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Description

Background of the invention

This invention relates to coating compositions based on a water-borne reaction product of carboxyl-
functional polymers, an epoxide, and a tertiary amine, having general utility in coating metallic substrates.
It is more particularly directed to coating compaositions useful as can coatings. Similar compositions are
described in US-—~A—4 247 439,

Coatings of the prior art are often dissoived or dispersed in organic solvents. Among commonly
utilized thermosetting compositions are those based on epoxy resins crosslinked with nitrogen resins,

usually in an acid catalyzed process.

Aqueous epoxy-acrylic-amine coating composmons of other investigators are less stable than desired
or lack advantages of the present invention, especially for apphcatlons to steel cans including tin-plated
steel cans.

Summary of the Invention

According to the present invention, there is provided a water-borne coating composition consisting
essentially of liquid carrier and a second reaction product made by blending a second carboxyl-functional
polymer with a first reaction product, characterized by said first reaction product being the product of the
reaction in an organic media of:

(A) 50--90%, based on the weight af (A) plus (B}, preferably 65—~90%, most preferably about 78%, of
an epoxy resin containing, on the average, about 13 to 2, preferably about 2, terminal 1,2-epoxy groups per
molecule and having an epoxy equivalent weight of 750—5000, preferably about 1500—4000, most
preferably about 3000;

(B) a first carboxyl-functional polymer in an amount sufficient to provide at least 1.25, preferably at
least about 1.75, and not more than 6.0, equivalents of carboxyl groups, when the source of the carboxy!
group is a mono-protic acid, and at least 2.0 equivalents of carboxyl groups, when the source of such
groups is a diprotic acid, per equivailent of 1,2-epoxy groups in the epoxy resin of (A}, said polymer having a
weight average molecular weight {determined by light scattering) of 10,000—160,000, preferably about

10,000—80,000, mast preferably about 13,000—18,000, and an acld number of 100—500, preferably about

150—350, most preferably about 300; and .

(C) at least 1.25, preferably at least about 1.75, most preferably about 3.0, equivalents, preferably as an
aqueous solution, of a tertiary amine per equivalent of 1,2-epoxy groups in the epoxy resin of (A), said
tertiary amine being selected from the group consisting of RyR;R;N, pyridine, N-methyl pyrrole, N-methyl
piperidine, N-methy| pyrrolidine, N-methyl morpholine, and mixtures thereof and wherein R, and R, are
substituted or unsubstituted monovalent alkyl groups containing one or two carbon atoms in the alkyl
portion and R, is a substituted or unsubstituted monovalent alkyl group contalmng 1—4 carbon atoms,
preferably dimethyl ethanol amine; and

(D) optionally, 10—980% of the amount required for stoichiometric reaction with the carboxyl-functional
polymer of (B) of at least one primary, secondary or tertiary amine or monofunctional quarternary
ammonium hydroxide; and .
wherein for increasing ratios of carboxyl groups to 1,2-epoxy groups, the amount of amine is increased to
keep the carboxyl-functional polymer water dispersible;

(E) said second carboxyl-functional polymer being blended in an amount of 5 to 200 parts by weight
per 100 parts by weight of {(A) plus (B) and having a weight average molecular weight {determined by light
scattering) of about 10,000—160,000 and an acid number of 50—500, said acid number being at least 50
units different than the acid number of said first carboxyl-functional polymer;
said second reaction product containing not less than 30% by welght of epoxy resin (A) based on the total
of (A), (B) and (E).

Preferably the first carboxyl-functional polymer has an acid number of at least 100 units higher than
that of said second carboxyl-functional polymer. The second carboxyl-functional polymer (E) can be
neutralized with an amine before it is blended with the first reaction product. Preferably the first reaction
product is prepared in organic solvents using an aqueous solution of tertiary amine (C), the the second
carboxyl-functional polymer (E) is blended with the first reaction product, and then the combined reaction

product is inverted into water by biending with water in sufficient guantity so that the continuous phaseis’

aqueous.
Preferably, components (A), (B), {C) and (E) are capable of forming hydrogel structures with
components (A), (B), (C) and (E) comprising about 0.1—50% of the coating composition and the remainder
comprising water and, optionally, organic liquid(s) in a volume ratio of from 70:30 to all water, sometimes
preferably 80:20. (Percentages, proportions and ratios herein are by weight except where indicated
otherwise.)
Preferably the first carboxyl-functional polymer is present in an amount sufficient to prov1de at least

1.75 equivalents of carboxyl groups, when the source of the carboxyl groups is a monoprotic acid, and at’

least 2.5 equivalents of carboxyl groups, when the source of such groups is a diprotic acid, per equivalent
of 1,2-epoxy groups in the epoxy resin. Also preferably, the source of the carboxy! groups is a mono-protic
acid and the first carboxyi-functional. polymer is present in an amount sufficent to provide 1.5—2.5
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equivalents of carboxyl groups per equivalent of 1,2-epoxy groups and the tertiary amine of (C} is pregent
in the amount of 2.0—2.5 equivalents per equivalent of 1,2-epoxy groups.

The water-borne coating composition can be crosslinked without the addition of a crosslinking agent
or, optionally, it can contain crosslinking agents such as a nitrogen resin or a phenolic resin, as well as
additives commonly utilized in coating compositions such as plgments, f' llers, UV absorbers and the like.

" In further preferred embodiments of the invention:

The first carboxyl-functional polymer is present in an amount sufficient to prowde not more than 6.0
equivalents of carboxyl groups per equivalent of 1,2-epoxy groups in the epoxy resin,

The epoxy resin has an epoxy equivalent weight of 1500—4000.

The first and second carboxyl-functional polymers are polymers of the same monomers or dlfferent
monomers, including at least one a,B-ethyienically unsaturated monomer and at least one a,B-
ethylenically unsaturated acid. _ .

The o.,B-ethermcally unsaturated acid is represented by the structures

CHy - c - COOH ;

ﬁ'Hooc\ | /R2

C=
R1/ \COOH
‘l

| /‘_Rz
AN

COOH

o
HOOC/

or

\ / _.
/ \RscOOH

COOH

“wherein R is hydrogen or an alky! radical of 1—6 carbon atoms, R, and R; are hydrogen, an alkyl radical of
1—8 carbon atoms, halogen, cycloalkyl of 3—7 carbon atoms or phenyl, and R; is an alkylene radtcal of 1—8

The q,B-ethylenically unsaturated acnd is selected from the. group consnstlng of acyllc acid, meth-

- acrylic acid, and itaconic acid.

The first carboxyl-functional polymer has an acid number of 15—350 and sald second carboxyi-
functional polymer has an acid number of 50—150. -
. The q,B- ethylemcally unsaturated monomer is at least one selected from the group consnstmg of

(a) o
s

where R, R,, R, and R, are hydrogen or an all(yl radical_ of 1—5 carbon atomsj
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where R and R, are hydrogen, an alkyl raducal of 1—18 carbon atoms, tolyl benzyl or phenyl and R, is
hydrogen or methyl; :

{c) esters of acrylic acid, methacryllc -acid or'mixtures thereof wuth alkanols of 1—16 carbon atoms;

{d) a mixture of up to 20% of sa|d polymer, of hydroxyalkyl (meth)acryiate W|th at least one of (a), {b)
and {c); and

(e} a mixture of up to 20% of said polymer of {meth)acrylamide or N-alkoxymethyl {meth)acrylamide
with at least one of (a), (b) and {(c).

The a,B-ethylenically unsaturated acid is selected from the group consisting of acrylic acid, meth-
acrylic acid and itaconic acid.

The tertiary amine of (C) R,RstN is selected from the group consisting of trimethyl amine, dimethyl
ethanol amine, methyl diethanol amine, diethyl methyl amine, ethyl methyl ethanol amine, dimethyl benzyl
amine, dimethyl propyl amine, dimethyl ethyl amine, dimethyl 3-hydroxy-1-propyl amine, dimethyl 2-
hydroxy-1-propyl amine, dimethyl 1-hydroxy-2-propyl amine, and mixtures thereof.

The tertiary amine of (C) is dimethyl ethanol amine.

The composition of the invention preferably consists essentially of liquid carrier and a second reactlon
product made by blending a second carboxy-functiona!l polymer with a first reaction product of:

(A) 65—90% by weight, based- on the weight of (A) plus (B), of an epoxy resin containing, on the
average, two terminal 1,2-epoxy groups per moiecule and having and epoxy equivalent weight of about
1500—4000;

(B} a first carboxyl-functional polymer in-an amount sufficient to provide at least abot 1.75 equivalents
of carboxyl groups, when the source of the carboxyl group is a mono-protic acid, and at least 2.0
equivalents of ¢arboxyl groups, when the source of such groups is a diprotic acid, per equivalent of 1,2-
epoxy groups in the epoxy resin, said polymer having a weight average molecular weight (determined by
light scattering) of about 10000—80000 and an acid number of about 150—350;

(C) an aqueous solution of at least about 1.75 equivalents of a tertiary amine per equivalent of 1,2-
epoxy groups in the epoxy resin, said tertiary amine being selected from the group consisting of RyR,RaN,

pyridine, N-methylpyrrole, N-methyi piperidine, N-methyl pyrrolidine, N-methyl morpholine, and mixtures .

thereof and wherein R, and R; are substituted or unsubstituted monovalent alkyl groups containing one or
two carbon atoms in the alkyl portion and R, is a substituted or unsubstituted monovalent alkyl group
containing 1—4 carbon atoms;

(D) optionally, 10—90% of the amount required for stoichiometric reaction with the carboxyl-functional
polymer of (B) of at least one primary, secondary or tertiary amine or monofunctional quarternary
ammonium hydroxide;
wherein for increasing ratios of carboxyl groups to 1,2-epoxy groups, the amount of amine is increased to
keep the carboxyl-functional polymer water dispersible;

(E) said second carboxyl-functional polymer being blended in an amount of 5 to 200 parts by weight
per 100 parts by weight of (A) plus (B) and having a weight average molecular weight (determined by light
scattering} of about 10,000—160 000 and an acid number of 50—-500 said acid number bemg at least 50
first carboxyl-functional polymer,. .
said second reaction product contammg not less than 30% by welght of epoxy resln (A) based on the total
of (A), (B} and (E). :

The components (A), (8), (C), (D) and (E) comprise about 0. 1—50% by welght of the coating
composmon and the remainder:is comprised of the liquid carrier which is water and, optlonally, organic
liquid in a volume ratio of from 70:30 to all water.

The liquid carrier is water and organic liquid in a volume ratio of about 80:20.

The composltlon additionally contains crosslinking agent which is at least one of a phenol
formaldehyde resin and a nitrogen resin or diethoxytetramethoxymethyimelamine.

The invention also comprises an article coated with a cured coating based on the composition of the
invention which may additionally contain a nitrogen resin crosslinking agent.

In coating compositions of the invention, components (A), {B}, {C} and (E) are capable of forming a
hydrogel structure.

In method of making the composition of the lnventlon

a first reaction mixture is made by dissolving the epoxy resin of {A) and the first carboxyi-functlonal
polymer of (B) in an organic liquid,

then the tertiary amine of {C) is added to the first reaction mlxture, to make a second solution,

then a third reaction mixture is made by addmg a second carboxyl-funcﬂonal polymer of (E) to said
second reaction mixture,
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then water is mixed with the third reaction mixture, if needed to achieve a volume ratio of water to
orgamc liquid between 70:30 and 90:10.

- In a method of making the composition of the invention

a first reaction mixture is made by dissolving the epoxy resin of (A) and the first carboxyl-functlonal
polymer of (B) in an orgamc I|qu1d

then the tertlary amine of (C) is added to the first reaction mixture to make a second solution,

then water is mixed with the second reaction mixture,
. then a third reaction mixture ls made by addlng a second carboxyl-functional polymer of (C) to said
second reaction mixture,

then water is mixed with the third reaction mixture, if needed to achieve a volume ratio of water to
organic liquid between 70:30 and 90:10.

in a method of maklng the composition of the invention

a first solution is made by dissolving the epoxy resin of (A) in an organic liguid,

then the tertiary amine of (C) is added to the first solution to form a polymenc quarternary ammonium *

-hydroxide in an organic liquid,

then the carboxyl-functlonal polymer of (B), dissolved in an organic |quId is mixed with the polymeric
quarternary ammonium hydroxide with agitation to form a second solution,

then water is mixed with the second reaction mixture,

then a third reaction mixture is made by adding a second carboxyl-functlonal polymer of (E) to said
second reaction mixture,

then water is mixed with the second solution, if needed, to achieve a weight ratio of water to organic
liquid between 70:30 and 90:10.

