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HEAT SENSITIVE SUBSTRATES COATED
WITH WATERBORNE COATING
COMPOSITIONS

FIELD OF THE INVENTION

[0001] The present invention relates to coated substrates
comprising heat sensitive substrates having waterborne film-
forming compositions deposited thereon.

BACKGROUND OF THE INVENTION

[0002] Automotive manufacturers are currently under pres-
sure to increase the fuel economy of the vehicles they pro-
duce, and to decrease their carbon footprint in the manufac-
turing process. Challenges exist imn doing both 1 an
economical fashion while maintaining quality.

[0003] Automotive manufacturers are looking at lighter
weilght materials for vehicle body parts as well as streamlined
processing, among other approaches.

[0004] Lighter weight materials typically include plastic
and composites, but such substrates are oiten sensitive to the
high temperatures usually needed to cure the protective and
decorative coatings applied to the substrates. Many of the
proposed plastics deform at temperatures as low as 250° F.
[0005] It would be desirable to provide lightweight sub-
strates coated with compositions that are curable at tempera-
tures which the substrates can withstand without deformation
or loss of other properties.

SUMMARY OF THE INVENTION

[0006] The present invention 1s directed to a coated sub-
strate comprising:
A) a heat sensitive substrate having a heat distortion tempera-
ture less than 120 degrees C., and
B) a coating layer deposited on at least one surface of the
substrate, wherein the coating layer 1s deposited from a water-
borne coating composition comprising:
[0007] (a) a continuous phase comprising water, and
[0008] (b) a dispersed phase comprising:
[0009] optional pigments;
[0010] (1) polymeric particles containing carboxylic
acid functionality prepared from the polymerization
ol a mixture of ethylenically unsaturated compounds
including ethylenically unsaturated monomers; and
[0011] (i11) a polycarbodiimide.
[0012] The present invention further provides a coated sub-
strate comprising:
[0013] A)aheat sensitive substrate having a heat distortion
temperature less than 120 degrees C., and
[0014] B) a coating layer deposited on at least one surface
ol the substrate, wherein the coating layer 1s deposited from a
waterborne coating composition comprising:
(a) a continuous phase comprising water, and
(b) a dispersed phase comprising:
[0015] pigments;
[0016] (1) polymeric particles prepared from the polymer-
ization of a mixture of ethylemically unsaturated compounds

including ethylenically unsaturated monomers comprising
from;

[0017] (A) 2 to 30 percent by weight of a multi-ethyleni-
cally unsaturated monomer and

[0018] (B) at least 30 percent by weight of an aldo or keto
group-containing ethylenically unsaturated monomer, the
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percentages by weight being based on total weight of the
cthylenically unsaturated monomers; and

[0019] (i11) a polyhydrazide.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Other than 1n any operating examples, or where
otherwise indicated, all numbers expressing quantities of
ingredients, reaction conditions and so forth used 1n the speci-
fication and claims are to be understood as being modified 1n
all mstances by the term “about.” Accordingly, unless 1ndi-
cated to the contrary, the numerical parameters set forth in the
following specification and attached claims are approxima-
tions that may vary depending upon the desired properties to
be obtained by the present invention. At the very least, and not
as an attempt to limit the application of the doctrine of equiva-
lents to the scope of the claims, each numerical parameter
should at least be construed 1n light of the number of reported
significant digits and by applying ordinary rounding tech-
niques.

[0021] Notwithstanding that the numernical ranges and
parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical
value, however, inherently contain certain errors necessarily
resulting from the standard deviation found in their respective
testing measurements.

[0022] Also, it should be understood that any numerical
range recited herein i1s mntended to include all sub-ranges
subsumed therein. For example, a range of “1 to 107 1s
intended to 1nclude all sub-ranges between (and including)
the recited mimimum value of 1 and the recited maximum
value of 10, that 1s, having a mimimum value equal to or
greater than 1 and a maximum value of equal to or less than
10.

[0023] As used in this specification and the appended
claims, the articles “a,” “an,” and “the” include plural refer-
ents unless expressly and unequivocally limited to one refer-
ent.

[0024] The various embodiments and examples of the
present invention as presented herein are each understood to
be non-limiting with respect to the scope of the invention.
[0025] As used in the following description and claims, the
following terms have the meanings indicated below:

[0026] By “polymer” 1s meant a polymer including
homopolymers and copolymers, and oligomers. By “com-
posite material” 1s meant a combination of two or more dif-
fering materials.

[0027] The term “curable”, as used for example 1n connec-
tion with a curable composition, means that the indicated
composition 1s polymer table or cross linkable through tunc-
tional groups, e.g., by means that include, but are not limited
to, thermal (including ambient cure), catalytic, electron
beam, chemical free-radical mitiation, and/or photo-initia-
tion such as by exposure to ultraviolet light or other actinic
radiation.

[0028] The term “cure”, ‘cured’ or similar terms, as used 1n
connection with a cured or curable composition, e.g., a “cured
composition” of some specific description, means that at least
a portion of the polymerizable and/or crosslinkable compo-
nents that form the curable composition 1s polymerized and/
or crosslinked. Additionally, curing of a polymerizable com-
position refers to subjecting said composition to curing
conditions such as but not limited to thermal curing, leading
to the reaction of the reactive functional groups of the com-
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position, and resulting in polymernization and formation of a
polymerizate. When a polymerizable composition 1s sub-
jected to curing conditions, following polymerization and
alter reaction ol most of the reactive groups occurs, the rate of
reaction of the remaining unreacted reactive groups becomes
progressively slower. The polymerizable composition can be
subjected to curing conditions until 1t 1s at least partially
cured. The term ““at least partially cured” means subjecting
the polymerizable composition to curing conditions, wherein
reaction of at least a portion of the reactive groups of the
composition occurs, to form a polymerizate. The polymeriz-
able composition can also be subjected to curing conditions
such that a substantially complete cure 1s attained and
wherein further curing results in no significant further
improvement in polymer properties, such as hardness.

