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(57) Abstract: An aqueous coating composition comprising: (1) a crosslinkable binder resin having latent crosslinking functionality;
(11) an effective crosslinking amount of a crosslinker for the binder resin; and (111) a water reducible monomer modified alkyd ob -
tained by the acidolysis of a polyalkylene terephthalate or polyalkylene napthanate and subsequent monomer modification.
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WATERBORNE COATINGS
CROSS-REFERENCE TO RELATED APPLICATION

of

{00011 This application claims the benefit of U.S. provisional patent application
number 61/676,127 filed on July 26, 2012, the entirety of which 1s hereby incorporated

by reference.

{36021 This invention relates {o waterborne coatings having improved performance
properties. Conventional latex paints are widely used because they provide reduced
volatile organic compound emission and because they allow easier clean up than solvent
borne coatings. They can provide coatings with {ow tendency o yellow on exposure,
excellent exterior durability, flexibility, and gloss retention. However, many typical iatex
coatings may lack certain performance propertigs, such as flow and leveling open time,
adhesion and other properties. Additionally, it can be difficull {o provide water borne
coatings having cxcellent physical properties while also possessing the oplimum high
shear and mid and low shear rate viscosities for package stability and desirable
application properties. The mid and low shear rate viscosities {Iypically measured at
shear rates from around 50 sec.”’ to around 0.1 sec.”) are generally related to a coatings
flow and leveling. The low shear rate viscosity must be high enough to prevent pigment

seitling and to minimize sagging when the coating is applied 1o a vertical surface.

(300831 The high shear rate viscosity {typically measured at a shear rate of aroung
10,000 sec.”) provides brush drag when the coating is applied and aids in providing
proper film thickness. In some embodiments, the coatings of this invention will have a
high shear viscosity {(measured at 10,000 sec.”) between about 1.0 and 3.0 poise, and a
mid shear rate viscosity (measured at 50 sec.”} of between about 7.0 to 20.0 poise when
measured at 46%N VM,

F0064] It has now been found that waterborng coating compositions having improved
properties, such as improved physical properties and excellent viscosity performance
across a range of shear rates, can be produced by formulating a coating comprising (1) a
crosslinkable binder resin having latent crosslinking groups; {i1) a suitable crossitnker for

the crosslinkable binder resin; and (iit) 2 waterborne air-curing, monomer modified aikyd
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emulsion obtained by the acidolysis of a polyalkylene terephthalaie or polyatkyliense

naphthanate and subsequent monomer modification. For certain applications, the alkyd

polymer will be based on polvethylene terephthalate (PET) and the acidolysis will
involve fatty acids or oils to provide the air-drying capabilities. This invention relates {o
coating compositions having a balance of properties making them suitable for a variety of

architectural and industrial paint applications.

{GG0S8) In one embodiment, this invention relates {o an aqueous coating composition
comprising a crosslinkable binder resin having latent crosslinking functionality, an
effective crosslinking amount of a crosslinker for the binder resin, and an air-curing,
monomer modified alkyd emulsion obtained by the acidolysis of a polyalkyiene

terephthalate or polyalkylene naphthanate and subseguent monomer modification.

i. The Crosslinkable Binder Resin

(30861 The present invention is directed to an agueous coating composition in which
the crosslinkable binder resin has functional groups that further react with one or more
co-dispersed crosslinkers some time after initial formation of the binder resin. In certain
applications the substantive crosshinking will be delayed until application of the coating to

a substrate and evaporation of at least some of the aqueous carrier,

(B087] As reactive elements, the crosslinkable binder resin will comprise the
polvmerization reaction product of at least one or more copolymerizable
monoethylenically unsaturated monomers, wherein at least one of the monoethyienicaily
unsaturated monomers contains latent crossiinking functionality. This c¢rosslinkable
binder resin is used in combination with a crosslinking amount of af ieast one crosslinker

reactive with the crosslinking functionality.

{38881 The latent crosslinking functionality can be ymparted to the binder resin by
incorporating monomers having reactive functional groups Known in the art. For
exampie {1} the pendent functional group could be g carbonyi group, such as ketone, or
aldehyde, or acetoacetoxy and the crosslinker could representatively have amino or
hvdrazide groups; {11} the pendent functional group could be epoxy and the crossiinker
could representatively have carboxylic acid, thiol or amino groups; (111} the pendent

functional group could be silane and the crosslinker could representatively have hydroxyi
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groups; and {iv} the pendent funciional groups could be hydroxyl groups and the
crosslinker could representatively have isocyanate groups or methylol groups or

etherified methylol groups.

108091 Alternatively, the functional groups identified as usetul in the crosslinkers
could be incorporated into the binder resin and the corresponding identified reactive
group could be present in the crossiinker. The exact nature of the coreactive groups 1s
not critical., Any coreactive groups are possible as pendent functional groups and
crosslinking groups, provided the coating composition remains Huid until application (0 a
substrate, If desired, the crosslinker can be withheld from the coating composition untii
immediately prior to application {o ensure that the coating composttion remains Hutd, In
somie embodiments, such as the use of pendent carbonyl groups on the binder resin, and
the use of a water-soluble polyhydrazide, it {3 convenient t¢ incorporate the hydrazide

into the agueous coating to provide a single package which will cure upon application.

F0318] The latex polymers used as crosslinkable binder resins in accordance with the
present invention include those polymers polymerized from one or more suitable
monomers, Typically, the binders are polymerized from one or more copolymerizabile
monoeethylenically unsaturated monomers such as, for exampie, vinyl monomers and/or

acrylic monomers,

{8813} The vinyl monomers suitable for use in accordance with the present invention
include any compounds having vinyl functionality, 1.e., ethylenic unsaturation, exclusive
of compounds having acrylic functionality, ¢.g., acrylic acid, methacrylic acid, esters of
such acids, acrylonitrile and acrylamides. Preferably, the vinyl monomers are selecied
from the group consisting of vinyl esters, vinyl aromatic hydrocarbons, vinyl aliphatic

hydrocarbons, viny! alkyvl ethers and mixtures thereot,

FB3312Y Suitable vinvl monomers include vinyl esters, such as, for exampie, vinyi
propionale, vinyl laurate, vinyi pivalate, viny! nonanoate, vinyl decanoate, vinyl
neodecannate, vinyl butyrates, vinyl benzoates, vinyvl isopropyl acetates and similar vinyi
esiers; vinyl aromatic hydrocarbons, such as, for example, styreng, methyl styrenes and
simiiar {ower alkyl siyrenes, chicrostyreneg, vinyi toluene, vinyl naphthalens and divinyl

benzene; vinyl aliphatic hydrocarbon monomers, such as, for exampie, vinyl chionde and

