-1- ELECTROCOAT COWPCSI TI ON | MPARTI NG SWEAT RESI STANCE
AND METHODS FOR USI NG THE SAME FIELD OF THE | NVENTI ON
[ 0001] The present invention is directed to

el ectrodeposi tabl e conp05|t|ons and met hods for using
the same. More specifically, thel-

el ect rodeposi t abl econpositions conprise a cationic

fsippntt o e s A

" met hod i nvol ves deposition of a filmformng
conposition onto a substrate under the influence of
an applied, electrical potential. The substrate is

either itself congyef PUSF PHENRVENEMONI ted thereon a
conductive fini sh™Erectrodeposition has becone

rood ST 225 Tk o BRAY Bbf e Secidipbanie
compRaitiohs aRa hethetsFoF asiapahktdame oMeresspetificallye the
pai nt utilization, inproved corrosion. protection and

eiedtmde@msitabl&mmmtﬂ@nsmmlam%ﬁ catiogimaFritis fesie aRd an
r.at.e ubstrates coated at

'SOCV@QE'Eath”Hkﬁrtoﬁf?&qc’@gﬁh@99?5'33 ‘ni sh are used to

make a nunmber of products. These products can incl ude
those that are frequently touched émx)le such as
pl unbi ng, doorBASKBROUNDBD N ‘
nyapplj cati s desited to 0
0oGHeze. & seredEsOwHiGh %&C%?%?BHW@‘?‘SH@%?‘&‘gW‘}%é
depﬁgﬁtbﬂccgu frﬁ%{mnr%%drﬁébé@bﬁ o8’ s%ﬁrétb%de?rtﬁetuﬁmence of

coa e'in the formof a

an a Imﬁ@lbedlcmmmnalaﬁdvaosutmttatens pahenttselbaondgctlve or has
' ‘ten, however, these coatggg not..exhibit's
‘depasited dbevasiea condygiive finisk; Rredepgsitigniias hacome-

incrE RS REBoEPALE g, 6o i e R .

elec‘tﬂﬂiﬁd?@ﬁc RYating means)sldcrvgeposition sifens increasee spalrdd
SUMVARY OF THE I NVENTI ON 0004] ‘The presenﬁ

ut:hzaimntmmoved gorresiaripratestion: AESPWRIPAEINTESNE ggg{qrﬂ@atlon

1008315%e | ke SibteRes sty f ! iy beliates coated at

[easﬁ i ?)%?1{ w‘thaé“ngaﬁd@&% fiigh %’f‘e %’e@lﬁb rAgke enbumbet bé products.

ositiron,, wth weight percent based on . '
TheBet prodsiots dammcghde those maéme frespentyrtosnhed byg?e;cmler such

as FluBIEaGHeoT BRGE, a1 [k pabT (Ha g applitiss t isdosired to
appgf g?:t%r%glgg”tégﬂlehg%ub§tr5’c€st i cﬁhr\ﬁﬁﬁﬁﬂnﬂ Qighificant contgc’t without

coatl ng-conposition c rrprl Si ng
apppétinble Weacrstbtmng @nmtmhke/eSubhmmmgepnay be in the formof a

: functional acrylic resi-n, wherein hE) athonlc noj. et g
-pigmentggd poatgng,r@m/gr §J|’Epr¢ﬁﬂa§'ﬁnt coatlng fi owever, thes

c:oatlngs do not exhibit a desired level of sweat resistance. As such, the coatmg
‘can become marked, pitted, softened or even totally removed Accordlngly,
electrodeposntable coatings having improved sweat resistance are de_sqredf



salt, and an IPD trimer. [0006] The present invention
is further directed to nethods for electrocoating a
substrate using any of the coating conpositions
described hereih. The present invention is further
directed to coated substrates having inproved sweat
resi stance, wherein the coating is el ectrodeposited on
‘the substrate,. and has a s@eat resistance of

-greater. than or equal to two cycles, .wherein sweat
resi stance is determ.ned" accordi-ng to ANSI/BHVA

A156. 18- 2000. DETAILED DESCRI PTI ON OF THE | NVENTION.

., - [0007] The prwmmARVGOPmEHWENmDNd to an
“el.ectrodeposi tabl'e coatl ng osition conprisin

[oo&aat i oni dhecprasent lmtinnaa@lr@ctﬁ gsanmlmtrodm%tab?e ﬁ@atmg

_t':om(bg@?sé Ia% @éﬁﬁngﬁllf:ﬁgs =G %chﬂ%ﬂﬁggg m%elm%grosshnker '
‘conmis%'%t%r%%éﬁ'ﬁ S8l %@t\ﬁéllg‘?ﬂ Pe‘i‘cééﬁ ¢tthe cifling

percent "or . greate the crosslinker is -
: comﬂmsntchwlﬁn w&rglﬂ penceat based mribtalcsmd!d wieighbgrahwherein 50
“IPDI trinmer" ' e catiqnic acr resi n_can

perqﬁm@r greatengl e&rogs inksr is: %ﬁ%ﬁémﬁmwe&fofﬁijmone

as 40,000 to 1, 000,000, or 80,000
.}ﬂméékﬂﬁﬁggdeﬂtgﬁﬂﬁ@bOS] The catlonlc acrylic resin can -
[0008] der'i @ prezantinvention is fintherdirécteadoyan elerosbmdepoaltable

epoxy - funct| ‘onal acrylic-resin can be p cg
. coating epmprpition compiising arat mﬁcmﬁctrﬁgmasgnvq from an epoxy :

B SRSt e R e Fm  sutoriur

salti &5@aPOFabiaginfaei n.by” reference. [0009] Suitable
~acrylic polyners used to. formthe catianic acryl iC

. [0006]si n ca'ﬂne present invesionyisugher disaetegr torfppthadskiar

e!et‘gSt 0% ngq Hﬁ{sﬁééclé%lplgcﬁfyl Optdé'ﬁﬂ‘@ @pgé?ﬂ@hgedes‘@nﬁgd |

her Hsf‘m’é @Fé‘#él TR rSis fal hbﬁ@ir@cfﬁd‘bﬂ cEsted sulitrates having

|ncIu e nethy met h) acryl at e,

impmvmhsmrat {'ésashayxbgt ghebe;m;the(mmgas re}mtrcujepcsaﬂ@@#m Ehe
s net acr ate an et acr
subgtgateh@r@ %aq;,@rs X%QF g¥e%t§n§1q;ﬁpg gﬁ 3l % two cycles
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‘zooguch as vinyl chloride and vinylidene fluoride and - -
~.vinyl ‘esters such as vinyl acetate. Acid.and anhydri de-.
. functional gthylgnically unsaturated nonorrer s such as

(neth)acr 3
Lng'y- be .

mal ei c. aci~e

[OOO’ﬁEd AiHéEp fés%‘t irﬁ‘é’ﬁtlonfl@@m%téd to an electrodeposnable coating.
' cludlng (neth)acryl am de and N-ah§¥ substi tuted

~ compasitigracoyipising:a catlenimawllsuesaakﬂ a\ﬂrﬂﬁhrﬂqasnwhagem the
. croqs@ngéﬁggﬁp%s%g g?'é@tgrstﬁéﬁ E)g,%:] 0 '3%' Pé'h? rﬁeerggr% o't coatlng

_ composition, with welght percent based on total solid welght and wherein 50

‘percent or greater of the crosslinker is the lsocyanurate tnmer of lsophorone

| diisocyanate ("IPDI trimer"). The catlonlc acryhc resin can have, for example, a
molecular weight (Mz) of 10,000 to 1,500,000, such as 40, 000 to 1, OOO 000, or
80, OOO to 400,000. )



phot odegradati on. resistance of the polynmer and the,
resulting electrodeposited coating is not

conpronised. It will be understood that
"(meth)acrylic" and like terns refers. to both

nmet hacrylic and acrylic; as is standard in the art.
Epoxi de functional groups (f8r conversion to cationic

