WD 2011/ 068930PCT/ US2010/ 058652 WATERBORNE COATI NG COVPCSI TI ONS, RELATED
METHODS AND COATED SUBSTRATES FI ELD OF THE | NVENTI ON [ 0001] The present
invention relates to coating conpositions. Mre particularly, the present

i nventi on rgbatssdosy Wat er borne coating conpositions. Ti@a/ResesEssd nvent i on
also relates to nethods for using such conpositions and substrates coated
with a coating depgsit & * K | NFORMATI ON

[ 0002] Coati ng co SEEY Pret o naiod re stored
together in a single co ME; a2 IS ednposi t i ons, are
desirable in many cases fromthe standp0| nt of , for exanple, convenience to
the end user. Anobng the propgmLp@ptmEmtw@erngi ng conpositions shoul d
exhibit is storage stability. I'n other words, the viscosity of the

conposi t i[908houl dThopressniivention Falates tpseating sempradions| More pirigulrlsohat i n

whi ch th r&gﬁm%hbrpﬁute% t@@aée%%rco W tcaﬁlb@sﬁ&fs @ﬁ@yl%gyn@ﬁwed%ﬁ alsQ"
depositing a coating. [0 | n many cases, I's desirable to use liquid
coati ng cobise s métheds folrmngap@ OmIPAeitipns anéts'éqstratgs opIFe Fath aceainegienosited

sol vent s. ten stems primarily fromenvironnental concerns
with the %Hl]g%hgﬁ E‘?S%\I/OSIFatl | e organi ¢ conpounds (VCC) during the painting
process. [0004] I n sonme cases, such as when a coating conposition is to be
applied to an article that is often handl ed by a _person, such as a consuner
el ectroni cs device, incl udiBAfKGROUNDINEKORMS rsonal data assistants,
cel | ul ar b@dzﬁ}‘phone@oatﬁa@@ohp@mﬁdnmwmah hﬁoftﬁ@@&h@d?&nt% htstkd¥osmmpasd t i on
produce a coating that is particularly resistant to certain oils and acids,
:;such as oingleccoataings, oftmknosynasi 1K eomprpdions epdesirgtle mdeanyicasss fiPm the § npor t ant
t hat suc t i s and

abr asi ongtaglgg&w}gwsfo &b %g&@glggﬁcx t(;?l IS.I?I& %@t%@?@c@f)?%&%i@%tnsg%i gh gl oss
appear anc:eatmgrmtrmdmwgwtsmkh@é@h@e stofage stabilityi Ay vthenmends,dpgoviscesitiafithyy any of

a varlety f AP 1 [0005] resent
vent | onRee oRRR:! SRtaRes -BEAL: ARCGTHTRY e iR

[ 0006] I n icay loagan sumtnefot eqnvemmtpseef‘sedﬁpoisitiwgmcdadngi s directed to coati ng
conposi ti such. as 0sitli coatlng
conpost (BB conor PERer isnet hbueeRads il e Rt Ol 4R

cont i nuous wateasopposEde Spanivadlednts. Thies devies &@ah]sieﬁiﬁ;&:@ﬂ&ﬂfilﬁdﬂﬁ20101058652

di spersed hase c ri ses m cr.ogel a nmean parti ze of greater
than 50 5 roras haf isgstoore of ol rfoeomabiant LB sfedRng or - i n
some casqﬁmtdg)p@b@gl ng essentially of: (i) no nore than 5 percent by

wei ght, based on the total weight of the reactants,, of a mul tiethylenically
unsat ur atl@ef4d orrpouH’oF"m&ﬁEPeE’lsPﬁh 3§ vien p&PRting comPATYRILE R teaaRPlicd Pyl unsat ur at ed
conpounds & ﬁ&t@Qﬂe‘iﬁaﬂ&lc& By RHQVI Such a5 QROAMAES clbtdbhRYdSideainembiaed Tg
greater than 100C and TTEI’I sing a cycloaliphatic émat h)acrylate. [0007]In
ot her r edjten MPUIRE. persenshdats Fﬁe?léwmsd‘r‘?ﬂ}ﬂéf iglephenca @ng Bre\ike.d Byppitagbat i ng
conposi t'tﬂmhccsaﬂ;ssglﬁa ofuck AbARY %@@Aﬁﬁﬁmﬂg%sﬁtm pRefsRdiPhAsSeds The
conti nuous phase“co ses water. di sper hase conprises a mi crogel .
The ni cr eyl ascvqu)aqui;é@t simalatebumanewepy dul additian ltﬂ%lampamtéhawwbrcp@mgg or, in
some cas I | £ ] I nsat ur at ed
@R ga%@@iﬂlf}esﬂgpﬁﬁ %fél {1619 {;ﬁ(re&%! and(z{nb}e‘sfilmn}é vHueats %thgt@é %ﬁft of alf!

conpound, nonoet eni cal Ty uns rated conpounds

sel ect ed asoheagaltyoplgasing ihihd gioss amh;am mmdmghaahsaice of Sdpetindy whewat er t han
i Si at.e. naddltlon t he

100C and ¢ risin cycl hatl met h) a

i or ogel RAPAEREARy BV EPPrpIE et R BTN A Erd et or o and 1 s
present if@o0she coaThe]ge@ﬁminmlbn%smad@mmomnefmfre@mgl east 50 percent by
wei ght, based on the total weight of resin solids in the conposition.

[ 0008] The present inventi OM@M er alia, methods for
usi ng such coating conposi east partially coated
with a coating deposited from such conpositions. DETAILED DESCRI PTI ON OF
THE | NVERTGEN [001D1]dénammpqmsds: poésenthaventbn ia\dirntgemtcahthgcbomgsiuidqs,ti on, it
is to be ur}jgers%o é he |nventt QV\EE o 255 lldngon\{aors'uf%lﬂsscoal trlesggatl ve

vari at i ofscTRd S Een %laug {188 CORRERE Pe BxXpressaly specitiedto the
cont r ar y coitbienyvghiase il helispeRadiphase. dfhe cophidiis pigisemipriseﬁyataf Thher e

ot herwi se indicated, all nunbers expressing, for exanple, quantities of
ingredients used in the specification and clains are to be understood as
being nodified in all instances by the term "about”. Accordingly, unless
indicated to the contrary, the numerical paraneters set forth in the
follow ng specification and attached cl ains are approxi mati ons that nmay
vary dependi ng upon the desired properties to be obtained by the present
invention. At the very least, and not as an attenpt to limt the
application of the doctrine of equivalents to the scope of the clains, each




enconpasses singular, unless specifically stated otherwise. In addition, in
this application, the use of "or neans "and/or" unless specifically stated
ot herwi se, even though "and/or" may be explicitly used in certain

i nst ances. WOddbassopr evi ously nentioned, certain enbodigrantaoodscizhe
present invention are directed to coating corrpositi ons, such as 1-K

wat er borng coatin ositions. As. used herein ter refers to

coati ng é&?ﬁﬁ% pha %OH? S%rﬁI@I‘iroéf’]lhaSF‘gtaH]eeaEB?ﬁ'}BlgrsleﬁgrEﬁﬁ%}iﬁb?ﬁs are stored

t oget her naforfetérs N"YhemEIpE ik At ed RImBicEdtsaompEitiog 80 & whalhs, Whiiamgmeans
that the viscosity of the conposition does not signifi cantly I ncrease over

time to tAEIBYAE @)ﬁw\rrﬁre fhap percarnby SYeighbbased ordhy gy wrisklpfihageactanty

conveni enr ; wifkidiRlientERP ShdatudllefeonPRhd)dnd 11151 a paedlity bim&®ethgeRicampodi ment s,

the coating conpositions are storage stab when stored in a seal ed

cont ai nerungaturaled pomgaypds sglepisd g0 petpupwdyfa cpPYlEeT havimg psplaslairddg @t n, t he

term " watgr gh‘t?andrc%irﬁl@n gc Hﬂm‘{ gza%hrmtgns in which the solvent or

carrier f |nu us phase, for the coating conposition

primaril 3[00117] pri ncInp&lnelryespmﬁqarheye@ementlomedw@@rrpmeterquwtm n

enbodi ne ous n t | east

80 weig %?ﬂ ?%Qo‘r?r]tsgg J%Ijls'ﬁjfé %asg@?o ?)lnpit1 eglrtldo%(g Sczg%aSE Fﬁgﬁtﬁ%ﬁg Plrlraﬁgus phase.
I\/br eover comgntearwateof Thehdispesad phrage cmm@ssammebfmerrelcmgelsempnmv@ntr on are
IowVOCco osi.tions” her [ 0 QC

conposi trr%ar‘f b %ﬁ%‘:?nﬁc?a?%s e nmﬁé ? |Hg%m(1:cocrzrll A %Osnts%&n e%senh %aar? ¢6|a\‘/e (5)

pounds ofmulthdthgtledmllgarxgamrﬂed:eamumj&nqber) agphirhlon of)mondmmmllylg conposition

As used herein erm”volatile organic und" re ounds
Chat * havansreed SmRaBS B S5 PR PO BRIV P D s stlars oih e
conposi t itkih 1007C At ddirptisige @ BEHTipRatici (hgthidos/aerl infdaiph,ake @fcrogeDiati |
organi ¢ conpounds”. WD 2011/ 068930PCT/ US2010/ 058652 whi ch are suitable for
use in t AEAPPELERSizp Hf/%fﬁ%fFlthm} Heragoretess apd iRzespritin fhefPRtlg cPBPOsiitgRol s,
benzenes an hRbURRess le&N5OFRERN FPweidRd bH&YEbOME XRABRigHOALresiRaslidsiie thexanpl e of
a suitable volatile organic conpound is diethylene glycol nonoethyl ether.
[ 0016] ASCBF‘E%ItéﬂPsI y indicated, the coating conpositions of the present

i nvent i orpmgrsrmrl SCTR ;Qés%{?ﬁh%ﬁo@ﬂaa% rEQERLd, %agma mah@dsqaedsm Agciised
herern as will be appreciated by those skilled in the art the term
"tnicr og@patmsfcemsoaﬂ@ngen Bipstriteseat lea$tm@emha¢qapedcrlﬁbas¢qaﬂv@@90§3@ﬂm
particleg éﬁ“‘% 5}r§rally have a dianeter in the mcroneter range or |ess.
The m croge rticles present in the coating conpositions of the present
invention are often generall not cor e- shell. [0017]In
certain enbodi nents G&EEAM , hHE; I} Nel has a size that
isuniformy small, i.e., after poI ymerr zation | ess than 20 percent of the
i crogel [g@pji cl eSFd}qg\ﬁﬁ;oeeswﬁelfsrh&mﬁg a8l dBEceRtiG, itliD @A benBrGth&NehatOr . 1 N
sone cases, greater than 1 micron. |n certain embodi nent's, the m crogel has
a mean pale invangor map asspme yariays elierpgive vamdtiopy#nd ssapERqUEECaI e &helkan 900
nanonet er, aRpIES r 11%‘%9; ters, no
nor e thanﬁ%S%&ﬁéﬁ%%@%&ggﬂr n sorrvg{ gglgfe@am a%%%P&Qt na3g%9rr§';anorreters
Mor eover where atbarwisé mdeated dilivemtbsrs mhlessmg;ftmgeamHiaﬂuantnEanf ipeeedietbe si ze of
at least 1 0 o s t n 10
nanonet er ged fire ”?‘Ecqﬁﬁaﬁgyg@o&%an mer?:t{) i uﬁ&%@ooﬁa@%@xﬁ%& o@%%%gg Jug’?%atg ch E?han 100
nanonet etls. tefﬁin tabnuttr Agedrdipglyt unddse mdlwwﬂ tethe camirape thveamneried phnymptwat on

correl ati.on spect r,oscop descr.i | nternat i ona dard | SO 13321.
The. aver th RO IPERE R Rl AR el B AR S ALERL by oot on
correl at idepenamgepdsmea&yremprdpgnas {tde \oblathed ®Y aerpmemaﬁ)&ﬁihlﬁa Aatevdyng to the
foll ow n procedure oxrma,tfi1 m,. of_ ul rafr tered dei qni zed water
and 1 drg“‘rﬁl %tothé'git %3?*2‘]%" tl“a‘r"eﬂé? %ﬂ“é‘ra A1 12815°RCal  and
then m xeflthc/c\laew eachlnﬁméhea@adneeﬂ sHoluldl £ thawvitk hownhwfnl llghesare dennbe ed

wat er, to which about 3-6 drops of the diluted sanple is added. Once any

ai r bubbFeertad semfiean; digits UKy ARy ing; cgdigiry sappding tgafiBiaPest asi zer 3000HSa to
determne if the sanple is of the correct concentration using the
Correlator Control w ndow in the Zetasizer Software (100 to 200 KCts/sec).
Particle size neasurenents are then made with the Zetasizer 3000HSa.