Lt
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vinviidene chioride as well as alpha olefins such as, for example, ethyiene, propyiene,
isobutylene, as well as conjugated dienes such as 1,3 butadiene, methyi-2-butadiens,
|, 3-piperviene, 2,3-dimethyl butadiene, isoprene, cyclohexene, cyclopentadiene, and
dicyclopentadiene; and vinyl alkyl ethers, such as, for example, methyl vinyl ether,

isopropyl vinyl ether, n-butyl vinyl ether, and sobutyl vinyi ether.

(801371 The acrylic monomers suitable for use in accordance with the present
invention comprise any compounds having acrylic functionality. Preferred acrylic
monomers are selected from the group consisting of alky!l acryiates, alkyl methacrylates,
acrviate acids and methacrylate acids as well as aromatic derivatives of acryite and
methacrylic acid, acrylamides and acryionitrile, Typically, the alkyl acryiate and

methacrylic monomers {also referred to herein as "alkyl esters of acrylic or methacrylic

>

acid”} will have an alkyl ester portion containing from 1 to about 1§, preterably about 1 o

8, carbon atoms per molecule.

{814] Suitable acrylic monomers include, for example, methyl acrylate and
methacrylate, ethyl acryviate and methacrylate, butyl acrylate and methacrylate, propyi
acrylate and methacrylate, 2-ethyl hexyl acrylate and methacryiate, cyclohexyl acrylate

and methacrylate, decvl acrylate and methacrylate, isodecyl acrylate and methacrylate,

benzyl acrylate and methacrylate, isobornyl acrylate and methacrylate, neopentyl acrylate

and methacrylate, and 1-adamantyl methacrylate.

(00181 In addition to the specific monomers described above, those skilled in the art
witl recognize that other monomers such as, for example, allylic monomers, or monomers
which impart wet adhesion, such as monomers having fertiary amine, ethylene ureido, or N-
heterocyelic groups, can be used in place of, or in addition to, the specifically
described monomers in the preparation of the binders. Representative wetl adhesion
promoting monomers include methacrylamidoethyl ethylene urea, dimethylaminoethy!
methacrvlate, vinyl imidizole and 2-ethyleneuriedo-ethyl methacrylate. The amount of
such other monomers is dependent on the parficular monomers and their intended
function, which amount can be determined by those skilled in the art. In one embodiment
of this invention, a wet adhesion promoting monomer, if desired, could be present at

tevels ranging up to about 5% of the total monomer mix by weight.
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3316] In one embodiment of the present invention the binder resin may comprise a
"single stage” polymer which is typically obtained by admixing selected polymerizable
monomers in a single reaction mixture. In another useful embodiment, the binder resin
may be obtained by admixing the monomers in mulliple stages having different monomer
compositions or concentrations al various stages of the addition. For example, the
monomer mixture could be varied as the reaction progresses to provide a sequentially
formed composition, whereby essentially one polymer is prepared in the presence of
another, preformed polymer. Without being limited to any particular theory, this
polymerization process possibly, but not necessarily, results in a core/shell particle
arrangement. For some applications, the monomer mix will be varied 10 provide one
sequence of the reaction with a higher concentration of "softer" monomers (those whose
homopolymers have relatively lower glass transition femperatures {1g) and another
sequence might involve a greater concentration of "harder” monomers. In embodiments
where the binder resin comprises a sequentially formed polymer composition, the lower
Teg polymer {the "softer” polymer) may be the core in a core/shell particle arrangement
while the higher Tg material {the "harder” polymer) comprises the shell. An opposite
arrangement may aiso be used in connection with the present invention. As used herein
"two-stage” polvmer refers to an overall polymer where one polymer is essentially

formed in the presence of another, preformed polymer.

(68171 The monomer mix polymerized to create the crosslinkable binder resin of the
present invention will comprise at least one ethylenically unsaturated monomer
containing "latent erosslinking” capabilities, which as used herein means a monomer
which possesses the ability to further react with a crosslinker some time after initial
formation of the polymer. The crosslinking reactiion can occur through the application of
energy, e.g., through heat or radiation. Also, drying can activate the crossimking
polymer through changes in pH, oxygen content, evaporation of selvent or carrier, or
other changes that causes a reaction to occur. The particular method of achieving
crossiinking in the binder polymer is not critical to the present invention. A variety of

chemistries are known in the art to produce crossiinking in atexes.

{001 3] Representative examples of latent crosshinking carbonyl-containing monomers

inchude acrolein, methacrolein, diacetone acrviamide, diacetone methacrylanude, 2
5

e
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butanone methacryviate, formyl styrol, diacetone acrylate, diaceione methacrylate,
acetonitrile acrvlate, acetoacetoxvethyl methacrylate, acetoacetoxyethyl acrylate and
vinviaceto acetate. These monomers normally do not affect crosshinking until during
final film formation, for example, when the agueous polymer emuision stmultaneously
contatns an appropriate added amount of a reactive material such as g polyaming
compound as crosslinker. Particularly suitable compounds of this {ype are the
dihvdrazides and trihydrazides of aliphatic and aromatic dicarboxylic acids of 2 to 20
carbon atoms. Polvamine compounds useful as crosslinkers for the carboxyl functional
eroups inciude those having an average of al least two carbonyl-reactive groups of the
of

useful amine functional groups include K-NHZ R-O-NH; R-0O-N={<, R-NH-C{=0}-0-

L3

formula — NH, and carbonyl reactive groups derived from such groups. Example

NH; wherein R is alkviene, alicyclic or aryl and may be subsiituted. Representative
useful polyamines include ethylene diamine, isophorone diamine, diethylenetriamine and
dibutylenetriamine. In one embodiment of this invention it is useful to utilize
polyhyvdrazides as the polvamine compounds, Representative useful poiyvhydrazides
include oxalic dihvdrazide, adipic dihydrazide, succinic dihvdrazide, malomg
dihydrazide, glutaric dihvdrazide, phthalic or terephthalic dihydrazide and itacome
dihydrazide. Additionally, water-soluble hydrazines such as ethylene-1,2-dihydrazine, propylene-
1,3-dihydrazine and butylene-1,4-dihydrazine can also be used as one of the crosslinking

agents.

