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ELECTRODEPOSITABLE COATING COMPOSITION COMPRISING SILANE AND
YTTRIUM

CROSS REFERENGE TO RELATED APPLICATIONS
[0001] This application clalms  benefit of U.S. Provisional  Application
No. 61/147,583 filed January 27, 2009,

BACKGROUND OF THE INVENTION

Fiald of the Invention
[0002) The present invertion relates generally to an electrodapositable coating

carmposition,

Background Information

{0003] Electrodeposition as a coating application method involves depositing  an
elactrodeposltable coating composition onto a conductlve substsate, which Is under the
influsnce of an applied slectrical polential, Electrodeposition has become Increasingly
important in the coatings Industry because, by comparison with nen-slectrophoretic coating
means, eloctrodeposition offers increased paint utilization, mproved carrosion protectlon,

and low environmental cantamination,

[0004] Ouring electrodepasition, the eleclrodeposilable coallng composilion is deposlted
onto a substrate that has been pretreated with a pretreatment solution, such as a zin¢
phosphate pretraatment solution, priar to the electrodeposilion process. Eliminalion of the
pretrealment step prior 1o the slectrodsposition process would reduce the costs assoclated
with coaling a substrate as well as efiminate any chemical byproduats that are produced
during the pretreatment step. Mareaver, in an automotive OEM factory setting, sllmination of
{he pretreatment equipmeni would mean that the size of the factory could potentially be
scaled down or thal valuable factory space could be reclaimed.

{0005] Accordingly, the present invenlion is direcled fo an electrodepositable coating
composition that can be applied onto a non-pretreated substrate.

SUMMARY_ QF THE INVENTION
{0006] The present invention Is divecled to an eleclrodepositable cnaling composition
comprising () a flmdorming polyrer, (i) ytrium, and (If) a sitane that does not contaln an
gthylenically unsaturated double bond. The present invention is further diracted to a
substrate coated with stich a coating composition,
10007] The present invention is also diracted to an slectrodepositable coaling compasition

consisting essentlally of (i} a fim-forming polymer comprising reactive funclional groups, (i)
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yltrium, (iif) a silane that doss not contain an ethylenlcally unsaturated double bond; (iv) a
crosslinking agent thal is reactive with the reactive functional groups of the film-forming
polymer; and (iv) a catalysl,

[0008] The present invention is also directed to an electradepositable coating composition
comprising (i) a film-forming polymer, (i) yttrium, and (ili) an aminositane. The present
invention is further directed o a substrate coated with such a coating composition.

DETAILED DESCRIPTION OF THE INVENTION

{6009] As used hereln, unlass otherwise expressly specifled, all humbers such as hosae
exprossing valups, ranges, smounts or percentages may be read as if prefaced by the word
“ahaut”, even If the term does not expressly appear. Plural encompasses singular and vice
verga, For example, although reference Is made herein to “a” fim farming polymer, "a”
ytirium, “a” silane, a comblnation (a plurallly) of these components can be used in the
present invention, As used heveln, “plurality” means twa or more.

[0010] As used hersin, “inciudes” and like terms means “including without limitation,"

[0011] When referring to any numerical range of values, such ranges are understood to
include each and every number and/or fraction belween the stated range minimum and
maximum.

[0012] As used herein, “molecular weight" means weight average molecular waight (Mw) as
daterminad by Get Permaation Chromalography.

10013] As used herein, the term “cure” refers to a coaling wherein any crosslinkable
componants of the compnsition are at least partially crosslinked. In cartain smbodimants,
the crosslink dansity of the crosslinkable companents (ke,, the degree of crosslinking)
ranges from 5% to 100%, such as 35% 10 85%, of, in some cases, 50% to 85% of complate
crosslinking. One skilled in the ail will understand that the presence and degree of
crossfinking, 1.6., the crosslink density, can be determined by a varlety of methods, such as
dynamic mechanical thermal analysis (DMTA) using a Polymer Laboratories MK 1l DMTA
analyzer conducted under hitrogen,

10014] Reference to any monomet(s) herein refers generally to & monemer that can be
polymerized with another pelymerizable compound such as another monomer or polymer,
Unless otherwise indicated, it should be appreciatad that once the monomer componanis
react with one another to torm the compound, the compound will comprise the resldues of
the mariamar components.
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Eloctrodenasitable Coating Gompogition

[00158] The prasent Invention is direcled to a coallng compasition comptising (f) a film
forming polymer, () yitrlum, and (i) a sllane that does not contain an athylenically
unsaturated double bond, In certain embodiments, the coating composition comprises an
aminositane, which could or could not contain an ethylenlcaily unsaturated double hond. In
some embodiments, when the fitm forming polymer comprises a reactive functional group,
the coaling composition further comprises (iv) a curing agent that is reactive with a reaclive
functional group of the filin farming polymer.

[0016] A wide varlety of film~forming polymers, which are known in the art, can be used as
component (i) su long as the polymers are "waler dispersibie.” As used hereln, "water
dispersible” meang taat & material is adapted to be solubilized, dispersed, and/for emulsifled
in water. The film-forming polymers used in the present invention are lonic in nature,
Aceordingly, in same anbodiments, the film-forming polymer is cationic. In other words, the
film-forming polymer compiises cationic salt groups, generally prepared by neutralizing a
functional group on the film-forming polymer with an acid, which enables the film-forming
polymei to be electrodepasited onto a cathode.

[0017] Examples of fiim-forming polymers suitable for use in cationic electrocoating coating
compositions include, without fimitation, catlonlc polymers detivad from a polyepoxide, an
acrylic, a polyurethane, andfor polyestar. In certain embodiments, the film-forming polymer
comptisas reactive functionat groups. As used herein, the phrase reactive functional group”
means hydroxyl, catboxyl, carbamale, epoxy, isecyanate, acelo acetale, aming-salt,
maroaptan, or combinations tereof. 1t should ba noled that in some ambodiments, the film-
jorming polymer is & copolymer of e palymars tisted In the preceding sentenca. In some
smbodiments, the cationic polymer can be derived by reacting a polyepoxide containing
polymer with & calionic salt group former. As usad herein, "eafionic salt group formet"
means a matetial that is reactive with epoxy groups and which can he acidlfied before,
during, or after reaction with the epoxy groups to form cationic salt groups. Suitable
materlals that can be usad as the cationic salt group lormer include amines such as primary
or secondary amines, which can be acidilied after reaction with the spoxy groups to farm
amine salt groups, or lerfiaty amines, which can be acidified prior to reaclion with the epoxy
groups and which after reacion with the epoxy groups form quaternary ammonium salt
groups. Examples of other cationic salt group formers are sulfides which can be mixed with
acid prior 1o reaction with the epoxy groups and form terrary sulfonium salt groups upaen
subsequert reaction with the spoxy groups.