[0018] I n certain enbodi nents, the mcrpgel is the predom nant, or, in sone
cases, essentially the sole source of resin solids in the coating
conpositions of the present invention. As a result, in certain enbodi nents,
the mcrogel is present in the coating conpositions of the present
invention in an anount of at |east 50 percent by weight, such as at | east
70 percent by weight, at |east 80 percent by weight, at |east 90 percent by
wei ght, or, in sone cases, at |least WD 2011/068930PCT1US2010/ 058652 92

unrform i.e.
DESCRIPE ¢




unsat urated conpounds using to manufacture the mcrogel present in the
coating WO 2011/ 068930PCT/ US2010/ 058652 conpositions of the present
invention is a cycloaliphatic (neth)acrylate. In certain enbodinents, the
cycl oal i phavoaeoiimswiy) acryl ate has a cal cul ated Tg of atpdmeesdi10856852 such as
at | east 100C. Cycloaliphatic (meth)acrylate nononers include, wthout
limtati ri met hyl cycl ohexyl acrylate, t-butyl cycl ohexyl acrylate,

i CycropdlPHdi ene. (biaeiss HelE Bl phersiihghtns s (REIE

(calbcul ?tw@hdgsgowcif%ﬁ venﬁ?@h?hﬁb’rﬁkinﬁﬂbx?@&éhﬁﬁé&a( ﬁﬂdﬁﬁillét]t&bﬂlfim-ﬁﬂa ﬁfeciﬁalc) :

i sobonyl nethacrylate (cal culated Tg of 110C), . 2-ethyl hexyl nethacryl ate,

t et rahydreéP‘E}P]PEﬁ’%lchr?Hf"ﬁw%RfWﬁ%e%s pgssible ppy ﬁ‘B%‘f’rﬂ?Plc COPRYEYFT: HEEIRASY yi at e
(cal cul atRgtald coail &6 necRAHiR redhiting ey Y GlaRNCX Va8t fPAkYInak&s and the

| i ke. As used herein, when it is stated that a (neth)acrylate has a

cal cul at EBSPPEfIVEResEBHECYHIGNENIS; t means that a theoretical honopol yner formed
fromthat neth)ac;xla;e has a cal cul ated Tg having the recited val ue when

cal cul at 4801 descAlsBel shaylddes wderstood that any iupeuey range ecited beredrisodi ment s,

the CYC|QEkhﬁﬁﬁéhﬁmﬁ@?ﬁQh%ﬁ&&%%ﬁ@mhédHéﬁﬂ;ﬁ%r%&n%ﬁ?%@&g@%f@ﬂnﬁ@”%@ percent
by weight, such as up to 20 percent by weight or 'up to 15 percent by

wei ght, batsedrddninchide albsultrangss gpiweot (and insiiding) Beirecdied pinimymiahgoéd
conpounds, yfdeLifkd TRRIHAE VHESof 10E A £TRRE 2 Yifhdly hﬁleeeq%]% bf‘gre‘ﬁ&”?)os' tions
of the present invention. In cerfaln enbodinents, the cycloal Tphatic

(et h) acrtidral andi ssmagedmi valuaef equeliotor defss then last 1 percent by wei ght, such
as at least 5 percent by weight or at |east 10 percent by weight, based on
t he t ot al[00EIght ofn thisapplidatiore theowst bijthe niogulenriatledts therpheraketd phisdd t o

manuf act i.cr I h [ c J- 1 .of & resent
Mvent | orcoep S ABEARG R Shec 0 a8 Bichlec SUREROA, A bphcdfof” PO Cre s
are used thousraf tié:d cteanss atdrer mntesogpetificd ydtated dtivewseatvemosghtpoddt”i ons of
the present Jjnve r |l e, in certain enbodi nents, the reactants

ptﬁon.dFo exaqﬁ
further JdBhpYSSBIGIY TG SRR % npound, such as a vinyl aromatic
nonomner, i gh, in,certain enbodi nents. ¢ ri ses (o]0) und that has a
ol cur o dlIP™ | 1 A8 BtV DR i SRR B BB A ale omounas
are styr aiecteifd @atifppniposicibmsybieh asl 1-RY waterbbidQoating dodipoyitisisy rAsreed whi ch has
a calculated Tg of 168¢C),. vinyhal uene, p-nethylstyrene, ethylvinylbenzene,
i nyl nap ek Sikae R S i ah g Lof b A et N e rRp S 2t o pent a
fluoro stoskpofentSdelstbire tdgdether in[aQBRE doftaGRr hrdd Whi€HThe SlofRB kable tAgci Ny
aromatic conmpaund is used in an ampunt of up to 40 percent hy weight, such
as up to BEIPELRLOAYISERIIRE] GREOTRAEERR doFt RN EBRIGEAY RATEit Ot time fo the
nonoet hyl & GRwvhiéh URTBMPEAIGHs GO [Hﬂg&%qﬁaﬂl@ﬁﬂ cdRe B WEALE HERsitilga M Crogel
used in the coating conpositions of the present Invention.” In certain
enbodi merfiogting: Ha fagf. iy fer@ngyphodimeatsnthe GRUIE SomBRstianp argstospes sibleoWhay | east 1
percent hy, ¥Weindhealed i b - weight or at |east 20
per cent byorwei ghtz,lebg%%ﬁﬁ@ﬁ?eﬁ?%%lﬁg\%@%ﬁf&gf%noet hylenically WO
2011/ 06893 (USZQ&Q&QE@E%%ﬂ%ﬂ§%¥ﬂ&ﬂ&ﬁ&qugﬁ%HB@@mﬂ%%gm$&mﬂﬁﬁﬂ{@ﬁ&ﬂre the
m crogel used in the coating conpositions of the preSent I nvention.
[ 0029] | n thesaleinhoraatyisd findni &, the ermtinecus phase slouthe doating wempdsitionprienaribye
m cr ogel Yo J1 ' A . t ' further
corpr s S pdl SRR e, EHTRARRE HOinih hORURLRE MY clRRL bR, U1 0o
a conpounslat i@t 70 asscanecabes Ldt dastdB0Teeight pbreas twal®(@sedSpabs fotat weighthqflties of

al kyl (meth)acrylate re Cl-Cc24 alkyl (neth)acryl ates, such as.

ot hyarrer it URPYY RESE VR el R br B e Slighs B BRprS dpion e
E met Eg ac r‘y?xalv@c cguatiyg cﬁcﬂiqiol ; hi)iaﬁ’y A3 toged Hesalﬁb mmqab(nnﬂbw:a)m de]xﬁibceitiolh’GKMhns

met h) acr e, 2- et exyl (neth)a te, pcC nmet h) acryl at g,
ooy { mot B Ao BT RR TR 8 P ) ounsBt Yot b e RE CHY B B,
hexadecy! daei B) @€ Edaking Compusicd e BY hiddBicfelf EHeptbidd Qroladifktbrganic compound” _
nonadecyl (et h) acryl ate, and m xtures thereof [0QQ30] O her npnoet hyl enically

unsat ur at'SHTHE FPHPeTHds Biah haxe pidegshpne rapon gtogpandatsh A Frdeassddiom Beogel

present i&nlBericPairind ArRARRAR theRSthebof EXaRPRS SMvolalikeRdnRitonpeliide, for
exanple, nitriles, such as acrylonitrile and/or nethacrylonitrile. [0031]In

certain enbodi nents, the alkyl (neth)acrylate is used in an anount of up to
80 percent by weight, such as up to 703percent by wei ght, based on the
total weight of nonoethyl enically unsaturated conpounds used to manufacture
the inicrogel used in the coating conpositions of the present invention. In
certain enbodi nents, the alkyl (neth)acrylate is used in an anpunt of at

| east 50 percent by weight, such as at | east 60 percent by weight, based on
the total weight of nonoethylenically unsaturated conpounds used to

manuf acture the mcrogel used in the coating conpositions of the present



[0037] 1 n certain enbodi nents, the additional functional group containing
et hyl enically unsaturated conpound conprises an acrylic nononmer conprising
an al dehyde and/ or ketone functional group. Acrylic nononers conprising an
al dehyde anglbasiikedsine functional group, as used herei recmasbenassse acrylic
nononers conprising at |east one group represented by the structure RR

wherein R | a mn | ent drocar bon grou d og

monoval enthiny HF SORPBIR G GBS PR PRt g nof il 6 St onorer s

i ncl ude, Hebienas, @h@ks, bhidiof@ehs! Md cyélaeeaﬂeisst)aelsﬂe&ﬁtﬁemt@ﬂe Sﬁa':lziu(ﬁSblE’at ent No.
4,786,676 at_col. 3, lines 39- 5 Uni ted St tes Pat ent No. 4, 959, 428 at

col . 2, |'oR&l Uganig-ompgyn |dteé‘t¥ &bvsel popoethyl 9T 5, 447, 970 at col. 2, line
59 to col, 3, line 15, the cited portions of whjch being incorporated

herei n bJDQEﬂerencéﬁP@ﬁ@ﬂ“ﬁﬂﬁ6ﬁ§ﬂ§%ﬁﬁﬁ“%écﬂ@@H“§F% 9cersqtﬁmt Pr es
thereof [QR38ld andltﬂ%ese@F michfe XA QisB@heréih Om8 lad Wi BY agent nay
conprise at |east two unctronal %ﬁoups reactive with carbonémwaroups, such
as any niaPPIEERId S Hicss Hhilled t%v?‘ﬂ‘{ioéﬁ reiaste geligsh A ey rogens
reactive JwhdihiearRame: %1@1@@»%111&5&&;&1&%% 4 Bl O\er RIRhRrIRYerPihea bl Phatic or
aromatic, polyneric or non-polyneric, "and may be used singly in a

conbi nat iless. dhe migosst particles progentin thﬁepratrr@ copRpptians opthe priserd fventdgnoss | i nki ng
agents 'Qﬁngﬁw gm&@e €0 rheldgpat |east two hydrazide, i.e., NH NH2,

groups. Spec anp és of such conpounds are set forth in United States
Pat ent 71115, 6 ted
por t1 0n GP A oh” pircehbinEfibodihs of BE plcterk SySilon, & mici B e sl uck
,enbodrnenmngMMem@t@gshﬂmkpbgwagéwnkwsﬂpné@eﬁpﬂnnfﬂhem@Oﬁﬂesmmk@wwpn an
anmount syc . t. car bonyl
funot | ondrbripze TPl s bkl h SRR LS uRmer RIEH Ifiall! BLell ©7C PP
t he rang&rrﬂnbdimeﬁ@ the ncregpl hasal me:wlsmnstedmeaﬁ n@ntbrettrhalsl enpnomatcé:mssrp or, in
sone cases |valents Qne urva en ar bon roup
cont ai nedirk HpR SO Epdo Bt R BBk oA HSE AR el 06 g B one
functi ona:horgthaum@:ﬁumbmemmgr,etdcyﬂee:asecaiol r;torHIflﬁﬁBElﬂ) aztmmetmmuedvdran used in

5011/ 0bosstnaRbi P GhaaRiosal ot fatoE PyBCl S AL TSt L PBEERST SRS |

unsat ur atoeshtes eHiR GUAASMAtEE Créfer MRAUDIG hoHicert pReabds 126 8D nhisfktdrE) orN@ coating
conpositions of the present inventiqgn. [0040]In certain enbodrnents t he

r eact ant $OE 63t @r%r thep A0 panemstsey e anierggdl Particle diamptes can bemeasiigd Pis es
conpl et elpyodoh 86r@itichispectBicoBy & @BERRH ¢n RAINYABHA Stalsh 199 18y erhobi ¢
polyesters (ii) nitrile functional conpounds, (iii) amde functional
corrpoundeveragrcnaerclf( digmetenyanereaperted RrEein aieancagphBUphpion orgreldiey herein, the
term’ SUQ Edo?} 4 e{ﬁﬁlveﬂ%aéslztéf@d’boﬂﬁﬁgcé&t& foRhEHRNGH ﬁafbc&ﬂﬁe subst ant i al
absence O eria hat such a material | S pr esent, F at al , asS an

i nci dent a’tpprcnqtmtplwOmmeettraé‘rltewdrda@nlzt:&reaww@rlr dibp abekomzenaIstestt t he
propert ! Simfi aldlRuGAB LIk SONPQR bicPllen Mot ALENElbined iy ARLTiHE P! et el y
free" means at a mate resent 1n the conposi a
[0041]Thehnﬁ@m@gdhmnsab@ﬂen&pwmﬂaﬂedt&ﬁdhhmofﬁw@ﬂmﬁdammﬂﬂmhs&ﬂnOn@npr|srng

e P T TR

pol yner i zabple is cfaled cvirest cﬁmhtrﬂmmsmgmheecmdlatmﬁrdnabmmmdt trhtezmslzea surf ace

active agent e t o the, aqueous conti nuo abi lize,

o event * SoByaratabh 2B KSR e N B e P e LT ot 1y
during pabyungsa. zati on. [0042] The surface active agent can be present at any
| evel that stabilizes the enul sion. The surface active agent may be present
in an anmpgp1g] of at InlceAsih eRAb&he RS, rtﬁ@mtcr&gel Mheqf}édonﬁhﬁhh odSn admd @a&, 0. 005
percent by weig at | east 0.01 percent or. at least 0,05

per cent meﬂgﬁte sofgseuige aﬁreﬁlﬁéotcgt%rhc\ﬁertgﬁtcoep%lwseﬁttrerféﬂlt YRRy f ace
active agenlrediRyinRertih MBS imbhts,3he ﬁ{EP&g&t 1s(bf'esbm it Be £6atAB LERPIsitRMs Bemght |

such as up to 7.5 percent by weight, up to 5 percent by weight, or in sone
cases up Presem inyentiesrin apgmowit ghat lepst2dipesernt heweighiasuches geaso?0 aseenehiul si on.
The | eve e, aRuUnt
requir edl“teghts :ag flsl?3 ?anﬁﬁ’é@’g#ﬁ %gﬂﬁg[t (%g?%gedrttgy gﬁrg? g?{a %g%ﬁ%&%gaetnt may be
an anionic, cationic, reactive or nonipnic surfactant, L e., dispersing
agent, or conpatible m xtures thereof, such as a nixture of an ani oni ¢ and
a nonionic surfactant. Suitable cationic dispersion agents that may be used
include, but are not limted to, lauryl pyridiniumchloride, cetyldi nethyl
am ne acetate, and al kyl di et hyl benzyl amoni um chl oride, in which the al kyl
group has from8 to 18 carbon atons. [0044] Suitabl e anionic dispersing
agents include, but are not limted to, alkali fatty al cohol sulfates, such



[ 0048] Exanpl es of thermal initiators include, but are not limted to, no
conpounds, peroxides and persul fates. Suitable persulfates include, but are
not limted to sodi um persul fate and amoni um persul f ate.

Oxi dat i on- reduciioesesd niti ators may i nclude, as non-| i MAECIUEs2E80586322 S

persul fate-sullfite systens as well as systens utilizing thermal initiators

in conmbination with. ropriate tal .jaons.such as.iron or copper.

