ELECTRODEPOSITABLE COATING COMPOSITION CONTAINING A
CYCLIC GUANIDINE BACKGROUND OF THE INVENTION Field of the
W EHIH1049001] The present invention is directed towards ag\-r/us2008/072425
electrodepositable coating composition comprising a cyclic guanidine
Background Information [0002] Dialkyltin oxides have traditionally been
used as cure catalysts for electrodeposition coatings. Dialkyltin oxides,
hEVEEPROBERBSAMBI R EEATIRG Elém%éﬁféﬂudﬁﬁﬂfﬁﬁﬁﬁtﬁt!@ﬁ%c
various countries due to environmental concerns. Therefore, bismuth
been used with increased frequ%“ggmg cure catalyst for
electrodeposition coatings in lieu of dialkyltin oxide. There are, however, a
number of shortcom@gé@é%i%&%dd#iﬁ s@m#%w as the cure
_catalyst. For exampl Ve catalyst for various
FieldeoitioRiBeslih compositions when compared to dialkyltin oxide.
[oobiarewer. sharghman aeisesiantravalaiiiiiissuas assortalksbaiblesttting
Comlsm%r}] as a cure catalc\//;%t in eEnlelfuture Accordingly, there is a need for an
GREFHENIVE cé’ra?yﬁ orise fnan er]ectrodeposmon coating. Moreover,
BaghareuirddRiermatien) for an electrodeposition coating that is substantially
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is directed to an electrodepaositable coatlngﬂcomposnlon comprising a
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if prefaced by the word "about", even if the term does not expressly
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shetmonmpasssiteinsd guilbuesiggivaEsnts andheicereersalyisor Iémaexpmméa blsmuth
is %YQ#F Q“Pe@?'@ﬁecﬁveo%{fé]%t %r%gﬁéllek@(e&%%%ér%ﬁercﬁ ! when

refers to one or more of these components. [0005 hen referrlng '[O any

COmPRREMidRl FRGEtBr 0XkRs, M?éﬁor@ﬁgé?éﬁemlﬁ%’dé%t%ﬂ R %‘Héfh'ssues
asmuhmzemythumb@mndddr fractionrdetiayn thehstdtadeanyondmgynthargdis a
neéﬁ% 'Hné?@%%’é sm'f&r%@ﬁr@neéa@a&oaﬁmogrw IRHOBSver, there

th ereo refer roa tO a material having an average of two or more

is HSRIARGPEIBURS ?J@?WHSMIBO neeRiNoAbaldeauReiiHan & e8rRh Bholymer
refers broadly to prepabviVIB\RY I GITTME axivEDOtIORDMopolymers and
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CO@I@L&W@QM@JI?&%@@@Qﬁng composition comprising a cyclic guanidine. It

will be understqggﬁha_tE'llmmjngbrmsgjp PHOMPEWTONoiety, and/or

e having the, foIIo neral structure: (I) R1'R NN Il R4

100or 5 LER BPre Fo1eRS ST HBS PR SRR SLAKTRS B4
thaseraxpisedingivalyes, (ayoks)akyduaiy/hraecetiages gamobestdiiasaif prefaced by
theOWB/r@eéﬁoﬁVU%%rﬁ’rqh@gﬁmedo%%%fﬂr@k&%goﬁﬂﬁéala%o@o@&aftogﬂaufa be

structure, and wherein R1, R2, R3, R4 , and can be the same or
nolgrdhahPlua! JeHnsardiRr F(Wé%ﬁa?l?ﬁf“%?&% e BRRHIRN SHVARIEA A vice
velddheh@angxafmple, Rajroyglis ‘Gogaties, can fotymar(clgtoladislihkarylasshaior other
corﬁwﬁ@%ﬁ&é‘r’é‘{fb ShisdPRRAL H1ahanyHHBREARENT R groups are connected

to form a cyclic moiety, such as the rings in structures (ll) - (V) below.
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to beluieadite aatlxvemtaombed éha/antrmamm/a@attmc@atetechnge minimum
and HEEHE En(I) may be located between the carbon atom and another

nitrogen atom of structure (I). Accordingly, the various substituents of

lﬂﬂ%hctﬁ%e(woiﬁmsﬁdéee&radﬁ@dmrﬁehéﬂt pithGGaHengdperagihtpiers\tieadly to a
mallaAlaubIegRealis dgeuedavihinoaen sirasiiErolipl Hat Hdeetain
embodiments, the cyclic guanidine comprises the guanidine of structure (I)
wherein two or more R groups of structure (1) together form one or more
rings. In other words, in some embodiments the cyclic guanidine
comprises 1 ring. For example, the cyclic guanidine can either be a
monocyclic guanidine (1 ring) as depicted in structures (II) and/or (Il1)
below, or the cyclic guanidine can be polycyclic (? 2 rings) as depicted in
structures (IV) and (V) below. (II) R3 R4 R2




R1nN--RS , 4 R7N/ R6 R3 R4 R2 R1-4 ibN R5 N- R6 R7 R3 R4 R2R5
R1fl-Re R3 R4 R2R5 R1N [ 1 R6 R7 R8 R9 [0011] Each substituent of
weBHebaresddl) and/or (Il1), R1 - R7, can comprise hydrogen, (pygl@)alkodn72425
aryl, aromatic, ogranometallic, a polymeric structure, or together can form
a cycloalkyl, aryl, or an aromatic structure, and wherein R1- R7 can be the
same or different. Similarly, each substituent of structures (IV) and (V), R1
9, r ogy, t
e BB B R Sllamers
an@i@etmhemﬁqwene%ﬁ%@lwwssﬂbsbpeiﬁféeemtqq@iébmprﬁfgbméy refers
to ®rBlediarents of structures (I) and/or (llI), certain combinations of Rl - R7

y be part of the sa rin Str cture For exg 1 an
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and/or (V)) can be chosen so long as the substituents do not substantially
interfere with the etalytic activity of the cyclic guandine. [0012] In certain
embodiments, each ring in tRé-cycliBguanidine is comprised of 5-
members. For instance, the cyclli¢ guanidine may be a 5-member ring, a
6-member ring, or a 7-mB&mber yiRg. As used herein, the term "member’
refers to an atom located in aNing ucture. Accordingly, a 5-member ring
will have 5 atoms in the ring stgictups("n' and/or "m" = 1 in structures (ll) -
(V)), a 6-member ring will have 6 atoms in the ring structure ("n" and/or
wheein-eaeh g Rtufde (9= ) Rantd & 7sHksHiBRMAIR) HiTiuFe (Wat8mEqmprise
hydiey sng(Sfolwtukel (4nylaadionatio)’ otg’hrrbstemﬁur%p(dlymé\oi&) dirwsililee or together
caﬁp&mg%fc?o%@ 'L&P‘? 8¥%i$a9891 iru%tﬁ? BR3S el R R4, and
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s
structure e number of members in each ring of the ¢y
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cydv@aqfivevmgm ey rmgwhriegtm wh‘&fgmn@h lFerm axcenea)amyringyl|fand/or
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nder tood t rtain embodiments,of the ¢ anidjpe the
ca TSRS SRR Ty B S g ocated
bet'sitmhtiae tasbero aMor@odeanirihen midr egeib atimeritsirtducy dlic dicsnidingly, the
varfétis aiibsy; tD@n%JQfSHM@th@r Wﬁ@tﬂiﬁghg&f&&ﬁ@@ﬁ rﬁtﬁoﬁeﬁg clilé‘ﬁf@r'i@iiib on
nctio th the clic e, substituted in certain
whgm#é B’il ?8%\%?va&e i 6 ?iﬁﬁ H%\'/Wierein R5, R6, and/or R7 of
[001ﬂhcﬂnrese(ta)rarmeocjlIti)eatsd/diiieRwaistrgimumse(lvorapdses (YReisgwahidine of
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‘unsubstituted”, in certain embodiments, refers to a cyclic guanidine

ringsheliAtRel WPW%f'%tﬁSthSr@g‘?ﬁ?'ﬁiﬁ%rthﬂ)céiﬁiﬁ&uﬁ'ld"ﬁ@BFWﬁ%&res ring.
Fof ' e} ammol&grifeé) ¢gdiigdgogeidink sameitestbioslimerdsotheisunstitigied ¢yaliag) as
de&i!%'a'iii%tr dﬁré (RGP r}fB%h‘&ti @qﬁg'&&i%egJQ%%'EQ?B&?&QCMC (=2

surprisingly discovered tha e cyclic guanidine Ts itself a catalyst
r'”%ﬁrﬁﬁg"@&t%@%t}‘ﬁF%ﬂéréithfb@EbGQit%Pé"coating composition.
Accordingly, introdyction of a cyclic guanidine into an electrodepositable
coating composition can reduce and/or eliminate the use of metal
catalysts, such as tin and/or bismuth, in an electrodepositable coating
composition. [0015] In some embodiments, the cyclic guanidine of the
present invention is used in combination with a metal, such as a metal ion,
which can be added to the electrodepositable coating composition. Metals
that can be used in combination with the cyclic guanidine include, without
limitation, bismuth, tin, zinc, zirconium, titanium, manganese, tungsten,
yttrium, molybdenum, lanthanum, coBalt, cerium, magnesium, or
combinations thereof. It is noted that the oxides and/or salts of the metals
recited in the preceding sentence as well as an organo functionalized
material comprising one of the metals may also be utilized in the present

invention. Moreover, it will be appreciated that some of the metal species
are themecelvacec catalvvete and therefore act ac a3 co-catalvvet with the



[0018] Electrodeposition baths are typically supplied as two components:
(i) a main vehicle and (ii) a grind vehicle. The first component (main
WERISRFR] be an unpigmented resin feed which generally GMRF SESRA72425
resin blend. In certain embodiments, the resin blend comprises (a) a main
film-forming polymer (e.g., an active hydrogen-containing ionic salt
group-containing resin) having reactive functional groups, (b) a curing
agent that is reactive with funﬁgon ,groups on the film-forming polymer,
and (c) any additional watgp-dispgrsible non-pigmented components.
Wide varieties of main fil -mﬁi ohRBers are known and can be used
in the electrodeposition baths of thg invention so long as the polymers are
"water dispersible.” As used h,é\‘eTrZ"water dispersible” will mean that a
material is adapted to be sdtdbilized Nlispersed, and/or emulsified in
water. The main film-forming polyprs used in the invention are ionic in
nature. Accordingly, in some embodiments, the main film-forming polymer
is cationic. In other words, the main film-forming polymer comprises
cationic salt groupgligenerally prepared by neutralizing a functional group
on the film-forming polymer with ag, acid, which enables the main
film-forming polymer to bepgpjecifrgdeposited onto a cathode. [0019]
Examples of main film-fogmning 4#0 Suitable for use in cationic
electrocoating coating compositiong include, without limitation, cationic
polymers derived from a ponebbTiie, an acrylic, a polyurethane, and/or
polyester, hydroxyl group-containing\vol#ers, amine salt
group-containing polymers, or coigbinations thereof. It should be noted
that in some embodiments, that main film-forming polymer is a
copolymers of the polymers listed in the preceding sentence. [0020]
Accordingly, in somg embodiments, the main film-forming polymer is a
cationic polymer (cationic resm that is derived from a polyepoxide. For
example, the main film-forping Rofymer ggn be prepared by reacting

together a polyepoxide g a oxYIRoup-containing material
selected from alcoholic ﬁ?} ro grnéuj -d@ntaining materials and phenolic
hydroxyl group-containing matexT mrextend or build the molecular
weight of the polyepoxide. RS will be Nscuaged in greater detail below, the
reaction product can then be reacted with a cationic salt group former to
produce the catiohfe polymer. [0021] In certain embodiments, a chain
extended polyepoxide typical3s prépared as follows: the polyepoxide
and polyhydroxyl group-cdnéainj al are reacted together "neat" or
in the presence of an ineR e as a ketone, including

, aromatics such as toluene
and xylene, and glycol ethers such agjhe\dimethyl ether of diethylene
glycol. The reaction typically is condutted RPa temperature of 80C to
160C for 30 to 180 minutes until an epoxy group-containing resinous
reaction product is obtained. [0022] In some embodiments, the equivalent

ratio of reactants (La, epoxy:polyhydroxyl group-containing material)
(0013 B UL LSS0 R U e GO RS thsoen.
(cypblatindidg, picelic, hes atdeasl v hehepoiy raips, Dheoggibry can form a
cyGORRPUAYE By e SRR IeH Rt itas A AR GHCHG ORacKsichalipRaligme o

_alicyclic,_aromatic or heterocyclic. Moreover, the epoxy compounds may
diffggRthin S eARCRRPSLYRNLGE T HF&?yl(,'\A)n&'é‘{h@Pgr%bpg. TS0z e
hydtzgenplekybf polyepoxiaies ageathtqﬁetdﬂﬁw,ir@@l&rﬁedpc_stguemmyaiemgether can
forflf %%%léﬁ@&l?&ﬁl?!?%ﬁ’{ Armndfetinaaienx s ahich have op AKeH0& me

two epoxidé groups per molecule. Suitable polyepoxides include _
or GHigErPEiayYIRRYE o H MG AEBRBRBIES G P HEYER: Yo And!!). certain

polyglycidyl ethers of polyhydric phenols such as Bisphenol A. These

polyepoxides can be produced by etherification of polyhydric phenols with

an epihalohydrin or dihalohydrin suct¥ as epichlorohydrin or dichlorohydrin

in the presence of alkali. Besides polyhydric phenols, other cyclic polyols

can be used in preparing the polyglycidyl ethers of cyclic polyols.

Examples of other cyclic polyols include alicyclic polyols, particularly

cycloaliphatic polyols such as hydrogenated bisphenol A, 1,2-

cvelohevane dinol and 1 2-hielfhvdrovyvmethvievelohevane [O0O2K8]1 In




[0040] In addition to the primary, secondary, and tertiary amines disclosed
above, a portion of the amine that is reacted with the polyepoxide can be

wo keiuEI6.ef @ polyamine, such as is described in U.S. PateppiNes2008/072425
4,104,147, column 6, line 23 to column 7, line 23. The ketimine groups
decompose upon dispersing the amine-epoxy resin reaction product in
water. In an embodiment of the present invention, at least a portion of the
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erived from the reactio etimine-containing compoun
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|n '[ e com ition 0 e resent Invention hese resins
SO éﬁﬁ&tﬁ%tﬁ%@ﬂhé@l@*‘&é’&fﬂﬁhéﬁ@ﬁ@%%&erﬁ witg, tb%\féﬁ%w@sact'v'ty of the
cyéﬁﬂ@@aaaﬁ@,nd 3 959,106. [0042] Suitable active hydrogen-containing,
|on|c s c nta| in sms ca mclu e copolymers of one or.
00 S e SRR o SR ATIE S e, Ry D Le' > &
me\mmr@neF@rlmecgmbqe pWM@mﬁylbm@mam@amr@Qea 6-member ring,
or BPIESHS: %tah?@wlm&%smé asrmlimmtgr et redNligditbeated in a
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str@Qronitrgrans (methagvdenitiiRevinyLangd) vm&@mmwsﬂﬁ chipave 7

vinyl chloride and vinylidene Iuorlde nd vin Iest
AU ABRISHG AR o o AR EHERI L AHLLp appreciated
thatnib tereyclic goaradineiylioaidsdenet®) Zcripiis deid ostaushyesdd))iterdiio), the

nufBkh BRHRImBEHE B 8BRkl GidCo0isIBRIIE BGKkhIMAY RerleRAe\BAIdRe same or
functiopal monomers includin é)yj? rylamide, meth acylamlde and N-alkyl

diftgr iR P RTRIG 2RI SRAJBEYARE ALELIRANEY. WARyRilBIRg fEher ring may be
a scompobadsguch He stycknguandineys wioeniseshof edusegs sthéonig addition to
the i3l HRBRIP IeoapAlRR; ﬁ%%‘éﬁ@ﬁ@eofﬁé%@%@%f ﬁéﬂ%é&%'&eﬂst ring

0043] Functional rou s such as hydroxyl and amino groups can
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theasytlicdyoayalicgl acrylates and methacrylates or aminoalkyl acrylates and
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groups) may e incorporate |ntot e acrylic polymer by usin tional
NitRRSTORAHITS Sfi KRS ity Q@r??&'té“éﬁ&%%‘fﬁé’&?%@a mes attached thereto.
Mooy c)ic| aaey|smatioyltheats) aneylafelic guanidine can either be substituted or
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ternatlvely epOXI nctlona groups may be incorporate
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nydRsEH The servlicnolymer san.Be RreRared by ediisnal e adieghuear, i
Yiniated polymerlzatlon tec?lrhques Stich 2 softion of emulsio
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B“eém@d%ﬁﬁ)&%b%rc%“B@&FHB@&%HQ&% %Hl%d?r@o‘-iﬁﬁéémé%”“%cordmgly
include those resins deslfgbed in U.S. Pateat Nos. 3,455,806 and

'”“@ o5 9" RGABIASURRRTEARIR @Rl RARS RRIiARAHBY SRS RAgion can
also be derived form a polyurethane. Among the polyurethanes which can
be used are polymeric polyols which are prepared by reacting polyester
polyols or acrylic polyols such as those mentioned above with a
polyisocyanate such that the OH/NC® equivalent ratio is greater than 1:1
so that free hydroxyl groups are present in the product. Smaller polyhydric
alcohols such as those disclosed above for use in the preparation of the
polyester may also be used in place of or in combination with the

polymeric polyols. [0046] Additional examples of polyurethane polymers
<cintabhle for formina the active hvdroden-containinAa cationic nolvmer



primary and secondary amino, including mixed groups such as hydroxyl

and primary amino. In some embodiments of the present invention, at
wW63shdPRigion of the active hydrogens are derived from hydrpyheiidRe72425

comprising phenolic hydroxyl groups. In some embodiments, the main

film-forming polymer has an active hydrogen content of 1 milliequivalents

of active hydrogen per gram of resin solids. In other embodiments, the
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liequivalents of active hydrogen per gram o resin solids. In certain
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embodiments, the mlllle? Ivalents of cationic salt group per gram of resin
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electrodepositable coating composition comprises from 0.1
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present in the electrodepositable coating composition. In some
embodiments, the weight percent of the main film-forming polymer in the
electrodepositable coating composition ranges between any combination
of values, which were recited in the preceding sentences, inclusive of the
recited values. For example, the main film-forming polymer is present in
the electrodepositable coating composition in an amount ranging from 50
% to 75 % by weight based on weight of total resin solids present in the

electrodepositable coating composition. [0063] In some embodiments, the
main film-formina nolvvmere can bhe celected from cationic acrvliec nolvvmere



[0083] Alternatively, trimellitic anhydride (1 mol) can be reacted first with a
glycol or a glycol monoalkyl ether, such as ethylene glycol monobutyl
wthgolgRgR0lar ratio of 1:0.5 to 1:1, after which the product isallgusaekl9r2425
react with 2 moles of glycidyl esters of branched monocarboxylic acids.
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or three carboxyl functions per molecule) or a mixture of polycarboxylic
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pigments of, for example, iron oxides, strontium chromate, carbon black,
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some embodiments, the pigment composition can comprise effect

pigments such as, but not limited to, electroconductive and/or photo

chromic pigments. The pigment contént of the dispersion is usually

expressed as a pigment-to-resin ratio. In the practice of the invention,

when pigment is employed, the pigment-to-resin ratio is usually within the

range of about 0.02:1 to 1:1. The other additives mentioned above are

usually in the dispersion in amounts of about 0.01% to 3% by weight
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[00106] The electrodepositable coating composition of the present

invention can be applied onto a number of substrates. Accordingly, the
woyesNipyention is further directed to a substrate that is coajeqd @blRamb2425

in part, with the electrodepositable coating composition described herein.

