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THE | NVENTI ON [ 0002] invention relates to
nmet hods and conpositions for coating sem conductive
mat eri al s. BACKGROUND OF THE | NVENTI ON [ 0003] Vari ous
el ectr oni@@%&w&ﬁﬁﬁ RuEEAGEILAPBRIGATMNICt | ve

In.the ri.catd o f. h Vi ces o
rooffFl o1 LBt et Faire o el ST a e d SFp B B L agent Applicarion
Serial N 1/087,804, MREH BurchS Y, 2808 San@ftitkeh eERLFbEPDEUST OY @1electr1c Coatings
material s. [0004] Di el ectric coatings can be appl i ed
On Semigoindigctivk daterisdie puBich isdrerqbmycorpmunted gy edrengs
el ectrodeposition, electricity flows through the
mat eri al being coated (el ectrode) and attracts
charged particl es FIWILD IORTEEANSIENEEIN | n t he
electrodep03|t|on bath. At the surface of the
[00R2L er Thy Wyetany Boaktian relaket (ol paihednt andatcompeitigps for coating
ial being coated is serving as the anode,
smnwO&ﬁgégﬁgﬂgbgﬁforned at the surface which will then
react with negatively charged coating particles
(anodic ED). | oated is serving

as the cat hode NIIONG at t he

[0088] f a0 ¥y QBcWinlid d&\h@é?s a[r@ %%hs‘d’ﬂc&é@l ﬁoﬁdlkéﬁﬁillﬁtl@ﬁfa&?ﬁls In the
coating particles (cathodic ED). electricity flows
fabricatemsof] spch dedogh intshiatiag evtaradie S(ldmsddjclectm maereals, ahgy, be formed on

f tgrocess | § fficient (i.e., there is nore

sut ace%%fgl% PERIGORYYC V‘?H’Feélagl ven set of coating conditions)

[000BRN DRlleciric SQMAInEOBALBE hpiRicdlusiBRkdcyroa€tditiohi (K©). During aqueous

mat eri al . [OOOS% For cathodic ED, the positively
electrodepayiten aég:itrmltyp PVP dhiwygly the ﬁ@@ﬂrm@hemdcq@eq frdectrode) and attracts
chargedt égl%lgfél dethl? %Eﬁpgrsgd SN th@%Fect éa l:cllgnt ?h Pakt tﬁ:eI Siftface of the
econe nso n er an ect

material being coated, electrolysis of water occurs. If the matenal bemg coated is serving as the

anode, protons are formed at the surface which will then react with negatively charged coating
particles (anodic ED). If the material being coated is serving as the cathode, hydroxide ions are
formed at the surface which will then react with positively charged coating particles (cathodic
ED). If electricity flows easily through the electrode (conductive material), the process is more
efficient (i.e., there is more deposited film for a given set of coating conditions) than for a
semiconductive or weakly conductive material.

[0005] For cathodic ED, the positively charged paint particles are neutralized by the
hydroxide ions at the surface, causing the particles to become insoluble in water and collect on
the surface of the cathode. The neutralized particles then coalesce into a continuous film on the
surface forming an insulating layer. As the insulation increases, electrodeposition gradually

decreases and then (eventually) stops.



the surface of the cathode. The neutralized particles
then coal esce into a continuous filmon the surface

wo a0opittig7ian i nsul ating | ayer. As the insul ati oPCT/US2009/037489
i ncreases, electrodepositiop-gradually decreases and
then (eventually) stops. WO 2009/ 117475
PCT/ US2009/ 037489 -2 [0006] El ectrocoating has the

Pl to ca etely coat all kinds of canmponents .
100881, ElbetrSsraBE 0T PaeCon Shplicy < Bl ecorponents (inside
and outPEHAE 8RRt iGN APay/brishdroQshATahA®, APhRAhhAthel Rt&RAL to coat many
many different geonetries including 1Palrts Wi th acute

differengrggpestries raglpdingpasts vaithtl agarapgleslgenall 8plgs.pandesityep edges. Sharp
coes 05, AR UL DR o gk QA BEARAT08F i e
Thus sle@gedgdserdd tto Maye highdrghedt filwet bifild tHankbé Indighbéming Mgt surfaces.
nei ghboring flat surfaces. However, surface tension )
Howeves pidacs tersn eldeqhurandtiReP o iongtingrayay fiom theeshafmapgge(s) during
ﬂow/cu?edgqﬁ S ddft ! @grf?éel %\Pf/siggrx%rieg T déui)%t%e t§ USEI{)TQ_.IFCI%% Higher coating
tension varies fromsubstrate to substrate. H gher
thicknegoaill rpd tohhetj Rasse whdtl tht edgest wilhelainteinsione thatageheHigher film
thickne@esgg S{S{ Itll\gslglég)na Q:%s %Ig Q%I%glggVeggé)gégtgg cqgglé?gﬂg lrbp tplg!carirr]led with commercial

ED co aﬁHg%sdJGQB eRe ERRIRARDWYF l%ﬁac&p:tit?i Wi thd SibeRIEE ! thetesulER sufficient

coatings due to the efficient flow of electricity wth

edge covhimge $lvstveatase sdihgondstive and vweaklyi cindwmitive edpsrates have greater

difficultg/gl}/ﬁ@?r%e%ckkg{%% :,Hlezslg nsﬁﬁgga%g, 1%1%}? ggtc gl'&f\f{flf ﬁ%@%l%@aelﬁlgx coverage with

standar®@BLdodisng t hi cker filns, these substrates may not
obtain sufficient edge coverage with standard ' '
[0087 L oatkere ip00ery foheeentpryna disdecdri¢ enatiag dlemh £or fpeim an insulating layer

that adegh%%@g%@ila% Cs%ﬁ@éorh%u&lﬁ‘v%t mS@h,forman insulating |ayer

quat'e I nsul ates semm conductive materi al s.
SUMVARY OF THE | NVENTI ON [0008] In a first aspect, the
present invention is directed toward a nmethod for
depositing a coANIMARY Of THEINVANEK N e substrat e.

[00§§ES ”ﬁltahﬁgt hé}%&t‘@% 'regeg@(/éltf&g.iédﬁgé@cﬂ%%% 5 hl\éﬁlod for derPositing a

trate In an ctr eposi ti on conposition, wher el
coatingain h easilicodBu@aecabstrdry. ilieghmethofl inglsdes: Somedéng a seimdconductive
conposition is hi ghl ross-|li.nked m crogel
substratgaﬂn%@nfélﬁqtrodgﬂﬁsitg%bp%p itgor\,/dy gﬁ‘d]é at geé]tsgl\éé IP%{qqgt by weight of resin
solids iR lﬂlkfésédrﬁ}g(%itﬁﬁdistahl‘ﬁ%HI?rﬁi’Qéi—ﬁﬂk@@ ntli@rof[g@f MR e, aRL rab@ying a voltage
coating on the substrate. [0009] I'n another aspect,
between the silbsyiasit indrthpeavpatgnaodompoadictdctne ¢aatingige thersubstrate.

[0009] In another aspect, the invention provides a composition for wuse in
electrodeposition including a resin blend, a coalescing solvent, a catalyst, water, and a highly
cross-linked migrogel, wherein at least 20 percent by weight of resin solids in the composition is
the highly cross-linked microgel.

[0010] In another aspect, the invention provides a composition for wuse in
electrodeposition including a surfactant blend, a low ion polyol, phenoxypropanol, a catalyst,

water, a flexibilizer, and a highly cross-linked migrogel, wherein at least 20 percent by weight of

resin solids in the composition is the highly cross-linked microgel.



el ectrodeposition including a resin blend, a

coal esci ng solvent, a catalyst, water, and a highly
w@emwesr4rnked migrogel, wherein at |east 20 pePCENS$2008/037489

wei ght of resin solids in tBe conposition is the

hi ghly cross-linked mcrogel. [0010] In another

aspect, the invention provides a conposition for use

in electro gﬁﬁhbhg&RkﬁfkﬂQ ﬁE§ﬂ£; EE} bl end, a

| ow i on p0| YO SAUSLISZSY 450 upcu O —ca Cadt al ySt, water, a
[00fL L EXi PIC. Z&l6, a@@ds@leﬁiaﬁm Yepedsem@ridrisn kogd sﬂﬂ)ﬁfaﬁi@eboa‘ced using the
wherein at |east 20 percent by wei ght of resin solids
compositipns g€ Egamples-Mlon is the highly cross-Iinked
m crogel . WD 2009/117475 PCT/ US2009/ 037489 -3 BRI EF
DESCRI PTI ON OF THE DRAW NGS [0011] FIGs. 1-6 are
schemat I ¢ DEFAESEDIBIESORPTIONSOBIHRINEESNIROR usi ng
conmposi tions of Exanples |-VI. DETAILED
[O%Ebcdrmrle@qp@t HheRraSRIVERTSNORN [diefed ) aonethad fudtreparing a circuit
r.
assemblgrr eﬁ%?l%ﬂ%%lgg %%tlﬂ}c%& tu’?nngiésg% ?&nfc%}]e cﬁ% Elgr%tr%%(:lfl 5‘8 electrodepos1t10n
compositione kderedn a Ise20 qnﬁrbemt by/'@eghbsﬁ tesihaolids @rthe compos1t10n is a highly

.el ectr.odeposi tion osition, wherein at le %
cross-liplc 8108y RRMBHIENbT TKbSPRYEE Raoagct FREVESIR Sipgrte and the
composﬁtﬁ)nQOl%IglmlHlelé‘cﬁﬂsé)ahhg? kg eheubiipge! conponent, and
appl ying a voltage between the substrate and the
[00d3hpoghd isomitondigive mattirl ewir be, doaekagplon at Kgoup IV elemental

semicoffjgt, Epud 1Y Bgniy SEReGRDIIE 2 Gallb (Bl Seripnaor. a Group

I11-V tefKa®y Berhi¥o SRHIIRR WNby, SECTRPNAUY \?Eﬁer@rﬁ&ﬂ@oﬁdu'ctoy alloy, a Group III-V
sem conductor, a Goup 11l1-V ternary sem conductor

qmnaryasqr@tyon@cmro@lb)yt 19 Groquakléflna@rylcgledﬁcmmu&r@mp dl-Mdyterngry alloy
onddct 0
sermcorﬁu_g%?, é edrﬁog%%%ilcl: [ggfé[ﬁ/coﬁgtﬁg,tgr 8 ﬁ’;‘f L@l I\?é/lrl ns\é%c%gﬁlcggf a Group IV-VI
ternary SEficOAdEH6E f Gréauf3IVowp slemlﬂdndﬁﬁﬁi COBHEE OI-V gerfieonifuctor, layered
I V-VI sem conductor, a G oup | V-VI ternary
semicorduioE nefu OEhSF , Seiegndugions. VnCluding coiganie t gmicendasiop and magnetic
smnwod$xﬁ&§en1conductor | ayered sem conductors, or other
sem conductors, including organic sen1conductors and
[OOMDneGrcmp i‘émlﬁrﬁﬂdmk:isﬁn&on([@ﬂitd]m{mdm|CD111M0m1 e(@&,nﬂﬂjcon (Si), and

em ductors_include pbanmpnd (C), Silic
Germamu (CGoer)] (C}roup IV compoun senqtl)condlgct rs include (g]hcon carb1%e (SiC), and

Silicon germanide (SiGe). Group III-V semiconductors include Aluminium antimonide (AlSb),
Aluminium arsenide (AlAs), Aluminium nitride (AIN), Aluminium phosphide (AIP), Boron
nitride (BN), Boron phosphide (BP), Boron arsenide (BAs), Gallium antimonide (GaSb),
Gallium arsenide (GaAs), Gallium nitride (GaN), Gallium phosphide (GaP), Indium antimonide
(InSb), Indium arsenide (InAs), Indium nitride (InN), and Indium phosphide (InP). Group III-V
ternary semiconductor alloys include Aluminium gallium arsenide (AlGaAs, AliGa;«As),
Indium gallium arsenide (InGaAs, InyGa;_xAs), Indium gallium phosphide (InGaP), Aluminium
indium arsenide (AllnAs), Aluminium indium antimonide (AlInSb), Gallium arsenide nitride
(GaAsN), Gallium arsenide phosphide (GaAsP), Aluminium gallium nitride (AlGaN),
Aluminium gallium phosphide (AlGaP), Indium gallium nitride (InGaN), Indium arsenide

antimonide (InAsSb), and Indium gallium antimonide (InGaSb).