[ 0069] Sut Eatsreintfy LR DERaESrthE o Sienl 5L s Bin FpBae ostpobfich. In

non- wat erfagpit wht sirprsirpONFicienetsd tcte adatilell highZDineysels dbexbareasioni tri l e,
2-2' - azobi si 'Fs_‘obut%roni trile, 2-2'- azqbis %E net hyl butyronitrile),

2-2' azobi T} BPEREEN A FHmLsLly e sole sppsgs;of resin sohds gy theREReIESA SN t ri k), 2- 2
azobi s (v@ahpb&hibds! tdh@baleste (CRHB AR ﬁﬁ@hadiﬁ%bpn%mrﬂigﬁlb@ apprafibet Ur es

t hereof ; and water-sol ubl e no conmpounds such_as azobis tertiary alkyl
conpoundsW¥ithags 2pating 68 e3orict ApEEd Yoing 8 SBB3Y PHPFAYFPREFAtigeduipeenhaid | § nit ed
to, 4-4'-Qz@Rbs) bt ﬁiﬁﬁrﬂﬁ%ﬁ) dg%a Chenfibdlhnd $aif resBZABL, Sudhrs ethanol, isopropaol,

met hyl pr opi onam di ne) di rochloride, 2, T-azobis [2-nethyl- I{i’- (2-

hydr oxy etlpsfic pcigs Jpic a¢id andidEKresstanceobi s (4- cyanopent anoi ¢ aci d), 2, 2-
azobis (N, N - dinethyl enei sobutyram dine), 2,2'-azobis (2-am di nopropane)
di hydr ocHO®Wlde, 2Inxeitaingpibedipmnts Nheicortipsgeranpsitionbefiths arateas inegntion are

di hydr Ocﬁhﬂéténqliﬁllﬁ%ﬁ ﬁﬁ%&fﬁéﬁa@e%,é &8}} frek Qf%g}oﬁgétrgg‘lphlgr i @R ad Ncl ude, but

are not limted to hydrogen peroxide, ne et one peroxi des,

benzoyl pebwer gersiclesihavingiamsan dipspedariieithe range of fromhtp 5P erngxicties  Indiie uny |
per oxi des =T i.d 0 i . | de,
‘per oxydi car %tﬁae%ééeegﬁﬂﬁer g'x%g?sgﬁééf?&d%ﬂéﬁq%%ﬁ'ﬁggﬁ%%?%?¥¢?§/e§r?%gié‘lf oxi des,
per oxyk etcainposiivh inian tmpas of leey thaf 1 péroh’ by Vaeizhe suhsis on moontpan &5 peretrie
m crogel .descr,i bhed aboy al so, contaipn a,neytrali zi ent en the
T or ogel DS 32 PO T pAbaPoEQRER Pasdy DEHe I fibI8 PR ol RRT o
nononer s thesatindenpakidue . “Complateh frael” inemik de ethert fobyniee phetiales iemgt agent 1's
often a base. .Syit abl e.tbasﬁlgs i ncl ude inorgani c and organi c bases. Suitable
i nor gani P'BFYL NSRRIy | range of the hydroxide, carbonate,
bi car bon and tate bases of alkali or alkali netal s. Suitable
or gani o RAGIL iR e hreoen P g OB ORI T b T AT WAL Bl ani nes
gnd tri arﬂéﬂﬁ&a.fro]ihﬁ?ammmb _ [@fsinfgQuﬁlﬂ@éth)lil@eﬂit_glﬂ@gﬁ&hrﬁte&]bﬂlﬁ;ﬁ;?ﬂnd'i.SA$ m‘gcal ly

etermined on a nolar hasis of neutralizing agent to pol ynerized ionic
nonomner URtets “l?f“?‘Fh ém}ﬁl‘?f?ﬂfﬂé‘?"‘.ﬂy I“HS%‘E??%W@‘I‘B%% é‘,co{nﬁ%‘mﬂo‘l“&?}‘ré? ?zed
i oni ¢ NDRQIBMmetEldlicY oBESNG! thhi@Bfthind Be @hn bRASAYIGRMUly QhsatrNe QOB fpSES, at
| east 90% neutralized. [0052] The Exanples herein il ?(ust rate suitable
condi t i omelecsle- dysorill Op ApPrediecd tin rpssRcec mpmuldthidenicady gnsarusged carnoend bed
herein, W eRh$ if ¥RECH b MRAMIIG eI ¥ sih 3hEKIR Y H%ﬁ&r%?él.' ggecﬂ'{c the

e

pol yneri zabl e réactants in an aqueous continuous phase tha I ncl ude one
or nore ¢kampes effsvitablamelfiothelgnisallyfumsaturated imoaomges includg gthylene glveel r adi cal
initiator I ' Euﬁgh [ e
m cr ogel d?aﬁry%%&%%%%a g@?ﬁ?ﬁﬁ%@gﬁ’@%ﬁlﬁg %?%Jpl)gr e ag{}hgéé éﬁ%ﬁ@glﬁ{l at ex

emul si on ghebMdmethaaykentripregyddsropdne tgascylate, tpmethgbiprepape frimaimenflate,he
reactants_are ri.z Sj . (tion_of . fir radi.cal. initiator to
form pol yrarreRiol Rt B e REC e b B PR e P * e

r emai nderAlef suithide amihydraplatbid momiebey) sahds siieorcanadifictefmed!) atiylataseact ants i s

GEROGAE RN e TR TR S WO L

neut r al i Zidh@e AGE Bite nFBNmitdED, BiR:cAUMETSOt(Silit@itidcaylhté LandtEbe @@t 1860@IkboN Of
the ioni¢c groups, ,Such neutralization can be conducted at el evated

t enper at GFEEcr Ygt?é rogsUGH. Ilginmgnd Sflmey® sligone agrydpte-frem Seclt-omgefiPhg t he
enul si on ToRnaN PhikioN@iRNY, 190 M, 418 FRfAlUES 1, 6lheRanedidPdiac Pifte, 44d054] The
coating conpositions of the present invention may conprise other
conponentlsL1H.0H 8BrreaflyprehisdwrsreAiob dimstigeylate, ampeg ¢Beiti ng conposi ti ons of
the present invention are substantially or, in sonme cases, conpletely free
of any cHMBM um coseiizie emperbimsnts. @ relatively lovelsyd of eresplisking palesisdity ng
CONPOSi t 1,00%aiR thelpaRicR! SRR thel ¥RBLIWIfhiRh SQAIMRE] §ReBrorOiieARl AS used
herein, the term"col orant” neanS any substance that 1 nparts col or and/or
ot her opacity and/or other visual effegt to the conposition. The col orant
can be added to the coating in any suitable form such as discrete
particles, dispersions, solutions and/or flakes. A single colorant or a

m xture of two or nore colorants can be used in the coating conpositions of
the present invention. [0056] Exanpl e col orants include pignments, dyes and
tints, such as those used in the paint industry and/or listed in the Dry
Col or Manufacturers Associ ation (DCMA), as well as special effect



[ 0061] Exanpl e speci al effect conpositions that may be used in the coating
conpositions of the present invention include pignents and/ or conpositions
t hat produce one or nore appearance effects such as reflectance,

pear | escena®o 2010068b30i ¢ sheen, phosphorescence, fl uor eseenaszoptestachr om sm
phot osensitivity, thernochrom srn, goni ochrom sm and/ or col or-change.

Addi ti onal ,speci al . ef fec 0 sitions ,can pravi de .ot he ercepti bl e
oroper 11 mboB RS e ety ERER N s b o G e e TS spegi al

ef f ect cagnﬁﬁi)ztch\%ts alﬁﬁtﬁe P MetlRLryPat€ B ugdd iﬁgﬁlitlvchy&ﬁ_ fﬁa’f Br 4chdintst Jrsleueﬁdaibga)s( of | t he
coat | ng aNges en thnhe coat“l n IS VI ewe at | erent_ an €S, anpl e
col or ef ?’E’@W- A5psukindhiz pruteste PWg%W%nﬁ?tﬂyednﬁaﬁs s %f%%ﬁefélﬁaéit@é’e%a‘@tei’i‘tsoﬂ&.

6, 894, 08Qaselil 1643t 6GpdrOHRLPRERY @ Horbk, &k Radl B0 HELEH CNCA soelBistd, aidst 991 or
ef fect compositions _can _include transparent coated mca and/or synthetic

m ca, co&ewentsf thesmpltictiydenically possusated epmnoypd isadiireth)agylntg kapspsandhe pi gnent ,

a |iquid&Ghivadig: oP&ﬁRibiEQlenﬁélg/ &(sat_ﬁﬁ)éd%@ﬁﬁ?&éid? IAQR s YREH, ﬂ<maﬁ>§£r9ﬁfeence
results froma refractive index differential within the WO

2011/ 06898HHETIEWSIH MEAT HBGBLmpws bptharryiatg apnd medeeralites- of the refractive
index differential between the surface of the material and the air.

[0062] | n[@022] ai n elmsodiinembedimenty ks eldetbyleniodlyawagergied compend fior

Phot 0chr afg gy GPMMAR Oiho Mt flln 5 PURER ! eigth [EiPasl omdi Lih 4WBeBnGyPOSEd to
one or re l'ight sources, can be used rn tthe coating conpositions of the
present weighhtmp arere fohw B petaens iy aveighitl /no moph e 2 Sipsicenthy weighbesiitsons can be
activate r Latl i1 I . n the
eorpost £ P ERBEARRE 2 boeERYh Al Rl thled B TG b A Y R e e

al tered $dmube micogek hinmettsin ambhedimenh,ahe tnhititthylenidaliyf wisantatedcompdung ior i gi nal

phot ochr BIE ARSI LA RN U CORROer: PER LR PP PRt o of

rest, i nowhh sdinddagespatil@btioperasnt By weifhtt bded anghe sitdlivatipht of the AGctaktBu@dr t ai n
enbodi nents, the photochrom c and/ or photosensitive conmposition can be
col orl eséog’ﬁméherﬂ]ﬁg’@ﬁ]ci ted state and exhibit a color in an excited state.
Ful I col or-change can appear . wWthin mlliseconds to several m.nutes, such
oo 1 om WAL ona <R b PEBMELS. Bolisaee BRORE MegaR LR ARG o o

phot 0sengiel fro@ntGRVERAGH 1 it 18actibs brodect PRRhaakE wﬂgﬁisdfgasplur[aﬁl @8] In certain
enbodi nents, the photosensitive conposition and/or photochrom c conposition
can be aS&¥gestaylemcally upsapatedForpoupdsa <ts ysed bsrainy the e nefwRsty duch as by

coval ent npABEhYehicaly RALYIIRED BAHPRAdP MAAPHACGhIRLAEA:/nS108S tvd RPhoEEr | Zabl e
conponent. In contrast to sone coatings in which the photosensitive

conposi t COMPIREYS. SRiraa moneners gnd/ohelicemass that @iy sthylenically wnsptgragede

substr at rou&n & Ahetgsensi tive conposition and/ or photochrom c conposition
associated with and/or at least partially bound to a polynmer and/or

pol yneri telf COmmaBRRBler! i cALHPEARMARM, it AGlkAlRnRARAH BRI of the
present i1nvention, have mnimal mgration out of "the coating. Exanple

phot osens¢mpapadsaunpdentad sores taprdyide a pirolysed havinga edendased glasshgnsitieh et hods

TA\SF)I {nglt :Elegnr?%%om ggng %%%‘8% ﬁlb@’% ?‘%:CE%? gﬁ%%g g@%@? 21{‘ jée ﬁlgerngll%%%%ytsf ef erence.

[ 0064] | ntigemewethyletibdlyomkanatet coapounds peecleritd somsttdprogidat icogplyyosaposi tion in

any anount .sufficient.to.inpart. t sired visu and/ar col or effect. The
ol or ant MhEGE EAGIFELTS PR pebd ST S5 af ERITnaf TG o Bubfe

conposi t tous po steedithas 1 f0°OM This Medl thae b gizbrefied] cepullymdr farmied fidm thei ght
percent, with weight. percent based on the. total weight of the conpositions.
[0065] | h e ELmaoE RSO TRBRP Ry I BAp S EFEH GOPH R IR mor e
ef fect piTgREMirSthe fodltdl rAfgePhienlchictlafel QHBRESDEIUS NTIRC IRy YO dnak@nmand
copper bronze flake, and m cacegus pignents, for exanple, netal oxide

coat ed niemers Bakt$alemes J-a‘éf@%}h&asé’ésﬁgewt%‘érkc%iPl&gcorrposi tions of the
present ipnvention is the ability to achieve netallic coatings having good
appear ant¥025] o | Eurthermore,as indicated pardjer, ampngthe plyraligrofqpongatylsnicallyy arij ety of
spray _ms%%l&é@.%%%&mﬁg@aa%&m&&ﬁ@f@@ﬁﬁ@@ﬁt_iﬁ%lda&ﬁ@t and
conditions. Wthout being bound by any theory, it is currently believed
that the mcrogel, which serves as the primary or, in sone case,
essentially the sole polynmeric binder gconponent of the coating conposition,
has thi xotropic properties that pronotes atom zation of the conposition at
a wde variety of conditions while also pronoting flake orientation in the
deposited coating film The |evel of effect pignents present in the
conpositions of the present invention can vary dependent upon the other
conposition conponents, the desired color, and/or the end use of substrate
to be coated. [0066] The coati ng conpositions of the present invention may



wovens, nonwovens and garnents conposed of polyester, nodified polyester,
pol yester blend fabrics, nylon, cotton, cotton blend fabrics, jute, flax,
henp and ram e, viscose, wool, silk, polyam de, polyam de blend fabrics,
pol yacryl onyorilh@essesor i acet at e, acetate, pol ycarbonate, pualuspsionsssene,

pol yvi nyl chloride pol yester mcrofibers and glass fiber fabric.

