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COATING COMPOSITIONS

{001} This application claims the benetit of U.S. provisional apphication number

$2/157 044 filed on May 05, 2018, the entirety of which is hereby incorporated by reference.
FIELD OF INVENTION

{0002} Applicants have found that coating compositions comprising polymerizable

potvesters and a mubtifunctional (methlacrylate monomer, even in the substantial absence of

acetoacetate functional monomers and styreng, provide formulations having favorable

manufacturing characteristics and having enhanced dry time performance, all while

maintaining comparable to improved crosslink density and shrink resistance, chemical

resistance, and heat resistance of the cured coating.

{08831 in general, the coating compositions of the present invention include from about
10 weight percent to about 90 weight percent of polymerizable polyester resin and from about
10 weight percent 1o about 60 weight percent of a reactive muitifunctional {meth)acrylate,

As used herein the term "reactive multifunctional {meth)acrylate” refers to compounds that
have at least two {(meth)acrylate functionalities that are reactive, under the conditions used to
cure the coating, with at least one of the compounds involved in the curing reaction or formed
by the curing reaction, Reactive multifunctional {meth)acrylates may include di- or tri- or

teira- or penta-{methjacrylate monomers.

{004} Substantially styrene-free resin compositions comprising unsaturated polyesters,
multifunctional acryvlate monomers, allyl ether monomers and aceloacetate functional
monomers are known, as taught, for exampie in U8, Patent 8,957,164, These formulations
demonstrate good performance compared to comparable styrenated formulations; however,
there remains a sirong interest to improve the properties and performance of these coatings,
including, without limitation, the dry time. Applicants have found that exceptional results,
inciuding crosshinking density and improved dry time, can be achieved in accordance with the
present fnvention by use of the present reactive multifunctional {methjacrylate monomers
with polymerizable resing comprising polymerizable polyester compounds, optionally, in
combination with a monofunctional acrylate monomer or oligomer. Swrprisingly, certain
characteristics of the present formulations are improved over former formulations comprising
acetoacetate functional monomaers. Furthermore, applicants have discovered that
unexpeciedly superior performance is possible when the polymerizable polyester compounds

are present in the coating compositions in amounts of from about 20 weight percent to about
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90 weight percent, particularly when such amounts are used in combination with a
substantially styrene-free reactive diluent, such as trimethylolpropane triacrylate, neopentyl
glyeol discryvlate, pentaerythritol tetraacrylate, dipentacryrthritol pentascrylate, preferably

i, S-hexanediol diacrylate in a viny! esterireactive diluent weight ratic of from about 20
weight percent to about 50 weight percent. Furthermore, applicants have found that
unexpectedly superior resulis are generally achieved when the polymerizable polyester
compounds with substantially styrene-free reactive muliifunctional {meth)acrylate monomer
diluents and a monofunctional methacrylate such as tetrahydrofurfuryl methacrylate are

present in the coating compositions, a3 more particularly defined hereinafter,

HHNT One aspect of the present invention provides a coating composition comprising
polymerizable polyester comprising one or more repeating units and at least one terminal
vinvi carboxylate, preferably a C3-C6 vinyl carboxylate, where the matio of the number of
repeating units to the number of terminal vinyl carboxylate units is, on average in the

composition, from about 1 weight percent to about 10 weight percent.

{3006} Generally, the compositions of the present invention also include an ethylenically
unsaturated monomer, preferably a multifunctional di- or tri- or tetra- or penta-{methjacrylate
monomer, such as HDDA, that is reactive with the polymerizable polyester and compatible
with the optionally provided reactive diluents. In certain aspects of the present invention, the
regetive diluent and the total resin systom is substantially free of styrene. By “substantially
free of styrene™ or “substantially styrene-free” means that the resin composition is free of
styrene to less than .5 weight percent styrene. In certain aspects of the present invention, the
total resin system is substantially free of acetoacetate functional monomers. By
“substantially free of acetoacetate functional monomers”, it is meant that the resin
composition is free of acetoacetate functional monomers 1o less than 0.5 weight percent

acetoacetats functional monomers |

16067 Optionally, the present compositions also include a curing Inttiator, curing

promoter, pigments and/or fillers.

