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AQUEQUS RESINOUS DISPERSIONS THAT INCLUBDE A ZINC (IF)
AMIBINE COMPLEX AND METHODS FOR THE MANUFACTURE
THEREOF

FIELD
[O0B1} The present invention relates to aqueocus resinous dispersions, methods

for making such dispersions, related coating compositions and coated substratss,

BACKGROUND INFORMATION

{0602} Electrodeposition as a coating application method involves the
deposition onto a conductive substeate of a film-forming composition under the
influence of an applied electrical potential. Electrodeposition has gained popularity in
the coatings industry because it provides higher paint ntilization, outstanding,
cotrosion resistance, and low environental coptamination as compared with non-
electrophoretic coating methods. Both cationic and anioaic electrodeposition is used
commereially, with cationic being more prevalent in applications desiring a high level
of corrosion protection.

{8603} Cationic elecirodepositable compositions often comprise an aqueous
resinous dispersion comprising (i) an active-hydrogen, cationic salt group containing
film-forming resin, and {ii) an at least partially blocked isocyanate crosstinking agent,
Such compositions also often include a catalyst for the reaction between the resin and
the crogstinking agent, such as organotin compounds, among others. More recently,
alternative catalysts, such ag zine (1) amidine complexes, have been introduced. Such
catalysts are thought fo provide better cure rates at relatively low temperatures (fow
temperature cures may be desivable to, for example, redace energy costs) and may be
less toxic and environmentally undesirable than, for example, organotit compounds,
[8004) One drawback to the use of zine (I1) amidine complexes as a catalyst in
tow temperature cire coinpositions, however, has been the inability to achieve stable
aqueous dispersions comprising such catalysts in combination with an active-
hydrogen, cationic salt group containing film-{forming resin and an at least partially
blocked isocyanate that deblocks at low tevaperaturves. As a result, the use of such
catalysts in “low temperature cure” applications has been difficult. The present

invention, however, provides methods for using such catalysts in such applications,
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SUMMARY OF T INVENTION

{6065] In certain respects, the present invention is directed to methods for
making an aqueous resinons dispersion, These methods comprise combining a first
agqueons resinous dispersion with a second aqueous resinous dispersion. The first
aqueots resinous dispersion coruprises (i} an active hydrogen~containing, cationic salt
group-containing polyiner; and (ii) a 2inc (3} amidine complex. The sccond aqueous
resinous dispersion comprises: i) an active hydrogen-containing, cationic salt group-
containing polymer; and (ii) an at least partially blocked polyisocyanate.

[0005] In other respects, the present fnvention is directed to aqueous resinous
dispersions that are stable dispersions and that comprise: (a) an active hydrogen~
containing, cationic salt group-containing polymer; (b) a zine (1) amidine complex;
and {c) an at least partially blocked polyisocyanate that is selected so as fo provide an
aquecus resinons dispersion that cares at a temperature of 320°F or below.

[6087] The present invention is also directed to methods for
electrophoretically depositing and curing an agueous resinous dispersion onto a

substrate, as well as coated substrate formed therefrom.

DETAILED DESCRIPTION

[6608] For purposes of the following detaiied description, it isto be

understood that the invention may asseme various alternative variations and step
sequences, except where expressly specified (o the contrary, Moreover, other than in
any operating examples, or where otherwise indicated, all numbers expressing, for
example, quantities of ingredients used in the specification and claims are 10 be
understood as being modified jn all instances by the term “about”, Accordingly,
uniess indicated to the contrary, the numerical parameters set forth in the following
speeification and attached claims ate approximations that may vary depending upon
she desired properties to be obtained by the present invention. At the very least, and
1ot as an attempt to limit the appiication of the doctrine of equivalents to the scope of
the claims, each numerical parameter should at least be construed in light of the
number of reposted significant digits and by applying ordinary vounding techniques.
[6385] Notwithstanding that the numerical ranges and parameters setting forth
the broad scope of the fnvention are approximations, the numerical vajues set forth in
the specific examples are veported as precisely as possible. Any numerical value,

.
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however, titherently contains certain errors necessarily reauiting from the standard
vagiation found in their respective testing measurements,

{06010} Also, it should be understood that any numerical range recited herein is
intended to include all sub-ranges subsumed therein. For example, & range of "1 to
10" is intended to inchide all sub-rauges between (and including) the recited minimum
value of 1 and the recited maximum valae of 10, that is, having a minimuws value
equal to or greater than 1 and 4 maximum value of equal to or less than 10

[6013] In this application, the use of the singular inclodes the plural and plorat
encompasses singular, ualess specifically stated otherwise, In addition, in this
application, the use of "or" means "and/or" unless specifically stated otherwise, even
though "agd/or™ may be explicitly used in certain instances,

0032} As indicated, certain embodiments of the present invention are directed
to methods for making an agueous resinous dispersion. These methods comprise

combining a first aqueous resinons dispersion with a second agueous resinous

&

dispersion. As used herein, the term “agueous resinous dispersion” refers to a two-
phase transparent, translucent or opaque resinous system in which & polymer ts in the
dispersed phase and the dispersing meditin, which inclades water, is in the
continuous phase. In the present luvention, these agueous resinous dispersions ave
electrodepositable aqueots vesinous dispersions. As used herein, "elecirodepositable
agqueous resinous dispersion” refers to an aqueous dispersion that is suitable for use in
an clectrodepositable coating composition, that s, a coating cotposition that is
capable of being deposited onto a condustive subsirate under the influence of an
applied elecirical potential. In certain embodiments, the aqueous resinous dispersions
described hierein are stable dispersions. As used herein, the term “stable dispersion”
refers to a dispersion that does not gel, flocculate or precipitate when maintained at a
temperature of 25°C for at least 60 days, or, if some precipitation does oecur, the
preeipitate can be redispersed upon agitation.