[0018] In certaln embodimants, the film-forming polymer that is used in the prosent

invention comprises the reaction product of an epoxy functional compotind (6.9, EPON 880)
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andl a phenalic hydroxyl group-comtalning material such as bisphenol A, which is a polyhydric
phenol. In some embodiments, the fifm-forming polymer described in the preceding
sentence can be reacted with an amine, such as aminopropyldisthanolamine (APDEA) and
dimethylaminopropylamine (DMAPA), in order to make the fiim-forming polymer water
dispersible. In certain embodiments, ketimine can be reacted with the backbone of the film-
forming polymer thereby forming ketimine arms that extend pendant to the backbone. When
the polymer is dispersed in a water/acid mixturg, the katimine arms will hydrolyze and form
primary amlnes, Accerdingly, in some embodiments, the elactrodepositable coating
compositions that are disclosed in U.8, Pat. Nos, 5,633,297, 5,820,987, and/or 6,936,012
can be uged with the presen invention.

[0019] Various carrosion inhibitors may be used as componert (i) in the prosent invention.
Sullable corrogon Inhinitors include, without limitatian, rare sarth metals, bismuth, copper,
zing, silver, zlrconium, or comblnalions thereof, In certain embodiments, a yitrium
compound may be used as the corrosion inhibitor. Various yttrium compounds may be used
as component (Il) in the present inventlon. For exampls, the yitrilum compounds may
include, without limitation, yitrlum formate, yttrium acetate, yitrium tactate, yttrium sulfamate,
yllrium methane sulfonate, or combinations thereof. In some embodiments, yitrium
comprises s 5 woeight % of the total resin solids of the eleclrudepositable coating
zomposition, In other embodiments, ytirium comprises = 0.15 weight % of the total resin
solids of the electrodepositable coating composition. In certaln embodiments, the smount of
yllrium can range batween any combination ol valuss, which were recited in the preceding
santancss, induslve of the recited values, For example, in certaln embodiments, the amount
of yilrium can range frol 0.20 weight % to 2 weighl % of the total resin solids of the
slectrodepositable coating composition.

[0020] (n the present inventian, a silane thal does not contain an ethylenically unsaturatad
double bond Is typically used as component (i), However, n certain embodiments, an
aminosilane, which may or may not contain an ethylenically unsaturated double bond, may
be used in the present invention. As used herein, “ethylenically unsaturated double bond"
means a carbon-to-carbon double bond. In certaln embadiments, the sllane can comprise a
functional group such ag, without limitation, hydroxyl, carbamals, epoxy, isocyanate, amine,
amine-salt, mercaptan, or combinations thereof. Suitable silanes that may be used in the
present Invention include, without [(imitation, an aminosilane, = mercaptosilane, or
comblnations thersof. In some embadiments, the sllane ean ba a mixture of an aminosilane
and another material, such as vinyltriacstoxysllang. Accordingly, In cartain embadiments,
the oloolrodapositable coaling composition csn comprise a silane that containg an
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slhylenically unsaturated double bond in addition 1o the sllane that doss not contaln an
athylanically unsaturated double bond. .
(00213 If (1) the film forming polymer comprises reactive functional groups, such as those
described above, then the electrodepositablo coaling composition may further comprise (Iv)
a crosslinking agent (“ouring agent”) that is reactive with the reactive functional groups of the
polymer, Suitable crossiinking agents irclude, without limitation, aminoplasts,
polyisocyanates (including blocked Isocyanates), polyepoxides, beta-hydroxyalkylamides,
polyacids, anhydrides, organometallic acld-functional matetials, polyamines, polyamides,
oyclic carbonates, sloxanes, or combinations thereof. In some embodiments, the curing
agent can comprise from 30 weight % to 40 weight % of the total resin solids of the coating
compositlon.
[0022] In certaln embodimants, the eleclrodepoeiiable coating composition may further
comptise (v) & curing catalyst, which may be used to catalyze the reaction belween lhe
crosslinking agent and the reactive functional groups of the film forming polymer. Suitable
curing catalysts that may be used as component (v) inclhide, without limltation, organotin
compounds (e.g., dibufyitin oxide, dioctyllin oxide} and salts theteal (e.g., dlbutyltin
diacetate); other motal oxides {e.g., oxides of cerium, zirconium and/or bismuth) and salts
thereof (e.g., bismuth sulfamate and/or bismuth lactate), bicyelic guanidine (as disclosed In
1U.S. Pat, App. No. 11/835,600), or combinations thereof.
[0023] In some embodiments, after the electrodepositablo coating compositlon is applied
onto a substrale and cured, the electrodepositable coating composition demonsirates a burst
pregsure acdheslon vajue of 2 500 pounds per square inch {psly, such as from 850 (pai) to
1000 (psi), when subjected lo the PATTI ADHESION TESTING METHQD. The PATTI
ADHESION TESTING METHOD Is a two step process. In the first step, & subsirate coated
with the cured electrodepositable coating composition, which is fo be tested for adhesion
propertias, is introduced into a QCT-MB cabinet {commercially available from Q-Panel Lab
Products) and exposed lo condensing humidity al a temperature of 80°C for a time period of
16 hours. The substrate is then removed and any condensation on the surlaces of the
coating ls removed using a rag.  Nexi, the adhesion properlies of the ocured
elactrodepositable coating compasition are measured using an Elcometer PATT! 110
adhesion tester (commercially avallable from Elcomeler, ne.). The method bagins by using
aM SCOTCHWELD DP-480 adhesive lo glue % inch diameter aluminum pull stubs
{commarcially available from Eleometer, Inc.) to the surface of the cured mlectradepositale
coating composition (the surfgce onto which the aluminum pull stubs are applied should be
fightly sanded and subsequertly cleaned with KIMWIPES tollowed by water then followed by
jsopropanal wipes). A piston of the Elcometer PATT! 110 adhesion tester is attached to the
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aluminum pull stub and a tensie force is applied to the stub uslng the adhesion tester. Tho
lensile force is incroased unté an adhesion fallure of the cured electrodepositable coating
composition Is achieved. The amount of force required to cause adhesion fallure ("burst
pressure adhesion value®} can then be calculated using the appropriate conversion charts
that are provided wilh the Elcometer PATTI 110 adhesion tester. As used herein, "burst
pressure adheslon value,” which s measurad in pounds per squars inch (psi), is the amount
of force required to cause & coaling layer to Jose adhesion lo a substrale.

