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BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates generally to a method of depositing an
electrodepositable coating composition onto at least a portion of a substrate through the use
of a plurality of liquid streams.

Background Information

[0002] Utilization of a flow coating process to deposit an electrodepositable coating
composition onto a substrate is well known in the art. In these processes, an
electrodepositable coating composition, which is also referred to as an e-coat or
electrodeposition coating, is deposited onto a conductive substrate via an electrical process.
[0003] In general, the flow coating process can be seen as an electrical circuit when an
electrical current is applied to the system. In this electrical circuit, the electrodepositable
coating composition has a cationic or anionic charge while the surface of the substrate, which
is to be coated, has a charge that is opposite to that of the electrodepositable coating
composition (i.e., the surface may be anionic or cationic). During the coating process, a
complete electrical circuit is created by a direct current rectifier thereby allowing the coating
composition to deposit onto the oppositely charged surface of the substrate. However, in
order to complete the electrical circuit, the conductive substrate is grounded or bonded to the
rectifier through the use of a mechanical contact, such as a clip, which contacts or is
connected to the substrate.

[0004] One shortcoming of using this mechanical contact, however, is that the point or area
of contact ("contact point") will not be coated with the electrodepositable coating
composition since it is covered by the mechanical contact and, therefore, the
electrodepositable coating composition is not applied to that area. Since the contact point is
not coated with the electrodepositable coating composition, it not only detracts from the
visual appearance of the substrate (i.e., the substrate is not uniformly coated with the coating
composition), but the contact point can also be more susceptible to corrosion when compared

to an area that has been coated with the electrodepositable coating composition.
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[0009] As used herein, “includes” and like terms means “including without limitation.”



[ 0008] As used herein, plural phrases or terns enconpasses their singular
counterparts and vice versa, unless specifically stated otherw se. By way
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[ 0013] Reference to any nononer(S) herein refers generally to a nononer
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Conponepnotlysn'lerized with another polymerizable component such as another monomer or polymer.
Unless otherwise indicated, it should be appreciated that once the monomer components react
with one another to form a compound, the compound will comprise the residues of such
monomer components.
[0014] The present invention is directed to a method for depositing an electrodepositable
coating composition onto at least a portion of a substrate. Unlike substrates that have been
coated by a conventional flow coating method, substrates that are coated using the method
disclosed herein lack the contact points described above. That is, the substrates that are
coated pursuant to the method disclosed herein are not grounded by a mechanical contact
and, therefore, are substantially free of contact points.
[0015] In general, the method of the present invention comprises simultaneously applying a
plurality of liquid materials onto different portions or areas of a conductive substrate. At
least two of the liquid materials used are electrically conductive. Moreover, at least one of
these electrically conductive liquid materials comprises an ionic compound that is to be
deposited onto the substrate. When a complete electrical circuit is desired, each of the
conductive liquid materials are applied to the substrate in the form of a continuous stream and
an electrical circuit is applied to a conductive flow dispenser through which the liquid
materials flow, such as a pipe or nozzle which is electrically connected or bonded to a direct
current rectifier, thereby forming an electrical circuit. That is, the conductive liquid materials
and the substrate form a complete circuit when an electrical potential is applied to the system.

Once the electrical circuit is formed, the ionic compound is deposited onto the surface of the
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[ 0023] As described above, the present invention conprises simultaneously
applying a plurality of conductive liquid materials to different portions
of the suwepalEB634Whi | e one of the liquid material s (e. @CT/USRe18/039403ui d
stream or second liquid streanm) may conprise the el ectrodepositable coating
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mat er i alolyaCids, gkhydridds,i orepimnetaliic gicidfunstioend epatsiialis.opolypinines.e polyamideswhat
IS nmeant rneate.. Therefore,.a detajiled.descriptio f that, materi al
w11 novet BBPRRE tHoRbFST R cBupRatifh BREy R bl  BBrEshy ePH LT peo
as the deein@Rt®niiséfirodl 8C et I $d U Aeidiatdh balddesn thaeotantRinhasidinderegone
ultrafiltration, Accordingly, pernmeate can conprise a small portion of the
fil mf GlestiegeRssityhie Fotims cpppeditiabove. [0024] In some enbodi ments, the first
liquid am), c i e i in it il e the
second 10%%; b PP SRR ARcRLCvid BECRARPLARLE, ERRe A GRIRRAL 0 ol o

| i qui d ohipeiaen £ anrisnqakdlge whickr may penssbite ity thee reedomdetwepn thest r eam
conprises the el ectrodepositable coating conpositjon. |In these enbodi nents,
the fi r&essapengagdmhant fguillen-SrPueo vaa’ c%wgpivies%minsrﬁa@h@h%%te@aif Ratssg e
OPPOSI tifs (h pRACH AR inffilic, S RFAl Gimrdiiohl1 Brihn6d LOABOARIS! @Y Cai6ATH|NT

conposition that 1s used e first streamconprises a positive charge

(i.e., daxde, Hiockttisbxidamridssaliatheoetifd}.g., dienyltih eiacataey); atheipeetabatides (e, i S
used for & he second stream co[grlpri ses a.negat}v%cha% e éi E .. th (second
st r eam PSS YT WP IHPLIBTE/ 158401 PEIED 0P H/% FYHBE P AAPL A ?iﬂi‘Fé?‘%jf, i t he
el ect r agRQA! dufiBBteCARNdrNE s ROMPRSate) ON cCAMPELHEAn@ (ReGALHNR Mhpdri&apihen

the water or perneate nmay conprise a (5)05| tive charge. [0025] e various
li qui d [REtErte H0E 5] ef g.S. Pel. Eobr BHEAHSP @b Ihe cifod pprigne beipg sicorpamatediierem,

per msatbe) pescri hed a,[l)aove can be% applied to the substrate using techni ques
CI‘E erence), or %(H’n 1nat%ons €rcolr, . . . .
t hat are Knowni Tn e art. For 'exanple, the various liquid materials may be

sprayedooR3p! i/8ddewtibed RBowihEE raésenOinvehigors UbSbfigdsesimafaddovlyt {ppdHeh aa
curtain of the liquid materials or streamof |iquid materials. Accordingly,
a spraylwslity f copdpetive lispiic maggrialinip Gifpent poitienypl diseyubsirase.( dVhjle ong 9% ) “can
be usedl R a - : | i .qul ri rate.
't shodr gL RRAREIAE, R ARRY kBl I MERLTRLEL SardTh RSB

| i qui d eletredémsiatdatooatitie compsiition elevdribed bia the pancielivig ppagpraphe thsesther needs

and, therefore, different types and shapes of apertures and/or nozzles may
be useddUd gﬁ&fﬁﬂﬁé- pecqid diamit srgam o JhttoliqtHd Sewul can EOmpEER a7y THaid

thi ckngggeQn Wbsad é%gﬁ&aﬁ asdchablpg, %9%5%1@%%%% HLibADed Saftepas! t ed

onto the substrate wll dependent upon the user's needs as well as the
shape gferméme sudernatdas tha osembiqeidbodendntGne skikdvie theaartidiogledrogepaoditmn

t hi ckness, of the copat.in il range from.1l m ¢ron 150. mcrons. [Q027] In
sone enbBdrinaie VO in et bocei RRGE. HuRB e AHafub feanrish SLprhgans
CONMPOSi il10tbt BaRetoBrtRASidin. OP&hehi?, hbRe R OG8P Serbaly b @ddsclilt® as the remnants