[0029] The term “‘reactive” refers to a functional group
capable of undergoing a chemical reaction with 1itself and/or
other functional groups spontancously or upon the applica-
tion of heat or in the presence of a catalyst or by any other
means known to those skilled 1n the art.

[0030] By “essentially free” of a material 1s meant that a
composition has only trace or incidental amounts of a given
material, and that the material 1s not present 1n an amount
suificient to affect any properties of the composition.

[0031] The present mvention provides coated substrates
comprising heat sensitive substrates and a coating layer
deposited on at least one surface of the substrate. A heat-
sensitive substrate may be defined as any substrate that has a
change 1n physical and/or chemical properties when exposed
to a certain threshold temperature, usually for a specific
period of time. For the purposes of the present invention, by
“heat sensitive” 1s meant that the substrate demonstrates a
heat distortion temperature less than 120° C., usually less
than 100'C. Suitable substrates include elastomeric or plastic
substrates such as those that are found on motor vehicles. By
“plastic” 1s meant any of the common thermoplastic or ther-
mosetting synthetic nonconductive materials, including ther-
moplastic olefins such as polyethylene and polypropylene,
thermoplastic urethane, polycarbonate, thermosetting sheet
molding compound, reaction-injection molding compound,
acrylonitrile-based matenals, nylon, and the like. Composite
substrates comprising a resinous matrix such as one or more
of polypropylene, polybutylene terephthalate, polystyrene,
polyaniline, polypyrrole, polyepoxide, poly(methyl meth-
acrylate), polyurethane, and polycarbonate, reinforced with
fibers typically oriented as strands, multi-ply yarns, woven
sheets, or braids, and comprising at least one of stainless steel
fibers, copper fibers, nickel fibers, silver fibers, aluminum
fibers, glass fibers, and carbon fibers, are also suitable sub-
strates.

[0032] The substrates are most often composite or plastic
exterior automotive substrates; in particular, automotive body
parts such as hoods, lids, fenders, door panels, roofs,
bumpers, and the like.

[0033] Belore depositing any treatment or coating compo-
sitions upon the surface of the substrate, 1t 1s common prac-
tice, though not necessary, to remove foreign matter from the
surface by thoroughly cleaning and degreasing the surface.
Such cleaning typically takes place after forming the sub-
strate 1nto an end-use shape. The surface of the substrate can
be cleaned by physical or chemical means, such as mechani-
cally abrading the surface or cleaning/degreasing with com-
mercially available alkaline or acidic cleaning agents that are
well known to those skilled in the art, such as sodium meta-

Sep. 13, 2014

silicate and sodium hydroxide. A non-limiting example of a
cleaning agent 1s CHEMKLEEN 163, an alkaline-based
cleaner commercially available from PPG Industries, Inc.
[0034] Following the cleaning step, the substrate may be
rinsed with deionized water or an aqueous solution of rinsing
agents 1n order to remove any residue. The substrate can be air
dried, for example, by using an air knife, by flashing off the
water by brief exposure of the substrate to an elevated tem-
perature (provided the temperature 1s not so high as to induce
deformation) or by passing the substrate between squeegee
rolls.

[0035] The substrate to which the coating composition 1s
applied may be a bare, cleaned surface; 1t may be pretreated
with one or more pretreatment compositions, and/or pre-
painted with one or more coating compositions, primers, etc.,
applied by any suitable method.

[0036] The coating layer may be deposited on one or more
surfaces ol the substrate. In certain embodiments of the
present invention, the coating layer 1s deposited from a water-
borne coating composition comprising:

[0037] (a) a continuous phase comprising water, and
[0038] (b) a dispersed phase comprising:

[0039] (1) optional pigments;

[0040] (1) polymeric particles containing carboxylic
acid functionality prepared from the polymerization of a
mixture of ethylenically unsaturated compounds 1nclud-
ing ethylenically unsaturated monomers; and

[0041] (111) a polycarbodiimide.

[0042] The waterborne coating composition may be
applied as a transparent clear coat, 1n which case 1t 1s free of
any pigments. Alternatively, the coating composition may
contain colorants conventionally used in surface coatings,
rendering them translucent or opaque. As used herein, the
term “colorant” means any substance that imparts color and/
or other opacity and/or other visual etlect to the composition.
The colorant can be added to the coating 1n any suitable form,
such as discrete particles, dispersions, solutions and/or flakes.
A single colorant or a mixture of two or more colorants can be
used 1n the coatings of the present invention.

[0043] Example colorants include pigments, dyes and tints,
such as those used 1n the paint industry and/or listed 1n the Dry
Color Manufacturers Association (DCMA), as well as special
eifect compositions, rendering the coating composition trans-
lucent or opaque. A colorant may include, for example, a
finely divided solid powder that 1s insoluble but wettable
under the conditions of use. A colorant can be organic or
morganic and can be agglomerated or non-agglomerated.
Colorants can be incorporated into the coatings by grinding or
simple mixing. Colorants can be incorporated by grinding
into the coating by use of a grind vehicle, such as an acrylic
orind vehicle, the use of which will be famailiar to one skilled
in the art.