In such methods, the carboxyl—functronal polymer of (B} is pre-reacted to 10—90% of storchlometry
with at least one primary, secondary or tertiary amine or monofunctional quarternary ammonium
hydroxide (D) before being mixed with the polymeric quarternary ammonium hydroxide.

In a method of- makmg the composition of the invention

a first solution is made by dissolving the carboxyl-functional polymer of (B) in an orgamc liquid,

then an aqueous solution of a tertiary amine of (C) is mixed with the first solution to form a second
solution,

then the epoxy resin of (A) is muxed with the second solution to form a third solutton,

then a third reactian, mixture is made by addmg a second caboxyl-functlonal polymer of (E) to said
second reaction mixture;

then water is mixed with the third solutlon, if needed to ach|eve a volume ratio of water to organic
liquid between 70:30 and 90:10. . . . :

In a method of makmg the composition of the invention

- a first solution is made by dissolving the carboxyl-functronal polymer of (B) in an orgamc hquud

then an aqueous solution of a tertiary amine of {C) is mixed with the first solution to form a second
solution, .

then the epoxy resin of (A) is mixed with the second so|ut|on to form a third solutlon, :

_ then water is mixed with the second reaction mixture,

" then a third reaction mixture is made by adding a second carboxyl-functlonal polymer of (E) to said

-second reaction mixture,

then water is mixed with the third solutlon, if needed to achleve a volume ratio of water to organic
liquid between 70:30 and 90:10. ,

in methods of the invention, the resultmg m|xture of (A), (B and (Cis heated between 50° and 95°C,.
preferably between 70°C and 80°C, to react (A), {B} and (C).

Also, in the method of the invention the mixed ingredients are aIIowed to react to produce a reaction
product-and then at least one primary, secondary or tertiary amine or monofunctional quarternary
ammonium hydroxlde of (D) is mixed with the reaction product.

Descrlptlon of the lnventlon ,

The preferred water-borne coatlng composltlon of the mventlon is a solutlon or. dlspersmn of the
reaction products of an epoxy resin, a tertiary amine, and two carboxyl-functional polymers. By mixing
these components in-a defined manner and utilizing aqueous solutions of specific tertiary amines such as
dimethyl ethanol amine, a stable, water soluble or dispersible sait of a polymeric quarternary ammonium
hydroxide and at least two carboxyl-functional polymers results which can be crosslinkled without the
additional of external crosslinking agents. The optional addition of external crosslinkling agents, such as
phenolic or nitrogen resins, also affords a crossfinkable solution or dispersion which is stabie at room
temperature. Both compositions, the salt and the solution or dispersion containing an external crosslinking
agent, are infinitely dilutable with water.

Whether the coating composition is a solution or a dispersion is largely dependent on the nature of the
particular amine used, the stoichiometry of the system, and the epoxy equivalent weight. Even when the
composition is opaque some of the resinous components may be dissolved, and when the composition
appears to be a clear solution it is possible that.small amounts of the components are in a dispersed state.
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For sake of srmphclty, hereafter the term “dispersion” will be used to denote the water-berne coating
composition.

The dispersion, with or without an external’ crosslmklmg agent as prepared, usually has a pH of about
7—8 and a nonvolatile content of up to 50%. Upon drying, a hard, solvent-resrstant film having excellent
resrstance to acids, bases, hot water, and detergent results

Preparation of First Reaction Product .
The low molecular weight epoxy resins to be utllrzed inthe present mventlon are commonly known in
the art. One class of such resins has the generalized formula

_@_/\

wherein R is an alkylene group of 1—4 carbon atoms and n is an integer from 1-—12 The epoxy resins
utilized in this invention contain an average of at least about one and a half and up to two terminal 1,2-
epoxy groups per molecule and are in the epoxy equuvalent ‘weight range of 750——5000 preferably
1500-—4000. They can’also contain substituted aromatic rings. -

One such preferred epoxy resin is “Epon 1004** where R is isopropylidene, the average valueof nis 5
having an epoxy equivalent weight of 875—~1025, with an average of about 950 + 50. The epoxy equivalent
weight is defined  as the grams of resin containing 1 gram-equivalent of epoxide as measured by
ASTM—D—1652. The coating composntion contalmng “Epon 1004" affords a glossy, flexible, chemically-
resistant film. Another preferred epoxy resin is “Epon 1007” where R is isopropylidene, the average value
of n is 11, having an epoxy equivalent weight of 2000—2500, with- an average of about 2175 + 50. The
coating composition containing “Epon 1007 affords glossy, tough, flexible films upon cure. Another
preferred epoxy is an analog of “Epon 1009” with an average epoxy equivalent weight of 3000 made by
chain extending “Epon 829" (EW 195) wrth blsphenol A. The Epon products are made by Shell Chemical
Company.

The quantity of the epoxy resin to be utilized in the coatlng composmon of this invention is determined
in relation to the amount of carboxyl-functionai polymer and the relative amounts are dépendent on the
end use application of the coating but there must be at least 50%, preferably in the range of 66—80%, of
epoxy resin present. There must be, furthermore, at least 1.25, preferably at least 1.75, and most preferably
about 4.6, equivalents of carboxyl groups per equivalent of 1,2-epoxy groups in the epoxy resin. This
minimum equivalent requirement is valid for those carboxyl-functional polymers which contain mono-
protic acids derived from alpha, beta-ethylenically unsaturated acid monomers such as acrylic acid,
methacrylic acid, monoesters of alkanois ‘having 1—8 carbon atoms with diacids, such as maleic acid,

-itaconic acid, fumaric acid, mesaconic acid, citraconic acid and the like, and mixtures thereof. For those

carbonyl-functional polymers which' contain dlprotlc acids derived from ‘diacids such as maleic acid,
itaconic acid, fumaric acid, mesaconic acid, cltra_comc_ acid, and mixtures thereof, the minimum
requirement is 2.0 equivalents, preferably at least 2.5 equivalents, of carboxyl group per 1,2-epoxy groups.

. Usually, no more than 10.0, and preferably no more than 6.0, equivalents of carboxyl groups, per

equivalent of 1,2-epoxy groups, will be present.

The carboxyl-functional polymers utilized in this invention are prepared by conventional free radical
polymerization techniques from at least one ethylenically unsaturated monomer and at least one
ethylenically unsaturated acid monomer. The choice of the alpha,beta-unsaturated monomer(s) is dictated
by the intended end use of the coating ‘composition and:is practically unlimited. A variety of acid
monomers can be used; their selection is dependent on the desired final polymer properties.

This acid monomer can be an ethylemcally unsaturated acid, mono-protic or diprotic, anhydride or
monoester or a dibasic acid, which is copolymenzable with the other monomer(s) used to prepare the
polymer.

lllustrative monobasrc acids are those represented by the structure

R
|
CH2=C—COOH

where R is hydrogen or an alkyl radrcal of 1—6 carbon atoms.
Suitable dibasic acids are those represented by the formula

6
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or

COOH .

. R
' >c = c< | -
: ..:R1 o : H3000H.' ._
of 1—8 carbon atoms are also suitable. :

. The most preferred acid monomers-are acrylic acid, methacrylic acid, and itaconic acid.
The acid number of the polymers is 100—500, which corresponds to concentrations of about 10—77%

_ of the acid monomers by weight of the polymer. The acid number is the number of miligrams of potassium

hydroxide required to neutralize one gram of the polymer. For purposes of illustration, an acid number of
100 corresponds to.the presence in the polymer of either 12.8% acrylic-acid, 15.3% of methacrylic acid,
11.6% of itaconic acid; or 10.3% of maleic or fumaric acid. An acid number of 500 corresponds to 64% of
acrylic acid, 76.5% of methacrylic acid, 57.5% of itaconic acid, or 51.5% of maleic or fumaric acid in the
polymer. Preferred acid number values are 150—360. . S :

Vinyl aromatic monomers are commoniy utilized to be copoilymerized with the acid monomers. They
are represented by the structure: : : ' '

'-’?1 | Ve
Cc=C
. \..Rs

) v\'rher'ein'R, R,, R, and R; are l*o-yd'r'dgen' or an _alkyi radical of 1—5 carbon atoms. IMustrative of these

monomers are styrene, a-methyl styrens, vinyl toluene, and the like. The best_pol_ym!a_rs, in terms of final
film properties, are those in which this type of monomer is styrene. The vinyl aromatic monomers can be
present from 0—80% of the carboxyl-functional polymer, preferably from 40—80%, most preferably from
.40—70%, and specifically at concentrations of about 42, 53, and 66%. For some purposes 10—45% may be

" preferred and, in some applications, the polymer containes no such monomer.

Other commonly utilized monomers are the a,B-unsaturated nitriles represented by the structure:

R R,
\c =C~CN
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:. ‘where R and R, are hydrogen, an alky! radical of 1-—18 carbon atoms, tolyl, benzyl or phenyl, and R, is

" hydrogen or methyl. Most commonly utilized are acrylonitrile and methacrylonitrile. The nitrile monomer
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can be present from 0—40% based on the carboxyl-functional polymer. The polymers preferably contain
10—30% and more preferably 18—22% of the polymer, of the nitrile monomer. For certain purposes it may
be desirable to use 5—10% of the nitrile monomer and in some cases no such monomer is included in the
polymers.

Other suitable monomers are esters of acrylic acid, methacrylic acid or mixtures thereof with C,—C,4
alkanols. Preferred esters are the methyl, ethyl, propyl, n-butyl isobutyl, and 2-ethylhexyl esters of acrylic
acid or methacrylic acid or mixtures of such esters. These esters can be present in concentrations of
0—97%.

One can also utilize hydroxyalkyl (methyl)acrylate monomers such as hydoxyethyl acrylate, hydroxy-
propyl acrylate, hydroxyethyl methacrylate, hydroxypropyl methacrylate or mixtures thereof. Up to 20% of
such ester(s) can bs incorporated.

-1t may be desirable, for certain uses, to include in the polymer acrylamide, methacrylamide or an N-
alkoxymethy! (meth)acrylamide such as N-isobutoxymethyl (meth)acrylamide. Alternatively, a polymer
containing copolymerized acrylamide or methacrylamide can be post-reacted with formaldehyde and an
alkanol to produce an N-atkoxymethylated polymer.

The carboxyl-functional polymers can be prepared by polymerizing suitable monomers, in proper
amounts, in an organic liquid medium. In general, this liquid is an organic liquid capable of medium
hydrogen bonding, or a combination of this llqwd with less than about 50% of an organic liquid capable of
strong hydrogen bonding.

Preferably, the liquid medium for the polymenzatlon is an alcohol mixture, generally 62% butanol and
38% of ethylene glycol monobuty! ether. Other media which could be used include either water-soluble or
insoluble ketone. Optionally, the ketone can also contain less than about 50% of an ethyiene glycol- or
diethylene glycol. monoalkyl ether (where the alkyl group contains 1—4 carbon atoms), or diacetone
alcohol, and/or an alkanol of 1-—4 carbon atoms or an alkanediol of 1—7 carbon atoms. A preferred medium
is methyl ethyl ketone used by. itself. Another preferred medium for the polymerization is a mixture of
methyl ethyl ketone and ethylene glycol monobutyl ether, -

A catalyst or polymerization initiator is ordinarily used in:the polymenzatlon of the carboxyi-functional
polymers, in the usual amounts. This can be-any freée radical initiator that decomposes with a half-life of 0.5
to 2.5 hours at the reflux temperature of the organic liquid medium being used. Tertiary butyl perbenzoate,

tertiary butyl peroxypivalate, and tertiary butyl peroxyisobutyrate are preferred.

The polymers utilized in the water-borne coating composition of this invention have a welght average
molecular weight, -as determined by .light scattering or, more conveniently, gel permeation
chromatography, using a polystyrene. standard, calibrated by light scattermg methods of about
10,000—160,000. The preferred weight average molecular welght range is 10, 000——80 000 For some
applications a 13,000—18,000 molecular weight is preferred. -

During the preparation of the coating composition of this invention, an aqueous solutlon of a tertiary
amine, specified below, is brought in contact with a solution of an epoxy resin in organic liquid(s) or with a
solution of an epoxy resin and a carboxyl-functional polymer. A wide variety of organic liquids can be used
to dissolve the epoxy resins and the carboxyl-functional polymers. Among the most commonly used
solvents are alcohols such as isopropanol, the butyl alcohols, 2-hydroxy-4-methyl-pentane, 2-ethylhexyl
alcohol, cyclohexanol, glycols such as ethylene glycol, diethylene glycol, 1,3-butylene giycol, ether
alcohols such as ethylene glycol mono-ethyl ether, ethylene glycol mono-butyl ether, diethyiene giycol
monomethyl ether, mixtures thereof, and many alrphatlc and aromatic hydrocarbons if used admixed with
at least one of the above.

