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Title:

ISOBUTYLENE TYPE MONOMERS

CHy ——C

WATERBORNE THERMOSETTING COMPOSITIONS CONTAINING ALTERNATING COPOLYMERS OF

(57) Abstract: A curable, aqueous film-forming composition is provided, comprising: (a) a

r!
(I)

copolymer containing reactive functional groups and comprising at least 30 mol % of residues
having alternating structural units: -[DM-AM]-wherein DM represents a residue from a donor

monomer, and AM represents a residue from an acceptor monomer, at least 15 mol % of

R2

the copolymer comprising a donor monomer having the structure (I): wherein R! is linear
or branched C; to C 4 alkyl, R? is selected from methyl, linear, cyclic or branched C; to Cyo

alkyl, alkenyl, aryl, alkaryl and aralkyl; and (b) a curing agent having functional groups reactive with the reactive functional groups
of (a).The invention is also directed to a multi-component composite coating composition including a base coat deposited from a
pigmented film-forming composition and a transparent topcoat applied over the base coat. At least one coat is the film-forming
composition described above.
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WATERBORNE THERMOSETTING COMPOSITIONS CONTAINING ALTERNATING
COPOLYMERS OF ISOBUTYLENE TYPE MONOMERS

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The present invention relates genefally to
waterborne thermosetting cempositions thet'contain copolymers
of vinyl monomers. More specifically,.the present invention is
directed to waterborne thermosetting compositions that contain
functional copolymers containing isobutylene type monomers.

2. ‘Description of Related Art

[0003] - Reducing the envifonmentel impact of coating
compositions, in particular that associated with emissions
into the air of volatile organics during their uee, has been
an area of ongoing investigation and development in recent
years. Accordingly, interest in high solids waterborne
cbatings has been increasingly due, in part, to their
inherently low volatile'organic content (VOC), which
significantly reduces air emissions during the application
process. While both thermoplastic and thermoset coating
compositions are commercially aQailable, thermoset coatings
are typically more desirable because of tﬁeir superiof
physical properties, e.g., hardness and solvent resistance.
100041 Low VOC coatings are particularly desirable in the
automotive original equipment manufacture (OEM) market due to
the relatively large volume.ofAcoatings that are used.
However, in addition to the requirement of low VOC levels,
automotive manufacturers have Yeryvstrict pérformance
requirements of the coatings that are used. For example,'

automotive OEM clear top coats are typically required to have
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a combination of good exterior durability, aoid etch and water -
spot~resistance, and excellent gloss and appearance. While
liquid top coats containing, for example,_capped '
polyisocyanate and polyol components, can provide such
properties, they have the undeSLrable drawback of higher VOC
levels relative to higher SOlldS liquid coatings or powder
coatlngs, which have essentially zero VOC levels

[0005] - Functional polymers used in coating compositions
are typically random copolymers that include functional group-
containino'acrylic and/or methacrylic monomers; Such a-
functional copolymer will contain a mixture of polymer
molecules having varying individual functional equivalent
weights and polymer chain structures.: In such a copolymer,
the . functional groups are located randomly along tne polymer
chain. Moreover, the number. of functional groups is.not
-divided'equally among the polymer molecules, such that some -
polymer molecules may actuallyvbe free of functionality.
[0006] ' In a thermosetting composition, the formation of a
three-dimensional crosslinked network is dependent on the
_functionaliequivalent weight, as well as the architecture of
the individual polymer molecules that comprise it. Polymer
molecules having little or no reactive functionality (or
Vhav1ng functional groups that are unlikely to part1c1pate in
crosslinking reactions due to their locations along the
polymer chain) will contribute little or nothing to the
formation-of the three-dimensional crosslinked network,
resulting in decreased crosslink density and less than optimum
physical properties of the finally formed thermoset-coating.
[0007] . Many patents express the potential for u51ng
isobutylene-containing polymers in coating comp051tions For
example, U.S. Patent No. 6, 114 489 to Vicari et al. discloses
a coating composition that includes a functional acrylic resin
binder; a co—reactanticapable of reacting‘with the
functionality of the acrylic binder; a degasser; and a

1hyperbranched polyester flow‘and leveling agent. Isobutylene
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is suggested as a botential co-monomer for use in the acrylic
binder as’part'of a long list of monqmers.'U.S. Patent No.
5,552,487 to Clark et al. discloses powder coating
compositions that include a copolymer having a reactive
functionalityAand a suitable crosslinking agent capable of
reaction with the reactive functionality of the copolymer. The
copolymer is a made by copolymerizing functional monomers with
other monomers, isobutylene being one among many listed as
potential co-monomers. Although only ﬁwo are referenced
hérein,'of the many patents that express the possibility of
.ﬁsing4isobutylene—type cb—monomers; none actually shows or
discloses a workinglexampie of such a copolymer. 4
[0008] "The fact thét no examples of iéobutylene—type
monomer-containing copolfmefs in coating compositions. can be
found iS»moét likely due to the generally'noﬁ—reactive nature
of isobutylene with acrylic and methacrylic monomers.
Reactivity ratios for monomers can be calculated using the
Alfrey - Price Q-e values:(Robert 2. Greenley, Polyher
Handbook, Fourth Edition, Brandrup, Immergut and Gulke,
editors, Wiley & Sons, New Yoik, NY, pp. 309-319 (1999)). The
" calculations may be carried out using,the formulas I and II:
I r=(Q:i/Q) exp(-e; (e1-e3) )
II r=(Q:/Q1)exp{-ez(ex-e1) }.
where r; and r; are the reépectiVe reactivity ratios of
monomers 1 and 2[and 0, and Q, and e; and e; are the respective.
;éactivity and polarity values for the réspective monomers

(0dian, Principals of Polymerization, 3" Ed., Wiley-

Interscience, New York, NY, Chapter 6, pp. 452-467 and 489-491
(1991)). Table 1 shows the calculated reactivity ratios of

selected monomers with isobutylené:
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Table 1
Monomer | ‘ r:_(isobutylene) .
Methyl acrylate ' 0.10 13.67
‘Glycidyl methacrylate - 0.08 34.17
Methacrylic acid: "0.09 . 39.71

'Aé one skilled in the art of polymer chemistry can appreciate,
when r; is near zero and fz has a value of 10 or more, monomer
2 is reactive toward both monomers and monomer 1 is reactive
toward neither monomer. In other words, it is extremely
difficult to prepare copolymefs having. significant amounts of
both'monomers; It is not surprising then that ﬁo'examples can
be found of coating compositions that includé isobutylene—type
monomer-containing copolymers, because fhe monomers do not
tend to copolymerize. _ |

[0009] ‘In some cases;'it is dbserved that monbmers that do
not readily homopolymerize are able to undergo rapid
copolymerization reactions with each other. The'most typical
‘situation occurs when.a strong electron donating monomer is
mixed with ‘a strong electron accepting monomer from which a
regular alternatlng copolymer results after free radical
1n;t1atlon. Maleic anhydride is a w1dely used example of a
strong electron accepting monomer. Styrene and v1nyl_ethers
are typical examples of electron donating monomers. Systems,
such as maleic ahhydride - styrene, are known.to‘form-charge
transfer complexes, which tend to place the monomeré in
alternating sequence prior to initiation. The application of
the free radical initiator “ties” the ordered monomers
together to form an alternating copolymer (Cowie, Alternating
Copolymers, Plenum, New York (1985)). '

[0010] U.S. Patent Nos. 2,378,629 to Hanford and 4,151,336
to Sackman et al. disclose that even when a modérately
‘electron donating monomer, such as diisobutylene, is:
copolymerized with a'strong electron acceptor monomef, such as

maleic anhydride, anialternating copolymer resulté,
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[0011] When a moderatelyhelectron donating monomer, such
as isobutylene, is copolymériied wi;h a moderately electrpn
accepting monomer, such as an acrylic ester, poor ‘
incorporation of the electron donatihg monomer results.'For
example,vfree radical cbpolymérization of isobutylene (IB)Vand'
acrylic monomers has resulted in copolymers thaf contain at no
more  than 20-30% of IB and have low molecular wgights because
of the degradative chain transfer of IB. Examples of such '
copolymerizations of IB are disclosed by U.S. Patent Nbs.
2,411,599 to Sparks‘et al. ahd 2,531,196 to Brubaker et al.
[0012] " Conjugated monomers, such'as.acrylic esﬁers and
acrylonitrile, have been shown to react with monomers such as
propylene, isobutylene, and styrene, in the presence of Lewis
acids, such as alkylaluminum halides, to give 1:1 alternating
copolymers. The alternating copolymers were obtained when the
concentration ratio of the Lewis acids to the acrylic esters
was 0.9 and ﬁhe céncentration of IB was greater than the
concentrétionAof‘the acrylic esters (Hirooka et al, J. Polym.
Sci. Polym.‘Chem., 11, 1281 (1973)). The metal halides vary
the reactivity of the monomers by compleiing with them. The
electron donor monomer - electron acceptor monomer - metal
halide complex leads fo alternating copolymers (Maéhita et al.
Polymer, Vol. 36, No. 15, pp. 2973-2982, (1995)).

[0013] . = Copolymers of IB and methyi acrylate (MA) héve'
also been obtained by using ethyl aluminum.sesquichloride and
2—mefhyl pentanoyl peroxide as an initiating system. The
resulting copolymer had an alternating'étructure, with either
low (Kuntz et al, J. Polym. Sci. Polym. Chem., 16, 1747
(1978)) or high isotacticity in the presence of EéAlClz(lo‘
molar % relative to MA). (Florjanczyk et al,.Makromol. Chem.,
183, 1081 (1982)). '

[0014] A Anothe; method for making IB copolymers with
acrylic esters involved alkyl boron halide, which was found to
be much more active than alkyl aluminum halides in forming

alternating copolymers;'The resulting copolymer was an
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elastomer of high tensile strength and high thermal
decomposition temperature'wfth good oil resistance,'especially-
at eleVated‘temperatures (Méshita et al, Polymer, 36, 2983
(1995)) . , ' '

[0015] ~  U.S. Patent No. 5,807,937 to Matyjaszewski et al.
discloses a method of making alternating copolymers of
isobutylene and methyl‘acrylate using an atom fransfer radical
polymerization (ATRP) pfocess. The method requires the use of
a suitable ATRP initiator, such as l-phenylethyl bromide, and
a suitable transition metal salt, such as CuBr wiﬁh a ligand,
such as 2,2'—bibyridy1, to perform the complex redox
initiation and propagation steps of the polymerizatioﬁ
process. _

[0016] Copolymers.containing relatively high amounts (> 30
-moi %) of IB and acrylic esters have only been attained by
free radical polymerization when Lewis acids or ATRP
initiatiqh systems have been empioyed. The polymer that.
results from such processes requires expensive and time
consuming clean up to remove the transition metal‘salt‘and/or
Lewis acid residues in order to make-the'polymer commercially
useful. '

[0017]A "Copolymer compositions that contain Lewis acids.
and/or transition metals intermingled with the copolymer can
have a number of drawbacks when'used commércially in coatiﬁg
compositions. First, some Lewis acids and transition metals
.are toxic and have adverse environméntal effects if they are
leached from the copolymer and enter the environment; Second,
in coating applications the Lewis acids and transition metals
may lead to poor color stability when ﬁhe coating is exposed
to UV light or simply cause the coatiné to discolor through
other reaétions or interactions. Further, the Lewis acids and
transition metals may react with-other ingredients in a
coating formulation resulting in undesired properties,'suchuas

a shortened shelf-life for a given coating formulation.
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[ooigj] - - It WOuld be desirable to develop waterborne
thérmosetting compositions that comprise functional copolymers
‘having a well-defined polymer'chain structure.‘ln particuiar,
altefhating copolyﬁers containing isobutylene~-type monomers
that are substantially free of Lewis acids and transition’
_metals wouid be desirable. -Such compositions would have lower
VOC levels and a éombination of favorable performancé'

p:operties particularly in coatings applications.

o _SUMMARY OF THE INVENTION
[0019] - The present invention-is directed to a waterborﬁe
thermosetting composition that .includes a copolymer
composition‘and a crosslinking agent. 1In particular, a
curable, aqueous film—forming composition is provided,
comprising: ' - A

- (a) a copolymer serving as a polymeric‘binderﬁcontaining
two or more reactive functionél groups, said copolymer
comprising at:least 30 mol % of residues having the fol;owing
alternating structural units:

~ [DM-AM] -
wherein DM fepresents a>residue from a donor monomer, and AM
represents a residue from an acceptor‘monomér; and
(b) a curing agent having at least two functional groups
which are reactive with the reactive functional groups of (a).
At least 15 mol % of the éopolymer comprises a donor monomer
having the following structure (I): | |
S .
(1) - CHp=—=C
R2

wherein R! is linear or branched C; to C, alkyl, R? is selected
from the group consisting of methyl, linear, cyclic or
branched C; to Cpy alkyl, alkenyl, aryl, alkaryl and -aralkyl.
[0020] ' In a specific embodiment, at least 15 mol % of the

copolymer comprises an acrylic monomer as an acceptor monomer.
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The copolymér may éontain at least one salt groﬁp or salt -
forming groﬁp to aid in water dispersibility‘ The copolymer
composition is preferably substantially free of Lewis acids
and transition metals.