[0D24] In certain emhodiments, when the eleclrodepositable coating composition described
herein Is corpared to an elestrodepositable coating composition that does not contain the
silane and the corroslon inhibitor {conventional electrodepositable coating composition), the
burst pressure of the electrodepositable coating composition will exceod the burst pressure
of the conventional sloctrodepositable coating composition by X 100 pounds per square inch
{psi) when subjected to the PATT ADHESION TESTING METHOD.

[0025] The electrodepositabla coating composition disclosad herein is lypically supplied as
two componenls: {1) a main vehicle ("clear resin fesd") and (2) a grind vehicle (‘plgment
paste”). In general, (1) the main vehicle comprises (a) a film farming polymer (“an active
hydrogen-containing fonic salt group-containing rosin®), (b) a crosslinking agent, and (¢) any
additional water-dispersible, ron-pigmented components (e.g., catalysis, hindered amine
light stabilizers). [n general, (2} the grind vehicle comprises (d} one or mare plgments (e.9.,
titanium dioxide, carbon black), (e} a water-disparsible grind resin, which can be the same or
different fram the film forming polymer, and, optionally, () addiflves such as catalysts,
anlioxidants, bicoldes, defoamers, surfactants, wetting agents, dispersing alds, clays,
hindared amine light stabilizers, UV light abeorbers and stabilizers, or gombinatlons thereof,
An slactrodeposition bath, which contains the electrodepositable coating composition of the
present inventlon, can bae prapared by dispersing compenents (1) and (2) In an agueous
medlum which comprises water and, usually, coalescing solvents. The (i) yttrium and/or the
(i) silane, which are tsed in the alecirodeposilable coating compositlon of the present
invention, may be incorporated into the maln vehicle, the grind vehicle, or post-added to a
bath that is prepared with components (1) and (2). Alternatively, components (1) and (2)
may also be provided as a single corponent.

Substrata with_a Coating Systen
[0026] The alectrodepositable coating composition descrined herein may be applied alone
ar as part of a goating system that ¢an be deposited onto a number of ditfarent substrates.
The onaling system typically comprises a number of coating layers. A coating layer is
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typloally (ormed when a coating composition thal is deposited onlo the substrate 18
substantially cured by methods known in the art (6.9.. by thermal heating).

[0027] Suitable substrates that can be coaled with the gloctrodepositable coating
composltion of the present invention include, without limitation, melal substrates, metal alloy
substrates, and/or substrates that have been metallized, such as nickel plated plastic. In
some embodiments, the metal or metal alloy can be aluminum andfor steel, For axample,
he stesl substrate could be cold rolled steel, electrogalvanized steel, and hot dipped
galvanized steel. Moraover, in some embodiments, the substrate may comptise a portion of
a vehicle such as a vehicular body (8.g., without llmitation, door, body panel, trunk dack lid,
roof panel, hood, andfor roof) andfor @ vehicular frame. As used hereln, “vehicle” or
variatians thereof Includes, but is not Imited to, clvilian, coramerclal, and military land
vehicles such as cars, motoroyales, and trucks. It will alse be understond that, in some
embodiments, the substrate may ba pretrealed with a pretreatment solution, such as a zlne
phasphate solution as described in U.S. Pat. Nos. 4,793,867 and 5,588,089, Allernatively, [n
other embodiments, the substrate is not protreated with a pretreatment solution prior to
coating the substrate with the coating composition desctibed herein,

[8028] In cenain embodiments, the electrodeposiiable coating composition of the present
invention is applied over & bare {i.e., non-prelreatad) substrate. Howsver, in some
embodiments, the electrodepositable coating composllion of the present invenilon can be
applled to & substrate that has been pretrealed. After the slecirodepositable coating
composition is cured, a primer-suriacer coating composition is applied onto at least & portlon
of the elactrodeposilable coaling composilion. The primer-suriacer soating composilion is
typically apitied to the electiodepositable coating layer and cured prior lo a subsequent
coating composition being appliad over the primer-surfacer coating compaosition,

[0029] The primer-sudacer tayer that rosults from the primer-surfacer coatlng composltion
serves to enhance chip resistance of the coaling system as well as aict in the appearance of
subsequently applied layers (e.g., color imparting coating composition and/or substantially
clear coating composition). As used herain, "primer-surfacer refers 1o a primer compaosition
for use under a subsequently applied coating composltion, and includes such materials as
thermoplastic and/or crosslinking {¢.g., thermosetting) film-forming resins generally known o
the art of organlc coating compositions, Suilable primers and primer-surfacer coating
compositions include epray applied prirers, as are known to those skilled in the art.
Exainplos of sultable primers include several avallable from PPQ Industries, Inc., Mittsburgh,
Pa., as DPX-1791, DPX-1804, DSPX-1537, GPXH-5379, OPP-2645, PGV-70118, and 1177-
225A,  Anolher suitable primer-surfacer coating compostion that can be utilized In the
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present nvention is the primer-surfacer described in U.S. Pat. Application No. 11/773,482,
which is incorporated in its entirety herein by reference.

{0030] It should be noted that In some embodiments, the primer-surfacer coating
composition is nol used in e coating system. Tharsfore, & color imparling basecoat
coating composition can be applied direclly onto the cured electrodepositable coating
composition.

{0031] In some embaodiments, a color imparting coating composition (hersinaftar,
‘basecoat”) is deposited onto al least a portion of the primer surfacer coating layer (if
prasent), Any basacoat coating composition known In the art may be ugad in the presant
invention. [t should be noted that these basecoat toating compositions typlcally comprise 8
aolorant.

[0032] In cartaln embodiments, & substantially dlear coaling corsposition (hereinafter,
"dlearcoat”) is deposited onte al leasl a portion of the basecoat coaling layer. As used
herein, a "substantially clear® coating layer is substantially transparent and not opaque. In
cortain embodiments, the substantially clear coating composition can comprise a colorant
but nol In an amount such as io render the clear coating composition opague (not
substantially transparent} after it has been cured. Any clearcoat coating composition known
in the art may be used in the present invenlion. For exaraple, the clearcoat coaling
composltion that is described in U.8, Palent Nos. 8,989,642, 6,245,855, 6,387,519, and
7,005,472, which are incorparated in their entirety hereln by reference, can he used In the
coating systom, In cerlain embodiments, the substantially clear coating compusition can
also comprise & particle, such as a sllica particls, that ls dispersed in the clearcoat coatling
composition (such as at the surface of lhe clearcoat coaling womposition after curing).