el ectrodeposi tabl e coating conposition is substantially or conpletely cured
af t er tdearcgleciradenositposhath aite; gheldpdshaedindergong ndrafitsatianat Accpedingdyanpl e,
In Certaéi n%a g@é)ndci:oner}tss a s?‘naW h?‘orﬂpoﬁﬁgﬁpe_f&%ﬁht i 81”81% Qet 11 ee ator\]fg first and
second Ktreans such that 8 curable e ectro%igp Sit able Cok I'Ng
conposi[0024) tThadonieS eb®boigneaep bt t Gt Aldjuldl tstreard uhisiigrate ahr eltirbdepbiifable
streamis substantially and/or conpletely cured prigor to the coating

reachi rf§atitge EM9sHiont wade then seeandr lighiSo dirAEAt SOMPIHES UWalehnpl cRefmpee.
positio .at.| i C : [Welen

ol et 1 oo i B il el i LR ASCPRG: 5} BERRMEANE e SO Tghlo

t he persmeameosipaik¢sahe eMbtirddepbiimbjer@atnd ognpaiticende titas embbéitheatsUthel fakp as
bei ng usgd to cure the el ectrodepositab) e coating conposition, theﬁ

met hod <0 SFCUGr i PSR SREPEBRPYYT FRReEChRAt HE onBe te&@ﬁé‘ﬁ&?ﬁ‘g‘%n the
parti C@x@&%)&b%f”tﬁé R¥ec@bdd @ita%'lee%étﬂm%elé’&ﬁb(ﬁs@t@drﬁ 129a% | J38d GOFRRS i dt OftrearOT

i nstance, thermal heating/energy, 1nfrared radiation, 1nduction heating,

el ect r aonipeiaen 7 pelitatei dargeaned/ dre firsnitamgs oathadit), nhen thadiagtr ioo permeptehibatus ed
to cure th% I ctrodedpsgsi t abl e coating conposi ?.i on, I n c&rtai n.enbadi ment s,
the cur't HFoBE Mt T T B C Pred "ot Vet "Yabildint 't &8P STTHRE AN0K%Dt her
enbodi ments, the curing operation can be carried out at tenperature < 260C.
In certain enbodi nents, the curing ope6rati on can carried out at

t enper atures rangi ng between any conbination of values, which were recited
in the




WO 2011/ 156341PCT/ US2011/ 039403 precedi ng sentences, inclusive of the
recited values. For exanple, the curing operation can be carried out at
t enper at Wwe0riarsgismg from 120C - 150C. It shoul d be not @dT/Usete®ss493 t hat
| ower or higher tenperatures may be used as necessary to activate the

curing chani sns 0028] , I n .ot her enbodi nents, an air knife may be

posi t | SN HEDE bk é%&ﬁ%ﬁwa & CORURRL BB Y St & PeEebre SBben s  eans
i nor dehe WateS BPPrARhIcahd Wedtiptisl JoSiESE cRurPOr tion of the substrate. [0029]
VWi | e any nunber of nethods may be used to convey the substrate through the

var i oud0025quilhemerrions diquiddentarialse®- @b elgetrodepositabloeeading hepmpolisioac watelr,

d,to. h b d : dth b : i
R B e R R O R
appar attis agaFobexdssle, the vEaseliquid thatia st hay Be bt paiDdpplive ohtoOe dutiatagy | al s

so long as the portion_ of the apparatus that contacts the substrate is
non- corfdul®e| kst cgh dlavadhrogeh & eeitain cfl thy band apateidals orayireappaf diuisl ¢ hat

is gro Far el aj i S e be
pl acedqlg%&gal%l %‘rcg i d? ¥ %) Ilgo%fe\’/\}#gmglg cgzj\t/%% ?%ee s%tgfsttﬁltfea(te%a'l’ 11?)ough
t he vardapug dsedun dtharaipardtad &. apphesie liqlid enserdianohe thadebsgntd. r &l shoold 4@l astic

or they can conprise a plastic. shell that surrounds a netallic core. In
this erf9&di Hahthe PrerespPHEnetersdRE ppPlYiae thiavastys ilighidgnateHels o81q BF spippsiate

cont actgt he &g&ﬁfeh@hﬁon Adifsé,00 %leéc)’sh aliici‘h ShSRRES ﬁff‘f‘é_r&ﬁ“t;@?s GROvEYRd §hrough

the liquid materials Tn a manner suc at the portions the substrate
t hat arapetyeicngnd/oanedlenintaly behwsed focppply threlignidahs®edaleontotthd substwateact wi t h any

ot her [ect and is thus su nded in air _as the ass .through the ljquid
o ST T Bt B2 R R Swad oDy b Serahae sORRRE SrEpotiontee a
coi | ed RL@strateRlRIRpeRdeu RS the TRV AlInkbds SNRAL as(tBe Shape DPERLsuBEREK) In
upstream fromthe fi rs? liquid streamwhile a roller tf?at coils or w nds

t he netsalieieenbodenants, thaowet andidr dirg fijph Huddhesoiibe cestimefwibmangedread onigrdn qui d

stream, Il? sonme _enbodi nents, the process line is configured such that both
%rmcro

si des of &7 el i c sheet are coated with an el ect rodeposi tabl e coating
conposi[0027). I1RbSe eabobEnakes; dimahé sdredriay t}ﬁmélb&t'muahmtaalefdoaﬁﬁg s&hpafitidn qui d
streans adj acent to one surface of the netallic sheet while positioning a
second <@Btbeopositiegd dinsthe crpecsadpelt dhitt the edspadenositahle feapiE2oFOmpRSItiAN &1 | i ¢

sheet . ' t] | iendr. rate is. hei at ed
i th R Ry A b e A R e HHEh [ Fer S o T Do
of conweparmwe Fockxanipdd, ih leertaiyleintbddlinnaits, aUBSt lnmpecan degiossioasd bétweas stes

t hrough_ at | east one set of |iquid strfams t hereby coating the entire

sur f acd 8 2nCRIA RIS CHFD Siaha i arCRrabioRsTodShr A € OuS EIBRE AR can
be coat@@emggpg&mdwd @SubliAi oA T sirefth 3¢ LARRHAGDR ShdoCampibes, Mt al

substrat es, ss substrates (1 ncluding those that conprise an electrical

conductduyesl pattpriby coatpg akachingoge sedvatirsacesn, s witlstr ratbedinidnay, thral/dy lepn

metal | ic%ne; d’beslf)gg]ltigr?edvgft%(r)121{615s?a%i%%1pgvli{hust%9 1%6/:c%§18 4g‘c?feam thereby curing the
electrodepositable coating composition after it has exited, for example, the permeate station.
While the preceding sentence described a UV lamp as being used to cure the
electrodepositable coating composition, other methods for curing the coating composition can
be used depending on the particular chemistry of the electrodepositable coating composition.
For instance, thermal heating/energy, infrared radiation, induction heating, electron beam
radiation, and/or ionizing or actinic radiation may be used to cure the electrodepositable
coating composition. In certain embodiments, the curing operation can be carried out at
ambient temperatures. In other embodiments, the curing operation can be carried out at

temperature < 260°C. In certain embodiments, the curing operation can carried out at

temperatures ranging between any combination of values, which were recited in the



ni ckel plated plastic, and/or plastic substrates. In sone enbodi nents, the
nmetal or netal alloy can be al um num and/or steel. For exanple, the steel
substrat ewoaolidisbiaicol d rol |l ed steel, el ectrogal vani zedPsTask)11a80dr hot
di pped gal vani zed steel. Mreover, in sone enbodi nents, the substrate may
conprise a portion of a vehicle such as a vehicul ar body (e.g., w thout
L R R e S e et R A

