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present invention is directed to el ectrodepositable

conposi tions and methods for using the same. Mre

speci f| cally, the el ectrodepositable.com positions

EIECTRE fepgaef wmpc?smbmmmwnw swepnsnaesasrmmge
- | NVENTI ON [&Wﬁ??ﬁgg’g. t1on ﬁi@; coati ng

~application nethod involves deposition of a
filmformng conposition onto a substrate under the
i nfluence of an applied electrical potential.. The
substrate is eit thElLI])QFﬂ'HE)iNVEN'M@N or has
deposited thereon a conductive:finish.

[000F] ect r ovﬁecp?ége@ﬂnvéﬁndwrsomecteun@@@@trmposm@té ant
in the coatings industry because, |V‘y nparison wth
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compositiosseutd vetbods far usizg | the samen s ﬁlﬁﬁa%wéhel on
cleci Bl G0l %ﬁ%arﬁﬁ%'ﬁﬁnéltﬁam”p%iﬁeé% g4 ana an

isoC sdrPBPie 6R d‘f@ substrates, such as

ir@ma Bdtprat es coat beast in part with a
conductlve f| ni sh are used. to rrake a nunber of
products. The =Se Qse that are

frequently t ot bi ng, door
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|red 'y a coa se substrates t

depdesitiomviof BsfilaRforaiing chnqmﬁitldmonma substrate und@rp’lfmnﬂbeace of
wear, staining, and the 'like, Such coatijn

“an applied @Aeﬁtaﬁalapotsngale nt el subsirateyis %Wétseﬁ qqnéﬂ#é?ﬂ&%?ﬁ as

sep S Sh R R S " B s B,

incréd¥ng %Pbﬁgnt ﬁﬁihehﬁféiﬁ‘%sﬁﬁd&@@y bechtisd, by"@btrﬁjw@oﬂrwﬂh non-

even totally renoved cordingly, electrodepositable
electrophorejic mmgmaapsw@mrm@@osﬂ@@u cfferadacrgased ddinled.
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lic resin, cross i nker, wherein the
Ieast:msaﬂt wittea comdntp’nwes ﬁslsgraatmsred teamate aaqumbelr@fwoducts
ght percent -of t

The%pgcmuqiérce@dﬂcwg@égoa% %4 AP o r%“fve“ %Bedéwdpeople such
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appl? d EBhtirig toiese sdm:%és Trinest qarew&hualndvﬁgmuﬂoani sontact without
urther directed to an eI ectrodepositable <coatin

appr@@rqm@ W&&fnstﬂbfﬂﬂﬁgl anddhea likas iSiiehcceating'si may &g i th% form-of a

porfbA AR R PR TSI ek mese

coatﬁiﬁsf%‘héffbxﬁﬁilﬂa dasife@eVdPBr sivdatessistance. As such, the coatmg
“can become marked pitted, softened or even totally removed. Accordmgly,

electrodepositable coatings having improved sweat resistance are desired.



.[0006] The present invention is further directed to

nmet hods for electrocoating a substrate using any of
woOhesgee97 ng conposi tions described herein. TRET/US2006/015336

present invention is further directed to coated

substrates having inproved sweat resistance, wherein
‘the coating is electrodeposbted on the .substrate,

and has a sweat. resistance“of greater than or equa
"to two cycles, wherein sweat resistance is determ ned

accordi ng to ANSI/BHMA A156.18- 2000. . DETAILED

DESCRI PTI ON OF THE | NVENTI ON [ 0007] The present

i nvention] s di SEMEARY Ch TEEMNYENHION t abl e

atin osition conpr|8|ga a catiopic acr
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" greater of the crosslinker is the isocyanurate trimer -
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d||soﬂ: afg8te t'PDl 8ReP0, or . 80,000 to 400, 000: WO
3 06/ 121597 PCT/ US2006/ 015336 -3 [0008] The cationic
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salt, |amcmm)di?ﬁi wimeerei n by reference. [0009] Sui t abl e
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herelmS'iEhe presdnt inventien & furﬁartcﬁi@ceecatdszbat@ﬁt subssteftes having
’ (meth)acrylic acid include methyl . (neth)acrylate,
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(meth)acrylonitrile, vinyl and vinylidene halides ,

‘ZOOquch as vinyl chloride and vinylidene fluoride- -and
- vinyl esters such as vinyl acetate. Acid and anhydri de
‘functional ethylenically unsaturated nononers such as-
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(nmeth)acryl ani de and N-al k supsti t ut ed
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.cros{lf?\'mgﬁgﬂgaan %%cta Jsth}éﬁec}? L?aI[{‘EtS é@‘\rtg) d&ﬂ%f‘fh@%'oatmg'

comp@sitich,anitle wdighhsereehy | bESe@mh tbltm sdIIGSMé‘ghﬂgand wherein 50
: e(ect rodep05| ted coating is not conpromsed. It wll

percert emareaieoeltheriossiinker ks the gaqcyangraje |t|rnm@r of isophorone
| diisocyanate ("IPDI trimer"). The cationic acrylic. resm can have, for example a

molecular weight (Mz) of 10,000 to 1,500, 000, such as 40, OOO to 1,000,000, or
80,000 to 400,000, '




ternms refers to both nethacrylic and acrylic; as is
wo 28d¢ang@rd in the art. Epoxide functional gredpsistdoeinissse
conversion to cationic salt groups) may be
incorporated into the acrylic polyner by using
functional nonomers such" as glycidyl (meth)acry(ate,
3, 4- epoxycyci ohexyl - nethleynth)acrylate 2-(3, 4-
. epoxycybl ohexyl ) et hyl (et h)acryl ate, and/or allyl
gl ycidyi ether. Alternatively, epoxide functiona
groups nmay be incorporated into the acrylic polymer by
reacting carboxyl groups on the acrylic polyner with - .
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: sui tabl e catal ysts including organic peroxides and
Tefel’%ﬂ@type conmpounds and optionally chain transfer
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into tla@éckilio. pdl’ymlelr Gytuging NncliRPRBHHHIEORs sudd sohatidyiel v,

am ne salt groups can be introduced di rectli/]?' by usi ng

(metféﬁcﬁﬁ’fﬁ!tﬁo3$~©DBXW@®%%@“%MKFP@T NaGEyiates %
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epoxﬂ@_%h@?&%/d?é@ﬁé”@nay be incorporated into the acrylic polymer by -
reactlng carboxyl groups on the acryhc polymer with an eplhalohydrm or

dihalohydrin such as eplc;hlorohydrm or dlchlorohyd‘rm



-5-' [0012] A "cationic acrylic resin derived from an
epoxy functional acrylic resin" as that*termis used
woeowimnidherefore refers to an epoxy functi onabPcaasyiosn15336

resin in which at | east sone of the epoxy
functionality has been reacted so as to form a
cationic salt. The cati oni c4acryl icresinis typically
present in the el ectrodepositable coating conposition
in an anount of 80 to 10 wei ght percent, wth weight
percent based on total solid weight, such as 65 to 40
wei ght . percent. [0013] The el ectrodepositable coating:

[0010]orrp05|The)asryhb podyrner san debordipaced sbydfadmmairfm radical
i nvention further conprise n or

initiatesl pelygerizationdeeh Bﬂ”@%%?ﬁr oe efuférgﬁr smt&@gm%ﬂveﬂzaﬂon
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comé@é‘ﬁ@ﬁ@bﬂﬁé rsdr@ afidntnintudacthiose reymsamssesibe in U.S.
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PatestiNosa8,4%8)806and 3,828,1H7.140C or lower. In certain
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enai
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catiohfiTBEhSie pomats é@ﬁ@tmﬁ%ahm&b@muﬁhm&ﬂ@@l ti&b$@l’%m$ .
pol yi socyanate. [0014] | es of aromat

desqmbegdu idé.yaatest Nosx&bﬂ@ 3 and 3,928 a@ma@ Ua%eﬁtlb“(‘a?’fté)n '
g@@i@@%ggﬁée%ts ¥ggtlva ,Zaﬁ‘ﬁn%eolc;é‘l?rd?ogﬁs' ge%: $aRkBduced directly
by using an amino group- contalnmg monomer such as an ammoalkyl

(meth)acrylate for example dlmethylammopropyl methacrylate



di i socyanate, nethylene di phenyl dil socyanate,
ol i goneric nethyl ene di phenyl diisocyanate, and
woizpdoned7t her eof . Exanpl es of araliphatic andPCT/US2006/015336
al i phatic polyisocyanates suitable for use as curing
agents include diisocyanates such as
1, 6- hexanet hyl ene d[isocyapg[e{ i sophor one
. diisocyanate, bis- (isocyanatocyclohexyl)nethane,
nor bor nane dllsocyanate tetranet hyl xyle' ne
- diisocyanate and m xtures -thereof. In certaln
enbodi nents, higher, polylsocyanates suc
[0012]socyarA1I"GatémIC arndighiesiat derivid Bpar an @p@rxy functlonal acryhc

s 3R B  EE 16 B by o acryic
resmﬂﬁ%‘n’ibﬁ'ﬁﬁéastfﬁméﬁﬂ% e 05(?%@ﬁd;t%dmyoﬁwb‘éeﬂfreacted so asto

pol yi socyanates wth polyols such as .neopentyl g{ ycol
form er catiornieshjtl dThepcatiznie acrylis relsirpis! typioaily mewmﬂ 13] h@uc h
as pol ycaprol actone di-ol,s of tri.ols

clectindns bl poates gampcelion hahagousior Atk 8 Weight percent,

with %Lagﬁjﬁ%rg%y k%é’&%eg géfag ggﬁéf %vrblgﬁt ts'iI‘lﬁﬁ eas.déé Hbfwle %gﬁt

percéht l'ine- or partially blocked ali phatl c'
, :ﬁgl yi socyanat es that are reacted.with theé)?ol
[0013ackborkle slestrogeppsitabiecaativacampositions

aNb :
‘embifpdnts O b sitrentinvt i, R Efterids gladter Han frequal o

35 wé@mlp@#@ém%f drogsiifi@sssiidkas 3malmwc@ﬁ of.crbsslinker, 50
blfocked polyi socyanate sel ected from.a pol

perceniﬁem@mn@t ofwhish igilPBb tjmest ¥Yeigbb pﬁfﬁ@iﬁés }éased on total solid

weiofhbE R ENRbSsiRR g bdRFmbl e 8ot Brdt Pifialvblocksp By
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hex yl ene di I-socyanat e avai | abl e as DESMODUR .
;com;bﬁiiﬁlﬂ)sﬁcbmhﬂaherre@mmblbcbed mwaoeta_gmns stable to active

- PCT/ US2006/.015336 ? éh9015% The. se nventi
 hydroaens ot ARTbieNt eBRarafige Lhlapattive nubLAT el OYERs o
st GaIper A2 TR Bee 43 5070 e rocer
|oweW8F”|ﬁbﬂct6ﬁo%ﬁr' W CErtaw @Nﬁokjﬁngﬁfsﬂ vigs! IPDpfﬂrﬁer is fully blocked

fonium salt, and an trimer. In certain
with sobsidintiaiy a0 ﬂ‘dsmelsloegbhnate gmupsarswmtﬂeéﬂmkmg iagents include

thosngoegghgegsn éfgg'{%@? rl\ﬁ) e C %,?gciﬁ g{)@&t gr m%ggg{pec&l 3? line 15,

0 S O Th R S4s38 hog Spien ne

' [O128Péﬁ@*‘BtddR@dh%cyér@$é$ fitlepasi AaWeehanizmis agd chem|stry, Wicks
conpositions of the present invention the |PDI

and Wicks e, Rrogreastin QJ“QEﬂICa@P? ingocR (1 %Q)m%%ﬁﬂt@ol %referably,

the bgg(qqﬂﬁg'; %9&?%%{1 oﬁrﬁg%ﬁ%ﬁ% B}egﬁ&dae%téﬁll ké?bﬁ@%j,'a p?lrézole such
as 3 @L&'rﬂfé&h?w&zoléwsa cydie drifldle $1i¢HTBS ca ??cblabl%lm In ceftain.

I ncor po into the coating conposition in
embodinvents| sulastantialheall of tre ceoaslipker m@dﬁﬁmllﬂ@l {rirger; by

gkl SOER b ieEE| Skt Lo 3 By arter.
A s SEET T EAeeighsebte IR DR vPE

‘B13858. Waétreﬁ{émdékeoﬁ thal crzseshrrmldamdrhptme f@lrmanmla,gany
medi um Neutralization an
. -suitable crosslmker that is capable of reactmg with the cationic acryhc resin. In




di spersion can be acconplished in one step by
conbining the resin and the dispersing nedium The
woesion2(or its salt) can be added to the di spePeTmg2006/015336

medi um or the di spersing nedium can added to the

resin,(or its salt). In certain enbodinents, the pH

of the dispersionis within the range of 4-to 9. The

di spersion can be forned at &r suitable solids for

coating, for exanple 5 to 15 wei ght percent, based on

total solid weight,. or it can be formed at a higher

solids, for exanple 20 to 45 wei ght percent, based on
-certaiaterhbediméntse ttghtemalaer of Itfnercmssllhleew\emmprlsesahn at least

vol ume of material that needs to _be stored and
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3an|c sol ution and dispersed 'shortly before use.
blocke taélbhstlcmﬁnsd)wat@r form hg such stable
i nclude those, set Exarrp
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conprise one or nore polymers in addition to the
dusacgtanate cmathy%me: dlpémnyt.dumywlalt@ ol;gmlnyam methylleuete:ilphenyl “

I T
poly%%l'i:ygﬂﬁfés)/s& é"f& G ?Q'&bﬁgg %e%@%clﬂ—(ﬂ? dﬁggéﬁér%ﬂé% §uch as

nmers-can bDe presen per cent

1,6-hetadethylens dilssojdmite, rfsophemrmdimsoz:yanaﬂeﬁ bigi ght
percent or 4 to 8 weig percent . particul a .
;@Xxylene

(isoqyasaipcyal @I@%xmn@f@@nep aﬁehornaae rdnﬁgcmatsnte;tr%ps

s b8 B T T Rt BT

polyls®egaha s, Bakh el isbeyarliatds, $flopRbRas orbiaraddft i ves'
stanhdard in the art,” such as coalescenC|ng sol vent s,

dusqﬂyaﬁataﬁ gand)e usepn heu@f@gmcsmhmttqmgnt g:bnspgyamaf@ﬁt
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s
Isoc el EGONT N 40 XA Dl SRl pradhits PLESG eqsygnates with