[0033] One or more of the coating compositions desoribed herein can comprise colorants
and/or other oplional materiats, which ars known in the &t of formuglated surface coatings.
As usad hereln, the term “colorant” means any substance that imparts color and/or other
opacity andfor olher visual sffect to the composition. The colorant can be added to the
coating in any suitable form, such as discrete particlos, dispersions, soluions and/or flakes
{8.g., aluminum fiakes). A single colorant or a mixture of twa or moro colorants ¢can be used
in the coating composition described herein.

[0034] Example colorants include pigments, dyes and lints, such as those used in tha paint
industry and/or listed in the Dy Color Manufacturers Association {DCMA), as well as speodlal
glfect compositions, A coforant may Include, for example, a finely divided solld powder that
is insoluble but wettable under the conditions af use. A colorant can be organie or Inorganic
and can be agglomerated or non-agglomerated, Colorants can be incorporated Into the
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coatings by use of & grind vehidle, such as an gorylic grind vehicle, the use of which will be
tamiiiar to one skilled in the art.

[0035] Example pigments andfor pigment compasitions includs, but are not limited to,
carbazole dioxazine cruds pigmenl, azo, monoazo, disazo, naphthol AS, salt lype (lakes),
penzimidazolone, condensation, metal complex, isoindolinone, isoindoline and polycyclle
phthalocyanine, quinacridons, petylene, perinone, diketopyrrolo  pyrrole, thiolndigo,
anlhraquinons, Indanthrone, anthrapyrimidine, Havanthrone, pyranthrons, anthanthrone,
dioxazine, triarylcarbonium, quinophthalone pigments, diketa pyrrolo pyrrole red ("DPPBQ
rad"), titanium dioxide, carbon biack and mixtures thereof. The terms "pigment” and "colorad
filer" can be used interchangeably,

[0036) Example dyes include, but are not limited to, those that are golvent and/or aqueous
based such as phthalo green or bilue, iron oxide, bistmuth vanadate, anthraquinone,
perylene, aluminum and quinacridone.

[0037] Example tints inciude, but are not limited to, pigments dispersed (n water-based or
water miscible carriers such as AQUA-CHEM 896 commearcially available from Degussa,
Inc., CHARISMA COLORANTS and MAXITONER INDUSTRIAL COLORANTS commercially
available from Accurate Dispersions division of Eastman Chemical, ine.

[0038] As noted above, the colorant can be in the (ot of & dispersion including, but not
timited to, a nanoparticle dispersion. Nanoparticle dispersions can include one or more
highly dispersed nanoparticle colorants andfor colorant particles that produce a dasired
visibls color andfor opacity andfor visual effect. Nanoparticle dispersions can include
colorants such as plgments or dyes having a particle size of less than 150 nm, such ag less
than 70 am, or less than 30 nn1. Nanoparticles can be produced by milling stock organic or
Inorganic plgments with grinding media having a particle size of less than 0.5 mm. Example
nanaoparticle dispersions and methods for making them are iclentified in U.S. Patent No,
6,875,800, which is incorporated herein by reforence. Nanoparticls dispersions can also be
produced by crystallizatien, precipitation, gas phase condensation, and chemical attrition
(i.e., partial dissolution). In order o minimize re-agglomeration of nanoparticles within the
coaling, a dispersion of resin-coated nanoparticles can be used. As used herein, a
"digperslon of resin-coaled nanoparticles” refers to a continuous phasa in which discreet
"composite microparticles”, which comprise a nanoparticle and a resin coating on the
nanoparliole, Is dispersed. Example dispersions of resin-coated nanoparticles and mathods
for making them are Identified In United States Patent Application Publication 2008-0287348,
filod June 24, 2004, .S, Provisional Application No. 60/482,167 filed June 24, 2003, and
United States Patent Appication Serial No, 11/337,062, filed January 20, 2008, which is alsa
incorporated harein by roferance.
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[0039] Example special effect compositions that may be used Include pigments and/or
compositions that prodisce one or more appearance efots such as reflectance,
poarlescence, mefallic  sheen, phosphorescence, fiuorescence, photochromism,
photosensitivity, thermochromism, goniochromism and/or color-change. Additional special
olfect compositions can provide other perceptible properties, such as opacity or texlure. Ina
non-limiting embodiment, spechal offect compositions can produce a color shift, such thal the
color of the coating changes when the coaling is viewed at difterent angles. Example color
sffect compositions are identified in U.8. Paten! No. 6,894,086, incorporated harein by
ralerance. Additional color effect compasitions can include transparent coated mica and/or
synthetic mlca, coaled silica, coated aluming, & transparent liquid crystal pigment, a lquid
orystal coating, and/or any somposition whereln interference resttits from a refraotive Index
differential within the material and not because of the refractive index differential betwean
the surfaca of the material and the alr.
[0040] In certaln non-limiing embodiments, a photosensitive  composition  andfor
photochromic composition, which reversibly alters lts color when exposed 1o ohe or more
tight sources, can be used in the coaling composition described herein, Photochromic
and/or photosensitive compositions can be aclivated by exposure 10 radiation of a specilied
wavelength. When the compositlon becomes exclted, the molecular structure ig changed
and the altered struclure sxhibits a new color thal |s different from the otlginal color of the
composition.  Whan the exposure lo radlation ls removed, tho photochromic and/or
photosensitive composition can refun 1o a stafe of rest, in which the original coler of the
composition roturns,  In one nondimling  embodiment, the phatochromic  andfor
photesensitive compasition can be colorless in & non-oxclted state and exhiblt a golor in an
axcited state. Full color-change can appear within miliseconds to several minutes, such as
from 20 seconds to 60 seconds. Example photochromic andfor photosensitive compasitions
include photochromic dyes.
[0041] In a non-limiting embodiment, the photosensitive composition and/or photochromic
compositlon can be associated with andfor at least partially bound to, such as by covalent
bonding, a polymer andfor polymeric materials of a polymarizable corponent. In contrast to
some coalings In which the photosensitive composition may migrate out of the coating and
crystalize Into the substrale, the photosensitive composition andfor photochrornic
composition agsoclaled with and/or at least partially bound 1o a polymer and/or
polymetizabla component in accordance with a non-limiting embodiment of the prasent
invention, have minlmal migration out of the coating, Example photosensitive compuositions
and/or photochramic compositions and mathods for making them are Kentifled in U.S.
* Appllcation Serial No. 10/892,919, filed July 16, 2004,
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[0042] In general, the colorant can be present In any amount sufficlent to impart tha
desired visual and/or color sifect. The colorant may comprise from 1 to 65 welght percent of
the present compositians, such as from 3 to 40 weight percent or § to 35 welght percent,
with weight percent basad on the total weight of the compositions.