Germani um (Ge). G oup |V conpound sem conductors
include Silicon carbide (SiC), and Silicon gernmanide
W@ 31082)7475r oup | 11-V sem conductors include Al RCA/HE2009/037489
anti noni de (Al Sb), Al um nigm arsenide (Al As),
Alum niumnitride (AIN), Al um nium phosphide (A1P),
Boron nitride (BN), Boron phosphide (BP), Boron

0035 B R R R Rl B
phosphidBQARMHIAR, AARNIGAIM QhGE@\HﬂWHﬁQﬁPQ eAlufﬂnﬁ C?allhﬂﬁi ht4Bhide phosphide
arseni de (1nAs), Indium ni'tride , I ndi um

(AlGaA@Bbsbﬁlﬂldé gqlhmp a@ﬁ@ldp phasphide t (elrlﬁm\yP)s ez?ﬁu@gmgw@qhum arsenide
phosph%a_{gﬁﬂé)slg)c n1um rluumna earllile nitr (.lf? (fﬁelg%egl&s '/1\ &:flall’n galﬁllm arsenide

rum ar seni

nitride (lllﬁG@il\l)Xéﬁd Indhﬁnfﬂ hmmlglahi driemighds i (HRAIAKNGAP)
m nium _i ndi um arsenide (Al InAs), A um niumindju

IOOAﬁh nBt e Mt’ | HSPATY  eAPicPRANCE s aliYge infludej Gllium indium_ nitride
arsemdﬁ(gwﬁg}qlde@ Ilgég_?%r seni de phosphi de (GaAsP), Al uni ni um

rumnitr [ GaN), Al um ni um gal I i um phosphi de
[00(175] GaByqupl ki Tusemimntinctonsrindluded€adrhinEaddleniden@idse), Cadmium sulfide

(8. BEminicUnes oLty Zin S s5agnD As SPETACEIRLR) Bap sakide (ZnS).

andzlnczgel[ugigg@infg oup || I -V quat ernary seniconductor alloys
i nclude Alum niumgal liumindium phosphide (A GlnP,

[003850 GroalpGAPYVI | teGaayl RylloAl Berr@aé’l)ducmrsl ninpiuden @alrmuumzmc telluride

cazsifl S HeRAPn BalatBin MR R {laMif &7 et AT, ana

Mercur Bg Rhlefige (AL ZAEASP) , Al umi ni um gal i um ar seni de
nitride (AlGaAsN), Indiumgalliumarsenide nitride

[0049T, Gaﬁmpl st P ecmared Curde
[OOQPFAI é%}%)cl uglgg'e%ﬁ%cﬁllépori dlc]udeqlg«%alaag Yentde ”g%%”}j l‘t?etag "Sulfide (PbS),

oyS | iumin
Lead teRitiden®PBT el TECALNNASES),.anfl G0 @] luRO fnTe).- V|
sem conductors i nclude Cadm um sel eni de

[00&3hini GFRuuIlVi Yk tepas)semegaddheiaist drqlide d*’ead( @@Tét}llur@rﬁn&PbSnT@
SR 5T125 SR il SRS 20

[0022] oyGsarmp ¢-ofdanindudtoc|ndedcdadmutimedumde (BalTewrx. i de

N e L N [ -
arsenid® E{b@mgﬁ CHYZRRE )antimonide (Cd3Sby), Zinc phosphide (ZnsP,), Zinc arsenide
(Zn3As;), and Zinc antimonide (Zn3;Sh,).

[0024] Layered semiconductors include Lead(Il) iodide (Pbl,), Molybdenum disulfide
(MoS,), Gallium selenide (GaSe), Tin sulfide (SnS), and Bismuth sulfide (Bi,S3).

[0025]  Other semiconductors include Copper indium gallium selenide (CIGS), Platinum
silicide (PtSi), Bismuth(IIl) iodide (Bils), Mercury(Il) iodide (Hgl,), and Thallium(I) bromide
(T1Br).

[0026] Miscellaneous semiconductive oxides include Titanium dioxide: anatase (TiO,),
Copper(I) oxide (Cu,0), Copper(Il) oxide (CuQ), Uranium dioxide (UO,), and Uranium trioxide
(UO3).



[0019] Group I-VII sem conductors include Cuprous
chloride (CuCl). [0020] G oup V-VI sem conductors

W0 pwbate7iead sel eni de (PbSe), Lead sul fide (PXS)/S2009/037489
Lead telluride (PbTe), Tin.sulfide (SnS), and Tin
telluride (SnTe). [0021] G oup IV-VI ternary
sem conduct ors include lead tin telluride (PbSnTe),

[00 ZFI [ um ti Oltdﬁlp‘% T12 %@%g%%% @%‘%BBV ;wurface resistivity

of<lxﬁgﬁk%ﬁﬁgq%h@5%uﬁﬂ%h%%&ﬂ%ﬁﬁ@0Nk%ﬁMlﬂlde (Bi 2Te3).
[OOEOOZS%hC}OuD I'l-V sem conductors include Cadm um

Bbs phhaienaaad pRpogitiani aravide eprioved e@raﬂs@@)fage(:a&hﬁa@mmterlals
have a g)%elé an enc %Cg%gg%qd aZI 0 {ra(])cf%gén%?vgl rt(: %%esgef 19n and remain in
place. TIROZE|of b@y@ﬂﬁ&ﬁﬁﬁhl&ﬂﬂﬁi@ﬁdg@[ faterial éiﬂl@nde@alﬂa(ﬂld\&' résBebtida property.

Pbl 2 Mol ybdenum di sul fide (MS2), Gllium sel eni de
[0029%; S urablercagting icE@PPSG)S cagrRpIRIisFas 1§ Bam fikgsTormer, an ungelled,

active ll{yﬁi dﬁ%cag{a%@ﬁ% q QE ?ﬁ%&fe&t&%ﬁw gt&?ﬁ rgnlayéglg sgﬂpgcg fn U.S. Patent

ApplicafiPh BublicaBios Mot B004/0)4 li1d8iAde whBihi8herebleincorpp(dted by mdirciece.
12), and Thal l i um(l) brom de T1Br). [0026] )
[00RDE ¢ o 8ot b i DRI e PO UES SO 474 A bipsed in the
curable @b&ﬁigd&m@gﬁfoﬁ§ %r&%ﬂ&@he SRBR&Y {diikve BY¥adGer %6%93 ras determined by
(1Y) oxid bran um di oxi de
the Zetgltwanmq,fm test] diﬂstddoed( uDS)le WOURIV1 10K 76HE AMERICAN CHEMICAL

SOCIERY e YRt Mot | a1 PRe. LuBES pabalikal JRSar adydRosehs Sre derived
from hydesxy$ ?fo\ﬁ!pﬁ‘ Mhlo%roﬁ}%i YridditZa@ rShsang/on s&'éh&arfr amine groups.

resistivity of < Mohnms. [0028] The materia o
[008bhpoByt u@gﬁéleér pvinggnt |thmre@mé dresipstantlby fge of Presgmking and have
an 1ntr1?gger1 c%l ?}/ I’}?e\llledgsolv e&ﬁ'tg ysotlvenqI gs get%ﬂging& efo?'béxgmple, in
vely Fesi st surface ensi ' n

accordapt@®&h A@W@H%forakﬂﬁlf Ngibanasr QS}‘E-lhtlrlﬂlﬁe dfl%bﬁfyocgﬁhe reaction product
mat eri al. enhances the flow restriction propert

is an indliggi3 ofcii Apice aoweighy /é@ﬁﬂ%ﬂsretapwr@%tc%ﬁﬁ%@r&én% since it is

of esseﬁ@idgr el n%f fl rmo@GulHPg\?ell £ wil 3abd \ﬁﬁ intr, ]gns1c V]hscos1ty too high to
ogen- cdl I'ning resin {1). anpl es of suc

measure OAB ufeglshemfle, adesaiontygdduan thdt B."siataninlly Appbf catilinking"” refers to a

reactioqug)léﬂugghlg? l\bk?y \xfzegg; 6#8/%%25 4n3;oé|cular\wvle(1:g t (?\/I herasbgetermined by gel

permeation chromatography, of less than 1,000,000.

[0032] A variety of active hydrogen-containing resin materials are suitable for use in
embodiments of the present invention. Non-limiting examples of suitable resins include:
polyepoxide polymers, acrylic polymers, polyester polymers, urethane polymers, silicon-based
polymers; polyether polymers, polyurea polymers, vinyl polymers, polyamide polymers,
polyimide polymers, mixtures thereof and copolymers thereof. As used herein, by "silicon-based
polymers" is meant a polymer comprising one or more --SiO-- units in the backbone. Such
silicon-based polymers can include hybrid polymers, such as those comprising organic polymeric
blocks with one or more --SiO-- units in the backbone.

[0033] The polymer is typically a water-dispersible, electrodepositable film-forming

polymer. The water-dispersible polymer may be ionic in nature; that is, the polymer can contain



[0030] A wide variety of filmform ng polyners are
known and can be used in the curable coating

WQ@9posidri ons, provi ded they conprise active hRdr/ogeen9/ 037489
groups, as determned by the Zerewitinoff test,
described in the JOURNAL OF THE AMERI CAN CHEM CAL
SOCI ETY, Vol. 49, page 3181 (1927). In one enbodi nent,

anionic J}ll%(iﬁ%@gll %/Iﬁ}l g:%g%ﬂ a g{ﬁ%lﬂ%%bﬁg%oﬁggtgo?%%hégggﬁ%a}l &Foups to impart a

positiveS@fapitd aftosesiae th piiPser LOURBAL cBYonid BaEktRMs, isBalfEadifonic amine
the Tesins are substantially free of crosslinking and

salt groppsye an intrinsic viscosi ty when dissolved in a

[00§HL glgrﬁ élZI’HOI Vh%l/%? E% 2 %ﬁg\g‘g ne%\%{%ﬂ?@%xagﬁ.lfe t ubdlas the polymer in

the conip@tnhbﬂ slmCPawlcsﬂazsmtamdmﬁc ¢ib&rddRpeditabla d@m Edmpdsiti@R, include base-
i ndication of its nol ecul ar vvelght | ed reaction
solublhfﬁd@ g@r@pxylb‘naqchgogpﬁ@ptampo gmﬁ@éuph asg gw regction product or adduct of

a drymgsoiﬁla} 'sé’l_lni Ayl r%&faﬁ't;ﬁ g(l:ﬁ{ Jg{eg % e%lHL.I%BX}ylﬁ:I %&’or\’\ﬁdhlygrslde; and the

ave an |nt ic-viscosity too nmeasur
reactioru pectiueerodi 0, fa@y raedl tekten pmsadma:tbdtdw:t olrSanhsdhset anti alyl wdditional
to a ction product

unsatur{mtﬁtg?nq%fggfntgolagtlplﬁﬁg vag%é} %(g];ﬁel%rére%ﬂt%q, Ip@}ﬂol( 0 suatgble are the at

least paﬁ%l@rﬂ&ﬂgﬁzeaymtgﬁio REE TeaLaeRy GNP PRLRYF %Blé‘a)fura%fd daftSXylic acids,
han 1, 000, 000. OySZ Avarlety of active

unsaturaty@l rca@@nylmcoamdl emdng kD@SI enenether etlyenanby swsdtalated fonomer.  Still

of the presen vention. . . .
anotherNgRabIT S G RORLTHY BOTbFO SRR 6 IRAETTEOP o) URbile i a vehicl
contamﬁgl YaPQxiyde Bgh Y ARd San aﬁﬂhiﬂelaﬁd&@lié/ MR,  POANRBdrelsuitable anionic

ymers, urethane polynmers, silicon-based polyners;

electrocgfew@bhereswo romeestiopepypriees potadnesters off aylesipony peho]. These
compos{ﬂﬁ él)é%{‘n &le%c@%dxgﬁ{:t%ﬂ in ?JO$ Waml\g(% 3p7ql|9y6%9 ?C%lnb Xﬁnlég ?%o 75 and col. 10,

mer S "t’hereo

lines 1 t"oSI?J i G@er db&ﬁﬁﬂlctlcﬁmﬂl poOBHRTs dlso &@&i&us@d @l@dhyd@hosphatlzed polyepoxide
r|S|n%; one or nore --SiO- units in_ the backbo
or phosgwifred gy edlyBgEds fet Yiedrknovdnto thescuttallad By thy art. "Kdditionally,

sultablepfb| R, thﬁ lf)%ﬁ}rn‘i'e? 40 QE&CCI%%B%_C_%LH@&SIQI Qﬁré' & Hl%tey gErLdeﬁt carbamate

svmt or nore -- nits 1n the one.
functiofa @83ips, Theeyaaipjerehiose sleteyibed &l UyS. @athoeB-ldSSB&r si bl e,
ble filmfor

003f or @S@B&?Q@W%dyﬁ%@t nbe Bees Pt e BPEEf iy cationic,

H H& oRAIMAE o @ R1ERBEFoBita0R LRAOLILBATSE d hod
active %7%82809/ 0%4089 -66 anelrfjgnltac f unct |%p%al ar oelfgéltlon on a cathoce.

Non- lirmiﬁpgczaraplﬁ@giamda gatdrae fibndprnoiag irgmiscinélude ammaﬂaltgr@upsontammg
esin s PR B S BED ) R TR contr
amines such as those described in U.S. Pat. Nos. 3,663,389; 3,984,299; 3,947,338; and
3,947,339. Besides the epoxy-amine reaction products discussed immediately above, the
polymer can also be selected from cationic acrylic resins such as those described in U.S. Pat.
Nos. 3,455,806 and 3,928,157.