-salt groups) may be incorporated into the acrylic

pol yner by using functional nmononers such" as ‘glycidyl

(met h)acryl ate,

[D&%%Lepox é’bg ﬁr&'aﬁﬁ&‘%ﬁﬂ%&ﬁ%@déh@é@fm& a8, e‘boxy functronal |
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ert I ar nercaptan. Additional acrylic
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I'nt roduced by the. reaction

etﬁﬁrleﬁfb&l@ﬂ)hfsatbg!tedpnonomrslm@u@@ nitrites sdch ae (matklacrylonitrile,
déscri bed above w th apgéﬁprla e sal.t’

Vinykrd Hay/iGe56 NaReRBISIcnaR viow GpadPans vilidens, fygride and
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’ ﬁ%@uf‘a’r@@ﬁneﬁ@ﬁre@%&ﬁ sfrhciti)acnylic eaid beanhydmd@,dtaqm acid,

reaction of ,  an epoxide functional  ;a

matgigreeid of ahhydidepoiivmnarimasicingy he B$$%(AF‘¥'G|P functional

rorenmais tatig (eRtRp S AR Sbehuted
(rﬁbffﬁopriﬂ é’r‘e%’]bﬂ%urt@blﬁ hylrharometio gompounds such as .

I ant ne, bishexanmet hyl enetriam ne, the
strdons umhprstyrenetand einyt icduene can the usa@spﬂr)ﬁg agf
di propyl enetri am

P B BHERHAR ESRBNaR dtna RN B dhe fesgng efggirodeposited
'c@ﬁrﬁﬁﬁ%ﬁ@n&%dﬁtu wilf éturﬁefréﬂo%' Maﬂ%étﬁ')aér?ﬂc" and like

bl e aci s 1 ncl ude  organi c and

terifey @Asisctoasoitiametieitralic &od acrylss bd;is standarddpithe art. Epoxide
| actii'c acid, phosphoric acid, dlne 5%Iol r

“funstionahgroupist (et i COMATBIONUIO,FAIGRC 58 GkpuRS\ e RV G fwegporated
k& Fae BB R B et nigARER tug dertvoion
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reacting. carboxyl groups on the ‘acrylic polymer with an eprhalohydrm or
dihalohydnn such as eprchlorohydnn or drchlorohydrrn




by using an am no group-containing nononmer such as an
am noal kyl (neth)acrylate, for exanple
di met hyl am nopropyl nethacrylate. -5 [0012] A
“cationic acrylic resin derived froman epoxy
functional acrylic resin” as that termis used herein
therefore refers to an epoxy functional acrylic resin
in which at |east sone' of' tfe—-epoxy. functionality has
been reacted so as to forma cationic salt. The
cationic acrylic resin is typically present in the
el ectrodeposi tabl e coating, conposition in an anmount :
80 t S&dH Rire fitedoresibchl
10018] 73, S ThEReCRbRRCER po popare b e o
initisted goNmeli2atich tStmiqles t suaheps sbitdioncoreaisien polymertzatlon

as KOV bl A daics Suabi caopRs Mehiding orb B RN es and
| azo%@q%@hﬂmoqtﬁwg{ﬁc@ﬁ omé é%ﬁhéiﬁkﬁén féP‘éBeﬁt‘s §9crwas !Hi'éha methyl ‘

perce or “greater of which

styréﬁe Hﬁﬁbr bhtimeftiary\eodkicyPrieseaptans Additidnaiacrytia polyiners thatl
- i ght of the conposition.. The 't PDl trl Er can k{e %t
dire sewaluleﬁar forming thecetirsie resin used i ke elg #h

R B elknt R EATE OB He P6e Fekits esbribed in LS.
'Pat&ﬁt%@s'@él%afgbﬁ?aha FOLeME7, hydrogens at anbi ent ’
erature’ but reactive with active hydrogens a

: [oo1el]ev at eCatiomiesalt greisps saalbeyinedueed bydcear@@cﬁgo@f an ePOXV ]

arodinsdniehosoerfe e der o) ABlo i gobigr e ot
formfHgXctbbahiy: Ber ekampie,  SHipyRSupseAr bblietroduced by

agents | nc t hose descrlbed in
reaﬂtrtgeatsdlﬂlie O] Wp:ﬁ&enee of @in. adid; 8% tlessabed :w S Patent Nos.

3,081 Bgraiohd. 18985, ATGILARK GrpUAS 99" B SrER, bl reaction °f~_
an oI RI AP R e ) bopipsinsosminpes prmary or

secgﬁééwﬁﬁwsné@réd&%m ilrfﬁthﬂzlémmér di‘e@hamrblgmmehammoma, '
ocKi agent is an oxi me such as N&¥ﬁ etQ%
.dnsapmpanﬂiammwmw ethemolarsing, slelamgamAc ol e o
cli d h | T
RS SRS R O GHRRY AL e RB IR of
dletﬁg@ftﬁ%@ﬁ% e'tﬁ@'dll’&étirﬁﬁfe opdﬁproﬁyléﬁéﬁhw%l ‘theatliketimine of

rcent or greater, such as 99 percent or
bishmemnethyleietrairing nadirmtunesi thereefs Twmatae Arpyps can be at

S, Sk S R B ST gt nic o0
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conprises an at Ieast art| :

resipoan SbipinaBIary ancarstat Aty i e GRS Guitable
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arti a

No. p200?|>l0054193 Alternatively, amine ‘salt groups can be introduced dlrectly
by using an amino group contalmng monomer such as an ammoalkyl '

(meth)acrylate for example dlmethylammopropyl methacrylate



bl ocked al i phatic pol yi socyanate. . [0014] Exanpl es of
aromati ¢ pol yi socyanates suitable' for use as curing
agents are diisocyanates such as 2, 4-tol uene
di | socyanate, 2,6-toluene. diisocyanate, nethylene
di phenyl diisocyanate, oligoneric nethylene di phenyl
di | socyanat-e, -and m xtures thereof. Exanples of
aral i phatic ‘and-al i phatic “pblyi socyanates suitable
“for use as curing agents include diisocyanates such as
. 1, 6- hexanet hyl ene dii socyanate, ‘i sophorone _
di | socyanate, bis- (isocyanatocyclohexyl)nethane, - _
[0012P" bor nArgatlbhizcsirficitesin derivedetdml ancgpexe functional acrylic
- dilsocyanate and m xtures thereof. In certain,.

.

resindras thatderm is Nisgrdereinsheyeiose yaies &a anera,iinctional acrylic

s GHRILAElBSt sPhls BLARPHE A RUBEE)S fls poon reacted so asto
formCé’EB'tiﬁﬁid' St WrhB BibRRCAGYHE e6sin ib tpsizaiapresent in the ,
~ prepolynrers,: for ‘exanpl.e, "reacti on products of . :

electrotigpesitabieataating comppsitipolis asuamoant ek 8pdatA wgightpercent,

.. or trinethyl ol propa r with.nql" ic ; h
with eight petesnsibaseo i Hiial Solbt weidt: SUBA o8 (20 eiGHE
_ e&%ﬁktable pol yi socyanates include, for exanple, fully
P -ocked polyi socyanates, such as those described in
' [0018]S. PaThateldbirodesteitali® caatinglcompositiors of cedattvl .
“line 15, or partiall

3, blocked . .- ‘
‘embeximRats of fhw prassay invantion JHRNeX comprrise arpalps than g equal to

a5 igoHIBErEHH I EGRaIENER Ay 85 op gt BiandBrofiee
perdeht oPgrbater cFvitsich i@ IPD| tfméheWsighbperdemt émbased onHetal solid
- remai nder 'of the crosslinker can-conpris