I
pone StehSNeonBA oo B pifeialliobsha el fotmel povors
sucfcaspoiydapmolsicwnet umlspoetrmm can\benti$exh Sartable polylsocyanates
tras arent . as . us d her refers t

incluglgafoirxarRRle; M&:@oc%ﬁ B0lVisPREIR G STU 88 §10% desibed in
U.S. Siﬂé’\’t%h'i RIS 3, 984 D09 dt 41! 4 P@QPI&S 861, & ﬁﬂ 1*5%r r partially blocked

‘transpareént enconpasses ’both clear coa

aInp@@tpmsobyamat@aﬁhatamrsmd fadth th)&qmiymar ba&hboae ea:uCh asis
woul d be col ored,- th

ereln the coatin
desarthivet N9 S GUAteat be. S 358 Bt Cat 0 ab ook friihg 306fIn
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theredh JhiHer aifogimontageBe nieSpitinenipar ti regpainder of the
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available as DESMODUR N3300 from Bayer Corpora’uon N '



the coating of the present invention. [0020] Exanpl e-
colorants include pignents, dyes and tints, such as
woOhowa2193ed-in the paint industry' and/ or |i stedTius20be15336
Dry Col or Manufacturers Association (DCVA) as well as
speci al effect conpositions. A colorant may i nclude,
for exanple, a finely divided solid powder that is
i nsol ubl e but viettabi e WO 2006/ 121597 |
PCT/ US2006/ 015336 -9- under the conditions of use. A
col orant- .can be organic or inorganic and can be
aggl onerated or non-aggl onerated. [0021]. Exanpl e
[001B] 9meNnt Fhapdéssntihesmidn Rofpsi direesed tmén@ectmuepars@table
not limted to, carbazol e .di oxazi ne crude pignent;
coatmgocompaeﬁu@o cainpegiog a paiietnigEIcrUE resin denygg fr(qrma@se)poxy

: zo one,, condensat i.on

funcfl SR AR Tin Gran. 1BBTBANS ratianie o & ARRYEd from a sufonium

salt, Zh PO RHMEr. fHESASH %%Sdlm@ﬁlfsy e P D PRI EOESN be present
etopyrrol o pyrrole, thioindigo, anthraqguinone,

in amodatﬂ MMwelgi'nttperaﬁm ongriater, suchvandh rp@neent or greater or 39
rant hr.one- nt hant hr on di zi ne
weidh ParSar sl WG WEIBR RaFess iR Lotabseld weight of the

o pyrrole red ("DPPBO red"), titanium dioxide,
com@%é%@h bl ack and m xtures thereof The ternms -
[0016pi gnenit Wwilkbe apfprbciawb thatl irformalating the@ﬂectrodeposﬁable
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mclude those set forth in the Examples. -



gas phase condensation, and chem cal attrition (i.e
partial dissolution). In'. order to mnimze
woeemggiomer ati on of nanoparticles within the eoawisSngs/015336

a dispersion of resin-coated nanoparticles can be
used. As used herein, a "dispersion of resin-coated
nanoparticles" refers to' a continuous phase in which.
is dispersed discreet "cdnp@site m croparticles" that
conprise a nanoparticle. - and a resin coating on the
nanoparticle. Exanple dispersions of resin-coated

, nanoparticles and nethods for making themare

[0017]0Ient ' fTI@cbﬁthsfﬁon@%ﬂ tAk préBehi igbhtion ban fURK8Y Bodibbise

| ed June 24, 4, which is incorporated herein by
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id crystal coatlng, conposli t'ion
are twlnswreni rftTeaﬁspm#‘ mssusddshéreim) refersftoar coating thiyxonce -
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the maﬁngﬁftthelprewntrmtemmno a state of rest, in which
' the original. color of the conposition returns In one
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usecPRIhS TR ihiniSiry SRBASH istOd if e BRy EJG MR Edturerion-

Association (DCMA) as well as special effect composmons A colorant may

mclude for example, a fmely divided solid powder that i is msoluble but wettable



excited state and exhibit a color in an excited state.
Full col or-change can appear within mlliseconds to
weevmriaisom nut es, such as'from 20 seconds to 60CT/US2006/015336
seconds. Exanpl e photochrom c and/ or photosensitive
conposi tions include photochromc dyes. [0027] In a
non-limting enbodi nent, thg phot osensi tive
conmposition and/or photochFom ¢ conposition can be
associated with and/or at |east partially bound to,
- such as by coval ent bondi ng, a polyner and/or
. polyneric materials of a polynmerizable conponent. In
underahkrasiditiohssehese: oAtdolgant mantbecbrgardc op drganaitsand ¢en be
y conposition may mgrate out of the coating.and
agglemgsatad orzron-agglome@iedbst rate, the. photosensitive

- mposi tjion _an . C: i L. .
002§ £ 007 drxainglt Hofents rafot BghferaERoTiOR inckdsy byt are.
not IPGSATRS, RABALS e RIGKENE EARIS pRATBRN €20, hibritete dpee,
with a non-I'imting enbodinent” of the present ' -
naphithobAS| saltyne (lakes rblenazingidazoloney gondensakon,oaetal gomplex, .
ons and/ or.
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"pigra8AB! Skl TdloredTi|leB2ea be lirsitbintdizhangelblys from 3 to .
: 40 wei g'IEWt ‘percent or 5 to 35 vve&loght ‘percent, with
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anc/§EABESbY+-BAZegis WA PREUF bREe SERRS I bfag B,
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resin and crosslinker are in the dispersed phase, and )
[0028he watkExample tintstirciudas butiatgsnofinited t9,qugolents dispersed in

certain enbodi nen the coating’ Lt f the . .
watefhasER O WP M PRI AT R B BUA TS ERhARE comigaesially -
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avaighfl Fof DBLESLS! ne ARSI CONORIRTS FIRATONER
INDUSTHRIAB-CORORANTS dorimerpinlly @evhilablednbiokcdwateDidparsions;

- . directed to nethods for electrocoating a substrate,
divisioshoh Fastmpmnfpeiiagl RFt he substrate any of the

ranogpatin ' herei maraian
0022 Ch IR AR I e R aE et forpqfia ispppion
inclu@l"@tmmtrm Mstedeab! Aerandpsetitle tissasitict Nagopartidedispersions

. _apRl ied thereto, at l|east partially, a conductive - '
can inchidshoneer morarhighly diseeiseddiananasticleurpieiaats of gplasant

pertB8 81 Pl B S08, Bidrinai BRieay SRR v ofect.
NendRII SR LIS IS OOTENI 86 LA .0y poving
a padinde eite aftlegethan about 150 nm, such as less than 70 nm, or less than
30 nm. Nanoparticles can be produced by rhilling stock Qrgahic or inorganic
pigments with grinding media.having a pérticle size of less'than 0.5 mm.
Example nanoparticle diéperéions and methods for making,thehj are identified in

