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CURABLE POLYESTERS AND THERMOSETTING COMPOSITIONS
CONTAINING RESOLE PHENOLIC RESINS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in part of and claims priority to:
(i) U. S. Application Serial Number 14/524,509 filed on October 27,
2014, and
(i) U.S. Application Serial No. 14/524,514 filed on October 27,
2014, and
(i)  U.S. Application Serial No. 14/540,490 filed on November 13,
2014, and

each of which are each incorporated fully herein by reference.

FIELD OF THE INVENTION
[0002] This invention pertains to curable polyesters for water and solvent
borne, thermosetting coating compositions and powder coatings. More
specifically, this invention pertains to curable polyesters that have enhance
reactivity to toward phenolic crosslinkers, such as carboxyl-functional curable
polyesters; a,B-unsaturated polycarboxylic acid modified curable polyester
resins; and curable polyester resin containing beta-ketoacetate moieties, as
well as the thermosetting coatings made with any of the aforementioned
curable polyesters and phenolic crosslinking compounds, and further, to
particular kinds of phenolic crosslinking resins that exhibit good reactivity

toward a variety of curable polyester resins.
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BACKGROUND OF THE INVENTION

[0003] Metal containers are commonly used for food and beverage
packaging. The containers are typically made of steel or aluminum. A
prolonged contact between the metal and the filled product can lead to
corrosion of the container. To prevent direct contact between filled product
and metal, a coating is typically applied to the interior of the food and
beverage cans. In order to be effective, such a coating must have adequate
properties that are needed for protecting the packaged products, such as
adhesion, corrosion resistance, chemical resistance, flexibility, stain
resistance, and hydrolytic stability. Moreover, the coating must be able to
withstand processing conditions during can fabrication and food sterilization.
Coatings based on a combination of epoxy and phenolic resins are known to
be able to provide a good balance of the required properties and are most
widely used. There are industry sectors moving away from food contact
polymers made with bisphenol A (BPA), a basic building block of epoxy resins.
Thus, there exists a desire for the replacement of epoxy resin used in interior
can coatings.

[0004] Polyester resins are of particular interest to the coating industry to
be used as a replacement for epoxy resin because of their comparable
properties such as flexibility and adhesion. It is known by one skilled in the
art that crosslinking between common polyester and phenolic resin is too poor
to provide adequate properties for use in interior can coatings. Specifically,
conventional polyesters having hydroxyl functionalities are not reactive
enough with phenolic resins under curing conditions to provide adequate
cross-linking density, resulting a coating that lacks good solvent resistance.
[0005] 2.2,4.4-Tetraalkyl-1,3-cyclobutanediol (TACD) is a cycloaliphatic
compound that can be used as a diol component for making polyesters.
Thermoplastics based on TACD polyester exhibit improved impact resistance
owing to TACD's unique structure. TACD can also provide improved
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hydrolytic stability of the polyester due to its secondary hydroxyl functionality.
Both of these properties are highly desirable in thermosetting coatings.
[0006] However, coatings made with TACD containing curable polyester
resins where the primary mode of cross-linking is across the hydroxyl groups
on the curable polyester resin are slow to cure because the secondary
hydroxyl groups on the TACD moiety are slow to react under curing
conditions. To the extent that a cross-linked matrix does form, it is only
poorly cross-linked which manifests itself in the formation of films with poor
solvent resistance.

[0007] Thus, there is a need to provide a thermosetting coating system
that exhibits good crosslinking at curing conditions, either by modifying
curable polyester resins to be more reactive with phenolic crosslinking
compounds, or to employ particularly more reactive phenolic crosslinkers that
react well across a wide variety of curable polyester resins, or both. It would
also be desirable to provide TACD modified curable polyester resins that

exhibit enhanced reactivity toward phenolic crosslinking resins.

SUMMARY OF THE INVENTION

The Acid Number Modified Polyester Resin
[0008] There is now provided a curable TACD polyester that has both

carboxyl and hydroxyl functionalities and a high ratio of carboxyl
functionalities to hydroxyl functionalities. The level of carboxyl functionality is
sufficient to provide water dispersibility after neutralization when water borne
coatings are desired. Moreover, the carboxyl functionality provides a curable
polyester resin that suitable for crosslinking with both hydroxyl-curable cross-
linking compounds and acid-curable cross-linking compounds. The dual
functionalities on the curable polyester resin offer a variety of crosslinking

mechanisms for curing.
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[0009] In particular, there is now provided a composition comprising a
curable polyester resin, said curable polyester resin comprising the residues
of

a) polyhydroxyl compounds comprising:

i) 2,2,4,4-tetraalkylcyclobutane-1,3-diol (TACD)
compounds, and

i)  polyhydroxyl compounds other than TACD, and

b) polycarboxyl compounds comprising:

i)  a polycarboxylic acid compound, a derivative of
polycarboxylic acid compound (other than component
b)(ii)), or a combination thereof, and

i)  a polycarboxylic anhydride compound;

wherein said curable polyester resin has an acid number ranging from about
20 to about 120 mg KOH/g, a hydroxyl number ranging from greater than 0 to
about 100 mg KOH/g, and an acid number:hydroxyl (AN:OH) number ratio of
at least 0.5:1.
[0010] There is also provided a curable polyester resin comprising the
residues of:

a) polyhydroxyl compounds comprising:

i) 2,2,4,4-tetraalkylcyclobutane-1,3-diol (TACD) compounds
in an amount ranging from about 3 to 98 mole %, based
on the total moles of polyhydroxyl compounds (a), and

i)  polyhydroxyl compounds other than TACD comprising
(1) adiol in an amount ranging from 0 to 95 mole %,

based on the total moles of (a), and
(2) a polyhydroxyl compound having 3 or more hydroxyl
groups in an amount ranging from 2 to 20 mole %,
based on the total moles of (a), and
b) polycarboxyl compounds comprising
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i)  apolycarboxylic acid, a derivative of polycarboxylic acid
compound (other than component b)(ii)), or a combination
thereof in an amount ranging from 70 to 95 mole %,
based on the total moles of component (b), and

i)  a polycarboxylic anhydride in an amount ranging from 5
to 30 mole %, based on the total moles of (b),

wherein said polyester has an acid number ranging from about 30 to about
100 mg KOH/g and a hydroxyl number ranging from 3 to about 80 mg KOH/g.
[0011] If desired, this polyester can have an acid number:hydroxyl number
ratio of at least 0.5:1.

[0012] There is also provided a method for making an acid functional
curable polyester resin composition comprising:

a) in afirst stage, combining the polyhydroxyl compounds and
polycarboxylic acid compounds to form a reaction mixture, and
reacting the reaction mixture in a reactor at a temperature from
180-250 °C, optionally in the presence of an acid catalyst until
the reaction mixture has an acid number of 0 to 20 mg KOH/g,
and

b) thereafter, a second stage for forming a curable polyester
composition by reacting a polycarboxylic anhydride with the
reaction mixture at a temperature of 140 °C to 180 °C to
thereby obtain a polyester composition having an acid number
of greater than 20 mg KOH/g.

The a.B-Ethylenically Unsaturated Carboxyl Modified Polyester Resin

[0013] Polyesters synthesized with an a,p3-ethylenically unsaturated
carboxyl compound are curable with resole phenolic resins. Coatings based
on such polyesters and resole phenolic resins are found to exhibit excellent
solvent resistance, indicating effective crosslinking of the two components.
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[0014] Thus, there is also provided a thermosetting composition

comprising:

a)

b)

an unsaturated curable polyester comprising the residues
of an a,B-unsaturated polycarboxylic acid compound, said
a,B-unsaturated polycarboxylic acid compound having at
least two carboxylic acid groups or at least one anhydride
group, and having at least one unsaturation that is in the
a,3 position relative to a carbonyl group and is not
located on an aromatic ring; and

a phenolic resin substituted with at least one methylol

group.

[0015] There is further provided a thermosetting composition comprising:

l) an unsaturated polyester comprising the residues of:

a)

polyhydroxy compounds comprising:

(i) a diol in an amount of 70 mole % - 100 mole %;
and

(ii) a polyhydroxyl compound having 3 or more
hydroxyl groups in an amount of 0 to 30 mole %;

wherein the mole % is based on 100% of all moles of

polyhydroxyl compounds; and

polycarboxylic compounds comprising

(i) an a,B-unsaturated polycarboxylic acid compound,;
and

(ii) a polycarboxylic acid compound other than the
(b)(i) a,B-unsaturated polycarboxylic acid

compound.

1)) a phenolic resin substituted with at least one methylol group.

The Beta-Ketoacetate Modified Curable Poleyster Resin
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[0016] Polyesters containing beta-ketoacetate moieties are curable with
resole phenolic resins. Coatings based on such polyesters and resole
phenolic resins are found to exhibit excellent solvent resistance, indicating
effective crosslinking of the two components.

[0017] Thus, there is further provided a thermosetting composition

comprising:

l. a curable polyester resin containing beta-ketoacetate moieties
without vinyl unsaturation; and
Il. a phenolic resin having at least one methylol group.

[0018] The curable polyester resin can be the reaction product of a

polyester resin with a compound containing a beta-ketoacetate moiety that

does not contain a vinyl unsaturation.

[0019] There is now also provided a thermosetting composition comprising:
) a curable polyester resin comprising the reaction product of a
polyester resin with a compound containing a beta-ketoacetate moiety
that does not contain a vinyl unsaturation, said polyester resin
comprising the reaction product of:

a) polyhydroxyl compounds comprising:
(i) diol compounds in an amount of 70 mole % - 100
mole %; and
(ii) polyhydroxyl compounds having 3 or more
hydroxyl groups in an amount of 0 to 30 mole %;
wherein the mole % is based on 100% of all moles of
polyhydroxyl compounds a); and
b)  polycarboxyl compounds comprising polycarboxylic acid
compounds, derivatives of polycarboxylic acid
compounds, the anhydrides of polycarboxylic acids, or
combinations thereof; and
1)) a phenolic resin substituted with at least one methylol group.
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[0020] These modified curable polyester resins may be used in water
borne coatings, solvent borne coatings, powder coating. Such coatings can
be used in automotive OEM, auto refinish, transportation, aerospace,
maintenance, marine, machinery and equipment, general metal, appliance,
metal furniture, commercial construction, home construction, architectural

coating applications, paints, packaging such as metal can coatings, and coil.

Thermosetting Coating Compositions Containing Un-substituted Or

Meta-Substituted Phenolic Resins

[0021] There is also provided a thermosetting coating composition that
contains a particular resole resin that exhibits good reactivity with curable
polyester resins that have hydroxyl and/or acid numbers. In particular, there
is also provided a thermosetting composition comprising:
) a curable polyester resin comprising the residues of
a) polyhydroxyl compounds comprising:
(i) diol compounds in an amount of 70 mole % - 100
mole %; and
(ii) polyhydroxyl compounds having 3 or more
hydroxyl groups in an amount of 0 to 30 mole %;
wherein the mole % is based on 100% of all moles of
polyhydroxyl compounds a); and
b)  polycarboxyl compounds comprising polycarboxylic acid
compounds, derivatives of polycarboxylic acid
compounds, the anhydrides of polycarboxylic acids, or
combinations thereof; and
1)) a crosslinker comprising a resole phenolic resin containing the
residues of un-substituted phenol and/or meta-substituted

ohenol.
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[0022] These resole resins exhibit good reactivity with any of the
aforementioned modified curable polyester resins as well as unmodified

curable polyester resins.

DETAILED DESCRIPTION OF THE INVENTION
[0023] Unless otherwise indicated, all numbers expressing quantities of
ingredients, properties such as molecular weight, reaction conditions, and so
forth used in the specification and claims are to be understood as being
modified in all instances by the term "about." Unless indicated to the
contrary, the numerical parameters set forth in the following specification and
attached claims are approximations that may vary depending upon the
desired properties sought to be obtained by the present invention. At the
very least, each numerical parameter should be construed in light of the
number of reported significant digits and by applying ordinary rounding
techniques. Further, the ranges stated in this disclosure and the claims are
intended to include the entire range specifically and not only the endpoint(s).
For example, a range stated to be 0 to 10 is intended to disclose all whole
numbers between 0 and 10 such as, for example 1, 2, 3, 4, etc., all fractional
numbers between 0 and 10, for example 1.5, 2.3, 4.57, 6.1113, etc., and the
endpoints 0 and 10. Also, a range associated with chemical substituent
groups such as, for example, “C1 to C5 alkyl groups” is intended to
specifically include and disclose C1 and C5 alkyl groups as well as C2, C3,
and C4 alkyl groups.
[0024] Notwithstanding that the numerical ranges and parameters setting
forth the broad scope of the invention are approximations, the numerical
values set forth in the specific examples are reported as precisely as possible.
Any numerical value, however, inherently contains certain errors necessarily
resulting from the standard deviation found in its respective testing

measurements.
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[0025] As used in the specification and the appended claims, the singular
forms "a," "an" and "the" include their plural referents unless the context
clearly dictates otherwise. For example, a reference to a “polyester,” a
"polycarboxylic acid”, a "residue” is synonymous with “at least one” or “one or
more” polyesters, polycarboxylic acids, or residues and is thus intended to
refer to both a single or plurality of polyesters, polycarboxylic acids, or
residues. In addition, references to a composition containing or including
"an" ingredient or "a" polyester is intended to include other ingredients or
other polyesters, respectively, in addition to the one named. The terms
"containing” or “including” are intended to be synonymous with the term
"comprising", meaning that at least the named compound, element, particle,
or method step, etc., is present in the composition or article or method, but
does not exclude the presence of other compounds, catalysts, materials,
particles, method steps, etc, even if the other such compounds, material,
particles, method steps, etc., have the same function as what is named,
unless expressly excluded in the claims.

[0026] Also, it is to be understood that the mention of one or more process
steps does not preclude the presence of additional process steps before or
after the combined recited steps or intervening process steps between those
steps expressly identified. Moreover, the lettering of process steps or
ingredients is a convenient means for identifying discrete activities or
ingredients and the recited lettering can be arranged in any sequence, unless
otherwise indicated.

[0027] The term “curable polyester”, as used herein, is synonymous with
the term “resin” and is intended to mean a polymer prepared by the
polycondensation of at least one or more polycarboxylic acid compounds and
one or more polyhydroxyl compounds. The curable polyester of the present
invention is useful to make a thermoset polymer and is particularly suitable as

a resin for coatings.

10
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[0028] The term “residue(s)” means the portion of a molecule in the
polyester that remains after its reaction to form the curable polyester resin or
a polyester polymer.

[0029] A compound or curable polyester resin having a beta-ketoacetate
moiety also includes its enol tautomer.

[0030] The phrase “at least a portion” includes a portion or the whole.

The Acid Number Modified Polyester Resin
[0031] The acid number modified polyester resin is a curable TACD

polyester that has both carboxyl and hydroxyl functionalities and a high ratio
of carboxyl functionalities to hydroxyl functionalities. The level of carboxyl
functionality is sufficient to provide water dispersibility after neutralization
when water borne coatings are desired. Moreover, the carboxyl functionality
provides an acid number modified curable polyester resin that is suitable for
crosslinking with both hydroxyl-curable cross-linking compounds and acid-
curable cross-linking compounds. The dual functionalities on the acid
number modified curable polyester resin offer a variety of crosslinking
mechanisms for curing. This particular kind of curable polyester resin can also
be identified as an “acid number modified curable polyester resin” for
convenience.
[0032] In particular, there is provided a composition comprising a curable
polyester resin, said curable polyester resin comprising the residues of:
a) polyhydroxyl compounds comprising:
i)y  2,2,4,4-tetraalkylcyclobutane-1,3-diol (TACD)
compounds, and
i)  polyhydroxyl compounds other than TACD, and
b) polycarboxyl compounds comprising:
i)  a polycarboxylic acid compound, a derivative of
polycarboxylic acid compound (other than (bii)), or a
combination thereof, and

11
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i)  a polycarboxylic anhydride compound;

wherein said curable polyester resin has an acid number ranging from about
20 to about 120 mg KOH/g, a hydroxyl number ranging from greater than 0 to
about 100 mg KOH/g, and an acid number:hydroxyl (AN:OH) number ratio of
at least 0.5:1.
[0033] The composition contains a curable polyester resin.  This curable
polyester resin contains residues or moieties of (a) polyhydroxyl compounds.
The polyhydroxyl compounds used to obtain the acid number modified
curable polyester resin include at least two types:

i)  2,2,4,4-tetraalkylcyclobutane-1,3-diol (TACD) compounds, and

i)  polyhydroxyl compounds other than TACD.
[0034] The ai) 2,2,4,4-tetraalkylcyclobutane-1,3-diol compounds can be
represented by the general structure:

Ra OH

Ry

Rs

HO
R4

wherein R4, R, Rs, and R4 each independently represent an alkyl radical, for
example, a lower alkyl radical having 1 to 8 carbon atoms; or 1 to 6 carbon
atoms, or 1 to 5 carbon atoms, or 1 to 4 carbon atoms, or 1 to 3 carbon
atoms, or 1 to 2 carbon atoms, or 1 carbon atom.. The alkyl radicals may be
linear, branched, or a combination of linear and branched alkyl radicals.
Examples of TACD include 2,2,4,4-tetramethylcyclobutane-1,3-diol, 2,2,4,4-
tetraethylcyclobutane-1,3-diol, 2,2,4,4-tetra-n-propylcyclobutane-1,3-diol,
2,2,4,4-tetra-n-butylcyclobutane-1,3-diol, 2,2,4,4-tetra-n-pentylcyclobutane-
1,3-diol, 2,2,4,4-tetra-n-hexylcyclobutane-1,3-diol, 2,2,4,4-tetra-n-
heptylcyclobutane-1,3-diol, 2,2,4,4-tetra-n-octylcyclobutane-1,3-diol, 2,2-

12
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dimethyl-4,4-diethylcyclobutane-1,3-diol, 2-ethyl-2,4,4-trimethylcyclobutane-
1,3-diol, 2,4-dimethyl-2,4-diethyl-cyclobutane-1,3-diol, 2,4-dimethyl-2,4-di-n-
propylcyclobutane-1,3-diol, 2,4-n-dibutyl-2,4-diethylcyclobutane-1,3-diol, 2,4-
dimethyl-2,4-diisobutylcyclobutane-1,3-diol, and 2,4-diethyl-2,4-
diisoamylcyclobutane-1,3-diol. Desirably the TACD compound comprises
2,2,4,4-tetramethylcyclobutane-1,3-diol (“TMCD”).

[0035] The molar quantity of TACD (ai) used to make the acid number
modified curable polyester resin of the invention, based on the total moles of
the polyhydroxyl compounds (a), is desirably at least 20 mole%, or at least 30
mole%, or at least 40 mole%, or at least 50 mole%, or more than 50 mole%,
or at least 55 mole%, or at least 60 mole%, or at least 65 mole%, or at least
70 mole%, or at least 75 mole%, or at least 80 mole%, or at least 85 mole%,
or at least 90 mole%, or at least 95 mole%. Additionally, or in the alternative,
the molar quantity of TACD (ai) is up to 100 mole%, or less than 100 mole%,
or up to 99 mole%, or up to 98 mole%, or up to 97 mole%, or up to 96 mole%,
or up to 95 mole%, or up to 93 mole%, or up to 91 mole%, or up to 90 mole%,
based on 100% of all the moles of polyhydroxyl compounds (a).

[0036] The molar quantity of TACD can exceed the molar quantity of any
other polyhydroxyl compound.

[0037] The molar quantity of TACD can exceed the molar quantity of all
other polyhydroxyl compounds.

[0038] Suitable ranges of TACD, in mole% based on 100 mole% of all
polyhydroxyl compounds (a), are 20-100, or 30-100, or 40-100, or 50-100, or
more than 50-100, or 55-100, or 60-100, or 65-100, or 70-100, or 75-100, or
80-100, or 85-100, or 90-100, or 95-100, or 20-less than100, or 30- less than
100, or 40- less than 100, or 50- less than 100, or more than 50- less than
100, or 55- less than 100, or 60- less than 100, or 65- less than 100, or 70-
less than 100, or 75- less than 100, or 80- less than 100, or 85- less than 100,
or 90- less than 100, or 95- less than 100, or 20-99, or 30-99, or 40-99, or 50-
99, or more than 50-99, or 55-99, or 60-99, or 65-99, or 70-99, or 75-99, or

13
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80-99, or 85-99, or 90-99, or 95-99, or 20-98, or 30-98, or 40-98, or 50-98, or
more than 50-98, or 55-98, or 60-98, or 65-98, or 70-98, or 75-98, or 80-98, or
85-98, or 90-98, or 95-98, or 20-97, or 30-97, or 40-97, or 50-97, or more than
50-97, or §5-97, or 60-97, or 65-97, or 70-97, or 75-97, or 80-97, or 85-97, or
90-97, or 95-97, or 20-96, or 30-96, or 40-96, or 50-96, or more than 50-96, or
55-96, or 60-96, or 65-96, or 70-96, or 75-96, or 80-96, or 85-96, or 90-96, or
95-96, or 20-95, or 30-95, or 40-95, or 50-95, or more than 50-95, or 55-95, or
60-95, or 65-95, or 70-95, or 75-95, or 80-95, or 85-95, or 90-95, or 20-93, or
30-93, or 40-93, or 50-93, or more than 50-93, or 55-93, or 60-93, or 65-93, or
70-93, or 75-93, or 80-93, or 85-93, or 90-93, or 20-91, or 30-91, or 40-91, or
50-91, or more than 50-91, or 55-91, or 60-91, or 65-91, or 70-91, or 75-91, or
80-91, or 85-91, or 90-91, or 20-90, or 30-90, or 40-90, or 50-90, or more than
50-90, or 55-90, or 60-90, or 65-90, or 70-90, or 75-90, or 80-90, or 85-90.

In general, suitable ranges of TACD, in moles relative to 100 mole % of all
polyhydroxyl compounds (a), include more than 50-100, or 55-100, or 60-100,
or 65-100, or 70-100, or 75-100, or 80-100, or 85-100, or 50- less than 100, or
more than 50- less than 100, or 55- less than 100, or 60- less than 100, or 65-
less than 100, or 70- less than 100, or 75- less than 100, or 80- less than 100,
or 85- less than 100, or 50-98, or 55-98, or 60-98, or 65-98, or 70-98, or 75-
98, or 80-98, or 85-98, or 50-95, or more than 50-95, or 55-95, or 60-95, or
65-95, or 70-95, or 75-95, or 80-95, or 50-90, or more than 50-90, or 55-90,
or 60-90, or 65-90, or 70-90, or 75-90, or 80-90, or 85-90.