[0021] The presént‘invention is also additionaily directed
to a multi-component composite coating composition that
includes a base coat deposited from a pigmented film-forming
composition and a trahsparent top coat applied over the base
coat. The top coat is the film—férming composition described

above.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Other than.in the operating éxamples, or where‘
otherwise indicated, all nﬁmbers or expressions referring to
quantities of ingredients, reaction conditions,Aetc.; used in
the specification and claimé a:é to be ﬁnderstood as modified
in all instances by the term “about”. Various numerical ranges
are disclosed in this patent application. Because these
ranges are continuous, they include every'value between the
minimum and maximum values. Unless expressly indicated
otherwise, the various numerical ranges spec1f1ed in this
appllcatlon are approximations.
[0023] As used herein, the term‘“cobolymer compositionﬁ is
meant to include aAsynthesized copolymer as well as residues
‘from_initiators, catalysts, and othér elenients attendant to
the synthesis of the copolymer, but not‘covalently
incorporated thereto. Such residues and other élements
considered as part of the copolymer composition are typically
mixed or co-mingled with ﬁhe copolymer such that they tend to
remain with the copolymer.when it is transferred between
vessels or between solvent or dispersion media.
[0024] . AS used herein, the'term‘“substantially free” is

. meant to indicate that a material is presént as an incidental
impurity. In othewaords,-the material is not intentionally

added to an indicated composition, but may be present at minor-
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of inconsequential levels because it was carried over as an
1mpur1ty as part of an intended comp031tlon component

[0025] . The terms “donor monomer” and “acceptor ‘monomer”

are used throughout this application. With regard to the
present invention,  the term “donor monomer’ ' refers to monomers
that have a polymerizable, ethylenically unsaturated group
that has relatively high electron density in the ethylenic
double bond,}end the tefm “acceptor monomer” refers to
monomers that have a polymerizable, ethylenically unsaturated
group that has relatively low electron density in the
ethylenlc double bond. This concept has been quantlfled to an
extent by the Alfrey-Price Q-e 'scheme (Robert Z. Greenley,
Polymer Handbook, Fourth Edition, Brandrup, Immergut and.
Gulke, editors, Wiley & Sons, New York, NY, pp. 309-319 |
(1999)). All e valueé recited herein are those appearing in
the Polymer Handbook unless’ otherw1se indicated. -
[0026] . In the Q-e scheme, Q reflects the react1v1ty of a
monomer and e represents the polarity of a monomer, which
" indicates the electron density of a given monomer’s
polymerizable, ethylenically unsaturated group. A positive
value for e indicates that a monomer has a relatively low
electron density and is an acceptor monomer, as is the case
-for maleic anhydrlde, which has an e value of 3. 69'nA low or
negatlve value for e 1nd1cates that a monomer has a relatively
high electron density and is a "donor monomer, as is the case-
for vinyl ethyl ether, which has an e value of -1.80.

[00271 As referred to herein, a strong acceptor monomer is
meant to include those monomers with an e value greater than
2.0. The term “mild acceptor monomer” is meant to include
those monomers with an e value greater than 0.5 up to and
including those monomers with an e value of 2.0. Converéely,
the term “strong donor monomer& is meant to include those
monomers with an e value of less than -1.5, and the term “mild
donor monomer” is meant to 1nclude those monomers w1th an e

value of less than 0.5 to those with an e value of -1.5.



WO 03/070825 PCT/US03/04178

- 10 -
[0028]‘ The present innention‘is directed to a waterborne
‘thermosetting composition tnat includes a copolymer '
comp051tlon as a polymeric binder, that contains a functlonal
group- contalnlng copolymer hav1ng at least 30 mol %, in many
cases at least 40 mol %, typically at least 50 mol %, in some
.Cases-at least 60 mol %, and in other cases at least 75 mol %
of residues of the copolymer derived from alternating
. sequences of donor 'monomer - acceptor monomer pairs having the
alternating monomer residue units of 'structure: |
| ‘ | - [DM-AM] - ,
where DM represents a residue from a donor monomer and AM
represents a residue from ‘an acceptor monomer. The copolymer
vmay be a 100% . alternating copolymer of DM end AM. More
particularly, at least 15 mol % of the copolymer comprises a
donor monomer, which is an isobutylene-type monomer, having
the folloWing_structure (I): | ‘
S | .
(1) , CHZ:::C
R2
where R' is linear or branched C; to C, alkyl; R? is one or more
of methyl, linear,‘cyclic, or branched-Cl to Cy alkyl,- '
~alkenyl, aryl, alkaryl, and aralkyl. 1In a particular
embodiment, at least 15-mol“%iof the copolymer includes an
acrylic monomer as an acceptor monomer. The group'R2 may
include one or more functional groups selected from hydroxy,
" epoxy, carboxylic acid, ether, carbamate, and amide.
. [0029] Thermosetting compositions of.the‘present invention
often have a VOC content of less than 4 percent by weight.
typically less than 3.5 percent by welght and many tlmes less
than 3 percent by welght
[0030] Of note in the present copolymer is that the
copolymer incorporates a substantial portion of alternating
residues of a mild donor monomer as described by:structure I

and a mild acceptor monomer, which is - an acrylic monomer. A
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non-limiting list of published e values for monomers that may
be included as monomers described by structure I and acrylic

monomers of the present invention are shown in Table 2.

.Table 2 _ o

Aifrey4Price e values.for Selected Monomers
Monomer e value-

Monomers of strucfure 1

Isobutylene 4 -1.20*

Diisobutylené 0.49%

‘Acrylic Monomers

Acrylic Acid 0.88!
Acrylamide 0.54!
Acrylonitrile 1.23!
Methyl Acrylate 0.64*
Ethyl Acrylate 0.55%
Butyl Acrylate - 0.85%
Benzyl acrylate 1.13'
Glycidyl acrylate 1.28*

 'Polymer Handbook, Fourth Edition (1999) .
’Rzaev et al., Eur. Polym. J., Vol. 24, No. 7, pp. 981-
985 (1998) '

[0031] Typically, the copolymer used as the polymeric
biﬁder (a) in the film-forming composition of the present
invention is substantially free of maleate monomer residues-
and fumarate monomer residues, which usually have’e values
'greater than 2.0. These types of multifunctional monomers
provide too many functional groups to the copolymer. This can
create problems, for example, in coatings where a
thermosetting compbsition may ﬁave”a short shelf-life due to..
the overly functional nature of the copolymer. .

[0032] =  Further, the present copolymer compositidn is.
substahtially free of transition metals and Lewis acids which,
as noted abbve,'héve been dsed in the prior art to make
alternating ‘copolymers of mild donor monomers and mild .

acceptor monomers. The present invention does not utilize
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transition metal or Lewis acid adjunots in preparing the
present copolymer comp051tlon, herefore, they do not need to.
be removed after polymerization and the resulting copolymer :
_compositions will not 'suffer the drawbacks inherent in those
that contain tran51tlon metals or Lewis ac1ds

[0033] Any suitable donor monomer may be used in the
preparation of the copolymer. Suitable donor,monomers'that may
be used inolude'strong donor monomers and mild donor monomers.
Mild donor monomers are partlcularly useful for preparlng V
alternating copolymers. The copolymers will include a mild
donor monomer described by structure I, such as 1sobutylene
and diisobutylene, dipentene, and isoprenol, and may .
additionally include other suitable mild donor monomers. The.
mild donor monomer of structure I is present in the copolymerv
composition at a level of at least 15 mol %, in some cases at
least 25 mol %, typlcally at least 30 mol % and, in some
cases, at least 35 mol %. The mild donor monomer of structure
I is present in the copolymer composition at a level of up to
50 mol %, .in some cases’ up to.47.5 mol %, typically up to 45
mol %, and, in some oases, up to 40 mol %. The level of the
mild donor monomer of structure I used is determined by the
properties that are to be incorporated into the copolymer‘
composition Re51dues from the mild donor monomer of structure
I may be present in the copolymer composition in any range of
values inclusive of those stated above..

[0034] Suitable other donor monomers that may be used in
the preparation of the copolYmer4include,‘but are not limited
to, ethylene, butene, styrene, substituted styrenes, methyl
styrene, substltuted styrenes, vinyl ethers, v1nyl esters,
vinyl pyridines, divinyl benzene, vinyl naphthalene, and
divinyl naphthalene. Vinyl esters include vinyl esters of
carboxylic acids,'which'include, but-are not limitedhto, vinyl
acetate, vinyl bntyrate, vinyl 3,4rdimethoxybenzoate, and\
vinyl.benzoate. The use of other donor monomers is optional.

When other donor monomers are present, they are present at a
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level of at least 0.01 mol % of the copolymer composition,
_often at least 0.1 mol %, typically at least 1 mol %, and, in
some cases, at least 2 mol %. The other donor monomers ﬁay be
present at up to 25 mol %, in' some cases up_tb 20 mol %,
typically up to 10 mol %,.and; in’ some .cases, up to 5 mol %.
‘The level of other donor monomers usedvis determined by the
properties that are to be ihcorpoiated into the copqumer
composition. Residues from the other. donor monomers may be
present in the copolymer,cpmposition in any range of values
" inclusive of those stated above.
[0035] The copolymer'cbmpositidﬁ includes acéeptor
monomers as(paft of the alternating donor monomer. - acceptor
monomer units along the copolymer chain. It is to be
understood that acceptor monomers as used in the preparation
of'the copolymer are not to be construed as LeWis a¢ids, the
use of which as caﬁalysts is undesirable in the present '
invention as discussed above. Ahy suitable acceptor monomer
'may be used. Suitable accéptor monomers include strong
acceptor monomers and mild acceptor monomers. A non-limiting
class of suitable acceptor monomers are those,describéd by the
structure (II): V ' N
| (II) CHz=——CH
, . |
where W is selected from the group consisting of -CN, —X; and
-C(=0)-Y, -wherein Y is selected from the group consisfiﬁg of
~NR%,, -0-R5-0-C (=0)-NR%, and -OR‘, R’ is selected from the
group consisting of H, lineaf or branched C; to Cyp alkyl, and
linear or branched C; to C, alkylol, R4 is selected from the
group consisting of H, poly(ethylene oxide), poly(propylene
oxide), linear or branched C; to Cy, alkyl, alkylol, aryl and
aralkyl, linear or branched C; to Cp fluoroalkyl, fluoroaryl'
and fluoroaralkyl, and a polysiloxane radical, '‘R® is a divalent
1inéar or branched C; to C, alkyl 1inking group, and X is a

halide.
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- [0036] A class of mild acceptor monomers that may be
included in the present copblymer composition are acrylic
.acceptor monomers. Suitable acrylic acceptor monomers include .

those described by structure (III):
' CHy ——CH

(IIT) _ c—0

Y

where Y is selected from“the group consisting of jNR%,V
-0-R%-0-C (=0) -NR3,, and -OR‘, R’ is selected from the group .
consisting of H, linear or branched C; to Cy.alkyl, and linear
or branched C; to Cy alkylol,'R4‘is selected from-the-grpup
consistihg of H, poly(ethylene oxide), poly (propylene oxide),
linear or branched C; to Cz alkyl, aikylol, aryl and araikyl,
lineér.or branched C; to Cyg fluoroaikyl,.fluoroaryl and
fludroafalkyl, and a polysiloxane radical, and R® is a‘divalent-
linear or branched Ci to Cyo alkyl linking group. ‘

Particularly. useful acry1ic acceptor monomers- are those
described by structure III where Y includes at least one
functional group selected from hydroxy,,amide, oxazoline, -
aceto acetate, blocked isocyanate, carbamate, and amine. Y
groups may be conVerted to salt grOups selected from
carbox&liq acid salt, amine sélt, quaternizéd ammonium, -
quaternized phosphonium and terﬁary sulfonium uéing techniques
known to those skilled in the art. '
[0037] Examples of suitable acceptorAmonomers include, but
are not limited to, hydroxyethyl acrylate, hydrokypropyl‘
acrylate, 4—hydroxybutyl acrylate, acrylic acid, methyl
acrylate, ethyl acrylate, butyl acrylaté, isobutyl acrylate,
isobornyl acrylate, dimethylaminoethyl acrylate, acrylamide,

- perfluoro methyl ethyl acrylate, perfluoro ethyl ethyl
acrylate, perfluoro butyl ethyl acrylate} trifluoromethyl .
benzyl acrylate, perfluoro alkyl ethyl, acryloxyalkyl -
térmiﬁated polydimethylsiloxane, acryloxyalkyl

tris(trimethylsiloxy silane), and acryloxyalkyl
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trimethylsiloxy teﬁminated polyethylene oxide, chlo;ot;ifluoro
 ethylene;‘glycidyl acrylate, 2-ethylhexyl acrylate, and n-
butbxy methyl acrylamide. ' ~ '
[0038] The acrylic acceptor monomers of struéture III may
be présent in the copolymer composition at a ievel of at ieast
15 mol %, in some cases at least. 25 mol %; typically atvleast
30 mol %, and, in some cases[ at least 35 mol %; The acrylic
acceptor monomers of structure III may be presentvin the
copolymer composition at a level of-up to 50 mol %, in some
cases up to 47.5 mol §&, typically up to 45 mol %, and, in some
cases, up to 40 mol %. The level of the acrylic aCceptor
monomers of structure III uéed is determined by the properties
that are to be incorporated into' the éopolymer composition.
Residues from the acrylic acéeptor monomers of structure III
may be present‘in the copolymer compqsition in any range of
values inclusive of those stated abbve!

