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SUMMARY OF THE INVENTION

[0003] The present invention is directed to a coating comprising a polymer

comprising a terpene and a monomer that is polymerized with terpene by free radical
polymerization, wherein the monomer is not maleic acid/anhydride.

[0004] The present invention is further directed to a cured coating comprising
terpene in an amount greater than 30 wt%, based on solids, wherein the terpene is not in the
form of a copolymer with phenol, cresol, or maleic acid/anhydride and glycol ester.

[0005] The present invention is further directed to a coating comprising terpene and
a urea, wherein the urea is formed from a reaction mixture comprising an isocyanate-
functional component and an amine-functional component, wherein the ratio of equivalents
of isocyanate groups to equivalents of amine groups is greater than 1 and the isocyanate-
functional component and the amine-functional component can be applied to a substrate at a
volume mixing ratio of 1:1.

[0006] The present invention is further directed to a polymer comprising 30 wt%
terpene or greater, and less than 20 wt% of an olefinically unsaturated mono- and/or
dicarboxylic acid containing 3 to 5 carbon atoms or anhydrides thereof, wherein wt% is
based on total solid weight and wherein the polymer is prepared by free radical
polymerization.

DETAILED DESCRIPTION OF THE INVENTION
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where Y is -NR',, -O-R%-0-C(=0)-NR',, or —OR?; R is H, linear or branched C; to Cy, alkyl,
or linear or branched C; to Cyo alkylol; R? is methyl, linear, acylic or branched C; to Cy alkyl,
alkenyl, aryl, alkaryl or aralkyl, and R® is H, poly(ethylene oxide), poly(propylene oxide),
linear or branched C, to Gy, alkyl, alkylol, aryl and aralkyl, linear or branched C; to Gy
fluoroalkyl, fluoroaryl and fluoroaralkyl, a siloxane radical, a polysiloxane radical, an alkyl
siloxane radical, an ethoxylated trimethylsilyl siloxane radical, or a propoxylated trimethylsilyl
siloxane radical. A particularly useful type of acrylic monomers are those described by
structure (I) where Y includes at least one functional group of epoxy, oxirane, carboxylic
acid, hydroxy, amide, oxazoline, aceto acetate, isocyanate, or carbamate, and R? is a
divalent linear or branched C; to Cx, alkyl linking group.

[0010] Examples of suitable monomers that fall within structure (l) include, but are
not limited to, hydroxyethyl acrylate, hydroxypropyl acrylate, acrylic acid, methyl acrylate,
ethyl acrylate, butyl acrylate, isobutyl acrylate, isobornyl acrylate, glycidyl acrylate,
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[oa12] net hylheitérpéne and monomer are generally mixed together in the presence of a
free radical polymerization initiator. Any standard free radical polymerization method can be
used. In certain embodiments, a continuous process for making the polymer at high
temperature (i.e. greater than 200°C) and high pressure (i.e. greater than 500 psi) using low
amounts of initiator (i.e. less than 10 wt%) are used. In certain embodiments, the
polymerization is carried out in the substantial absence of Lewis acids and/or transition
metals.

[0013] Any suitable free radical polymerization initiator may be used in the present
invention. Suitable free radical initiators are typically thermal free radical initiators. Suitable
thermal free radical initiators include, but are not limited to, peroxide compounds, azo
compounds and persulfate compounds.

[0014] Examples of suitable thermal free radical initiator peroxide compounds
include, but are not limited to, hydrogen peroxide, methyl ethyl ketone peroxides, benzoyl
peroxides, di-t-butyl peroxides, di-t-amyl peroxides, dicumyl peroxides, diacyl peroxides,
decanoyl peroxide, lauroyl peroxide, peroxydicarbonates, peroxyesters, dialkyl peroxides,
hydroperoxides, peroxyketals and mixtures thereof.

[0015] Examples of suitable thermal free radical initiator azo compounds include, but
are not limited to, 4-4’-azobis(4-cyanovaleric acid),

1-1’-azobiscyclohexanecarbonitrile), 2-2'-azobisisobutyronitrile,
2-2’-azobis(2-methylpropionamidine) dihydrochloride,

2-2'-azobis(2-methylbutyronitrile), 2-2’-azobis(propionitrile),
2-2’-azobis(2,4-dimethylvaleronitrile), 2-2’-azobis(valeronitrile),
2,2'-azobis[2-methyl-N-(2-hydroxyethyl)propionamide],
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cured. Thus, in certain embodiments, the coatings according to the present invention would
not include adhesives.

[0019] The coatings of the present invention can comprise 5 to 100 wt%, such as 10
to 70 or 10 to 40 wt%, based on total solids weight, of the polymer comprising a terpene and
a monomer that is polymerized with terpene by free radical polymerization. For example, the
coating may comprise 10 wt% or greater terpene, such as 20 wt% or greater, or 30 wt% or
greater, with wt% based on total solids weight.

[0020] It will be appreciated that when terpene is used in a coating according to the
present invention, alone or in polymer form, it can form part of the film-forming resin of the
coating and in certain embodiments crosslinks with the other film-forming components. It is
not added to function as a solvent, such as a solvent that is vaporized during cure, a chain
transfer agent, a tackifier or other additive. It will be appreciated by those skilled in the art
that a cured coating in which terpene or polymers thereof are used as a solvent, chain
transfer agent, or tackifier or other additive would have a relatively low amount of terpene in
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film-forming resin may be selected from any of a variety of reactive functional groups
including, for example, carboxylic acid groups, amine groups, epoxide groups, hydroxyl
groups, thiol groups, carbamate groups, amide groups, urea groups, isocyanate groups
(including blocked isocyanate groups and tris-alkylcarbamoyltriazine) mercaptan groups,
anhydride groups, acetoacetate acrylates, uretidione and combinations thereof.

[0023] Thermosetting coating compositions typically comprise a crosslinking agent
that may be selected from, for example, aminoplasts, polyisocyanates including blocked
isocyanates, polyepoxides, beta-hydroxyalkylamides, polyacids, anhydrides, organometallic
acid-functional materials, polyamines, polyamides, and mixtures of any of the foregoing.
[0024] The coating compositions may also include a solvent. Suitable solvents
include water, organic solvent(s) and/or mixtures thereof. Suitable solvents include glycols,
glycol ether alcohols, alcohols, ketones, aromatics, such as xylene and toluene, acetates,
mineral spirits, naphthas and/or mixtures thereof. "Acetates" include the glycol ether
acetates. In certain embodiments, the solvent is a non-agueous solvent. "Non-aqueous
solvent” and like terms means that less than 50 percent of the solvent is water. For
example, less than 10 percent, or even less than 5 percent of the solvent can be water. It
will be understood that mixtures of solvents, including or excluding water in an amount of

less than 50 percent, can constitute a "non-aqueous solvent”.
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[0028] 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, 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 (“DPPBO red”),
titanium dioxide, carbon black and mixtures thereof. The terms "pigment” and "colored filler"
can be used interchangeably.

[0029] Example dyes include, but are not limited to, those that are solvent and/or
aqueous based such as pthalo green or blue, iron oxide, bismuth vanadate, anthraquinone,
perylene, aluminum and quinacridone.

[0030] 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.
[0031] As noted above, the colorant can be in the form of a dispersion including, but
not limited to, a nanoparticle dispersion. Nanopatrticle dispersions can include one or more
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nogRGSs Bt Era ot Pakh VETBOTETY fec sune
24,2668 whithtihealse ma@rpmgtedFﬁgreireb@aﬁmlrmcet he coati ng
[oG3R{POS! e ABie Bl AR L8 BB OlhaPm4Rbd 61k iPlne coping ofthe

r mopl as osition
presentirtyentipntinclupi@igssats ang/ot omltrpnsmgt produce one or more

appearance effects such as reflectance, pearlescence, metallic sheen, phosphorescence,
fluorescence, photochromism, photosensitivity, thermochromism, goniochromism and/or
color-change. Additional special effect compositions can provide other perceptible
properties, such as opacity or texture. In a non-limiting embodiment, special effect
compositions can produce a color shift, such that the color of the coating changes when the
coating is 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.

[0033] The coatings of the present invention can be substantially clear.
"Substantially clear" as used herein means that one can see through the coating and that
objects viewed through the coating will be visible without significant distortion. It will be
appreciated that use of certain colorants will still result in a coating that is substantially clear.
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may be wat er-based or sol vent-based |iquid
conpositions, or, alternatively, in solid particul ate
wo 008106709%. , a powder coating. [0022] Ther nosePCT/N§2007/082816
curabl e coating conpositions typically conprise film
form ng polyners or resins having functional groups
that are reactive with either thenselves or a
crosslinking agent. The filmformng resin can be
selected from for exanple, acrylic polyners,
[0034] yest dn ceytsinymaseliitingsinjpedisteisna phabsameities, copogition afs)/or
ph(ﬂ&l,lh}’d?ﬁé §®m;55%‘tlﬁﬁtvnﬁrfh r@@éré’ bRers ¥ éd%}%féh eRpddas ﬁ)dor%Q)(PMf)re

yners, | oxane ﬁrrers cop ol yners t her eof
"ghéﬁ‘aﬂ?ﬁsx%'}t&usﬁﬂé}tB%Foa“@ert %\P'le;?e”tt”l*(égt@”p8|h9‘i9%'ﬁf9mk%?ﬁ‘d49é
phasyenfitleydvripssitdnsicae se attivpes bvaeka)sbne taramamm bm‘isdeamw

illed in
wayth P he o5 Podaliph Pocsieh e itf o8 FoTT R IR &8 chgnoec
andbthe laltered ettbichveie exhilste lauieiv dotoy thaTik @iffecent trono it ongman@tor ofthe
corﬁ}%%mf)h | Wh%ﬁ’fh@e& osru?esl‘TQ'FaJF?tbén %ereﬁ%l/&ﬂr%q)ht){oeﬁ?gﬁﬂ‘yanefor

rl et reactive functional groups i ncl
Pholaen11ve, CORRPBBAAAECIHE A 2giAR P oot AR MRS drestiiginal aaias ! @
corBbRUBS rettﬁ'ﬂdéjr %Yk nBi-HHRRg eMBédﬂherﬂftﬁélpﬁotocﬁ]ﬂfrﬁ@ﬁﬁd/@r
ani de groups, ur.ea .grou an roups
Phh SRR TR PP Uk e alEy Eehdt & P pigied SRt and exnidt 8685 in an
exdited stail Eyll calorodanyd ¢aniappearayithinenidisqrbads tgisewgpd minutes, such as

frorﬁ@ﬁ%géd;‘rgg togéooéégéndsaﬁgrﬂﬁg %P%B@Ef’rﬁﬁﬁ%h@%%ot&%ﬁéﬂv‘g'c8mﬁosmons

I nations thereo hermosetting co
incligerpsoahraste dysppi cal |y conprise a crosslinki ng agent

[odsbft MaYn RRoS BnRAd @Hb&dlrﬁgﬁt tﬁé’bh&?fs%"r‘i@&n‘fe cAiPoBaR ARlic3
yi socyanat es |1 ncluding bl ocked i socyanat es

ph%‘éﬂ%@%ﬁ?'ﬂ%&?'“%é@'hb%?sc?f)@%%wﬂ@/ ?%ﬁfc?ééeaswﬂiﬁéhé bwd to, such as
by edvapdr bonaimg, wmﬁmmatj/a} bal@n arclnwbtértamﬁf Ia(mMn efrEdbRy doddpBnent.

In (T%BL%SE] nese’ co%?ng\é in wﬁllgﬁthe%ﬂgtos%n)gtlve composmon %ay mlgt;rgte out of the
coating and crystalllze 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 identified in U.S.
Application Serial No. 10/892,919 filed July 16, 2004 and incorporated herein by reference.
[0036] In general, the colorant can be present in the coating composition in any
amount sufficient to impart the desired visual and/or color effect. The colorant may comprise
from 1 to 65 weight percent of the present compositions, such as from 3 to 40 weight percent
or 5 to 35 weight percent, with weight percent based on the total weight of the compositions.
[0037] In certain specific embodiments of the present invention, the coating is a
thermosetting composition comprising a non-gelled hydroxy functional polymer prepared as
described above by polymerization of turpentine with a monomer polymerized with
turpentine by free radical polymerization, such as an acrylate, and a crosslinking agent such
as melamine and/or isocyanate.

[0038] The polymer described herein in conjunction with the crosslinking agent can

itself comprise the film-forming resin, or one or more additional film-forming resins can be
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[0024] The coating conpositions may al so include a

sol vent. Suitable solvents include water, organic
waeiseetofs) and/ or m xtures thereof. Suitabl e BOI/USIWDF082816

i nclude glycols, glycol ether alcohols, alcohols,

ket ones, aromatics, such as xyl ene and tol uene,

acetates, mneral spirits, naphthas and/or m xtures

thereof. "Acetates"” include the glycol ether acetates.

In certain enbodi nents, the solvent is a non-aqueous

useslppuel s hydrRofLIae|iaad @srylicalysrars commonly keedtie inggringush s
MACHYINALSI 8 ahdONERYPEHE eSichPim td?l(ﬁmé%éﬁ%%ay tSe c‘i’@,&rﬂfed it0rs.
Patﬁgﬁ}%l g 96% g?qqz@d?a 11%9 p@)&tﬁgf% qnaa(r%ﬁere&f m&s?srapra}ea by reference
[0030fler st apCertdnadthériextbstie®ntf the ebatmgtisan élestlodéelodlabid coating
cofi BT el AEDHRE o0 G5 BBy ) s
corgmsiily egkd it Blectooiapdsigole ovgliogs kriosndn thamrtc &rpnplseinctiteecationic
an(?%ﬁ(g é’dryh%ﬁ@&b&ﬁeéﬂ%‘ | known in the art of

atl nﬁ coat such as pl asticizers, . .
[00461 i - oxilo befurmrrﬁp@re@@teéﬂﬁhaiéhq goghngssiestsibed peein cappe either

"onkic8Rbo RS PHREI S @B GombaRinl"i(BRMSer vHA ﬁ@ﬁltééﬂ%merft E&Wpositions.

A RS peders ity wﬁaegmg oZ%%%’me%%aﬁr fefsirial of he coating
corsdnahty stesmaianathed intee sans tana@ingt agenchariugdctes, dufifidR6agdetc. A

1K§§%lﬂ9 GS& Sé F{?%l 9)' ogu%nt‘l"ate gﬁcgcurecﬁ(tgy/ % Sr gfi e'ﬁ'tegrﬁl %%an such as by

ubstance S co er opacrt
heaiing/feicedainand iedital Tl presrant aatingrecanciRedsi A QRtingshahich will be

und%‘?étéﬁ’d%tcoﬁl@r@s Wwﬁ%@éﬁoh@c&n‘ik%n@ﬁ’@tafer}Galhlﬁm@@)ﬁe&a‘r‘e\tél?t}htﬁ just

such as discrete particles, dispersions,
p“°§ 6‘? %HH"E?H@” ahWiIGY.Ong RYEPONENEST if X %Q?I“Eﬁ GEHRPrigeS @ resin and the
oth®i odnﬂoeemﬁ:ommeee cOmrigeagenl therafk SFaraRample UsieEomporidhcan
ent nve

coriR et BB ERGne IO bOVA s pgseror

acrylltose used in

[0041] As stated above, in certain embodiments, the copolymer described above will
react with the other film-forming components, and become part of the film-forming resin of
the coating.

[0042] The present coatings can be applied to any substrates known in the art, for
example automotive substrates and industrial substrates. These substrates can be, for
example, metallic, polymeric, transparent plastic substrates, polycarbonate, wood
substrates, concrete, glass, and the like.