[0039] The molar quantity of TACD (ai) residues in the acid number
modified curable polyester resin of the invention, based on the total moles of
all components of the acid number modified curable polyester resin, can be at
least 5 mole%, or at least 10 mole%, or at least 15 mole%, or at least 20
mole%, or at least 25 mole%, or at least 27 mole%, or at least 30 mole%, or
at least 33 mole%, or at least 35 mole%, or at least 37 mole%, or at least 40
mole%, or at least 43 mole%, or at least 45 mole%, or at least 47 mole%, or
at least 50 mole%. Additionally or in the alternative, the molar quantity of
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TACD (ai) residues in the curable polyester of the invention can be up to 60
mole%, or up to 57 mole%, or up to 55 mole%, or up to 53 mole%, or up to 50
mole%, or up to 47 mole%, or up to 45 mole%. Suitable ranges, in mole%
based on the total moles of all components of the acid number modified
curable polyester resin, include 5-60, or 10-60, or 15-60, or 20-60, or 25-60,
or 27-60, or 30-60, or 33-60, or 35-60, or 37-60, or 40-60, or 43-60, or 45-60,
or 47-60, or 50-60, or 5-57, or 10-57, or 15-57, or 20-57, or 25-57, or 27-57, or
30-57, or 33-57, or 35-57, or 37-57, or 40-57, or 43-57, or 45-57, or 47-57, or
50-57, or 5-55, or 10-55, or 15-55, or 20-55, or 25-55, or 27-55, or 30-55, or
33-55, or 35-55, or 37-55, or 40-55, or 43-55, or 45-55, or 47-55, or 50-55, or
5-563, or 10-53, or 15-53, or 20-53, or 25-53, or 27-53, or 30-53, or 33-53, or
35-53, or 37-53, or 40-53, or 43-53, or 45-53, or 47-53, or 50-53, or 5-50, or
10-50, or 15-50, or 20-50, or 25-50, or 27-50, or 30-50, or 33-50, or 35-50, or
37-50, or 40-50, or 43-50, or 45-50, or 47-50, or 50-50, or 5-47, or 10-47, or
15-47, or 20-47, or 25-47, or 27-47, or 30-47, or 33-47, or 35-47, or 37-47, or
40-47, or 43-47, or 45-47, or 5-45, or 10-45, or 15-45, or 20-45, or 25-45, or
27-45, or 30-45, or 33-45, or 35-45, or 37-45, or 40-45, or 43-45.

[0040] The acid number modified curable polyester resin also contains the
residues of polyhydroxyl compounds (aii) other than TACD. Suitable
polyhydroxyl compounds (aii), other than TACD, include compounds having at
least two hydroxyl groups, or having at least three hydroxyl groups, or
mixtures of compounds having two hydroxyl groups and three or more
hydroxyl groups, and are compounds other than TACD. Examples of such
compounds include compounds having 2-18 carbon atoms and at least two
hydroxyl groups, desirably aliphatic or cycloaliphatic compounds. Specific
examples of such compounds include 2,2-dimethyl-1,3-propanediol
(neopentyl glycol), 1,2-cyclohexanedimethanol, 1,3-cyclohexanedimethanol,
1,4-cyclohexanedimethanol, 2,2,4-trimethyl-1,3-pentanediol, hydroxypivalyl
hydroxypivalate, 2-methyl-1,3-propanediol, 2-butyl-2-ethyl-1,3-propanediol, 2-
ethyl-2-isobutyl-1,3-propanediol, 1,3-butanediol, 1,4-butanediol, 1,5-
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pentanediol, 1,6-hexanediol, 2,2,4,4-tetramethyl-1,6-hexanediol, 1,10-
decanediol, 1,4-benzenedimethanol, hydrogenated bisphenol A, ethylene
glycol, propylene glycol, diethylene glycol, dipropylene glycol, triethylene
glycol, tetraethylene glycol, polyethylene glycol, 1,1,1-trimethylol propane,
1,1,1-trimethylolethane, glycerin, pentaerythritol, erythritol, threitol,
dipentaerythritol, sorbitol, mixtures thereof, and the like.

[0041] Desirably, the polyhydroxyl compounds (a)(ii) comprise 2,2-
dimethyl-1,3-propanediol (neopentyl glycol), 1,2 cyclohexanedimethanol, 1,3-
cyclohexanedimethanol, 1,4- cyclohexanedimethanol, 2,2,4-trimethyl-1,3-
pentanediol, hydroxypivalyl hydroxypivalate, 2-methyl-1,3-propanediol, 2-
butyl-2-ethyl-1,3-propanediol, 1,4-butanediol, 1,6-hexanediol, 1,1,1-trimethylol
propane, 1,1,1-trimethylolethane, glycerin, pentaerythritol, or mixtures thereof.
For example, the polyhydroxy compounds (b) can be 2,2-dimethyl-1,3-
propanediol (neopentyl glycol or NPG), 1,3-cyclohexanedimethanol, 1,4
cyclohexanedimethanol, 2-methyl-1,3-propanediol, 1,1,1-trimethylol propane,
1,1,1-trimethylolethane, glycerin, pentaerythritol, or mixtures thereof.

[0042] For example, the polyhydroxyl compounds (a)(ii) can be
compounds having two hydroxyl groups, or compounds having three or more
hydroxyl groups, or mixtures thereof. The polyhydroxyl compounds having
two hydroxyl groups can be branched or linear, saturated or unsaturated,
aliphatic or cycloaliphatic C,-C,o compounds, the hydroxyl groups being
primary, secondary, and/or tertiary. The polyhydroxyl compounds having 3
or more hydroxyl groups can be branched or linear, saturated or unsaturated,
aliphatic or cycloaliphatic C,-C2 compounds, the hydroxyl groups being
primary, secondary, and/or tertiary. The polyhydroxyl compounds having two
hydroxyl groups can be branched or linear, saturated or unsaturated, aliphatic
or cycloaliphatic C»-Coo compounds, the hydroxyl groups being primary,
secondary, and/or tertiary. Examples of each of these compounds are given
above.
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[0043] The molar quantity of polyhydroxyl compounds (a)(ii), is desirably
greater than O, or at least 3, or at least 5, or at least 8, or at least 10, or at
least 13, or at least 15, in each case as mole% based on 100 mole% of all
polyhydroxyl compounds (a). Additionally or in the alternative, the molar
quantity of polyhydroxyl compounds (a)(ii) can be up to 80, or up to 60, or up
to 40, or up to 30, or up to 25, or up to 20, in each case mole% based on 100
mole% of all polyhydroxyl compounds (a). Suitable ranges include greater
than 0 to 80, or greater than 0 to 60, or greater than 0 to 40, or greater than 0
to 30, or greater than 0 to 25, or greater than 0 to 20, or 3 to 80, or 3 to 60, or
3 to 40, or 3 to 30, or 3to 25, or 3to 20, or 5 to 80, or 5 to 60, or 5to 40, or 5
to 30, or 5 to 25, or 5 to 20, or 8 to 80, or 8 to 60, or 8 to 40, or 8 to 30, or 8 to
25, or 8 to 20, or 10 to 80, or 10 to 60, or 10 to 40, or 10 to 30, or 10 to 25, or
10 to 20, or 13 to 80, or 13 to 60, or 13 to 40, or 13t0 30, or 13t0 25, or 13 to
20, or 1510 80, or 15 to 60, or 1510 40, or 15 to 30, or 15 to 25, or 15 to 20, in
each case mole% based on 100 mole% of all polyhydroxyl compounds (a).
[0044] The molar quantity of polyhydroxyl compounds (a)(ii) is desirably
greater than O, or at least 1, or at least 3, or at least 5, or at least 7, in each
case as mole% based on acid number modified curable polyester resin.
Additionally or in the alternative, the molar quantity of polydyroxyl compounds
(a)(ii) can be up to 40, or up to 30, or up to 20, or up to 15, or up to 12, or up
to 10, in each case mole% based on the total moles of all components of the
acid number modified curable polyester resin.  Suitable ranges, based on the
total moles of all components of the acid number modified curable polyester
resin, include greater than 0 to 40, or greater than 0 to 30, or greater than 0 to
20, or greater than 0 to 15, or greater than 0 to 12, or greater than 0 to 10, or
1t040,0r3t030,0r31t020,0r3to15,0r3to 12, or3to 10, or 5t0 40, 0r5
to 30, or5t0 20, or 5to 15, or 5to 12, or 5to 10, or 7 to 40, or 7 to 30, or 7 to
20,0r 7to 15,0r 7to 12, or 7to 10, in each case mole% based on the total
moles of all components of the acid number modified curable polyester resin.
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[0045] Any of the amounts and ranges described with respect to the
polyhydroxyl compounds (a)(ii) are also applicable to compounds having two
hydroxyl groups, or compounds having 3 or more hydroxyl groups, or mixtures
thereof.
[0046] The acid number modified curable polyester resin also contains
residues of (b) polycarboxylic acid compounds. Polycarboxylic acid
compounds are any compounds that contain at least two carboxylic acid
groups or derivatives of polycarboxylic acid compounds. As the
polycarboxylic acid compounds (b), the acid number modified curable
polyester resin contains the residues of:

iy  polycarboxylic acid compounds, a derivative of polycarboxylic

acid compound (other than (bii), or a combination thereof, and

i)  polycarboxylic anhydride compounds.
[0047] Suitable polycarboxylic acid compounds (bi) include polycarboxylic
acid compounds having at least two carboxylic acid groups. The
polycarboxylic acid compounds comprise polycarboxylic acid compounds
having at least two carboxylic acid groups, derivatives thereof, or
combinations thereof, capable of forming an ester linkage with a polyhydroxyl
component, other than a polycarboxylic anhydride compound. Derivatives of
the polycarboxylic acid compounds include dimethyl ester or other dialkyl
esters of the diacid, or diacid chloride or other diacid halides, other than the
polycarboxylic anhydride. The polycarboxylic acid compounds can be
tricarboxylic polycarboxylic acid compounds or derivatives thereof.
[0048] Examples of polycarboxylic acid compounds (bi) that may be used
include aliphatic polycarboxylic acids, cycloaliphatic polycarboxylic acids,
aromatic polycarboxylic acids, derivatives of each, or mixtures of two or more
of these acids. Specific examples include isophthalic acid (or dimethyl
isophthalate), terephthalic acid (or dimethyl terephthalate), phthalic acid,
1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic acid,
dodecanedioic acid, sebacic acid, azelaic acid, maleic acid, fumaric acid,
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succinic acid, adipic acid, trimellitic acid, citric acid, tartaric acid,
2,6-naphthalenepolycarboxylic acid, glutaric acid, itatonic acid, and their
derivatives, diglycolic acid; 2,5-norbornanepolycarboxylic acid; 1,4-
naphthalenepolycarboxylic acid; 2,5-naphthalene polycarboxylic acid;
diphenic acid; 4,4'-oxydibenzoic acid; 4,4'-sulfonyidibenzoic acid, or mixtures
thereof.

[0049] The polycarboxylic acid compounds (bi) can be a combination of
aromatic polycarboxylic acid compounds and either or both of aliphatic or
cycloaliphatic polycarboxylic acid compounds. For example, the
polycarboxylic acid compounds can include aromatic polycarboxylic acid
compounds and aliphatic polycarboxylic acids compounds having 2 to 22
carbon atoms; or aromatic polycarboxylic acid compounds and cycloaliphatic
polycarboxylic acids compounds having 2 to 22 carbon atoms; or aromatic
polycarboxylic acid compounds, aliphatic polycarboxylic acids compounds
having 2 to 22 carbon atoms; and cycloaliphatic polycarboxylic acids
compounds having 2 to 22 carbon atoms.

[0050] If desired, the poycarboxylic acid compounds (b) do not include
terephtalic acid or a derivative of terephthalic acid.

[0051] More specific examples of some of the suitable polycarboxylic acids
b(i) and/or combinations thereof include:

a) (isophthalic acid (or dimethyl isophthalate)) and
(1,4-cyclohexanedicarboxylic acid,
1,3-cyclohexanedicarboxylic acid, or mixtures thereof); or

b) (isophthalic acid (or dimethyl isophthalate)) and
(dodecanedioic acid, sebacic acid, azelaic acid, maleic acid,
fumaric acid, succinic acid, adipic acid, glutaric acid, itatonic
acid, diglycolic acid; or mixtures thereof); or

c) (isophthalic acid (or dimethyl isophthalate)); or
(1,4-cyclohexanedicarboxylic acid,
1,3-cyclohexanedicarboxylic acid, or mixtures thereof) and
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(dodecanedioic acid, sebacic acid, azelaic acid, maleic acid,

fumaric acid, succinic acid, adipic acid, glutaric acid, itatonic

acid, diglycolic acid, or mixtures thereof), or

d) 1,4-cyclohexanedicarboxylic acid.

[0052] In each of examples (a)-(d), terephthalic acid and derivatives
thereof are optionally not included.
[0053] The molar quantity of polycarboxylic acid compounds (bi) used to
make the acid number modified curable polyester resin of the invention can
be at least 65 mole%, or at least 70 mole%, or at least 80 mole%, based on
the 100 mole% of total moles of polycarboxylic acid compounds (b).
Additionally or in the alternative, the molar quantity of polycarboxylic
anhydride compounds (bii) used to make the curable polyester of the
invention can be up to 96 mole%, or up to 95 mole%, or up to 93 mole%, or
up to 92 mole%, or up to 91 mole%, or up to 90 mole%, based on the total
moles of all components of the acid number modified curable polyester resin.
Suitable ranges, in mole% based on 100 mole% of the total moles of
polycarboxylic acids (b), include 65-96, or 70-96, or 80-96, or 65-95, or 70-95,
or 80-95, or 65-93, or 70-93, or 80-93, or 65-92, or 70-92, or 80-92, or 65-91,
or 70-91, or 80-91, or 65-90, or 70-90, or 80-90.
[0054] The acid number modified curable polyester resin also contains
residues of a polycarboxylic anhydride compound(s) (bii). Polycarboxylic
anhydride compounds (bii) include the anhydrides of any one of the types of
polycarboxylic acid compounds described in the list of polycarboxylic acid
compounds (bi). This would include the anhydrides of polycarboxlic acids
having at least two acyl groups bonded to the same oxygen atom. The
anhydrides compounds (bii) comprise the anhydride of any one of the
polycarboxylic acid compounds (bi) having at least two carboxylic acid groups,
capable of forming an ester linkage with the polyhydroxyl compounds (a).
The anhydrides can be symmetrical or unsymmetrical (mixed) anhydrides.
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The anhydrides have at least one anhydride group, and can include two,
three, four, or more anhydride groups.

[0055] Suitable polycarboxylic anhydrides include acetic anhydride,
propionic anhydride, butyric anhydride, iscbutyric anhydride, pivalic
anhydride, valeric anhydride, isovaleric anhydride, 2-methy! bulyric anhydride,
2-athy! butyric anhydride, caproic anhydride, caprylic anhydride, glutarnc
anhydride, isocaproic anhydride, n-heptancic anhydride, nonoic anhydride,
decanoic anhydride, neodecanocic anhydride, undecanoic anhydride,
neohepiancic anhydride, lauric anhydride, iridecanoic anhydride, 2-ethyi
hexanoic anhydride, acetic propionic anhydride, acetic isobutyric anhydrnide,
myristic anhydride, palmitic anhydride, stearic anhydride, phenylacetic
anhydride, cyclohexanecarboxyiic anhydride, 3-methyl-
cyclopentanecarboxylic anhydride, beta-methoxy propionic anhydride, alpha-
ethoxy butyric anhydride, benzoic anhydride, o-, m-, and p-toluic anhydride, 2,
4, &-trimethylbenzoic anhydride, o-, m-, and p-chlorobeanzoic anhydride, o-, m-
, and p-bromobenzoic anhydride, o-, m-, and p-nilrebenzeic anhydride, o- and
o- hydroxybenozic anhydride, o-, m-, and p-aminobenzoic anhydride, and ¢-,
m-, and p-methoxybenzoic anhydride, phthalic anhydride, 2-butenoic
anhydride, dodecanedioic anhydride, sebacic anhydride, azelaic anhydride,
maleic anhydride, succinic anhydride, adipic anhydride, glutaric anhydride,
itatonic anhydride, tetrahydrophthalic anhydride, hexahydrophthalic
anhydride, suceinic anhydride, norbornene anhydride, diglycolic anhydride,
naphthalenetetracarboxylic dianhydride, pyromellitic dianhydride, 3,3, 4,4’ -
oxydiphtalic dianhydride, 3,3, 4,4’-benzophenone tetracarboxylic dianhydride,
4,4’-diphtalic (hexafluoroisopropylidene) anhydride,
benzoquinonetetracarboxylic dianhydride, ethylenetetracarboxylic
dianhydride, trimellitic anhydride, or mixtures thereof.

[0056] Desirably, the anhydride used can be isobutyric anhydride, acetic
anhydride, pivalic anhydride, isovaleric anhydride, neodecanoic anhydride,
neoheptanoic anhydride, and 2-ethyl hexanoic anhydride, phthalic anhydride,

21



WO 2016/069567 PCT/US2015/057524

10

15

20

25

30

sebacic anhydride, maleic anhydride, succinic anhydride, adipic anhydride,
glutaric anhydride, tetrahydrophthalic anhydride, hexahydrophthalic
anhydride, naphthalenetetracarboxylic dianhydride, pyromellitic dianhydride,
3,3, 4,4’ - oxydiphtalic dianhydride, 3,3, 4,4’-benzophenone tetracarboxylic
dianhydride, benzoquinonetetracarboxylic dianhydride,
ethylenetetracarboxylic dianhydride, trimellitic anhydride, or mixtures thereof.
[0057] The molar quantity of polycarboxylic anhydride compounds (bii)
used to make the curable polyester of the invention can be at least 4 mole%,
or at least 5 mole%, or at least 7 mole%, or at least 8 mole%, or at least 9
mole%, or at least 10 mole%, based on the total moles of polycarboxylic acid
compounds (b). Additionally or in the alternative, the molar quantity of
polycarboxylic anhydride compounds (bii) used to make the curable polyester
of the invention can be up to 35 mole%, or up to 30 mole%, or up to 20
mole%, or up to 16 mole%, or up to 14 mole%, or up to 12 mole%, based on
the total moles of all components of the acid number modified curable
polyester resin.  Suitable ranges, in mole% based on the total moles of
polycarboxylic acids (b), include 4-35, or 5-35, or 7-35, or 8-35, or 9-35, or 10-
35, or 4-30, or 5-30, or 7-30, or 8-30, or 9-30, or 10-30, or 4-20, or 5-20, or 7-
20, or 8-20, or 9-20, or 10-20, or 4-16, or 5-16, or 7-16, or 8-16, or 9-16, or
10-16, or 4-14, or 5-14, or 7-14, or 8-14, or 9-14, or 10-14, or 4-12, or 5-12, or
7-12, 0r 8-12, or 9-12, or 10-12. In general, the ranges will be, in mole%
based on the total moles of polycarboxylic acids (b), 8-35, or 10-35, or 8-30,
or 10-30, or 8-20, or 10-20.

[0058] The molar quantity of polycarboxylic anhydride compounds (bii)
used to make the curable polyester of the invention can be at least 0.5
mole%, or at least 1 mole%, or at least 1.5 mole%, or at least 2 mole%, or at
least 2.5 mole%, or at least 3 mole%, or at least 3.5 mole%, or at least 4
mole%, or at least 4.5 mole%, based on the total moles of all components of
the acid number modified curable polyester resin.  Additionally or in the
alternative, the molar quantity of polycarboxylic anhydride compounds (bii)
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used to make the curable polyester of the invention can be up 15 mole%, or
up to 10 mole%, or up to 8 mole%, or up to 7 mole%, or up to 6 mole%, based
on the total moles of all components of the acid number modified curable
polyester resin.  Suitable ranges, in mole% based on the total moles of all
components of the acid number modified curable polyester resin, include 0.5-
15, or 1-15, or 1.5-15, or 2-15, or 2.5-15, or 3-15, or 3.5-15, or 4-15, or 4.5-15,
or 0.5-10, or 1-10, or 1.5-10, or 2-10, or 2.5-10, or 3-10, or 3.5-10, or 4-10, or
4.5-10, or 0.5-8, or 1-8, or 1.5-8, or 2-8, or 2.5-8, or 3-8, or 3.5-8, or 4-8, or
4.5-8, or 0.5-7, or 1-7, or 1.5-7, or 2-7, or 2.5-7, or 3-7, or 3.5-7, or 4-7, or 4.5-
7, or 0.5-6, or 1-6, or 1.5-6, or 2-6, or 2.5-6, or 3-6, or 3.5-6, or 4-6, or 4.5-6.
In general, the ranges will be, in mole% based on the total moles of all
components of the acid number modified curable polyester resin, 3.5-10, or 4-
10, or 4.5-10, or 3.5-8, or 4-8, or 4.5-8, or 3.5-7, or 4-7, or 4.5-7, or 3.5-6, or
4-6, or 4.5-6.

[0059] The molar ratio of (a) polyhydroxyl compounds to (bi) polycarboxylic
acid compounds used in the process of making the curable polyester of the
invention is desirably about 0.9:1 to 1.45:1, or 0.95:1 to 1.1:1. A molar
excess of polyhydroxyl compounds (a) can be used to ensure complete
reaction with all carboxylic acid groups on the polycarboxylic acid compounds
(bi). However, it is not necessary to reduce the acid number close to zero at
the stage of making an intermediate polyester polymer since the acid number
modified curable polyester resin will have an acid number of at least 20.
[0060] The acid number modified curable polyester resin has an acid
number ranging from about 20 to about 120 mg KOH/g and a hydroxyl
number ranging from greater than 0 to about 100 mg KOH/g.

[0061] The acid number of the acid number modified curable polyester
resin can be from 20 to 120, or from 25 to 120, or from 30 to 120, or from 35
to 120, or from 40 to 120, or from 45 to 120, or from 50 to 120, or from 55 to
120, or from 60 to 120, or from 65 to 120, or from 70 to 120, or from 75 to
120, or from 80 to 120, or from 85 to 120, or from 90 to 120, or from 95 to
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120, or from 20 to 100, or from 25 to 100, or from 30 to 100, or from 35 to
100, or from 40 to 100, or from 45 to 100, or from 50 to 100, or from 55 to
100, or from 60 to 100, or from 65 to 100, or from 70 to 100, or from 75 to
100, or from 80 to 100, or from 85 to 100, or from 90 to 100, or from 20 to 90,
or from 25 to 90, or from 30 to 90, or from 35 to 90, or from 40 to 90, or from
45 to 90, or from 50 to 90, or from 55 to 90, or from 60 to 90, or from 65 to 90,
or from 70 to 90, or from 75 to 90, or from 80 to 90, or from 20 to 85, or from
25 to 85, or from 30 to 85, or from 35 to 85, or from 40 to 85, or from 45 to 85,
or from 50 to 85, or from 55 to 85, or from 60 to 85, or from 65 to 85, or from
70 to 85, or from 75 to 85, or from 20 to 80, or from 25 to 80, or from 30 to 80,
or from 35 to 80, or from 40 to 80, or from 45 to 80, or from 50 to 80, or from
55 to 80, or from 60 to 80, or from 65 to 80, or from 70 to 80, or from 75 to 80,
or from 20 to 75, or from 25 to 75, or from 30 to 75, or from 35 to 75, or from
40 to 75, or from 45 to 75, or from 50 to 75, or from 55 to 75, or from 60 to 75,
or from 65 to 75, or from 20 to 50, or from 25 to 50, or from 30 to 50, or from
35 to 50, or from 40 to 50, or from 45 to 50, or from 20 to 45, or from 25 to 45,
or from 30 to 45, or from 35 to 45, or from 40 to 45, or from 20 to 40, or from
25 1o 40, or from 30 to 40, or from 35 to 40, or from 20 to 35, or from 25 to 35.
[0062] The particular acid number can vary depending on the application
and the curing system used. For example, if one desires, the acid number
modified curable polyester resin can be formulated to have an acid number
that is:

a) from 50 to 120, or from 50 to 100, or within any of the above
stated ranges having an acid number of at least 50, for or in
aqueous dispersions and waterborne coating applications, to
impart sufficient water dispersibility after neutralization; or

b) 20 to 50 or within any of the above stated ranges having an
acid number not exceeding 50, for or in solvent-based
solutions and coating applications, to enhance solubility and

lower the solution viscosity.
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[0063] The hydroxyl number of the acid number modified curable polyester
resin can be within a range of from greater than 0 to 100 mg KOH/g.