. ful -

weidhtafithe qesnpositienalied PR timercan bmatde |F§’=}@ﬁ\l"36%°k9d- By
; 6-hexarmet hyl di i 80 .

iogh e B AR o I SBRAD S U Plipepteavine

.cor J 2 ' : igest oddciive

confERA U3l el kv Oyt g ot
g

. |y bl ocked triner
 hyd: éxr@amnbiermtenque'ratw@Mreacti\@/mt%@ﬂtwewmb@h :

- N3300 from Bayer Co tion, - 7- [ The.
oo st v eVl BebRaorc and 062, 1 B RRE.r
coat] p. i b o, o DS R hd & £
owsigah WAGhS? B 8. o oTE upbBBptisfi: MEIFQER{ot  fuly blocked
P . : ¢ oty ; misinclud

it et ot Rocpian grotpoei ot d ooy sgenncls
thosenbestiritesd in UtBePalkbit No.i%884299 akcg)r dstine 53ita col. 3, line 15,

- _anpounts, of 20 i nt..or_great.er . ' :
U s BRbRs NG A 2B R Fr S ERbE ocht JpdReddor2n ana.
10128 hd B8Rk e ek ¢ PartA! MechahistigahalnephistryewWicks
10128 bl toBEked s RhaRe i, PALLA; MochBhisheanathamisty
and WidRY &t | mmgrbfss mh organidePoaiingd | 36 (tQ&ﬁ)ih ppy148-172. Preferably,
‘ conposi tions of the present inyention, the |PDl triner
the tlacking:agent iscan oxisag sHEN 88 WedaY &IV e10%ims, 3 RiFaZdTe such

' ogki ng .agent_, faor 5 v/ W certain.

oo R EHGte 7 e A 4 copobim. Wicorta
emisbdihtedtandusstantialiy all betHePElosslinker cormprises IPDI trimer; by

"I ncor por at ed into’t he coatl ng conposition.iln: a
"subsiantially alilsis meant5 peseent or greater, such as 99 percent or greater. -
A suitable IPD] trimer.is commercially available from Degussa as VESTANAT
B1358. The rem_ainderbf the crosslinker can comprise, for example, any .

-suitable crp_sslinkér fhaf is capable of reacting with the cationic apryiic.resin. In



exanpl e by adm xing the curing agent with the cationic
acrylic resin in organic . solution, then dispersing
the m xture. The dispersing nediumis preferably
wat er. The di spersion step may, be acconplished by
conbi ning the neutralized or partially neutralized
resin wwth the dispersing nmedium Neutralization and
di spersion can be acconplish®d in one step by
combining the resin and the di spersing nedi um The
resin (or its salt) can be added to the disper'sing
medi um or the’ di spersi ng medi um can added to the
| t fHecrosseadir BRI t
cert%ﬁ? Hrhe ||rsp|petgr%ssrst§% r%..g’r dvlvlici(tjﬁ'eds1t he I'?agmge gf 44%nsé§‘9nlfﬁ‘t|leas

partiiilspislosked potyisbeydrmtepsuch as ssualiptatic pmiyls@cyanate an
. coating; for exanple 5 to ‘15 melqg per &E sed on
araliphatic @oam @rqma@lﬁtpolylgpcyan%tant?ba egep; ar?&”a'“

O T

blodﬁed‘@ﬁﬁﬂatﬁi pélyRlocpandte.t o be stored and transported
: di'spersi on cah then be adjusted to a suitab

[001a4il i ds |Exsgnplesrof ammatmﬁpiymcyaaat%eswt@m%Ma%%ﬁ;ﬁurmg

agepikas dlforeatft 3ue AR £ A Eielld Qisolpnbie g Bl
dns@&farfétépﬁ{é’cﬁ lenghdiph %}ﬁ)él‘%gfs%gaﬁété oﬁgbhfdiricﬁnmwlehe@lpherryl '

orm ng Such - s rsions “include those

diisseydratehand mh«burﬁsethprmf Emmpmlaqamhghawaelalrpbﬂﬁc

PolylEpeY Ao abls tohdise B O ang AGEEE NSRS 9l!$?7'r¥3?‘%§5”°5 as
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ané ymers acrylic polyners and ' .
(rsdaghnaﬁio?blmwﬂmahaﬁbﬁnmiomams duaocy:&mate ntetramethyl. xylene

~contain cationic. gro addl nal ol rs can- -

diispeyanaiecand mxres #1eohel o dpneels. bighers .
8

poifiSphifhatbs s B8 Spdvairdst “9 @O'Ese piftbifterd ofP ¢

--dusé@!?'arﬁat@%abaﬁ% Oséd rehéu onbe rrec@mbmatm with- dnsocyanates
exanpl e those described in U 'S.. Patent No. 4,71

ISOE TSP prapolyongrss fari exemple, rwtmg@quqtsrvéﬁplyﬁp%yates with

polyqﬂr t ha\ assﬁgﬁbgﬁ’gl giyeebor i rsq@ﬂﬂ rbéﬁ@g%tr%ﬂﬂ'?bglyn’ibnc polyols
suoﬂ' é’%ﬁnl Zeﬁfcﬂacﬂinﬂ’cﬁb@ Gﬂtrw%ﬁ be'\@ddd. nSuﬁQﬁl@i polylm?énates

surfactants, and catalysts. Such
mcladér foreample, fdiydhlooked pomsmaryate@,rmmrs@s thases descriped in

el B 0BT et 150 3008 A By e
SRR rlc el NAN ol bagone ucn s

deseribedtin rl%Sti. ﬂ%tten’oﬁﬁ% 94?{ 888 la[alcgb\&s lineBdid cgly dofine 30. In

e. . r r .
Ceriala REROGIONER 66 BRSNS JIYENicak 1he SHMAIST Y theiqrosglinker
carfigahbhfs AR st BORIFRTane® sOHE fgr AZMRRE'

1 asﬂéaéiﬁéthwét%@bﬁisd@aﬁa@@rly@aworbnecmrsro@yangmp@cﬂrmmutaras‘
resen

thereof. ICI)n other embodiments of the present |nventron the remainder of the |

crosslinker can compnse a fully blocked trimer of hexamethylene dusocyanate

avarlable as DESMODUR N3300 from Bayer Corporat:on N i



i nvention, the coatings further conprise a colorant.
As used herein, the term "colorant" neans any
substance that inparts col or and/or other opacity
and/ or other visual effect to the conposition. The
col orant can be added to the coating in any suitable
form such as discrete particles, dispersions,

sol utions and/or flakes: A&rFngle colorant or a

m xture of two or- nore colorants can be used in the
coating of the present invention. [0020] Exanple

col orants include pi gnents, dyes and tints, such as

00{510°8,, $H&releh fieih i BdiALE o ﬁ@&/e?rl)tg@gé%tﬂ oRiepBitable

SOCI a
coaﬁﬁg@bﬂipﬁ' ﬁcﬁ?boﬁ‘mm‘ig bl @tnidacafiioresin dewyved frormda epoxy

. ftor exanple, a finely divided solid pé&%ﬂ1 cg
fundtional ab%cﬂesnnmh@rslmtheacatmam@lﬁaf I¥g ﬁ@frbﬁ SU"'OWU"W
st 5 PEUGEARE Al SRR oo EIPBIA A, SR8 Bresent

in aFH Qbfzegﬁé@ht@ %@;r;ttor@%t@* EUQﬁ%slwbéﬁb%ntwtgreat%r or 39"

|n1te ol € di oxazi ne cr.ude p
welgimpemnbez greates awith weightpersenhbasedion ta}@esql Ida\P@Q}Tt of the
benzi nm dazol one, condensation, netal conplex,
comMpAstRMb i none, i soi ndol i ne and pol'ycyclic

