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AQUEOUS RESINOUS DISPERSIONS THAT INCLUDE A ZINC fit) 
AMmLNE COMPLKX AND METHODS FOR THE MANUFACTURE 

THEREOF 

FIELD 

[0001] The present invention relates to aqueous resinous dispersions, methods 

for making such dispersions, related coating compositions and coated substrates. 

BACKGROUND INFORMATION 

[0002] ESeetrodeposition as a coating application method involves the 

deposition onto a conductive substrate of a film-forming composition under the 

influence of an applied electrical potential, Electrodepositiou has gained popularity in 

the coalings industry because it provides higher paint utilization, outstanding 

corrosion resistance, and low environmental contamination as compared with non-

eiectrophoretic coating methods. Both cationic and anionic electrodepositiou is used 

commercially, with cationic being more prevalent in applications desiring a high level 

of corrosion protection, 

10003] Cationic electrodepositabk 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 cross linking agent. 

Such compositions also often include a catalyst fop the reaction between the resin and 

the cross linking agent, such as organotin compounds, among others. More recently, 

alternative catalysts, such as zinc (II) amidine complexes, have been introduced. Such 

catalysts are thought to provide better cure rates at relatively low temperatures (low 

temperature cures may be desirable to, for example, reduce energy costs) and may be 

less toxic and environmentally undesirable than, for example, orgariotio compounds, 

[8004] One drawback to the use of zinc (11) amkli ne complexes as a catalyst in 

low temperature cure compositions, 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 temperatures. As a result, the use of such 

catalysts in "law temperature cure" applications has been difficult. The present 

invention, however, provides methods for using such catalysts fa such applications. 
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SUMMARY OF THE INVENTION 

[0005] In certain respects, (he present invention is directed to methods for 

making an aqueous resinous dispersion, These methods comprise combining a first 
aqueous resinous dispersion with a second aqueous resinous dispersion. The first 

aqueous resinous dispersion comprises (i) an active hydrogen-containing, cationic salt 

group-containing polymer; and (ii) a zinc (II) amidine complex. The second aqueous 

resinous dispersion comprises: (f) an active hydrogen-containing, cationic salt group-

containing polymer; and (ii) an at least partially blocked polyisocyanatc, 

[0006] In other respects, the present invention is directed to aqueous resinous 

dispersions that are stable dispersions and that comprise: (a) an active hydrogen-

contain tng, cationic salt group-containing polymer; (b) a zinc (Tl) amidine complex; 

and (c) an at least partially blocked polyisocyanate that is selected so as to provide an 
aqueous resinous dispersion that cures at a temperature of320°F or below, 

[00071 The present invention is also directed to methods for 

elecirophoretically depositing and curing an aqueous resinous dispersion onto a 

substrate, as well as coated substrate formed therefrom. 

DETAILED DESCRIPTION 

[00081 For purposes of the following detailed description, it. is io be 

understood that: the invention may assume various alternative variations and step 

sequences, except where expressly specified to 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 to be 

understood as being modified in all instances by the term "about". Accordingly, 

unless indicated to the contrary, the numerical parameters set forth in the following 

specification and attached claims are approximations 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 equivalents to the scope of 

the claims, each numerical parameter should at least be construed in light of the 

number of reported significant digits and by applying ordinary rounding techniques. 

[0009] Notwithstanding that tire numerical 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, 
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'however, inherently contains certain errors necessarily resulting from the standard 

variation found in their respective testing measurements, 

[00JO] Also, it should be understood that any numerical .range recited herein is 

intended to include- all sub-ranges subsumed therein. For example, a range of"! to 

10" is intended to include all Sub-ranges between (and Including) the recited minimum 

value of 1 and the recited maximum value of 10, that is, having a minimum value 

equal to or greater than 1. and a maximum valise of equal to or less than 10. 