Suitable ranges of hydroxyl number include greater than 0 to 100, or from 5 to
100, or from 10 to 100, or from 15 to 100, or from 20 to 100, or from 3 to 100,
or from 25 to 100, or from 35 to 100, or from 40 to 100, or from 45 to 100, or
from 50 to 100, or from 55 to 100, or from 60 to 100, or from 65 to 100, or
from 70 to 100, or from 75 to 100, or from 80 to 100, or from 85 to 100, or
from 90 to 100, greater than 0 to 90, or from 3 to 90, or from 5 to 90, or from
10 to 90, or from 15 to 90, or from 20 to 90, or from 25 to 90, or from 35 to 90,
or from 40 to 90, or from 45 to 90, or from 50 to 90, or from 55 to 90, or from
60 to 90, or from 65 to 90, or from 70 to 90, or from 75 to 90, or from 80 to 90,
greater than 0 to 85, or from 3 to 85, or from 5 to 85, or from 10 to 85, or from
15 to 85, or from 20 to 85, or from 25 to 85, or from 35 to 85, or from 40 to 85,
or from 45 to 85, or from 50 to 85, or from 55 to 85, or from 60 to 85, or from
65 to 85, or from 70 to 85, or from 75 to 85, greater than 0 to 80, or from 3 to
80, or from 5 to 80, or from 10 to 80, or from 15 to 80, or from 20 to 80, or
from 25 to 80, or from 35 to 80, or from 40 to 80, or from 45 to 80, or from 50
to 80, or from 55 to 80, or from 60 to 80, or from 65 to 80, or from 70 to 80, or
from 75 to 80, or from greater than 0 to 75, or from 3 to 75, or from 5 to 75, or
from 10 to 75, or from 15 to 75, or from 20 to 75, or from 25 to 75, or from 35
to 75, or from 40 to 75, or from 45 to 75, or from 50 to 75, or from 55 to 75, or
from 60 to 75, or from 65 to 75, or from greater than 0 to 70, or from 3 to 70,
or from 5 to 70, or from 10 to 70, or from 15 to 70, or from 20 to 70, or from 25
to 70, or from 35 to 70, or from 40 to 70, or from 45 to 70, or from 50 to 70, or
from 55 to 70, or from 60 to 70, or from greater than 0 to 65, or from 3 to 65,
or from 5 to 65, or from 10 to 65, or from 15 to 65, or from 20 to 65, or from 25
to 65, or from 35 to 65, or from 40 to 65, or from 45 to 65, or from 50 to 65, or
from 55 to 65, or from greater than 0 to 60, or from 3 to 60, or from 5 to 60, or
from 10 to 60, or from 15 to 60, or from 20 to 60, or from 25 to 60, or from 35
to 60, or from 40 to 60, or from 45 to 60, or from 50 to 60, or from 55 to 60, or
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from greater than 0 to 55, or from 3 to 55, or from 5 to 55, or from 10 to 55, or
from 15 to 55, or from 20 to 55, or from 25 to 55, or from 35 to 55, or from 40
to 55, or from 45 to 55, or from 50 to 55, or from greater than 0 to 50, or from
3 to 50, or from 5 to 50, or from 10 to 50, or from 15 to 50, or from 20 to 50, or
from 25 to 50, or from 35 to 50, or from 40 to 50, or from greater than 0 to 45,
or from 3 to 45, or from 5 to 45, or from 10 to 45, or from 15 to 45, or from 20
to 45, or from 25 to 45, or from 35 to 45, or from greater than 0 to 40, or from
3 1o 40, or from 5 to 40, or from 10 to 40, or from 15 to 40, or from 20 to 40, or
from 25 to 40, or from 35 to 40, or from greater than 0 to 35, or from 3 to 35,
or from 5 to 35, or from 10 to 35, or from 15 to 35, or from 20 to 35, or from 25
to 35.

[0064] Any one of the hydroxyl number ranges can be combined with any
one of the acid number ranges. Non-limiting examples of combinations
include those identified in Table 1 below. The “x” in each box indicates a

suitable combination of OH# and Acid # ranges.

Table 1
OH# Acid #
20- | 20- | 20- | 50- | 50- | 50- | 60- | 65- | 70- | 45- | 50- | 60- 65- | 30-
120 | 50 | 45 [ 120 | 100 | 20 | 100 | 100 | 100 | 90 85 90 90 90
0-100 X X X X X X X X X X X X X X
1-100 X X X X X X X X X X X X X X
5-100 X X X X X X X X X X X X X X
5-90 X X X X X X X X X X X X X X
5-75 X X X X X X X X X X X X X X
5-60 X X X X X X X X X X X X X X
5-50 X X X X X X X X X X X X X X
5-40 X X X X X X X X X X X X X X
20-20 X X X X X X X X X X X X X X
20-75 X X X X X X X X X X X X X X
20-70 X X X X X X X X X X X X X X
20-65 X X X X X X X X X X X X X X
20-60 X X X X X X X X X X X X X X
20-50 X X X X X X X X X X X X X X
20-45 X X X X X X X X X X X X X X
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20-40 X X X X X X X X X X X X X X
40- X
X X X X X X X X X X X X X
100
50- X
X X X X X X X X X X X X X
100
60- X
X X X X X X X X X X X X X
100

[0065] The ratio of acid number to hydroxyl number (AN:OH) in the acid
number modified curable polyester resin of the invention is at least 0.5:1.

The particular acid number and hydroxyl number selected within each of the
above described ranges and combination of ranges should be at or above this
minimum AN:OH ratio. Having a suitable amount of acid end groups
contributes toward the improvement in the curing rate and hardness of the
coating. The ratio can be at least 0.6:1, or at least 0.7:1, or at least 0.8:1, or
at least 0.9:1, or at least 1:1, or at least 1.1:1, or at least 1.2:1, or at least
1.3:1, or at least 1.4:1, or at least 1.5:1, or at least 1.6:1, or atleast 1.7:1, or at
least 1.8:1, or at least 1.9:1, or at least 2:1, or at least 2.1:1, or at least 2.2:1,
or at least 2.3:1, or at least 2.4:1, or at least 2.5:1, or at least 2.6:1, or at least
2.7:1, or at least 2.8:1, or at least 2.9:1, or at least 3:1, or at least 3.5:1, or at
least 4:1, or at least 5:1, or at least 6:1, and in each of the foregoing ratios,
there is no particular upper limit, although practically the ratio is likely not
needed to exceed 20:1. For example, the ratio does not need to exceed
15:1, or not to exceed 10:1, or not to exceed 8:1, or not to exceed 6:1, or not
to exceed 5:1, or not to exceed 4:1, or not even to exceed 3:1 in order to
obtain coatings having good hardness.

[0066] Suitable combinations of ranges for the AN:OH ratio are as set forth
in Table 2 below, in which an x designated a contemplate ranges at the lower

and upper ends of the selected range.
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Table 2
Ranges of AN:OH Ratios
Upper Lower End
End
051|061 (081 (11 |111 | 131|141 [ 151 (161 |21 ] 251|261 | 31 |41

20:1 X X X X X X X X X X X X X X
15:1 X X X X X X X X X X X X X X
10:1 X X X X X X X X X X X X X X
8:1 X X X X X X X X X X X X X X
6:1 X X X X X X X X X X X X X X
5:1 X X X X X X X X X X X X X X
4:1 X X X X X X X X X X X X X X
3:1 X X X X X X X X X X X X X X

[0067] As mentioned above, the particular acid number and hydroxyl
number within any given range is selected so as to satisfy the AN:OH ratio of
at least 0.5:1 for the acid number modified curable polyester resin.

Additional examples of suitable AN ranges, OH ranges, and AN:OH ratios are
set forth in Table 3, in which an x in a box designates a suitable combination

of all three.
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Table 3
OH# Acid #
20- 20- 20- 50- 50- 50- 60- 65- 70- 45- 50- 60- 65- 30-
120 50 45 120 100 90 120 10 100 90 85 90 90 90
0
0-100 X X X X X X X X X X X X X X
1-100 X X X X X X X X X X X X X X
5-100 X X X X X X X X X X X X X X
5-90 X X X X X X X X X X X X X X
5-75 X X X X X X X X X X X X X X
5-60 X X X X X X X X X X X X X X
5-50 X X X X X X X X X X X X X X
5-40 X X X X X X X X X X X X X X
15-90 X X X X X X X X
15-75 X X X X X X X X
20-70 X X X X X X
20-65 X X X X X X
20-60 X X X X X X
20-50 X X X X X
15-45 X X X X X X X X X
10-40 X X X X X X X X X X X
40- X X
100
50- X
100
60- X
100
AN:O | 0.5:1 | 0.8:1 11| 051 | 081 | 1.5:1 | 051 11 ] 051|131 | 21| 051 | 151 11
H -20:1 | -10:1 - -3:1 -5:1 -5:1 -2:1 - -4:1 -6:1 - -3:1 -5:1
Ratio 6:1 6:1 4:1 8:1

[0068] The acid number modified curable polyester resin of this invention
has the ability to cure phenolic resins (or phenoplast) quite well in comparison
to those acid number modified curable polyester resins having hydroxyl
functionalities with little or no acid end groups. In another example, when the
crosslinking agent is a phenolic resin, the acid number of the polyester can be
from 50 to 100 and hydroxyl number is 10 to 50.

[0069] Forthe acid number modified curable polyester resin, the acid

number mentioned herein can be measured by the ASTM D1639-90 test
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method. The hydroxyl numbers mentioned herein can be measured by the
ASTM D4274-11 test method

[0070] The glass transition temperature (Tg) of the acid number modified
curable polyester resin of the present invention may be from -20°C to 120°C,
from 10°C to 110°C, from 20°C to 105° C, from 30°C to 100°C, from 40°C to
95°C, from 40°C to 85°C, from 35°C to 85°C, from 50°C to 90° C, from 55°C
to 95° C, from 60°C to 95° C, from 65°C to 95° C, from 70°C to 95°C, or from
75°C 10 90°C. The Tg is measured on the dry polymer using standard
techniques, such as differential scanning calorimetry (“DSC”), well known to
persons skilled in the art. The Tg measurements of the polyesters are
conducted using a “dry polymer,” that is, a polymer sample in which
adventitious or absorbed water is driven off by heating to polymer to a
temperature of about 200°C and allowing the sample to return to room
temperature. Typically, the polyester is dried in the DSC apparatus by
conducting a first thermal scan in which the sample is heated to a temperature
above the water vaporization temperature, holding the sample at that
temperature until the vaporization of the water absorbed in the polymer is
complete (as indicated by an a large, broad endotherm), cooling the sample to
room temperature, and then conducting a second thermal scan to obtain the
Tg measurement.

[0071] The weight average molecular weight (Mw) of the acid number
modified curable polyester resin of the present invention is not limited, and
may be from 2,500 to 50,000, from 2,500 to 30,000, from 2,500 to 20,000,
from 2,500 to 15,000, from 2,500 to 12,500, or from 2,500 to 10,000, in each
case g/mole. The Mw is measured by gel permeation chromatography (GPC)
using polystyrene equivalent molecular weight.

[0072] The number average molecular weight (Mn) of the acid number
modified curable polyester resin of the present invention is not limited, and
may be from 1,000 to 20,000, from 1,000 to 15,000, from 1,000 to 12,500,
from 1,000 to 10,000, from 1,000 to 8,000, from 1,000 to 6,000, from 1,000 to
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5,000, from 1,000 to 4000, from 1,000 to 3,000, from 1,000 to 2,500, from
1,000 to 2,250, or from 1,000 to 2,000, from 1,100 to 4000, from 1,100 to
3,000, from 1,100 to 2,500, from 1,100 to 2,250, or from 1,100 to 2,000 in
each case g/mole. The Mn is measured by gel permeation chromatography
(GPQC) using polystyrene equivalent molecular weight.
[0073] This acid number modified curable polyester resin desirably has a
low or mid molecular weight, typically an Mn from 1000 to about 20,000 to
render it suitable for coating applications. Desirably, the molecular weight of
the acid number modified curable polyester resin is not suitable for the
fabrication of free-standing films, sheets, and other shaped objects by
extrusion, casting, blow molding, and other thermoforming processes
commonly used for higher molecular weight thermoplastic polymers
[0074] There is also provided a curable polyester resin comprising the
residues of:

a) polyhydroxyl compounds comprising:

i)  2,2,4,4-tetraalkylcyclobutane-1,3-diol (TACD) compounds
in an amount ranging from about 60 to 97 mole %, based
on the total moles of polyhydroxyl compounds (a), and

i)  polyhydroxyl compounds other than TACD comprising
(1) a diol in an amount ranging from 0 to 37 mole %,

based on the total moles of (a), and
(2) a polyhydroxyl compound having 3 or more
hydroxyl groups in an amount ranging from 3 to
15 mole %, based on the total moles of (a), and
b) polycarboxyl compounds comprising

i)  a polycarboxylic acid, a derivative of polycarboxylic acid
compound (other than bii)), or a combination thereof in an
amount ranging from 75 to 90 mole %, based on the total
moles of (b), and
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i)  a polycarboxylic anhydride in an amount ranging from 10
to 25 mole %, based on the total moles of (b),

wherein said polyester has an acid number ranging from about 30 to about
100 mg KOH/g and a hydroxyl number ranging from 3 to about 80 mg KOH/g
with an AN:OH ratio of at least 0.5:1. The ranges of acid numbers, hydroxyl
numbers, AN:OH ratios, the combinations of each of these, as well as the
diols, polycarboxylic acids (b) and anhydrides, Mn, Mw, and molar quantities
for each ingredient that are mentioned above (including Tables 1, 2, and 3)
are also applicable to these acid number modified curable polyester resins.
[0075] Desirably, in any of the embodiments of the invention: the (a)(ii)(1)
diol can be 2,2-dimethyl-1,3-propanediol (neopentyl glycol), 1,3-
cyclohexanedimethanol, 1,4-cyclohexanedimethanol, or 2-methyl-1,3-
propanediol or combinations thereof; the (a)(ii)(2) polyhydroxyl compound
having 3 or more hydroxyl groups can be 1,1,1-trimethylol propane, 1,1,1-
trimethylolethane, glycerin, pentaerythritol, sorbitol, or 1,2,6-hexanetriol, or
combinations thereof; the (b)(i) polycarboxylic acid can be isophthalic acid (or
dimethyl isophthalate), terephthalic acid (or dimethyl terephthalate),
1,4-cyclohexanepolycarboxylic acid, 1,3-cyclohexanepolycarboxylic acid,
trimesic acid, citric acid, tartaric acid, trimellitic acid, or adipic acid or
combinations thereof; and/or the (b)(ii) polycarboxylic anhydride (b)(ii) can be
trimellitic anhydride, hexahydrophthalic anhydride, pyromellitic anhydride,
maleic anhydride, succinic anhydride, or combinations thereof.
[0076] The polyhydroxyl compound having 3 or more hydroxyl groups
(a@)(ii)(2) may be added to the polyester reaction mixture or blended with the
polyester in the form of a concentrate as described, for example, in U.S.
Patent Nos. 5,654,347 and 5,696,176, whose disclosure regarding branching
monomers and their method of addition is incorporated herein by reference.
[0077] There is also provided a method for the preparation of the curable
polyester comprising the steps of:
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a) afirst stage for making a polyester intermediate composition
by combining the polyhydroxyl compounds and polycarboxylic
acid compounds to form a reaction mixture, and reacting the
reaction mixture in a reactor at a temperature from 180-250
°C, optionally in the presence of an acid catalyst until the
reaction mixture has an acid number of 0 to 20 mg KOH/g and,

b) thereafter a second stage for forming a curable polyester
composition by reacting a polycarboxylic anhydride with the
reaction mixture at a temperature of 140 °C to 180 °C to
thereby obtain a polyester composition having an acid number
of greater than 20 mg KOH/g.

[0078] Desirably, the reaction mixture is allowed to cool to below 180 °C
prior to the addition of the polycarboxylic anhydride.

[0079] Desirably, the acid number modified curable polyester resin
composition is withdrawn from the reactor. The acid number modified
curable polyester resin composition removed from the reactor can be allowed
to cool to room temperature and isolated, or fed warm to a blending tank to
formulate with other ingredients.

[0080] The process for making the acid number modified curable polyester
resin has a first step (a) of forming a polyester intermediate composition by
reacting polyhydroxyl compounds (a) and polycarboxylic acid compounds (bi)
in at least one reactor at a temperature from 180-250 °C, optionally in the
presence of an acid catalyst, until a reaction mixture having an acid number of
0 to about 20 mg KOH/g is obtained. Desirably, a distillate is removed from
the reactor during step (a).

[0081] The process for the manufacture of the polyester intermediate
composition can be batchwise or continuous. The reaction of the
polyhydroxyl compounds (a) and the polycarboxylic acid compounds (bi) may
be carried out in a melt phase process using conventional polyester
polymerization conditions. The polyhydroxyl compounds and polycarboxylic

33



WO 2016/069567 PCT/US2015/057524

10

15

20

25

30

acid compounds are combined to form a reaction mixture, and the reaction
mixture is reacted in an esterification reactor at a temperature from 180-250
°C. The reaction continues until the reaction mixture has an acid number of
0 to about 20 mg KOH/g.

[0082] The esterification reaction many take place in one or more
esterification reactors. The polyester intermediate composition can be made
by a transesterification (ester interchange) reaction or by direct esterification.
For example, polycarboxylic acid compounds (for direct esterification) or ester
forms of the polycarboxylic acid compounds (for transesterification), and the
polyhydroxyl compounds including the TACD and any other polyhydroxyl
compounds, can be fed to an esterification reactor either in a combined
stream, separate streams, or a combination of a combined and separate
stream, and reacted at elevated temperatures, typically, from about 180°C to
about 250°C. While temperatures in excess of 250°C can be employed,
such as temperature up to 280°C, in many instances color bodies and
degradation products start to form at temperatures exceeding 250°C.
Desirably, the reaction mixture is reacted at any temperature within a range
from about 180°C to about 230°C. In the esterification reactor, the
temperature of the reaction mixture to form the polyester intermediate
composition may be static or may be increased stepwise or continuously if
desired.

[0083] Itis desirable to start the reaction at a temperature below 210°C, or
at 200°C or less, or even at 180°C or less, and increase the temperature over
the total residence time of the reaction mixture for making the polyester
intermediate composition in order to avoid generating more water by-product
than the distillate collection system can efficiently remove. The reaction in
the first stage desirably proceeds at a temperature of at least 180°C, or at
least 190°C, or at least 200°C for at least 50%, or at least 60%, or at least
70%, or at least 80%, or at least 90% of the residence time of the reaction

measured as commencing on when the temperature within the reactor
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reaches 160°C or more and ending when the acid number of the reaction
mixture reaches or falls through 20 mg KOH/g.

[0084] To assist driving the reaction of the polyhydroxyl component and
acid component to completion with a reduction in the acid number to 20 mg
KOH/g or less, and to obtain a polyester intermediate having hydroxyl
functionality where such is desired for assisting with crosslinking reactions in
a coating composition, it is desirable to react about 1.05 to about 1.6, or 1.1-
1.5, or 1.1-1.4 equivalents of polyhydroxyl compounds (b) to one equivalent of
the polycarboxylic acid compounds (bi).

[0085] The minimum residence time is determined by reaching an acid
number of 20 or less. The amount of time required to reach an acid number
of 20 or less depends on the types of reactants used, the operating
temperature profile, reaction mixture volume, reactor pressure, and efficiency
of the distillate collection. The acid number of the reaction mixture can be
determined analytically or by residence time at a given set of reaction
conditions by empirical experience. The residence time to make the
polyester intermediate composition to an acid number of 20 or less can range
from 0.5 hours to about 10 hours, or from 2 hours to 8 hours. In some cases,
an acid number of 20 or less can be obtained between 2 hours to 6 hours, or
in 2 to 5 hours.

[0086] Desirably, a distillate is removed from the reactor during step (a).
The esterification reactor should be equipped with, and the process for
making the polyester intermediate composition operated with, a distillate
collection system for removing esterification or ester-exchange vapor by-
products since their removal will assist with shifting the equilibrium reaction to
the formation of the ester. The typical by-products formed in esterification
are water in direct esterification routes, alcohols in transesterification routes,
along with other reaction by-products such as aldehydes and color bodies.
The method for the removal of reaction by-products is not limited. A
common method for the removal of esterification reaction by-products is a
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vacuum system connected to the esterification reaction zone in the reactor
with a direct contact spray condenser, which is useful when a vacuum is
applied to the esterification reaction zone in the esterification reactor, or a
distillation column that is packed or contains trays in vapor communication
with the esterification vessel for the separation of water from other reaction
by-products. The distillate is desirably continuous for at least a portion of the
residence time during which the reaction mixture is reacting prior to reaching
an acid number of 20 mg KOH/g. Desirably, the distillate is collected
continuously from the time collection begins to a time when the acid number
falls to or through 20 mg KOH/g.

[0087] The process for making the polyester intermediate can be
conducted under a pressure within a range of 0 psig or atmospheric to about
200 psig, or from about 0 psig to about 100 psig, or from 0 psig to 40 psig.
However, if desired, at least a portion or the entire residence time of the
reaction to make the polyester intermediate composition can proceed under a
vacuum. If a vacuum is applied to only a portion of the residence time, it can
be applied starting when at least 30%, or at least 50%, or at least 75%, or at
least 80%, or at least 90% of the residence time for making the polyester
(from reaching a temperature of at least 160 °C until the acid number reaches
or falls through 20 mg KOH/q) intermediate has expired and before the
polycarboxylic anhydride is added. By applying a vacuum, the removal of
the water or alcohol condensate can be further enhanced, and the molecular
weight Mn of the polyester can be increased. If a vacuum is applied, suitable
pressures can range from 759 torr down to 0.5 torr, or 600 torr down to 0.5
torr, or 450 torr down to 0.5 torr.  Vacuum can be increased with the
residence time of the reaction mixture. Alternatively or in addition to the
application of a vacuum, the removal of the reaction by-products can be
purged or swept with an inert gas during all or a portion of the reaction. An
inert gas is any gas which does not cause unwanted reaction or product
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characteristics at reaction conditions. Suitable gases include, but are not
limited to, carbon dioxide, argon, helium, and nitrogen.