While the exact mode of the reaction is not fully understood, it is believed that the tertiary amine first
reacts with the carboxyl-functional polymer to form the corresponding salt which, in turn, can dissociate to
allow the amine to react with the 1,2-epoxy groups of the epoxy resin. It is also possible, however, that the
tertiary amine reacts directly with the 1,2-epoxy groups. In either case, the resulting quarternary

ammonium hydroxide can react with the carboxyl-functlonal polymer to yield a polymerlc quarternary

ammonium-amine mixed salt of a polymeric acid.

The reaction of tertiary amines with materlals contammg epoxy groups, to yleld adducts contammg
quarternary ammonium groups, is known.

Such reaction, when carried.out in presence of water’ or other suitable proton donors, such as certain
alcohols or carboxyllc acids can afford a product that containg both a- hydroxyl group and a quarternary
ammonium hydromde The reaction can be represented schematlcally as follows

"<;\+R3N+H20> { |

0 |
oH NRPon®

While most tertiary amines react with epoxy resins to form quarternary ammonium hydroxides, the
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preparatlon of the water-borne coating composition of this invention is carried out utilizing at least one
tertiary amine selected from the group: R,R,RsN, N-methyi pyrrolidine, N-methy!l morpholine, pyridine, N-
methyl pyrrole, N-methyl piperidine, and mixtures thereof, wherein R, and R, are substituted or
unsubstituted monovalent alkyl groups containing one or two carbon atoms in the alky! portion and Rz is a
substituted or unsubstituted monovalent alkyl group containing 1—4 carbon atoms. Some examples of

‘RyR,R3N are: trimethyl amine, dimethyl ethanol amine (also known as dimethyl amino ethanol), methyl

diethanol amine, sthyl methyl ethanol amine, dimethyl ethyl amine, dimethy! propyl amine, dimethy! 3-
hydroxy-1-propyl amine, dimethylbenzyl amine, dimethyl 2-hydroxy-1-propyl amine, diethyl methyl amine,
dimethyl 1- hydroxy-Z-propyl amine, and mixtures thereof. Most preferably trimethyl amine or dimethyl
ethanol amine is used.

The generation of a polymerlc quarternary ammonium hydroxrde which is water soluble or dispersible
when in presence of a nitrogen resin crosslinking agent is described in U.S. Patent 4,076,676, granted
February 28, 1978, and its relevant portions are hereby incorporated by reference.

The amount of tertiary amine needed in the preparation of the water-borne coating composition of this
invention is determined by two factors. As a minimum, there is required at least 1.26 equivalents of tertiary
amine per equivalent of 1,2 epoxy groups, preferably at least 1.75 equivaients, more preferably 3.0, for the
formation of stable dispersions. As the ratio of the number of carboxyl groups in the carboxyl-functional
polymer to the number of 1,2-epoxy groups in the epoxy resin increases, the amount of amine is also
increased to keep the carboxyl-functional polymer water dispersible. This excess amine is believed to form

. a salt with some or all of the excess carboxyl groups of the polymer. It is preferred that no excess amine,

over the total number of equivalents of carboxyl groups, be used in the coating composition of this
invention. The amine utilized in excess of the 1.25 equivalents of the highly specific tertiary armine per

"equivalent of 1,2-epoxy groups need not be the same as, not does it necessarily have to be selected from

the group of, the highly specific tertiary amines. Any primary, secondary or tertiary amine or mono-

- functional quarternary ammonium hydroxide can be utilized in neutralizing carboxyl groups of the

carboxyl-functional polymer which are not already neutralized. Among such tertiary amines are included:
triethyl. amine, diethyl ethanol amine, dimethyl cyclohexyl amine, triethanol amine, tributyl amine,

.dimethyl n-butyl amine, tripropyl amine, dimethyl lauryl amine, and y-picoline. Primary and secondary

amines preferably shouid not be used along with tertiary amines in the nesutralization of the epoxies
because unwanted covalent bonds couid be formed, and this can interfere with the desired hydrogel

"formation.

The first reaction product can be prepared without regard to the sequence of addition of the various
components, It is preferred, however, to first dissolve the epoxy resin in suitable organic liquids and then
add the carboxyl-functional polymer which has been partially neutralized with a suitable tertiary amine,

- usually dissolved in water. Additional water can then be added to achieve the final volume ratio of water

and organic liquid of from 70:30 preferably to 90 ‘lo Additional amine can also be added to insure
dlspersmlllty .

A preferred ratio of tertrary amine to water is approxmately 1 3 by weight.

The reaction can be carried out between room temperature and below the boiling point of the reaction
medium, preferably between 50—100°C, most preferably 90—100°C. In this temperature range there is a
rapid rate of reaction. .

-In another preferred method of preparatlon of the coating composition, an epoxy resln |s dissolvedin a
suitable organic liquid such as the mono-butyl ether of ethylene glycol or diethylene giycol, followed by the
addition of a suitable tertiary amine. After the formation of the polymeric quarternary ammonium

-hydroxide is substantially complete, a carboxyl-functional polymer, dissoived in a suitable organic liquid is
.mixed with it with agitation. This latter solution can also contain any additional primary, secondary or

tertiary amine, dissolved in water, necessary for dispersibility of the coating composition. Mixing with any

. additional desired water of the components completes the preparation of the water-borne coating
.composition: This sequence of steps can also be carried out between room temperature and temperatures

below the boiling point of the reaction media.
Alternatrvely, the first reaction product of this invention can be prepared by first dlssolvmg the epoxy

- _resm in the carboxyl-functional polymer, in the presence of suitable organic liquids. Addition of a suitable

56
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_tertiary amine, usually. dissolved in water, completes the preparation.of the polymeric quarternary
. ammonium salt of a polymeric acid. Additional water can then be added to achieve the final volume ratio of

water.and -organic liquid of from 70:30 preferably to 90:10. Additional amine can also be added to insure
dispersibility.

The polymenc quarternary ammomum-amme mlxed salt of the carbony! functional polymer of the
water-borne coating composition of this invention preferably is a' complex hydrogel structure. It is the
generation, during the epoxy/carboxyl/amine reaction, of such a hydrogel structure which. affords the

_solublllty of dispersibility, and stabilization, in water of the coating composmon A possible schematic

formula. is shown by the- formula below. The exact nature of the bonding is not known. The number of

- . carboxyl groups in the schematically shown polymer molecules and of the relative portion of free acid

65

groups to the amine salt groups are determined by the stoichiometry employed during the preparation of
the coating composition. The schematic representatlon is shown to further the understandmg of the nature

. of the invention:
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where M?® is hydrogen ora protonated pnmary, secondary or tertlary amme or'a monofunctlonal
quarternary ammomum group and o - .

I
o —NO—
e

is formed from a tertiary amine selected from the group: R,R,R;N, N-methyl pyrrolidine,” N-methyl
morpholine, pyridine; N-methyl pyrrole, N-methyl piperidine, and mixtures thereof, wherein R, and R, are
substituted or unsubstituted monovalent atkyl groups containing one or two carbon atoms in the alkyl
portlon and Ry is a substrtuted or unsubstrtuted monovalent alkyl group contalmng 1—4 carbon atoms.

Addition of Second Carboxyl- Functlonal Polymer E

it has been found that desirable versatile rheological charactenstlcs can be obtained in’ composmons of
the invention if the second polymeric-acid-containing polymer {typically an acryllc) is added after the first
reaction product is formed, typically of epoxy and acrylic resins and tertiafy amines. Although the invention

- can be useful if the second acrylic is added after inversion, better dispersion stability is generally obtained if

the second acrylic polymer is added before the first reaction product has been inverted into or diluted with
water to a substantial extent, such as up to the full water content that will be in the finished product.

" The first and second acrylics should have significanitly dissimilar acid numbeis, as defined. For reasons
not clearly understood, this gives betfer resulits than if the composition is made with'a slngle ‘acrylic resin
having an acid number which is thé average of the two acrylrcs used or |f both acryhc resms are present for
the initial epoxy amine reactions.

" One hypothesis.for-the unusual rheological behavior: observed is that the ionic bonds between the in-
situ formed quarternary structure and the carboxy!l groups on the acrylic resin present initially are not
completely labile and do not arrive at an equulrbrlum or statistical distribution ‘of ionic charges with the
carboxyl groups on the acrylic resin added in the second stage. Another hypothesis along the same lines
relates to the formation of hydrogel structures formed by ionic bonding of quarternary structures and
carboxyls from the acrylic resin present initially. This hydrogel structure may effectively remove some

" species from a ccontinuous phase, agam restnctmg equmbnum dlstrrbutlon of lomc charges

Application Techmques : o :

The water-borne coating composmon of this invention is a stable solutron or dlsperslon and can be
used as prepared. It can be crosslinked without the addition of an external crosslinking agent and can also
be crosslinked with extemal crosshnkmg agents such as phenol formaldehyde resms or, preferably,
nitrogen resins.

The nitrogen resins are well known. They are the alkylated products of amino- resins prepared by the
condensatlons of a least one aldehyde with at least one of urea, N,N’-ethyleneurea, dicyandiamide, and
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aminotriazines such as melamines -and guanamines. Among the aldehydes that are suitable are
formaldehyde, revertible polymers thereof such as paraformaldehyde, acetaldehyde, crotonaldehyde, and
acrolein. Preferred are formaldehyde and revertible polymers thereof. The amino-resins are alkylated with
at least one and up to an including six-alkanol moiecules containing 1-—6 carbon atoms. The alkanols can
be straight chain, branched or cyclic.

- Among the preferred nitrogen resins are. partiaily - methyiated - melamines, partnally butylated
melamines, hexaethoxymethylmelamine, hexamethoxymethylmelamine, dimethoxytetraethoxymethyl-
melamine, dibutoxytetramethoxymethylmelamine, butylated benzoguanamine, partially methylated urea,
fully methylated urea, fully butylated urea, hexabutoxymethylmelamine, and mixtures thereof.

This nitrogen resins can be blended directly into the coating compositions at the completion of the
preparation or before final dilution with water, either as a solid or as a solution in some miscible organic
liquid.

The nitrogen- resins are ordinarily” “added 6 “the composition of the invention at concentrations
ranging from 5 to 35%, preferably 8 to 20%, even more preferably 10 to 15%. The exact amount will -
be dictated primarily by the final properties desired of the composition and can be determined by one
skiiled in this art.

In the ciaims, the term “consisting essentially of"* means not including other ingredients in amounts
which change the basic and novel characteristics of the invention, including providing an aqueous acid-
polymer-modified epoxy coating composition that can form a hydrogen and is useful as an interior coating
for cans. Other commonly utilized additives such as coalescing aids, flow-control agents, pigments and the
like can be added, in the usual amounts, if this appears necessary or desirable.

The water-borne composition can be applied by a variety of techniques and a variety of substrates
known in industry. For example, the coating composition of this invention can be utilized in the can
manufacturing industry which utilizes mainly metallic cans, many of them cylindrical, made from
aluminum, tin-free steel, electrolytic tin-plate, and quality-as-rolied steel, among others. Cans utilized for
packaging and shipping food and beer or other beverages are mostly of the three-piece or the two-piece
drawn-and-ironed (D and 1) variety. Cans constructed from three pieces (body, top and bottom} can be
roller coated before the metallic sheet is formed into the body of the can or can be spray coated after partial

" fabrication. The D and | cans, where the metal sheet is stamped to form a cyhndrlcal body closed at one
- end, are generally spray coated. '

The coating composition of this invention can also be applled by electrodeposmon, preferably by

. .techmques described in the above-mentioned U.S. Patent 4,247,439 and in U.S. Patent 4,303,488 — Seiler
. and Sommerfeld, granted December 1, 1981, incorporated-herein by reference.

: The concentration of the coating composition depends upon the process parameters to be used and is
not generally critical. Ordinarily the film-forming components comprise 0.1—50% and preferably 5—30%,
for conventional coating methods, and 1—20%, for electrodeposition, of the total composition, the
remainder being water and organic liquid(s). The latter are present in a volume ratio of from 90:10
preferably to 70:30.