[0043] The coatings of the present invention can be applied by any means standard
in the art such as electrocoating, spraying, electrostatic spraying, dipping, rolling, brushing,
printing and the like. The coatings can be applied to a dry film thickness of 0.1 to 5 mils,
such as 0.5to0 3.0 or 0.9 to 2.0 mils. Even thicker layers, such as 20 to 100 mils, or up to
150 mils, are contemplated in certain embodiments of the present invention. The coatings of
the present invention can be used alone, or in combination with other coatings. For
example, the coatings can be pigmented or unpigmented, and can be used as a primer, e-
coat, base coat, top coat, automotive repair coat and the like. For substrates coated with
multiple coatings, one or more of the coatings can be coatings as described herein.
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the paint industry and/or listed in the Dry Col or

Manuf acturers Association (DCMA), as well as speci al
webdosos708dNposi tions. A colorant nmay include, POT/US2007/082816

exanple, a finely divided solid powder that is

i nsol ubl e but wettable under the conditions of use. A

col orant can be organic or inorganic and can be

aggl onerat ed or non-aggl onerated. Col orants can be

i ncorporated into the coatings by use of a grind
[0048hi cl| e, Thewedsenignwentiands furtiher gyiecied to/epired egatingreonugyisingf
terryg?lb‘ﬁhfjlﬁ"ér%urﬁ)lgf Jr8dtbd théH 3d \9t°/95‘z§se§ IohlsbiRd, Wikbrédi H?ne%rbene is not a

anpl e pi gnents and nmposi ti ons
COF?OWE]eu BRMPIIS{NG PREROL{53SO). Pfﬁnf"'é@ 3@@/ a”%@('ﬂ%ﬁm even! ez iThe

ter;ﬁﬁné@@n bda gmer@tp,en@a@scnmfmz@ and csRE®in tinafphh bod pdenersdlch as
m dazol

opY et Tk, KOG aOMR S aRee oDy B o baing tat exnivis

mspﬁmh@knﬁv@nnne qui nacri done, peryl ene, perinone,

[Odljl"SEet OpyrrhE &ef?tyﬁvreﬂ{ (ﬁ‘r is ?Jh'gQ (ﬂr%b%ﬁ govggn%%pggéérﬁ&%mﬁ’terpene and

ant hr on ant hr
a upy whargip éh%uregﬁtfqa‘rgwg rﬁrpmrea@noa)(ra)ztprﬁ@omprising an isocyanate-
fun&ﬁdn@lrdbhfbﬁﬁé?ﬁ BhdIER arﬂMbmh&dmdaﬁ%n@mgwm&ﬁ ’theq'biﬁ%f% uivalents
g%liip' gipérroleredé DPPBO r % tltanlum
of i PERSI0 SAYVRIPNIT Dirasung grapRsF orepies thag i Ag '”iﬁ '@‘?Fééﬁ'ﬂate
funetivtlal’ cwoipon@d afd ihk @minecfanctibeal usmdonent wncﬁempgmbb ¥ .substrate at a

vol% Q %%qugﬁ‘é I1“.31 d%‘%\s}% ?r? éé%ede a%HE—:d ?{ 001]', in thg}oﬁrrﬁ%f ggolymer,

ose are and/or "aqu LeGus base
sughtdsahase gesasihedabdybue, iron oxi de, bisnuth vanadate,

[Odﬁg!)ggaq l"l*h@%pﬂ%entﬁﬁfe}ﬂ 61§ f rtﬂb%ﬂe@ﬁéﬂ%@é@olﬂ%n‘ﬁ%ﬁ{m Qﬁ’é‘@o wi% or

tints |nc ude

greéteg ﬁé‘m as of) WikeprsBeRteTnOiBIPERG RIS HesshaneR e, ﬁv%lb'fiso'! Oé'vt% or less
or @ bEESs, S LIGRIcARMAS RN BN - aRATBI did Abdxylicaacal dodtdirthg 3 to

5 cgrrbgrrlnatoms or anhydrides thereof, wherein wt% is based on total solid weight, wherein
the polymer is prepared by free radical polymerization. Suitable monomers can include any
of those described above. These polymers can be prepared according to any of the above
methods.

[0047] As used herein, unless otherwise expressly specified, all numbers such as
those expressing values, ranges, amounts or percentages may be read as if prefaced by the
word “about”, even if the term does not expressly appear. Also, any numerical range recited
herein is intended to include all subranges subsumed therein. Singular encompasses plural
and vice versa. For example, although reference is made herein to “a” terpene, “a”
monomer, “a” polymer and the like, one or more of each of these and any other components
can be used. As used herein, the term “polymer” refers to oligomers and both
homopolymers and copolymers, and the prefix “poly” refers to two or more.
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Degussa, Inc., CHARI SMA COLORANTS and MAXI TONER

| NDUSTRI AL COLORANTS commercially available from
wa\e@anetoes Di spersi ons di vision of East man ChenmPCHIUS2007/082816

Inc. [0031] As noted above, the colorant can be in the

formof a dispersion including, but not limted to, a

nanoparticl e di spersion. Nanoparticle dispersions can

i ncl ude one or norehighly di spersed nanoparticle

col orants and/or colorant particles that produce a
desired visible color ar@ﬁg&ﬁtﬁéci ty and/or visual

[002B] eCt TN%‘?&IB@Fnb'eQérﬁplgé SBEiSIRB%o Mddkaldhd KosHiBR) é?]@%ﬂ&ﬁd not
such i gmentS or dyes having a particle size of

be F‘E@E“?%"’aﬂ'”ﬁl@@ ReVRNIER INAY W8 s 't han 70 nm or |ess
than 30 nm Nanoparticles can be produced by nmlling
stock organi c or inorganic nts with grinding
nmedi a having a particle gfx—%[gp—%gel ess than 0.5 mm
[00B89hnp| e eaingganimard eonthirsing teyperes werdprapdrbo ds foflaws:
maki ng themare identified in U S. Patent No.
6, 875,800 B2, which is incorporated herein by
reference. Nanoparticle BkapaeBions can al so be
[00BbpauC et oGt Y54 ElclolyARE EbrisPOTEIRNIRNE Ay RRRARS e

condensation, and chémcal attfrition (I.e., part
acrgpied {yAYRIARY 2Mar der to mi ni mi ze re-aggl oner atl on of

[ooBapopar tnh@If@@wwgﬁdyrémérﬁbew@r@@bnymamzea a@lséﬂﬁﬁﬁ;béléw of
—~Fesih-coated—nanop;

be used. —As 1
Chhnr El n a—"di spers nn%unf Ilng@ an&%_,af edn n?@ tlsl:hy '%h't (grams)
#afe rstoacontlnuﬂ trﬁ. e in which is di sperskd 00
Chui Ser-eet——coenpestt }ﬁum?% @%ﬁti et-es"—tha confgri s-.3 ‘,go
[ I-f I e : .
?18?18part| cle and aABI% E/I nl@qagofﬁ no%getwlwe nanopartlégl_d%.
Exanpl e di spersions re coated an_opartl cl esand
hiELods for—meking ] denttfied T U-S—;
¢ %% ication No. 10 gﬁ%vﬁ tl?Ac%t,gune 24, 2004, gg%%h

"AVaRatid ot P%@é Sl ubsi SryTof H¥rcﬁ|§§ Sf%teda”‘] U-S.
Provi si onal Appl [ catl on No. 60/482,167 filed June 24,

ChZg03 washiigdt tb e 1alisatiirds ShipREAS S pk@.é@rie Redd)or BhereBBt6PWas
then pressured with nitrogen and held at 5 psig. The agitation on the reactor was set at 500
rpms and the reactor temperature was adjusted to 170°C. Charge 2 was added to the
reactor over 2.0 hours. 15 minutes after Charge 2 was started, Charge 3 was added to
reactor over 1.8 hours. During the monomer addition the temperature was maintained at
170°C at 170 PSI. After Charge 2 and 3 were in the reactor, the reaction mixture was held
for 2 hours. The reactor was then cooled to 25°C, and vented. The solids content of the
resulting polymer was determined to be 74.33 % determined at 110°C for one hour. The
copolymer had number average molecular weight, M, =2430 and polydispersity M,/M, = 2.1
(determined by gel permeation chromatography using polystyrene as a standard), and
hydroxy value of 196.
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[0032] Exanpl e special effect conpositions that may be

used in the coating of the present invention include
W@R@ae®etoss and/ or conpositions that produce onePOT/URIN®B082816

appearance effects such as refl ectance, pearl escence,

netal li c sheen, phosphorescence, fluorescence,

phot ochrom sm phot osensitivity, thernochrom sm

goni ochrom sm and/ or col or-change. Additional speci al

ef fect conpositions can provide other perceptible
properties, such as opacE@mmL texture. In a

[oozep- ! | méyhmas@amgdp%mer cénpﬁefnglbe@fmﬁ&fexm&mom tions

can I_F)ro uce a color shift, such that the color of the
acrylglettiyRep X a8y ise iRaCidoat i ng i s vi ewed at

[00%3] f er entheadIBIVRG ngébﬁ’é’ﬁPsl Weré @bwmeﬁie%%@tseﬁ@ﬂm@aw ons

are identified in S. annnf v QQ/I HQR

Lneor por ated herej h\/ ro

acTcTo

Chaype dct conposi t i ons %f §I ude transpar ent coat
A

m ca and/or synt he IC{_\%&&Q silica, coate 0.00
al um na, a transpar rystal pj gment 2180.00,

|u' crystat——coa 1y —Cconposition—v 1
Ché']ﬁ?erference result Df&?rrtoAmygpérﬁrgi‘“?%actlve i ndex 172.59

ch BerentTat—wr thi myEie, LT at and o betausegdii g
éyﬁe refractive i ndugetgypﬁéfgg}gentl al between the sysdsage

of the material angnjdiexidpyl AB@R38] The| coat i ngsogfoo
the present invent| agyieartidoe substantial ly clear.70.00
"Substantially cl eaBlitylagetased herei n nmefans that w00
can see through the coating and that objects viewed

“Aviatatteuigdm Pmevacoat i ng wi I 1 be visi bl e w t hout
significant distortion. It will be appreciated that
Charge 1 gfas@ddedipa Lclddretivied stawviebs steeliprdssuresedctori hhereactor was

thef Prisbit m@ﬁnrbéenséh@%%% Eakigy Tﬁé 8GHatibPOPME rddiof fab 8t 500

non-limting enbodi ments ot osensitive composition

romgRTddhe fﬁﬁ@?@&ﬁ%@@%ﬁ%&ﬁ@@ﬁ 17QiHe-(haresAqng Byvgre added to
the@bdcldr Dveért55 Balr§) DWHG theeX el abi@itichnBe GmpdRdt@e was maintained at

170° C at 136 PSI. After Charge 2 and 3 were in the reactor, the reaction mixture was held
for 2 hours. The reactor was then cooled to 25° G, and vented. The solids content of the
resulting polymer was determined to be 74.91 % determined at 110°C for one hour. The
copolymer had number average molecular weight, M, =2350 and polydispersity M,/M, = 2.6
(determined by gel permeation chromatography using polystyrene as a standard), and
hydroxy number of 137.
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l'i ght sources,
present invention.

Phot ochrom ¢ and/ or

can be used in the coating of the

phot osensi tive

W@ 0wpo6iobi ons can be activated by exposure to PEmUS100D082816
of a specified wavel ength. When the conposition

beconmes excited,

different fromthe

When the exposure to radiation is renoved,

original color of th

the nol ecul ar structure i s changed
and the altered structure exhibits a new col or that

e composition.
t he

phot ochroni ¢ and/ or phot Bx&a®e Di ve conposition can

[Od5ﬁ] urn tQnest ot e?cdﬁolyﬁ%?éomdrﬁln%bfétplﬁ@%/lgfbbweﬂ@flMe%\ or
nmposi tion reéturns.

the co

I n"one non-11i

ting

acr@ﬁ*@&&vpr%mropw AEYIBIRAHERAS/ ¢ and/ or phot osenS| tive
[00BBIPOS | [THeRolBAMG RréiRlrd Wirs sobMok:cneR semH Below! at ¢

i s

nnd nvhlhlf a Pnl [la) nn nvnlfnd state. EHH

r\n! nr r\hnnge cah a pear \I\ d i r i t rams
Charog ¢ es, such as fr ?F?fd‘eg %onds to 60 seconds. ?gég

Exanpl e phot ochr om | 9 qgensulve

. . d 20.40
conposi tions includ cr | f; hr' om ¢ dyes.| [0035] In A9
non-limting errbod ehe phot osensitive 95.20
oM can be

élEUbl tTomand/or

Ch
associ ated with and

f‘t‘éh%’ﬂ PEfbHa& ONpoST
G’tplﬁ%tet g£ast partial

|y bound t,go

Ch&{el as by covaren
polynmeric materi al

contrast to sone c
conposition may m

MBPDAdate & POT yTTET
sp&h-Fndael ynmeri zabl e
DEYdrgBrdpil ARl t he
pA@yie Avid  of the coat

BNd7 0T {49 94

conponent 231ldp
phot osensigsigoe

i ng and  10.71

crystallize into the substrate, the photosensitive
Chagepogistaddet tamdi-laer gifted staihlesstdteel poasparpirddctim. Ass@actat eab

theWRLé%SLﬂQQ(N nl%géne%%ithef&aart g@lgl )fhg Q&Eﬂﬂor}f &h Re P@JCYO?%S set at 500

pol ymer 'e co I N~ accordance wt
rpnisorndItharieegtagie @peye i eraag a stetoht@ 160 dadrivarderd/anst 3 were apggeeto

the%aﬂﬂtmberrn Dhtird. omur%tm%oﬁdwer@e@ﬁdme tefRRPANIE was maintained at
176) hot osensi tive conposit

°C at 262 PSI. After Charge 2 and 3 vPeSFe in the reactor, the reaction mixture was held
for 2 hours. The reactor was then cooled to 25° G, and vented. The solids content of the
resulting polymer was determined to be 79.48 % determined at 110°C for one hour. The
copolymer had number average molecular weight, M, =2330 and polydispersity M,/M, = 2.6

(determined by gel permeation chromatography using polystyrene as a standard), and
hydroxy number of 123.
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and/ or photochrom c conpositions and net hods for
meki ng themare identified in U S. Application Serial
WOe00s0870892, 919 filed July 16, 2004 and i ncor ppCERUSZNNT/082816

herein by reference. [0036] In general, the col orant

can be present in the coating conposition in any

anount sufficient to inpart the desired visual and/or

col or effect. The colorant nay conprise from1l to 65

wei ght percent of the present conp05|t|ons such as
from3 to 40 wei ght percExdm@ieEs to 35 wei ght percent,

[0056 jh m'@hfhe&%ﬁ@ o@ﬁr%?@on%ﬁshﬁ%rﬁdﬂeﬁé/M\éﬁﬂyght of the
nposi ti ons. é‘%?(l n certain specific énbodi nents

acfbs'fﬂtef%f%vrég@ﬁﬁcfv'ﬁ\? WigAcdt he coating is a
[005I7R T DS ethkifdIgwhg RPsdidnkdiere @mpmbﬁieagas%en@ﬁh Babw.ed

h\/dr OXY f unctional nnl vV rer repare ed-as escribed nho\ln
h\/ nol \Irmr! zat i on f\f tur nlgﬂ Qldllﬁ t$M th a ;P@FIQ:BV Welght (Qrams)
Chﬁé?§ner|zed with tuE@ H?E%q by free radj cal ?828
pol yneri zation, sucfl of F%Iaélmﬁ{cfyla%e Mgg a 2400,
sHrki g agcut v fe—anty ofr—1+SocCYy o
Ch?@%%] The pol ymer :‘?ﬁlcﬁée ‘I?eF(’jErRﬂb‘é i n conjuncti o?{gg

Ch the—crosstink Mgth %l 1 téd” rtsert .Ullpl se ; 6tb0
?bFn}forn1ng resin U%om%éy%r mor e addi ti onal 97300

filmformng resinsyeadBRIBSEDyISsCh as| hydroxy 516.00
functional acrylic| galpemis conmonly used in the ardo,

SAVaLEDR fAsm NEYeRONdRice1U and JONCRYL 500. Such
filmformng resins may be described in U S. Patent