[0088] The esterification vessel can be agitated if desired to assist with the
mass transfer of reactants and disengagement of reaction by-products.
[0089] The reaction to make the polyester intermediate is facilitated by
reacting the polyhydroxyl compounds and the polycarboxylic acid compounds
(bi) in the presence of appropriate catalysts such as, for example, alkoxy
titanium compounds, alkali metal hydroxides and alcoholates, salts of organic
carboxylic acids, alkyl tin compounds, metal oxides, and other metal
carboxylates or benzoates such as zinc, manganese, or magnesium acetates
or benzoates. A typical catalyst is an organometallic acid catalyst, such as,
for a carboxylate of tin, e.g. butylstannoic acid. The amount of the catalyst
added may be determined by routine experimentation as understood by those
skilled in the art. The catalyst can be added in amounts ranging from about
0.01 to 1.0 weight percent, based on the total weight of the reactants.

[0090] In a continuous process, the polycarboxylic acid compounds and
the polyhydroxyl compounds are continuously fed to the esterification reactor,
the polyester intermediate composition is continuously withdrawn from the
esterification reactor and fed to a second esterification reactor continuously to
form the curable polyester composition, and the curable polyester composition
is continuously withdrawn from the second esterification reactor.

[0091] Once the desired acid number of the reaction mixture to make the
polyester intermediate composition (20 mg KOH/g or less), the temperature of
the polyester intermediate composition is desirably reduced. The temperature
of the intermediate composition is desirably lowered to 180°C or less, or to
175°C or less, or to 170°C or less, or to 165°C or less. The temperature is
lowered in order to prepare for the second stage of the esterification process.
If desired, a vacuum can be applied during the temperature reduction and
continued during the second stage. The vacuum can be applied starting at
the times noted above during the first stage, or if a vacuum is not applied
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during the first stage, vacuum can be started at any time during the
temperature reduction, or can be started when the polycarboxylic anhydride is
fed, which starts the second stage. Any of the vacuum values noted above
are suitable for applying in the second stage step b).

[0092] For example, in the first stage, the reaction can proceed in the
reactor at atmospheric to 40 psig, and the reaction can proceed in the second
stage b) under a vacuum during at least a portion of the residence time in the
second stage b) to further build up the molecular weight of the acid number
modified curable polyester resin. Alternatively, in the first stage, the reaction
can proceed in the reactor under an applied vacuum, desirably when at least
50% or at least 70% of the residence time in stage (a) has elapsed, and the
reaction can proceed in the second stage b) with or without applied vacuum.
[0093] Inthe second stage, the polycarboxylic anhydride (b)(ii) is added to
the reaction mixture of stage (a) to cause the carboxyl groups on the
anhydride molecule to react with hydroxyl groups on the intermediate
polyester. The anhydride is reacted onto the polyester in the reaction
mixture at an elevated temperature of from 140°C to 180°C.

[0094] Additives can be added in the first or second stages to enhance the
performance properties of the curable polyester polymer. For example,
crystallization aids, impact modifiers, surface lubricants, denesting agents,
stabilizers, antioxidants, ultraviolet light absorbing agents, metal deactivators,
colorants, nucleating agents, acetaldehyde lowering compounds, reheat rate
enhancing aids such as elemental antimony or reduced antimony or reducing
agents to form such species in situ, silicon carbide, carbon black, graphite,
activated carbon, black iron oxide, red iron oxide and the like, sticky bottle
additives such as talc, and fillers and the like can be included. All of these
additives and many others and their use are well known in the art and do not
require extensive discussion. Any of these compounds can be used in the

present composition.
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[0095] There is also provided a solvent containing (as distinguished from
an aqueous based coating) coating composition, comprising:

a) the acid number modified curable polyester resin of the

present invention,
b) a crosslinker comprising an amino resin, phenolic resin,
isocyanate resin, and epoxy resin, and

¢}  anorganic solvent.
[0096] Suitable organic solvents for the solvent-based coating composition
include xylene, ketones {for example, methyl amyl ketone), 2-butoxyethanol,
ethyl-3-ethoxypropionate, oluene, butanol, cyclopentanone, cyclohexanone,
ethyl acetale, butyl acetate, and other volalile inert solvents typically used in
industrial baking {i.e., thermosetting) enamels, mineral spirits, naptha,
toluene, acetone, methyl ethyl ketone, methyl isoamyl ketone, isobutyl
acetate, t-butyl acetate, n-propyl acetate, isopropyl acetate, methyl acetate,
ethanol, n-propanol, isopropanol, sec-butanol, isobutanol, ethylene glycol
monobutyl ether, propylene glycol n-butyl ether, propylene glycol methyl
ether, propylene glycol monopropyl ether, dipropylene glycol methyl ether,
diethylene glycol monobutyl ether, trimethylpentanediol mono-isobutyrate,
ethylene glycol mono-octyl ether, diacetone alcohol, 2,2,4-trimethyl-1,3-
pentanediol monoisobutyrate (available commercially from Eastman Chemical
Company under the trademark TEXANOL™), or combinations thereof. The
coating composition also may comprise reactive solvents such as, for
example, diallyl phthalate, SANTOLINK™ XI-100 polyglycidy! allyl ether
(available from Cytec), and others as described, for example, in U.S. Patent
Nos 5,349,026 and 5,371,148.
[0097] The amount of solvent (other than water) is desirably at least 20
wt.%, or at least 25 wt.%, or at least 30 wt.%, or at least 35 wt.%, or at least
40 wt.%, or at least 45 wt.%, or at least 50 wt.%, or at least 55 wt.% based on
the weight of the solvent containing coating composition.  Additionally or in
the alternative, the amount of organic solvent can be up to 85 wt.% based on
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the weight of the coating composition. Solvent containing coating
compositions desirably contain 10 wt.% or less, or 8 wt.% or less, or 5 wt.% or
less, or 3 wt.% or less water, based on the weight of the coating composition.
[0098] The solvent containing composition is desirably a solution in which
the curable polyester is dissolved or solubilized in the solvent. While other
solids can be present in the solvent containing composition (and typically are
in a fully formulated or pigmented coating composition), the solvent containing
composition desirably has less than 3 wt.% acid number modified curable
polyester resin as solid particles, or less than 1 wt.% acid number modified
curable polyester resin as solid particles, or not more than 0.5 wt.% polyester
resin as solid particles, based on the total weight of the acid number modified
curable polyester resin (a).
[0099] There is further provided an aqueous dispersion, comprising

a) the acid number modified curable polyester resin of the

present invention,

b) a neutralizing agent, and

c) water.
[0100] The amount of water is desirably at least 20 wt.%, or at least 25
wt.%, or at least 30 wt.%, or at least 35 wt.%, or at least 40 wt.%, or at least
45 wt.%, or at least 50 wt.%, or at least 55 wt.%, or at least 60 wt.% based on
the weight of the aqueous dispersion.
[0101] The neutralizing agent may be an amine or an inorganic base.
Typical amines include ammonia, trimethylamine, diethylamine,
monoethanolamine, monoisopropanolamine, morpholine, ethanolamine,
diethanolamine, triethanolamine, N,N-dimethylethanolamine, N, N-
diethylethanolamine, N-methyldiethanolamine and the like.
[0102] Typical inorganic bases include bases derived from alkali metals
and alkaline earth metals such as, for example, sodium, potassium,
magnesium, calcium, and other basic metal compounds. Suitable bases

from this first class of bases useful in the present invention include, but are
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not limited to, sodium oxide, potassium oxide, magnesium oxide, calcium
oxide, sodium hydroxide, potassium hydroxide, magnesium hydroxide,
calcium hydroxide, sodium carbonate, potassium carbonate, sodium
bicarbonate, potassium bicarbonate, calcium carbonate, magnesium
bicarbonate, alkali metal borate compounds and their hydrates, sodium
phosphate, potassium biphosphate, and sodium pyrophosphate.

[0103] The agueous dispersion containing the acid number modified
curable polyester resin may and desirably further comprises an organic ¢o-
solvent.  Suitable co-solvents include ethanol, n-propanol, isopropancl, n-
butanol, sec-butanal, iscbutanal, ethylene glycol monobutyl ather, propylene
glycol n-butyl ether, propyiene glycol methyt ether, propyiene glycol
monopropy! ether, dipropylene glycol methyl ether, diacetone alcohol, and
other waler-miscible solvents.  if an organic co-solvent is used, the amount is
desirably 40 wi.% or less, or 30 wi.% or less, or 15 wt.% or less, or 10 wi.% or
5 wt.% less basad on the weight of the agueous composition, and at least 1
wi.%, or at least 3 wt.% based on the weight of the agueous composition.
[0104] Aqgueous dispersions of the acid number modified curable polyestar
resins are typically prepared by dispersing the acid number modified curable
polyester resins with water in the presence of organic co-solvent(s) {e.g. at
least 1 or 3 wt.% and up to 15 wt.% based on the weight of the polyester
polymers), al a temperature ranging from about 80 {0 about 95°C under
ambient pressure.  The dispersing process may be carried out either by
gradually adding the resin to the heated mixture of waler, the neutralizing
agent, and the co-soiveni(s) or by gradually adding water and the neutralizing
agent io the heated mixiure of the resin and the co-solveni(s).  The former
method is preferred for resing with a high Tg {e.g. >80°C), which can be
pulverized, for example, by using a blender and subsequently added o the
heated watler and the neutralizing agent.  Forresins with a lower Tg, itis
nreferred to add water and the neulralizing agent o the heated resin mixiure
containing the co-solvent.  After the completion of adding either resin or
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water, the stirring is allowed {0 continue until a homogeneous dispersion is
obtained. The process typically takes one or several hours. i is intended
for this terminology 1o include conditions where the polyester is dissolved to
form a true solution as well as those where the polyester is dispersed within
the agueous medium.  Giten, due 1o the statistical nature of polyester
compositions, it is possible to have a soluble fraction and a dispersed fraction
when a single polyester sample is placed in an agueous medium.
[0105] Desirably, the dispersion contains up o 80 wi.%, or up o 80 wi.%,
or up 1o 50 wl.%, or up to 40 wi.% acid number modified curable polyester
resin.  Suitable ranges of acid number modified curable polyester resin in
wi.% based on the weighi of the dispersion include 3-80, or 5-80, or 10-80, or
5-80, or 10-80, or 15-80, or 20-80, or 25-80, or 30-80, or 3-60, or 5-60, or 10-
80, or 5-60, or 10-60, or 15-80, or 20-80, or 25-60, or 30-60, or 3-50, or 5-50,
or 10-50, or 5-50, or 10-50, or 15-50, or 20-50, or 25-50, or 30-50, or 3-45, or
5-45, or 10-45, or 5-45, or 10-45, or 15-45, or 20-45, or 25-45, or 30-45.
[0106] As a further aspect, this invention provides a curable waterborne
coating composition, comprising:

a) the acid number modified curable polyester resin having acid

number about 50 to about 120 mg KOH/g,

b) a neutralizing agent,

c) water, and

d) acrosslinker comprising an amino resin, phenolic resin,

isocyanate resin, and/or an epoxy resin.

[0107] Acid number modified curable polyestar resins having glass
transition temperatures (Tg) greater than about 50°C are suitable for powder
coating application.  The polyester of the present invention comprises TACD,
which is capable of providing higher Tg.
[0108] Thus, there is further provided a curable powder coating

composition comprising
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a) aacid number modified curable polyester resin having a Tg
greater than about 50 °C and

b) a crosslinker selected comprising an amino resin, blocked
isocyanate resin, phenolic resins, epoxy resin, and/or an

epoxidized phenolic resin.

The a.,B-Ethylenically Unsaturated Carboxyl Modified Polyester Resin

[0109] There is also provided yet another modified curable polyester resin
that has been found particularly curable with certain phenolic resins. This
thermosetting composition contains at least:
l) an unsaturated polyester comprising the residues of an a,3-
unsaturated polycarboxylic acid compound; and
Il) a phenolic resin substituted with at least one methylol group.

[0110] For convenience, the a,B-ethylenically unsaturated carboxyl
modified curable polyester resins used in this thermosetting composition are
identified as “unsaturated curable polyester resins.”

[0111] The classic crosslinking mechanism thought to operate between a
phenolic resin and a curable polyester was a condensation reaction across
the hydroxyl groups on the phenolic resin and the polyester polyol, and as a
result, the reaction is not sufficiently rapid and does not form an adequate
crosslinking density. Such a mechanism can be illustrated as follows:
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[0112] The unsaturated curable polyester resin takes advantage of an
additional reaction pathway that improves the crosslinking density of a
5 coating. The thermosetting composition allows for the reaction of resole
types of phenolic resins with unsaturated curable polyester resins further
described below that surprisingly react quite well and provide coatings good
crosslinking density as evidenced by the solvent resistance of the coatings.
[0113] Ethylenically unsaturated bonds are susceptible to reaction by a
10  neucleophilic agent, so it was surprising the phenolic crosslinking resins,
which are thought to act as electrophilic agents through their free methylol
groups, reacted so well and improved the crosslinking density of the coating.
Without being bound to a theory, it is believed that under heat, a resole type
of phenolic resin can condense water from the resole resin to form an
15 equilibrium intermediate (B) having dual nucleophilic and electrophilic sites or
quinone methide having diene structure, that in turn would attack and react
with the ethylenically unsaturated sites in the polyester chain to form a ring

structure by an addition mechanism according to the following reaction:
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There is now also provided a thermosetting composition comprising:

a)

b)

an unsaturated curable polyester comprising the residues
of an a,B-unsaturated polycarboxylic acid compound, said
a,B-unsaturated polycarboxylic acid compound having at
least two carboxylic acid groups or at least one anhydride
group, and having at least one unsaturation that is in the
a,3 position relative to a carbonyl group and is not
located on an aromatic ring; and

a phenolic resin substituted with at least one methylol

group.

There is also provided a thermosetting composition comprising:

1)

an unsaturated polyester comprising the residues of:

a)

polyhydroxy compounds comprising:
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(i) a diol in an amount of 70 mole % - 100 mole %;
and
(ii) a polyhydroxyl compound having 3 or more
hydroxyl groups in an amount of 0 to 30 mole %;
wherein the mole % is based on 100% of all moles of
polyhydroxyl compounds; and
b) polycarboxylic compounds comprising
(i) an a,B-unsaturated polycarboxylic acid compound,;
and
(ii) a polycarboxylic acid compound other than the
(b)(i) a,B-unsaturated polycarboxylic acid
compound.
Il) a phenolic resin substituted with at least one methylol group.
[0116] The unsaturated curable polyester resin contains the residues of an
a,B-unsaturated polycarboxylic acid compound. The unsaturated curable
polyester resin is obtained by reacting polyhydroxyl compounds 1(a) with
polycarboxyl compounds 1(b).
[0117] The polycarboxyl compounds 1(b) may be a polycarboxylic acid
compound, a derivative of polycarboxylic acid compound, the anhydride of a
polycarboxylic acid, or a combination thereof. Suitable polycarboxylic acid
compounds include compounds having at least two carboxylic acid groups.
The polycarboxylic acid compound can be a dicarboxylic acid compound
having two carboxylic acid groups, derivatives thereof, or combinations
thereof, capable of forming an ester linkage with a polyhydroxyl component.
[0118] For example, a polyester can be synthesized by using a
polyhydroxyl compound and a derivative of a dicarboxylic acid such as, for
example, dimethyl ester or other dialkyl esters of the diacid, or diacid chloride
or other diacid halides, or acid anhydride.
[0119] The unsaturated curable polyester has at least one residue of an

a,3-unsaturated polycarboxylic acid compound. The polycarboxyl
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compounds (b) used in the synthesis of the unsaturated curable polyester
comprise an a,B-unsaturated polycarboxylic acid compound (b)(i) compound.
The a,p-unsaturated polycarboxylic acid compound (b)(i) compound used in
the invention has at least two carboxylic acid groups, or the anhydride thereof,
and at least one unsaturation that is in the a, position relative to the carbonyl
group and is not on an aromatic ring. The a,B-unsaturated polycarboxylic

acid compound can be represented by the following general formula (C):

AN o

(©)

[0120] The (b)(i) a,B-unsaturated polycarboxylic acid compound can be
branched or unbranched, substituted or un-substituted, and can have one or
more than one ethylenic unsaturation. The a,B3-unsaturated polycarboxylic
acid compound can be:
a) a C+-C4 alkyl ester derivative on one or more than one
carboxylic acid group, such as a dimethyl ester of the a,[3-
unsaturated polycarboxylic acid compound; or
b) branched or unbranched with a C1-C+s alkyl, cycloalkyl, or
aryl group , and a branch can be located on an ethylenic
unsaturated carbon atom; or
C) substituted with a halogen atom; or
d) an anhydride of any of the foregoing.
[0121] Specific examples include, but are not limited to, maleic anhydride,
maleic acid, fumaric acid, itaconic anhydride, itaconic acid, citraconic
anhydride, citraconic acid, aconitic acid, aconitic anahydride, oxalocitraconic
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acid and its anhydride, mesaconic acid or its anhydride, phenyl maleic acid or
its anhydride, t-butyl maleic acid or its anhydride, monomethyl fumarate,
monobutyl fumarate, methyl maleic acid or its anhydride, or mixtures thereof.
[0122] Desirably, the a,B-unsaturated polycarboxylic acid compound can
be maleic acid or its anhydride.

[0123] The unsaturated curable polyester polymer of the invention contains
at least one non-terminal ethylenically unsaturated bond in an a, position
relative to an ester group in the polymer. The ethylenically unsaturated
carbons in the unsaturated curable polyester polymer can be pendant groups
to the polymer backbone or branches thereof, or linear within the polymer
backbone. Terminal or vinyl unsaturation on the unsaturated curable
polyester polymer may be present so long as the unsaturated curable
polyester polymer contains residues of at least one non-terminal ethylenically
unsaturated bond in the a,B position relative to an ester group.

[0124] Desirably, the unsaturated curable polyester polymer is not made
with @ monocarboxylic acid compound having a vinyl group, such as acrylic
acid or methacrylic acid.

[0125] Desirably, the unsaturated curable polyester polymer does not
contain residues of a monocarboxylic acid compound having a vinyl group,
such as acrylic acid or methacrylic acid.

[0126] The unsaturated curable polyester used in the thermosetting
composition of the invention contains residues of a,3-unsaturated
polycarboxylic acid compound in an amount effective to improve the solvent
resistance of a coating relative to one made with a curable polyester without
the a,B-unsaturated polycarboxylic acid compound. Suitable amounts of a,f3-
unsaturated polycarboxylic acid compound residues present in the
unsaturated curable polyester are at least 5 mole%, or at least 7 mole%, or at
least 10 mole%, or at least 12 mole%, or at least 15 mole%, and up to 30
mole%, or up to 25 mole%, or up to 20 mole%, each based on the total moles
of the components of the curable polyester. Examples of suitable ranges of
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the a,B-unsaturated polycarboxylic acid compound residues present in the
unsaturated curable polyester are, in mole% based on the total moles of the
components of the unsaturated curable polyester, 5-30, or 7-30, or 10-30, or
12-30, or 15-30, or 5-25, or 7-25, or 10-25, or 12-25, or 15-25, or 5-20, or 7-20,
or 10-20, or 12-20, or 15-20.

[0127] Desirably, the unsaturated curable polyester contains residues of
a,B-unsaturated polycarboxylic acid compound present in an amount of 10-25,
or 15-20, in each case mole% based on the total moles of the components of
the unsaturated curable polyester.

[0128] The unsaturated curable polyester | is desirably made with a,[3-
unsaturated polycarboxylic acid compounds in an amount of at least 10
mole%, or at least 15 mole%, or at least 20 mole%, or at least 25 mole%, or
at least 30 mole%, and up to 60 mole%, or up to 50 mole%, or up to 40
mole%, each based on 100 mole% of all polycarboxylic (b) compounds used
to make the unsaturated curable polyester. Examples of suitable ranges of
the a,B-unsaturated polycarboxylic acid compound residues present in the
unsaturated curable polyester are, in mole% based on 100 mole% of all
polycarboxylic compounds (b) used to make the unsaturated curable
polyester, 10-60, or 15-60, or 20-60, or 25-60, or 30-60, or 10-50, or 15-50, or
20-50, or 25-50, or 30-50, or 10-40, or 15-40, or 20-40, or 25-40, or 30-40.
[0129] Desirably, the unsaturated curable polyester contains residues of
a,B-unsaturated polycarboxylic acid compound present in an amount of 20-50,
or 30-40, in each case mole% based on 100 mole% of all polycarboxylic
compounds (b).

[0130] The unsaturated curable polyester also contains the residues of
dicarboxylic acids or ester derivatives thereof other than the a,p-unsaturated
polycarboxylic acid compound. The unsaturated curable polyester (l) can
contain the residues of:

a) polycarboxylic compounds comprising
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(i) an a,B-unsaturated polycarboxylic acid compound,;
and

(i) polycarboxylic compounds other than b)(i).
[0131] The polycarboxylic acid compounds (bii) can be a combination of
aromatic polycarboxylic acid compounds and either or both of aliphatic or
cycloaliphatic polycarboxylic acid compounds. For example, the
polycarboxylic acid compounds (b)(ii) can include aromatic polycarboxylic acid
compounds and aliphatic polycarboxylic acids compounds having 2 to 22
carbon atoms; or aromatic polycarboxylic acid compounds and cycloaliphatic
polycarboxylic acids compounds having 2 to 22 carbon atoms; or aromatic
polycarboxylic acid compounds, aliphatic polycarboxylic acids compounds
having 2 to 22 carbon atoms; and cycloaliphatic polycarboxylic acids
compounds having 2 to 22 carbon atoms.
[0132] Examples of such polycarboxylic compounds (b)(ii) that form the
polycarboxylic (b)(ii) residues in the unsaturated curable polyester include
those having two or more, desirably only two, carboxylic acid functional
groups or their esters. Examples of these compunds include aliphatic
dicarboxylic acids, alicyclic dicarboxylic acids, aromatic dicarboxylic acids,
derivatives of each, or mixtures of two or more of these acids, or the C4-C4
ester derivatives thereof. Suitable dicarboxylic acids include, but are not
limited to, isophthalic acid (or dimethyl isophthalate), terephthalic acid (or
dimethyl terephthalate), phthalic acid, phthalic anhydride,
1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic acid,
hexahydrophthalic anhydride, tetrahydrophthalic anhydride,
tetrachlorophthalic anhydride, dodecanedioic acid, sebacic acid, azelaic acid,
succinic anhydride, succinic acid, adipic acid, 2,6-naphthalenedicarboxylic
acid, glutaric acid, diglycolic acid; 2,5-norbornanedicarboxylic acid; 1,4-
naphthalenedicarboxylic acid; 2,5-naphthalenedicarboxylic acid; diphenic
acid; 4,4'-oxydibenzoic acid; 4,4'-sulfonyidibenzoic acid, and mixtures thereof.