It will be understood that the electrocoating coating composition can be

applied onto a substrate as a monocoat or as a coating layer in a
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composition of the present invention is utilized in an electrocoating layer
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electrocoating layer which results form the electrodepositable coating
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thedﬁﬁh@ﬂlé@*é?ﬁis disposed between the electrocoating layer and the base
coat layer. In certain embodiments, one or more of the topcoat layers are
applied onto a substantially uncured underlying layer. For example, in
some embodiments, a clear coat layer is applied onto at least a portion of
a substantially uncured basecoat layér (wet-on-wet), and both layers are
simultaneously cured in a downstream process. [00111] Moreover, in
some embodiments, the top coat layers may be applied directly onto the
electrodepositable coating layer. In other words, in some embodiments,

the substrate lacks a primer layer. For example, in some embodiments, a
baceacrnat laver ic annlied directlvy onto at leact 3 nortion of the



Bisphenol A 402.83 Methyl isobutyl ketone 168.60 B Ethyltriphenyl
phosphonium iodide 1.45 C Crosslinker' 961.62 D Diethanol amine 18.94

wo Rikaiimniees 97.64 F Butylcarbitol formal 294.91 Methy! isqleyty)668/092425
92.34 G Epoxy additive4 790.10 1. Epoxy resin available from Hexion

Specialty Chemicals

[0027] Examples of polyhydroxyl group-containing materials used to chain extend or
increase the molecular weight of the polyepoxide (i.e., through hydroxyl-epoxy reaction)
include alcoholic hydroxyl group-containing materials and phenolic hydroxyl group-
containing materials. Examples of alcoholic hydroxyl group-containing materials are
simple polyols such as neopentyl glycol; polyester polyols such as those described in
U.S. Patent No. 4,148,772; polyether polyols such as those described in U.S. Patent No.
4,468,307; and urethane diols such as those described in U.S. Patent No. 4,931,157.
Examples of phenolic hydroxyl group-containing materials are polyhydric phenols such
as Bisphenol A, phloroglucinol, catechol, and resorcinol. Mixtures of alcoholic hydroxyl
group-containing materials and phenolic hydroxyl group-containing materials may also
be used.

[0028] The main film-forming polymer can contain cationic salt groups, which can be
incorporated into the resin molecule as follows: The resinous reaction product prepared
as described above is further reacted with a cationic salt group former. By "cationic salt
group former" is meant a material which is reactive with epoxy groups and which can be
acidified before, during, or after reaction with the epoxy groups to form cationic salt
groups. Examples of suitable materials include amines such as primary or secondary
amines which can be acidified after reaction with the epoxy groups to form amine salt
groups, or tertiary amines which can be acidified prior to reaction with the epoxy groups
and which after reaction with the epoxy groups form quaternary ammonium salt groups.
Examples of other cationic salt group formers are sulfides which can be mixed with acid
prior to reaction with the epoxy groups and form ternary sulfonium salt groups upon
subsequent reaction with the epoxy groups.

[0029] When amines are used as the cationic salt formers, monoamines, hydroxyl-
containing amines, polyamines, or combinations thereof may be used.

[0030] Tertiary and secondary amines are used more often than primary amines
because primary amines are polyfunctional with respect to epoxy groups and have a
greater tendency to gel the reaction mixture. If polyamines or primary amines are used,
they can be used in a substantial stoichiometric excess to the epoxy functionality in the
polyepoxide so as to prevent gelation and the excess amine can be removed from the
reaction mixture by vacuum stripping or other technique at the end of the reaction. The
epoxy may be added to the amine to ensure excess amine.

[0031] Examples of hydroxyl-containing amines include, but are not limited to,
alkanolamines, dialkanolamines, alkyl alkanolamines, and aralkyl alkanolamines



2. Crosslinker prepared from the reaction of Hexamethylene triamine and
propylene carbonate in 70% solids in MIBK 3. MIBK diketimine of

wdallengoiamine at 72.7% in MIBK 4. Epoxy additive wasgyrepasgeka¥242s
reacting EPON 880 with BRA to EEW of 935 and aminating with diethanol

amine and ketimine. [00123]Procedure: All weights are in grams. Items A
and B are charged to a 4 neck round bottom flask, fit with a stirrer,

coﬁ%{mﬂgqmﬁ? m?oa%rm%rr?%?orh? Q ﬂkgé qng rbe%?gow &%91 : thgach of the

mixture exotherms. Begin 1 hour hold at 145C. The peak exotherm was
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(2-RystiRrecHorpResR7 B@ditional 30 minutes. Example 2: (a) A Crosslinker

[0032D 200RE021LR%R FbASA0RRI ATAAEMatRkiah 6&Y b IFCANANGHRhes which
o ST N EABRET Ll P e VAN e AR gy 0
whigihdp 182 3®Rvely affect the reaction between the amine and the epoxy may also
be used. Specific examples include ethylamine, methylethylamine, triethylamine, N-
benzyldimethylamine,  dicocoamine,  3-dimethylaminopropylamine, and  N,N-
dimethylcyclohexylamine.

[0033] Mixtures of the above mentioned amines may also be used in the present
invention.

[0034] The reaction of a primary and/or secondary amine with the polyepoxide takes
place upon mixing of the amine and polyepoxide. The amine may be added to the
polyepoxide or vice versa. The reaction can be conducted neat or in the presence of a
suitable solvent such as methyl isobutyl ketone, xylene, or 1-methoxy-2-propanol. The
reaction is generally exothermic and cooling may be desired. However, heating to a
moderate temperature ranging from 50°C to 150°C may be done to hasten the reaction.
[0035] The reaction product of the primary and/or secondary amine and the
polyepoxide is made cationic and water dispersible by at least partial neutralization with
an acid. Suitable acids include organic and inorganic acids. Non-limiting examples of
suitable organic acids include formic acid, acetic acid, methanesulfonic acid, and lactic
acid. Non-limiting examples of suitable inorganic acids include phosphoric acid and
sulfamic acid. By “sulfamic acid” is meant sulfamic acid itself or derivatives thereof such
as those having the formula:

R

H— N—™ SO3H

wherein R is hydrogen or an alkyl group having 1 to 4 carbon atoms.
[0036] It is noted that mixtures of the above mentioned acids may also be used may be
used in the present invention.



Methylisobutyl ketone (mibk) 296.01 1. Rubinate M, available from
Huntsman Corporation [00124]Procedure: All weights are in grams. Items

wh BB are charged to a 4 neck round bottom flask, fit witp@rstg68s/072425
temperature measuring probe and N2 blanket. Charge 4 was added

slowly allowing the temperature to increase to 60C. The mixture was then
held at 60C for 30 minutes. Charge 5 was then added over about 2 hours
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neutrallzatlon Excess acid may also be used beyond the amount required for 100
percent total neutralization. For example, in some embodiments, the amount of acid
used to neutralize the electrodepositable coating composition is =2 1 % based on the total
amines in the electrodepositable coating composition. In other embodiments, the
amount of acid used to neutralize the electrodepositable coating composition is < 100 %
based on the total amines in the electrodepositable coating composition. In certain
embodiments, the total amount of acid used to neutralize the electrodepositable coating
composition ranges between any combination of values, which were recited in the
preceding sentences, inclusive of the recited values. For example, the total amount of
acid used to neutralize the electrodepositable coating composition can be 20%, 35%,
50%, 60%, or 80% based on the total amines in the electrodepositable coating
composition.

[0038] In the reaction of a tertiary amine with a polyepoxide, the tertiary amine can be
pre-reacted with the neutralizing acid to form the amine salt and then the amine salt
reacted with the polyepoxide to form a quaternary salt group-containing resin. The
reaction is conducted by mixing the amine salt with the polyepoxide in water. Typically,
the water is present in an amount ranging from 1.75 % to 20 % by weight based on total
reaction mixture solids.

[0039] In forming the quaternary ammonium salt group-containing resin, the reaction
temperature can be varied from the lowest temperature at which the reaction will
proceed, generally room temperature or slightly thereabove, to a maximum temperature
of 100 °C (at atmospheric pressure). At higher pressures, higher reaction temperatures
may be used. In some embodiments, the reaction temperature ranges from 60°C to
100°C. Solvents such as a sterically hindered ester, ether, or sterically hindered ketone
may be used, but their use is not necessary.

[0040] In addition to the primary, secondary, and tertiary amines disclosed above, a
portion of the amine that is reacted with the polyepoxide can be a ketimine of a
polyamine, such as is described in U.S. Patent No. 4,104,147, column 6, line 23 to
column 7, line 23. The ketimine groups decompose upon dispersing the amine-epoxy

resin reaction product in water. In an embodiment of the present invention, at least a
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125.00 7 Methylisobutyl ketone (mibk) 52.05 8 Example 2, crosslinker
719.67 9 Ketimine3 57.01 10 N-methyl ethanolamine 48.68 11 sulfamic

w04 236932 H20 573.84 13 H20 657.65 14 H20 550.0 1. ERO¥ydRedh72425
available from Hexion Specialty Chemicals. 2. Bisphenol ethylene oxide

adduct available from BASF Corporation.

portion of the active hydrogens present in the resin (a)comprise primary amine groups
derived from the reaction of a ketimine-containing compound and an epoxy group-
containing material such as those described above.

[0041] In addition to resins containing amine salts and quaternary ammonium salt
groups, cationic polymers containing ternary sulfonium groups may be used in the
composition of the present invention. Examples of these resins and their method of
preparation are described in U.S. Patent Nos. 3,793,278 and 3,959,106.

[0042] Suitable active hydrogen-containing, cationic salt group-containing resins can
include copolymers of one or more alkyl esters of acrylic acid or (meth)acrylic acid
optionally together with one or more other polymerizable ethylenically unsaturated
monomers. Suitable alkyl esters of acrylic acid or (meth)acrylic acid include methyl
(meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, ethyl acrylate, butyl acrylate,
and 2-ethyl hexyl acrylate. Suitable other copolymerizable ethylenically unsaturated
monomers include nitriles such acrylonitrile and (meth)acrylonitrile, vinyl and vinylidene
halides such as vinyl chloride and vinylidene fluoride and vinyl esters such as vinyl
acetate. Acid and anhydride functional ethylenically unsaturated monomers such as
acrylic acid, (meth)acrylic acid or anhydride, itaconic acid, maleic acid or anhydride, or
fumaric acid may be used. Amide functional monomers including acrylamide,
(meth)acrylamide, and N-alkyl substituted (meth)acrylamides are also suitable. Vinyl
aromatic compounds such as styrene and vinyl toluene can be used so long as a high
level of photodegradation resistance of the polymer is not required.

[0043] Functional groups such as hydroxyl and amino groups can be incorporated into
the acrylic polymer by using functional monomers such as hydroxyalkyl acrylates and
methacrylates or aminoalkyl acrylates and methacrylates. Epoxide functional groups (for
conversion to cationic salt groups) may be incorporated into the acrylic polymer by using
functional monomers such as glycidyl acrylate and methacrylate, 3,4-
epoxycyclohexylmethyl(meth)acrylate, 2-(3,4-epoxycyclohexyl)ethyl(meth)acrylate, or
allyl glycidyl ether. Alternatively, epoxide functional groups may be incorporated into the
acrylic polymer by reacting carboxyl groups on the acrylic polymer with an epihalohydrin
or dihalohydrin such as epichlorohydrin or dichlorohydrin.

[0044] The acrylic polymer can be prepared by traditional free radical initiated
polymerization techniques, such as solution or emulsion polymerization, as known in the
art, using suitable catalysts which include organic peroxides and azo type compounds
and optionally chain transfer agents such as alpha-methyl styrene dimer and tertiary
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3. MIBK diketimine of diethylene triamine at 72.7% in MIBK.
[00125]Procedure: All weights are in grams. Items 1, 2, 3, 4 and 5 are

wehagaa i@ 4 neck round bottom flask, fit with a stirrer, tempghaiidhiBos/072425
measuring probe, N2 blanket and heated to 130C. The mixture

exotherms to about 150C. The temperature was allowed to drop to 145C
and held at this temperature for 2 hours. Charges 6 and 7 were then
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Example 5 (a A Blocked Isocyanate # Material Welg
hydrogen-containing, cationic polymer include the polyurethane, polyurea, and

poly(urethane-urea) polymers prepared by reacting polyether polyols and/or polyether
polyamines with polyisocyanates. Such polyurethane polymers are described in U.S.
Patent No. 6,248,225.

[0047] Epoxide functional groups may be incorporated into the polyurethane by
methods well known in the art. For example, epoxide groups can be incorporated by
reacting glycidol with free isocyanate groups.

[0048] Sulfonium group-containing polyurethanes can also be made by at least partial
reaction of hydroxy-functional sulfide compounds, such as thiodiglycol and
thiodipropanol, which results in incorporation of sulfur into the backbone of the polymer.
The sulfur-containing polymer is then reacted with a monofunctional epoxy compound in
the presence of acid to form the sulfonium group. Appropriate monofunctional epoxy
compounds include ethylene oxide, propylene oxide, glycidol, phenylglycidyl ether, and
CARDURA E, available from Resolution Performance Products.

[0049] In addition to being derived from a polyepoxide or a polyurethane, the main film-
forming polymer can also be derived from a polyester. Such polyesters can be prepared
in a known manner by condensation of polyhydric alcohols and polycarboxylic acids.
Suitable polyhydric alcohols include, for example, ethylene glycol, propylene glycol,
butylene glycol, 1,6-hexylene glycol, neopentyl glycol, diethylene glycol, glycerol,
trimethylol propane, and pentaerythritol. Examples of suitable polycarboxylic acids used
to prepare the polyester include succinic acid, adipic acid, azelaic acid, sebacic acid,
maleic acid, fumaric acid, phthalic acid, tetrahydrophthalic acid, hexahydrophthalic acid,
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1 Rubinate M1 402.00 2 Dibutyltin dilaurate 0.08 3 Mibk 45.00 4
Diethyleneglycol monobutyl ether 97.34 5 Ethylene glycol monobutyl

wIhEse88 G941 6 1,5,7-triazabicyclo(4.4.0)dec-5-ene 81.01 7 MibkiB368472425

and trimellitic acid. Besides the polycarboxylic acids mentioned above, functional
equivalents of the acids such as anhydrides where they exist or lower alkyl esters of the
acids such as the methyl esters may be used. Moreover, hydroxy acids and/or lactones,
such as caprolactone and/or 12-hydroxystearic acid, may also be used as components
of the polyester.

[0050] The polyesters contain a portion of free hydroxyl groups (resulting from the use
of excess polyhydric alcohol and/or higher polyols during preparation of the polyester)
which are available for cure reactions.

[0051] Epoxide functional groups may be incorporated into the polyester by reacting
carboxyl groups on the polyester with an epihalohydrin or dihalohydrin such as
epichlorohydrin or dichlorohydrin.  Alternatively, in some embodiments, an acid
functional polyester can be incorporated into an epoxy polymer by reaction of carboxyl
groups with an excess of polyepoxide.

[0052] Sulfonium salt groups can be introduced by the reaction of an epoxy group-
containing polymer of the types described above with a sulfide in the presence of an
acid, as described in U.S. Patent Nos. 3,959,106 and 4,715,898. Sulfonium groups can
be introduced onto the polyester backbones described using similar reaction conditions.
[0053] In some embodiments, the main film-forming polymer further comprises cationic
amine salt groups which are derived from pendant and/or terminal amino groups. By
“terminal and/or pendant” is meant that primary and/or secondary amino groups are
present as a substituent which is pendant from or in the terminal position of the
polymeric backbone, or, alternatively, is an end-group substituent of a group which is
pendant and/or terminal from the polymer backbone. In other words, the amino groups
from which the cationic amine salt groups are derived are not required to be within the
polymeric backbone.The pendant and/or terminal amino groups can have the following
structures (1) or (ll):

V) —NHR

and/or

X

CH, —C—R'R?
\CH2—|C — RR

Y
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TOTAL 856.26 1. Polymeric isocyanate available from Huntsman Corp.
WO 20091021095PCT/US20081072425 [00127]Procedure: All weights

W Sold/asdens. Items 1, 2 and 3 are charged to a 4 neck roung PR JkAK 425
fit with a stirrer, temperature measuring probe and N2 blanket. Charge 4

was added slowly allowing the temperature to increase to 60C. The

mixture was then held at 60C for 30 minutes. Charge 5 was then added

over about 1 hou owing the temperature to increase to a maximum of

110C. The mlxtur as held for 30 minutes at110C. Charge 6 was then

added and the mixture was held at 110C until the i.r. spectrum indicates
wheeeiie sideptdsenyanate CHraGnoikas BtppPed crard Zrevésadded ardifferent,

an&”é’é%ﬂ gé??g?l%lg% rggé‘r%vflﬁgrt&r%ee V&ﬁ%loa%é\l)ﬁéidwggﬁ’ ql’ﬁg same or

contain sé per gram of resin. Example 6 (a) Cure Results

diffgean, Eﬁ@l%’f‘lWW@QWW@EW@@W@@W&Q&W%aaé‘m'”0 group.
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atur |ndlcated The panels were tested for cure
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(Vipateptoosn meemneedafsqmeﬂ catheouhdrséided owater gleapingraisting of
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scale was as listed below. 1 - through fo substrate in < 50 2 - Th roug
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corSpvarddyismaamedonty owemareareuliiesl aae SesatitedpohatalS fokaraetble, a

po|9¥86>5\d€ YSmERN FREAIC TG g) Gro0ptakie M? @%mf%gﬂaéaatmkﬁﬁh a

of rub area, difficult, but possible to Scratch to me Non uniform
pO'M?é?F‘WgtB@Eﬁ%W%Y@&‘%*&WB%‘ME}QEB%PFe?ﬁﬁsse@&%ﬁBh%r% WiRteS:
[Oosﬁa}rnngsmfnnube&ne@dumtuotmnatahnw areicd Yrobbigasceaiching of ljubherein

bo@r%aﬁév‘@&ﬁﬁf% E’rlp?no 8\§§' le %g@%@%?% is derived from
ehicleCross erCat olvent’Resist n re Exa

diethwgpelnmpineR AleheH ge understood that in this instance, prlor to reaction with
the polymer, the primary amino groups can be blocked, for example, by reaction with a
ketone such as methyl isobutyl ketone, to form the diketimine. Such ketimines are
those described in U. S. Patent No. 4,104,147, column 6, line 23 to column 7, line 23.
The ketimine groups can decompose upon dispersing the amine-epoxy reaction product
in water, thereby providing free primary amine groups as curing reaction sites.

[0057] In certain embodiments, the amines from which the pendant and/or terminal
amino groups are derived comprise primary and/or secondary amine groups such that
the active hydrogens of said amines will be consumed by reaction with the at least
partially blocked aliphatic polyisocyanate curing agent to form urea groups or linkages
during the curing reaction.

[0058] It should be understood that, in some embodiments, the active hydrogens
associated with the main film-forming polymer include any active hydrogens which are
reactive with isocyanates at temperatures sufficient to cure the electrodepositable

coating composition as previously discussed (i.e., at temperatures at or below 182.2°C

(360°F)). The active hydrogens typically are derived from reactive hydroxyl groups, and
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WO 20091021095PCT/US20081072425 1600/30 177CF/30 A
Resin as in Example 3. but undispersed, and without crosslinker (item 8 in

wBYRYIesis) and without any acid or water (items 11 througle 4k 2868072425
resin was diluted to 65% solids with propylene glycol methyl ether, then

1.6% water was added. Polymeric MDI, 10 equivalents (functionality 2.7)
reacted with 2 equivalents of ethylene glycol butyl ether, and 8 equivalents

pri@fﬁ 'eéﬁéi'%gi‘c}:g%!%é %‘[H('i)}{ ?‘iﬂ&hﬂgﬂﬂ&%’@%%ﬁ’ odRrm %%‘éﬁc%ﬁ%@‘b‘?(mary

on fesin so ‘blocked urethane crosslinkers were used ¢ .
amingiddnsfme RMeReimeNtim it raese bus SRR RtdeasiseIRastipnRhhe active
hy&rigehRatingerilBd Briesipdesxin roaprnto@phisihgtispeliseydangivaitups. In

r . r S
sof PSRBT M AUORRITA SR AL aedt) i h CHior =
1 mHigpyivalaris ehaptiyeordinaen RIS SHeshyRlisEc Mpihareeteriaents the
ma{furictigoahiyyZpo)lyiaactess vith 2 eqivalegerotetiene glycalilistyliethkets of

8 ivalents . of di lepe. I | ether [ \/. ,
o E IR o SR R o R R sgrming
polyfers N3e@AtasHYs SYRRIRN MMBIRNIBENTIDgFIgt @Ee 1 ARTYItRANRBIRIEK i paues,
whith Geh80rBéREx an tatabrestyisgligdsntences, inclusive of the recited values. For

example, in some embodiments, the main film-forming polymer has an active hydrogen
content ranging from 2 to 3 milliequivalents of active hydrogen per gram of resin solids.
[0059] The extent of cationic salt group formation should be such that when the resin is
mixed with an aqueous medium and other ingredients, a stable dispersion of the
electrodepositable coating composition will form. By "stable dispersion” is meant one
that does not settle or is easily redispersible if some settling occurs. Moreover, the
dispersion should be of sufficient cationic character that the dispersed resin particles will
electrodeposit on a cathode when an electrical potential is set up between an anode and
a cathode immersed in the aqueous dispersion.