[0036] Besides amine salt group-containing resins, quaternary ammonium salt group-
containing resins can also be employed. Examples of these resins include those which are
formed from reacting an organic polyepoxide with a tertiary amine salt. Such resins are

described in U.S. Pat. Nos. 3,962,165; 3,975,346; and 4,001,101. Examples of other cationic



salt groups. [0034] Non-limting exanpl es of

filmformng resins suitable for use as the polyner in
wQ bwgorposi tion, in particular in anionic PCT/US2009/037489

el ectrodeposi tabl e coati ng-gonpositions, include base-

sol ubi l'i zed, carboxylic acid group-containing polyners

such as the reaction product or adduct of a drying

resing i BBy PG B HREPAFTURE TaE PAS TPISTAY ifosphonium sal

group-cBh@MEd réfnsasfcBtdsythasd deRsib&d in UNSAPH NRd 388378l and 3,984,922,
anhydride and any additional wunsaturated nodi f

respectifyglyer Algp stilpifermiag eesingrwupkas ﬂé%ﬁiflbé@i ipEurppgan y*@m}/lczmosloN 0. 12463
can be gs%lfle?;g% grgé:gtégngecﬁrgl%?sllt?oan%t r«gpar tci Pr g Sneli'll&{l:] ﬁzlésg:z gl(r;ca 2 Odescrlbed in
LISIhﬁakbam$M9gza@hdsmwdunsaturated carboxylic acid and at
east _one ot her ethylenically unsaturated nononer.
[00§,?] | | In ali*?o?lﬁb?dlglﬁ‘m abthe RrEdt iv¥apeR thaMobymessGay comprise one or
l
more pSRRLY EAREAD LN OLRY AR ERUE W sorpfiogry BoBO gFbs. Sueh
resins afndedeeibed in Uadl mtahﬁomn?o 663,@893(3‘,947@903@ dbll1é,906siIn U.S. Pat. No.
np05| ion conprises mxed esters, of a resin
3,947 3§§| yol PO &ﬂw&ggne cHHPaLYS i Shs” aPAVHBIEr iHEY $0 Gebgenetyipmine or
trlethyléijret%tragﬂne 1%@eac$ed7év%h645%ol§é oxfe: Wiheh IthefeadtidiP produdd neutralized
O, lines 1to (ﬁher acid functlonaP
with acgbhlgdréxsperad:dsm waftsr, b@emplema@u@mmasgrphpﬁsphgemmd:d Also, equivalent

ol yepoxi de .or hatized acr ners as ar.e
produciomb BREEA #4%8 nBoR SR G 1 rIotsien oy B UTarS FORATTIGEs such as
diethylehbirfadfth€arddOriethg R nd@trhA1RinB Ahy MRIexBé8 pbRAFENd @=RUNS stripped from the

conpri sing one or nore pendent carbamate functiona

reactiongnpiyys, Stelt piedaetppes, destidhsd i s Habd¥psi 4,003,889 F%d 4,100
[00§§]éselh/ﬁ%§res [oggl?eqbolv{:] dg&%bgc? Eotnllé: Il‘éls% a?sgbcglq Ibe us Jvtaﬁtlglgeously In

I'nvention cati
one embBydimegEest Gerjrédeni hgent@u, @h&b@i?inéﬂﬁﬁp@ﬁiohﬁbia& gréfpdand is selected
capabl e of deposition on a cathode, Non-limting.
from a polygRoKids- bﬁﬁedsm@hmerahqvam REIPIIY nseCORH hnd/ QISEH By #aingggoups (such
as. thosg HeQEiEH ool Sl RMAIE Py B SHARAIE ahdfr amine functional
groups.primary or secondary am nes such as those descri bed
3,663, 389; 3,984, 299; 3,947,338; an
[00§3b47§é@§3v1¢e@31° disei ot 1 8% P2ish e eP@aéwe&h gﬂlfdleréff‘@t invention,
the polﬂh&ch‘a%s@a@lohmg' bedy abave 1ns¥atﬂ€e ek Y:Qﬁ’(;m& @ﬂt ?lro%%s Rpically are
selected fromcdtionic acrylic resins such hose
formed $gssohibedng the We$n Wit an 1np®mc33r4(55ar8@6c1dr$dc}3 aQQ@sq_E(?nventlonally

. es am ne sal.t. Les
used in R RtoR R raT R PR ARG BT e, but ae
not lim@éS®, blﬂfaj?ﬂﬁ@' Q%86 ladacaiid eym@f a&@@sﬁl de&hRsdilnB&l 31dBe invention the
those which are

solubilizing acid comprises sulfamic acid and/or lactic acid.

[0040] In a particular embodiment, the coating compositions useful in the methods of the
present invention comprise one or more components comprising covalently bonded halogen
atoms. It should be understood that for purposes of the present invention, by "covalently bonded

halogen atom" is meant a halogen atom that is covalently bonded as opposed to a halogen ion,

for example, a chloride ion in aqueous solution.



formed fromreacting an organi c pol yepoxide with a

tertiary amne salt. Such resins are described in
wWeR®9I1Pars Nos. 3,962, 165; 3,975, 346; and 4, 00ACT/032009/037489

Exanpl es of other cationic-¥0O 2009/117475

PCT/ US2009/ 037489 -7 resins are ternary sulfonium

salt group-containing resins and quaternary

Sp nium sal t contalnl u

[OO?Eg JE %Qf'alnlng gampﬂsci{P a ve agQya g%tliy?é d%(-}%) fglgan content of at least

1 weigh? p@&éntg d2at lehRIPRERhVRIYent Aérsa@ Jeaki % Wefg‘h'f bRENnt! 615 htnl§ast 10 weight
such as described I'n European plication No.

percentc pseeoryetdl weight drresigataligpi cA nﬁhﬁspwtmgscqmwamdcan have a

covalen y%g&ygcggélggenb%:n %rgegcleisa%%tg]%§ I%élllagﬁg § eluht n%er{:e or ess than or

equal t@BESAAEht Y@L, i @Messt ficequal J0TBF weddht q)@fq@m D2 1&Reh& or equal to 20
nore positively charged resins which contain prinmary
weight peraensr Ihecoatag gompriioyrBUpye ageyplently §ppdeddradogen content which

o EREEN h pSo 8 5 o l ,

[00d2} i vhiL ianeemlﬁochmpml ysﬁrthen@rssenh imgndbgt tly:l etme&ingl asmpissition is an
jethyl enetetraamne is. reacted w

or .tr)et
electrodﬁaw@% FENe WREROLIHEN (ORI FYS DHroinee g dispirafd Fean adueous

mediuni¥ T &ha@naf @og&eﬁ%ﬁc?g%g cbteWBSEthe rdsiifR@s BhaRRF YAk Af depositable
groups are generated.” Al so, equivalent “products are

coating fcompesitiohean e ;doﬂly@pfmmdmlognraeqm eavakintlly lexded o the resin (i). In

such infSndRr b ERad B Binard ShcRepri s S0 B s iRwier dovmsagiant used to

form ar@tdfltlﬁhoﬁ’l% fdraingd RBins HEREHE AbdleX IFF Bxan§e the Eé@ﬁ%ﬁﬁi b@FH reaction
described in S. Pat. Nos. 3,663,389 and 4, 116, 900.

product| eb%Palngmmﬁ%@h@iolx fer alovele dedwldgsaaed oprlvhydeisi prenol such as
. t t
chlorma?%]% 8r B%rllmlf? eéil%? h %\fqﬁ[] onu%}&gi%érgwag&ﬁa ﬁﬂ%"ﬁ&t@?&‘ﬁ stu%fl as those

presen I nv S Ca nic Sa

descrlb@i letfl& Wi rb&ré:‘neé &6&13@ re§°11i om aInpﬂieY@@@X)lfdm hasEe group-containing
i;@ having prinmary, secondar% and/or tertiary .
POlYmelarﬁO iiabapsvifhs basPheic agipdeaydedlom: bodcHBEvRly. shapayy containing

compo ﬁrr&{c't&i W Xgr O %Yéd[rk%{)lg%c?lﬁg Xl f@lw&lr ;ﬂ%‘é&ﬁm of an% res1dua1 epoxy

uncti ona previ ous I scusse
groups ovith plarsphaid acid ewdnddi yigldta stﬁltzﬂateep@hyesentThena/céahtgir@lps can then be

catio csal Q In this
solublh%qﬁ’swgﬁ&ann%UE%%%% 6‘hf <5¢ 9 H&@C 558 .g&%wnéﬁl@ng polymer, the

resin mhPHORL r@é/ct%ﬁlph‘@ddc't 3f Meﬂ&? fﬁﬁ@tioﬂa%ﬁt@n@lnsubﬂ Qs %@é Beslfibed above
organi c acid such as thosé conventionally wused in

with a balegﬁtnlamde;ﬁmsolt fbbeed d)ryrmsqttqnocvfsany&@sldaail aposy pnpupsswiph an amine.
The reactlonuI?roldlllc% ' NP2 lbe 2olubf 1ze Withl%.%lltaCl re

[0043] In one embodiment of the present invention, the covalently bonded halogen
content of the resin (1) can be derived from a halogenated compound selected from at least one of
a halogenated phenol, halogenated polyepoxide, halogenated acrylic polymer, halogenated
polyolefin, halogenated phosphate ester, and mixtures thereof. In another embodiment of the
present invention, the covalently bonded halogen content of the resin (i) is derived from a

halogenated polyhydric phenol, for example, a chlorinated bisphenol A such as

tetrachlorobisphenol A, or a brominated bisphenol A such as tetrabromobisphenol A.



not limted to, sulfamc, acetic, lactic, and formc
acids. In an enbodi nent of the invention the

wai0abi4rzi ng aci d conprises sulfam c aci d andP@r/US2009/037489
| actic acid. [0040] In a papticul ar enbodi nent, the
coating conpositions useful in the nmethods of the
present invention conprise one or nore conponents

O e TR Y T
compoun@Y Rk fiple D¥e dpOyad 8 RiHeY oPPRSBELnaRAIRGBRBnALONT i

meant a halogen atomthat is covalently bonded as
[Ooéfbbos@hlﬁ fgivg Ielregparconemning freyn éh ahvmrévedaib@m 6o ge nr@ﬁnt in the
curable Q@I EIM S0 ‘130|nu1tn A unts ra%oglglf:rlolnzéllg /etgéizn 9/ Oei t r 30 to 45
§ f 4T1 H%e coat'i ng conp% Pt Ve G CovaTent P

percent b9 Rateght basedgnoORERME ofthe aﬁrabl%a:@htmgkdwoghtonpe rcent,
or_ at least 2 weight percent, or at |east 5 weight
[0048} c et , Praviously |disespsedo thie Pepositie éé‘ihtfurtbf‘és%‘l{nléf#ﬁe one or more

polyest%r?#%gg :ﬁ?%lg% ngfTh::] 33% e)’%st%f) l:ﬁﬂ% e‘%%hf&) 6%) % %‘i Pﬁ'\gn% greater than one

ester groompanmoleﬁulheSEletda&m goFupR qmabreiscmt 516) amn@lnht pffflclemtt,o a@fect cross-
| ess than or equal to percent, or |ess

or
linking geRqppte eﬁ%“%&‘i“%‘f““&‘éraéé He P ) 6B Ehak % fempgtpdpres yp to 250°C,

and curf@ tlrﬂ@s' GMlp BGRMLtes THEHERRIBNRIERMRAShAH LBl AAY fefperatures
coval ently bonded hal ogen content which can range

and curpgmge enll b depodiitrgon the sobsttatesge be abated and their @Bd u@sof

{ ci ted val ues ] | enbodi nent o
100868 5 RdiiheBany R ees g TRBRDGEPUGAsed! 4 e polyesters of
polycarBb:84i R IR P Q%d - Biblitth gCO@hiphd iRATMO Bistd-ByHr6 QMR Rktes ¢F dicarboxylic
resi nous phase di spersed in an aqueous nedi'um The

acids, swshal #nt big(2huderedbaao geéﬁla@o n%ﬂént igR-hydeoxyetdyhiggephthalate;  tri(2-
ethylhegzﬂl% @tr%gelfltla?e gh& %%1;%?% %Vgr%lx 1 estef O éﬁenﬁ%[fpe%%rs E%B%red from a

s Cova

dlcarbokji?lﬁ: &8 iafhy{drjde dnd arﬁhﬂ@bhdlnﬁlt:ﬁﬂﬁ%spolplﬁeirﬁ:oawdmm| Yhe latter type is
bonded_ hal ogen content can be attributed to a reactant

particulpdy éflitaéle P gy Poyetierevith p fippldkpstingalbiyaf maorg &gy faep suitable
exampl@lﬂﬁ:\f es a olf@gﬁegﬁnlrgjaréd dflfsa r&cpﬁg’ ]pgl?vglgﬁa‘t 4 &ﬁfté Bf'the dicarboxylic

produ nat eno exanp
acid anhgdlmi;gae ffat edalpp]ey kyahinic apnhgdmxie su@hthatic anhyd:mder)l avigld aotrihydric or

onlnated IS noI A wt OXYy group-c inin
tetrahwﬁﬁt alephgl. %5% §§ Y¥5Ee rige @&1%.1%% SETSYR BN B e FeyiEperatures
below 59° (Nl 8RN réabting {h@ dchfc %@Ef@s‘c&f w‘ﬁﬁ ARMURNhE equivalent amount of an

group-contai ning - pol ymer, solubilization with
epoxy gkaowplyeh es éw2| ccpormybuftmel @thyleAbtqamdeatqr\mbyylermnogpc)xyThe polyester

curing R B ieP oR B e RO BUER by Pt 1B BT Semaags @ lower 2
hydrox 2 RIBd¥rminated poly-alkyleneglycol terephthalate.
[0047] In a particular embodiment, the polyester comprises at least one ester group per
molecule in which the carbon atom adjacent to the esterified hydroxyl has a free hydroxyl group.
[0048] Also suitable is the tetrafunctional polyester prepared from the half-ester
intermediate prepared by reacting trimellitic anhydride and propylene glycol (molar ratio 2:1),
then reacting the intermediate with 1,2-epoxy butane and the glycidyl ester of branched

monocarboxylic acids.



