WO 2012/ 044954PCT/ US2011/ 054260 A METHOD FOR USI NG A PRI MER COVPRI SI NG A
SELF- EMULSI FI ED POLYESTER M CROGEL FI ELD OF THE | NVENTI ON [ 0001] The
present iwoentZomwsael ates to nethods for coating substr @CeaS2@no54260
particularly, to conposite coatings including a priner |ayer, basecoat, and
e o et ARMEATRSE 325 NG SRR L BRI i SN R e 5 25 o
OF THE | NVENTI ON [ 0002] I n t hBOAXESHERMICROELY 4 coating systemthat
provi des a good bal ance between econony, appearance, and physi cal
properties is a system having four individual coating |layers. The first
coating is a corrosion resi | i I. typically applied by

el ectrodeposition and cured. a prinmer/surfacer, which
I's spr gnomqpl i ed BRGrERBNINGEH RA. relARE td Reftdds BAtLREhd SibRr£8Y, aid,appl i ed

col ored basecoat. The basecoat is generally not cured before the

appl i canrtemlagly, tcheomiposti¢ ceasings mgludingen plimer layeyabaseegat.cind ioptiekdlygned t o

pr ovi de L ougnGss, 884oBiaNy 4055 L0 LA, SYSHEm. TRERRRECHSS QfneARRl¥1 NO One
| ayer of a cderng &PRreE e previous [ayer 1S cur I'sreferred to as a
wet - on-saten{ul NGMY polagypdrirgiatdgen. [ 0003] The autonotive industry woul d derive
a significant econom c advantage from an i nexpensive coating process that
provi des a coated substrate having good adhesi on, chip resistance, and/or
snoot hness, yet that can j A-TRR ven wet - on-wet - on- wet
("WONOW ). SUMVARY OF THE ||\€/§'§|@%§P%€F }ﬁy%\r]@;oelﬁt i nvention provides a
nmet hod [PB02]coat i Ag tie subsdtiat edutignproginggystamn thapryvidey aagqadi aance oat i ng
conposition onto at |least a portion of a substrate, vvh.erﬁi n the, pri' mer
coat i ndeEIPSSPIIBR BBIAHIS eI PIySICHLREARATETS 1 @Y o Pa¥ing fov ipdigidupt  p)
appl yi NPating R ARd TRORT REat TP Qb EeQisiht 1a‘§‘@1§§yh?ch99f3&ﬁc%ﬁy%f>pﬁé@leoy
substrate coated wth the priner coating conpdsition of conponent (a)

wi t houteldcitnodeposlostaad ciugld| Yhe mextregatitgeis prpirmear/sgdader nghick mppsiyt dpphedf
conmponent, (a); ¢ tionally, .applying @ third coating.copposition to at
onor @bt s PRbRE Shuthe i B e o Beied P BB A B BRI T on of
componagtherahy n¥i diQUbetbiclhd asHoBEANGH B kiaIGUkiig HlearBkowh{d)s and d)
substantialky curing the coating conpositions of conponents (a), (b) and,

i f usedlesigagd to ppyide toebucss BudEh gE®e 19 thes3sten. [The PBicehecimpalyéts otienvent i on
al so proyi |t r ' S .C 1,S1.NG; [ ating
composi T 3salef i mESEH B3y EhET AR AP sRbomRE PO

pri mer appHEdtidg. conposition conprises a self-enmulsified polyester mcrogel;
b) a second coating conposition applied to at | east a portion of the

subst r dP80Yoat ed Theraytarpriivsindrsiry cvoatd dyivecripeaticans e e apERtge fiog)

wi t hout, fii Nt i ri ' ' Lii

componcint 03Ty Sk bRkl prPpal (PRl R ERTHIIE FATPRRLIDETEL, o

| east aegponbdeomdidr inimetistbs tyetathet codt agdpidd Wettdrewep at ¢veg veapeosgettanowetof
corrponen{,\fg‘fg@w,thout first substantially curing (a) and/or (b); d.

subst arit d%ing the coating conpositions of conponents (a), (b) and,
if used, (c). DETAILED DESCRI PTION OF THE | NVENTI ON [0006] The present

i nvention provides nethods for coating a substrate using wet-on- wet or

wet - on- wet - on-wet pr ocedur$SMMARY QRddH INMENY{IONhe net hods conprise a
first of ap ing a priner coating c sition to.at |l east a.portion
of "t he 100PHRce "o s Rl i PPl ST alfet Sflrafer SHiaiRe'  he
pri ner,a)applyiighdpran&eoatitt €aidsRBnGARPRIEdst §PortioRtof @RabdtMte, ¥hbRid thecoat i ng
conposition is applied in a "wet-on-wet-on-wet" type of application process
to the PURMCEAINE eomaROsHioRicoMPEibRs Apteliramulaifiad pelyesier miszagel hepelypitiaed

coatin -1 I I i ltilayer
coat i na S ERaRlhY BBERATora B Thoi iy BF SRR R Bl L Y e
coat i ngohSng@ihpsdionmfabmpersit (6 viadiolt Hrvt efbstafdalbudsingaheprindr eRkih@i n

enbodi nents, the priner coating.is _aqueous. The substrate can be pretreated
and/ or CMPEPiFigE GAEUBPONEEt ():<e GBLRMIYeIRRN NG & it FRIEIAS ARMBRARILPCH! 1635% he art
orior t . . : . ' . ot

conpri sal s&g&g%ﬁ{% E%Fg{ef(‘fog d%ihﬁéf %a;m%icgygggpﬁggédu@%&% e Z?Jﬁ&lb?ﬁg Stt erm
"sel f - eyobistantfallgdtiring &) snd/oatb)t el dyisobogelallhasrisgfiicontdnyt cangristioandf or
hydrophilic character to.allowit to forma stable dispersion in water
vvithoutcom?Qnﬂg%(agfgbgﬁ'&‘Ldf%gFﬁ’b(\&'i zers such as surfactants. In a stable

di spersion, the dispersed phase will remain dispersed, i.e., the particles
will not coagulate or settle, for an dxtended period of time, such as at

| east six nonths at anmbient tenperature. As used herein, the term
"mcrogel"” refers to an aqueous dispersion of internally crosslinked

pol ymer mcroparticles. In sone enbodi ments, the self-enulsified pol yester

oy o v




WO 2012/ 044954PCT/ US2011/ 054260 pol yest er-nel am ne m crogel conprises a

pol yester, which has two or nore hydroxyl groups and a plurality of

car boxyl iwoaei2ah4grsaups. [ 0009] The pol yester of the sel f PemuisSgéfiiosttco

pol yester-nmel am ne m crogel can be prepared from pol yols and pol ycarboxylic
aci ds a[m%sﬁr anhydri des usi ng. met hods known hci those skilled in the art. A
pol yol be u r@?%BHlnBV%{% RIRYIFF MU ALDNTE CO e 2 SEMESHPETRE havi ng
two or JyRrRintdbngl codlpRkition apblidiablaflcR@layR oL dubsh4d aviRi-dy igngidéy col ;
1,2- and 1, 3-propanedi ol; 2-nethyl-1, 3-propanediol; 1,3- and

1, 4- butcaneénl oimposjt®ntvexmwniech oieli-dmulsified pbbkeiramécredakey) haxeind qeeopent vl

gl ycol ; trinethyl ol propane: glycerin; and pentaerythrjtol. Any .suitable
mono- SPTRT R TR At Rt bty the S5HRE S AL AUk Parr e e pr esent
I nvent i@mpobitioWol bororieRH@N Shiaeet fyt duboastiakidutiag tﬂd(})rlrﬁ& @hbfind hat a

pol ycarboxylic acid is one that has two or nore acid functional groups, or
resi dueomphaitien pf carppdness(axihpatipedly gt Bujdcoattig ¢ampasitipprideieb®xaylidast aci ds

i nclud ' ' I: L 1. ' - t hat are
dor i ve Pyt §tftacdnRRRf, AEL dunB b Bl BN TS IhRR T T 1)
fatty aobdantiasl9rerigg (W)andoi (h); &.0ybstaritlally @ttiyg deicdatignebngRsitions of | fatty
acid. Suitable E)ol#)car boxylic aci ds/anhydri des include phthalic

aci d/ arfiyPeneds (Hdibpprd: acisad-dfhydri de, cycl ohexanedi car boxylic acid,

i sophthalic acid, terephthalic acid, trimellitic anhydride, the C36 diner
fatty acids, maleic acid/ anhydride, and fumaric aci d/anhydride. [0010] As

di scussed above, the DilARFTeDESORIBTH NN QHTHEANMBNTEON ar boxylic acid

gr oups. M will 3& under st ood. by thgse sgiél dinthe art that a sufficient
number BP9 ar boxy e SR BIoPPreHET Tethe Spﬁ%ég%aﬁwgw TG RS BFeSt er
struct up& ok etbh QW¥tloRav A Pry@ahRE.- WRr& PR gicAllE tRIBktHLAS & HphidedMikgep

pol yester to be stable as a dispersion in water when neutralized at | east
part i aldfypplying dprgecr cPhenglemnpadionyniatleagfa poatidroxfithe surfese @f gosprete aadd t he

desi req gnml{ﬁlt tog‘ bnterlfttzﬁ@rlciuziati on r?fet hosle1 a%i dC houggﬂ gan Ob iO(Ellet erm ned by
st andar 8- HSHS HRREIR By B PR &S RiBHe PRPTYIRE ARECTSLAINg P Eiony

enbodi NBpichallP aSirl @BAtthgahtboVitibhi @ dpplied hea POéyRSWEr ot ¥Rt gpe2ef t 0 42, such
as 28 to 36, where the nunber refers to the nunber of mlligrans of

pot assiapRlieAiR Pxeges todbt substate soed iiththe prigaangrsaeansscogb| Thesapphied a5
determ it Lon. . .1 ai i , ter o]
cont ai ncrsaggnr%%/%&ééospg% t9 I|Q"vaé1 6%%{1%1%%%‘?6%39 83%9% ?Ed%rao%%@ %ﬁ%@%g S%S%’?bxyl

gr oups,[00@7]al | ow Ihfertgio nyelsdidarof el @aieneinvettiong e pritner ceap ivadphied k&S| i nker s
that may be added to the priper coatihn?%,corrpositi_on when it is fornul ated.
[ 0011] TSt pBPLFO8I0E thepfubstride. pli Grefatngmbadinshth dhapIdmeiaatipg it a98edt i16Ral | y

di ssol v&ftdte & 1" L e SRV RecRblHed 9 8i | b0 Endth6d L9 dard

Sui t abl'e s(§r ga%?lc slg%éean% SQI: Kcl Ude acet (’)nse,1 {)ut anone&’aur?ﬁ .