[0011 j In this application, the use of the singula? includes the plural and plural 

encompasses singular, unless specifically stated otherwise, In addition, in this 

application, the use of "or" means "and/or" unless specifically stated otherwise, even 

though "and/or" may be explicitly used in certain instances, 

[00121 As indicated, certain embodiments of the present invention are directed 

to methods for making an aqueous resinous dispersion. These methods comprise 

combining a first, aqueous resinous dispersion with a second aqueous resinous 

dispersion. As used herein, the term "aqueous resinous dispersion" refers to a two-

phase transparent, translucent or opaque resinous system in which a polymer is in the 

dispersed phase and the dispersing medium, which includes water, is in the 

continuous phase, hi the present invention, these aqueous resinous dispersions are 

electrodepositable aqueous resinous dispersions. As used herein, "elecirodepositable 

aqueous resinous dispersion" refers to an aqueous dispersion that .is suitable for use in 

an eiectrodepositable coating composition, that is, a coating composition that is 

capable of being deposited onto a conductive substrate under the influence of an 

applied electrical potential. In certain embodiments, the aqueous resinous dispersions 

described herein 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 o.f25°C for at. least 60 days, or, if some precipitation does occur, the 

precipitate can be redispersed upon agitation. 

[00131 As will be appreciated, besides water, the dispersing medium can, in 

certain embodiments, contain some organic cosolvents. In certain embodiments, the 

organic cosolvents are at least partially soluble, with water. Examples of such solvents 

include oxygenated organic solvents, such as monoaikyl. ethers of ethylene glycol, 

diethylene glycol, propylene glycol, and dipropylene glycol which contain from 1 to 

10 carbon atoms in the alkyl group, such as the monoethyl and monobutyl ethers of 
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these glycols. Examples of other at least partially water-miscible solvents include 
alcohols such as ethanol, isopropanoi, butaool and diacetone alcohol. If used, the 

organic cosolvents are. in certain embodiments, used in amounts less than 10 percent 

by weight, such as less than 5 percent by weight, based on total weight of the. 

dispersing medium. 

[0014} As indicated, in the methods of the present invention, the first aqueous 

resinous dispersion comprises (i) an active hydrogen-containing, cationic sail group-

containing polymer; and (ii) a zinc (II) amidine complex. 

[0015] As used herein, the term "active hydrogen-containing, cationic salt 

group-containing polymer" refers to polymers that include active hydrogen functional 

groups and at least partially neutralized cationic groups, such as sulfonium groups and. 

amine groups, that impart a positive charge. As used herein, the term "polymer" 

encompasses, but is not limited to, oligomers and both homopolyraers and 

copolymers. As used .herein, the term "active hydrogen functional groups" refers to 

those groups that are reactive with isocyanates as determined by the Zerewitnofftest 

as is described in the JOURNAL OF THE AMERICAN CHEMICAL SOCIETY. Vol. 
49, page 3181 (1927) and include, for example, hydroxy! groups, primary or 

secondary amine groups, and thiol groups. In certain embodiments, the active 

hydrogen functional groups are hydroxy! groups, primary amine groups and/or 

secondary amine groups. 

(00.1Examples of polymers that are suitable for use as the active hydrogen-

containing, cationic salt group-containing polymer in the present invention include, 

but are not limited to, alkyd polymers, acrylics, poiyepoxides, polyamides, 

polyuretlsanes, polyureas. polyethcrs, and polyesters, among others, to certain 

embodiments, such polymers comprise amine and/or hydroxy! groups, 

[0017] More specific examples of suitable active hydrogen-containing, 

cationic salt group containing polymers include poiyepoxide-amine add acts, such as 

the adduct of a poiyglyeidyl ethers of a polyphenol, such as Bisphenol A, and primary 

and/or secondary amines, such as are described in United States Patent No. 4,031,050 

at col. 3, line 27 to col, 5, line 50, U.S. Patent No. 4,452,963 at coi. 5, line 58 to col, 

6, line 66, and U.S. Patent No. 6,017,432 at eol. 2, line 66 to col. 6, line 26, these 

portions of which being incorporated herein by reference. In certain embodiments, a 

portion of the amine that is reacted with the polyepoxioe is a ketiraine 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-polyoxyalkylenepolyamiDe 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 tertiaiy amine acid salt. Such 
resins ars 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 1 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 alectrodepositable coating compositions. Such 
polymers include the polymers comprising cationic 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 incorporated herein by reference. 
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[0020] In certain 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 zinc (II) amidine complex. In certain embodiments, the zinc (II) amidine 

complex contains amidine and carboxylate ligands. More specifically, in certain 

embodiments, the zinc (IX) amidine complex is as described in United States Patent 