- The freshly deposited films are.capable of being immediately dned and/or crosslinked, wuthout regard
to the method of coating used to obtain them.

The coating cormpositions of this invention can be dried to useful films as is or can be cured thermally
as is or when containing, for example, a nitrogen resin crosslinking agent. After the composition has been

" applied to the substrate, baking at elevated temperatures :brings about the desired crosslinking.

Temperatures of 150°C to 260°C, for 0.1 to 30 minutes, are typical baking schedules utilized.

"The water-borne coating composition of this invention is useful in a variety of applications. This
coating composition finds particular utility in the can industry where the composition can be applied to the
interior of two-piece drawn-and-ironed and three-piece beer and beverage cans, to the exterior of three-
piece beer and beverage cans, to the interior and/or exterior ends of two- or three-piece cans or two- or
three-piece sanitary cans. When the coating composition of this invention is applied to the interior of food
and beer or beverage cans by spray-coating, a thin uniform film is deposited which, after curing, corre-
sponds to a coating weight of 0.3 to 1.3 milligrams per square centimeter (2—8 milligrams per square inch).
Coatings utilized as an interior enamel have excellent taste and odor characterlstlcs, that is to say, low
extractables and sorption to prevent taste aduiteration. :

The water-borne composition also has utility, especially when crossllnked with a nitrogen resin, in
automotive primer, appliance finish, and coil coating applications, the final coated articles having
especially desirable hardness and acid, base, solvent, and detergent resistance properties. The cured
coatings are also resistant to salt spray and “processing”. This latter property is tested in a steam-pressure
cooker at approximately 120°C.

The following examples gave compositions with adequate stability:defined as no significant change in
viscosity, solution/dispersion appearance (settling, creaming, syneresis) or film properties of cured
coatings after-the liquid has been stored for four weeks at 49°C.or six months at room temperature. -

. They also had acceptable taste performance, meaning they showed no addition to, or substraction of,
flavor bodies of contents packed in acan lined w1th thls materlal after mtervals of storage ranging from four
weeks to ayear. -+ - . e

Although most of the emphasxs in th:s apphcatlon has been on can coatmgs, such compositions can
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"also be used as coatings in a vanety of other apphcatnons The mventnon is further lllustrated by the el
-followung examples .-

Prehmmary Example A .
§ Acrylic Resm X ' ' '
. Into a suitable equnpped kettle, merted with mtrogen, are added the followmg, expressed in parts by

welght
Monobutyl ether of ethylene giycol S - 91.667
10 - - o
: Normal butanoi o o . © 32,503
Ethyl acrvlate _ : S R 14.453
‘15 : o Tertnary butyl perbenzoate : o ' _ - 0,026
In a separate vessel the followmg are added and mlxed:
| Ethyl acrylate - ... - 4784
20 R . L : .-
Methacryllc acrd- N . : - 122,060 - -~
Styrene _— - S 72919 ' S.,‘...\_L
25 : Normalbutanol e '.'2050'
Tertlary butvl perbenzoate | S 2 351
The reactor is heated to reﬂux and the monomer mlxture is added evenly to the refluxmg reactor overa
30. two-hour period. Then 7.932 parts of monobutyl. ether of ethylene glycol are added as a rinse for the
monomer feed lines. Reflux.is maintained. for one hour, at which point:55.500 parts of normal butanol is
added. Reflux temperatures are maintained for one hour, at which point the heat is turned off and 72.623
parts of normal butanol are added, followed by 82.312 parts of dimethyl ethanol amine and 246.940 parts of
. deionized water. The product is a soluton of a styrenelethyl acrylate/meth'acryllc acid/f27.6/26.2/46.2
35 polymer at 30.8% solids in solvent water and amme The aCld number of the product is 300 before
neutrallzatlon : : .
. Preliminary Example B-
Acrylic Resin Y
Into a suitably equipped kettle, inerted with mtrogen, are added the followmg, in parts by werght
40
Monobutyl etherofethylene glycol g C- - 1828.36
Normal butanol L 649.17 _
45 : _.Ethyl acrylate : : o 466.06 - N
‘Tertiary butyl perbenzoate - . 0.60
Ina separate vessel, the- followmg are added and mnxed |
50 . . ’ ’
Ethyl acrylate S o : . - 1765.61
Methacrylic acid e ' - 807:24
55 ' -Styrene o S : . . 223650
. ' Normal butanoI _ - . .' . : . : 41,03
Tertiarybutyl perbenzoate ~ © - © . R 4708 -
60

The reactor is heated to reflux and the monomer mlxture is added evenly to the refluxing reactor over a
two-hour period. Then 158.37 parts of normal butanol are added as a rinse for the monomer feed lines.
Reflux is continued for two additional hours at which time the heat is turned off and the batch cooled. The
product is a solution of a styrene/ethyl acrylatelmethacryllc acld 42. 4/42 3/15 3 polymer at 66% solids in

65 Solvent. The acid number of the polymer is 100..
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. Preliminary Example C

Acryllc Resm Z .

lnto a surtablv equrpped kettle, inerted with mtrogen, are added the followmg parts by welght

Mcnobutyl ether of ethylene glycol '

Normal butanol
Ethyl acrylate

- Tertiary butyl perbenzoate

" In a separate vessel, the following are added and mixed:

Ethyl acrylate
Methacrylic acid
Styrene |

| Normal butanol

Tertiary butyl perbenzoate

1828,00
649.60
465.33

0.60

" 1561.15
121379

2037.05
41.07

47.20

. The reactor is heated to reflux and the monomer mixture is added evenly to the refluxing reactor over a
" two-hour period. Then 156.28 parts of normal butanol are added as a rinse for the monomer feed lines.
Reflux is continued for two additional hours at which time the heat is turned off and the batch cooled. The
product is a solution of a styrenefethyl acrylate/methacryllc acid = 38.6/38.4/23. 0 polymer at 66% solids in
solvent The acid number of the polymer is 160.

. Toa sultable reactor, the followmg'parts by welght are charged

_Epon 829 (product of Shell
»'Chemical Co.)

' Biephenol A

Example 1

Monobuty! ether of ethylene glycol -

873.9

464.3

84.0. .

The charge is heated to 130—140°C and allowed to exotherm to about 200°C. Temperature is
maintained above 165°C for two hours after peak exotherm is reached. The Epon 829 has an epoxy
equivalent weight of about 195, and it is chain extended by the bisphenol A to an epoxy equivalent weight
of about 3000. 66.6 additional parts of monobutyl ether of ethylene glycol and 273.7 parts of normal butanol
are added and the batch is cooled to 100°C. 1211.3 parts of acrylic resin X is added and the batch is heated
to reflux and held for 26 minutes. 370.3 parts of acrylic resin Y is added and mixed for 10 minutes. 232.9
.parts of normal butanol is added next. 6203 parts of deionized water are added evenly over a one-hour
period. The resulting product contains 77.8% epoxy resin and 22.2% acrylic resin in the first stage. Then
14.5 parts of acrylic resin Y are added to 100 parts of the above acrylic/epoxy reaction product {not counting
the weight contribution of the amine because it is fugitive on curing), and the overali ratio is 68% epoxy and
' 32% acryllc The product is ready to spray at 20.15% solids and has an ICl viscosity of 26 centipoises and a
" low shear viscosity of 28 sec in a Ford number 4 cup. It is very responsive to pH adjustment and addition of
0.1% dlmethyl ethanol amine will increase the ICI viscosity to 32 centipoises and the Ford #4 viscosity to
68'’. When applied by airless spray to drawn and ironed cans of steel, or of treated or untreated aluminum,
the product has very good coverage, very good adhesion, and good blister resistance.

Epon 829
Bisphenol A.

Normal butanol

Example 2
Toa suntable reactor, the following parts. by we|ght are charged

- 13
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The charge is heated to 130—140°C -and allowed to exotherm to about 200°C. Temperature is
maintained above 165°C for two hours after exotherm is reached. The Epon 829 has an ‘epoxy equivalent
weight of about 195, and it is chain extended by the bispheno! A to an epoxy equivalent weight of about
2000. 5.99 parts of normal butanol are added and the batch is cooled to 100°C. 29.06 parts of acrylic resin X
are added and the batch is heated to reflux and held for 25 minutes. 40.71 parts of acrylic resin Y are added
and mixed for 10 minutes. 11.1 parts of normal butanol are added. 234.52 parts of deionized water are
added evenly over a one-hour period. The resultmg product contains 80% epoxy resin and 20% acrylic
resin in the first stage. Then 59.5 parts of acrylic resin Y are added to 100 parts of the above acryhclepoxy
reaction product, and the averall ratio is 50% epoxy resin and 50% acrylic resin. The product is ready to
spray at 20.22% solids and has an ICl viscosity of 25 centipoises and a low shear viscosity of 17 sec in a Ford
number 4 cup. It is very responsive to pH adjustment and addition of 0.1% dimethylethanol amine will
increase the ICl viscosity to 46 centipoises and the Ford number 4 cup viscosity to 90 sec. When applied by
airless spray to drawn and ironed cans of steel or of treated or untreated aluminum, the product has very
good coverage, very good blister resistance and excellent adhesion.

Example 3
To a suitablé reactor, the following parts by weight are charged

Epon 1009 : 744.0

Normal butanol _ _ _ 177.4

- The charge is heated to about 115°C and mixed until the epoxy resin is dissolved. Epon 1009 has an
average epoxy equivalent weight of 3250. The batch is cooled to 100°C.and 604.0 parts of acrylic résin X are
added and the batch is heated to reflux and held for 25 min. 408.9 parts of acrylic: resin are added and mixed
until uniform. 232.2 parts of normal butanol are added. 2065.8 parts of deionized water are added uniformly
over a one-hr period. An additional 1767.9 parts of deionized water are added. The resulting product
contains 80% epoxy resin and 20% acrylic resin from the first stage. Then 29 parts of acrylic resin Y are
added to 100 parts of the above acrylic/epoxy reaction product, and the overall ratio is 62% epoxy resin and
38% acrylic resin. The product is ready to spray at 20% solids and has an [C! viscosity of 19 centipoises and
a low shear viscosity of 16 sec in a Ford number 4 cup. It is responsive to pH adjustement and addition of

0.1% dimethylethanol amine increases the ICl viscosity to 26 centipoises and the Ford number 4 cup

viscosity to 23 sec. When applied by airless spray to drawn and ironed cans of steel or of treated or
untreated aluminum, the product has very good coverage, good blister resistance and excellent adhesion,

Example 4
To a suitable reactor, the following parts by weight are charged:’

Epon1007 = o 86720

Normalbutanol = L 77 1603

The charge is heated to about 115°C and mlxed unt|I the epoxy resin is dissolved. Epon, 1007 has an
average epoxy equivalent welght of about 2000. The batch is cooled to 100°C and 545.1 parts of acrylic resin
X are added and the batch is heated to reflux and held for 25 minutes, 545.5 parts of acrylic resin Z are
added and mixed until uniform. 232.2 parts of normal butanol are added. 2077.2 parts of deionized water
are added uniformly over a one-hour penod ‘An additional 1767. 9 parts of deionized water are added. The
resulting product contains 80% epoxy resiri and 20% acrylic resin from the first stage Then 42.8 parts of
acrylic resin Z are added to 100 parts of the above acryhc/epoxy reaction product, and the overall ratio is
56% epoxy resin and 44% acrylic resin. The product is ready to spray at 20% solids.

The product has an IC! viscosity of 27 centipoises and-a low shear wscosny of 16 secin a Ford number 4
cup. It is very responsive to the pH adjustment, and the addition of 0.1% dimethyl ethanol amine will
increase the ICI viscosity to 34 centipoises and the Ford number 4 viscosity to 27 sec. When applied by
airless spray to drawn and ironed cans of steel, treated or untreated aluminum, the product has very good
coverage, excelient adhesion and good blister resistance.

Example 5
3800 parts of Example 2
76 parts of Cymel 373 (product of American Cyanamid Co.)
Mix well. This acts as an external crosslinker to aid in curing coated’ films. Cymel 373 is a partially
alkylated melamine formaldehyde resin which is 86% solids in water.