[oo@]t hal ogyay Eé‘s Pét;uat%?f qufé? 'i}?(fjpmﬂﬁégﬂ%gﬂ@e ewrduerp@sutable

ketopyrrolo p I oin hr.aqui none,

coatmg gohipasitonsof t’neapu_sesent ain\rmtldﬂ alveuli?ﬁi trireer will be at least
yrant hrone, anthanthro di oxazi ne,

pariallyablprised Math aisLiigblenblorking 6N fg TPl ndly! alcohol, an
oxwﬁé,r %Wc&? o a%déffﬂ'o dHRPRO S 68 Wamlﬁea”THUé s tnmer

UTES " ereo

can b8 FodboraAed IntGQhérotfétﬁEX osmonbn auseriventional manner for
i nt er changeabl y. [0022] e dyes i ncl ud

ar
example Ihyradrating the kusagEgant avith the Galianic Akl Tesin organic

soll.@%ueghe% ﬁﬁﬁ%ﬁﬁﬁg@g&agﬁpﬁ I;@%ﬂ?r%‘iﬁ] %wrhﬁQ Enreferably

watgt, “‘T‘hg% |<§HJ!5 actONBREh&d wrdcﬂnbiriﬁgs the neutralized

rnclu ut are imted to, pignents dispersed in
or peatialy hestealized mr&wﬂh thel dispersing ireediugy cNegdralization and

oS ORI e ST AL ana

I
dlspg%@gﬁiféons MFREGE8I r?&éél@@@ﬂﬁ%%%éggb théRlispersing ‘
mediOf? 4t ths displeesing imediunt cancaddechio thearesine (cnmts sait) dnreertain

emibodiDjnts, EecPidios sap ciserotins utanhe ranes a4 Bhe” Toe,
dts@%lﬂ%aﬁqrg[}g fSEn(}Eg ragrﬁ‘élﬁ’l'f%t%g BErfﬁﬁg?Q@%gﬁggkghﬁle 5t0 15

welgﬁﬁpéﬁ,‘émf' [sdddcPoR b s@nd/vwglfm@uit Garabé/formedsala higher
t Nanoparticl e di spersions can i-nclu

solids) for examplado ’@54@ wRight Be@enaﬁaﬁaﬁiaom ﬁ@tal QO%WQ'QW‘T@ to
minfihfzesPe wEEht haR VA e RAE R S0 BRSO AR,
trarf%}ﬁo'i‘ﬂe'd' Y% Eféﬁ‘elfs@hg@dﬂ fhel bis RRJEEH S0 a suitable solids level for
coating prior to use. Altematlvely, the resin, optionally blended with the
,cro‘sslinker can be stored and transported as an organic solution and dispersed
shortly before use. Suitable conditions for forming such stable dlspersmns
include those set forth in the Examples.



pi gments with grinding nedia having a particle size of
less than 0.5 mm  Exanpl e nanoparticl e di spersions
and nmethods for nmaking.themare identified in U.S.
Publ i cati on No. 2003/0125417, which is incorporated
herein by reference.. -10- Nanoparticle dispersions
can al so be produced by crystallization,

preci pitation, gas phase ed@wensation, and chem ca
attrition (i.e.; partial dissolution). In order to
mnimze re-agglomeration of nanoparticles within the
coating, a dispersion of resin-coated nanoparticles

rF n be '
10072, 2 58 Lorfiodigts BRHEA Brodimt IRRIFLAR 1ther comprise
one RAMEre Polfiert in additiirerelresatibric aepflic resmsosBuitable

m croparticl es" that -conprise a nanoparticle.  and a

oolymsnncluda pc@yopox:%e pmpw.tndywetmppwm&@;ﬂﬁfyll%ns |

BERCTE iy e
grmfo%/r 8fRe %H@ltfdda??owmé %@gﬂ‘eséﬁt &ho 6 20ngeighe peresht

el n by Provi sional Application
basé® ont@s#Baolids] for emmﬂ)lm 2 tozn 5 welght penberton 4 taBsweight

a5 Bl L PR S0 oy

I
e B st ABSCHAAVED GoPaiel o 1705
[001@)Pear aThe airhpositions o the prﬁéretonmmtmn pey fusthes comprise
- nmetal lic sheen, phosphorescence;  'uorescence

oneghdnothageityes ssamrﬁgéﬁsthe.an pichiar FogleRFensiog solvents,

isyBOBALORI SRR A R g B0 burtaciants, ond

: cata‘Pg?JthFEUdH SAditeesif LSed, wiliypicztly woreprise OrO(l*letd ﬁrveeught
I'n a non- I|n1t|ng enmbodi ment, speC|aI ef fect”

emmﬁpbased onshe atotao solid M‘éelght:@f the eompositionen that the

:[0013 L%dohtgﬁg @:t?p%gﬂ &%%pgﬁp%p%ﬁ%%%@%ém invention

are E@g@ﬁ%@gg?g‘ rér'i dréffrt bE' d Rerdirs: refarBltbepeb@imd\hat, onco

corporate herei’'n by reference.
curelt dillowsnvibibility orf theet ﬁ-.abstratmpfﬁhus; ibwdl] barappreciatrd that

d d/
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corfi, B BLATGR, e iUhf o e 4 L@ botoore

but HRf sabéirate doule bedbtiserved: ilnlcertsin bmbddmmemm of thae present
. and not because of tHhe refractlve |ndex dl%iﬁ fh
invemdionethe coatingsifurthes campriss Aggal em AWUS §r¢ e term

b5 S50} B BRBB A PSS DR RS gpacy anr

othéWfﬁS’él'éﬁéd! 1o e 68nTpRISMiGN.bTie c@ilér@m cahﬂaecaﬂded\metme coating -
- exposed to one.or nore |I%ht sources, can he use '
IC

“in any sui’tebhaommhguoh asfﬂspr@e@ﬂrt esml@ﬁersgons solutions anglor
flakag ASINGLF CUpra B URLES BLAMR Y ROET & e.o' Y %”c?qrﬁﬁé‘ R&d in
the %é{f?ﬂa&%ﬂﬁb p}’&%ﬁtﬁﬁv‘erﬁwos' tion
[0020] | Example colorants include pigments, dyes and tints, such as those
used-in the paint industry and/or listed in the Dry Color Manufacturers '
Association (DCMA) as well as special effect composmons A colorant may
|nclude for example, a fmely divided solid powder that i is msoluble but wettable



beconmes excited, the nolecular structure is changed

and the altered structure exhibits a new color that

Is different fromthe original color of the

conposition. \Wen the exposure to radiation is

renoved, the photochrom c and/or. photosensitive

conposition can return to a state of rest, in which

the original color of the-dbmposition returns. In

one. non-1imting-enbodi-ment, the photochrom c and/ or
. . photosensitive conposition can be colorless in a non-

excited state and exhibit a color in an excited state. - '
undgl'"{r{e E{?ﬁd’i{loﬁ %‘F%e"@(‘cofb‘? geEarbebrgaRid b g dritl can be

m nu such as'from 20 seConds to 6

"aggﬁ#ﬁ@mﬂ&jOEWMW%Q?MhEﬂBEmdon1c and/ or photosensitive

'[dozfﬁﬂpf’.s'w%é% erRlGE RIS NI PIBRBbSRNRSHANS 1nciid, But are
not GRBESY! bk Bl ket G irRgs! HioPpasanaezo,

nap ﬁtﬁiﬂﬁ@ s@t—ﬁ?\ﬂlﬁ(ﬁs)b@@ﬁ&:ﬁﬂdamlpnéyoendalmitmn metal complex, .
' nerlc material's of a pol ynmeri zabl e conPone nt. In

|somdnitnmwt, isaindoline sodpolypydia piihzlpcyarine, qu acridone,

porfit B e FisaBRRR by AP R G3. ptifhadihphes
mda?ﬁﬁ?d?fee %ﬁtlﬁl‘a‘bgnﬁﬂﬁﬁ%s 'flbvaﬁtl'ﬁfﬁﬁé Oﬁylﬁmﬁ r@ple) antivanthrone,

conposi’'ti-on ssociated with and/or at |east part| ally

dioxaaine] ttlandcarbbylm aum;ahthqjommm@atﬁ slikipfaeaie py,r,role red

RSB Gtk kil kbhfat SR8, FBRLsBlgfict, e terms
"Plg&ﬁt"ﬁ d“EZ&RJFBB?HeP*LOérPBéQ@  neareRARgeAblONS and/ or

ochrom c conp03|t| ons an hods™for~ maki ng t hem )