4- et hyih 112 gyepiti@rtonpplidatiors ofvéhe pribwdi eepgmet ¢rmtisg kympositiien eommpisas a belf-
solvent or .m xture of solvents that can be distilled.fromthe m crogel
arter it adh S met el U st Trringuaet tbeTER s oG OB e

mel am ngicRigel RA sAEIN&ER idiic AR)/GMyato pRilkd QaBlctG AN alRSy &Y fPest@bleam nopl ast
crosslinking resin, such as the nel'am ne resins that are avail able

comrer clisplersporumdesten Wigha@yNELuse o aéded stabilizetsmucly aesirfagdotst diestablec. Sui t abl e
ver si ong of JELATNS, ChORRL! DS SaN Do Or SXAIPLE, WLRgsE.dhak Are

cl assi {1 &3 48" bt atred, %‘th-l Mo el am ne 'dePiVarT vés "SudhitEs tNose

t hat arsettRofod abRERhdddReriot ad enfeas®hok aC¥Mrlsix3ddnth Hbdidhi@emperature. As

pol yest er-mel am ne microgel can be fornmed fromthe above polyester and

mel ami riseqd Bypin. theitergn nRichRReS istoan iaancpquaoysibispgrsion efntetallyicrossh@di nent s,

t he nel gmd .S di v i sker. .l - i | . L C sol vent
and m Ao pErfHaR Ry T8 she Lol RS e PRty A LR A0 BB D, 2

mel am rigsodabile Wedsrgaidic coivails Sirhtas t&eihiOrofwaehwldk ihodrar 60ib40intedts80mMAY be The
mxture is inverted into theﬁﬁqueous phase by neutralizing at |east a

porti orﬂt&ﬁasﬁﬂ?étlaé]@isﬂhﬁ’lleoﬁp‘%“ﬂb Y#¥S-pol yester and adding water. The
neut ralfpgeg)g agent, AN REBBINMNE ofFRL g@gé?nt BARRLSH ¢ &?ﬁ—é}ﬂlll@ig%@‘f)olyigﬁht abl e

am nes are well-known to those skilled in the art and include

t ri et hyhimmgekcorgprses hy¢leematsficalnpohgestelni athime thhigiogeld el | salfienea]sified

di i sopropyl am ne, triethanol am ne, and di et hyl et hanol am ne. The degree of
neutralization can be from40%to 100% such as from60%to 100% The
neutralizing am ne may be added either before or during the addition of the
water, and it nmay be added in porti ong The anine and water (conmbi ned or
sequentially) nay be added to the solution of the polyester and nel am ne
resins, or the resin solution may be added to the amine and water. In the

| atter case, the am ne may be added to the resin solution before it is

b . v o o - Y M



[ 0018] The sel f-emul sified polyester-acrylic mcrogel can be formed fromthe
above pol yester and acrylic nononers by any neans known in the art. In one
enbodi nerwo 201e4¥B34 2012/ 044954PCT/ US2011/ 054260 pol yest ecTits20moesz6ed i nt o
t he agqueous phase by neutralizing at [east a portion of the acid groups of

t he poéy ster a addln ter.. The eutralh b%g Bgent can he a water

sol ubl ST LRFEHMIES H&?f i REPriSeS 4 BHY S nVRISE has BVeuRy ote XWHERHBS
Skl||e%nﬂQlﬂmﬁh@mﬂkﬁﬂgxﬂ@ymh@%ﬁmg§ t hose |isted above for the

pol yest er- mel am’'ne m crogel he degree of neutralization can be from 40%
to 100900@Uch as Theth@@% Dﬁthﬁ@d@fﬁﬁfﬁl’fﬁeﬁweml}’%tqrznqignmmrmerorgaycabéeadded

por 1 orfSeP LT Aol R oot b iR 30g ot baouRia 1o

the solthédeqRilRE ih iR apO! A/ §5k6T wamd: iRle A0 JUEb Y 185 e bkillerin kHeeart &5d Ebrsgturtii on
may be added to the amne and water. In the latter case, the am ne may be

added thevingawpesinpre Bydiexdrerppsorseitile palyalider incdudersehyleneerlycody 1.2-veadr esi n
sol uti g H(g iGd968kch a3 igdp%é g% LS AT Gl ﬁEx nL&‘QiL%]Jhe
pol yestér e optio I sso in an organi c 'sO pri’of to
neutr a|dyzbhe}(!iihe alﬂdetﬁarib@ﬁ{eﬁ)pﬁﬂyl ﬁwdlahheﬂqﬂ@pmpen@(gllyceﬂhsmdrlmhud@ﬂﬁitebhoI ic
sol vents such as ethanol, i1sopropanol, n-butanol, the ene and/ or
et hyl erfelgfiitaBle mgney or B?lmeafréoxxhﬁecwae@lm%n%d%e} a@Pfﬁﬁ%%}l tBf 8y c ol
al kyl fl%rﬁ%n KeLANR FRkNRBED H&S@ sﬁﬁle@%ﬁ{hgré?t \thit t}ﬁ)%ﬂ)ox i acid is one

4- met hyl - 2- pent anone; ester sol'vents suc butyl” acetate or ethy
| act at ehatdms twio xt moesacidhfmetddnal froups e resies i hestutf ssuch hearﬂryﬂmééngraups a
vol atile.spl vent or m xtur ol vents that can be d |IIe m t he
i 1 ogel 1 e dRonor A el or B RO 36100 B e UL TSBIS BUT s
obt ai nefdeselthg a8 forlvedinedl hatuldNSitclsafor dx 1RO B@éo'?hu%&fﬁ@%ﬂi b1 diPfafyan
emul sion. The ratio of polyester to acrylic can be from 10:90 to 90: 10,
such asicid (NBEEITQ actyl, F@a30l fapp Iayldezmdzcatstponﬂ Ottytdged. e$m§abem0d;3alaﬂy>xyhc

4 hods k h
et g PRSI G S SO G B Bl o e Lo those

anmoni WwicpaésukdiadiBoxdic 2%, &opRdalc 838 tt@ﬂé’pﬁtﬂ@lﬁb &Sd,itARBERBhgdralel the/
hydrogen(ferOX|de / ferrous anmonium sulfate, It will be appreci ated by

t hose <kid diggr fagtyragislsamaleicpgid/anhydgdeyiand dpmare agdlappdyider i zati on of the
et hyl e ly uns iy ur at ed
nnnoneggﬁﬂhhe poF@%%%%%g ;ﬂnggﬁ{éﬂg%%%CBbg'sg%%o¥y ggghﬁ%ywp%%%ct wth
sone ofgrols. ét will ienucialstaodinysthd serskilied indeairethat aundéciehthaseee onctirboomis,

causing the formation of an internally crosslinked pol yester-acrylic

copol yrisHd 2repes Jhanlgihs Regsent wthindbrpoluester SUEe A tetagowdhf'yﬁ%lwsz%{t%lﬁme@n vary,
for eX%H}ek?ge for Ry E%nﬁh@ BBgféstEPto%eQ%ﬁéas ﬂ?pe?rﬁ BT B St néu%ﬁ%éd Can
range from or exanpl e C, suc on135 Cto 45 C

pr ogr edsasopartinidy pyph pawr i Thatdesiredr madier oficabox e amdrgrbquednd)@netdemmdl ques

conventionall kno se skilled in t e art pol r e str For
v anp! erinbp pial 0T Moo st b oF At g &y R RGP aMsol | ds
are al |byf'ﬁ£&9%e1‘§fm fHarﬁetldJr In%rt’éfﬁeenﬂfo‘a%@rﬁ§ itk aaalvmie b Zd@b b@@est?&he

opti onal anic solvent(s) nmay be distilled fromthe reaction m xture,

usi ng a:avéve drio A2, suele e%%%awy% afhererthe hernhﬁtrdﬁf@gﬁeuo the nfirpbayed milligtrms of

2012/ 044 9 CThy %29&1’ 01511‘%e ﬁ%%a 'e“ B8P 3 estté}easr AGH 00y thte @0' ymer
may be Tur FRE HEUt T Ay ahs stich™as up oif the
prior dagefsn @frnbﬂ&iﬂﬁefn@d ufea}idwatewlso beﬁsm& B@d‘théﬂ@%ﬂvb Q@RUbhal g$@fﬁ30r
enbodi nents, the self- enul sified pol yester-acrylic mcrogel can itself be
the fi|giPuRs shsh as hydioan gseunsstcallon e mplysster-Bilaminhmisrpeal 19 f9ans Wish ner s,

and/ or dr6ssﬁﬁ‘1€ér§@]ﬁpﬁlb§§es%&e}1 Ehe%r é}fco%ﬁ?g PSR Rton I ends %%an?dlﬁf: n the
coating composition. e o ercacrylic mcrogel as all or part
of the [go11id Vehi"ﬂiCQ)omSB:ytepbf)tshle@elybabt arlasdge oidrbgalcan be bjstemaﬂy dBkoleedt i ng
conposi.tion, and/?r it . may allom/fgr a hi gher s@g%ds content such as 55%
or hi gHBAD OFSRIHRO Y5} R teé%m%@ne Hisguictagsh. Sybs e ey His IRERt or s do
not W sficibfe HaiABHESAY. neai/yl@aﬁénkaqleh@rm PR SmbddtmdTRY, REsANA i iREsence
of the self-'emulsified ster mcrogel In e primer coating conposition
|nprovesh&hGMWhmhdeoﬁ&ﬂV@ﬁsﬂmeamdbshqﬁbdﬁmwnampmpegebﬁatmdgsbgnpbgmbion
(b). As used herein, the termhold-out refers to preventing or mnim zing
significant m xing between a first applied uncured coating conposition and
t he subsequently applied uncured coating conposition(s), i.e., the |ayers
remain | argely separate and di stinct. 3Thus, the present invention allows
for mai ntenance of separate and distinct |layers in a wet-on-wet, or

wet - onwet - on-wet, application. A coating systemthat does not have good
hol d- out between the | ayers may have poor appearance, such as

T



condensati on products can be nmade from ot her al dehydes, such as
acet al dehyde, crotonal dehyde, acrol ein, benzal dehyde, furfural, glyoxal,
and t he IWwken§@@a4] Condensati on products of other am nesTArsdoians4es can
al so be used, for exanple, aldehyde condensates of triazines, diazines,

triazol guanadj.nes, guanam nes, and al kyl - and aryl -substituyted
deri vat[m@ of s&t}}‘? %ﬁﬂ%&ﬁ&g&}e Pqﬁn@sﬁf‘ﬂfﬂ a"&?/nﬁ)}]lllgoéﬁgc%rtﬂ?lapgﬁﬂ?ﬁ%t uted ureas
and al %n%ﬁﬁ'% _C?Js)ﬂhn‘kfﬁ@l%fsi'ng Hica%s iR AP AGR re X AR 88 a0filaDUChd nerRdRRANYdS

include N, i met hyl ‘urea, benzourea, dicyandi anm de, fornmaguanam he,
acet oguadeantha &Y MELdtade inhime dromeCitee Ind3isGicd lzpri Svatable aztsians of melamine

triam nopyl.iimdin -nercapto-4,6- diamn rim di and. car banoyl
A e R e A

car bon @&lamRel @ridath@WelichtdskidsedhQWRe &Y LA koAt finalire Rar bon at ons
or mxtures of |ower alkyl groups, such as nethyl, ethyl, propyl, butyl,

n- oct yI[00EHd 2- ekheynohxesipr-megieine auereeeltas badermeddiom gieabarapelyesterand
descri i Al | ] i . P t . , 2,
l'ine 5319‘ %ﬁ@@ﬁgﬁglﬁlg%ﬁgﬁl Q%Hdlgi%%g§%§;lﬁﬁlﬁcag¢' ggrc ea]{}%g%%o?lg% gﬁgéﬁ%jem %1%8%% i nent
part heligbhied [0 §pRestennndibplbpsdnal fdanR soB¢nCOitAixad oedilny lsdhcopporatedi | ar
al kyl ol _groups, and at |east a partion of these al kyl ol groups may be

et her i fiEdaty of bsplysreniorthe mglagipg e V.arﬁ@nh%)ri%%Poé/q:EO’éP@bﬁcﬁOfﬁ éﬁr‘lee

enpl oy i LS I-AC i ] . anol ,
mept amal SR B b B e P A o PG

al coholtke seid lgraps of te plobyeatenind addineey fter. sST'lef neglryiohs ageandan be a water

hal ogen- stituted or other_substituted al cqhol s such as._3-chl oroprgpanol
ond DurBRoL kot N a5 BB RN M JSR P800 [0S S ARG Tk BN
pol yi sqpylafalRHYERMRE, HSEthyR$hao hhASS IN, RKIiRG1RARALey IR POl M p2pTMANAL € can

be prepared froma variety of isocyanate-containing materials and can be a
bl ockedripibhydlaming arnst dicthPetapdlemingt khgidegtseof peutydligatigeerathedram d) %de

trinmer epaned fro e fallown iisocyanates: toluene diisocyanate,
PR e S B e D i R e TR e e

| SOMer i durik Xhd i@ of the FateBNEd 2 flaytbd &dd¥@iMpbrtibeX alR! diyineasd dhiesocyanat e,
1, 6- hexamet hyl ene dii socyanate, tetranethyl xylylene diisocyanate and