No. 7,485,729 at col. 7, line 43 to col. 8, line 51 and coi. 10, Sine 1 i to col. 12, line 61, 
the cited portions of which being incorporated herein by reference. As will be 

appreciated, the foregoing patent describes compounds having the formula Zn(A)2(C)2 

wherein A represents ail amidine and C represents a carboxylate. More specifically, A 
may be represented by the formula (1) or (2): 

Ri—N--C—N—R3 
i 
R4 (1) 

R5 

V/ N-X 

Rs (2) 

in which R]-Rs are described, 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 polymeric carboxylate 
with an equivalent weight of 45 to 465, 

j'0022] 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 light stabilizers, UV light'absorbers and 

stabilizers, or combinations 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 at 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 referred 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 it is stated that an aqueous resinous dispersion is "completely 

free" of a particular substance, such as an at least partially blocked polyisocyanate, it 

means that the substance is not present in the aqueous resinous dispersion at all 

[0026] Moreover, in certain embodiments, the first aqueous resinous 

dispersion is substantially, or, in some cases, completely free of environmentally 

unfriendly tin-containing metal catalysts (such as dibatyltin dilaurate, dibutyltin 

dioxde, dibutyltin dineodecanoate, dibutyltin diacetate, dioctyltin diofeate, among 

others). As used in this paragraph, when it is stated that an aqueous resinous 

dispersion 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 

She 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, 

[0927] The Examples herein illustrate suitable methods for making the first 

aqueous dispersion, In certain embodiments, the active hydrogen-containing, cationic 

salt group-containing polymer is formed prior to mixture with the zinc (II) amidine 

complex, while in certain embodiments, an active hydrogen-containing polymer is 

mixed with the zinc (II) amidine complex prior to the polymeric material being 

reacted with a cationic salt group former to form a cationic salt group-containing 

polymer. In either of these embodiments, water may then be added to the mixture. In 

certain embodiments, the zinc (II) amidine complex is first mixed with water, or a 

mixture of water and 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. 

[0028] As indicated earlier, in the methods of the present invention, the first 
aqueous dispersion is combined with a second aqueous dispersion. Moreover, in the 

methods of the present invention, the second aqueous dispersion comprises (i) an 

active hydrogen-containing, cationic salt group-containing polymer; and (ii) an at least 

partially blocked polyisocyanate. 

J0IS2.9] 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 aqueous dispersion comprise the same 

active hydrogen-containing, cationic salt, group-containing polymer. In some 

embodiments, the first aqueous dispersion and the second aqueous dispersion 

comprise active hydrogen-containing, cationic salt group-containing polymers that are 

different from each other. For example, in some embodiments, the first aqueous 

resinous dispersion comprises an ungelled polyepoxide-polyoxyalkylenepolyam ine 

resin, as described above, and the second aqueous resinous dispersion comprises a 

polyepoxide-amine adduct, wherein a portion of the amine that is reacted with the 

polyepoxide is a ketimine of a poly am ine, as described above, 

{0030] In certain embodiments, the active hydrogen-containing, cationic salt 

group-containing polymer is present in the second aqueous resinous 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. 

[G03.IJ In addition to the active hydrogen-containing, cationic salt group-

containing polymer, the second aqueous dispersion also comprises an at least partially 

blocked polyisocyanate. As used herein, the term "at. least partially blocked 

polyisocyanate" means a polyisocyanate where at least a 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 at room temperature but reactive with 

hydroxy] or amine groups at elevated temperature, usually 200° F (93°C) or higher. A 

"partially blocked polyisocyanate" will contain an average of about one free reactive 

isocyanate group, whereas 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 selected so as to provide, when combined with the first aqueous resinous dispersion, 
an aqueous resinous dispersion that cures at a temperature of320°F (160°C) or below, 
such as 250°F (.121°C) to 320°F (16()°C), 275°F(!35°C) to 320°F (160°C), or, in 

some cases, 275°F (135°C) to 300°F (i49°C), In some embodiments, the at least 

partially blocked polyisocyanate deblocks a temperature such that excellent cures of 

the resulting coating composition can be achieved at 275°F (I21°C). As used herein, 