[ 0075] Exa es of i tabl e .|l eather su rai n_| eather (e.g. nappa
from sheé:ﬁ gytensef Li@msﬁrﬁdf“ﬁ%’(o“l BAEY (?aslf’ﬁ ’Elﬁﬁli‘facg'rlat%g%cm%ede | eat her
(e.q. veléﬁwoauﬁernarmhs hﬁﬂt&llpwﬁt(meth)a%@hdctc RBiRd chlikicaTglof at 18Rt ¥5°CsRlchbs vel our s

(e.g. fromcow or in), buckskin and nubuk |eather; further also
wool en skit kestdQl"G 193§1°@BP1&“° fmrth e ateTgonamegnslude, athout i@ PRat her may

have bee r}nﬁ@msh%gicz&iéx@%ﬁmvgﬁ;yl @,F&&Jheiﬁ@&*yﬁﬂ: Hﬁymntauﬁn@@qﬁ&ms&&@{e

vegetabl e, mneral, Synthetic or ‘conbined tanne lo;%g chrone tanned,
zi rconyl trimathelgyclehesys mﬂmcrﬂﬁﬁ@elcshtfé&ﬁ of O oneye gethagylageesi red, the

| eat her cﬂété@rgﬁfyg B@rﬂyl $aﬁac£ﬁat& ?d&[&hﬁ%dﬁ%%’f%@@j p&hﬂﬁ@,@lany tanni ng

agent conventi ona re-tanni ng .g. mneral veget abl e or
WO 2011/ mmammsbm B@ﬂ@ymaﬁ:eﬁﬁé mwﬁiykgcla@@m @eth@crglate chrom um

zi rconyl VES Xtracts,
aromat ] ¢ Gt PURARS) KAl AR henhORRE Ml (W PRSELT |
conpoundshewmin, nehkm irisweqtedithatealmeth)amylate hagwkabmlagadeby df(spma veled ideeane gians .

[0076] I'n [t n 0 i ent
{nvent | ort Srrtlclt EHRBE e olmed 60 FRSIha5 PRI b LAOTBA Th AR 52"
her ei n, tridtet @ilne whéreoaildulaeed&lsldsstcnh&deﬂ’l Sokhenssupar. a subst rate that can

;undergo mechani cal stresses, such as bending or stretching and the |ike,
wi t hout s{(}lgm] f i canin derttie embsdibkstschagg®aliphatic émt¢thjaorytutdio dsoden bis ambdne

flexible tes are c si bl e .substr tes S bI substrate”
and |ike ﬁbg(f%efcéwatﬂ Olrl:[p F?salfp @Qﬁgﬁ?‘g gfweﬂﬁ%gﬁ@oﬁoﬁépgc Pr essi ve
def or mat i\w“gm,miserdeinuhmmgwé@hwbﬁnaahylambaﬂytdﬁmﬁraﬁ& cShppadomneétd he
conpressi ve def or matl on has ceased.. The term"” cg&gr essiye deformati on” and

li ke t er FRADHESHTEIhEERgTORR Eagr i the saating qampQsthne A5 Y RESSIRS FYRRICL; rI‘F east

t empor ar ick¥aif EmBodimBIRS, tid EcloBliatid GRER)a@PRed: 1R6H Aamdonesidt @astaf flexible
substrates |ncI udes non ri gl d substrates, such as woven and nonwoven

fi ber gl aPsrcemidy rat Sercent by i onideasoHRSIERt Bowsal based _

t her mopl g theLiotsl @&Qﬁm lohbithyle Sty habdnGrate@ a&hg und b fAhat @R the i ni shed
natural |eather, finished synt hetic | eat her oam polyneric bl adders
filled wimiprogglused in ghei C@atmrv@pwpﬂmrmﬁﬂw npseRtByYFatiel ast omers, synthetic
textiles and natural textiles. | es of suitable conpressible substrates

i ncl ude fOR%A substﬁm"é@tﬂécﬂtwee lerdepdly ngatyrpted magnemer pgisett topol yneri ¢

bl adder s k S lled with
ol s, ALEE b ikl B304, POt S ice b AT A BRE EL o

nat ural reBaneple.dh cctrtmemlmdpmnsseﬁleaea@raets fansherr céropnise arvalyd aroglatis eamnpeahd. f oam

o urari tyosr s EshEEChofREE, SReh 1 08l SRARE R koboifel PRMMERRE . 00 2

cel | foantat haafmlchhaﬁd Tehve léaetarmmhnﬁpacﬁ"esaxan}sles ofednyd hirothasic cahgovaliosed pores.

ol yui ny FRCEIHRE Bfeaie B P G AR Bk Rt SRl St Vrner s,
gﬁljy( rrF; glismy‘}cmynodﬁné @&ﬁ&hylﬁt?fe)i&/leﬂﬁrﬂxﬁﬂiﬁlﬁnzdﬁ YindnEphtHatny, uisihades, fooans,
po

f manqeo ol ef i n_ bl ends. %%o.fm'cfoamsinclude but
are not WHY%%HW 15E Gt 5&?}’ P 10 U e E1&%f oans and et hyl ene
vinyl ac ("EVA") fo Afomcnlncludefl t.shets or slabs or
mol ded Em%ﬁams &Eﬁmﬁﬁg’g CREp dg arcﬂlaft’f:éf”élﬁ?“'@v E)‘TaIE‘\?K’“Flb can
have di f pkS40 pdrREBy WEighUEICAGS uP RN 3WSickitnt Bybheld, TV Gl RRdIRRIghEoR dense
surface or "skin", whereas flat sheets or slabs can exhibit a porous

sur f ace. Mongsthylenicolly uasatyraed GeraPqadtvsst tomaRCiyy HFH@P‘ioéelt“é‘i&#‘Iﬂ?s such as
fabric, vbih caﬁgogﬁo% BARE preldk &A@ 116 SortalBshbodiinkd, B vifiPhidmal@r n and
t he Ilke and can be conprised, for exanple, of canvas, cotton, polyester,
| CELVAR, coopsnméis ysedisyan amewniefianleasd petrehf hysvaightomsh asad 1qaptel Opefcent by

pol yeste I

t er epht hg}I% gﬁ gggdrt]%%%t%g pI\él E@HYW%/O’I e?ér?rjsmngaé: aqwg&(ﬂt (PHJKY ‘éfh ir?gfag

pol ypropyl ene and the |ike, rayon, polyvinyl polyners such as

pol yacrylonitrile and the like, other fiber materials, cellulosics
materials and the |like. [0077] The coating conpositions of the present

i nvention can be applied to such substrates by any of a variety of nethods
i ncl udi ng sprayi ng, brushing, dipping, and roll coating, anong ot her

met hods. In certain enbodi nents, however, the coating conpositions of the
present invention are applied by spraying and, accordingly, such




Rhodapex AB/ 201 20.69 DI Water 300 Adeka Reasoap SR102 6.0 Rhodapex
AB/ 201 13.79 Triton N1013 6.0 Styrene 132 Methyl Methacrylate 349.13
| sobornyl Methacrylate 57.50 Ethylene glycol Dinethacrylate 11.4

Met hacryl i owéeeidoes9306 Et hyl Carbit or PCT/US2010/058652

unsaturated compounds used to manufacture the microgel used in the coating compositions of

the present invention.

[0029] In certain embodiments, the reactants used to manufacture the microgel used
in the coating compositions of the present invention further comprise an alkyl (meth)acrylate,
which, in certain embodiments, comprises a compound that has a calculated Tg of least
100°C. Specific examples of alkyl (meth)acrylates are C;-Cy alkyl (meth)acrylates, such as
methyl{meth)acrylate (which has a calculated Tg of 105°C), propyl (meth)acrylate,
butyl(meth)acrylate, isobutyl(meth)acrylate, hexyl (meth)acrylate, 2-
ethythexyl(meth)acrylate, octyl (meth)acrylate, decyl(meth)acrylate, dodecyl(meth)acrylate,
pentadecyl (meth)acrylate, hexadecyl(meth)acrylate, octadecyl(meth)acrylate, and

nonadecyl(meth)acrylate, and mixtures thereof.

[0030] Other monoethylenically unsaturated compounds suitable for use in
manufacturing the microgel present in the coating compositions of the present invention

include, for example, nitriles, such as acrylonitrile and/or methacrylonitrile.

[0031] In certain embodiments, the alkyl (meth)acrylate is used in an amount of up to
80 percent by weight, such as up to 70 percent by weight, based on the total weight of
monoethylenically unsaturated compounds used to manufacture the microgel used in the
coating compositions of the present invention. In certain embodiments, the alkyl
{meth)acrylate is used in an amount of at least 50 percent by weight, such as at least 60
percent by weight, based on the total weight of monoethylenically unsaturated compounds

used to manufacture the microgel used in the coating compositions of the present invention.

[0032] In certain embodiments, the microgel used in the coating compositions of the
present invention is formed from reactants comprising a plurality of monoethylenically
unsaturated monomers, wherein the plurality of monoethylenically unsaturated monomers
comprises, or, in some cases, consists essentially of: (a) 10 to 40 percent by weight, such as
20 to 30 percent by weight, based on the total weight of monoethylenically unsaturated
monomers, of a vinyl aromatic monomer having a calculated Tg of at least 100°C, such as is
the case with styrene; (b) 50 to 80 percent by weight, such as 60 to 70 percent by weight,
based on the total weight of monoethylenically unsaturated monomers, of an alkyl
(meth)acrylate having a calculated Tg of at least 100°C, such as is the case with methyl
methacrylate; and (c) I to 40 percent by weight, such as 10 to 20 percent by weight, based on

the total weight of monoethylenically unsaturated monomers, of a cycloaliphatic



100 dait3 D Water 8.56 Ammoni um Peroxydisulfate 1.86 Charge #4 Part
of Charge #2 22.7 Cm__ j.g. LL5 D Water 10.0 Charge #6
D net hyl et hanol am ne (DMEA) 3.87 Charge #7 D Water
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(meth)acrylate having a calculated Tg of at least 95°C, such as is the case with isobornyl

methacrylate.

[0033] In certain embodiments, the plurality of monoethylenically unsaturated
compounds are present in an amount of at least 90 percent by weight, such as at least 95

percent by weight, based on the total weight of the reactants used to form the microgel.

[0034] In addition to the foregoing compounds, other reactants may be used to form
the microgel present in the coating compositions of the present invention. For example, in
certain embodiments, the reactant may further comprise a water soluble ethylenically
unsaturated compound. As used herein, the term "water soluble ethylenically unsaturated
compound” refers to a compound having a solubility in water of at least 7 weight % at a
temperature of 25°C. Examples of water soluble ethylenically unsaturated compounds
include ethylenically unsaturated ionic compounds and ethylenically unsaturated water
soluble nonionic compounds, such as those described in United States Patent No. 7,091,275
at col. 3, line 64 to col. 5, line 44, the cited portion of which being incorporated herein by
reference. In certain embodiments, the water soluble ethylenically unsaturated compound
comprises an acid-containing compound, such as a carboxylic acid group containing
compound, such as methacrylic acid (which has a caleulated Tg of 228°C) and acrylic acid

(which has a calculated Tg of 106°C), among others.

[0035] In certain embodiments, the water soluble ethylenically unsaturated compound
is used in an amount of up to 2 percent by weight, based on the total weight of
monoethylenically unsaturated compounds used to manufacture the microgel used in the
coating compositions of the present invention. In certain embodiments, the water soluble
ethylenically unsaturated compound comprises acid groups and is used in an amount
sufficient to provide the microgel with 0.01 to 0.1 millequivalents acid per gram of polymer

solids.

[0036] In certain embodiments, the microgel may comprise functional groups, which
are suitable for reacting with an external complementary crosslinking agent (which is an
optional component of the coating compositions of the present invention), and which may be
incorporated onto the microgel through the use of a reactant comprising an ethylenically
unsaturated compound comprising the selected functional group. Complementary reactable
groups include, for example: (a) acetoacetate-aldehyde; (b) acetoacetate-amine; c) amine-

aldehyde; (d) amine-anhydride; (e) amine-isocyanate; (f) amine-epoxy; (g) aldehyde-
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limited to, those listed in United States Patent No. 4,786,676 at col. 3, lines 39-56; United

States Patent No. 4,959,428 at col. 2, lines 29-56; and United States Patent No. 5,447,970 at

col 2, line 59 to col. 3, line 15, the cited portions of which being incorporated herein by

reference. Such monomers can be used singly or in mixtures thereof.

[0038] In these embodiments, the external crosslinking agent may comprise at least
two functional groups reactive with carbonyl groups, such as any nitrogen-containing
compound having at least two amine nitrogens reactive with carbonyl groups. Such
crosslinking agents may be aliphatic or aromatic, polymeric or non-polymeric, and may be
used singly in a combination of two or more. Non-limiting examples of suitable crosslinking
agents include compounds comprising at least two hydrazide, i.e., NH—NH,, groups.
Specific examples of such compounds are set forth in United States Patent No. 7,115,682 at
col. 10, line 12 to col. 11, line 26, the cited portion of which being incorporated herein by
reference. In certain embodiments, the crosslinking agent is present in the composition in an
amount such that the amount of functional groups reactive with the carbonyl functionality of
the acrylic polymer, for example hydrazide groups, is in the range of 0.02 to 5 equivalents,
such as 0.1 to 3 equivalents, or, in some cases, 0.5 to 2 equivalents, per one equivalent of

carbonyl group contained in the microgel.

[0039] In certain embodiments, the additional functional group containing

ethylenically unsaturated compound is used in an amount of up to 3 percent by weight, based
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on the total weight of monoethylenically unsaturated compounds used to manufacture the

microgel used in the coating compositions of the present invention.

{0040] In certain embodiments, the reactants nsed to form the microgel are
substantially or, in some cases, completely free of (i) any hydrophobic polymers, such as
hydrophobic polyesters, (ii) nitrile functional compounds, (iii) amide functional compounds,
and/or (iv) carbamate functional compounds. As used herein, the term “substantially free”
means, when used with reference to the substantial absence of a material, that such a material
is present, if at all, as an incidental impurity. In other words, the material does not affect the
properties of the coating composition. As used herein, the term “completely free” means that
a material is not present in the composition at all.