Chhig§1 wais 208edid @ 1aln@ffs?rr&5§ialﬂllé93 stbél phesefire\ndd ctdn. ?ﬁheﬁrehetbﬁbas
refer 0

then :[}E%é rgns tt?gnr?% aé‘g%ﬁﬁ%ég.pgkagﬁ% %a% cg{e tthgsgﬂc gg set at 500

rpmescanditheyregeipmpiomperatire wamagdiustgdig 17HEC. Mawee& arm&were lagded to

the@@é?:‘(& ov& DNRURE. DiinG W BRI R BadMidrthé ?e%idéﬁat&@%?ﬂia}htamed at

ed in electrodepoSitable coatings known In the art
17(E(>2 éhb?oepss'l Aear Garag £:3d ﬁlV&er%Wdh%Fﬁa@ﬁf heq8Sfion Qixdyg was held for
2 hBeXYhé @attoBwas than cooled to 25°C, and vented. The solids content of the

resulting polymer was determined to be 72.31 % determined at 110° C for one hour. The
copolymer had number average molecular weight, M, =1920 and polydispersity M,/M, = 2.6
(determined by gel permeation chromatography using polystyrene as a standard), and
hydroxy number of 115.
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[0040] It wll be further appreciated that the
coati ngs described herein can be either "one

waeoeomosmet " ("1K') or "two conponent” ("2K'), BCT/@SEN7/082816
mul ti - component conpositions. A 1K conposition will be
understood as referring to a conposition wherein all
of the coating conponents are nmaintained in the sane
cont ai ner after manufacture, during storage, etc. A 1K
coating can be applied to a substrate and cured by any
conventi onal neans, such_@m@.?_heatl ng, forced air,

[oo3Bfl the éyhiﬁ@ms Eﬁ&cdﬁo@/ﬁ%%o rll%n‘éﬁéyM%h?P be 2K
coat i ngs, whi be un ers ood as coafings in

acrylg e@'FYd(PéYFPrB%a%%'ﬁﬁéAr?éWP§C'Qr e mai ntai ned separately
[0059)i | | usk f<n|bwmg ﬂg@eoﬁ’é?ﬁ%l WéralobOmerizBRis @al fodth béIoVe:

r\nnrpnnnnf ﬁ H g cori-sesa FQQI Nn and the

© T
n—

=
Qexg
-
B4
=y
'ﬁ

CUTPoUiTT L > 4 I ﬁ Tg—agcot

Ch%@%ﬁpl one conpoh @F%%r'rl onprise an j socyante
t he ot her a hydroxy R ppyl?}%Lyla%’l ymer, such as 00

ot her r\nrmnnonf co $\r1 agaen ;ﬂaﬂﬁmmelgéﬁggrams)

nAal vy nct A Ay h
CSU Tl Ul act yl 3 tatcu (J.UUVC, I f
Ch%rg??ai n enbodi ment sggﬁt%ﬁ%ﬁpeﬁﬁr descfi bed abov% 88

Chifgb i Teact—wththe g’Th cryiae o Mg conponent ;5
%\agcorre part of the ?’I [ggﬂeorm ng resin of the coajjiqy
[0042] The present g*yggﬁ)w%ﬂ,@g appljed to anyig oo
substrates known i Dlﬁ;@'d for exanpl e autonoti v

subsirates and | ndust rial s_ubst rates. _ ese substrates
Ch&@8 1 s atiesd teéamnér%tirrwitaihleb§ste@ PlaseBreir€actdrr FNSRAEIONNas

neBghspuba My FLad i BRa SPrRe Tt uigl e Sl S sgyet s00
rpmslmdpmeeeectbr tempenaturowacatiusbed tappo 1 @d:ﬁaygeamwdrﬁe\aers added to
the%&%’%@& 2.5 hours. During the monomer addition the temperature was maintained at
170°C at 146 PSI. After Charge 2 and 3 were in the reactor, the reaction mixture was held
for 2 hours. The reactor was then cooled to 25° G, and vented. The solids content of the
resulting polymer was determined to be 84.52 % determined at 110°C for one hour. The
copolymer had number average molecular weight, M, =1930 and polydispersity M,/M, = 2.7
(determined by gel permeation chromatography using polystyrene as a standard), and
hydroxy number of 105.
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in the art such as

el ectrostatic spraying, dipping,
w@eooasTegs and the |ike.

electrocoating,
rollin

a dry filmthickness of 0.1 to 5 mls,

3.0o0r 0.9to 2.0 mls.

20 to 100 mls, or

certain enbodi nents of the present
coatings of the present
in combination with oExamplega

or

up to 150 mls,
i nve
i nvention can b
tings.

Even thi cker Iayers,
are contenplated in

sprayi ng,

g, brushing,

such as 0.5 to
such as

ntion. The
e used al one,
For exanpl e,

[OdGBF coatdyiBesis 8 &poRePEdHSHing %efé[mh@féfarﬁhﬁ% etigfid can

be  used as a

rIITEF

ecoat, baSe coat,

top coat,

StysRpedfai 9“6’“?@6’3@“%9@3" arralerieryic Réd For substrat es
[0062Rt ed  Wihk RolldWing iindfr&idH@akiére @slymenfdis sBTrbeh Bdlow:he

f‘ﬁﬂfl ngc cah hﬂ cOo

at | ngs—as r*lncr\rl bed

herej

n—0044]

The coatings can be appdT/E82000082816

ho nroconf |n\/onf

on 'S I'n F—eidmsnh rect

d

rams)

Charggd| ng conpri sing
than 30 wt % based
not a copol ymer copp
aci d/ anhydri de and

E%gg%ﬁ@eln an anount
|§c

of great1760

e terpene é1560
ol , or mal e

rpene can kg

Ch ¥2l €1 perie descri
gﬁpolyner such as

yugge 0

{) eth?ﬁét?rren,e The te
eff'A

BRSRe

P GJ(I canm be
g§%}|ﬂ%d abov

Ill l”e IU\')TIUSU
e. A "cur .40

Ch&@gglng as used n
exhi bits resistanc

invention is furth
terpene and a urea
reaction mxture ¢

EREInD ARAETS TO a co
eRbte-FRhyent . [ 0045]

EHydtbtyBRip@Ichckdat@ Ccoat
Asbier/eidn the urea is

pDAPpha-giethyl Stprensocyana

aring thafsg 40
The presesys 43
i ng conpr{siqng
formed fraxsoa

t ef uncti orgal00

conmponent and an am ne-functi onal

conpo

nent, wherein

Charbe 1 masiaddesf to @dlulitersstieed staiokess sted peasatre reactupdhe @actor was

theﬁglﬂsgl?rlegﬂlﬁlfni%%eﬁrgnﬂ%e@ra‘?ﬁ
ocyanat ef uncti onal
rp“}ﬁﬁﬁﬁ'éhq GRS t@WﬁPra@fﬁTW%

the e 0é . @ﬁouﬁs VIO rih
17(%3{%;3& ANafg Added ShLal

§§|8'n‘°rh9 5@%& ﬁr{ ort 8 Reabtd®0ds 58t 500

Q@St@dﬁ 16@° Gpplarasd? ansl fwere added to
é%%rhd’r}rgar'é@(ﬂlildh tﬁé tehpbratur@w@s maintained at

f or m of
nd 3 wege n the reactor tthe reactlon mcl)xture was held

for 2 hours. The reactor was then cooled to 25° C, and vented. The solids content of the

resulting polymer was determined to be 72.41 % determined at 110°C for one hour. The

copolymer had number average molecular weight, M, =4330 and polydispersity M,/M, = 2.7

(determined by gel permeation chromatography using polystyrene as a standard), and

hydroxy number of 70.
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such as those descri bed above. [0046] The present

invention is further directed to a polyner conprising
W@000s8e00F greater, such as 50 wt % or great er, POF/US2007/082816

terpene and |l ess than 20 wt% such as 10 wt % or | ess

or 5 w%or |less, of an olefinically unsaturated nono-

and/ or dicarboxylic acid containing 3 to 5 carbon

atons or anhydrides thereof, wherein w%is based on

total solid weight, wherein the polynmer is prepared by

free radical polynerizat Exanolshit abl e nononers can

[0062f | Ude BAMes of DaRRIYAREEIHRRRAG %Q@V@nen-ghﬁﬁﬁ]ymgkw B@r?lﬁte
can be prepared according to any of the above meth

actylgiGA I oREPrORY ACTHaIeE oY i E’}ﬂP' ess ot hervxn se expressly
[oosaFCI fi emhe f@Holving w&a&f&nsswé‘rb p@@mbf@ﬂ%s%éﬂb@ﬁﬁélm

\'Iﬂ IIQQ ranmnc IIan nr r‘nnf ngnc AV hQ rnnd S
f or Faced. |;;! the ."I ,e,u ents cven ik HaKsbyweighi{grams)
ChW8?1expr essly appep ?ta' NS nunerical range 24 24

reC| ted herein is gA‘frg' | ude a
e+ e o Méoxypropxlmmé:l € caa

al

| su

l 11y o
Ch@rg? >a. For exarrpIeJIbl Eﬁggbeﬁer%?‘éérence s made h

Chérﬁ tetrpene; "a |H ACryl potyrer—and L||c3d0 €

e or nore of each aid any ot her CONpOREYy
can be used. As usg nyo‘ByIA stk erm "pol yner” yefeys
to oligoners and b gmpol ynmers and gopol yner s,5 gynd

the prefix “poly rerers TO two or nore. EXAVPLES

Chérg04&las Eoged 0lal 10Mérrkgrr&i(§tﬁ'ﬂie§§st§él%rés@@r@rr‘é’é%ﬂ)rt'ﬂle reactor was
illTustrate the invent not be construed

the PraspyFPe Py AN A94R8 |3(5§ pF"H gﬁ'?/ a%?yon B hRppastof was S at 500

rpms and the reactor temperature was adjusted to 170° C. Charge 2 and 3 were added to
the reactor over 2.5 hours. During the monomer addition the temperature was maintained at
170°C at 114 PSI. After Charge 2 and 3 were in the reactor, the reaction mixture was held
for 2 hours. The reactor was then cooled to 25°C, and vented. The solids content of the
resulting polymer was determined to be 77.52 % determined at 110°C for one hour. The
copolymer had number average molecular weight, M, =2900 and polydispersity M,/M, = 2.5
(determined by gel permeation chromatography using polystyrene as a standard), and
hydroxy number of 104.
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[0049] Various polynmers conprising terpenes were
prepared as follows: Exanple B [0050] Synthesis of a
wa@osloyTees conpri sing Tur pentine/l sobutyl ene/ Metryb2007/082816
acryl at e/ Hydr oxypropyl acrylate [0051] The foll ow ng
i ngredients were polynerized as set forth bel ow
Avai |l abl e from Pinova, a subsidiary of Hercules
I ncorporated. Charge 1 was added to a 1-liter stirred
stainl ess steel pressure reactor. The reactor was then
pressured with nitrogen &xdmaelld at 5 psig. The
[00%]  at | &YnPBsik Bea EGRGHRF c&?ﬁ?ﬂs%@tbet%tﬁﬁé?@/ ,r jand the

reactor tenperature was adjusted to arge 2
acryjgle/ Hydepxyrrory! ?Wé‘aﬁe&a/éf%vetax}éi;fy@teo hours 15 m nut es

[00@6] er mmag@loammr@neaﬁé wéte p@bmé@@d%s%ﬁom%@bvt 0

reactor—over If\lllrc nlrl na f e nphoner nddl fl on

o vuJ l

rge 2 and 2 i 'E’”F’ ,the reacto
mxture was held fo | Iaﬁereactor was th
cooled to 25 C, and py cont ent of53tg6e

oI|
resultlng pol ymer v\a c}g to 74. 33 % 180.00

E

Ch%é?f mned at— 110 JB1_ H%\TTR/‘IIBGF H% The (..UpUI ylle-I?Im

Ch eTaver age 1ot efEihalad - MT=2480anmd—500.00
pol ydi spersity MM Betz Phehe determ ned by gel 136500
permeati on chronat pgy@EeRBrossi Atg 08! yst yrene as ass0.00
standard), and hydrﬁydfoxya{hym(gp)ﬁata% Exanpl e C [ O4d52Jo
Synthesi s of a coppBywpeXcet@npri si ng bet@a- Pi nene/ Mstdoy|

acryl at e/ Hydr oxypropyl acrylate/Acrylic acid
Charge 1 was added to a 4-liter stirred stainless steel pressure reactor. The reactor was

then pressured with nitrogen and held at 5 psig. The agitation on the reactor was set at 500
rpms and the reactor temperature was adjusted to 170° C. Charge 2 and 3 were added to
the reactor over 2.5 hours. During the monomer addition the temperature was maintained at
170°C at 135 PSI. After Charge 2 and 3 were in the reactor, the reaction mixture was held
for 2 hours. The reactor was then cooled to 25°C, and vented. The solids content of the
resulting polymer was determined to be 73.78 % determined at 110° C for one hour. The
copolymer had number average molecular weight, M, =1050 and polydispersity M,/M, = 3.3
(determined by gel permeation chromatography using polystyrene as a standard), and
hydroxy number of 133.
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[0053] The follow ng ingredients were pol ynerized as
set forth below Available from Pinova. Charge 1 was
w@daemetoes a 4-liter stirred stainless steel preCSEUSE07/082816
reactor. The reactor was then pressured with nitrogen
and held at 5 psig. The agitation on the reactor was
set at 500 rpns and the reactor tenperature was
adjusted to 170 0C. Charge 2 and 3 were added to the
reactor over 2.5 hours. During the nononer addition
the tenperature was mai nEjgmelgJat 170 0 C at 136 PSI.
[0086] er CrrayPijesip olaeprelyler eompiising deteddieansMetithe react i on

Acma@myd%xwg Nekfid@r 2 hours. The reactor was then
cool ed g and vented. The solids content of the

[005&k i t i J@GM'PWF’F@H”%%%Q”&%‘V%’P RPMBATIed a5 &ct7artinheloy:

determ ned at 110 DC for |ﬂ§@dﬁ§ﬁt}é The COME&I‘WI‘WJ@C{ (grams)

Chawgeher average nol eBathainewei ght, M =2350 and 1000
pol ydi spersity MM KethylAdpyl{tdet er m ned py gel 800
per meati on chr onat pgydaplypropgliacylge!| yst yrene as a 200