{6013} As will be appreciated, besides waler, the dispersing medium can, in
certain embodiments, contain some organic cosolvents. In certain embodiments, the
orgamic cosolvents are at least partially soluble with water. Examples of such solvents
include oxygenated organic solvents, such as monoalkyl ethers of ethylene ghyveol,
diethylene glycol, propylene giveol, and dipropylene glycol which coatain from 1 to
10 carbon atoms in the alky! groap, such as the monoethyl and monobutyl ethers of
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these glycols. Examples of other af least partially water-miscible solvents include
alcohals such as cthanol, isopropanol, butanol and diacetone alcohol, Ifused, the
organic cosolvents arg, in certain embodiments, used in amounts less than 10 percent
by welght, such as less than S percent by weight, based on total weight of the
dispersing mediun.

{8014} As indicated, in the methods of the present invention, the first aqueous
resinous dispersion comprises (1) an active hydrogen-containing, cationic salt grotp-
containing polymer; and (if) a zine (I) amidine compiex.

{8615] As used herein, the term “active hydrogen-containing, cationic salt
group-containing polymer” refers to polymers that include active hydrogen functional
groups and at teast partially nevtralized cationic groups, such as sulfonium groups and
amine groups, that impast a positive charge. As wsed herein, the term “polyer”
encompasses, but is not limited to, oligomers and both homopolymers and
copolymers. As used herein, the term “active hydrogen functional groups” refers to
those groups that are reactive with jsocyanates as determined by the Zerewitnoff test
as is described in the JOURNAL OF THE AMERICAN CHEMICAL SOCIETY, Vol
49, page 3181 (1927) and inclade, for example, Rydroxyl groups, primary or
secondary aniine groups, and thiol groups. 1o certain embodiments, the active
hydrogen functional groups are hydroxyl groups, primary amine groups and/or
secondary amine groups.

[601¢6] Examples of polymners that are suitable for use as the active hydrogen-
containing, cationic sali group-containing polymer in the present invention nchude,
but are not Jimited o, atkyd polymers, acrylics, polyepoxides, polyamides,
polyurethanes, polyureas, polyethers, and polyesiers, among others. In certain
embodiments, such pelymers comprise amine and/or hydroxy! groups.

{69171 More specific examples of suitable active bydroger- containing,
cationic salt group containing polymers include polyepoxide-amine adducts, such as
the adduet of a polygtycidyl ethers of a polyphenol, such as Bispheno! A, and primary
and/or secondary amiues, such as are described in United States Patent No. 4,031,050
at col. 3, line 27 to col, 5, Hne 50, U.S. Patent No. 4,452,963 at col. 3, line 58 to col,
6, iine 66, and (L5, Patent Ne. 6,017,432 at col. 2, line 66 to col. 6, Hne 26, these
pottions of which being incorporated herein by reference. In certain embodiments, a
portion of the amine that is reacted with the polyepoxide is a kelimine of a polyamine,
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as is described in U.S, Patent No. 4,104,147 at col, 6, line 23 to col. 7, line 23, the
cited portion of which being incorporated herein by reference. Also suitable are
ungelled polyepoxide-polyoxyalkylenepolyamine resins, such as are described in
United States Patent No, 4,432,850 at col, 2, line 60 to col. 5, line 58, the cited portion
of which being incorporated herein by reference. In addition, cationic acrylic resins,
such as those described in United States Patent Nos. 3,455,806 at col. 2, Jine 18 to col.,
3, line 61 and 3,928,157 at col. 2, line 29 to col. 3, line 21, these portions of both of
which are incorporated herein by reference, can be used.

[0018) Besides amine salt group-containing resins, quaternary ammonium salt
group-containing resins can also be employed as a cationic salt group-containing
polymer in the present invention. Examples of these resins are those which are
formed from reacting an organic polyepoxide with a tertiary amine acid salt. Such
resins are described in United States Patent Nos. 3,962,165 at col, 2, line 3 to col. 11,
line 7; 3,975,346 at col. 1, line 62 to col, 17, line 25 and 4,001,156 at col. 1, line 37 to
col. 16, line 7, these portions of which being incorporated herein by reference.
Examples of other suitable cationic resins include ternary sulfonium salt group-
containing resins, such as those described in United States Patent No. 3,793,278 at
col. 1, line 32 to col. 5, line 20, this portion of which being incorporated herein by
reference. Also, cationic resins which cure via a transesterification mechanism, such
as described in European Patent Application No. 12463B1 at p. 2, line | to p. 6, line
25, this portion of which being incorporated herein by reference, can also be
employed.

[0019) Other suitable cationic salt group-containing resins include those that
may form photodegradation resistant electrodepositable coating compositions. Such
pelymers include the polymers comprising cationio amine salt groups which are
derived from pendant and/or terminal amino groups that are disclosed in United States
Patent Application Publication 2003/0054193 A1 at [0064] to [0088], this portion of
which being incorporated herein by reference. Also suitable are the active hydrogen-
containing, cationic salt group-containing resins derived from a polyglycidyl ether of a
polyhydric phenol that is essentially free of aliphatic carbon atoms to which are
bonded more than one aromatic group, which are described in United States Patent
Application Publication US 2003/0054193 A1 at [0096] to [0123], this portion of
which being incotporated herein by reference.

-5.
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{0828 In cerfain embodiments, the active hydrogen-containing, cationic salt
group-containing polymer is present in the first aqueous resinous dispersion in an
amount of 50 to 99 percent by weight, such as 70 to 95 percent by weight, based on
the total solids weight of the first aqueous resinous dispersion.

