ggfaoglt 8ppiatishet hane resin formed from adipic

acid drazid dinethyl ol propionic acid, poly
( {(b’tﬁfdrret hy rféae:lmmeat)wg$ yleoﬂ-snrasoghplnemesmg|tb©69mmay

{Gudetares pasa farne B S | TheRladthastlias tafigest
deICUR Bl CYédreivallablé flord FPG 1ifudtriegilgdt Thatdidbrcoat was mixed

[013 Exampl e 19 was eval uat ed agai nst Conparative

eX8d, HIgEﬁﬂlldaﬂfb?gdem(fP@é fiesiting) @gd@&@twnum
Bomﬂﬁgﬁ glbﬁhlel\‘\dagﬁfegamcg e(traOVE}luﬁF Bid FH%H)S(B{ 3.‘?8).5.' ffe)clearcoat

were's §OVET
elNesta;IpIheatuede)chQtSI wnm’namamilmte\ammebﬂ f@ﬂsbét%eﬁ&ﬁé toats at

B AL et Sy o s asive nokRAb Ry im
TR 00 50,000 A SR T B S A o
pasyeeddcyrairel honzontgl posiivh ifdri Eda@ pribhMoRtegting.i t y ‘
f ﬁﬁ%ﬁpr &Y $he panels were tested for dry film thickness, initial 2C degree
gloss, initial adhesion as well as 20 degree gloss and adhesion after 10 days
humidity testing. '
[0138] Dry film thickness was measured using the Fisherscope MMS
(Multi-measuring System) instrument. The appropriat‘e.‘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 usmg a BYK Gardner micro-TRI- gloss 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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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@8obhbslinch2 (2 kg/ cnB). Envirobase T412 Tr apspesmoi/o21128

Bl ue Basecoat (Conparative Exanple 20) was prepared

for 40 WO 21)1)6/1)121)11) PCT/US211115 /1121 1 2 8

spray application as the respective product data sheet

i Aqdleca:ofefd\ﬂ 'Iréfmr#ﬁ% (dfproximadely Byiadhes idng) vesdolated paér the

coesdiil Sad i smoreed o iR oesd PodhBholliifiinh o
Q?&o?. if%%ﬂ 1
relative hum ng%t#ﬁet@ta ?Wm a? P@'“g%%?ngtgrg%%ntmuous

f rlnesbnaﬂ’oetpuﬁlmgma:trdrewas drreotedttowarda thectest performer while

I 0136] Th I hand

EaniGais{ing 49008 78 RaselP (A HORISAS Hnckey B renpited
%{élﬁe *Péﬁ%%@ﬁfssthepﬁc&#tﬁ ©P fifm Y@ﬁaﬁ@&fsmhér %ng@Q%

ear available from PP Industrr es
cThenctarat onahunisesd(106) mearusmfaﬂugm Sol i ds Har dener

( ndust i es,.. Il nc.) and D871 i Thi nne PPG

o0l 1Y e PRy Bistadi iR Aeliared By <§PoSh igttpanets to
Tae chlipsHrRent wnt%&eﬁb@ﬂb%ﬁnrdﬂy{ bPO5%ORt FOON tdhdda démperature of
m nute anbient flash between the coats at about 7OF

(49" G104 rpeT e mepelsnuerenkrnt inbys esvisenmenhiaiten (10) days and

fi ' f;
ok abivelibrtaag. A 888 tre betgimhed iffio Bn¥Rur fromthe
amherthgwﬁtaiadmerdi,on for 7 days prior to testing.
01371i The anels were tested for dry filmthick ess
i [k eﬁrleefrorartaee,bqvmtertarcaa $¢himbakye 9-
20 degree gI oss and adhesi gizgfg gr 10 days humi di ty
testing. [0138] Dry filmt RTTESS _wWas_neasured usi ng

the Fishersicope MM (Ml aSE N SYsdsEmmigity | POSt

| nStragant . | BMEMBPPr opr 'af?i‘g'éi?ﬁ s | RSP | umidty
asur € t hel THnIssIMID h| gkaess qfﬁ,)each gkl ng. Theédhesion |
al ye s reported in Table 9O in Bot-h ovnnr'nl é’)
e—SHBE-av .Bl¢\\l :'JCQ |n| 9'\|/ and \]In' r\lnqri-