[0060] In certain embodiments, the main film-forming polymer in the electrodepositable
coating composition of the present invention comprises = 0.1 milliequivalents of cationic
salt group per gram of resin solids. In other embodiments, the main film-forming
polymer comprises < 3.0 milliequivalents of cationic salt group per gram of resin solids.
In some embodiments, the milliequivalents of cationic salt group per gram of resin solids
in the main film-forming polymer ranges between any combination of values, which were
recited in the preceding sentences, inclusive of the recited values. For example, in
some embodiments, the electrodepositable coating composition comprises from 0.1 to
0.7 milliequivalents of cationic salt group per gram of resin solids.

[0061] Moreover, in some embodiments, the main film-forming polymer typically is non-
gelled, having a number average molecular weight = 2000. In other embodiments, the
main film-forming polymer is non-gelled and has a number average molecular weight of
< 15,000. In certain embodiments, the average molecular weight of the main film-
forming polymer ranges between any combination of values, which were recited in the
preceding sentences, inclusive of the recited values. For example, in some

embodiments, the average molecular weight of the main film-forming polymer ranges
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100-no effect Rating =10 c¢ Resin as in Example 3, but undispersed, and
without crosslinker (item 8 in the synthesis) and without any acid or water

wdshseblodarough 14). The resin was diluted to 65% solids WHREQBMEHD425
glycol methyl ether, then 1.6% water was added. Polymeric MDI reacted

with Diethyleneglycol monobutyl ether Ethylene glycol monobutyl ether
1,5,7-triazabicyclor4 4 O)dec-5-ene (BOG). Blended with MV to form 35%
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CogE R PR TEigs B0 R RS R B o o) Ll (G5 slspigsent
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sedffeceRatigpivg@ ®f the recited values. For example, the main film-forming polymer
is present in the electrodepositable coating composition in an amount ranging from 50 %
to 75 % by weight based on weight of total resin solids present in the electrodepositable
coating composition.

[0063] In some embodiments, the main film-forming polymers can be selected from
cationic acrylic polymers such as those described in U.S. Pat. Nos. 3,455,806 and
3,928,157. In some embodiments, the main film-forming polymer can be selected from
the polymers described in U.S. Pat. Nos. 6,165,338 and 4,543,376, which are
incorporated herein by reference. In certain embodiments, the main film-forming
polymers can be selected from hydroxy group-containing polymers including, without
limitation, the reaction products of: (i) bisphenol A and ethylene oxide, (ii) bisphenol A
and propylene oxide, (iii) bisphenol A and polyethylene oxide and/or polypropylene oxide
diamines, and/or (iv) bisphenol A and bisphenol A diglycidal either. In other
embodiments, the main film-forming polymers can be amine salt group-containing
polymers including, without limitation, the acid-solubilized reaction products of
polyepoxides and primary or secondary amines such as those described in U.S. Pat.
Nos. 3,663,389; 3,984,299; 3,947,338; 3,947,339; and 4,116,900. Suitable primary or
secondary amines include, without limitation, methyl ethanol amine, diethanolamine,
diethylene triamine diketimine, diethyl amine, dimethyl amine, other di alkyl amines,
amino propyl diethanols amine, or combinations thereof. Usually, these amine salt
group-containing polymers are used in combination with a blocked isocyanate curing
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100-no effe Rating =10 F Undispersed resin synthesized as in example 1
with integral carbonate crosslinker, 71% solids in MIBK solvent with 1.2%

wWalRoA9Res to resin solution Aliphatic carbamate integral in pegin&iasiH2425
tin i d laurate 0.76% Sn on resin solids 100-no effe Rating =10 G

Undispersed resin synthesized as in example 1 with integral carbonate
crosslinker. 71% solids in MIBK solvent with 1.2% water added to resin
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xam 0.75% BOG o total resin SO|I 100-no effe Ratin
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[00@]7 tRaZRBICYSIME 4saldgrobpestnidinis® FBRMEIR R alat-gusathRink# CGalt
gro%%-containing polymers can also be employed. Examples of these polymers are
those which are formed by reacting an organic polyepoxide with a tertiary amine salt.
Such polymers are described in U.S. Pat. Nos. 3,962,165; 3,975,346; and 4,001,101.
Examples of other cationic polymers are ternary sulfonium salt group-containing
polymers and quaternary phosphonium salt-group containing polymers such as those
described in U.S. Pat. Nos. 3,793,278 and 3,984,922, respectively. Also, film-forming
polymers which cure via transesterification such as described in European Application
No. 12463 can be used. Further, cationic compositions prepared from Mannich bases
such as described in U.S. Pat. No. 4,134,932 can be used.

[0065] As stated above, in addition to the (a) main film-forming polymer, the resin
blend further comprises (b) a curing agent (crosslinker) that is reactive with reactive
functional groups, such as active hydrogen groups, on the main film-forming polymer.
The curing agents that may be used with the present invention include, but is not limited
to, urethane, isocyanate, ester, or combinations thereof.

[0066] It will be understood that non-limiting examples of urethane curing agents
include the products of (i) an amine-carbonate reaction and/or (ii) an isocyanate-alcohol
reaction.

[0067] Non-limiting examples of suitable cyclic carbonates that can be utilized to form
the urethane curing agent, include, without limitation, propylene carbonate, ethylene
carbonate, butylene carbonate, or combinations thereof. Non-limiting examples of
suitable acyclic carbonates that can be utilized to form the urethane, include, without
limitation, dimethyl carbonate, diethyl carbonate, methylethyl carbonate, dipropyl
carbonate, methylpropyl carbonate, dibutyl carbonate, or combinations thereof. In some
embodiments of the present invention, the acyclic carbonate comprises dimethyl
carbonate. Non-limiting examples of suitable amines that can be utilized to form the
urethane, include, without limitation, diethylene triamine, dipropylene triamine, bis-
hexamethylene triamine, isophorone diamine, 4’-bis-aminocyclohexylamine, xylylene
diamine, N-hydroxyethyl ethylene diamine, hexamethylene triamine,
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Example 7 (a) A Cationic Resin # Material Parts 1 EPON 8281 1023 2
Bisphenol A-ethylene oxide adduct 365 3 Bisphenol A 297 4

wo Bisgtaanol 187.2 5 Benzyldimethylamine 1.4 6 Benzylgighgthlaginesas
3.0 7 Diketiminel 182.3 8 N-methylethanolamine

trisaminoethylamine, or combinations thereof. In some embodiments, the curing agent
is a reaction product of a polyamine and a cyclic carbonate. It will be understood that in
certain embodiments, the primary amines of the polyamine are reacted with the cyclic
carbonate. In some embodiments of the present invention, the reaction product of the
polyamine and the cyclic carbonate can then be reacted with an epoxy functional
polymer such as those used to prepare the main vehicle and/or grind vehicle.
Specifically, in some embodiments, the secondary amine of the reaction product is
reacted with the epoxy functional group of the epoxy functional polymer.

[0068] Non-limiting examples of suitable isocyanates that can be utilized to form the
urethane curing agent include, without limitation, toluene diisocyanate, methylene
diphenyl 4,4'-diisocyanate, isophorone diisocyanate, hexamethylene diisocyanate,
xylyleuediisocyanate, tetramethylxylylene diisocyanate, straight chain aliphatic
diisocyanates such as 1,4-tetramethylene diisocyanate, norbornane diisocyanate, and
1,6-hexamethylene diisocyanate, isophorone diisocyanate and 4,4-methylene-bis-
(cyclohexyl isocyanate), aromatic diisocyanates such as p-phenylene diisocyanate,
diphenylmethane-4,4'-diisocyanate and 2,4- or 2,6-toluene diisocyanate, higher
polyisocyanates such as triphenylmethane-4,4'4"-triisocyanate, 1,2,4-benzene
triisocyanate and polymethylene polyphenyl isocyanate, and trimers of 1,6-
hexamethylene diisocyanate, or combinations thereof. It should be noted that the
dimers, trimers and higher functional materials of these isocyanates may also be utilized
in the present invention. Non-limiting examples of suitable alcohols that can be utilized
to form the urethane include, without limitation, methanol, ethanol, propanol,
isopropanol, butanol, glycol ethers, and other alcohols.

[0069] As stated above, suitable curing agents for amine salt group-containing
polymers, cationic acrylic polymers, and/or hydroxy group-containing polymers include
isocyanates as well as blocked isocyanates. It should be noted that as used herein,
“‘isocyanates” also includes polyisocyanates and vice versa. The polyisocyanate curing
agent may be a fully blocked polyisocyanate with substantially no free isocyanate
groups, or it may be partially blocked and reacted with the resin backbone as described
in U.S. Patent 3,984,299. The polyisocyanate can be an aliphatic, an aromatic
polyisocyanate, or combinations thereof. In some embodiments, diisocyanates are
utilized, although in other embodiments higher polyisocyanates can be used in place of

or in combination with diisocyanates.
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85.2 9 Su Ifam ic acid 171.1 10 Deionized water 1065.9 11 Deionized
water 735.9 12 Deionized water 1156.4 13 Deionized water 867.3 1. See

WoRIRE d£00129]Materials # 1-4 (EPON 828, bisphenol A-ghyIe8R@xise s

adduct, bisphenol A and 2-butoxyethanol) were charged into a reaction
vessel and heated under a nitrogen atmosphere to 125C. The first portion
of the benzyldimethylamine, Material #5, was added and the reaction
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deionized water. The mixture was eated to 70C under a nitrogen blanket.
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or combiestionthtiggyedf agitation. 5.81g of mibk was added as a rinse for the
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mlxture was heated to 90C over 70 minutes and hel eratur
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theabiddkiegd ispetstamprisde toite essribvan13bglyand pepledipuhExample 84& Cq
1,Z%E@(gigni%?%?%llgl,a%erig{ocking agent can be selected from at least one of 1,2-
propanediol, 1,3-butanediol, 1,2-butanediol, 1,2-pentanediol, timethylpentene diol,
and/or 1,2-hexanediol.

[0073] Other suitable blocking agents include oximes such as methyl ethyl ketoxime,
acetone oxime and cyclohexanone oxime and lactams such as epsilon-caprolactam.
[0074] As stated above, in some embodiments, the curing agent that is used in the
present invention is an ester curing agent. It should be noted that as used herein,
“ester” also includes polyesters. Accordingly, in some embodiments, a polyester curing
agent. Suitable polyester curing agents include materials having greater than one ester
group per molecule. The ester groups are present in an amount sufficient to effect
cross-linking, for example at temperatures up to 250°C, and curing times of up to 90
minutes. It should be understood that acceptable cure temperatures and cure times will
be dependent upon the substrates to be coated and their end uses.

[0075] Compounds generally suitable as the polyester curing agent are polyesters of
polycarboxylic acids. Non-limiting examples include bis(2-hydroxyalkyl)esters of
dicarboxylic  acids, such as  bis(2-hydroxybutyl) azelate and  bis(2-
hydroxyethyl)terephthalate; tri(2-ethylhexanoyl)trimellitate; and poly(2-

19



Parts 1 EPON 828 752 2 bisphenol a 228 3 Butyl carbitol formal 108.89 4
etppi 0.752 5 Butyl carbitol formal 298.63 6 JEFFAMINE d2000 2687.74 7

werHRens @6id 131.93 8 H20 7812.62 [00131]Materials 1, 2, 3 a4a,28884 7425
a suitably equipped round bottom flask. The mixture was then heated to

125C. Material 4 was then added. The reaction mixture was allowed to
exotherm to 160C, add heat as required to reach 160C. The reaction
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anhydride (e.g., succinic anhydride or phthalic anhydride) with a trihydric or tetrahydric
alcohol, such as glycerol, trimethylolpropane or pentaerythritol, at temperatures below
150°C, and then reacting the acidic polyester with at least an equivalent amount of an
epoxy alkane, such as 1,2-epoxy butane, ethylene oxide, or propylene oxide. The
polyester curing agent (ii) can comprise an anhydride. Another suitable polyester
comprises a lower 2-hydroxy-akylterminated poly-alkyleneglycol terephthalate.

[0076] In some embodiments, the polyester comprises at least one ester group per
molecule in which the carbon atom adjacent to the esterified hydroxyl has a free
hydroxy! group.

[0077] Also suitable is the tetrafunctional polyester prepared from the half-ester
intermediate prepared by reacting trimellitic anhydride and propylene glycol (molar ratio
2:1), then reacting the intermediate with 1,2-epoxy butane and the glycidyl ester of
branched monocarboxylic acids.

[0078] In some embodiments, where the active hydrogen-containing resin comprises
cationic salt groups, the polyester curing agent is substantially free of acid. For
purposes of the present invention, by “substantially free of acid” is meant having less
than 0.2 meqg/g acid. For aqueous systems, for example for cathodic electrocoating,
coating compositions, suitable polyester curing agents can include non-acidic polyesters
prepared from a polycarboxylic acid anhydride, one or more glycols, alcohols, glycol
mono-ethers, polyols, and/or monoepoxides.

[0079] Suitable polycarboxylic anhydrides can include dicarboxylic acid anhydrides,
such as succinic anhydride, phthalic anhydride, tetrahydrophthalic anhydride, trimellitic
anhydride, hexahydrophthalic anhydride, methylhexahydrophthalic anhydride, 3,3',4,4'-
benzophenonetetracarboxylic dianhydride, and pyromellitic dianhydride. Mixtures of
anhydrides can be used.

[0080] Suitable alcohols can include linear, cyclic or branched alcohols. The alcohols
may be aliphatic, aromatic or araliphatic in nature. As used herein, the terms glycols
and mono-epoxides are intended to include compounds containing not more than two
alcohol groups per molecule which can be reacted with carboxylic acid or anhydride
functions below the temperature of 150°C.
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[0081] Suitable mono-epoxides can include glycidyl esters of branched monocarboxylic
acids. Further, alkylene oxides, such as ethylene oxide or propylene oxide may be used.
Suitable glycols can include, for example ethylene glycol and polyethylene glycols,
propylene glycol and polypropylene glycols, and 1,6-hexanediol. Mixtures of glycols
may be used.

[0082] Non-acidic polyesters can be prepared, for example, by reacting, in one or more
steps, trimellitic anhydride (TMA) with glycidyl esters of branched monocarboxylic acids
in a molar ratio of 1:1.5 to 1:3, if desired with the aid of an esterification catalyst such as
stannous octoate or benzyl dimethyl amine, at temperatures of 50-150°C. Additionally,
trimellitic anhydride can be reacted with 3 molar equivalents of a monoalcohol such as 2-
ethylhexanol.

[0083] Alternatively, trimellitic anhydride (1 mol) can be reacted first with a glycol or a
glycol monoalkyl ether, such as ethylene glycol monobutyl ether in a molar ratio of 1:0.5
to 1:1, after which the product is allowed to react with 2 moles of glycidyl esters of
branched monocarboxylic acids. Furthermore, the polycarboxylic acid anhydride i.e.,
those containing two or three carboxyl functions per molecule) or a mixture of
polycarboxylic acid anhydrides can be reacted simultaneously with a glycol, such as 1,6-
hexane diol and/or glycol mono-ether and monoepoxide, after which the product can be
reacted with mono-epoxides, if desired. For aqueous compositions these non-acid
polyesters can also be modified with polyamines such as diethylene triamine to form
amide polyesters. Such "amine-modified" polyesters may be incorporated in the linear or
branched amine adducts described above to form self-curing amine adduct esters.
[0084] The non-acidic polyesters of the types described above typically are soluble in
organic solvents, and typically can be mixed readily with the main film forming resin
described above.

[0085] Polyesters suitable for use in an aqueous system or mixtures of such materials
disperse in water typically in the presence of resins comprising cationic salt groups.
[0086] In some embodiments, the polyisocyanate curing agents are typically utilized in
conjunction with the cationic main film-forming polymers in amounts of = 5% by weight
based on the total weight of the resin solids of the electrodeposition bath. In other
embodiments, the polyisocyanate curing agents are typically utilized in conjunction with
the cationic main film-forming polymers in amounts of < 60% by weight based on the
total weight of the resin solids of the electrodeposition bath.  In yet other embodiments,

the amount of main film-forming polymer can range between any combination of values,
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film-forming polymer.

[0089] In certain embodiments, at least a portion of the curing agent is chemically
bound to the main film-forming polymer. In other embodiments, the curing agent is not
chemically bound to the main film-forming polymer and is added as an additive to the
electrodepositable coating composition.

[0090] The second component (grind vehicle) of an electrodeposition bath generally
comprises a pigment composition (pigment paste), which can have one or more
pigments, a water dispersible polymer, and, optionally, additives such as surfactants,
wetting agents, catalysts, dispersing aids, or combinations thereof. It should be noted
that the water dispersible polymer of the grind vehicle can either be the same or different
from the main film-forming polymer in the resin blend. The pigment composition used in
the grind vehicle may be of the conventional type comprising pigments of, for example,
iron oxides, strontium chromate, carbon black, coal dust, titanium dioxide, talc, barium
sulfate, as well as color pigments such as cadmium yellow, cadmium red, chromium
yellow and the like. In some embodiments, the pigment composition can comprise effect
pigments such as, but not limited to, electroconductive and/or photo chromic pigments.
The pigment content of the dispersion is usually expressed as a pigment-to-resin ratio.
In the practice of the invention, when pigment is employed, the pigment-to-resin ratio is
usually within the range of about 0.02:1 to 1:1. The other additives mentioned above are
usually in the dispersion in amounts of about 0.01% to 3% by weight based on weight of
resin solids.

[0091] The first and second components of the electrodeposition bath are dispersed
together in an aqueous medium which comprises water and, usually, coalescing
solvents to form the electrodeposition bath. Useful coalescing solvents that can be used
in the electrodeposition bath include, but are not limited to, hydrocarbons, alcohols,
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esters, ethers and/or ketones. In one embodiment, the coalescing solvents include
alcohols, polyols and ketones. Specific coalescing solvents include isopropanol, butanol,
2-ethylhexanol, isophorone, 2-methoxypentanone, ethylene and propylene glycol and
the monoethyl, monobutyl and monohexyl ethers of ethylene glycol. In certain
embodiments, the amount of coalescing solvent used in the electrodeposition bath is =
0.01% weight based on the total weight of the aqueous medium used to make the
electrodeposition bath. In other embodiments, the amount of coalescing solvent used in
the electrodeposition bath is < 25% by weight based on the total weight of the aqueous
medium used to make the electrodeposition bath. In yet other embodiments, the amount
of coalescing solvent used in the electrodeposition bath can range between any
combination of values, which were recited in the preceding sentences, inclusive of the
recited values. For example, in one embodiment, the amount of coalescing solvent used
in the electrodeposition bath can range from 0.05% to 5% by weight based on the total
weight of the aqueous medium used to make the electrodeposition bath.

[0092] As stated above, in certain embodiments, the cyclic guanidine can be in the
form of an additive that is added to an electrodepositable coating composition. In some
embodiments, the additive is added “neat’, that is, added directly into the
electrodepositable coating composition without prior blending or reacting with the other
components that comprise the electrodepositable coating composition. For example, in
some embodiments, the additive is added “neat” into an electrodeposition bath and/or to
components that are used to form the electrodeposition bath (e.g., resin blend and/or
grind vehicle). In other embodiments, the additive is added to an aqueous medium prior
to the aqueous medium being added to the electrodeposition bath. For instance, the
additive can be added to an aqueous medium, which is added to the electrodeposition
bath, after the electrodeposition bath has been prepared (i.e., post added). In some
embodiments, the additive is added “neat” into the resin blend and/or into the grind
vehicle before the resin blend and/or the grind vehicle is dispersed in an aqueous
medium. In other words, the additive can be added to the resin blend and/or to the grind
vehicle prior to the formation of the electrodeposition bath. The preparation of such an
additive will be discussed in greater detalil in the Examples section below.

[0093] In certain embodiments, additive that is added to the electrodepositable coating
composition comprises a reaction product of the cyclic guanidine and a monofunctional

compound. Suitable monofunctional compounds include, without limitation, a mono-
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glycidyl compound such as phenol glycidal ether, 2 ethylhexyl glycidal ether, decanoic
acid glycidyl ester, or combinations thereof.