{0043] The coating compositions can comprise other aptionat materials well known in the
art of formulated surface coatings, such as plasticizers, anii-oxldants, hindered amine light
stabilizers, UV light absorbers and slablllzers, surfactants, flow control agents, lhixotropic
agents such as bentonite elay, pigments, fillers, organic cosolvents, catalysts, including
phosphonic acids and other customary auxiliaties.

[0044] In addition to the matetals described above, the coating composillon can also
comprise an organle solvent.  Suitable organic solvents that can be used In the coating
compusition include any of those listed in the preceding paragraphs as well as butyl acetate,
xylena, methyl othyt ketone, or combinations thereof.

[0045] 1t will be further appreciated that ane or more of the ceating compositions that form
the various coating layers dascribed herein can be either "one component” (1K"), "two
component" (“2K"), or even multi-component compositions. A 1K composition will be
understood as referring 1o & composition whersin all of {ha coaling components are
malntained in the same container after manufacture, during storage, stc. A 2K composition
or multi-componenl composition will be understood as refening to a composition wharein
various components are maintalned separately until just prior to applicalion. A 1K or 2K
coating vomposllion can be apphied to a substrate and cured by any conventional means,
such ag by heating, forced air, and the like.

{0046] The coating compusitions that form the various coating fayers described hareln can
be deposited or applied onto the substrate using any technique that {g known in the art, For
axample, the coating compositions can be applisd to the substrate by any of a variely of
methods including, without limitation, spraylng, brushing, dipping, and/or roll coating, among
other methods. When a plurality of coating compasitions are applled onto a substrats, it
should be noted that one coating composition may be applied onto at least a portlon of an
undetlying coating composttion either after the underlying coating composition has been
cured or prior to the undelylng coating composition being cured, # the cnating composilion
is applied onto an underlying coating composition that has not been cured, both «eating
compasitions may be curad simultangously,

[0047) The coating compositions may be eured using any technique known in the art such
as, withoul limitation, thermal energy, Infrared, lonizlng or actinic radiafion, or by any
combination thereof. [n cenaln embadiments, the curing operation can be carrled oul at

temperatures 2 10°C. In other emhodiments, the cuting operation can ba carried out at
11
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temperature € 246°C. In certain embodiments, the curing operation can cartied oat at
lemperatutes ranging befwesn any combination of values, which were recited fn the
precading sentencos, Inclusive of the recited valuss, For example, the curing operation can
be caried oul at temperatures ranging from 120°C - 150°C. It should be noted, however,
that lower or higher tempseratures may be used as necessary to aciivate the curing
mechanisms.

[0048] In certain embodiments, one or more of the coating compositlons desctibed hereln
is a low temperature, maisture curable coating campositions. As used herein, the term "low
tfemperalure, maisture curable® refers to coating compositions that, following application to a
substrate, aro capable of cuwring In the presence of ambient air, the alr having a relative
humidity of 10 % to 100 %, such as 25 % to 80 %, and & temperature In he range of -10°C
10 120°C, such &8 5°C to 80<C, It somp cases 10°C to 60°C and, In yet other cases, 15C to
40°C.

[0049] Tha diy fim thickness of the coaling layers desciibed hersin can range from 0.1
micron 1o 500 microns. In other emboadiments, the dry film thickness can be 5 126 microns,
such as s 80 microns. For example, the dry film thickness can range from 15 microns to 60
microns.

[06050] While spaclfic embediments of the invention have been described In detall, it will be
appreciated by thase skilled Iy the art that varlous modificallons and alternatives to those
detalls could be developed in light of the overall teachings of the disclosure. Agcordingly,
the particular arrangements disclosed are meant to be illustrative only and nat limiting as to
the scape of the Invention witich is 1o he given the full breadth of the clalms appendad and
any and all equivalenls thereof.

Examples

Example. A
[0051] Catlonic Resfin A: A cationic resin was prepared from a mixture of the following
ingredients;
1039.8g of crosslinker 1 {see doescriplion below), 55.0g of Macol 98 B (Bisphenol A-6
sthylene oxide polyol available from BASF Corporation), 6@.6g of disthylene glycol mano
butyl ether formal, 528.7g Epon 828 (Bpoxy resih avallahle from Resolution Performance
Producte), 203.8g bisphenol A, and 0.18g Tetonic 180R1 (Available from BASF
Corporation), are charged 1o a 4 neck round boftom flask, fit with a stirer, temperature
measuring probe, N blanket and Dean-Stark frap. The mixture is healed 10 76C and 34.7¢
of diatharolamine is added. The mixture exotherns to ~80° G and is held for 30 minutes

after the addition of the disthanolamine. 80.3g of aminopropy! dfethanolamine is added, the
12
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tornperature is adjusted to 132°C and the mixture is then held at this temperature tor 2 hours
while collecting approximately 30g of solvent in the Dean-Stark frap. 1680g of this mixture is
poured into a mixture of 30.5g sulfamic acld, 1181g deionized water, 1.159 88% lactic acid
and 66.3g of additive resin 1 {description below). The mixture is stirred for 30 minutes.
1183g of deionized water Is added and mixed in well. 1000g of deionized waler is added
and mixed in well. Solvent and water are removed by vacuum distilation, the solids of the
resulting aqueous dispersion is adjusted to 39 %. The methylisobutyl ketone conlent of the
dispersion is less than 0.2%.

[0052] Crosslinker 1 is prepared by adding 1820 g (10 eq.) of Desmodur L5 2096 (MDI
type isooyanate avallable from Bayer Gorporation) to a mixiure of 92 ethanol, 486¢
propylena glysol, 740y Magol 98 B {seo above), and 488 g dlethylane glycel mono butyl
other formal and 93g methylisobutyl ketone. 68 ¢ of methylisobutyl ketone ls used ds a
tinse for the (socyanale. The temparature is allowed 1o Increase to 115°C and the mixture is
held unlil the Infrared spectrum Indicates the absence of isocyanate.

[0053] Description of additive rasin 1

1 | MAZEEN 355 70' 1423.49
2 | acetic acid 15.12

3 | Dibulyltindifatrate 1.52

4 | Toluene dilsaeyanale 80/20 | 200.50
5 | sulfamic gcid 79.73

6 | daionized H2O 1623.68
;/ daionized H20 766.89

Amina lunctionas dal of aning eruivalent welght 1131 avalatile s BASF Comorlion

[0054] ltems 1 and 2 are charged to a 4 veck round boltom Hask, fit with & slirrer,
temperature measuring probe and N blankat and mixed for 10 minutes. Item 3 is added
and then ltem 4 is charged over about 1 hour allowing the reaction mixture to exotherm to &
maximum tempetature of 100°C. The mixture is then held at 100°C until the Infrared
spectrum indicates the absence of isocyanate (approximately 1 hour). 1395 g of the reaction
mixture is poured into a mixture of items 5 and 6 and mixed for 1 hour. item 7 is then added
over about 1 hour and mixed for about 1 hour. The resulting agueous solution had a solids

content of about 36%.