{0021} As indicated earlier, the first aqueous resinous dispersion also
comprises a zine (II) amidine complex. In certain embodiments, the zinc (II) amidine
complex contains amidine and carboxylate ligands. More specifically, in certain
embodiments, the zine {II) amidine complex is as described in United States Patent
No. 7,485,729 at col. 7, line 43 1o col. 8, line 51 and col. 10, {ine 11 to col. 12, line 61,
the eited portions of which being incorporated herein by reference. As will be
appreciated, the foregoing patent describes compounds having the formula Zn{(A)(C),
wherein A represents an amidine and C represents a carboxylate. More specifically, A

may be represented by the formala (1) or (2):

1|12
Rl—N::::C.‘..."\I] o R_;
Rs
N
Rﬁw/ S I{7
. @

in which R;-Rs are deseribed, for example, in U.S. Patent No. 7,485,729 at col. 10,
line 37 to col. 11, line 31; and C Is an aliphatic, aromatic or polymetic carboxylate
with an equivalent weight of 45 to 465.

{6022} Such a zinc (II) amidine complex is commercially available from King
Industries of Norwalk Connecticut under product code K-KAT® XK620.

{0023} In certain embodiments, the zinc (II) amidine complex is present in the
first aqueous resinous dispersion in an amount of 1 to 40 percent by weight, such as
10 to 30 percent by weight, based on the total solids weight of the first aqueous
resinous dispersion,

[0024] As will be appreciated, the first aqueous resinous dispersion may
include any of a variety of optional ingredients, such as colorants (e.g., titanium

dioxide, carbon black), antioxidants, biocides, defoamers, surfactants, wetting agents,
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dispersing aids, clays, hindered amine fight stabifizers, UV light absorbers and
stabilizers, or combinaiions thereof,

[6025] In certain embodiments, however, the first aqueous resinous dispersion
is substantially, or, in some cases, completely free of any crosslinking agent, such as
an af least partially blocked polyisocyanate, such as any of the at least partially
blocked polyisocyanates described below. As used in this paragraph, when it is stated
that an aqueous resinous dispersion is “substantially free” of a particular substance, it
means that the substance being veferred to, such as an at least partially blocked
polyisocyanate, is not present in the aqueous resinous dispersion in an amount
sufficient to render the aqueous resinous dispersion unstable; in other words, the
aqueous resinous dispersion remains a “stable dispersion” as defined earlier. As used
in this paragraph, when i is stated that an aqueous resinous dispersion is “completely
free” of a particufar substance, such as an at feast partially blocked polyisocyanate, it
means that the substance is not present in the aqueous resinous dispersion at all.
[0826] Moreover, in certain enbodiments, the first aqueons resinous
dispersion is substantially, oy in some cases, completely free of environmentally
unfriendly tin-containing wetal catalysts (such as dibutyltin dilaurate, dibutyltio
dioxqle, dibutyltin dineodecanoate, dibutyltin diacetate, dioctyltin dicleate, among
others). As vsed in this paragraph, when it is stated that an aquequs resinous
dispession is “substantially free” of a tin-containing metal catalysts, it means that such
a material is present in the aqueous resinous dispersion in an amount such that when
the coating composition is formed, the material is present in an amount of less than
0.1 percent by weight, based on the total weight of resin solids in the coating
composition,

{30271 The Examples herein illustrate suitable methods for making the first
afqueous dispersion. In certain embodiments, the active hydrogen-containing, cationic
salt group-containing polymer is formed prior to mixture with the zine (Il) amidine
complex, while in certain emnbodiments, an active hydrogen-containing polviner is
mixed with the zine (I¥) amidine compiex prior to the polymeric matetial being
reacted witly a cationic salt group former to form a cationic salt group-containing
polymer. In cither of these embodiments, water may then be added fo the mixture. In
certain embodiments, the zinc (1) amidine complex is first mixed with water, or &
mixture of water andd an acid, prior to its mixture with the polymer. Exemplary acids
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for this purpose include, but are not limited to, lactic acid, acetic acid, formic acid
and/or sulfamic acid.
10628} As indicated earlier, n the methods of the present inventiog, the first
aguevus dispersion is combined with a second aqueous dispersion. Moreover, in the
methods of the present fnvention, the second aqueous dispersion comprises (i) an
active hydrogen-containing, cationic salt group-containing polyvmer; and (it) an at least
partially blocked polyisocyanate.
6629} The active hydrogen-containing, cationic salt group-containing
polymer present in the second aqueous dispersion may comprise any of the polymers
described above with respect to the first aqueous dispersion. In some embodiments,
the first aqueous dispersion and the second aqueons dispersion comprise the same
active hydrogen-containing, cationic salt group-containing polymer. In some
estbodiments, the first aqueous dispersion and the second aqueous dispersion
comprise active hydrogen-containing, cationic salt group-containing poiymers that are
different from euch other, For example, in soroe embodiments, the fiest agsiecns
resinous dispersion conyises an ungelled polyvepoxide-polyvoxyalkylenepolyamine
vesiry, as deseribed above, and the second aqueous resinous dispersion comprises a
polyepoxide-amine adduct, wherein a portion of the amine that 15 reacied with the
polyepoxide is a ketindpe of a polyamine, as described above,
6036] In certain embodiments, the active hydrogen~-containing, cationic sali
group-containing polymer is present in the second aqueous restnous dispersion in an
amount of 50 to 90 percent by weight, such as 60 to 80 percent by weight, based on
the total solids weight of the second aqueous resinous dispersion.
6031} Jn addition to the active hydrogen-containing, cationic salt group-
containing pofymer, the second aqueous dispersion also comprises an at least partially
blocked polvisocvanate. As used herely, the term “at least partially blocked
polyisocyanate” means a polyisocyanate where at least & portion of the isocyanato
groups have been reacted with a compound so that the resultant capped isocyanate
portion is stable to hydroxy! or amine groups al room temperature but reactive with
hydroxyl or amine groups at clevated temporature, usually 200°F (93°C) or higher. A
“partially blocked polyisocyanate” will contain an average of about one free reactive
isocyanate group, svhercas a “fully blocked polyisocyanate” will contain no free
reactive isocyanate groups.
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{0032} More specifically, in certain embodiments of the present invention, the
second aqueous dispersion comprises an at least partially blocked polyisocyanate that
is sefected so as to provide, when combined with the first aqueous resinous dispersion,
an aqueous resinous dispersion that cures at a temperature of 320°F (160°C) or below,
such as 250°F (121°C) to 320°F (160°C), 275°F (135°C) to 320°F (160°C), or, in
some cases, 275°F (135°C) to 300°F (149°C). In some embodiments, the at least
partially blocked polyisocyanate deblocks a temperature such that excellent cures of
the resulting coating coraposition can be achieved at 275°F (121°C). As used herein,
the term "cure™ refers to a process wherein the crosslinkable components of a coating
are at least partiaily crosslinked. In certain embodiments, the crosslink density of the
crosslinkable components (i.e., the degree of crosslinking) ranges from 5% to $00%,
such as 35% to 85%, or, in some cases, 50% to 85% of complete crosslinking. One
skilied in the art will understand that the presence and degree of crosslinking, i.e., the
crosshink density, can be determined by a variety of methods, such as dynamic
mechanical thermal analysis (DMTA) using a Polymer Laboratories MK Hi DMTA
analyzer conducted under nitrogen.