TVUT “ LAY wATTU v I Ilu TCTTUT L

V

Wetr-e- -2 :te }

(a&@‘ﬁjﬂ% f0.2m | Thao- L.em A8 Conpang) , butsenei ther | 50
e -~ Ia.

b

Pt e hi-de—fo—that—rchart—fhe—~chart—cottd

eExeEple. 19The! 80 |de?frb® gfbss wgds'00neasyr®d using a ’BYK

Gardner mcro-TRI-gloss instrument. [0139] Adhesion of

t he cured coating to the substrate was neasured by,

C tl'ﬁ %ﬁéaféaﬁrbﬁlab@%nﬁ?ﬁ‘ﬁr%h@ of'thf%%vem&‘ﬂ%\/et Bé&en
coatl ng rate surface usi

cdescrrbgd abowe for puposes of mastﬂaircm if witldse emdent:hmtthose skilled

in the art that numerous varratrons of the details of the present invention may

be made without departrng from the invention as defined in the appended

claims.



spaced two (2) millineters apart with the aid of a
spacing tenplate. Each line was approximtely two (2)
inches in length. Then, a second set of six (6)

paral l el lines was cut perpendicular to the first set.
Each Iine was also approximatéely two (2) inches in

| ength. The result was a grid of 25 squares. 41 WO

20f1p¢ RERORE, WETCLBAPOS/ 021128 A piece of 3M Tape #898
(approximately 3 inches | ong) was placed over the
scribed grid and firmy snoothed to ensure good

cont actA Mpjticlayen CORtIABEIMAI0: seconds of tape
application, the tape was rapidly pulled off in one

cont i NUQUS a bAREda® Ryer tBbsid P fiREForAIhg Ve palitioR Géritising a
toward the test perfornmer while Kkeeping tﬂe t ape as

cl ose as pdsip indepand aguetalligpig@ctingl e.  The reported

val ue represents the percentage of filmremaining on

t he sulsf r atelor-imffARME hor-Biding Beatiiy MR pdsieove PR AASt aYdrtion of
failure. [0140] Hum di tP]/ resi stance was eval uated by .
exposi ng t dtbajsseat layer yhergin thecolor-Hpnae nap-iding layer is deposited
rel ative hygidi d-¥teQfve Sntng SondfddUemetshistngper at ur e of
40C (104F). The panels were Kkept in this environnent

for ten (10) days and then renoved for testing. All
tests are { rf%?rrf@aarvw&nﬁﬂﬁl%ﬁév'%ﬁma’f'%m*@#@fagq%o%ﬁ@d an
test had end?ﬂ*era[g@ﬁn‘ﬂrﬂ BaadE Sige S BMdr fraf PAMBNSRRS and
can be seen in Table 97" TABLE 9 Initial 20 Initial

Post Hum dity Post Dry FilmHumdity Exanple #

degree Adhéd)i dbfilmprasgresio ad ckness (nmils) gloss (%

gl oss Adhesion BC Cc Conparative 0.34 1.50-1.90 89

100 88 (@0 alkaipdt fayeQichoshbPdvRr dtJcade dYfdrtfonDPthd c&@r—tﬁrﬁqaﬂtfﬁg non-
| S

81 75 [0142] VWereas particul ar enbodi nents of )
i nvent i on Hising lpeevhergiadbs Glerascpatlpysy is depesitpd frosp 8 Byn-Frming

il lustrati Q&npcjsttiom&ﬁlprﬂﬁlgs\fésﬂ%m bih@! hose skilled in
the art that nunerous variations of the details of the

present invention may be made wi thout departing from
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have a maximum haze of 5%.

3 The multi-layer coating according to claim 1, wherein the color-imparting particles

have a maximum haze of 1%.

4 The multi-layer coating according to claim 1 , wherein the color-imparting particles

have a maximum haze of 0.5%.

5 The multi-layer coating according to any one of the preceding claims, wherein the

color-imparting particles comprise a mixture of particles of at least two or more colors.

6 The multi-layer coating according to any one of the preceding claims, wherein the

color-imparting particles comprise organic pigments.