[0039] Suitable other mild acceptor monomers that may be
used in the copolymer include, but are not limitéd to;
acrylonitrile,. methacrylonitrile, vinyl halides, crotonic
acid, vinyl alkyl sulfonates, and acrolein. Vinyl halides
‘include, but are not limited to, vinyl chloride and vinylidene
‘fluoride.‘ The use of other mild acceptor monomers is .'
bptionai, when othér mild acceptor monomerévaré present, they
are bresent at a level of}at least 0.01 mol % of ﬁhe.copolymer
composition, often at. least 051 mol %,'typicallyzat least 1
mol %, and, in some cases, at‘least 2 mol %. The other .
acceptor monomers may be presént at up to 35 mol %, 'in some
cases up to'25 mol %, typically up to 15 mol'%; and, in some
cases, up to 10 mol %. The le&el.of other acceptor monomers
used is determined by the properties that are to be
incorporated into the copolymer éomposition. Residues from the
other aéceptor‘monomers may be present in the copolymer’
composition in any range of'values inclusive of those stated

above.
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[0040] The copolymer has a molecular weight of at least
250, in many cases at least '500, typically at least 1,000,
and, in some cases, at least 2,000; The present copblymer‘méy
havé a molecular weight of up to 1,000,000, in many. cases up
to 500,000, typically up tpilO0,000, and, in séme cases, up to.
50,000. Certain applications will require that the molecular
weight of the present copolymer not exceed 30,000, in some
cases not exceed 25,000, in other cases not exceéd 20,000,
and,. in certain instances, not exceed 16,000. The molecular
weight of the copolymer is‘selected based on the properties
that are to be incorporated into the boéolymer compoéition.
The molecular weight of the coleymer'may vary in any rangé of
values inclusive of thdse stated above. ‘

[0041] ' The polydispersity index (PDI) of the copolymer is
not always critical. Thé polydispersity index of the copolymer
is usually less than 4, in many cases less than 3.5, typically
less than 3.0, and; in some cases, less than 2.5. As used |
herein and in thé claims, “polydispersity index” is determined
from.the following equation: (weight average moleculaf weight
(Mw) / number average molecular weight (Mn)). A monodisperse
polymer has a PDI'of 1.0. Further, as used herein, Mn and Mw
are determined from gel permeétion chromatography using
polystyrene standards. -

t0042] | In an embodiment df the present invention, in the
copolymer-compésition, the alternating sequences of donor

monomer - acceptor monomer pairs are residues having the

g
L

‘R2

alternating structure IV:

Q
fu o}

(IV)  —CH

=

where R!, R?, .and W a;e'defined as above. A particularly'
pfeferred empodiment is one'wherein the monomer. residues

containing the group W are derived from one or more acrylic
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monomers, and’ the monomer re31dues containing the groups R! and
R? are derlved from one or a combination of dllsobutylene, '
isobutylene, ‘dipentene, and isoprenol. The eopolymer
compositions of the present invention may also include other
polymerizable,-ethylenically unsaturated monomers. '

- [0043] The copolymer used as the polymeric blnder'(a) in
the waterborne film- formlng comp031tlon of the present
invention may have all of the 1ncorporated monomer residues in
an alternating architecture. A non-limiting example: of a
oopolymer segment having 100% alternating architecture of
diisobutylene (DIIB) and an acrylic mbnomer (Ac) is shown by
structure V:

(V) -Ac-DIIB-Ac-DIIB-Ac-DIIB-Ac-DIIB-Ac-DIIB-Ac-DIIB-Ac-

- [0044] However, in most instances, the copolymer will .
contain alternating segments and random segments as shown by

structure VI, a copolymer of DIIB, Ac and other monomers,'M:

(VI)

Alternating Alternating

’ —Ac—DIIB—AC—DIIB"M—Ac—M—M—Ac—M~Ac—DIIB—AC—DIIB—Ac—Ac—M—Ac—

~Random . Random

[0045] Struoture VI shows an embodiment of the present
1nvent10n where the copolymer may 1nclude alternatlng segments
as shown in the boxes and random segments as shown by the
underllnedAsegments.

[0046] The random segments of the copoiymer may contain
donor or acceptor monomer residues that have not been '
.incorporated.into the copolymer composition by Way of an
alternating architecture The random segments of the. copolymer
composition may further 1nclude residues from other |
ethylenically unsaturated monomers. As recited hereln, all
references to polymer segments derlved from alternatlng

sequences of donor monomer - acceptor monomer pairs are meant
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to include segments of monomer residues such as those shown by
the boxes in structure VI. {1 .
t0047] Thé other ethyienically unséturated'monomers
include any suitable monomer not traditionélly‘categorized as
being an acceptor monomer or a donor.monomef?l
[0048] - - The other ethylenically unsaturated monomers, .
residue M of:structure VI, is derived from at least one
ethylenically unsaturated, radicaliy polymerizable monomer.
As used herein and in the claims, "ethylenically unsaturated,
radically polymerizable monomer", and like terms, are meént to
~include vinyl monomérs, allylic monomérs, olefins, and other
ethylenically unsaturated monomers that are radically
polymerizéble and not classified as donor monomers or acceptor
monomers . ‘
I0049] 'Classes of vinyl monomers from'which M may be
,derived inciude, but ‘are not limitéd to, monomer residues
deri&ed from monomerslof the general formula VII:
A r11 R12
wim =
R13 r14
where R!!, R'?, and R are independently selected from the group
consisting of H, CF3, straight or branched alkyl of 1 to 20
carbon atoms, aryl, unsaturated straight or branched,alkenyl
or alkynyl 6f 2 to 10 carbon atoms, unsaturaﬁed straight or
branched alkenyl of 2 to 6 carbon atoms substituted with a
halogen, C3#Ca‘cycloalkyl,-heterocyclyi and pheﬁyl; Ry3 is
selected from the group consisting of H, C;-C¢ alkyl, and
COOR'®, wherein R'® is:selected from the group'consisting.of H,
an alkali metal, a C; to Cg alkyl group, glycidyl, and aryl.
[0050] Specific exampleé of other monomers, M, that may
be used in the copolymer (a) include methacrylic monomers and
allylic monomers. Residue M may be derived from at leaét one
of alkyl methacrylate having from 1 to 20Acafbon atoms in the

alkyl group. Specific examples of alkyl methacrylates having
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.from 1 to 20 carbon atoms in the alkyl group from which
residue M may be derived 1nclude, but are not llmlted to,
‘methyl methacrylate, ethyl methacrylate, propyl methacrylate,
isopropyl methacrylate, butyl methacrylate, isobutyl
methacrylaté,-tertfbutyl.méthacrylate, 2—ethylhexyl 
methacrylate,'lauryl méthacrylate, isobornyl methacrylate, -
cyclohexyl methacrylate, 3,3,5-trimethylcyclohexyl '
methacrylate, as well as fuhctional methacrylatés, such as
_hydroxyaikyl methacrylates, oxirane functional methacrylates,
-and carboxylic-acid functional methacrylateé.
-[0051]' ~Residue M may also,bé selected from monomers having
>more than one methacrylate group, for example, methacryiic
anhydride and diethyleneglycol bis (methacrylate).
[0052] " As used herein and in theAclaims,.by “allylic
monomer (s)” is meant monomers containing substituted and/or
unsubstituted allylic functionality( i.ef, one or.mo#e
radiéalé represented by the following general formula. VIII,
(VIII) H2C=C(R'®)-CH,-
where R is hydrogen, halogen, or a C; to C; alkyl group. Most
commonly, R! is hydrogen or methyl and, consequently, general
formula VIII represents the unsubstituted (meth)allyl radical,
which éncompasses both allyl and methallyl radicals. Examples
of allylic monomefs‘include, but are not limited to,
(meth)allyl alcohél;'(meth)allyi ethers, sﬁéh.as»methyl
(meth)allyl ethef{ allyl esters of carboxylic acids, sdch as
(meth)allyl acetate, (meth)éllyl butyrate, (meth)allyl 3,4-
dimethoxybenzoate, and (meth)ailyl benzoate. _
- [0053] The copolymer composition used‘as the polymeric
"binder (a) in the film-forming compoéition is prepared by é
method including,the'steps of (a) providing a donor monomer
composition comprising one or more donor monomers of structure
I; (b) mixing an ethylenically unsaturated monomer compositioﬁ-
comprising‘one or.more acceptor monome:s with (a) to form a
total monomer composition substantially free of maleate- and

fumaratéftype monomers; and (c) polymeriziﬁg'the total mdnomer
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'composition in the presence of a free radical initietor in the
substantial absence of transition metels and Lewis acids. In
an embodiment of the present 1nventlon, the ethylenically
unsaturated monomer composition 1ncludes monomers of structure
III. 4

'[0054] In an embodiment of the preeent invention, the

'monemer.of structure I is present ét a moler excess based on
the amount of acrylic acceptor:menomer. Any amount of e#cess
monomer of structure I may be used in ‘the making of the
copolymer in ordet to encouragevthe formation of the desired

. alternating architecture. The excess amount of monomer of
strudture.I may be at least 10 mol %, in'some cases up to 25
‘mol %, tYpically up to 50 mol %, and, in some cases, up to 100
mol % based on the amount of acrylic acceptor monomer. When
the molar excessvof monomer of structure I is too high, the

process may not be economical on a commercial scale.

. [0055] In a further embodiment of the present invention,
.the acrylic acceptor monomer is present in an amount of at
least 15 mol %, in some cases 17.5 mol %, typically at least
20 mol %, and, -in some cases, 25 mol % of the total monomer
_composition. The acryllc acceptor monomer may further be
present in an amount up to 50 mol %, in some cases up to "47. 5
mol %, typlcally up to 45 mol %, and, in some cases, up to 40
mol % of the total monomer composition. The level of the
acrylic acceptor monomers used is determined by the properties

' that are to be incorporated intq the copolymer composition.
The acryiic acceptor monomers may be present in the monomer
composition in any range of values inclusive of those stated
above. ' .

[0056] The ethylenically unsaturated mohome: composition
may include»other donor monomers as described above, as well

‘as other monomers designated by M and described above. The use
of other mild acceptor monomers is optienal.-'When other mild
acceptor monomers are present they are present at a level of

at- least 0.01-mol % of the copolymer comp051tlon, often at -
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least 0.1 mol %, typically at least 1 mol %, and, in some
cases, at least 2 mol % of the total monomer composition. The
other acceptor monomere may'be~present at up to 35 mol %,Ain
some cases up to 25 mol %, typlcally up to 15 mol %, and, i
some cases, up to 10 mol % of the total monomer comp051t10n
The level of other ecceptor monomers used hereln is determined
by the properties that are to.be incorporated into the
copolymer CompOSlthH Residues from the other acceptor
monomers may be present in the copolymer comp051t10n in any
range of values 1nclu31ve of those stated above. A
.[0057] In an embodiment of the present 1nventlon, an
excess of monomer of structure I is used in the preparatlon of
the .copolymer and the unreacted monomer of structure I is
removed from the resulting copolymer compositiop by
evaporation. The removal of unreacted monomer is typically
facilitated by the application of a vacuum to thevreactiOn
vessel. . -

[0058] Any suitable free‘redicel'initiator maylbe.used in
the making of the copolYmer.'Examples of suitable free radical
initiators inciude, but are not limited to, thermal free'
radical initiators, photo-initiators, end redox initiators.
Examples of suitable thermal free radical initiators include,
but are not limited to, peroxide compounds, azo compounds, and
persulfate compounds. ' | ' o
[0059] Examples of suitable peroxide compound initiators
include, but are not limited to, hydrogen peroxide, methyl
ethyi ketone peroxidee; benzoyl peroxides, di-t-butyl
perox1de, di-t-amyl peroxide, dicumyl peroxide, dlacyl
perox1des, decanoyl perox1des, lauroyl perox1des,
peroxydicarbonates, peroxyesters, dialkyl peroxides,
hydrdperoxides, peroxyketals, and mixtures. thereof. |