the term "cure" refers to a process wherein the crosslinkable componen ts of a coating 

are at least partially cross! inked. In certain embodiments, the crosslink density of the 

crosslinkable components (i.e.. the degree of crosslinking) ranges from 5% to 100%, 

such as 35% to 85%, or, in some cases, 50% to 85% of complete crosslinking. Que 

skilled in the art will understand that the presence and degree of crosslinking, i.e., the 

crosslink density, can be determined by a variety of methods, such as dynamic 

mechanical thermal analysis (DMTA) using a Polymer Laboratories MK MI DMTA 

analyzer conducted under nitrogen, 

[6033J 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) afkylcne isocyanates, such as trim ethylene, tetramethylene, pentamethylene, 

hexamethylene, L2-propylene, 1,2-butylene, 2,3-butylene, 1,3-butylene, ethyiidene 

and hlitylidene diisocyanates, and (ii) cycloaikylene isocyanates, such as 1,3-

cyclopentane, 1,4-cyclohexane, 1,2-cyelohexane diisocyanat.es and isophorone 

diisocyanates. Representative examples of suitable aromatic polyisocyanates are (i) 

arylene isocyanates, such as m-phenylene, p-phenylene, 4,4'-diphenyl, 1,5-naphthalene 

and 1,4-naphthalene diisocyanates, and (ii) alkarylene isocyanates, such as 4,4'-

diphenyicne methane, 2,4- or 2,6-tolylene, or mixtures thereof, 4,4r-loluidme, and 1,4-

xylylene diisocyanates. Triisocyanates, such as triphenyl methane-4,4',4"-

triisocyanaie, 1,3,5-triisooyanato benzene and 2,4,6-triisocyanato toluene, 

tetraisocyanates, such as 4,4'-diphenyIdimethyl mcthane-2,2',5,5'-tetraisocyanate, and 

polymerized polyisocyanates, such as tolylene diisocyanatc dimers and trimers and the 

like, can also he used. 
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[0034] In certain, embodiments, the at least partially blocked polyisocyanate 

present in the second aqueous dispersion of the methods of the present invention 

comprises a urefliatie-contaittiftg materia! having a moiety of the structure (3): 

H R O ! i I 
—N—C O—C—C-—.X 

!! 1 
0 H (3) 

in which R is H, an alkyi alkenyl, or aryl group, and X is H, an alkyl, aikenyl, an aryl 

group, or-N(Ri)(R2), in which Rj and R2 are, each independently, II, an alkyl, an 

aikenyl, 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. Irs certain 

embodiments, such a urethane-cont&ining material is prepared by reacting an 

isocyanate with a com pound of the structure (4): 

R 
1 

HO-CH-C X 

° (4) 
in which R can be H or a hydrocarbyJ or substituted hydrocarbyl group, a saturated or 

unsaturated hydrcjcarbyi group, such as an alkyl, alkenyl or aryl group, and X can be H 

or a hydrocarbvl or substituted hydrocarbyl group, a saturated or unsaturated 

hydrocarby! group, such as an alkyl, alkenyl or aryl group. 

[0036] Other at least partially blocked polysicyanates, which are suitable for 

use in the present invention, include; (i) those polyisocyanates at least partially 

blocked with a material having the structure- (5): 

OH 

f 4p(0)——O-jr^H 

(5) 

in which n is a number from 1 to .10; m is a number from 1 to 10; and R is H or an 

alkyl or an aryl group or substituted alkyl or aryl group having from 1 to 30 carbon 

atoms, which are described in U.S. Patent No. 6,0.17.432 at col, 2, line 43-64 and col. 
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6, line 33 to col. 8, line 38, the cited portion of which being incorporated herein by 

reference; (ii) ketoxlme>blocked polyisocyanates, which are described in U.S. Patent 

No. 3,694,389 at col. 2, line 24 to col. 6, line 29, the cited portion of which being 

incorporated herein by reference; and (iii) 3,5-dimethyl pyrazole blocked 

polyisocyanates, such as those commercially available from Baxenden Chemicals, 

Ltd., Lancashire, England. 

[60371 In certain embodiments, the at least partially blocked polyisocyanate. is 

present in the second aqueous resinous dispersion in an amount of 10 to 50 percent by 

weight, such as 30 to 45 percent by weight, based on the total solids weight of the 

second aqueous resinous dispersion. 