[0094] Moreover, in some embodiments, the cyclic guanidine of the present invention
is incorporated into the resin blend and/or the grind vehicle as part of an admixture that
comprises the cyclic guanidine and an additional component. It will be appreciated that
the cyclic guanidine as well as the additional component are both reactive with a
functional group on the main film-forming polymer and/or the water dispersible polymer
of the resin blend and/or grind vehicle, respectively. In some embodiments, the
additional component is an “amine package” that is added to the resin blend and/or the
grind vehicle. As used herein, “amine package” refers to an admixture of amines, such
as, without limitation, polyamines, primary amines, secondary amines, amine-
carbamates, tertiary amines, or combinations thereof.

[0095] In other embodiments, the additional component can include a sulfide or a
combination of an amine package and a sulfide. Suitable sulfides that can be utilized in
the present invention include, but are not limited to, hydroxy functional sulfides, such as
thiodiethanol.

[0096] In certain embodiments, the additional component comprises other functional
groups such as, without limitation, alcohols, tertiary amines, urethanes, ureas, ketimines,
carbamates, or combinations thereof.

[0097] In some embodiments, the carbamate functional group is a reaction product of a
polyamine and a carbonate, such as a cyclic carbonate. Suitable polyamines that can
be utilized to form the carbamate include, without limitation, diethylene triamine,
dipropylene triamine, bis-hexamethylene triamine, isophorone diamine, 4’-bis-
aminocyclohexylamine,  xylylene diamine, N-hydroxyethyl ethylene diamine,
hexamethylene triamine, trisaminoethylamine, or combinations thereof. In certain
embodiments, the polyamine comprises primary and/or secondary amines. Suitable
carbonates that can be utilized to form the carbamate include, without limitation,
ethylene carbonate, propylene carbonate, butylene carbonate, or mixtures thereof.
[0098] In some embodiments, the additional component comprises a reaction product
of a polyamine and a carbonate. The polyamines and carbonates which are listed in the
preceding paragraph are suitable for use in forming such a reaction product. In certain
embodiments, the polyamine comprises a primary amine and a secondary amine. In
some embodiments, at least a portion of the primary amine of the polyamine is reacted
with a cyclic carbonate to form a carbamate.

24



4. 30% by weight solution of gum rosin in diethylene glycol mono butyl
ether formal. [00133] Procedure: All weights are in grams. Iltems 1, 2, 3, 4

wdRasseharged to a 4 neck round bottom flask, fit with a §Ees2008/072425
temperature measuring probe, N2 blanket and heated to 130C. The

mixture exotherms to about 150C. The temperature was allowed to drop
to 145C and held at this temperature for 2 hours. Charges 6 and 7 were

S e o RO e & W B R Pl e

adapiivie et iRasis Withaihg ROYMET BbbE KRAMETCIRIYer thasssdrenidaded
[00160F the regilinchBiRRE HoRMRMMEKRSbERENISY MgIUEosiBNdUAGEIEaEER be

.14 wa gddted wit(g stirrin gver out 30 g]linuftes and n]ixed well. Cllﬁ\rge {

'”C%"%%Ee da8Pa R M Wil 2A0uMAB0 G o P Water B SanEt Hre ™ At
disgpseiel edhimeicpiviheuaiincay 60cks ©f Bhectesittdagasiakleroaiisgessrposition.
FoPadrySehielmeaniRntiendRg3ddonteraimplacl afay d}sgé}gmfr)@ﬁiﬁb#of the grind

y 'YI terii | gm éﬁEﬁ? 7r%21 7ﬁil1 2 Bisphenol ,?\,,1%455 3 ber]zy imetr‘}/l amin in

oo WL SRICERG RIFRER o5 8 PRAMINESD RGP Eas & Bl Hene
cam\kfighasithdreterdintd R palysoey| agbitsidiirmbéBiden the cyclic guanidine and a
functional group on the polymer. In some embodiments, the cyclic guanidine is
incorporated into an epoxy functional polymer by reacting with an epoxy functional group
on the polymer. The preparation of a polymer incorporating the cyclic guanidine will be
discussed in greater detail in the Examples section below.

[00101] In some embodiments of the present invention, the polymeric reaction product
of the cyclic guanidine and a polymer may be rendered cationic and water dispersible by
a variety of methods. For example, in some embodiments, the reaction product of a
polymer and the cyclic guanidine is rendered cationic and water dispersible by
neutralizing at least a portion of the cyclic guanidine moieties that are bonded to the
polymer with an acid such as lactic acid, acetic acid, sulfamic formic acid, phosphoric
acid, methanesulfonic acid, para toluenesulfonic acid, dimethylolpropionic acid, other
acids, or combinations thereof. In some embodiments, the polymer is rendered cationic
and water dispersible by neutralizing at least a portion of the amines that are bonded to
the polymer with an acid (i.e., the cyclic guanidines are not neutralized). In yet other
embodiments, the polymer is rendered cationic and water dispersible by neutralizing at
least a portion of the cyclic guanidines and at least a portion of the amines, each of
which are bonded to the polymer, with an acid.

[00102] As stated above, in certain embodiments of the invention, the curing agent that
is utilized in the electrodepositable coating composition comprises the reaction product
of the cyclic guanidine and an isocyanate. In some embodiments, isocyanate comprises
aliphatic isocyanate, an aromatic isocyanate, or combinations thereof. One potential
advantage of these embodiments is that the incorporation of the cyclic guanidine into the
curing agent creates a blocked curing catalyst. In other words, upon the application of
heat to the curing agent, the cyclic guandine is released from the curing agent and is
utilized to catalyze the curing process of the electrodepositable coating composition.
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reference. For example, in some embodiments, the cyclic guanidine can be used in lieu
of at least a portion of the amines that are utilized to form a the crater control additive.

[00105] As stated above, in some embodiments, a microgel, which can be incorporated
into the electrodepositable coating composition, can comprise the cyclic guanidine. A
suitable microgel that can be utilized is described in U.S. Pat. No. 5,096,556, which is
incorporated herein by reference. For example, in certain embodiments, the cyclic
guanidine can be used in lieu of at least a portion of the amines that are utilized to form
the microgel.

[00106] The electrodepositable coating composition of the present invention can be
applied onto a number of substrates. Accordingly, the present invention is further
directed to a substrate that is coated, at least in part, with the electrodepositable coating
composition described herein. It will be understood that the electrocoating coating
composition can be applied onto a substrate as a monocoat or as a coating layer in a
multi-layer coating composite. Non-limiting examples of a suitable substrate can include
a metal, a metal alloy, and/or a substrate that has been metallized such as nickel plated
plastic. For example, the metal or metal alloy can include aluminum and/or steel. In one
embodiment, the steel could be cold rolled steel, electrogalvanized steel, and hot dipped
galvanized steel. In one embodiment, at least a portion of the surface of the metallic
surface onto which the coating is applied is pretreated with phosphate, such as zinc
phosphate. In certain embodiments, the coated substrate may comprise a portion of a
vehicle such as a vehicular body (e.g., without limitation, door, body panel, trunk deck
lid, roof panel, hood, and/or roof) and/or a vehicular frame. As used herein, the term
“vehicle” or variations thereof includes, but is not limited, to civilian, commercial, and

military land vehicles such as cars and trucks.
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[00108] Depending on the substrate, the electrodepositable coating composition is
applied (i.e., electrodeposited) onto a substrate using a voltage that can range from 1
volt to several thousand volts. In one embodiment, the voltage that is used ranges from
50 volts to 500 volts. Moreover, in one embodiment, the current density is usually
between 0.5 ampere and 5 amperes per square foot. It will be understood, however,
that the current density tends to decrease during electrodeposition which is an indication
of the formation of an insulating film.

[00109] After the coating has been applied onto the substrate via electrodeposition, in
one embodiment, the coating is cured by baking the substrate at an elevated
temperature ranging from 90°C to 260°C for a time period ranging from 1 minute to 40
minutes.

[00110] As stated above, in certain embodiments, the electrodepositable coating
composition of the present invention is utilized in an electrocoating layer that is part of a
multi-layer coating composite comprising a substrate with various coating layers. The
coating layers could include a pretreatment layer, such as a phosphate layer (e.g., zinc
phosphate layer), an electrocoating layer which results form the electrodepositable
coating composition of the present invention, and suitable top coat layers (e.g., base
coat, clear coat layer, pigmented monocoat, and color-plus-clear composite
compositions). It is understood that suitable topcoat layers include any of those known
in the art, and each independently may be waterborne, solventborne, in solid particulate
form (i.e., a powder coating composition), or in the form of a powder slurry. The top coat
typically includes a film-forming polymer, crosslinking material and, if a colored base
coat or monocoat, one or more pigments. In one embodiment, the primer layer is
disposed between the electrocoating layer and the base coat layer. In certain
embodiments, one or more of the topcoat layers are applied onto a substantially uncured
underlying layer. For example, in some embodiments, a clear coat layer is applied onto
at least a portion of a substantially uncured basecoat layer (wet-on-wet), and both layers

are simultaneously cured in a downstream process.
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sutskeiarizeskyvateimer layer. For example, in some embodiments, a basecoat layer is
applied directly onto at least a portion of the electrodepositable coating layer.

[00112] It will also be understood that in certain embodiments, the top coat layers may
be applied onto an underlying layer despite the fact that the underlying layer has not
been fully cured. For example, a clearcoat layer may be applied onto a basecoat layer
even though the basecoat layer has not been subjected to a curing step. Both layers
can then be cured during a subsequent curing step thereby eliminating the need to cure
the basecoat layer and the clearcoat layer separately.

[00113] In certain embodiments, additional ingredients such as colorants and fillers can
be present in the various coating compositions from which the top coat layers result.
Any suitable colorants and fillers may be used. For example, the colorant can be added
to the coating in any suitable form, such as discrete particles, dispersions, solutions
and/or flakes. A single colorant or a mixture of two or more colorants can be used in the
coatings of the present invention. It should be noted that, in general, the colorant can be
present in a layer of the multi-layer composite in any amount sufficient to impart the
desired property, visual and/or color effect.

[00114] 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 compositions. A colorant may include, for example, a finely divided
solid powder that is insoluble but wettable under the conditions of use. A colorant can
be organic or inorganic and can be agglomerated or non-agglomerated. Colorants can
be incorporated into the coatings by grinding or simple mixing. Colorants can be
incorporated by grinding into the coating by use of a grind vehicle, such as an acrylic
grind vehicle, the use of which will be familiar to one skilled in the art.

[00115] Example pigments and/or pigment compositions include, but are not limited to,
carbazole dioxazine crude pigment, azo, monoazo, disazo, naphthol AS, salt type
(lakes), benzimidazolone, condensation, metal complex, isoindolinone, isoindoline and
polycyclic phthalocyanine, quinacridone, perylene, perinone, diketopyrrolo pyrrole,
thioindigo, anthraquinone, indanthrone, anthrapyrimidine, flavanthrone, pyranthrone,
anthanthrone, dioxazine, triarylcarbonium, quinophthalone pigments, diketo pyrrolo
pyrrole red (“DPP red BO”), titanium dioxide, carbon black, zinc oxide, antimony oxide,
etc. and organic or inorganic UV opacifying pigments such as iron oxide, transparent red
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or yellow iron oxide, phthalocyanine blue and mixtures thereof. The terms "pigment" and
"colored filler" can be used interchangeably.

[00116] Example dyes include, but are not limited to, those that are solvent and/or
aqueous based such as acid dyes, azoic dyes, basic dyes, direct dyes, disperse dyes,
reactive dyes, solvent dyes, sulfur dyes, mordant dyes, for example, bismuth vanadate,
anthraquinone, perylene, aluminum, quinacridone, thiazole, thiazine, azo, indigoid, nitro,
nitroso, oxazine, phthalocyanine, quinoline, stilbene, and triphenyl methane.

[00117] Example tints include, but are not limited to, pigments dispersed in water-based
or water miscible carriers such as AQUA-CHEM 896 commercially available from
Degussa, Inc., CHARISMA COLORANTS and MAXITONER INDUSTRIAL
COLORANTS commercially available from Accurate Dispersions division of Eastman
Chemical, Inc.

[00118] As noted above, the colorant can be in the form of a dispersion including, but
not limited to, a nanoparticle dispersion. Nanoparticle dispersions can include one or
more highly dispersed nanoparticle colorants and/or colorant particles that produce a
desired visible color and/or opacity and/or visual effect. Nanoparticle dispersions can
include colorants such as pigments or dyes having a particle size of less than 150 nm,
such as less than 70 nm, or less than 30 nm. Nanoparticles can be produced by milling
stock organic or inorganic pigments with grinding media having a particle size of less
than 0.5 mm. Example nanoparticle dispersions and methods for making them are
identified in U.S. Patent No. 6,875,800 B2, which is incorporated herein by reference.
Nanoparticle dispersions can also be produced by crystallization, precipitation, gas
phase condensation, and chemical attrition (i.e., partial dissolution). In order to minimize
re-agglomeration of nanoparticles within the coating, 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 “composite microparticles”
that comprise a nanoparticle and a resin coating on the nanoparticle. Example
dispersions of resin-coated nanoparticles and methods for making them are identified in
U.S. Application No. 10/876,031 filed June 24, 2004, which is incorporated herein by
reference, and U.S. Provisional Application No. 60/482,167 filed June 24, 2003, which is
also incorporated herein by reference.

[00119] In some embodiments, special effect compositions that may be used in one or
more layers of the multi-layer coating composite include pigments and/or compositions
that produce one or more appearance effects such as reflectance, pearlescence,
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147.63 9 Deionized water 9472.05 1. Available as MAZON 1651 from
BASF Corporation. 2. Similar to Example 3, but with the addition of 0.5%

WHHRERSHAGRN resin solids, total solids of 42.8% 3. A cationicgliQutubsia 72425
oxide paste consisting of a sulfonium epoxy grind vehicle and dibutyl tin

oxide, total solids of 55.7 in water, dibutyl tin oxide weight percent was
36.63. [00137] Materials 1-9 are added sequentially under agitation and

me?&l‘ifceds'ﬁ@@h” gg @%%%F%(}Qigﬁ%%ﬁ@fwﬂ%% Hﬁﬁ 2 p@%@fo‘é’é%tuvuty,

% on RS0 uty tin oxi used as a contr

thet’@?@?@mf@'s‘ﬂ/vegﬁi? PEHURERY WeHPt SREGHANRGvas AEldiERRR] ppecial  effect
comptaiiltiadi earapebieiy asedrbyctaiptitie hropéetiesV\ddch as reflectivity, opacity or

RN R AT DRI RIS o
shif, ﬂﬁht?ftﬁﬁébﬁllcﬁf%éﬁﬁﬁﬁl?ﬂﬁti%@@w?s when the coating |s viewed at different
angles. Example color effect compositions are identified in U.S. Patent No. 6,894,086,
incorporated herein by reference. Additional color effect compositions can include
transparent coated mica and/or synthetic mica, coated silica, coated alumina, a
transparent liquid crystal pigment, a liquid crystal coating, and/or any composition
wherein interference results from a refractive index differential within the material and
not because of the refractive index differential between the surface of the material and
the air.

[00120] In other embodiments, a photosensitive composition and/or photochromic
composition, which reversibly alters its color when exposed to one or more light sources,
can be used in a number of layers in the multi-layer composite. Photochromic and/or
photosensitive compositions can be activated by exposure to radiation of a specified
wavelength.  When the composition becomes excited, the molecular structure is
changed and the altered structure exhibits a new color that is different from the original
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 photochromic and/or
photosensitive composition can be colorless in a non-excited state and exhibit a color in
an excited state. Full color-change can appear within milliseconds to several minutes,
such as from 20 seconds to 60 seconds. Example photochromic and/or photosensitive
compositions include photochromic dyes.

[00121] In certain embodiments, the photosensitive composition and/or photochromic
composition can be associated with and/or at least partially bound to, such as by
covalent bonding, a polymer and/or polymeric materials of a polymerizable component.
In contrast to some coatings in which the photosensitive composition may migrate out of
the coating and crystallize into the substrate, the photosensitive composition and/or
photochromic composition associated with and/or at least partially bound to a polymer
and/or polymerizable component in accordance with a non-limiting embodiment of the
present invention, have minimal migration out of the coating. Example photosensitive

compositions and/or photochromic compositions and methods for making them are
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5 butoxy propanol 201.6 6 methoxy propanol 50.4 7
1,5,7-triazabicyclo(4.4.0)dec-5-ene 1. Epoxy resin available from Hexion

woRREAY dehremicals [001381 Procedure: All weights are in gpafesh@9$72425

1, 2, 3,4 and 5 are charged to a 4 neck round bottom flask, fit with a
stirrer, temperature measuring probe, N2 blanket and heated to 130C.
The mixture exotherms to 160-180C. Hold at 160-170C for 1 hour. Turn

idePfRSP %ﬂ%.?%fb@cé!f&ﬂ"%eﬁﬁl 60§ ﬂﬂggé-ﬁ@Weﬁ“ﬁuMﬁé{%‘%%%ﬁ%tmﬂ%ﬂF@ated

110C then at 110-120C for 1 hour. T0 920 g 0

hergityggfeRfsRic acid and 1153 g deionized water and mix well. Add an

[00122Ditiaak 1spbgirudmpraineittand hdximvehtdheaaxByenrRs @ivigraugetail, it
.slightly hazy splution with . lids content of 38.2%. Example 16 (a).Grin

Wi B e e R B S8 ol RIRN Sh Res

to Hgeesenigitnceg!d devinienedvisrdaid it dnscavriatidrpaiisaniab the Likaiasure.

AcEbepRgHOmuisaratlial diingéhhénBigrasiddasie mddatesiabRarsdirtlonly and

notal%ljt?%%dag}é ftrhoemsé’jlobpoevgf the invention which is to be given the full breadth of the

claims appended and any and all equivalents thereof.

Examples
Example 1

(a) An Undispersed Electrodepositable Resin

A EPON 880’ 1103.88

Bisphenol A 402.83

Methyl isobutyl ketone 168.60
B Ethyltriphenyl phosphonium iodide 1.45
C Crosslinker® 961.62
D Diethanol amine 18.94
E Diketimine® 97.64
F Butylcarbitol formal 294.91

Methyl isobutyl ketone 92.34
G Epoxy additive* 790.10

1. Epoxy resin available from Hexion Specialty Chemicals

2. Crosslinker prepared from the reaction of Hexamethylene triamine and propylene
carbonate in 70% solids in MIBK

3. MIBK diketimine of diethylene triamine at 72.7% in MIBK

4. Epoxy additive was prepared by reacting EPON 880 with BPA to EEW of 935 and
aminating with diethanol amine and ketimine.

[00123] Procedure: All weights are in grams. ltems A and B are charged to a 4 neck
round bottom flask, fit with a stirrer, temperature measuring probe, N, blanket and
heated to 130°C. The mixture exotherms. Begin 1 hour hold at 145°C. The peak
exotherm was 146°C and the temperature allowed to drop to 145°C. After 1 hour, the
reaction was cooled to 110°C and charge C, D and E were added. The mixture was
held at 115°C for two hours. Charge F then was added and the mixture held for 30
minutes. Charge G then was added and the mixture held for an additional 30 minutes.

Example 2:

(a) A Crosslinker
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595.44 2 SURFYNOL GA1 1.45 3 Ti022 43.14 4 Kaolin Clay3 338.63 5

Carbon Black4 4.64 6 Deionized water 46.7 1. A Surfactant available
wERIRh ek fpeducts Inc. 2. CR8O00E available from Kerr McGegcd dxahsii?9425

available from BASF Corporation. 4. CSX-333 carbon black available from

Cabots Inc. [00139]Materials 1 and 2 were preblended in a flat bottom

metal container. Materials 3 through 5 were added sequentially to the

mixture under a high shear cowles. The paste was cowlesed for 30 min.
Et&ges added under fow shear miximng ang the paste was stirred gm

fntil i @oERRd he paste was then transferred to af RED HEAD medial qgifg oo

£qu

imschyNifoAariier cooling jacket and using 2|mm zircoa media. The .35

Ppas

aeg| iebuiplliegonBiihibklegman of >7 was ¢bserved. Example 17 21,73

4a) ADrathiéhbimiesiahonobutyl ether 454.24
5 Ethyleneglycol monobutyl ether 1323.62
6 Methylisobutyl ketone (mibk) 296.01

1. Rubinate M, available from Huntsman Corporation

[00124]

Procedure: All weights are in grams. Items 1, 2 and 3 are charged to a 4

neck round bottom flask, fit with a stirrer, temperature measuring probe and N, blanket.