[0060] Examples of suitable azo'compounds'include, but are
not limited to, 4—4’—azebis(4—cyanovaleric acid), 1-1'-
azobiscyclohexanecarbonitrile), 2-2’-azobisisobutyronitrile,

2—2’—azobis(2—méthylpropionamidine) dihydrochloride, 242’—
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azobis(2—methylbutyronitfile), 2—2'—azobis(propionitrile),.24
2’—azobis(2,4-diméthylvalerdnitrile),‘2—2'— ‘ a
azobisfvaleronitrile), 2,2'—azobis[2—methyl—N—(2—
hydroxyethyl)propionamide], 4,4'fazobis(4—cyanopentanoic
acid), 2,2'—azobis(N,N'—dimethyléneisobutyramidine),‘2;2'—
"azobis (2-amidinopropane) dihydrochloride, 2,2'-azobis(N,N'-
dimethyleneisobutyramidine) dihydiochloride, and 2-
(carbamoylazo)—isobutyronitrile. -
[0061] In an embodiment of the present invention, the .
fethylenically unsaturated monomer composition and the free
" radical polymefization initiator are éeparately and
simultaneously added to and mixed with the.donor monomer
composition. The ethylenically unsaturated monomer cdmposition
and the free radical polymerization initidtor may be.added to
the donor mohomer composifion over a period of'at‘least 15
minutes, in some cases at -least 20 minutes, typically at least
30 minutes; and, in some cases, at least 1 hour. The ‘
ethylenically unsaturated monomer compositidn and the free
radical polymerization initiator may further be added ﬁo the
donor monomer composition over a period of up to 24 hours, ih
some Case‘up‘to 18 hours, typically up to 12 hours, and, in
some cases, up to 8 hours. The time for adding the
ethYlenically unsaturated monomef must be‘sufficient to
maintain a suitable excess of dénor monomer of structure I
over unreacted acrylic acceptor monomer to encourage the
formation of donor monomer - acceptér monomer alterhating
segments. The addition time is not so long as to rendér the
'process economiéally unfeasible on a commercial scale. The
addition time may vary in any range'of'values inclusive of.
those stated above.
[0062] After mixing or during addition-and mixing, .
polymerizatidn of the monomers takes place,'The polymerization
can be run at any~sﬁitable temperature. Suitable temperature
for the present method may be'émbient, at least 50°C, in many

cases at least 60°C, typically at least 75°C, and, in some
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cases, at leastu100°C. Suitable temperature for the presént 
method may further be described as being up to 300°C, in many
cases up tb 275?C, typically-up to 250°C) and, in sohe caSes}
up to 225°C. The temperature is typically high enoﬁgh'to
encourage good reactivity from the monoméré and initiators
employed;'However; the ?olatility of the monomers'and'
corresponding partial préssures‘create a practical upper iimit
 on temperature. determined by the pressure_rating of the"'l
reaction vessel. The polymerizationttemperatufe may vary in~
any range of values inclusive of those 'stated above.

[0063] The polymerization can be ‘run at any suitable -
pressure. A suitable pressure for the present method may be
vambient, at least 1 psi, in many éases ét least 5 psi,
typically at least 15 psi, and, in some caseé, at least 20
psi. Suitable pressures for the present method may further be
‘descfibed as being up tb 200 psi, in many cases up to 175 psi,

“typically up to 150 psi, and, in some cases, up to 125 psi.

The pressure is typically high enough to maintain the monomers .

and initiators in a liquid phase. The pressures employed have
a practical upper limit based on the pressure rating of the
reaction vessel employed. The pressure during polymerization
temperature may vary in any range of values idclusive of those
stated above. o L .
[0664] The copolymer that results from the polymerization'
‘may be utilized as é starting material for the preparation of
_ other polyﬁers by using functionial group transformations by
methods known in the art. Functional groups that can be
‘introduced by these methods are epoxy, carboxylic acid,
hydroxy, amide, oxazoline, acetoacetate, isocyanate,
carbamate, amine, amine salt, quaternary ammonium, thioether, -
sulfide, sulfonium, phosphonium, and phosphate.
[0065] For example, a copolymer comprising methyl acryléte
'will contain carbomethoxy groups. The carbomethoxy groupé cén_
be hydrolyzed to carboxyl groups or transesterified with an

alcohol to form the cofresponding-ester of the alcohol. Using
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ammonia, the aforeﬁentioned methyl acrylate coédlymer can be

- converted to'an amide, or, using a primary or secondary amine,
can'bé converted to the corresponding N—substituted amide.
Similarly, using a diamine such as ethylene diamine,Aoﬁe can
convert the aforementioned copolymer of the present’method’to
an N-aminoethylamide, or, Qith ethanolamine, to an N-
hydroxyethylamide. The'N—aminoethYlamide funCtionality.can be
further converted to an oxazoline by dehydration. The N-
aminoethylamide can be further reacted with a carbonate such
as propylene carbonate to producé thezcorrespdhding urethane.
fuhctional copolymer. These transformations can be carried out
to convert all. of the carbomethoxy groups or can be carriéd
out in part, leaving some of the carbomethoxy groups intact.
[0066] ' Epoxy groups can be introduced into the copolymer..
directly by using glycidyl acrylate in the copolymer o
preparation or indirectly by functidnal'group transformation.

~ One example of an indirect methbd_is to oxidiie‘:esidual,
unsaturation in the copolymer to epoxy groups using a>peracid,
such as peroxyacetic acid. Alternatively one can prepare a
carboxyl—functional copolymer by hydrolysis as described
above, treat the carboxyl-functional copolymer with
epichlorohydrin, then alkali to produce the epoxy functidnali
copolymer. These transformations can also be carried out '
exhaustively or in part. The‘resulting epoxy-functional
copolymer can be further reacted with the appropriate active
hydrogen—containing reagents to form alcohols,. amines or
sulfides. ' '
[0067] Hydroxyl groups can be introduced directly using a
hydroxyl-functional monomér{ such as hydroxyethYl acrylate in
the copolymer, or they cah‘be introduced by functional group
transformation. By treating the carboxyl-functional copolymer
described above with an epoxy.one can produce a hydroxyl

.functional polymer. Suitable epoxies include, but afe not
limited to, ethylene oxide, propylene oxide, butylene oxide,

and glycidyl neodecanoate.
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[0068] Hydroxyl functional monomers are particularly
preferred in the preparation' of the copolymér. Though not
intending to be bound by any theory,'it is believed that
hydroxyl functionality in the copolymer, particularly'primary
hydroxyl functionality, contributes to the sag control and
'improved levelling exhibited by the. curable film-forming
composition of thé present invention upon application to a
substrate, and may eliminate the need for auxiliary flow
control agents.
[0069] The above-described hydroxyl functional copolymeré
can be further reacted to form other Copolymeré. For example,
‘a.copolymer containing hydroxyethyl groups can be treated with
a carbamylating agent, such as methyl carbamate, to produce
the'corresponding carbamate functional copolymer. With :
‘diketene or t-butyl écetoacetate, the hydroxyl groups can also
be .converted to acetoacetate'esteis.
[0070] ,Isocyénate—functional‘copolymers can also be
produced. Copolymers that contain 2 or more hydroxyl groups
can be treated with a diisocyanate, such ao isophorone
ldiisooyanate, to produce isocyanate-functional polymers.
Priﬁary amine functional copolymers, described above, can be
phosgenated to produce iSocyanate functionality.
[0071] - Ionic functionality can be incorporated into the
copolymer by any means known in the art. Carboxyléte groups
~can be introduced by hydrolysis of ester groups in the
copolymer followed by reaction with base. Amine salts can be
introduced by prepéring the present copolymer with an amine
_ functional.acrylate, such as dimethylaminoethyl acrylate,
followed by protonation of the amino groups with an acid.
Amine salts can also be introduced by reacting a glycidyi
functional copolymet with ammonia or an active hydrogen-
containing amine followed by pfotonation withAacid. Quaternary
amlne functional groups or ternary sulfonium groups can be-

1ntroduced 1nto the copolymer by treating an epoxy functlonal
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copolymer of the present method with a tertiary amine or
suifide, iespectively) in the'presence of a protio acid.
[0072] In order to prepare the waterborne film-forming .

_composition of the present ihveotion,.the polymeric binder (a)
may be'prepafed’in any of several ways. Copolymero can be
prepared via aqueous emulsion polymerization techniques and
used directly in the preparation of the aqueous coating '
compositions, or. can be prepared via organic solution ‘

'opolYmerization‘téchniques with groups capable of salt
formatioo, such as acid or amine groups. Upon neutralization
of thesé groups with a base or acid, the polymers can be
disperéed into aqueous medium. Generally, any method of
producing such polymers that is known to those skilled in the
art utilizing art recognized amounts of monomers can be used.
[0073] In a separate embodiment of the in?entioﬁ, the
.polymeric binder (a) .may be prepared_aé a blend of acrylic -

- materials ‘and a donor-monomer-acceptor monomer type copolymé;
(1. e., containing the structure —[DM-AMj—_as described
above), in microparticulate form by a high stress technique
using a homogenizer. This technique is described in U. S.
Patent No. 5,071,904, incorporated herein>by reference:

[0074] In this technique, the polymeric binder (a) is a:
'latex which comprises polymeric-microparticles'preparéd by .
forming a mixture in aqueous medium. ‘The mixture contains. an .
ethylenically unsaturated monomer or mixture of ethylenically
unsaturated monomers combined with greater than'30 percent by
weight of a donor monomer-acceptor monomer type'copolymer.

- The percent by weight is based on the total weight of
ethylenically unsaturated monomer (s) and copolymer. ‘The donor
monomer—-acceptor mohomer type copolymer is prepared first
uSing known techniques such as solution polymerizaﬁion. This
advantageously allows for removal of solvents'before combining
the copolymer with the ac;ylic monomers. The monomer (s) and .-
Acopolymer are particularized inﬁo micropartioies by high

stress techniques using a homogenizer followed by polymerizing
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the efhylenically unSaﬁurated ‘monomer (s) to form polymerlc
microparticles which are stably dispersed in the aqueous
medium. These mlcropartlcles can be internally crossllnked 50
‘as to form microgels. ' ‘
100757 . . Generally, the'poiymeric binder (a)"isfp;esent in} 
an amoﬁnt ranging from about 55 to about 99 weight percent
based on the total weight of resin solids in the film-forming.
cbmposition, typically about 55 to about 90 weight percent
and,- more often, about 55 to about:85 weight'pércent.
[0076] As mentioned above, the waterborne film-forming
composition of}the'pfesent invention further includes (b) a
crosslinking agent having at least'twb functional groups that
are reactive with the functional groups of the polymeric
binder (a). Suitable crosslinking agents include aminoplasts,
‘polyisocyanates, polyacids, anhydrides, and mixtures thereof.
Useful aminoplast resins are based on the addition products of
fopmaldehyde with an amino- or amido—groupvcarrying substance.
 Condensation products obtained from the reaction of alcohols
and formaldehyde with melamine, urea or benzoguanamine are
most common and preferred herein. While the aldehyde employed
_is most often formaldehyde, other 31m11ar condensatlon
products can be made from other aldehydes, such as
acetaldehyde, crotonaldehyde, acrolein, benzaldehyde,
furfural, glyoxal, and the like.
'[0077] Condensation products of other amines and ahides
can ‘also be used, for éxample,,aldehyde condensates of
triazines, diazines, triazoies, guanadines, guanamines, and
alkyl- and aryl-substituted derivatives of such compounds,
including alkyl- and aryl-substituted ureas, and alkyl- and
laryl—subétituted melamines. Non-limiting examples“df such
compounds include N,N'-dimethyl urea, benzourea, |
dicyandiamide, formaguanamine, acetoguanamine, glycoluril,
ammeline, 3,5¥diaminotriazole, triaminopyrimidine, _
'Z—mercapto-4,6—diaminopyrimidine and carbamoyl triazines of

the formula C3N3(NHCOXR)3 where X is nitrogen, oxygen or -
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carbon and R is a lower alkyl group having from one to twelve
carbon atoms or mixtures of lower alkyl groups, such as .
‘methyl, ethyl, propyl, butyl, n-octyl and 2-ethylhexyl. Such
compounds ahd_their preparation are described in detail in
U.S." Patent No. 5,084,541, which is hereby incorporated by
reference. | - ' _ , '
[0078] ‘The aminoplast resins preferably contain methyldl
or similar élkylol groups and, in most instances, at least a-
portion of these alkylol groups are etherified by reaction
with an alcéhol. Any ﬁonohydric alcohdl can be employed for
'this‘phrpose, including methanol,‘ethénol, pxdpanol,Abutanol,
pentanol, hexanol, heptanol, as well as benzyl alcohol and
other aromatic aléohols, cyclic alcbhois such as cyclohexanol,
monoethers of glycois,‘and halogen-substituted or other
substituted alcohols such as 3—chior6pr6panol and
butoxyethanol. The preferred aminoplast resins are partially’
‘alleated with methanol or butanol. |