groups with phosphoric acid would yield a suitable

pol yner. The acid groups can then be solubilized with
wW@niope1743 kewi se, in the case of a cationic saP@T/US2009/037489

group-contai ni ng polyner, tfie resin may be the

reacti on product of an epoxy functional material such

as those described above wth a halogenated pheno

10043] & ene befES Bl BB e Bkt R peshen ebalfingresin (»
comprise®lchiddié 286 gMupf B8O pakder &Q%Qgeh@?lﬂ ng s@d@ﬁﬁhﬂ? Alee Of acid. For

the present invention, the covalently bonded hal ogen
purposes @i tleenpregsit dpssripden, rby( isybsgantiabe fige pif\aeld” ﬁSr DAY havmg less than 0.2
meq/g Eg‘llflgg & g: %ﬂle% ogﬁg anlgiZfolorS é%a:d %r %6 | catt 1Vlec? gepo s1tabqe coating
compo sﬁtﬂin@,@ﬁﬂﬂ@bl@%o%ﬁtﬂ b@ingQlg¢hm lcan ﬁ}ﬁ:ﬂmﬁmtaedhc p@lb/y@élﬁfptd’pared from a
hal ogenate phosphat e ester, and m xtures thereof.
polycarbowiifercid RpBIrifenonport Mere higgksnelcpholenglyee, H{Oﬁ@-ethers polyols,
bonded hal ogen content of the resin (i) is

amﬂor@g%ﬁ%ggﬁ%¥on1a hal ogenat ed pol yhydri c phenol, for

[008@npSeitable phlyosiboagled aithyelpiden ehn Anduddh dictirboxylic acid anhydrides,

suc at§ 5%{?313? ?aé 2% hﬁﬁ}ﬁ{w‘;}ﬁh @Hgyc? ;&P ' Stgrglg/t@g?pilbl ilgggrr;hoydrlde trimellitic
anhydnﬁ’é?T / ﬁ&%@ﬁﬁé&ﬁﬁﬁf@ anhydAGd! thORhkYanyifpnaRYE! @Rkjdtide, 3,3'4,4-

bonded hal ogen content may be derlved roma
benzopllrﬁanloogemmaé:d)xgm sianh iy canddhyréwellisg dmphedrideh éMlixtures of anhydrides
b 'glycidyl et her of a hal ogenated bi sphenol A. [0044]
can be B active hydrogen-containing resin (i) described

[003PPV eSEigiblDEICHRAS 8t idcludeN@eak Wyald 8r GRMERGDalcohols. The alcohols
conposition in amunts ranging from 10 to 90 percent

may be pfphwuicghomae oBgraliphas inpafisents el base ayeols and mone
epox1de% d%ea t&%sgl% ugl)glu& ont %Hé %o&g%grighlgotcrggﬁ%qﬁéri l\xgﬁ al((;:glﬁd groups per

pr evi ousTy 0S|

moleculeU wmﬁtﬂlr CEO NG ir&ete@n emhr cmﬂbbeyhop akjle st emhgdifidd JuagRnt Sbelow the
% ... The polyester curing agent (ii) is a materia
tempergiggiohd>Yrleat er than one ester group per nol ecul e. The

[00§?¥ er Slgi[a%%oﬁloﬁ{S %Ri’:[l&ése&% hOudd gﬁrgfagpgstéﬂéfoff Hehfeity h%nocarboxyhc

ect cross- I ng at accep cure tenperatures
acids. Mtheuraikylémnesxldé@rswham:pétbyhhe toameoaq)mmnapome 215@ be used.
nd curin tlnes of u '

0 9 It sho
Sultablwlas? 8B AP fHCTEPIPD F@YLE&F xcglﬁ% QPb{F@éf enargiyceéﬁe @ropylene
glycol atnﬂrﬁ%f?yg b ylerR& 1 HORERLENE- Héﬁ%did?el\/ﬁ%%sr(ﬁtgg%ots%gebe used.

and thelr éend uses. [0 Conpoun general ly
[00§3] t aNbe-aaiia pdypodry est be pmpaxedgftagasnmptel, by reaceing, in one or more

s, BERNEFEH R BT SR AR BT pobPL MLt i i
molar r&ki®8f PAXY1d €3, if desired with the aid of an esterification catalyst such as stannous
octoate or benzyl dimethyl amine, at temperatures of 50-150°C. Additionally, trimellitic
anhydride can be reacted with 3 molar equivalents of a monoalcohol such as 2-ethylhexanol.
[0054]  Alternatively, trimellitic anhydride (1 mol.) can be reacted first with a glycol or a
glycol monoalkyl ether, such as ethylene glycol monobutyl ether in a molar ratio of 1:0.5 to 1:1,
after which the product is allowed to react with 2 moles of glycidyl esters of branched
monocarboxylic acids. Furthermore, the polycarboxylic acid anhydride i.e., those containing two

or three carboxyl functions per molecule or a mixture of polycarboxylic acid anhydrides can be



aci ds, such as bis(2-hydroxybutyl) azel ate and
bi s(2- hydr oxyet hyl )terephthal ate; tri(2-
weehyghtzanoyl )trinellitate; and PCT/US2009/037489
pol y(2- hydroxyal kyl )esters pf- acidic hal f-esters
prepared froma dicarboxylic acid anhydride and an
al cohol, including polyhydric al cohols. The | atter

reacted f,%rgﬁtagl%ﬂlﬁg {\)\Elh{i % Lgﬁl rc'&%, anSuil(J:h ;Fasgi ,g}ptsgea‘ff):tr &éL ggc_l/gb%gcgle %nto%[)—ether and
monoepditidealtter whicdneCprobtdt Uh@Shed rddeled W IR ImEHERRIXRMs DY desired. For
first reacting equival ent anmounts of the dicarboxylic
aqueougpegrapesitinpdthese nohdcideRelpigstars camelsp e dnedifigd mithepadyamines such as
: ht hal . i de), with i hC . >t rahydri
dlethyleg Etéﬁgiﬂfl:e S(g Ef gng Isadng §:/ Weotrl%qs’er%.: : %grh;ﬂc%oé—%otrﬁftﬁe?o (ﬂgfflzs?ers may be
incorpop@éd methy liRédrto@|brarRhed eMPRr RALUEE SeschiBt®wbdeGo CorndBélf-curing amine
then reacting the acidic polyester with at | east an
adduct g¢fiff-val ent armpunt of an epoxy al kane, such as
- e )| . e . e . .
O035E” PR o LR FLUL 8000 K QiDL AR L0B,01) 4 s i
organicanlvynks) ahel. tyfindiyhen teuhixad Fead o withshe actbemytioges-cantaining resin (i)
. lower 2- hydroxy-akylterm nated poly- al kyl eneglyco
PreVlouflérdéf:ﬂﬁ{%ﬁg'l ate. [0047] In a particular enbodi ment, the
[0091 Y eBEI§Est GO MRAIE Forthisel BB aQRBuE Y #Em PrIHRURE! of such materials
nol ecul € in which the carbon atom adj acent to the
dispersee st wnief itypdcalilydn gy preferseapfireges hyrdprasiyg caframigpor afiQid8hlt groups

Also.suitable is the tetrafunctional polyester
mwhasﬁ?%ﬁ%?@83$?8ﬁ?dﬁgeﬁg? Yester intermediate prepared by
[0052PCt ANGankédtdridatibh atdRBY i) A8y dRHoRNIGE Sagndliy 8l compositions.

(nolar ratio 2:1), then reacting the internediate o
The catglysh (i) Zagplesx gnb yiaide ga@lysh&ngwy dodeatabsisepf dfe transesterification

oGS RRICBEAE L, BEAR AR Sl s e o

metal cefipediongiatal smhere the active hydrogen-containing resin
%ii conprises cationjic salt groups, the pol%Fstef )
(0088} i nguitahlenetaligxides wglyde.afpr agample. rddesfofalepds, bisguth, and tin,
. . . X 3 e y cri nti . Ysu i .
nlos R0 e b PLEBRRYHS30E) PRy, LA E) Ko o
and bismoihdoxidocanadsebeissedwelicantissobved iexanpheuf acidcatutiodifer example, an
el?ctrqgepoajtable, coating conpositions, suitable
aqueougsalunion i ulfppifgcldgent s can incl ude non-aci di ¢

[00B9] YeShielhk PLaPahRy fiRAMe caPRyeRe boxk! iforagksnple, octoates or
anhydri de, one or fnore glycols, "al cohols, glycol ' ' '
naphthemates)- ef Head, zipol ydrwm, artior irennbspwkh ded. tif.008d]ding dialkyltin
dicarbogﬁé‘}g?gﬁ;@?ﬁ%ﬁ/iﬁg %:gz? xyl I§/§F %Etggr’(ljcrhllc%el%acf gc oétg,czlirlljcdgctoate, and dioctyltin
formate. A suitable example of a metal complex is titanium acetyl acetonate.

[0060] Also suitable are salts e.g., octoates, and naphthenates, of the alkali and earth
alkali metals, of the lanthanides, and of zirconium, cadmium, chromium; acetyl acetonate
complexes of lead, zinc, cadmium, cerium, thorium, copper; alkali aluminum alcoholates and
titanium tetraisopropoxide.

[0061] Mixtures of any of the salts, oxides and/or complexes described above can also be

used.



such as succinic anhydride, phthalic anhydride,

tetrahydrophthalic anhydride, trinellitic anhydride,
wheoahydropht hal i ¢ anhydri de, net hyl hexahydr opP@TiE$3009/037489

anhydride, 3,3',4,4" - benzophenonetetracarboxylic

di anhydride, and pyronellitic dianhydride. M xtures of

anhydrides can be used. [0051] Suitable alcohols can

[ din cyclic or coho
e R
or solutitils Uh&eo\heliRSLARF @hMlyst Ay e rlﬁﬁiczﬁéd/ 69ltife MRl BBMEnt contained in
epoxi des are intended to i ncl ude conpounds cont ai ni ng
the comp@tsltlnm eMetrdgontorss &f 8dHel 3. @p@mp@ hyeweightpire sulkadlaser etetal contents

be re ted ar baxy aci anh |
of 0.3 t]o % lpercc):ﬁrét %’%\% gy%eelhsﬁ:é,rg sacrl o C;[g g% F 6‘%% curable coating

composBignt abl e nnno epoxi des can i ncl ude egC|dyI esters of
branched nonocarboxylic acids. Further, alkylene
[006}] del o8¢iHPeEs ﬂxehwélﬁeono upeded SRUpRie peeNdepnsitipn fhy microgel
e
dlspersBﬁ ﬁﬂfaegeglla%ffgtﬁ@ &hﬁ y i tﬁ&ﬁ‘g %&g%glg gfld ftl%?)rr LE%%P‘%lle%tro deposition

are descgiby&d i Uained St(a’[ejz mata:pyNenEO% yiﬁ) ivshichain derkb 6 ifvexgnaed by reference.
tures of cols nma sed, [0053] Non-acidic ..
[00%/' cdterd el TBYOBH p%rs%be Binice %&war ntagyng EQEPPHEONs can be
electroﬂh@r&@?ﬂ;prapgﬁé@ toS R PSlectrbdoMBhdiive! GurRedr | €8 (B¥itd voltage for
with gl'ycrdyl esters of branched nonocarboxylic acids
electrodeposaﬂomnjaarber\atlﬁql) and cdn be,Fot exammi8e, dsflodesilr eat Wi ashhighes several

thousang S, Gy AR Gl oA SR E: T efhie Aty b Tely between
0.5 amRPe hrd SCa {9&@5 paog@lafeyfoot [0.88bl3 hiiiampBRY Pel dgua@Rekneter) and

react ed nol ar equi val ents of a nonoal cohol such
tends tadeczease h‘lyrlhg ﬁéﬂ@@pdeqocamlsn]mmatmgn@@ |f91@n€3t10nt afi apeinsylagige conformal

I
film onaﬂpxgos?c? s&&ac@ of )t ??reé t g&f Egr a£81§c1te %n\#}ﬂe slll)gmgifz%cgog]] and in the

nonoa SUC

claims, Ibpl‘lﬁdﬂﬁbﬁthal'eflhﬁ lor b@atﬁlgﬁb hﬁ’hntr afiing oPtoating h'éving alsubstantially uniform
) after which the product is allowed to react with 2
thicknespopBish gonfiriig| tythe sebstiate pogiaahme HBe Uding 1B arpBsey|wighin (but not

oaﬂmhﬂ@%ﬁ§hoﬁ§ﬁk@%ﬁ ?ﬂa&ﬂ@ pol ycar boxyl i c acid anhydri de

; ose containing two or three carboxyl
[00b&Nhct Aftas t}mecoatmlgekml beear applieil Xiyune apbrqpoiatec arctiody Isich as those
a0|% anhydri de be WO 2009/ 117475
mentionSgPERD 0BG BTHEd he CDRiREEEY B CaieH tag}]i’éeé]ﬁé?IX}PWWFsaor thermally

cured aGR1¥%Rdd teﬁiﬁ@ﬁtﬁ@s thnBmP &N 90 e Yo aNEYArpeBibd ©85 to 90 minutes to form
nono- et her and nohoepoxi de, after mhlch t he product

a dielecgrancdang ewwttealsubistriferono- epoxi des, if desired. For

[0066] The dielectric coating thickness can be no more than 50 microns, or no more than
25 microns, or no more than 20 microns.