[0044] Example pigments and/or pigment compositions
include, but are not limited to, carbazole dioxazine crude
pigment, azo, monoazo, disazo, naphthol AS, salt type
(lakes), benzimidazolone, condensation, metal complex,
isoindolinone, i1soindoline and polycyclic phthalocyanine,
quinacridone, perylene, perinone, diketopyrrolo pyrrole,
thioindigo, anthraquinone, indanthrone, anthrapyrimidine,
flavanthrone, pyranthrone, anthanthrone, dioxazine, triaryl-
carbonium, quinopphthalone pigments, diketo pyrrole pyr-
rolo red (“DPPBO red”), titanium dioxide, carbon black and
mixtures thereof. The terms “pigment” and *““colored filler”
can be used interchangeably.
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[0045] Example dyes include, but are not limited to, those
that are solvent and/or aqueous based such as acid dyes, azoic
dyes, basic dyes, direct dyes, disperse dyes, reactive dyes,
solvent dyes, sultfur dyes, mordant dyes, for example, bismuth
vanadate, anthraquinone, perylene, aluminum, quinacridone,
thiazole, thiazine, axe, indigoid, nitro, nitroso, oxazine,
phthalocyanine, quinoline, stilbene, and triphenyl methane.

[0046] Example tints include, but are not limited to, pig-

ments dispersed in water-based or water miscible carriers

such as AQUA-CHEM 896 commercially available from
Degussa, Inc., CHARISMA COLORANTS and MAX-
ITONER INDUSTRIAL COLORANTS commercially avail-
able from Accurate Dispersions division of Eastman Chemi-
cal, Inc.

[0047] As noted above, the colorant can be 1n the form of a
dispersion including, but not limited to, a nanoparticle dis-
persion. Nanoparticle dispersions can include one or more
highly dispersed nanoparticle colorants and/or colorant par-
ticles that produce a desired visible color and/or opacity and/
or visual effect. Nanoparticle dispersions can include colo-
rants such as pigments or dyes having a particle size of less
than 150 nm, such as less than 70 nm, or less than 30 nm.
Nanoparticles can be produced by milling stock organic or
inorganic pigments with grinding media having a particle size
of less than 0.5 mm. Example nanoparticle dispersions and
methods for making them are identified 1n U.S. Pat. No.
6,875,800 B2, which 1s incorporated herein by reference.
Nanoparticle dispersions can also be produced by crystalli-
zation, precipitation, gas phase condensation, and chemical
attrition (1.e., partial dissolution). In order to minimize re-
agglomeration ol nanoparticles within the coating, a disper-
sion of resin-coated nanoparticles can be used. As used
herein, a “dispersion of resin-coated nanoparticles™ refers to
a continuous phase in which 1s dispersed discreet “composite
microparticles” that comprise a nanoparticle and a resin coat-
ing on the nanoparticle. Example dispersions of resin-coated
nanoparticles and methods for making them are 1dentified in
U.S. application Ser. No. 10/876,031 filed Jun. 24, 2004,
which 1s 1incorporated herein by reference, and U.S. Provi-
sional Application No. 60/482,167 filed Jun. 24, 2003, which

1s also incorporated herein by reference.

[0048] Example special effect compositions that may be
used 1n the coating composition include pigments and/or
compositions that produce one or more appearance eflects
such as reflectance, pearlescence, metallic sheen, phospho-
rescence, fluorescence, photochromism, photosensitivity,
thermochromism, goniochromism and/or color-change.
Additional special effect compositions can provide other per-
ceptible properties, such as reflectivity, opacity or texture. In
a non-limiting embodiment, special eflect compositions can
produce a color shift, such that the color of the coating
changes when the coating 1s viewed at different angles.
Example color effect compositions are 1dentified in U.S. Pat.
No. 6,894,086, incorporated herein by reference. Additional
color effect compositions can include transparent coated
mica and/or synthetic mica, coated silica, coated alumina, a
transparent liquid crystal pigment, a liquid crystal coating,
and/or any composition wherein interference results from a
refractive index differential within the material and not
because of the refractive index differential between the sur-
face of the material and the air.

[0049] In certain non-limiting embodiments, a photosensi-
tive composition and/or photochromic composition, which
reversibly alters its color when exposed to one or more light
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sources, can be used 1n the coating of the present invention.
Photochromic and/or photosensitive compositions can be
activated by exposure to radiation of a specified wavelength.
When the composition becomes excited, the molecular struc-
ture 1s changed and the altered structure exhibits a new color
that 1s different from the original color of the composition.
When the exposure to radiation 1s removed, the photochromic
and/or photosensitive composition can return to a state of rest,
in which the original color of the composition returns. In one
non-limiting embodiment, the photochromic and/or photo-
sensitive composition can be colorless in a non-excited state
and exhibit a color 1n an excited state. Full color-change can
appear within milliseconds to several minutes, such as from
20 seconds to 60 seconds. Example photochromic and/or
photosensitive compositions include photochromic dyes.

[0050] In certain embodiments, the photosensitive compo-
sition and/or photochromic composition can be associated
with and/or at least partially bound to, such as by covalent
bonding, a polymer and/or polymeric materials of a polymer-
1zable component. In contrast to some coatings 1n which the
photosensitive composition may migrate out of the coating
and crystallize into the substrate, the photosensitive compo-
sition and/or photochromic composition associated with and/
or at least partially bound to a polymer and/or polymerizable
component 1n accordance with a non-limiting embodiment of
the present mmvention, have minimal migration out of the
coating. Example photosensitive compositions and/or photo-
chromic compositions and methods for making them are

identified in U.S. application Ser. No. 10/892,919 filed Jul.
16, 2004 and incorporated herein by reference.

[0051] Ingeneral, the colorant can be present in the coating
composition 1 any amount suflicient to impart the desired
property, visual and/or color effect. The colorant may com-
prise from 1 to 65 weight percent of the present compositions,
such as from 3 to 40 weight percent or 5 to 35 weight percent,
with weight percent based on the total weight of the compo-
sitions.