Charge 4 was added slowly allowing the temperature to increase to 60°C. The mixture

was then held at 60°C for 30 minutes. Charge 5 was then added over about 2 hours

allowing the temperature to increase to a maximum of 110°C. Charge 6 was then added

and the mixture was held at 110°C until the i.r. spectrum indicates no residual

isocyanate.

Example 3

(a) A Cationic Resin

# Material Gm
1 EPON 828" 614.68
2 Bisphenol A 265.42
3 MACOL 98 A MOD 1° 125.0
4 Methylisobutyl ketone (mibk) 31.09
5 Ethyltriphenyl phosphonium iodide 0.60
6 MACOL 98 A MOD 1° 125.00
7 Methylisobutyl ketone (mibk) 52.05
8 Example 2, crosslinker 719.67
9 Ketimine® 57.01
10 N-methyl ethanolamine 48.68
11 sulfamic acid 19.36
12 H20 573.84
13 H20 657.65
14 H20 550.0

1. Epoxy resin available from Hexion Specialty Chemicals.
2. Bisphenol ethylene oxide adduct available from BASF Corporation.
3. MIBK diketimine of diethylene triamine at 72.7% in MIBK.

[00125]

Procedure: All weights are in grams. Iltems 1, 2, 3, 4 and 5 are charged to a 4

neck round bottom flask, fit with a stirrer, temperature measuring probe, N, blanket and
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Parts 1 Cationic resin, Example 8 191.1 2 Butyl carbitol Formal 3 Cationic
resin, Example 7 68.76 4 Example 3 Cationic resin (at 38.1% NV) 1400.34

wo BEiignelycol hexyl ether 17.4 6 Pigment Paste, Examplgck6456 4677425
Deionized water 1871.7 1. Available as MAZON 1651 from BASF

Corporation [00140]Materials 1-7 are added sequentially under agitation
and stirred until uniform to create the resin blend.This results in a paint

hed{dg é%\}ﬁg 9@_”@&%&&:% E&&Ei@eﬁ%‘ A6 ﬁ&ig@,c‘ﬁi@flﬁ@%?&' u%fg%@ B6wed

arln icle. Fifteen percent by weight of the paint was remove 7y
to gtttk A7 heRidlipyeameriEa (Ratehotséantdiarges 6 and 7 were then

added. Charges 8, 9 and 10 were added and the mixture was held at 122°C for two
hours. 877¢g of the reaction mixture was poured into a solution of items 11 and 12 with
good stirring. The resulting dispersion was mixed for thirty minutes and then charge 13
was added with stirring over about 30 minutes and mixed well. Charge 14 was added
and mixed well. About 600 g of water and solvent are distilled off under vacuum at 60-
65°C. The resulting aqueous dispersion had a solids content of 38.80%.

Example 4
(a) An Additive

# Description Weight (gm)
1 1,5,7-triazabicyclo(4.4.0)dec-5-ene 50.00
2 Toluene 150.00
3 2-ethyl hexyl glycidyl ether 79.2

[00126] Procedure: All weights are in grams. ltems 1, and 2 are charged, under N,, to
a round bottom flask fitted with a mechanical stirrer, condenser, and temperature
controlling probe. The mixture was heated to 60°C. ltem 3 was added drop-wise over
30 minutes. The mixture was then brought to reflux and held at reflux for an hour. The
toluene was then removed by first using ordinary distillation, followed by vacuum
distillation at 60°C. Final product was, by theory, 100% nonvolatile.

Example 5

(a) A Blocked Isocyanate

# | Material Weight
1 | Rubinate M’ 402.00
2 | Dibutyltin dilaurate 0.08
3 | Mibk 45.00
4 | Diethyleneglycol monobutyl ether 97.34
5 | Ethylene glycol monobutyl ether 207.41
6 | 1,5,7-triazabicyclo(4.4.0)dec-5-ene 81.01
7 | Mibk 23.42
TOTAL 856.26

—_

. Polymeric isocyanate available from Huntsman Corp.
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(a) A Paint # Material Parts 1 Cationic resin Example 8 148.28 2 Butyl
carbitol Formal' 6 3 Cationic resin, Example 7 53.35 4 Example 3 Cationic

WESHda 39s1% NV) 1086.56 5 Ethylene Glycol hexyl ether 1%@52008/072425
Example 12, Pigment Paste 168.03 7 Deionized water 1092.31 1

Available as MAZON 1651 from BASF Corporation

[00127] Procedure: All weights are in grams. Items 1, 2 and 3 are charged to a 4 neck
round bottom flask, fit with a stirrer, temperature measuring probe and N, blanket.
Charge 4 was added slowly allowing the temperature to increase to 60°C. The mixture
was then held at 60°C for 30 minutes. Charge 5 was then added over about 1 hour
allowing the temperature to increase to a maximum of 110°C. The mixture was held for
30 minutes at110°C. Charge 6 was then added and the mixture was held at 110°C until
the i.r. spectrum indicates no residual isocyanate. Heating was stopped; charge 7 was
added and mixed well. The final product was titrated with 0.2 N HCI and found to
contain 0.736 meq. base per gram of resin.

Example 6

(a) Cure Results Set 1

[00128] In the following cure examples, resins were made undispersed in solvent,
blended with crosslinker (Cure example A and B) and catalyst, stirred until uniform, and
allowed to set overnight. The coatings were then applied using a Bird Bar applicator to
approximately 25 micron film thickness. The panels were then allowed to flash at room
temperature for at least 1 hr, then cured in an electric oven at the temperature and time
indicated. The panels were tested for cure by acetone double rubs using ASTM D5402-
6 Method A with the following exceptions: Acetone was used rather than MIBK, no
water cleaning of panel, 100 double rubs are done using a cheese cloth, and the rating
scale was as listed below.

1 — through to substrate in < 50

2 - Through in 50-100 rubs

3 - Very severely marred. Scratches to metal easily

4 - Severely marred only over area rubbed. Can Scratch to metal

5 - Marred over rub area, can scratch through to metal

6 - Marred uniformly in center of rub area, difficult, but possible to scratch to metal
7 - Non uniform marring over rub area, can not scratch to metal

8 - Scratching, very little marring of rub area, can not scratch to metal

9 - Slight scratching of rub area, can not scratch to metal

10 - No visible damage

Main Vehicle Crosslinker Catalyst Solvent Resistance

Cure
Example % R.S. Acetone DR | Acetone DI
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welahshMakgrial 6 was added and the paint was allowed to stip &l 2008/072425

WO 20091021095PCT/US20081072425 [00141]Materials 1-5 are added
sequentially under agitation and stirred until uniform to create the resin

uniform. Material 7 was added, and the paint was allowed to stir overnight.
This results in a paint with no catalyst. Example 19 (a) A Cationic Resin A
EPON 8801 464.01 Bisphenol A 153.61 Ethylene glycol mono- 2- ethyl

added to resin solution

MIBK solvent with 1.2% water

0.75% BCG on
total resin solids.

hexyhether-12:00B |:u|y|uuhci"|'y'i phosphonium-iodide 6-72-C Ethyten '
1 1 . el Lo 70 N A0 A7 = 1 0C/30 177CF/30
O1yCOoimot o-2-eth Ty |c)\y| ther 56-76 D Crosstinker2 495:67 &
4 - -7 : las [P AV, Y. B« \ WA | Lo W Y o W 1+l
1,0,77 IMIMNHM@.@MT}UU =5-ene 2121 Fsuifamicacid
undispersed. and witht;ut Polymeric MDI, 10 equivalents
crossﬁnker (i’tem 8 in the (functionality 2.7) reacted with 2
) . equivalents of ethylene glycol butyl . )
syptheas) and. without any e?her and 8 equiv);lentsgo); ! leutyl tin 100-no
A acid or water (items 1.1 dieth}’/lene glycol butyl ether. dilaurate, _0.76% offect )
through 14). The resinwas | g0 40 with MV to form 35% Sn on resin Rating =10
diluted to 65% solids with crosslinker on resin solids. The solids
propylene egCOOI methyl blocked urethane crosslinkers were
ether, then 1.6% waterwas | ;0§ at 65% solids in MIBK
added. )
E{r?jilg 23',5'2 dE);ircT;B\llieﬂ?éutz(m Polymeric MDI, 10 equivalents
crosslri)nker (i’tem 8 in the (functionality 2.7) reacted with 2
synthesis) and without an equivalents of ethylene glycol butyl BCG -2EH GE
a>cl:id or water (items 11 ¥ ether, and 8 equivalents of (Additive from 100-no
B through 14). The resin was diethylene glycol butyl ether. Example 2), effect -
d"ute% to 65% solids with Blended with MV to form 35% 0.75% BCGon | Rating =10
° crosslinker on resin solids. The total resin solids
propylene glycol methyl
o blocked urethane crosslinkers were
ether, then 1.6% waterwas | 504 at 65% solids in MIBK
added. )
Resin as in Example 3, but
undispersed, and without Polymeric MDI reacted with
crosslinker (item 8 in the Diethyleneglycol monobutyl ether
synthesis) and without any Ethylene glycol monobutyl ether 0.75% BCG on
c acid or water (items 11 1,5,7-triazabicyclo(4.4.0)dec-5-ene résin ;olids from 100-scratch | 100-no effe
through 14). The resin was (BCG). Blended with MV to form 35% crosslinker Rating = 8 Rating = 1:
diluted to 65% solids with crosslinker on resin solids. The
propylene glycol methyl blocked urethane crosslinkers were
ether, then 1.6% water was used at 65% solids in MIBK.
added.
Resin as in Example 3, but
undispersed, and without
grﬁg’;‘i‘srgﬁg’;‘ﬁh‘(’)‘u‘r:ﬂ Polymeric MDI, 10 equivalents BCG -2EH GE
a>cl:id or water (items 11 ¥ (functionality 2.7) reacted with 10 (Additive from 100-no 100-no effe
D h . equivalents of caprolactam. Blended Example 2), effect !
through 14. The resin was with MV to form 35% crosslinker on 0.75% BCG on Rating =10 Rating =10
. o . . .
diluted to 65% solids with B . ; :
resin solids. total resin solids
propylene glycol methyl
ether, then 1.6% water was
added.
Resin as in Example 3, but
undispersed, and without
crosslinker (item 8 in the
synthesis) and without any
?h?guozvﬁt? r gﬁ;ﬂ;;;” Poly functional blocked urethane
enough of tHe n methvl ¥, made from 24.6 parts ketoxime, 12.6 | BCG reacted into | 100-no 100-no effe
E** 9 . Y parts TMP, 62.7 parts IPDI. Blended resn, 0.75% on effect f
ethanol amine was replaced . . ; ; 8 Rating =10
. . with MV to form 35% crosslinker on total resin solids Rating =10
with BCG to provide 0.75% resin solids
BCG on total resin solids. ’
The resin was diluted to 65%
solids with propylene glycol
methyl ether, then 1.6%
water was added.
Undispersed resin
synthesized as in example 1 Dibutyl tin
E with integral carbamate Aliohatic carbamate integral in resin dilaurate 0.76% 100-no effe
crosslinker, 71% solids in P 9 Sn on resin Rating =10
MIBK solvent with 1.2% water solids
added to resin solution
;J;rilhsg;fe%darse ?rlwnexample 1 BCG-2EH GE
with integral carbamate (Additive from 100-no effe
G crosslinker, 71% solids in Aliphatic carbamate integral in resin Example 4), Rating =10
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27.55 H20 438 G H20 891.97 H H20 131 1. Epoxy resin available from
Hexion Specialty Chemicals 2. Crosslinker prepared from the reaction of
wassasnsigydene triamine and propylene carbonate (detailed pelp\Y32008/072425
[00142]Procedure: All weights are in grams. Items A and B are charged to
a 4 neck round bottom flask, fit with a stirrer, temperature measuring
probe, N2 blanket and heated to 125C. The mixture exotherms. Begin 1
hourheidiat 180G, The peakexothermwas 171Candthe tem
aIIowe=dyt@q§@pi® $60@®.1After 1 hour, charge C was a Qfg,gfve garg D
H then Was.anUEd Aalthe mixtireincsimaldwetiSe for| 3emintites. Charge | fatng 1o
E then W@d@d et affd e mixture held for an additior g Eniales.

added to resin sqlution

, hHiS.BE Ht)4l4l %‘@H@ [JUUIBU mtoa sotutionof itenFwith

BCES
pgézpdo@twwpgng[ sitiRodisprrsign was mixed for thirty minutes and
then charge G was added with stirring over about 30 minutes and mixed

well. Charge H was added and mixed well. Water and solvent then were

distilled off under vacuum at 60-65C. The resulting aqueous dispersion
Examagle &olids content 39.19%. (b) Preparation of the crosslinker WO

20091021095PCT/US20081072425 1 Bishexamethylene triamine 135.4 2

W aVaYaY

PrORJRNE Refonate 112.3 3 Ethylene glycol mono-2-ethyl hexyl ether

# Material Parts
1 EPON 828’ 1023
2 Bisphenol A-ethylene oxide adduct 365
3 Bisphenol A 297
4 2-Butoxyethanol 187.2
5 Benzyldimethylamine 1.4
6 Benzyldimethylamine 3.0
7 | Diketiming' 182.3
8 N-methylethanolamine 85.2
9 Sulfamic acid 171.1
10 Deionized water 1065.9
11 Deionized water 735.9
12 Deionized water 1156.4
13 Deionized water 867.3

1. See Example 1

[00129] Materials # 1-4 (EPON 828, bisphenol A-ethylene oxide adduct, bisphenol A
and 2-butoxyethanol) were charged into a reaction vessel and heated under a nitrogen
atmosphere to 125°C. The first portion of the benzyldimethylamine, Material #5, was
added and the reaction allowed to exotherm to around 180°C. When the reaction
reached 160°C, a one hour hold was started. After the peak exotherm the resin was
allowed to cool back to 160°C, continuing the hold. After the hold the reaction was then
cooled to 130°C and the second portion of benzyldimethylamine Material #6, was added.
The reaction was held at 130°C until an extrapolated epoxy equivalent weight of 1070.
At the expected epoxy equivalent weight materials 7 and 8 (Diketimine and N-
methylethanolamine) were added in succession and the mixture allowed to exotherm to
around 150°C. At the peak exotherm a one hour hold was started while allowing the
reaction to cool to 125°C. After the one hour hold the resin was dispersed in an aqueous
medium consisting of sulfamic acid and the first portion of deionized water. The
dispersion was later reduced with the second, third, and fourth portions of deionized
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61.93 [00143] Charge 1 to a reactor. Add 2 dropwise over two hours. The

reaction exotherms. Adjust the addition rate such that the temperature
wePrsdAplgesceed 70C. The reaction was then diluted with ethydenesgdyshasas

mono-2-ethyl hexyl ether. Example 20 (a) A Paint # Material Parts 1

Cationic resin Example 19 1454 2 Deionized water 2346 [00144]

Materials 1 and 2 are added sequentially under agitation and stirred until

. g : - % vt 1990
wa f!?ﬂ@ FQS%WE?QDS%Q&%J(%%B%%SJQEJSS&&?SB i %cUr glyllQ Iegg/gllt%gls '_R;et'?tone

~of 1,5,7- triazabicyclo(4.4.0)dec-5-ene. Example 21 (a
libesgisehsTe Ay ERRIDAEHSFHueliee S am§ SSIhFb&BENns of examples 13,
[00134] 17T3&320 yver ehelaptiasagosiiad synmehesipheieckstaatisndasy deionized
wafgndtions suffieient toprauide sg.glegtiodenasiied filp nigkness oLaboLs.,
‘micrometers using procedures known to thos kanéd R the%art Thé °

solgtierelef irkteth8AScivetibl aaelbenieddeth anahdIempersYER anedtiagdstion.

5.91¢lisaiapk Wae Radgisayerarested tr EpENFACeiIRHaHSIMhEURX RN at

70R3IMDEI02:0 Mathod A Wb he Toloningesceplions: ASCIONS MRS ot i
used rather than MIBK, no water cléaning or panel, 1 ouble Tubs are

tergieniatursiriey 3 bRutsswitlgwodmiking radire dcionized Yeted Wrsdthenadded and

thel IG5 AR Sl aiacks thaR 250 RreusuRPELL00 rubs 3 - Very severely
marred. Scratches to metal easily 4 - Severely marred only over area
rubbed. Can Scratch to metal 5

Example 8

(a) A Cationic Resin

# Material Parts
1 EPON 828 752
2 bisphenol a 228
3 Butyl carbitol formal 108.89
4 etppi 0.752
5 Butyl carbitol formal 298.63
6 JEFFAMINE d2000 2687.74
7 sulfamic acid 131.93
8 H20 7812.62

[00131] Materials 1, 2, 3 are added to a suitably equipped round bottom flask. The
mixture was then heated to 125°C. Material 4 was then added. The reaction mixture
was allowed to exotherm to 160°C, add heat as required to reach 160°C. The reaction
mixture was then held at 160-170°C for 1hr. Material 5 was added and mixed well.
Material 6 was then added as rapidly as possible. The resulting reaction mixture was
heated to 130°C, and held for 3 hrs. Materials 7, and 8 are preblended and the reaction
mixture was added to the acidic water solution under agitation to form a cationic
dispersion.

Example 9

(a) A Cationic Resin

| # | Material gm |
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- Marred over rub area, can scratch through to metal WO
20091021095PCT/US20081072425 6 - Marred uniformly in center of rub

W 8ghofiigsyt, but possible to scratch to metal 7 - Non uniforppaiEsass 072425
over rub area, can not scratch to metal 8 - Scratching, very little marring of
rub area, can not scratch to metal 9 - Slight scratching of rub area, can not
scratch to metal 10- No visible damage Paint Example % DBTO on Resin

S'Pﬁ.db /Ennn*éé'-\gil"diti‘v’c on-Resif-SotidsTemp-Time-Acetone doubtle Rg&.34
Raiting QEHBH@%GIW"E 1301281380301 132.71
3 MACOL 98 A MOD 1° 62.50
4 Methylisobutyl ketone (mibk) 15.54
5 Ethyltriphenyl phosphonium iodide 0.30
6 MACOL 98 A MOD 12 62.50
7 Methylisobutyl ketone (mibk) 34.30
8 Ketimine® 28.50
9 N-methyl ethanolamine 7.80
10 1,5,7-triazabicyclo(4.4.0)dec-5-ene 30.66
11 Example 2, crosslinker 458.05
12 sulfamic acid 23.17
13 H20 568.1
14 H20 780.2
15 H20 550.0

1. Epoxy resin available from Hexion Specialty Chemicals
2. Bisphenol ethylene oxide adduct available from BASF Corporation.
3. MIBK diketimine of diethylene triamine at 72.7% in MIBK

[00132] Procedure: All weights are in grams. ltems 1, 2, 3, 4 and 5 are charged to a 4
neck round bottom flask, fit with a stirrer, temperature measuring probe, N, blanket and
heated to 130°C. The mixture exotherms to about 150°C. The temperature was allowed
to drop to 145°C and held at this temperature for 2 hours. Charges 6 and 7 were then
added. Charges 8, 9 and 10 were added and the mixture was held at 122°C for two
hours. Charge 11 (preheated to ~60°C) was added and mixed for 10 minutes without
heat. 969g of the reaction mixture was poured into a solution of items 12 and 13 with
good stirring. The resulting dispersion was mixed for thirty minutes and then charge 14
was added with stirring over about 30 minutes and mixed well. Charge 15 was added
and mixed well. About 600 g of water and solvent are distilled off under vacuum at 60-
65°C. The resulting aqueous dispersion had a solids content of 34.16%.

Example 10

(a) A Cationic Resin

# | Material gm
1 EPON 828’ 614.68
2 Bisphenol A 265.42
3 MACOL 98 A MOD 1° 125.0
4 Methylisobutyl ketone (mibk) 31.09
5 Ethyltriphenyl phosphonium iodide 0.60
6 MACOL 98 A MOD 1° 125.00
7 Methylisobutyl ketone (mibk) 50.10
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8 Example 2, crosslinker 894.95
9 Ketimine® 57.01
10 N-methyl ethanolamine 48.68
11 sulfamic acid 40.52
12 H20 1196.9
13 Gum rosin solution® 17.92
14 H20 1623.3
15 H20 1100.0

1. Epoxy resin available from Hexion Specialty Chemicals.

2. Bisphenol ethylene oxide adduct available from BASF Corporation.

3. MIBK diketimine of diethylene triamine at 72.7% in MIBK.

4. 30% by weight solution of gum rosin in diethylene glycol mono butyl ether formal.