Example 8
[0085] Catiohic Mesin B: A calionic resin was prepared from a mixlure of the following
ingradients;
Waight
......... Malerial (grams)
1 | butyl Carbitol formal ! 81.2

13
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2 | epon 828° 785.3
3 | blsphenol A 317.3
4 | tetronic 150R1 ¥ 0.23
5 | aminopropyldiethanclamine * | 91.8
! 6 | dlethanolaniine 585 Available ram BASF Corp. as
Mazon1851 | 7 | monoethanolamine 5.76 o
e, 8_| Methyl isohutyl ketone (mibk) | 10.1 shacesiaietio|raiHosn
3 9 | mathoxypropanol 30.2 Availzblo from BASF Gorp,
:_‘ |10 | epon 828 e 23.8 Avaltable from Alr Producte Corp.
5 Blocked isgcyanate Reattion praduct of 10 aquivatonts
of pesmodur | 11 | crosslinkar 1083 1S 2006 (Bayer Carp.) wilh
2 moles o alhancl, 2 moles  prapylens
ool and 1 T : fo of Macol 988 (isphanol
s s Solubilization {g resin) 504D adduel of Sfuuegﬁm‘?v"%?gﬁné’oo,
BASF Ciorp.} &8 &
e 12 | Bulfamic Acid g8
: 13 | Delonized water 3683 .
[0056]) 14 Vil Foxide 168 Procedure‘. ftems 1, 2, 3,
and 4 are | 15 | Delonized wator 4433 charged to a 4 neck
round 10264 bottam flask, fit with a

slirrer, temparature measuring probe, N, blanket and Dean-Stark trap and heated lo 70°C
and held with mixing for 15 minuies. Heating was stopped and ftems 5, 6 and 7 (mixed)
were added. The reaction mixture exotherms to a maximum of 176*C after about 10
minutes. lterns 8 and ¢ (mixed) are added slowly 15 minutes aflor the peak exotherm
tamperalure and the mixture is affowed to cool 10 145°C and held at this temperature for a
total of 2 hours from the pesk exotherm temperature.  ltems 10 and 11 are then added and
ihe mixiure s adjusted to 110°C. 2040g of the reaction mixture are pourgd with vigorous
aghation Into & salution of Rams 12, 13 and 14 which was previously prepared by healing
and stiring the mixture of 12, 13, and 14 to 60°C for 30 minutes, then conling to §0°C, The
resin dispersion is mixed for about 1 hour. [tem 15 Is added slowly with stining. The final
aqusous dispersion had & measured solids content of 20 %.

Example G

[0057] Grind Resin: This example describes the preparation of a quaternary ammonlum
salt containlng pigment-grinding resin. Example G-1 descrlbses the praparation of an amine-
acid salt qualernizing agent and Example C-2 describes the preparation of an epoxy graup-
containing polymar that is subsequanlly quaternized with the amine-acid salt of Example C-
1.

[0058] C-1 The amine-acid sall quaternizinly agent was prepared using the foltowing
procadure:
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# | Material Farts
17| Dimethyt ethanclaming 445
2 | PAPI 290 avallable from Dow Chemical Ca. 660
3 | Butyl Carbitol Formal available from BASF Corp. | 22.1
4 | 88% laclic acid agueous §12
BT S

10059]

PCT/US2010/022194

Material 1 was charged In & sultably equipped & lier flagk. Materlal 2 wag then

charged under mid agltation over a 1.5 hour parlod, followsd by & tinse of material 3, During
this addition, the reaction mixture was allkwed to exotherm 10 a temperature of about 89° C.
and held at that tempastature for about 1 hour until complets reaction of the isocyanate as
determined by infrared speciroscopy. Al that time, material 4 was added over a 25 minute
perlod, followed material 5. The reaction temperature was hsld at about 80° C. for ahout 6
hours until a stalled acid value of 70.6 was obtained.

[8060]
the fallowing procedure.
i Material Parts
1 Biaphenat A Digyicldyl 528.8
ethor avallable from
Rasclution Chamical Co.
as Epon 828
2 Bisnhenol A 224.9
3 Butyl Carbitol Formal 83.7
4 athyitiiphenylphosphonium | 0.5
jodide
4] Butyl Carbliol Formal 164.9
6 amine —acid gualernizing | 418.4
agont of 8-1
7 DI waler 14284
8 Butyl Carbital Formal 3347

[061]

-2 The guaternary ammonium salt group-containing polymer was prepared using

Malerigl 1 was charged to a suitably equipped 5 Iiter flask ander mild agitation.

Material 2 was then added {ollowsad by materiat 3 and material 4. The reaction mixture was

15
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heated to about 140° C., allowed to sxotherm 1o about 180° C,, then cooled to about 160° C.
and held at that temperature for about 1 hour. At that time the palymaric product had an
epoxy equivalent weight of 982.9. The reactlon mixture was then cooled to a temperature of
about 130° C. at which time maierial 5 was added and the femperature lowered to about
95°100° C., followed by the addition of material 6, the amine-acid quaternizing agent of 6-1
over a perlod of 15 minutes, and subsequently followed by the addition of about 1428.1 parts
by weight of delonizod water. The reaction temperature was held at about 80° C. for
approximatoly 6 hours untll the acid number of tha reaction producl fell below 1.0, The
rosultant quaternary ammonium salt group-cantaining pigment grinding resin was further
reduced with about 334.7 pans by welght of the solvent of Butyl Garbitol Formal,

Example 0
[0062] Pigment Paste: This example desctibes the preparalion of a pigment paste
sultable for use in the electradeposition bath composilions of the present inventlon.
[0063] The plgment paste was prepared with the following ingrediants:

Weight {grams) | Maletial

988.1 Quaternary ammonium salt group cantaining grind resin of
Example C

578.2 Calalysi paste’

50,3 Swrfynal GA surfactant from Alr Froduots & Chemicals Ine.