U.S. Publication No. 2003/0125417, which is ihporp’orated herein by reférenéé., A



in part.wth a conductive finish., A conductive finish
can include, for exanple, netallic finishes, or
woizmegihem7achi eved ' usi ng any coating havi ng cequwskioe®15336
pi gnments or conductive netallic fragnments. [0032] Any
sui tabl e el ectrocoating nethod can be used accordi ng
to the present invention, such as any of those well
known in the art. Si m.larlyflocure of the
el ect rodeposited -coating can be conducted using cure
paraneters known in the art. The dry filmthickness
of the cured coating can range, for exanple, from 0.2
Naﬁoﬁba Ig‘o?éplé}%roréu&ih asdhé pfféddoe%i by eryanalliza0e3 Jrecipitation,
esen vention is further directed to: coated
gas Mrmmnmmnngndmemeal ativition (issi pedia dissslidion). In

ordehid Blpsvalssas Rsheren kA e EaEs B Bt belingra
dispg snéﬁocﬁ/r%%ﬂwsgga ﬁﬂé%él@%%%e udddoreatissd hB?élnoé '

WO CYyC sweat - resi stance neasur ed

“dlspéﬁsvd&r@l bf gesxhil:o%ft&!i hBrparticled. referd0Ga cogtinugusbpbases i which
of electrodep03|t|on is used, it m%? be under st ood

is dispersachdiss(asit‘campasitedniorepartisian & HPrifgS RARRatticle
and A chB1 o B8 4 et S B GEblend &l coated

nan%WEﬁIclé@éhétrﬂéﬁ\%d@ﬂ’bﬁmlﬂﬁ? thmeuaedtmédmamls TSenaI
onposi tions and net hods

the present invention
Applieation Na.r{ 04886 Bd6rfiled JtLW§t241a?§ @yhl@&mcgrpgrag%igﬁrem by

d
e A RSBGPS R e 24,2005
whlélp?é:éfsbGiHco dra!@df‘ﬁ’@l’e‘i’n b§4eferaacéhose expressing o

val ues, ran amounts Or. percentages may be read
[0025] i f prEea"amwlé dm;eaaieaffmtaohmmmdns may benseddpihe

cosfiggicf dae pEean b Riskine BN ANdRT cafpeBiopsdat
pro@tz?é BHB%)OtrHSFeeﬁgPeglléHMc%' (?fgék?ﬁ RDRASRSrefieHH Y, p@@tﬂe&dz@ﬁce

r exa e 1 nvention has been

me@fiRCshdm( phospioresasnces fluordscenice, pbo’gdahconnﬂnn
derived from an epoxy functjonal acryl |d§ resin

phoiesensitivityt therarochsemisms ganinehromisim adier calor-Gbange-
Ao ST A, i I i oeres,

sucﬁ buAELBor fekeure! elh'a<noﬁQin\ntlhgférﬁboﬁlmeﬁtwpeclaheﬁ@ct
LES™ [0036] The follow ng exanpl es are intended

compnsmmmsscanatpeodme aroodon shiff, smthaiﬁbambﬂﬁf the coating
cnepaR A SR b SRR e g solepstect
B USIEILENY  PuEao  SEA T iepora
heré’iﬁ%W@&ﬁ*ldélSAéﬁltlo@al color effect composmons can include
transparent coated mica and/or synthetic mica, coated silica, coated alumina, a-
transparent liquid crystal plgment a Iqu|d crystal coatlng, and/or any
composition Wherem interference results from a refractwe index differential .
within the material.and not because of the refractive index differential between
the surface of the material and the air. V
[0026] In certain non- -limiting embodlments a photosensitive composmon

and/or photochromic composition, which reversibly alters its color when -
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r
expd\ée%tohbne oﬁﬁ‘l&@ llg‘ht lsbBréds, %n e Q secli)nr e toafihg oﬁihé\fbl‘esent |
_ a). Cam OCONGT LO r LO O
mve(l’ﬁomzl E’hotnmltrormrn a@)j/carophot@sensmwcomposa)ltlons can peragijvated
by exposur)e to radratt%n of a spec:ﬁed wavelength. When the composition
becomes excited, the molecular structure is changed and the altered structure
exhibits a new color that is different from the orlglnal color of the composition.
When the exposure to radiation is removecl, the photochromic and/or
‘photosensltive composition can return to a state of rest, in which the original
color of the composition returns. In one non-limiting embodiment, the |
photochromlc and/or photosensmve composmon can be colorless in a non-
excited state and exhibit a color in an excited state. Full color—change can
appear W|thm mlll|seconds to several minutes, such as from 20 seconds to 60
seconds Example photochromlc and/or photosensmve compositions include
photochromlc dyes - ' '
[0027] In a non- llmltmg embodlment the photosensntlve composntlon :
and/or photochromlc composition can be associated with and/or at least partlally
bound to such as by covalént bonding, a polymer and/or polymerlc materlals of
a polymerizable component. In contrast to some coatlngs in Wthh the
photosensrtlve composition may migrate out of the coatlng and crystalllze into
the substrate, the photosensmve compaosition and/or photochromlc composutlon
assomated with and/or at least partially bound toa polymer and/or - -
polymerizable component in accordance with a nen-limiting embodlment of the
present invention have mlnlmal migration out of the coating. Exemple -
photbsensltlve compositions and/or photochromic compositions ano methods for
maklng them are identified in U. S Appllcatlon Serial No: 10/892 919 filed July
16, 2004 and mcorporated herein by reference. '

[0028] = In general the colorant can be present in the coatlng composntlon
in any amount sufficient to impart the desired visual and/or color effect. The

. colorant may comprise from 1 to 65 weight percent of the present composltlons,
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and crosslinker are in the drspersed phase and the water is in the contrnuous
‘phase. ' - ‘
[0030] . In certain embbdiments, the coating compositions ot the present
invention will have a sweat resistance of one'cycle or greater, such as two
cycles or greater, with sweat resistance measured according to ANSI/BHMA
A156,18-2000. |

[0031] - The present invention is further drrected to methods for
electrocoatlng a substrate comprrsrng applylng to the substrate any of the
coatrng composmons described herem Because electrodeposrtron requires
conductrwty, the substrate must either itself be conductive, orhave applied
thereto, at least partrally, a conductive finish. For example, the conductive
substrate can be any-form of metal, such as brass, bronze, chrome, steel,
stalnless steel; silver, and/or alumlnum Nonmetallrc substrates can include, for
example plastics, ceramics, wood and/or glass that have been coated, at least
in part with a conductlve finish. A conductive frnrsh can rnclude for example
metallic finishes, or finishes achieved using any coatlng having conductrve
pigments or conductive metallic fragments.

[0032]  Anysuitable electrocoating method can be used according to the
present rnventron such as any of those well known in the art Similarly, cure of "
the electrodeposrted coating can be conducted using cure parameters known in
the art. The dry film thickness of the cured coatmg can range, for example from
.O 210 2 microns, such as 0.4 to 1.2 microns. - ‘ |
.[0033] The present invention is further directed to coated substrates
having |mproved sweat resistance. Such substrates can be prepared by

electrodepositing on the substrate a coating having a sweat resrstance of
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greattlethan or equal to two cycles with sweat resistance measured accordlng :
to ANSI/BHMA A156.18-2000. Again, because of electrodeposrtron is used, it
erI be understood that the substrate is either conductlve or has applied to at
Ieast a portion thereof a conductive finish. Any of the composrtlons descrlbed
herein meeting the sweat resistance parameter can be used.