{6833} The polyisocyanates that can be used in preparing an at least partially
blocked polyisocyanate suitable for use in the present invention include aliphatic and
aromatic polyisocyanates. Representative examples of aliphatic polyisocyanates are
(i) afkylene isocyanates, such as trimethylene, tetramethylene, pentamethylene,
hexamethiylene, 1,2-propylene, [,2-butylene, 2,3-butylene, 1,3-butylene, sthylidene
and butylidene diisocyanates, and (if) cycloalkylenc isocyanates, such as 1,3-
cyclopentane, 1 4-cyclohexane, 1,2-cyclohexane diisocyanates and isophorone
diisocyanates. Representative examples of suitable aromatic polyisocyanates ase (i)
aryiene isocyaunates, such as mi-phenylene, p-phenylene, 4,4-diphenyl, 1,5-naphthafene
and 1,4-naphthafene diisocyanates, and (1) alkarylene isocyanates, such as 4,4'-
diphenylene wmethane, 2,4- or 2,6-tolylene, or mixtures thereof, 4,4"-tolaidine, and 1,4~
xylylene diisocyanates. Triisocyanates, such as triphenyl methane-4,4',4"-
triisocyanate, 1,3,5-triisocyanato benzene and 2,4,6-triisocyanato toluene,
fetraisocyanates, such as 4,4-diphenyldimethyl methane-2,2',5,5tetraisocyanate, and
polymerized polyisocyanates, such as tolylene diisocyanate dimers and trimers and the

fike, can also be used.
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16634} Tn certain embodiments, the at least partially blocked polyisocyanate
present in the second aqueous dispersion of the methods of the present invention

comprises & urethane-containing material baving a moiety of the structure (3):

o 13
——N—(If ow?w(’:«—'x
0 H
3

in which R is H, an alkyl, altkenyl, or aryl group, and X is ¥, an alkyi, atkenyl, an aryl
group, or ~N{R}(Ry), in which R; and R, are, each independently, H, an alkyl, an
atkenyl, or an aryl group.
{0035} Such urethane-containing materials, and methods for their production,
are described in U.S. Patent No. 4,452,963 at col. 1, line 47 to col. 5, line 13, the
cited portion of which being incorporated herein by reference. In certain
embodiments, such a urethane-containing material 1s prepared by reacting an
isccyanate with a compound of the struchyre (4):
R
HO— (IJH —(lg-—z\i
© @
i which R ¢an be H or & hydrocarbyl or substituted hydrocarbyl group, & saturated or
unsalurated hydrocarbyl group, such as an alkyl, alkenyl or aryl group, and X can be H
or a hydrocarbyl or substituted hydrocarbyl group, & saturated or unsaturated
hydrocarbyl grovp, such as an alkyl, alkenyl or aryl group,
[60336) Other at least pariially blocked polysicyanates, which are suitable for
use in the present invention, inchude: (i) those polyisocyanates at least partially
blocked with a material having the structure (5):
OH

i

Q—— )+ (CH;;),;"N(I,‘S-IM Of=H

fnwhich n is a number from | 1o 10; m is a number from 1 to 16; and R is Hor an

(3)

alkyl or an aryl group or substituted alky! or aryl group having from | to 3¢ carbon

atoms, which are described in U.S. Patent No. 6,017,432 at eol. 2, line 43-64 and col.
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6, iine 33 to col. &, line 38, the cited portion of which being ncorporated herein by
veference; (if) ketoxime-blocked polyisocyanates, which are described in U.S. Patent
No. 3,694,389 at col. 2, Hue 24 to col, 6, line 29, the cited portion of which being
imcorporated herein by reference; and (iif) 3,5-dimethyl pyrazole blocked
polyisocyanates, such as those covunercially available from Baxenden Chemicals,
Lid., Lancashire, England.

{6037} It certain embodiments, the at least partiafly blocked polyisocyanate is
present in the second aqueous resinous dispersion in an amount of 10 to 50 percent by
weight, such as 30 o 45 percent by weight, based on the total solids weight of the
second aqueous resinous dispersion.

10638} As will be appreciated, the second agueous resinous dispersion may, if
desired, include any of a variety of optional ingredients, such as colorants (e g,
titanium dioxjde, carbou black), antioxidants, biocides, defoamers, surfactants,
wetting agents, dispersing aids, clays, hindered amine light stabilizers, UV light
absorbers and stabilizers, or combinations thereof,

16639] The bxamples hercin illustrate suitable methods for making the secound
aqueons dispersion.