roof) apdhffed@buy %Nef#l:ﬁhr&{ ﬁﬂ?iin%ﬁ%n'r' sashcher e, 1t 40t NYREIAL ihins

t hereof includes, b I'S not ted to, civiliran, comercial, and mlitary

| and vdbwel @shighet ergeratares maydicarsed/ ad wsessandotacucds thelaoriog hechendodi ment s,
the ne uhstrate can.conprise rod. (e.qg., solid rod), pipe, wire, and/or
ot al | T0028hads QB ErbpPr oA sk B Sk akned pyeo dg g, S

under stipagednt firdt AngRIB@RR LR N InSordbN® RURRLEALYBY A& Pp&tibRATEE Wi th

a pretreatnent solution, such as a zinc phosphate solution as described in
U. S. Paubsthts. 4, 793, 867 and 5,588,989 or not pretreated with a

pretre t Jution. [003 ile the el ectrodeposjtab oatin

P ommos 0T A28k hheaumbee 3 melibds pi Be s o0, BRERST vk “hirai TP i ng
CONPOSivatiotSliquid riRériad feseiTbQUABIRB] $ is hdied Eat eer RERPASHrabs Bsedaatcoieky
conposition is used in a coating system The coating systemtypically

conpr i $B& substgigisioes oot srewid thy splpjiatesnor s & epcinrglly Rgeded; oy coppgeged Wigh ther med
when a i g . i A
subst artr iy L EAEEARLS 0 bRk B SRR E PR Bt SRR B b Yt g
[ 0032] rhterigx asrping aeftha@p@dai of thecpppatisttharohfaats thagubbeata iohdrecbmivietiveat

| east a portion of the_ el ectrodepositable coating |ayer is a .

pri mer -OGrEAEErd opreiGriicaly rraReed oy @ ARRFTAHE (R U 8EP B nRRR EE B

resi st anfiginolmbURREANCH YuRRRL! &l GOBIdcBY dndY §fictaks: OF rolkP AidtRAGId N
coating conposition and/or substantialfly clear coatirng conposition) as well
as to aiodvéyntht ebstippethrangbehovartoue ligutdsegaeals.| Fhegepblled chmpemde Astirabed
herein, "prinmer-surfacer” refers to. a prinper conposition for use under a
ubse Uty o e o G0 R egie MM, Tah T AT dodBtll SHiterfale a

t her moRIngsidiRe AN PO H1LHOSHEI NKI M p&1tiBn» off ARY PDRST thaN Gbndabts MKE OfuBkigler €SI NS
general ly known in the art of organic coating conpositions. Suitable

pri mer sAddidonply nthe- sibstire ean boapnvryed dhppogh theohguid medterds $ip payammep i

primers are. known, to those.skilled in th t anpl es .of suitable

b or n7Br SREioR e CubRRC TG S e R by RS RER ¢ sh{yh,
Pa., asobR¥ #it8lanytherl@det dRSRXtHBSOspddd&iitiDaths GEPpad4hro3e\RO li8id and
1177-225A. Anot her suitable pri _msr-surlf)aqer coat i ng conposition that can be
util i zewatpralg.hellys avight be pgeqipplished Dyt Macipg jankalles (hat aewyindfe 3 coilpédngtal U, S.
Pat . i i . [Q ] S enidl .Sy 1:8..Gol.or

i mpar ﬁ%ﬁgétgagéétsﬁﬁ% %%8 n%%téllzltz %8§§%ﬁ§f’e8|%§§f sttéeérib ’ ]'?dt;ggrgec oaotqh ?ﬁ%ﬁéé@% %Uceé Tont o
at | easvhik poilker tiat odilstdrevipdd thermeailit abet itoatdoilds payel ddwiisttdn from the

2011/ 156341PCT/ US2011/ 039403 present). Any basecoat coating conposition
known iSACYNeliBrE Stagmben JeRE AFPOLHRCS dBBRECPHYV M 1scﬁ9.n%gfre e b oot ed
that theRe HIRCARMILCARE! AY LAMAFHY b @&cfr&ﬁ)ép%ﬁb!bl’e E&Qﬂ%g'c_%ﬁl Bsifi0h.OfALY -
[0034] In certain enbodinents, a substantially clear coati né) conposition
(‘her ei maftbenccdngplshed bppoitiorengle posisted lopidbstaanisadsicer tpont swincefof thee
basecoat coat l‘%ﬁ Ihg]f%er.. As. used herein .a.&substarbti al Ity cl ear ;W{(;toati g
|ayer i"SCAESPSHRtTUFIRSTPARE farett! sShaf Hietd St diacin, PRPHIEHEBE Went s,
the subgd aRtdidd {ReeC| Bafitu SRRk Wi BPRRIrich Oha RN UBHIRE iSBeif ST Witk tut not
in an anmount such as to render the clear coating conposition opaque (not
subst arrldcaioligpasitainie seatmgtdonzposision] the sy dsakhussur Bganspiycosivexanedatchcibatt i ng
COHpOSIt}KI: 2 ini%lrr]OXWsulbar ttg fFotd reg asnﬁﬁ)a?s%s H{feﬁj n 4 ltahs ofd §& %?tliq{l v %g.lln(sjt i€, Fb%/r
exanpl e, FhECFéai"coht © toat nNg COmposi fonthat O1's described ih> US> Pat ent

Nos. 5,089nHthd enfiic34Ea&58, th€cdhdriodi3ubaide. 7, 005, 472 can be used in the
coati n?QQSﬁt em In certain enbodi nents, the substantially clear coating
[

conpos Safable sebegsr thate can parcoptef eviths thenvagiouy liguid mateyily disflesed hat
is dis in. I ' NOS L : face
of ¢ he 2L ablitOBe ] SANERE, SRR TROR e o AT AR, af SRRSO

t he coabhdgtivonpatng)i aretdaatjoryi sibsgated) esupatagervethad @ser bdradmbelleded, eah e used
as the clearcoat coating conposition. [0035] The basecoat and/or clearcoat
described in the precedi ng paragraph can al so conprise col orants and/ or

ot her optional materials, which are known in the art of fornulated surface
coatings. As used herein, the term"cql orant” neans any substance that

i nparts col or and/ or other opacity and/or other visual effect to the
conposition. The colorant can be added to the coating in any suitable form
such as discrete particles, dispersions, solutions and/or flakes (e.g.,

o o - - T o Y o . o o o,



[ 0036] Exanpl e colorants include pignents, dyes and tints, such as those
used in the paint industry and/or listed in the Dry Col or Manufacturers
Associ at iw020DOsEM1 as wel | as special effect conpositi @a3/USA1GOBBOIRNt MaY
include, for exanple, a finely divided solid powder that is insoluble but

wettabl e under the condifions of use. A colorant_ can be organic¢ or

" nor garekelniech ARG Agglos st cHbFtsion o REP ST B oo 6 PRI &7 dBobe

i ncor pofiRY, &dn LRt uhMinf Rl/bNASIPYFIS&afhp1a (B ka6l JBhirfb QouRUEhcAS rdiled
acrylic grind vehicle, the use of which will be famliar to one skilled in
t he ar tsteel.008Afogakanizke swichmend/sr datl/doppedi gatemizedonteelsi thloreevérndh ugee but

are not_limted t arbazol e di oxazi ne crude pi nt, .azo nQaz

i Sazo.cnadibitn B STELRR P sOrPERE L PO F a R TR bin R o TRASE! Rogy

met al  qepp! wixhout IRhiRERHI BEGE boll$ PanclOtiufie deald liBOkyFyink; hebl haldaey ainne,
qui nacri done, Eer | ene, perinone, diketopyrrolo pyrrole, thioindigo, WO
2011/ 156941 porhigsho franpadsoned ReBiaquemdaeor vaidianhthsrro! inghadesabifrs AP ne,