[0067] Those skilled in the art would recognize that prior to the application of the
dielectric coating, the core surface may be pretreated or otherwise prepared for the application of
the dielectric coating. For example, cleaning, rinsing, and/or treatment with an adhesion
promoter prior to application of the dielectric may be appropriate.

[0068]  After application of the dielectric coating, the surface of the dielectric coating is

optionally ablated in a predetermined pattern to expose sections of the substrate. Such ablation



aqueous conpositions these non-acid polyesters can
al so be nodified with polyam nes such as diethyl ene
wa eioamimes to form am de pol yesters. Such PCT/US2009/037489
"am ne-nodi fi ed" pol yesters;3my be incorporated in
the linear or branched am ne adducts descri bed above
to formself- curing am ne adduct esters. [0055] The

can be Pg,rg(?rg%dﬂliﬁ? %sg{s talg |rbs ]{HertcgﬁlééﬁféeglsggéﬁalﬁegeQOéer(ample mechanical
drllhngtaﬁ@bﬁéiﬁlk:yl &%sﬁﬁ etk ldsy With the active
drogen-containing resin (i) previously described.

[OOPéDSG lupigatings tler snventiomisire ther follgwinien eammplgeiewhish are not to be
cons1de\rl\c%;_§lt a5 fnlgn‘%lnlgc a%( ltlrlf\;e%%ortl £ ;e?rggl%‘%lg ér Q}?l €8s, gﬁllﬁg 1%% Er,gdrlcatedn éﬂl parts and
percent &k i10the Fo WS wiAR ieRithle s ak twellra0 YRS uglsod€ fheapedfiyatdh, 46 ®F8veight.

escri bed preV|ous [0057] A transesterification
catalyst (iii) may optlonal be present in the
conposi tions. The cataE?%%W%LES) can be any suitable
catal yst known for catalysis of the
transesterification reaction. In an enbodi nent of the

[00POESEMhe foNv@iid Oxunifles BRk@AtY $lie frieparaticrOOPin SlestrédepBiifibn coating

oxi.de, netal conplex or netal salt. [0058] Suitable
and its yagtim hegnethed fordeimige a cirevit esamblye, oxi des of | ead,
bi smuth, and tin, including dialkyltin oxides such as
dloctyltln oxi de or dlbuE¥H%%>IOX|de Al ternatively,
| ead oxide and bi snuth oOXi can al so be used when
[0041 B s ol kee b lioky i@ e 2eihisl® d8scaidk €l tHe Gy bthie 6B of e @xidniel enderfsed in the
aqueous solution of a sulfonic acid. [0059] Suitable
electmcgﬂap&l@bwar% bathedeseritsg Bala e éﬂﬁﬂ?ﬂ%de(fvas Resiaigst Bom the following
oates or naphthenates) of |ead, zinc, calcium
]ngfméﬁilun] iron, bisnmuth and tin, including dial kyltin
dlcarboxylates Non-limting exanples of salts include

| aarl oct oat a Zi nc—octoate anrl r~|| oct \/I fl n f orhate A
AA AT A> 419 \/ AAAJAYA> 99 \/

sui tabl e el;?éﬁﬁieé‘tsof a netal |conpl ex ~Part by Weisltn acetyl\
acetonate. [0060] Al so suitable are safifgramg
@&AZQ%@Hﬁland naphthenates dﬁOOhe aIkaI| and earth

chron1un1 acetyl aceto conplexes of
h%agmnﬁbnﬁsh@@gngun1 cerium| gblporium copper; alKal
aIun1nun1aIcohoIates and titaniumtetrai sopropoxide,.
HGDHG}NREX5®RES of any of th&.28a7ts, oxides and/ or

r\

f\ rm FalVi h ooN P'\ ) I QM hf\
1%opropyldlechanolarrur"fe auoveTe 114777 °F

Diethanolamine 49.57
2-Butoxyethanol 382
EPON 880 48.3
Crosslinker® 1195

'A plasticizer, commercially available from BASF Corporation.

*An epoxy resin available from Hexion Specialty Chemicals.

’A surfactant, commercially available from BASF Corporation.

*A polyester prepared according to Example V of EP 0 012 463, and diluted to 90%
solids in 2-butoxyethanol.



used. WD 2009/ 117475 PCT/ US2009/ 037489 -12 [0062] In

view of the varying netal content of avail able netal
woxi0desi475al ts or conpl exes, or sol utions theP@DS20091€37489

anmount of catalyst may be ingdi cated by the netal

content contained in the conpositions. Metal contents

of 0.1 to 3.0 percent by weight are suitable, or netal

10030 MAeOR o R B A ara e S0 L Benen g TRORIC 150k,
were chafy¥RQS latd-Aétk HAAGBttd M fRAE RSP RGth a §theer] RMPRLLLE pksiRSand Dean-
a cationic electrodeposition of a n1croge| di spersion

Stark trgp vadereniNwaghncklpwiet nplkhsr nixture Cuas lorafas t9i & toppsiraiuggnef 70° C and

stirred %E ﬁ? nallr'{l%tt%% It g’geé zftt [ gg:ﬁlgggf%\%%g]geng)ggg Vlaﬁ e ar%‘i:"ndolgl npé/ diethanolamine
and dleﬂhaﬁdlﬁlﬁﬁfeaizeﬁéi alded! afieiredteion nliReddxoftieymed td Jﬂﬁlammum temperature of
preV|ousI descri bed ionic group-containing

176° C igrrpbert {omgutesn The reastiae tag phoret focgp] aatﬁﬁlpp@alr@ 8f 43" C over

an hour 'tl‘?eCE%ﬁg)%ggﬂ&ﬁdIWassé&%%raﬁ{dethe .ﬂ&tﬁé’ %dsetﬁg}{élj #0%@6% {0125° C. The
ectro osition na e varlied and can

mixtureewanihee heldsat| 186" @sfoi avotat of ova@bolns glonathegeukeabtherm. The second

charge GioRQR SHRERAS Rt gkt g‘vft‘cr? apde e golgtg?lﬁ;@gwsﬂr@edsfor 2.5 hours at

125° Canfﬁh%r@a&f@)g xR EBLER Phts) SAHAFRirdPLBlto €hoRutloR oF sulfamic acid (49.5
i anperes per square centineter) and tends to

parts) dde@lw@hmedeamnmdgw FEbIe(deBB deposintérotronadgitaionnghftdrene hour agitation,

J.ormation o in
an acslsl 0 Pt aBBal B Vol AEBTE Raaord s teing = dispersion
having 4 € 26PesH-{d16@E oRemnd in the clains, by "conformal”
filmor coating is neant a filmor coating having a
substantially uniform thickness which conforns to the
substrate topography, inEkanplag the surfaces within
(but not occluding) any holes that may be present.
[ 0065] After the coating has been applied by an
[00FBP! OPhis ax8mPRE BRflys BdCHefiatidiPSe an NBIBEIIQNE&LARONSap lided in the
is cured. The coating can be cured at anbi ent
synthesiseqipde anigregel grampler fhaminybelewir ediheypatiqnés, spapgwas prepared from the
e tyres ranging from90 to 300 C for a period of
followugg ng%é% mnutes to form a dielectric coating over the
substrate. [0066] The dielectric coating thickness can
be no nore than 50 mcrons, or no nore than 25

i crons, oMZHEIGREY e t han 20 |ni crons. Parts by Weight

(in grams)

EPON 8§28 1023

Bisphenol A-ethylene oxide adduct’ 365

Bisphenol A 297

2-Butoxyethanol 187.2
Benzyldimethylamine 1.4
Benzyldimethylamine 3.0

Diketimine” 182.3
N-methylethanolamine 85.2

Acetic Acid 105.9

Deionized water 1065.9




[0067] Those skilled in the art would recogni ze that
prior to the application of the dielectric coating,

W@ b@Igones surface may be pretreated or ot herw BEI/US2009/037489
prepared for the applicatioms of the dielectric
coating. For exanple, cleaning, rinsing, and/or
treatnent with an adhesion pronoter prior to

apptteation—ef—the—di-eleetrie ppy beappropriate:
?8:(1@3216 A¥&r application of A2 Ydi el ectric coati ng,
g ST eRe Of the dieleciriggoating is optionally
ablated in a predeternined pattern to expose sections
dfeigrhzedsudiet rat e, Such abl at i86h.3WD 2009/ 117475

Df"I'IIIC')ﬁnO/ nQ7/IQO 1’3 ca he nerf ornmpd el Ny | acar
1o €Cah-pe P orfea—ust 7g a—t+aSet

N 12y noldn @t d e BY BidphedB BN /et 180 dxtikSavaflghle @6aBASF Surfactants.
ARCN &RVt solétidn dfl tROreabibreiieli@ 3k dRthyRInd$ABnRE @Rl R thylisobutyl

t RGP BUBSH 1543@@%1&&&1& rating the i'nvention are the
foll ow ng exanp S which are not to be considered as

limting the invention to their details. Unless
[003d her Ths EERONI 828, etlisphdro] pAretisylared oxjer aéhicageésphenol h& and 2-

foll ng exanpl es, as.well as througho tthe
butoxyeélafélefmfg?ha&@gqaﬁoe A PO YHeS eipeRsnd ndgrop e atmosphere to a
temperaftﬁje QWb 570C EAREP & %oftidnlb?ttﬁ@ﬁ&lzgfﬁ?m&hﬂﬁﬁﬁ&t \'Vanachfsd %Hd the reaction
el ectrodeposi ti on coati ng its use in the nmethod
was alldveed fooexwthegmao diSHT Ui tDwgetﬂnbleyothEDmmhee the {e@a?o_tﬂ reﬁ'ﬁ@d 160° C, a
fol | ow exanpl e .describes th nt hesis of t o
one ot ol it AL LB IeTh e ol S FbEpUedhip 400! back (0 160°C,
continuf@ahé AGIAD aiftbr deskd1l pedreh@lonvwasTdd@1dai t8dsD° easndohe Eétroﬁd portion of
fromthe following ingredients: |ngredi ents Parts

benzyldwl@f:t@ﬁlamlqu wagnadded Thazentiossias e ap 1BFCN t@%lzexﬁ%Oéted epoxy
equlval v(/g} ! opy (?OSp ?ﬂﬁ) e%e@tgeél 2){)7%:{% él%'ﬁ&:’thg dﬂ%?%nne and N-

anol a
methylethanolamme were added in succession and the mixture was allowed to exotherm to

approximately 150° C. At the peak exotherm, a one hour hold was begun while allowing the
reaction to cool to 125° C. After the one hour hold the resin was dispersed into a solution of the
acetic acid dissolved in the first portion of deionized water. The dispersion was later reduced
with the second, third, and fourth portions of deionized water. The resulting cationic soap was

vacuum stripped until the methylisobutyl ketone level was less than 0.05%.