{68401 in the methods of the present invention, the first aqueous dispersion i
cambined with the second agqueous dispersion. Such combining can occur in any
suitable contaiuer, including, but not limited to, an electrodeposition bath, under
suitable agitation. Moreover, as will be appreciated, in addition to the first aqueous
resinous dispersion and the second aquecus resinous dispersion, other coating
composition components may be combined, such as, for example, a pigient
dispersion that comprises a pigment dispersed in a resinous material, often referred to
as a pigment grind vehicle. The pigment content of the dispersion is usually expressed
as the pigment-to-resin weight ratio. In the practice of the present invention, the
pigment-to-resin weight ratio s sonietinies within the range of 0.03 to 0.35, when
pigment i used. The other additives mentioned above are usually in the composition
in amounts of 0.01 to 3 percent by weight based on total weight of resin solids.
{66413 The resin solids content of the compositions produeed according to the
methods of the present invention depends upon the particular end use thereof and is
often not critical. Compositions containing at least | percent by weight, such as from
5 to 40 percent by weight or 5 to 20 percent by weight, resin solids are comuon. By
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resin salids is meant the non volatile organic content of the composition, i.e., organic
materials which will not volatilize when heated to 110°C for 15 minutes, and would
exclude organic solyents,

{6042] ft has been swiprisingly discovered that the methods of the present
tmvention provides for improved characteristics of the resultant dispersion, More
particularly, it was surprisingly discovered that addition of a zinc (I} amidine
complex directly into an aqueous resinous dispersion comprising an active hydrogen-
containing, cationic salt group-containing polymer and an at least partiatly blocked
polyisoeyanate that deblocks at fow temiperatures, such as those deseribed above,
resulted in a dispersion that is not a stable dispession, Ou the other hand, when a
coating composition is prepared gccording to the methods disclosed hevein, a stable
aqueous resinous dispersion is produced.

6843} As aresult, the present invention is also directed to aqueous resinous
dispersions that are stable disporsions and that comprise: (a) an active hydrogen-
containing, cationic salt group- coutaining polymer; (b) a zine (I} amidine complex;
and {¢) an at least partially blocked polyisocyanate that is selected 50 as to provide an
agqueous resinous dispersion that cures st a tesaperature of 320°F (160°C) or below.
j0044] In certain embodiments, the coating compositions produced by the
methods of the present invention are deposited upon a electrically conductive
substrate by placing the coraposition in confact with an electrically conductive anode
and an elecirically conductive cathode, with the surface to be coated being the
cathode. Following contact with the composition, an adherent film of the coating
composition is deposited on the cathode and a sufficient voltage is impressed between
the slectrodes. The conditions under which the electrodeposition is carried out are, in
general, similar to those used in clectrodeposition of other types of coatings. The
apphed voltage may be varied and can be, for example, as low as one volt to as high
as several thousand volis, but is often between 50 and 500 volts. The current density is
often between 0.5 ampere and 15 amperes per square foot and tends to decrease
during electrodeposition indicating the formation of an insulating film.

{0045} Onee the electrodepositable coating composition is electrodeposited
over at least a portion of the electroconductive substrate, the coated substrate is heated
to a temperature and for a time sufficient to cure the electrodeposited coating on the

subsirate. In certain embodiments, the coated substrate is heated to a temperature
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ranging from 250°F to 360°F (121.1°C to 180°C), such as from 250°F to 300°F
(135°C to 149°C). The curing time can be dependent upon the curing tempetaturs as
well as other variables, for example, filn thickness of the elecirodeposited coating.
For purposes of the present invention, all that is necessary is that the tirne be sufficient
to effect cure of the coating on the substrate. For example, the curing time can range
from 10 minates to 60 minutes, such as 20 to 40 minutes.

[0946] In certain embodiments, the coated substrate is heated to a tempetature
of 300°F (149°C) or less for a time suflicient to effect cure of the electrodeposited
coating on the substrate. The thickness of the resultant cored coating often ranges
from 15 to 50 microns.

{80471 The coating compositions produced by the methods of the present
invention can also, if desired, be applied to a substrate using non-electrophoretic
coating application technigues, such as flow, dip, spray and roll coating applications.
For electrodeposition and non-electrophioretic coating applications, the coating
compositions can be applied to a variety of electroconductive subsirates especially
metal such as steel, aluminuim, copper, magnesiom and the like, but also including
metallized plastic and conductive carbon-coated materials. For non-electrophoratic
coating applicatiouns, compositions can be applied to the non-metallic substrates snch
as ghass, wood and plastic. Moreover, in some embodiments, the subsirate may
comprise a portion of a vehicle such as a vehicular body (e g., without Hmitation,
door, body panel, trunk deck 1id, roof panel, hood, and/or roof) and/or a vehicular
frame. As used heven, “vehicle” or variations thereof includes, but is not limited to,
civilian, commerciad, and military land vehicles such as cars, motoreycies, and trucks.
it WE\H also be understood that, in some embodiments, the substrate may be pretreated
with a pretreatment solution, such as a zine phosphate solution as described in 1S,
Pat, Nos, 4,793,867 and 5,588,989 or n zirconium containing solution such as
described in U.S. Pat. Appln. Nos. 11/610,073 and 11/833,525.

{0048) In certain embodiments, thercfors, the present invention is also
directed to methods for coating an elcctroconductive substrate. 1o certain
embodiments, sach methods comprise (a) electrophoretically depositing on the
subsirate an aqueons resinous dispersion of the present invention and (b) heating the
coated substrate to a temperature and for a time sufficient to cure the electrodeposited

coating on the substrate. In certaip embodiments, such methods comprise (a)
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elecirophoretically depositing on the sabstrate an aqueons resinous dispersion of the
present invention to form an electrodeposited coating over at least a portion of the
substrate, (b) heating the coated substrate to a temperature and for a time sufficient to
cure the electrodeposited coating on the sabstrate, (c) applying to the cured
electrodeposited coating one or more pigment-containing coating compositions and/or
one or giore pigment-free coating compositions to form a top coat over af least a
portion of the cured electrodepostted coating, and (d) heating the coated substrate of
step (&) to a temperatare and for a time sutficient to cure the top coat.