4, 4' - di(priahipedrer sprerally) map by afdaddo thlmsq&amntqféﬁe rddyestkand pslamigpcyanat es
can be : ' I ' [ eqaterials
That widlar ShER e St on Bl L8 W et fo P 0 A8 R, BN PRERT

al coholanih® alay e nddedebhinekin sokitior befoue h iasidevtdighe veitdry br thetraxi sodytidnact ans

such as capro] actam and pyrazol es such as di net hyl pyrazol e. [.0030] The
amount B3 bdded 330U THY thapBinedh Wikdd I’&aﬁtf’\}%?‘?bo‘%ﬁle&fér thgiHCI@8Blddi ment s,
it can f,AR%Ew % i : i ; reshiesol i ds of
t he prifﬁer cog{i%ﬁc%shgggﬁ?ﬁqﬁgﬂdgﬁ&g?@% ?e%%)u?/g?%p 1%%%}?43 T(S%%lllﬁocertai n
enbodi revtikbletfhen MicrogluidioatompgraciompoNewiomn Muasachasettg)i ar aopbdley bigh- t o

accel er?t e tg&.cr osslinking reaction. Suitable catalysts for am nopl ast
cure mayV BB Bt ed from those known in the art and may include acids such
as aci qoghfsphat epheaRdesid di@otstordhlidoRthindd SURK AteivaRdSethpQRiufesas affow
Exanpl es i ncl ude dodecyl benzene sul fonic acid, paratol uene sulfonic acid,
and t heh¢ elesslingingtragsition batvedey shesmelgminesigsipand the palyaster msinuiddaky glageotA n
conpound uch as dibutyltin oxide..di0C thN i de, o di but vl tin dilaurate
and’ the s el St \TRfIES 5 I FC MRl St By Fai 6
enbodi rrefisss dihke eat@nyiBiy B@shohRoRE 8§ §kodify héiBuRitURtandfor By @ ¥idig 5. 0% by
wei ght on a basis of total resin solids of the prinmer coating conposition,
such adN§asyieNINBgRR Perragoim Vigogp| angd/ s dwbidity indiseas Heivcsaseigdhe i onal

i ngr edi S N i S. i i mer
L G e L B e e e e P
pi gmentrsadtioa laud éorhiacibmgf fhic gnieroles] guGdie ASA trédceion eimd pdind xnadehe iadingted sihee,

anti nony oxi de tc. and organi c . or inorganic WV opacifying pignents such
as i rorieg it Turthgnchaaee it th stcenitypag O gt i WF‘H@{“CEta‘?fBEWOBF%k,

pht hal gaYaRE OenPILGin ¥, U dgtigﬁal 0 ﬁ&éoléen!tqs)eﬁﬁy bOglsHAE Bakichin sul fate,
magnesi um si I 1cate, cal cium carbonate, and silica. The anount of fillers
and pi granios noatre; asipg alvacoen tfaienesatyoditersin mjcroged isf foked.sUpod pi gnent s nay
be present in the anmount of 20%to 80% by weight on a basis of total solids
of the prinmer coating conposition, such as from30%to 60% [0033] The
primer coating conmposition can contain, in addition to the conponents
descri bed above, a variety of other o;ﬁ‘ti onal materials. Such materials may
i nclude anti- WD 2012/ 044954PCT/ US2011/ 054260 oxi dants, UV-absorbers and

hi ndered am ne |ight stabilizers such as hindered phenols, benzophenones,
benzotri azol es, triazoles, triazines, benzoates, piperidinyl conpounds and
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optionally dried (but not cured), a second coating conposition is applied
to at least a portion of the substrate coated with the priner coating
conposi t iw0.2012n4eut ai n enbodi ments, the second coati ngPCOMSEGIINFLA0 | S a
basecoat. The second coating conposition may be a conventional basecoat
coating conposition as. described, for exapple, in United States Patent
Nunber £O7 @P@ééhe(r@mtmnﬁlf@,o Wfﬁé%ayééiéﬁﬂgfrfﬁ%@ﬁ?#ﬁ“mddﬂti% BPE43)  and
6, 180, 18dn 4O} MH0LBif thd e dbBred ) neliPliRain YN 188y BAL1d03e0r porated in
pertinent part by reference herein. Qher suitable conpositions may include
t hose flO0MAl at i orls apetheeerghadimngntanf ahd prbseat fnvomicPPGel salftesnulsiied polyesteras HWB
and DWB.. The, second coating conposition can ing¢clude.. .

2012/ 4 NSEABL OBUTH BAPBGoRPBLLr RRTHG hAcEr PN DI RS 2o
addi ti afietogdeNITIRMKETENSISIHEN palesdtBiofey e tib e dompiases afpdlyetleettat i ner coating
conposition, or further described in United States Patent Nunber 7,776,959
( col umrompris¢syeplgglithelotaghrxaybf agid gsoupsi A vaY) the pebeper dasedbadnbeue.tif isent

part h i . tal i .t C t or
Car - ey A BEIL PR SRR OOl ic PR ARG T TR VAR . o
used hergible dispasiphlimgater ivhansplaieRbme bl e rhitboanispati ptoups efealestrilired¢oat i ng

| ayers and/or colorants used therein, such as pignents, wth a haze of at
| east F9dfiion & sabexydicsidi srawrss thepobeiehraapiies p RoHIErigable dauble Pan par ent
or sem SRS i i 5 up to 55% or, in other
enbodi rfatélﬁts, 16) %@%@%g%§%r%@§%&%eﬁlgga?%%g%@sbf the transparency of a
mat er i d00HAId i s dBfei podgstey o ABE beIDEODBsITiddpdyrsterewtydid inmeres] candee | evel of

W durability.may be desired in the priper |ayer., . [0038]After i cation
o e Bt fak ] 5 b Saleleoafid il T iR land B re pebipos R8st & no
wat er  anekeSRIIMNERE tHeldht. PAESRRLImE spﬂﬁb&)ta@c%w‘éﬂfceacﬂi arddA§ bl dRdeyw @i r drying

at anbient tenperature (25 C) or an el évated tenperature Tor a period of
ti me subhiptiseapolymedizgble eulfle bemdyuSuirabte poilypds ickidathoge distod sbovekior the

conponent.s_of .t.h onposi tion. [0039]] enbodi nent .of the methaod.of the
o esentel roliuligh TR eangiE ot e R Hs R S BV BB | e o
t he subgthk & £BapAERA AN EfichIBRIREHMRSIG @R bihdgyleRIRESLY fedif satidappt | onal |y
dried (but not cured), a third coating conposition ngé be applied to at

| east thsowlateshBispharkbAdebstraadior apelysthenpelyot wsh s pohiticedudrafgran) diol.
conposid j:- Q. rtay ' . LI [ o) iLjon is a
cIearcé%@gﬂﬁfgﬁg‘§§&2¥p%%¥?§%%g%@$ggg%gQFEE%ﬁ%ggﬁg%g%goﬁ%%?ﬁgg%khose

descr i badiliifiedpolyederShelh@ineRaicesye]. Nsuitdiesp By QAT adidohntydrides | i ne 9

t hrough colum 8, line 59), 5,196,485 (colum 2, line 13 through colum 10,
line 47Pmpsisgea pplMerEaplsfoulle hond dnalude mlaiggridanhydride fumarigacids) *angd

5, 663, 24 (18] hioRSa1Q etnBf, QH &Rl 4B In ohé BEbdAimedl, theforpiiech are
incorporafégggnggg%??ngnta a?t %y re?erencé hgpe%n. T]gwtkifﬁiéﬁgf%ng
conposidan da peparadricimudpoxgrresis] éthdeiytagedrerioary irediss , 1, abydsheaanadanethbuaris
particl.es such as those.described in Unite t at es Patent Nunber 7,053,149
(cqunﬁ“T@PmVPﬁgn%dr. ﬁ&ﬁ@ﬁﬁxéﬁﬁﬁﬂﬁéaéé¥fﬂﬂwggﬁ; i ncorporated in pertinent
part hqogi7. and pgdickyiRNAlhd RULERMISHES psEReRRiNOSR SRS 66 pPREsabove for
the priner coating corposition but typically not” colorants that would
render etinderdesdlyi ugatoyssasuoongrad4 8hown thibose sutinddn teeirs Swsdrmeonmeis rd coat i ng
ConpOSii;[lci:h? e hl%SI nqgr?onméaf Qlllcihea% S Oergehel Pg—bsettlli q;[te Sy a%El ilo%aﬁrtlen%' c?rlticg 4 of the
second coa |%gyconposi Do, e Eub ST A o4 8 W Wt he prln%r and
subsequgatitsee@fs, helweaippasthil, emgl, insbutdar egdickyetyie atdh 2 hg@akinopglaresi ti ons.

In the curing operation, water and/or solvents are evaporated fromthe
sur f acenghaqrilic acihandhiy estps. MpBdprgshylnkthiy nrtwads 2-8ndroakeBylptes. | n

cert ai i . ' ur | ' rried out at
a terrpglry g@&gfﬁﬂ%ﬁ%ﬁr’ Z}Igﬁ%&e;&%%é %re%%'t gléf%@gl(f #orﬁﬁ%ﬁgéﬁﬁ%thﬂ%ﬂﬁﬁ 11s. Lower or
hi gher unearpexai mossna@anompriteseinasomemeasacly sich Batlydadxgl motdsihal nki ng

mechani snms. The thickness of the drjed and crossli n%l}f coating system can

. d
vary. RO e M BEP BRI  is P QIEN ESSAG VIO EYS HRYTEY sl i nked
coat | ng4ayslaM ?H%epgoaftihg%& &sifiGh whi ltSs formhRtek2S micrometers), or from
0.4 to 10 mls (10 to 25 mgrorreters) [0041] I n ot her enbodi nents, the
second [08H]i ng cditposlificnonsified polyemeewmatlic ritee geberndwabroeahfromghe ampesi ti on

may be a,conventional coating conmpositjon such a hat descri bed, above for
The badBliaey Sl atofembRhHe o S50 Bintekibn ahedl. bbde FERRBRTR, Bhoal Ty
used. After application of the second coating, the substrate coated with
the prinmer and second coati ng conposi tYons is heated to cure the coati ng
conpositions. The curing operation may take place as described above for
the case where the second coating is a basecoat. The thickness of the dried
and crosslinked coating systemcan vary. In certain enbodi nents, the

o e 4 a1 o . e N . Y. —



[ 0047] Useful thernpset materials include polyesters, epoxides, phenolics,
pol yur et hanes and m xtures thereof. Useful thernoplastic materials include
pol yol ef iwe,20pal4yeni des, thernopl astic pol yur et hanes, t RETIspd1a®54260

pol yesters, acrylic polymers, vinyl polyners, copolynmers and m xtures

t hereof . [0048] Substrates coated according to th resent inpyention can be,
for exdifprester ér{}flisfi’f{?&ilmé tﬁ%?‘i‘??“rﬂ@s? YB%Hg%‘éméfat feﬁgt RAsEen gk 8e @G vary as

desi r edyro RV thOFAyRRRALLDIIARFRARENTRe RfuAULRBRBERaPBLL SR @ BIubRIIBE from
netal substrates, and these nmay include body panels, doors, fenders, hoods,

or bunpeekas guaamobShisabiarmaes gysi well-kyovwotontbdsef skdledtin greraspardlsnicinglude

t her noset rial s.include bu rs.and tri It.is desirable.to hgve a
coat i nareyaRie RArier d PR E g el e e Ao et s