Example 3

[0075] This example shows the synthesis of a cationic microgel from the cationic epoxy

soap described above in Example 2. The microgel was prepared from the following ingredients:

Ingredients Parts by Weight
(in grams)
Cationic soap of Example 2 2517
Deionized water 443
EPON 828 (85% in methylisobutyl 66.4




Di et hanol am ne 49.57 2-Butoxyethanol 382 EPON 880

48.3 C o sslinker 1195 i A plasticizer, comercially
waewpiiglare from BASF Corporation. 2An epoxy rBGI/HS2009/037489

avai | abl e from Hexi on Specigjty Chem cals. 3A

surfactant, commercially avail abl e from BASF

Corporation. 4A polyester prepared according to

Exanple—V—of EP0-012 463, —andditutedto90% sotids
KAtosEh 1 oxyet hanol . WD 2009/ 117475 PCT/ US2009/ 037489

MéhyRBbety] KAEnVALON 16051, ER@Y 880,
t et rabr ondbi sphenol A and TETRONI C 150R1 were charged

teiaizednextkr round bottom fl a8R7fitted with a stirrer

' At niran Nnrnhn and Naan Cf 'JI'I/ trap mnde a
t bII’JbI ature pPOouC——nt—1Cah ap tHhaer—=a

Ni trogen bl anket. The m xture was heated to a
[00t7§]'rp eTRd 8iSniPld WRr Gra@iilied 34 ﬂferc%goﬁlg %oé]plsoffﬂﬁﬁfpfeﬁ ahB®he mixture
heat source then was renoved, and
was heatpd m@ﬁﬂoﬁyhnﬂeetdﬂamtgatmbmketanmh@ |Eé’tOi\é|‘$@B aelutienwyerseadded over 15

. added. react Xt u ot hernmed.to a maxi mu
minute {0 @pad AEEMER. TFanEnirERuRBEn0e 16 Ak Bet Thia and the mixture
was held@RGDY ONfoas minhRWe d'ht nikAPE whad tident IRARAIB190° € &fer TdOmfautes and
over an hour, the 2-butoxyethanol was added, and the
held at Phisctemperafiers 191Ut howap Wiibcgoed miging2 5T he, defézedryateruvas diers added and

of Qu LQ
the mixh BERa{ 0l Byt SnkBhed o1 Bt Blondl 1P NN G AT
[0007pssThekeicrogelr ef adaiapleands tré’f@rr&ﬂ)h@lthefﬁ’ln \WaS Sidié@d’ or in some
for 2. 5 hours at 125 C. The reaction mxture (3428
instancesay‘istndyfgddnigingeed i nto a sol ution of sul famc acid
(49.5 parts) dissolved in deionized water (1287
parts) under strong agitation. After one hour
agitation, an additionaExanmpedt of dei onized water
(3970 parts) was added slowy, yielding a di spersi on
having a 30. 2% non-vol atile content. Exanple 2 [0073]
[00791 S EXRRRAAPRRAYEs Eﬂ%estyﬁtgﬁﬁﬂ)@ﬁ h%lféro@é’-‘hﬁl&ﬂ%ahgﬁc microgel from

cationic soap used in f synthesi's of the m crogel
the catiexanpbey hpwaschibedabovehe Examplerd. cThobighlyasoprlayiad edcrogel can be

prepare(le M tthg %o llowing ingredients:

Ingredients Parts by Weight
(in grams)

Cationic soap of Example 2 2517
Deionized water 443
EPON 828 (85% in methylisobutyl at least 85.4 and preferably 95.0
ketone)
Methylisobutyl ketone 5.81
Deionized water 337

[0079] The components of Example 4 are mixed and processed in the same manner as the
components of Example 3. The microgel of Example 3 is referred to herein as a “highly cross-
linked microgel”. A highly cross-linked microgel has a greater amount of cross-linking than a

standard microgel.



follow ng ingredients: Ingredients Parts by Wi ght
(in grans) EPON 828 1023 Bi sphenol A-ethyl ene oxide
W@eowae174365 Bi sphenol A 297 2- But oxyet hanol R@IIUR2009/037489
Benzyl di met hyl ami ne 1.4 Berzyl di net hyl am ne 3.0
Di keti mne 182.3 N-nethyl et hanol am ne 85.2 Acetic
Acid 105.9 Deionized water 1065.9 WO 2009/ 117475
PCT/ US2009/ 037489 - 15 Dei oni zed water 735.9
Dei oni zed water 1156.4 Deionized water 867.3 |A 1/6
mol ar adduct péctlidsphansl Catial MatieRl Cxdiklgs avai | abl e
from BASF Surfactants. 2A 71 percent solution of the
reaction product of dietlxammeAtrianmi ne and
nmet hyl i sobutyl ketone in nmethylisobutyl ketone.
[0074] The EPON 828, bisphenol A-ethyl ene oxide
[0080THUCThis RixsRPRMDb WA tBé Breparabitih OX Y eslE1RINGIed We Ipee i@ ti@amdating bath
_into a reaction vessel and heated under a nitrogen_
describegt bedawp eEsample & Thenenday sy Riepared figmche fpjlovripg ggredients:
portion of the benzyl di net hyl am ne was added and the
reaction was allowed to exothermto 1800 C. During
t he exot hRawMireralt he reaction reach@drtd60 Weight one
hour hold was begun. After the exother mnpgals)t he resin
\@Fio Ak EPORE Hioh KOPIyRACK TO 1§83 & continuing the
Ol \dste L hifket Ne hol d the reaction was cooled to 130 C,
pd t gﬁ,econd portion of

Ethylene Glycol Monohexyl Ether 34.4
Microgel 344.3
(Example 3)

DI Water 2037.6

[0081] The electrodeposition resin of Example 1 was placed in a container under slow
agitation. The ethyleneglycol monohexyl ether was added to this resin slowly under agitation

and stirred for 30 minutes. The deionized water was then added to this mixture.
Example B
[0082] This example shows the preparation of a second blend used to prepare the coating

bath described below in Example C. The blend was prepared by adding the following catalyst to
the blend of Example A:

Raw Material Parts by Weight
(in grams)

E6278! 13.0

'Catalyst paste, available from PPG Industries, Inc.

[0083] The above ingredients were mixed under low agitation for 30 minutes.



benzyl di met hyl am ne was added. The reaction was held
at 130 C to an extrapol ated epoxy equival ent wei ght
W@R0020¥B75 At t he expected epoxy equival ent weiREE/PS100%037489
di keti mine and N- net hyl et.hggnol am ne were added in
succession and the m xture was allowed to exothermto
approximately 150 C. At the peak exotherm a one hour
hol d was begun while allowing the reaction to cool to
125 C. After the one hour hold the resin was dispersed
into a solution of the megijlecacid dissolved in the
first portion of deionized water. The di spersion was
| ater reduced wth the second, third, and fourth
tipns_of dei oni zed ter. .The. r tin ationic
r0oBgL, ) EREmAG £E Fa et o APl R SR AR o Bl was removed
from thK @b Haely ¢la Wh@sfiltreSsn, tiaperthe e Weirpxapht®l with @6ibhjzed water. The
Thi s exanpl e shows the se{nt‘hesi s of a cationic.

final pHhand epgdpctiviymfithreulpratilteypd paivpurie S 3oap Hbsiqrodmeyagwectively.
j g ' o ed fromthe
The me?%lrﬁv%rﬁ%glfﬁlgg% |éﬂogf&%qgggzgﬁa52?§§£arts by Wei ght
(in grans) Cationic soap of Exanple 2 2517 Dei oni zed
wat er 443 EPON 828 (85%.i n bhyl i sobutyl 66.4 WO
2009/ 117475 PCT/ US2009/ 0%’9"&‘886 - 16 ketone)
Met hyl i sobutyl ketone 5.81 Deionized water 337 [0076]
The dei oni zed water was added to the cationic soap of
[008%hnpTke @lectaotdpodi@blei contimgecomersitvaatfdikatmple’Q v@sehageoploretically

. .nitrogen planket. The EPON, 828 .sol uti gn was added .quer
aPPhed?% siljy H&Pg%r"\?ﬁst OIB&E% egﬁ‘ir‘?%e&’PﬂH‘?n #ﬁtil %&W?}PF?g‘Hﬁt%ﬂ%S F for 240
secondmt(pmncp@sm@g S&lnpISs Vefd dbated B FdM@gdd ot 1802008 753 ¢bits. The

. at 70 C for 45 mnutes. The mi xture was then heated to
coating g@s thegnaared7ior AY purwtes 24?d0" fel d at this tenperature for

3 hours with good m xi ng. The deioni zed water was then
added and the mi xture was cool ed yielding a nmcrogel
di sper si onAaditidal ¥¥edt@depBithi CEnsBtiodMxamples

Example |



[0077] The m crogel of Exanple 3 is referred to herein
as a "mcrogel"” or in sone instances a "standard

wor@eoyalrs . Exanple 4 [0078] This exanpl e showeCT/Lig2009/037489

synthesis of a highly crosstdi nked cationic mcroge
from the cationic epoxy soap described above in
Exanple 2. The highly cross-1linked mcrogel can be
prepared fromthe followi ng ingredients: |Ingredients
Parts by Weight (in grans) Cationic soap of Exanple

Total % in
Bath

2 2517 Dei oni Zerﬁal WatAﬁLral 44§esuﬁpo°>|££§528 e@?/" '[ﬂ1s|t65 Vgume Total % Solids in

hyllsxgu yl | edqt 8% pre
t\UI. UIIC Wel 01Ids . | ZEd Bath

R93|%?anz [0073 % The#éé@”poﬂﬁtﬁmseo%ﬁ Exaapl e ¢ are 1%9xeﬁEHa”d REF)
processe in the sane nmanner as the Con'ponent of

CoesrSAP! € gy The gm Crogel ofyyExamp) e 3 js 1 efgpr e»ﬁEFlto 4REF
erein as a "highly cross- 1inked mcroge
iy CossRkeARgan | | nked m crogel has a greater amount of

ih 0SS- | i ning tggan ayystangard g croggl . WO g7 HAEF
2009/ 117475 PCT/U82009/037489 - 17 El ectrodeposition

TndaR@t | ng Bat,h angt Coafijsngs (nExanp) e A ¢p0080] Thi g3 REF
exanpl e shows the preparation of a bl end used to

D|Merepare tine coadsing hath (gescrigped hel ow i nyExgmpl e  gpen
C. The bl end was prepared fromthe foll ow ng

#REF!

#REF!

#REF!

#REF!

#REF!

TTgr edi ent s, Rayyy VELEET a FWW VET gt = (TN @rals) g
Cationic Epoxy H gh MVw th 1023.

#REF!



pol yester x-linker (Exanple 1) Ethylene d ycol

Monohexyl Ether 34.4 Mcrogel 344.3 (Exanple 3) DI
WON0en173087. 6 [ 0081] The el ectrodepositi on resPCI/U$2009/037489

Exanple 1 was placed in a cgntainer under slow

agitation. The ethyl enegl ycol nonohexyl ether was

added to this resin slowy under agitation and

stirred for 30 m nutes. The qe'hgni zed water was then

added to this nixture. ®'B [0082] This exanple

shows the preparation of a second blend used to

prepare the coating bath described below in Exanpl &% ...

C. The Dhwidvd Walbsigtor &par ed by addi ng fde f disljowi ng  Sidsin o
Ragligetida | v st TotdSeds t e bl &fid  OffsinSeltk arfyol Seis A: bd@aw Mat er lgell) _ Bah

Parts by Weight (in grans) E6278 13.0 'Catalyst
et e, avéh | abP@ fr & PPGORNdusitd i es,i®l nc. 1 0083] TrH&  %%%
above ingredients were m xed under |ow agitation for
30 minutes. WD 2009/117475 PCT/ US2009/ 037489 -18
Cegrsdiipl e G 0084)5 Exdiipl e B was Hepeat’®@d. Appr oxilmat iy 05%

1720 grans of perneate was renoved fromthe coating

Hoy Cossig g oin 5 & Bfb t r af'®4 t r #1% on, W¥he pBt meat®® bei iy repl acd W
wi th deionized water. The final pH and conductivity
gt he ul®%af i I*er ed®pai nt? wer e!5. 08 ind 586 mi o W 1%
si emens respectively. The neasured solids of the tank
¥4 hour 110 wdd 9. 48% ExUhpl e B [0085] THe W Nbh

el ectrodeposi tabl e coati ng conposition of Exanple C
Ao iy (ssidedgpely 1 Zophot®t i cdify y 8% 1088 8% 106 13

1319640 136879 1344 10000 1286 10000%  10000%

10.66% 90%%




applied to silicon substrates fromthe

el ectrodeposition bath at a tenperature of 85 F for
WQ2®9/1s8tonds at 0.5 anps. Three sanpl es wer e BPOHUS09/037489

usi ng vol tages of 150, 200 gnd 250 volts. The coating

was then cured for 30 mnutes at 240 C. Additional

El ectrodeposi ti on Conposition Exanples Exanple I WO

2009/ 117475 PCT/ US2009/ 748?Pel - 19 Total Actual Resin

% Resin Density Density Fotal % Solids in Total

%in Raw Materi aI %olitls Weight (g) Solids Sol [ ds

Sol i ds | bs/ gal at h Bat h eS| I .
#@EF' #REF' GOﬁ 0 g:%' Sjﬁ E) #RE‘FF) ﬁ&gp Tgplsﬁlggp Tol;l“/]oln

06 #R # y 0ss- I| M cr ogel !
HFS'W'eniREFI E&EF' F%%hes@fﬁﬁz‘% 63% .00 éo g“g 12.9% AT
8.85 1.06 0.73 Tin Catal yst 53. 0%26 5 14.05 0.00 0.00