{0049] {ustrating the invention are the following examples, which, however,
are not 1o be considered as lhniting the invention to thelr details, Unless otherwise
indicated, all parts and percentages in the following examples, as weil as throughout

the specification, are by weight.

Example I: Preparation of blocked polyisocyanate

Table 1
# | Materials Parts
1 Toluenediisocyanate 7568.8
2 Methyl isobutyl ketone 3300.0
3 Trimethylol propane 1950.0
4 Dibutyl tin dilaurate &
5 Methy! isobutyl ketone 25.0
6 | Dibutylglycolamide' 8816.0
7 Methyl isobutyl ketone 44.6
8 Methyl isobutyl ketone 880.0
9 Bispheno! A polyol® 2137.5
10 | Propyleneglycol monophenylether 100.9
11 | Propylenegiycol monopbenylether 2400.0

! Formed as the reaction produet of dibutylamine and glycolic acid

% A Bisphenol A/6-ethylene oxide adduct

6650} To a reactor, materials 1 and 2 were charged and heated to 32°C.
Material 3 was then added in three portions to the reactor at 32°C. At this point, the
reaction exothermed. The batch was held for 1 hr at §5°C, at which point the batch
was cooled to 60°C and material 4 was added. The lines feading into the reactor were
rinsed with material 5. Next, material 6 was added to the reactor over 45 minutes,
wherein the reaction exothermed. The exotherm was kept below 100°C. Next, the

lines leading into the reactor were rinsed with materjal 7. Material 8 was then added
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to the reactor and the bateh was held at 90°C {or two hours. Materials 9 and 19 were
then charged into the reactor and the composition held for 30 minutes, at which point
material 11 was added to the reactor and the composition was held for 45 minutes,

therein forming the dibutylglyeolamide crosslinker .

Example 2: Preparation of agqueous resinpus dispevsion containing an active
hydrogen-coniaining, cationic salt group-containing polymer and a blocked

ispcyanate
- Table 2
# Material Parts
1 | Fpon® 828° 9660
2 Bisphenol A _ 4237
3 Methyl isobutyl ketone 730
4 Ethyl triphenylphosphonium todide 9.7
5 Propylencglycol monophenyiether 1435
& Methyl isobuty] ketone 406
7 Diketiming" 1015
8 Methyl ethanol amine 866
g Product of Example 1 18061
10 | Methyi isobutyl ketone 7.
11 | Deionized watey 147590
12 | Formic acid 606
13 | Deionized water 30484

? Epoxy resin available from Hexion Spééi‘éliy Chemicals

* Formed as the reaction product of diethylenetriamine and methy! isobutyl ketone
(8081 ] To a reactor, materiais 1, 2, 3 and 4 were charged and heated 1o 130°C,
at which point the reaction exotherms. The temperature inside the reactor was then
adjusted to 160°C and the composition held for 1 howr. Material 5 and 6 were then
added the reactor and the reactor was cooled to 105°C, at which point materials 7 and
8 were added. The temperature inside the reactor was then adjusted to 120°C and held
for two hours At this poiat, materials 9 and 10 were added and the veactor was held
for 20 minutes ai 95°C. The reactor contents were then poured into another contatner
that included materials 11 and 12, The new container was held for | hour and
material 13 was added. The solvent was removed from the contents of the new reactor
in vacuwm fo form a cationic resin having a solids content of 36.7% solids, The
resultant dispersion was a single phase material and exhibited no settling over time

(greater than 60 days).
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Example 3: Preparation of an aqueons resinous dispersion containing an active
hydrogen-containing, cationic salt group-contrining polymer, a blocked
polyvisscyanate, and a zine (I1) amidine complex

Table 3
# Material Parts
1 | Bpon® 828 362.3
2 | BisphenolA 158.9
3 Methyl isobutyl kefope 27.4
4 Ethyl triphenylphosphonium jodide 04
5 | Propylenegiycol monophenylether 53.8
6 Methy! isobotyl ketone 152
7 | Diketimine® 38.1
8 Methyl ethano! amine 323
9 Crosslinker of Example | 677.3
10 | Methyl isobutyl ketone 1
11| K-KAT-XK-620° 18.6
12 | Deionized water 468.4
13 | Formic acid 21.8 o
14 | Delonized water 1696

5 - e . . ‘n «
© Zinc amidine catalyst commercially available from King Industries.

j0052} In this example, a reactor was charged with materials 1, 2, 3 and 4 and
heated to 130°C, at which point the reaction exothermed. The temperature inside the
reactor was then adjusted to 160°C and the composition held for 1 howr. Material 5
and & were then added the reactor and the reactor was cooled to 105°C, at which point
materials 7 and 8 were added. The temperatore inside the reactor was then adjusted to
120°C and held for two hours At this point, materials 9 and 10 were added and the
reactor was held for 20 minutes at 95°C. Material 11 was then added to the reactor at
90°C and was atlowed to mix for 15 minutes. The reactor coutents were then poured
into another container that included materials 12 and 13, The new container was held
for 1 howr and material 14 was addeéd.  The solvent was removed from the contents of
the new reactor in vacuum. The resultant dispersion was unstable and exhibiled phase
separation and precipitated in 2 days. The instability of the dispersion made it

unsuitable for introduction o a cationic electrodepositable coating compaesition,
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Example 4 ~ Preparation of a “First Agueous Dispersion” According $o an
Embodiment of the Methods of the Present Inveniion

Table 4
i Material o Parts
1 | Epon® 828’ 401.9
2 Bisphenol A 122.5
3 Buty! Carbito} formal 58.5
4 Ethyl triphenyi phosphonium jodide 0.4
3 Butyl Carbitol formal 100.1
6 Jeffamine D2000° 1438.4
1 Batvl Carbitol fonmal 43.5
8 Rhoadameen C5' 109.1
9 Butyl Carbito} formal 16.9
10 | K-KAT-XK-620° 509.1
11 | Lactic acid 293.9
| 12 | Deionized water 2404 .8
| 13 | Deionized water 548.0