24.4 Ethylene Glycol Monohexylether from BASE Gorp.

244 N-Butoxypropanol from Dow Chemical Go.

13.0 | 'Carbion black avallable from Printex 200

389.0 Aluminum sllicate clay available irom BASE Catalysts LLC

727.8 Titanium Dioxide from Tronox ine.

265.0° Diwater

! fPropared fram & mixlura of the fallowing ingredien|s: 532 grams: Quaternzy amaonium sall group contalning grind
rasin of Example G; 92 grama of Dl waler; §9 grams of n-Butoxyprepanal; and 368 grams of STANN BO (Qi-n-Lutyllin
onide catalys! available trom Savkye Organic Chamicals Go., Lid.). The abave Ingralents were added In 1he arcar
shown untar high shoar agitation, After inpredients were Ihoroughly blended, the pigmunt pasie wag ransferred to a
vorioal saad mill and grouad te & Hegiman vatua of abowt 7,88,

16
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{0064]  The above Ingredients were first dispersed with a high spaed cowles blade for 30
minutes, and then milled in a Premier Mill with 1,0-1.6mm Zircoa media for 1 hour or until
Hegman value reaches about 7.

Example E
[0065] Reslin Blend 1: This example describes the preparation of a master batch of the

rasin blend that was used in the Paints 1, 3, and 5 below.

Weight (grams} | Materlat

2349.0 Cationic resin from Exampte A

246.9 Flaxiblizer!

32.4 Plasticizar®

12,0 propiyene Glycol monermethyf ether from BASE Corp.
6.0 tthylene Glycol Monohesxylether from BASE Corp.
120.0 Flow additive ?

233.7 D] water

711y of DERYS2 {Mlighalic epoxy resin available from Oow Ghemizal Go.) and 164.50 blsphenal A ara
charged o o sullably equipped 3-liler found-bollonied [lask. The mixture is healod to 130°C and 1.66¢
benzyldimathyl amina s addad. Tho reaollon mixlure is hald Bl 136°C trtll the epoxde aguivalant weight of
fhe misuen fa 1832, 78.00 of butyl Carbitol formal (Availablg as Mazon 1651 from BASI Gorporalion) i
added and then e mixiure 1n oooled lo 959C. 184,79 Jelfamine D400 (Polyoxyprepyleno tlaming
availablo from Hupteman Goip.) s addad ant the reaction held at 856G uotl the Gardnar-Holdl viscoslly of
a sample of he resin dilttad 5050 in mathoky propano! 8 *HI. A mixiure of 19.1g Epon 628 and §.4¢
butyl Casbitol formal is added and tha mixure held unlil the Gardner-Holdt visaasily of  sample of the rpsin
diluted B0/50 In methoxy propanol 1s Q- pEBGN of s restn 15 poured Into a mixlcs of 124219
delonized water and 46.2g sulfamin acld and uiixed for 30 minutas, 6148y dalonized water I then added
and mixad wel, The linsf aqusous digperalon had & measured sollds conten of U5.8%.

* Reaction prodiet of 2 mofes ol disthylans giyool manebulyl ether and 1 mole formaldehyde, 98% active,

reparad w6 dogeibed In L&, Pal, No. 4,891,111 lo MoCollum ef at

! Prepared by s grecess comptising misiag o entlonls pelyapoxideambay reaction product and 8
polyapoxida crasstiking npentas deseribed in LL8: Pat. No. 5996,5458 to Gaorrigan el al.

Example F
{0066] Resin Blend 2: This example describes the preparation the resin blend that was

used in Paint 7 below:

Woeight (grams) | Material

1620.0 Gatlonic resin from Ex, B

67.1 Flaxiblizer that is described in Ex. &

11,7 Flasticizer that [s describad In Ex. E

4.3 Proplyene Glycol monomelhyl ether from BASF Corp.

17
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2.2 ' Ethylang Glycol Monahexylether fram BASF Corp,
43.5 Flow additive that Is described in Ex, E
103.5 D water

Example AA

[0067] Yitrium Solution: This example describes the preparation of a soluble yltrium
solutlon for use in the slectrodeposilion balh compasitions of Paints 2, 4, and 6 In Table 1.
The soluble yitrium solution was prepared from a mixture of the following:

Woeight (grams) | Material

112.9 Yitrium Trioxde
485.0 Dl waler
291.3 “TSulfamic Acid

[0068) To a suitably equipped 8 liter flask add sulfamic acid and water and stir for 20
minutes. Heat solution fo 88°C and then hold until & clear solution is oblained. Hold lor at
lgast 2 hours. Allow solution to cool below 50°C.

Example BB
(00691  Silane Solulion 1: This example describes the prepavation of an amino silane

solution that is suitable for use in the electrodaposition hath compasitions of Paints 3, 4, and
7 in Table 1,

Woeight (grams} | Matarial

150.0 D water
30.2 Aminopropylsilesquioxane from Gelest, Inc. as
WSA-9911

[60'70] Comblne the above Ingredients and allow to mix for 20 minutes. After 20 minutes,
add 88% laclic acid untit pM reaches about 8.5.
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Example GG
[0071] Silane Solution 2: This example describes the preparation of mixture of Bis
{trimethoxysilylpropyl)amine and vinyllriacetoxysilane that Is suitable for use in the electrodeposition
bath compositions of Pairts & and 8.

Woeight (grams) | Material 1
40.0 Bis (irimethoxysliylpropyl)amine avaitable from GE Silicones as Silquest A-1170
30 [ Vinyltriacetoxysitane avallable from Gelest, Inc.
[0072)  Cambine the above ingredients and allow 1o mix for 20 minutes.
[0073]  The following iable provides the preparation of stectrodepostition  bath
compositlons of the invention:
[0074]  Table [:
Yitrium Silane Silane
Resln Resin Pigment Soln. Soln. 1 Soln. 2
Blend Blend Paste DI {grams) {grams) (grams)
(grams) (grams) {grams) Water | 1from Ex. from EX. fromEx. | UF
Paint | from Ex. £ | lrom Ex. F | from Ex. D | (grams) AA 8B CcC %
i 1086.7 0 136.1 977.2 0 0 0 30
2 0 0 0 20.0 11 0 0 0
3 1063.6 0 1381 834.8 0 1686 0 30
4 0 0 0 20.0 11 0 0 0
5 1 063.6 0 136.1 992.0 Q 9 83 30
8 ) 0 0 20.0 11 0 Q 0
7 V) 1948.8 133.9 103.8 0 8.3 0 30

[0075] Paints 1, 3, and 5 were mado by adding the cationic resin blend from Example E
into a 1 gallon plastic container, The plgment paste is then difuted with about 200 grams of
the DI water belore adding it ta the resin blend. Il noted in the iable above, the silane
solution was diluted with about 20 grams of DI water prior te addilion. The remalning DI
water is then added to the container. Final bath solids were about 21.5% , with a pigment ta
binder ratio of about 0.14. The test baths were ultralitered 30% and replenished with only
frash DI water. After ultraliltration, paints 2,4, and 6 were made by post adding the amounts
listod In the table above of D} water, ytrium and/or sllane to paints 1, 3, and 5 respectively.
[0076] Paint 7 was made by sdding the cationic rasin blend from Example F into a 1 gallon
plastlc container. The pigment paste is then dliuted with about 80 grams of O water and
added 1o the resin blend, The silane solution from example BB is diluted with (he remalning
D) water and added to the mixture.
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[0077] The above paint composifions in examples (2) through {7) were compared 10
example (1). The test substrate was 4°X6" ACT CRS and EZG panals that were cleaned with
an alkaline cleanor. The panels were not pretreated prior to electrocoating. These panals
are available from ACT Laboratories of Hillslde, Michigan.