9.81 1 0.0 #REFI D 00% #REF
G905 0. 00 B 35 1 00 BREFITHREED HREE  #HEE VhRERTS U

. . 100 # F! REF!  #REF! 009/1 4 . .
sl 04203, 48 ‘5@0 Exanpl &1 | V0o oD e e
T@g\% Mat er i J/ Tog;aoal ght Act @I Deg@sny Qen%ty zooz/ﬂ 4%

dS|n ath w ter| otal olids (g) Sol
sin Soli Re. n I|d Ibs/ Gkal 1) | ( "
Eﬁgdt h Resi n%ﬁl en |0 % 3 049 8@2 104g0052'£r$8 0% i

AddengN@msﬁk%Mw%gel% i34, 36 24?7@ 6%1%9 26301%5% 19@06" qgci ng Jol yent 0x001 e
0.00 0.0 000752090 .13 0.00% 0. 91%

H yri'y U U>S31 | 1 ' Rébl I' J.LL% % 1 %
T4 0% 145,06 10888 85 06 ") 13 10 0o o, TR T P
Caralust 23.0% 51 6 5735 090 0.90 9 81 157 0. 04
2.00%0.39% DI Vater 0.001 7074.8 0.00 0.00 0.00 8.35

1.00 7.07 0.00% 53. 61%



Added Highly Crosslinked Mcrogel 12./ 1196.4 145.96
145.96 10.88 8.85 1.06 1.13 10.00 9.07% 13196. 40

WA 3B817871341. 44 100. 00 12. 865 100. 00% 100. 00%BANDUS2009/037489
2009/ 117475 PCT/ US2009/ 037489. -21 Exanple |11 Total
Actual Resin %Resin Density Density Volune Total %
Total %in Raw Material %bolids Wight Solids Solids
Solids I bs/gal kg/l (L) E;EZS‘OI [ ?Isla; n Bath Resin Bl end
29.5% 3669. 0 1082. 36 1082*38'°70. 56 8.85 1.0599 3.89
69. 15% 24. 72% Coal esci ng Sol vent 0.00% 123.3 0.00 0.00
0.00 7.52 0,346 0.Ta@ 0. 00%BED. 83%esiH ghisirCr 0% %Sdlkded Tod %in
RviMaslgel i n Resi n Viighi@po 178Rs 7 1%0idb1 15dis51 O.i83h38. 85 BEah

1.06 1.31 9.62%8.31% Tin Catalyst 53.0%59.0 31.27
Qlof®ed. 00 9.8471 0. 06 2. 008630. 40%®BDI Witzer 0. 002k 021%
7290.0 0.00 0.00 0.00 8.35 1.00 7.29 0.00% 49. 12%
Lodtbalesgh Hi ghl yiooOPess| Pdked M7er ogel 742. 2%33467. 5 3@4. 04 05%
301.04 19.63 8.85 1.06 2.62 19.23% 16.62% 14842.5
Prepdbad 1533. 90%100. 88 15. 2600100. 006 100.000% WO 000% 0%
2009/ 117475 PCT/ US2009/ 037489 -22 Exanple IV Tdtl Ald
FBHE / df si mBTtal %671 kk TR % n0OFbn- NIBSM / 1100t Q3%
Si kh Si kh Sdick in Each E3lh Ssfactal Bed e -cg/o 9.5
GIVe8 6. 03 0. I®%0. 7ZH0qR1% 0WavI| cn0®dyd 10QO0' / @Pr4 4765%
27.40 27.40 330 3.270/ Q/ R Wynt 0.00'/ 27.4 0.00
Oe®=0. 00 0.0D0Y4 QW8I n €5d t BI0 / B 82 068 415%
0.00 1.0(Y B4% DV ar O OY/ 2diD.0 0.00 0.00 0.00
ooy UghetiginBery . x/ 200Re | B2 3J.000 19858 57. FH357. 5488404  B4%
6.87% 4.15/ [ y, LJd FbsnBexf 39.00'/ 1633.5 X657
Sacagivigogd g7 91 31780 366U6% SRiMaofRS n | 90 17. 80%% 1000%
461.5 8.15 8215 9.90 9.80'/ 10.0D /



WD 2009/ 117475 PCT/ US2009/ 037489 -23 Exanple V Tctd

AlLd Fusin /Fesn Tci O cWs Tdal % n %bolicis
wo2000MbB VW t (( Sikh Sdich Wlds in i 3 h NPCT/B%f0r9/637489

| Bed 63.50'/ 8.5 540 540 @85 0. 65D/ Q180/ LDNIcn

Fdyd 10 CM 24.8 24.80 24.80 301 29B'/ @&B30/ R q

0.00'/0 24.8 0.00 0.00 QOO 0.00'/0 B30/ 1in(A

53.00'/ 158 8.37 0.00 Qého 1.}%0'\/ @B4% D V&e 0.00'/0

18320 0.00 0.00 Q00 0. 00“¥4"%39.Y21% Redblia 30.00'/

171.6 51.48 51.48 624 6.18% 367% Epnty LJdi a-e F3sn

Rei d 30. 00 /o/ 5060 Y. 34 B8A34 7msR0 70R4B8% JodFSdics  Tod %in

FSaktieidi Vot | nF3sn 1Wa(g 412 PdiB3. 46Sdi8. 46 SBilD 8. SMBEAIR83% Bih

kd3d S. pEr Mcrc 12MP/ 670 8247 8247 10.00 9.90'/0 14.4
Qffecadifet?2 833@®5824. 98510Q0" /54100. 0'540 10QV0é WO  065% Q18%

2009/ 117475 PCT/ US2009/ 037489 -24 Exanple VI % Sol i ds
l[doinBIyd Act ual 10REST n Aesi n Bbal %280l | ds3dot al %Pk 053%

Raw Material Wight (g) Solids Solids Solids in Bath
FBagdwedSur f actO8Pd Bl &4/l 63. 30006 6. 7 04Q 25 40®5 0. 580 58% 053%

0.16% Low lon Polyol 100.00% 19.3 19.30 19.30 2.63

In@igigsh 0. 47% SIPRenoxypt opandd 0. 00%09. 3 000 0. 00¥H. 00 0%

0.00%0.47% Tin Catal yst 53.00% 14.0 7.42 0.00 0.00

1D0a06 0. 34% 0DFo WAt ©R00. 00%01187. @0D. 00 0WO0 0. ®0% 2%

0. 00% 28. 95%

Hextlizr DA% 1716 5148 5148 64 6.18% 36/%

Epoxy Uethare ResnBed DA% 15060 56734 5834 na 48% PB%
SacdMaogd inResin 1785% 427 7346 7346 890 88% 883%
A Super Maoe 12285% 680 47 47 1000 9% 144/%

46722 833 84D 1000% 100% 1000%



Fl exi bilizer 30.00% 135.3 40.59 40.59 5.54 5.49% 3. 30%

Epoxy Urethane Resin Blend 39.00% 1187.2 463. 01 463.01
WG30211825 58% 28. 95% Standard M crogel in ResPCI/LS2080047489

329. 00 58.56 58.56 8.00 7.9%5 8. 02% Added Super

M crogel 12.20% 1203.0 146.77 146.77 20.04 19.84%

29. 34% 4100. 8 739.9 732. 48 100 0% 100. 0% 100. 0% WD

2009/ 117475 PCT/ US2009/ eV 25 [0086] I n Exanples

IV-VI, the Surfactant Bl %5 XS- 139, avail able

fromAir Products and Chen1cals Inc., the Low |lon

Pol yol is SP 6- 15/@, t hdc@oal eBsii ng Feedinv entotai’Solitse x yibtal % in

Rev@bidig ol ve, tthM@eX|Bwk|zer%M§ an sgRoxy inBath Bath

FIeX|b|I|zer (FQ 408), European Chanp Code VE-43-
SufdBBnd To preeuce the flexidbilizep, 711gsof DERPB2  016%
(Al'i phatic epoxy resin available from Dow Chem ca
LoenPyol and 1i@d@, bi sphenol ifare ahargechet 0 a sasios abl y 047%
equi pped 3-liter round-bottonmed flask. The m xture is
Prelvg@bdl to 18Q€ andil. 659 denzyl dymret hydo am neyopes 047%
added. The reaction mxture is held at 135C until the
Tepex de equigyal ent ypei ghtysef t heom Xt une is 1282. 0.34%
58.8g of butoxyethanol is added and then the mxture
Dwagool ed t 095C. 1&BA. 79 ohef f amome D40 0.00% 28.95%
(Pol yoxypr opyl ene di am ne avail abl e from Hunt sman
Geafil. ) i s agded angsthe negctiomshel d st 95Gaunti |l 330
the Gardner-Holdt viscosity of a sanple of the resin
Epoxy Uréhbrk Ré$ir@ehd S0%osml | dsigion Meudexy  @uopanabai s "hbsd). A 2895
m xture of 19.1g Epon 828 and 3.4g butoxyethanol is
StandarPMRELE RN t g, i gty € hesbd unt elss t he daar dnerzgkipl dt oo,
viscosity of a sanple of the resin diluted to 50%

AddeoS@d igkgel | N TERNOXY2Rr Opangly is {uF". 9BAg of wdps s
resinis poured into a mxture of 1047g dei oni zed

Water  and 199 acgigL amnUggt XE€Uzi/r 3¢ @ Nt gFgs, 10309 0%
dei oni zed water is then added and m xed well. The

final aqueous dispersion had a neasured solids content
of 30% [0087] A sunmary of the properties of Exanples
[-VI is shown in Table 1. Table 1. WD 2009/117475
PCT/ US2009/ 037489 -26 Standard Highly



Resin Type (H gh Total M crogel Crosslinked Surface
M crogel Level Application Cure Edge Via Sanple or
woomBEke) Level M crogel Level Coating (as % RET/BE09037489
Vol t age Paranmeters Coverageyoverage Fornula (Resin
sol ids) Solids) (as % of Resin Thickness solids)
nple | Hi gh Bake Resin 12.2% 0. 0% 12. 2% 200

OB 58 S B T N B o

ProducteXadPhémlchls 1ht. 9the BRkEIORG®1yb1 2K A X601 ¥ @8 Chlled®fg Solvent is hexyl
2000/ 150" 18-20 10 37 Fornula Low Bake Resin Exanpl e

| e
cellsolvp\ang, thefloxidszer @w@@xx Fhaitgbzer (5Q298p-Furgpeap §hamp Code WE-43-
1330. (g;rg%ge E%%ﬁ%hg]éz\ér,l:or HﬁFE‘?Z’?p elll%atg%owx%? %19 Ooc‘lalt‘)?e from Dow

ChemicdBCOYp £hd0P22 BipHe ddI &Eiﬁé@gd t@d s&taZ)Zy ednappad Zﬁhﬁé@round bottomed
2009/ 117475 PCT/ US2009/ 037489 -27 [0088] In Table 1

flask. Fgempyteys inhRueREsT )6l ddl -6 benesldigehyl apigys pddge. The reaction
mlxturemglhlgfd‘]étaf?) w@'vﬁlﬁ{ther%%kcﬂiegggl %|[ YREof tl?esnﬁﬂul@ﬁgqﬁkfs 58.8g of

t he IS an
butoxyatiagbhaneddede and, thas then nExtartheSmblbﬁ \tb. 95Ffie dﬁgég Jeffamine D400
the thi ckness. of the coating near

COVGI' e I e resen
(PolyorgRiopy g iamine By eiabie figm Mg G Bk iagller et eBe fragtion held at
95°C uﬁtlﬂeché @aﬁi‘tﬁ?%ﬁ)l(ﬁfvﬂclaﬁ O)‘/: 9ak is Ggﬁtof{tﬂg Q8 BRO508 sofidd in methoxy
In the substrate. 1-6 are schematic
propanalapré&bEnt dt IHOKITSII‘EDf)f tlﬁégsEpml 828 end Skt bdowyetimnphes added and the
mixture held until the Gardner-Holdt viscosity of a sample of the resin diluted to 50% solids in
methoxy propanol is “Q-". 989g of this resin is poured into a mixture of 1047g deionized water

and 19g acetic and mixed for 30 minutes. 1030g deionized water is then added and mixed well.

The final aqueous dispersion had a measured solids content of 30%.

[0087] A summary of the properties of Examples I-VI is shown in Table 1.