{80881 in terms of active components, the present compositions comprise at least one
polymerizable compound, preferably in the form of a resin. Although the remainder of this
specification will refer to compositions based on polyester resins, it will be appreciated by
those skilled in the art that the descriptions contained herein with respect to polyester resing

can be adapted for use in connection with other types of unsaturated polyester resins, to also
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inchude vinyl ester resins, to also include vinyl ester novolac resins, isophthalic polyester
resing, and to also include organic and inorganic hybrids such as unsaturated polyester
silicone hybrids, which contain a substantially silicone backbone, with di, tri, and tetra
functional unsaturated gster groups formed through reaction of methacrylic acid with primary

hydroxyl groups at terminal positions on the substantially silicone backbone.

009} The present compositions comprise at least one polymerizable polyester
compound and optionally but preferably a reactive diluent for the polymerizable polyester
compound. Other active components that are included in certain preferred embodiments
include, but are not imited to, initiators {preferably free-radical polymerization initiators),
chain {ransfer agents, inhibitor (preferably a free-radical inhibitor), accelerators, promoters,
cross finking agents and coupling agents. In terms of inactive components, it is desirgble in
certain embodiments 1o include in the composition color pigments, non reactive fillers, non-
reactive diluents, thixotropic agents, antifoaming agents, welting agents, solvents and

antibacterial agents.

{0010 it is contemplated that the relative proportions of the components included in the
present compositions may vary widely depending on numerous factors, such as for example
the contemplated environment of use, the desired strength of the matrix to be formed, the
particular materials to be coated, 1. substrates, and other factors. Nevertheless, the preferred
aspects of the present coating compositions comprise from about 25 weight percent to abowt

85 weight percent of polymerizable polyester compounds.

i} As described above, the present compositions preferably contain polymerizable
polyester compound in the form of viny! ester resin, vinyl ester novolac resin, unsaturated
isophthalic polyester resin, unsaturated polyester silicons resin which includes reactive
dituent. Although the relative amounts of reactive diluent may vary widely within the scope
hereot, it is generally preferred that the reactive unsaturated polyester comprise from about
50 weight pereent to about 70 weight percent, on the basis of the 1otal weight of the resin,
reactive diluent comprise from about 20 weight percent to about 40 weight percent, with the
balance preferably consisting essentially of other adjunct compounds, as described above. In
certain embodiments, the coating compositions can comprise from about 60 weight percent to

about 65 weight percent of unsatsrated polymerizable polyvester resin,

The Polvmerizable Polvester Compound

L
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18012} it is comtemplated that known methods for formation of polymerizable polyester
compounds and resing can be adapted in view of the teachings contained herein to form
compounds and resing in accordance with the present invention, and all such materials are
considered to be within the scope hereol. In one embodiment, the polymerizable polvester of
the present invention ts formed by the reaction of a dihydric compound with an ethylenically
unsaturated carboxylic acid, anhydride or alcohol, usually with the use of a polymerization
inhibitor to prevent the polyester resin from gelling. In view of the teaching contained herein,
it is believed that polyester resin in accordance with the present invention may be prepared by
any of the methods disclosed in any of the following patents, gach of which is incorporated
hergin by reference: U8, Pat, No. 5,456,947 1o Parish and U.S. Pat. No. 5,54% 969 to Parish,

both assigned 1o Fibre Glass-Evercoat Company, Inc,

[B13) The vinyl ester resin can be based on the reaction of bisphenol A {or bispheneol F
or bisphenol 8) and an ethylenically unsaturated diacid or anhydride. Other suitable
unsaturated polyester resins which can be wtilized in the present invention are well known
and include products of the condensation reaction of low molecular weight diols, {that is,
diols containing from sbout 2 to 12 carbon atoms and desirably from 2 to 6 carbon atoms)
with dicarboxylic acids or their anhydrides containing from 3 to 12 carbon gtoms and
preferably from 4 to 8 carbon atoms provided that at least 36 mole percent of these acids or
anhydrides contain ethylenic unsaturstion. Examples of diols include 1,2-propylene glycol,
sthylene glyeol, 1,3-propylene glyeol, diethylene glycel, di-1,2 -propylene glycol, 1.4~
butanediol, 1,6-hexanediol, neopenty! glycol, and the like or mixtures thereof, Acids useful
for this invention include (meth) acrylic acid, fumaric acid, Haconic acid, terephthalic
acid,maleic acid and anhydrides thersofl Often, mixtures of acids and/or anhydrides are
utilized with the preferred acids or anhydrides and such compounds include phthalic
anhydride, isophthalic acid, terephthalic acid, adipic acid, glutaric acid, and the like,
catalyzed by compounds such as organciitanates and organo tin compounds such as tetrabutyl