[0078] Each of the elecirodeposition bath compositions of examples 1 through 7 were
olectrodeposited onto ron-phosphated cold rolled and elsctrogaivanized steel panels.
Conditions for cationlc electrodepositions of each were as follews: 20-70 columbs, 150-200
volls, at 92°F 1o yield a cured film thicknass of 0.8-1.0 mils, The coated substrale was cured
In an alectric aven at 360°F for 20 minutes.

0079]  Each of the coaled tntreated steel test panels way subjected to adhesion testing
using an Elcometer PATTH 110 adhesion tester, The results that are reported on the
lollowing table are for test panels that have been subjected to 16 hours of candensing
humidity.

[0080] Table 2:

PATTI Adhesion (post QCT) bursl pressure (ps)

Silane Yilrium Added
Paint CRS EZG Added from Ex. AA
i 335 250 NONE NONE
2 382 264 NONE YES
From Ex
3 303 390 BB NONE
From &x
4 748 780 Be YES
From X
8 399 302 CcC NONE
From Ex
B gd2 750 ¢C YES
FFrom Ex
7 448 778 BB YES

[0081] The data reporled in table 2 llustrates the improvement In post-QCT PATTI
adhesion when a silane and sofuble yttrium salls are present in the electrodeposition baths
of the invention.
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What is claimed:

1. An electrodepositable coating composition comprising (i) an electrodepositable film-
forming polymer, (ii) a corrosion inhibitor, and (jii) a solution of a silane that does not contain
an ethylenically unsaturated double bond.

2. The electrodepositable coating composition according to claim 1, wherein .the
corrosion inhibitor comprises a rare earth metal, a lanthanide, or combinations thereof.

3. The electrodepositable coating composition according to claim 2, wherein the
corrosion inhibitor is yttrium.

4, The electrodepositable coating composition according to claim 1, wherein the (ii)
corrosion inhibitor comprises < 5 weight % of the total resin solids of the electrodepositable
coating composition.

5. The electrodepositable coating composition according to claim 1, wherein the (jii)
silane comprises < 5 weight % of the total resin solids of the electrodepositable coating
composition.

6. The electrodepositable coating composition according to claim 1, wherein the
electrodepositable coating composition further comprises a silane that contains an
ethylenically unsaturated double bond.

7. The electrodepositable coating composition according to claim 1, wherein the silane
comprises a functional group, and wherein the functional group comprises amino, epoxy,
thiol, or combinations thereof.

8. The electrodepositable coating composition according to claim 1, wherein the
electrodepositable coating composition further comprises bismuth, copper, zinc, silver,
zirconium, or combinations thereof.

9. The electrodepositable coating composition according to claim 1, wherein (i) the
electrodepositable film-forming polymer comprises reactive functional groups and wherein
the electrodepositable coating composition further comprises (iv) a crosslinking agent that is
reactive with the reactive functional groups of component (i).

10. The electrodepositable coating composition according to claim 9, wherein the
electrodepositable coating composition further comprises a curing catalyst.

11. The electrodepositable coating composition according to claim 10, wherein the curing
catalyst comprises an organotin compound, bicyclic guanidine, or combinations thereof.

12. A substrate coated with the electrodepositable coating composition of claim 1.

13. The substrate according to claim 12, wherein said substrate is a not pretreated with a
phosphate or zirconium pretreatment solution prior to coating the substrate with the

electrodepositable coating composition.
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14. The substrate according to claim 12, wherein said substrate is pretreated with a
phosphate or a zirconium pretreatment solution prior to coating the substrate with the
electrodepositable coating composition.

15. The substrate according to claim 12, wherein said substrate comprises steel,
galvanized steel, or aluminum.

16. The electrodepositable coating composition according to claim 1, wherein the silane
is an aminosilane.

17. An electrodepositable coating composition consisting essentially of (i) an
electrodepositable film-forming polymer comprising reactive functional groups, (ii) yttrium,
(iii) a solution of a silane that does not contain an ethylenically unsaturated double bond; (iv)
a crosslinking agent that is reactive with the reactive functional groups of the film forming
polymer; and (v) a catalyst.

18. The electrodepositable coating composition according to claim 17, wherein after
application to a substrate and after curing, demonstrates a burst pressure, when subjected
to the PATTI ADHESION TEST, which is at least 100 psi greater than the burst pressure of
an electrodepositable coating composition comprising the film-forming polymer that does not
contain (ii) yttrium and a (iii) silane.

19. The electrodepositable coating composition according to claim 17, wherein the silane
comprises a functional group, and wherein the functional group comprises amino, epoxy,
thiol, or combinations thereof.

20. An electrodepositable coating composition comprising (i) an electrodepositable film-
forming polymer, (i) yttrium, and (iii) a solution of an aminosilane.

21. The electrodepositable coating composition according to claim 20, wherein the
aminosilane comprises a functional group comprising an ethylenically unsaturated double
bond, hydroxyl, carbamate, epoxy, isocyanate, amine-salt, mercaptan, or combinations
thereof.

22. The electrodepositable coating composition according to claim 20, wherein after
application to a substrate and after curing, demonstrates a burst pressure, when subjected
to the PATTI ADHESION TEST, which is at least 100 psi greater than the burst pressure of
an electrodepositable coating composition comprising the film-forming polymer that does not
contain (ii) yttrium and a (iii) silane.

23. The electrodepositable coating composition according to claim 20, wherein (i) the
electrodepositable film forming polymer comprises reactive functional groups and wherein
the electrodepositable coating composition further comprises (iv) a crosslinking agent that is

reactive with the reactive functional groups of component (i).
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24. The electrodepositable coating composition according to claim 23, wherein the
electrodepositable coating composition further comprises (v) a catalyst.

23] The electrodepositable coating composition according to claim 24, wherein the
catalyst comprises dibutyl tin oxide, bicyclic guanidine, or combinations thereof.

26. A substrate coated with the electrodepositable coating composition of claim 20.
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