(30191 Additional building blocks which are suitable for posterossiinking are those
which contain hydrolyzable organosilicon bonds. Examples are the copolymerizable

monomers methacrylovioxypropylirimethoxysilane and vinylinmethoxysilane,

[3028] Epoxy-, hydroxyl~ and/or N-alkylol-containing monomers, for example,
glycidyl acrylate, N-methylolacrylamide and -~methacrylamide and monoesters of
dihydric alcohols with a,B-monoethylenically unsaturated carboxylic acids of 3 1o 6
carbon atoms, such as hydroxvethyl, hydroxy-n-propyl or hydroxy-n-butyl acrylate and
methacrylate are also suitable for posterosshinking. Primary or secondary aming
containing acrylates or methacrylates such as t-butyl amino ethy! methacrylate are also

suiiable.
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{0821] In one embodiment the binder resin can be obtained by the polymerization of a
mixtiure of monomers, which mixture contains about £.5 to about 253% by weight, based on
the total weight of the polymer, of at least one monomer having latent crosshinking

functionality.

F3022]1 In one embodiment of the present invention, the binder resin is an acid
functional latex. Specific acid functional monomers suitable for use in accordance with
the present invention include, for example, acryvlic acid, methacrylic acid, sthacrylic acid,
itaconic acid, maleic acid, dimeric acrylic acid or the anhydrides thereof. Besides
carboxylic acids and anhydrides, monomers possessing other acid groups such as sulfonie or
phosphoric acid groups are also useful. Representative monomers include
ethyvimethacrylate-2-sulfonic acid, 2-acrylamido-2-methylpropane sulfonic acid, 2-
methyl-2-propenocic acid cthyvi-2-phosphate ester (HEMA-phosphate}, {I-phenyivinyl}-
phosphonic acid, or {2-phenylvinyi}-phosphonic acid. Mixiures of acids are also

practical.

{30231 For many applications, typically, the particle size of the binder resins would
range from about 8.1 to 1.0 microns. The Tg of some useful representative binder resins,
of the present invention would typically be from about -60 to 100°C, Binder resins
having a Tg less than about 20°C typically reguire less volatile organic compounds
(splvents and coalescents) to form a smooth {ilm compared to higher Tg polymers. In
one useful embodiment the Tg would be less than about 109C, iIn another useful
embodiment the Tg is less than about 1°C. As used herein, the term "Tg" means polymer

glass transifion temperature.

{0024] Preparation of latex compositions is well known in the paint and coatings art.
Any of the well-known free-radical emulsion polymerization techniques used 1o
formulate latex polymers can be used in the preseni invention. Such procedures nciude,
for example, single feed, core-shell, and inverted core-shell procedures which produce

homMageneous or structured particles.

(082581 In one useful embodiment the crosslinkable binder resin would be obtained by
polyvmerizing 2 monomer mixture of about 1-25% by weight of a monomer having latent

crossiinking functionality, 0.5 to about 13% of an acid funclional monomer and about 60
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to 98.5% other monomers. In another useful embodiment the monomer mixture would
aiso comprise about 8.1 to about 10% of a2 wet adhesion promoting monomer. {n another
embodiment, the monomer mixture would comprise about 1-25% by weight of a
monomer having latent crosslinking functionality, 0.5 to about 15% of an acid functional
monomer, §.1 to about 10% of a wet adhesion monomer, I to about 35 parts styrene, and

the remainder selected from other copolymerizable monomers,

2. Crossiinkers

188261 The crosslinker for reaction with the latent crosslinking functionality need
only be present in an amount necessary to achisve the desired degree of cure. For many
applications, the crosslinker will typically be present at a level to provide at least 0.1

equivalent for each equivalent of latent crosslinking functionality.

{38271 In one of the embodiments of this invention, the crosshinker would be present
at a level to provide between about 0.2 to about 2.0 equivalents for each equivalent of
latent crossiinking functionality. In some useful embodiments the crosslinker will be
present at a level to provide 0.4 10 about 1.2 equivalents for each equivalent of latent

crossiinking functionality.

(3028) In another useful embodiment the crosslinker would be present at a level to
provide about 0.4 to about 1.0 equivalent for each equivalent of latent crosshinking

functionahity.
3. Monomer Modified Polyalkylene Terephthalate or Naphthalate Alkyds

180281 The cosatings of this invention also require the mcorporation of an air-drying

monomer modified alkyd emulsion resin. For many embodiments, levels of the
additional resin between about 3% and about 60% by weight solids of the combined
weight solids of the crosslinkable resin and the crossiinker and the alkyd resin are typical.
For some embodiments the alkyd resin will be present at a level between about 153% and
about 35% by weight solids of the total combined weight solids of the crosslinkable resin,

crosslinker and alkyvd resin.

100381 One element of this invention relates to an aqueous alkyd dispersion derived

from a polyalkylene terephthalate, or polyalkyiene naphthalate, as a raw matenal for
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nroducing the resin. The process for making the dispersion includes an acidolysis
reaction of a polvalkylene terephthalate or polyalkylene naphthalate and the subsequent
monomer modification of the resin followed by combining the modified resin with water
inn the presence of a base to provide water dispersibtlity. The production of such alkyds is
taught, representatively in US patents 5,371,112 and 7,129,278 the teachings of which are

hereby incorporated by reference.

10831] One useful method to produce the polyalkylene terephthalate based alkyd is
that taught in 7,129,278 and involves generally a process for forming a polymer which

comprises reacting:
a. a polymer formed as the reaction product of

{1} a mixture of compounds resulting from an acidelysis reaction of a
nolvalkylene terephthalate {or naphthalate) with a member of the

group consisting of acid- and anhydride-~-functional matenalis; and

{2} an alcohol,

wherein the resulting reaction product has an agid value of iess

than 20; and

b, an ethylenically-unsaturated monomer suitable for modifying the polymer
to form a modified polymer resin; wherein the modified polymer resin has an acid
value of less than 30, and wherein satd modified polymer resin is then combined

with water in the presence of a base to form the aqueous polymer composition.