[0079] Polyisocyanate crésslinking agents can be prepared
from a variety of isocyanate-containing materials. Most
often, the polyisocyanate is a blocked polyisocyaﬁate.
Examples of suitable polyisocYanates include trimers prepared
from the following diisocyanates: toluene diisocyanaté,
4,4'-methylene—bis{cyclohexyl isocyanate), isophorone
diisocyanate, an'isoﬁeric mixture of 2;2[4—_and
2,4,4—trimethyl hexamethylené diisocyanate, 1, 6-hexamethylene
diisocyanate, tetramethyl xylylene diisocyanate and
4,4'-diphenylmethylene diisocyanate. 'In addition, blocked
polyisocyanate prepolymers of various polyols such as
polyester polyols can also be used. Examples of suitable
blocking agents include those materials that would unblock at
elevated temperatures such as lower aliphatic alcohols:
including methanol, oximes such as»methyl ethyl kétoxime[‘
lactams such as ‘caprolactam andlpyrazoles such as 3,5-dimethyl

pyrazole.
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[0080] Examplés of peiycarboxylic acids that are suitable
for use as the crosslinking' agent in the aqueous curable fllm—
formlng composition of the present 1nventlon include those
described in U.S. Patent No. 4,681,811, at column 6, line 45
to column 9, line 54. Suitable polyanhydrides include those
disclosed in U.S. Patent No. 4,798,746, at column 10, lines
16—50, and in U.S. Patent No. 4,732,790, at eolumn 3, lines
41-57. L
[0o081] Generally, the crosslinking agent (b) is present in
‘an amount'ranging from about 1 to about 45 weight percent
based on the total weight of resin solids in the fiim—forming
‘composition,vtypically'about 10 to about 45 weight percent
and, more often, about 15 to about 45 weight percept. |
[0082] A non-limiting example of the present waterborne
thermosetting composition is one where the functional group of
the copolyme; is hydroxy and the functional group of'the
crosslinking agent is a capped polyisocyanate, where the
capping group of the capped polyisocyanate crosslinking agent.
is one or more of hydroxy functional compounds,le—aZOles,
lactams, ketoximes, and mixtures thereof. The,cappinglgroupl
may be phenol, p—hydroxy'methylbenzoate, 1H-1,2,4-triazole,
lH—2,5¥dimethyl pyrazole, 2-propanone oxime, 2-butanone oxime,
cyclohexanone oxime,>e-caprolactém, or mixtures -thereof. The
- polyisocyanate of the capped polyisocyénate'crOsslihking‘agentA
is one or more of 1,6-hexamethylene diisocyanate, cyclbhexane
diisocyanate, o,a’-xylylene diisocyanate, a,a,o’,a’ - |
.tetramethylxylylene diisocyanate, l-isocyanato-3,3,5-
trimethyl—5—isocyanatomethylcyclohexane, diisocyanato-
dicyclohexylﬁethane, dimers of the polyisocyanates, or trimers
of the polyisocyanates. |
[0083] When the copolymer has hydroxy functionality, it
will typically have a hydroxy equivalent weight 'of from 100 to .
10,000 grams/equivalent. The equivalent ratio'of isocyahate »
equivalents in the capped polyisocyahate crosslinking agent to

hydroxy equivalents in the hydroxy furictional eopolyﬁer‘is
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typically within the range of 1:3 to 3:1. In this embodiment,
the capped polyisocyanété crosslinking agent.is present'in the
liquid thermosetting composition in an. amount of'from 1 to 45

‘percent by weight, based on total weight of resin Solids,_and'
thevhydroxy'funCtional copolYmer is present_in“én amount of',

' from 55 to 99 pefcent by Weight, based 6n total weight of
"resin solids. - |
[0084] . Another non-limiting example of the present
waterborné thermosetting composition is one where'the
copolymer has epoxy fﬁnctional‘groups and the crosslinking.
agent is a carboxylic acid functional'compound having from 4
to 20 cérbon atoms. The carboxylic‘acid crosslinking agent may
be -one or more of azelaic acid, adipic acid, 1,6—heXanedioic
acid, succinic acid, pimelic acid, sebacic acid, maleic acid,
citric acid, itaconic acid, or aconitic-acid.
[0085] A furﬁher non-limiting example of the present

" waterborne thermosetting,compqsition is one where the
copolymer has carboxylic acid functional groups and thel
crosslinking agent is a beta-hydroxyalkylamide compound. Thé
waterborne film-forming éompbsition may further include a
second polycarboxylic acid functional material selected from
the group consisting of C, to Cy aliphatic carboxylic acids,
polymeric polyanhydrides, polyesters, polygrethahes and
mixtures thereof. The beté—hydroxyalkylamide may be
represented by the following«structure IX: |

(IX)

17Tl
HO — CH—CHy—N——C——E—~+—C—N CH, CH OH

R24 R -m = R25 R24 n

o.

where R* is H or C,-Cs alkyl; R® is H, C,~Cs alkyl structure X:
' HO CH—— CHy—

x) |
R24




WO 03/070825 PCT/US03/04178

_31_
for which R* is as described above, E is a chemical bond or
,monovalent of4polyvalent ordanic radical derived froﬁ
séturated, unsaturated; or aromatic hydrocarbon fadicals
including substituted hydrocafbon radicalo cohtaiﬁing from 2
to 20 oarbon‘atoms, m is 1'or:2,,p is from 0 to 2, and m+n‘is
at least 2. A
[0086] - The waterborne thermosetting compositionzof the
present invention is preferably used as a film-forming
(coating) composition and may contain adjunct ingredients
conventionally used in such compositions. Optional
ingredients such as, for example, plééticiéers, surfactants,
thixotropic agents, anti—gaséing agents, anti—oxidants, uv
light absorbers and similar additives conventional in the art
may be included in the composition. ‘These ingredients are
typicaliy present at up to about 40%vby weight based on the
total weight of resin solids. It is believéd that the use of
the copolymer described above as the polymeric binder (a) in
the film-forming composition of the present invention reduces
or may even eliminate the need for flow control additives in
the composition.
[0087] The waterborne thermosetting composition of the
present invention may be cafionic, anionic, or nonionic, but
:typically it is anionic. The composition tyoicélly has a
' total solids content of about 40 to about 80 percent by
weight. The waterborne thermosetting cOmpositions.of the
present invention will often héve.a VOC content of lesslthaﬁ 4
percent by weight, typically less than 3.5 percent by weight
and many times less than 3 percent by'weight.'
[0088] The thermosetting composition of the present
inVention may contain color pigments conventionally used ih‘
surface coatings and may.be used as a monocoat; that is, a-
pigmented coatihg. Suitable color pigments_include, for-
example,. inorganic pigments such as titanium dioxide, iron
oxides, chromium oxide, léad chromate, and carbon black, and

.organic pigments sdch as phthalocyanine blue and
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phthalocyanine green. Mixtures of the above-mentioned
pigments may also bevused.A Suitable metallic pigménts
include, in particular, aluminum'flake,vcdpper bronzelflakep
énd metal oxide coated mica, nickel flakes, tin flakes, and |
mixtures. thereof. : | »
[0089]‘ In general, the pigment is incorporated into the
" coating composition in amounts up to about 80 percent by
'weight based on the total weight of coating solids. The |
metallic pigment is employed in amounts of about 0.5 to about
25 percent by weight based‘on the total weight of coating
solids. N - - - |
[0090] In the present~invention, the thermosetting
composition comprises a resinous phase disperSed in an aqueous
medium. The resinous phase includes an ungelled copolymer
compdéitidn that inclﬁdeé the copolymer composition.describedv
. above having a functional group containing one or more active
hydrogen groups and a suitable ionic group; and a curing agent
having at least two functional groups that are reactive with
the aétive.hydrogen groups of the copolymer. Suitable ionic .
groups include anionic grbups and cationic‘groups. A non-
limiting example of a suitable cationic group is an onium salt
group. The active_hydrogen'group~containing copolymer
“typically has a number averagé moleculér weight in the range -
of from 1,000 to 30,000. | )
[0091] The functional copolymer has an equivalent weight
~of from 100 to 5,000 grams/equivalent and the equivalent ratib
of functional groups in the curing agent to equivalents in the
functional copolymer is within the range of 1:3 to 3:1.
[0092] The curable film-forming composition of the present_
invention is in the form of an aqueous dispersion. 'The term
“dispersion” is believed.to be a two-phase transparent,,
translucent, or opaque resinous system in which the resin is
in the dispersed phase and the water is in the continuous

phase. The average'particle size of the resinous phasevis
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generally less than 1.0 and usually less than 0.5 mlcrons,
' preferably less than 0.15 micron. }
[0093] The onium salt functional monomers are typically
one or more of guaternary ahmonium salts and ternary sulfonium
salts. Non-limiting examples of Qnihm salt functional
monomers, residﬁes of which may be included in the present
functional copolymer include an epoxy'group—containing
ethylenically unsaturated monomer which after polymerization.
has been post-reacted with an amine acid salt, an amine acid
salt of dimethyl aminoethyl acrylate, bf dimethyl aminoethyl
methacrylate and at least one epoxy droupfcontaining monomer
which after polymerizatibn,has beeﬁ post—reacted with a
shlfide in the presence of an acid.
[0094] The thermasetting compositions described above can
be applied to various substrates to which they adhere, '
including wood; metals sucﬁ as ferrdus,substrates and aluminum
substrates; glass; plastic, plastic and sheet holding- '
‘compound—based plastics. |
[0095] The compositions can be applied by conventional
means including brushing, dipping, flow cbating, spraying, and
the like, but they are most often applied by spraying. The
usual spray technlques and equlpment for air spraying and
electrostatic spraying and either manual or automatic¢ methods
can be used. Substrates that may be coated by the method of
the present 1nvent10n include, for example, wood, metal,
glass, and plastic. N ‘

[0096] Upon application:to a substrate, the composition is
.allowed to coalescevto form a substantially continuous'film on
the substrate. Typically, the film thickness will be about |

0.01 to'about 5 mils (about 0.254 toaabout 127 microns),
preferably about 0.1 to about 2 mils (about 2.54 to about 50.8
microns) in thickness. The film is formed on the surface of
the substrate by driving water and any coalescing solvents out
of the film by heating or by an air drying period.

Preferably, the heating will only be for a shoért period of:
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time, sufficient to ensure that any subsequently applied
coatlngs can be applied to the film without dissolving the
composition. Suitable drying condltlons will depend on the

. particular compoSition but, in general, a drying time of from
about 1 to 5 minutes at a temperature of about 68-250°F (20-
121°C) will be adequate. More than one coat of theA
composition may be applied to deveiop the optimum.appearanee.
Between coats, the previously applied coat may be flashed,
that is, exposed to ambient conditions for about 1. to 20
minutes. o
[0097] The coalesced thermosetting cempositidn is next
cured by the application of heat. As used herein and in the
claims, by “cured” is meant a three dimensional. crosslink
network formed by covalent bond formatlon, e.g. betWeen the
free isocyanate groups of the crosslinking agent and the
hydroxy groups of the polymer. The temperature at‘whlch the
thermoSetting composition of the present invention cures'is
variable and depends in part on the type and amount of ‘
catalyst used. Typically, the thermosetting composition has a
cure temperature within the range of 130°C to 160°C, e.g.,
from 140°C to 150°C.
[0098] In accordance with the present invention, there is
further provided a multi-component composite coating

" composition that includes.a base coat deposited from a
pigmehted film—forming composition; and a transparent top coat
applied over the base coat. Either the base coat or the

':transparent top coat or both coats may include the waterborne
thermosettiﬁg composition described above. The multi-component
composite coating composition as deecribed herein is‘commonly
referred to as a color-plus-clear coating composition.
[0099] The pigmented film-forming éqmposition from which
the base coat is deposited can be the film-forming eompdsition

A of the present invention or aﬁy other compositions useful in
coatings applications, particularlY'automotive applications in

-which color-plus-clear coating compositions are extensively
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used. Pigmented film—forming compositions conventionaliy
Vcomprlse a resinous binder and a pigment to act as a colorant
Particularly useful ‘resinous binders are acryllc polymers,
polyesters including alkyds, polyurethanes, a nd the copolymer
composition of the present -invention. | .
[0100] The fesinous binders for the pigmented film~forming'
‘ basé coat composition canvberrganié solvent-based materials,(
such as those,desbribed in U!S{ Patent No. 4,220;679, note
coiumn 2, line 24 through column 4, line 40.' Also, water-
based coating compositions such. as those described 'in U.S.
Patent. Nos. 4,403,003,,4,147,679[ ahd‘5107i,904 can‘be used as
the binder in the pigmented film-forming composition.
[0101] = The pigmented film-forming base coat composition is |
colored and may also contain metallic'pigments; Examples of
..suitable pigments can Be'found in U.S. Patept Nos. 4,220,679,
4,403,003, 4,147,679, and 5,071,904. ‘ A':
[01021 A Ingredients that may be optionally present in the
pigmented film-forming base coat composition are those which
are well known in the art of formulating surface coatings and
include surfactants, flow control agents, fhixotropic agents,
fillers, antifgassing agents, organic co—solventé, catalysts,
and_othef customary auxiliaries. Examples of'thése optional
materials and suitable.amounts are described in the
aforementloned U.S. Patent Nos. 4,220,679, 4]403,003,
4,147,769, and 5, 071 9204. ' v
[0103] The pigmented film;forming base coat composition
can be applied to the substraté'by any of the conventional
coating techniques, such as brushing, sprafing, dipping, or -
flowing, but are most often applied by spraying. The usual.
spray techniques and equipment for air spraying, airless
spray, and electrostatic spraying employing either manual or
automatic methods can be used. The pigmented film-forming
composition is applied in an amount sdfficient to provide a

base coat having a film thickness typically of 0.1 to 5 mils
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(2.5 to 125 microns) and preferably 0.1 to 2 mils: (2.5 to 50
microns) . o ' ' :

[0104] After dep051tlon of the plgmented fllm forming base
coat- comp051t10n onto the substrate, and prior to appllcatlon '
of the transparent top coat, the base coat can be cured or
alternatively dfied. ‘In drying the deposited base‘coat}
orgaﬁic'solvent and/or wéter is driven out of the base coat
film by heating or the passage of air over its surface.
Suitable drying conditioﬁs will depend on the particular base
coat,composition-used and on the ambient humidity in the case
of certain water-based compositions. ;In general, drying of

the dep051ted base coat is performed over a perlod of from 1

to 15 minutes and at a temperature of 21°C to 93°C.