[0034] The compositions and methods of the present invention can result |
ina substrate that has, for example, a sweat resistant plgmented coat and/or
transparent coat

[0035] ‘As used herern unless otherwise expressly specified, all numbers
such as those expressrng values, ranges amounts or. percentages may be read |
as if prefaced by the word “about” even if the term does not expressly appear.
Any numerlcat range recited herein is mtended to include all sub- ranges
subsumed thereln Plural encompasses srngular and vxce versa. For exam'ple,
whlle the mventlon has been described in terms of "a" catlomc acrylic resin
derlved from an ‘epoxy functlonal acrylic resm a mixture of such resins can be
used Also, as used herein, the term polymer is meant to refer to prepolymers,
ollgomers and both homopolymers and copolymers the prefix “poly” refers to "

two or more.

| | EXAMPLES -
[0036] . . The following examples are intended to illustrate the invention, and

"should not be construed as limiting the invent‘ion in any way.

C Example 1 -
[0037] Samples 1-19 were prepared using the ingredients set forth in-

Table 1, which gives the mass of each ingredient in grams.
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008}, "B 8oRIE0 5 0 PP st
Conmpondptdl AWerd charged @ a-flask-fittedwith eOnitjoged inlet, stirrer,
condenser and thermocouple. The temperature was increased until reflux
began. Components B were then added at a uniform rate over 30 minutes.
After a further 30 minutes, Components C were a.dded at a uniform rate over
150 minutes. Thirty minutes later, 50% of Components C were added over
about 5 minutes. The remainder of Components C were added over about 5
minutes,~30 minutes later. Through these stages of the.reaction, the
temperature was adjusted in order to maintain a constant reflux.

.[0039'] The heat source was removed and the temperature was allowed fo
drop to about 120°C and the thiodiethanol from Components E was added.
Once the temperature was below 100°C the remalnder of Components E were -
added. The heat source was then replaced and the temperature was adjusted
to 85°C. Thi_s temperature was,maintain‘ed for 31/2 hours.‘ Com’ponents Fand G
were then-added and the temperature raised back to 85°C. Once a
homogeneous solution of resin'and crosslinker had been achieved
Components H were then added and stlrrlng was contrnued for a further 20

‘minutes. , .

: [0040] Ina separate vessel, Components ' were heated to 40°C. The
resin and crosslmker solution were then added under raprd agltatron One hour
later, Component J was added. - The.resin dispersion was allowed to cool to
below 30°C before stirring was stopped. The solids content of the dispersions

“are given in-Table 2.

Sample 7 was prepared as follows: o
[0041] Components A were charged to a flask fitted with a nltrogen inlet,
stirrer, condenser and Vthermooouple. The temperature was l‘ncreased until
reflux began. Components B W,ere then added at a uniform rate over 30

minutes. After a further 30 minutes, Components C were added at a uniform



coa r Nrv C(NN-p O Co. (D d) oC) (0 Oco -
>

(

wo GRS ELOto'i" 0C - >C3 OCVO) Weliamloiass
- a) a) (Dcoa) coa) - _ Qx HXC aO0O 3. t6'r Q
mt| coO-QC > C6O~07N E) N rn> uc co
NNcnv.) -Co Co LC) N. oU-(QodC.cuOoo‘o a) wco
OO E to ECRC,OECl1 €2~ 0) CI) p C.a
ter.. M7CV) ECDCDCaIacoEzO) NrLCCO
cC" C0 cn .15 N LUcC-'r-. CIONOLNCO co LON
CDh0) a)y CL U OCG@00- UU ON d 7 - OL Lc) 0 Oc N

CA C
/rateﬁ)o\k)ﬁrq g%[nlipﬁgsw 'l;l?n:tg r@?mge:s[: @tél@o% bf %dm Q&)h)%h\ts":c We(l‘eoadded .
oveQabouﬁéi rﬁrnu@s (The remdARI& OF (Bolﬂlﬂlp@neht@@—‘w@r@adﬂed@z@r about
CO) mco co -'t caoti V_aa) co- .c6 ch
5 mmutesm mntutes (l)atenNSKhdough thesetagesoftha yeactian, thg w
temgere%)ure waEs adjustedC in order ?o %Eamtam % ¢onstant] reﬂux |
'[0042] The heat source was removed and the temperature was allowed to
~drop to about 110°C and Components E were added. The temperature
 increased fo 120°C due to the exothermic reactlon "The heat source was then
' replaced and the temperature was maintained at 120°C for 90 mmutes The
temperature was then reduced to 90°C and Components F and G were then
‘added and the temperature adjusted to 85°C. Once a homogeneous solution of l
“resin and crosslinker had been achieved, Components H were then added and
) stlrnng was contnnued for a further 20 minutes.
: [0043] In a separate vessel, Components f were heated fo 40°C The "
- resin and crosslinker solution were then added under rapid agitation. One hour |
later, Component J was added. The resin dispersion was allowed to cool to

below 30°C before stirring was stopped.

o l , | - Example2 - A o
[0044] Eleotrodepositable coatings 1-19 were prepared using Resin
- Samples 1- 19 respectrvely The coatings were prepared by one of the followrng
' methods as lndrcated in Table 2. L
: [0045] . Method 1. Aresin drspersron prepared at 23- 40% non-volatﬂes by
: welght was charged to a plastrc beaker and agltatron was commenced usrng an
hrgh—llft blade.. A solvent blend comprised of 25-100% Zhe_xoxy ethanol, 25-
100% 2- butoxy ethanol, and 25- 100% 2-butoxyethoxy ethanol at a level of 5-
~ 420% on resin solids was then added while agltatron with the high-lift. blade
oontmued After 5 minutes of stirring, deionized water was then added slowly to
* the mlxture under continued agltatlon Drlutmg the dlspersron with delonlzed 4
| water to 10-15% non-volatite matenal by weight yrelded a coating bath WIth
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flocculatlon dr(gtggmn)nsratmm CO’ E M CL L M R 0 0 C C CN :
[00410) ) Nethbgy%. °B TeBinigicasTsior meparcst SXd5-4De fiogyerates by
wer@? a\:éD%a\rggﬁ 5? aC§ g&.%g%(?@?g% agg %88?5‘ \Eaénggh’g %@d\l%mg an
“ hlgrQllﬂEblNadNa CEelonlzedeaﬂér weecme@adaemer|ymmchommecc:6
agltgtlc?n. Dllutrng the dispersion with deionized water to 10-15% non-volatile
material by weight y'ielded a coating bath with viscosity less than 50 cps, pH of
4.2-4.9, and conductivity of 300 to 500 microsiemens. The 10-15% solids bath
exhibited no visual eigns of particle flocculation or agglomeration.