.'[002236 i deiByghnsle dyesUnSludap blut are inoh limited:p, t{mse that are solvent

/892,919 flled July '356 2004 ans Corpor % th
andl’m'r%qliﬁw-baﬁﬁd sHeb aspibaly argenyeheiug ) roprpKide M

van§i3i BrhERls AeifieR HtAfiBTRAY duRdoidonery

[0028)0/ or  ElepRpleftiis incilide, badres Aot imited topigments dcsparsed i
to 65 wei ght percent of the present conm E‘}ngaéo " y

watstrbasad driveates. mlacabte oRITiEHS spl@h@&ﬁ%%@é% gnercia y

vl SH e S5 0, TSRS SR TS S HRUTONER

INCRISER A?@m&oﬁﬁp@h?s%&ﬁm@ecoﬁmauwerfsomfAédmm Bispersions; -

|nven on w ypically be in the form of ‘an- aqueous-
d:vusioarmfrsastman Gda:emrsal e resin -and crosslinker are in.

100 Hir et aba 18 coar ban e BelEi fRpeton
mcl@%@?%‘uﬁ hop m‘?tfadttaea ﬁ?&g‘lcléfﬁ{%r‘s% WNbhopaititié dispersions

ooV Iesi S ance Of on or great er, such ‘as two:
_candnelueie orie oF aadrerhighliytdissewssd nmm raoleeco‘rem’lts et colorant

accordi ng to ANSI/BHVA 2 0 '
particies shat tgro&i@ﬁﬁuaadeﬂgeql Mw%@rc @B‘g ‘08 OED ﬁié%alﬁ\&@%' yigyal effect.

'Nanopartlcle dlspersmns can include colorants such as plgments or dyes havmg

a particle size of less than about 150 nm, such as less than 70 nm or less than
30 nm. Nanoparticles can be produced by milling stock organlc or inorganic |
pigments with grinding media.having a partlcle size of less than 0.5 mm.
Example nanoparticle dlspersmns and methods for making. them are |dent|f ed in
L.S. Publication No. 2003/0125417, which is moorporated herein by refer_enrce. .



el ectrocoating a substrate, conprising applying to the
substrate any of the coating conpositions described
herei n. Because el ectrodeposition requires
conductivity; the substrate nust either itself be
conductive, or have applied thereto, at |east
partially, a conductive finish. For exanple, the
conductive substrate can, b any form.of netal, such
as brass, bronze, chrome; steel, stainless steel;
silver,-and/ or al um num Nonmetal | i ¢ substrates can ‘

i nclude, for exanple,. plastlcs ceram cs, wood,

Na%tggér%@qgal’%ﬁag%ﬂgg gpﬂ%gﬁ; %%eé}ﬁﬂ%kﬁ%a/n%gﬁ?@zzét or,  Precipitation, |
gaf?ﬂ?ﬁ&ngé shfibn S Bhemicareitiitiond(i.&i; marhabdlseolutlon) In.

& aenr eved usi-ng any'.coati ng. havi ng cond %lve
order torenihimize reeagiylomerationof naneparticias within flr) Soating,

R LS g oS FARTESF D (b A0
“dl@é@%‘@r nof reslif Fagf Col% Hopaicles” ‘iéfe?s% a édiftinuous phase in whlch |

eposi ng can be conducted ‘using cure
is digpereetiadi &ﬁe@@%ompostte emeroparﬂtzlesa thatfeamprise ananpparticle

ané’ B 120 Gy o8 Jba ncparide. Erarbler GRBBITon,6f Pisifcbated
v B35 AT o Y 55 0GR O, Sor
P e
referenicey apdtd:S. ti?r@r\ﬂawn@lq‘hm!!%lonvwomg@f@? 167 TR futkt 24, 2008,
h@gﬁgg irstporan hebiLRY LeRehde oot s otoposi ti on is

d, @f@b@@dnipb%itldmmum beaised in the
ther cong’rﬂgt I%‘gegl!)urmhas utg ied to at Ieay

coatlng bbthe presentt inverdictuioc] pllmems arycMgr g$mp9§|t|ons that

prch.g:,esglla% '98 %%J@br%ggﬁ %éee' LslEf Q%EFB%&Wﬁbarlescence
meigfif §ieeh® Bhogfflofcents, Rliof digoRcesgrotdchvemism can

strate that as, for exanple, a sweat
phbﬁfde‘?kﬁiﬁt pirgrmsobdonvsmm, godromnhromnangml@mo'@b-&hange

et ésamummmpm& S/ BLEBRYie propertes,
sulf roHadB TR ' pBh-irfihg MBSS TRy sBeciaPatiect

cof iftils AP PASEIcE ARG shtftﬁﬁlycmthmmeajolomfgée coating
cited. herein is intended tqg_ include al|E§Ub r.an

‘chaugemwnmmmgviwaweamfﬁam@m SRR i ffect

.CO\E/T%%‘ qggsgérqild%n?h@dgpwg %‘:’bﬂ?%%% acr @%@?ﬁw mcorporated"
he?é%h' Béﬁféféf%eam&&%haf seek eere@t c@mpwsitmnsecammmde

re of -such.resins can be. used. Al so, as use .
trdmeparent dozed enica amdlgrreyntheﬁc RISAL C@atadesplgea,tcpated alumina, a

eopargENd ertaiaTent gkl CoBRIRRBNEr bRoR ony. .
composition wherem interference results from a refractlve index differential _ .
within the material-and not because of the refractive index differential between
the surface of the material and the air. | _ |
[0026] In certain non—llmltlng embodlments a photosenSItlve composmon

and/or photochromic composmon, which revers-'.lbiy,aiters its color when -



EXAMPLES [0036] The foll owi ng exanpl es are intended
toillustrate the invention, and should not be
construed as limting the invention in any way.
Exanple | [0037] Sanples 1-19 were prepared using the
ingredients set forth in' Table 1, which gives the
mass of each ingredient in Of 415, -14- 0a) avyveE
CDco NOr NCVO.r ONCDr" &V'ch N Or N NCD O
COMNC)\/rOrNrU)CDVrrO) 0) aa EOO
0).to Co 0 tn. 0O 1OVUtDto"_mWNMU) MOOUd