fl avant .ant .an . i i pes. triary. [ u

qut mopHETa otes SRR ap e A MR NS Sand heRE) Nt L ABEAFRERPRL B ot i
di oxi deruckar bownthel @aatbodinttnm, Xidimesl shigstiaef canTdvendrde red (@ greld fodnplipe,
"colored filler" can be used interchangeably. [0038] Exanple dyes include,
but ar VEotnfioxineélic sheet (fokePgifRipted e OF yeREart it 2lsg b dideBiosd dhduch as
pht hal q, g5 g€ @nfBBdi%éﬂ?s:, tHel @Bstifd Ry vl 'p?&}éta{&d%ﬂﬁ%gfeﬁea%hm&%ﬂ? Qir as a

peryl ene, alum num and qui nacri do%e. [ 0039] Exanple tints include, but are
not | i mincedhdsphatpi giemnsadidsgeibsddn iUhSwdaer Nbasb@H86 waned 5, 1H8siBObbe not
carriers such as AQUA- CHEM 896.comerci al |l y avail abl e from Degussa, Inc.,
CHARI SNRCE{ERAN S P AmeR -| NDUSTRI AL COLORANTS commerci al | y

avai | alph@s1f) r OhRe Ghe 31eRtrblGRSItDHIORSatkHg kSinpeki®n RSLMRM HREF el nok N

[ 0040] As noted above, the colorant can be in the formof a dispersion

i ncl uditapcoatedt wah | ddditiced] t goatzngnanoppedtiaise di sertsinonembeimpaist i thee

di sper 3}, 0084820 eI 4G, 008, O5 BT 8. NLahty (diopst ssd.nanqpartiicl e ol or ant s
and/ or Col'or ant par ti 241 CPRRY producea desi Fed vP 8B e "CotBr M andror

opaci t ygioglyogorprskah iRt b chBmEnayed. cAeodiinp &iyet Bngpieally fordkddehen a

col orants such as pignents or dyes having a particle size of |less than 150

nm suciRIERe FRIBRONTINthaD infsposited arte the sRbEth i suRaBiEbt Fwed sy dagtheds
produced, by ifidd ergétﬂptiﬁeﬁ%agﬂ&t& zr i norganic pignments with grinding nedia
' iZe "o &

havi ng a particle ess t 0.5 mm Exanpl e nanoparticle
di sper $0632 anhe exetiptedst £ aratinplcbmpotitiemttar ean benappliededert at lehsba poatienadf No.
6, 875, 800, vvh(iégc?h i.s_incorporated herein béFr ef erence. Nanopartijc|e

di sper SPRECEAFPAIEBIBRHPHINERE DY BFYELRCE AT BFEE A PRI 1as
phase ggnggnsat blﬂﬂreﬁ@t‘%@%msﬁ@éeg@&ﬁl ' %%)‘ri:igd (doafin 1RRE '(@F., %ﬁﬁ‘oilng%a%t?%) . In

order to mnimze re-aggl oneration o particles wmthrn the c a
di sper sicenngEompssitmncoal @dsubstandlyt ¢ledr esatizn chrepesstenh) adsvallsadtiohad en the a

"di spersion of resin-coated nanoparticles" refers to.a continyous phase in
o oh APREPRE STaBHSE T POBA EY - U5t G e GHPT B BT ROR B o o
and a rgghd c%ﬁ%b!si%n 95 §ReyIBNYREbseh G rlly dp§1i@h SHRIE QI mpEXiAoR! MddhsReEssi ons
of resin-coated nanoparticles and nethods Tor nmaking themare identified in
Uni t ed sSelamaterpb asnthemppllistiaandior Prsslinkans ere. 2hosnge8mngn §1mpinede Jenies 24,
2004, U.S. Provision |4 cati.on . 60/482.167 f1l.ed June 24, 2003, and
. érall ?(ﬁo hOlahe 2ARPL L2anic Loating cQmpo u %‘tge primers, and. primer-
Uni t ed 5Stdf'es ‘Patént P i Caticon Seria TRt %%??3?,6 - PHTEY 5aﬁuary 20,
2006, whifadericattlgSednhpisitiond el spefyeippliey/ pii@Es] &€ known to those skilled in
the art. Examples of suitable primers include several available from PPG Industries, Inc.,
Pittsburgh, Pa., as DPX-1791, DPX-1804, DSPX-1537, GPXH-5379, OPP-2645, PCV-
70118, and 1177-225A. Another suitable primer-surfacer coating composition that can be
utilized in the present invention is the primer-surfacer described in U.S. Pat. Application No.
11/773,482.

[0033] In some embodiments, a color imparting coating composition (hereinafter,

“basecoat”) is deposited onto at least a portion of the primer surfacer coating layer (if



[ 0041] Exanpl e special effect conpositions that may be used include

pi gnents and/ or conpositions that produce one or nore appearance effects
such as rwDlect‘ne, pearl escence, netallic sheen, phospoTAUSITI@03%)3

fl uorescence, photochrom sm photosensitivity, thernochrom sm

goni ochrom sm and/ or col or-change. .Addj ti onal ecial effect

sp :
2011/ 158SEIBCTMISEBLIBS920% EORPOLian SRV ah T Vit Bt Hes la\elkﬁwﬁ%%ﬁ e
pr oper tih heioRUINSIRIAAPRAESEY 110k th@X bHicRoat! daBnd1O8mpdsiHids NGpi€ROH HE Nk a
speci al effect conpositions can produce a color shift, such that the col or
of the coburitng changes when the coating is viewed at different angles.

Exanpl or, effect ¢ ositions are identified .in U S Patent No.

6 gon, SWER e Sreb G e BRCHERls, D FLfubli et iR rambostiy D Gier
CONPOSi‘tie@f®aCB depolitd@dntd anenas pokios R tIRbRE@AL @Eh@laysy NARGtddChemdiga,
coated silica, coated alumna, a transparent liquid crystal pignment, a

| qui d rspbstantiadly=aleasg coafigy layerain pubsapody ttranppajpis raf fiof ppetieer Brieetaflesul t s
froma r i i i i it R j.al use of
the r of PRsCGa S DRSSl SbaTtdsfhe WPl Fibr BTl Ela FEh IBERHED

t he ai ran h@O4@] such aertd alenddrothel tlvhit icogingmbedpsRitidrs opaqueh 0icd samstahtialby
conposi tion and/ or photochrom c conposition, which reversibly alters its
col or WHESPBXELIEY 1t hrsdigen erredn A8y GOk ARt iag SOMPaTitipekRpywhin the fH éagoat i ng
composiyei QR4 dgSEE ipP&Onh&REitibon. PROL LEREALT (e ARHQIar REARSENRHISINR, that is
conpositions can be activated by exposure to radiation-of a specified

wavel entgsdribedfiet.$.Hiatan Nrosd,08D 04D EcBITetd Sea SBT.6d9, and &40l udaarbe siseditt ur e

is changed and the altered structure exhihits .a,new colar that i.s different
£ om ¢ 1B 671 BRrARomD| e RPORUHTS b SHPSRHEN € FE REos P BPey obitat | on