[0047] Method 3. A resin dlsperSIon prepared at 23-40% non-volatiles by
weight was charged toa plas’uc beaker and agltatlon was commenced usmg an
high- hft blade The dispersion was diluted with delomzed water to 10-15% non—'
volatlle material by welght. Subsequent addition of an epoxy resin dispersion*

in the.-amount of 5-10% non-volatile material by weight cn' resin solids followed -
by addition of 2-butcxy ethanol or 2-hexcxy ethanol or 2-butoxyethoxy ethanol
or 2-butoxy-1-propanol in the amount of 5-20% on resi:nfsclids to the existing
paint bath yielded a coating bath with vi.scosity lees than 50 cps, pH of 4.2;4.9,
and conductivity of 300 to 500 microsiemens. The bath exhibited no visual
signs of particle flocculation or agglomeration. (*Prepared as described in U.S.
Patent No 4,715,898, Example 4, excep’r tha’t.the propylene ‘glycoll moncbutyl
ether was r'eplaced with a 4:1 by weight mixture of propylene glycol butyl ether
and prcpylene glycol methyl ether and that sufficient deionized water was added

to reduce the solids content to 30.6%.)
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PCT/ US2006/ 015336 -21- [0038] Resin Sanples 1-6 and
wo-20@/meve prepared as follows: Conmponents A RETAIS2006/015336

charged to a flask fitted wwth a nitrogen inlet,

stirrer, condenser and thernocouple. The tenperature

was i ncreased until reflux-2&%egan. Conponents B were

then added at a uniformrate over 30 mnutes. After a

further 30 m nutes, Conponents C were added at a

uniformrate over 150 minutes. Thirty mnutes Iater

o0 O, SRREI0R SRS B 5L 10 T g

by V\mlg é?@ooraf?lg“ﬂoﬁ%bﬁﬁod atess sfifreduath bhgle-liftsigds. @orttirmulng
ction, enperature was adjusted.in order

to
agitatiomuathna mgmrfsbmde iseibseguentadditiomas %butoxycﬂihaeowS

2-neoniotnnd U aul efianior 2R B B0

mon% :ﬂr\&ﬁ or %%@ub@tﬁﬂ%@E@ ppes Frs! SVDREPEIHES) in the amount

nder . onent s Wwer e 'added. The heat’ source
of SMZiB%thEI‘eshe Bbmtb thedexibting eardrizathyéelded aadpatingbath with

ViscoaplaseribanXhies B e ririaa R iR 005 530

il EFE 1l A 19,15 SRS oFpateImAcaputon o

agg@pﬂggmgnts H were then added and stirring was
continued for a further 20 'm.nutes. [0040] In a
separate vessel, Conponents [were heated to 40C.. The
resin and crosslinker solution were then added under
rapi d agitation. One hour |ater, Conponent J was
added. The resin dispersion was allowed to cool to
bel ow 30C before stirring was stopped. The
solids,-content of the dispersions are given in-Table
2. Sanple 7 was, prepared as follows: [0041]
Conmponents A were charged to a flask fitted wwth a
nitrogen inlet, stirrer, condenser and thernocoupl e.
The tenperature was increased until reflux began.
Conmponents B were then added at a uniformrate over 30
mnutes. After a further :30 m nutes, Conponents C.
were added at a uniform WO 2006/ 121597
PCT/ US2006/ 015336 -22 rate.over 150 minutes. Thirty
m nutes |later, 50% of Conponents C were added over
about 5 mnutes. The remai nder of Conponents C were
added over about 5 mnutes 30 mnutes. |ater. Through
t hese stages of the reaction, the tenperature was
adjusted in order to maintain a constant reflex.
[0042] The heat source was renoved and the tenperature
was allowed to drop to about 110C and Conponents E
wer e added. The tenperature



.25.

increased to 120C due to the exotherm c reaction. The
heat source was then replaced and the tenperature was
woriosiiaiseed at 120C for 90 m nutes. ' The tenperaSN06/015336

Table 2

Was fjhenjreduycqd. to] 99Cand [copppnenis [F janf G ere
t hén| added and theltenplerat br e, @djust ed |t ol 85C.| dnce
(5 BonBgBneqiq=s|al It i B of> |~ | esif |And |EriossT i| AkEr|hEd ™ |
ween |adhijeved, Commponantis H were|t hen added| and
ST rfing |was [cont| nyied Tlor|aft priher [2Q mi nut ¢s.
EOO43L Ln_d.9epar At &, vesiselo | Companent S« | wWey e hedtad. | [« |
o 405.|3TBe S |BeS 18 dBdScioRs| 3 [keE |Sobubi (én|SwEqdtiBei |2 |3 (3
actded—under rapdagi-tratiom Te (Lluu L arery ~
CaitpaBent|~) wasl=added.(STBe|g es||di spergilenlaws 2 | e
allEowed t{o cqol| tp .|bal ow BOC pefore|stiri ng | was
stiopped. [EXanpie g, 19034, Erecl] odeposi|Lan g, ¢odLi nds - |.
15119 |Ser afpr apaibed (i AgEREs| n|d Sanplesataly 4 13 18 |3
F_m%ﬁa%ti\,&ly.ﬂ%ﬁ&:@t%h%s%\er%mepa%led %y %m% g{ tihe |&
&l 0B ngg neBhédss ¢ n tetBip Tabl|& |Z |F 084 2 |B
Mt hod 1.~ A r8sPnl”di%p8risi bh - 0F épar ¢d [At1728- 4095 |~ %
nag- vol atji I-eg. by | wei ght; was charged|{tq &g p| astijc
begkea:' and agttiat joorevas/Scmefteedl ustng |[@n|e igh- gt |=
bl Fade——A—sofjventbierd-conprisedof 725 100p6 2= fexoxXy
et %anol, 25- {100% 21 but gxy| et hanol , and 25- 10080, ~ |« -
P-lbutl oxyet hoxy let hanoll at level of |5 A0% ofi"nesig™ |~
glmi ds wds then added |whilp agjtation with [he :
t’gfﬁthi\if‘t"h}blgdg contii nued. After 5 minutes af |-
SH1r 1t ng,|7 derdni ped- Watler |-was|t ren added—s|owfy to | . o
e m xt ure ynder| cont]i Nued agj tation. [Di|l uki g [t he
BlSpensi on wighzde onijzeg |gat By |20  1985% 2 2 (2 |2 =
rE—yelati-errater-a—by—weght—yi-etget cpating—bath
V& Lh WO 2006/|124507 | P(Z/|WS2006/ 05336~ (223 M $6€08i t Y o
aSs !t han 50 dps|—pHlof 41 2- 40" and dondubt vilty—gf |~
30Q.-to 500 nigrosi enens. [The 10115% sol ilds| bat B = |« . |o
exHi it ed nolvilsual|signs-1 of particle! fll occyiafion™ i
prl<aqgl ongr atjan: | [ 00461/ .Mef hold, 2, Alresi|p i spersidn
n8pared [At 23-|209% (on=vEl 4t i | E5 by T gt |- wad
%hard;ed tto a|pllasti ¢ begker and agitation was| .
gomeced,usil8ds’ @n|c hgge- |9 f t |lzde | Dei|an|.z &2 |2at g6 -
fas {HRen [Added.|s| @y [EGnSer coL?'Ft Fue agi|Ea®i on.|=  |F R
DT uti ng|the|di[spersi on |w th deil pni zed-(wdter to|10-15% |
fon- V&l at@l e |Zrgtier [RISHE i o} (i elziol |5 poifag [8 8
Bagh (@i t HSvi $8qsi BY % 6858t flan &0|%ps|S pl [Bf |2 B 254,98 |3
»ﬁd ronauctT Ity of 300 t0 500 Crosi gmgns|— N '
- 159 sodi dsghat e |exdillifged po|wi si@llcgEges |piz . 18 |5
gt g1 e |1 o¢BURAE oh |Qr §;L®l ofre(t i 0f |3 [|BO@7 |2 NBt hag .. |
3—Aresirn—dirsperistparptiepared—a—23r48%mon—-yolatitres
Qy_g,orvei ght was |charged tjo j|a plastic beakgr jang
GOE tat | onywass gameenced jusikng anl--hi gh{Lijft| blade. |- —
The E| di spersijon. was|dill yted with| dei pnilzed majer to
10815% non- vollatlil e..|ndterial| by we| ght.| Subsequent
addi {1 on|of an|epoxy fegin disjpefsiop*| in {the. |anoynt
& =$40%non{vaohati |re |ogee al by weloght lansregsin |2 |2
sobicts fofloweds ISR [ R m [BF |Fla @@ @R B =
§§~ ™ @ ¥ e o (o o == ST N U B - o 2 =
# g
g
R O I O T N o S i = N L O o O | R
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- - * dry film thickness — mils, ** Particle size - Angstrofns :