[0052] The curable aqueous compositions that are useful 1n
the present mvention comprise a dispersion ol polymeric
particles 1n a continuous aqueous phase. The polymeric par-
ticles are prepared from the polymerization of a mixture of
cthylenically unsaturated compounds including ethylenically
unsaturated monomers that may comprise at least one multi-
cthylenically unsaturated monomer.

[0053] Thedispersion ol polymeric particle canbe made by
conventional o1l in water emulsion polymerization tech-
niques typically to a solids content of 20 to 50 percent by
weilght. The polymerization can be conducted using conven-
tional additives such as emulsifiers, protective colloids, free
radical mmitiators and chain transfer agents. Generally, the
polycarbodiimide 1s added after the polymerization. The
polymeric particles have a mean particle size (diameter) of
from 40 to 250 nanometers.

[0054] The multi-ethylenically unsaturated monomers are
typically diethylenically or trniethylenically unsaturated
monomers. Suitable monomers include divinyl aromatics
such as divinyl benzene, diacrylates and dimethacrylates of
C,_,, diols such as butane diol and hexane divinyl ethylene
urea and other divinyl ureas, and diallyl and triallyl com-
pounds such as diallyl phthalate and triallyl 1socyanurate. The
amount of multi-ethylenically unsaturated monomers 1s 2 to
30 percent by weight based on total weight of ethylenically
unsaturated monomer. The inclusion of such monomers
causes crosslinking between the polymer backbones, which
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1s 1important because such crosslinking allows the coating to
hold out any subsequently applied coatings, maintaining,
appearance and physical properties. Amounts less than 2 per-
cent by weight provide insuilicient crosslinking, whereas
amounts greater than 30 percent are also undesirable because
the composition becomes very viscous and difficult to pro-
CEess.

[0055] Besides the multi-ethylenically unsaturated mono-
mers mentioned above, alkyl esters of (meth)acrylic acid are
usually used 1n the preparation of the polymeric particles.
Typically, these monomers contain from at least 4, such as 4
to 10 carbon atoms, and at least 6, such as 6 to 10 carbon
atoms 1n the alkyl group. These monomers are typically
present in amounts of 4 to 40 percent by weight based on total
weight of ethylenically unsaturated monomers. These mono-
mers provide for low glass transition temperatures (1) in the
cured basecoat layers, which 1s desirable because of road
stone and chip resistance, 1 s less than 25° C. are desirable.

[0056] 'The T, can be measured on a cured film of the
polymeric particles by Differential Scanning Colorimetry
(rate of heating ot 10° C./minute with the T, taken at the first
inflection point). Examples of suitable monomers include
1sooctyl acrylate, 4-methyl-2-pentyl acrylate, 2-methyl-butyl
acrylate, 1soamyl acrylate, sec-butyl acrylate, n-butyl acry-
late, 2-ethylhexyl acrylate, 1sodecyl methacrylate, 1sononyl

acrylate, 1sodecyl acrylate, and the like, including mixtures
thereof.

[0057] Other ethylenically unsaturated monomers may
also be used such as hydroxyalkyl esters of (meth)acrylic acid
such as hydroxyethyl and hydroxypropyl(meth)acrylate;
alkyl esters of (meth)acrylic acid having 1 to 2 carbon atoms
in the alkyl group such as methyl(meth)acrylate; acid group
containing monomers such as (meth)acrylic acid; and vinyl
aromatic monomers such as styrene and vinyl toluene.
Amounts of 0 to 60 percent are typical.

[0058] Besides the ethylenically unsaturated monomers,
other ethylenically unsaturated compounds may be used. An
example of such a compound 1s an ethylenically unsaturated
polyurethane. These materials can be prepared by reaction of
a polyisocyanate, usually a dusocyanate with a polyol, a
polyol such as a diol containing carboxylic acid groups,
optionally another polyol having anumber average molecular
weight of 60 to 10,000 and a hydroxyl group-containing,
cthylenically unsaturated monomer.

[0059] Among the polyisocyanates that may be used are
aliphatic including cycloaliphatic diisocyanates such as tet-
ramethylene diisocyanate, 2,2,4-trimethylhexane diisocyan-
ate, hexamethylene diisocyanate, lysine diisocyanate, as well
as alicyclic diisocyanates such as 1,4-cyclohexylene diisocy-
anate, 4.4'-dicyclohexylmethane diisocyanate, 1sophorone
diisocyanate and the like.

[0060] Aspolyols, there may be used low molecular weight
glycols, high molecular weight glycols, such as polyether
polyols, and the like individually, or mixtures of high molecu-
lar weight glycols and low molecular weight glycols.

[0061] Examples of low molecular weight glycols are eth-
ylene glycol, diethylene glycol, triethylene glycol, 1,2-pro-
pylene glycol, 1,3-butylene glycol, tetramethylene glycol,
hexamethylene glycol, and the like, which may be used indi-
vidually or 1n admixture.

[0062] Examples of high molecular weight polyglycols, are
polyethylene glycol, polypropylene glycol, polytetramethyl-
ene glycol, and the like.
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[0063] Examples of carboxylic acid group-containing
polyols, are 2,2-dimethylol propionic acid, 2,2-dimethylol
butyric acid, 2,2-dimethylol valeric acid, and the like. Typi-
cally, the carboxylic acid group-containing polyols are
present 1n amounts of 5 to 30 percent by weight based on
weight of resin solids of the ethylenically unsaturated poly-
urethane. The acid value of the ethylenically unsaturated
polyurethane 1s typically about 20 to 60 based on resin solids
ol the ethylenically unsaturated polyurethane.