Chagafdar d), and hydfBXAPhunber of 137. Exanpl e D [ 0054

Ch&gethesi s of a coppDVARr conpri sing 20

bet a- Pi nene/ | sobut yl ene/ Met hyl acryl at e/ Hydr oxypr opy!|
* A gatiopl iaitiatbmelr (jri-amdcpedox @0 BBl Eomdirkesvd, Ing. i ngr edi ent s
were polynerized as set forth below. Charge 1 was

osgfled t%r%rd'e 1 Jvéseéddéél b 4 Sr%% é‘n‘a‘ﬂioe&%lni%%@%el%é%‘ﬁéh‘!}é%sel

reactor The reactor was ressure W t I‘O en
und@ﬁa niipen amosphese gnd heqéeddeil E’%uC. bite ipiakcharge @é@T/éFf Qﬁége 2)

wa§%%l nﬂ{) tk%%sée‘?ﬂ@er@ rl(S(h& 1W%@Ft\/@f’fenttl$é‘ﬂ38£ ﬂhyé(ﬁnﬂ}ﬁé the reactlon
ust e

and ed t
m'V@%W@%Pele\% @n adejtions{? QOU”DGH@QC tTI*l‘é Sﬁ?ﬂ?&ﬁ@?rgﬁaﬁlp{'?‘% ppharge 3)
waé f2Q ifit€ Meekaddl brer WavsridtRGfBO ahiN@ 6. @ hen the feed was complete, the

reaction mixture was held for an additional 2 hours at 175°C. At the end of the hold, the
reaction mixture was cooled to 40°C and the material collected. The material had measured
solids of 73.06 percent.
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170 0 C at 262 PSI. After Charge 2 and 3 were in the
reactor, the reaction mxture was held for 2 hours.
wab@sneme: or was then cooled to 25 C, and vent pdr/u3ive7/082816
solids content of the resulting polynmer was determn ned
to be 79.48 % determ ned at 110 OC for one hour. The
copol ynmer had nunber average nol ecul ar wei ght, M
=2330 and pol ydi spersity MIMn = 2.6 (determ ned by
gel perneation chromatography using pol ystyrene as a
standard), and h droxy nbxgeple Kf 123, Exanpl e E [ 0056]
Synthesis o B iCAGPISIMbnene/ Met hyl
acrylate/FNBW%fVEP%&gﬁWH@FVP%ﬁﬂﬁW%WVPW@AQE?@ [0057]
foIIovvln redj ents were po nerized as se
100B8F bl Bl oty S Pee Pighe 28 Matyhs Eele. B e 1
hydia@gyp@agdedrytate, 8.8% hdrylieraciitand Bsds ¢ittdiutyl gsexidd vead continuously fed
r 0
to &5 §§1§H é:ﬁntran‘ﬁ@f%s?rrgd tat'ﬂﬁééa%%? Lof n?#acsag;bﬂ{?%att? g8 %%K/?r%%mets’?ience
time @b mmuwgsTbeertea@tpr Walmameéﬁw pﬂaesureeafcﬁoﬁrpSIg and a
ten*p%FHﬂ?ré %F \’%SGF W‘?Fﬁe ?é%libfr’(ﬁﬁﬁgddcpwég&ngr%ougp Bﬁfgﬁe@toaa% IIon flash

wer e adde reactor over 2.5 hours. rlng
hﬁﬁ&t?é'?eda?d 8Pt’ |f'B J?V?'H%get”&‘rﬁ‘@P driaey! Rerexine (4% By weightan V?Laf@o”
pro@Jc&); Th2QoRShts oftht @ashGaa Wé&re thaaiigingll av306°H. Imhi betput from the

rea eactio i xture was _held for urs
o g p PR M Bl e 4 S Bt oriod B <Dt
corgeylt itd §1%@nt drainedfinto hioragesahteinarg. Poé yametionveas rdetoe aipe rieetof

t e - The
65U TRE oD RS RET ARt oo el og

=1920 and pol ydi spersity MIMn = 2.6 (determ ned by

gel perneation chromatography using pol ystyrene as a

standard), and
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hydr oxy nunber of 115 . Exanple F [0058] Synthesis of a

copol yner

w@eoogloetoes Hydr oxypr opyl

conpri sing Li nonene/ Met hyl
acryl ate/ Acrylic acid PODES3007/082816

The follow ng ingredients were polynerized as set
forth below Charge 1 was added to a 1-liter stirred

st ai nl ess st eel

pressure reactor.

pressured with nitrogen and held at 5 psig. The
agitation on the reactor was set at 500 rpnms and the
reactor tenperature was &¥gmeRledd to 170 O0C. Charge 2

[oorof 3 we%m@%&ﬂfoﬁ Relbfithe’fReHiREd B¥EkosD hours.
the nmper ature was nmmi nt ai ned at

mononer addi ti on

the te

The reactor was then

Duri ng

1700'Gard"5‘rf°ff21@© EiPosiipRsayErEREAPGEI By FHENGogRIPeY inPrdandhe
foll6v@Ag IngfedichideedoBadrinun FM KUl corpriseel ol 46@rcradsimier snd 54%

act or

porlf i

o %ﬁnﬂ'ﬂwi

l.ed to 25 C, and vented. The
ﬁl ting poI ynmer was determn ned

to be 84.52 % déala ;stemme hour. The

COpPUI IIUIIUEI davtl ayt IIUI IVII

—1930ylhl diéﬂ ydi sperdity MIMn _‘3‘51{]} ?‘ e'g ?ninrs]ed y

gel perrreatl on chromdt ogFlphy ud2ng [polFgst yir efd ag a F5
Me%ﬁnﬂﬁwmetor%no NydroXy nuBger of 7395, Exappi|e G7p8060] 725

SyntheSis of a copolyner conprising
XYIB28 a- Pi nene/ al pha- met|hyl 28Pyr enef-kt hy| 2:20 2.20 2.20
ArcAfEi 16 e/ FydT oXypr opyT agmy! 4t e/ AgsyT 1 C7agi|d [PUB1]  7.48
ol owinag—inarediltents were npnol v i 7ar~| as—set

Ethé"hﬂ@ Wﬁ@mmﬁwdﬁtgg \‘NaD-7;Hr QHPG’-Z{" s -;7? r ed 0.71
Ethapdli ) ess st eel prescureélsg torsml'l’e r@gltor ¢ |t hen33!
RESH\HNEU’BE@ with nitrogend4anad hel d7ap |5 p3ug.| Thg42 47.42
Ex§h¥plé ﬂ;l en—on—the i’eaCLOi'79rvﬁo set cu 500 ) ) )
Example B, prepared as - 72.65 - - -
described in Example 1.
Example C, prepared as - - 72.09 - -
described in Example 1.
Example D, prepared as - - - 67.92 -
described in Example 1.
Example E, prepared as - - - - 74.68
described in Example 1.
Dodecylbenzylsulfonic Acid 1.43 1.43 1.43 1.43 1.43
Solution ®
Total 149.21 142.45 141.89 137.72 144.48

° A fully alkylated methoxy/butoxy functional aminoplast, available from Solutia, Inc.

® Available from Nusil Technology.

* Hydroxypropyl Acrylate, N-Butyl Methacrylate, N-Butyl Acrylate, Styrene, Methyl
Methacrylate, Acrylic Acid. Polymer is 68 % by weight solids in Aromatic solvent-100 Type /
Methyl Ether Propylene Glycol Acetate / Acetone CP at a weight ratio of 38/57/5.

[0071]

More specifically, each component was mixed sequentially with agitation.

The final viscosity was adjusted with 1/1/1 aromatic solvent 100 type/ methyl n-amyl ketone/

xylene and 4/1 methyl n-amyl ketone/ 2-butoxyethanol acetate by weight, to 27” + 1” at room

temperature, measured on a # 4 Ford cup available from Paul N. Gardner Company, Inc.

The test substrate was ACT cold rolled steel panels 10.16 cm by 30.48 cm available as
APR45583 from ACT Laboratories, Inc. of Hillsdale, Michigan. The clear coating
compositions F1 - F5 were applied to the panels at ambient temperature using an 8-path
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rpms and the reactor tenperature was adjusted to 170

0OC. Charge 2 and 3 were added to the reactor over 2.5
whous®670Rkr i ng t he nmonomer addition the tenper BT/IUS200A6882816

mai ntained at 170 0 C at 116 PSI. After Charge 2 and 3

were in the reactor, the reaction m xture was held for

2 hours. The reactor was then cooled to 25 C, and

vented. The solids content of the resulting pol yner

was determned to be 72.41 % determned at 110 OC for
Wephién Appficatorpia4 avaiablg frem ReabN fearerar Compaag ncndine i thickness
waé!‘@'r@l'tﬁda foMboul“(ﬁﬁr%cﬂiﬂ%té?@kW@inﬁQe Pahdly prMBMeH from?eaZh coating were

et er mi ned ermeati on chromato
air TS 1o 1B Ao.pRear o e ShARR B i P niRarelsbre baked
in aﬂ%n%ﬂﬁ%b@itldﬂ [IQQ@%beoﬁ)ﬁﬂ fé§§W§s mEa@r&Pé?Qb%ﬁ'ﬂf a Novo Gloss
in ene ex acr
el eI oy oA 5y PheiEr VAL BT i €A P pagesapnce.
[007!2]3 fol IF@@hé\gcop@g{wdlwmh?armemadng@wtma@awe§ﬁardness in
iter sti

reygBi oy gm%e%q“aﬁse@u? Peefbiare Pt g Fhen
Nemoes@d)mdmm 1 dh thei dorted dest aardpléselvab @dterBinegiby takiigel measurement

at @@é t‘%f'zq{?lcﬁﬂs fRe E&ERG &t aﬁble%@%a?%%r&agﬁ E&é}ﬁple

ctor tenperature was adjuste rge
un%ﬁ &eyom@msmaéao md“l‘i%orrl@%ﬁe joaghpEaps Ane;0 fsapad p@uff%ng
betWB@r1 |69@9t€@§ m&i@ldsvs %ter'itfc}ﬁ wa€ lm&rdaiytsusje tﬁaactoratealpfaﬁas af
sorp A 70 B EE PSR SRR e WE v e gy peper o
tenToable edstusing aa dtlahehT ©oStrmthtTest2s Modeldbid-5yavatigde frdrhétlas

e [ r

e 805808 gl SR, T80 BRLHIEgE S 181 2
WEJSFBIRMMBRORHE TIMD avicrervediiajed prrieeghsets: wieh giecommercially
ava o GoRt O&h Yy SPST PhliyMMIot. P ahel were then rinsed with tap water
and carefully patted dry with a paper towel. The 20° gloss was measured on the scratched
area of each test panel (mar gloss). Using the lowest 20° gloss reading from the scratched
area, the scratch results are reported as the percent MAR Retention using the following
calculation: mar gloss / initial gloss X 100. Higher values for percent of gloss retained are
desirable.
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(determ ned by gel perneation chromatography using
pol ystyrene as a standard), and hydroxy nunber of
wdaoebssmepl e | [ 0064] Synthesis of a copol ymerPCT/US2007/082816
conpri sing beta-Pinene/ /Methyl acryl ate/ Hydroxypr opyl
acryl ate/ Hydroxyet hyl acrylate [0065] The foll ow ng
i ngredients were polynerized as set forth bel ow
Charge 1 was added to a 4-liter stirred stainless
steel pressure reactor. The reactor was then pressured
[00%8] h ni tThegeaperndathdasibesn sEMpriged iITHebladi t ati on on t he
reactor was set at 500 rpns and the reactor
tenperature was adjusted to 170 OC. Charge 2 and 3
were added to the reactor 18084 2.5 hours. During the

monomer addi i on [t heFy enper atrar € \Zvas el nijai ned at| 1765
0 GC at 135 PS|- ffer f"hla aa 2 an*lg\vl\vnrnln t ha

20° Qags, or, the readtion % xt ure Was| hel d7Fof 2 hedr . 92

Fisdifee Mi@atiaanessas tjhen 6ol pd t bi625 C, sl \ent ads The 149
"F@Iﬂl'i ds content of| the resulting polyner was deternined
0 'be 73.78 % detlerm ned at 110 C|for onelhour. The

% MaIpBEtpnmﬂ had nunber &ber age ¥ ecul ar5feijght , 44h 41

=1050—and pot ydispersity MiMmm—=3-3({determned by

0gel pernmeati on chromat ography using polystyrene as a
[003#hndar dYs,caand segin drble i uihp 8prdsessia heramiatiengoftiopmegent
inventioh (1881 1) %rmwmaﬁrﬁ%ﬁoﬁ%@ém@ ), ARY 8ol RRPRAMBb WS

Acr%/l at e/ dro %g Acr | at e. 0067%j The fol |l ow ng
compayRkielios FREPIGRF 'ﬁ’d’?o Y Toyer S F4R8Y FR bel ow. 4A
radical initiator, di (tert-anyl) peroxide, avail able
from Arkema, |nc.
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[0068] Charge 1 was added to a pressure rated,

st ai nl ess st eel

reacti on vessel

watomspies e and heated to 175C. The initial

DTAP (Charge 2) was fed into the vessel
When the feed was conpl ete,

of 1 hour.

m xture was held for an additi onal
The second charge of DTAP (Charge 3) was fed into the
When the feed was

vessel
conpl et e,

over a period of 30 m nutes.
t he reacti on nEx@mele3was held for an

[oo8gli ti Or@éaralnh%ﬁg dbmpdsifens ﬁéretd?@pa%b%

2 hours

the reaction mxture was cooled to 40
the fellowinaanaredipnts EaeRfomMHR Compises qne ﬁ%&"aﬂﬁé‘é‘é’%@@dﬁ §8?3{36§te with
onééquidlcdbwighitoepdlyrtampréprésebd dvdgols of a copol yner

under a nitrogen

Cc he¢ yESmN7/082816

at 175C.

over a period
the reaction

|xﬁﬁ§‘§)g@ﬁﬁ|eﬁin order,

conpri sing bet a- R, nene/ IS Aﬁr at e/ Hydr oxypr opyl
Acryl ate [ 0069] : -pi nene, 25.0 %
met hyl acryl ate, 30| Bdliticr oxypr opy| acrylate, 0.8%
acryllingregiigsnd and 4. 8% wlis-t - butyl pefoxide vas
continuously fed to|l ad98m8l| [on cont| nuous stirred fank
reactor at a rate cpl clibated t &7gi ve aF8verlagef9 F10
Exdrfie pENCE Ui ME of 2D THgEgtes. The reactor was _ R
maintained at a pressure of [500 psig and altenperafure
Exgpi8B5 OF. The reacti on” producd-8kas| conti njously -
Ex ed to a 30 gallTpn Tlash|tank ma) ngayped at -20% -
fill level t ngat hertwith di <t any! eroxi-de (/IO/n h\/
EX%%‘?'%Pt on reaction product)| The cophtents df 8he flash"
Exdragi Ewer e mai nt ai ned at 300 OF The| output |fromthe 89.08
fal m v vt h Wit ol H
A ' T ATHU VALl LIL| OLJI I I I CII J yl GbC I II
Ethgi gsgtgf”l(ygor%'o%e to reduce the s bl ds| content| t 3(gl% and®
Methy bit therdPropyienesilynobge caopt ai ner sy, The regctijon yas run,,
Acdtale a peri od of
DESMODUR N 3300’ 37.5 47.79 39 35.01 35.58
Dibutytin-dilaurate ® 0.05 0.05 0.05 0.05 0.05
Polybutyl Acrylate ° 1.1 1.1 1.1 1.1 1.1
2 Ethyl Hexyl Acrylate ™ 0.53 0.53 0.53 0.53 0.53
Total 168.47 160.02 162.11 158.44 166.34

" Polyisocyanate, available from Bayer.

8 Catalyst, available from Atofina.

° Flow additive, available from DuPont.