I's remy@deorhpieRNPAACIRN WBhCasaGHiO4 pRIRIOTIRASE HisYErs&PTHPARI dIéR¢ba¢ @Bathfpl Ur n
to a state of rest, in which the original color of the conposition returns.
| n one aeompobitiah t(busl asraicte merace efhide shraresahcoating comehositiop Hdteo sevivg)t i lne

conposi tiaon can.be ¢ +or| Ss in_a.non-excited staie and exhibit.a color in
o oxei PO oPnet e bosFlF <hRafdoT e LS R el Bkl

sever alussd MitheSleafddbcoasing e&ﬁp@’{gﬁhcﬁgconds to 60 seconds. Exanple

phot ochronmi ¢ and/ or photosensitive conpositions include photochrom ¢ dyes.
[0043] [0035% Ads- basgeqat ngpd&arpeldnicasft descibedibt Bsepisreding napgpadi cabrilend/ or
phot oc ! it i at i r: jally
Pouna Coer e EERRE Al J0 SRR HARALE i B A0l B BRI 1
of a pouytherimabge Aongdierdin, thoitet@ntosint’t mesmayGobdtanvghdt impditcdoléhe

phot osensitive conpositjon may migrate out of the coating and crystallize
into t HEISREIEF gpacityaRd/op REIEh SRl ieGielodBRHFRIBRASIT- st/ GlorpHsen ORrEsHdk

conposih iRa c@aﬁﬁgg% alh§duhble &9/ Qkn b dh AR g&@i@fek%ikﬁerﬁ@ﬁg} dofufloRs RRYHTEr

and/ or pol yneri | e conponent in accordance with a non-limting enbodi nent
of the fkeséng., alovemim dlakeshaviesinglaiawidranti ograamixture @dttwofor mivge comtranigean

Exanpl e _phot osensi tive conpasition d/ or photochrom c conpositions and
met hodsR5rd Half ReP eTRPRPRERCEPRCRTPR LS. Appl i cation Serial No.

10/ 892[603%] fExaBlIed1¥rarR indP@4pighltRA4Hydsmnd ey, 8lich ANBo&OhRUaRthCAInde

present in any anount sufficient to inpart the desired visual and/or color

ef f ect .indqustrycaiddrrahstedray tho iy Selof NanufaateressApgoicighion e AdAY, of weHeas
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.
[0037] 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,

10



WO 2011/ 156341PCT/ US2011/ 039403 present conpositions, such as from3 to 40
wei ght percent or 5 to 35 weight percent, with weight percent based on the
total weiwbt2oof1s633¢ conpositions. [0045] One or nore of PChAISC@AB39303
conposi tions described herein can conprise ot her opti onal mat eri aI s wel |

known in the.art of fo nulate?¥surfa e C t|n such Iast ers,

ant i - oA HUHWNONg; eI R O4R ABDFAPYRMISPG | alV%I& neU\PYF% P e‘ab% "&nd

st abi | Icz@;ta%mesutataet@atlﬁm tlha%aﬁat)ﬁ@blgagam aﬂ(etchp%%taqﬁh%teaaam BPPHON as
bentonite clay, pignents, | ers, organic cosolvents, catalysts, including

phosphcmdc) at:andgn dXIdc,hezrrbelms]:tlastkamyd auxiurgsa thcesof. [@bﬁtaqrrmSn "Rigtient omdt o t he
mat eri al s abov re of the coating conposition described

above ca Ogﬁ o) e&oﬁ%‘rtfeslesegﬁlt%rf %ﬂ%e%bqgol vent. Suitable organic solvents that

can be[0038] iBxatip® €@3tihd1Gde BUP QS| ot Qitited b Udhoscamyit B doheseand/st ffliebik t he
precedl ngﬁafaragrap%hs as well as butyl acetate xyl ene, nethyl ethyl ketone,
yushgis tphhadogreen gD AIPE. fron giide. lt}enﬂthlrtametlatameﬂeéqlatw peixtengne or

m)re of %Hﬁ &Oﬁltd' %a%@ﬁ&%s' tions that formthe various coating |ayers
described herern e either "one component” ("1K"), "two conponent"

(" 2K") [0689] e\Examipid tints Gaoigden ®ot are qivp disdited a0Spigheits dipeposd iii marervidabdd dae

understood as referring to a cogjpomtlon wherein all of the coating
componektte B arHT g nEhiat 2R AGREN sitbsomapergidly avaiiile Q@%P@guaal ng

st or aggyc et @HA&I?M&OM%RAWTSOMMU'MAX@W NNISOSPREAL ! @OIMHR ANGR

understood as referring to a conposition wherein various conponents are
mai nt aiceetnegeply atfze]apleLme Acruste Pispasionodiappin ddidsomn Ghebicdr InRK coat i ng

conposi fd can be a substrat nd cure onvent i onaI
reane. T4 28w Aiien i oo Bucendre Mo Torme Of hRbsre ol bR ot B0
pretreatmmt 130l H&ﬂo?ﬁrtlc[ér UBErsRH! f RGRSpartRAS AEPetsiondN@hOhcleh€ dhe At mean be
deposited or applied onto the substrate usi ng any technique that is known

i n the haghly dl@ersexdamoeartmhec@oammgncti@mp@bratnit mstlcd@ntlbe m@@me@t degiradhe
:g?;;r ﬁ;,e b?’/(l:Jos | %rgt,i/ora oé%l rYg ,aXcg(r)]{j /V&)slyaf‘I ﬁs ctcogl\{ano a;I‘HéleV\Als erﬁl%ns Icapl tlﬁc‘:[lu Wien

a pl ur aoldrynt®hudhos piameSBMNPABES hoVifg ArRr@dkize df &rs Qhah $3(0EII 8l asl essshoul d
be noted that one coati n% conposition nay be applied onto at | east a

por t i orth®T 7&AmuRE st ang ot INGORBHEIES FAN bhPraduersy Damiliing stosk @RgR8Iq 9 ng
coating, &fggﬂﬁgzt héfds Qﬁg ggﬁgﬁg %lﬂéd“féjh&{ﬁl}%{t Pgﬁlcfeoséeho% BRI F %HC e3hinpe

conposi ti g cured. he coati onposition 1's appli onto  an
under | yHangparticit i digpecsiorposidt imethodhdbr hakingotheheear dandicd moUNS.cRatitnyo.

basbcodt STl Binch BdRBHR SteA<Ban Car eliiEt ng b EAHOE HOHE S R BEY hove
However ro&&eg%gltc IsTIeAR0R! JYER 1§at109n§as?ﬂ1as£@cro%dé}fsatt1&?%ﬁd eRahit NG ERBRES. L1 ons
can be a | ow tenperature, noisture cturable coati ng conposi tions. As used
her ei n,pattipéd dissommtibhpw Imemtder a¢ uniejmizpirstagencwatainl ef npedpartsclesowatbat heg
conposi { agr?gsz a cffsaf)tefsion of resin-coated nanoparticles can be used. As used herein, a “dispersion
of resin-coated nanoparticles” refers to a continuous phase in which discreet “composite
microparticles”, which comprise a nanoparticle and a resin coating on the nanoparticle, is
dispersed. Example dispersions of resin-coated nanoparticles and methods for making them
are identified in United States Patent Application Publication 2005-0287348, filed June 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.
[0041] Example special effect compositions that may be used 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
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WO 2011/ 156341PCT/ US2011/ 039403 foll owi ng application to a substrate, are
capable of curing in the presence of anbient air, the air having a relative
hum dity wb 200/%B340 100 % such as 25 %to 80 % and a PEFASEEILOB®OI N t he
range of -10C to 120C, such as 5C to 80C, in sone cases 10C to 60C and, in
yet ot her cases, 15C to 40C. QOOSOIQ?VW | e.specific enbodi nents f’f t he

i nvent i GPASVIENHERNPTXEE A5 PeTGTPURIE RFPertias: {oh as RRaghpP ki & dlhy Phose
skil'l eqnhi'fﬁn% henRidtmdMatpdal iefs EREbdsitfat icaR préddedl tAbNaRiEY 8ScH Mhat Rse
details could be devel oped in light of the overall teachings of the

di scl ol of A evading ghynges whepdhe reatingris areved ¢ wififarentdingles o dFedmateecaleiant to
be illugtrative only and. not.limtings,as tQ t e.of the invention

ohi o 131eeb epbBeiurt Fciopfined, FLLRRPERnt Re' ARRER: iBontitiedmitdhyRand

al | equefeadrent Addi@ymaDEoloEXAdRIcERpofilORsdanTinelutio klafiparait e¥apPhesa Shpyy
various non-limting enbodi nents of the present invention. Exanple 1;