[ 0049] Aporkge% tBaI06VA sudhs&ssn 609abW0S%. EPhRMesSAlisPaRink inRd, bealddedéifieer S
such as those expressing val ues, ranges, anmounts or percentages may be read
as if pré&racedumig thpeddied of dissiater, ad e maytbeadded iamertiies Theamiepindss| y
appear. i L ar i S a. ile the
hvent i shecnpE0d SERARERRIS) AR Rl e ST g Py FHATRY et

m cr ogaksing, ar tHeatye sélationelag it aedad totkgahine 'aad watdry Bsthenatae cydel the cr ogel ,
and the |ike, mxtures of these and ot her conponents, including m xtures of
ni cr opaRing Mey be addedda thskegin spjusign bglore, ¥ dyadded & e waigr: piethpresibiafiiar i s

meant. by 6 &lach & PLARALYORES afld QARG S and both homopol ymers and -
copol yners; the prefix "poly"” refers to two or nore. When ranges are given,
any endf6lNt s of Thegedyes@nges bamgfionallyuhiselved of arsalgnasingelem firlormo t hose

ranges can be conbined i.n any. conbination within the scope of th resent
| nvent iRIIRHER ted figpersiogy, otaple oreapis o Bestiedide alkph it ol rihabing

"1 ncl udiR@bhs Yo r(%ﬁdﬁ&l?ﬁ—bﬁ&%ﬂp ltl%{%ﬁgrlg&t arldl SRt deQlycol ¥Ryl ethers, the _
2012/044954¢CT U 2011/054260 LES [0050]'The present invention wll be
f ur t herdigibglend duldortdipnogyleneglyeotadkytl hthefso ketong sfvantasnsheas acdiene, Antegnonsy el y

illustrative of the invention and are not intended to.limt the.invention
to the hdeRriusS BEnaRRl o RaR i B PG iRl ISk <%
by wei ghéreofEXaRBIE eMbollhld thepolwask arvolite PaRabeshiltiedfkbReitolaow ng
ingredients: Raw Material Anmount &%)bChg 1 Isonerginic acid SF1 658

|

Tri et RN &F gistiPash &oBatBe micrpeg-afiex Hmagbesin fogaed.
[0020] To the aqueous polyester thus obtained, the ethylenically unsaturated
monomers are added to form an emulsion. The ratio of polyester to acrylic can be from 10:90
to 90:10, such as from 30:70 to 70:30. Polymerization of the ethylenically unsaturated
monomers can be accomplished by standard methods knows to those skilled in the art. For
example, polymerization can be initiated by ammonium persulfate, or by a redox system such
as isoascorbic acid / hydrogen peroxide / ferrous ammonium sulfate. It will be appreciated by
those skilled in the art that, in addition to the polymerization of the ethylenically unsaturated
monomers with other ethylenically unsaturated monomers, the polymerizable double bond of
the polyester will react with some of the ethylenically unsaturated monomers under these
conditions, causing the formation of an internally crosslinked polyester-acrylic copolymer.
The length of time required to complete polymerization can vary, for example, from 10
minutes to 6 hours. The temperature of reaction can range from, for example, 25 °C to 80 °C,
such as from 35 °C to 45 °C. The progress of the polymerization reaction can be monitored
by techniques conventionally known to those skilled in the art of polymer chemistry. For
example, heat generation, monomer concentration and percent of total solids are all methods
of monitoring the progress of the polymerization. The optional organic solvent(s) may be

distilled from the reaction mixture, using a vacuum if necessary, after the microgel is formed.
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Pht hal i ¢ anhydride 278. 4 Chg 2 Trinellitic anhydride 182.6 Chg 3

Met hyl i sobut yl ketone 394 |lsonerginic acid SF is avail abl e from Har burger
Fet t chemwoanth/i4¢95mi xt ure of fatty aci ds contai ni ng appPOoX/USRILLOF4260

conj ugat ed di ene substituted C18 fatty acid. [0052] To a four necked, 2
liter reaction flask outfitted with a stirrer as inlet, thernmoneter and
condens Owglpéﬁ@@&l%tﬂ%reéﬁfﬂne °sP© mwylbe éﬁ@e&?&gﬁﬂ@ﬁ Vﬁlf}}(%‘ﬁlﬂtéo s heated
i n st ag@sind, QudBPRGupRdi 008l # hniridr debReBE hehMA MR VRS 1B&! R Foosh slow

ni trogen stream hel ped renoved the water condensate. As soon as an acid
nunber [@8214as r edohente entbedinecats, iherselimsnudsitiedpolyesteri®oyliC michugePcansitselthen

added and, t r.eacti.on m xture was .heated. to,190C .and the,,acid val ue was
e aour da s, By R PG s By PRl it S R Do ST Fl Y et o
M Xt Ur &owgsis€ pak eﬁian@fthéggn&m ctif@Retifle MER cOhtidy cdgpolitiohN@Ise@Stet i Ng resin

had a solids content of % Exanple B EOOS_SI] A pol yest er- nel am ne m crogel
i n accdodsiee agiytin miciegslny aRor it abihe griag apkiglermpnproride beltereag geptrol in

I ngr editﬁ@f)ﬁfner é’é"a)uﬁg %&4183‘&@31”; Q@é}ﬁ? %Qa%?jalllgaﬂi%ﬁ Q higher solids content, such as 55%

or higher, in the primer coating composition.

[0022] While the inventors do not wish to be bound by any particular theory, it may
be that the presence of the self-emulsified polyester microgel in the primer coating
composition improves the “hold-out” of the subsequently applied coating composition (b).
As used herein, the term hold-out refers to preventing or minimizing significant mixing
between a first applied uncured coating composition and the subsequently applied uncured
coating composition(s), i.e., the layers remain largely separate and distinct. Thus, the present
invention allows for maintenance of separate and distinct layers in a wet-on-wet, or wet-on-
wet-on-wet, application. A coating system that does not have good hold-out between the
layers may have poor appearance, such as “mud-cracking”, which is evidenced by small
cracks or fissures on the surface of the coating, or by consistency of shortwave appearance
over a range of processing conditions.

[0023] The self-emulsified polyester microgel can be used in the primer coating
composition in any amount desired by the user. In certain embodiments, it can range from
20% to 80% by weight on a basis of total resin solids of the primer coating composition, such
as from 40% to 60%.

[0024] The primer coating composition comprising the self-emulsified polyester
microgel may further comprise an additional aqueous polymeric resin such as a polyurethane
resin, a polyester-polyurethane resin, a thermosettable dispersion, or combinations thereof.
For example, the additional aqueous polymeric resin can be a polyurethane dispersion such as
that described in Example 1 of United States Patent Number 7,709,093, incorporated in
pertinent part by reference herein. An example of a thermosettable dispersion is described in
United States Patent Number 6,180,181 (column 3, line 26 through column 13, line 8),
incorporated in pertinent part by reference herein. The thermosettable dispersion can
comprise microparticles comprising (a) an acid functional reaction product of ethylenically
unsaturated monomers, and (b) a hydrophobic polymer having a number average molecular

weight of at least 500. In certain embodiments, the hydrophobic polymer has an acid value of
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Raw Material Amount (g) Chg 1 Pol yester from Exanple A 219.8 Chg 2 CYMEL
3272 83.6 Chg 3 Dinet hyl et hanol m ne (DVEA) 5.6 Deionized (D) Water 106
Chg 4 DI wat2er2/044954 PCT/US2011/054260

less than 20. The total amount of the additional aqueous polymeric resins can be, for
example, from 5% to 60% by weight on a basis of total resin solids of the primary coating
composition, such as from 12% to 40%, although higher or lower amounts could also be
used.

[0025] In addition to the self-emulsified polyester microgel, the primer coating
composition can also comprise one or more crosslinking materials capable of reacting with
the functional groups of the self-emulsified polyester microgel to form a cured film. Any
suitable crosslinking material may be used. Suitable crosslinking materials include
aminoplasts and polyisocyanates, and mixtures thereof. Useful aminoplast resins may be
based on the addition products of formaldehyde with an amino- or amido-group carrying
substance. In one embodiment, the crosslinker is a methylated, high-imino melamine
derivative such as that which is sold under the trade name of CYMEL 325.

[0026] While the aldehyde employed may be formaldehyde, other similar
condensation products can be made from other aldehydes, such as acetaldehyde,
crotonaldehyde, acrolein, benzaldehyde, furfural, glyoxal, and the like.

[0027] Condensation products of other amines and amides can also be used, for
example, aldehyde condensates of triazines, diazines, triazoles, guanadines, guanamines, and
alkyl- and aryl-substituted derivatives of such compounds, including alkyl- and aryl-
substituted ureas and alkyl- and aryl-substituted melamines. Examples of such compounds
include N,N’-dimethyl urea, benzourea, dicyandiamide, formaguanamine, acetoguanamine,
glycouril, ammeline, 3,5-diaminotriazole, triaminopyrimidine, 2-mercapto-4,6-
diaminopyrimidine and carbamoyl triazines of the formula C;N3(NHCOXR); where X is
nitrogen, oxygen or carbon and R is a lower alkyl group having from one to twelve carbon
atoms or mixtures of lower alkyl groups, such as methyl, ethyl, propyl, butyl, n-octyl, and 2-
ethylhexyl. Such compounds and their preparation are described in detail in United States
Patent Number 5,084,541 (column 2, line 50 through column 7, line 63) incorporated by
reference in pertinent part herein.

[0028] The aminoplast resins may contain methylol or similar alkylol groups, and at
least a portion of these alkylol groups may be etherified by reaction with an alcohol. Any
monohydric alcohol can be employed for this purpose, including methanol, ethanol, pentanol,
hexanol, heptanol, as well as benzyl alcohol and other aromatic alcohols, cyclic alcohols such
as cyclohexanol, monoethers of glycols, and halogen-substituted or other substituted alcohols

such as 3-chloropropanol and butoxyethanol.