[0105] The transparent top coat is applied over the
deposited base coat by any of the methods by which coatings

are knbwn to be applied. In an embodiment of the present
inveﬁtion, the tranéparent top coat is applied by

électrostatic spray application. When the transparentitop
coat-is applied over a deposited base coat that has been

dried, the two coatings can be co-cured to form the multi-
component composite coating composition of the present‘
invention. Both the base coat and top coat are heated
together to con301ntly cure the two layers. Typically, curing .
conditions of 130°C to 160°C for a period of 20 to 30 mlnutes--'
are employed.l The transparent top coat typlcally has a
thickness within the range of 0.5 to 6 mils (13 to 150
‘microns), e.g., from 1 to 3 mils (25 to 75 microns).

‘[0106] The present invention is more partlcularly
described in the following examples, which are intended to be
1llustrat1ve only, since numerous modifications and variations
therein will be apparent to those skilled-in the art. Unless

otherwise specified, all parts and percentages are by,weight.
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Example A
[0107] ' Example A illustrates the pfeparation‘of a
copolymer containing isobutylene in accordance with the

present invention. Reactants were combined as described

below:
Material Example 1
Charge Methylisobutyl 362.2
#1 Ketone
Charge Di-t-amyl , 60
(#2 peroxide
Charge Isobutylene ~ 500
#3 :
Charge Butyl Acrylate 420
#4 :
Hydroxyethyl 600
Acrylate
Acrylic Acid 60
Styrene 420
% Solids : 82 wt.%
GPC Mw ' 13703
Mn 3210
Mw/Mn . 4.30.
[0108] Charge.#l was added to a reaction vessel equipped

with an agitator, a thermocouple, and 'a nitrogen inlet. The
vessel was sealed, the solution was placed under a nltrogen
blanket and heated to 160°C Charge #2 was added to the
reaction vessel over 2.5 hours. Fifteen minutes after Charge

#2 was initiatéd Charge #3 and Charge #4 were started over a
period of 2 hours. During the addition periods, the reactor
temperature was maintained at 140 to 160°C and pressures varied
-from 40 psi to 340 psi. After completion of Charge #2, the
feaction mixture was held 2 hours at 140 to 150°C. The reaction
mixture was then cooled to <60°C and relieved of residual

pressure and vacuum stripped of any unreacted isobutylene for
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1 hour at <100 mm,Hg'vacuum‘at~60°C.» After the vacuum
distillation was cdmplete, the reaction mixture was cooled to
ambient température. The solids were'détérmined'by ﬁolding a
sample at 110°C for one hour and calculating weight loss.
Molecular weight was determiﬁéd byAgelApermeétion_
chromatography using polystyrene standards, COOH equivalent
weight was determined'by titration with 0.1N methanoic KOH and
found to be 2472 grams/COOH at processed solids. The hydroxyl
number. was determined by STM-0217 and found to be 134.

[0109] . 714 grams of deionized water was gharged to a 4
liter vessel and heated to 60°C. At 60°C, 21.2 grams
dimethylethanol amine was added to the Water‘anduvigoroué
agitationlwas‘applied to the vessel contaihing the water and
DMEA with a 3-inch hi-lift stirring blade. 611.5 gfams of .the
above-copolymef was added to a water/amine mixture. An
additional 791.7 grams of water was added. The solids were
determined by holding a sample at 110°C for.one hour and

‘calculating weight loss.
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Ekxample B

PCT/US03/04178

This -example illustrates the preparation of an:

acrylic latex to be used as a resinous binder in curable film-

forming compositions. .

Notes:

CHARGE #1: TO ROUND BOTTOM FLASK WT.
Acrylic copolymer! 288.37
Trixene DP 9B/1504®? 37.25
Methylisobutyl ketone 6.69
CHARGE #2: TO FLASK

TINUVIN® 4003 6.34
TINUVIN® 123* 2.17
BYK®-390° 2.61
POLYBUTYLACRYLATE® 1.30
DIBUTYLTINDILAURATE 0.59
" DIMETHYL ETHANOLAMINE 3.27
SURFYNOL® 25027 1.83
CHARGE #3: TO AN ADDITION FUNNEL

MIBK 6.69
CHARGE #4: TO 12 LITER FLASK

DMEA 0.82
DEIONIZED WATER 376.24
CHARGE #5

DEIONIZED WATER 12.45

. 746.61

CHARGE #6: TO 12 L FLASK BEFORE VAC_STRIP

FOAM KILL® 649% 0.12
CHARGE #7: TO FLASK AS NEEDED

FOAM KILL® 649 0.08

! copolymer prepared from hydroxyethyl methacrylate, 2-ethylhexyl acrylate,
styrene, acrylic acid, CARDURA E (glycidyl esters of mixtures of tertiary
aliphatic carboxylic acids, commercially available from Shell Chemical
Company), in a 19.90:10.15:30.30:11.00:28.65 weight ratio, 64 percent

- solids by weight in methyl isobutyl ketone

Isocyanurate of 1,6-hexamethylenediisocyanate blocked with 3,5-dimethyl

pyrazole, at 70% solids in methyl isobutyl ketone, available from Baxenden
Chemicals Limited, England. . . .
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* Available from Ciba-Geigy Corporation

! Sterically hindered tertiary amlne light stabilizer available from Ciba

" Geigy Corporation :

® Available from BYK Chemie USA

¢ Available as a 60% solids solution from DuPont )

" Acetylenic alcohol surfactant available from Air Products and Chemlcals Co.
® Aliphatic hydrocarbon, available from Crucible Chemical

[0111] Charge #1 and #2 wefe added ‘to a'reaction flask in
order.and mixed until homogeneous. Charge #4 was heated'.
separately to 25°C at 350:rpm.. The mixture of Charge #1 and #2
was added into Charge #4 over 1 hr. When addition was .
complete, Charge #3 was added as a rinse to the flask and the
mixture held at least 30 min. The mixture was passed through
a Microfluidizer® homogenizer (available from Microfluidics
Cotporation) at 11,500 psi with_cooling water.'Charge #5
followed as a rinse through the homogenizer and the entire
mixture set up for total distillation. Charge #6 was then
added to the batch uhder agitetion (350 rpm). A nitrogen
sweep was started, followed by vacuum at 450-550 mmHg. The

batch was heated to 40°C, increasing temperature as needed (max

60°C) . Vacuum was slowly increased as needed; > 100 mmHg, using
N; to control foam. Deionized water was added as needed to

adjust solids to 46.0+/ -1.5 %. The reaction product was

cooled to < 40°C, then filtered through a 5 micron (jacketed)
filter bag. The resulting dlsper51on had a resin solids:
content of about 46%, a pH of 8.7, and a particle size of

about 1600 Angstroms.

Example C '
[0112] This example describes the preparation of an

agueous-polysiloxane polyol'dispersion, a product of the
hydrosilylation 6f'penta5110xane with an approximate degree of
polymerization of 3 to 4, i.e., (Si-0)3 to (8i-0),.. The’
polysiloxane polyol was prepared from the following mixture of

ingredients:
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Ingredients. Equivalent | Equivalents Parts By
~ Weight ‘ . Weight
i (kilograms)
Charge I:
Trimethylolpropane : 174f0 ‘756.0 . 131.54
monoallyl ether | ‘ ' V
Charge II: . .
MASILWAX BASE! 156.7° 594.8 - 93.21
Charge III:
Chloroplatinic acid : 10 ppm
Toluene o 0.23
Isobropanol . v 0.07

1Polysiloxane-—containing silicon hydride, commercially .available from
BASF Corporation. .
? Equivalent weight based on mercuric bichloride determination.

'[0113] ° To a suitable reaction vessel,equipped with a means
for maintéining a nitrogen blanket, Charge I and an amount of
sodium bicarbonate equivalent to 20 to 25 ppm of total monomer
solids was'added at ambient éonditions and the temperature was
gradually increased to 75°C under a nitrogenrblanket. At that
temperature, 5.0% of Charge II was added under agitation,
followed by the addition of Charge III, equivalent to 10 ppm
of active platinum based on total monomer solids. The
_reaction was then allowed to exotherm to 95°C, at which time
the remainder of Charge II was added at a rate such'that the-
teﬁperature'did not exceed 95°C. After completion of this
addition, the reaction temperaturé was maintained at 95°C and
monitored by infrared spectroscopy for disappearance of the
silicon hydride absorption band (Si-H, 2150 cm™). _
f0114] The reaction product aone was post-reacted with
methylhexahydrophthalic anhydride in a weight ratio of 81%>
polysiloxane:19% methylhexahydrophthalic anhydfide.

Afterward, the acid groups were neutralized with
dimethylethanol aﬁine to allow for dispersion in water. The

final dispersed.product had a weight composition of 41%
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polysiloxane, 9.6% methylhexahydrophthalic anhydride, 5.8%
dimethylethanol amine,.and 43.6% water.

[0115] = . Examples 1 ‘and 2 1llustrate the preparatlon of
curable film- forming comp051t10ns " Example 1 illustrates the
'preparatlon.of cdrable-film—fogming compositions uéing |
isobutylene—centaining copolymers in accdrdance with the
bresent invention.-Exemple 2 is a control and contains no

copolymers of isobutylene type monomers.

"[0116] Ingredients were combined as described below.
Example 1

Ingredient , - - Weight, g

Copolymer of Example A ) 300.0
Premix 1 _

Cymel® 327% / Rerosil® 2002 - : 22.2

Deionized Water ' . . ‘'30.0
Premix 2

Dodecylbenzenesulfonic Acid : ' 0.2

Dimethylethanolamine 50% in Deionized Water . 0.182

Deionized Water ; : 0.160

! Cymel® 327: Highly methylated, high imino cohtent melamine formaldehyde

resin in isobutanol available from available from Cytec Industrles, Inc.

2 perosil® 200 fumed 5111ca available from Degussa Corporatlon

[0117] ~ In a first premix, Cymel® 327 was stirred and
Aerosil® 2003added in a 90:10 ratio (Cymel® 327:Aerosil® 200).
The mixture was then mixed in a pigment dispersion mill (Eiger
mill) to achieve a Hegan value of 7+. 1In a second premix, 0.2
parts dodecylbenzenesulfonlc acid was agltated while slowly
adding dimethylethanolamine (50 in delonlzed water)

[0118] The acryllc latex was placed under agitation and
deionized water added. The mixture was allowed to stir to
ensure full incorporation. Premix 1 and premix 2 were then

- added separately with stirring after each addition. The final
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composition had a solids content of 28%, and a viscosity of 30

seconds, measured using a #4' DIN cup.

Example 2 (Control)

[0119] A curable film-forming composition was prepared
u51ng a method similar -to'that described in Example 1.

Ingredients were combined as described below.

" Resin Code Resin Resin Solution
) Solids weight Weight
Acrylic latex of | 46.8 85.9 183.5
Example B ,
Byk® 345! 100.0 0.48 0.48
Byk® 3252 50.0 0.12 0.24
Polysiloxane of | 47.1. 2.00 . 4.30
Example C
2,2,4 Trimethyl- - o= 9.0
1, 3-pentanediol ‘ :
monoisobutyrate .
‘Butyl Acetate - C- 3.0
Water .- - 15.0
Polyurethane’®| 40.9 | = 3.0 7.7
Cymel® 327 .} 85.3| . 17.3 20.3
/Aerosil® 200°
Cymel® 303° 98 3.0 3.0
DDBSA/DMEA 37 0.2 0.5
Borchigel® Lw44’| 20 - 1.5
Total weight 112.0 248.5
% paint solids : " 45%

1addltlve available from BYK-Chemie USA
2 Anti-mar additive available from BYK-Chemie USA’

3 waterborne polyurethane prepared from isophorone diisocyanate reacted with
methoxypolyethylene glycol having a molecular welght of 2000, in a 1:1
equivalent ratio.