50



WO 2016/069567 PCT/US2015/057524

10

15

20

25

[0133] Desirably, the polycarboxylic component (b)(ii) other than a,(3-
ethylenically unsaturated carboxyl compound (b)(i), is isophthalic acid (or
dimethyl isophthalate), terephthalic acid (or dimethyl terephthalate), phthalic
acid, phthalic anhydride, 1,4-cyclohexanedicarboxylic acid,
1,3-cyclohexanedicarboxylic acid, adipic acid, 2,6-naphthalenedicarboxylic
acid, 1,4-naphthalenedicarboxylic acid; 2,5-naphthalenedicarboxylic acid;
hexahydrophthalic anhydride, tetrahydrophthalic anhydride, trimellitic
anhydride, succinic anhydride, succinic acid, or mixtures thereof. Trimellitic
acid or its anhydride is a useful compound to add in order to increase the acid
number of the unsaturated curable polyester | if so desired. A useful process
for increasing the acid number of the unsaturated curable polyester (1) is a two
stage process in which one can react all polyhydroxyl compounds (a) and all
other polycarboxylic acid compounds (b) in a reaction mixture, and after the
acid number of the reaction mixture has reached or fallen through 20 mg
KOH/g, add a difunctional acid or its anhydride to the reaction mixture or the
reaction product of the polyhydroxyl compounds (a) and the all other
polycarboxyl compounds (b). However, an advantage of the invention is the
ability of the ethylenic unsaturation in the unsaturated curable polyester
polymer chain to provide reactive crosslink sites with phenolic crosslinking
compounds, thereby rendering a two stage process unnecessary.

[0134] If desired, the poycarboxylic acid compounds (b)(ii) do not include
terephthalic acid or a derivative of terephthalic acid.

[0135] More specific examples of some of the suitable polycarboxylic acids
b(ii) and/or combinations thereof include:

a) (isophthalic acid or dimethyl isophthalate) and
(1,4-cyclohexanedicarboxylic acid,
1,3-cyclohexanedicarboxylic acid, or mixtures thereof); or

b) (isophthalic acid or dimethyl isophthalate)) and
(dodecanedioic acid, sebacic acid, azelaic acid, maleic
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acid, fumaric acid, succinic acid, adipic acid, glutaric acid,
itatonic acid, diglycolic acid; or mixtures thereof); or
C) (isophthalic acid or dimethyl isophthalate); or

(1,4-cyclohexanedicarboxylic acid,

1,3-cyclohexanedicarboxylic acid, or mixtures thereof)

and (dodecanedioic acid, sebacic acid, azelaic acid,

maleic acid, fumaric acid, succinic acid, adipic acid,

glutaric acid, itatonic acid, diglycolic acid, or mixtures

thereof), or

d) 1,4-cyclohexanedicarboxylic acid.

[0136] Optionally, in each of examples (a)-(d), terephthalic acid or
derivatives thereof are not included.
[0137] In each of the embodiments above, anhydride analogs to each of
the polycarboxyl compounds (b) described above can be used. This would
include the anhydrides of polycarboxylic acids having at least two acyl groups
bonded to the same oxygen atom. The anhydrides can be symmetrical or
unsymmetrical (mixed) anhydrides. The anhydrides have at least one
anhydride group, and can include two, three, four, or more anhydride groups.
[0138] Suitable amounts of residues of the polycarboxylic compounds (b)(ii)
present in the unsaturated curable polyester are at least 20 mole%, or at least
25 mole%, or at least 30 mole%, based on the total moles of the components
of the unsaturated curable polyester. Additionally or in the alternative, the
amount of residues of the polycarboxylic compounds (b)(ii) present in the
unsaturated curable polyester are up to 45 mole%, or up to 43 mole%, or up
to 40 mole%, or up to 38 mole%, or up to 35 mole%, based on the total moles
of the components of the unsaturated curable polyester. Examples of
suitable ranges of the residues of the polycarboxylic compounds (b)(ii)
present in the unsaturated curable polyester are, in mole% based on the total
moles of the components of the unsaturated curable polyester, 20-45, or 25-
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45, or 30-45, or 20-43, or 25-43, or 30-43, or 20-40, or 25-40, or 30-40, or 20-
38, or 25-38, or 30-38, 0r20-35, or 25-35, or 30-35.
[0139] Suitable amounts of polycarboxylic compounds (b)(ii) used to make
the unsaturated curable polyester are at least 40 mole%, or at least 50 mole%,
or at least 60 mole%, based on 100 mole% of all polycarboxylic compounds
(b). Additionally or in the alternative, the amount of polycarboxylic
compounds (b)(ii), based on 100 mole% of all polycarboxylic compounds (b),
can be up to 90 mole%, or up to 85 mole%, or up to 80 mole%, or up to 75
mole%, or up to 70 mole%,. Examples of suitable ranges of the
polycarboxylic compounds (b)(ii), in mole% based on 100% of all moles of
polycarboxylic compounds (b), are 40-90, or 50-90, or 60-90, or 40-85, or 50-
85, or 60-85, or 40-80, or 50-80, or 60-80, or 40-75, or 50-75, or 60-75, or 40-
70, or 50-70, or 60-70.
[0140] Desirably, the unsaturated curable polyester is made with
polycarboxylic compounds (b)(ii) in an amount of 50-80, or 60-70, in each
case mole% based on 100% of all moles of the polycarboxylic compounds (b).
[0141] The unsaturated curable polyester | is desirably made with, and
contains the residues of:
a) polyhydroxyl compounds comprising:
(i) a diol in an amount of 70 mole % - 100 mole %;
and
(ii) a polyhydroxyl compound having 3 or more
hydroxyl groups in an amount of 0 to 30 mole %;

[0142] For purposes of calculating quantities, all compounds having at
least one hydroxyl group are counted as polyhydroxyl compounds (a). Such
compounds include, but are not limited to, mono-ols, diols, polyhydroxyl
compounds having 3 or more hydroxyl groups, and for each of the foregoing,
can be hydrocarbons of any chain length optionally containing ether groups
such as polyether polyols, ester groups such as polyesters polyols, amide
groups, amine groups, anhydrides.
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[0143] The diols (a)(i) have 2 hydroxyl groups and can be branched or
linear, saturated or unsaturated, aliphatic or cycloaliphatic C»-Coo compounds,
the hydroxyl groups being primary, secondary, and/or tertiary, desirably
primary. Desirably, the polyhydroxyl compounds are hydrocarbons and do
not contain atoms other than hydrogen, carbon and oxygen. Examples of
diols (a)(i) include 2,2,4,4-tetraalkylcyclobutane-1,3-diol (TACD), 2,2-dimethyl-
1,3-propanediol (neopentyl glycol), 1,2-cyclohexanedimethanol, 1,3-
cyclohexanedimethanol, 1,4-cyclohexanedimethanol, 2,2,4-trimethyl-1,3-
pentanediol, hydroxypivalyl hydroxypivalate, 2-methyl-1,3-propanediol, 2-
butyl-2-ethyl-1,3-propanediol, 2-ethyl-2-isobutyl-1,3-propanediol, 1,3-
butanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2,4,4-
tetramethyl-1,6-hexanediol, 1,10-decanediol, 1,4-benzenedimethanal,
ethylene glycol, propylene glycol, diethylene glycol, dipropylene glycol,
triethylene glycol, tetraethylene glycol, and polyethylene glycol, and polyols
such as 1,1,1-trimethylol propane, 1,1,1-trimethylolethane, glycerin,
pentaerythritol, erythritol, threitol, dipentaerythritol, sorbitol, and the like.
[0144] The TACD compound can be represented by the general structure:

Ra OH

Ry

Rs

HO
R4

wherein R4, R, Rs, and R4 each independently represent an alkyl radical, for
example, a lower alkyl radical having 1 to 8 carbon atoms; or 1 to 6 carbon
atoms, or 1 to 5 carbon atoms, or 1 to 4 carbon atoms, or 1 to 3 carbon
atoms, or 1 to 2 carbon atoms, or 1 carbon atom. The alkyl radicals may be
linear, branched, or a combination of linear and branched alkyl radicals.
Examples of TACD include 2,2,4,4-tetramethylcyclobutane-1,3-diol (TMCD),
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2,2,4,4-tetraethylcyclobutane-1,3-diol, 2,2,4,4-tetra-n-propylcyclobutane-1,3-
diol, 2,2,4,4-tetra-n-butylcyclobutane-1,3-diol, 2,2,4,4-tetra-n-
pentylcyclobutane-1,3-diol, 2,2,4,4-tetra-n-hexylcyclobutane-1,3-diol, 2,2,4,4-
tetra-n-heptylcyclobutane-1,3-diol, 2,2,4,4-tetra-n-octylcyclobutane-1,3-diol,
2,2-dimethyl-4,4-diethylcyclobutane-1,3-diol, 2-ethyl-2,4,4-
trimethylcyclobutane-1,3-diol, 2,4-dimethyl-2,4-diethyl-cyclobutane-1,3-diol,
2,4-dimethyl-2,4-di-n-propylcyclobutane-1,3-diol, 2,4-n-dibutyl-2,4-
diethylcyclobutane-1,3-diol, 2,4-dimethyl-2,4-diisobutylcyclobutane-1,3-diol,
and 2,4-diethyl-2,4-diisoamylcyclobutane-1,3-diol.

[0145] Desirably, the diol (a)(i) is 2,2,4,4-tetramethylcyclobutane-1,3-diol
(TMCD), 2,2-dimethyl-1,3-propanediol (neopentyl glycol), 1,2-
cyclohexanedimethanol, 1,3-cyclohexanedimethanol, 1,4-
cyclohexanedimethanol, 2,2,4-trimethyl-1,3-pentanediol, hydroxypivalyl
hydroxypivalate, 2-methyl-1,3-propanediol, 2-butyl-2-ethyl-1,3-propanediol,
1,4-butanediol, and 1,6-hexanediol or mixtures thereof. Desirably, at least
one of the diols (a)(i) is TMCD.

[0146] The diols (a)(i) are desirably present in an amount of at least 70
mole%, or at least 75 mole%, or at least 80 mole%, or at least 85 mole%, or
at least 87 mole%, or at least 90 mole%, or at least 92 mole%, based on 100
mole% of all polyhydroxyl compounds. Additionally or in the alternative, the
diols (a)(i) can be present in an amount of up to 100 mole%, or up to 98
mole%, or up to 96 mole%, or up to 95 mole%, or up to 93 mole%, or up to 90
mole%, based on 100 mole% of all polyhydroxyl compounds. Suitable
ranges include, in mole% based on 100 mole% of all polyhydroxyl compounds
(a), 70-100, or 75-100, or 80-100, or 85-100, or 87-100, or 90-100, or 92-100,
or 95-100, or 96-100, or 70-98, or 75-98, or 80-98, or 85-98, or 87-98, or 90-
98, or 92-98, or 95-93, or 96-93, or 70-93, or 75-93, or 80-93, or 85-93, or 87-
93, or 90-93, or 92-93, or 70-90, or 75-90, or 80-90, or 85-90, or 87-90.
[0147] The diols (a)(i) are desirably present in an amount of at least 35
mole%, or at least 37 mole%, or at least 40 mole%, or at least 42 mole%, or

55



WO 2016/069567 PCT/US2015/057524

10

15

20

25

30

at least 45 mole%, or at least 46 mole%, based on the total moles of the
components of the polyester polymer. Additionally or in the alternative, the
diols (a)(i) can be present in an amount of up to 50 mole%, or up to 49
mole%, or up to 48 mole%, or up to 47 mole%, or up to 46 mole%, or up to 45
mole%, based on the total moles of the components of the polyester polymer.
Suitable ranges include, in mole% based on the polyester polymer, 35-50, or
37-50, or 40-50, or 42-50, or 45-50, or 46-50, or 35-49, or 37-49, or 40-49, or
42-49, or 45-49, or 46-49, or 35-48, or 37-48, or 40-48, or 42-48, or 45-48, or
46-48, or 35-47, or 37-47, or 40-47, or 42-47, or 45-47, or 46-47, or 35-46, or
37-46, or 40-46, or 42-46, or 45-46, or 35-45, or 37-45, or 40-45, or 42-45.
[0148] The polyhydroxyl compounds (a)(ii) having 3 or more hydroxyl
groups can be branched or linear, saturated or unsaturated, aliphatic or
cycloaliphatic C,-Cx compounds, the hydroxyl groups being primary,
secondary, and/or tertiary, and desirably at least two of the hydroxyl groups
are primary. Desirably, the polyhydroxyl compounds are hydrocarbons and
do not contain atoms other than hydrogen, carbon and oxygen. Examples of
the polyhydroxyl compounds (a)(ii) include 1,1,1-trimethylol propane, 1,1,1-
trimethylolethane, glycerin, pentaerythritol, erythritol, threitol, dipentaerythritol,
sorbitol, mixtures thereof, and the like.

[0149] The polyhydroxyl compounds (a)(ii), if present, can be presentin an
amount of at least 1 mole%, or at least 2 mole%, or at least 5 mole%, or at
least 8 mole%, or at least 10 mole%, based on 100 mole% of all polyhydroxyl
compounds (a). Additionally or in the alternative, the polyhydroxyl
compounds (a)(ii) can be present in an amount of up to 30 mole%, or up to 25
mole%, or up to 20 mole%, or up to 15 mole%, or up to 13 mole%, or up to 10
mole%, or up to 8 mole%, based on 100 mole% of all polyhydroxyl
compounds (a). Suitable ranges of the polyhydroxyl compounds (a)(ii)
include, in mole% based on 100 mole% of all polyhydroxyl compounds (a), 1-
30, or 2-30, or 5-30, or 8-30, or 10-30, or 1-25, or 2-25, or 5-25, or 8-25, or
10-25, or 1-20, or 2-20, or 5-20, or 8-20, or 10-20, or 1-15, or 2-15, or 5-15, or
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8-15, or 10-15, or 1-13, or 2-13, or 5-13, or 8-13, or 10-13, or 1-10, or 2-10, or
5-10, or 8-10, or 1-8, or 2-8, or 5-8.

[0150] The polyhydroxyl compounds (a)(ii) are desirably present in an
amount of at least 0.5 mole%, or at least 1 mole%, or at least 2 mole%, or at
least 4 mole%, or at least 5 mole%, based on the total moles of the
components of the polyester polymer. Additionally or in the alternative, the
polyhydroxyl compounds (a)(ii) can be present in an amount of up to 15
mole%, or up to 13 mole%, or up to 10 mole%, or up to 8 mole%, or up to 6
mole%, or up to 5 mole%, or up to 4 mole%, based on the total moles of the
components of the polyester polymer. Suitable ranges include, in mole%
based on the total moles of the components of the polyester polymer, 0.5-15,
or 1-15, or 2-15, or 4-15 ,or 5-15, or 0.5-13, or 1-13, or 2-13, or 4-13 ,0r 5-13,
or 0.5-10, or 1-10, or 2-10, or 4-10 ,or 5-10, or 0.5-8, or 1-8, or 2-8, or 4-8 ,or
5-8, or 0.5-6, or 1-6, or 2-6, or 4-6 ,or 5-6, or 0.5-5, or 1-5, or 2-5, or 4-5 ,or
0.5-4, or 1-4, or 2-4.

[0151] Desirably, all of the polyhydroxyl compounds (a) used to react with
the polycarboxylic compounds (b) are hydrocarbons, meaning that they
contain only oxygen, carbon, and hydrogen. Optionally, none of the
polyhydroxyl compounds (a) contain any ester, carboxyl (-COO-), and/or
anhydride groups. Optionally, none of the polyhydroxyl compounds (a) have
any carbonyl groups (-CO-). Optionally, none of the polyhydroxyl
compounds (a) contain any ether groups. Desirably, the polyhydroxyl
compounds (a) have from 2 to 20, or 2 to 16, or 2to 12, or 2 to 10 carbon
atoms.

[0152] The unsaturated curable polyester can have an acid number
ranging from 0 to about 120 mg KOH/g and a hydroxyl number ranging from
greater than 0 to about 160 mg KOH/g.

[0153] The acid number of the unsaturated curable polyester can be
adjusted as needed depending on whether a waterborne dispersion or solvent
borne solution is ultimately desired. However, as noted above, since the
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polymer backbone provides reactive sites for crosslinking with phenolic
compounds, the acid number does not need to be high to reach an acceptable
cross-link density.  If desired, however, the unsaturated curable polyester |
can also have a high acid number to provide additional cross-linking sites or
to provide acidity for neutralization to impart water dispersibility.

[0154] The acid number of the unsaturated curable polyester can be up to
120, or not more than 70, or not more than 50, or not more than 40, or not
more than 30, or not more than 20, or not more than 10, or not more than 5,
or not more than 4, or not more than 3, or not more than 2, or not more than

1, in each case mg KOH/g. Additionally or in the alternative, the acid number
can be 0, or atleast 1, or at least 2, or at least 5, or at least 10, or at least 20,
in each case mg KOH/g. Suitable ranges include 0-120, or 1-120, or 2-120,
or 5-120, or 10-120, or 20-120, or 0-70, or 1-70, or 2-70, or 5-70, or 10-70, or
20-70, or 0-50, or 1-50, or 2-50, or 5-50, or 10-50, or 20-50, or 0-40, or 1-40,
or 2-40, or 5-40, or 10-40, or 20-40, or 0-30, or 1-30, or 2-30, or 5-30, or 10-
30, or 20-30, or 0-20, or 1-20, or 2-20, or 5-20, or 10-20, or 0-10, or 1-10, or
2-10, or 5-10, or 0-5, or 1-5, or 2-5, or 0-4, or 1-4, or 2-4, or 0-3, or 1-3, or 2-3,
or 0-2, or 1-2, or 0-1, in each case mg KOH/g. Since a high acid number is
not necessary, the unsaturated curable polyester | can have an acid number
in the range of 0-10, or 1-10, or 2-10, or 5-10, or 0-5, or 1-5, or 2-5, or 0-4, or
1-4, or 2-4, or 0-3, or 1-3, or 2-3, or 0-2, or 1-2, or 0-1, in each case mg
KOH/g, and these ranges are particularly useful in solvent based solutions
and coating applications. In aqueous dispersions and waterborne coating
applications, the acid number of the unsaturated curable polyester | can be
higher in order to impart sufficient water dispersibility after neutralization, and
in this case, the acid number of the unsaturated curable polyester | can be 20-
120, or 30-120, or 40-120, or 20-70, or 30-70, or 40-70, or 20-60, or 30-60, or
40-60, in each case mg KOH/g.
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[0155] The hydroxyl number can be within a range of from greater than 0
to 160 mg KOH/g. Suitable ranges of hydroxyl number include greater than
0 to 100, or from 5 to 100, or from 10 to 100, or from 15 to 100, or from 20 to
100, or from 25 to 100, or from 35 to 100, or from 40 to 100, or from 45 to
100, or from 50 to 100, or from 55 to 100, or from 60 to 100, or from 65 to
100, or from 70 to 100, or from 75 to 100, or from 80 to 100, or from 85 to
100, or from 90 to 100, greater than 0 to 90, or from 5 to 90, or from 10 to 90,
or from 15 to 90, or from 20 to 90, or from 25 to 90, or from 35 to 90, or from
40 to 90, or from 45 to 90, or from 50 to 90, or from 55 to 90, or from 60 to 90,
or from 65 to 90, or from 70 to 90, or from 75 to 90, or from 80 to 90, greater
than 0 to 85, or from 5 to 85, or from 10 to 85, or from 15 to 85, or from 20 to
85, or from 25 to 85, or from 35 to 85, or from 40 to 85, or from 45 to 85, or
from 50 to 85, or from 55 to 85, or from 60 to 85, or from 65 to 85, or from 70
to 85, or from 75 to 85, greater than 0 to 80, or from 5 to 80, or from 10 to 80,
or from 15 to 80, or from 20 to 80, or from 25 to 80, or from 35 to 80, or from
40 to 80, or from 45 to 80, or from 50 to 80, or from 55 to 80, or from 60 to 80,
or from 65 to 80, or from 70 to 80, or from 75 to 80, or from greater than 0 to
75, or from 5 to 75, or from 10 to 75, or from 15 to 75, or from 20 to 75, or
from 25 to 75, or from 35 to 75, or from 40 to 75, or from 45 to 75, or from 50
to 75, or from 55 to 75, or from 60 to 75, or from 65 to 75, or from greater than
0 to 70, or from 5 to 70, or from 10 to 70, or from 15 to 70, or from 20 to 70, or
from 25 to 70, or from 35 to 70, or from 40 to 70, or from 45 to 70, or from 50
to 70, or from 55 to 70, or from 60 to 70, or from greater than 0 to 65, or from
5 to 65, or from 10 to 65, or from 15 to 65, or from 20 to 65, or from 25 to 65,
or from 35 to 65, or from 40 to 65, or from 45 to 65, or from 50 to 65, or from
55 to 65, or from greater than 0 to 60, or from 5 to 60, or from 10 to 60, or
from 15 to 60, or from 20 to 60, or from 25 to 60, or from 35 to 60, or from 40
to 60, or from 45 to 60, or from 50 to 60, or from 55 to 60, or from greater than
0 to 55, or from 5 to 55, or from 10 to 55, or from 15 to 55, or from 20 to 55, or
from 25 to 55, or from 35 to 55, or from 40 to 55, or from 45 to 55, or from 50
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to 55, or from greater than 0 to 50, or from 5 to 50, or from 10 to 50, or from
15 to 50, or from 20 to 50, or from 25 to 50, or from 35 to 50, or from 40 to 50,
or from greater than 0 to 45, or from 5 to 45, or from 10 to 45, or from 15 to
45, or from 20 to 45, or from 25 to 45, or from 35 to 45, or from 0 to 40, or
from 5 to 40, or from 10 to 40, or from 15 to 40, or from 20 to 40, or from 25 to
40, or from 35 to 40, or from greater than 0 to 35, or from 5 to 35, or from 10
to 35, or from 15 to 35, or from 20 to 35, or from 25 to 35.