14
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CLt e . Example 6 -
3800 parts of Example 2
38 parts of Cymel 373 . :
38 parts of Methylori resin 75108
- Mix well. These additives are both- external crossllnkers to ald in curing coated fllms Methylon resin
75108 is: a coating intermediate consisting of a mixture of the.allyl ethers of mono-, di- and tn-methylol
phenols, produced by General Electric Company } o

' Example 7 .
To a smtable reactor, the followmg parts by welght are charged :
. 'Epon829 .. . o | '. 3889
..BisphenoI'A o _ -. - - N ..1._9‘0.7. '
Monobutyl ether of ethylene glycol .. - 345

. The charge is heated to 130—140°C and allowed to exotherm to about 200°C. ‘Temperature is
maintained above 165°C for two hours after peak exotherm is reached. Epon 829 has an epoxy equivalent
weight of about 195, and it is chain extended by blsphenol Ato an epoxy equivalent weight of about 3000,

7.4 parts of monobuty! ether of ethylene glycol and 112.4 parts of normal butanol are added, and the batch

is cooled to 100°C, 497.5 parts of acrylic resin X is added and the batch is heated to reflux and held for 26
minutes. 2183 parts of deionized water are added over a one-hour period and then 95.7 parts of normal

. butanol are added. 104.3 parts of deionized water are added. A premix is made of 124.9 parts of acrylic resin

2

Y, 20.5 parts of deionized water and 1.6 parts of dimethyl ethanol amine. This premix is added to the above

. dispersion. This gives a final dispersion where the solids portion is 60% epoxy and 40% acrylic resin. The
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product is ready to spray at 21% solids, and has an ICl viscosity of 36 centipoises and a low shear viscosity
in a Ford number 4 of 38 sec. When applied by airless spray to drawn and ironed cans of steel, treated or
untreated aluminum, the product has good coverage, good blister resistance and very good adhesion. This
particular sample has acceptable stability after 4 weeks at 50°C, although the stablllty varies and other
similar samples have been less stable and not always acceptable.

CIaims for the Contracting States: BE CH DE FR GB LILUNLSE

1. A water-borne coating composition consisting essentially of liquid carrier and a second reaction
product made by blending a second carboxyl-functional polymer with a first reaction product,
characterized by said first reaction product being the product of the reaction in an organic media of:

(A) 50—90% by weight, based on the weight of (A) plus (B), of an epoxy resin containing, on the
average, about 1} to 2 terminal 1,2-epoxy groups per. molecule and’ havmg an epoxy equlvalent weight of

- 750--5000;

(B) a first carboxyl-functlonal polymer in an amount sufhclent to provrde at least 1 25 equlvalents of
carboxyl groups, when the source of the carboxyl group is a mono-protic acid, and at least 2.0 equivalents

- of carboxyl groups, when.the source of such groups is a diprotic acid, per equivalent of 1,2-epoxy groupsin

the epoxy resin, said polymer having a weight average molecular weight (determmed by light scattermg) of
about 10000—160000 and an acid number of 100~-500;
(C) at least 1.25 equivalents of a tertiary amine per equivalent of 1 2-epoxy groups in the epoxv resm.

. said tertiary amine being selected from the group consisting of R,R,R3N, pyridine, N-methylpyrrole, N-

_methyl piperidine, N-methyl pyrrolidine, N-methyl morpholine, and mixtures thereof and wherein R, and
R, are substituted or unsubstituted monovalent alkyl groups containing one or two carbon atoms in the
alkyl portion and R; is a substltuted or unsubstltuted monovaient alkyl group. containing 1—4 carbon
atoms;

(D) optionally, 10—90% of the amount requlred for sto:ch |ometnc reactlon wrth the carboxyl-funct:onal
polymer of (B) of at least one primary,. secondary or. tertiary amine or ‘monofunctional quaternary
ammonium hydroxrde, :
wherein for increasing ratios of carboxyl groups to 1 2-epoxy groups, the amount of amlne is increased to.
keep the carboxyl-functional polymer water dispersible;

(E) said second carboxyl-functional polymer being blended i in an ‘amount of 5 to 200 parts by.weight
per 100 parts by weight of (A) plus (B) and having a weight average moiecular weight (determined by light
scattering) of about 10,000-—160,000 and an acid number of 50—500, said acid number being at least 50
units different than the acid number of said first carboxyl-functlonal polymer,
said second reaction product containing not. less than 30% by weight of epoxy resin (A) based on the total

- of (A), (B) and (E).

2. The composition of cla|m 1 wherem water is blended W|th the flrst reaction product in sufficient
quantity in that the continuous phase is aqueous, and then (E) is blended with the first reaction product.
3. The composition of claim 1 wherein (E) is blended with the first reaction product to make the second

-
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reaction product and then water is blended with the second reaction product in suffi clent quantlty so that
the continuous phase is aqueous.

4. The composmon of claim 2 or 3 wherein the second carboxyl-functlonal polymer (E) is neutralized
with an amine before (E) is blended with the first reaction product. :

5. The composition of claim "1 wherein tertiary amine (C) is provnded as an aqueous solutlon

6. The composition of claim 1 whergin said first carboxyl-functlonal polymer has an acld number at
least 100 units higher than that of said second carboxyl-functional polymer. -

7. The composition of claim 1 wherein components (A), (B), (C), (D) and (E) compnse about 0.1—50%
by weight of the coating composition and the remainder is comprised of the liquid carner which is water
and, optionally, organic liquid in a volume ratio of from 70:30 to all water.: '

8. The composition of claim 1 whereln the source of said carboxyl groups is a mono-protlc acid and
said first carboxyl-functional polymer is present in an amount sufficient to provide 1.6—2.5 equnvalents of
carboxyl groups per equivalent of 1,2-epoxy groups and said tertlary amme of (C) is present in the amount
of 2.0—2.5 equivalents per equivalent of 1,2-epoxy groups

Claims for the Contracting State: AT

1. A water-borne coating composition consisting essentlally of I|qu|d carrier and a second reaction
product made by blending a second carboxyl-functional polymer with a first reaction product,
characterized by said first reaction’ “product being the product of the:reaction in an organic media of:

(A) 50—90% by weight, based on the weight of (A) plus’ B), of an’ epoxy resin containing, on the
average, about 1} to 2 termmal 1 2-epoxy groups per molecule and havmg an epoxy equwalent weight of
750—5000;

(B) a first carboxyl-functional polymer in an amount sufficient to’ provide at least 1.25 equivalents of

carboxyl groups, when the source of the carboxyl group isa mono-protlc acid, and at least 2.0 equivalents
of carboxyl groups, when the source of such groups is a diprotic acid, per equivalent of 1,2-epoxy groups in

- the epoxy resin, said polymer havmg aweight average molecular welght (determmed by l|ght scatterlng) of
" about 10000—160000 and an acid humber of 100—500; - -

{C) at least 1.25° equivalents of a tertiary amine per equuvalent of 1,2-epoxy groups in the epoxy resin,

said tertiary amine being selected from the ‘group consisting of R4RzRsN, pyridine, N-methylpyrrole, N-_

methy! piperidine, N-methyl pyrrolidine, N-methyl morpholine, and mixtures thereof and wherein R, and
R, are substituted or unsubstituted monovalent alkyl groups containing one or two carbon atoms in the
alkyl portion and R; is a substltuted or unsubstltuted monovalent alkyl group containing 1—4 carbon
atoms;

(D) optionally, 10—80% of the amount requnred for st0|ch|ometr|c reaction with the carboxyl-functional
polymer of (B) of at least one _primary,* secondary or tertlary amme or monofunctlonal quaternary
ammonium hydroxlde,
wherein for increasing ratios of carboxyl groupsto 1 2-epoxy groups, the amount of amirie is mcreased to
keep the carboxyi-functional polymer water dispersible; -

(E) said second carboxyl-functional polymer being biended in an amount of 5 to 200 parts by weight
per 100 parts by weight of (A) plus (B) and having a weight average molecular weight (determined by light
scattering) of about 10,000—160,000 and an acid number of 50—500, said acid number bemg at least 50

'units different than the acid number of said first carboxyl-functional polymer,

said second reaction product contalnmg not Iess than 30% by welght of -epoXy resin (A) based on the total
of (A), (B} and (E). -
- 2. The composition of claim 1 wherein- water is blended ‘with the first reaction product in sufficient

: quantlty in that the continuous phase is-aqueous, and then (E) is blended with the first reaction product.
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3. The composition of claim 1 wherein (E) is blended with the first reaction product to make the second
reaction product and then water is blended wuth the second reactlon product in sufflclent quantnty so that
the continuous phase is agueous. '

" 4. The composition-of claim 2 or 3 wherem the second carboxyl—functlonal polymer (E) is neutrallzed
with an amine before (E) is blended with the first reaction product.

5. The composition of claim 1 wherein-tertiary aminé (C) is provnded as an aqueous solution.

6. The composition of claim 1 wherein said-first carboxyl-functional polymer has an acid number at
least 100 units higher than that of said second carboxyl-functional polymer. -

7. The composition of claim 1 wheérein components (A), (B), (C}, (D} and (E) compnse about 1.0—50%
by weight of the coatmg composmon and the remainder is comprised of the liquid carrier whlch is water

‘and, optionally, organic liquid in a volume ratio of from 70:30 to all water.

8. The composition of claim 1 wherein the source of said carboxy! groups is a mono-protic acid and
said first carboxyl-functional polymer is present in an amount sufficient to prowde 1.5—2.5 equivalents of
carboxyl groups per equivalent of 1,2-epoxy groups and said tertlary amine of (C) is present |n the amount
of 2.0—2.5 equivalents per equwalent of 1,2-epoxy groups.

9. A process for preparing a water-borne coating composition consisting essentxally of liquid carrier
and a second reaction prodtict by blending a second carboxyl-functional polymer with a first reaction
p;oduct characterized by sald flrst reactlon product bemg the product of the reactlon in an organic media
o
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reaction product and then water is blended with the second reaction product in sufficient quantity so that
the continuous phase is aqueous. )

4. The composition of claim 2 or 3 wherein the second carboxyl-functional polymer (E} is neutralized
with an amine before (E) is blended with the first reaction product. :

5. The composition of claim 1 wherein tertiary amine (C) is provided as an aqueous solution.

6. The composition of claim 1 wherein said first carboxyl-functional polymer has an acid number at
least 100 units higher than that of said second carboxyl-functional polymer.

7. The composition of claim 1 wherein components (A), (B), (C), (D) and {E)} comprise about 0.1—50%
by weight of the coating composition and the remainder is comprised of the liquid carrier which is water
and, optionally, organic liquid in a volume ratio of from 70:30 to all water.

8. The composition of claim 1 wherein the source of said carboxyl groups is a mono-protic acid and
said first carboxyl-functional polymer is present in an amount sufficient to provide 1.5—2.5 equivalents of
carboxyl groups per equivalent of 1,2-epoxy groups and said tertiary amine of (C) is present in the amount
of 2.0—2.5 equivalents per equivalent of 1,2-epoxy groups. : E

Claims for the Contracting State: AT ' T

1. A water-borne coating composition consisting essentially of liquid carrier and a second reaction
product made by blending a second carboxyl-functional polymer with a first reaction product,
characterized by said first reaction product being the product of the reaction in an organic media of:

{A) 50—90% by weight, based on the wiight of (A) plus (B), of an epoxy resin containing, on the

-average, about 1} to 2 terminal 1,2-epoxy groups per molecule and having an epoxy equivalent weight of

750—5000; .
- {B) a first carboxyl-functional polymer in an amount sufficient to provide at least 1.25 equivalents of

.carboxyl groups, when the source of the carboxyl group is a mono-protic acid, and at least 2.0 equivalents

of carboxyl groups, when the source of such groups is a diprotic acid, per equivalent of 1,2-epoxy groups in
the epoxy resin, said polymer having a weight average molecular weight (determined by light scattering) of
about 10000—160000 and an acid number of 100-~500; .

(C) at least 1.25 equivalents of a tertiary amine per equivalent of 1,2-epoxy groups in the epoxy resin,

said tertiary amine being selected from the group consisting of R,R,R;sN, pyridine, N-methylpyrrole, N-

methy! piperidine, N-methyl pyrrolidine, N-methyl morpholine, and mixtures thereof and wherein R, and
R, are substituted or unsubstituted monovaient alkyl groups containing one or two carbon atoms in the
alkyl portion and R, is a substituted or unsubstituted monovalent alkyl group containing 1—4 carbon
atoms;

(D) optionally, 10~80% of the amount required for stoichiometric reaction with the carboxyl-functional
polymer of (B) of at least one primary, secondary or tertiary amine or monofunctional quaternary
ammonium hydroxide; . :

- wherein for increasing ratios of carboxyl groups to 1,2-epoxy groups, the amount of amine is increased to
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keep the carboxyl-functional polymer water dispersible;

(E) said second carboxyl-functional polymer being blended in an amount of 5 to 200 parts by weight
per 100 parts by weight of {A) plus (B) and having a weight average molecular weight (determined by light
scattering) of about 10,000—160,000 and an acid number of 50—500, said acid number being at least 50
units different than the acid number of said first carboxyl-functional polymer, :
said second reaction product containing not less than 30% by weight of epoxy resin (A} based on the total
of (A), (B) and (E). ’

. 2. The composition of claim 1 wherein water is blended with the first reaction product in sufficient
quantity in that the continuous phase is aqueous, and then (E) is blended with the first reaction product.