4 cymel®.327: Highly methylated, high imino content melamine formaldehyde
resin in isobutanol available from available from Cytec Industries, Inc.
5> Aerosil® 200: fumed silica available from Degussa Corporation

® Hexamethoxymethyl melamine formaldehyde resin available from Cytec
Industries, Inc ‘

7 Borchi Gel® LW 44 available from Borchers

[0120] . In a first premix, Cymel® 327 was stirred and
Aerosil® 200 added in a 90'10'ratioe(Cymel® 327'Aercsil® 200) .
The mlxture was then mixed in a pigment dlsper51on mlll (Eiger‘
mlll) to achieve a Hegan value'of 7+.. In a second premix, 0.2

parts dodecylbenzenesulfonlc ac1d was agltated while slowly
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~adding dimethylethanolamine (50% in deionized water}. In a
third premix, 0.24 parts Borchi Gel® LW 44 was stirred while

A édding deionized water untii the premix was of uniform
consistency. . . . . | '
[6121]‘ ' .The acrylic.latex was placed under agitation and
BYK® 325, BYK® 345, and the waterborne polysiloxane were .
"added. The mixﬁure was allowed to stir to ensure full
incorporation. 2,2,4 Trimethyl—l,,3—pentanediol
monoisobutyrate and butyl acetate were then added in order
under moderate agitation. The mixture wes again allowed to
stir to ensure full incorporation. The followihg ingredients
were then added sebarately with stirring after each addition:
deiopized water, isophorone diisocyanate mixture, premix 1,
Cymel® 303, and premix 2. Premix'3 was used to adjust '
viscosity. ' ‘
[0122] The film-forming compositions of Examples 1 and 2
‘were applied over two separate,sets of primed and base coated
steel substrate panels for pfoperty testing. The primer used
on the substrate isvcommeréially available from PPG
Industries, Inc. and is identified as 1177225AR. In one set of
-panels, the base coat used on the substrate is commercially |
available froﬁ PPG Industries, Inc. and is identified as EWB
Reflex Silyer. In a second set of.panels, the base coat used
on the substrate is commercially available from PéG
Industries, Inc. and is ‘identified és.EWB Obsidian Black. The
film-forming compositione of Examples lland 2 were spray

applied in two coats to the steel panels at a temperature of
about 75°F (24°C).V Approximately a'90‘second flash time was
allowed between the two coats. The resulting coating was then
allowed to air flash at 75°F (24°C) for 10 minutes before
baking to cure the film-forming eompositions. The cure
condition was a 22-minute bake at -293°F (145°C) .

[0123] - Appearance and :physical properties of the coated

panels were measured as described in the following tests. DOI .
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(distinction of image) was measured using a Dorigon Ii® DOI
meter from Hunter Lab. Speéular gloss at 20° and haze were
measured'by a BYK Gérdner@ Haze -'Gloss.Meter;. Higher numbers
denote better performénée. The Smbothness of the clear coats
was measured using é Byk Waveécan Plﬁs@ instrument ih'which
results are reported"as long wave and‘shqrt wave numbers.
Lower long wave and short‘wave numbers . denote smoother films:
[0124] The test results for ﬁhe cured compositions are
shown in. the folloWing tables. |

¢

" Table 1°

Example ' 1 2
. - (Control)
. Primer:
1177225AR
Basecoat: EWB
Obsidian Black
BC DFT 10 : 10
CC DFT C 30 38
Initial 20° 93 94
Gloss )
Initial Haze 431 16
Initial DOI : 74 88
Wave Scan W 3 11
SW 8 14
Table 2
Example 1 .2
(Control)
Primer: :
1177225AR
Basecoat: EWB
Reflex Silver
BC DFT . 12 i 12
CC DFT 30 38
Initial 20° .93 100
Gloss
Initial Haze 431 337
Initial DOI 74 75
Wave LW 3 5
Scan SW 8 14
[0125] Data.in the tables indicate that curable film-

" forming compositions prepared according to the present"
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invention demonstrate improved smoothness compared'to a
control that does not centafn an isobutylene-type copolymer as
a binder, ev1denced by decreased long wave and short wave scan
measurements, w1thout 31gn1flcant loss 6f other essentlal
propertles,-such as gloss, DOI, and acid etch’ re51stance.
t0126] i The p:eseﬁt invention ﬁas been described with
‘reference te specific details of particular embodiments
thereof. It is not intended that such details be regarded as
limitations ~upon the scope of the invention except 1nsofar as
. and to the extent that they are included in the accompanying

claims.
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We claim:
1. A curable, aqueous film-forming composition
comprising: V

(a) a copolymer serving as a polymeric bindér containing
.two or more reactive functional groups, said copolymer |
comprising at‘leaét>30 mol % 6f'residues having the fbllowing
aiternating structural units: |
- [DM-AM] - _ _
wherein DM represents a residue from a donor mbnomer, and AM
représents a residue from an acceptof'monomér, at least 15 mol
$ of the éopolymer comprising a donor monomer having the
following structure (I): |
o .
(1) . CHy=—=(
. .
wherein R! is linear or branched C, to C4 alkyl; R? is selected.
from the group consisting of methyl, linear, cyclic or o
branched Ci to Cy alkyl, alkenyl, aryl, alkaryl andAaraikyl;_
and o '
A (b) a curing agent having at least two functional groups

- which are reactive with the reactive functional groups of (a).

2. The film-forming composition of claim 1,.Qherein at
least 15 mol % of the copolymer comprisés an acrylic monomet

as an acceptor monomer.

3. The film-forming composition of claim 1, wherein
the copolymer contains at least one salt group or salt forming

group.

4. The film-forming composition of claim 1, wherein

the copolymer contains hydroxyl functionality.



WO 03/070825 PCT/US03/04178

.- 48 -

5. The film-forming compbsition of claim 1, wherein"
the COpblymer.is substantially free of malgaté monomer

. 'segments and fumarate monomer segments.

.6.  The film-forming compositidn of claim 1, wherein
‘the copolymer composition is substantially free of Lewis acids

and transition metals.

7. The film—forming_compositibn.of claim>1, wherein
thevdonor monomer is one or more selected from the group
consisting of isobutylene, diisobutylene, dipehtene; and

'.isoprenbl optionally'iﬁ combination with styrene, substituted
styreneé, methyl styrene; substitutedAstyrenes; vinyl ethefs,

and vinyl pyridine.

8. The film-forming composition of claim 1, wherein
the donor monomer of structure I is selected from the group -
consisting oflisobutylene, diisobutylene, dipenteéne,

isoprenocl, and mixtures thereof.

9. The film—fbrming cbmposiFion of claim 1, wherein
the group R’ of the donor monomer of structure I includes one
or more functional groups- selected from the group consisting
of hydroxy, époxy,,carboxylic acid,'ether, carbamate, and

amide.

10. The film-forming composition of claim 1, wherein
" the acceptor monomer combrises one or more described by the -
structure (II):
(I1) CHy =—=CH
' w
wherein W is selected from the group .consisting of -CN, QX,
and -C(=0)~Y, -wherein Y is selected from the group consisting
of -NR%,-0-R°-0-C(=0)-NR?,, and -OR%, R® is selected from the

groﬁp consisting of H, linear or branched C; to C, alkyl, and
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linear Or.branchedvcl to Cy alkylol, R* is selected from the
'gfoup consisting of H, poly(ethylené 6xidef, poly (propylene
oxide), polykcaprblactone)} liriear or branched C; to Cy alkyl,
alkylol, aryl, alkafyl and aralkyl, linear or branchéd C; to
Cso fluoroalkyl, fluoroaryl, fluoroalkaryl and fluoroaralkyl,
and a polysiloxane radical, R® is a divalent linear or branched

c, to Cﬁ'alkyl linking group, and X is a halide.

11. The film-forming composition of claim 2, wherein
the acrylic monomer is one or more described by structure
(III): ' ’

' CHp, ——=CH

(III) - c=0

Y
wherein Y ié seiected from the group‘conéisting of -NR,,
-0-R°-0-C (=0) -NR%,, and -OR‘, R® is selected from the group
consisting of H, linear or branched Cito Cyy alkyl and linear
. or branched C; to Czy alkylol, R“ is Selected~from the group
consisting of H, poly(ethylene oxide); poly (propylene oxide)}
linear or branched C; to Cyalkyl, alkylol, aryl, alkafyl and
aralkyl, linear or branched C; to Cyo fluorqalkyl, fluofoarylf
and fluorocaralkyl, and a,polysiloXane'radical; and Rs is a‘

divalent linear or branched C; to Cy alkyl 1inkingAgrdupg

12. The film—forming composition of claim 11, wherein. Y
includes at least one functional group selected from the group
consisting of hydroxy, amide, oxazoline, aceto acetate, '

blocked isocyanate, carbamate, and amine.

13. The film-forming composition of claim 3, wherein
the salt groﬁp is selected from the group consisting of
carboxylic acid salt, amine salt, quaternized amménium,'

quaternized phosphonium'andAternary sulfonium.
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14. The film-forming composition of claim 1, wherein

the copolymer has a moleculdr weight of from 250 to IOO,QOO.

15. The film—forming composition of ‘claim 1, wherein

-ﬁhe.copolymer has a polydispersity index of less than 4.

16. The film-forming composition of claim 1, wherein
the alternating structural units comprise at least ‘50 mol % of

the copolymer.

17: The film-forming compoSitibn of claim 1, wheréin
the acceptor monomer is one of more selected from the group-
consiéting of hydroxyethyl acrylate, hydroxypropyl'acrylate,
4-hydroxybutyl acrylate, acrylic aéid, methyl acryiate, ethyl
écrylate, butyi acrylate, isobutyl abrylate, isobornyl '
acrylate, dimethylaminoethyl acrylate, acrylamide,
chlorotrifluoro ethylene, glycidyl acrylate, 2-ethylhexyl

acrylate,  and n-butoxy methyl acrylamide.

18. The film—formihg-composition of claim 1, wherein
the copolymer compriéés one or more residues derived from |
other ethylenically unsaturated monomers of gene;al.fofmulaYV:

' r11 R12

w5
r13 R4
wherein RY, RQ, and R" are independently selected from the
group consisting of H, CF;, straight or branched,alkyl of 1 to
20 carbon atoms; aryl, unsaturaﬁed straight or branched
alkenyl orAalkynyl of 2 to 10 carbon atoms, unsaturéted
- straight or branched alkehyl of 2 to 6 carbon atoms

substituted with a halogen, C3;-Cg cycloalkyl, heteroéyélyl and
phenyl, R is selected from the gréﬁp consisting of - H, C;-Cs
alkyl, and COOR!®, wherein R is selected from the group
coﬁsisting of H, an alkali metal, a C; to Ce alkyl group, and

aryl.
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. 19. The film-forming composition of claim 18, wherein
- the other ethylenically unsaturated monomers are one or more
selected from the group consisting of methacrylic monomers and

allylic monomers.

20. The film-forming compositioﬁ of claim 1, wherein .
~the functional groups of the polymeric binder (a) are selected
from fhe group consisting of hydroxyl, carbamate, blocked
' isocyanate, primary amine, secondary amine, amide, urea,

urethane, vinylAgroups and mixtures thereof.

21. The film—forming composition of claim 20, wherein:

the polymeric binder (a) contains carbamate functional groups.

22. The film-forming composition of claim 1, wherein
the polYméric binder (a) comprises the réaction product of_the
‘following reactants:

(1) at least one polymerizable, ethyienically unsaturated
monomer containing acid functionai groups that are
subéequently at least partially neutralized with base to form
carboxylic acid salt groups; and A » '

" (2) at least one polymerizable, functional group—
containing ethylenically unsaturated monomer free of acid

functional groups.

23. The film-forming composition of claim 22, wherein
réactant (1) comprises a carboxylic acid group—containing

ethyleniéally unsaturated monomer.

24. The film-forming composition of claim 23, wherein
reactant (1) is selected from the group consisting of acrylic

acid, methacrylic acid, and mixtures thereof. .
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25. The film—forming composition of claim 22, wherein
reactant (1) is present in the polymeric binder (a) in an
‘amount sufficient to provide an acid value of up to 50 mg

KOH/g.

26. -The film—forming composition of claim 22, wherein
reactant (2) compfiées at least one hydroxyalkylrfunctional
‘monomer selected from.the group consisting of hydroxyethyl
(meth)acrylate, hydroxypropyl (méth)acrylate)v4—hydroxybutyl

(meth)acrylate and mixtures thereof.