[ 0052] sEnthoti¢ micdh fgatsiedicn. peated alupdna, of transpargpl Hgudnstystal pigmen] adiedidover
two adj t.5.ljt i t e
tanke. e oot aiBioF ARG RN L BEERY FRE AR e R o P BaBRBRRTT
(avai | abifferehtianmviBiR6 therehasdriai @sd ndbtbecaudei dft thb uefgdrtiveAnd dSAYfershiidlebetheznot her

propyl ene tank was filled with tap water of conductivity 450 [t.S. One end
of the tPoerlRss opfhsdadeidr)@pd theerinol ypr opyl ene tank that was filled with

PONERCIEMND) 93r Wilirdife hbﬁ-lﬁ’iﬁﬁﬁ?i E&b&atheffs, ¢ e phadseiiiive! %8&%096{&1{ hgu/6he
pol ypropyl éne tank that was filled wth the Pap water. A punp was attached

t o eacphbarwwkronnc chmpakitien,| whigh defargbiyt derbas color avtendeippsedr® orte ¢thmoregh a

nmetal 5. nm di aneter pi .ni.ppl e .t hat was.suspend | ess_t han 25.nmm gbove
Mo suriel sl e vuRE R EeS g P i TR M e R G o
downwarghoddehyitiRatompssifid RWedd BN bR aidPBY EexipssidPPlol MliRRM0oE he spRifdq rod
below it. The pipe nipple that delivered the el ectrocoat was electrically

connectvwavetengthheWpes thei opgpositini hadonads excBOD the meleculpr sfructuie suglangegeansf a

nmet al i R..an ire. The, pipe. nipple at | ivered t.he tap water )
connectit 8 et Bwl BBE A, SEnerEhgh MiCorbne el T,

was t urddethosifioh0 dehdnv ke axpbaire ab eldetioh0B0dm@PdNtth@NthotcBrotait Einddyer two
separate sections of the rod, while controlling the flow rate of each
st r eamEIQETCRSiie ¢eRpsiionecaBdstrated Ht¥tepf spd BnyhisBrtherighel selpf aE&cof t he

rod. Af L NI e r i f1er chy at ent §
bet vveenctofrh)gglgégi lt? ggéllg'angﬁ}]eglg% i 11;/(%51 {lrggﬁ‘lrgn% Pi (ljﬁraér\ﬁit) @%%Rg’@gﬂég@% %d/%]’i cron
fi | m ofphetmeisitbeoaimpuaiiodejpodietcetbrizns i & heneedtedetite and ekkibitwaslomincaont act

with the electrocoat paint stream The rectifier was then turned off and

the coftFig BRSC0RY! SlUEase THEARRERAM I BcmUHSOREY(or SV FBb BIEh SEHaES t he
tap vatgsmbheshdo e %Ots%nﬁg'.dEngf)fE%)hotochromic and/or photosensitive compositions

include photochromic dyes.

[0043] In a non-limiting embodiment, 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 a non-limiting embodiment 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 U.S. Application
Serial No. 10/892,919, filed July 16, 2004.

[0044] In general, the colorant can be present 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

12



WO 2011/ 156341PCT/ US2011/ 039403 rod that was el ectrocoated while the
uncoated section of the netal rod (i.e., the end of the rod that was
previ ouslwounderseidhe tap water strean) was the placed umrd@Eusteig/osd4ext r ocoat
paint stream The rectifier was then turned on a second tine for 30

seconds, creating.a 350V, potential between the termnals, .and a 20-3
oo TR R e BB oo HERRR Y EE T M e ReeBnd B he

met al  rdsni'Redsht bABd bR HA¥RI RERMVGELE cbifogli@kt rcoat paint was in contact
with the netal rod. Exanple 2: T[0053] This exanple was conducted in a

manner [@045i | &inet or mirae ff thExepaphe compreitipns dhseribeddesaimatan ¢rampriser glemas

repl aced w t.h 1 I anmet.er. t hr eaded tal rod. anpl e, 3; Q54] This
il &Rl SRRRER S e SR u Ryl comBbIER S S 0%E (e
t he el egtiradats, BRiddledtaRfhe MAE stiba e s VPEMERCREDED 20k chsiviadrk k- facthitom PPG

I ndustries, Inc., Pittsburgh, PA, USA). Exanple 4: [0055] This exanple was
conductiiay icangol agenes: tixpirpRie agents Hach oF oRiRIE clay, exig@pntsy HHErst REZANIT eaded

metal g olW@}ﬁ%,%'g%%%{js, nglu?iﬁ@eﬂrﬂoo e Qiﬁssénid thelch &b arargiu%&a{ﬁgigpy a variable

speed notor, nove over the polypropyle ‘at a speed of
25- 40 ¢0d4%i] nuh addilibn enthe rmatérinlé Bdssribadaatplve, orehe @t wireheadoatiecdrapdsitioner e
I ncreased to a 20 liter capacity and each of the netal pipe nipples were
r epl acelfssiited aRovscapmlyagomprsssinprednig sotxenyy Spitable 9esaniEsdyenty B H8xehad a

series Qb4 n gherm}aﬂﬁé %§mg()%%i&? qincihﬂieaalﬁlt SEmIN lidk DG ﬁleoﬁ}gcetdh%df)ﬁg%ﬁsoés the

box. The fl ow boxes wer aced wthirn 25 mm of the thread rod. The
anmount wdll ds lguylccethet xgxind, ewttled ethyl kaond) ox cpmbwmiattad tBgeetim of |i qui d

curt ai he.threaded rod .noyed through the curtain, the total contact
e bioadl Tl B Rt TR B b S B pE Lo oot in B FRE £ o0
was trayelhiiog 8datih@ lﬁﬁrmd@gﬁr%ed Wagdin tche vee&ittef i“Bhe \bempERteg (zadh), the

el ectrocoat paint was deposited onto the portion of the rod that was in
cont actcowipohenthd “Hl o¢ tor gyoatmyticampenens sapmplesitiensinat Hée cempeosiden afillthiee r od

was si %'dter%{%%ﬁugs' %eijeprin%o?ot aatho}anipE)Qtigr? pwl\{\e@;[:i%r aﬁtorfe ala coating components are
maintained in the same container after manufacture, during storage, etc. A 2K composition
or multi-component composition will be understood as referring to a composition wherein
various components are maintained separately until just prior to application. A 1K or 2K
coating composition can be applied to a substrate and cured by any conventional means, such
as by heating, forced air, and the like.
[0048] The pretreatment solution, primer-surfacer, basecoat, and/or clearcoat can be
deposited or applied onto the substrate using any technique that is known in the art. For
example, the coating compositions can be applied to the substrate by any of a variety of
methods including, without limitation, spraying, brushing, dipping, and/or roll coating,
among other methods. When a plurality of coating compositions are applied onto a substrate,
it should be noted that one coating composition may be applied onto at least a portion of an
underlying coating composition either after the underlying coating composition has been
cured or prior to the underlying coating composition being cured. If the coating composition
is applied onto an underlying coating composition that has not been cured, both coating
compositions may be cured simultaneously.
[0049] The primer-surfacer, basecoat, and/or clearcoat can be cured using the methods
described above. However, in certain embodiments, one or more of these coating
compositions can be a low temperature, moisture curable coating compositions. As used