(6832] The monomer modified alkyd dispersion of this invention utilizes
nolyalkviene terephthalate, or polvalkylene naphthalate, as the starting material for the

nroduction of the polymer. One useful polyailkylene terephthalate 15 polyethyiene

terephthalate {PET). Polyethylene naphthalate {PEN)} can also be used. Other
polvalkylene terephthalates are polypropylene terephthalate, polybutylene terephthalate,

eic.

{33331 In the production of the alkyd, a polyalkylene terephthalate resin is first
digested into lower molecular weight oligomeric units through an actdolysis reaction. The

digestion product of the acidolysis reaction 1s then further reacted with a hydroxy-

S
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functional reactant {o produce a resin which is further monomer-maodified and dispersed
into water. For purposes of this invention, the use of polyethylene terephthalate is
described; however, it should be recognized by those skilled in the art that other

polyalkylene terephthalates, or polyalkylene naphthalates, can be used similarly.

180341 The actual source of PET usable herein is not of critical importance to this

invention, "Virgin” PET, that 1s PET which is commercially produced specificaily as a

raw material, is acceptable from a chemical standpoint for use herein. Likewise, recycled

or reclaimed PET is acceptable from a chemical standpoint. At the fime of this
application, there are advantages to the environment {reduction of soiid waste} and {o the
economics of this process {recycled PET is much less expensive than virgin PET) by
using recycled or reclaimed PET; and, there are no performance disadvantages {0 using

recycled PET versus virgin PET. Typically, the sources for PET are many and varned.

Cne source of either virgin or recyeled PET is material from PET polymer manufacturers.
Anocther source for PET can be post-indusirial outlets. A further source is reclaimed
PET, such as recycled PET beverage bottles. It should be appreciated that any source of
PET is acceptable. Polyethylene naphthalate and polybutylene terephthaiate are available

similarly.

13838] The PET should generally be provided in a comminuted form. it can be
flaked, granulsted, ground to a powder or pelletized. The only constraint placed on the
PET at this point is that it is relatively pure; that is, there should not be a level of
impurities above about one weight percent {1 wi %) nor should there be any appreciable
tevel of impurities which are chemically reactive within this process. Poivols also used
in the manufacture of PET include diethylene glycols, triethylene glycols, neopentyl
glycol, cyclohexane dimethanol, butanediols, and propanediois are used as polymer

maodifiers, and are acceptable as used in this invention.

{30361 PET is comprised of repeating units of ethylene glveol and terephthalic acid

connected by ester linkages. Each repeating unit of PET has a weight average molecular
weight of 192 with one equivalent of ethylene glyeol and one equivalent of terephthalic
acid. By reacting PET with an acid or anhydride functional material in an acidolysis

reaction, il is possible to reduce the average chain length of the PET molecules. The

1y



CA 02880023 2015-01-23

WO 2014/018843 PCT/US2013/052229

chemistry of PET is such that an eguilibrium exists between PET, waler, ethylene

glycol (EG), terephthalic acid {TPA), and the acid used to reduce the chain
fength. This eguilibrium makes 1 possible to  substantially reverse the

polvmerization process and depolymerize PET into iis starting materials,

{0371 Suitable acid-functional materials for the acidolysis reaction include
mono-functional acids such as benzoig, crotonic and sorbic acids; and acids having
an acid functionality on average of at least two carboxylic acid groups, such as
nhthalic acid, isophthalic acid, 1,4-cycichexane dicarboxylic acid, I,3-cyclohexane
dicarboxylic acid, succinic acid, adipic acid, azelaic acid, maleic acid, fumaric acd,
trimellitic acid, trimesic acid, naphthalene dicarboxylic acids, carboxy-terminated
polvbutadiene, 4,4-dicarboxy diphenoxy ethane, and the hydroxy carboxyiic acids of
piralactone. Other suitable acids include the saturated acids such as butyric, caproic,
caprylic, capric, lauric, myristic, palmitic, stearic, 12-hydroxystearic, arachidic,
hehenic and lignoceric acids; the unsaiurated acids such as paimitoleie, oieig,
ricinoleic, linoleic, linolenic, eleostearic, licarie, gadoleic and eracic acids; and the
oils {and their fatty acids) such as cancola, rapeseed, castor, dehydrated castor,
coconui, coffee, corn, cottonseed, fish, lard, linseed, oticica, palm kerneil, peanut,
perillia, safflower, sova, sunflower, tallow, itung, walnut, vernonia, tail and
menhaden oils; and blends and mixtures of natural and synthetic otls and fatty acids,
particularly those oils and fatty acids with high iodine numbers, In order to provide the
alkyd with air drving capability i1 is convenient to utilize the drying oil and semi-drying

oil fatty acids as at least some of the acid in the acidolysis reaction,

{30381 Representative anhydrides useful in the acidolysis include, acrylic
anhydride, methacrylic anhydride, phthalic anhydride, 3-nitrophthalic anhydride, 4-
nitrophthalic anhydride,  3-flourophthalic  anhydnde,  4~chlorophthalic  anhydnde,
tetrachiorophthalic anhydride, feirabromophthalic anhydride,
tetrahyvdrophthalic anhydride, hexahydrophthalic anhydride,
methylhexahydrophthalic  anhydride,  succinmic anhydride,  dodecenylsuccinic
anhydride, octylsuccinic anhydride, maleic anhydride, dichloromaleic anhydride,
glutaric anhydride, adipic anhydride, chlorendic anhyvdride, itaconic anhydnde,
citraconic anhvdride, endo-methyleneteirahydrophthalic anhvdride, cyclohexane-
1,2-dicarboxylic anhydride, 4-cyclohexene-1,2-dicarboxylic anbydride, 4-

methyl-4-cyclohexene-1,2-dicarboxylic  anhydride, S-norbornene-2 3-dicarboxviic

il
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anhydride, I, 4-cvelohexadiene-1,2~dicarboxylic anhydride, 1,3-
cyelopentanedicarboxylic anhydride, diglyveolic acid  anhydride, benzophenone

tetracarboxyviic dianhvdride ana the like.