[00381 As will be appreciated, the second aqueous resinous dispersion may, if 

desired, include any of a variety of optional ingredients, such as colorants (e.g., 

titanium dioxide, carbon black), antioxidants, bi.oci.des, defoamers, surfactants, 
wetting agents, dispersing aids, clays, hindered amine light stabilizers, UV light 

absorbers and stabilizers, or combinations thereof. 

[0039] The Examples herein illustrate suitable methods for making the second 

aqueous dispersion. 

|0040j In the methods of the present invention, the first aqueous dispersion is 

combined with the second aqueous dispersion. Such combining can occur in any 

suitable container, 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 aqueous resinous dispersion, Other coating 

composition components may be combined, such as, for example, a pigment 

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 

pigraent-fo-resm weight ratio Is sometimes within the range of 0.03 to 0.35, when 

pigment is 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, 

[0041] The resin solids content of the compositions produced according to the 

methods of the present invention depends upon the particular end use thereof and is 

often not critical. Compositions containing at least i percent by weight, such as from 

5 to 40 percent by weight or 5 to 20 percent by weight, resin solids are common. By 
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resin solids is meant the non volatile organic content of the composition, i.e., organic 
materials which will not volatilize when heated to J 10°C for 35 minutes, and would 

exclude organic solvents. 

{0042] it has been surprisingly discovered that the methods of the present 

invention provides for improved characteristics of the resultant dispersion. More 

particularly, it was surprisingly discovered that addition of a zinc (II) amidine 
complex directly into an aqueous resinous dispersion comprising an active hydrogen-
containing, cationic salt group-containing polymer and an at least partially blocked 
polyisocyanate that, deblocks at low temperatures, such as those described above, 

resulted in a dispersion that is not a stable dispersion. On the other hand, when a 

coaling composition is prepared according to the ?n.ethods disclosed herein, a stable 

aqueous resinous dispersion is produced. 

[0043] As a result, the present invention is also directed to aqueous resinous 

dispersions that are stable dispersions and that comprise: (a) an active hydrogen-
containing, cationic salt group- containing polymer; (b) a zinc (1.1) amidine complex; 

and (c) an at ieast partially blocked polyisocyanate that is selected so as to provide an 
aqueous resinous dispersion that cures at. a temperature of 320°F (160°C) or below. 

{0044] In certain embodiments, the coating compositions produced by the 

methods of the present invention are deposited upon a electrically conductive 

substrate by placing the composition in contact with an electrically conductive anode 

and an electrically 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 electrodes. The conditions under which the electrodeposition is carried out are, in 

general, similar to those used in electrodeposition of other types of coatings. The 

applied voltage may be varied and can be, for example, as low as one volt, to as high 

as several thousand volts, 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] Once the electrodepositable coating composition is electrodeposited 

over at least a portion of the eleetroconductive substrate, the coated substrate is heated 

to a temperature and for a time sufficient to cure the electrodeposited coating on the 

substrate. Sn 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 temperature as 

well as other variables, for example, film thickness of the electrodeposited coating. 

For purposes of the present invention, all that is necessary is that, the time be sufficient 

to effect cure of the coating on the substrate. For example, fee curing time can range 

from f 0 minutes to 60 minutes, such as 20 to 40 minutes, 

[0046] lis certain embodiments, the coated substrate is heated to a temperature 
of 300°F (149°C) or less for a time sufficient to effect cure of the electrodeposited 

coating on the substrate. The thickness of the resultant cured coating often ranges 

from 15 to 50 microns. 

[0047] 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 techniques, such as flow, dip, spray and roll coating applications. 

For electrodeposition and non-elecfrophoretic coating applications, the coating 

compositions can be applied to a variety of eiectroconductive substrates especially 

metal such as steel, aluminum, copper, magnesium and the like, but also including 

metallized plastic and conductive carbon-coated materials. For non-electrophoretic 

coating applications, compositions can be applied to the non-metallic substrates such 

as glass, wood and plastic. Moreover, in some embodiments, the substrate may 

comprise a portion of a vehicle such as a vehicular body (e.g., without limitation, 

door, body panel , trunk deck lid, roof panel, hood, and/or roof) and/or a vehicular 

frame. As used herein, "vehicle" or variations thereof includes, but is not limited to, 

civilian, commercial, and military land vehicles such as cars, motorcycles, and trucks. 