herein, the term “low temperature, moisture curable” refers to coating compositions that,
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Exanpl e 5: [0056] This exanple was conducted in a manner simlar to that
of Exanple 4, except that an additional polypropylene tank (including a
met al fl omodeltssesdy system, which contained tap wat er, PARAISPI1AOSE3 n- | | ne.
This arrangenent has a central polypropylene tank containing the
eIectrocgat paln bet ween %he two tanks containing tap A flogﬁbox

was pl A2LAVIB PR I‘E*}‘ﬂog QA PIGHal G Sh 2 WAR FUH RN R R PTREAC %terﬁ%@?lgc?“t % he

negat i Vg k&g mém% hfuﬁﬁdﬁ;%ﬁ id %etro, 1oor%p§{cﬁlak ek gk Bo v/,hean@ hitghpahrt@m vat er
fl ow box. As the cylindrical nmetal rod of |length 60 c

2011/ 156@344%@1% UEZQ1t BEHG0 SnahraseCete 8Q%€oug$pmm@asvaﬂ@‘@@ eQiCt andagn get t ap
wat er /%rae ro%ﬁqg paint, the rod was | ong enough that coating was
contlnu g %ﬁy ‘ctrocoat paint flowed over the rod, there was a

sect i onodsoqt Whaige sijeaiﬂicte@mauﬁéms sn@einv@RgohavietRe s ldésicﬁbéhb‘m&ietzhﬁﬁl WAL IR
After traveling through the process, the netal rod has a 10-25 m cron thick

| ayer OPPESHES ]P)ééh%P élétﬂeédéaﬁle BHi that wyious inedifigations agd aftamativesianpe 6:

[ 0057] at le 5
cxcopt THAP SRR, Sl M SFUE 0BRGN PR bLRsbEN ARbiATP ©
[ 0058] thdé pSrtleulaﬂpﬂraqgm&npehiowsaedrd meant rrarma élussiatiid anlytmdtﬂmaﬂmﬁn‘mgxsafml e 6
except that the pnetal rod was replaced wth a flat netal panel that was

20cm (i€ xcops of g Imventiqn whics lékodhi) eeen thiafuibbispdia qxélﬁeeclé%sp@w&é@ ddym

above Qm§aggggglnggkmggﬂﬂ&ﬁe liquid curtains, an air knife apparatus forced
ajet of conpreg alr onto the work piece. The conpressed air jet kept

the fl ows fronlthe various curt ai EXAMPUES ed fromone another. The process

A R T R e

appl i edppgkigpti al of 400V and maxi num current of 500 mA resulted in a
coating of 20-30 mcrons in thickness.
Example 1:

[0052] A 40 cm long smooth metal rod, of 3.2 mm diameter, was placed over two adjacent
5 liter capacity polypropylene tanks. One of the propylene tanks was filled with
POWERCRON® 935 cationic acrylic electrocoat paint (available from PPG Industries, Inc.,
Pittsburgh, PA, USA) while the other propylene tank was filled with tap water of
conductivity 450 uS. One end of the rod was placed over the polypropylene tank that was
filled with POWERCRON® 935 while the opposite end of the rod was placed over to the
polypropylene tank that was filled with the tap water. A pump was attached to each tank
which pulls liquid from the bottom and delivers it through a metal 5 mm diameter pipe nipple
that was suspended less than 25 mm above the surface of the rod. The outlet of the pipe
nipples were pointed downward such that the flow from the nipple is applied onto the metal
rod below it. The pipe nipple that delivered the electrocoat was electrically connected to the
positive terminal of a 500 V rectifier through use of a metal clip and wire. The pipe nipple
that delivered the tap water was connected to the negative terminal of the same 500 V
rectifier.  Each pump was turned on to deliver a flow of electrocoat paint and tap water over
two separate sections of the rod, while controlling the flow rate of each stream such that they
were separated from one another on the surface of the rod. After turning the DC rectifier on,
which created a 350V potential between the positive and negative terminals for 30 seconds, a
20-30 micron film of electrocoat was deposited onto the rod section that was in contact with
the electrocoat paint stream. The rectifier was then turned off and the coating process

stopped. The metal rod was then flipped such that the tap water flowed over the end of the
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Exanple 8: [0059] This exanple was conducted in a manner simlar to that
of Exanple 7 except that the flat nmetal panel was replaced with a flat,

m rrored WbDass/sed4flace. The back surface was either el eeCritsadiipiwonducti ve
or had had an electrically conductive coating applied to that surface, such

t hat coatin d be e.9: 0060 exanpl e S
oot (i S Hlerr B L e Bros e Bl bF Begl st g Bl THEE Y 1 or ed
gl ass wag way I\fl%dlohﬂyama@in{h@rta% %Eervyﬁ'élnﬁb Alab QMY pua@édi@ﬁaer Iﬂa@atect}&obﬁ aint
collected. In this exanple | ow boxes were nodified so that their

shape cﬁ@ﬁﬁmr Bl testifibie we s theat W@dom ehecdrac kms uef é@esemndﬁhereﬁmg ar350V

foll owin curvat a i St ance.. )
po1t; 1R bR eEE Y Gosflns- e PR R Brigk Woer of elsstmeni Bt 8% ng @
subst r afepoyuearodtdithbhéndsaiibé mat# réd rédulElorih ¢aldrigecRRedahd ¥ectrdoaepdirt gd

conpri si ng S|nultaneously applylng a plurality of electrically conductive
| i qui d IRePastarith the neftalfrad.ent portions of the substrate wherein at | east

one 0f]§2§1 ¢lectrically conductive liquid materials conprises an ionic
compou applying an electrical current to at |least one of the liquid

mat er i z[10(153t] hdmedskadpowihd ¢conduétbe in Dmasnarcimidaind tlanbOELdepls Ulkstemtieat the
smooth metal rod was replaced with a 10 mm diameter threaded metal rod.
Example 3:
[0054] This example was conducted in a manner similar to that of Example 2 except that the
electrocoat paint that was used was POWERCRON 920H (available from PPG Industries,
Inc., Pittsburgh, PA, USA).
Example 4:
[0055] This example was conducted in a manner similar to that of Example 3 except that the
threaded metal rod was placed on a series of plastic rollers, driven by a variable speed motor,
that moved the rod over the polypropylene tanks at a speed of 25-40 cm/minute. Moreover,
in this example, the volume of the tanks were increased to a 20 liter capacity and each of the
metal pipe nipples were replaced with a 25 mm (W) x 225 mm (L) metal flow box. Each
flow box had a series of 1.5 mm holes drilled in a straight line along the length of the box.
The flow boxes were placed within 25 mm of the threaded metal rod. The amount of liquid
that exited each flow box provided 20 cm of liquid curtain. As the threaded rod moved
through the curtain, the total contact time between the curtain and the threaded rod was 30
seconds when the rod was travelling at 40 cm/minute. When the rectifier was energized, the
electrocoat paint was deposited onto the portion of the rod that was in contact with the
electrocoat paint stream while another section of the rod was simultaneously in contact with
tap water stream.
Example 5:
[0056] This example was conducted in a manner similar to that of Example 4, except that an
additional polypropylene tank (including a metal flow delivery system), which contained tap
water, was placed in-line. This arrangement has a central polypropylene tank containing the
electrocoat paint between the two tanks containing tap water. A flow box was placed above
this additional tap water tank and was connected to the negative terminal of the rectifier, in