355 Chg 5 DVEA 1.82 DI Water 122 Chg 6 DI Water 57 2CYMEL 327 is a
nmet hyl ated, high imno nelam ne derivative available from Cytec Industries,
I nc. [O005WDTo122044954i t er j acketed reacti on vessel outfitPed/useeih/oas2seirrer,

gas inlet, thernoneter and condenser was added the contents of Chg 1. Chg 2

was ad nder agitation to . ensure honpgeneity. The anount of DMEA in Chg
3 was iﬁ&%ﬂl at ed y%’é@éc’)]Fé)P lsoi‘f?é%}%arteam?gggflﬁfrﬁl %é‘scé‘&ssﬁ%ﬂg ?%Félt'ahﬁ val ue of
the st %fotlﬁﬂg:tyﬁ’lﬁté/@a%tl?erprelg?&i §0M@asvarria%noﬁg&gﬂnﬁ@@oﬁmwgqqat%ﬁ£1% andE LS

followed by the addition of Chg 4. ThHe reaction mxture was heated to 88C.
Upon r eddbéked pBGocaameavpianmes afenivytdel paliisot yrmates swbslettyimasasepaet wit h a

rotatiaqgnal visconeter. The neasured,viscosity  increased.as the reaction
proc eeggocﬂ1 ﬂFO%@%YWeCﬁIS%CX?P%tS%E%Veoqllsﬁwa%%’é W Y?“@SS%%&YC@%Y enper at ur e
was 1 edusendt®), Bophadk dikecymhity hi BORUEY MiiQLANSE 2@S- 4RIy adritledsl vacuum
Chg 5 & 6 were then added to fully neutralize the resin and reduce the

sol i ds hesamethyleps digsicaarate. [l ol mefulope sisrcyanapdetsiagthviaylyenspar ed from

the fol diﬁx\éﬂgatie N84 Q,qli’ —Ec‘lﬂ}h%hylmethylene diisocyanate. In addition, blocked polyisocyanates
can be used. Examples of suitable blocking agents include those materials that would
unblock at elevated temperatures such as lower aliphatic alcohols including methanol, oximes
such as methyl ethyl ketoxime, lactams such as caprolactam and pyrazoles such as
dimethylpyrazole.
[0030] The amount of the crosslinking material used can vary. In certain
embodiments, it can range from 5% to 50% by weight on a basis of total resin solids of the
primer coating composition, such as from 10% to 25%.
[0031] In certain embodiments, the primer coating composition may contain catalysts
to accelerate the crosslinking reaction. Suitable catalysts for aminoplast cure may be selected
from those known in the art and may include acids such as acid phosphates and sulfonic acid
or a substituted sulfonic acid. Examples include dodecylbenzene sulfonic acid, paratoluene
sulfonic acid, and the like. Suitable catalysts for isocyanate cure include organotin
compounds such as dibutyltin oxide, dioctyltin oxide, dibutyltin dilaurate and the like. The
catalyst may be present in varying amounts. In certain embodiments, the catalyst may be
present in the amount of 0.05% to 5.0% by weight on a basis of total resin solids of the
primer coating composition, such as from 0.08% to 2.0%.
[0032] In certain embodiments, additional ingredients such as pigments and fillers
can be present in the primer coating composition. Any suitable pigments and fillers may be
used. Useful pigments include hiding pigments such as titanium dioxide, zinc oxide,
antimony oxide, etc. and organic or inorganic UV opacifying pigments such as iron oxide,
transparent red or yellow iron oxide, carbon black, phthalocyanine blue, and the like. Useful
fillers include barium sulfate, magnesium silicate, calcium carbonate, and silica. The amount
of fillers and pigments can vary. In certain embodiments, the fillers and pigments may be
present in the amount of 20% to 80% by weight on a basis of total solids of the primer
coating composition, such as from 30% to 60%.
[0033] The primer coating composition can contain, in addition to the components

described above, a variety of other optional materials. Such materials may include anti-
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Raw Material Amount (g) Chg 1 EPON 8803 188 |sononanoic Acid 158
Et hyl tri phenyl phosphoni um i odi de 0.35 WD 2012/ 044954PCT/ US2011/ 054260
Chg 2 MAGED 20B8/BIRA4E04 492 1, 4- Cycl ohexanedi nmet hanol 3®0T/US2011/054260

oxidants, UV-absorbers and hindered amine light stabilizers such as hindered phenols,
benzophenones, benzotriazoles, triazoles, triazines, benzoates, piperidinyl compounds and
mixtures thereof. These materials may be added in any suitable amount. In certain
embodiments, these materials may be added in amounts of 4% or less by weight on a basis of
total solids of the primer coating composition. Other optional materials may include co-
solvents, coalescing agents, neutralizing amines, defoamers, plasticizers, associative
thickeners, bactericides and the like.

[0034] In certain embodiments, the primer composition exhibits some level of UV
durability, which can be achieved through any means known in the art, such as the use of
appropriate additives, the use of UV-durable film formers, and/or selection of monomers for
use in the polyester microgel that are known to impart UV durability, such as aliphatic, rather
than aromatic, monomers. In some embodiments, the polyester microgel comprises greater
than 40 wt%, such as greater than 60 wt%, aliphatic monomers.

[0035] The primer coating composition comprising the self-emulsified polyester
microgel may be applied onto the surface of the substrate, by any suitable coating process
known to those skilled in the art. For example, the primer coating composition may be
applied by dip coating, direct roll coating, reverse roll coating, curtain coating, spray coating,
brush coating, electrostatic spray coating, and combinations thereof. The method and
apparatus for applying the coating composition to the substrate is determined in part by the
configuration and type of substrate material.

[0036] After application of the primer coating composition to the substrate, the
composition can be at least partially dried by evaporating water and solvent (if present) from
the surface of the film by air drying at ambient temperature (25 °C) or an elevated
temperature for a period of time sufficient to dry the film but not significantly crosslink the
components of the composition.

[0037] After the primer coating composition has been applied to the substrate and
optionally dried (but not cured), a second coating composition is applied to at least a portion
of the substrate coated with the primer coating composition. In certain embodiments, the
second coating composition is a basecoat. The second coating composition may be a
conventional basecoat coating composition as described, for example, in United States Patent
Numbers 7,709,093 (column 19, lines 56-60 and column 20, lines 22-43) and 6,180,181
(column 16, lines 18-33), both of which are incorporated in pertinent part by reference herein.
Other suitable compositions may include those formulations commercially available from

PPG Industries, Inc. as HWB and DWB. The second coating composition can include
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Chg 3 Maleic anhydride 49 Trinellitic anhydride 288 Chg 4 DOMANOL DPNb
165 Chg 5 D net hyl et hanol am ne 52.2 Deionized (D) Water 470 Chg 6
WO 2012/044954 PCT/US2011/054260

crosslinking materials, pigments, and additional ingredients such as those described above for
the primer coating composition, or further described in United States Patent Number
7,776,959 (column 4, line 38 through column 5, line 59) incorporated in pertinent part herein.
In certain embodiments, the basecoat may be transparent or semi-transparent and/or may
contain colorants such as effect pigments. As used herein, the phrase "transparent or semi-
transparent” refers to coating layers and/or colorants used therein, such as pigments, with a
haze of at least 5%. In certain embodiments of the present invention, the transparent or semi-
transparent coatings/pigment has a haze of 5 up to 55%, or, in other embodiments, 10 up to
55%. Haze is a measurement of the transparency of a material and is defined by ASTM
D1003. In such embodiments, some level of UV durability may be desired in the primer
layer.

[0038] After application of the second coating, it can be at least partially dried by
evaporating water and solvent (if present) from the surface of the film by air drying at
ambient temperature (25 °C) or an elevated temperature for a period of time sufficient to dry
the film but not significantly crosslink the components of the composition.

[0039] In an embodiment of the method of the present invention, after the second
coating composition has been applied to the substrate coated with the primer coating
composition and optionally dried (but not cured), a third coating composition may be applied
to at least a portion of the substrate coated with the second coating composition. In certain
embodiments, the third coating composition is a clearcoat. Examples of suitable clearcoat
compositions include those described in United States Patent Numbers 5,098,947 (column 3,
line 9 through column 8, line 59), 5,196,485 (column 2, line 13 through column 10, line 47),
5,814,410 (column 4, line 51 through column 9, line 57), and 5,663,240 (column 2, line 10
through column 5, line 7), all of which are incorporated in pertinent part by reference herein.
The third coating composition can include crosslinking materials, abrasion resistant particles
such as those described in United States Patent Number 7,053,149 (column 19, line 50
through column 24, line 29), incorporated in pertinent part herein, and additional ingredients
such as those described above for the primer coating composition but typically not colorants
that would render the coating opaque.

[0040] In those embodiments where a third coating composition has been applied to
the substrate on at least a portion of the second coating composition, the substrate coated with
the primer and subsequent coating compositions is heated to cure the coating compositions.
In the curing operation, water and/or solvents are evaporated from the surface of the coating

and the crosslinking reaction takes place. In certain embodiments, the heating or curing
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DI Water 2329 3EPON 880 is a Bisphenol A - epichlorohydrin resin avail able

from Hexi on Specialty Chem cals. 4Cynel MACOL 98 BPA: EO is an ethoxyl at ed

Bi sphenolw@ 2ploseds4avai | abl e from BASF. 5DOVNANCL DPM i s Pdirfirsoqyiost2e0 gl ycol

nononet hyl ether, avail able from Dow Chem cal Co. [0057] To a four necked, 5
' er and

liter reaction flask outfitted with a.stirrer, sdnlet, the t
condensrTaNgs MAYREFATIRY WO AL BiITTOCBIUIeRy ! oo Tt P P BARS heat ed
to 150%ﬁﬁés.hﬁb@ei~'&tﬂi§hérfﬂéigﬁ&&hf@d%hn 86 L R IH& VRS tadivattN@oGRRLiRRT S of Chg
2 and Chg 3 were then added to the flask and the reaction m xture was

heat ed merha®e@s.mdke ncknessyf thdhditied dnd qroisliniredoadng sysrar egnuvasy. dndeman exceed
100 C. A.,slow nitrogen stream helped re e .the.water condensat As_soon
n e Aot AR R TR DR ol R kPRt e CBR BT P bk o

whi ch pRINES a5 mivsncadshedr bl £antd nued 0ce 5D Miclotetekd0 C. Wien t he
reaction mxture was cooled to < 100C an aqueous di spersion was produced by

addi ng [894115 and Igieghes enmppdintenttathedrepecopiie ¢raepoaition]is asnapeeraenthef 32%
e R R
VO 201 24ef#128 4P&GH 1052 hh&D412 60t orddvwitidhed subkeqfemiiéar gat iChex tipiPallyest er
from Exanpl e C 1500 . Di net hyl et hanol am ne (DVEA) 2.3 . Deionized (D) Water
240 used. After application of the Second coating, the substrate coated with the primer and

second coating compositions is heated to cure the coating compositions. The curing

operation may take place as described above for the case where the second coating is a

basecoat. The thickness of the dried and crosslinked coating system can vary. In certain

embodiments, the thickness of the dried and crosslinked coating system may be from 0.2 to 5

mils (5 to 125 micrometers), or from 0.4 to 10 mils (10 to 250 micrometers).

[0042] Use of the self-emulsified polyester microgel according to the method of the

present invention may provide coating systems which, when cured, have one or more

desirable properties such as good appearance (smoothness) and/or color control, good

adhesion to the substrate, and/or chip resistance.

[0043] Accordingly, the present invention is also directed to a multilayer coating

system comprising the primer layer, the second coating and the optional third coating as

described herein.

[0044] Any substrate can be coated according to the method of the present invention.

Suitable substrates can be formed from inorganic or metallic materials, thermoset materials,

thermoplastic materials, and combinations thereof. The metal substrates coated by the

methods of the present invention can include ferrous metals such as iron, steel, and alloys

thereof, non-ferrous metals such as aluminum, zinc, and alloys thereof, and combinations

thereof.