by addition of 2-butoxy ethanol or' 2-hexoxy ethanol
or 2-butoxyethoxy ethanol, or 2-butoxy-1-propanol in
woOhercantiant of 5-20% on resin solids to the exPeriusgno6/015336
pai nt bath yielded a coating bath with viscosity |ess
than 50 cps, pH of 4.2-4.9, and conductivity of 300
to 500 m crosienens. The bath exhi bited no visual
signs of particle floccul atiogn or aggl onerati on.
(*Prepared as described in U S. Patent No 4,715, 898,
Exanpl e 4, except that the propyl ene glycol nonobutyl
ether was replaced with a 4:1 by weight m xture of
propyl ene glycol butyl ether -.and propyl ene glycol
met hyl . et her and t hat suﬁ%& dei oni zed wat er was

a to feduce §Rgerf)l10s antentcbﬁcéiQrng@) W | Time
2006/ 121597 PCT/ US2006/ 015336/ - 24- [0048] Method 4

)

Ultraisapier si on | pHIRASQAK 12710- 15)6bmby Vol inth.|.evater er i cl|120 seconds
‘cledmingvei ght according to method|2 was stirred.with a

Rinde gh-11ft biDuienizé®nateui ng agitation with a 30 seconds

Ano'El'i(%lebthb “'@é’éher%‘@%ﬂ@gg"a gViso/RA* Z2-butoxy |60 seconds -
et hanol 2-hexoxy et hzla\nol of 5az BY WRRER &XY wiitBanol ~

Rlné.;_ —2=but U)\;) Iéﬁlgggw%@[k I[-\:r\“J“UdI EYI OT | 30 Seconds

AH—s it
Acid Reanine | SWIUEC A - oot L D DYokig Dy @tercf.ré’»o seconds

~ Rm%lﬁt bat h ‘meé@?* Wa{tw;n“l ng bath with viscosity AI ZqusecondS

~ than 50 cp and: conductivity of

* CW%@@'V aM?"@f"Sé’ P@rﬁé‘ﬁ%ﬁrd *r'ﬁ'é'”Eraﬁﬁ? South Ysepad SheetY ?fﬁ%’t’l“ry

. i?:g%qc BB abh R P B 8% S GRATERE
8 ca aveh 59!3 :#F@q:ts\h %‘c%n%éj &ﬁ@burg?? PXnAs hy i 9!5%79‘ M In

Ira n. IIR to | ~

100481 o PRI Fhlcon At ﬁﬁﬁ%&mﬁ%vdﬂe%'s of

? 3ooooz|m Stréb@Dde@OT@)&s mzze\was orst @e@ar@w éﬁo@r@w@t@Ta@le 3. then
electlvphmt@ellmeoe@dowtfmﬁﬁ%atm@ea@éobﬂia@@ 2 ua@g(ﬂ)b@f@ oo

mBReT8 o0, O 301280 b B 50 s, e

coafedﬁpar\M wasihef rinseéd with deiBaizéd Geatey fiAd \Buted bPheG‘uﬂg ingin
eleqq:@ﬁen @ééZ@?ﬁfoN\gg ramums,vfo,\prgs%{yq%h@ po?ymer Xoatmg Blry'\hlm
th‘pcknesses of 0.40-1.20 mils for the cured panels were measured using a
Fishérscope MMS instrument. The coatings were visﬁally smooth, clear, and had
" high gloss. and distinctness of image.

: [0050] The electrophoretlcally—coated and cured panels were then subjected
: to persplratlon resistance testing as described in ANSI/BHMA A156 18-2000,
Amencan National Standard forMaterlaIs and Finishes, a_vallable from the

* American National.Standafd Institute, New Yérk. The results of this Atesting are
giVen in Table 2. Comparative panels prepared and-coated with ClearClad HSR, -
‘available from LVH Coatings, Bifmingham B46 1HT England, did not pass one

. cycle of theuperspiration resistance test.




COcoi OXInin' #niInlI!'l Inininlinto~, In
tolnr-, v'I 0 UCd ~~tl totoID-d. I1OV'] to d O
w206 M9 ~ vl totod O Fi en MMen en M NrBINsMob015336
.. COInOIninIininIinininininiIin dIlI 9 W'

dM dM 'at I1TOn NMM 00 mOO 00 MOO 00 00 M OO 00
00 rn 00 000. OO CGal en Menen MMMM. en en MM
MM ICOONOOOI d OMgy-CaCCl4 O ' M a4 O
MN- TOO OInCN\-cdO ON"" Inco "Zr a4 .-~
00 co MICOO OO NNMMNO .--. NN'" to -Cd Ca

OO NtNOtoOOCa N- N NNt MO O MNIOOO N

: MN !
10057} N Wheresparichiayagdiment s BRI bele Boeny
descfr‘*bearhbo% fbﬂlp&?posb‘s INf nﬁ;strat.&a it wmo&a éﬂdbﬂ c;doC‘zhdse IsRilleq in the
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O WU WD 2006/ 121597 PCT/ US2006/ 015336 -26 Exanple 3

Step Material Concentration Tine U trasonic ULTRASOAK
127. 5% by vol'in D.1. water 120 seconds cl eaning

Rinse . Deionized water 30.%gconds Anodic cl eaning

Cl eaner CB141 CBS 6V, 50 A/ft 60 seconds 5% by wei ght

in D |I. water R nse Deionized water 30 seconds Acid
cleaning Sulfuric Acid 5% by vol in D I. water 30

cqonds inse Deionized water 0 30 seconds
- WH@%%JS%%‘J@ES:‘% avai | abl e from Hubbard Hall Inc., 563
South Leonard Street, Waterbury, Connecticut 06708. 17

Commercially available from Hubbard Hall Inc., 563
Sodt h LAoraledr@iepasitabléaceatingrgompasitftoneemprising: 06708.