F0039) Other useful anhydrides include those anhydrides having a free carboxyl
group in addition to the anhvdride group such as trimeilitic anhydrnide, aconitic
anhydride, 2,6,7-naphthalene t{ricarboxylic anhydride, 1,2,4-butane t{ricarboxylic
anhydride, 1,3,4- ¢ vclopeniane tricarboxylic anhydride, and the hike. It should be
appreciated that other acids and anhydrides should be considered equivalents of those named

nerein,

F3840) The acid- or anhydride functional material will generally have a
number average molecular weight below about 2000, Preferably the acid- or
anhydride-functional material will have a number average moiecular weight of
below about 6080, Typical number average molecular weights of these malterials will

range from about 96 1o about GG

{3041 Optionally, a catalyst can be used for the acidolysis reaction. If used, suitable
catalysts for acidolysis of PET include the traditional transesterificalion
catalysts including stannous ocioate, calcium hydroxide, lithium hydroxide, barium
hydroxide, sedium hydroxide, lithium methoxide, manganese acetate teirahydrate,
dibutyl tin oxide, butyl stannoic acid, and hydrated monebutyl tin oxide. If used, the
catalyst should be present in an amount of {rom about 0.1 weight % o about 1.5

weight 9% based upon the total weight of the PET and acid-functional material.

(33421 When PET and an acid- or anhydride-functional material are reacted together
in the presence of the catalyst {optional) and heat, the high molecular weight PET
molecule is broken down into shorter chain {ragments. This 1s accomplished through

acidolysis of the ester linkages and exchange by the acid with the terephthalic acid

units of the PET molecule. This exchange continues o occur uniil a new
equilibrium is established between the PET, the shorter chain length PET, the shorter

chain length PET substituded with the acid, the acid-functional matenal ang terephthalic acid.

F00431 Subseguent to acidolysis, the remaining PET fragments and products in
cguiitbrium therewith are predominantly acid-functional. As descnibed further beiow,

the acidolysis reaction products can be further reacted with hydroxy-tunctional materials and
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the like. The reaction can be carried out in the presence of a solvent for azeotroping of
water or fusion in solventiess systems.

13844] The products of the acidolysis reaction are further reacteg with
hvdroxyvfunctional materials to produce a polyester product useful n coating
compositions. Since the acidelysis reaction productis are predominantly acid-
functional, they can be further reacted with alcohols including those taught below {o

obtain polymer compositions useful in coatings., By conirolling the amounts and {ypes

of reactants, as well as the length and temperature of the reaction, one ¢an formuiate
low acid value systems from the acidolysis reaction products. The products of such
reactions include alkvds and polyestiers which can be further modified and dispersed
Wwalgr,

{30481 Generally, the alcohols used for reaction with the acidolysis reaction
nroduct will have number average molecular weights of below about 4000, and

typically, number average molecular weights will range from about 30 o about 4000,

and especially 100 to about 600, Methods of preparing alcohols are well known in the

art and the method of preparation of the alcohols 15 not ¢ritical to the praciice of this invention,

(08461 Suitable alcohols include the CI-C22 linear and branched saturated
and unsaturated alcohols including, for example, methanol, ethanol, propanol,
butanol, hexanol, linoleyl alcohol, trimethyloipropane diallyl ether, atlyl
alcohol, 2- mercaptoethanol and the like. Additionally, useful alcohols

include the hydroxyfunctional polvethers, polyesters, polyvurethanes, polveaprolaciones, eig.

(36471 Saturated and unsaturated polvels include glycerol, castor oil, ethylene
glvecol, dipropylene glyecel, 2,2,4-trimethyl 1, 3-pentanedicl, neopentyl glyeol, 1,2-
propanediol, 1,3-propanediel, I,4-butanediol, 1,3-butanedicl, 2,3-butanediol, 1,5-
pentanediol, 1,6~ hexanediol, 2,2-dimethyl-1,3-propanediol, dimethylol propiomic acid,
acetvienic dicls, hydroxy-terminated polybutadiene, 1,4-cyclohexanedimethanol, 12-
cvelohexaned: methanol, 1,3~ <c¢velohexanedimethanol, 1,4-
bis{2- hydroxvethoxy)cyclohexane, irimethylene glycol, tetra methyiene glycol,
pentamethylene glyvceol, hexamethylene glycol, decamethylene giycol, diethylene
givool, triethylene glycol, tetrasthylene glycol, 1,4-benzenedimethanol, 1,4-benzenediethanol,

2, 4-dimethyl- 2-ethylenchexane-1,3-diol, 2-butene-1,4-diol, trimethyloiethane, trimethyloipropane,
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di-irimethviolpropane, trimethyiolpropaneg  monoallyl ether, trimethylothexane,
triethyiolpropane, i.,2 4-butanetriol, glvcerol, pentaerythritol,

dimethyliolpropane, dipentaerythritol, methyl propanedicol, phenolic polyels,
polypropylene ether glycols, polyethylene ether glycnis ete,

{0048] Another useful class of hydroxy-functional materials are polymers such
as those prepared by condensation polymerization reaction fechniques or ring

opening reactions of epoxies as are well known in the art.

(00491 As stated above, the acidolysis reaction products can be further reacted with
alcohol 1o produce low acid value products, The term "low acig value products” 18 meant
to be those compositions having acid values lower than about 20, in order o formuiate an
acidolysis reaction product to a low acid value of less than about 20, the
following stotchiometric proportions of materials should be used. For each mole of
repeating unit PET used, from about 1.3 to about 4.0 eguivalents of acid/anhydride
should be used in the acidolysis reaction, followed by further reaction with about
2.0 1o about 4.0 equivalents of hydroxy-functionality. Preferably, the equivalents of
acid/anhvydride to repeating unit of PET should be about 2.0:1 to about 3.1:1 and the

equivalents of OH to PET should be about 2.3:1 to about 3.7:1. Optionally, small

amounts of amine or diamine can he substituted for some of the alcohols.

F0080] The initial acidolysis produced resin is then directly modified with
unsaturated monomers, to produce the monomer modified water-reducibie poivmers

utilized in this mvention.