[0045] Before depositing the coatings upon the surface of the metal substrate

according to the present invention, it may be desired to remove foreign matter from the metal

surface by thoroughly cleaning and degreasing the surface by physical or chemical means

such as are well know to those skilled in the art. A pretreatment coating, such a BONAZINC

zinc-rich pretreatment (commercially available from PPG Industries, Inc.), can be deposited

upon at least a portion of the surface of the metal substrate.
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Chg 2 Hydroxyproypl nethacrylate 33.2 Styrene 66.4 Butyl Acrylate 66.4
Chg 3 Isoascorbic acid 0.511 DI Water 5 Chg 4 Ferrous Ammoni um Sul fate
0. 0034 WO 2012/044954 PCT/US2011/054260

[0046] An electrodeposited coating is typically applied to the surface of an
electroconductive substrate such as a metal substrate prior to applying the primer coating
composition described above. Useful electrodepositable coating compositions include
conventional anionic or cationic electrodepositable coating compositions. Methods for
electrodepositing coatings are well known to those skilled in the art. Useful compositions and
methods are discussed, for example, in United States Patent Number 5,530,043 (relating to
anionic electrodeposition) and United States Patent Numbers 5,760,107; 5,820,987 and
4,933,056 (relating to cationic electrodeposition) incorporated by reference in pertinent part
herein.

[0047] Useful thermoset materials include polyesters, epoxides, phenolics,
polyurethanes and mixtures thereof. Useful thermoplastic materials include polyolefins,
polyamides, thermoplastic polyurethanes, thermoplastic polyesters, acrylic polymers, vinyl
polymers, copolymers and mixtures thereof.

[0048] Substrates coated according to the present invention can be, for example,
automobile parts. The thickness of the substrate can vary as desired. Many load-bearing
components of automobile bodies are formed from metal substrates, and these may include
body panels, doors, fenders, hoods, or bumpers. Automobile parts typically formed from
thermoplastic and thermoset materials include bumpers and trim. It is desirable to have a
coating system which can be applied to both metal and non-metal parts.

[0049] As used herein, unless otherwise expressly specified, all numbers such as
those expressing values, ranges, amounts or percentages may be read as if prefaced by the
word “about”, even if the term does not expressly appear. Plural encompasses singular and
vice versa. For example, while the invention has been described in terms of "a" self-
emulsified polyester microgel, “a” polyester-melamine microgel, “a” polyester-acrylic
microgel, and the like, mixtures of these and other components, including mixtures of
microparticles, can be used. Also, as used herein, the term “polymer” is meant to refer to
prepolymers, oligomers and both homopolymers and copolymers; the prefix “poly” refers to
two or more. When ranges are given, any endpoints of those ranges and/or numbers of
subranges within those ranges can be combined in any combination within the scope of the
present invention. “Including”, “such as”, “for example” and like terms means

“including/such as/for example but not limited to”.
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DI Water 5 Chg 5 Hydrogen Peroxide (35% 2.34 D Wter 20 Chg 6 DVEA
4.58 DI Water 5 [0059]To a four necked, 5 |liter reaction flask outfitted
Wi th a stworerzo4gms i nlet, thernoneter, and condenser wasTasded/ 054260
contents of Chg 1. Wiile the reaction was heating to 35C vacuum was appl i ed
to renove the di ssol ved oxygen. Umﬁng 35C, the vacuum was broken
with a nitrogen streamand the re conti nued under nitrogen

at mosphgpsy) Chg zfﬁé%es%gﬂﬁdeﬁt%lvﬁm fQMhe%tdegcrrib@ej bwéfef%nea pUhesooWIgy Chg 3
& 4 were added followed by stirring f m nutes. Chg 5 was then added all
at oncexamglegithatiare Renaiynillt gigatian Oéﬂmtlhmntﬁpe asdiang.noThngendedibt limi thenper at ur e
reached 55 to,65C and held
for 1 etied e Meap i At EmitiGman e B e e el A58 &% Was ¢ hen
cool ed #&e@5C and Chg 6 was added. A nearly transparent dispersion with a
solids content of 35% and pH of 6.8 was obtai ned.

Example A
[0051] A polyester was prepared from the following ingredients:
Raw Material Amount (g)
Chg 1 Isomerginic acid SF' 658
Trimethylolpropane 3334
1,6-Hexanediol 153
Phthalic anhydride 278.4
Chg 2 Trimellitic anhydride 182.6
Chg 3 Methylisobutylketone 394

"Tsomerginic acid SF is available from Harburger Fettchemie and is mixture of fatty acids containing approx
60% of conjugated diene substituted C;5 fatty acid.

[0052] To a four necked, 2 liter reaction flask outfitted with a stirrer, gas inlet,
thermometer and condenser was added the contents of Chg 1. The reaction mixture was
heated in stages to 230°C and held until the acid value was below 5. A slow nitrogen stream
helped removed the water condensate. As soon as an acid number <5 was reached, the
reaction was cooled to <150° C. Chg 2 was then added and the reaction mixture was heated
to 190°C, and the acid value was measured every 30 minutes. Upon reaching an acid value
of 32, the reaction mixture was cooled to 110°C and then thinned with Chg 3. The resulting

resin had a solids content of 80%.

Example B

[0053] A polyester-melamine microgel in accordance with the invention was prepared

from the following ingredients:
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Exanple 1 Prinmer coatin2 conposition usin2 Polvester-Mlamne Mcro2el
[ 0060] A primer coating conposition in accordance with the invention was

pr epar ed woam2dieesfiol | owi ng i ngredi ents.
commercially fromPPG I ndustries Inc.

vessel
past e

m nut es,

et her

Pi gment di sper cons2@uasd2abl e
were first blended in a suitable

for wat errberne—waterial—Mterial—Armunt{g)—86T62-9166TIi O2 tinting
avai |l abl e |from PF@ waterial 175 43 86B27928BHK (@) dck Tint | ng Paste
avai | abl e from PR, INd A3 ER ExuaE3E Al NOT edijent % re nmixed for 15
and theldfﬂglll (n:}felanrre ents were adde 2Kgaqi tlati on: Materi al
Amount (g) CYMEL 3256 ?1. 25 Propyl ene glycol 5.00 Et hyI ene |gl ycol nonohexyl
3. 30 | SOPARIK—M-NERAL—SPIRI-T+—3-80bBret-hyhene—glyeel—nonobut yl et her
"Chg 2" | CYMEL 327 83.6
Chg 3 Dimethylethanolmine (DMEA) 5.6
Deionized (DI) Water 106
Chg 4 | DI Water 355
Chg 5 DMEA 1.82
DI Water 122
Chg 6 DI Water 57

*CYMEL 327 is a methylated, high imino melamine derivative available from Cytec Industries, Inc.

[0054]

To a 1 liter jacketed reaction vessel outfitted with a stirrer, gas inlet,

thermometer and condenser was added the contents of Chg 1. Chg 2 was added under

agitation to ensure homogeneity. The amount of DMEA in Chg 3 was calculated at 80% total

neutralization based upon the acid value of the starting polyester. Chg 3 was then added and

stirred for 5 minutes followed by the addition of Chg 4. The reaction mixture was heated to

88°C. Upon reaching 88°C, a sample was removed and the viscosity measured with a

rotational viscometer. The measured viscosity increased as the reaction proceeded.

[0055]

When a viscosity of 4000 mPas was reached, the temperature was reduced to

55°C and the methylisobutylketone was removed under vacuum. Chg 5 & 6 were then added

to fully neutralize the resin and reduce the solids to 25%.

Example C
[0056]

A polyester dispersion was prepared from the following ingredients:

Raw Material Amount (g)
Chg 1 | EPON 880° 188

Isononanoic Acid 158

Ethyltriphenylphosphonium iodide 0.35

15



4.90 6CYMEL 325 is a 71 SOPAR K M NERAL SPIRIT, avail able from ExxonMobi |
Chem cal Conpany. This m xture was agitated for 15 mnutes and the

f ol | owi ngwpesixigus4bi nders were added: Material Amount @@X/US2011/054260

Pol yest er - el am ne M crogel of Exanple B 157.92 Pol yur et hane di spersion

(prepared as desertbed+AU-S—7709092 FExanple—1) 5168 bei oni zed wat er
12. 67 D nmethyl ethanol am ne (50% solution in dejonized water) 1.33 WO
2012/ 044954PCT/ USg{I 37 UbfpAB0L @8 viscosity[of tjig sanpl e was 21
seconds #4 Ford wth a pignent tﬁ% @S) ratio of 1.09/1 and solids of
43. 42% The pH of the sahpl@yodsiexBocdimethx@ipl e 2| Pri3é®r coatin2
Con'posi t | on usi ne Po! yn'\f er Ar\r\ll ate rnci a r00671 A pl’l mer (Oati ng
conposition sim|ar to =xanpl e 1 was prepared framthe fol |l owi ng
i ngredients. Pig[E [f’ T SREISE dfgEe first blended i fga suitabl e vessel
for waterborne nateria Material Anount (g) 86T62-9166Ti 02ti nting paste
Trimellitic anhydride 288
Chg4 |DOWANOL DPM’ 165
Chg 5 Dimethylethanolamine 52.2
Deionized (DI) Water 470
Chg 6 DI Water 2329

*EPON 880 is a Bisphenol A — epichlorohydrin resin available from Hexion Specialty Chemicals.
*Cymel MACOL 98 BPA:EQ is an ethoxylated Bisphenol A polyol available from BASF.
*DOWANOL DPM is dipropylene glycol monomethyl ether, available from Dow Chemical Co.

[0057] To a four necked, 5 liter reaction flask outfitted with a stirrer, gas inlet,
thermometer and condenser was added the contents of Chg 1. The reaction mixture was
heated to 150°C and held until the residual acid value was < 3. The contents of Chg 2 and
Chg 3 were then added to the flask and the reaction mixture was heated to 190°C max
ensuring that the column head temperature did not exceed 100° C. A slow nitrogen stream
helped remove the water condensate. As soon as an acid number of 33 was reached, the
reaction was cooled to 135°C at which point Chg 4 was added with continued cooling to
<100° C. When the reaction mixture was cooled to < 100°C an aqueous dispersion was
produced by adding Chg 5 and Chg 6. The final dispersion had a solids content of 32% and a
pH value of 6.5.

Example D

[0058] A polyester-acrylic microgel in accordance with the invention was prepared

from the following ingredients:
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available from PPG | nd
available from PPG | nd

Amount (g) CYMEL 325 21

Inc. 175.43 86B2792Car bon Bl ack Tinting Paste
Inc 43.85 These ingredients were m xed for 15
m nut es, woaotdg493el | owi ng i ngredi ents were added w t h @&girtuskilans4s2Mat eri al

.25 Propyl ene gl ycol

5.00 Ethyl ene gl

ycol nonohexyl

et her 3. 30 | SOPARK—M-NERAL—SPIRI-T3-—80brethylepe—ghyreol—mpnobut yl et her
4.90 This mixtufe was a§ePaYlaeialr 15 ninutes a1dAﬁW@nf8¥I0mﬁng r esi nous
bi nders were addeg,, Vot EpL Bk PSR ExLAbIE! YESTer-acnghh ¢ Mcrogel of
Exanmpl e D 112. 80
Dimethylethanolamine (DMEA) 2.3
Deionized (DI) Water 240
Chg 2 Hydroxyproyplmethacrylate 33.2
Styrene 66.4
Butyl Acrylate 66.4
Chg 3 Isoascorbic acid 0.511
DI Water 5
Chg 4 | Ferrous Ammonium Sulfate 0.0034
DI Water 5
Chg 5 Hydrogen Peroxide (35%) 2.34
DI Water 20
Chg 6 | DMEA 4.58
DI Water 5
[0059] To a four necked, 5 liter reaction flask outfitted with a stirrer, gas inlet,

thermometer, and condenser was added the contents of Chg 1. While the reaction was

heating to 35°C vacuum was applied to remove the dissolved oxygen. Upon reaching 35°C,

the vacuum was broken with a nitrogen stream and the reaction was continued under nitrogen

atmosphere. Chg 2 was added followed by stirring for 5 minutes, then Chg 3 & 4 were added

followed by stirring for 5 minutes. Chg 5 was then added all at once and within 2 minutes an

exotherm ensued. The reaction temperature reached 55°C within 10 minutes. The reaction

was then heated to 65°C and held for 1 hour to ensure complete monomer conversion. The

reaction was then cooled to 35°C and Chg 6 was added. A nearly transparent dispersion with

a solids content of 35% and pH of 6.8 was obtained.
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Pol yur et hane di spersion (prepared as described in U S. 7,709,092, Exanple
1) 51.68 Deionized water 30.33 D nethyl ethanol am ne (50% solution in

dei oni zedwoaberiu4$400 WO 2012/ 044954PCT/ US2011/ 054260 POOASRIh®s4266COSity
of the sanmple was 25 seconds #4 Ford with a pignent to binder ratio of
1.09/1 and solids of 45.98% The pH of the sanple was 8.56. Exanple 3
Primer coating conposition using Polyester Acrylic mcrogel as a pignent
grind vehicle [0064] A priner coati mai@[@psi tion in accordance with the

i nvention was prepared fromthe fo oW Nng |ngred| ents. A pi grrent paste was
first made wi t hPrhme aling ; gt Rolyastardyliekminaiig

&)

Pol yest lic, M 67..20 Dei d t hyl
et hanol 00§He” oy Mgronele Cﬂmag?ﬁ?ﬁ %C%&f%w{sﬁ Z%@@awés picpgisd "t
Def oamatdin Zhe2b11B¥ i g-indiBdiefdsi Peliniht @dgérsionieBvailable commercially from PPG

Industries Inc. were first blended in a suitable vessel for waterborne material.