5 A polypropylene oxide resin terminated with primary amines available from
Huntsman Chemical
7 A surfactant available from Rhodia Chemicals

6053} Materials 1, 2, and 3 were charged sequentially into a reactor ang
heated to 125°C. Item 4 was then added to the reactor and allowed to exotherm,
adjusting the temperatore to 160°C and holding the mixture at 160°C for one hour, at
which point Material 5 was then added to the reactor. Material 6 was then added to
the reacior, while stirring, over 18 minutes and the composition was allowed 1o
exothertn. The lines to the reactor were then rinsed with material 7, at which point the
tempesature of the reactor was adjusted to 125-130°C and held for 3 bours. At this
point, materials § and 10 were added to the reactor and the lines 1o the reactor were
rinsed with material 9. The composition was stirred for 10 minutes. The resultant
camposition (2380.3 parts) was then added to materials 11 and 12 in a second reactor
and sticred for 30 minvtes. Material 13 was then added. The resultant resin
composition had a solids countent of 35.80%. The resultant resin composition was a

single phase material and exhibited no settling over time (greater than 60 days).

<17




WO 2014/004273 PCT/US2013/046976

Fxamplie § - Preparation of a “First Aqueous Dispersion” According to an
Frabodiment of the Methods of the Present Invention

Tabie §

# Matesgat Parts
I | Epos®” 828 201.0
2 Bisphenol A 61.3
3 Butyl Carbitol formal 29.3 o
4 Ethy} triphenyl phosphonium iodide 0.2
3 Butyl Carbitol formal 50.1
6 | Jeffamine D2000° ) 719.2
7 Butyl Carbitol formal 21.8
8 Rhoadameen C5' 34.5
9 Butyl Carbitof formal 8.5
10 | Lactic acid 147.0
11 | K-KAT-XK-620° 216.4
12 | Deionized water 12582

L 13 | Deionized water 11123

{6054) Materials 1, 2, and 3 were charged sequentially to a reactor and heated

to 125 C, Item 4 was added and allowed to exotherm, adjusting the temperature to
166° C and holding the mixture at 160° C for one hour, at which point Material 5 was
then added to the reactor. Material § was then added to the reactor, while stirring,
over 10 minates and the composition was allowed to exotherm. The lines to the
reactor were then rinsed with material 7, at which point the temiperature of the reactor
was adjusted to 125-130° C and held for 3 hours, At this point, materials 8 and 10
were added to the reactor and the lines to the reactor were rinsed with material 9. The
composition was stiveed for 10 minutes. The resultant composition (973.8 parts) was
then added to materials 10, 11 and 12 in a separate reactor and stirred for 30 minutes.
Material 13 was then added to the veactor to give a solution having a solids content of
32.4%. The resultant dispersion was a single phase material and exhibited no seitling

over time {greater than 60 days).
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Exampie 6: Combination of Aqueous Resinous Dispersions

Table 6
Material Parts
Example 4 o 1253
Example 2 1846.4
Detonized water 343
Kathon LX" 0.1

5 Microbincide available from ROHM and HAAS Company.

[6053] The materials were blended to give a final solids content for Ixample 6
of 36%. The resin blend was a single phase material and exhibited no seftling over

time (greater than 60 days).

Example 7: Combination of Agueous Resinous Dispersions

Table 7
‘Material Parts
Example § 137.6
Example 2 18404
Deionized water 219
Kathon LX° 0.1
{6656} The materials were biended to give a final solids content for Example 7

of 36%. The resin biend was a single phase material and exhibited no seftling over

time {greater than 60 days).
Example 8: Eloctrodepositable Coating Composition from Example 6

{8657} This example describes an electrocoat bath composition made using

the product of Example 6 and a tin free pigment paste at 0.1 pigment/binder ratio at

15% solids,

. Table 8
" Materials Parts
Example 6 e -
Pigment Paste” 89.4
Deionized water 1189.6

° POWERCRON® Black Paste commercially available from PPG Industries, Inc.

T
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Example 9: Electrodeposiiable Coating Composition from Example 7

{8058} This example describes an electrocoat bath composition made using

the product of Examaple 7 and a tin free paste CP549 at 0.1 pigment/binder ratio at

15% solids.
Tabie 9
Materials Parts
Example 7 721.0
CP 549° 894 |
Delonized waler B 1189.6

Example 10: Preparatior of Control Resin Blend

[6055}] This example describes the preparation of a control resin biend at 36%

solids. This resin blend was a single phase material and exhibited no settling over

time (greater than 60 days).

" Table 18
Materials Parts
Example 2 79764.0
Polvoxyalkylenepolvamine-polyspoxide | 5239.0
adduct"’
Deionized water 1691.0
Kathon 39

1 As desctibed in the patent US 4432850A

Example 11; Preparstion of Control Electrodepositable Coating Composition

{0868} This example describes a control electrocoat bath composition made

asing the product of Example 10 and the DBTO containing paste CP 524 (available

from PPG industries) at 0.1 p/b at 15% solids.

Tabie 11
Materials Parts
CR 659" 840.2
CP 524" 1240
Deionized water 1435.8

T POWERCRON cationic resin commercially available from PPG Industries, Inc.
2 (ationic resin containing pigment paste commercially available from PPG

Industries, Inc.
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Example 12: Comparison of Eleetrodepositable Coating Compositions

j0661} The compositions of Examples 8, 9 and 11 were coated at a desired
film build of 0.8 mils at coat out conditions (90°F/1207"/225V) and
(90°F/120°°/250V) respectively and were examined for cure over a range of
temperatures {20 minutes at peak metal temperature in a gas oven). The results are

shown below in Table 12 below.