titanate or dibutyl tin oxide, and the like,

D014} Vinyl ester resins can also be prepared by reacting epoxy resins such as the
addition produets of -chloro-2,3-epoxypropane with 2, 2-bistd-hydroxyphenyhipropane with
gither methacrylic or acrylic acid,

{0015} An epoxy vinyl ester can be prepared by reacting the polyepoxide and the acid or
derivative thereof in appropriate amounts, generally with heating and in the presence of a

catalyst, such as a trivalent chromium salt, as for example CrCly; or a phosphine; atkali,

4
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onium salt; or a terfiary amine, for example, tristN MN-dimethvlaminomethyl phenol}.
Optionally, the spoxy vinyl ester resin can be formed in the presence of a non-resinous,
substantially styrene-free vinyl monomer. The resulting product, which is a combination of
the polymerizable viny! ester and reactive diluent, will, in such an instance, constitute what is

referred to as an "epoxy vinyl ester resin.”

{6616} Examples of epoxy compounds which may be used in such formation reactions
include but are not limited to those found in bisphenolic type epoxy resins, epoxy novolac
type resins, amine type epoxy resins, copolymerized epoxy resins, multifunctional epoxy
resins and the Hike. Preferably the epoxy used to form the present polymerizable vinyl ester

has about 2 to about 3 of an average number of epoxy groups in the molecule.

{6817} The bisphenolic type epoxy resin compounds which may be used include, but are
not limied to, those found in bisphenol A, F and S type epoxy resins, each of such
compounds preferably having 2 glycidyl groups in its meolecule. Commercially available
examples of bisphenol A type epoxy resin include those avatlable from Ashland Inc. under
the trade designation DERAKANE® 411 epoxy vinyl ester resin. Commercially available
examples of bisphenol F type epoxy resins and bisphenol 8 type epoxy resins may also be

used.

{8618} Epoxy novolac type resin compounds may also be used, and such resins are
exemplified by phenolic novolac, cresolic novolae, aliphatic, alicyclic or monocyelic epoxy
restns. Commercially available example of 8 novolac epoxy-based vinyl ester is Ashiand

Inc.’s DERAKANE® MOMENTUM 470 epoxy viny! ester resin,

19019 Aliphatic type epoxy resin compounds may also be used, and such resins include,
among others, hydrogenated bisphenol A typs epoxy resin having 2 glyeidyl groups in its

molecule,

{0028] Alieyclic epoxy type resin compounds may also be used, and such resin
compounds include, among others, alicyelic diepoxyacetal, dicyclopentadiene dioxide and
vinyicyelohexene dioxide and the like, which have 2 epoxy groups in the molecule. Such
epoxy resin compounds having one epoxy group in the molecule includes vinylhexene

monoxide, glycidyl methacrylate and the like.

8621} Monocyelic epoxy type resin compounds may also be used, and such resin
compounds include, among others, resorcinol diglycidyl ether, diglycidyl terephthalate and
the like.
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10622} Amine type epoxy resin compounds may also be used, and such resin compounds

include, among others, compounds having 4 glycidyl groups in the molecule,

{6023 These epoxy resins type compounds can be used alone or in combination. The
average number of glveidyl groups in the molecule of the epoxy resin is preferably from
about 1 to about §, more preferably from about 2 to about 4, and even more preferably from
about 2 to about 3,

The Reactive Diluent

8024} In general, it is contemplated that the teachings of the present invention can be
used with great advantage in connection with any one of the large number of known reactive
diluents, particularly reactive monomers. Example of reactive diluents which may be use in
connection with the broad teachings hereof include, multifunctional {(meth)acrylate
monomers such as 1,4-butanediol diacrylate (BDDA), 1,6-hexanediol digervigte (HDDA),
diethyiene glycol diacrylate, 1,3-butylene glyeol diacrylate, neopeniv glyeol diacrylate,
cyelohexane dimethanol diacrylate, dipropylens glycoldiacrylate, ethoxylated bisphenal A
diacrylate, irimethylolpropans triacrylate, pentaerythritol triacrylate, pentaerythritol
tetraacrylate and their related (meth)acryiate derivatives. The preferred concentration of
multifunctional {methjacrylate in the present invention is about 25 weight percent to about 48

weight percent.