[00133] Procedure: All weights are in grams. ltems 1, 2, 3, 4 and 5 are charged to a 4
neck round bottom flask, fit with a stirrer, temperature measuring probe, N, blanket and
heated to 130°C. The mixture exotherms to about 150°C. The temperature was allowed
to drop to 145°C and held at this temperature for 2 hours. Charges 6 and 7 were then
added. Charges 8, 9 and 10 were added and the mixture was held at 122°C for two
hours. 1991g of the reaction mixture was poured into a solution of items 11 and 12 with
good stirring. Charge 13 was then added and the resulting dispersion was mixed for
thirty minutes and then charge 14 was added with stirring over about 30 minutes and
mixed well. Charge 15 was added and mixed well. About 1100 g of water and solvent
are distilled off under vacuum at 60-65°C. The resulting aqueous dispersion had a
solids content of 39.37%.

Example 11

(a) A Cationic resin

# Material gm
1 DER 732 711
2 Bisphenol A 164.5
3 benzyldimethyl amine 1.65
4 butyl Carbitol formal® 78.8
5 JEFFAMINE D400 * 184.7
6 bisphenol A diglycidyl ether* 19.1
7 butyl Carbitol formal 3.4

Resin from reaction product of materials 1-7 988.6
8 Deionized water 1242.13
9 Sulfamic acid 30.2
10 Deionized water 614.8

1. Aliphatic epoxy resin available from Dow Chemical Co.
2. Available as MAZON 1651 from BASF Corporation
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3. Polyoxypropylene diamine available from Huntsman Corp.
4. Available from Hexion Corporation as EPON 828

[00134] Materials 1 and 2 are charged into a suitably equipped 3-liter round-bottomed
flask. The mixture was heated to 130°C and Material 3 was added. The reaction mixture
was held at 135°C until the epoxide equivalent weight of the mixture was 1232. Material
4 was then added and then the mixture was cooled to 95°C. Material 5 was added and
the reaction held at 95°C until the Gardner-Holdt viscosity of a sample of the resin
diluted 50/50 in methoxy propanol is “H-J”. A mixture of materials 6 and 7 were added
and the mixture held until the Gardner-Holdt viscosity of a sample of the resin diluted
50/50 in methoxy propanol was “Q-". 988.6g of this resin was poured into a mixture of
1242.13g deionized water and 30.2g sulfamic and mixed for 30 minutes. 614.8g
deionized water was then added and mixed well. The final aqueous dispersion had a
measured solids content of 35.8%

Example 12

(a) A Pigment Paste

# Material Parts
1 Cationic Resin Example 11 1793
2 SURFYNOL GA' 5.28
3 TiO,® 157.54
4 Kaolin Clay® 1235.82
5 Carbon Black® 16.94
6 Deionized water 41.36

1. A Surfactant available from Air Products Inc.

2. CR800E available from Kerr McGee

3. ASP-200 available from BASF Corporation.

4. CSX-333 carbon black available from Cabots Inc.

[00135] Materials 1 and 2 were preblended in a flat bottom metal container. Materials 3
through 5 were added sequentially to the mixture under a high shear cowles. The paste
was cowles for 30 min. Material 6 was added under low shear mixing and the paste was
stirred until uniform. The paste was then transferred to a RED HEAD medial mill
equipped with a water cooling jacket and using 2 mm zircoa media. The paste was then
milled until a Hegman of >7 was observed.
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Example 13
(a) A Paint
# | Material Parts
1 Example 8, Cationic resin 113.73
2 | Butyl carbitol Formal’ 4.61
3 | Example 7, Cationic resin 40.98
4 | Example 9 Cationic resin 504.52
5 | Example 10 Cationic resin 369.37
6 | Ethylene Glycol hexyl ether 10.36
7 | Deionized water 24
8 | Example 12, Pigment Paste 129.26
9 | Deionized water 1789.32

1. Available as MAZON 1651 from BASF Corporation

[00136] Materials 1-9 are added sequentially under agitation and stirred until uniform to
create the resin blend. This results in a paint with 1.28% on RS of 1,5,7-
triazabicyclo(4.4.0)dec-5-ene coming from the resin. Twenty percent by weight of the
paint was removed by ultrafiltration and replaced by deionized water.

Example 14

(a) A Paint

# | Material Parts
1 | Cationic resin Example 8 75412
2 | Butyl carbitol Formal’ 40.39
3 | Cationic resin Example 7 359.10
4 | Cationic resin® 6556.21
5 | Ethylene Glycol hexyl ether 90.86
6 | Deionized water 214
7 | Example 12, Pigment Paste 1357.80
8 | Dibutyl tin oxide paste® 147.63
9 | Deionized water 9472.05

1. Available as MAZON 1651 from BASF Corporation.
2. Similar to Example 3, but with the addition of 0.5% gum rosin on resin solids, total
solids of 42.8%

3. A cationic dibutyl tin oxide paste consisting of a sulfonium epoxy grind vehicle and
dibutyl tin oxide, total solids of 55.7 in water, dibutyl tin oxide weight percent was 36.63.
[00137] Materials 1-9 are added sequentially under agitation and stirred until uniform to
create the resin blend. This results in a paint with 1.3% on RS of dibutyl tin oxide
catalyst and was used as a control reference. Twenty percent by weight of the paint was

removed by ultrafiltration and replaced by deionized water.
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Example 15
(a) A Grind Vehicle
# | Material gm
1 | EPON 828 533.2
2 | nonyl phenol 19.1
3 | bisphenol A 198.3
4 | ethyltriphenyl phosphonium iodide 0.7
5 | butoxy propanol 201.6
6 | methoxy propanol 50.4
7 | 1,5,7-triazabicyclo(4.4.0)dec-5-ene

1.

Epoxy resin available from Hexion Specialty Chemicals

[00138] Procedure: All weights are in grams.

Items 1, 2, 3, 4 and 5 are charged to a 4

neck round bottom flask, fit with a stirrer, temperature measuring probe, N, blanket and
heated to 130°C. The mixture exotherms to 160-180°C. Hold at 160-170°C for 1 hour.
Turn heat off and add 6 slowly. At 60°C add 7. Allow the mixture to exotherm to 110°C
then hold at 110-120°C for 1 hour. To 920 g of the reaction mixture, add 39¢g sulfamic
acid and 1153 g deionized water and mix well. Add an additional 15.6g sulfamic acid

and mix well. The mixture was a viscous slightly hazy solution with a solids content of
38.2%.

Example 16

(a) Grind Vehicle pH Adjustment

1 Example 15, Grind Vehicle 809.9
2 10% sulfamic acid solution 49.26
Materials were added sequentially resulting in a resin dispersion with pH of 7.05.
(b) A Pigment Paste
# Material Parts
1 pH adjusted GV from above 595.44
2 SURFYNOL GA' 1.45
3 TiO,® 43.14
4 Kaolin Clay® 338.63
5 Carbon Black® 4.64
6 Deionized water 46.7

1. A Surfactant available from Air Products Inc.
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2. CR80O0E available from Kerr McGee
3. ASP-200 available from BASF Corporation.
4. CSX-333 carbon black available from Cabots Inc.

[00139] Materials 1 and 2 were preblended in a flat bottom metal container. Materials

3 through 5 were added sequentially to the mixture under a high shear cowles. The

paste was cowlesed for 30 min. Material 6 was added under low shear mixing and the

paste was stirred until uniform. The paste was then transferred to a RED HEAD medial

mill equipped with a water cooling jacket and using 2 mm zircoa media. The paste was

then milled until a Hegman of >7 was observed.

Example 17
(a) A Paint

# | Material Parts
1 | Cationic resin, Example 8 191.1
2 | Butyl carbitol Formal’ 7.73
3 | Cationic resin, Example 7 68.76
4 | Example 3 Cationic resin (at 38.1% NV) 1400.34
5 | Ethylene Glycol hexyl ether 17.4
6 | Pigment Paste, Example 16 256.43
7 | Deionized water 1871.7

1. Available as MAZON 1651 from BASF Corporation

[00140] Materials 1-7 are added sequentially under agitation and stirred until uniform to

create the resin blend. This results in a paint with 1.25% on RS of 1,5,7-

triazabicyclo(4.4.0)dec-5-ene coming from the grind vehicle. Fifteen percent by weight

of the paint was removed by ultrafiltration and replaced by deionized water.

Example 18
(a) A Paint

# | Material Parts
1 | Cationic resin Example 8 148.28
2 | Butyl carbitol Formal’ 6
3 | Cationic resin, Example 7 53.35
4 | Example 3 Cationic resin (at 38.1% NV) 1086.56
5 | Ethylene Glycol hexyl ether 13.5
6 | Example 12, Pigment Paste 168.03
7 | Deionized water 1092.31

1. Available as MAZON 1651 from BASF Corporation
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WO 20091021095PCT/US20081072425 1 Example 11, Cationic Resin
515.70 2 Bismuth Ill Oxide 241 3 Su Ifam ic Acid 100 4 Deionized Water
woln@EsiRgized Water 50 [00146] Materials 1 and 2 were aglgpghdondslii®isas

steel beaker and mixed under high shear cowles blade agitation. Materials

3 and 4 were premixed and added slowly to the bismuth resin paste and

the resulting mixture was stirred under high shear cowles agitation for an
additional 30 minutes. Material 5 was added, and the paste was media
milled 3 hours in a Chicago Boiler Red Head Mill equipped with a water

[001ddbint7érniale (strry2 ardedSeaLeAtaba Yhdel a0isdan sledslingg Wil yatlorm to
cre¥RNigle (864 bidrhis\exarple d@%cakﬂmjtlaadam@w@mom@é @lw@@r@aéw until

un PO P Sontaning %n%%egﬁtﬁq g ?ﬁv'“ XQmRIE. At
qu

escribes the prep aratlon S1'an Anine-acl ernlzmg aaent
in ERAM MBI ZY8YEtbes the preparation of an epoxy group-containing
polymer that was subsequently quaternized with the amine-acid salt of
Example 23-1. 23-1 The amine-acid salt quaternizinig agent was prepared
using the following procedure: # Material Parts 1 Dimethyl ethanolamine
Example 19

Thla results

(a) A Cationic Resin

A EPON 880’ 464.01
Bisphenol A 153.61
Ethylene glycol mono- 2-ethyl hexyl ether 12.00

B Ethyltriphenyl phosphonium iodide 0.72

C Ethylene glycol mono-2-ethyl hexyl ether 56.76

D Crosslinker® 495.07

E 1,5,7-triazabicyclo(4.4.0)dec-5-ene 21.21

F sulfamic acid 27.55
H20 438

G H20 891.97

H H20 131

1. Epoxy resin available from Hexion Specialty Chemicals
2. Crosslinker prepared from the reaction of Hexamethylene triamine and propylene
carbonate (detailed below).

[00142] Procedure: All weights are in grams. ltems A and B are charged to a 4 neck
round bottom flask, fit with a stirrer, temperature measuring probe, N, blanket and
heated to 125°C. The mixture exotherms. Begin 1 hour hold at 160°C. The peak
exotherm was 171°C and the temperature allowed to drop to 160°C. After 1 hour, charge
C was added. Charge D then was added and the mixture was held at 115°C for 30
minutes. Charge E then was added and the mixture held for an additional 30 minutes.
12609 of the reaction mixture was poured into a solution of item F with good stirring.
The resulting dispersion was mixed for thirty minutes and then charge G was added with
stirring over about 30 minutes and mixed well. Charge H was added and mixed well.
Water and solvent then were distilled off under vacuum at 60-65°C. The resulting
aqueous dispersion had a solids content 39.19%.

(b) Preparation of the crosslinker
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445 2 PAPI 290" 660 4 88% lactic acid aqueous 512 5 Deionized water

2136.11 1. Polymeric diisocyanate commercially available from Dow
wWoeBhicAlks0- 2. Available as MAZON 1651 from BASF Corps¢afidoos 072425

[00148] To a suitably equipped 5 liter flask material 1 was charged.

Material 2 was then charged under mild agitation over a 1.5 hour period,

followed by a rinse of material 3. During this addition, the reaction mixture

was allowed to exotherm to a temperature of about 89C. and held at that

emperatu eBﬁgﬁ@thymérthlﬁé)mplete reactionmof the 1%@(_.2/8.“&[6 as

[ detgrmined Py YiENEEpRGAIeSCcopy. At that time, materigl¢5vas added
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material 5. The reaction temperature was held at about 80C. for about 6

[ooﬂgf{”sc%”“' a?§a'l§9e%8€9rvﬂ&aﬁ O30y f?svev%%eor Dtuned; 23 eTr%S Hﬁtsx%‘ﬂ%@/rms.
monidm salt group- contalnlng p ymer was prepare
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was REPERNSYH id2éuSBne glycol mono-2-ethyl hexyl ether.

Example 20

(a) A Paint
# Material Parts
1 Cationic resin Example 19 1454
2 Deionized water 2346

[00144] Materials 1 and 2 are added sequentially under agitation and stirred until
uniform to create the resin blend. This results in a paint with 1.99% on RS of 1,5,7-
triazabicyclo(4.4.0)dec-5-ene.

Example 21

(a) Cure Results Set 2

[00145] The electrodepositable coating compositions of examples 13, 14, 17, 18, 20
were electrodeposited onto phosphated steel under conditions sufficient to provide an
electrodeposited film thickness of about 24 micrometers using procedures known to
those skilled in the art.  The panels were then cured in an electric oven at the
temperatures and times indicated. The panels were tested for cure by acetone double
rubs using ASTM D5402-6 Method A with the following exceptions: Acetone was used
rather than MIBK, no water cleaning of panel, 100 double rubs are done using a cheese
cloth, and the rating scale is as listed below.

1 — through to substrate in < 50

2 - Through in 50-100 rubs

3 - Very severely marred. Scratches to metal easily

4 - Severely marred only over area rubbed. Can Scratch to metal

5 - Marred over rub area, can scratch through to metal

45



Butyl Carbitol Formal2 83.7 4 ethyltriphenylphosphonium iodide 0.5 5

Butyl Carbitol Formal2 164.9 6 amine-acid quaternizinq agent 23-1 418.4
wob RRmad water 1428.1 8 Butyl Carbitol Formal2 334.7  1pRigiyGishglo72425

ether of Bisphenol A commercially available from Resolution Chemical Co

as EPON 828. 2. Available as MAZON 1651 from BASF Corporation

[00149] Material 1 was charged toa swtably equped 5 liter flask were

B e g S S T e e S R S S

7 Bl o R ful Bl CaLi P LRI iy A fiFated to about 140

8 - QorAHEAHEIVE FIRAETRERHY BPRIY 48, CantHETSERRIFH AUt 160C. and

9 -BHEhBEERAE ARG REFAbLEREDtaR ABE JchatR 1A EhaE Ume the polymeric

10 PIsiVEidiadan9e0Xy equivalent weight of 982.9. The reaction mixture

was then cooled to a temperature of about 130C. at which time material 5
was added and the temperature lowered to about 95 -100 C., followed by
the addition of material 6, the amine-acid quaternizing agent of 23-1 over
a period of 15 minutes, and subsequently followed by the addition of about
1428.1 parts by weight of deionized water. The reaction temperature was
held at about 80C. for approximately 6 hours until the acid number of the
reaction product fell below 1.0. The resultant quaternary ammonium salt
group-containing pigment grinding resin was further reduced with about
334.7 parts by weight of the solvent of Butyl Carbitol Formal. Example 24

(a)-A-Grind-\{ehicle-# Material-gm-1-EPON-8281
7 % E Acetone double
DBTO Temp | Time
on % BCG*
Resin Additive on
Paint Example | Solids | Resin Solids Rub Rating Rubs
138C 30’ 1 5
149C 30’ 8 100
Example 13 0 1.28 160C 30 3 100
171C 30’ 8 100
138C 30’ Not run Not run
149C 30’ Not run Not run
Example 17 0 1.25 160C 30 5 31
171C 30’ 6 100
138C 25’ Not run Not run
149C 25’ 7/8 100
Example 20 0 1.99 160C 55 8 100
171C 25’ 8/9 100
138C 30’ Not run Not run
149C 30’ 1 2
Example 18 0 0 160C 30 ] 3
171C 30’ 1 5
138C 30’ Not run Not run
149C 30’ 1 12
Example 14 1.3 0 160G 30 Z 100
171C 30’ 8 100
*1,5,7-triazabicyclo(4.4.0)dec-5-ene
Example 22
(a) A Catalyst Paste
# | Material gms |

46



533.2 2 nonyl phenol 19.1 3 bisphenol A 198.3 WO
20091021095PCT/US20081072425 4 ethyltriphenyl phosphonium iodide

Wo 4oadati@yy propanol 99.3 6 butoxy propanol 93.9 7 methoxyd¥@RanRl072425
50.3 8 Thiodiethanol 121.3 9 butoxy propanol 6.9 10

1 Example 11, Cationic Resin 515.70
2 Bismuth [l Oxide 241
3 Sulfamic Acid 100
4 Deionized Water 315
5 Deionized Water 50

[00146] Materials 1 and 2 were added to 2 liter steel beaker and mixed under high shear
cowles blade agitation. Materials 3 and 4 were premixed and added slowly to the
bismuth resin paste and the resulting mixture was stirred under high shear cowles
agitation for an additional 30 minutes. Material 5 was added, and the paste was media
milled 3 hours in a Chicago Boiler Red Head Mill equipped with a water cooling jacket

using 2 mm round zircoa media.

Example 23

(a) A Grind Vehicle

[00147] This example describes the preparation of a quaternary ammonium salt
containing pigment-grinding resin. Example 23-1 describes the preparation of an amine-
acid salt quaternizing agent and Example 23-2 describes the preparation of an epoxy
group-containing polymer that was subsequently quaternized with the amine-acid salt of
Example 23-1.

23-1

The amine-acid salt quaternizinig agent was prepared using the following procedure:

# Material Parts
1 Dimethyl ethanolamine 445
2 PAPI 290’ 660
4 88% lactic acid aqueous 512
5 Deionized water 2136.11

1. Polymeric diisocyanate commercially available from Dow Chemical Co.
2. Available as MAZON 1651 from BASF Corporation

[00148] To a suitably equipped 5 liter flask material 1 was charged. Material 2 was then
charged under mild agitation over a 1.5 hour period, followed by a rinse of material 3.
During this addition, the reaction mixture was allowed to exotherm to a temperature of
about 89° C. and held at that temperature for about 1 hour until complete reaction of the
isocyanate as determined by infrared spectroscopy. At that time, material 4 was added
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deionized water 32.1 11 dimethylol propionic acid 133.1 12 Deionized

water 1100 13 Deionized water 790 1) Diglycidyl ether of Bisphenol A
wWePseDas¢iRLYy available from Resolution Chemical Co as EPQNSe&008/072425

[00150] Charge materials 1 through 5 to a suitably equipped flask and

heat to 125C. The mixture was allowed to exotherm to 175C and then

held at 160-165C for 1 hr. After the 1 hr hold add materials 6-7. Cool to

ovgrog ?ﬁﬂerg?etﬁ&?l? FaY%C%'Irge%t[&?%WEé#ﬁ&lg \@y%eld at

Was hén the aC|d value was OK, pour 1288.2 g of the resin
abWQi@of@r&baéI@H“feée\HaﬂéﬁMﬁ&%ﬂ'ﬁ?ﬁ%ﬁf&f?%‘ﬁamﬁe
23+inutes then add material 13 and mix well. 30% of the coating
composition was removed by ultrafiltration and replaced with deionized
ThevatereBEranapen26iye) salPjooonertoR&astan g idateeavgspieCatdnisiiRabim
follewénapoce8ldres.6 2 Cationic Resin example 24 2267.2 3 SURFYNOL GAl
84.5

# Material Parts
1 Bisphenol A Diglycidyl ether’ 528.8
2 Bisphenol A 224.9
3 Butyl Carbitol Formal® 83.7
4 ethyltriphenylphosphonium iodide 0.5
5 Butyl Carbitol Formal® 164.9
6 amine-acid quaternizing agent 23-1 418.4
7 Deionized water 1428.1
8 Butyl Carbitol Formal® 334.7

1. Diglycidyl ether of Bisphenol A commercially available from Resolution Chemical Co
as EPON 828.
2. Available as MAZON 1651 from BASF Corporation

[00149] Material 1 was charged to a suitably equipped 5 liter flask were added, under
mild agitation. Material 2 was then added followed by material 3 and material 4. The
reaction mixture was heated to about 140° C., allowed to exotherm to about 180° C.,
then cooled to about 160° C. and held at that temperature for about 1 hour. At that time
the polymeric product had an epoxy equivalent weight of 982.9. The reaction mixture
was then cooled to a temperature of about 130° C. at which time material 5 was added
and the temperature lowered to about 95°-100° C., followed by the addition of material 6,
the amine-acid quaternizing agent of 23-1 over a period of 15 minutes, and subsequently
followed by the addition of about 1428.1 parts by weight of deionized water. The reaction
temperature was held at about 80° C. for approximately 6 hours until the acid number of
the reaction product fell below 1.0. The resultant quaternary ammonium salt group-
containing pigment grinding resin was further reduced with about 334.7 parts by weight
of the solvent of Butyl Carbitol Formal.