[0064] Examples of hydroxyl group-containing ethyleni-
cally unsaturated monomers are (meth)acrylates such as
2-hydroxyethyl(meth)acrylate, hydroxypropyl(meth)acry-
late, hydroxybutyl(meth)acrylate, and the like.

[0065] Also, allyl compounds such as allyl alcohol may be
used.
[0066] The synthesis reaction of the ethylenically unsatur-

ated polyurethane resin may be carried out with one or more
of the acrylic monomers such as 2-ethylhexyl(meth)acrylate
acting as a reactive solvent. Also, an unreactive organic sol-
vent that 1s mactive to the 1socyanate group and which has
high compatibility with water, such as dioxane, acetone,
methyl ethyl ketone, methyl 1sobutyl ketone, N-methyl pyr-
rolidone, tetrahydrofuran and the like may be used.

[0067] The proportions of the hydroxyl group-containing
reactants may be changed variously but the equivalent ratio
between 1socyanate groups and hydroxyl groups 1n all com-
ponents 1s from 1:1 to 1:1.5 such as 1:1 to 1:1.3. The amount
of the hydroxyl group-containing ethylenically unsaturated
monomer may be 0.01-1, usually 0.02-0.8 equivalent to 1
equivalent of 1socyanate group.

[0068] Preparation of the ethylenically unsaturated poly-
urethane resin 1s not limited to any one method, and diisocy-
anate, a polyol, a carboxyl group-contamning did and a
hydroxyl group-containing ethylenic unsaturated monomer
may be reacted simultaneously, or the resin may be prepared
by multi-step reaction method. In the latter case, a diisocyan-
ate 1s reacted with a part of the polyol and a carboxyl group-
containing diol to synthesize a prepolymer having the 1socy-
anate end, and thereaiter the remainder of the polyol and a
hydroxyl group-containing ethylenic unsaturated monomer
are reacted with the prepolymer. Generally, the reaction may

be carried out at the temperature of 40-180° C., usually
60-130° C.

[0069] Inordertoaccelerate the reaction, there may be used
catalysts generally used in the conventional urethane reac-
tions, such as triethylamine, N-ethyl morpholine, triethyl-
diamine and the like, as well as tin type catalysts such as
dibutyl tin dilaurate, dioctyl tin dilaurate and the like. Fur-
thermore, 1n order to prevent polymerization of an ethylenic
unsaturated compound during the urethane reaction, there
may be used hydroquinone, hydroquinone monomethyl
cther, p-benzoquinone and the like.

[0070] For enhanced dispersion stability, the polymeric
particles can contain amine salt groups. Typically, this can be
incorporated into the particle by forming the amine salt of the
acid associated with the ethylenically unsaturated polyure-
thane. The acid groups can be at least partially neutralized,
1.€., at least 30 percent of the total neutralization equivalent,
by an 1mnorganic base such as sodium hydroxide or an amine,
particularly a volatile amine. Examples of suitable amines are
ammonia, dimethylamine, trimethylamine, monoethanola-
mine and dimethylethanolamine. By carboxylic acid func-
tionality 1s meant carboxylic acid as well as salts thereof.
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[0071] The ethylenically unsaturated polyurethanes typi-
cally comprise from 30 to 60 percent by weight of the ethyl-
enically unsaturated compounds used 1n the preparation of
the polymeric particles and ethylenically unsaturated mono-
mers comprise from 40 to 70 percent by weight of the ethyl-
enically unsaturated compounds; the percentages by weight
being based on total weight of the ethylenically unsaturated
compounds.

[0072] The aqueous thermosetting coating compositions
also contain a water-dispersible polycarbodiimide that is
reactive with the carboxylic acid functionality in the poly-
meric particles during dehydration and amine volatilization
of the basecoat(s) layer(s) to form a crosslinked coating.
[0073] “Water dispersible” and like terms, when used 1n
conjunction with carbodimide, refer to carbodiimide dis-
solved or dispersed in aqueous phase. In order to utilize
certain carbodiimides 1n the present invention, 1t may be
necessary to modily the carbodiimides to make them water
dispersible. Techniques for modifying carbodiimides to make
them water dispersible are well known in the art.

[0074] Suitable water dispersible carbodiimide crosslink-
ers include an aliphatic and/or cycloaliphatic dinitrogen ana-
logue of carbonic acid of the generalized structure:
RN—C—NR, where R and R, are independently aliphatic or
cycloaliphatic groups. The aliphatic groups can comprise 1-6
carbon atoms. Examples include dibutyl carbodiimide and
dicyclohexyl carbodiimide. Oligomeric or polymeric carbo-
diimide crosslinkers can also be used. Examples of such
materials are disclosed i US 2009/0246393A1. Aliphatic
carbodiimides are particularly usetul when the waterborne
coating composition 1s used as a monocoat.

[0075] The preparation of water dispersible carbodiimide
crosslinkers 1s well known 1n the art. Suitable water dispers-
ible carbodiimide crosslinkers can be prepared by incorpo-
rating minor amounts of an amine, such as dimethyl amino-
propylamine, and an alkyl sulfonate or sulfate mto the
carbodiimide structure. Suitable water dispersible carbodiim-
ides can also be prepared by incorporating polyethylene
oxide or polypropylene oxide into the carbodiimide structure.
[0076] Suitable water dispersible carbodiimides are com-
mercially available. For example, UCARLINK XL-29SE,
XL-20 1s commercially available from Union Carbide and
CARBODILITE VO2-L2 1s commercially available from
Nisshinbo Industries, Inc.