27. The film-forming composition of claim 22, wherein
‘reactant (2) comprises an ethylenically unsaturated, beta-

hydroxy ester functional monomer.

28. The film-forming composition of claim 27, wherein
thelethylenically unsaturated, beta—hydfoxy ester functional
monomer comprises the reaction‘product of reactants selecﬁed
from the group consisting of the following:

(1) an ethylenically unsaturated epoxy functlonal
monomer and a saturated carboxylic acid having at least 5
carbon atoms;'aod A

(2) an ethylenicailyvunsaturated acid functional monomer
and an epoxy compound containing at least 5 carbon atoms which
is not polymerlzable with the ethylenlcally unsaturated acid

functlonal monomer.

29. The film—forming composition of claim 22, wherein
the reactants from,which the polymeric binder'(a) is formed
further comprise reactant (3) at least one polymerizable,

~ethylenically unsaturated monomer different from (1) and (2).

30. The film-forming composition of claim 29,‘wherein 

reactant (3) is selected from the group ‘consisting of vinyl
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~aromatic monomers, alkyl esters of (meth)acrylic acid and

mixtures thereof.

31." The film-forming composition of claim 22, wherein-
the ‘acid value of the polymeric binder (a) ranges from 0 to 50
mg KOH/g.

32. The film-forming oompositionvof claim 22, wherein
the polymeric binder (a) is present in the film-forming
composition in an amount ranging from 55 to 99 weight‘percent‘
based. on the,total weight of resin sdlids'in the film—forming

composition.

33. The film-forming composition of claim 22,vwherein
the crosslinking égent (b) is selected from the group -
consisting of blocked isocyanates, aminoplast resins, -and

mixtures thereof.

34. The film-forming composition of claim 33, wherein
the crosslinking agent (b) is an isocyanurafe of 1,6-
hexamethylene diisocyanate reversibly blocked with 3,5-

dimethyl pyrazole.

‘ 35.' The film—formihg composition of ‘claim 22, wherein-
the crosélinking agént (b) is present in the film-forming
composition in an aﬁount ranging from 1 to 45 weight percent
based on total weightAof resin solids present in the film-

‘forming composition.

~36. A multi-component composite coating composition
comprising a base coat deposited from a pigmented film—formihg .
composition and a transparent fopcoat composition applied over
the base coat in which the transparent topcoat is deposited
from a clear film-forming cohposition which is substantially

free of organic solvent, said,topcoat‘film-forming composition
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comprisihg a curable, aqueous film-forming composition
comprising: . . ' ' '

(a) a copolymer serving as a ‘polymeric binder coﬁtaining
two or more reacti&e functional groups, said cqpolymer
comprising at least 30 mol % of “residues having the following
alternating structural units: - '

o - [DM-AM] -
wherein DM represents:a residue from a'donor'monomer, and AM
represents a residue:from an acceptor monomer, at least 15 mol
% of the copolymer'comprising a donor -monomer having the
following structure (I): A

, o
(1) CHy—=C
R2
wherein R!' is linear or branched C; to C4 alkyl, R® is selected
from the group consisting of methyl, linear, cyclic or ‘
branched C; to Cy élkyl, élkenyl, aryl, alkaryl'and aralkyl;
and ' ' . '
{b) a curing agent having at least two functionél groups

which are reactive with the reactive functional groups of (a).

37. The multi-component composite coating composition
_of claim 36, wherein at least 15 mol % of the copolymer

comprises an acrylic monomer as an acceptor monomer.

38. The multi-component composite coating compositioh
of claim 36, wherein thevcopolymer contains at least one salt

group or salt forming group.

39. The multi-component composite coating composition’
of claim 36, wherein the copolymer contains hydroxyl

functionality.
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40. The multi4component composite coating composition
of claim 36, wherein the copolymer is substantially free of

maleate monomer segments and fumarate monomer segments.

41. The. mult1 component comp051te coatlng comp031tlon
-0of claim 36 - wherein the copolymer composition is

substantially free of Lewis acids and transition metals.

42. The multi-component composite ooating composition'
of claim 36, wherein the donor monomer is one or more selected
from the group consisting of isobutylene, diisobutyleue, ‘
dipentene, and isoprenol optioually in combination with
styrene, substituted styrenes, ﬁethyl styrene, substituted

styrenes, vinyl ethers, and vinyl pyridine.

43. The multi-component composite coating composition
of claim 36, wherein the donor monomer of structure I is
selected from the group consisting of isobutylene,

diisobutylene, dipentene, isoprenol, and mixtures thereof.

44. The multi-component composite coating composition
of claim 36 wherein the group R? of the donor monomer of
structure I includes one or more functlonal groups selected
from the group con51st1ng of "hydroxy, epoxy, carboxylic acid,

ether, carbamate, and amide.

45. . The multi-component composite coating composition
of claim 36, wherein the acceptor monomer comprises one or
more described by the structure (II):

(II) CHy —=CH

wherein W is selected from the group consisting of -CN, -X,
.and -C(=0)-Y, wherein Y is selected from the group consisting
.of -NR%,, -O-R°- O C( 0) -NR%,, and -OR?!, R® is selected from the

- group con51st1ng of H, linear or branched C; to C;, alkyl, and
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linear or branched C, to Cp alkylol, R* is selected.fiom the
group cpnsisting'of H, poly({ethylene oxide),'poly(propylene
oxide), poly(caprolactone), linear or branched C; to Cy alkyl,
alkylol, aryl, alkaryl and aralkyl,‘lihear‘or branched C; to
Cm-fluoroélkyl, fluoroafyl, fluoroalkaryl and fluoroarélkyl,
aﬁdva polyéiloxane radical, R® is a divalent linear or branched

C; to. Cyo alkyl‘linking group, and X is a halide.

46. The multi-component coﬁposite coating composition
of claim 37, wherein the acrylic monomer is one or more
described by structﬁre (ITI): | ‘

| . CHy=—=CH

(III)“ ' c=—0

Y.
wherein Y is éelected from the group consisting of'—NR%,
—O—RS-O—C(=6)—NR%, and -OR‘, R® is séleqted from the group
consisting of H, linear or branched C; to Cy alkyl and linear
or branched C; to Cy alkylol, R is selécted from the group
consisting of H, poly(ethylene.oxide), poiy(propylene oxide),
linear or branched C, to Cy alkyl, alkyloi,‘aryl, alkaryl and
aralkyl, linear or branched C, to Cp fluoroalkyl, fluoroaryl
and fluoroaralkyl, and a polysiloxane radical, and R® is a‘

divalent linear or branched C; to Ciz alkyl linking group.

47. The mulﬁi—componént composite coating compdsition
of claim 46, wherein Y includes at leasﬁ one functional group
selected from the group consisting of hydroxy, amide, A
oxazoline, aceto acetate, blocked isocyanate, cérbamate, and

amine.

48. The multi-component composite coating composition
of claim 38, wherein the salt group is selected from the group"
consisting of carbokylic acid salt, amine salt, quaternized

ammonium, quaternized phosphonium and ternary sulfonium.
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49. The multi-component composite coating composition
of claim 36, wherein the copélymer has a molecular weight of
~ from 250 to 100,000.

50. The multi-component composite coating composition
of claim 36, wherein the copolymer has a polydispersity“index

of less'than 4.

51. The multi-component composite cbating composition
of claim 36, wherein the alternating structural units. comprise

at least. 50 mol % of the copolymer.

52. The muiti—component composite Coating composition
of claim 36, wherein the acceptor monomer is one or more
selected from the group consisting of hydroxyethyl acrylate,
hydroxypropyl acrylate, 4—hydroxybutyl‘acrylate, acrylic acid,
methyl acrylaﬁe, ethyl acrylate, butyl acrylate, isobutyl
acrylate, isobornyl acrylate, dimethylaminoethyl acrylate,
acrylamidé, chlorotrifluoro ethylene, glycidyl acrylate, 2-
ethylhexyl acryiate, and n-butoxy methyl acrylamide.

' 53. The multi-component composite coating composition
of claim 36, wherein the copolymer comprises one or more
residues derived from other ethylenically unsaturated monomers

of general formula V:

wherein R,  RY

, and R' are independently selected from the
group consisting of H, CF;, straight or branched élkyl of 1 to
'20;carbon atoms, aryl, unsaturated étraight or branched
lalkenyl or alkynyl.of 2 to 10 carbon atoms, unsaturated
straight or branched alkenyl of 2 to 6 carbon atoms -

substituted with a halogen, C3-Cs cycloalkyl, heterocyclyl and
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phenyl, R® is selected from the group cbnsisting of H, C;-C¢
alkyl, and COOR!®, wherein R®® is selected from the group

consisting'of H, an alkali metal, a C; to C¢ alkyl group, and

aryl. -

54. The multi-component composité coating composition
of claim 53, wherein the other ethylenically unsaturated
monomers are one or more selected from the group consisting of

methacrylic monomers and allylic monomers.

55. The multi—cdmpdnent composite coating composition
of claim 36,‘wherein the functional groups of the polymeric
binder (a) are selected from the group consisting of hydroxyl;
carbamate, blocked isocyanate, primary amine, secondary amine,

 amide, urea, urethane, vinyl groups and mixtures thereof.

56. The multi-component compoéite coating composition
of;claim 55, wherein the_polymefic binder (a) contains

carbamate functional groups.

57.. The multi-component composite coatingAcomposition
of claim 36, wherein the polymeric binder (a)lcompriseé the
reaction product of the follbwing reactants:

(1) ét,least one polymerizable,.ethylenidally unsaturaﬁed
monomer containing acid functional groups that are-
subsequently at least partially neutralized with base to form
carboxylic acid salt groups; and ' , “

(2) at least one polymefizable, functional groﬁp—
containing ethyléhically unsaturated monomer free of acid

functional groups.

58.  The multi-component composite coating composition
of claim 57, wherein reactant (1) comprises a carboxylic acid

group-containing ethylenically unsaturated monomer.
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59. The multi-component composite coating composition
of claim 58, wherein reactart (1) is selected from the group
consisting of acrylic acid, methacrylic acid, and mixtures

thereof.

'60. The multi—componeht composite coating composition
of claim 57, wherein reactant (1) is preseﬁt in the polymeric
binder (a) in an amount sufficient to provide an acid value of

up to 50 mg KQH/g.

61. The multi-component composite coating cbmposiﬁion"
of claim 57, wherein reactant (2) compriseé at least one
hydroxyalkyl functional monomer selected from the group
consisting of hydroxyethyl (meth)acrylate, hydrokypropyl
(meth)acrylate, 4-hydroxybuty1~(meth)acrylate and mixtures

thereofi

62. The multi-component composite coating composition.
of claim 57, wherein reactant. (2) comprises.an ethylenically

unsaturated, beta-hydroxy ester functional monomer.

63. The‘multi—component composite coating composition
of claim 62, wherein the ethylenically unsaturated, beta-.A
 hydroxy ester functional monomer compriseé the reaction
product of reactants selected from the grdup_cohsisting of the
following: » ‘ ‘ |
(1) an ethylenically unsaturated epoxy functional
monomer and a saturated éarboxylic acid héving at least'5
carbon atoms; and . |
(2) an ethylenically unsaturated acid functional monomer
and an epoxy compound containing atAleast 5 cafbon atoms which
is not polymerizable with thé ethylenically unsaturafed acid

functional monomer.
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64. The multi-component compoésite coating composition '
of claim-57; wherein the reactants from which the polymeric
binder (a) is formed further comprise reactant (3) at least

one polymerizable,'ethylenically unsaturated monomer different

‘from (1) and (2).

65. The multi-component composite ooating composition
of claim 64, wherein reactant (3) is selected from the group
-consisting of vinyl aromatic monomers, alkyl esters of
-(meth)acrylic acid and mixtures thereof.

66. The multi-component composite coating composifion
of claim 57, wherein the acid value‘ofvthe polymeric binder

(a) ranges from 0 to 50 mg KOH/g.

67. The multi-component composite coating composition
o0f claim 57, wherein the polymeric binder (a) is present in
the clear film—forming'composition in an amount ranging from
55 to 99 weight percént‘baséd on the total weight of resin

solids in the clear film—forming composition.

68. The multi-component composite coating composition
of claim 57, wherein the crosslinking agent (b) is selected
from the group consisting of blocked isocyanates, aminoplast

resins, and mixtures thereof.

69. The multi-component composite coating compositioﬁ-
of claim 68, wherein the crosslinking aoent (b) is an
isocyanurate of 1,6-hexamethylene diisocyanate reversibly

blocked with 3,5-dimethyl pyrazole.

70. The multi-component composite coating composition .
of claim 57, wherein the crosslinking agent (b) is present in

the clear film-forming composition in an amount ranging from 1



WO 03/070825 PCT/US03/04178

- 61 -

to 45 weight percent based on total weight of resin solids

present in the clear fil,m—fdrming composition.
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