(#0511 Direct monomer modification is typically conducied under conditions also
well known in the art, including the procedures taught in U.S, Pat. Nos, 4,735,%%3

and 4,873,281, as well as by the procedures taught in the Examples below,

{00521 When monomerically modifying the base polymers, the incorporation of
a sufficient amount of acid-functional monomer material, with or without surfactants,
will enable the final polymer products to be reducible in water or other aqueous systems

when sufficiently neutralized as discussed beiow,

14
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(00831 Surfactants that can optionally be used for this invention include
nonionic surfactants such as, bul nol limited to, nonylphenol ethoxylates {(such as
IGEPAL® (CO-Series available from Rhodia, Cranberry, N.1.}, octylphensd
ethoxvylates {(such as IGEPAL® CA-Series available {from Rhodia, Cranberry, N.J.},
polvether polyols {such as PLURONIC® or TETRONIC® available from BASFK
Corporation, Mt Olive, N.J.), and acetylenic alcohols (such as SURFYNOUD availabie
from Air Products, Allentown, Pa.). The surfaciant, if present, is preferably about 1% to
about 5% of the total weight of the polymer.

{00584] Generally, amounts of acid-functional monomer matenals greater than about
5.0% by weight of the total amount of monomer and other ethylenically unsaturated
materials will result in a coating composition which is waler reducible. Amounts
fess than the above will generally result in coalings which are not water reducibie.
Preferably, the monomer-modified base polymer of this invention has low volatiie
organic levels. More preferably, the volatile organic level of the monomer-modified
base polymer is less than 1%,

BBSSY Suitable monomers for modifying the base polymer include the
unsaturated acids, such as acrylic acid, methacrylic acid, itaconic acid, crofonic acid,
maleic acid, and half esters of maleic and fumaric acids, such as butyl hydrogen
maleate and ethy] hydrogen fumarate, in which one carboxyl group is estenihied with
an alcohol. Examples of other ethylenically unsaturated monomers which can be
ased for the monomer modification of the acidolysis reaction product include the
alkyl acrylates, such as methyl acrylate, ethyl acrylate, butyl acrylate, propyi
acryiate, 2-ethvlhexyl acrylate and isoborny!l acrylate; the  alkyl
methacrylates, such as methyl methacrylate, butyl methacrylate, Z-ethyihexyl
methacrylate, decyl methacrylate, lauryl methacrylate, acetoacetoxyethyi
methacrylate, dimethylaminoethyl methacrylate, and allyl methacrylates and
isobornyl methacrylate; hydroxyvalkyl acrylates and methacrylates  such  as
hydroxvethyl acrvlate, hvdroxypropy! acrylate, hydroxyethyl methacrylate,
hvdroxypropyl methacrylate; acrylarnmides and methacrylamides, diaceiong
acrylamide, and unsaturated nitriles such as acrylonitrile, methacrylonitrile, anag
ethacryvlonitrile. Other ethylenically unsaturated monomers (vinyl monomers)
which can be used in addition to the acrylic monomers include: vinyl aromatic hydrocarbons

{such as styrene,
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aipha-methy!l styrene, and vinyl toluene); and vinyl aliphatic hydrocarbons (optionally
substituted, for example, by halogen atoms) such as vinyl acetate, vinyl versatates, and

vinyl chioride.

00861 The monomer modification of the acidolysis reaction product generally can be

conducted at from 80° C. to 160° C., and typically are conducted at from 100" C. to 150°
.

180871 A polymerization initiator can be employed in the monomer modification

stage. Examples of initiators include, but are not limited to: peroxyesters such as tertiary-
butyl perbenzoate; azo compounds such as azobis{isobutyronitrile); peroxides such as
benzovl peroxide and cumene hydroperoxide; peracetates such as fertiary butyl
peracetate; percarbonates such as isopropyl percarbonate, peroxycarbonates such as butyl
isopropyl peroxycarbonate, and similar compounds. The quantity of initiator employed
can be varied considerably; however, in most instances, it is desirable to utilize from
about 0.1 to about 10 percent by weight based on the weight of ethylenically unsaturated
monomers used. Where desired, a chain modifying agent or chain transfer agent can be

added to the polymerization mixture for control of the molecular weight of the resulting

resin. Examples of such agents include the mercaptans, such as tertiary dodecyl

mercaptan, dodecyl mercapian, octyl mercaptan, and hexyl mercaptan, efe,

{GO88) The monomer modification reactions for preparing a resin composition of the
invention can be carried out in the presence of an organic solvent, preferably only a
limited amount of organic solvent being used so as 10 minimize the organic solvent
content of the resulting product. In the preferred method of preparing the monomer
modified resin of this invention, the base polymer serves as a polymerization medium for
preparation of the modified polymer thereby significantly reducing the amount of organic
soivent needed. The amount of monomeric materials used for modification 18 in the
range of about 10% to about 80%, and more preferably, about 20% to about 60% based
on total modified resin solids. For many applications, the modified polymer will have an

acid value of less than 30,

18
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[08591 The monomer modified acid functional alkyd call be dispersed in water by
admixing it with water in the presence of a suilable base. In one process, the monomer
modified alkyd resin is initially Hguefied by heating the resin to at least its melting point,
and more preferably, to a temperature of at least 5% above its melting point so the
polymer maintains a molien and flowable state, but below the decomposition temperature
of the polymer. Typically, the modified polymer resin will melt in the temperature range
from about 120° C. to about 140° €. A separate vessel of water, containing a base for
neutralization of the carboxylic acids on the polymer, is heated to between 20° . anag 70°
C. The base can be an amine compound or an alkali hydroxide, Water solubility or
water dilutability may be given to the resin by effecting neutrahization of acidic groups,
such as carboxyl, with a basic material, such as monomethylamine, dimethyl amine,
trimethvlamine, monoethylamine, iriethviamine, monoisopropylaming, diisopropylamine,
diethylene triamine, triethylenetetramine, moncethanciamine, digthanclamine,
iriethanolamine, monoisopropanclamine, diisopropanglaming, di methylethanolamine,
morpholine, methy! morpholine, piperazine, ammonia, sodium hydroxide, potassium
hydroxide and the like, with or without surfactants. Typically enough base 15 added to
neutralize some of the acid on the polymer. The water phase and the polymer phase are
brought into contact with one another and, if desired, can be dispersed in a high shear
mill or a homogenizer. The process can be continuous or in baich mode where the tank
or mixing vessel contains the water phase. Once the polymer is disperseg in water, the
pH is typically adjusted to 7.6-8.2 and the percent solids are adjusted to 35-55% by
weight, Preferably, the resulting polymer dispersion has a velatiie organic level of less