[0156] Desirably, the hydroxyl number of the unsaturated curable polyester
is in a range of 25 to 100, or from 35 to 100, or from 40 to 100, or from 45 to
100, or from 50 to 100, or from 55 to 100, or from 60 to 100, or from 65 to
100, or from 70 to 100, or from 75 to 100, or from 80 to 100, or from 85 to
100, or from 90 to 100, or 25 to 90, or from 35 to 90, or from 40 to 90, or from
45 to 90, or from 50 to 90, or from 55 to 90, or from 60 to 90, or from 65 to 90,
or from 70 to 90, or from 75 to 90, or from 80 to 90, or from 25 to 85, or from
35 to 85, or from 40 to 85, or from 45 to 85, or from 50 to 85, or from 55 to 85,
or from 60 to 85, or from 65 to 85, or from 70 to 85, or from 75 to 85, or from
25 1o 75, or from 35 to 75, or from 40 to 75, or from 45 to 75, or from 50 to 75,
or from 55 to 75, or from 60 to 75, or from 65 to 75, or from 25 to 60, or from
35 to 60, or from 40 to 60, or from 45 to 60, or from 50 to 60, or from 55 to 60.
[0157] The acid number mentioned herein can be measured by ASTM
D1639-90 test method. The hydroxyl numbers mentioned herein can be
measured by ASTM D4274-11 test method.

[0158] The glass transition temperature (Tg) of the unsaturated curable
polyester of the present invention may be from -20°C to 120°C, from 10°C to
80°C, from 10°C to 60° C, from 10°C to 50°C, from 10°C to 45°C, from 10°C
to 40°C, from 20°C to 80°C, from 20°C to 60° C, from 20°C to 50° C, from
30°C to 80° C, from 30°C to 60° C, from 30°C to 50° C, or from 35°C to 60° C.
The Tg is measured on the dry polymer using standard techniques, such as
differential scanning calorimetry (“DSC”), well known to persons skilled in the
art. The Tg measurements of the polyesters are conducted using a “dry
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polymer,” that is, a polymer sample in which adventitious or absorbed water is
driven off by heating to polymer to a temperature of about 200°C and allowing
the sample to return to room temperature. Typically, the polyester is dried in
the DSC apparatus by conducting a first thermal scan in which the sample is
heated to a temperature above the water vaporization temperature, holding
the sample at that temperature until the vaporization of the water absorbed in
the polymer is complete (as indicated by an a large, broad endotherm),
cooling the sample to room temperature, and then conducting a second
thermal scan to obtain the Tg measurement.
[0159] The number average molecular weight (Mn) of the unsaturated
curable polyester of the present invention is not limited, and may be from
1,000 to 20,000, from 1,000 to 15,000, from 1,000 to 12,500, from 1,000 to
10,000, from 1,000 to 8,000, from 1,000 to 6,000, from 1,000 to 5,000, from
1,000 to 4000, from 1,000 to 3,000, from 1,000 to 2,500, from 1,000 to 2,250,
or from 1,000 to 2,000, from 1,100 to 4000, from 1,100 to 3,000, from 1,100 to
2,500, from 1,100 to 2,250, or from 1,100 to 2,000 in each case g/mole. The
Mn is measured by gel permeation chromatography (GPC) using polystyrene
equivalent molecular weight.
[0160] This polyester desirably has a low or mid molecular weight, typically
an Mn from 1000 to about 20,000 to render it suitable for coating applications.
Desirably, the molecular weight of the unsaturated curable polyester resin not
suitable for the fabrication of free standing films, sheets, and other shaped
objects by extrusion, casting, blow molding, and other thermoforming
processes commonly used for higher molecular weight thermoplastic
polymers.
[0161] Another example of the thermosetting composition of the invention
contains:

l) an unsaturated curable polyester resin comprising the residues

of:

a) polyhydroxyl compounds comprising:
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(i) diol compounds in an amount ranging from 85 to
98 mole %; and
(ii) polyhydroxyl compounds having at least three
hydroxyl groups in an amount ranging from 2 to 15
mole %;
wherein the amount of (a)(i) and (a)(ii) are based on the
total moles of polyhydroxyl compounds (a); and
b) polycarboxyl compounds comprising
(i) a,B-unsaturated polycarboxylic acid compounds in
an amount ranging from 10 to 60 mole %, or 25
to 50 mole%, or 25 to 40 mole%; and
(i) polycarboxyl compounds other than (b)(i) in an
amount ranging from 40 to 90 mole %, or 50 to 75
mole%, or 60 to 75 mole%,;
wherein the amount of (b)(i) and (b)(ii) are based on the
total moles of polycarboxyl compounds (b); and
II) a phenolic resin, such as a resole phenolic resin.
[0162] The unsaturated curable polyester can have an acid number
ranging from 0 to 5 or 35-60 mg KOH/g, a hydroxyl number ranging from 30-
90 mg KOH/g. The ranges of acid numbers, hydroxyl numbers, the
combinations of each of these, as well as the diols, polycarboxylic acids |(b)
and anhydrides, Mn, Mw, and molar quantities for each ingredient that are
mentioned above are also applicable to these unsaturated curable polyester
resins.
[0163] Desirably, in any of the embodiments of the invention, the (a)(i) diol
includes 2,2-dimethyl-1,3-propanediol (neopentyl glycol); 1,2-
cyclohexanedimethanol; 1,3-cyclohexanedimethanol;
1,4-cyclohexanedimethanol; 2-methyl-1,3-propanediol; TMCD; 2,2,4-trimethyl-
1,3-pentanediol; hydroxypivalyl hydroxypivalate; 2-butyl-2-ethyl-1,3-
propanediol; 1,4-butanediol; 1,6-hexanediol; or combinations thereof.
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[0164] Desirably, in any of the embodiments of the invention containing the
unsaturated curable polyester resin, the (a)(ii) polyhydroxyl compound having
3 or more hydroxyl groups include 1,1,1-trimethylol propane, 1,1,1-
trimethylolethane, glycerin, pentaerythritol, or combinations thereof.

[0165] Desirably, in any of the embodiments of the invention containing the
unsaturated curable polyester resin, the (b)(i) a,B-unsaturated polycarboxylic
acid compounds include any of the aforementioned a,B-unsaturated
polycarboxylic acid compounds, such as maleic acid or its anhydride, crotonic
acid or its anhydride, itaconic acid or its anhydride, citraconic acid or its
anhydride, aconitic acid, aconictic anahydride, oxalocitraconic acid and its
anhydride, mesaconic acid or its anhydride, malic acid or its anhydride, 1,4-
dihydronaphthalene-2,3-dicarboxylic acid, phenyl maleic acid or its anhydride,
t-butyl maleic acid or its anhydride, monomethyl fumarate, monobutyl
fumarate, methyl maleic acid or its anhydride, mesconic acid or its anhydride,
or mixtures thereof.

[0166] Desirably, in any of the embodiments of the invention containing the
unsaturated curable polyester resin, the (b)(ii) compounds include isophthalic
acid (or dimethyl isophthalate), 1,4-cyclohexanedicarboxylic acid,
1,3-cyclohexanedicarboxylic acid, adipic acid; phthalic acid; or combinations
thereof.

[0167] The unsaturated curable polyester resin can be prepared by any
conventional process for the preparation of polyesters. For example, the
polyhydroxyl compounds (a) can be combined with the polycarboxyl
compounds (b) in a reaction vessel under heat to form a reaction mixture
comprising the unsaturated curable polyester | in a batch or continuous
process and in one or more stages, optionally with the continuous removal of
distillates and applied vacuum during at least part of the residence time.
[0168] Polyhydroxyl compounds (a) and polycarboxyl compounds (bi) are
combined and reacted in at least one reactor at a temperature from 180-250
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°C, optionally in the presence of an acid catalyst. Desirably, a distillate is
removed from the reactor.

[0169] The process for the manufacture of the polyester intermediate
composition can be batchwise or continuous. The reaction of the
polyhydroxyl compounds (a) and the polycarboxyl compounds (b) may be
carried out in a melt phase process using conventional polyester
polymerization conditions. The polyhydroxyl compounds and polycarboxylic
acid compounds are combined to form a reaction mixture, and the reaction
mixture is reacted in an esterification reactor at a temperature from 180-250
°C. The esterification reaction many take place in one or more esterification
reactors. The polyester composition can be made by a transesterification
(ester interchange) reaction or by direct esterification. For example,
polycarboxylic acid compounds (for direct esterification) or ester forms of the
polycarboxylic acid compounds (for transesterification), and the polyhydroxyl
compounds can be fed to an esterification reactor either in a combined
stream, separate streams, or a combination of a combined and separate
stream, and reacted at elevated temperatures, typically, from about 180°C to
about 250°C. While temperatures in excess of 250°C can be employed,
such as temperature up to 280°C, in many instances color bodies and
degradation products start to form at temperatures exceeding 250°C.
Desirably, the reaction mixture is reacted at any temperature within a range
from about 180°C to about 230°C. In the esterification reactor, the
temperature of the reaction mixture to form the polyester intermediate
composition may be static or may be increased stepwise or continuously if
desired.

[0170] Itis desirable to start the reaction at a temperature below 210°C, or
at 200°C or less, or even at 180°C or less, and increase the temperature over
the total residence time of the reaction mixture for making the polyester
intermediate composition in order to avoid generating more water by-product
than the distillate collection system can efficiently remove. To assist driving
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the reaction of the polyhydroxyl component and acid component to
completion, it is desirable to react about 1.05 to about 1.6, or 1.1-1.5, or 1.1-
1.4 equivalents of polyhydroxyl compounds (b) to one equivalent of the
polycarboxylic acid compounds (b). Desirably, a distillate is removed from
the reactor. The esterification reactor should be equipped with, and the
process for making the polyester intermediate composition operated with, a
distillate collection system for removing esterification or ester-exchange vapor
by-products since their removal will assist with shifting the equilibrium reaction
to the formation of the ester. The typical by-products formed in esterification
are water in direct esterification routes, alcohols in transesterification routes,
along with other reaction by-products such as aldehydes and color bodies.
[0171] The method for the removal of reaction by-products is not limited.
A common method for the removal of esterification reaction by-products is a
vacuum system connected to the esterification reaction zone in the reactor
with a direct contact spray condenser, which is useful when a vacuum is
applied to the esterification reaction zone in the esterification reactor, or a
distillation column that is packed or contains trays in vapor communication
with the esterification vessel for the separation of water from other reaction
by-products.

[0172] The process for making the polyester can be conducted under a
pressure within a range of 0 psig or atmospheric to about 200 psig, or from
about 0 psig to about 100 psig, or from 0 psig to 40 psig. However, if
desired, at least a portion or the entire residence time of the reaction to make
the polyester composition can proceed under a vacuum, especially during
polycondensation. If a vacuum is applied to only a portion of the residence
time, it can be applied starting when at least 30%, or at least 50%, or at least
75%, or at least 80%, or at least 90% of the residence time for making the
polyester. By applying a vacuum, the removal of water or alcohol
condensate can be further enhanced, and the molecular weight Mn of the
polyester can be increased. If a vacuum is applied, suitable pressures can
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range from 759 torr down to 0.5 torr, or 600 torr down to 0.5 torr, or 450 torr
down to 0.5 torr.  Vacuum can be increased with the residence time of the
reaction mixture. Alternatively or in addition to the application of a vacuum,
the removal of the reaction by-products can be purged or swept with an inert
gas during all or a portion of the reaction. An inert gas is any gas which does
not cause unwanted reaction or product characteristics at reaction conditions.
Suitable gases include, but are not limited to, carbon dioxide, argon, helium,
and nitrogen.

[0173] The esterification vessel can be agitated if desired to assist with the
mass transfer of reactants and disengagement of reaction by-products.
[0174] The reaction to make the unsaturated curable polyester resin is
facilitated by reacting the polyhydroxyl compounds (a) and the polycarboxylic
acid compounds (b) in the presence of appropriate catalysts such as, for
example, alkoxy titanium compounds, alkali metal hydroxides and
alcoholates, salts of organic carboxylic acids, alkyl tin compounds, metal
oxides, and other metal carboxylates or benzoates such as zinc, manganese,
or magnesium acetates or benzoates. A typical catalyst is an organometallic
acid catalyst, such as, for a carboxylate of tin, e.g. butylstannoic acid. The
amount of the catalyst added may be determined by routine experimentation
as understood by those skilled in the art. The catalyst can be added in
amounts ranging from about 0.01 to 1.0 weight percent, based on the total
weight of the reactants.

[0175] In a continuous process, the polycarboxylic acid compounds and
the polyhydroxyl compounds are continuously fed to the esterification reactor,
the polyester intermediate composition is continuously withdrawn from the
esterification reactor and fed to a second esterification reactor continuously to
form the unsaturated curable polyester composition, and the unsaturated
curable polyester composition is continuously withdrawn from the second

esterification reactor.
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[0176] Additives can be added to the reactor or reaction mixture to
enhance the performance properties of the unsaturated curable polyester
polymer. For example, crystallization aids, impact modifiers, surface
lubricants, denesting agents, stabilizers, antioxidants, ultraviolet light
absorbing agents, metal deactivators, colorants, nucleating agents,
acetaldehyde lowering compounds, reheat rate enhancing aids such as
elemental antimony or reduced antimony or reducing agents to form such
species in situ, silicon carbide, carbon black, graphite, activated carbon, black
iron oxide, red iron oxide and the like, sticky bottle additives such as talc, and
fillers and the like can be included. All of these additives and many others
and their use are well known in the art and do not require extensive
discussion. Any of these compounds can be used in the present
composition.

[0177] As noted above, the thermosetting composition contains an
unsaturated curable polyester resin and a phenolic resin Il. At least a portion
of the phenolic resin Il (or phenoplast) contains phenol moieties substituted
with at least one methylol group on the phenolic ring. At least a portion of
the methylol substituents are unreacted and available for reaction when
added to or combined with the unsaturated curable polyester resin. The
phenolic resin desirably contains groups of the following formula (methylol):

-CH,OH

[0178] Desirably, at least one methylol substituent is in the ortho position
relative to the phenolic hydroxyl group. The phenolic resin is desirably
obtained by the reaction of phenols (which for purposes of this disclosure
include substituted and un-substituted phenols) and an aldehyde at an
aldehyde:phenol ratio of greater than 1:1, or at least 1.05:1, or at least 1.1:1,
or at least 1.2:1, or at least 1.25:1, or at least 1.3:1, or at least 1.35:1, or at
least 1.4:1, or at least 1.45:1, or at least 1.5:1, or at least 1.55:1, or at least
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1.6:1, or at least 1.65:1, or atleast 1.7:1, or at least 1.75:1, or at least 1.8:1, or
at least 1.85:1, or at least 1.9:1, or at least 1.95:1, or atleast 2:1. The
phenolic resin is desirably a resole phenolic resin.

[0179] The phenolic resin desirably contains an average of at least one o-
methylol substituent per one phenolic hydroxyl group.

[0180] The phenolic resin obtained by the condensation of phenols with
aldehydes of the general formula RCHO, where R is hydrogen or a
hydrocarbon group having 1 to 8 carbon atoms. Specific examples include
formaldehyde, acetaldehyde, propionaldehyde, furfuraldehyde, or
benzaldehyde. Desirably, the phenolic resin is the reaction product of
phenols with formaldehyde.

[0181] Various phenols can be used such as phenol, m-cresol, o-cresol, p-
cresol, m-alkylphenol, m-phenylphenol, o-alkylphenol, o-phenylphenol, p-
alkylphenol, p-phenylphenol, p-butylphenol, resorcinol, 2,6-xylenol, 3,5-
xylenol, 3,4-xylenol, 2,3,4-trimethyl phenol, 3-ethyl phenol, 3,5-diethyl phenol,
p-butyl phenol, 3,5-dibutyl phenol, p-amyl phenol, p-cyclohexyl phenol, p-octyl
phenol. 3,5-dicyclohexyl phenol, p-phenyl phenol, p-crotyl phenol, 3,5-
dimethoxy phenol, 3,4,5-trimethoxy phenol, p- ethoxy phenol, p-butoxy
phenol, 3 -methyl -4-methoxy phenol, p-phenoxy phenol m-alkoxyphenol, o-
alkoxyphenol, p-phenoxyphenol, o-phenoxyphenol, or mixtures thereof.
[0182] The phenolic resins are desirably heat curable. The phenolic resin
is desirably not made by the addition of bisphenol A, F, or S (collectively
“‘BPA”). Additionally or in the alternative, the phenolic resin is desirably not
made by the addition of a polyhydric phenol.

[0183] The phenolic resin can be a reaction product of phenol, meta-,
ortho-, or para- cresol, and a stoichiometric excess of formaldehyde.
Desirably, the resole phenolic resin is a reaction product based on either un-
substituted phenol or meta- substituted phenol. The most preferred resole
phenolic resin is based on un-substituted phenol.
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[0184] The resole is desirably of the type that is soluble in alcohol or water.
The resole resin can be liquid at 25°C. The resole resin can have a
molecular weight Mn from 300 to 450.
[0185] Examples of suitable commercial phenolic resins include, but are
not limited to, PHENODUR® PR 516/60B, PHENODUR® PR 371/70B,
PHENODUR® PR 612/80B, PHENODUR® PR 285/55/IBB, PHENODUR®
PR897, PHENODUR® PR520, and PHENODUR® PR565) available from
Allnex; BRJ-473, FB-110 XB-50, FB-209 BT-57, SP-1044, SP-1045, HRJ
10518, SP-103 and HRJ-1367 available from S| Group; those with DUREZ ©
or VARCUM® trade names available from Durex Corp. (e.g. Durez 33162);
and those with Bakelite® trade name available from MOMENTIVE (e.g.
Bakelite 6535LB, 6581LB, 6812LB).
[0186] Desirably, none of the ingredients in the thermosetting composition
are synthesized with the addition of BPA, or with the addition of polyhydric
phenols.
[0187] There is also provided a solvent containing (as distinguished from
an aqueous based coating) coating composition, comprising:

l) the unsaturated curable polyester resin of the present invention,

Il) a crosslinker comprising a resole phenolic resin, and

[Il) an organic solvent.
[0188]  Suitable organic solvents for the solvent-based coating composition
include xylene, ketones (for example, methyl amyl ketone), 2-butoxyethanol,
ethyl-3-ethoxypropionate, toluene, butanol, cyclopentanone, cyclohexanone,
ethyl acetate, butyl acetate, and other volatile inert solvents typically used in
industrial baking (i.e., thermosetting) enamels, mineral spirits, naptha,
toluene, acetone, methyl ethyl ketone, methyl isoamyl ketone, isobutyl
acetate, t-butyl acetate, n-propyl acetate, isopropyl acetate, methyl acetate,
ethanol, n-propanol, isopropanol, sec-butanol, isobutanol, ethylene glycol
monobutyl ether, propylene glycol n-butyl ether, propylene glycol methyl
ether, propylene glycol monopropyl ether, dipropylene glycol methyl ether,
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diethylene glycol monobutyl ether, trimethylpentanediol mono-isobutyrate,
ethylene glycol mono-octyl ether, diacetone alcohol, 2,2,4-trimethyl-1,3-
pentanediol monoisobutyrate (available commercially from Eastman Chemical
Company under the trademark TEXANOL™), or combinations thereof. The
coating composition also may comprise reactive solvents such as, for
example, diallyl phthalate, SANTOLINK™ XI-100 polyglycidyl allyl ether
(available from Cytec), and others as described, for example, in U.S. Patent
Nos 5,349,026 and 5,371,148.
[0189] The amount of solvent (other than water) is desirably at least 20
wt.%, or at least 25 wt.%, or at least 30 wt.%, or at least 35 wt.%, or at least
40 wt.%, or at least 45 wt.%, or at least 50 wt.%, or at least 55 wt.% based on
the weight of the solvent containing coating composition.  Additionally or in
the alternative, the amount of organic solvent can be up to 85 wt.% based on
the weight of the coating composition. Solvent containing coating
compositions desirably contain 10 wt.% or less, or 8 wt.% or less, or 5 wt.% or
less, or 3 wt.% or less water, based on the weight of the coating composition.
[0190] The acid numbers are not particularly limited, but desirably are less
than 50, or less than 30, or less than 20, or less than 10, or even less than 5
mg KOH/g, in order to provide improved solubility and lower solution viscosity.
[0191] There is further provided an aqueous dispersion, comprising

d) a unsaturated curable polyester resin as described in the

invention,

e) a neutralizing agent, and

f) water.
[0192] In aqueous dispersions or waterborne compositions, the
unsaturated curable polyester can contain the residues of one or more
hydrophilic monomers such as 5-sodiosulfoisophthalic acid, polyetheylene
glycol, or Ymer™ N120 (available from Perstorp).
[0193] The unsaturated curable polyesters in aqueous or waterborne
compositions desirably have high acid numbers (e.g. at least 30, or at least 40,
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or at least 50, and up to 120 mg KOH/g) and can be neutralized with a base.
Neutralization of a polymer means to neutralize carboxylic acid end groups,
acetoacetate residues, or the alkali metals cations.

[0194] The amount of water is desirably at least 20 wt.%, or at least 25
wt.%, or at least 30 wt.%, or at least 35 wt.%, or at least 40 wt.%, or at least
45 wt.%, or at least 50 wt.%, or at least 55 wt.%, or at least 60 wt.% based on
the weight of the aqueous dispersion.

[0195] The neutralizing agent may be an amine or an inorganic base.
Typical amines include ammonia, trimethylamine, diethylamine,
monoethanolamine, monoisopropanolamine, morpholine, ethanolamine,
diethanolamine, triethanolamine, N,N-dimethylethanolamine, N, N-
diethylethanolamine, N-methyldiethanolamine and the like.

[0196] Typical inorganic bases include bases derived from alkali metals
and alkaline earth metals such as, for example, sodium, potassium,
magnesium, calcium, and other basic metal compounds. Suitable bases
from this first class of bases useful in the present invention include, but are
not limited to, sodium oxide, potassium oxide, magnesium oxide, calcium
oxide, sodium hydroxide, potassium hydroxide, magnesium hydroxide,
calcium hydroxide, sodium carbonate, potassium carbonate, sodium
bicarbonate, potassium bicarbonate, calcium carbonate, magnesium
bicarbonate, alkali metal borate compounds and their hydrates, sodium
phosphate, potassium biphosphate, and sodium pyrophosphate.

[0197] The aqueous dispersion of this invention may and desirably further
comprise an organic co-solvent. Suitable co-solvents include ethanol, n-
propanol, isopropanol, n-butanol, sec-butanol, isobutanol, ethylene glycol
monobutyl ether, propylene glycol n-butyl ether, propylene glycol methyl
ether, propylene glycol monopropyl ether, dipropylene glycol methyl ether,
diacetone alcohol, and other water-miscible solvents. If an organic co-
solvent is used, the amount is desirably 40 wt.% or less, or 30 wt.% or less, or
15 wt.% or less, or 10 wt.%, or 5 wt.% or less based on the weight of the
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agueous composition, and at least 1 wt.%, or at least 3 wt.% based on the
weight of the aqueous composition.