'° Flow additive, available from Solutia, Inc.
* Hydroxypropyl Acrylate, N-Butyl Methacrylate, N-Butyl Acrylate, Styrene, Methyl
Methacrylate, Acrylic Acid. Polymer is 71 % by weight solids in Aromatic solvent-100 Type /

Xylene at a weight ratio of 46/54.
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6.5 hours. The resulting resin had a wei ght average
nmol ecul ar wei ght of 5000. Exanple 2 [0070] Resins used

wo o008NE1093Ti ne crosslinked clearcoats: Cear, PCT/US2007/082816
filmform ng conpositions were prepared by m xing
together, in order, the follow ng ingredients; each
formula (F1 - F5) was conprised of 46% crosslinker and
54% polymer. F 1 represents a control formulation.
Mel ami ne Crosslinked Clearcoat System5 A fully
al kyl at ed met hoxy/butoxy functional am nopl ast,

[ocefi | ab|T‘F1eff6r91ma§9r{s%éré1prebé‘r‘éd aRd {%‘éfébla§@|s§u§sé@m Ii\)l‘éﬁr'de 2, with
Technol og ropyl Acryl ate,

tneyerRAeh JRLTS! VoG HIeaI 06 Ves Soss VIRA IS
ethbBipFophyieafo4 - 26 Tay kdom Beiberatu) Inygaeiired 8n @& 2600y cvpav@idble
froS?J [ G?C%?gdAr rratgc &%I vent-1 00 Type / Methyl Ether
B (% ettt yeOPTRedPat e / Acetone CP at a wei ght
ratio of 38/57/5. [0071] More specifically, each

component was nixed sequerbiably with agitation. The
final viscosity s adjusfedwith 1/1/1 aronatic

sol vent 100 type/| meFRyl h-affl ketorf® xyfl enE9 and 4/f10
209EEY T N-anyl Ketjone/ gx bt oXygd hanol greyatre BY 85
wej nhf tog 27" 1" at roomtemerature measured an - a
FMH 4 Ford cup availl abl &% rom PQ?I N. Gé?%lner Céﬁ%any, 142
% MACRetthnt est subjstrate was AQB col d rd [ ed st eel 8
nane! S 101 6 cm h\/ 20 489 cm a\v/ai ab! e-as ADR4558

I3 LT U L O G U 10O

from ACT Labor at or| es, Inc. of Hllsdale, Mchigan.
[o0TE cl eavs déﬁ@hétﬂgecﬁrﬁl’mbls 2t the i@mbilafions dF theywessenaipynti@thad

cortgeaR oot RarBhesSin & e CRE R ohabe W rBhoman

Gardner Conpany, Inc. Dry filmthickness was targeted
for about 30 mcroneters ( 1 .6 mls). Panels prepared
from each coating were
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air flashed for 10 m nutes and baked for 30 m nutes at
285QF ( 14 10C). Panels were baked in a horizontal
w@omsens | nitial specul ar gl oss was neasur edPer/ut»07/082816
with a Novo G oss Statistical G ossneter from Gardco,
wher e hi gher nunbers indicate better performance.
[0072] Fischerscope HLI00 M crohardness Testing system
nmeasures hardness in newtons per mllineter squared.
More specifically, the mcrohardness, neasured in
Newt ons (N) per mm2, of EkemRle4ted test sanples was
[0078] € M NedeYiilh 3t chniFBasdH \ﬁd&ed?épa%d ] rﬁ&ﬂP RogRfnerine

mcrons in the center area of the test ‘sanple prepared
follewjpg @QEﬂQ'eEB%a?&ﬂhé‘foﬁ‘Hmﬁm VARMEXEH aequeBifdly wih 39'%@‘

mlliNewon |oad, 30 |oad steps and 0.5 second pauses

bet ween | oad steps. Mar gloss.retention was tested by

subi ecting the coated pan €¥0 scratch testi ng by

i nealnk;;eohnrrtat ch| ng trPertschmvmiglulﬂgrfaamee vli t FSalidwesigiits égrams)

asth vt Yapti I Ul CTlI UUUUI I UUD UDI I'l all AlT AdAS _

Xy'%&ércc Scratch Tester, Model CR/LS availdble fromAtl as
Ethi@t &Ethokypedpaleate ces Conmpany of3.3Chi cago, ||l linois. The-
AGIE SOV EDABETT B edl] was S 33, WETORDRY PRODUCTT ON.9

mcron polis g _paper sheets, which arg commercially
ButsVGEILASQ ViErasaia® Cprpany of 188. Paul, Nl nnesota. -

Butyp@mgT@@tze thenm riised W thol@gp water gnd carefutty.
patted dry with a paper towel The 20 glloss was

BuiyeARBIEEL 8RetetRe scr ht ched ar 8®1of each tlest panel (rmar

Tn(g_:ng&ﬁdothSI ng the Ipwest ZU glmxss reading rromthne _
scratched area. thelscratch results are rppnrfpr‘l as

Argniaic Selverdmt 1 ORBPRet Ent i on usi'M§ the fol Ilow ng :
TesiGdeWl ation. mar gl pss /7 1 ni figdl gl 05s X 100. H gher -

val yes f or nnrr\nnf f gl oss retained ar
S—fFetalhedal

T"\{]jgjémlgg%l e. [0073] The p? Bértﬂ'géata has Heen summar i 28d

D

TINUVIN2bd'e 1. 0.78 0.78
TINUVIN 123" 0.78 0.78
Acid catalyst'’ 0.68 0.48
SETAMINE US-138'® 41.6 29.10
LAROTACT LR 9018 9.17 463
Sag Control agent®® 42.0 25.21
ADDITOL XL 121% 0.02 0.003
WORLEE 315% 0.39 0.05
EFKA 6781%° 0.78 0.59

Aromatic Solvent —100 Type

Spray viscosity** (sec) 30

Paint temperature (°F) 72

' 2-Butoxyethyl acetate solvent, available from Union Carbide Corp.

'2 Diethylene glycol monobutyl ether, available from Union Carbide Corp.
'8 2.(2-Butoxyethoxy) ethyl acetate, available from Union Carbide Corp.
"* UV absorber, available from Ciba Specialty Chemicals Corp.

'® Sterically hindered amine light stabilizer, available from Ciba Additives.
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Table 1 [0074] As can be seen in Table 1,

of the fornul ati ons of the present

wowoos/obiogher than that of the control

slightly | ower for

together, in order, the follow ng ingredients. Each
. formula conprised one equival ent wei ght of isocyanate
., Mgricallyoried nyiag kgt stakilizphtavafabledrophiiba Additivaspr esent s a
QQS*H@W B‘ig}‘gzegﬁé&l'fgg'%\gjﬁ gs'é“%%?:ﬁ?'ﬁ Kef Ghe mglcéfﬁ{a’?
8 Catal yst,
“f“?y ?V @ ' f I%Sgﬁfl ve, available
a| | able from Sol uti a,
22 'I' qu Eﬁﬁy 8&“ pe l\/bt hacryl at e,
T .'z) T fgry'ate |
éfyn?e r'e in e‘a Ndmlth'asmF Fnb%ﬁHe efaflire.
Aromatic sol vent - Type / y ene at a welght ratio
[00‘7@] 46/ 54y Q&%ﬁ@ﬂmuﬂl@né %r’é‘ihéﬁdr%lﬁed’\@sﬁ tﬁé @IBQJ 1A tGthg

tested as

di scussed

(F1),

i nvention (F2 -
aneiCT/is2096/082816
Mar retention was conparable for sanples F2 and F3 and
F4 and F5. Exanple 3 [0075] O ear
filmformng conpositions were prepared by m xi ng

t he har dness

F5)

Exa the exception
COMpRRSHioR Peseribey @@&%IWWW ?H%aq%?%n?fﬁtou @r%?sé’ﬂcﬂnﬁi@f g
copyirierediiihd préseneinbientiy prppedapdtedsadestibed ' Exdmpleaal. FOQBpresents a

o erature, nmeasured on a # 4 Ford cup avail able from
BRUI N Gardner Conpany, Inc. Table 2
Ingredient F11 F12 F13 F14 F15 F16 F17 F18 F19
Clear
ggg‘cei‘z)ségoiﬂ 1315 | 1315 | 1315 | 1315 | 131.5 | 1315 | 1315 | 131.5 | 131.5
Table 3 (63.6) | (63.6) | (63.6) | (63.6) | (63.6) | (63.6) | (63.6) | (63.6) | (63.6)
above
ﬁ\ecs?'nl'z(s’ 637 | 482 | 327 | 172
(41.1) (31.1) | (21.1) | (11.1)
Example C 12.5 25.0 37.5 51.
(10) (20) (30) (41.1)
Example D 51.
(41.1)
Example G 57.2
(41.1)
Example F 49.1
(41.1)
Example H 53.0
(41.1)

% A polymer comprising Cardura E, styrene, hydroxyethyl methacrylate, 2-ethylhexyl
acrylate, acrylic acid at a weight average molecular weight ("Mw") of about 8000 having a
hydroxyl equivalent weight ("EW") on solids of 370. Polymer is 65% by weight solids in
Xylene/Solvesso 100 (available from Exxon) at a weight ratio of 34/66.

[0080]

The film forming compositions F11

basecoat to form color-plus-clear composite coatings over primed electrocoated steel
panels. The panels used were cold rolled steel panels (10.16 cm by 30.48 cm). Panels were
coated with ED6060 electrocoat and 1177225A primer, both available from PPG Industries,

Inc., and then with Obsidian Schwartz, a black metallic-pigmented water-borne basecoat,
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[0077] As denonstrated in Table 2 , the fornul ations

of the present invention had conparabl e or higher
whanodoe®ss and % mar retention as conpared to tPeT/US2007/082816

control . Exanple 4 [0078] A clear, filmform ng

conposition was prepared by m xi ng together the

follow ng ingredients; each conponent was m xed

sequentially with agitation: Table 3 1 1 2-Butoxyet hyl

acetate solvent, available from Union Carbide Corp. 12
alspreaiipgle &am FHG/ pdustiasnibuBgsecaatp were anematethsnsay arpfigd to the

eleé!mc@&e@:éﬁd)ﬂ)rﬂﬁeo@é@ parke®s é%'aﬁ%TeﬁWeﬁ?b)én%ﬁd?@(g.‘g)})uteﬁOhﬂ21 °C)). Adry

at e, bl e from Uni
ik b 0L BT S Tpeh oo 88 il Shetiro ki Aiagfad for he
badgooq1. THEDaStm@ut wamkelsywedne detgtiacbddon tiemihutght@ $16a151 (BO Z@rprior to
[l from Ci ba Additives.16 Sterically hindered
Clegrkéngéﬁgeﬁlcg%{ stabilizer, available from C ba Additives.
[0087] Dodedyk cleencastieg sanhrfositions wer dagroduimaseq sp@pdnpied © a

baJeE%%?%g{r%%ﬂb te‘]ng @églm nt@@ cézgé Wﬁﬂ\ Qﬁ ? ﬁlgntlr 12Sh Between

apF&'aﬁltl?a?ro?'le?fCP@tﬁ a'ETeriéfgeT@d &9'13gleh © 1§ @H’:‘f QAQ}F 4A@ 46 miogmpeters) dry

fllngﬁllfzwéﬁ A]IQ:%btmgls e éll@ﬂb@tofd‘ ﬁ[ﬁblNdMn@@ierR@ﬂlﬂ’é‘iatur@ béfore the oven.
i i cone c av Sur f ace .

Paig e R pa b Bay gt Bte 2apSin GPLhTbcEetiibE Eagts). A panel

wasp@parad fee bbth@rhonbsrta éakehersitien a2Ba Matice) bakef positioc appearaiace

meﬁﬁﬂ@rﬁ&ﬁgwer%\fﬂenq&c?%tﬁth?ﬂbrﬁ%h@l %t%@ﬁ%nelg%ﬁé Ml?&ﬁté%anel

ed In
wag B Bstedfembisical iopertieDBIEY ES N1 Resistanes, pﬁ@ldd%qs&t@cwé
Haldhess. Ir&Rafe8dorisd sitihdiears te@Bfed bdidW horalleNGelow.

Table 4
Appearance R aAt(i:ri‘Zzg FMH* Mar Resistance
2um 10 cycles

G2 00 | w5 Crogkptr | Sar,

(%GR)* (%GR)*
F11 94 94 3 14 4 117 90 79
F12 94 94 3 14 5 121 88 81
F13 93 94 3 15 4 125 90 82
F14 93 94 3 14 6 126 86 80
F15 92 94 3 15 6 129 89 80
F16 93 94 3 13 4 133 87 75
F17 95 96 4 13 6 134 92 76
F18 93 97 3 13 7 130 94 75
F19 93 81 5 18 9 61 92 80

% 20° gloss was measured with a Statistical Novo-Gloss 20° gloss meter, available from
Paul N. Gardner Company, Inc.

%’ Distinctness-of-image (DOI) was measured with a Hunter Associates DORIGON Il DOI
meter.

% L ongwave (LW) and Shortwave (SW) measurements were made using a BYK Wavescan
DOL.

29 Acid resistance was evaluated by placing 50pl drops of sulfuric acid solution of pH 2 onto
the panel in triplicate. The panel is then placed in a 120°F oven for 20’ to allow the
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conposition described above in Table 3 , and addi ng
thereto an acrylic resin and/or the copolyners of the
w@e@smetod nventi on, prepared as described i n ERenpbm02082816
F 1 1represents a control. 25 A pol yner conpri sing
Cardura E, styrene, hydroxyethyl nethacrylate,
2-et hyl hexyl acrylate, acrylic acid at a weight
average nol ecul ar weight (" MN') of about 8000 having a
hydr oxyl equival ent weight ("EW) on solids of 370.
TN AT evaR0re By, THiP oRestiglies aeldvels 1hs opleéhepsued wwgnore Gaes.
%”P'ﬁ@l@thﬁfﬂ Wﬁﬁ‘@ﬁ%‘@tﬁ O%ﬁ angl wEergnd vl piedy fRagngssisom 0-10 are
V‘f o a6t BfrWPW ??gﬁ% |At "AYKOf  dpnqtes ng-vigigle gamage
n tBS §BUBERIBGat to form

P%%‘
ctoa ngs over
e ggﬁ e er “f&fﬁ%% &ghf;zﬁzr,
b%q fois. The

@ﬁ ﬁ? ohshmg paper
Qfe'eﬂeévall orﬁ‘éﬁl‘ a%y fSpRR Fa r| E‘S I nc.

22 1hlgdle Wbtt\}va%bé?ﬁu?éﬂi PY@dduble pﬁis@sﬂﬁ kar Wash Apparatus from Amtec
Keflaal | i c- pi gnent ed wat er - bor ne basecoat, al so avail abl e

% . 1Go8sPRE o #8GR) €Ssing the lowBasEe grts re\a@h@framttlﬁmﬁirﬁdmd area,
thp raGloapRbieattbntiordpbeededsahé paceabettie amdl glossvethingti @@ér scratch
testinglusing thesinkovwényg caloat@per: 4001& s¢ralwbed gldss /Ofitigl dbsO@igher A
lyesfiorperoeht of kloes staifedsiedesi@ble. to 0.8 mils (about 15
to 20 mcroneters) was targeted for the basecoat. The

[0083% e c oatAspigmensiraigst ia Taelhydir t& €d Sfgenerally redrmatnesralgie PT@ERies

as EGbdEd wil th@Eorh@1 ¢ egr coat application [0081] The
cl ear coating conpositions were each automated spray
applied to a basecoat ed panel at anbient tenperature
in tw coats wth an anbient flash between
applications. Cearcoats were targeted for a 1.6 to
1.8 mls (about 4 1 to 46 microneters) dry

30
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filmthickness. Al coatings were allowed to air flash

at anbi ent tenperature before the oven. Panels were
whalsdefoes thirty m nutes at 285 OF (141 0C) tecT/ubiog7/082816

cure the coating(s). A panel was prepared for both a

hori zontal bake position and a vertical bake position.

Appear ance neasurenents were taken for both the

hori zontal and vertical panels. The horizontal panel

was al so tested for physical properties such as, Mar

Resi stance, Acid Resistance, and Hardness. Properties

for the coatings are repet ,ﬁ& gel ow i n Tabl e 4 bel ow.

le 4 ical

[00&@@ o@g e%gmg\:egiggcr‘ﬁfgggrg% P Ef&é‘aftlr@rg% ﬁétvﬁa@prepared
ffor@hﬂﬁ@”"@dﬁﬁaﬁ?”tsl nc. 27 Di stl nct ness-of -i mage (DA)

AaS measur ed WNGREDIENTSET ASSoci at €5 LRARTSBYWECHT

\" \\.‘)V\’
HQI’I\II‘%WPI’]TQ were made usi ng a BYK vescan %'GS?Q

Bisgheratfst ance was eval uated by pl adi ng 50n26@fdps of
lixémpled aci d solution of pH 2 onto tlhe panel205.81

é;@!;@%bﬁ-phdh%oﬁérﬂ%dl S them praced im a J.AULJ-O gven

ON\AL it to—evaperate
T cva at € ||||

v n L VW U TICOoOU utl UII VU 'J
L%QyT’FBtnggﬂ%tﬂge cycle. This cycle is [repeated ’1?% nor e
Giesslinkee panel s are then washed wit|h soap &hé3%at er
Iibthamorinick i ed. Ratings from0-1 0 are given 84
ahdekeve to a set of knmown standar(d A
ROLES RO vi si bl e damage and a rating
np @?@ | oss of the coating. 30 Perflorned as
descri bed in Example 2 .
% Available from Resolution.
%5 An amine functional crosslinker prepared as described below.
% The diketimine is derived from bis (hexamethylene) triamine (DYTEK BHMT-HP, available
from Invista) and methyl isobutyl ketone (69.65% solids in methyl isobutyl ketone, yielding
39.5% hydrolyzed solids).