parallel with the original tap water flow box. As the cylindrical metal rod of length 60 cm
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2. The nethod of claim1l1, wherein the electrically conductive |iquid that
conprises the ionic conpound conprises an el ectrodepositable coating
conposi t iwA.2011415638me net hod of claim 2, wherein the i oniPCTASAPONBTI03
conprises an ionic filmformng polynmer. 5. The nethod of clain11 wherein

the ionic ound conprises an electrical char that is anio r

cat hodi Ve leq RUER {ROVITIOHS CEsHnT At iRl SR eit ot hE iR s dens s

el ectr 'e%@hélyt}fé@@gé&ﬁ{gl ¥ cdBubBS: hAY (ERTBILSbi paint floRBRloYéNGhedBd, there

el ectrodeposi t abl e coating conposition conﬁr|5|ng an ioni c compound onto at

| east awgsor secaon thiat whe siswilienecasky; undagone ofgheroitaneolitsp yvaéﬁpplletqngraaﬂmgher
| i id t th t th bst t
ol ot - oIRLER B pRAER, BRCICLkROA 7o S shiforntii BbGer AR Rtidtob®

el ectri ahbqugngw@dmﬂgmeand wherein when an electrical current is
applied to the el ectrodepositable coating conposition or the electrically
conductiXample ¢ui d material, the electrical potential gradient between the

| ect t I t
ol et PERToL APl A0S RO AR AICAIE, B S5ef PRl VB e
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[0058] This example was performed in a manner similar to that of Example 6 except that
the metal rod was replaced with a flat metal panel that was 20cm (W) x 45 cm (L). In this
example, the nozzles were suspended 20 mm above the panel. Between the liquid curtains,
an air knife apparatus forced a jet of compressed air onto the work piece. The compressed air
jet kept the flows from the various curtains separated from one another. The process of one
central electrocoat curtain surrounded by two grounded curtains of conductive liquid, allowed
continuous Electrodeposition to occur. An applied potential of 400V and maximum current
of 500 mA resulted in a coating of 20-30 microns in thickness.

Example 8:

[0059] This example was conducted in a manner similar to that of Example 7 except that the
flat metal panel was replaced with a flat, mirrored glass surface. The back surface was either
electrically conductive or had had an electrically conductive coating applied to that surface,
such that coating could be performed.

Example 9:

[0060] This example was conducted in a manner similar to that of Example 8 except that the
mirrored glass was curved in a manner that would allow incident light to be collected. In this
example, the flow boxes were modified so that their shape conformed to the curvature of the

back surface of the mirror, following its curvature at a 5-15 mm distance.
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WO 2011/ 156341PCT/ US2011/ 039403 8. The nethod according to claim6,
wherein the liquid material conprises perneate. 9. The nethod according to
claim 6, whepdirseidne | i quid material conprises water. POT/USh@1/844hdd
according to claim6, wherein the el ectrodepositable coating conposition
conprises a cationic or anionic charge. 11. The nmethod according to claim
10, wherein the ionic conpound conprises an ionic filmform ng polyner.

12. The method according to claim 10, wherein the liquid naterial conprises
a cati Qhf iQaigRliqni ¢ charge. 13. The nethod according to claim 12,
wherein the electrodepositable coating conposition conprises a cationic
char ge land #haethodupt comtingrd subsgarprlesdn dhe arfisoaticds leairgelly conductive, the

method comprising simultaneously applying a plurality of electrically conductive liquid

materials to different portions of the substrate wherein at least one of the electrically conductive
liquid materials comprises an ionic compound; and applying an electrical current to at least one

of the liquid materials thereby depositing the ionic compound onto the substrate.

2. The method of claim 1, wherein the electrically conductive liquid that comprises the ionic

compound comprises an electrodepositable coating composition.

4. The method of claim 2, wherein the ionic compound comprises an ionic film-forming
polymer.
5. The method of claim 1, wherein the ionic compound comprises an electrical charge that

1S anionic or cathodic.

6. A method for coating a substrate wherein the substrate is electrically conductive, the
method comprising:

applying an electrodepositable coating composition comprising an ionic compound onto
at least a portion of the substrate; and

simultaneously applying another liquid material onto another portion of the substrate;

wherein both the electrodepositable coating composition and the liquid material are
electrically conductive; and

wherein when an electrical current is applied to the electrodepositable coating
composition or the electrically conductive liquid material, the electrical potential gradient
between the electrodepositable coating composition and the electrically conductive liquid

material is sufficient to allow the ionic compound to deposit onto the substrate.

1. The method according to claim 6, wherein the liquid material comprises an ion, a

polymeric resin, or combinations thereof.
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14. The met hod according to claim 12, wherein the el ectrodepositable
coating conposition conprises an anionic charge and the liquid materi al
conpri sesw@20utisedic charge. 15. The nmet hod accordi ng POeTAlSaé1v0g40her ei n
after the el ectrodepositable coating conposition is deposited onto the
substrate, the el ectrodepositable coating conposition is substantially
cured. 16. The nethod according to claim6, wherein the substrate
conprises a netallic object. 17. The nmethod according to claim®6, wherein

the sulstratge ﬁféfﬂ%ﬁh@&ﬁdiﬁ%g 258 6, RviRteih BRIIGuRNBaCRNABEDHYS peMhdaace.  18.
The nethod according to claim 16, wherein the netallic object conprise

sheet netal, rod, pipe, screen or conbinations thereof. WO
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portion and a substantially-electrically conductive exterior portion that

is dispgsed _over at |least a portion of the non-electrically conductive
nteridp poFﬁ? &ﬁth%@n%caﬁ&%ei%dﬁlﬁégewgerﬁ%@@ﬁi%cfrpawéﬂa@%af?%@g CORpBLEeT on is
deposi teelpARs dlcali@ASbr MidHX EHapse. Of the exterior portion of the substrate.
20. The nethod according to claim6, wherein the el ectrodepositable coating

conposition and the liquid material are applied onto the substrate using a
curtal i) proggsfiethod according to claim 10, wherein the ionic compound comprises an ionic film-

forming polymer.

12. The method according to claim 10, wherein the liquid material comprises a cationic or

anionic charge.

13. The method according to claim 12, wherein the electrodepositable coating composition

comprises a cationic charge and the liquid material comprise an anionic charge.

14. The method according to claim 12, wherein the electrodepositable coating composition

comprises an anionic charge and the liquid material comprises a cationic charge.

15. The method according to claim 6, wherein after the electrodepositable coating
composition is deposited onto the substrate, the electrodepositable coating composition is
substantially cured.

16. The method according to claim 6, wherein the substrate comprises a metallic object.

17. The method according to claim 6, wherein the substrate comprises glass with at least one

conductive surface.

18. The method according to claim 16, wherein the metallic object comprise sheet metal, rod,

pipe, screen or combinations thereof.
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21. A substrate coated according to claim1l, wherein the substrate is
substantially free of nmechanical contact points used to pass electrical
current twoaoghséize conductive substrate. PCT/US2011/039403

19. The method according to claim 6, wherein the substrate comprise a substantially non-
electrically conductive interior portion and a substantially-electrically conductive exterior
portion that is disposed over at least a portion of the non-electrically conductive interior portion;
and wherein the electrodepositable coating composition is deposited on at least a portion of the

exterior portion of the substrate.

20. The method according to claim 6, wherein the electrodepositable coating composition

and the liquid material are applied onto the substrate using a curtain process.

21. A substrate coated according to claim 1, wherein the substrate is substantially free of

mechanical contact points used to pass electrical current through the conductive substrate.
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