than 10% and an acid number of less than 30,

{30681 The coating composition of the present invention is manufactured using
technigues known to those skilled in the art of manufacturing paini. The coatings of this
invention may also include conventional pigments and flattening agents as well as
various additives. Examples of suitable inorganic flatiening agents include silicates, such
as talc and various forms of silica, such as amorphous, acrogel, diatomaceous, hydrogel
and fumed silicas. Conventional pigments include tilanium dioxide and other inorganic
or organic pigments. The coatings of this invention aiso may ncorporate one or more

nolymeric opacifying agenis. The polymeric opacifiers are generally small particle size

~ o
.'l
..-.;}1:
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non-film forming polymerized beads which are insoluble in the coating in which they are
dispersed. Typically the polymeric opacifying agents will replace some of the higing
pigments which would otherwise be incorporated inte the coating. The beads may be

olid or they may contain vesicles or dispersed pigments within the polymerized bead.

RAS

Representative polymeric particles useful as opacifying agents include beads of
polysiyrene, polyvacrylic, polyvethyvlene, polyvamide, poly(vinylacetate ecthylene), melaming
formaldehvde, urea formaldehyde, polyester and polyurethane. Representative
commercially available polymeric pigments are sold under the Ropague, Dylex
{polystyrene) and Pergopak {urea formaldehyde)} trademarks. It polymeric opacifying
agents are incorporated they typically will comprise between about 1% and about 85% by
weight of the total amount of gpacifving agents and pigments, Typical additives include

dispersants, preservatives, anti foaming agents, thickeners, etc. The coatings of this

invention can be applied to any substrate such as wood, wallboard, metal, etc. by any
application method including spraying, brushing, rolling, etc. In one embodiment, the
coatings are especially useful as interior or exterior paints. If desired, the coatings of this
invention can be formulated at very low levels of volatile organic compounds (VOU)

presumably because the alkyd acts as a coalescing aid for the latex

G361 The following examples have been selected to illustrate specific embodiments
and practices of advantage to a more complete understanding of the present invention.

Unless otherwise indicated, parts means parts by weight and percent is percent by weight.

EXAMPLE | - Crosshinkable Binder Resin

{0862] A polvmer was prepared as follows. A reaction vessel was charged with
1175.0 parts water and heated to about 85°C under a nitrogen blanket. A first mixture of
72.35 parts watler, 4.35 parts anionic surfactant {(Rhodafac® RE 610 from Rhodia
Chemical), 3.12 parts ammonium persuifate and .68 parts 28% agueous ammonia were
added to the heated water, A first feed mixture of 264.90 parts water, 3.42 parts anionic
surfactant {Rhodafac® RE 610 {rom Rhodia Chemical), 3.75 parts 28% aqueous
ammonia, 13.80 parts methacrylic acid, 7.82 parts Sipomer Pam-200 phosphate

monomer, 31.11 parts Rohamere 6844 (253% agueous solution of N-{2-

methacryloxyethylethylene urea from Rohm Tech, Inc.), 13.60 parts T Mulz® (HEMA

I8
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phosphate ester from Hareros Chemical), 423.86 parts 2-ethy! hexyl acrylate, 272.41
parts styrene, and 23.33 parts diacetone acrylamide was prepared. An inifiator mixiure of
1.56 parts of ammonium persulfate and 79.97 parts water was prepared as well. The fHirst
feed mixture was fed into the reaction vessel over g perieod of about 80 minutes. The
initiator mixture feed was begun at the same {ime as the first monomer mixiure feed and

was continued for the same time 80 minute time period.

(38631 Meanwhile, a second feed mixture of 264.90 parts water, 5.42 parts antonie
surfactant {Rhodafac® RE 610 from Rhodia Chemical), 3.73 parts 28% agueous
ammonia, 13.60 parts methacrylic acid, 7.82 parts Sipomer Pam-200 phosphate

monomer, 31.11 parts Rohamere 6844, 239,32 parts methyl methacrylate, 19.99 parts 2-

ethyl hexyl acrylate, 437.12 parts styrene, 13.60 parts T Mul2® (HEMA phosphate ester),
and 23.33 parts diacetone acrylamide was prepared. The second monomer mixture was
then added into the reaction vessel over about 90 minutes while simuitaneously adding a
mixture of 1.56 parts ammonium persulfate and 79.97 parts water. The reaction was
allowed to cool to about 65°C and a chase oxidizer mixture of 1.68 parts t-bulyl
hydroperoxide in 31.99 parts water and a chase reducer mixture of 2.40 parts jsoascorbic
acid, 31.99 parts water, and 0.0.7 parts 28% aqueous ammonia was added over about 48
minutes. The reaction was then allowed to cool to about 33°C and 17.98 parts 28%
aqueous ammonia, 11.10 parts Proxel GXL, 17.50 parts adipic dihydrazide and 89.11
parts water were added to the reaction mixture, The water and adipic dihydrazide had
been premixed and heated to about §5% until ciear. The reaction was held at about 33°C

for about 30 minutes after this addition.

EXAMPLE 7 — lmitial PET Alkvd

138641 An inmitial PET based alkyd was prepared by charging a reaction vessel with the

foliowing:
194 .83 parts soya fatly acids {Industrene 223 from BASF Corp. }

.38 parts dibutyvitin oxide

36.0{} parts polyethylene {erephihaiate



CA 02880023 2015-01-23

WO 2014/018843 PCT/US2013/052229

and heated to about S00%F (260°C) until all of the PET was melied. The mixture was

allowed to cool 1o about 360°F {182°C) and the following maierials were added:
30.80 parts  1sophthabic acid
45.57 parts  irimethylol ethane
8.00 parts methyl propy! ketone

18065] The reaction mixture was heated to about 380°F (193°C) until most of the
water was removed and then gradually heated to about 4560°F (238°C) and held at that

temperature uniil an acid value of 7.0 was reached and the mixture allowed to cool.