>33 =

OO0 O W0

[0084] The EPON 828, bisphenol A and Example A copolymer, prepared as
described in Example 1, were charged to a reaction vessel and heated under a nitrogen
atmosphere to 125°C. Ethyl triphenyl phosphonium iodide then was added and the reaction
mixture allowed to exotherm to about 140°C. The reaction was held at 135 °C for 2 hrs and
30 minutes and an epoxy equivalent was obtained. At this point, the charge of methyl
isobutyl ketone was added and the reaction mixture was cooled to 98°C. Crosslinker and
diethanolamine were added in succession. The mixture was allowed to exotherm and then
heated until a temperature of 122°C was established. The mixture was held at 122°C for 15
minutes. Diketimine was then added and the mixture held at 121°C for 25 minutes more. To
this was added EPON 828 and the mixture held for 45 minutes more at 125°C. The resin
mixture (1624.86 parts) was dispersed in agueous medium by adding it to a mixture of 45.87
parts of sulfamic acid and 863.94 parts of deionized water. The dispersion was further
thinned with 506.94 parts of deionized water and 960.51 parts of deionized water in stages
and vacuum stripped to remove organic solvent to give a dispersion having a solids content
of 46.6 percent.
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3 1 Coated panels were subjected to scratch testing by
linearly scratching the coated surface with a wei ghted
w@booassmwes paper for ten doubl e rubs using an APCHEES2007/082816
AATCC Scratch Tester, Mdel CM5, available fromAtlas

El ectrical Devices Conpany of Chicago, Illinois. The
abrasi ve paper used was 3M 281 Q WETORDRY PRODUCTI ON 2
m cron polishing paper sheets, available from 3M
Conmpany of St. Paul, M nnesota. 32 10 cycle Car Wash
nmeasured after 10 doubl eCrosgliker i n Car Wash Appar at us

[068‘5]3 m Antigg c|‘ﬁs§ltn|k§rr was%f’epé’r@ fﬂ§r§ thB%If%mn'g%réc%;ﬁ Usi ng

he | owest 0ss read fromthe Scratched area

tre % d oss ReMﬁEQJ'FrNT§ reported as tRéRﬂgrEi:YeWF'QJT'T
trB|S|(hmxamaihylghe33&nme¢9’él ned after scratch teddv.Ag using
tl’

ﬁrobﬂbrllé)(\jgrmafe& CUI ation: J.UU”/o *—scratchedpgipgss /

1 G Q val noac ~AnNnt FaYe¥al

L& 82] As denonstrated in
ﬁtg'h%leqpﬁg %Idm#%%ﬁ_"\é{ngrgal |y had conparabl e
npared with the control (F1 1)
nple 5 [0083] Thi s exanpl e describes the
[0086L par atlihemisdhexamestylene) tdamias was ehagediag rpraiparessekangm

hedt&teuriel & 9%6@1 étﬂ%&ﬂfee r"I'fh% protfylef shbaki@©whs &!Hed over 3 hrs. The
Resol uti on @n%m unctional crosslinker

reaﬁ‘i‘%ﬂ‘é‘ﬁéfﬁ G‘a@th&%‘ﬂtP @@ R, thesscopied agf antangkatsgC. The
mix@ee wde telfl LOBO Bifsr e(nfwmaﬁfﬁ’eﬂ byitsegig)thdrr dllawed® doBlY ThK material had

o BN o AR LR AR 2001 et one,

yi el di ng
[0087] The resin prepared as described above was used in the preparation of an

III UIICI VAT UCTS I UI 'JCI Clll. UI UI USJS

electrodeposition bath composition according to the present invention. The electrodepostion
bath was prepared from a mixture of the following ingredients:

INGREDIENTS PARTS BY WEIGHT
resin cationic 1407.9
Plasticizer™ 345
Solvent™ 19
pigment paste prepared as described 230.8
below
deionized water 2107.8

%9 MAZON-1651 is a plasticizer based on butyl carbitol and formaldehyde, available from
BASF.

*0 Ethylene glycol monohexylether, available from Dow.

[0088] The bath was made by adding the plasticizer and solvent to the resin under

agitation. The blend was then reduced with 500 parts of the deionized water. The pigment

paste was reduced with 300 parts of the deionized water, and then blended into the reduced

resin mixture under agitation. The remainder of the deionized water was then added under

agitation. Final bath solids were about 22%, with a pigment to resin ratio of 0.15:1.0. The

paint was allowed to agitate at least two hours. Twenty percent of the total paint weight was

removed by ultrafiltration and replaced with deionized water.
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39.5% hydrol yzed solids). [0084] The EPON 828,
bi sphenol A and Exanple A copolyner, prepared as
walemsnstoerl i n Exanple 1, were charged to a reartT/082007/082816
vessel and heated under a nitrogen atnosphere to 1250
Et hyl triphenyl phosphoni umi odi de then was added and
the reaction mxture allowed to exothermto about
1400. The reaction was held at 135 for 2 hrs and 30
m nut es and an epoxy equival ent was obtained. At this
[0088] nt, tAeigDeRiPgee obetiptiteledirodenesiibn Raih eprepagiionsicideel
pre@&H |ﬁv5ﬁ|ohe@r€5ér9@a%é§5%e% dteve, %lefe%aﬁee fr%ﬁl a mlxture of the
Croosslinker and di et hanol am ne were ad
fo"%"ﬂﬁ%té@@dtﬁ’ﬁts The mixture was al | owed to exot herm and
then heated until a tenperature of 122 was
est abli sINIahEITIENTm xture wag hel d alPARAS BXOWEIGHTS

c f- 'llﬁlld?lhd réélldu—:tl mne was thenm added—and—t 5'@6” xture

} 1')1 0C fo 25 m nuytes mpre To t his was added
E A '

“EF nd the mxture held for 45 m'nutges nor e at
caRlsto@stethe resin mixture (1624.86 partsi90as
amnﬁwgimtd“h aqueous medi um{by addi ng 1ti41¢ a m xture
f 287 partsof —sutfamcacid—and—86394 parts—of
éioni zed water. The dispersion was furthei thinned
KRONOS2®.094 parts of deionized water and41960. 51 parts

JHonBEj Q,g{e;ea vvat eT my st AYES ard vacuum SgSrg ppea to

ran'nua nr ﬂﬂ

Eﬁ%ﬁ gy ‘57@9&9&‘2?}% ﬁ%gq S s
2 fe% LA ol &/"'M}%
44A Eg@ é ae%’\é% f f |tle % NTEK

* Carbon black beads, avallable from Cabot Corp.
* Titanium dioxide pigment, available from Kronos Worldwide, Inc.

[0090] The above ingredients were added sequentially under high shear agitation.
After the ingredients were thoroughly blended, the pigment paste was transferred to a
vertical sand mill and ground to a Hegman value of about 7.25. The pigment paste was then
collected. The measured solids were 63% following 1 hour at 110°C.

[0091] The catalyst paste used in preparation of the pigment paste was prepared
from a mixture of the following ingredients:

INGREDIENTS PARTS BY WEIGHT
cationic grind resin*’ 527.7
n-butoxypropanol 6.9
FASCAT 4201 312.0
Deionized water 59.8

*” As described in Example 2 of US 4,715,898, plus 2% by weight on solids of ICOMEEN T-
2.

*8 Dibutyl tin oxide, available from Arkema, Inc.
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[0086] The bis (hexanethylene) triam ne was charged to
a reaction vessel and heated under a nitrogen
watomspies e. The propyl ene carbonate was addedPOwEs2087/082816
hrs. The reaction m xture exothernmed to 66 and was
then cool ed and nmai ntained at 59 . The m xture was
held at 59 for an additional 2 hrs and then allowed to
cool. The nmaterial had an MEQ anmi ne of 2.308 and the
m xture was collected. [0087] The resin prepared as
[0092% cr i bddhegbialyet nasle wasaderared byesepuasnpalivaddion thef abame ingredients

undRk Bigh SRS B@%alnbh OﬂftéP?ﬁeh n&r@&i@ﬁ’é WitetRorBGSHY t%rﬂ)%dttﬁe bigfent

present | nvention. The el ectrodepostion bath
pasé? WRRIAaea iR & VeHIGE Sne ol apther OF’Eﬂ @&/W%Q"%”H@W%@ k725,
ThSSatAL phbtd wad theh SolecrlaShe miezgredasiesiwerd shed fgllowing 1hr @
11(%?r bitol and fornmal dehyde, avail able from BASF. 40
hyl ene gl ycol nonohexyl et her, avail abl e from Dow.
[0088] The bath was nade by addi ng the plasticizer and

solvent to the E!%fhdt&?ﬁfmé%@t@@ rg The bl end was

t hen reduced w pa eroni zed wat er.
[0088k pi gritetlestiedeposiien heduersmesiipn Preg@ed pafiessrilsd abqee was
eIeQﬁid@BésﬁS@ or"!’t'@bﬁ(ﬁsphé‘tﬁéi ebb%ahhﬁE@ﬁ;%nb@t &n‘n‘?@mél@%&%le from

iln mxture&ﬁnwir aﬁltatlon : 12[ Git]d
ACHEABHRIDESS WidE atey Waigh s gaegre é?"%\'@'?? i, Hsfes.
|ncba/tah1 CSI:EI\/IFGIS mrvﬂthakmeMSE% 59vitde. a:opdlgcmsribr dagoriesi n
p d to
eiefyfBdpfosdion g i s RS LB R I o B s o
0. 8wm|lg hil‘he/\elsctroenmw@@ljbbyata Mias afiriet! trr st elenricaovein megpioalke &d 30
t er us

mihs" P eBP Bl iR e TR i BB e Rany
cleargassystien avqnllablpérp@o"%@ Irue@mra ned Tabwememttom@afsw was
BWH3852 WAt B ddb&aPfind WEKR2000 2K ISO clearcoat. The electrocoat described in
these examples was evaluated for appearance and chip versus a standard. The standard
control system was ED-6100H electrocoat and 1177-225AR primer surfacer.
[0094] The appearance was measured using a BYK Gardner wave scan as
described above and the results are given in Table 5. The chip was evaluated as described
in PPG Cleveland ETP QWI-0630.0 but using 2 pints of gravel instead of the prescribed 1
pint. The results are given in Table 2.

Table 5
. Lw SwW Chip rating
Electrocoat/ Primer Surfacer (10-best, 0-worst)
Electrocoat of this example/none 2.2 15.0 7
ED-6100H/ 1177-225AR 2 13.9 6
[0095] As demonstrated in Table 5, the system of the present invention had higher

LW and SW and better chip resistance without the use of primer surfaces, as compared with
the control.
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followi ng ingredients: 4 As described in Exanple 2 of
US 4, 715,898, plus 2% by wei ght on solids of | COVEEN
w@a2008/0¢700vai | abl e from BASF. 42 Noni oni ¢ surf ae¢BOE2007/082816

avai l able from A r Products and Chemicals, Inc. 43

D butyl ti noxi de catal yst paste, prepared as descri bed

bel ow. 44 Avail abl e from Engel hard Corporation. 45

Carbon bl ack beads, available from Cabot Corp. 46

Ti t ani um di oxi de pi gnent, avail able from Kronos

Worl dwi de, Inc. [0090] The above ingredients were

added sequentially underEQ@g%e%hear agitation. After
the ingredients were thoroughly bl ended, the_ pignent

[00[921& e wadvordtigrant gK sytieps ware\nsprar singna@mplel G. péerggred as
deggrioatia Ekample HE@ﬂmmf Vr%| Akesyefemaleud cldarddats Eﬂbgsnmegirmtntan

s then.col ed The ured.s
sof e § pPRoR WO UE Ly 37 6PorapgBal T g G QR fifard8
belog esl FRG), prddhasetondat a)lNCDI‘% tigieehs / p drstesredisbgiovepair2id.
froma mxture of the follow ng ingredients: 47 As
described in Exanple 2 of US 4,715,898, plus 2% by
[008€] ght  drgredientsitor sach naciVEBRIdascribed beday, theptieassoat package, were
bleRIddHAd nAYEY tb@é?ﬂ]é? ahé Qéﬂa@ﬁlée“m;% |nbr:'él&e[n@%’&lck-ﬁh%e%h%hé(r%r
e was uentially _addin above
CUVBW§rpé8‘f3éJﬁt e Hl?@ge%tf%‘ﬁ dPeiasidealBth’ af%% ’%aéii 2\Yfse mixed
togethgr jestipeoitts spray epfiibationu gitleycidalaaniatsre bpitie b@MBIBC 18492 blue
me%%eb%e%ggtfu%rnrg %dD t\ﬁ’lbi%s &?réﬁr%un?’ ‘%ﬂg clré]allc!)at%v%g a%ll%ld ri1|rgthoocoats
a ghan val de of ‘about /.25
to achieve approximately a 2.5 mils dry film thickness. The applied coatings were allowed
the cure overnight at room temperature before testing.
[0098] The substrate used was APR 43741 ED primed and sealed panel from ACT
Laboratories, Hillsdale, MI; the panels were sanded with 400 grit sand paper prior to
basecoating.
[0099] The basecoat, DBC 18492 light blue metallic, available from PPG Industries,

Inc., reduced 100% with D870 thinner before being applied over the substrate.

F20 Formula Weight Solid Resin
PACK 1:
Example G 79.20 65.20
BYK 300" 0.50 0.25
TINUVIN 292°° 1.20 1.20
CHISORB 328" 1.00 1.00
DBTDL® 0.20 0.20
PM ACETATE>® 20.83
SOLVENT BLEND** 30.00
Sub Total 132.93 67.94
PACK 2:
74470 BA™ 22.90 16.03
DESMODUR 3400°° 16.03 16.03
MIBK>’ 1.14
Sub Total 40.07 32.06
TOTAL: 173.00 100.00
% Wt Solid vOC Wit/Gal Eq Ratio NCO/OH
57.80 3.52 8.35 1.10
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The catal yst paste was then coll ected. The neasured
solids were 51% following 1hr @110 0OC. ELECTROCQOATI NG
WEROSERWRE [ 0093] The el ectrodeposition bath PCT/US2007/082816

conposition prepared as described above was

el ectrodeposited onto phosphat ed el ectrogal vani zed
panel s, comercially avail able from ACT Laboratori es.
The phosphate, which is comrercially avail able from
PPG I ndustries, Inc., was CHEMFOS 700 with a CHEMSEAL

59 rinse. Conditions for cationic electrodeposition
were 3 mnutes at 99F at 250 volts DC to \/| eld a cured

filmthifness of 0. 85 mi FermutaWeight ¢ r o oat edSolid Resin
PAQKHétraLe_mas_cuLed44¢4ml4ﬂ4xx¢+c_g¥en_at 3400F for
rocoated &dbotrate has t hendlH9
2 (‘K‘SO\Q\* ed-w-th a comprercial balaloat/ clearcoat Y€t em
IOIL 9o 49f rom PPG | ndustries Phc_ The ¢omrerci a]:20
AISORE 328, + om was BIBE554R whifl basecodt and 100
WVAKESQH ZH—-SO-€el-eatrcoat Thzbégectrocoat deseriBeY
E i Q\Iﬁ. [N Eal " or aAaNNOAY A"NeN an
QQLV\EW L‘QVQM‘H! es \vAva~ Vv u.! uu.t E%QQUI uppccu ATTCC ulld
AR N S0 standat d—The °2g'$dard controt—system
PA jg%irel goH-—etleetrocoat—ana—tI+—225ARprrer——
ph aaes (0694}—The appearan%§§) S—freastted usiQQS?
S Shiingpouave scap as desclifigd above [and thei g,
MW& o d. C QIVUII L 'adl © O 1¢IU CImTp adaS TVvdl ual.cu
§l5'bf5i pribed—nPPGCreveland; 4 QN =0630-0 but3 ?6”9
TofaPI Nts of —gravel—instead of 3t I:ﬁopl escriped—1 pifd oo
he resuttsare given in Tablte 2 Tabte 5
% Wt Solid voC Wt/Gal Eq Ratio NCO/OH
57.80 3.53 8.35 1.30
*” Available from BYK Chemie.
*8 Available from Ciba.
*9 Available from Chitec Chemical.
°0 DBTDL (dibutyl tin dilaurate), available from Air Products.
°" Available from Dow Chemical.
°2 SOLVENT BLEND, available from PPG Industries.
°% Available from BA Bayer Chemical.
** Available from Bayer Chemical.
> MIBK (methyl isobutyl ketone), available from Eastman Chemical.
Table 6
Test F20 F21
Initial viscosity *° 87.5 cps 78.5 cps
Cotton Time *° 50 minutes 40 minutes
Gloss 20° *° 88 88
Konig hardness ' 18 21
(24 hours)
Konig hardness 32 36
(1 week cure)

%8 Viscosity was measured by a Brookfield LVT viscometer using a #2 spindle at 60 rpm.