e:&vos%{)tosl\lqrmé)oetn%gl fét)t sq’tlu:{‘,e@ AR ﬁe u§egd lﬁﬁl@é?g‘%@:@f%y present
'm&%n&c@' ggo‘lﬁctﬁ%)nlll’? '\Q(n(dlo@ Fr%cg)'éngtw@ éo)m&%lll'oﬁs fcaﬁ@:é’ actlvated
bWel(E)M%%rfe te rfadlbt@n ef &l s@febrfledl\Wavelecg#) Wh@ th@commsrtron |
bammes excrted, t_l;r)e mleq:uleq stwctur,e b claaragsqﬁ @E?Retslte;eg tructure
exhlbrts a new color that is different from the orrglnal color of the composition.
When the exposure to radiation is removed the photochromic and/or
‘photosensitive composition can return to a state of rest, in which the original
color of the composition returns. In one non-limiting embodiment, the |
photochromrc andfor photosensrtrve composrtron can be colorless in a non-
excited state and exhibit a color in an excited state. Full colcr—change can
appear W|thln mllllseconds to several minutes, such as from 20 seconds to 60
seconds Example photochromlc and/or photosensrllve composmons include
| phctochromrc dyes | ' ' _
[0027] ' In a non-l:mltmg embodiment the photosensrtrve composrtlon -
and/or photochromlc composrtlon can be associated with and/or at least partlelly
bound to such as by covalent bondmg, a polymer and/for polymerlc matenals of
a polymerrzable component. In contrast to sorne ooatrngs in whrch the
photosensrtrve composition may migrate out of the ccatlng and crystallize into
the substrate, the photosensrtwe composition and/or photochromrc composrtlon
assocrated with and/or at least partially bound toa polymer and/or |
. polymerizable component in accordance with a non—lrmrtrng embodlment of the
present mventrcn have minimal migration out of the coating. Example -
photosensrtlve compositions and/or photochromic compcsmons and methods for
' makmg them are identified in U. S Appllcatlon Serial No. 10f892 919 fi led July
16, 2004 and rncorporated herein by reference. '
[oo28] . In general the colorant can be present in the coatrng composition
in any amount sufficient to |mpart the desired visual andfor color effect The
. colorant may compriss from 1 to 65 wergltt perc_ent of the present com_posrtlons,
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'[0029? The electrodeposﬂable coatlng composrtlons of the present
invention will typically be in the form of an aqueous ‘dispersion, that i is, the resm
and crossiinker are in the dlspersed phase and the water is In the contlnuous
‘phase. ‘ - .
[0030] . Incertain embbdiments, the coating cor_nposit'ions ot the present
invention will have a sweat resistance of one cycle or greater, such as two
cycles or greater, with sweat resistance measured aceording to ANSI/BHMA
A156,18-2000. | o

[0031] . The present mventlon is further drrected o methods for '
electrocoatmg a substrate comprlsmg applymg to the substrate any ofthe
coatlng composrtlons described herein. Because electrodeposrtlon requires -
conductwrty, the substrate must either ltself be conductrve or have applied
thereto, at least parttatly, a conductive finish. For example, the conductive
‘substrate can be any- form of metal such as brass, bronze, chrome, steal,
stamless steel, silver, andlor alumlnum Nonmetalllc substrates can include, for
example plastics, ceramics, wood and/or glass that have been coated, at least
in part.with a conducttve finish.” A conductive fi nlsh can mclude for example
metallic finishés, or finishes achieved using any coatang having conduct:ve
pigments or conductive metallic fragments. - ' ' '

[0032]  Any suitable electrocoating method can be 'used according to the
present invention, 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 thrckness of the cured coatlng can range, for example from
_0 2162 microns, such as 0.4 to 1.2 microns. - - " |
.[0033] The present invention is further drrepted to coated substrates
having impreved sweat resistance. Such substrates can be prepared by
electrodepositing on the substrate a coating having a sweat fesis,tance of
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greater than or equal to two cycles, w1th sweat resistance measured accordmg .

to ANSI/BHMA A156.18-2000. Again, because of etectrodepos:tron is used, it
will be understood that the substrate is either conductlve or has applied to at
Ieast a portion thereof a conductive fi nish. Any of the composrtlons descrlbed
herein meeting the sweat resistance parameter can be used.

[0034] .. The compositions and methods of the present mventlon can result |

ina substrate that has, for example, a sweat resistant plgm_ented coat and/or
transparent coat. .

[0035] ‘As used hereln, unless otherwrse expressly speont‘ ied, aII numbers

such as those expressmg values, ranges, amounts or. percentages may be read

as if prefaced by the word “about” even if the term does not expressty appear.

Any numerlcal range recited herein is |ntended to include all sub- ranges
subsumed therein. Plural encompasses srngular and vice versa. For example
whrle the mventlon has been described in terms of "a" catlonlc acrylic resin
denved from an epoxy functronal acrylic resin, a mixture of such resins can be

used Also, as used herein, the term “polymer” is meant to refer to prepolymers .

oIIQOmers and both homopolymers and copolymers the preftx “poly™ refers to
two or more. ' '

o , EXAMPLES -
[0036] - The following examples are intended to illustrate the invention, and
"should not be construed as Irmrtlng the mventlon in any way .

o Examgle 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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[00@130a UResin s S2rptes 16%nd §-1% ware preparad s fhilwd: © W |

Ccrnponents A were charged to a ﬂask fitted with a nitrogen 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 mmutes Components C were added at a uniform rate over
150 minutes. Thirty minutes later, 50% of Components C were added over
about 5 minutes. The remainder of Companents C were added over about 5
mirlutes, 30 minutes later. Through these stages of the. reaction, the . ~
temperature was adjusted in order to maintain a consta_nt reflux.’

'[00391 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 remamder of Components E were
added The heat source was then replaced and the temperature was adjusted -
to 85°C. This temperature was, mamtamed for 372 hours Components Fand G
were then- added and the temperature raised back to 85°C. Once a
homogeneous solution of resm and crosslinker had been achleved
Components H were then added and sttrnng was contlnued for a further 20
'mlnutes _ 4 A
: [0040] ina separate vessel, Components ['were heated to 4'0°C The °
resin and crosshnker solutton were then added under rapzd agrtation One haur
Iater Component Jwas added -The resin dlspersmn 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 foltows
[0041] | Components A were charged to a flask fitted with a nltrogen inlet,
stirrer, condenser and thermocouple The temperature was mcreased until
reflux began. Components B were then added at a umform rate over 30
minutes. After a further 30 minutes, Components G were added at a uniform
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over about 5 minutes. The remalnder onComponeo?s C were added over about
'S mmutes 30 minutes later. Through these stages of the reaction, the
temperature was adjusted in order to mamtam a constant 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 to 120°C due to the exothermic reaotlon The heat source was then

' replaced and the temperature was maintained at 120°C for 90 mlnutes "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 .
“-resin and crosslinker had been achieved, Components H were then added and

: stlrnng was contlnued for a further 20 minutes.

: [0043] ~ In a separate vessel, Components | were heated fo 40°C The "

. resin and crosellnker solution were then added under rapld agitation. One hour .
B later, Component J was added. The resrn dlspersron was allowed to cool to

betow 30°C before stirring was stopped.