Table 12
Paist - Cure Temperature (°F) Cure (50 acetone double
) rubs)
Oxample § 250 Fail - 35 ADRS tfo metal
275 | Pass - Dalling
300 Pass - Slight dulling
Exarople 9 250 Fail ~ 28 ADRS to metal
215 Pass - Dulling
1300 Pass ~ Slight dulling
Control Example 11 250 Fail - 31 ADRS to metal
215 - Pass ~ Dulling
300 Pass ~ Dulling
[0062] Whereas particular embodiments of the invention have been described

hereinabove for purposes of illasteation, it will be evident to those skilled in the art
that numerous variations of the details of the present inveation may be made withoat

departing from the invention as defined in the appended claims



WE CLAIM:

1. An aqueous resinous dispersion formed according to the method of claim 9
wherein the at lcast partially blocked polyisocyanate comprises a polyisocyanate
where at least a portion of the isocyanate groups have been reacted with a compound
so that the resultant capped isocyanate portion is stable to hydroxyl or amine groups at
room temperature but reactive with hydroxyl or amine groups at elevated temperature
of 93°C or higher, wherein the at least partially blocked polyisocyanate is selected so
that the aqueous resinous dispersion cures at a temperature of 160°C (320°F) or
below, wherein the aqueous resinous dispersion is a stable dispersion, and wherein the
stable dispersion is a dispersion that does not gel, flocculate, or precipitate when
maintained at a temperature ot 25°C for at least 60 days, or if some precipitation does

occur, the precipitation can be redispersed upon agitation.

2. The dispersion of claim 1, wherein the active hydrogen-containing, cationic
salt group-containing polymer comprises an ungelled polyepoxide-

polyoxyalkylenepolyamine resin.

3. The dispersion of claim 2, wherein the active hydrogen-containing, cationic
salt group-containing polymer further comprises a polyepoxide-amine adduct,
wherein a portion of the amine that is reacted with the polyepoxide is a ketimine of a

polyamine.

4. The dispersion of claim 1, wherein the zinc (I11) amidine complex comprises

amidine and carboxylate ligands.

5. The dispersion of claim 1, wherein the at least partially blocked
polyisocyanate comprises a urethane-containing material having a moiety of the

structure (3):

i r
—N—ﬁf——O—?—C——X
O H

3)
in which R is H, an alkyl, alkenyl, or aryl group, and X is H, an alkyl, alkenyl, an aryl
group, or -N(R1)(R2), in which Ry and R; are, each independently, H, an alkyl, an
alkenyl, or an aryl group.
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6. The dispersion of claim 1, wherein the aqueous resinous dispersion cures at a

temperature of 121°C to 160°C (250°F to 320°F).

7. The dispersion of claim 6, wherein the aqueous resinous dispersion cures at a

temperature of 135°C to 160°C (275°F to 320°F).

8. A method comprising placing the dispersion of claim 1 in contact with an
electrically conductive anode and an electrically conductive cathode, with a surface to

be coated being the cathode.

9. A method for making an aqueous resinous dispersion comprising combining a
first aqueous resinous dispersion with a second aqueous resinous dispersion, wherein:
(a) the first aqueous resinous dispersion comprises:
(1) an active hydrogen-containing, cationic salt group-containing polymer; and
(ii) a zinc (II) amidine complex; and
(b) the second aqueous resinous dispersion comprises:
(1) an active hydrogen-containing, cationic salt group-containing polymer; and
(i1) an at least partially blocked polyisocyanate comprising a polyisocyanate
where at least a portion of the isocyanate groups have been reacted with a compound
so that the resultant capped isocyanate portion is stable to hydroxyl or amine groups at
room temperature but reactive with hydroxyl or amine groups at elevated temperature

of 93°C or higher.

10.  The method of claim 9, wherein the first aqueous resinous dispersion and the second
aqueous resinous dispersion are both a stable dispersion wherein the stable dispersion is a
dispersion that does not gel, flocculate, or precipitate when maintained at a temperature of
25°C for at least 60 days, or if some precipitation does occur, the precipitation can be

redispersed upon agitation.

11.  The method of claim 9, wherein the active hydrogen-containing, cationic salt group-
containing polymer present in the first aqueous resinous dispersion comprises an ungelled

polyepoxide-polyoxyalkylenepolyamine resin.

12.  The method of claim 11, wherein the active hydrogen-containing, cationic salt group-
containing polymer present in the second aqueous dispersion comprises a polyepoxide-amine
adduct, wherein a portion of the amine that is reacted with the polyepoxide is a ketimine of a

polyamine.
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13. The method of claim 9, wherein the zinc (II) amidine complex comprises

amidine and carboxylate ligands.

14. The method of claim 9, wherein the zinc (I1) amidine complex is present in the
first aqueous resinous dispersion in an amount of 10 to 30 percent by weight, based on

the total solids weight of the first aqueous resinous dispersion.

15.  The method of claim 9, whercin the first aqueous resinous dispersion is

substantially free of any at least partially blocked polyisocyanate.

16.  The method of claim 9, wherein the first aqueous resinous dispersion is

substantially free of tin-containing metal catalyst.

17. The method of claim 9, wherein the at least partially blocked polyisocyanate is
sclected so as to provide an aqueous resinous dispersion that cures at a temperature of

160°C (320°F) or below when combined with the first aqueous dispersion.

18.  The method of claim 9, wherein the at least partially blocked polyisocyanate

comprises a urethane-containing material having a moicty of the structure (3):

A
N- ﬁ?—O—({) C-X
O H

3
in which R is H, an alkyl, alkenyl, or aryl group, and X is H, an alkyl, alkenyl, an aryl
group, or —N(R1)(R2), in which R; and R; are, each independently, H, an alkyl, an

alkenyl, or an aryl group.
19. A method of coating a substrate, comprising placing a composition produced

by the method of claim 9 in contact with an electrically conductive anode and an

electrically conductive ¢athode, with a surfacc to be coated being the cathode.
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