It will also be understood that, in some embodiments, the substrate may be pretreated 

with a pretreatment solution, such as a zinc phosphate solution as described in U.S. 

Pat Nos. 4,793,867 and 5,588,989 or a zirconium containing solution such as 

described in U.S. Pat. Appln. Mos, 11/610.073 and 11/833,525. 

[0048] In certain embodiments, therefore, the present invention is also 

directed to methods for coating an eiectroconductive substrate. In certain 

embodiments, such methods comprise (a) electrophoreiical!y depositing on the 

substrate ail aqueous 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 certain embodiments, such methods comprise (a) 
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elecirophoreticaiiy depositing on the substrate an aqueous 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 substrate, (c) applying to the cured 

electrodeposited coating one or more pigment-containing coating compositions and/or 

one or more pigment-free coating compositions to form a top coat over at least a 

portion of (he cured electrodeposited coating, and (d) heating the coated substrate of 

step (c) to a temperature and for a time sufficient to cure the top coat. 

[0049] Illustrating the invention are the following examples, which, however, 
are not to be considered as limiting the invention to their details, Unless otherwise 

indicated, all parts and percentages in the following examples, as well as throughout 

the specification, are by weight. 

EXAMPLES 

Example !: Preparation of blocked polyisocyanate 

Table 1 
# Materials Paris 
1 Toluened iisocyanate 7568.8 
2 Methyl isobutyl ketone 5300,0 
3 Trimethylol propane 1950.0 
4 Dibutyl tin dilaurate 3.9 
5 Methyl isobutyl ketone 25.0 
6 Dibutylg lyco 1 amide1 8816.0 
7 Methyl isobutyl ketone 4'! .6 
8 Methyl isobutyl ketone 880,0 
9 Bisphenoi A polyol2 2137.5 
10 Propyl enegly co! in on opherryl ether ^joo.o 
11 Propyienegiycol monophenylether 2400.0 

! Formed as the reaction product of dibutylamine and glycol.ic acid 
2 A Bisphenoi A/6-ethylene- oxide adduct 

[0050] 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 exothermedL The batch was held for 1 hr at 65°C, at which point the batch 

was cooled to 60°C and material 4 was added, 'fhe lines leading 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 material 7. Material 8 was then added 
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to the reactor and the batch was held at 90°C for two hours. Materials 9 and 1.0 were 

then charged into the reactor and the composition ho Ed for 30 minutes, at which point 
material 11 was added to the reactor and the composition was held for 45 minutes, 

therein forming the dibutylglycoiamide crosslinker. 

Example 2: Preparation of aqsemis resinous dispersion coatafemg an active 
hydrogen-containing, cationic salt grossp-eoBtafemg polymer and a blocked 
isocyanate 

Table 2 

# Material Parts 
I Hpon® 828' 9660 
2 Bisphenoi A 4237 
3 Methyl isobutyl ketone 730 
4 Ethyl triphe.riylphosphonium iodide 9.7 
5 Propyleneglycol monophenyiether 1435 
6 Methyl .isobutyl ketone 406 
7 Diketimine4 1015 
S Methyl ethanol amine 866 
9 Product of Example 1 18061 
!0 Methyl isobutyl ketone 25 
11 Deionized water 14790 
12 Formic acid 606 
13 Deionized water 30484 

Epoxy resin available from flexion Specialty Chemica 
Formed as the reaction product of diethySenetriamme and methyl isobutyl ketone 

[0051} To a reactor, materials J.,, 2, 3 and 4 were charged and heated to 130CG, 

at which point the reaction exothemis, The temperature inside the reactor was then 

adjusted to 160°C and die composition held for 1 hour. 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 point, materials 9 and 10 were added and the reactor was held 

for 20 minutes at 95°C. The reactor contents were then poured into another container 

that included materials 11 and 12. The new container was held for 1 hour and 

material 13 was added. The solvent was removed from the contents of the new reactor 

in vacuum to 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 o.f an aqueous resisioiss dispersion containing an active 
hydirogeB-coBtaittjsg, cationic salt group-containing polymer, a blocked 
polyisocyanate, and a zinc (II) amidine complex 