C o o . Example2 - _ |
[0044] Electrodeposrtable coatings 1- 19 were prepared usmg Resm
: Samples 1-18; respectlvely The coatings were prepared by one of the followmg ,
' 'lmethods as mdlcated in-Table 2. — . o
_' [0045] .. Method 1. Aresin drspersron prepared at 23-40% non-volatlles by
/ welght was charged toa plastlc beaker and agltatron was commenced usmg an:
high -lift blade.. A solvent blend comprised of 25-100% 2-hexoxy ethanol, 25-
100% 2- butoxy ethanol, and 25-100% 2- -butoxysthoxy ethanol at a level of 5-
20% on resin solids was then added while agltatlon with the high-ift. blade
‘ cont:nued After 5 minutes of stirring, deionized water was then added slowly to
) the mixture under continued agltatlon Drlutlng the dlsperSIon wrth delonlzed "
: water to 10-15% _non-voletrle material by weight yl_elded a coating bath with
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,[004¢1 OO0 rMélhoE 2) A mstln:d(apavswn prepared ath;@Vqﬂon-voIatﬂes by
weight, was charged toa plastlc beaker and agitation was commenced using an
“high-iift blade. Deionized water was then added slowly under continued
agitation. Diluting the dispersion with deionized water to 10-15% non-volatile
material by weight yielded a coating bath with viscosity less than 50 cps'; pH of
4.2-4.9, and conductlvrty of 300 to 500 microsiemens. The 10- 15% solids bath
exhibited no visual signs of particle flocculation or agglomeratlon _
[0047] Method 3. A resin dlspersmn prepared at 23-40% non-volatiles by
weight was charged toa p!astlc beaker and agltatxon was commenced usmg an
hlgh-llft blade The: dlsperSlon was diluted W|th delonlzed water to 10—15% non-
volatile material by wexg’ht. Subsequent addition of an e_poxy resin dispersion*
in the-amount of 5-10% nqn—volatiié material by weight pn, resin solids followed -
by addition of 2-but6xy éthanol or 2- héxoxy ethanol or 2- butoxyethoxy ethanol,
or 2-butoxy-1- propanoi in the amount of 5-20% on resin sohds to the ex1st|ng
palnt bath yielded a coating bath with wscosﬂy Iess than 50 cps, pH of 4. 2-4. 9,
and conductlwty of 300 to 500 microsiemens. The bath exhibited no v:suai .
signs of partlcle f_locculat.lon or agglomeratson. (*Prepared as descnbed inU.S.
Patent No.4,715‘.,898, Example 4, excepf that thé prqpyle.ne__glyco'i-monqputyl
ether was replaced with a 4:1 by weight mixture of propylene glycol butyl ether
and prppylene glycol methylv_ether and thét sufficient deionized water was addéd
to reduce the solids content to 30.6%.) R |
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Resin Sanples 1-6 and 8-19 were prepared as foll ows:
Conmponents A were charged to a flask fitted with a -
nitrogen inlet, stirrer, condenser and thernocoupl e.

[0048Tpone eéﬁé%&&@ﬁ&é&é@é@%ﬁéﬂ@%‘ {45 ralchip materal
oy IBE! St b4 o sl o e B soniuing
agitgﬁdgHu:\!ﬁg\ J?n i\m—gﬂﬂﬂ%@jsm@eﬂwﬁmo’éﬂnﬂm ethanol or

_ S. .The remai nder of Conponents- C wF{e'
2-hextsiedetaan! abachutbxyethoxy @thancloomn2-mity-i zprepanol (or

.~ Through these stage ft thaN. . . I :
mongaikypraPBRaT SsErted 3 RER PG’ op B qHABED|f e amount
L9562 ' Y dttyidlddtbatooatiegdathavith -
of 5, 8070 [ YRS JB RS Bl A B e o comiegainan
visdositgdéss tramob0 fopsipHonfpb.2eh 05 andeandustividy of 888400
. tenperature was, bel ow 1Q0C the renmi nger. ;
microsiggess. fhe BatheeEas NG viste! ﬁ!ﬁé‘st‘ﬁ&?rﬁéﬁﬁ@c@g@%&r
rature was adjusted to 85C. This tenperature
agd@@?%ai ned for 3'/z hours. Conponents F and G
were then added and the tenperature raised back to
85C. Once'a honogeneous solution of resin, and
crossl i nker had been achi eved, Conponents H were then
added and stirring was continued for a further 20

m nutes: [0040] In a separate vessel;, Conponents V
were heated to 40C., The



Teble 2

resin and crosslinker solution were then added under

rapid agitation. One hour Ilater, 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 are28i-ven in-Table 2.

[SanptE 17 S—prepargd @Esypt ()/\/S|I Ul4aj pPNents [A
gfre chiargeld tolalfljask fittrd|with a nithogen inlet|,
B 1 [T 6T Copftighg R~ 4ifui TeffpepupT € [THe [efper af ufe™ {717
owas| i hcf epsied| umnti|l | rif | uk pegan. | Cdngonlent s| Bl wer €
Lthen pddefd jat|al uniffofnirate over|3Q jmjnu e$.$§fter
Ea fuhes (30 6 tias Compnpals [ f < Wer [ alsig
B ol B [ e B s s B sk 2 5
1) 0% | [LpmQnien C WE{ & adfied- |over 5
I esis Thig [=ifi(gder (]2 Co[@i@en(S |€ |[RefSe Bverlg -
b miputes 30 mihutes. [l ater| Thrioughi: :
: t ekl @adki [enle khe gEpetatiyr|e j ugeed |= -
¥ ‘Etotﬁrbt?e%n%'ﬁ:%st ai1ﬂre15Fl, A N
E lg-ce%/% 2 aBdeid fhd P‘i‘te'l@i a%u % |3
5 o |[Hopdts |doslis 11 nd &n be >
- The[tenperatjurg TN edsed{tq 42 the [
4 ¢ Lepeldan. («TRe|dhealy $our ¢ |was, fh g =
anfl" "Thé™ tlenpelatur el was T Cplbd fal
M nut es. | The | tenperatule slfqen r to |,
| Conpohent 4 H apd| G wer.¢, then -ladde fie |5
g [ urel af] ustled tp B5C ce Ronogen -
B of| .| #egqin apdjcrofslinke¢r (had pe
8 dsnpoienes 3wt e the¢h adddd |&EnfF ilng |~
rnued[ Tor [a ffufther PO{m nlit 4s.| [ PO a
g h ve%s%_.,g(@g'goyg@gs g \ere ;begt‘gdgt 1®he |=
gF o655tk sot-tt+erwere—then—pd et
= gitaltipn] Onechpufn . .$é$er,ncﬁzhpmg_ & |e
The eEih—di-slbel sion—pad—at-eded—+p :
OC:bbforé stirr ng was st-opped. |[Expn S [
|l ecltr p-{'Qif.a’ﬂ b _coatinas 1 1\] W I oes) .
Si e fls L9; spectii, val |l he i ngs
|| E}ga‘rmo i (‘lﬁap%n' L'%P‘ ﬁl?nmiﬂ © k “ha 0
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water to 10-15% non-volatile material by weight
yielded a coating bath' with -23- viscosity |ess than
50 cps, pH of 4.2-4.9, and conductivity of 300 to 500
m crosi emens. The 10-15% solids bath exhibited no
visual signs of particle flocculation or

aggl oneration: [0046] Method 2. A resin dispersion
prepared at 23-40% non-vol atgd es by wei ght, was
charged to a plastic beaker and agitation was
commenced using an "high-lift blade. Deionized water
was then added. sl oWy under continued agitation.

Diluting the dispersion with deionized water to 10-15%
non-vol atile materi al b&@ﬂ@ﬁ—yi el ded a coati ng

gﬁggcdm'nlh ibLUST‘\?’ éﬁ%‘s :)nan ibu Cp%}on&éhﬁ’ﬁtuﬂ z . Time

onduct]i vity. o mi_Crosi enens.

Ultrd8oriB% S ol 1|GSLTRABOAKHRSIY ed | 95 byakin BLIgmterf 120 seconds
cledidrg i cl e flioccul ation or agglgneration. [0047] Methpd =~

Rinse A Tesi N hSBREehWRBF cPar ed at 23-40% non-vol at i Beseconds

Andglic pREREY ERahnCRT41 TR T Wﬁf fﬁ ﬁggﬁf}; o g |

The— ngnarcnnn_ wae i luted—ﬂ tCI 7

R"Be) 1"_!0/0_[1!')['1 nﬂpﬂzﬂa at . by el nhf 30 Seconds

Acidglganing) of %H'fmdremn di CerYn‘fd in BJ. W@igﬁ;: 30 seconds

[Rinsé 5A 0% ndrDeiohtzediveatant eri all by wei'ght on resin | 30 seconds

. solids foltowed by addition of 2-butoxy ethanol or
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on e o8
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N a coatl ng VI scosity | ess
to ﬁdremrﬁﬂamm;stamb@fesmngas dgscaibeddm Mﬁi{BHMA/AdeGd@eZQQD