[0041] The microgel is often prepared in the form of an emulsion comprising the
foregoing microgel in an aqueous continuous phase. The emulsion can be prepared, for
example, by latex emulsion polymerization of the polymerizable reactants mentioned above.
In certain embodiments, a surface active agent may be added to the aqueous continuous phase
to stabilize, or prevent coagulation or agglomeration of the monomer droplets, especially

during polymerization.

[0042] The surface active agent can be present at any level that stabilizes the
emulsion, The surface active agent may be present in an amount of at least 0.001 percent by
weight, such as at least 0.005 percent by weight, at least 0.01 percent by weight, or at least
0.05 percent by weight, based on the total weight of the emulsion. The surface active agent
may be present in an amount of up to 10 percent by weight, such as up to 7.5 percent by
weight, up to 5 percent by weight, or in some cases up to 3 percent by weight based on the
total weight of the emulsion. The level of the surface active agent used is determined by the

amount required to stabilize the emulsion.

[0043] The surface active agent may be an anionic, cationic, reactive or nonionic
surfactant, i.e., dispersing agent, or compatible mixtures thereof, such as a mixture of an
anionic and a nonionic surfactant. Suitable cationic dispersion agents that may be used
include, but are not limited to, lauryl pyridinium chloride, cetyldimethyl amine acetate, and
alkyldimethylbenzylammonium chloride, in which the alkyl group has from 8 to 18 carbon

atoms.

[0044] Suitable anionic dispersing agents include, but are not limited to, alkali fatty

alcohol sulfates, such as sodium lauryl sulfate (Duponol C or QC from Du Pont), and the like;
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sulfosuccinates, such as sodium octyl sulfosuccinate, and the like; and alkali
arylalkylpolyethoxyethanol sulfates or sulfonates, such as sodium
octylphenoxypolyethoxyethyl sulfate or ammonium nonylphenoxypolyethoxyethyl sulfate,
having 1 to 50 oxyethylene units; sodium mixed long chain alcohol sulfates available from
Du Pont under the designation Duponol WN, sodium octyl sulfate available from Alcolac,
Ltd. under the designation Sipex OLS, sodium tridecyl ether sulfate (Sipex EST), sodium
lauryl ether sulfate (Sipon ES), magnesium lauryl sulfate (Sipon LM), the ammonium salt of
lauryl sulfate (Sipon L-22), diethanolamino lauryl sulfate (Sipon LD), sodium
dodecylbenzene sulfonate (SIPONATE® DS), the sodium laureth sulfate, magnesium laureth
sulfate, sodium laureth-8 sulfate, magnesium laureth-8 sulfate mixture sold under the name of
Texapon ASV by Cognis; the sodium lauryl ether sulfate (Ci2.14 70/30) (2.2 EO) sold under
the names Sipon AOS 225 or Texapon N702 Paste by Cognis; the ammonium lauryl ether
sulphate (Ciz.14 70/30) (3 EO) sold under the name Sipon Lea 370 by Cognis; and/or the
ammonium (Cjz.14) alkyl ether (9 EO) sulfate sold under the name Rhodapex AB/20 by
Rhodia Chimie.

[0045] Reactive surfactants are suitable for use, oiften in combination with one or
more of the aforementioned anionic surfactants. Examples of such reactive emulsifiers
include reactive anionic surfactants, sulfosuccinate reactive anionic surfactants, and alkenyl
succinate reactive anionic surfactants. Examples of commercially available sulfosuccinate
reactive anionic surfactants are LATEMUL S-120, §-120A, S-180 and S-180A (tradename,
products of Kao Corp.) and ELEMINOL JS-2 (tradename, product of Sanyo Chemical
Industries, Ltd.). An example of a commercially available alkenyl succinate reactive anionic
surfactant is LATEMUL ASK (tradename, product of Kao Corp.}. Other suitable reactive
surfactants are Cs.s aliphatic unsaturated carboxylic acid sulfoalkyl (containing 1 to 4 carbon
atoms) ester surfactants, for example, (meth)acrylic acid sulfoalkyl ester salt surfactants such
as 2-sulfoethyl (meth) acrylate sodium salt and 3-sulfopropyl (meth)acrylate ammonium salt;
and aliphatic unsaturated dicarboxylic acid alkyl sulfoalkyl diester salt surfactants such as
sulfopropylmaleic acid alkyl ester sodium salt, sulfopropylmaleic acid polyoxyethylene alkyl
ester ammonium salt and sulfoethylfumaric acid polyoxyethylene alkyl ester ammonium salt;
maleic acid dipolyethylene glycol ester alkylphenolether sulfates; phthalic acid
dihydroxyethyl ester (meth)acrylate sulfates; 1-allyloxy-3-alkyl phenoxy-2-polyoxyethylene
sulfates (tradename: ADEKA REASOAP SE-10N, product of ADEKA Corp.),
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polyoxyethylene alkylalkenylphenol sulfates (tradename: AQUALON, product of DAI-ICHI

KOGYOQ SEIYAKU CO., LTD.), and ADEKA-REASOAP SR-10 (EQ number of moles=10,
product of ADEKA Corp.), SR-20 (EO number of moles=20, product of ADEKA Corp.), and
SR-30 (EO number of moles=30, product of ADEKA Corp.).

[0046] Suitable non-ionic surface active agents include but are not limited to alkyl
phenoxypolyethoxy ethanols having alkyl groups of from about 7 to 18 carbon atoms and
from about 6 to about 60 oxyethylene units such as, for example, heptyl
phenoxypolyethoxyethanols; ethylene oxide derivatives of long chained carboxylic acids
such as lauric acid, myristic acid, palmitic acid, oleic acid, and the like, or mixtures of acids
such as those found in tall oil containing from 6 to 60 oxyethylene units; ethylene oxide
condensates of long chained alcohols such as octyl, decyl, lauryl, or cetyl alcohols containing
from 6 to 60 oxyethylene units; ethylene oxide condensates of long-chain or branched chain
amines such as dodecyl amine, hexadecyl amine, and octadecyl amine, containing from 6 to
60 oxyethylene units; and block copolymers of ethylene oxide sections combined with one or
more hydrophobic propylene oxide sections. High molecular weight polymers such as
hydroxyethyl cellulose, methyl cellulose, polyacrylic acid, polyvinyl alcohol, and the like,

may be used as emulsion stabilizers.

[0047] A free radical initiator often is used in the latex emulsion polymerization
process. Any suitable free radical initiator may be used. Suitable free radical initiators
include, but are not limited to thermal initiators, photoinitiators and oxidation-reduction
initiators, all of which may be otherwise categorized as being water-soluble initiators or non-

water-soluble initiators.

[0048] Examples of thermal initiators include, but are not limited to, azo compounds,
peroxides and persulfates. Suitable persulfates include, but are not limited to sodium
persuifate and ammonium persulfate. Oxidation-reduction initiators may include, as non-
limiting examples persulfate-sullfite systems as well as systems utilizing thermal initiators in

combination with appropriate metal ions such as iron or copper.

[0049] Suitable azo compounds include, but are not limited to, non-water-soluble azo
compounds such as 1-1'-azobiscyclohexanecarbonitrile, 2-2'- azobisisobutyronitrile, 2-2'-
azobis (2-methylbutyronitrile), 2-2'azobis (propionitrile), 2-2'-azobis (2, 4-
dimethylvaleronitrile), 2-2' azobis (valeronitrile}, 2-(carbamoylazo)-isobutyronitrile and

mixtures thereof; and water-soluble azo compounds such as azobis tertiary alkyl compounds
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including, but are not limited to, 4-4'-azobis (4-cyanovaleric acid), 2-2'-azobis (2-
methylpropionamidine) dihydrochloride, 2, 2'-azobis [2-methyl-N- (2- hydroxyethyl)
propionamide], 4,4'-azobis (4-cyanopentanoic acid), 2,2- azobis (N, N'-
dimethyleneisobutyramidine), 2,2"-azobis (2-amidinopropane) dihydrochloride, 2,2-azobis

(N, N'-dimethyleneisobutyramidine)} dihydrochloride and mixtures thereof.

[0050] Suitable peroxides include, but are not limited to hydrogen peroxide, methyl
ethyl ketone peroxides, benzoyl peroxides, di-t-butyl peroxides, di-t- amyl peroxides,
dicumyl peroxides, diacyl peroxides, decanol peroxide, lauroyl peroxide, peroxydicarbonates,

peroxyesters, dialkyl peroxides, hydroperoxides, peroxyketals and mixtures thereof.

[0051] The emulsion comprising the microgel described above may also contain a
neutralizing agent when the microgel is formed from an ionic reactant, such as the acid
functional monomers described above. In such an instance, the neutralizing agent is often a
base. Suitable bases include inorganic and organic bases. Suitable inorganic bases include
the full range of the hydroxide, carbonate, bicarbonate, and acetate bases of alkali or alkaline
metals. Suitable organic bases include ammonia, primary/secondary/tertiary amines,
diamines, and triamines. The amount of neutralizing agent required is typically determined
on a molar basis of neutralizing agent to polymerized ionic monomer units of the microgel.
In certain embodiments, the polymerized ionic monomer units are at least 50%, at least 80%,

or, in some cases, at least 90% neutralized.

[0052] The Examples herein illustrate suitable conditions for producing the emulsion
comprising the microge! described herein, which is typically manufactured by latex
polymerization of the polymerizable reactants in an aqueous continuous phase that may

include one or more of the aforementioned surface active agents and/or free radical initiators.

[0053] In certain embodiments, the latex emulsion of the microgel in an aqueous
continuous phase is prepared by a seeded latex emulsion polymerization process. In such a
process a portion of the reactants are polymerized using a portion of the free radical initiator
to form polymeric seeds dispersed in the continuous phase. Thereafter, the remainder of the
initiator is added and the remainder of the reactants is polymerized in the presence of the
dispersed polymeric seeds to form the latex emulsion of the microgel. If an ionic reactant
was used, a neotralizing agent may then be added to neutralize at least a portion of the ionic

groups. Such neutralization can be conducted at elevated temperatures, such as 50-80°C, or it
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can be conducted after cooling the emulsion to approximately room temperature, i.e., 25-
30°C.

[0054] The coating compositions of the present invention may comprise other
components. In certain embodiments, however, the coating compositions of the present
invention are substantially or, in some cases, completely free of any chromium compound.
[0055] In certain embodiments, the coating compositions of the present invention also
comprise a colorant. As used herein, the term “colorant” means any substance that imparts
color and/or other opacity and/or other visual effect to the composition. The colorant can be
added to the coating in any suitable form, such as discrete particles, dispersions, solutions
and/or flakes. A single colorant or a mixture of two or more colorants can be used in the
coating compositions of the present invention.

[0056] Example colorants include pigments, dyes and tints, such as those used in the
paint industry and/or listed in the Dry Color Manufacturers Association (DCMA), as well as
special effect compositions. A colorant may include, for example, a finely divided solid
powder that is insoluble but wettable under the conditions of use. A colorant can be organic
or inorganic and can be agglomerated or non-agglomerated. Colorants can be incorporated
into the coatings by use of a grind vehicle, such as an acrylic grind vehicle, the use of which
will be familiar to one skilled in the art.

[0057] Example pigments and/or pigment compositions include, but are not limited
to, carbazole dioxazine crude pigment, azo, monoazo, disazo, naphthol AS, salt type (lakes),
benzimidazolone, condensation, metal complex, isoindolinone, isoindoline and polycyclic
phthalocyanine, quinacridone, perylene, perinone, diketopyrrolo pyrrole, thioindigo,
anthraquinone, indanthrone, anthrapyrimidine, flavanthrone, pyranthrone, anthanthrone,
dioxazine, triarylcarbonium, quinophthalone pigments, diketo pyrrolo pyrrole red (“DPPBO
red”), titanium dioxide, carbon black and mixtures thereof. The terms "pigment" and
"colored filler" can be used interchangeably.

[0058] Example dyes include, but are not limited to, those that are solvent and/or
aqueous based such as phthalo green or blue, iron oxide, bismuth vanadate, anthraquinone,
perylene, aluminum and quinacridone.

[0059] Example tints include, but are not limited to, pigments dispersed in water-
based or water miscible carriers such as AQUA-CHEM 896 commercially available from
Degussa, Inc., CHARISMA COLORANTS and MAXITONER INDUSTRIAL
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inorganic pigments with grinding media having a particle size of less than 0.5 mm. Example

nanoparticle dispersions and methods for making them are identified in United States Patent
No. 6,875,800 B2, which is incorporated herein by reference. Nanoparticle dispersions can
also be produced by crystallization, precipitation, gas phase condensation, and chemical
attrition (i.e., partial dissolution). In order to minimize re-agglomeration of nanoparticles
within the coating, a dispersion of resin-coated nanoparticles can be used. As used herein, a
“dispersion of resin-coated nanoparticles™ refers to a continuous phase in which is dispersed
discreet “composite microparticles” that comprise a nanoparticle and a resin coating on the
nanoparticle. Example dispersions of resin-coated nanoparticles and methods for making
them are identified in United States Patent Application Publication 2005-0287348 Al, filed
Tune 24, 2004, U.S. Provisional Application No. 60/482,167 filed June 24, 2003, and United
States Patent Application Serial No. 11/337,062, filed January 20, 2006, which is also
incorporated herein by reference.