[0077] The equivalent ratio of carbodiimide to carboxylic
acid 1s typically 0.5 to 1.5:1, such as 0.8 to 1.2:1. The amount
of the dispersed carbodiimide 1n the aqueous medium can be
at least 1 percent by weight, such as from 1 to 50 percent,
typically 5 to 25 percent by weight based on weight of resin
solids of the curable aqueous composition.

[0078] Inalternative embodiments of the present invention,
the coating layer 1s deposited from a waterborne coating
composition comprising:

(a) a continuous phase comprising water, and

(b) a dispersed phase comprising:

[0079] (1) pigments;

[0080] (1) polymeric particles prepared from the polymer-
1zation ol a mixture of ethylemically unsaturated compounds
including ethylenically unsaturated monomers comprising
from:

[0081] (A) 2 to 30 percent by weight of a multi-ethyleni-
cally unsaturated monomer and

[0082] (B) at least 30 percent by weight of an aldo or keto
group-containing ethylenically unsaturated monomer, the
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percentages by weight being based on total weight of the
cthylenically unsaturated monomers; and

[0083]

[0084] The aldo or keto group containing ethylenically
unsaturated monomer 1s reactive with the polyhydrazide upon
dehydration of the coating composition, resulting 1n a cured
or crosslinked coating. Examples of such monomers include
(meth)acrolein, diacetone(meth)acrylamide, acetoacetoxy-
cthyl(meth)acrylate and vinyl acetoacetate. The aldo or keto
group containing ethylemically unsaturated monomer 1s typi-
cally present in an amount of at least 30 percent by weight
based on total weight of ethylenically unsaturated monomers.
Amounts less than 30 percent are undesirable because of poor
physical properties such as solvent resistance and humidity
resistance. Typically, amounts greater than 60 percent by
welght are not used because of the need to incorporate other
cthylenically unsaturated monomers as described below to
obtain the physical and chemical properties required for auto-
motive quality coatings.

[0085] Besides the ethylenically unsaturated monomers
mentioned above, alkyl esters of (imeth)acrylic acid are usu-
ally used 1n the preparation of the polymeric particles. Typi-
cally, these monomers contain from at least 4, such as 4 to 10
carbon atoms, and at least 6, such as 6 to 10 carbon atoms 1n
the alkyl group. These monomers are typically present in
amounts of 4 to 40 percent by weight based on total weight of
cthylenically unsaturated monomers, and may be any of those
disclosed above.

[0086] Other ethylenically unsaturated monomers may
also be used such as hydroxyalkyl esters of (meth)acrylic acid
such as hydroxyethyl and hydroxypropyl(meth)acrylate;
alkyl esters of (meth)acrylic acid having 1 to 2 carbon atoms
in the alkyl group such as methyl(meth)acrylate; acid group
containing monomers such as (meth)acrylic acid; and vinyl
aromatic monomers such as styrene and vinyl toluene.
Amounts of 0 to 60 percent are again typical.

[0087] FEthylenically unsaturated polyurethanes such as
those disclosed above are also suitable.

[0088] For enhanced dispersion stability, the polymeric
particles can contain amine salt groups as noted above.

[0089] A polyhydrazide that 1s a material containing two or
more hydrazide groups is also present in the curable aqueous
coating composition. The hydrazide group 1s very polar and
usually the polyhydrazide will be 1n the aqueous phase. How-
ever, hydrophobic polyhydrazides may be in the dispersed
phase. The polyhydrazides are reactive with the keto or aldo
functionality present 1n the polymeric particles during dehy-
dration of the basecoat(s) layer(s) to form a crosslinked coat-
ing. The polyhydrazide compounds suitable for this invention
have two or more hydrazine groups (—NH-—NH,) per mol-
ecule which bind directly to the carbon atoms of the aldo or
keto group. Examples of these are maleic dihydrazide,
fumaric dihydrazide, i1taconic dihydrazide, phthalic dihy-
drazide, 1sophthalic dihydrazide, terephthalic dihydrazide,
trimellitic trihydrazide, oxalic dihydrazide, adipic dihy-
drazide and sebacic dihydrazide, and others. The polyhy-
drazide compound typically has between 1 to 10 carbon
atoms with an equivalent ratio of hydrazide to aldo or ketone
being from 0.5 to 1.5:1, permitting the coating composition to
crosslink to form the highly crosslinked cured film. The poly-
hydrazide compound 1s usually present in an amount between
about 0.1 weight percent to about 3.0 weight percent, based
on the total weight of the curable aqueous composition.

(111) a polyhydrazide.
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[0090] In certain embodiments, the waterborne coating
compositions are essentially free of organic solvents. Such
solvents tend to adversely afl

ect the stability of the disper-
sions. By “essentially free” 1s meant that the solvent i1s not
present 1n an appreciable amount and any that 1s present 1s
incidental and has no effect on properties. Typically any sol-
vent 1s present 1n an amount less than 2 percent by weight,
based on the total weight of the composition. The waterborne
coating compositions typically have a VOC less than 0.1.
[0091] The coating composition may be applied to the sub-
strate as a base coat, over which a transparent top coat or clear
coat may be applied, or it may be a high gloss monocoat; that
1s, high gloss pigmented coating. By “high gloss™ 1t 1s meant
that the cured coating has a 20° gloss and/or a DOI (“distinct-
ness of image™) measurement of at least about 80 as measured
by standard techniques known to those skilled in the art. Such
standard techmques include ASTM D523 for gloss measure-
ment and ASTM E430 for DOI measurement.

[0092] Coating compositions applied over the waterborne
coating composition are preferably curable at temperatures
lower than 90° C. In certain embodiments, the waterborne
coating composition 1s applied as a first or second layer 1n a
B1/B2 compact process.