Amgiopaatoral SIEkE VARSI S Pitihed Ryiatgahthe

~ American National.Standard lnstltute New York. The results of this testing are
given in Table 2. Comparative panels prepared and-coated with ClearClad HSR,
‘available from LVH Coatings, Bifmingh_am B46 1HT England, did not pass one

. cycle of the‘per.'spiration resistance test. |
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Exanple 3 Step Material Concentration Tinme Utrasonic
ULTRASOAK 127 5% by vol'in D.1. water 120 seconds

cl eaning Rinse . Deionized wa28r 30 seconds Anodic
cl eani ng Cl eaner CB141 CBS 6V, 50 Alfe 60 seconds 5%

i i .l. water Rinse Deionized water 30
W@ELAWEBCIISéam ng Sul furic Acid 5% by vol in D.I.
wat er 30 seconds Rinse Deionized water 30 seconds

"' Conmer ci al Ily avai l able from Hubbard Hall Inc., 563
Sout hl-Leorfsit glesiredenositallecganting comnostion; comprizd®ms. 17

Conmer ci al [ : a—g;rp%r I . ;
Sout h Leonéaﬁéd@%@ 0 Lﬁ?‘%@%{%ﬁ)ur Y, f&nn&?é%ﬁrtfu%cg%ﬁg! acrylic
18 Cawmwierandl |y avail able from Fi sher Scientific,
Pittsburg Pennsyl vani a 1527 0049] Poli she el | ow
brass (CD. )296%'55]“96 We‘?ﬂ”??é%?ﬁ/k‘hﬂ(}ﬁé’%r‘i\?& 5["553@?'}/”3000

El m Sthérein 56pblcant orl §reater OF 234 citeslinker 54 theriso@f@drate trimer
according to Table 3, then el.ectrophoretically

coat ¥ isgrherenediisacyandte. pai nt' of Table 2 using a bath
, t £ 20- , . .
AR o0 ol A oty st

rinsed with deionized water and cured by heating in an

el ectric en_at. 320F for.30 mnutes to cross|i.nk. the . .
ol yifer _col HEnBpRGRion gL Eovacta BRTatBs Réiety s
derhvadifesm ahsulforiupd sgienel s were neasured using a

Fi shersoope MVBE instrunent. The coatings-were visually

smoot h, clear, and had high gloss and distinctness of
| Mge3 . The coating composition of ¢laim 1, wherein substantially all of the

crosslinker is the isocyanurate trimer of isophorone diisocyanate.

4, The coating composition of claim 1, wherein said coating is not

transparent.

5. The coating compaosition of claim 1, wherein said coating is
transparent.

6. The coating composition of claim 1, wherein said cationic acrylic resin
comprises styrene moieties.

7. The coating composition of claim 1, wherein said acrylic resin
comprises ethyl acrylate moieties.



[ 0050] The el ectrophoretically-coated and cured panels
were then subjected to perspiration resistance
testing as described in ANSI/BHVA Al 56. 18-2000,
American National Standard for Mterials and Finishes,
avai l able fromthe Anerican National -Standard
Institute, New York. The results of this testing are
given in Table 2. Conparative panels prepared
and-coated with O eard ad HSRZS -avail able from LVH
Coati ngs, Birm ngham B46 1 HT Engl and, did not pass
one cycle of the perspiratiaqgn resjstance te

] . t. -27- .
[0058t wnéfrh?e@qyagtqoermogﬂloerﬁi@hﬁ'weht@%ﬁmﬁﬂ@ acrylic resin
' s Q4D ' above for purposes of
‘%W‘ﬁrge?g?‘%@ﬁ'?ﬁ%ﬁ'ﬂ@%c@?@gﬁt to those skilled in
the art* that nunerous variations of the details of

t he esent | [on. . i i ng
fromine P ERETEIeaBERE RRITB RS motshisp hrtiRiid, na

- 28- WHAT d) @ datibhidderiif redin deriveddram fad@_;mytfmdtienlal_ acrylic
coating copposition conprising: a catiopic acrylic
Fosi 11o88; WHBEP fnshralio BRipty [ athadforshomud it
and b) gr - i VSHeOsoBPArTERB!
crossli nkgﬁﬁl%%sgpgﬂﬁgbee%g?&gg%ogﬁogr eate? gé t he
crosslinker is the isocyanurate trinmer of isophorone
diis an j Loht : '

ol i dhei ane SR ZompRRl e o BRI RS whereR B eglind ¥
tearsplarentconposi tion of claim 1, wherein the cationic
moiety is derived froma sulfoniumsalt. 3. The
coating conposition of claim1, wherein substantially

al | of1.t herngCeitinli cdkositont AT AiF0T Wasrer thetisddyanurite
I sophorone dilsocyanate. 4. The coating conposition of

GArBpises, graaler than enequal a2 weighd peseent(of Hheseratingrcomposition.
The coating conposition of claim1, wherein said

coating is transparent. 6. The coating conposition of

cl ai m2l, \iffer esatingaiothpsiticofclaior 9, whereirsthe isocyanurate

SORBHG35o S P TR 30 o G B EFPBEEHRBtion

ethyl acrylate noieties. -29- 8. The coating
conposition of claim1, wherein said acrylic resin

conpriXes ThenseptiogaamRasitiesr gfi il foplrreirsthegsogygnurate
&RSiLRAGRIR HR 6r SQR 1S 80 SIBATrEH Ff WP ES g omposition.

14.  The coating composition of ¢laim 9, wherein said coating is

transparent.

15.  The coating composition of claim 14, wherein the isocyanurate
comprises greater than or equal to 20 weight percent of the coating composition.

16.  The coating composition of claim 14, wherein the isocyanurate
comprises greater than or equal to 30 weight percent of the coating composition.



a) a cationic acrylic resin derived froman epoxy
functional acrylic resin, wherein the cationic noiety
is derived fromsulfoniumsalt; and b) the

i socyanurate trinmer of isophorone diisocyanate. 10.
The coating conposition of claim9, wherein the
coating is not transparent. 11. The coating
conposition of claim9, wherein the isocyanurate
conprises greater than or equdP-to 20 wei ght percent
of the coating conposition. 12. The coating

conmpagj ti of claim9, wherein.the isocyanurate

conp r‘IiS"s es Olné}eecaaiupg tcﬂﬂ?Poéft'o&fg é:ra"[“oﬁs dV%ﬁé%BﬁHe [Rocyanyrate

mrives R ahteR tharPomRfidl tPB9 welght pERcertt @fttieébating composition.

conposition of claim9, wherein the isocyanurate

conprises greater than or equal to 39 wei ght percent

of t cogf | &fﬂp [ ; Y ' Qi iti

conpgig't [ ﬁw of ¢l ai %Féé:’ir‘o\%ﬁ%t;n]ecf% sgglﬁr g’g%?rﬁﬁrés'?% electrodepositing

an teespidpstrate thiéxoaling coowbsitignod cl@init.i on of cl ai m 14,

wherein the isocyanurate conprises greater than or

equal to 20 wei ght percent of the coating conposition.

16. H® coRhiditbdRimehstiocoatiny a elibstratéicomprsing eldctredepositing

i socyanurate conprises greater than or equal to 30

Qreihgrrubskatethe cortipg soppasitio &AMt on. - 30- 17.

The coating conposition of claim 14, wherein the

i socyanurate conprises greater than or equal to 39

wei gh0. perfdentoatingtdoenpasiticnraf daimpbgiomprising gr@atex than or equal
od for electrocoating a substrate, conprising

@ﬁ%ﬂW?@thﬂgﬁpfﬂasggﬁePhe substrate the coating

conposition of claim1. 19. A nethod for

el ectrocoating a substrate, conprising

el ectrodepositing on the substrate the coating

conmposition of claim9. 20. The coating conposition of

claim11, conprising greater than or equal to 39

wei ght percent crosslinker.