%9 Cotton Time was measured by dropping a cotton ball on the coating, waiting 5 seconds
and tuning the panel over to see if the cotton ball falls off. The time in minutes from spray
application to the time the cotton ball cleanly falls off the coating is recorded.

€0 Gloss was measure by a Byk-Gardner micro-TRI-gloss.

®1 Konig hardness was measured after a twenty four hour cure and a 1 week cure using a
Konig pendulum hardness machine by Byk-Gardner.
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[0095] As denonstrated in Table 5, the systemof the
present invention had higher LWand SWand better chip
wo e®s®tmpte Wt hout the use of prinmer surfacespPCEES2007/082816

conpared with the control.Exanple 6 [0096] Two

di fferent 2K systens were prepared using Exanple G
prepared as described in Exanple 1. Both of the 2K
systens were clearcoats crosslinked with an isocyanate
package, the first at 1.1 / 1 isocyanate to hydroxyl
ratio (NCO OH), (referred to below as F20), and the
second at a NCO'OH rati oEs@maleZ ; 1 (referred to bel ow

[00adof21 )olearéd&@%kl fokrﬁ@ams @ah§nsf®rab%¢dh B8 knt badiSles were
descri bed bel ow,

r coat C wer e bl ende

Pregigd HpiRe etCBG‘B?WFé‘ bbegtbeﬁg’r Egah ﬁ‘?{go‘%”ﬁ@trséa‘f‘”éiﬁltt% @g'es
belpaolas tixedisbquenasigeviiaragitatios tw fatn PeckpBaideRpek 2weaek 1 and Pack 2
welté! tﬁ&%ﬁ?eé %ggthgﬁﬁithae@ﬂat?o‘ﬁtto ?o?rln ql?e clg Q%gatfhp %qu?g %Colﬁ %H%%Sunts

m Xe ogether just pri 10 Sp e
shayinda thedables aeer earig p Weigtt IO\gearmsaBC 18492 bl ue netallic

basecoat using a DeVilbiss GIl spray gun. The

clearcoat was applied in twocoats to achieve

apps oxi et el §|¢ a2 5 mls d_ry ilmthickness. The
appl i ed coat MEIRRY ¢ al | oned tﬁ‘% Ve ghbver m!égghtt
n amaratiure hafnra taoact | fal \
Lg‘jf\b S ,\"AD‘E’ 23;4?5\5 Er :*;d ,ﬁd seal-ed—panel—Jrom-ALT
LaboldDEaGSale 1y saal e M. Lhe pafdls were shfpled
Wi th S bEERPPU a0y paner briot to basecoating o LDO9o]
The—AULEEHOSANE aceledss | Moy | bt e wot ab-Hie— oyl Hable
fr')n“@NrE%L%gg r.cctgﬁé Hre— reuucedQ 3'6)0% wi-t-h ,)505
t hirrgss oL e betrng—apptiedpver—{hesubstrate- 47
- TINUYVIN;928 J 9P 2.00 200"
AV T & CdIIdeéI':S'IITbaw'C"' - 1.50 10.42
Siloxane Borate® 0.50 1.00
Example C, prepared as described in 4511 60.22
Example 1
Polyester Polyol®® 5.00 5.00
CYMEL 202° 5.00 6.25
BYK 337% 0.02 0.10
NACURE 4167% 1.00 4.00
TMP/Empol Polyol®® 5.00 5.65
PACK 2
Amyl acetate 10.00
SOLVESSO 100 1.62
DESMODUR N 3300 25.83 25.83
DESMODUR Z 4470 BA 13.56 19.37
TOTAL 105.02 185.14

2 Aromatic solvent - 100 type, available from Exxon.

8 »Silica B" prepared as described in U.S. Patent Serial No. 11/145,812, filed June 6, 2005,
incorporated by reference herein.

® Prepared as described in U.S. Patent No. 6,623,791B2, incorporated by reference herein.
% A polymer comprising C36 Diabasic Acid, neopentyl glycol, cyclohexanedimethanol-1,4,
trimethylol propoane at a Mw of about 1300 having a hydroxyl EW on solids of 189. The
polymer is 100% solids.

% Melamine formaldehyde resin, available from CYTEC Industries, Inc.

67 Solution of a polyether modified poly-dimethyl-siloxane, available from BYK-Chemie.

® |_atent catalyst available from King Industries, Inc.
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48 Avail able from C ba. 49 Avail able from Chitec
Chem cal. 50 DBTDL (dibutyl tin dilaurate), available
wo p@si0690ps Products. 5 1 Avail abl e from Dow Chepr@TaB2005@82816

SOLVENT BLEND, available from PPG Industries. 53
Avai |l abl e from BA Bayer Chem cal. 54 Available from
Bayer Chemical. 55 MBK (nethyl isobutyl ketone),

avai |l abl e from East man Chemi cal. Table 6 58 Viscosity
o Was neasured by a Brookfield LVT visconeter using a #2
AspAlyieRT €0mPrisT tripathyIsorapane eAd FMPOLWDES tavaiabledipnp{pognis
Compprsfion) iy a Mveeftalar 4580 haviy & e reytt W ivg soljgsiof 19y Hie polymeris
89% selsisdsN-RKY! 4G g t he panel over to see if the cotton
ball falls off. The tine i 5 i nutes from spray
application to the tine th otton ball cleanly falls

of f the coat iimgedient ecor ded. BOSdchueigWai meageighkt by |a
Byk- Gardner micro-TRI-gloss. 6 1 (¢@ms) har dnégamshps
meaPACKd after a twenty four hour cure and a 1 week
cur_e Ay aeptade Koni g pendul um hhr dness—-machi ne by.85
By k- G&LYREFOEWANpl e 7 [00100] | d earceat, 2K, 18.13
f or mBuivt CEHOT Al #osiatey abr as| on resistant par #i8l es
wer e BoyegaRBd Qi Acaigtet he conpohents descriped bél48w.
Each TOMAYINA@Et shown in the thabl es Of ow was nidbed
sequdMWENI98with agitation tp for@dWack 1 and2@8ck 2
Pa d keated{plloidalSilica 1.50 10.42
Siloxane Borate 0.50 1.00
Example D, prepared as described in 48.24 60.69
Example 1.
Polyester Polyol 5.00 5.00
CYMEL 202 5.00 6.25
BYK 337 0.02 0.10
NACURE 4167 1.00 4.00
Polyester Polyol as described in 5.00 5.65
footnote 65
PACK 2
Amyl acetate 13.75
SOLVESSO 100 1.62
DESMODUR N 3300 23.66 23.66
DESMODUR Z 4470 BA 12.61 18.01
TOTAL 105.03 185.83
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were then m xed together wth agitation to formthe
cl ear coating conposition. The anpbunts shown in the

waamBmee709F5 e parts by weight in grams. F22 62 APCITHE1007/082816

solvent - 100 type, available from Exxon. 63 "Silica
B" prepared as described in U S. Patent Serial No.
11/ 145,812, filed June 6 , 2005, incorporated by
reference herein. 64 Prepared as described in U S
Patent No. 6,623,791 B2, incorporated by reference
herein. 65 A polymer conprising C36 D abasic Acid,
neopentyl glycol, cycl ohex&aédi nethanol -1 , 4,
trimethylT ol igre@ieRE€ at a MV PiSafoNkighBU0 hawéiggt a
hydroxyl EWon solids of 189.| Thegfaisyner| i s (dridfh¥
sol pdeKk ©6 Mel am ne formal dehyde resin, available frqg
CYTBEmylavdtzsd ri es, Inc. 67 Sol htion-of a polyetheo
nodshiLgESSOlwe di net hyl - sil oxahe, avail ablle fronoo
BYKBGlyEDE I OSEH VIEsdcerte cat al ysi avai-l-abl e [fr om4dong

| ndBstyr CARBITOhac&8teA pol yner tonpri-sing tri net3dnd ol
pr opie/idnd3 EMPOL 1008 (avail pbl e 6.29m Cogni s 0.25
Cor pinaMIN@A2 at a Mwv of about | 4500.2@avi ng a hydSoxyl
EW OINBONI9E8 of 199. The pol yprer i30B9% sjol i ds3.00n

n- huitepteddindividalesilick23F24 Sol ut | on ¢2.0& pol |yet hé8.89
nmodBfloxade Bodate- di net hyl - si | oxape, a%%0 | ablje fr dfo
BYKEGHeptt & preplaeedyds dasdridepinosphat e 46dPut i on, at&B4 abl €
fr ofx®nplelila. F25 72 149% but yl t hacrylate, 15% butyl

act GIYMEL 202804 | sohornyl _net hakryl £.€0 239 6.25
BYK 306" - © 002 0.15
NACURE 4167 0.50 2.00
Polyester Polyol as described in 7.79 8.76
footnote 65
PACK 2
Amyl acetate 10.00
Phenyl Acid Phosphate”’ 0.25 0.33
DESMODUR N 3300 27.35 27.35
DESMODUR Z 4470 BA 10.67 15.24
TOTAL 106.28 183.81

% Solution of a polyether modified poly-dimethyl-siloxane, available from BYK-Chemie.
"1 Phenyl acid phosphate solution, available from Rhodia.
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hydr oxypropyl nethacryl ate, 20% hyrdoxet hyl

nmet hacryl ate as 63.5% solids in a solvent blend of
wQ dwdpmepyl ene gl ycol mnethyl ether (DOMNOL PRT/ISIM07/082816

Dow Chem cal ) and 5% SOLVESSO 100 (aromatic

hydr ocar bon from Exxon)]. The filmform ng

conpositions F22 - F25 were spray applied to a

pi gnent ed basecoat to form col or-plus-clear conposite

coatings over prinmed el ectrocoated steel panels. The

panel s use were ACT E60 EzZB2660 steel panels ( 1 0.1 6

cm by 30.48 Gigrediehi’ ED- 6150VB SHIROWERRPAT av@éipRol €

from ACT Laboratories, Inc. The pgngalsy were 21@,51

wi tpaABKack 40, a bl ack pignenfed water-Dborne basecoat

avaphhgbdetdid om BASF. Basecoat § wer e-aut onat ed15pg ay

appBOoedESeOtipe el ectrocoat ed at ambo ent

t enpetyPCEUNOIGVEHcetale OF (21 filma50

I~

»)
5t eel -panel s
DO)). -Adry

t hi

BkiyesARBITOAROStEe0. 4 to 0.5

m | s -{about

10 t3wn013

m (

CTINGBLINM23 was targeted for

t he hasecoat .

Thes

ed fop2H nin

utes 0@s176 (

basgmatiNgapel s were dehydr at
(80TOND)VINR®r to cl earcoat ap
coafreatpddintipiodiSilicans wer e eac
t o| 8ilcaseBoateed panel at anbi
coabsrylid Rdlyadlh anmbi ent flash b
d e&iYbEht292wer e t argeted for
38| B¥K486 i croneters) dry fil
wer BASIURbvEE87t 0 air flash at
bef Bplesterd’obipbas depgifeddn wer e
at | Jemoety 141 0C) to fully ¢
panel _was prepared for both a
andPAC\K«:a'ti cal bhake pnqi tion
wer 8MyhAEste or both the horiz
pan hanyl A PResohatsnt al panel
ph IDﬁsle LB\D‘&BQQ es such
wasRE {H 24470 BA

he cl3@r
spray3.appli €
ure i wo
cat i 6982

m | $.85%about
Al | ok i ngs
er at \&@
irtyl1®8aut eg
ing(s). A
bake positiqg
nmeasurenent

rtics09
t ed f0ni3

e (ABf:62 car

15.41
193.76

licat.omn. T
h autaomt ed
ent  t@vper at
bt wedn.2appl i
A 1.6 1.7
nt hi ckPiss.
anbi €hd0 t enp
baked188r th
ire the coat
hori zont al
Apppar ance
bnt al "and ve

NaS :40251 t es
4

10.79
106.31

d

n

TOTAL

2 14% butyl methacrylate, 15% butyl acrylate, 28% isobornyl methacrylate, 23%
hydroxypropyl methacrylate, 20% hyrdoxethyl methacrylate as 63.5% solids in a solvent
blend of [95% propylene glycol methyl ether (DOWANOL PM from Dow Chemical) and 5%
SOLVESSO 100 (aromatic hydrocarbon from Exxon)].

The film forming compositions F22 - F25 were spray applied to a pigmented
basecoat to form color-plus-clear composite coatings over primed electrocoated steel
panels. The panels use were ACT E60 EZG G60 steel panels (10.16 cm by 30.48 cm) with
ED-6150MB electrocoat available from ACT Laboratories, Inc. The panels were coated with
Black 40, a black pigmented water-borne basecoat available from BASF. Basecoats were
automated spray applied to the electrocoated steel panels at ambient temperature (about
70°F (21°C)). A dry film thickness of about 0.4 to 0.5 mils (about 10 to 13 micrometers) was
targeted for the basecoat. The basecoat panels were dehydrated for 5 minutes @ 176 °F
(80°C) prior to clearcoat application.

The clear coating compositions were each automated spray applied to a basecoated
panel at ambient temperature in two coats with an ambient flash between applications.
Clearcoats were targeted for a 1.5 to 1.7 mils (about 38 to 43 micrometers) dry film
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Crockneter) and Hardness. Properties for the coatings

are reported below in the tables bel ow. Horizontal
w@oasnsns Verti cal Position As denonstrated i nP€hES®07/082816

tables, the fornul ati ons of the present invention (F22

- F24) generally had conparable properties as conpared

with the control (F25).Exanple 8 This exanple

descri bes the preparation of a cationic resin that was

prepared fromthe follow ng ingredients: The EPON 828,

thlobngs@hé\ﬂgpatmgs w@qe[g“pwe?dstgwtﬂﬁh K embpiant {empeegtide before the over.