[0198] Aqueous dispersions of the polyesters of the present invention are
typically prepared by dispersing the unsaturated curable polyester resins with
water in the presence of organic co-solvent(s) (e.g. at least 1 or 3 wt.% and
up to 15 wt.% based on the weight of the polyester polymers), at a
temperature ranging from about 60 to about 95°C under ambient pressure.
The dispersing process may be carried out either by gradually adding the
resin to the heated mixture of water, the neutralizing agent, and the co-
solvent(s) or by gradually adding water and the neutralizing agent to the
heated mixture of the resin and the co-solvent(s). The former method is
preferred for resins with a high Tg (e.g. >60°C), which can be pulverized, for
example, by using a blender and subsequently added to the heated water and
the neutralizing agent. For resins with a lower Tg, it is preferred to add water
and the neutralizing agent to the heated resin mixture containing the co-
solvent. After the completion of adding either resin or water, the stirring is
allowed to continue until a homogeneous dispersion is obtained. The
process typically takes one or several hours. It is intended for this
terminology to include conditions where the polyester is dissolved to form a
true solution as well as those where the polyester is dispersed within the
aqueous medium. Often, due to the statistical nature of polyester
compositions, it is possible to have a soluble fraction and a dispersed fraction
when a single polyester sample is placed in an aqueous medium.

[0199] Desirably, the dispersion of the unsaturated curable polyester resin
and phenolic resin contains at least 3 wt.%, or at least 5 wt.%, or at least 10
wt.%, or at least 15 wt.%, or at least 20 wt.%, or at least 25 wt.%, or at least
30 wt.% unsaturated curable polyester resin based on the weight of the
aqueous dispersion. Additionally or in the alternative, the dispersion
contains up to 80 wt.%, or up to 60 wt.%, or up to 50 wt.%, or up to 40 wt.%
unsaturated curable polyester resin.  Suitable ranges of unsaturated curable
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polyester resin in wt.% based on the weight of the dispersion include 3-80, or
5-80, or 10-80, or 5-80, or 10-80, or 15-80, or 20-80, or 25-80, or 30-80, or 3-
60, or 5-60, or 10-60, or 5-60, or 10-60, or 15-60, or 20-60, or 25-60, or 30-60,
or 3-50, or 5-50, or 10-50, or 5-50, or 10-50, or 15-50, or 20-50, or 25-50, or
30-50, or 3-45, or 5-45, or 10-45, or 5-45, or 10-45, or 15-45, or 20-45, or 25-
45, or 30-45.
[0200] As a further aspect, this invention provides a curable waterborne
coating composition, comprising:

l) the unsaturated curable polyester resin having acid number

about 50 to about 120 mg KOH/g;

II) a resole phenolic crosslinking resin;

[Il) a neutralizing agent; and

V) water.
[0201] Unsaturated curable polyester resins having glass transition
temperature (Tg) greater than about 50°C are suitable for powder coating
application. The polyester of the present invention comprises TACD, which
is capable of providing higher Tg.
[0202] Although the coating composition contains at least a resole phenolic
resin as a crosslinker, the thermosetting composition may also contain other
crosslinking agents, such as amino types of crosslinkers. Suitable amino
crosslinkers include hexamethoxymethylmelamine,
tetramethoxymethylbenzoguanamine, tetramethoxymethylurea, mixed
butoxy/methoxy substituted melamines, and the like. Thus, in another
embodiment, the thermosetting composition of the invention further comprises
about 5 to 30 weight % of an amino resin, based on the total weight of

polyester, phenolic, and amino resins.
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The AcetoAcetate Functionalized Curable Polyester Resin

[0203] There is yet further provided a thermosetting composition
comprising:
l. a curable polyester resin containing beta-ketoacetate moieties;
5 and
Il. a phenolic resin having at least one methylol group.

[0204] For convenience, the curable polyester resin containing beta-
ketoacetate moieties will be identified as an “acetoacetate functionalized

10  curable polyester resin.”
[0205] Without being bound to a theory, it is believed that the intermediate
carbon between the carbonyl groups on the beta-ketoacetate moiety can act
as a nucleophilic agent to attack the electrophilic site on the phenolic
equilibrium intermediate (B) having dual nucleophilic and electrophilic sites or

15 quinone methide having diene structure according to the following mechanism:

OH
-H20 CHy* CH,
OH —————

heat
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[0206] This thermosetting composition comprises a curable polyester (1)
comprising beta-ketoacetate moieties that do not contain vinyl unsaturations.
The curable polyester resin contains beta-ketoacetate moieties, e.g. the
residues of beta-ketoacetate containing compounds. The beta-ketoacetate
containing compounds are any compound having a beta-ketoacetate moiety
in the compound and do not contain vinyl unsaturations. The beta-
ketoacetate moiety, in the beta-ketoacetate containing compound and in the
acetoacetate functionalized curable polyester resin, has a molecular formula
of -COCHR’'COO- , and can be represented by the general structure

(Formula 1):

(D
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wherein R is a branched or straight chain, saturated or unsaturated alkyl,
alicyclic, or aromatic group; R’ is a hydrogen or a branched or straight chain,
saturated or unsaturated alkyl, alicyclic, or aromatic group; Z is a branched or
straight chain, saturated or unsaturated alkyl, alicyclic, or aromatic group, or is
a polyester polymer residue, and wherein R does not contain a vinyl
unsaturation.

[0207] When Zis a polyester residue, n represents the average number of
beta-ketoacetate groups per polymer chain and is an average of at least 0.5.
When the beta-ketoacetate moiety is in the beta-ketoacetate containing

compound, n is equal to 1 and is represented by the structure below:

[0208] Desirably, R is a branched or straight chain alkyl group having 1-4
carbon atoms, R’ is a hydrogen or a branched or straight alkyl having 1-4
carbon atoms; Z is a branched or straight chain alkyl having 1-8 carbon atoms
or a polyester polymer residue, with n being an average within a range of 0.5-
5.

[0209] These compounds or the acetoacetate functionalized curable
polyester resin having bela-keioacetate moiely groups may contain geomelric
or optical isomers as well as tautomers. It should be recognized that the
presently described dikato groups can exist as tautomers in which the same
compound can also be depicted as having a structure as shown in general

structure below (Formula 2):
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[0210] By naming and referring to a compound of formula 1 throughout the
specification and claims, the tautomers thereof are also included such as
those in Formula 2.
[0211] There is provided a thermosetting composition comprising:
) a curable polyester resin comprising the reaction product of a
polyester resin with a compound containing a beta-ketoacetate moiety
that does not contain a vinyl unsaturation; and
1)) a phenolic resin substituted with at least one methylol group.
[0212] The acetoacetate-functionalized polyester resin comprises the
reaction product of the polyester resin and the compound having a beta-
ketoacetate moiety that does not contains a vinyl unsaturation, and can be

represented by the general reaction shown as Formula 3:
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Acetoacetate Functional Polyester

®)

[0213] The reaction product described in Formula 3 is also described by
Formula 1 when Z is a polymer residue. Typically, the reaction is driven by
the removal of the alcohol by-product as it is formed. Although halides are
traditionally utilized as leaving groups, the various acetoacetate esters are
easier to handle and to store.

[0214] The compound having a beta-ketoacetate moiety desirably has a
molecular weight of less than 500, or less than 400, or less than 300, or less
than 200, or not greater than 175. As mentioned above, this compound does
not contain vinyl unsaturation.

[0215] Suitable compounds for reaction with the polyester resin are those
compounds containing a bela-ketoacetate moiety or those compounds
represented by formulas 1 or 2. Examples of these compounds containing a
bela-keloacetate moiely that are suitable for reaction with (esterification or
iransesterification of} a hydroxyl-containing polyester are desirably alkyl
acetoacetate compounds, such as but not limited to t-butyl acetcacetate, ethyl
acetoaceiate, methyl acetoacetate, isobutyl acetoacetate, isopropy!
acetoacetate, n-propyt acetoacetate, n-butyl acetoacetate, t-any!
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acetctacetate, and diisopropyl carbinol acetoacstate.  Praferred is the use of

t-amyl acetoacetaie or -buiyl aceicacetate.

[0216] The acetoacetate functionalized curable polyester resin (1) may be

prepared by reacting a polyester resin containing hydroxyl groups, for

example, a polymer having a hydroxyl number of at least 5, desirably about

30 to 200, with a compound having the beta-ketoacetate moiety or diketene.

Various methods for the preparation of acetoacetylated polyester coating

resins have been described by Witzeman et al. in the Journal of Coatings

Technology, Vol. 62, No. 789, pp. 101-112 (1990). Suitable amounts of each

in a reaction mixture include from about 60 to about 97, 70 to 97, 80 to 94, or

85 to 90 wt.% of the polyester resin and from about 3 to about 40, 3 to 30, 6 to

20, or 10 to 15 wt.% of the compound having a beta-ketoacetate moiety or a

diketene can be reacted together, wherein the weight percents are based on

the total weight of the polyester resin and the compound having the beta-
ketoacetate moiety.

[0217] There is now also provided a thermosetting composition comprising:
) a curable polyester resin comprising the reaction product of a
polyester resin with a compound containing a beta-ketoacetate moiety
that does not contain a vinyl unsaturation, said polyester resin
comprising the reaction product of:

a) polyhydroxyl compounds comprising:

(i) diol compounds in an amount of 70 mole % - 100
mole %; and

(ii) polyhydroxyl compounds having 3 or more
hydroxyl groups in an amount of 0 to 30 mole %;

wherein the mole % is based on 100% of all moles of

polyhydroxyl compounds a); and

b)  polycarboxyl compounds comprising polycarboxylic acid
compounds, derivatives of polycarboxylic acid
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compounds, the anhydrides of polycarboxylic acids, or
combinations thereof; and
1)) a phenolic resin substituted with at least one methylol group.
[0218] The polyester used to react with the beta-ketoacetate containing
compound is desirably made with, and/or contains the residues of:
a) polyhydroxyl compounds comprising:
(i) a diol in an amount of 70 mole % - 100 mole %;
and
(ii) a polyhydroxyl compound having 3 or more
hydroxyl groups in an amount of 0 to 30 mole %,
based on 100 mole% of all polyhydroxyl
compounds a).
[0219] For purposes of calculating quantities, all compounds having at
least one hydroxyl group are counted as polyhydroxyl compounds (a). Such
compounds include, but are not limited to, mono-ols, diols, polyhydroxyl
compounds having 3 or more hydroxyl groups, and for each of the foregoing,
can be hydrocarbons of any chain length optionally containing ether groups
such as polyether polyols, ester groups such as polyesters polyols, amide
groups, amine groups, and anhydrides.
[0220] The polyester resin is desirably not an alkyd polyester resin, or
desirably is not a polyester resin containing alkyd residues. In addition to or
in the alternative, the polyester resin does not contain any residues of vinyl
unsaturation containing compounds, such as acrylics, or desirably, is not
made with any compound having a vinyl unsaturation.
[0221] The diols (a)(i) used to make the acetoacetate functionalized
curable polyester resin have 2 hydroxyl groups and can be branched or linear,
saturated or unsaturated, aliphatic or cycloaliphatic C.-Coo compounds, the
hydroxyl groups being primary, secondary, and/or tertiary, desirably primary.
Desirably, the polyhydroxyl compounds are hydrocarbons and do not contain
atoms other than hydrogen, carbon and oxygen. Examples of diols (a)(i)
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include 2,2,4,4-tetraalkylcyclobutane-1,3-diol (TACD), 2,2-dimethyl-1,3-
propanediol (neopentyl glycol), 1,2-cyclohexanedimethanol, 1,3-
cyclohexanedimethanol, 1,4-cyclohexanedimethanol, 2,2,4-trimethyl-1,3-
pentanediol, hydroxypivalyl hydroxypivalate, 2-methyl-1,3-propanediol, 2-
butyl-2-ethyl-1,3-propanediol, 2-ethyl-2-isobutyl-1,3-propanediol, 1,3-
butanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2,4,4-
tetramethyl-1,6-hexanediol, 1,10-decanediol, 1,4-benzenedimethanal,
ethylene glycol, propylene glycol, diethylene glycol, dipropylene glycol,
triethylene glycol, tetraethylene glycol, and polyethylene glycol, and polyols
such as 1,1,1-trimethylol propane, 1,1,1-trimethylolethane, glycerin,
pentaerythritol, erythritol, threitol, dipentaerythritol, sorbitol, and the like.
[0222] The TACD compound can be represented by the general structure:

R
2 OH

Rs

HO
R4

wherein R4, R, Rs, and R4 each independently represent an alkyl radical, for
example, a lower alkyl radical having 1 to 8 carbon atoms; or 1 to 6 carbon
atoms, or 1 to 5 carbon atoms, or 1 to 4 carbon atoms, or 1 to 3 carbon
atoms, or 1 to 2 carbon atoms, or 1 carbon atom.. The alkyl radicals may be
linear, branched, or a combination of linear and branched alkyl radicals.
Examples of TACD include 2,2,4,4-tetramethylcyclobutane-1,3-diol (TMCD),
2,2,4,4-tetraethylcyclobutane-1,3-diol, 2,2,4,4-tetra-n-propylcyclobutane-1,3-
diol, 2,2,4,4-tetra-n-butylcyclobutane-1,3-diol, 2,2,4,4-tetra-n-
pentylcyclobutane-1,3-diol, 2,2,4,4-tetra-n-hexylcyclobutane-1,3-diol, 2,2,4,4-
tetra-n-heptylcyclobutane-1,3-diol, 2,2,4,4-tetra-n-octylcyclobutane-1,3-diol,
2,2-dimethyl-4,4-diethylcyclobutane-1,3-diol, 2-ethyl-2,4,4-
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trimethylcyclobutane-1,3-diol, 2,4-dimethyl-2,4-diethyl-cyclobutane-1,3-diol,
2,4-dimethyl-2,4-di-n-propylcyclobutane-1,3-diol, 2,4-n-dibutyl-2,4-
diethylcyclobutane-1,3-diol, 2,4-dimethyl-2,4-diisobutylcyclobutane-1,3-diol,
and 2,4-diethyl-2,4-diisoamylcyclobutane-1,3-diol.

[0223] Desirably, the diol (a)(i) used to make the acetoacetate
functionalized curable polyester resin is 2,2,4,4-tetramethylcyclobutane-1,3-
diol (TMCD), 2,2-dimethyl-1,3-propanediol (neopentyl glycol), 1,2-
cyclohexanedimethanol, 1,3-cyclohexanedimethanol, 1,4-
cyclohexanedimethanol, 2,2,4-trimethyl-1,3-pentanediol, hydroxypivalyl
hydroxypivalate, 2-methyl-1,3-propanediol, 2-butyl-2-ethyl-1,3-propanediol,
1,4-butanediol, and 1,6-hexanediol or mixtures thereof. Desirably, at least
one of the diols (a)(i) is TMCD.

[0224] The diols (a)(i) used to make the acetoacetate functionalized
curable polyester resin are desirably present in an amount of at least 70
mole%, or at least 75 mole%, or at least 80 mole%, or at least 85 mole%, or
at least 87 mole%, or at least 90 mole%, or at least 92 mole%, based on 100
mole% of all polyhydroxyl compounds. Additionally or in the alternative, the
diols (a)(i) can be present in an amount of up to 100 mole%, or up to 98

mole%, or up to 96 mole%, or up to 95 mole%, or up to 93 mole%, or up to 90
20 mole%, based on 100 mole% of all polyhydroxyl compounds. Suitable
ranges include, in mole% based on 100 mole% of all polyhydroxyl compounds
(a), 70-100, or 75-100, or 80-100, or 85-100, or 87-100, or 90-100, or 92-100,
or 95-100, or 96-100, or 70-98, or 75-98, or 80-98, or 85-98, or 87-98, or 90-
98, or 92-98, or 95-93, or 96-93, or 70-93, or 75-93, or 80-93, or 85-93, or 87-
25 93, or 90-93, or 92-93, or 70-90, or 75-90, or 80-90, or 85-90, or 87-90.

[0225] The diols (a)(i) used to make the acetoacetate functionalized
curable polyester resin are desirably present in an amount of at least 35
mole%, or at least 37 mole%, or at least 40 mole%, or at least 42 mole%, or
at least 45 mole%, or at least 46 mole%, based on the total moles of the

30 components of the polyester polymer. Additionally or in the alternative, the
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diols (a)(i) can be present in an amount of up to 50 mole%, or up to 49
mole%, or up to 48 mole%, or up to 47 mole%, or up to 46 mole%, or up to 45
mole%, based on the total moles of the components of the polyester polymer.
Suitable ranges include, in mole% based on the total moles of the
components of the polyester polymer, 35-50, or 37-50, or 40-50, or 42-50, or
45-50, or 46-50, or 35-49, or 37-49, or 40-49, or 42-49, or 45-49, or 46-49, or
35-48, or 37-48, or 40-48, or 42-48, or 45-48, or 46-48, or 35-47, or 37-47, or
40-47, or 42-47, or 45-47, or 46-47, or 35-46, or 37-46, or 40-46, or 42-46, or
45-46, or 35-45, or 37-45, or 40-45, or 42-45.

[0226] The polyhydroxyl compounds (a)(ii) used to make the acetoacetate
functionalized curable polyester resin having 3 or more hydroxyl groups can
be branched or linear, saturated or unsaturated, aliphatic or cycloaliphatic C2-
C20 compounds, the hydroxyl groups being primary, secondary, and/or
tertiary, and desirably at least two of the hydroxyl groups are primary.
Desirably, the polyhydroxyl compounds are hydrocarbons and do not contain
atoms other than hydrogen, carbon and oxygen. Examples of the
polyhydroxyl compounds (a)(ii) include 1,1,1-trimethylol propane, 1,1,1-
trimethylolethane, glycerin, pentaerythritol, erythritol, threitol, dipentaerythritol,
sorbitol, mixtures thereof, and the like.

[0227] The polyhydroxyl compounds (a)(ii) used to make the acetoacetate
functionalized curable polyester resin, if present, can be present in an amount
of at least 1 mole%, or at least 2 mole%, or at least 5 mole%, or at least 8
mole%, or at least 10 mole%, based on 100 mole% of all polyhydroxyl
compounds (a). Additionally or in the alternative, the polyhydroxyl
compounds (a)(ii) can be present in an amount of up to 30 mole%, or up to 25
mole%, or up to 20 mole%, or up to 15 mole%, or up to 13 mole%, or up to 10
mole%, or up to 8 mole%, based on 100 mole% of all polyhydroxyl
compounds (a). Suitable ranges of the polyhydroxyl compounds (a)(ii)
include, in mole% based on 100 mole% of all polyhydroxyl compounds (a), 1-
30, or 2-30, or 5-30, or 8-30, or 10-30, or 1-25, or 2-25, or 5-25, or 8-25, or
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10-25, or 1-20, or 2-20, or 5-20, or 8-20, or 10-20, or 1-15, or 2-15, or 5-15, or
8-15, or 10-15, or 1-13, or 2-13, or 5-13, or 8-13, or 10-13, or 1-10, or 2-10, or
5-10, or 8-10, or 1-8, or 2-8, or 5-8.

[0228] The polyhydroxyl compounds (a)(ii) used to make the acetoacetate
functionalized curable polyester resin are desirably present in an amount of at
least 0.5 mole%, or at least 1 mole%, or at least 2 mole%, or at least 4
mole%, or at least 5 mole%, based on the total moles of the components of
the polyester polymer. Additionally or in the alternative, the polyhydroxyl
compounds (a)(ii) can be present in an amount of up to 15 mole%, or up to 13
mole%, or up to 10 mole%, or up to 8 mole%, or up to 6 mole%, orup to 5
mole%, or up to 4 mole%, based on the total moles of the components of the
polyester polymer. Suitable ranges include, in mole% based on the total
moles of the components of the polyester polymer, 0.5-15, or 1-15, or 2-15, or
4-15 ,or 5-15, or 0.5-13, or 1-13, or 2-13, or 4-13 ,or 5-13, or 0.5-10, or 1-10,
or 2-10, or 4-10 ,or 5-10, or 0.5-8, or 1-8, or 2-8, or 4-8 ,or 5-8, or 0.5-6, or 1-
6, or 2-6, or 4-6 ,or 5-6, or 0.5-5, or 1-5, or 2-5, or 4-5 ,or 0.5-4, or 1-4, or 2-4.
[0229] The mole % of the diol (a)(i) used to make the acetoacetate
functionalized curable polyester resin is desirably from 70 to 100, 80 to 97, or
85 to 95, and the mole% of the polyhydroxyl compound (a)(ii) is desirably from
0to 30, 3to 20, or 5to 15.

[0230] Desirably, all of the polyhydroxyl compounds (a) used to react with
the polycarboxylic compounds (b) for the synthesis of the acetoacetate
functionalized curable polyester resin are hydrocarbons, meaning that they
contain only oxygen, carbon, and hydrogen. Optionally, none of the
polyhydroxyl compounds (a) contain any ester, carboxyl (-COO-), and/or
anhydride groups. Optionally, none of the polyhydroxyl compounds (a) have
any carbonyl groups (-CO-). Optionally, none of the polyhydroxyl
compounds (a) contain any ether groups. Desirably, the polyhydroxyl
compounds (a) have from 2 to 20, or 2 to 16, or 2to 12, or 2 to 10 carbon

atoms.
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[0231] The polycarboxyl compounds I(b) for making the acetoacetate
functionalized curable polyester resin contain at least polycarboxylic acid
compounds, derivatives of polycarboxylic acid compounds, the anhydrides of
polycarboxylic acids, or combinations thereof. Suitable polycarboxylic acid
compounds include compounds having at least two carboxylic acid groups.
The polycarboxylic acid compounds are capable of forming an ester linkage
with a polyhydroxyl compound. For example, a polyester can be synthesized
by using a polyhydroxyl compound and a derivative of a dicarboxylic acid
such as, for example, dimethyl ester or other dialkyl esters of the diacid, or
diacid chloride or other diacid halides, or acid anhydride.

[0232] The polycarboxylic acid compounds I(b) for making the
acetoacetate functionalized curable polyester resin can be a combination of
aromatic polycarboxylic acid compounds and either or both of aliphatic or
cycloaliphatic polycarboxylic acid compounds. For example, the
polycarboxylic acid compounds I(b) can include aromatic polycarboxylic acid
compounds and aliphatic polycarboxylic acids compounds having 2 to 22
carbon atoms; or aromatic polycarboxylic acid compounds and cycloaliphatic
polycarboxylic acids compounds having 2 to 22 carbon atoms; or aromatic
polycarboxylic acid compounds, aliphatic polycarboxylic acids compounds
having 2 to 22 carbon atoms; and cycloaliphatic polycarboxylic acids
compounds having 2 to 22 carbon atoms.