3. The composition of claim 1 wherein (E) is blended with the first reaction product to make the second
reaction product and then water is blended with the second reaction product in sufficient quantity so that
the continuous phase is aqueous. '

4. The composition of claim 2 or 3 wherein the second carboxyl-functional polymer (E) is neutralized
with an amine before (E) is biended with the first reaction product.

5. The composition of claim 1 wherein tertiary amine (C) is provided as an aqueous solution.

6. The composition of claim 1 wherein said first carboxyl-functional polymer has an acid number at
least 100 units higher than that of said second carboxyl-functional polymer. .

7. The composition of claim 1 wherein components {A), (B), {C), {D) and (E) comprise about 1.0—50%
by weight of the coating composition and the remainder is comprised of the liquid carrier which is water
and, optionally, organic liquid in a volume ratio of from 70:30 to all water. '

8. The composition of claim 1 wherein the source of said carboxyl groups is a mono-protic acid and
said first carboxyl-functional polymer is present in an amount sufficient to provide 1.5—2.5 equivalents of
carboxyl groups per equivalent of 1,2-epoxy groups and said tertiary amine of (C) is present in the amount
of 2.0—2.5 equivalents per equivalent of 1,2-epoxy groups. .

9. A process for preparing a water-borne coating composition consisting essentially of liquid carrier
and a second reaction product by blending a second carboxyl-functional polymer with a first reaction
puf'oduct. characterized by said first reaction product being the product of the reaction in an organic media
of:
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- {A) 50—980% by weight, based on the weight of (A) plus (B), of an epoxy.resin contalmng, on the

[y

. average, about 1% to 2 terminal 1 2-epoxy groups per molecule and havmg an epoxy equlvalent weight of

750—5000; -
(B} a first carboxyl-functlonal polymer in an amount suﬁlclent to provide at least 1 25 equrvalents of
carboxyl groups, when the source of the carboxyl group is a mono-protic acid, and at least 2.0 equivalents

- of carboxyl groups, when the source of such groups is a diprotic acid, per equivalent of 1,2-epoxy groups in

. - the epoxy resin, said polymer having a weight average molecularweight (determmed by llght scattering) of
_about. 10000160000 and an acid number of 100—500;

10

15

.20

25

30

- 36
40

- 45

55

(C) at least 1.25 equivalents of a tertiary amine per equivalent of 1, 2-epoxy groups in the epoxy resin,

. said tertiary amine being selected from the group consisting of R;R.R;N; pyridine, N-methylpyrrole, N-

methy! piperidine, N-methyl pyrrolidine, N-methyl morpholine, and mixtures thereof and wherein R, and
R, -are substituted or unsubstituted monovalent alkyl groups containing one or two carbon atoms in the
alkyl- portion and R,:is a substituted or unsubstltuted monovalent alkyl group contammg 1—4 carbon
atoms; e

-{D) optionally, 10—90% of the amount requured for stmchtometnc reaction W|th the carboxyl-functlonal

-polymer .of (B) of at least one. prlmary, secondary or terhary amine or monofunctlonal quaternary

ammonium hydreXIde, _
wherein for increasing ratios of carboxyl groups to 1 2-epoxy groups, the amount of amine ls mcreased to
keep the carboxyl-functional polymer water dispersible; .

- (E) said second carboxyl-functional polymer being. blended in an amount of 5 to 200 parts by weight
per 100 parts by weight of (A} plus (B} and having a weight average molecular weight (determined by light

. scattering) of about 10,000—160,000 and an acid number of 50~—500, said acid number. belng at least 50

units different than the acid number of said first carboxyl-functional polymer,

.said second-reaction product contalmng not less than 30% by weight.of epoxy resm (Al based on the total

of (A),.(B) and (E).
10. The process of claim 9 wherein water is blended with the first reaction product in sufflcuent quantlty
in that the continuous phase is aqueous, and then (E) is blended with the first reaction product. .
- 11. The process of- claim 9 wherein (E) is blended with the first reaction product to make the second

reaction product and then water is blended with the second reaction product in suffi clent quantlty sq that
-.the continuous phase is aqueous.

12.:The process of claim .10 or-11 wherein the second carboxyl-functlonal polymer (El is neutrahzed

" With an amine before (E) is blended with the first reaction product.

13. The process of claim 9 wherein tertiary amine (C) is provided as an agueous solutlon

14. The composition of claim 9 wherein said first carboxyl-functional polymer has an acld number at
least 100 units higher than that of said second carboxyl-functional polymer. .

15. The process of claim 9 wherein components (A), (B), (C), (D) and (E) comprise about 0. 1—5 0% by

. weight of the coatlng composutnon and the remainder is.comprised of the liquid carrler Wthh is water and,

optionally, organic liquid in a volume:ratio of from 70:30 to all water.
“16. The-process of claim 9 wherein the source of said carboxyl groups is a mono-protlc acid and said
first carboxyl-functional’ polymer is present in- an amount sufficient to provide 1.5—2.5 equivalents of

.carboxyl groups per equivalent of 1,2-epoxy groups and said tertiary amine of (C) is present in the amount
. of 2.0—2.5 equivalents per equivalent of 1 2-8pOXY groups.- S

Patentanspruche fir dle Vertragsstaaten BE CH DE FR GB (RRRYE) NL SE .

_ 1 Uberzugszusammensetzung auf Wasserbasls, dle im wesentllchen aus einem ﬂussrgen Trager und
einem 2weiten Reaktionsprodukt besteht, welches durch Mischen eines zweiten. carboxyl-funktionellen
Polymers mit einem ersten Reaktionsprodukt hergesteilt wird, dadurch gekennzeichnet, da das erste
Reaktlonsprodukt das Produkt der Reaktion in einem organischen Medium istvon : -

(A) 50—90 Gew.-%, bezogen auf.das Gewicht von-(A} plus (B), eines. Epoxyharzes, welches im Mlttel
etwa 1% bis 2 -endstéindige- 1 2—Epoxygruppen pro: Molekul enthalt und em Epoxyaqunvalentgewrcht von
750—5000 aufweist, - :

(B) .einem ersten carboxyl-funktlonellen Polymer in emer Menge, die ausrelchend lst um mindestens

1,25 ‘Aquivalente an Carboxylgruppen zur Verfiigung zu stellen; wenn:die Quelle der Carboxylgruppe eine

monoprotlsche Séaure ist, und mindestens 2,0 Aquivalente an Carboxylgruppen, wenn die Quelle dieser
Gruppen eine diprotische Siure .ist, pro Aquwalent an 1,2-Epoxygruppen in dem Epoxyharz, wobei das

- Polymer ein mittleres Molekulargewicht (ermitteit durch Lichtstreuung) von etwa 10 000 bns 160 000 und

60

- @ine Sdurezahl von 100 bis 500 aufweist, -

{C) mindestens 1,25 Aquivalenten eines. terharen Amms pro Aquwalent an 1 2-Epoxygruppen in dem
Epoxyharz, wobei das tertidre Amin aus der Gruppe von R,R.R;3;N, Pyridin, N-Methyipyrrol, N-Methyi-

- piperidin, N-Methylpyrrolidin, N-Methylmorpholin und Gemischen davon ausgewahlt ist, und worin R, und

, : . -Ra substituierte oder unsubstituierte einwertige Alkylreste mit einem oder zwei Kohienstoffatomen in dem
- Alkylteil sind und Rj ein substrtuaerter oder unsubstrturerter emwertlger Alkylrest mit 1 bis 4 Kohlenstoff-

656

atomen ist,
(D) wahlweise 10 b|s 90% der fur d|e stochlometrlsche Reaktlon it dem carboxyl-funktlonellen
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Polymer von (B) erforderlichen Menge mindéstens eines priméren, sekundaren oder tertidren Amins oder
monofunktionellen quaterndren ' Ammoniumhydroxids, ' wobei far zunehmende - Verhéltnisse von
Carboxylgruppen zu 1,2-Epoxygruppen die Ammmenge erhoht wurd um das carboxyl-funktlonelle
Polymer in Wasser dispergierbar zu haiten, -

(E} wobei das zweite carboxyl-funktionelle: Polymer ineiner Menge von.5 bis 200 Gewnchtstellen pro
100 Gewichtsteile. von (A) plus (B) zugemischt wird -und ‘ein- mittleres Molekulargewicht {ermitteit durch
Lichtstreuung) von etwa. 10-000 bis- 160 000 und eine S&urezahl von 50 bis 500 aufweist, wobei die
Saurezah! sich um mmdestens 50 Emhelten von der Séurezahl des ersten carboxyl-funktlonellen Polymers
unterscheidet,
und wobei das zweite Reaktlonsprodukt mcht wemger als 30 Gew -% Epoxyharz (A), bezogen auf die
Gesamtmenge von (A), (B) und (E) enthilt.. :

2, Zusammensetzung nach Anspruch 1 “worin Wasser- mlt dem ersten Reaktionsprodukt in einer
ausreichenden Menge vermischt wird; so da8 die kontmuuerhche Phase wissrig ist, und sodann (E) mit
dem ersten Reaktionsprodukt vermischt wird.

3. Zusammensetzung nach Anspruch 1, worin(E) mit dem ersten Reaktionsprodukt vermlscht wird, um
das zweite Reaktionsprodukt hérzustellen, und sodann Wasser dem zweiten Reaktlonsprodukt in einer
hinreichenden Menge zugemischt wird, so da8 die kontinuierliche Phase wissrig:ist.- :

. 4. Zusammensetzung nach Anspruch: 2 oder 3, worin das zweite carboxyl-funktionelle Polymer (E) mit
einem Amin neutralisiert wird, bevor (E) mit dem ersten Reaktionsprodukt vermischt wird.

5. Zusammensetzung nach Anspruch 1 worm das tertlére Amm (C). als eine wéssrlge Losung 2ur
Verfligung gestslit wird, .

6. Zusammensetzung nach Anspruch 1; worin’ das erste carboxyl-funktvonelle Polymer eine um
mindestens 100 Einheiten héhere Séurezahl’ aufweist als das zweite carboxyi-funktionelle Polymer.

7. Zusammensetzung nach Anspruch 1, worin die Komponenten (A), (B), {C), (D} und (E} etwa 0,1 bis 50
Gew.-% der Uberzugszusammensetzung umfassen und der Rest aus dem flissigen Trager besteht, der
Wasser ist, und wahlweise: elne orgamsche Flﬂsslgkelt in elnem Volumenverhﬁltms von 70 30 zu dem
gesamten Wasser.

8. Zusammensetzung nach Anspruch 1, worin die Quelle der Carboxylgruppen eine monoprotlsche

+ Séure ist und das erste carboxyi-funktionelle Polyiner in einer Menge vorhanden ist, die ausreicht, um 1,5
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bis 2,5 Aquivalente Carboxylgruppen pro Aquivalent 1 .2-Epoxygruppen zur Verfligung zu stellen und das
tertidre Amin von (C) in einer Menge von 20 bls 2,5 Aqunvalenten pro Aquuvalent 1 2-Epoxygruppen
vorhanden ist.

Patentanspruehe fur den Vertragsstaat' AT

- 1. Uberzugszusammensetzung auf WasserbaSIs, dle im wesentllchen aus einem flusmgen Trédger und
einem zweiten Reaktionsprodukt besteht, welches durch Mischen eines zweiten carboxyl-funktionellen
Polymers mit einem ersten Reaktionsprodukt hergestellt ‘wird, dadarch gekennzeichnet, daR das erste
Reaktionsprodukt das Produkt der Reaktion in einem organischen Medium ist von .