0 18 Conyercial Ly avai l @bl e.from Fisher Scientific,
Pi ttsbuggﬁ, ﬁ&ﬂ%@l%%‘w C WREIHENd 0049] Pol i shed yel | ow
brass (GPA 26(atepti du=0" %M&ig@’pé‘l@éﬁﬂ Sro88lirfker, wherein
3000 "Elm Street, Dallas, Texas 75226 was first :
" pr 8pgreseenticy @rdatey of theralgisslinkeristhe isocyanurate trimer of

el . ectrophoretically coated with the cationic paint' of
Ta!ﬁoi’hgpcﬁ% '8‘30&9%8%%’ tenperature: bf 80F, voltage of -

wheséln lesiyht sareenttisbasati omtodl sbiid eikigitasfitie codtieg combeition.

panel was then' rinsed with deionized water and cured
by heating in-an electric oven at 320F for 30 m nutes

t 0ACr 0Ss i . . i ¥ . o .

| (hRknesbedoetihg FEIFEY SRR he chtrlc aByiic resn fs derived

© frommen eporpfuclidnakacrgli@redim.sher scope MVS i nstrunment. The
coatings-were visually snmooth, clear, and had -high
gl oss and distinctness of image.. 0 [0050] The

el sctr oppRarcRktifg of CigiaRY Shans 1Y eslidtid Rloletyss Befilddifrom a
subjected to péerspiration resistance testing as

- sulfeidgrvsabied i n ANSI / BHMA A156. 18- 2000, '

'4., - The coating of Claim 1, wherein substantially all of the crosslinker is

- the iso’cyanurate‘trimer of isophorone diisocyanate.

5. The coating of Claim 1, wherein said coating is not transparent.
 6. The coating of Claim 1, wherein said cOatihg is transparent. '
. 7. . The coating of Cfaim 1, wherein said cationic acrylic resin corhprisesA

styrene moieties.

8. The coating of Claim 1, wherein said acrylic resin cbmp‘rises ethyl

acrylate moieties.

9. The coating of Claim 1, whefein said acrylic resin comprises
4-hydroxybutyl acrylate moieties.



Ameri can National Standard for Mterials and Finishes,

avai l able fromthe Anerican National Standard
wonedsiei®ve, New York. The results of this testPaguae®e/015336

given in Table 2. Conparative panels prepared

and-coated with Ceard ad HSR, available fromLVH

Coatings, Birm ngham B46 1 HT Engl and, did not pass

one 0 cycle of the perspiratidoon resistance test. WO

2006/ 121597 PCT/ US2006/ 015336 -27 [0051]- Whereas

particul ar enbodi nents of this invention have been

descri bed above for purposes of illustration, it wll

be evident to those skilled in the art'that numerous

vari ations of the details of the present invention my

be qgade AblebREEeEsIRILIS b8atigPEBrhpEsititn eotrippiai

def1:@|;ed in the appended cl ai rgb?m e\D 2006/ 12’3{59@3 : ‘

PCT/ US2606/ 0 BscaBnieacryligresin dedved fom ar:eppxy fgnctional acrylic

sl ABL IO} FasBG b R0 GRERRH LR GF LAY
equal t ®)35 \meﬁiﬂcyaﬁum@trrmép@ﬁbopik@bnem;soeyanatéo
percent or greater of the crosslinker is the

isocyanurate trinmer of isophorone diisocyanate, , | .‘
wherel n wel gl ' dtdratpahdnt. -
of e't he coati nd"@ﬁ%‘%@f’? |1gr1{9e,%§§éi %EQ%@# %3110 ré@lgi m'n :
'1 wherein the cationic acrylic resin |s derlved from

oxy._funct]jon acrylic, res n ,
& 4 T BiAng G B oL e e acteGuRRe bhRrShe rester
thar?Hteaﬁélqﬁ‘mj\/élghﬂpercgh?oﬁﬂﬁ eardingfcdrhBodiidn. Wherein
stantially all of the crossiinker is the
i socyanurate trimer of isophorone dii socyanate. 5. The

CO%L 19 e Al R Ry SRl g areatr

tha® 8RB0l tbBO- WekyBiPpERTENt of the coklifg copaposigoref O aim 1,
wherein said cationic acrylic resin conprises,

styrene noieties. 8. The coating of Claim1, wherein, )
. sai g -acrkyl] MinS
1%he ?ﬁae“&ona{gtﬂgf&glgfm 1? ﬁ/\ﬁﬁg—%@ﬂﬁe nssg&gé{g@%?e Hahﬁh's@é greater
thar¢ Qﬁequslete 3%whigiit pepdamt v threccodtmgecompadifi@s. WO
.2006/ 121597 . PCT/ U82006/ 015336 -29- .10. ‘An : .
el ect rodep03| tabl e coati ng conposi tion conprising: a).
;o a.-cgiony @d"artmy&f 15 1 09GhMGA shlP OEBAhFR Uhsparent.
' functlon acry resin, whereint tronic nD| ety
i s derived from sul foniumsalt; and :

16. The coatlng of Cla|m 15, wherein the |socyanurate compnses greater

than or equal to 20 welght percent of the coatlng composrtlon

1 7 The coating of Claim 15, wherein the isoeyenurate comprises greater

then or equal to 30'Weight percent of the coating composition.

18.  The coating of Claim 15, wherein the rsocyanurate comprlses greater

than or equal to 39 weight percent of the coatmg composition.

19. A method for e{ectrocoatlng a substrate compnsmg electrodeposrtmg

on the substrate the coatmg of Clalm 1.



b) the isocyanurate trinmer of isophorone diisocyanate.

11. The coating of Claim 10, wherein the coating is
woabtostizesesparent. 12. The coating of C ai m 10, PelaISEI06/015336
the isocyanu rate conprises greater than or equal to

20 wei ght percent of the coating conposition. 13. The
coating of Caim10, wherein the isocyanurate

conprises greater than or_ggual to 30 weight percent

of the coating conposition. 14. The coating of Caim

10, wherein the isocyanurate conprises greater than

or equal to 39 weight.percent of the coating

conposition. 15. The coating of Caim 10, wherein said
coating is transparent. 16. The coating of O aim 15,

wheprei nat ‘
et A e B B ot R SR B Ing Q8B Xiepositing

on thé 8ubdtratedbacoating bf Claimm @5, wherein the |socyanur ate
. conprises greater. than or equal to 30-wei ght percent
of the coating conposition. 18. The coating of Caim
1521"‘“9;1\ Eddatéd SubSIPABANHERLIS tH‘é’HBét'n’ﬁ;ﬁ% G Rpositbd ¥ said
-or. equal .to 39 wei ght percent .of. the coating
substmtposaldmatmggavmgmssmat Ife@rSt@hQﬂ:Ofr greetanthgn gr equal to two

cyoaRbe B Tor RATRGITRG BREhuiAR bl oA
'A158GB-2R%906/ 015336 -30 20. A nethod for electrocoating

a substrate, conprising el ectrodepositing on the
substrate the coating of Caim10. 21. A coated

substrag i e

2525 " 28Fe SEFECRCHIR, TORTHAR NS LRS! LEAERRSIAT 80 weign

perdeds$ caisaliglerof greater than or equal to two cycles, S
wherein sweat resistance is determ ned according to
ANSI / BHVA Al 56. 18- 2000. 22. The coating of Caiml,

conprising greater than or equal to 39 weight percent
crosslinker.