Material Amount (g)
86T62-9166 TiO2 tinting paste

175.43
available from PPG Ind. Inc.
86B2792 Carbon Black
Tinting Paste available from PPG 43.85

Ind. Inc

These ingredients were mixed for 15 minutes, and the following ingredients were added with

agitation:
Material Amount (g)
CYMEL 325° 21.25
Propylene glycol 5.00
Ethylene glycol monohexyl ether 3.30
ISOPAR K MINERAL SPIRIT’ 3.80
Diethylene glycol monobutyl ether 4.90

SCYMEL 325 is a methylated, high imino melamine derivative, available from Cytec Industries, Inc.
"ISOPAR K MINERAL SPIRIT, available from ExxonMobil Chemical Company.

This mixture was agitated for 15 minutes and the following resinous binders were added:

Material Amount (g)
Polyester-melamine Microgel of

157.92
Example B
Polyurethane dispersion (prepared as S1.68
described in U.S. 7,709,092, Example 1)
Deionized water 12.67
Dimethyl ethanol amine (50% solution 133
in deionized water)
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4.15 RAVEN 410 Carbon Bl acki 3.36 R972 Funed Silicall 1.12 Bariumsulfate
avai l abl e from Sol vay 95.20 Titani um D oxi del2 5. 60 Magnesiumsilicate

M cr ot al cWwhRODRD4HBL3 6. 72 Dei oni zed water 4.92 ' Avai | ablpeTfusemiAsizb@nd
Chem cal s. 9Avail abl e from Byk- Chem e. mAvail abl e from Col unbi an Chemi cal s.

"Avai | from ussa.. 1 ai labl e from DuPo Chem cals. ''Avail able
from BQBQ&]S M n Ivéscoﬁiﬁé%‘s%f: ﬁﬁ?fg'ﬁl“{é’ﬁtzi gh Fegd thﬁQF’gg%ed“\'ﬁ RIS hi gh
speed oMb of ﬂb@ﬁ%h&%hcfs%ﬂg@%‘o%epﬁ%?ﬁlegﬁ pesvmﬁ.hen mlled for 1.5
hours using an Eiger Media mll. To this pas the follow ng ingredients

were added wth agitation: Nhterlal Amount (g) CYMEL 325 21.25 Propyl ene
gl ycol 5.00
Example 2

Primer coating composition using Polvester Acrylate resin

[0062] A primer coating composition similar to Example 1 was prepared from the
following ingredients. Pigment dispersions were first blended in a suitable vessel for

waterborne material.

Material Amount (g)
86T62-9166 TiO, tinting paste

175.43
available from PPG Ind. Inc.
86B2792 Carbon Black
Tinting Paste available from PPG 43.85

Ind. Inc

These ingredients were mixed for 15 minutes, and the following ingredients were added with

agitation:
Material Amount (g)
CYMEL 325 21.25
Propylene glycol 5.00
Ethylene glycol monohexyl ether 3.30
ISOPAR K MINERAL SPIRIT 3.80
Diethylene glycol monobutyl ether 4.90

This mixture was agitated for 15 minutes and the following resinous binders were added:

Material Amount (g)
Polyester-acrylic Microgel of Example D 112.80
Polyurethane dispersion (prepared as S1.68
described in U.S. 7,709,092, Example 1)

Deionized water 30.33
Dimethyl ethanol amine (50% solution in 500

deionized water)
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Et hyl ene gl ycol nobnohexyl ether 3.30 Isopar K Mneral Spirit 3.80

D et hyl ene gl ycol nonobutyl ether 4.90 This mxture was agitated for 15
m nut es awo 20045 | ow ng resi nous binders were added: Watramsea@l/ofvmwunt (Q)
Ther nosettabl e dispersion (prepared as described in U S. 6,180,181) 87.35

Pol yur e di spersi.on ared as d crlb d i 709, 092, anpl e
1) 51. §§8@| oni zefedtcest g?f@%ﬁ%ﬁt“@l et 6#@&%@“%8@%%%&?%%

dei oni ze6, Y&t 89)1 add Adids[ FAGTTherid m%%tﬁeysaﬁl g $84IPI € was 27 seconds #4
Ford with a pignent to binder ratio of 1.12/1 and solids of 52.94% The pH
of the sanple was 8.60. [0066] The prinmer coating conpositions of these
exanples were tested in a wet-on- Egt-og-fet (WONDW system versus a water

based control. The water based con fmer was JWPWB110, which is

comer CPahie¥ caxihg adthposifiiusiREPERRSRI AAMVIRTRIdryLel fak Al fifaent diived Véafitle
substrates were ACT cold rolled steel panels, 10.16 cm by 30.48 cm (4 inch
by 12 i[AéA] el ech p@@@a@@dmwcmpamam inoscemanse it heripyragion Wasprepatsdat i ng
comer i he pri nmer
coatlng£%%#%8§¥€® %q£§ﬁé%g é%%%@ﬂgﬁ{‘ﬁﬁghga mm asggqgontr were spray
appl i edngrédienmdt aut omat ed spray at 0.8 mls) to the panel s at 6096re|at|ve
hum dity and 21 C. (ne—set_of panels—waskept—at—anbient, tenperature (25 O

for 5 minutes prior |tMatgsialyi ng t he basecoat s @“HWHﬁéﬁllFlash" in Table 1).
h econ st o pand R LR REIF T 1y T gt 90, Cfor
WD 2012/ 044954 PCT/ USAXhiiphoBn260

Deionized water 7.96

Dimethyl ethanol amine (50% 047

solution in deionized water)

DREWPLUS L 108 Defoamer® 2.27

BYK - 181 Grinding additive’ 4.15

RAVEN 410 Carbon Black'® 3.36

R972 Fumed Silica'’ 1.12

Barium sulfate available from

Solvay 95.20

Titanium Dioxide' 5.60

Magnesium silicate Microtalc MP

10.501 6.72

Deionized water 4.92

¥ Available from Ashland Chemicals.

? Available from Byk-Chemie.
19Available from Columbian Chemicals.
" Available from Degussa.

12 Available from DuPont Chemicals.

13 Available from Baretts Minerals.

These ingredients were first dispersed with a high speed cowls dissolver for one hour. This
premix was then milled for 1.5 hours using an Eiger Media mill. To this paste, the following

ingredients were added with agitation:
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[0067] Al |

of the panels were then coated (2 coats automated spray at 0.55

mls) with a light blue netallic basecoat known as JWBWBR3 (commercial ly

avai | abl ewbromviRiP34 Kansai

Aut onot i ve Fi ni shes).

The panelCs/useria/ofd2ash baked

for 5 mnutes at 80 C and then coated (2 coats autonmated spray at 1.9 mils)

no—1CC1200 (e

red QII\I :nl:n | ahl o 'Fr

with a clearcoat, Ki
Aut onoti ve Fini shes)

ne
mToO— o OCo1LIZUU COTTirocT G1

Mategialanel s were baked f

T 1T 0T _C©

o ATHORI (8)¢

then for 20 m nutes
coated with a prinmer

FYNAFY. 335 [0068] The solve
coatl ng, FCP6519, avail d

Fi ni shes and then b3

HEdp}ﬂﬁl’[e fOcah nutes at 14Q

anrl r\l ear—coat—were -t

om PPG Kansai

es at 110 C and

nt ' control panel was
ble from PPG Kansai Autonotive
C ts06onpletely cure the

an annl i nrl

coating. The base caa
for the water based

chhflelaﬁ glyer] monohexy ﬁﬁleé 0

onpo§59| ons,

snoot hness of the cl
results are reported

qggsﬁ;l?%ﬁhry@aﬁ sured usi

ong wave and short v

/av e nunbers

Ng a; ByK "™

means snoot her fil n\
properties. TABLE 1

Diéthglehelglyend mgndtaidyletter g

Example Can Solidsl4, %

Snr av Sal i ds
Spay—6++G8S

rovi 468 the

Long wave Short wave
47.1

SB Contr ol

: 60.0 65.7 Fully cured 4 26 WB Control
AR €RfixkBre was agitated for 15 minutes and the following resinous binders were added:

Material Amount (g)
Thermosettable dispersion 87.35
(prepared as described in U.S.

6,180,181)

Polyurethane dispersion (prepared 51.68

as described in U.S. 7,709,092,

Example 1)

Deionized water 30.27
Dimethyl ethanol amine (50% 3.01
solution in deionized water)

[0065]

ratio of 1.12/1 and solids of 52.94%. The pH of the sample was 8.60.

[0066]

s descri bed above
[ 0069] The

escan i n which

where | ower val ues
nmeasur ed

15, % Fl ash Type

44. 8

The viscosity of the sample was 27 seconds #4 Ford with a pigment to binder

The primer coating compositions of these examples were tested in a wet-on-

wet-on-wet (WOWOW) system versus a water based control. The water based control

primer was JWPW8110, which is commercially available from PPG Kansai Automotive

Finishes. The test substrates were ACT cold rolled steel panels, 10.16 cm by 30.48 cm (4

inch by 12 inch), electrocoated with a cationically electrodepositable coating commercially

available from PPG Industries, Inc., as ED6060. The primer coating composition of each

example and the water based control were spray applied (1 coat automated spray at 0.8 mils)

to the panels at 60% relative humidity and 21° C. One set of panels was kept at ambient

temperature (25° C) for 5 minutes prior to applying the basecoats (“Ambient Flash” in Table

I). A second set of panels was partially dehydrated by flashing at §0° C for 5 minutes prior

to application of the basecoats (“Heated Flash™ in Table 1).
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6 34 heated" 5 30 Exanple 1 43.4 50.5 anbient 5 28 heated 5 28
Exanple 2 46.0 51.1 anbient 5
WO 2012/044954 PCT/US2011/054260

[0067] All of the panels were then coated (2 coats automated spray at 0.55 mils) with
a light blue metallic basecoat known as JIWBWE8R3 (commercially available from PPG
Kansai Automotive Finishes). The panels were flash baked for 5 minutes at 80° C and then
coated (2 coats automated spray at 1.9 mils) with a clearcoat, Kino JCC1200 (commercially
available from PPG Kansai Automotive Finishes). The panels were baked for 10 minutes at
110° C and then for 20 minutes at 140° C.