{BH2E] While it is contemplated that the amount of reactive diluent relative to the amount
of polymerizable polyester in the composition may vary widely depending on numerous
factors particular to each application and contemplated use, it is generally preferred that the
viny! esterreactive diluent weight ratio is from about 2.33 o about 1.0, and optionally, the

polymerizable vinyl ester is soluble in the regctive diluent.

The Monolungtio

{0028] in some formulations taught in the present invention, it may be desirable to
include a reactive monotunctional (meth)acryviate monomer, As used herein the term
"reactive monofunctional {methjacrylate”™ refers to compounds that have only one
{methlacrviate functionality that is reactive, under the conditions used 1o cure the coating,
with at least one of the resin and reactive multifunctional (methlacrylate diloent mairix,
Preferably, the reactive monofunciional (methlacrylate monomer is selected to have surface
tendencies, which allow for inhibitive oxygen blocking, which also allows for surface curing

to take effect, even in relatively thin films. Exemplary reactive monofunctionsl
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{methjacryiates having these characieristics may include such as allvl (methjscrylate,
evelohexyl (methlacrylate, tetrahydrofurfuryt {methlacrylate and the liks. ltcan be
appreciated by one skilled in the art that the reactive monofunctional {methjacrylate may

have relatively low volatility, and thus mostly polymerize into the system at the surface. For

purposes hercof, “relatively low volatility” means Vapor Pressure at or below 8.lmm Hg @
25°C,

{8627} When present, the reactive monofunctional {methjacrylate monomer may be

emploved in amounts for 0.5 to about 20 percent with respect to total resin weight,

{0281 The resin composttion of this invention may be cured by a number of free-radical
initiators, including peroxide inftiators, Suitable peroxide initiators include diacylperoxides,
hydroperoxides, ketone peroxides, peroxyvesters, peroxyketals, diallyvl peroxides, allovl
pereaters and percarbonates. Examples of these peroxides include methyl ethy! ketone
perexide (MEKP), benzoyl peroxide (BPO) and cumene hydroperoxide (CHP).
Cormbinations of two or more peroxides may be used o cure the resin. Azo-type initiators
inchude azobisiscbutyronitrile (AIBN) and related compounds. These initiators are preferably
used in the range of about 1-3 percent by weight, These resins may alse be cured by

irradiation with uliraviolet light or electron beam,
RESULTS

{86281 Chemical resistance of a standard siyrenated vinyl ester resin as compared {o the

substantially styrene-free vinyl ester resin of the invention are tested, with results g5 follows:

{Chemical Stvrene containing Substantially Styrene Free
Yiny! Ester Yinyl Ester
100% Jet Fuel 1.25% weight increase §.33% weight increase
100% Methanol 2.08% weight increase 2.15% weight increase
100% Ethanol 4,13% weight increase 3.84% weight increase
12.5% Nodium Hypochlorite | 0.56% weight increase -3.04% weight loss

Many more chemicals were tested with both the styrenated viny! ester resin and substantially
styrene free vinyl ester resin with stmilar results; either the substantially styrene free was
substantially the same or better than the stvrenated control, These are 1o show indicative

rasulis,
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{0038} Further, hardness and abrasion resistance of the substantially styrene-free vinyl

ester resin is much improved over the styrenated viny! ester, which is also indicative of

higher temperature resistance of the polymer,
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What is claimed is:

i An unsaturated polyester resin composition comprising:

Y

{a} an unsaturated polyester,
(b} g reactive multifunctional {meth)acrylate monomer; and
{} pptionally, a reactive monofunctional (methacryiate monomer or oligomer,

wherein the resin composition is substantially free of styrene and goeloacetate

functions! monomers.

2. The resin composition as defined by claim 1 whergin the concentration of the

unsaturated polvester is from 10 weight percent to 99 weight percent.