(A} 50—90 Gew.-%, bezogen auf das Gewicht von {A) plus (B), eines Epoxyharzes, welches im Mlttel
etwa 1} bis 2 endsténdige 1,2-Epoxygruppen pro Molekil enthdit und ein Epoxyéquivalentgewicht von
7505000 aufweist,

(B) einem ersten carboxyl-funktionellen Polymer in einer Menge, die ausreichend ist, um mindestens
1,25 Aquivalente an Carboxylgruppen zur Verfligung zu stellen, wenn die Quelle der Carboxylgruppe eine
monoprotlsche S3ure ist,-und mindestens 2,0 Aquivalente an Carboxylgruppen, wenn die Quelle dieser
Gruppen eine diprotische Séure ist, pro Aquivalent an 1, .2-Epoxygruppen in dem Epoxyharz, webei das
Polymer ein mittleres Molekulargewicht (ermlttelt durch Llchtstreuung) von etwa 10 000 bis 160 000 und
eine Saurezahi von 100 bis 500 aufweist,

{C) mindestens 1,25 Aquivalenten eines tértidren Amms pfo Aquwalent an 1,2- Epoxygruppen in dem
Epoxyharz, wobei das tertidre Amin aus-der-Gruppe von R,R.R;N, Pyridin, N-Methylpyrrol, N-Methyl-
piperidin, N-Methylpyrrolidin, N-Methylmorpholin und Gemischen davon ausgewéhit ist, und worin R, und
R, substituierte oder unsubstituierte einwertige Alkylreste rmit einem oder zwei Kohlenstoffatomen in dem
Alkylteil sind und Rs ein substntuuerter oder unsubstntunerter emwertlger Alkylrest mlt 1 bls 4 Kohlenstoff-
atomen ist,

(D) wahlweise 10 bIS 90% der fur dle stochlometnsche Reaktlon it dem carboxyl-funktlonellen
Polymer von (B) erforderlichen Menge miridestens eines primaren; sekundéren oder tertidren Amins oder
monofunktionellen quaternédren Ammomumhydroxlds, wobei fiir ‘zunehmende Verhéltnisse von
Carboxylgruppen zu- 1,2-Epoxygruppen  die Ammmenge erhoht wnrd um das’ carboxyl-funktlonelle
Polymer in Wasser dispergierbar zu halten, . :

(E) wobei das zweite carboxyl-funktionelle Polymer in einer Menge von 5 bis 200 Gewuchtstellen pro
100 Gewichtsteile von (A) plus (B) zugemischt wird wind ein mittleres Molekulargewicht (érmittelt durch
Lichtstreuung) von etwa 10 000 bis: 160:000- und-eine Sdurezahi von 50 bis 500 aufweist, wobei die
Saurezaht sich um mnndestens 80 Emhelten von der Saurezahl des ersten carboxyl-funktnonellen Polymers
unterscheidet, - . fro : .
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und wobei das zweite Reaktionsprodukt nicht weniger als 30- Gew.-% Epoxyharz (A}, bezogen auf die
Gesamtmenge von {A), (B) und (E) enthalt..

2. Zusammensetzung nach Anspruch 1, worin Wasser mlt dem ersten Reaktmnsprodukt in einer
ausrelchenden Menge vermischt wird, so daf3 die kontmuaerhche Phase wissrig ist, und sodann (E) mit
dem ersten Reaktionsprodukt vermischt wird.

3. Zusammensetzung nach Anspiuch 1, worin (E) mlt dem ersten Reaktlonsprodukt vermascht wird, um
das zweite Reaktionsprodukt herzusteilen, und sodann Wasser dem zweiten Reaktionsprodukt in einer
hinreichenden Menge zugemischt wird, so daB die kontinuierliche Phase wéssrig ist. ..

- 4, Zusammensetzung nach Anspruch 2 oder 3, worin das zweite carboxyl-funktionelie Polymer (E) mit

Y

.einem Amin- neutralisiert wird, bevor (E) mit dem ersten Reaktionsprodukt vermischt wird.

5. Zusammensetzung nach Anspruch 1, worin das tertidre Amin (C) als eine wiassrige Losung zur
Verfiigung gestellt wird.

6. Zusammensetzung nach Anspruch 1 worin das erste carboxyl-funktionelle Polymer eine um
mindestens 100 Einheiten hdhere Siurezahi aufweist als das zweite carboxyl-funktionelie Polymer.

7. Zusammensetzung nach Anspruch 1, worin die Komponenten (A), (B), (C), (D) und (E) etwa 0,1 bis 50
Gew.-% der Uberzugszusammensetzung umfassen und der Rest aus dem flissigen Triager besteht, der
Wasser ist, und wahlweise eine orgamsche Fliissigkeit in einem Volumenverhaltms von 70:30 zu dem

. gesamten Wasser. -

8. Zusammensetzung nach Anspruch 1 worin dle Quelle der Carboxylgruppen eine monoprotlsche
Saure ist-und das erste carboxyl-funktionelle Polymer in einer Menge vorhanden ist, die ausreicht, um 1,5
bis 2,56 Aquivalente Carboxylgruppen pro Aquivalent 1 2-Epoxygruppen zur Verfiigung zu stellen und das
tertidre Amin von (C) in elner Menge von 2,0 bis 2,5 Aquivalenten pro Aquivalent 1,2-Epoxygruppen
vorhanden ist. o

9. Verfahren zur Herstellung einer Uberzugszusammensetzung auf Wasserbasus, die im wesentlichen
aus einem fllissigen Trager und einem zweiten Reaktionsprodukt besteht, welches durch Mischen eines
zweiten carboxyl-funktionelien Polymers mit einem ersten Reaktionsprodukt hergestelit wird, dadurch ge-
kennzeichnet, da® das erste Reaktlonsprodukt das Produkt der Reaktion in einem organischen Medium ist

(A) 50—90 Gew.-%, bezogen auf das Gewncht von (A} plus (B}, eines Epoxyharzes, we|ches im Mittel
etwa 1} bis 2 endsténdige 1,2-Epoxygruppen pro Molekiil enthdlt und ein Epoxyaquwalentgew:cht von

. 750—~—5000 aufweist,

-(B) einem ersten carboxyl-funktlonellen Polymer i in einer Menge, dle ausreichend ist, um mindestens
1,26 Aquivalente an Carboxylgruppen zur Verfligung zu stellen, wenn die Quelle der Carboxylgruppe eine
monoprotische Sdure ist; und mindestens 2,0 Aquivalente an Carboxylgruppen, wenn die Quelle dieser
Gruppen eine diprotische Saure ist, pro Aquivalent an 1,2-Epoxygruppen in dem Epoxyharz, wobei das
Polymer ein mittleres Molekulargewicht {(ermittelt durch Llchtstreuung) von etwa 10 000 bis 160 000 und

. eine Saurezahl von 100 bis 500 aufweist,

(C) mindestens 1,26 Aquivalenten eines. tertidren Amlns pro Aqulvalent an 1 2 Epoxygruppen in dem

-Epoxyharz, wobei das tertidre Amin aus der Gruppe von RR,R3N, Pyridin, N-Methylpyrrol, N-Methyl-

piperidin, N-Methylpyrrolidin, N-Methylmorpholin und Gemischen davon ausgewahilt ist, und worin R, und
R, substituierte oder unsubstituierte einwertige Alkylreste mit einem oder zwei Kohlenstoffatomen in dem

Alkylteil sind und Rs ein substituierter oder- unsubstutuuerter emwertlger Alkylrest mit 1 bis 4 Kohlenstoff-

atomen ist, .
(D) wahlweise 10 bls 80% der fur die stochlometnsche Reaktion mit dem carboxyl-funktlonellen

. Polymer von (B) erforderlichen Menge mindestens eines primaren, sekundéren oder tertidren Amins oder
-:monofunktionellen quaterniren Ammoniumhydroxids, :

wobei fiir zunehmende Verhéltnisse von Carboxylgruppen 2u 1 2-Epoxygruppen dle Ammmenge erhsht

" wird, um das carboxyl-funktioneile Polymer in Wasser dispergierbar zu halten,

(E) wobei das zweite carboxyl-funktionelle Polymer in einer Menge von 5 bis 200 Gewuchtsteden pro
100 Gewichtsteile von. (A) plus_(B) zugemischt wird und ein mittleres Molekulargewicht (ermittelt durch
Lichtstreuung) von etwa 10,000 bis 160 000 und eine Saurezahl von 50 bis 500 aufweist, wobei die

- Sdurezahl sich um mindestens 50 Einheiten von der Séurezahl des ersten carboxyl-funktionellen Polymers
. unterscheidet,

und wobei das zweite Reaktlonsprodukt nicht weniger als 30 Gew. -% Epoxyharz (A),. bezogen auf die
Gesamtmenge von (A), (B) und (E) enthélt.

10. Verfahren nach Anspruch 9, worin Wasser mit dem ersten Reaktionsprodukt in einer ausreichenden -
Menge vermischt wird, so daf} die kontinuierliche Phase wassng ist, und sodann (E) mit dem- ersten
Reaktionsprodukt vermischt wird. ..

11. Verfahren nach Anspruch 9, worin (E) mit dem ersten Reaktlonsprodukt vermischt wird, um das
zweite Reaktionsprodukt herzustellen, und sodann Wasser dem. zweiten Reaktionsprodukt in einer
hinreichenden Menge zugemischt wird, so daB die kontinuierliche Phase wéssrig ist.

12. Verfahren nach Anspruch. 10 oder 11, worin das zweite carboxyl-funktionelle Polymer {E) mit einem
Amin neutralisiert wird, bevor (E} mit dem ersten Reaktionsprodukt vermischt wird.

13. Verfahren nach Anspruch 9 worin das tertiire Amin (C) als eine wéssrige Losung zur Verfugung
gestellt wird. . . .
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14. Verfahren nach Anspruch 9, worin das erste carboxyl-funktioneile Polymer eine um mmdestens 100
Einheiten hohere Saurezahl aufweist als das zweite carboxyl-funktionelle Polymer.

15. Verfahren nach Anspruch 9, worin die Komponenten (A}, (B), (C), (D) und (E) etwa 0,1 bis 50 Gew.-%

der Uberzugszusammensetzung umfassen und der Rest aus dem fliissigen Trdger besteht, der Wasser ist

und wahlweise eine orgamsche FIuss1gke|t in einem Volumenverhéltms von 70:30 2u dem gesamten

" Wasser.

16. Verfahren nach Anspruch 9, worin dle Quelle der Carboxylgruppen eine monoprotlsche Séure ist
und das erste carboxyl-funktionelle Polymer in einer-Menge vorhanden ist, die ausreicht, um 1,5 bis 2,5
Aquuvalente Carboxy(gruppen pro Aqulvalent 1,2-Epoxygruppen zur Verfiigung zu stellen und das tertiéire
Amin von (C) in einer Menge von 2,0 bis 2,5 Aqutvalenten pro Aqunvalent 1,2-Epoxygruppen vorhanden ist.

Revendications pour les E):ats cpntfaczants: BE CH DE..Fﬁ GB L1 LU NL SE

1. Une compaosition de revétement & support aqueux constituée essentiellement de véhicule liquide et
d‘un deuxiéme produit de réaction préparé en mélangeant un deuxiéme polymére a fonctionnalité
carboxyle avec un premier produit de réaction, caractérisée en ce que le premler produnt de réaction est le
produit de la réaction dans un milieu organique de:

- {A) 50—90% en poids, par rapport au poids.de (A) plus (B), d'une résme époxy contenant, en moyenne,
;g\éf_o% 013 a 2 groupes termmaux 1 2-époxy par molécule et ayant un ponds équnvalent d'époxy de

(B) un premier polymére fonctlonnallte carboxyle en quantlte sufflsante pour fournlr au moins 1,256
équivalent de groupes carboxyle, quand la source du groupe carboxyle est un acide mono-protique, et au
moins 2,0 équivalents de groupes carboxyle, quand la source de ces groupes est un acide diprotique, par
équivalent de groupes 1,2-époxy dans la résine époxy, ce polymere ayant un poids moléculaire moyen en
poids (déterminé par diffusion de la lumiére) d'environ 10 000—160 000 et un indice d‘acide de 100—500;

{C) au moins 1,25 équivalent d'une amine tertiaire par équivalent de groupes 1,2-époxy dans la résine
époxy, cette amine tertiaire étant choisie dans le groupe constitué par R,R.R;N, |a pyridine, le N-méthyl

- pyrrole, la N-méthyl pipéridine, la N-méthyl pyrrolidine, la N-méthyl morpholine et leurs mélanges, oli R, et

R, sont des groupes alcoyle monovalents substitués ou non contenant un ou deux atomes de carbone dans
la portion aicoyle et R, est un- groupe aleoyle monovalent substltué ou non contenant 1—4 atomes de
carbone;

{D) facultatlvement 10—90% de la quantlté nécessaire pour réactlon stoechuométrlque avec le
polymére 3 fonctionnalité carboxyle de (B} d’au mioins une amine pnmalre, secondaire ou tertlalre oud‘un
hydroxyde d’ammonium quaternaire monofonctionnel;

ol pour des rapports croissants des groupes carboxyle aux groupes 1,2-époxy, Ia quantlté d’amine est
accrue de fagon a maintenir dispersable dans I'eau le polymére & fonctionnalité carboxyle; .