[0068] The solvent based control panel was coated with a primer coating, FCP6519,
available from PPG Kansai Automotive Finishes and then baked for 30 minutes at 140 °C to
completely cure the coating. The base coat and clear coat were then applied as described
above for the water based control and the example compositions.

[0069] The smoothness of the clearcoats was measured using a Byk Wavescan in
which results are reported as long wave and short wave numbers where lower values means

smoother films. The following Table 1 provides the measured properties.

TABLE 1
Example Can Solids™, Spriy Flash Type | Long wave | Short wave
% Solids ™, %

SB Control 60.0 65.7 Fully cured 4 26
WB Control 44.8 47.1 Ambient"® 6 34
heated"’ 5 30

Example 1 43.4 50.5 ambient 5 28
heated 5 28

Example 2 46.0 51.1 ambient 5 29
heated 5 27

Example 3 52.9 59.2 ambient 5 28
heated 5 29

™ Can solids are measured on the liquid coating formula. The preweighed sample is heated in a foil pan at 110
°C for 60 min and the % nonvolatile material is calculated.

1> Spray solids are measured on a coating sample that has been spray applied to a 4” x 4” foil square and flashed
at ambient temperature (25 °C) for 5 minutes. The coated substrates are heated at 140 °C for 30 minutes and the
% nonvolatile material is calculated.

1 Ambient flash panels were kept at ambient temperature (25° C) for 5 minutes prior to applying the basecoats.

' Heated flash panels were heated at 80° C for 5 minutes prior to application of the basecoats.
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solids are neasured on the liquid coating fornula. The prewei ghed sanple is
heat ed i rwa 20md4495an at 110 C for 60 m n and the % nonvelCatiske/as2e0i al is
cal cul ated. 15 Spray solids are neasured on a coating sanple that has been

spray jed to 4" foil re and fl d at anpient te rature
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panels were kept at anbient tenperature (25 C) for 5 m nut es prior to

appl yi righeated fbals etbasdids D7 exepled! Blaa@ﬂl higher! thavehe evaterdinesd @ntrel wahf or 5
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[0071] Whereas particular embodiments of this invention have been described above
for purposes of illustration, it will be evident to those skilled in the art that numerous
variations of the details of the present invention may be made without departing from the

invention as defined in the appended claims.
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WO 2012/ 044954PCT/ US2011/ 054260 [0070] As shown in Table 1, each of the
exanpl es 1-3 have snpot hness conparable to the solvent based control and
better thao20tenawesier based control, with either an anbipemtusoriiasireat ed
flash. The solids of exanples 1-3 are all higher than the water based
control i th that of Exanple 3 conparable to the solvent based control
[0071]VWE$%§§:particular enmbodi ments of this invention have been descri bed
above for purposes of illustration, it will be evident to those skilled in
the art that nunerous variations of the details of the present invention
may be Ihmde Avimetimngt fodeqaing iangbdtragancoimprisingzent i on as defined in the appended

claims. We claim_ 1.A nethod far coating a substrate, co i sing: a.
2pplying a dti mereRBA R Renshe FaRPonRy ot AEkET FopG R Tar b e

subst r atigreiMiRs dlﬂﬁrﬁelt dotiRyg tampo e doRgrBNP Q- EhORifeaPBlyeS®S microgel;
self-enul sified polyester m crogel; ~b. applying a second coating
conposi ti on o atapplakg a gecped €BNE 6PMPREtian tpsit depsea podpeaf RietshbIHE pri mer
coatin ! J ye i fi $ i curing the
coat e GAAST i ABf SRIRANRLLA) Y lien! o Sl IRLATEL A ycurl g (1
a thir dueipgthengitanpasng ¢ampdsdioatoflcempbnent pOr ti on of the substrate coated
with the coating conpagsitiaon of conponent (b) wi thout first substantially
curing (a) dnd/ oroptigyally, applying a thig gpaiReicaMPYsiHOR fhy leatka pordion of the
CONPOSI &1, 9M%e QfarOIROBR Yo StifAomidikict M coibohtBh) wifhout ArsT BbsiBkAR. Of
Clainlf, mﬁ%ﬁg%% one or nn?éﬁ%?néhemhoaf?n Oco 3§%@%€%ssbgﬁ?g§f b) and
(c), i fcuisgdy) and/ondlh)er bor ne. 3. The nmet hod of Claim 1, wherein the

self-enul sifjed polyester m.crqgel conprises.a polyester-nelam ne mcrogel.
3 The ot hodbof PR GRERELT ORI RS ians B Y e BTy Bs HBrMet art e

M crogelse£QRPri ses a reaction product conprising isonerginic acid,
trimethylol propane, 1,6- hexanediol, phthalic anhydride, and/or
trimellitic anhydride. 5.The method of Caim3, wherein the polyester

compr 525, oo BRG] LA S5 EeTR Bs ChBb Pl B e

mel am ngddey, ifaéd iewatérbbage. et hod of Claim 1, wherein the self-enulsified

pol yester mcrogel conprises a polyester-acrylic mcrogel. WO
2012/ 044954PCT/ US2011/ 054260
3. The method of Claim 1, wherein the self-emulsified polyester microgel comprises a

polyester-melamine microgel.

4. The method of Claim 3, wherein the polyester of the polyester-melamine microgel
comprises a reaction product comprising isomerginic acid, trimethylol propane, 1,6-
hexanediol, phthalic anhydride, and/or trimellitic anhydride.

5. The method of Claim 3, wherein the polyester comprises acid functionality.

6. The method of Claim 3, wherein the melamine of the polyester-melamine microgel

comprises a methylated, high-imino melamine derivative.

7. The method of Claim 1, wherein the self-emulsified polyester microgel comprises a

polyester-acrylic microgel.
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8. The nethod of Caim?7, wherein the polyester-acrylic mcrogel is prepared
by a nmethod conpri sing: a. reacting an anhydri de and/ or polyacid

conpri si yoaopalsyyser i zabl e doubl e bond, a pol yaci d, andraTpsbyolos426@ form a
pol yester conprising carboxylic acid groups; b. neutralizing at |east

a portion of the carb li¢ acid. grou of the. polyester; C.

di sper diong (TG THERY &1 ¢ PED TpBRYEE A PpRE ST LRa s WRPared Y 8 g addi ng
an et h){h&ﬁ&@@(yr@(ﬁm}%aturat ed nononer to the pol yester dispersion; e.
pol ymeri zi ng the ethylenically unsaturated nononer. 9. The nethod of Caim

8, wherein the anhyadingde ashydyrdesingigr aolyadig vemprisibg e pabuisirieabloddulonpri ses
mal ei ¢ ;anhydride.. 10. The t hod of aim7, wherein the polyester of the
pol yestbé)f[l-g’aac Pi?ijﬁ%ldrﬁfbdrao%%?&cg)n@FfP§é’§ly§sﬁ%8‘?§”{lﬁ’%ﬁﬁ%‘rz%‘a‘ﬂ‘cﬁc88#‘?&?%3%9 epoxy
resin, ethoxyl at egu@p@yg it€&dsha pbiSRA VA ARQUaEbAS i€ acitl fgkd )k lof tHeGoRydhiedr i de,
and/ or mal ei ¢ anhydri de.g 11. The,prret hod of Clog(?m 7, v%h?r%lei n tﬁ)e acrylic of

t he pol yest & - acrdjipieesing Ge ogeralgedpeliysser igtoaqupeus salusigny| acryl ate, and/ or
2- hydr oxypr opy! y : : ' in the coating
conposition dgf cgﬁrf%g%gaﬁlltelﬂﬂg%l?%1§tu-fl1;g$[ufc:£getrgpn§§lllsoglf§erg) %go#gssg?? {as (%Ijglo i spersion.
13. The met had of fGighériZlzy thaReiyinicallp@ntdienrsdseddoatre di spersion further
conprises an additional mcrogel that is different fromthe self-emulsified
pol yester mcrogel of (a). 14. The nethod of C aim 13, wherein the

addi ti apal nmer | se i ] ]%%m i

reacti % pr ST ucr?(ggééc}rgfr)c?%:{dﬁg? alh&%hytﬂ?.r‘lh@tdﬁdggg@ﬁgﬁggg?i%l unca:]!t)ligcc)lga 1élr eaction
pr oductboofl cetpyibesmadeik laghydrglat ur at ed nononers; and ii. at |east one
hydr ophobi ¢ pol ynmer having a nunber average nol ecul ar wei ght of at |east
500. WD 2012/ 044954PCT/ US2011/ 054260 15. A nultil ayer coating system

CoNpri sigNg  The metBod 8f CLIAET whdld M8 p6QERESHIthOFo 13RIl R cAnREodepaSt @
portion of a substrate, wherein the prinmer coating conposition conprises a
sel f - erneypirise seirepdtioneprpeyct gpmpgjag epoxy resin, ethoxylated epoxy resin, isononanoic

acid, trimellitic anhydride, and/or maleic anhydride.

11. The method of Claim 7, wherein the acrylic of the polyester-acrylic microgel

comprises styrene, n-butyl acrylate, and/or 2-hydroxypropyl methacrylate.

12. The method of Claim 1, wherein the coating composition of component (a) further

comprises a thermosettable dispersion.

13. The method of Claim 12, wherein the thermosettable dispersion further comprises an

additional microgel that is different from the self-emulsified polyester microgel of (a).

14. The method of Claim 13, wherein the additional microgel comprises polymeric
microparticles comprising a reaction product comprising:

L. at least one acid functional reaction product of ethylenically unsaturated
monomers; and

il. at least one hydrophobic polymer having a number average molecular weight

of at least 500.
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b. a second coating conposition applied to at | east a portion of the
substrate coated with the priner coating conposition of conponent (a)
wi t hout fwosbizudiastantially curing the prinmer coating ceCpas2elilos266

conponent (a); c. optionally, a third coating conposition applied to
at |east_a port| on of the substrate. coated wth the coating conposition of
conponent (b} MHEAGE ORI SETLQIRISNg | v curing (a) and/or (b): d.

substanti al Iy curd@ﬂné&%aﬁ dmsﬁwﬁmd%ﬂ&gt £HTAONEN Suthsddte, (D) and,

if used, (c). 16.The nethod of d ai wherein the priner coating
conposi whesein dempiimees aangtgmtlogquomrmeﬂw sﬂlfeemhlatﬁed oapestsemidrpgel;
sel f - emul SI f.i ed poI §t em of

.m Ccro
S ai m 15, wilbr ei 1 ENELGTHLFUnaTFioak by sotds! S¥5Gief BT HCPRI Sonpr i ses
40 Wt %Rhted VAt tBE pﬁhiepb@elting cORIPOTRES of dePapdnentTd) Mth@)terfrstcsaagtarﬂm@yﬁ em of
Claim 17, wherein the second coating is transparent or sem-transparent.
curmg the primer coating composition of component (a);
c. optionally, a third coating composition applied to at least a portion of the
substrate coated with the coating composition of component (b) without first substantially

curing (a) and/or (b);

d. substantially curing the coating compositions of components (a), (b) and, if
used, (c).
16. The method of Claim 1, wherein the primer coating composition comprises a pigment

grind vehicle that comprises the self-emulsified polyester microgel.

17. The multilayer coating system of Claim 15, wherein the self-emulsified polyester-

acrylic microgel comprises 40 wt% or greater aliphatic monomers.

18. The multilayer coating system of Claim 17, wherein the second coating is transparent

or semi-transparent.
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