[0061] Example special effect compositions that may be used in the coating
compositions of the present invention include pigments and/or compositions that produce one
or more appearance effects such as reflectance, pearlescence, metallic sheen,
phosphorescence, fluorescence, photochromism, photosensitivity, thermochromism,
goniochromism and/or color-change. Additional special effect compositions can provide
other perceptible properties, such as opacity or texture. In certain embodiments, special
effect compositions can produce a color shift, such that the color of the coating changes when
the coating is viewed at different angles. Example color effect compositions are identified in
United States Patent No. 6,894,086, which is incorporated herein by reference. Additional
color effect compositions can include transparent coated mica and/or synthetic mica, coated
silica, coated alumina, a transparent liquid crystal pigment, a liquid crystal coating, and/or

any composition wherein interference results from a refractive index differential within the
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material and not because of the refractive index differential between the surface of the
material and the air.

[0062] In certain embodiments, a photosensitive composition and/or photochromic
composition, which reversibly alters its color when exposed to one or more light sources, can
be used in the coating compositions of the present invention. Photochromic and/or
photosensitive compositions can be activated by exposure to radiation of a specified
wavelength. When the composition becomes excited, the molecular structure is changed and
the altered structure exhibits a new color that is different from the original color of the
composition. When the exposure to radiation is removed, the photochromic and/or
photosensitive composition can return to a state of rest, in which the original color of the
composition returns. In certain embodiments, the photochromic and/or photosensitive
composition can be colorless in a non-excited state and exhibit a color in an excited state.
Full color-change can appear within milliseconds to several minutes, such as from 20 seconds
to 60 seconds. Example photochromic and/or photosensitive compositions include
photochromic dyes.

[0063] In certain embodiments, the photosensitive composition and/or photochromic
composition can be associated with and/or at least partially bound to, such as by covalent
bonding, a polymer and/or polymeric materials of a polymerizable component. In contrast to
some coatings in which the photosensitive composition may migrate out of the coating and
crystallize into the substrate, the photosensitive composition and/or photochromic
composition associated with and/or at least partially bound to a polymer and/or polymerizable
component in accordance with certain embodiments of the present invention, have minimal
migration out of the coating. Example photosensitive compositions and/or photochromic
compositions and methods for making them are identified in United States Published Patent
Application No. 2006-0014099 Al, which is incorporated herein by reference.

[0064] In general, the colorant can be present in the coating composition in any
amount sufficient to impart the desired visual and/or color effect. The colorant may comprise
from 1 to 65 weight percent of the present compositions, such as from 3 to 40 weight percent
or 5 to 35 weight percent, with weight percent based on the total weight of the compositions.
[0065] In certain embodiments, the coating composition includes one or more effect
pigments, such as metallic pigments such as aluminum flake and copper bronze flake, and
micaceous pigments, for example, metal oxide coated mica. A particular advantage of the
coating compositions of the present invention is the ability to achieve metallic coatings

having good appearance, i.e., a lack of “spotting”, when applied at any of a variety of spray
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Resi st anqg)idel hat the microgel, which serves as the primary or, in some case, essentially the sole
polymeric binder component of the coating compeosition, has thixotropic properties that
promotes atomization of the composition at a wide variety of conditions while also promoting
flake orientation in the deposited coating film. The level of effect pigments present in the
compositions of the present invention can vary dependent upen the other composition
components, the desired color, and/or the end use of substrate to be coated.
[0066] The coating compositions of the present invention may further contain other
optional ingredients such as organic solvents, antifoaming agents, pigment dispersing agents,
plasticizers, ultraviolet absorbers, antioxidants, surfactants and the like. These optional
ingredients when present are often present in amounts up to 30 percent, typically 0.1 to 20
percent by weight based on total weight of the coating composition.
[0067] The coating compositions of the present invention can be produced by any
method well known to those of ordinary skill in the art using the above components as raw
materials. In some cases, a latex emulsion comprising the microgel, as described above, is
combined with the other coating components, such as colorants, rheology modifiers, diluents,
and the like, under suitable agitation. Suitable methods are described in the Examples herein.
[0068] The present invention also relates to methods of using the foregoing coating
compositions. These methods comprise applying the coating composition to the surface of a
substrate or article to be coated, allowing the composition to coalesce to form a substantially
continyous film and then allowing the film to cure.
[0069] The coating compositions of the present invention are suitable for application
to any of a variety of substrates, including human and/or animal substrates, such as keratin,
fur, skin, teeth, nails, and the like, as well as plants, trees, seeds, agricultural lands, such as
grazing lands, crop lands and the like; turf-covered land areas, e.g., lawns, golf courses,
athletic fields, etc., and other land areas, such as forests and the like.
[0070] Suitable substrates include cellulosic-containing materials, including paper,
paperboard, cardboard, plywood and pressed fiber boards, hardwood, softwood, wood veneer,
particleboard, chipboard, oriented strand board, and fiberboard. Such materials may be made
entirely of wood, such as pine, oak, maple, mahogany, cherry, and the like. In some cases,
however, the materials may comprise wood in combination with another material, such as a
resinous material, i.e., wood/resin composites, such as phenolic composites, composites of
wood fibers and thermoplastic polymers, and wood composites reinforced with cement,

fibers, or plastic cladding.
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Met hyl nef0(§di y| at eEx2aples of suitable textile substrates are fibers, yarns, threads, knits,

wovens, nonwovens and garments composed of polyester, modified polyester, polyester

blend fabrics, nylon, cotton, cotton blend fabrics, jute, flax, hemp and ramie, viscose, wool,

silk, polyamide, polyamide blend fabrics, polyacrylonitrile, triacetate, acetate, polycarbonate,

polypropylene, polyvinyl chloride, polyester microfibers and glass fiber fabric.

[0075] Examples of suitable leather substrates are grain leather (e.g. nappa from

sheep, goat or cow and box-leather from calf or cow), suede leather (e.g. velours from sheep,

goat or calf and hunting leather), split velours (e.g. from cow or calf skin), buckskin and

nubuk leather; further also woolen skins and furs (e.g. fur-bearing suede leather). The leather

may have been tanned by any conventional tanning method, in particular vegetable, mineral,

synthetic or combined tanned (e.g. chrome tanned, zirconyl tanned, aluminum tanned or

semi-chrome tanned). If desired, the leather may also be re-tanned; for re-tanning there may

be used any tanning agent conventionally employed for re-tanning, e.g. mineral, vegetable or
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synthetic tanning agents, e.g., chromium, zirconyl or aluminum derivatives, quebracho,
chestnut or mimosa extracts, aromatic syntans, polyurethanes, (co) polymers of (meth)acrylic
acid compounds or melamine, dicyanodiamide and/or urea/formaldehyde resins.

{0076] In certain embodiments, the coating compositions of the present invention are
suitable for application to “flexible” substrates. As used herein, the term "flexible substrate”
refers to a substrate that can undergo mechanical stresses, such as bending or stretching and
the like, without significant irreversible change. In certain embodiments, the flexible
substrates are compressible substrates. "Compressible substrate” and like terms refer to a
substrate capable of undergoing a compressive deformation and returning to substantially the
same shape once the compressive deformation has ceased. The term "compressive
deformation” and like terms mean a mechanical stress that reduces the volume at least
temporarily of a substrate in at least one direction. Examples of flexible substrates includes
non-rigid substrates, such as woven and nonwoven fiberglass, woven and nonwoven glass,
woven and nonwoven polyester, thermoplastic urethane (TPU), synthetic leather, natural
leather, finished natural leather, finished synthetic leather, foam, polymeric bladders filled
with air, liquid, and/or plasma, urethane elastomers, synthetic textiles and natural textiles.
Examples of suitable compressible substrates include foam substrates, polymeric bladders
filled with liquid, polymeric bladders filled with air and/or gas, and/or polymeric bladders
filled with plasma. As used herein the term “foam substrate” means a polymeric or natural
material that comprises a open cell foam and/or closed cell foam. As used herein, the term
“open cell foam™ means that the foam comprises a plurality of interconnected air chambers.
As used herein, the term “closed cell foam™ means that the foam comprises a series of
discrete closed pores. Example foam substrates include but are not limited to polystyrene
foams, polyvinyl acetate and/or copolymers, polyvinyl chloride and/or copolymers,
poly(meth)acrylimide foams, polyvinylchloride foams, polyurethane foams, and polyolefinic
foams and polyolefin blends. Polyolefinic foams include but are not limited to polypropylene
foams, polyethylene foams and ethylene vinyl acetate ("EVA") foams. EVA foam can
include flat sheets or slabs or molded EVA foams, such as shoe midsoles. Different types of
EVA foam can have different types of surface porosity. Molded EVA can comprise a dense
surface or "skin", whereas flat sheets or slabs can exhibit a porous surface. "Textiles" can
include natural and/or synthetic textiles such as fabric, vinyl and urethane coated fabrics,
mesh, netting, cord, yarn and the like, and can be comprised, for example, of canvas, cotton,
polyester, KELVAR, polymer fibers, polyamides such as nylons and the like, polyesters such
as polyethylene terephthalate and polybutylene terephthalate and the like, polyolefins such as
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polyethylene and polypropylene and the like, rayon, polyvinyl polymers such as
polyacrylonitrile and the like, other fiber materials, cellulosics materials and the like.

[0077] The coating compositions of the present invention can be applied to such
substrates by any of a variety of methods including spraying, brushing, dipping, and roil
coating, among other methods. In certain embodiments, however, the coating compositions
of the present invention are applied by spraying and, accordingly, such compositions often
have a viscosity that is suitable for application by spraying at ambient conditions.

[0078] After application of the coating composition of the present invention to the
substrate, the composition is allowed to coalesce to form a substantially continuous film on
the substrate. Typically, the film thickness will be 0.01 to 20 mils (about 0.25 to 508
microns), such as 0.01 to 5 mils (0.25 to 127 microns), or, in some cascs, 0.1 to 2 mils (2.54
to 50.8 microns) in thickness. The coating compositions of the present invention may be
colored or clear, and may be used alone or in combination as a primer, basecoat, or topcoat.
[0079] The coating compositions of the present invention can, in at least some cases,
find particular application in the consumer electronics market. As a result, the present
invention is also directed to a consumer electronics device, such as a cell phone, personal
digital assistant, smart phone, personal computer, digital camera, or the like, which is at least
partially coated with a coating deposited from a coating composition of the present invention.
[0080] Illustrating the invention are the following examples that are not to be
considered as limiting the invention to their details. All parts and percentages in the

examples, as well as throughout the specification, are by weight unless otherwise indicated.
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[0081] A latex emulsion of a microgel was made using the ingredients listed in Table
1.
Table 1
Ingredients Parts by Weight
Charge #1
DI Water 398.0
Rhodapex AB/20' 20.69
Charge #2
DI Water 300
Adeka Reasoap SR10* 6.0
Rhodapex AB/20" 13.79
Triton N101* 6.0
Styrene 132
Methyl Methacrylate 349.13
Isobornyl Methacrylate 57.50
Ethylene glycol Dimethacrylate 11.4
Methacrylic Acid 9.6
Ethyl Carbitol* 100
Charge #3
DI Water 8.56
Ammonium Peroxydisulfate 1.86
Charge #4
Part of Charge #2 227
Charge #5
DI Water 10.0
Charge #6
Dimethylethanclamine (DMEA) 3.87
Charge #7
DI Water 20.0
! Rhodapex AB/20 is from Rhodia.

% Adeka Reasoap SR10 is from Adeka Corporation.
¥ Triton N101 is from Dow Chemical Co.
4 Ethylcarbitol (diethyleneglycol mononethyl ether) is from Dow Chemical Co.

[0082] Charge #1 was added to a 2-liter, 4-necked flask equipped with a motor driven

stainless steel stir blade, a water-cooled condenser, a nitrogen inlet, and a heating mantle with
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a thermometer connected through a temperature feedback control device. The contents of the
flask were heated to 80°C and held at that temperature for about 15 minutes for temperature
stabilization. During this hold, Charge #2 and Charge #3 were premixed over 30 minutes.
Then added Charge#4 over 5 minutes and held at 80°C for additional 5 minutes. Charge #3
was added over 5 minutes and held for 30 minutes. After the hold, Charge #2 remainder was
added over 180 minutes. Charge #3 was used as a rinse for Charge #2. After the completion
of Charge #5, the reaction was held for 60 minutes at 80°C. The batch was cooled to 50-60°C
and added Charge #6 for 5 minutes. Charge #7 was used as rinse for Charge #6. After 60
minutes at 50-60°C to contents were cooled to room temperature. A sample of the acrylic
latex was placed in a 120°F hot room for 4 weeks, and the resin remained as emulsion. The
acrylic microgel had a mean particle size of 115 nanometers measured using a Zetasizer

9000HS at 25°C as described above.

EXAMPLES 2-5

[0083]
internal cross-linking were made using the process described in Example 1. The

Latex emulsions of a microgel with varying glass transition temperatures and

compositions of the resins (solid weight %) and the final resin characterization are shown in

Table 2.
Table 2
Ingredient Example 2 (C%ﬁ?agiise) (C%ﬁglagiiie) (g:r?lr;apxlaetsife)
Monomer Composition (%)
Methacrylic Acid 1.73 1.72 1.73 1.73
Methylmethacrylate 62.4 727 60.1 56.1
2-Ethylhexylacrylate 0 0 2.33 6.33
Styrene 23.4 23.6 23.6 23.6
Isobornyl Methacrylate 10.3 0 10.3 10.3
gﬁﬁ;ﬁ;ﬁ; 2.03 2.03 2.03 2.03
Characterization

Solids%' 42 51 42 41
pH 8.86 7.9 7.42 8.13
Theory Tg in °C 106 105 100 90
Mean Particle Size

it 115 NA 114 115
(nanometers)

* Solids content measured for 1 hour at 110°C.
* Mean Particle size was measured using a Zetasizer 900011S at 25°C as described above.
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[0084]

in Table 3. Amounts are in grams.