[0093] In certain embodiments of the present invention,
particularly when the substrate 1s an automotive body part, the
substrate may further comprise a primer coating layer applied
on the surface of the substrate. The primer coating layer may
comprise any primer composition known in the art; in an
automotive application, the primer 1s typically a curable com-
position. The primer can comprise a resinous binder and a
pigment and/or other colorant, as well as optional additives
well known 1n the art of coating compositions. Nonlimiting
examples of resinous binders are acrylic polymers, polyes-
ters, alkyds, and polyurethanes.

[0094] Theaqueous curable composition can be formulated
by blending the dispersion of the polymeric particles, the
polyhydrazide or polycarbodiimide (unless it has been previ-
ously incorporated with the other ingredients with low shear
mixing). The composition can be applied to the substrate by
conventional techniques such as spraying, brushing and roll
coating. The coated substrate 1s then dried at ambient tem-
perature, that 1s, 20-25° C., or may be heated to 90° C., often
up to 60° C., to cure the composition. The curing time will
vary depending on the temperature and relative humidity.
Typically, curing times are from 5 to 120 minutes.

[0095] The following examples are intended to illustrate
various embodiments of the invention, and should not be
construed as limiting the invention 1n any way.

EXAMPLES

Example A

[0096] This example 1illustrates the preparation of an
acrylic latex, prepared in two parts:

Part 1: Polyurethane

[0097] A muxture containing a polyurethane acrylate pre-

polymer was prepared by adding 100 g of 2-ethylhexyl acry-
late (EHA), 79.2 g of hydroxyethyl methacrylate, 81.6 g of

dimethylol propionic acid, 1.5 g of 2,6-di-tert-butyl 4-methyl
phenol, 0.8 g of triphenyl phosphite, 4 g triethyl amine and 0.8
g of dibutyl tin dilaurate to a four necked round bottom flask
fitted with a thermocouple, mechanical stirrer, and condenser
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and heated to 90° C. to obtain a homogeneous solution. Then
405.5 g of polytetrahydrofuran molecular weight 1000 was
added. To this mixture at 90° C., 1sophorone diisocyanate
225.4 g was added over 90 minutes. The 1socyanate container
was rinsed with 20.0 g of EHA. The reaction mixture was
stirred at 90° C. until all the 1socyanate groups were reacted.

Then454.0gof EHA and 72.5 g ol propylene glycol monom-
cthyl ether was added and cooled to ambient temperature.

Part 2: Polyurethane Acrylic Latex

[0098] For the purpose of control, a polyurethane acrylic
latex with no keto ethylenically unsaturated monomer, and
3.5% multi-ethylenically unsaturated monomer was prepared
as follows:

[0099] Ten (20.0) g of Aerosol O1-75 (surfactant from
Cytec Industries), 14.0 g of dimethyl ethanolamine, 369 g of
prepared polyurethane/EHA mixture of Example A', 14.5 g of
1,6-hexanediol diacrylate, 97.0 g methyl methacrylate and
711 g of deionized water were charged to a four necked round
bottom flask fitted with a thermocouple, mechanical stirrer,
and condenser and heated to 33° C. to obtain a homogeneous
solution. 0.45 g of t-butylhydroperoxide and 18.6 g of deion-
1zed water was then charged into the flask and mixed for 10
minutes. After that, 0.009 g of ferrous ammonium sulfate,
0.45 g of sodium metabisulfite and 18.6 g of deionized water
were charged over 30 minutes. During this charge, exotherm

was expected. After peak exotherm, the system was held at
65° C. for 1 hour. After 1t cooled to 45° C., 4.3 g of acticide
MBS (biocide from Thor GmbH), 0.23 g of FOAMKILL 649

(defoamer from Crucible Chemical Co.) and 9.6 g of deion-
1zed water were charged into the flask and mixed for 15
minutes.

[0100] Example 1 illustrates the preparation of a coating
composition in accordance with the present invention.
Examples 2 and 3 are comparative.

Example 1 Example 2 Example 3
Latex of Example A 150 g 150 g 150 g
TEGO WET 280 lg lg lg
Black Tint 40 g 40 g 40 g
R6B2792
BYK 011 0.11 g 0.11 g 0.11¢g
MASURF FS 230 0.6 g 0.6 g 0.6 g
Propylene glycol 2g 2g 2g
CARBODILITE V- 15¢g — —
02-1L2
RESIMINE HM — 21 g —
2608

TEGO WET 280 15 a water compatible silicone flow aid and 1s available from Evonik
Black Tint 86B2792 1s available from PPG Industries, Inc.

BYK 011 1s an anti-gassing agent available from BYK Chemuie

MASUREF FS 230 15 a fluorinated anti-crater additive available from the Mason Chemical
Company
CARBODILITE V-02-1L2 1s available from GSI Exim America, Inc.

RESIMINE HM 2608 1s an aminoplast crosslinking agent available from Monsanto Chemi-
cal Co.

[0101] The base coat compositions of Examples 1-3 were
applied to an epoxy composite substrate reinforced with car-
bon fibers and cured at various temperatures as noted below.
The base coat compositions of the examples were tested as
base coats alone and as part of a multi-component composite
coating composition with a clear coat deposited over the base
coat.
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As standalone basecoat:

Example 1 Example 2 Example 3
FMH (180° F./15' bake) 55 1 1
Initial CAP 2000 27 26 37
viscosity
CAP visc after 3 months 30 26 472
(@ room temp - stability
Adhesion 5B 5B 5B
MEK double rubs with 50 0 0
140° F./15" bake
MEK double rubs with 100 0 0

180° F./15' bake

FMH 1s Fischer MicroHardness testing - determined in accordance with ISO 14577 using a

Fischer Technologies H100C Microhardness Measurement System
CAP 2000 viscosity 1s measured using a high shear rate variable speed viscometer

[0102] Conclusion—the data above evidence that the car-
bodiimide 1n a basecoat type formula (Example 1) cures very
well at 140 and 180° F. Further work was performed on the
above basecoats but with clearcoats over them: test results are
shown below.