Example 24
(a) A Grind Vehicle

# Material gm |
1 EPON 828" 533.2
2 nonyl phenol 19.1
3 bisphenol A 198.3
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4 Ethylene glycol hexyl ether 39 5 Ti022 2780 6 POLSPERSE 103 208 7

PRINTEX 2004 52 8 Yttrium Oxide 84.5 9 Deionized water 300 10
woAdIRAR98.9 1) A Surfactant available from Air Products ier2%2008/072425

CRB800E available from Kerr McGee 3) A Kaolin clay available from

IMERYS Inc. 4) A carbon black available from Degussa Inc. 5) A cationic

silica paste 10.52% parts silica, manufactured by PPG Industries. [00151]

?Viflttl 'cxlgtﬁyﬁrlﬁll*éﬁyvﬁhﬁéﬁﬁ‘dﬁmIlH |8d||§é UULLUI I plaauu con ILd.II et VIdLCI |a| :10 7
s aogsol, Bs JHHgPTE to Teduce viscosity. The paste was thenmilted 993
O & PRENSED sanol 93.9

7 methoxy propanol 50.3

8 Thiodiethanol 121.3

9 butoxy propanol 6.9
10 deionized water 32.1
11 dimethylol propionic acid 133.1
12 Deionized water 1100
13 Deionized water 790

1) Diglycidyl ether of Bisphenol A commercially available from Resolution Chemical Co
as EPON 828.

[00150] Charge materials 1 through 5 to a suitably equipped flask and heat to 125°C.
The mixture was allowed to exotherm to 175°C and then held at 160-165°C for 1 hr.
After the 1 hr hold add materials 6-7. Cool to 80°C and add materials 8-11. Hold at 78°C
until the measured acid value was less than 2. When the acid value was OK, pour
1288.2 g of the resin into 1100 g of deionized water (material 12) with stirring. Mix for 30
minutes then add material 13 and mix well. 30% of the coating composition was
removed by ultrafiltration and replaced with deionized water.

Example 25

(a) A Pigment Paste

# Material gm
1 Cationic Resin example 23 418.6
2 Cationic Resin example 24 2267.2
3 SURFYNOL GA' 84.5
4 Ethylene glycol hexyl ether 39
5 TiO,” 2780
6 POLSPERSE 10° 208
7 PRINTEX 200* 52
8 Yttrium Oxide 84.5
9 Deionized water 300
10 FA810° 4698.9

) A Surfactant available from Air Products Inc.

) CR800E available from Kerr McGee

) A Kaolin clay available from IMERYS Inc.

) A carbon black available from Degussa Inc.

5) A cationic silica paste, 10.52% parts silica, manufactured by PPG Industries.

1
2
3
4

[00151] Materials 1-8 were preblended in a flat bottom plastic container. Material 9 was
added to the mixture to reduce viscosity. The paste was then milled on a PREMIER mill
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WO 20091021095PCT/US20081072425 until a Hegman reading of >7

was observed. Material 10 was then added to the paste and the paste was
wo ks i21@8 additional hour. Example 26 (a) A Paint # MaterahRaligod 072425

W7718. Cationic resin Blendl 100 2 Pigment paste Example 25 14.89 3

Catalysts paste Example 22 2.45 4 Deionized water 84.24 1A

cationic, automotive electrodepositable resin blend commercially available

unﬁf%%&ﬂ%‘éﬁﬁ%ﬂ@%ﬁé& Wtenals NrQS{Q’IT’%q 6 RES BesLRedYs 'gﬁi%@,éste

under agitation and allowed to stir 24 hou is paintwas 21.5% s
an(i.tﬁ%oﬁgﬁﬂﬂ‘?' SISt asiadshirraki i all paint components. This paint

was made to a scale of 12000 grams. 30% of the coating composition was
EX%@;‘B}%V% by ultrafiltration and replaced with deionized water. Example 27

dditive Dispersion # Material gm

(a) A Paint
# Material Parts
1 W?7718. Cationic resin Blend' 100
2 Pigment paste Example 25 14.89
3 Catalysts paste Example 22 2.45
4 Deionized water 84.24

1) A cationic, automotive electrodepositable resin blend commercially available
from PPG Industries
[00152] Materials 1 through 4 are added sequentially under agitation and allowed to stir
24 hours. This paint was 21.5 % solids, 1.2% bismuth on total resin solids from all paint
components. This paint was made to a scale of 12000 grams. 30% of the coating
composition was removed by ultrafiltration and replaced with deionized water.

Example 27

(a) An Additive Dispersion

# Material gm
1 Sulfamic Acid 8.05
2 Deionized water 60
3 Example 4 31.95

[00153] Materials 1 and 2 were blended until uniform. Material 3 was then added under
agitation forming a dispersion.

Example 28

(a) A Paint
# Material gm
1 Electrodepositable coating Example 26 2865.67
2 Additive dispersion Example 27 34.7
3 Deionized water 99.63
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1 Su Ifam ic Acid 8.05 2 Deionized water 60 3 Example 4 31.95 [00153]
Materials 1 and 2 were blended until uniform. Material 3 was then added

wsiRs aaisgiion forming a dispersion. Example 28 (a) A PaintpgMadsdidlor2425
gm 1 Electrodepositable coating Example 26 2865.67 2 Additive

dispersion Example 27 34.7 3 Deionized water 99.63 WO
20091021095PCT/US20081072425 [00154] Material 2 and 3 were

e g e L B R
QR o] WSSO RAD P S palnt CorRisEREh s optrfsitive of

ex&0BING COMPOEItiossiasdRIBoYes by ulieaiiitiediapoasatse@asedbiviiie coating

cor%gb%i %ﬁc\i/v\é\{saFgrrﬁoved by ultrafiltration and replaced with deionized water.

Example 29

(a) A Cationic Resin

# Material gm
1 EPON 828 430.27
2 Bisphenol A 185.8
3 MACOL 98 A MOD 12 87.5
4 Methylisobutyl ketone (mibk) 21.76
5 Ethyltriphenyl phosphonium iodide 0.42
6 MACOL 98 A MOD 1° 65.54
7 Methylisobutyl ketone (mibk) 12.13
8 Ketimine® 53.37
9 N-methyl ethanolamine 28.06
10 1,5,7-triazabicyclo(4.4.0)dec-5-ene 10.73
11 Crosslinker? 434.44
12 sulfamic acid 43.46
13 H20 1080.18
14 H20 1521.15

1. Epoxy resin available from Hexion Specialty Chemicals.

2. Bisphenol ethylene oxide adduct available from BASF Corporation.

3. MIBK diketimine of diethylene triamine at 72.7% in MIBK.

4. MDI blocked urethane crosslinker, the reaction product of 10 equivalents of
Lupranate M70L (a polymeric MDI), 2 equivalents of ethanol and 8 equivalents of
methanol. Used at 80% solids in MIBK.

[00155] Procedure: All weights are in grams. Items 1, 2, 3, 4 and 5 are charged to a 4
neck round bottom flask, fit with a stirrer, temperature measuring probe, N, blanket and
heated to 130°C. The mixture exotherms, but was not allowed to exceed 145°C. The
temperature was held at 145°C and for 2 hours. Charges 6 and 7 were then added.
Reaction was allowed to proceed until an epoxy equivalent weight of 1167 was
observed. Charges 8, 9 and 10 were added and the mixture was held at 122°C for two
hours. The heat was turned off, and material 11 was added and the mixture was stirred
for 10 minutes. The reaction mixture was poured into a solution of items 12 and 13 with

good stirring. After 30 minutes, material 14 was added slowly over 30 minutes. About
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Example 29 (a) A Cationic Resin # Material gm 1 EPON 8281 430.27 2
Bisphenol A 185.8 3 MACOL 98 A MOD 12 87.5 4 Methylisobutyl ketone

woniblok1edd 5 Ethyltriphenyl phosphonium iodide 0.42 6 MAL QL83 dd /072425
MOD 12 65.54 7 Methylisobutyl ketone (mibk) 12.13 8 Ketimine

700 g of water and solvent are distilled off under vacuum at 60-65°C, and replenished
with deionized water The resulting aqueous dispersion had a solids content of 37.9%.

Example 30

(a) A Cationic Resin

1 | MAZEEN 355 70" 1423.49
2 acetic acid 15.12
3 Dibutyltindilaurate 1.52
4 Toluene diisocyanate 80/20 200.50
5 sulfamic acid 79.73
6 deionized H20 1623.68
7 deionized H20 766.89

1. Amine functional diol of amine equivalent weight 1131 available from BASF
Corporation.

[00156] Items 1 and 2 are charged to a 4 neck round bottom flask, fit with a stirrer,
temperature measuring probe and N, blanket and mixed for 10 minutes. Iltem 3 was
added and then item 4 was charged over about 1 hour allowing the reaction mixture to
exotherm to a maximum temperature of 100°C. The mixture was then held at 100°C
until the infrared spectrum indicates the absence of isocyanate (approximately 1 hour).
1395 g of the reaction mixture was poured into a mixture of items 5 and 6 and mixed for
1 hour. Item 7 was then added over about 1 hour and mixed for about 1 hour. The
resulting aqueous solution had a solids content of about 36%.

Example 31
(a) A Paint

# | Material Parts
1 | Cationic resin Example 29 1371.5
2 | plasticizer’ 189.8
3 | Butyl carbitol Formal® 39.5
4 | Propylene glycol phenyl ether 3.5
5 | Cationic Resin Example 30 36.6
6 | Cationic Resin Example 7 73.3
7 | Noromox C5° 3.3
8 | Surfactant Blend* 5.2
9 | Paste’ 212.1
10 | Deionized water 1865.3

1. A plasticizer available from PPG industries.
2. Available as MAZON 1651 from BASF Corporation.
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53.37 9 N-methyl ethanolamine 28.06 10
1,5,7-triazabicyclo(4.4.0)dec-5-ene 10.73 11 Crosslinker4 434.44 12
werHRgNs @6id 43.46 13 H20 1080.18 14 H20 1521.15 1. Epopy1/88Hd08/072425
available from Hexion Specialty Chemicals. 2. Bisphenol ethylene oxide
adduct available from BASF Corporation. 3. MIBK diketimine of diethylene
triamine at 72.7% in MIBK 4. MDI blocked urethane crosslinker, the

W@EHQ p% elfpo @ti of Lupranate M70L (a polymeric MDI),
ftfr{ %’é@ﬂ %t@‘&HH@éﬁﬁ@%@éW%*}ﬂ?@' eM?%ﬂ@&@Qdﬁbutyl
eth‘é@'@’ﬁ% 'BsKs;mﬂiﬁ%Erﬂpe%eaﬁlblwer&htmaped&ﬁrmssiztamﬁaltsz
Nofaarns &aeaifadlig@driioGECASK [ausattbatiolo Hegk, fit with a stirrer,

5. Samijpe Etsietorieasuping prabemis2idbhketlace dydategrital V80 Cle iexample
24 pivaursiexolitisrpasiso Ul seahdt dlloleesdlisiexceed 145C. The temperature
was held at 145C and for 2 hours. Charges 6 and 7 were then added.
[001845 cllierRls e Radest seasantiatly shdss SeitalinmAe stitRdg b pigm to
cre\u@stb@sewe@le@barméﬁ,aia mmhé&dmte adtled puhtheaniztoredas ildintil
um%éﬁﬁ h‘%’%d“ﬁ‘rﬁétegh%?eq A S&d‘éﬁ Mﬁﬂé"’b&%ﬂﬁ'ﬁs Witived to stir

mixture was stirred o mmutes The reaction mixture
Un%&ﬁ'fﬁ’ﬂﬂré’@mfﬁb"ﬁ 3BITNTBHESF items 12 and 13 with good stirring. After 30
minutes, material 14 was added slowly over 30 minutes. About WO
Ex200@1821095PCT/US20081072425 700 g of water and solvent are
distilled off under vacuum at 60-65C, and replenished with deionized
(a)dtai"the resulting aqueous dispersion had a solids content of 37.9%.

# | Material Parts
1 | Paint from Example 31 3200
2 | Ethylene Glycol Butyl Ether 9.5
3 | Ethylene Glycol Hexyl Ether 9.5
4 | Zinc Oxide (ZnO) 1.73

[00158] Materials 1 through 4 were added sequentially to a 4 liter container under
agitation with 10 minutes stirring between adds. This results in an electrodepositable
paint with 0.7% 1,5,7-triazabicyclo(4.4.0)dec-5-ene and 0.2% zinc metal on resin solids.

Example 33

(a) Cure Results Set 3

[00159] For of examples 24, 26, 31, and 32, each electrodepositable coating
compositions was then electrodeposited onto phosphated cold rolled steel under
conditions sufficient to provide an electrodeposited film thickness of about 24
micrometers. The panels were then cured for 20 minutes at 175C and tested for cure by
acetone double rubs using ASTM D5402-6 Method A with the following exceptions:
Acetone was used rather than MIBK, no water cleaning of panel, 100 double rubs are
done using a cheese cloth, and the rating scale was as listed below.

1 —through to substrate in < 50

2 - Through in 50-100 rubs

3 - Very severely marred. Scratches to metal easily
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Example 30 (a) A Cationic Resin 1 MAZEEN 355 701 1423.49 2 acetic
acid 15.12 3 Dibutyltindilaurate 1.52 4 Toluene diisocyanate 80/20 200.50
Wo Shhipgpigeacid 79.73 6 deionized H20 1623.68 7 deionized I39,¢683%72425
1. Amine functional diol of amine equivalent weight 1131 available from
BASF Corporation. [00156] Items 1 and 2 are charged to a 4 neck round
bottom flask, fit with a stirrer, temperature measuring probe and N2

4 RO ARG TR SR B AP I B LS S FLide

cthenitem4-was
etal

5 - Wiatred overrup area, cat serateh thisug

101

Fﬁéqﬁéﬂﬂm X

ure toexothermtoa

6 - e IRitGHRSACEReP b B are

TR TGRS S D At APt

7 -INBMAGRH FRPAHYBVENAIEAIRA 1R PRSCIFEIEH 180f¥ANate (approximately

8 - SeakhingsYerg Ikl deakang i AUl Brel EcuB R @UFSEH iheAIIXtUre of items

9 -Skyrd scanchimixeichdbrateBotdn s aranastthastadded over about 1 hour

10 aid misiigld dlaradgeut 1 hour. The resulting aqueous solution had a solids

content of about 36%. Example 31 (a) A Paint

%Zn | % Bi | % BCG | ARD Rating | ADR Rub
Paint Example Description Resin on | Additive| 20'175C 20' 175C

Solids | Resin on

Solids | Resin
Solids .

Example 26 Control 1.2% Bi 0 1.2 0 2 (92)
Example 28 1.2% Bi +2% BCG 2EHGE 0 1.17 2 7 100
Example 31 BCG low level 0 0 4 1 (<45)*
Example 32 BCG low level + Zn 2 0 7 2 (87)*

BCG Additive =1,5,7-triazabicyclo(4.4.0)dec-5-e

Example 4

BCG=1,5,7-triazabicyclo(4.4.0)dec-5-ene
ADR=Acetone Double Rubs
Rubbed through to metal in reported rubs
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# Material Parts 1 Cationic resin Example 29 1371.5 2 plasticizerl 189.8 3
Butyl carbitol Formal2 39.5 4 Propylene glycol phenyl ether 3.5 5 Cationic
Resin Example 30 36.6 6 Cationic Resin Example 7 73.3 7 Noromox C53
3.3 8 Surfactant Blend4 5.2 9

CLAIMS
l. An electrodepositable coating composition comprising a reaction product of a polymer
and cyclic guanidine.
2. The electrodepositable coating composition according to claim 1, wherein said

polymer comprises a functional group that reacts with said cyclic guanidine.

3. The electrodepositable coating composition according to claim 2, wherein said

functional group cdmprises an epoxy.

4. The electrodepositable coating composition according to claim 1, wherein said
composition comprises a polymer comprising a functional group, an admixture, wherein said
admixture comprises said cyclic guanidine and an additional component, wherein each of said

cyclic guanidine and said additional component are reactive with said functional group.

5. The electrodepositable coating composition according to claim 4, wherein said
additional component comprises a polyamine, a primary amine, a secondary amine, a tertiary

amine, a sulfide, or combinations thereof.

6. The electrodepositable coating composition according to claim 5, wherein said

additional component comprises a reaction product of said polyamine and a carbonate.

7. The electrodepositable coating composition according to claim 6, wherein said

polyamine comprises at least one primary amine and at least one secondary amine.
8. The electrodepositable coating composition according to claim 7, wherein at least a

portion of the primary amine of said polyamine is reacted with said carbonate to form a

carbamate.
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Pastes 212.1 10 Deionized water 1865.3 1. A plasticizer available from
PPG industries. 2. Available as MAZON 1651 from BASF Corporation. 3.
A surfactant available from CECA S.A. 4. A blend of solvents and
surfactants consisting of 31.26 parts ethylene glycol butyl ether, 31.26
parts SURFYNOL 104 TM available from Air Product Inc, 32.46 parts
Noramox C5 available from CECA S.A., 5 parts acetic acid. 5. Similar

9. pasTélemdpt@slﬁMﬂtbqatHIgldam])crs'ﬁlacmbgrdhtggminuiveﬁjoié@ﬁn the
examp le 24 on a,re SO|IdS basi L% I |

pol R A R M S AT PR e RIS SRl the wtamine,

N- hordzfmnttwlcfréafderméxmmd@n@nmmltgm@a@immmwpmpms

Conﬁ“gg\{po%tqhgpéoqntll uniform, minimum 30 minutes. Material 10 was added,
and the paint was allowed to stir until uniform, minimum 30 minutes.
Example 32 (a) A Paint # Material Parts 1 Paint from Example 31 3200 2

10. Ethyigae1GhsRiBsbRtbssi e BHoYIeoE debsedhls eyt e vWherdin said

additional component comprises an amine comprising an additional functional group
comprising an alcohol, a tertiary amine, a urethane, a urea, a ketimine, a carbamate, or

combinations thereof,

11.  The electrodepositable coating composition according to claim 6, wherein said sulfide

comprises a hydroxy functional sulfide.

12.  The electrodepositable coating composition according to claim 11, wherein said

hydroxy functional sulfide comprises thiodiethanol.

13.  The electrodepositable composition according to claim 1, wherein said reaction

product is a cationic polymer.

14.  The electrodepositable composition according to claim 13, wherein said cationic

polymer is formed by neutralizing at least a portion of said cyclic guanidine with an acid.

15.  The electrodepositable composition according to claim 14, wherein said acid
comprises acetic acid, lactic acid, sulfamic acid, methanesulfonic acid, dimethylolproprionic

acid, para toulenesulfonic acid, formic acid, or combinations thereof.

16.  The electrodepositable composition according to claim 14, wherein said acid

comprises sulfamic acid.