EXAMPLE 3 — Acrylic Modified PET Alkvd

{H066] A water reducible acrylic modified PET alkyd was prepared by charging a

reactor with the following:
78.41 parts PET alkyd of Example 2
3.92 parts  alkali refined soybean oil
which was heated about 245°F (1 18%() followed by the addition of;
3.37 parts  dimethyvibenzylamine
(.60 parts  methacrviic anhydrige
1,87 parts  n-butyl acetate
74 parts  methyl propyi ketone
and heated (o 280°F {138°C) and held for 30 minutes.
{0067 A monomer mixiure compnsing:
4.74 parts  acryhc acid
54.02 parts  methyl methacryiate
§7.65 parts  2-ethyl hexyl acrylate and
an initigtor mix oft

0.90 parts  t-butyl perbenzoate
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2,37 parts n-butyl acetale

were added simultancously 10 the reaction vessal over a 3 hour pertod and then held for

30 minutes followed by the addition, over a 2 hour period, of a chase initiator mix of;

(3.9 parts t-butyl perbenzoate
2.52 parts n-bufyl acetate
0.49 parts cumnerne hvdroperoxide

.49 paris i-buiyl hydroperoxide

FHOGA] The reaction mikture was held for an additional 30 minutes and then dispersed

by addition of the reaciion mixture nto;
205,16 parts dejonized walgr
4.40 paris dimnethylethanolaming
(.71 parts defoamer
(.48 parts 1spascorbic goid

io produce 3 final monomer modified PET alkyd dispersion with an acid value of 27.4,

HI A model paint formula can be prepared as follows:
e Ry Materdd  Parishy Welght
Crosstinkable resin of Example | 461.0
53.0
Alkyd of Bxampie 3
Defoamer {331.03
Water (9%.7
- G030
Attapulgie Clay'
. HEIRS
Hydroxyethy] Cellulose’
SR

Benzisothiazelone Biocide

ZM in-L-Gel® 400 from Flondin Company
Cellosize® ER-52000 from Dow Chemiecal

21
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Dispersant’

Emulsifving Agent”

5
Defoamer

Microspheres®

2-{2~-B utoxyethoxylethanol

Water
_oalescent

Non-ionic thickener®

L C 3
Titanium Dioxide Slurry

o v g
Fungicide™

Surfactant’’
Water
Detoamer’™

Digtomaceous earth

Agueous Ammonia

Biocide dowictl QK-20

*Tamol® 165-4A from Rohm and Haas
Crriton® N-5T from Dow Chemical

*Ryk-021

“W410 ceramic microspheres from 3M
" Optifiim enhancer 400 from Fastman

" Aguatiow NHS-350
TCRRESS

' IPRC-20 (20% solution of 3-iodopropynylbutyicarbonate from Arch Chemical)

H Envirogem 360

HIMAR DFC-39

" "
L
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16,3

{336.0

(01,8

018,50

HERRY

359.8

12.0

31.0

285.0

(02,0

3030

SALIRY

(2.0

001.0

001.8
GO, 3
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(G781 While the invention has been shown and described with respect to particular
embodiments thereof, those embodiments are for the purpose of illustration rather than
fimitation, and other variations and modifications of the specific embodiments herein
described will be apparent to those skilled in the art, all within the intended spirit and
scope of the invention. Accordingly, the invention is not to be limited in scope and effect o
the specific embodiments herein described, nor in any other way that is inconsistent with

the extent to which the progress in the art has been advanced by the mvention.
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WHAT IS CLAIMED I5:

i An aqueous coaling composition comprising:
(1) a crosslinkable binder resin having latent crosslinking functionality;
{11} an effective crosslinking amount of a crosslinker for the binder resin; and

(iii}  a water reductble monomer modified alkyd obtained by the acidolysis of a
solvalkyviene terephthalate or polyalkylene napthanate and subsequent
monomer modification to produce a polymer having an acid value less

than about 30,

2. The coating of claim 1 wherein the latent crosslinking functionality comprises carbony|

ETOUPS.

3. The coating of claim 2 wherein the crosslinking agent is selected from the group
consisting of di and poly amines, di and pely hydrazides, and & and poly hydrazines and

mixtures thereot,

. The coating of claim | wherein the crosslinkable binder resin 15 a latex resm,

3. The coating of claim 4 whersin the crosslinkable binder resin is the polymenized reaction

product of & mixture of monomers CoOmMprising:

{1} about 1 to about 25% by weight of a monomer having latent crosshinking
funclionality;
{11} about 0.5 to about 15% by weight of an acid functional monomer;
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(111}  about 60 to about 98.53% of at least one gther copolymerizable monomer.

G. The coating of claim 5 wherein the monomer having latent crosslinking

functionality has pendent carbonyl groups as reactive crosshnking sites,

7. The coating of claim 2 wherein the crossiinker is selected from the group

consisting of di and poly amines, di and poly hydrazides, and di and poly hydrazines.

8. The coating of claim | wherein the alkyd is present at a level of about 3 1o about

55% based upon the total weight solids of alkyd and crosshinker and crossiinkable binder.

3, The coating of ¢claim 1 wherein the alkyd is obtained by the acidolysis of g

polyaikyiene terephihaiate.

143, The coating of claim § wherein the polyalkylene {erephthalate is polyethyiene
terephthaiate
1. The coating of claim 1 wherein the alkyd has drying otl or semi-drving oil
functionality.
12, A water reducible coating composition comprising:

{a} a crossiinkable binder resin which is the polymenized reaction product of a

mixture of MONomMers coOmprising:
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{1) about | to abowt 25% by weight of a monomer having pendent

carbonyl latent crosslinking functionality;

{11} about 0.5 to about 15% by weight of an acid functional monomer;

and

{111}  about 60 to about 98.5% of at least one other copolymerizable

monomer: and

{6 a crosslinker for the binder resin selected from the group consisting of di

and poly amines, di and poly hydrazides, and di and poly hydrazines; and

{c) a water reducible monomer modified alkyd oblained by the acidolysis of a
polvalkylene terephthalate or polyvalkylene napthanate and subsequent

monomer moditication.

-
Pt
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