(E) le deuxiéme polymeére a fonctionnalité carboxyle étant mélangé &'raison de 5 4 200 parties en poids
pour 100 parties en poids de (A) plus (B) et ayant un poids moléculaire moyen en poids {déterminé par
diffusion de la lumiére) d’environ 10 000—160 000 et un indice d'acide de 50—500, cet indice d’acide
présentant une différence d'au moins 50 unités avec I'indice d‘acide du premier polymére & fonctionnalité
carboxyle, le deuxiéme produit de réaction ne contenant pas moins de 30% en poids de résme époxy (A)
par rapport au total de (A), (B) et (E). :

2. Une composition-selon la revendication 1, dans Iaquel(e de I'eau est mélarigée avec le premier
produit de réaction en quantité suffisante pour que la phase continue soit aqueuse, et ensunte (E) est
mélangé avec le premier produit de réaction.

3. Une composition selon la revendication 1, dans Iaquelle (E) est méiangé avec le premier prodwt de
réaction pour former le deuxidme produit de réaction et ensuite de I‘'eau est mélangée avec le deuxnéme
produit de réaction en:quantité suffisante pour que la phase continue soit aqueuse. :

4, Une composition selon la revendication 2 ou 3, dans laquelle le deuxiéme polymére a fonctlonnallte
carboxyle (E) est neutralisé par une amine avant que (E) soit mélangé avec le premier produit de réaction.

5. Une composition selon la ravendlcatlon 1 dans Iaquelle I'amlne tertlalre (C) est fournie sous la

- forme d'une solution agueuse.

6. Une composition selon la revendication 1, dans laquelle le premier polymére a fonctionnalité

.- carboxyle a un indice d'acide supéneur d‘au moins 100 unités & celua du deuxléme polymere a fonc-

tionnalité carboxyle.

7. Une composition selon la revendlcatlon 1 dans laquelle Ies constituants. (A), (B), (C), (D) et (E)
forment environ 0,1—50% en poids de la composition de revétement et le reste est constitué du véhicule
liquide qui est de I'eau et, eventuellement un Ilqmde orgamque dans un rapport en volume compns entre

70:30 et 100% d'eau.

8. Une composition selon la revendlcatlon 1, dans laquelle la source des groupes carboxyle est un
acide mono-protique et le premier polymére & fonctionnalité carboxyle est présent en quantité suffisante
pour fournir 1,5—2,6 équivalents de groupes carboxyle par équivalent de groupes 1,2-époxy et I'amine
tertiaire de (C) est présente a raison de 2,0—2,5 équivalents par équivalent de groupes 1,2-époxy.
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1. Une composltlon de revétement a support aqueux constltuée essentlellement de véhicule liquide et

d'un- deuxjéme produst de réaction préparé en mélangeant. un- deuxidme polymére 3 fonctionnalité

carboxyle avec un premier produit de réaction, caractérisée en ce que le premier produit de réaction estle
produit de la réaction dans un milieu organique de:

{A) 50—90% en poids, par rapport au poids de (A) plus (B}, d'une résine époxy contenant, en moyenne,
environ 1} 4 2 groupes terminaux 1,2-6poxy par. molécule et ayant un poids équivalent d'époxy de
750—5000; .

(B) un premier polymére a fonctionnalité carboxyle en quantlté suffisante pour. fourmr au moins 1,25
équivalent de groupes carboxyle, quand la source du groupe carboxyle est un acide mono-protique, et au

- moins 2,0 équivalents de groupes carboxyle, quand la source de ces groupes est un acide diprotique, par
* équivalent de groupes 1,2-époxy dans la résine époxy, ce polymére ayant un poids moléculaire moyen en
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poids (déterminé par diffusion de la lumiére) d’environ 10 000—160 000 et un indice d'acide 'de 100—500;
(C) au moins 1,25 équivalent d’une amine tertiaire par équivalent de groupes 1 ,2-6poxy dans la résine
époxy, cette amine tertiaire étant choisié dans le groupe constitué par R,R,R;N, la pyridine, le N- methyl

pyrrole, ia N-méthyl pipéridine, la N-méthyl pyrrolidine, la N-méthyl morpholine et leurs mélanges, ot R, et

R2 sont des groupes alcoyle monovalents substitués ou non contenant un ou deux atomes de carbone dans
la portion alcoyle et R; est un groupe alcoyle monovalent substitué ou non contenant 1—4 atomes de

.carbone;

(D} facultativement, 10—90% de la quantlté nécessaire pour réaction stoechiometnque avec Ie
polymeére a fonctionnalité carboxyle de (B} d’au moins une amine primaire, secondaire ou tertiaire oud'un

: hydroxyde d’ammonium quaternaire monofonctionnel;

ol pour des rapports croissants des groupes carboxyle aux groupes 1,2-époxy, la quantité d'amine est
accrue de fagon 4 maintenir dispersable dans I'eau le polymére a fonctionnalité carboxyle;

{E) le deuxi@me polymére a fonctionnalité carboxyle étant mélangé  raison de 5 3 200 parties en ponds
pour 100 parties en poids de (A) plus {B) et ayant un poids moléculaire moyen en poids {déterminé par

.diffusion de la lumiére) d’environ 10 000—160 000 et un indice d'acide de 50—500, cet indice d‘acide

' “présentant une différence d'au moins 50 unités avec !'indice d"acide du premier polymére & fonctionnalité
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carboxyle, le deuxiéme produit de réactlon ne contenant pas moins de 30% en poids de résine epoxy (A)

-par rapport au total de (A), (B) et (E).

2. Une composition selon la revendication 1, dans laque!le de Feau est mélangée avec le premier

. produit de réaction en quantité suffisante pour que la phase confinue soit aqueuse, et ensuite (E) est

mélangé avec le premier produit de réaction.

3. Une composition selon la revendication 1, dans Iaquelle (E) est mélangé avec le premler produitde
rédction pour former le deuxiéme produit de réactlon et ensuite de I’eau est mélangée avec le deuxiéme
produit de réaction en quantité suffisante pour que la phase continue soit aqueuse.

4. Une composition selon la revendication 2 ou 3, dans laquelle le deuxiéme polymére & fonctionnalité
carboxyle (E) est neutralisé par une amine avant que (E) soit mélangé avec le premier produit de réaction.

5. Une composition selon la révendication 1, dans laquelle 'amine tertiaire (C) est fournie sous la
forme d'une solution agueuse.

6. Une composition selon la revendication 1, dans laquelle le premier polymére a fonctionnalité

carboxyle a un indice d'acide supérieur d’au moins 100 unités 3 celui du deuxiéme polymére a fonc-

. tionnalité carboxyle.

7. Une composition selon la revendication 1, dans laquelle les constituants (A), (B), (C), (D) et (E)
forment environ 0,1—50% en poids de la composition de revétement et le reste est constitué du véhicule
liquide qui est de I'eau et, éventuellement, un liquide organique dans un rapport en volume compris entre
70:30 et 100% d’eau.

8. Une composition selon la revendication 1, dans laquelle la source des groupes carboxyle est un
acide mono-protique et le premier polymére 3 fonctionnalité carboxyle est présent en quantité suffisante
pour fournir 1,5—2,5 équivalents de groupes carboxyle par équivalent de groupes 1,2-époxy et I'amine
tertiaire de (C) est présente a raison de 2,0—2,5 équivalents par équivalent de groupes 1,2-époxy.

9. Un procédé de préparation d'une composition de revétement & support aqueux constituée
essentiellement de véhicule liquide et d’un deuxiéme produit de réaction en mélangeant un deuxiéme
polymere 2 fonctionnalité carboxyle avec un premier produit de réaction, caractérisée en ce que le premier
produit de réaction est le produit de la réaction dans un milieu organique de:

(A) 50—90% en poids, par rapport au poids de (A} plus (B), d'une résine époxy contenant, en moyenne,
environ 13 2 2 groupes terminaux 1,2-époxy par molécule et ayant un poids équivalent d’époxy de
750—5000;

{B) un premier polymére a fonctlonnahté carboxyle en quantité suffisante pour fournir au moins 1,25
équivalent de groupes carboxyle, quand la source du groupe carboxyle est un acide mono-protique, et au
moins 2,0 équivalents de groupes carbaxyle, quand la source de ces groupes est un acide diprotique, par
équivalent de groupes 1,2-époxy dans la résine époxy, ce polymére ayant un poids moléculaire moyen en
poids (déterminé par diffusion de la lumiére) d’environ 10 000—160 000 et un indice d'acide de 100—500;

(C) au moins 1,25 équivalent d’'une amine tertiaire par équivalent de groupes 1,2-époxy dans la' résine
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époxy, cette amine tertiaire étant choisie dans le groupe constitué par R,R,R4N, la pyridine, le N-méthvl
pyrrole, la N-méthyl pipéridine, la N-méthyl pyrrolidine, la N-méthyl morpholine et leurs mélanges, ou R, et
R, sont des groupes alcoyle monovalents substitués ou non contenant un ou deux atomes de carbone dans
la portion alooyle et R; est un groupe alcoyle monovalent substitué ou non contenant 1—4 atomes de
carbone;

(D) facultativement, 10—90% de la quantlté nécessaire pour réactlon stoechlométrlque avec le
polymére & fonctionnalité carboxyle de (B) d’au moins une amine primaire, secondalre ou tertiaire ou d’'un
hydroxyde d’ammonium quaternaire monofonctionnel;

ol pour des rapports croissants des groupes carboxyle aux groupes 1,2-époxy, la quantité d’amine est
accrue de fagon & maintenir dispersable dans 'eau le polymére a fonctionnalité carboxyle;

(E) le deuxi@me polymére & fonctionnalité carboxyle étant mélangé 4 raison de 5 3 200 parties en poids
pour 100 parties en poids de (A) plus (B) et ayant un poids moléculaire moyen en poids (déterminé par

. diffusion de la lumieére) d’environ 10 000—160 000" et un indice d’'acide de 50—500, cet:indice d‘acide
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présentant une différence d‘au moins 50 unités avec I'indice d’acide du premier polymére & fonctionnalité
carboxyle, le deuxidéme produit de réaction ne contenant pas moms de 30% en poids de résme époxy (A)
par rapport au total de (A), (B) et (E). :

10. Le procédé de la revendication 9, dans lequel de I'eau est mélangée avec le premier produit de
réaction en quantité suffisante pour que la phase continue soit aqueuse, et ensune (E) est melangé avecle
premier produit de réaction.

11. Le procédé de la revendication 9, dans lequel {E) est mélangé avec Ie premier produit de réaction
pour former le deuxiéme produit de réaction et ensuite de I'eau est mélangée avecle deuxuéme produit de
réaction en quantité suffisante pour que la’ phase continue soit aqueuse.

12. Le procédé de la revendication 10 ou 11, dans laquelle le deuxiéme polymére a fonctionnalité

" carboxyle (E) est neutralisé par une amine avant que (E) soit mélangé avec le prernier produit de réaction.
13. Le procédsé de ia revendlcatmn 9, dans lequel |‘am|ne tertiaire (C) est fourme sous la forme d‘une -

solution aqueuse.
14. Le procédé de la revendication 1, dans lequel le premier polymaére & fonctionnalité carboxyle a un
indice d’acide supérieur d’au moins 100 unités & celui du deuxidme polymére & fonctionnalité carboxyle.

15. Le procédé de la revendication 8, dans lequel les constituants (A), (B), (C), (D) et (E) forment environ.

0,1—50% en poids de la composmon de revétement et le reste est constitué du véhicule liquide qui est de
I'eau et, éventuellement, un qumde orgamque dans un rapport en volume compns entre 70:30 et 100%
d'eau. '

16. Le procédé de la revendication 9, dans lequel la source des groupes carboxyle est un acide mono-
protique et le premier polymére & fonctionnalité carboxyle est présent en quantité suffisante pour fournir
1,5—2,5 équnvalents de groupes carboxyle par équuvalent de groupes 1,2-époxy et I'amine tertiaire de (C)
est présente ‘a raison de 2,0—2,5 équivalerts par équivalent de groupes 1,2-époxy.
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