EXAMPLES 6-9

Coating compositions were prepared using the ingredients and amounts listed

Table 3
Example 7 Example 8 Example 9
Ingredient Example 6 (Comparative) (Comparative) | (Comparative)
Latex emulsion of 2 229.35 -- — --
Latex emulsion of 3 - 185.09 - --
Latex emulsion of 4 - - 224.71 --
Latex emulsion of 5 - - - 224.71
Dowanol DPM' 12.34 8.33 12.34 12.34
Dowanol DPnP” 10.3 5.95 10.3 10.3
DI Water 50 44.03 50 50
Latekoll D rheology modifier® 7.75 5.08 7.75 7.75
DI Water 31.41 20.33 31.41 31.41
DMEA Amine 1.45 1.33 1.45 1.45
DI Water 18.47 12.00 18.47 18.47
SSP-751 aluminum flake® 0 28.33 0 0
Stapa BG Hydrolan 2192
aluminum’ 36.06 0 34.82 34.82
Phosphonated aluminum
passivator 9.78 10.13 9.78 0.78
Dowanol DPM! 11.69 18.81 11.69 11.69
Dowanol DPnP? 6 4.70 6 6
Butyl Cellosolye® 3 0 5 5
Laponite RD rheology
modifier’ 1.46 1.51 1.46 1.46
DI Water 71.48 7400 71.48 71.48
Total 502.56 497.16 496.67 496.67

* Dipropylene Glycol Methyl Ether commercially available from Dow Chemical Company

2 Dipropylene Glycol n-Propyl Ether commercially available from Dow Chemical Company
® Rheology modifier commercially available from BASF Corporation
* Alumninum pigment commercially available from Silberline Manufacturing Co., Tnc.
% Aluminum paste comimercially available from Eckart America Corporation,

¢ Commercially available from Dow Chemical Company

" Colloidal clay theology modifier commercially available from Southern Clay Products,

[0085]

Each of the coating compositions of Examples 6-9 was prepared for testing in

the following manner. The compositions were spray applied on PC-ABS (polycarbonate and

acrylonitrile-butadiene-styrene composite) substrates MC 8002-701 purchased from Standard
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Plaque Inc. A five minute flash time was allowed before an oven cure of 4 hours at 140°F.
Film thickness are reported in Table 4.
[0086] Cured films were evaluated for chemical, stain, oleic acid, hot water
resistance, humidity resistance, and abrasion resistance. Results are set forth in Table 4.

Table 4
Test Example 6 Example 7 Example 8 Example 9
Film Thickness (mils) 0.6 0.8 0.61 0.52
Chemical Resistance’
50 MEK Double Rubs 50 50 35 28
30 ETOH Double Rubs 50, no mark 50, no mark 50, no mark | 50, slight mar
50 IPA Double Rubs: 70% IPA | 50, no mark 50, no mark 50, no mark 50, no mark
Stain Resistance”
Lactic Acid 5 5 5 5
Ethanol Resistance 5 5 5 5
Insect Repellant 4 3 3 3
Oleic Acid’ No mark, pass | No mark, pass | Some spots, | Soften, spots,
AE=0.879 AE=0.870 fail fail
AE=2.281 AE=3.460
Hot Water Bath® No blisters, | No blisters, Slight Whitening
no whitening, | no whitening, whitening
good good
appearance appearance

Humidity Resistance’
Initial: Face Brightness — L15 134.09 118 135.59 135.10
Initial: Flop — Flop Index 11.81 i0.6 12.26 12.32
Final: Face Brightness — L15 136.87 120 137.58 136.95
Final: Flop — Flop Index 12.27 8.8 12.95 12.45
Crosshatch Adhesion 5B 5B 5B 5B
Abrasion Resistance® 0.66 0.15 -- —-

T Chemical resistance was tested by immersing a Q-tip into the test solution and rubbing the film surface back
and forth 50 times. If the substrate became visible at less than 50 double rubs, then the number of rubs was
recorded. Otherwise, the surface was inspected after 50 rubs and evaluated for mar.
2 Stain resistance was performed by placing a drop of test solution on the film surface and leaving it uncovered
for 24 hours. After 24 hours, the remaining test solution was removed from the surface by cleaning with water.
The spot was evaluated on a 1 to 5 scale, where 1 represents paint being removed from substrate and 5

represents no mark.

* The oleic acid test was performed by soaking the cured film surface with oleic acid and placing the soaked
panels horizontally in a hurpidity chamber at 100% humidity and 100°F. After 8 hours of humidity exposure, the
panels were taken out and washed with soap and water to remove the oleic acid. The general appearance such
as spotting was visually assessed. Also, the color change from the original was recorded with a Hunter Lab
color eye. The films were checked for softening with a finger nail.
4 Hot water bath testing was performed by immersing coated PC-ABS panels in water and expose them to 185°F
for one hour. Face brightness and flop index were measured with 2 BYK-mac instrument manufactured by

BYK-Gardner.

3 The humidity test consisted of exposing the coated panels to a humidity chamber set up at 100°F and 100 %
relative humidity for 7 days. Face brightness and flop index were measured with a BYK-mac instrument
manufactured by BYK-Gardner. Adhesion after humidity was measured using a test method ASTM D3359

with a paint adhesion test kit commercially available from Paul N. Gardner Company, Inc. The film was scribed
with a cross-hatch pattern and an adhesive tape was applied to the scribed area. The tape was then removed and
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the area was evaluated on a OB to 5B scale where OB represents total paint delamination from the substrate and
5B means no paint has been removed.

¢ Taber abrasion test was performed consistent with the ASTM D4060. CS-17 abrasion wheels were used with a
total loading weight of 1000g on a 47°x4” flat plaque. The number of cycles to remove the paint and reach the
substrate were recorded. Weight loss (mg) per cycle is reported (lower value is betier abrasion resistance).

EXAMPLES 10-14
[0087] Latex emulsions of a microgel with various glass fransition temperatures and
internal cross-linking were made using the process described in Example 1. Table 5 shows

the compositions of the resins (solid weight %) and the final resin characterization.

Table 5
Example | 10 | 11 [ 12 [ 13 | 14
Monomer Composition (%)
Methacrylic Acid 1.73 1.73 1.73 1.73 1.73
Methylmethacrylate 62.4 62.4 62.4 62.4 62.4
2-Ethylhexylacrylate 0 0 0 0 0
Alpha-methyl Styrene 0 0 7 12.9 18.9
Styrene 23.4 234 16.6 10.6 4.6
Trimethylcyclohexyl Methacrylate 10.3 0 0 0 0
Cyclohexyl Methacrylate 0 10.3 0 0 0
Isoborny! Methacrylate 0 0 10.3 10.3 10.3
Ethyleneglycol Dimethacrylate 2.03 2.03 2.03 2.03 2.03
Characterization

Solids%' 42 41 41 41 40
pH 8.2 8.3 8.3 8.4 NA
Theory Tg in °C 105 103 110 114 118
Particle Size (nanonruaters)2 122 122 118 186 127

1 Solids content measured for 1 hour at 110 °C.
2 Particle size was measure using Zetasizer 9000HS at 25 °C.

EXAMPLES 15-19
[0088] Coating compositions were prepared using the ingredients and amounts listed

in Table 6. Amounts are in grams.
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435.75 Dipropyl ene dycol Methyl Ether comrercially avail able from Dow
Chem cal Conpany 2 Dipropylene dycol n-Propyl Ether commaerc'ally
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from Sil berline Manufacturing Ca, Inc. 5 Al um num paste commercially
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flash tfi me vesmplellbwed before an ove®3ddre|of 4 hours at- 140F. Fi-Im
t hi ckngssebatewantsgpofted in Table|7. [0090]Cured fi|nms were pval uated for
chemi cal , stEdampledRei c aci d, -hot water-resist@3éde, hunmi dity resistance, and
abrasi gn rbststasboof Regul ts are set forth|in Tablej7. Tablel 7 Test
Exanpl 6 15 Fixsmpled316 FYanple 17 Fxanpte 18 Exanpl el 192808 m [Thi ckness
(m|s) |0. 5Lgexengisipn@l 6 (). 6 Cheni cal Resistance' 50 MEK Doubl e Rubs 50 ETOH
Doubl e [Rubs EmnmpieAdDoyhlle Rubs: 70% | PA 50/50 no nhark 50 np @25

Dowanol DPM* 15.15 15.15 15.15 15.15 15.15
Dowanol DPnP? 10.10 10.10 10.10 10.10 10.10
DI Water 25.00 25.00 25.00 25.00 25.00
Latekoll D rheology

modifier’ 3.46 3.46 3.46 3.46 3.46

DI Water 24.78 24.78 24.78 24.78 24.78
DMEA Amine 0.99 0.99 0.99 0.99 0.99
DI Water 14.58 14.58 14.58 14.58 14.58

SSP-751 aluminum flake* - - - - -

Stapa BG Hydrolan 2192
aluminum’ 39.20 39.20 39.20 39.20 39.20
Phosphonated aluminum
passivator 7.72 7.72 7.72 7.72 7.72
Dowanol DPM' 10.11 10.11 10.11 10.11 10.11
Dowanol DPnP* 5.05 5.05 5.05 5.05 5.05
Butyl Cellosolve® 5.05 5.05 5.05 5.05 5.05
Laponite RD rheology
modifier’ 1.01 1.01 1.01 1.01 1.01
DI Water 50.50 50.50 50.50 50.50 50.50
Total 435.75 435.75 435.75 435.75 435.75

! Dipropylene Glycol Methyl Ether commercially available from Dow Chemical Company
* Dipropylene Glycol n-Propyl Ether commercially available from Dow Chemical Company
% Rheology modifier commercially available from BASF Corporation

4 Aluminum pigment commercially available from Silberline Manufacturing Co., Inc.

* Aluminum paste commercially available from Eckart America Corporation.

® Commercially available from Dow Chemical Company

" Colloidal clay rheology modifier commercially available from Southern Clay Products.

[0089] Each of the coating compositions of Examples 15-19 was prepared for testing
in the following manner. The compositions were spray applied on PC-ABS (polycarbonate

and acrylonitrite-butadiene-styrene composite) substrates MC 8002-701 purchased from
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Standard Plague Inc. A five minute flash time was allowed before an oven cure of 4 hours at
140°F. Film thicknesses are reported in Table 7.

[0090] Cured films were evaluated for chemical, stain, oleic acid, hot water

resistance, humidity resistance, and abrasion resistance. Results are set forth in Table 7.

Table 7
Test Example 15 Example 16 Example 17 Example 18 Example 19
Film Thickness {mils) 0.5 0.7 0.7 0.6 0.6
Chemical Resistance’
50 MEK Double Rubs 50 50 50+ 50+ 504+
50 ETOH Double Rubs 50, no mark | 50, no mark | 50, no mark | 50, no mark | 50, no mark
50 IPA Double Rubs: 50, no mark | 50, no mark | 50, no mark | 50, no mark | 50, no mark
70% IPA
Stain Resistance”
Lactic Acid 5 5 5 5 5
Ethanol Resistance 5 5 5 5 5
Insect Repellant 3 3 4 4 4-5
Oleic Acid’ No mark, No mark, No mark, No mark, No mark,
pass pass pass pass pass
AE=0.64 AE=0.28 AE=0.41 AE=0.69 AE=0.49
Hot Water Bath® No blisters, | No blisters, | No blisters, | No blisters, | No blisters,
no no no no no
whitening, whitening, whitening, whitening, whitening,
good good good good good
appearance | appearance | appearance | appearance | appearance
Humidity Resistance’
Initial: Face Brightness — 123.5 122 117.6 119.7 120.1
L15 9.5 9.2 8.2 8.5 8.3
Initial: Flop — Flop Index 125.7 127.2 122.6 121.6 122.6
Final; Face Brightness — 9.7 10 9 8.6 9
L15 5B 5B 5B 5B 5B
Final: Flop — Flop Index
Crosshatch Adhesion
Abrasion Resistance® 0.055 0.055 0.064 0.071 0.077

" Chemical resistance was tested by immetsing a Q-tip into the test solution and rubbing the film surface back
and forth 50 times. If the substrate became visible at less than 50 double rubs, then the number of rubs was

recorded. Otherwise, the surface was inspected after 50 rubs and evaluated for mar.

% Stain resistance was performed by placing a drop of test solution on the film surface and leaving it uncovered
for 24 hours. After 24 hours, the remaining test solution was removed from the surface by cleaning with water.
The spot was evalualed on a | to 5 scale, where 1 represents paint being removed from substrate and 5

represents no mark.

3 The oleic acid test was performed by soaking the cured film surface with oleic acid and placing the soaked
panels horizontally in a humnidity chamber at 100% humidity and 100°F. After 8 hours of humidity exposure, the
panels were taken out and washed with soap and water to remove the oleic acid. The general appearance such
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pass AE=0.28 No mark, pass AE=0.41 No mark, pass AE=0.69 No mark, pass
AE=0.49 Hot Water Bath's No blisters, no whitening, good appearance No
blisters, no whitening, good appearance No blisters, no whitening, good
appear ance wWwoz2dhmneabmr s, no whiteni ng, good appearance NoTiS2EDEssE52 NO

as spotting was visually assessed. Also, the color change from the original was recorded with a Hunter Lab
color eye. The films were checked for softening with a finger nail.

* Hot water bath testing was performed by immersing coated PC-ABS panels in water and expose them to 185°F
for one hour. Face brighmess and flop index were measured with a BYK-mac instrument manufactured by
BYK-Gardner.

* The humidity test consisted of exposing the coated panels to a humidity chamber set up at 100°F and 100 %
relative humidity for 7 days. Face brightness and flop index were measured with a BYK-mac instrurent
manufactured by BYK-Gardner. Adhesion after humidity was measured using a test method ASTM D3359
with a paint adhesion test kit commercially available from Paul N. Gardner Company, Inc. The film was scribed
with a cross-hatch pattern and an adhesive tape was applied to the scribed area. The tape was then removed and
the area was evaluated on a 0B to 3B scale where OB represents total paint delamination from the substrate and
5B means no paint has been removed.

% Taber abrasion test was performed consistent with the ASTM D4060. CS-17 abrasion wheels were used with a
total loading weight of 1000g on a 4°x4” flat plague. The number of cycles to remove the paint and reach the
substrate were recorded. Weight loss (mg) per cycle is reported (lower value is better abrasion resistance).