~

3. The resin composition ag defined by claim | wherein the unsaturated polysster has a

weight average molecular weight of less than 1600,

4, The resin composition as defined by claim | whereln the unsaturated polyester is
derived from the dihydric aleohol of 3 group consisting of bisphenol A, ethylene glyesl, 1,2-
propylens glycol, 1,3-propyiens glycol, 1 6-hexanediol, 1,4-butanediol, diethylene giycel, di-

P 2-propylens glycol, neopentyl glyeol, and mixtures thereof

3. The resin composition as defined by claim |, wherein the unsaturated polyester is

derived from a bisphenolic type epoxy compound.

8. The resin composition as defined by claim 1, wherein the unssturated polyester is

derived from an gpoxy novolac.

7. The resin composition as defined by claim 1, wherein the unsaturated polyester is

derived from an aliphatic epoxy resin or an alicyclic epoxy resin.

g. The resin composition as defined by claim 1 wherein the concentration of reactive
moncfunctional (methlacrylate monomer or oligomer is from 8.5 welght percent to 20 weight

pereent of the resin composition.

SUBSTITUTE SHEET (RULE 26)



WO 2016/179341 PCT/US2016/030875

a, The resin composition as defined by claim 1 wherein the concentration of the reactive
multifunctional (meth)acrylate monomer is from 10 weight percent to 60 weight pereent of

the resin composition,

10, The resin composition as defined by claim 1 whersin the reactive multifunctional

{methacrylate monomer is §6-hexanediol diacrylate,

11, The resin composition as defined by claim 10 wherein the concentration of the 1,6

hexanediol diacrylate is from 10 weight percent to 60 weight percent of the resin

composition.
12, The resin composition as defined by claim | wherein the reactive monofunctional

{methlacrylate monomer or oligomer is selected from the group consisting of allyl

{methlacrylate, cyclobexyl {methiacrviate, and tetrshydrofurfury! (methiacrylate

13, The resin composition as defined by elaim 1, wherein the unsaturated polyesier is
hased on an ester selected from the group consisting of 8 vinyl ester, a novolac ester, and

isophthalic ester, unsaturated polvester silicone hybrid, or mixtures thereof,

14. An unsaturated polyester resin composition comprising: {a) an unsaturated polyester
derived from a dihydric alcohel; (b)Y a reactive multifunctional {methlacrylate monomer; and
{c} a reactive monciunciional (meth)acrylate monomer or oligomer, wherein the resin
composition is substantially free of styrene and acetogcetate functional monomers,

15, The resin composition as defined by claim 14 wherein the concentration of the
unsaturated polyester s from 10 to 80 percent by weight.

16, The resin composiiion as defined by claim 14 wherein the unsaturated polyester has a
weight average molecuiar weight of less than 1000,

17. The resin composition as defined by claim 14 whereln the unsaturated polyester is
derived from the dihydric aleohol of g group consisting of bisphenol A, ethylene glycol,
propylene glycol, 1,6-hexanediol and 1, 4-butanediol.

18. The resin composition as defined by claim 14 wherein the concentration of reactive
moenofunctional {(methlacrylate monomer or oligomer is from 0.5 weight percent to 20 weight
pereent of the resin composition.

{9, The resin composition as defined by claim 14 wherein the concentration of the reactive
multifunciional {methjacryiate monomer is from 10 1o 60 percent by weight of the resin
composition,

10
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26. The resin composition as defined by claim 14, whersin the reactive monofunctional
{methacrylate monomer or oligomer is sefected from the group consisting of allyl
{meth)acrylate, cyclohexyl {(methacrylate, and tetrahydrofurfuryl (methjacrylate.

21. The resin composition as defined by claim 14 wherein the multifunctional (meth}acrylate
monomer is 1,6-hexanediol diacrylate.

22. The resin composition g5 defined by claim 21 wherein the concentration of 1,6-
hexanediol diaceylate is from 10 to 60 percent by weight of the resin composition.

23, The resin composition as defined by claim 14, wherein the unsaturated polyester is based

on an gster selected from the group consisting of a vinyl ester, a novolac ester, an isophthalic
ester, or a polyester silicons hybrid or mixtures thereot.
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