Table 3 

fl Material Parts 
1 < . .Bpon* 828J 362.3 
2 Bisphenoi A 158.9 
3 Methy! isobutyl .ketone 27.4 
4 Ethyl tripbenylphosphonium iodide 0.4 
5 Propyleneglycol monopbenylether 53,8 
6 Methyl isobutyl ketone 15.2 
7 Diketimine'' 38,1 
8 Metftv! ethanol amine 32.5 
9 Crosslinker of Example 1 677,3 
10 Methyl isobutyl ketone 1 
11 K- KAT-XK- 6205 18.6 
12 Deionized water 468.4 
13 Formic acid 2.1.8 
14 Deionized water 1.696 

5 Zinc amidine catalyst commercially available from King Industries. 

[0052] 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 hour. Materia! 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 point materials 9 and 10 were added and die 

reactor was held for 20 minutes at 95°C. Material 11 was then added to the reactor at 

9G°C and was allowed to mix for 15 minutes. The reactor contents were then poured 

into another container that included materials 12 and .13. The new container was held 

for 1 hour and material 14 was added. The solvent was removed from the contents of 

the new reactor in vacuum. The resultant dispersion was unstable and exhibited phase 

separation and precipitated in 2 days. The instability of the dispersion made it 

unsuitable for introduction into a cationic eiectrodepositable coating composition, 
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Example 4 - Preparation of a "First Aqueous Dsspes-sion" According to ass 
Embodiment of tin; Methods of the Present Invention 

Table 4 

# Materia? Parts 
1 Epon®' 82? 401.9 
2 Bisphenoi A 122.5 
3 Butyl Carbitol formal 58,5 
4 Ethyl triphenyl phosphomum iodide 0.4 
5 Butyl Carbitol formal 100.1 
6 jeffamine D2000<> 1438.4 
7 Butyl Carbitol formal 43.5 
8 Rhoadarneen C5; 109.1 
9 Butyl Carbitol forma! 16.9 
10 K-KAT-XK-6205 509.1 
11 Lactic acid 293.9 
12 Deionized water 2404.8 
13 Deionized water 548.0 

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

(0053} Materials 1, 2, and 3 were charged sequentially into a reactor and 
heated to !25°C. Item 4 was then added to the reactor and allowed to exothenrs, 

adjusting the temperature 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 reactor, while stirring, over 10 minutes and the composition was allowed to 

exotherrn. The lines to the reactor were then rinsed with material 7, at which point the 

temperature 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 stirred for 10 minutes. The resultant, 

composition (2380.3 parts) was then added to materials 11 and 12 in a second reactor 

and stirred for 30 minutes. Material 13 was then added. The resultant resin 

composition had a solids content of35.80%. The resultant resin composition was a 

single phase material and exhibited no settling over time (greater than 60 days). 
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Example 5 - Preparation of a "First Aqueous Dispersion" According to an 
Ersbodimeet of the Methods of the Present Jwveofion 

Table 5 

# Material Parts 
1 Epon® 828' 201.0 
2 Bisphenoi A 61.3 
0 Butyl Carbitol formal 29.3 
4 Ethyl triphenyl phosphonium iodide 0,2 
5 Butyl Carbitol formal 50.1 
6 Jcffaminc D20006 719.2 
7 Butyl Carbitol formal 21,8 
8 Rhoadameen C5 54.5 
9 Butyl Carbitol formal 8.5 
10 Lactic acid 147.0 
11 K-KAT-XK-620' 216.4 
12 Deionized water 1258.2 
13 Deionized water l!112.3 

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

to 125° C, Item 4 was added arid allowed to exotherm, adjusting the temperature to 

16GU 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 reactor, while stirring, 

over 10 minutes and the composition was allowed to exotherm. The lines to the 

reactor were then rinsed with materia! 7, at which point the temperature 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 stirred for 10 minutes. The resultant composition (973.8 parts) was 

thes) added to materials 10, 11 and 12 hi a separate reactor and stirred for 30 minutes. 