Table 1.
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respectively.
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FIG 1 shows a substrate 10 including a sem conductive
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exanpl e is silicon. ACEUS2009/037489

sem conductive | ayer defines .a notch or via 14 having

edges 16 and 18.
conposi tion of
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[0096] If a mninmum coating thickness is specified at,
for exanple 5 mcrons, it is apparent that Exanples

WO 2000¥17aml V do not neet the m ni mum speci fi edPCT/US2009/037489
t hi ckness. However, Exanmpl®es 11, 111 and VI, which
include a highly cross-linked mcrogel |evel of at
I east 20% of the resin solids, neet the specified

00 PPt TR R RehBak SRS BT ot SaeorBaR pRibeutar weight

resin with %68/@§ter [a@@@ﬁ]xa@i@@[ Ihaf he UOQ&EB@]E@R@Jm e RIXRMRl PSxy urethane
or ‘where ot herwi se indicated, all numbers expressing
resin, asqmalﬁxampl@s%fs’ Li Age edpeenvsrage é@l@?ﬁ"eﬁfﬁ tho H¢kriconel thpdoasmg near the
useg.in.the specifica re t
edges in 93%% Slt % og‘hg glabceOVﬁgge rfa)r?sené tﬁfh th1 ness of[ataﬁ é:gzgtngyatqge Bottom of a
via in tHe&uB3traddout . " Accordi ngly, unl ess | nd| cated to the

contrar the nunerical paranmeters set forth in the
[0083] | owdﬁg kfedicf PERMAA TeRFRICHAERMShEH the atubsirdpe coated with the

composﬁ%@%lﬁg %pgf\/tlhl%gpegﬁ%lﬁary dependi ng upon the

esire erties = sought to be obtained by the
[0090E S eRIG.i ]nvhmtsl ©RubsAtitet Heinehiding £ashicoandtinetiay@s 1anwhich in this
imt the tion of the doctrjne of

{t to | i
examplg, &Lﬁ? Perkhe BRI EE D e OIUPE! Y B dariaH e PEs] 6 and 18
A dlelecpcﬁE %B@ch%Q(ﬁmlHCQn alpdskapbn bR s‘éﬁﬁ&)tnﬁﬁ'&g/e'l%rér leib t&f cdiosition of

nber o6f reported S|gn|f|cant digits an app yi ng
Examplo rId iThe thycknesmali thg ceatiop megnuibs cdge0 0:0Ig}s thian v ¢qmst 1@rﬂdmmgon

100pRE" oS Bttt R HEBRRO SRk SiisReR HhT P hien in i

examplé DREsiORE rTHeakmY@nd& v Qhyeh Qetifesi andtBe oS P8 (2|6fHa‘}1ng edges 28 and 30.
exanpl es are reported as precisely as possible. An

A dielegftigspatengl 33/kashesn deppaseden therrhavcondngtivedayer aping dlea ¢canppsition of

EramplE1! 952 108GE5ATIL Yo d SRULE) (GLALOM G, B ARIRLC

I on oun

[0092 RS UFERENEIfowy £ 093} rak S@mclddm.‘gl‘@ lsiérﬁlcbﬁdud:lﬂl&ie ﬂai}teDGd which in this
that_any nunerical range recited herein is intended
examplg ¢ $iHEIudEhasemisapduching daycs dpnateuneres &h@vmfgofidges 40 and 42. A

dleleCtrWl&% 44%hak ¥ dQJO sitdd bf? él‘]ﬂo 5%;{'(%18@&%596} 1951rt1ée gﬁl &)‘#ﬁ)o sition of

-r anges et'ween an reci
Examplailnilhe rhickalesseofahe doaming nedvethe e«l:geh étlabora k0 mnmm aI ue of

t s, havi m. val ue equ
IOOé?hat B o o s ek ISR S MGGE 436+ g, which i this
examplé %Sﬁh&t]@nTﬂQ sethR4 AV 8RR Rt fokRB0SINAY BBt $20hd 54. A

his invention have been “descri bed above for ™ purposes
dlelectr@f caatihgist rhas ibeen déptosisgd bn blee saniidemiuctice tafiesesing ilel @dnposition of

Exampl o 157 SEEAE T VAR RE ARy Db zad G HBLC "UEBRr (e

[00D4PM FHE 3 QAN 4 Qibsastedsd indBMing a semiconductive layer 60, which in this
example is silicon. The semiconductive layer defines a notch 62 having edges 64 and 66. A
dielectric coating 68 has been deposited on the semiconductive layer using the composition of
Example I. The thickness of the coating near the edges is about 3 micron.

[0095] FIG. 6 shows a substrate 70 including a semiconductive layer 72, which in this
example is silicon. The semiconductive layer defines a notch 74 having edges 76 and 78. A
dielectric coating 80 has been deposited on the semiconductive layer using the composition of

Example I. The thickness of the coating near the edges is about 8 micron.



in the appended clainms. WO 2009/117475

PCT/ US2009/ 037489 -29- W claim 1. A nethod
W@uepniErng: i mrersing a sem conductive subst reCBEUS005087489

el ectrodeposition conpositign, wherein at |east 20

percent by weight of resin solids in the conposition

is a highly cross-linked m crogel conponent; and

lyi,hg a vol tage .between the substrate. and th ) o

(0098 ot T AU fDRHPS GRS A SPectideshal g GRARE 5 microns, it is

apparen$ lﬂmtﬂx@hﬁlesa IVhad el acht Gheet kil Minkmuh§ieBifRdRBIWRRR. However,
percent by weight of resin solids and 50 percent

Examplbyﬂvkll gyt beWhl@lslnﬁluslg laihdghly ﬁr%hénlé@nl‘pmgeﬂ tevel of af fpast 20% of the
resin soﬂflg %é:t ! o%‘g’c\:l\he@ coatin g}[u\%le IS §t7t(1"1eo € one t]%e V1as Tpnh?tﬂf?r emqbodlments

S
me1 erern per

the mnfrﬁl&hmoatﬁ@mﬁﬁn@@da@& pefieent. by wei ght of resin solids
he conposition is the highly cross-|inked

[00871:r ofther ¢ipis ibh pperatingrere et 08 WIRTEC PR IS ingitated; pll numbers
t
cres S AR WAL TR so PR B8 Blerion an

claims zmak@bmpnch:eiwﬁbﬁs Bng medtfxeﬂtm h)l)]{ mmmghst byothe teasi 'hleﬁ)tl.'I dscordingly,

unless 1?@12%}28 -tc? %%%Q%ar?%nh&rzﬁéfpéa%t%? E&?‘clfjogma@tfgﬁq\ﬁj@g specification

and att&@@@%ﬁaﬁﬁlk QR hilrbiieBSioRs GAl RN &r? RR¥IdikY gﬂoﬂﬁiee&%é]r@& properties
wei ght resin, ‘and the nethod further conprises:

sought toelzt otiginehby d@aprﬂwgt iryeatiarne nbeﬂutwr}eleaﬁ QI@Dnc@ agran|agiempt to limit
for.a rjod of.at .|east 150 The .net ho )

the appdPhrifin Bhyth SRR of ERE VB AS! P oHoh Y e e sosy umerical

parameféf SHIWRNS [EQS b cordRded heligRbha’ ukiteP6F rep OHRI élg’ﬁﬁcant d1g1ts and by
heating the coating to a tenperature of 175 C or

applying grdigarp epyndéngoechitiqueseast 30 mi nut es.
[0098] Notwithstanding that the numerical ranges and parameters setting forth the broad

scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical values, however, inherently
contain certain errors necessarily resulting from the standard deviation found in their respective
testing measurements.

[0099]  Also, it should be understood that any numerical range recited herein is intended
to include all sub-ranges subsumed therein. For example, a range of "1 to 10" is intended to
include all sub-ranges between and including the recited minimum value of 1 and the recited
maximum value of 10, that is, having a minimum value equal to or greater than 1 and a
maximum value of equal to or less than 10.

[0100] 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 departure from the invention as defined

in the appended claims.



7. The method of claim1l1l, wherein the substrate
includes a via having a dianeter of |ess than 250
won@pow478. The nethod of claim 1, wherein thePCT/US2009/037489

substrate conprises silicamg- 9. The nethod of claim

1, wherein the conposition conprises: one or nore

active hydrogen-containing resins, wherein the active
WeClailriﬁ/jidrogen-containing resin conprises covalently bonded

| ogen of greater than 20 wei ght percent based on

total | wei gAtmé&hod Esthprig@d:i ds present in the
conposi tion. WD 2009/ 117475 PCT/ US2009/ 037489 -30 10.

The net hod ipmesing ma1, septiernsiugtitche sesirp@si i oan  electrodeposition
conprises: . .Qn r__nor ol yester .curj.ng. agents. 11 . . .
compomlthOél, Wél?]i_?gl datol asg Pglpfcr{cgfltebwﬁ\éyfnél'ﬁﬁ of esin asgll‘?%léla[ge composition is a highly

cross-liljedrigaipeCesthginehtignd esin is derived fromat |east
one of a pol yepoxi de polyner and an acrylic polymer.
12. The nefPRNgfa ¥oliieh Btwemeheispbpe akihg geawpogition to form a

&ebcuﬁg%gggﬁgﬁﬁﬁgggﬁgﬂihaIogen content derived froma

ate yepoxi de and/or a hal ogenated acrylic
pol yn2r. 1Bhe fieehadedthddinofl, elhatein Betwabe20i perdelne by weight of resin

.. cqvalently bonded hal ogen present in the resin (j) is .
solids i, T, Beics i y@ﬁﬁF 8§ s éﬁlﬂ[ﬁdpythsf GPMeOyHEm ot .thellaéﬁrhgoss-hnked
microgdl@bRBGn&at. Cl ai m 13, wherein the hal ogenated pol yhydric

phenol conprises at |east one of chlorinated
bi sph&nol Ahanethndoeli dlated, bihsyire hetiwepn 27 rerckine byrerdight of resin

soids 43 £ bt iy PABPERDBT-S ARSI ARe £ PRHSITAL B Coss-linked

microgdlc8iBb@ntWher ei n sai d active hydrogen-containing resin
conprises cationic salt groups. 17. The met hod of

cl ai 10, Whemesthod of ¢l Ve stheieir dhirp £p@pesitiorp diuyhes teemprises a
combingtfrioglﬁ%f % gtlra}{gn%? E%E%/o!glef:i%fz {h%h}ggﬁ'ing? osgﬁf;r)lge% Pﬁ?rﬁgg%gkset 1%; between 20
percent b &Fe@g I o$ adsth f0idy esd 80 pérSers by Steaghtiofikdsih Soli@e irdthe cambdsition.

5. The method of claim 1, wherein the composition includes a cationic epoxy
high molecular weight resin, and the method further comprises:
heating the coating to a temperature of 200° C or less for a period of at
least 150 minutes.
6. The method of claim 1, wherein the composition includes an epoxy
urethane resin, and the method further comprises:
heating the coating to a temperature of 175° C or less for a period of at
least 30 minutes.
7. The method of claim 1, wherein the substrate includes a via having a
diameter of less than 250 micron.
8. The method of claim 1, wherein the substrate comprises silicon.
0. The method of claim 1, wherein the composition comprises:
one or more active hydrogen-containing resins, wherein the active
hydrogen-containing resin comprises covalently bonded halogen of greater than 20 weight

percent based on total weight of resin solids present in the composition.



19. The nmethod of claim 17, wherein said polyester
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25. The cofposndthah odfclahmil f Mere\meh@lhaloghmt@hmalyysdric phenol
ses 26. A conposition for use in

Compris%gg%#’{?&%%’é?ﬁ]ﬂm& W-comprising: a surfactant blend: a

| ow i of) polr¥®lniethod of claim 9, wherein said active hydrogen-containing resin
comprises cationic salt groups.

17. The method of claim 10, wherein said polyester comprises a polyester of a
polycarboxylic acid having more than one ester group per molecule.

18. The method of claim 17, wherein said polyester is substantially free of
acid.

19. The method of claim 17, wherein said polyester comprises at least one
ester group per molecule in which the carbon atom adjacent to the esterified hydroxyl has a free
hydroxyl group.

20. The method of claim 17, wherein the composition further includes a
transesterification catalyst comprising a metal oxide, metal salt or metal complex.

21. The method of claim 20, wherein the metal oxide, metal salt and/or metal
complex are derived from a metal selected from tin, bismuth and lead.

22. A composition for use in electrodeposition comprising:

a resin blend;
a coalescing solvent;
a catalyst;

water; and



phenoxypropanol; a catalyst; water; a flexibilizer;

and a highly cross-linked mgrogel, wherein at |east
wQeoparaent by weight of resin solids in the PCT/US2009/037489

conposition is the highly c3yjoss-1inked mcrogel. 27.

The conposition of claim26, between 20 percent by

wei ght of resin solids and 50 percent by weight of
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microgel component.

24. The composition of claim 22, wherein between 27 percent by weight of
resin solids and 33 percent by weight of resin solids in the composition includes the highly cross-

linked microgel component.

25. The composition of claim 22, wherein the catalyst comprises:
tin.
26. A composition for use in electrodeposition comprising:

a surfactant blend;

a low ion polyol;

phenoxypropanol;

a catalyst;

water;

a flexibilizer; and

a highly cross-linked migrogel, wherein at least 20 percent by weight of
resin solids in the composition is the highly cross-linked microgel.

27. The composition of claim 26, between 20 percent by weight of resin solids
and 50 percent by weight of resin solids in the composition includes the highly cross-linked
microgel component.

28. The composition of claim 26, wherein between 27 percent by weight of
resin solids and 33 percent by weight of resin solids in the composition includes the highly cross-
linked microgel component.

29. The composition of claim 26, wherein the catalyst comprises:

tin.