17.  The coating composition according to claim 1, wherein said coating composition is

substantially free of metal catalysts.
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Zinc Oxide (ZnO) 1.73 [00158] Materials 1 through 4 were added
sequentially to a 4 liter container under agitation with 10 minutes stirring
between adds. This results in an electrodepositable paint with 0.7%
1,5,7-triazabicyclo(4.4.0)dec-5-ene and 0.2% zinc metal on resin solids.
Example 33 (a) Cure Results Set 3 [00159] For of examples 24, 26, 31,
and 32, each electrodepositable coating compositions was then

18. eleKteddgmsitegwittbiohosphatedpokitiol ec stdiakundérimon dberen said

ufficient to,pravide an electrodeposited film thickn f ut 24

el B B R R RO U8 £ AR At pretore.

tested for cure by acetone double rubs using ASTM D5402-6 Method A

19. Withﬁ%@d@@&&%&&&ﬁ@ %8@[%1 dgg\?(ﬁ{%gﬂﬁxsa%&qi@ﬂ?&mnl M %ﬁlﬂ ﬁt least a

water cleaning of panel, 100 double rubs are doneusing a cheese cloth,
portigr ehgaidGRHNEcagenl B hemisedly betn to spjdpolymer.
20091021095PCT/US20081072425 4 - Severely marred only over area

rubbed. Can Scratch to metal 5 - Marred over rub area, can scratch |
20. throliyhelssdapes iais roatingifyRgSit M AtepTaineP slaln dfrintierpipt least a

porfiosSibigidc B aBeia MatRlchenNaNyBEONM O QI NBIOHRE rUb area, can
not scratch to metal 8 - Scratching, very little marring of rub area, can not

scratch to metal 9 - Slight scratching of rub area, can not scratch to metal
21.10- Ne ¢isthtedd positgiel e Raanin g xanyjpiei esardotidingdtoLiaih B onhidedirsaid curing

Solids % BCG At ditive_ . .
ageit comprises a urethane, an isocyanate, an ester, or combinations thereof.

22.  The electrodepositable coating composition according to claim 21, wherein said curing

agent comprises a urethane, and wherein a portion of said curing agent is at least partially
blocked.

23.  The electrodepositable coating composition according to claim 21, wherein the

urethane curing agent comprises a reaction product of a polyamine and a carbonate.

24.  The electrodepositable coating composition according to claim 8 or 23, wherein said

carbonate comprises a cyclic carbonate.

25.  The electrodepositable coating composition according to claim 24, wherein said cyclic
carbonate comprises ethylyne carbonate, propylene carbonate, butylene carbonate, or mixtures

thereof.

26.  The electrodepositable coating composition according to claim 23, wherein said cyclic
carbonate comprises propylene carbonate and said polyamine comprises bis-hexamethylene

triamine.
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on Resin Solids ARD Rating ADR Rub Resin Solids 20" 175C 20" 175C
Example 26 Control 1 2% Bi0 1 2 0 2 (92) Example 28 1.2% Bi +2% BCG
2EHGE 0 1.17 2 7 100 Example 31 BCG low level

27.  The electrodepositable coating composition according to claim 23, wherein said
polyamine comprises diethylene triamine, dipropylene triamine, bis-hexamethylene triamine,
isophorone diamine, 4'-bis-aminocyclohexylamine, xylylene diamine, N-hydroxyethy!

ethylene diamine, hexamethylene triamine, trisaminoethylamine, or combinations thereof.

28.  The electrodepositable coating composition according to claim 23, wherein said

polyamine comprises a primary amine.

29.  The electrodepositable coating composition according to claim 28, wherein the

primary amine of said polyamine is reacted with said carbonate.

30.  The electrodepositable coating composition according to claim 18, wherein said curing

agent comprises a reaction product of an isocyanate and an alcohol.

31. The electrodepositable coating composition according to claim 30, wherein said curing

agent comprises an aliphatic isocyante, an aromatic isocyante, or combinations thereof.

32. The electrodepositable coating composition according to claim 31, wherein said curing
agent comprises an aromatic isocyanate, and wherein said aromatic isocyante is at least

partially blocked with a monoprotic alcohol.

33.  The electrodepositable coating composition according to claim 32, wherein said
monoprotic alcohol comprises methanol, ethanol, propanol, isopropyl alcohol, butanol, 2-
ethylhexanol, butokyethanol, hexyloxyethanol, 2-ethylhexyloxyethanol, n-butanol,
cyclohexanol phenal carbinol, methylphenyl carbinol, ethylene glycol monobutyl ether,
diethylene glycol monobutylether, ethylene glycol monomethylether, propylene glycol

monomethylether, or combinations thereof.

34.  The electrodepositable coating composition according to claim 18, wherein said curing

agent comprises a reaction product of said cyclic guanidine and an isocyanate.
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00.7 1 (<45)* Example 32 BCG low level + Zn 07 2 (87)* BCG Additive
=1,5,7-triazabicyclo(4.4.0)dec-5-ene + 2 ethyl hexyl glycidyl ether from
Example 4 BCG=1,5,7-triazabicyclo(4.4.0)dec-5-ene ADR=Acetone
 Double Rubs 'Rubbed through to metal in reported rubs CLAIMS I.An

electrodepositable coating composition comprising a reaction product of a
polymer and cyclic guanidine. 2. The electrodepositable coating

35. confjpesitictratepositis) dowitng dompesition serdrsdngrfeelabaistisdweein said

. functi t i id ' idi : -

o B e pinations thoreot.
functional group comprises an epoxy. 4. The electrodepositable coating

36, COMBRSIHQAARGIAA IR AR do PSSR SR RAMROHAN COMMMSASA cyclic

polymer comprising a functional group, an admixture, wherein said

guapihinaNBREBR SR s Al L jedepiEtifeHRd an additional component,
wherein each of said cyclic guanidine and said additional component are
reactive with said functional group. 5. The electrodepositable coating
composition acccgaing to claim 4, wherein said additional component
comprises a polyamine, a priR@ryRdmine, a secondary amine, a tertiary
amine, a sulfide, or combiRatio
coating composition acdrndiag 1o jaldifii S, wherein said additional
component comprises a reactign product of said polyamine and a
carbonate. 7. The electro sita®lg coating composition according to
claim 6, wherein said polyamine comprises at least one primary amine
and at least one secondary amin&68. The electrodepositable coating
composition according to claim 7, wherein at least a portion of the primary
amine of said poI;zIaﬁgline is reacted with said carbonate to form a carbam
ate.

R3 R4

R2
R1 sN— RS

N=
N—R6

/

R7

wherein each of R1, R2, R3, R4, R5, R6, and R7 comprise hydrogen, (cyclo)alkyl, aryl,
aromatic, organometallic, a polymeric structure, or together can form a cycloalkyl, aryl, or an
aromatic structure, and wherein R1, R2, R3, R4, R5, R6, and R7 can be the same or different,
and whereinn > 1.

37.  The electrodepositable coating composition according to claim 36, wherein n > 2.

38.  The electrodepositable coating composition according to claim 36, wherein n > 3.
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9. The electroclepositable coating composition according to claim 7,
wherein the polyamine comprises diethylene triamine, dipropylene
triamine, bis-hexamethylene triamine, N-hydroxyethyl ethylene diamine,
hexamethylene triamine, triaminoethylamine, or combinations thereof 10.
The electrodepositable coating composition according to claim 7, wherein
said additional component comprises an amine comprising an additional
39. fun@lendegrodgposimplésingtiap edagisitiartertiaryiagrtmelaarutetiameinaaid cyclic
guag{gﬁ{b?skgeotf@ nc%f%r(l:g 2%?@?}%% (s)trrt?(%rr]g Ig@g%ﬂ /E)rlle{reuot:ur%]%V :he . .
electrodeposrable coating composition according to claim 6, wherein said
sulfide comprises a hydroxy functional sulfide. 12. The electrodepositable
coating composit't?g)according to claim 11, wherein said hydroxy
functional sulfide comprises thiodiethanol. 13. The electrodepositable
composition according to ¢laff$d, Rthereip said reaction product is a
cationic polymer. 14. The &fecrdiiep swg?g composition according to
claim 13, wherein said cBfloni I5.,formed by neutralizing at least a
portion of said cyclic guanidingywitiean aetdR745. The electrodepositable
composition according to c@ﬁ 14, wNerejggsaid acid comprises acetic
acid, lactic acid, sulfamic acid, methanesulfonic acid, dimethylolproprionic
acid, pan toulene@difonic acid, formic acid, or combinations thereof 16.
The electrodepositable compgsitiggyaccording to claim 14, wherein said
acid comprises sulfamic agg. The d®&ting composition according to
claim 1, wherein said cogtj tiom | bstantially free of metal
catalysts. 18. The electrodeposite composition according to
claim 1, wherein said electrod‘%o& 0 gfng composition comprises a
polymer and a curing agent therefore| 19R8he electrodepositable coating
composition according to claim 18, WR&rein at least a portion of said
curing agent is chemically bound to said polymer. 20. The
electrodepositable coating composition according to claim 18, wherein at
wheegisteaghorfiBl .t 3R3 ReGSafenRiE B, onBhisatiprisesholdwgriid(cyclo)alkyl,

ary PAIMGic, Dt dMIMEISAHEOISBRMANS CRAURY GOmResM! ‘&Qn%?ﬁ’{gi&%f&lkyl, aryl,

claim 18, wherein said curing agent comprises a urethane, an isocyanate,

or I PEATEIGHIISHHEnab N erarddE . B RhRAidkdrdtfe fokifbhianddiisgn be the same
or ORIBASHIRMAGLIAINEN® BlaIBbdth WNSIRINARIIGUIRG3E A OIS ISARPor
. Jurethane, and wherein a portion of said curing agent is at least partially
d'ﬁgﬁ%ﬂked. 23. The electrodepositable coating composition according to
claim 21, wherein the urethane curing agent comprises a reaction product
of a.pol ine and.a.carbonate. 24. The electrodepositable coating .
0. o TR R TR EoPo3 R SFa L0 BBk ate CBFRALSS ™
a cyclic carbonate. 25. The electrodepositable coating composition
accaqrdi | wherein said cyelic carbonate compri ethyvlyne
A S X BB R SRR Gana m =
1. 26. The electrodepositable coating composition according to claim 23,
wherein said cyclic carbonate comprises propylene carbonate and said
polyamine comprises bis-hexamethylene triamine. 27. The .
42. elechiso peisdanesiiablerg e sognesitieareniding KiieimdOwkeein n and m =
2. said polyamine comprises diethylene triamine, dipropylene triamine,
bis-hexamethylene triamine, isophorone diamine,
4'-bis-aminocyclohexylamine, xylylene diamine, N-hydroxyethyl ethylene
diamine, hexamethylene triamine, trisaminoethylamine, or combinations
thereof 28. The electrodepositable coating composition according to claim
23, wherein said polyamine comprisesé% primary amine. 29. The
electrodepositable coating composition according to claim 28, wherein the
primary amine of said polyamine is reacted with said carbonate. 30. The
electrodepositable coating composition according to claim 18, wherein
said curing agent comprises a reaction product of an isocyanate and an
alcohol. 31. The electrodepositable coating composition according to
claim 30, wherein said curing agent comprises an aliphatic isocyante, an
aromatic isocyante, or combinations thereof. 32. The electrodepositable

coating composition according to claim 31, wherein said curing agent
comnricae an aromatic iecocvvanate and wherein eaid aromatie icocvvante i




34. The electrodepositable coating composition according to claim 18,
wherein said curing agent comprises a reaction product of said cyclic
guanidine and an isocyanate. 35. The electrodepositable coating
composition according to claim 34, wherein said isocyanatecomoprises an
aliphatic isocyante, an aromatic isocyante, or combinations thereof. 36.
The electrodepositable coating composition according to claim I, wherein
43. said by cliecyodendanede eratisgs stnpesitien( dycandifey tetolaiardd (WheRBR4s not
equEﬁ NnRG R7 wherein each of RI, R2, R3, R4, R5, R6, and R7 comprise
yé)rogen, (cyclo)alkyl, aryl, aromatic, organometallic, a polymeric
structure, or together can form a cycloalkyl, aryl, or an aromatic structure,

44. ANOYOERER J3bpBettaBiR BatiR o RBoaNd TR ARREING SRS, WHIIEIGNL 1 ang

and wherein n?'I. 37. The electrodepositable coating composition
M “¢cording to claim 36, wherein n > 2. 38. The electrodepositable coating
composition according to claim 36, wherein n? 3. 39.The
eleQI%lOdﬁ?ngSit ble caating composition according to claim 1, wherein said
“cyclhdy

45 R RS IR oA EBATH RIS TSNS Bl dvdtest i chifeyelic
guafifind W9 urddpsBRRE R2R5 R1{ dm R6 -CNAR7 R8 R9 wherein each of
R1, R2, R3, R4, R5, R6, R7, R8, or R9 comprises hydrogen, (cyclo)alkyl,
aryl, aromatic, organometallic, a polymeric structure, or together can form
46. a cyldiealkytratspositdrearaatiag costpositive, anvdrding einliin R2yRBeiR4daid cyclic
. R nd R9 can be the same or different, and wherein n and
guaﬁgg}g%ﬁgﬁ&gﬁd wherein n and m may be the same or different. 40.The
electrodepositable coating composition according to claim 39, wherein n =

47. M- The electrodepositable coating composition according to claim 46, wherein said cyclic

guanidine comprises 1, 5, 7-triazabicyclo[4.4.0]dec-5-ene.

48.  The electrodepositable coating composition according to claim 1, wherein said coating
composition further comprises a metal, a metal oxide, a metal salt, an alkyl metal, an alkyl

metal oxide, an alkyl metal salt, or combinations thereof.

49.  The electrodepositable coating composition according to claim 48, wherein said metal,
said metal oxide, said metal salt, said alkyl metal, said alkyl metal oxide, said alkyl metal salt
comprises bismuth, tin, yttrium, lanthanum, cobalt, cerium, magnesium, zinc, zirconium,

titanium, manganese, tungsten, molybdenum, or combinations thereof.

50.  The electrodepositable coating composition according to claim 1, wherein said cyclic
guanidinecyclic guanidine comprises 0.01% to 7% by weight based on weight of the total

resin solids of said electrodepositable coating composition.

51.  The electrodepositable coating composition according to claim 1, wherein said cyclic
guanidinecyclic guanidine comprises 0.2% to 4% by weight based on weight of the total resin

solids of said electrodepositable coating composition.
61



41.The electrodepositable coating composition according to claim 40,
wherein n and m = 1. 42.The electrodepositable coating compaosition
according to claim 40, wherein n and m = 2. 43. The electrodepositable
coating composition according to claim 39, wherein n is not equal to m.
44. The electrodepositable coating composition according to claim 43,
whereinn=1and m = 2. 45. The electrodepositable coating composition
52. accOhdinlgdmodiepositablb ereimgaichuyadit gueantiditingsarisimdtitubeckin®id
he electrodepgsitable coati itign. aecording to claim. 1; wherein:
e B TR b e
vehisdormevimices aetsbenithig Byanidine4s, wherein said cyclic guanidine
comprises 1, 5, 7-triazabicyclo[4.4.0]clec-5-ene. 48. The
electrodepositable coating composition according to claim 1, wherein said
53. coalihg LeripdenesiaRlprertinaRpressidomasspraingdos sl b, whsrstasaisd:,
electd@ikybimBlabaan R kdnmehi Qxiden fisal i ratadiselt, ah e WRGIALRISrind

thereof. 49. The electrodepositable coating composition according to
vehigls comprigassithexstis ghenifitgid metal oxide, said metal salt, said alky!
metal, said alkyl metal oxide, said alkyl metal salt comprises bismuth, tin,
yttrium, lanthanum, cobalt, cerium, magnesium, zinc, zifconium, titanium
4. mar s A e RSIERlS SRS Re TR RS e Flarac: Y
clecttedtadapidsitabieng catingdoonpfvsiiencaopoiding daeladontrol hédgines aidl
i idinecyclic nidine ¢ rises P}O& oF 9 by weight based
Whe%%v%%%%% %hcé)%t%ll a‘Pgéclisﬁ?rﬁvgoélr(ll)gnsp g‘fggpaﬁl %IC cq[rlocéeéolsgl{g%le coating
composition. 51. The electrodepositable coating composition according to

55. Claifh b YNerEdBrRRIC GG AHABIIRBENRIF RUasl ?o%‘i’féﬂﬂf(ij?%@n%?{‘)s&?d

4% by weight based on weight of the total resin solids of sai o
eleciraderagEpRisicanting samryLHambshecamprises amicrget-and posHeipiaid
miceORING HPMRSHPByREcUEiRGIiR:Claim 1, wherein said electrodepositable

coating composition comprises a main vehicle, and wherein said main

vehicle comprises said cyclic guanidine. 53. The electrodepositable
56. coalihg eletnpaspicnabteosdiiig Wrelpisitibnubeseingaict Bliectrpohpesitsiile
e S S A T RSB GEPY ine
andcoatngfooctipositompeandding to claim 1, wherein said electrodepositable

coating composition further comprises a crater control additive, and

wherein said crater control additive comprises said cyclic guanidine. 55.

57. Theldreleeidedspsisibhdeesating eomnestinonesceditting ¢rmad Whaiearenid
moRSishelRFIAPERRASIADIS &%%g&em%@&fu&ther comprises a microgel,

and wherein said microgel comprises said cyclic guanidine. 56. The

electrodepositable coating composition according to claim 1, wherein said
58. electRARIRIRPIE RAFLRY £RF BOTIHOH A BB HREM A (LARAS O MeFdiREaid mono-

S ij cyclic guffmidine. and a monofunctional compound. 57, The L
o1y R BRSPSt RN B8 Sigrfeancic acid
glyadid esnodtbethbdnatkampetsad. is a monoglycidyl compound. 58. The

electrodepositable coating composition according to claim 56, wherein

said monoglycidyl compound comprise phenol glycidal ether, 2 ethylhexyl
59. glycidetlethed epesiainiccaatth g lymicydsstarcanposikgnations thereof. 59.

An ¢l it in mpesition ¢ rising: . .a polymeric._ .

e D LT B i S i
polysoiyinasrstionciiofust seotrisspripriset ve functiveahgnetipratdyroup; and a

curipgagenthatise RAcIVEVW I A deaRliNgG fIRGGRA' Geayp- 60- The

electrodepositable coating composmo%flccordlng to claim 59, wherein

said polymer comprises an epoxy functional group, and wherein said

cyclic guanidine is reacted into said polymer via a reaction of said cyclic

guanidine and said epoxy functional group.



61. The electrodepositable coating composition according to claim 59,
wherein said curing agent is at least partially blocked. 62. The
electrodepositable coating composition according to claim 59, wherein
said curing agent comprises isocyanate. 63. An electrodepositable
coating composition comprising a polymer that comprises a cyclic
guanidine and a urethane. 64. The electrodepositable coating
60. corfipesitiotaiepositiziietooatiigceBpatitinsincsardingdic Girmridindpsein said
incorpor into each :
pdyé?(%%ﬁ%ﬁ%%s g& Iﬁnﬁ&@%%ﬁ'ﬁ{%yg éﬁég’o%%gpgc&%ya&éqle?%fa ing C%Hr%%?sniﬁ gsnreaCted
intogeisbpdiniges Graeagtionrdredifl sarlic Aok Fid aReN faNeianibgroup:
product of a polyamine and a cyclic carbonate, and wherein said reaction
product is reacted into said polymer via a reaction with an epoxy. .
61. fundiisrrArSrelapoTehia pRAVREIONBISTND é?éefﬁé%ﬁb%‘ﬁ%{ﬂ|g9e8ﬁ’t‘?ﬁ‘a“ said curing
agefORRASHIP PaacANy B@edclaim 65, wherein said reaction product
comprises a primary amine and a secondary amine, and wherein said
reaction product is reacted into said polymer via a reaction of said
62. SecThéarcaoiicyitible aisheppxyniposiionalcgoadip gioseidnp S8, mberéin.said curing

substrate coating with the electrodepositable coating of any one of claims
ageﬁlttoc%%\_prlses 1socyanate.

63. An electrodepositable coating composition comprising a polymer that comprises a

cyclic guanidine and a urethane.

64.  The electrodepositable coating composition according to claim 63, wherein said cyclic
guanidine is incorporated into said polymer via a reaction with an epoxy functional group of

said polymer.

65.  The electrodepositable coating composition according to claim 63, wherein said
urethane is derived from a reaction product of a polyamine and a cyclic carbonate, and
wherein said reaction product is reacted into said polymer via a reaction with an epoxy

functional group of said polymer.

66.  The electrodepositable coating composition according to claim 65, wherein said
reaction product comprises a primary amine and a secondary amine, and wherein said reaction
product is reacted into said polymer via a reaction of said secondary amine with said epoxy

functional group of said polymer.

67. A substrate coating with the electrodepositable coating of any one of claims 1 to 66.
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