[0091] It will be appreciated by those skilled in the art that changes could be made to
the embodiments described above without departing from the broad inventive concept
thereof. It is understood, therefore, that this invention is not limited to the particular
embodiments disclosed, but it is intended to cover modifications which are within the spirit

and scope of the invention, as defined by the appended claims.
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whi t eni ng, good appearance Hum dity Resistance Initial: Face Brightness -
L15 Initial: Flop - Flop Index Final Face Brightness - 123.5 9.5 125.7 9.7
5B 122 9.2 127.2 10 5B 117.6 8.2 122.6 9 5B 119.7 8.5 121.6 8.6 5B 120.1
8.3 122.6 9 5B L15 Final: Flop - Flop Index Crosshatch Adhesion

WE CLAIM:

1. A coating composition comprising:
(a) a continuous phase comprising water; and

(b) a dispersed phase comprising a microgel having a mean particle size of greater

than 50 nanometers to 900 nanometers and formed from reactants comprising:

(1) no more than 5 percent by weight, based on the total weight of the

reactants, of a multiethylenically unsaturated compound, and

(ii) a plurality of monoethylenically unsaturated compounds selected so as
to provide a copolymer having a calculated Tg of greater than 100°C and comprising a
cycloaliphatic (meth)acrylate.

2. The coating composition of ¢laim 1, wherein the microgel has a mean particle size

of 80 to 500 nanometers.

3. The coating composition of claim 1, wherein the microgel is present in an amount
of at least 50 percent by weight, based on the total weight of resin solids in the coating

composition.

4. The coating composition of claim 3, wherein the microgel is present in an amount
of at least 90 percent by weight, based on the total weight of resin solids in the coating

composition.

5. 'The coating composition of claim 1, wherein the calculated Tg is from greater than
100°C to 120°C.

30



Abr asi on Resi stance 0.055 0.055 0.064 0.071 0.077 Chem cal resistance was
tested by immersing a Qtip into the test solution and rubbing the film
surface back and forth 50 tinmes. |If the substrate becanme vis'ble at |ess
t han 50 doubl e rubs, then the nunber of rubs was recorded O herw se, the

surface was inspected after, 50 rubs and eval uated for_mar. 2 Stai
resi st anfe wad NpEPFHBEFRHPEIIEN aﬁsﬂﬁ@n b whgpingke pluglity of IE}PPW)@?PW@ film
surface [ i RGAVER : - : ‘}ryfg- 1Y

remai ni ngﬂétllglsr?é 2{8 uF zl)ﬂ(i)nrﬁg was er?ecgngeé%?%%@ﬁfeﬁg%ﬁoﬁéeﬁ%é eaﬁ% Rg%c?sﬁ
wat er . Thed%patd avedkyd(radtmeedhteo hadngd a flg of askeattd 00%here 1 represents paint
bei ng renoved from substrate and 5 represents no mark. 3 The oleic acid
test was perforned by soaking the cured filmsurface with oleic acid and
pl aci ng the soaked panels horizontally in a humdity chanber at 100%
hum di t y7and 106 Poatisigtcoemp8sitionipEcleim huwhateinytherpodiy of mbheetipderatalyner e
taken out_and washed with soap and water to renove the oleic acid. The
gener al %ﬁ%ﬁéﬁ&%@ﬁ‘éﬂ“ﬁ?@? 1/ 068930PCT/ US2010/ 058652 as spotting was
visual ly assessed. Al so, the color change fromthe original was recorded
wi th a Hunt er (ddb-Aopeocenepe weldhe Hasddom the tatalohaightad niamoetgicnemllpg with a

finger nail. 4 Hot water bath testing was perforned_by.i rsi coat ed
PC- ABS piR@iwaied compeypnds aexewééomﬁgﬁﬁ%orﬁ%r#‘%a 8 i diet T
brightness and flop index were neasured with a BYK-mac instrunent

manuf act ured ly) SBY80 farcchnBY welphi Neasdilion the totall weightcahsoetyladicalixposi ng t he
coated panels tqo a hum di tfy chanber_ set up, at, 100F ?nd 100 % rel ative

huni di t yupsturated sgrpoyngs cofism;aint raetitagryipts haping adgefweleast188<umBd with a
BYK- mac i nstrunment manufactured by BYK-Gardner. Adhesion after humdity was
measur ed usi ngc)ai-z@%ércémbia@&igqqﬁwsm&e\wtbhwaigﬁaémoraﬁhg@émwest ki t
comercially available from Paul N Gardner Conpany, Inc. The filmwas

scri bed whgdkrated compowyis cof aryclaaliphaisdmeth)amplats havingaoEe obd leash?3°€d to the
scribed area. The tape was then renoved and the area was evaluated on a OB
to 58 scale where OB represents total paint delam nation fromthe substrate

and 5B nmeans no paint has been renoved. 6 Taber abrasion test was perforned
consi st eBt wi The portinasymppriten of daim 7. wherawithmplirdity of meneetiidenicalt h a

total | ogdi i " x4 cycl es
to rermvgg%aﬁ%a%gic%@b%ﬁ{éi Sr}sggrg%n?&eﬁg%%s rt gféﬂ\%\%@g@?g@?ﬁt%é]%?g%ste QF%SS (M)
per cycl ¢eitstat apipght eftkhé kroantsuatdie makdbe hderogélt asi on resi stance). [0091] It
will be appreciated by those skilled in the art that changes coul d be nade
to the enbodi nents descri bed above wi thout departing fromthe broad

i nventive concept thereof. It is understood, therefore, that this invention
is not | Bm teldhtoodting compbiititih af cleih Bowhartinghelteactants €aithdo ebmptisd:S 1 nt ended
to cover nodifications which are within the spirit and scope of the

i nvention, as,defined by the a ed,cl al M c I.n
conposition CSI#EPPE(i %S?I&m by W{{g@’ - %ﬁ??ﬂrﬁr}gt&%wéﬁ%lggﬁégﬁ%ar]cltaglshgﬁém{é@%?; and
(b) a di §@ﬁ51§@ﬂ1ymymgmﬁﬂa&jdngo@rmrprogel havi ng a nean particle size of
greater than 50 nanoneters to 900 nanoneters and forned fromreactants
conpri si ng: (i) no nore than 5 percent by weight, based on the
total weight of the reactants, of a multiethylenically unsaturated

conmpound]0.andThe coating compbéitipn af ki A whete@f therrsac@hi iueivr apyisdsnsat ur at ed
conpounds sel ected so as to provide a copolynmer having a cal cul ated Tg of

greater than 100C and conpr, Si n cycl oaliphatic h)acryl ate. 2. The
coating corrpoiiiV?i“Bﬁo gfpeﬁclgg'i]?ﬁ‘Y?I%aﬁ&?%:ér?ntih%%ﬁ;}@f%%lg&hﬁéeﬁm%ﬁ%ﬁ?Blérti cle
size of GQditionD BehcRoRTRIEY dontatninf SthyRAIdaNg uhsiRagt hdHdnRk, claim 1, wherein
the mcrogel is present in an anount of at |east 50 percent by weight,

based on the total weight of resin solids in the coating conposition.

11. A waterborne coating composition comprising:

(a) a continuous phase comprising water; and
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4. The coating conposition of claim3, wherein the mcrogel is present in an
anmount of at |east 90 percent by weight, based on the total weight of resin
solids in the coating conposition. 5. The coating conmposition of claima1,
wherein the calculated Tg is fromgreater than 100C to 120C. 6. The coating
conposition of claim1l, wherein the plurality of -nonoethylenically

unsat ur at ed c&Mpolisressed PhasreromPsiTHe aBICKOSH FRMPHT R RereacHeR 8 Cvi ng a Tg
of at |east 100C pgﬁ@n al kyl (net h) acryl ate having a Tg of at |east 100C.

7. The coating conposition of claim®6, wherein the plurality of
nonoet hyl eni cal | y unsat ur ated conpounds conpri se: (a) 10-40 percent
by wei ght, based ofi)emeultigthyeniggixymsapratedmeBemss 8id cal |y unsat ur at ed
conpounds, of a vinyl aromatic nmononmer having a Tg of at |east 100C,

(b) 50-80 percent @3? WLty ofoasEstt8ledilyhdbALiran Bdtondrs ENRAet fydsepi cal |y
unsat urated conpounds,” of an al k I(neth}acrylate having a Tg of at |east
100C, angrovide acop@b)meri@mng@rcel@némwm grhater thag 660 6randremmsisHIg arei ght  of

nonoet hyl eni gal | n urated ,conpounds, of a cycloaliphatic (nmeth)acrylate
havi ng ac>i‘3°%’fph3‘¥° F%%@iac %ﬁe WISEHR " coat i ng conposition of claim 1, wherein
the plurality of nonoethylenically unsaturated conmpounds is present in an
amount of at lleastor®@l barcmain particleisigh of gtsatsethap$Otrlapometerl to WP ght  of t he
reactants used to make the. microgel. 9. The coating c OSLti of claim?7,
wher ei n DARPTRES AN EPIPTL MR eopigeicompostion i qiflgury AP R Jeast Xl prteet oy

wei ght, %ﬁﬁﬂ‘@, 1928ed Hethe @tal wiiBhiIiTtresth sSIR ih BRCloAiHositiof a water sol uble

et hyl eni cally unsaturated nononer. 10. The coating conposition of claim7,
wherein the reactants further conpri se: (iv) up to 3 percent by

wei ght, based on the total weight of the reactants, of an additional

functionab, gr qup c6aMzAoRIPASItIEH BY LA ¢8| WiertinFRd shictbgd haDA AIFRS ﬁaﬂia,le/éize
wat er borne coati ng conposition conprising: (a) a continuous phase

conpri si a3 240 nagagpeters. (b) a dispersed phase conprising a mcrogel
conprising the reaction product of reactants conprising: (1) a
mul tiethylenically unsaturated nononer, and (1i) a plurality

of nonoethyl eni cal .y unsat ur.ated nmon rs..select . rQvi

copoly maltl 131‘n av ﬁlrtl’a cQating OmPLERn ?g dg*m g ?z\g eer?lnttﬁ%rrr]l?c%%e%sg@rage&t) ﬁlpe(#ll Asnlq(ﬁlél?a
cycl oal i phatlegst b0pERERABYNELR, bBE bRItHE total weidh6f Fesidrsoled intas céutimgan
particle size of greater than 50 nanoneters to 900 nanoneters and is
present FompeRdligibati ng conposition in an anmount of at |east 50 percent by
wei ght, based on the total weight of resin solids in the conposition. 12.
The coating conposition of claim1l, wherein the mcrogel has a nean
particle size of 80 to 500 nanoneters. 13. The coatin% conposi tion of

cl ai m 1114wher&E goating qemposigien of elapn ddcwherpin thicalerdetad Tefis Hom geater 90

per cent i d on the total weight of resin solids in the coating
conposit?%ﬁﬁ%b%a%j eagoating conposition of claim11l, wherein the
calculated Tg is fromgreater than 100C to 120C. 15. The coati ng
conposition of claim1l, wherein the plurality of nonoethylenically

unsat urated c furt her i L4 i : ing a Tg
of a1 o8t 100RCHRER coHizbibn SEPRILIF, Prokefithe BRETR} LEmBRRARSEDAY 18 2
16. The oaaiirmgdconposidsifonhafcomipaikén Lihy] woaradc mdnomephaning & Ty offt least

monoet hyl eni cal | y unsat ur ated conpounds conprise: (a) 10-40 percent
by wei ghtl00%agudpnpkylqacthicrylaiglpyhne age Mt #i0hi cal Iy unsat ur at ed
conpounds, of a vinyl aromatic nmononmer having a Tg of at |east 100C,

(b) 50-80 percent by weight, based on the total weight of nonoethylenically

unsat ur at ed conpounds, of an al kyl (nmeth)acryl ate having a Tg qf .at_ | east
100C, and6.  The cpgiingicompositiop ok Flagy 1heivherein t & Blplisn of %ﬂ?%‘?ﬁ?mwélyg ht of

nnnoethyhﬁgho eg¥0#@§@kggﬁkﬁg$&onpounds, of a cycloaliphatic (neth)acrylate

havi ng a ast
(a) 10-40 percent by weight, based on the total weight of monoethylenically

unsaturated compounds, of a vinyl aromatic monomer having a Tg of at least 100°C,
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17. The coating conposition of claim1l, wherein the plurality of

nonoet hyl eni cal | y unsaturated conpounds is present in an anmpbunt of at | east
90 percent by weight, based on the total weight of the reactants used to
make the m crogel. 18. The coating conp05|t|on of claim 16, wherein the

reactants further conprise: i) up ercent by wei based on
the total wei gMt50c80 M@enftb&@{esg%ﬁsbaseﬁorathﬁé@télrW@sﬁmﬂ@f@F e@mﬂgm |y

unsat ur bl TR U pod s KGRI ORRAS iR 2f bl tjiﬁﬂ" cihggein the
d¢5ipan SR By

reactants pe cent wei ght, based on
t he total ht of the reactants of an addltlonal functlonal group
contai ni ng et %i)l 1621 pexpeny byirveaghis basediondhw dpigl weight of monoethylenically

unsaturated compounds, of a cycloaliphatic (meth)acrylate having a Tg of at least 95°C.

17.  The coating composition of claim 11, wherein the plurality of monoethylenically
unsaturated compounds is present in an amount of at least 90 percent by weight, based on

the total weight of the reactants used to make the microgel.

18.  The coating composition of ¢laim 16, wherein the reactants further comprise:

(iii) up to 2 percent by weight, based on the total weight of the reactants, of a water

soluble ethylenically unsaturated monomer.
19.  The coating composition of claim 16, wherein the reactants further comprise:

(iv) up to 3 percent by weight, based on the total weight of the reactants, of an

additional functional group containing ethylenically unsaturated monomer.
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