Material 13 was then added to the reactor to give a solution having & solids content of 

32,4%. The resultant dispersion was a single phase material and exhibited no settling 

over time (greater than 60 days). 
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Example 6: Combination of Aqueous Resinous Dispersions 

Table 6 

'Microbiocide available from ROHM and IAAS Company 

Materia! Parts 
Exam pie 4 125.2 
Example 2 1840.4 
Deionized water 34,3 
Kathon LX* 0.1 

[0055] The materials were blended to give a final solids content for Example 6 

of 36%. The resin blend was a single phase material and exhibited no settling over 

time (greater than 60 days). 

Example 7: Combination of Aqoeoiss Resinous Dispersions 

Table 7 
Materia! Paris 
Example 5 137.6 
Example 2 1840.4 
Deionized water 21,9 
Kathon LXS 0.1 

|0056] The materials were blended to give a final solids content for Example 7 

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

time (greater than 60 days). 

Example 8: I'Jcctrodepositabfe Coatittg Composition from Example 6 

[0857] 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 6 721.0 
Pigment Paste 
Deionized water 1189,6 

POWERCRON® Black Paste commercial ly available from PPG Industries, Inc 
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Example 9: Ekctrodepositeble Coating Cmsipositsoss from Example 7 

|0058] This example describes an electrocoat bath composition made using 

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

15% solids, 

Tabte 9 
Materials Parts 
Example 7 721,0 
CP 549y 89.4 
Deionized water 1189.6 

Example 10; Preparation of Control Kesiss Blend 

[0059] This example describes the preparation of a control resin blend at 36% 

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

rime (greater than 60 days). 

Table 10 
Materials Parts 
Example 2 79764.0 
Po]yox3/aJkylenepo]yamine-po!yepoxide 
adduc 

5230.0 

Deionized water 1691.0 
Kathon 3,9 

® As described in the patent US 4432 85OA 

Example 11; Preparation of Control Ekctrodepesstabie Costing Composition 

10060] This example describes a control electrocoat bath composition made 

using the product of Example 10 and the DBTO containing paste CP S24 (available 

from PPG industries) at 012 p/b at 15% solids. 

Tab ell 

Materials Paris 
CR65911 840,2 
CP 524u 124.0 
Deionized water 1435.8 
: POWERCRON cationic resin commercially available from PPG Industries, Inc. 

Cationic resin containing pigment paste commercially available from PPG 
Industries, Ine 
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Example 12: Comparison of Eiectrodepositable Coating Compositions 

f'G061! 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/120'7225V) and 

(90°F/120,7250¥) 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 
Paisrt Cure Temperature (°F) Care (50 acetone double 

rubs) 
Example 8 250 Fail -35 ADRS to metal 

275 Pass - Dulling 
300 Pass - Slight dulling 

Example 9 250 Fail - 28 ADRS to metal 
275 Pass - Dulling 
300 Pass - Slight dulling 

Control Example 11 250 Fail - 31 ADRS to metal 
275 Pass - Dulling 
300 Pass - Dulling 

[0062] Whereas particular embodiments of the invention have been described 

hereinabove for purposes of illustration, it will be evident to those skilled in the art 

that numerous variations of the details of the present invention may be made without 

departing from the invention as defined in the appended claims 



WE CLAIM: 

1. An aqueous resinous dispersion formed according to the method of claim 9 

wherein the at least 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 of 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 (II) 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): 

H R O 
I I II 

—N—C—O—C—C—X 
II I 
0 " (3) 

in which R is H, an alkyl, alkenyl, or aryl group, and X is H, an alkyl, alkenyl, an aryl 

group, or -N(RI)(R2), in which Ri and R2 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: 

(i) an active hydrogen-containing, cationic salt group-containing polymer; and 

(ii) a zinc (II) amidine complex; and 

(b) the second aqueous resinous dispersion comprises: 

(i) an active hydrogen-containing, cationic salt group-containing polymer; and 

(ii) 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 

polvepoxide-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 (II) 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, wherein 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 

selected 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 moiety of the structure (3): 

H R O 
I I II 

— N—C—O—C—C—X 

° " (3) 
in which R is H, an alkyl, alkenyl, or aryl group, and X is H, an alkyl, alkenyl, an aryl 

group, or -N(RI)(R2), in which Ri and R2 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 cathode, with a surface to be coated being the cathode. 
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