42 43 THEREFORE, WE CLAIM 1 A nulti-layer coating
conprising: (a) a basecoat |ayer deposited froma
filmform ng conposition conprising a resinous binder
and a netallic pignment; (b) a color-inparting

non- hi di ng coating | ayer deposjted over at |east a
portion of the basecoat |ayer, wherein the
color-inparting non-hiding |ayer is deposited froma
pr @t ect Theentddaﬁyhmatﬁtgrmasﬁm'g orelao Bpwhesdinthe ofganic pigments are
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bi nder . supstitgied ﬁ‘?ﬂ'l"%tl"f'? thgreel, eapicives theesof di ng to claim

1, wherein the color-inparting particles have a
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particl r-imparéngnonehitling cedting b)’@ﬂlaS.L@/bemtnﬂd'pecny of no more than 90
mul ti -1 wherein the
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0.5% 5 The multi-layer coating according to any one

of 9t he Preaediitane codtingmecordibgtoannornternéclaiosliae 7 vn‘premm thn golor-
part ! ¢! iR AERIL Bfind fhdbkther L. B aéng §pa§§a§}fno Hord #8550 percent at
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The multi-layer coating according to any one of the

pric ediTig nultalaps coarig a@brdidghte claim 11, wherein the reflection material has a

total reflectance of at least 40%.

13 The multi-layer coating according to either of claims 11 or 12, wherein the reflective
surface is selected from the group consisting of polished aluminum, cold roll steel,

chrome-plated metal, and vacuum deposited metal on plastic.

14 The multi-layer coating according to any one of the preceding claims, 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 at least one reactive functional group containing polymer.



color-inparting non- hiding coating |ayer has a
percent opacity of no nore than 90 percent at a dry
filmthickness of25.4 pm (one (1) ml). 9 The
mul ti-layer coating according to any one of clains I
to 7, wherein the color- inpar®ing non- hiding coating
Iayer has a percent opacity of no nore than 50 percent

fil thlckness f 25 4. one (1 ni .10,
Thes mul T Bberciiteng oute Bl MaRG: dids B! dgacheive
pr ecedi figctiohigftp cohiAhiAk Polyhe is s&le@k@frblln\tl& @6 dofgsting of acrylic
conposi tion further conprises gﬁﬂi an optical -effect

pi gment Polymers, pefeste; P?'VmF’é’)P@fY“’E? Rely e 6?'@1‘?‘h§ PPlymgFpyand
one of LharRiee&d Ng clainms, wherein the

col or-inparting non- h|d|ng coatlng | ayer is deposited
over a reflective surface rising a reflection

mat@r i alhemmt ngrefoetmgapcqr@vs t@@ aiih &S Whereltthe adeast angagactive

12 The @lifohal |gﬂ)¥|§ toftAAhE Berﬁ&‘Q:QIrn ls@gor{cQ)r ‘?Ho?é @hctile functional groups
wherein the reflection material has a

ref | ectslseted dmahe ar@msqonmw ofjepoRsrgsoyps qarbonelgﬁeapld groups, hydroxyl

coat n ?lﬁ)gqgoqy EL* tanﬁ"tfe pJu glcﬂ'bmt %IJO eygr? laﬁ éroups and

wher ei n ere sur IS se e
gr oup aommwﬁmmgﬁof pol i shed aIumlunn cold roH
steel chrome-pl ated netal, and vacuum deposited
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to any one o I"al ns,

fil m f otolhdriigpartisg partwdrmarel sebly Mpex’s@asun aqveous@adiumy e
functional group containing polyner and at | east one
fﬁ g Pg gt:c]aécfh ‘%\%?%ﬁ%l{gg r%é 2%/'{% %t?%g cor ro;a\ég Pr\{\é oth he preceding
functlanﬁhsgroup cont ai ni ng pol yner, 45 15 The

mul ti-layer coating according to claim 14, wherein the
at | east one reactive functional group containing
polymer is selected fromthe group consisting of
acrylic polyners, polyester polyners, polyurethane
pol ynmers, polyether polynmers, and m xtures thereof.
16 The nulti-layer coating according to claim 15,
wherein the at | east one reactive functional group
contai ni ng pol yner conprises one or nore reactive
functional groups selected fromthe group consisting
of epoxy groups, carboxylic acid groups, hydroxyl
groups, isocyanate groups, am de groups, carbamate
groups, carboxylate groups and m xtures thereof. 17
The multi-layer coating according to any one of the
precedi ng clains, wherein the color-inparting
particles are stably dispersed in an aqueous nedi um
18 A substrate coated with the nulti-layer coating
according to any one of the preceding clains.
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