Par@élJ‘Mérbrb'al@JbefBthtp ROSREOR PR (P4H @?to\/’fﬁlfy%u@}ﬁé G@eﬂmé(@ GA panel

reacti ess and heat ed under a 0 her e
wat ropasd S or Ea e PE RSP e ap B bR os B AR e e
meadoerheritd@e@Cakenli@ boegané hatxromakarkekdicatpandsd e Hoizorial panel

t ' I
wa'BH 0 Sor o lech HpRA, 820 26 AP ROYah AYANCE cal FRlg Ates
Crochmeter) Bhe Hardnsss. i Rikmeartiesriel tas eqsftingrodra ripadedeslew pdbie thbiea
bel§¥ccession. The m xture was all owed to exotherm and

then heated until a tenperature of 122C was

estla??él shed. The m xture was held at 122C for 45

WSUOBETA di keti mi ne was t hen added and t he

m Xt yre—hete—at—122for— 45 mhut SEAPiTe o thi-s—was
added EPON 828 and the m xtur ell c? fq Coﬁ§l AL es
nore %bOGLI&\éu I:Aallpl e—Kv thﬁg‘ aL.B\5CL i

t enpet: IUI € vvaa ach ual €t tg% 1/_§4 € ana
hel d H hotr—The—rresjgnmh xt (rt
di spe Eg%w{iiﬁ aquUeEoy's nedt :251 ' ybgdrdi—zgg—-i—t—t—o—@—n‘i—xt—cr'e

of 3Fppmy Parts of 132 | 125 | 118 116
10 Cycles Amtec Car Wash

(%Gloss Retention) 84 /8 86 g8
10 Cycles Atlas Crockmeter
(%Gloss Retention) 70 65 62 7
Vertical Position
F25
F22 | F23 | F24 Control Acrylic
20°Gloss 86 86 | 85 84
DOI 93 92 | 78 92
Shortwave 25 23 | 44 28
Longwave 16 16 | 16 14

As demonstrated in these tables, the formulations of the present invention (F22 - F24)
generally had comparable properties as compared with the control (F25).
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sulfam c acid and 907.96 parts of deionized water. The

di spersion was further thinned with 600.50 parts of
waledososmwesl wat er and 608.40 parts of dei oni zedP@BEUS2007/082816

stages and vacuum stripped to renpve organi c sol vent

to give a dispersion having a solids content of 43.3

percent. Crosslinker The crosslinker was prepared from

the followi ng ingredients: | NGREDI ENTS PARTS BY WEI GHT

Bi s (hexanet hyl ene) triam ne 3675.69 Propyl ene

car bonat e 2884. 32 Met hyl ExampleBy| ket one 1640.00 The

bi s (hexanethylene triam ne was charged to a reaction

vesSb} S@APIGRESEENeS iscRsprasation of %ﬁ%tr?”ﬁtfﬁ%%i&‘ﬁb‘?’%s preppsed from
thepslippigeneedi@nthonat e was added over 3 hours. The

reaction m xture exothernmed to 68 0C and was then

cool ed and naintained at 60 C. The m xture was held at

60 OINGREDIENT3ddi ti onal 2 hours and 1hEAREE§ﬂMMHGH

| sobEbRi #sgt ome was added.—Anelectrpdepositiop bath

conmposition according to the present|invention,

i denBisphesrd-bel ow as F26, was prepared froml@7a8xture

of N@th édb%‘M KElond gy €dientsT The bat it was Bggg oy

add e plasticizer and solvent to the resin under
agi1Eﬁwﬁwh@?ﬁémﬁpgﬁwﬁmégd?hen reduced with 50@%parts
of K}'@t ﬂgmtyx@élowéﬁbﬁr. Ihe pl1 gment past e was.76 educe
Wit | y . -

bl enHENSiNkeoPERY e 83 0eeHPeLEN i xt ur e und&p3-68

agi t ptettenolarhive rermai nder of the dei ohi zed wad.eg was
the'\ AadAdad 1inde

'DETA dketihing 24.92
EPON 828 8.95
Example K, prepared as described in Example 1 782.55

The EPON 828, bisphenol A, methyl isobutyl ketone (1) and ethyltriphenyl phosphonium
iodide were charged to a reaction vessel and heated under a nitrogen atmosphere to 135°C
and the reaction mixture allowed to exotherm to about 140°C. The reaction was held at
135°C for 2 hours and then the charge of methyl isobutyl ketone (2) was added and the
reaction mixture was cooled to 115°C. The crosslinker and diethanolamine were added in
succession. The mixture was allowed to exotherm and then heated until a temperature of
122°C was established. The mixture was held at 122°C for 45 minutes. DETA diketimine
was then added and the mixture held at 122°C for 45 minutes more. To this was added
EPON 828 and the mixture held for 30 minutes more at 125°C. Example K was then added,
the temperature was adjusted to 122°C and the mixture held for one hour. The resin mixture
(1760 parts) was dispersed in aqueous medium by adding it to a mixture of 34.33 parts of
sulfamic acid and 907.96 parts of deionized water. The dispersion was further thinned with
600.50 parts of deionized water and 608.40 parts of deionized water in stages and vacuum
stripped to remove organic solvent to give a dispersion having a solids content of 43.3
percent.
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agitation. Final bath solids were about 20% wth a
pignent to resin ratio of 0.12:1 .0. The paint was
w@bdosmeoi o agitate at | east two hours. ThirtyP@EPUSENT/082816
of the total paint weight was renoved by
ultrafiltration and replaced with dei oni zed water. The
pi gnent paste used in the el ectrodeposition bath
conpositions of the present invention, prepared as
descri bed above, was prepared froma mxture of the
follow ng ingredients: 7 '-Titani um di oxi de pi gnent,
cr¥mkb@abl e from Tronox I nc. The above ingredients were
added sequenti al | h shear agitation. After
g eSS R Jas Brparendel e IS SERE A L he i grent
PNGREDIENTS r ansferred to a verti cal BARTS BY WEKHT
HO Bgan‘ié?hﬁ%rﬁé?&%ﬂmVa' ue of about 7.25. ke 4y gnent
n collected. The nmeasured s were 55%
6?&”@%98 R ot 110 0C. ELECTROPOATI NG RE: The
ﬁ&ﬂhﬂﬁéﬂﬁﬂ§ﬁph©n prepared as described abeAOOnas
el ectrodeposi ted onto phosphated col d roI | ed steel

Thél).ﬁ% eﬁ%m%tﬁyé?%e ?rv%mr&%wzflsc loqnqﬁée fro nves %g(gﬁeattef era

nitrBgE® dtmdspbierd. ddie pramglene c@bmamdﬁ@@ ova‘rtSrhoarSd dihe meapw
mix{{b %&otﬁérﬁué& to é%o@'ér{d' v?d%%hérﬂfooreﬁga]hg Hiaﬁmteﬁr‘]e%%tt %Qd@p%b%ﬂ

wer e m nut es a cure
wagjpgld £ EPOmOc fR¥ @k%f@g@n%i@ hyusEndithes, mqfh)é 'S@P@&'tkﬁ@ea&'taéédded
substrate was cured in an electric oven at 3500F for
25 mnutes. The el ectrocoated panels were tested
agai nst a standard el ectrocoat product and the results
ar eAn elecirodepbsition bhth coampbsition according to the present invention, identified

below as F26, was prepared from a mixture of the following ingredients:

INGREDIENTS PARTS BY WEIGHT
Cationic resin, prepared as 1440.0
described above

Plasticizer as described in 32.8
footnote 39

Solvent as described in footnote 19.0
40

propylene glycol monomethyl 9.1
pigment paste, prepared as 223.0
described below

deionized water 2076.1

The bath was made by adding the plasticizer and solvent to the resin under agitation. The
blend was then reduced with 500 parts of the deionized water. The pigment paste was
reduced with 300 parts of the deionized water, and then blended into the reduced resin
mixture under agitation. The remainder of the deionized water was then added under
agitation. Final bath solids were about 20%, with a pigment to resin ratio of 0.12:1.0. The
paint was allowed to agitate at least two hours. Thirty percent of the total paint weight was
removed by ultrafiltration and replaced with deionized water.

- 42 .-



bel ow. The control product was ED- 6280 el ectrocoat

avai l abl e from PPG I ndustries, Inc.Table 74 Profiles
WwWoweos/0emasur ed usi ng a Tayl or Hobson Surtroni cPGRUS2007/082816

Profilonmeter with cutoff |lengths of 0.03 inch and 0. 10

inch. 75 Crosshatch adhesi on perfornmed before and

after condensing hum dity exposure for 16 hours at 140

F on a QCT condensation tester (Q Panel Conpany,

Cleveland, OH). 76 Each of the coated panels was

scribed, cutting through the coating to the netal

SUbBd gidrferit Pasid uéédpﬁme%ﬂé%troa—éﬂﬁs|¥|&$t§attﬁ3@diﬁd®tlw é? tﬁeﬂﬁ'ﬂsent
subj ected% clic orrosmnte&{ gat rot t est
v oo ipo e sBOteG e PisReren e Bk oDt Byt

ingedi@dnisum dity and | ow tenperature in accor dance Wi th
Ceneral Mdtors test met hod, GM TM 54-26. Scri be creep

RS o e o e b el v BABTS BY WEIGHP)
CRYRNSH"HE FRSH A5rIBRIediPRRPP A have been de8%¥3 bed

S WRICLARA pur poses of illustratjion, it wllidée evident
da@hl}sf‘@a%‘@e é‘@e‘sbrﬁféd 'nﬂfobtﬂ@te&@t that nu[rer ous Y?J:B atl ons
AYLmI urﬁisﬂ‘% n%c q"esgnbep ncfo'd nﬁt’e 7y Hvent+on "“? 6J6; frade

ou nvention as defined in the
C§a<p%'%$ded cl ai ms. THEREFORE WE CLAIM 1. A cobfing
TRANDX GRBEPEA" POl ymer conprising a terpene a0d a
dg@ﬁl%@ atb,hat S p0| ymerized Wit terpene bygfyee

nfgrmnrm Lo ot
1T 1T1ul C

73TWUén §o>é§e @ﬁrgﬁrp]ty@/ﬂl%bge from%tf’ronox'l nc. ROREF SO

T'_'

The above ingredients were added sequentially under high shear
agitation. After the ingredients were thoroughly blended, the pigment paste was
transferred to a vertical sand mill and ground to a Hegman value of about 7.25. The
pigment paste was then collected. The measured solids were 55% following 1hr at
110°C.

ELECTROCOATING PROCEDURE:

The bath composition prepared as described above was electrodeposited onto
phosphated cold rolled steel panels, commercially available from ACT Laboratories. The
phosphate, which is commercially available from PPG Industries, Inc., is CHEMFOS 700
with a deionized water rinse. Conditions for cationic electrodeposition were 2 minutes at
92°F at 125 volts DC to yield a cured dry film thickness of 0.80 mils. The electrocoated
substrate was cured in an electric oven at 350°F for 25 minutes. The electrocoated panels
were tested against a standard electrocoat product and the results are recorded in the table
below. The control product was ED-6280 electrocoat available from PPG Industries, Inc.
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2 . The coating of Caim1l, wherein the terpene
conprises a-pinene. 3 . The coating of Caiml1l,
wob@s®es719% he t er pene conprises b-pinene. 4 . TPET/US2007/082816

coating of Caim1l, wherein the terpene conprises

i nonene. 5 . The coating of Caim1l, wherein the

terpene conprises turpentine. 6 . The coating of Caim

1, wherein the nonomer conprises an acrylic nononer. 7
The coating of Claim6 , wherein the acrylic nononer

conprises a hyroxy functional acrylic nononer. 8 . The

coating of Claim1l, whereityge polymer crosslinks to
lm—9 Fhe ggaflnn of

Claiml, vvher ein th_e pol ymar on‘mz&es 30 VEI%ZBO_ControI Paint
greater—els the-eceating—based—on—total—selids—welght-

10 The &%Hq ng of C ai m 1, wheBéild the pol yner7/95
corrpih@“ﬁélsmﬁmyMI%smn gr eat er of t{be/ 1%oatl ng, baselg/qg
totzl | 76].J. The—coattngof —Chrarm1; )
V\hgpecly f iﬁ&?oc%@#% i s an_elddemmagebrabemil 427 oat doribe creep

7 pldliles W@ meQ&kd L%lr%f a %ﬁdrmo% n‘@ﬁﬁr&h@ﬁ ﬂﬂf%m%&@{ek Wh cutoff
Ien&tﬁéfof(b & Pciia e coating of
75 OMpheich a@il’i@mﬁ%ﬁbrﬁ@d'b‘éf&é@ﬁia@t@ tctlabsiny rﬁﬁﬂdltyjeﬁpos-ﬂrée
for §©abure gt ©fo° EloaiandT caMaehiion fber @R Compardy, C¥Reland,
OHgonponent coating, and the polynmer is in one conponent
' Emokl obthe voatepagBMasissribaa, antighieougrothp ooaing to the metal
substrate in an X pattern. The test panels were then subjected to cyclic corrosion
testing by rotating test panels through a salt solution, room temperature dry, and
humidity and low temperature in accordance with General Motors test method, GM
TM 54-26. Scribe creep is reported as the average distance (in millimeters) of
corrosion from the scribe mark.

Whereas particular embodiments of this invention have been described above for purposes
of illustration, it will be evident to those skilled in the art that numerous variations of the
details of the present invention may be made without departing from the invention as defined
in the appended claims.
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15 . A cured coating conprising terpene in an anount

greater than 30 wt % based on total solids weight,
wob@smes7199% he terpene is not in the formof a cPEDUSIMET/082816

wi th phenol, cresol or naleic acid/anhydride and

gl ycol ester. 16 . The coating of Cdaim15 , wherein

the terpene conprises a-pinene. 17 . The coating of

Caim15 , wherein the terpene conprises b-pinene. 18

. The coating of Claim1l5 , wherein the terpene
THEBRPPRE&EE Clibhiene. 19 . The coating of Claim 15 ,

whet ein Aé&tlﬁ@é@ﬁﬂl@lng @'&Wh@?%nﬁ&%ﬂ@%ﬁérﬁ@ne a?rQJ a ﬁﬁbrﬁ)mer that is
ene

p0|¥f8?%egg/ltgteﬁ%qr’yﬁgﬁreﬁnriqp\%;ppl)g@qryp tiog, qu{gﬁéQe mgnolner ISA10’[ maleic
acid/asttydndp. conpri si ng terpene and a urea, wherein the

urea 1 s faraedofiy Bl v‘\?r?e%h%% Y S - biibhd an
PUNedt o i

i soCyanat €-

anm he- fJﬂnetcoatrmalotﬁiapmmemnerelmmngpanqmmaes o of
Bpﬁw%Héval ents of isocyanate groups to equival ents of

amne groups is greater than 1 and the

[ so‘byanérthécﬂ%trﬁl@toﬂ‘ Elaém 1 ciipsRintetieraene ¢amprises limonene.

am gie- f %@%bé’t%'of @Féfﬁp@r\@{btreﬁﬁié t@%er?@éﬂnﬁf_?geétgéﬁntme

substrate at a lume m xing ratio of
pol §ner @Sﬁﬁ?tlr@uoﬁ@aﬁ@ﬂ vwf%r%f?”@rr%%ﬂog‘rer BIMRTERS @hRCrYligppnomer.
| esk thamezeatmtg% OfaindB, vilegdin theGa@hliy moneradricombasks Ayexy

rbox yI|c acid of terpene containing 3 to 5
fun%'ongpaﬁr %Eooer’ anhydri des thereof, wherein wt%is

bas®d o heebatingsbClagn heitghein thenpdlywlee crebsinkshie fayol pantef the
codiifiq BePared by free radical polynerization. 23. The
? mer of Caim22, wherein the polynmer conprised 10
vvt or  1T0&o@NgohElan éf"l"'}ﬁr%’émej’ol!ﬁ@ét’%?%tséﬂn(ﬁ’éf%orgreater of
the@B&H QT babed ah ks Bblids wagghel.

10. The coating of Claim 1, wherein the polymer comprises 50 wt% or greater of
the coating, based on total solids weight.

11. The coating of Claim 1, wherein the coating is an electrodepositable coating.

12. The coating of Claim 1, wherein the coating comprises a colorant.

13. The coating of Claim 1, wherein the coating is substantially clear.

14, The coating of Claim 1, wherein the coating is a two component coating, and
the polymer is in one component and a curing agent is in another component.

15. A cured coating comprising terpene in an amount greater than 30 wt%, based
on total solids weight, wherein the terpene is not in the form of a copolymer with phenol,
cresol or maleic acid/anhydride and glycol ester.

16. The coating of Claim 15, wherein the terpene comprises a-pinene.

17. The coating of Claim 15, wherein the terpene comprises B-pinene.

18. The coating of Claim 15, wherein the terpene comprises limonene.

19. The coating of Claim 15, wherein the terpene comprises turpentine.

20. The coating of Claim 15, wherein the terpene is in the form of a polymer with
an acrylic monomer.

21. A coating comprising terpene and a urea, wherein the urea is formed from a

reaction mixture comprising an isocyanate-functional component and an amine-functional
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24. The polymer of Caim 22, wherein the pol yner
conprised 5 W% or less of the olefinically
wae@anemat ed nono- and/ or dicarboxylic acid. PCT/US2007/082816

component, wherein the ratio of equivalents of isocyanate groups to equivalents of amine
groups is greater than 1 and the isocyanate-functional component and the amine-functional
component can be applied to a substrate at a volume mixing ratio of 1:1.

22. A polymer comprising 30 wt% or greater of terpene, and less than 20 wt% of
an olefinically unsaturated mono- and/or dicarboxylic acid of terpene containing 3 to 5
carbon atoms or anhydrides thereof, wherein wt% is based on total solid weight, and
wherein the polymer is prepared by free radical polymerization.

23. The polymer of Claim 22, wherein the polymer comprised 10 wt% or less of
the olefinically unsaturated mono- and/or dicarboxylic acid.

24, The polymer of Claim 22, wherein the polymer comprised 5 wt% or less of the
olefinically unsaturated mono- and/or dicarboxylic acid.
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