In base/clear scenario:

Example 1 Example 2 Example 3
DCU 4000%* 20° gloss - 89 20° gloss - 88 20° gloss - 89
Room Temp FMH - 48 FMH- 11 FMH - 18
cure MEK rubs - +200 MEK rubs - +200 MEK rubs - +200
Global Tech®*  20° gloss - 82 20° gloss - 81 20° gloss - 80
285° F. 30 FMH - 71 FMH - 79 FMH - 58
bake MEK rubs - +200 MEK rubs - +200 MEK rubs - +200
High Tech* 20° gloss - 88 20° gloss - 92 20° gloss - 90
285° L. 30 FMH - 110 FMH - 99 FMH - 108
bake MEK rubs - +200 MEK rubs - +200 MEK rubs - +200

*tested after 2 weeks at room temp. panel storage
DCU 4000 1s a refinish clear coat available from PPG Industries, Inc.

Global Tech 15 an epoxy based OEM clear coat available from PPG Industries, Inc.
High Tech 1s a melamine cure OEM clear coat available from PPG Industries, Inc.

[0103] Conclusion—the data above evidence that the car-
bodiimmide base coats with clearcoats over them demonstrate
adequate gloss and hardness properties, comparable to con-

ventional base coat/clear coat systems.
What is claimed 1s:
1. A coated substrate comprising:

A) a heat sensitive substrate having a heat distortion tem-
perature less than 120 degrees C., and

B) a coating layer deposited on at least one surface of the
substrate, wherein the coating layer 1s deposited from a
waterborne coating composition comprising:

(a) a continuous phase comprising water, and
(b) a dispersed phase comprising:
(1) optional pigments;
(1) polymeric particles containing carboxylic acid func-
tionality prepared from the polymerization of a mix-

ture of ethylenically unsaturated compounds includ-
ing ethylenically unsaturated monomers; and

(1) a polycarbodiimide.
2. The coated substrate of claim 1, wherein the substrate A)
comprises an exterior automotive substrate.

3. The coated substrate of claim 1, wherein the substrate A)
comprises a plastic or a composite substrate.

4. The coated substrate of claim 3, wherein the substrate A)
comprises a composite substrate comprising a resinous
matrix reinforced with fibers.
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5. The coated substrate of claim 4, wherein the resinous
matrix comprises at least one of polypropylene, polybutylene
terephthalate, polystyrene, polyaniline, polypyrrole, polyep-
oxide, poly(methyl methacrylate), polyurethane, and poly-
carbonate.

6. The coated substrate of claim 4, wherein the fibers com-
prise at least one of stainless steel fibers, copper fibers, nickel
fibers, silver fibers, aluminum fibers, glass fibers, and carbon
fibers.

7. The coated substrate of claim 3, wherein the automotive
substrate 1s a body part with a primer coating layer applied
thereto, and wherein the coating composition 1s applied
directly to the primer coating layer on the automotive sub-
strate.

8. The coated substrate of claim 1, wherein automotive
substrate 1s a body part selected from hoods, lids, fenders,
door panels, roofs, and bumpers.

9. The coated substrate of claim 1, further comprising one
or more additional coating layers applied on top of the coating
layer B).

10. The coated substrate of claim 1 wherein the equivalent
ratio of carbodiimide functional groups to acid functional
groups 1s from 0.5 to 1.5:1.

11. A coated substrate comprising;:

A) a heat sensitive substrate having a heat distortion tem-

perature less than 120 degrees C., and

B) a coating layer deposited on at least one surface of the
substrate, wherein the coating layer 1s deposited from a
waterborne coating composition comprising;

(a) a continuous phase comprising water, and
(b) a dispersed phase comprising:

(1) pigments;

(1) polymeric particles prepared from the polymerization
of a mixture of ethylenically unsaturated compounds
including ethylenically unsaturated monomers compris-
ing from:

(A) 2 to 30 percent by weight of a multi-ethylenically
unsaturated monomer and

(B) at least 30 percent by weight of an aldo or keto group-
containing ethylenically unsaturated monomer, the per-
centages by weight being based on total weight of the
cthylenically unsaturated monomers; and

(111) a polyhydrazide.

12. The coated substrate of claim 11, wherein the substrate
A) comprises an exterior automotive substrate.

13. The coated substrate of claim 11, wherein the substrate
A) comprises a plastic or a composite substrate.

14. The coated substrate of claim 13, wherein the substrate
A) comprises a composite substrate comprising a resinous
matrix reinforced with fibers.

15. The coated substrate of claim 14, wherein the resinous
matrix comprises at least one of polypropylene, polybutylene
terephthalate, polystyrene, polyaniline, polypyrrole, polyep-
oxide, poly(methyl methacrylate), polyurethane, and poly-
carbonate.

16. The coated substrate of claim 14, wherein the fibers
comprise at least one of stainless steel fibers, copper fibers,
nickel fibers, silver fibers, aluminum fibers, glass fibers, and
carbon fibers.

17. The coated substrate of claim 13, wherein the automo-
tive substrate 1s a body part with a primer coating layer
applied thereto, and wherein the coating composition 1s
applied directly to the primer coating layer on the automotive
substrate.
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18. The coated substrate of claim 11, wherein automotive
substrate 1s a body part selected from hoods, lids, fenders,

door panels, roofs, and bumpers.
19. The coated substrate of claim 11, further comprising

one or more additional coating layers applied on top of the
coating layer B).
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