[0233] Examples of such polycarboxylic compounds I(b) for making the
that form the polycarboxylic [(b) residues in the acetoacetate functionalized
curable polyester resin include those having two or more, desirably only two,
carboxylic acid functional groups or their esters. Examples of these
compunds include aliphatic dicarboxylic acids, alicyclic dicarboxylic acids,
aromatic dicarboxylic acids, derivatives of each, or mixtures of two or more of
these acids, or the C1-C4 ester derivatives thereof. Suitable dicarboxylic
acids include, but are not limited to, isophthalic acid (or dimethyl isophthalate),
terephthalic acid (or dimethyl terephthalate), phthalic acid, phthalic anhydride,
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1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic acid,
hexahydrophthalic anhydride, tetrahydrophthalic anhydride,
tetrachlorophthalic anhydride, dodecanedioic acid, sebacic acid, azelaic acid,
succinic anhydride, succinic acid, adipic acid, 2,6-naphthalenedicarboxylic
acid, glutaric acid, diglycolic acid; 2,5-norbornanedicarboxylic acid; 1,4-
naphthalenedicarboxylic acid; 2,5-naphthalenedicarboxylic acid; diphenic
acid; 4,4'-oxydibenzoic acid; 4,4'-sulfonyidibenzoic acid, and mixtures thereof.
[0234] Anhydride analogs to each of the polycarboxyl compounds |(b)
described above can be used. This would include the anhydrides of
polycarboxylic acids having at least two acyl groups bonded to the same
oxygen atom. The anhydrides can be symmetrical or unsymmetrical (mixed)
anhydrides. The anhydrides have at least one anhydride group, and can
include two, three, four, or more anhydride groups. Specific examples of
anhydrides of the dicarboxylic acids include, but are not limited to, maleic
anhydride, maleic acid, fumaric acid, itaconic anhydride, itaconic acid,
citraconic anhydride, citraconic acid, aconitic acid, aconitic anahydride,
oxalocitraconic acid and its anhydride, mesaconic acid or its anhydride, beta-
acylacrylic acid, phenyl maleic acid or its anhydride, t-butyl maleic acid or its
anhydride, monomethyl fumarate, monobutyl fumarate, methyl maleic acid or
its anhydride, or mixtures thereof.

[0235] Desirably, the polycarboxylic component I(b) for making the
acetoacetate functionalized curable polyester resin includes isophthalic acid
(or dimethyl isophthalate), terephthalic acid (or dimethyl terephthalate),
phthalic acid, phthalic anhydride, 1,4-cyclohexanedicarboxylic acid,
1,3-cyclohexanedicarboxylic acid, adipic acid, 2,6-naphthalenedicarboxylic
acid, 1,4-naphthalenedicarboxylic acid; 2,5-naphthalenedicarboxylic acid;
hexahydrophthalic anhydride, tetrahydrophthalic anhydride, trimellitic
anhydride, succinic anhydride, succinic acid, or mixtures thereof. Trimellitic
acid or its anhydride is a useful compound to add in order to increase the acid
number of the curable polyester if so desired.
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[0236] More specific examples of some of the suitable polycarboxylic acids
b and/or combinations thereof include:

a) (isophthalic acid (or dimethyl isophthalate)) and
(1,4-cyclohexanedicarboxylic acid,
1,3-cyclohexanedicarboxylic acid, or mixtures thereof); or

b) (isophthalic acid (or dimethyl isophthalate)) and
(dodecanedioic acid, sebacic acid, azelaic acid, maleic
acid, fumaric acid, succinic acid, adipic acid, glutaric acid,
itatonic acid, diglycolic acid; or mixtures thereof); or

c) (isophthalic acid (or dimethyl isophthalate)); or
(1,4-cyclohexanedicarboxylic acid,
1,3-cyclohexanedicarboxylic acid, or mixtures thereof)
and (dodecanedioic acid, sebacic acid, azelaic acid,
maleic acid, fumaric acid, succinic acid, adipic acid,
glutaric acid, itatonic acid, diglycolic acid, or mixtures
thereof), or

d) 1,4-cyclohexanedicarboxylic acid.

[0237] Ogptionally, terephthalic acid or derivatives thereof are not included
as polycarboxylic acids I(b).

[0238] The acetoacetate functionalized curable polyester resin | can have
an acid number ranging from 0 to about 120 mg KOH/g and a hydroxyl
number ranging from greater than 0 to about 300 mg KOH/g.

[0239] The acid number of the acetoacetate functionalized curable
polyester resin | can be adjusted as needed depending on whether a water
borne dispersion or solvent borne solution is ultimately desired.

[0240] The acid number of the acetoacetate functionalized curable
polyester resin | is not particularly limited. The acid number may range from
0 to about 120 mgKOH/g. The acid number may vary depending on the
application. For example, the desirable acid number for waterborne coating

application is about 50 to about 100 to impart sufficient water dispersibility
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after neutralization, whereas the desired acid number for solvent-based
coating application is 0 to about 10 for better solubility and lower solution
viscosity.

[0241] The hydroxyl number of the polyester resin used to make the
acetoacetate functionalized curable polyester resin | can be within a range of
from greater than 0 to 300 mg KOH/g. Suitable ranges of hydroxyl number
include greater than 0 to 300, or from 10 to 300, or from 30 to 300, or from 50
to 300, or from 60 to 300, or from 80 to 300, or from 100 to 300, or from 120
to 300, or from 140 to 300, or from 160 to 300, or from 180 to 300, or greater
than 0 to 260, or from 10 to 260, or from 30 to 260, or from 50 to 260, or from
60 to 260, or from 80 to 260, or from 100 to 260, or from 120 to 260, or from
140 to 260, or from 160 to 260, or from 180 to 260, greater than 0 to 240, or
from 10 to 240, or from 30 to 240, or from 50 to 240, or from 60 to 240, or
from 80 to 240, or from 100 to 240, or from 120 to 240, or from 140 to 240, or
from 160 to 240, or from 180 to 240, or greater than 0 to 220, or from 10 to
220, or from 30 to 220, or from 50 to 220, or from 60 to 220, or from 80 to
220, or from 100 to 220, or from 120 to 220, or from 140 to 220, or from 160
to 220, or from 180 to 220 or greater than 0 to 200, or from 10 to 200, or from
30 to 200, or from 50 to 200, or from 60 to 200, or from 80 to 200, or from 100
to 200, or from 120 to 200, or from 140 to 200, or from 160 to 200, or from
180 to 200 or greater than 0 to 180, or from 10 to 180, or from 30 to 180, or
from 50 to 180, or from 60 to 180, or from 80 to 180, or from 100 to 180, or
from 120 to 180, or from 140 to 180, or from 160 to 180, or greater than 0 to
160, or from 10 to 160, or from 30 to 160, or from 50 to 160, or from 60 to
160, or from 80 to 160, or from 100 to 160, or from 120 to 160, or from 140 to
160 mgKOH/g.

[0242] Desirably, the hydroxyl number of the polyester resin is high to
increase the number of sites for reaction with the beta-ketoacetate containing
compound. Accordingly, the hydroxyl number of the polyester resin is
desirably at least 30, or at least 50, or at least 80 mgKOH/g.
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[0243] Desirably, the acid number of the acetoacetate functionalized
curable polyester resin | is not more than 30, or not more than 25, or not more
than 20, or not more than 15, or not more than 10, or not more than 8, or not
more than 5 mgKOH/g .

[0244] The acid number mentioned herein can be measured by ASTM
D1639-90 test method. The hydroxyl numbers mentioned herein can be
measured by the ASTM D4274-11 test method.

[0245] The glass transition temperature (Tg) of the acetoacetate
functionalized curable polyester resin may be from -40°C to 120°C, from -
10°C to 100° C, from 10°C to 80°C, from 10°C to 60° C, from 10°C to 50°C,
from 10°C to 45° C, from 10°C to 40°C, from 20°C to 80°C, from 20°C to 60°
C, from 20°C to 50° C, from 30°C to 80° C, from 30°C to 70° C, from 30°C to
60° C, from 30°C to 50° C, or from 35°C to 60°C. The Tgis measured on
the dry polymer using standard techniques, such as differential scanning
calorimetry (“DSC”), well known to persons skilled in the art. The Tg
measurements of the polyesters are conducted using a “dry polymer,” that is,
a polymer sample in which adventitious or absorbed water is driven off by
heating to polymer to a temperature of about 2000C and allowing the sample
to return to room temperature. Typically, the polyester is dried in the DSC
apparatus by conducting a first thermal scan in which the sample is heated to
a temperature above the water vaporization temperature, holding the sample
at that temperature until the vaporization of the water absorbed in the polymer
is complete (as indicated by an a large, broad endotherm), cooling the sample
to room temperature, and then conducting a second thermal scan to obtain
the Tg measurement.

[0246] The number average molecular weight (Mn) of the acetoacetate
functionalized curable polyester resin | of the present invention is not limited,
and may be from 1,000 to 20,000, from 1,000 to 15,000, from 1,000 to 12,500,
from 1,000 to 10,000, from 1,000 to 8,000, from 1,000 to 6,000, from 1,000 to
5,000, from 1,000 to 4000, from 1,000 to 3,000, from 1,000 to 2,500, from
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3,000, from 1,100 to 2,500, from 1,100 to 2,250, or from 1,100 to 2,000 in
each case g/mole. The Mn is measured by gel permeation chromatography
(GPQC) using polystyrene equivalent molecular weight.

[0247] The weight average molecular weight (Mw) of the acetoacetate
functionalized curable polyester resin | can be from 1,000 to 100,000; from
1,500 to 50,000; and desirably is from 2,000 to 10,000 or from 2,500 to 5,000
g/mole. The polyester may be linear or branched.

[0248] This acetoacetate functionalized curable polyester resin | desirably
has a low molecular weight, typically an Mn from 1000 to about 5,000 to
render it suitable for coating applications. Desirably, the molecular weight of
the curable polyester resin (1) is not suitable for the fabrication of free standing
films, sheets, and other shaped objects by extrusion, casting, blow molding,
and other thermoforming processes commonly used for higher molecular
weight thermoplastic polymers.

[0249] The acetoacetate functionalized curable polyester resin | desirably
is not obtained with a compound having vinyl unsaturations. Additionally or
in the alternative, the curable polyester (l) itself does not contain vinyl
unsaturations.

[0250] Desirably, in any of the embodiments of the invention to make the
acetoacetate functionalized curable polyester resin, the (a)(i) diol includes 2,2-
dimethyl-1,3-propanediol (neopentyl glycol); 1,2- cyclohexanedimethanol; 1,3-
cyclohexanedimethanol; 1,4-cyclohexanedimethanol; 2-methyl-1,3-
propanediol; TMCD; 2,2,4-trimethyl-1,3-pentanediol; hydroxypivalyl
hydroxypivalate; 2-butyl-2-ethyl-1,3-propanediol; 1,4-butanediol; 1,6-
hexanediol; or combinations thereof.

[0251] Desirably, in any of the embodiments of the invention to make the
acetoacetate functionalized curable polyester resin, the (a)(ii) polyhydroxyl
compound having 3 or more hydroxyl groups include 1,1,1-trimethylol
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propane, 1,1,1-trimethylolethane, glycerin, pentaerythritol, or combinations
thereof.

[0252] Desirably, in any of the embodiments of the invention to make the
acetoacetate functionalized curable polyester resin, the I(b) compounds
include isophthalic acid (or dimethyl isophthalate),
1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic acid, adipic
acid; phthalic acid; or combinations thereof.

[0253] The acetoacetate functionalized curable polyester resin | can be
prepared by any conventional process for the preparation of polyesters. For
example, the polyester resin can be prepared by combining polyhydroxyl
compounds (a) with the polycarboxyl compounds (b) in a reaction vessel
under heat to form a reaction mixture comprising the curable polyester | in a
batch or continuous process and in one or more stages, optionally with the
continuous removal of distillates and applied vacuum during at least part of
the residence time. Polyhydroxyl compounds (a) and polycarboxyl
compounds (bi) are combined and reacted in at least one reactor at a
temperature from 180-250 °C, optionally in the presence of an acid catalyst.
Desirably, a distillate is removed from the reactor.

[0254] The process for the manufacture of the polyester resin can be
batchwise or continuous. The reaction of the polyhydroxyl compounds (a)
and the polycarboxyl compounds (b) may be carried out in a melt phase
process using conventional polyester polymerization conditions. The
polyhydroxyl compounds and polycarboxylic acid compounds are combined to
form a reaction mixture, and the reaction mixture is reacted in an esterification
reactor at a temperature from 180-250 °C. The esterification reaction many
take place in one or more esterification reactors. The polyester composition
can be made by a transesterification (ester interchange) reaction or by direct
esterification. For example, polycarboxylic acid compounds (for direct
esterification) or ester forms of the polycarboxylic acid compounds (for
transesterification), and the polyhydroxyl compounds can be fed to an
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esterification reactor either in a combined stream, separate streams, or a
combination of a combined and separate stream, and reacted at elevated
temperatures, typically, from about 1800C to about 2500C. While
temperatures in excess of 250°C can be employed, such as temperature up to
280°C, in many instances color bodies and degradation products start to form
at temperatures exceeding 250°C. Desirably, the reaction mixture is reacted
at any temperature within a range from about 1800C to about 2300C. In the
esterification reactor, the temperature of the reaction mixture to form the
polyester intermediate composition may be static or may be increased
stepwise or continuously if desired.

[0255] It is desirable to start the reaction at a temperature below 210°C, or
at 200°C or less, or even at 180°C or less, and increase the temperature over
the total residence time of the reaction mixture for making the polyester
intermediate composition in order to avoid generating more water by-product
than the distillate collection system can efficiently remove. To assist driving
the reaction of the polyhydroxyl component and acid component to
completion, it is desirable to react about 1.05 to about 1.6, or 1.1-1.5, or 1.1-
1.4 equivalents of polyhydroxyl compounds (a) to one equivalent of the
polycarboxylic acid compounds (b). Desirably, a distillate is removed from
the reactor. The esterification reactor should be equipped with, and the
process for making the polyester intermediate composition operated with, a
distillate collection system for removing esterification or ester-exchange vapor
by-products since their removal will assist with shifting the equilibrium reaction
to the formation of the ester. The typical by-products formed in esterification
are water in direct esterification routes, alcohols in transesterification routes,
along with other reaction by-products such as aldehydes and color bodies.
[0256] The method for the removal of reaction by-products is not limited.

A common method for the removal of esterification reaction by-products is a
vacuum system connected to the esterification reaction zone in the reactor

with a direct contact spray condenser, which is useful when a vacuum is
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applied to the esterification reaction zone in the esterification reactor, or a
distillation column that is packed or contains trays in vapor communication
with the esterification vessel for the separation of water from other reaction
by-products.

[0257] The process for making the polyester resin can be conducted under
a pressure within a range of 0 psig or atmospheric to about 200 psig, or from
about 0 psig to about 100 psig, or from 0 psig to 40 psig. However, if
desired, at least a portion or the entire residence time of the reaction to make
the polyester composition can proceed under a vacuum, especially during
polycondensation. If a vacuum is applied to only a portion of the residence
time, it can be applied starting when at least 30%, or at least 50%, or at least
75%, or at least 80%, or at least 90% of the residence time for making the
polyester resin. By applying a vacuum, the removal of water or alcohol
condensate can be further enhanced, and the molecular weight Mn of the
polyester can be increased. If a vacuum is applied, suitable pressures can
range from 759 torr down to 0.5 torr, or 600 torr down to 0.5 torr, or 450 torr
down to 0.5 torr.  Vacuum can be increased with the residence time of the
reaction mixture. Alternatively or in addition to the application of a vacuum,
the removal of the reaction by-products can be purged or swept with an inert
gas during all or a portion of the reaction. An inert gas is any gas which does
not cause unwanted reaction or product characteristics at reaction conditions.
Suitable gases include, but are not limited to, carbon dioxide, argon, helium,
and nitrogen.

[0258] At a point when a desired Mn of the polyester resin is achieved, the
compound containing the beta-ketoacetate moiety can be added to the
reaction mixture containing the polyester resin. As mentioned above, the
amount of the compound having a beta-ketoacetate moiety added to a
reaction vessel can be from 3 to about 40, 3 to 30, 6 to 20, or 10 to 15 wt.%
based on the weight of the reaction mixture the polyester resin is not first
isolated or based on the weight of the polyester resin if isolated. Additionally
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or in the alternative, the amount of compound having a beta-ketoacetate
moiety added to the polyester resin or reaction mixture is sufficient to
consume at least 20%, or at least 30%, or at least 40%, or at least 50%, or at
least 60%, or at least 70%, or at least 80%, or at least 90%, or at least 95%,
or at least 99% of the hydroxyl groups on the polyester resin. Desirable, at
least 70%, or at least 80%, or at least 90%, or at least 95% of the hydroxyl
groups are consumed.

[0259] The reaction for making the polyester resin does not have to be
discontinued after the desired molecular weight is achieved, and can be
continued with the addition of the compound having the beta-ketoacetate
moiety. Alternatively the reaction can be discontinued, the polyester resin
solidified, and subsequently re-melted and reacted with the compound having
the beta-ketoacetate moiety. If the compound having the beta-ketoacetate
moiety is added to a reaction mixture containing the polyester resin without
first isolating and solidifying the polyester resin, it is desirably added when at
least 80%, or at least 90%, or at least 95% of the actual Mn of the curable
poleyster resin is obtained. Adding diketene or the beta-ketoacetate
containing compound to a reaction mixture before the target Mn of the
polyester resin is obtained results in the consumption of diketene or the beta-
ketoacetate containing compound with free diols/polyhydroxyl compounds that
have not yet reacted. Accordingly, it is desirable to add the compound
having the beta-ketoacetate moiety to a polyester resin composition having
less than 1 wt.%, or less than 0.5 wt.%, or less than 0.1 wt.%, or less than
0.01 wt.% unreacted diols (a)(i) or polyhdroxyl compounds (a)(ii), based on
the weight of the polyester rresin composition or the reaction mixture..

[0260] Desirably, the process of the invention melts a polyester resin and
combines the molten polyester resin with the compound containing the beta-
ketoacetate moiety to form a reaction mixture in a reaction zone. The
reaction mixture can be reacted in the presence of a calalyst at a temperature
ranging from 100 to 150°C, desirably from 120 1o 140°C. The pressure in the

94



WO 2016/069567 PCT/US2015/057524

10

15

20

25

30

reaction zone can be from 0 psig or atmospheric to about 200 psig, or from
about 0 psig to about 100 psig, or from 0 psig to 40 psig. However, if
desired, at least a portion or the entire residence time of the reaction to make
the curable polyester composition can proceed under a vacuum, such as from
759 torr down to 0.5 torr, or 600 torr down to 0.5 torr, or 450 torr down to 0.5
torr.  Vacuum can be increased with the residence time of the reaction
mixture. Alternatively or in addition to the application of a vacuum, the
removal of the reaction by-products can be purged or swept with an inert gas
during all or a portion of the reaction. An inert gas is any gas which does not
cause unwanted reaction or product characteristics at reaction conditions.
Suitable gases include, but are not limited to, carbon dioxide, argon, helium,
and nitrogen. As with the esterification vessel used to make the polyester
resin, the reactor used to make the curable polyester can be equipped with a
means for removing the distillate alcohols continuously during the course of at
least a portion of the reaction.

[0261] The catalyst can be an acid catalyst. A typical catalyst is an
organometallic acid catalyst, such as, for example, a carboxylate of tin, e.g.
butylstannoic acid

[0262] The acetoacetate functionalized curable polyester resin can be
made in the same vessel as the vessel used to make the polyester resin.
[0263] Each of the esterification vessels can be agitated if desired to assist
with the mass transfer of reactants and disengagement of reaction by-
products.

[0264] The reaction to make the polyester is facilitated by reacting the
polyhydroxyl compounds (a) and the polycarboxylic acid compounds (b) in the
presence of appropriate catalysts such as, for example, alkoxy titanium
compounds, alkali metal hydroxides and alcoholates, salts of organic
carboxylic acids, alkyl tin compounds, metal oxides, and other metal
carboxylates or benzoates such as zinc, manganese, or magnesium acetates

or benzoates. A typical catalyst is an organometallic acid catalyst, such as,
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for example, a carboxylate of tin, e.g. butylstannoic acid. The amount of the
catalyst added may be determined by routine experimentation as understood
by those skilled in the art. The catalyst can be added in amounts ranging
from about 0.01 to 1.0 weight percent, based on the total weight of the
reactants.

[0265] In a continuous process, the polycarboxylic acid compounds and
the polyhydroxyl compounds are continuously fed to the esterification reactor,
the polyester resin composition is continuously withdrawn from the
esterification reactor and fed to a second esterification reactor continuously to
form the curable polyester composition, and the curable polyester composition
is continuously withdrawn from the second esterification reactor.

[0266] Additives can be added to the reactor or reaction mixture to
enhance the performance properties of the curable polyester polymer. For
example, crystallization aids, impact modifiers, surface lubricants, denesting
agents, stabilizers, antioxidants, ultraviolet light absorbing agents, metal
deactivators, colorants, nucleating agents, acetaldehyde lowering
compounds, reheat rate enhancing aids such as elemental antimony or
reduced antimony or reducing agents to form such species in situ, silicon
carbide, carbon black, graphite, activated carbon, black iron oxide, red iron
oxide and the like, sticky bottle additives such as talc, and fillers and the like
can be included. All of these additives and many others and their use are
well known in the art and do not require extensive discussion. Any of these
compounds can be used in the present composition.

[0267] The thermosetting composition desirably contains (1) a acetoacetate
functionalized curable polyester resin in an amount of 5 to 95, or 10 to 90, or
20 to 85, or 30 to 80, or 35 to 75 weight % based on the total weight of (I) and
(). Desirably, the thermosetting composition desirably contains () a
acetoacetate functionalized curable polyester resin in an amount of 30 0 80
weight %, or 35 to 75, or 45-60 wt.% based on the weight of (I) and (II).
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[0268] There is also provided a solvent containing (as distinguished from
an aqueous based coating) coating composition, comprising:

l. the acetoacetate functionalized curable polyester resin of the

present invention,

Il. a crosslinker comprising a resole phenolic resin, and

1. an organic solvent.
[0269] Suitable organic solvents for the solvent-based coaling composition
include xylene, ketones {(for example, methyl amyl ketone), 2-butoxyethanal,
ethyl-3-ethoxypropionate, toluene, butanol, cyclopentianone, cyclohexanone,
ethyl acetate, buly! acetate, and other volatile inert solvents typically used in
industrial baking {i.e., thermosetiing) enamels, mineral spirits, naptha,
toluene, acetone, methyl ethyl ketone, methyl isoamyl ketone, isobutyl
acetate, t-butyl acetate, n-propyl acetate, isopropyl acetate, methyl acetate,
ethanol, n-propanol, isopropanol, sec-butanol, isobutanol, ethylene glycol
monobutyl ether, propylene glycol n-butyl ether, propylene glycol methyl
ether, propylene glycol monopropyl ether, dipropylene glycol methyl ether,
diethylene glycol monobutyl ether, trimethylpentanediol mono-isobutyrate,
ethylene glycol mono-octyl ether, diacetone alcohol, 2,2,4-trimethyl-1,3-
pentanediol monoisobutyrate (available commercially from Eastman Chemical
Company under the trademark TEXANOL™), or combinations thereof. The
coating composition also may comprise reactive solvents such as, for
example, diallyl phthalate, SANTOLINK™ XI-100 polyglycidyl allyl ether
(available from Cytec), and others as described, for example, in U.S. Patent
Nos 5,349,026 and 5,371,148.
[0270] The amount of solvent (other than water) is desirably al least 20
wl.%, or at least 25 wi.%, or at least 30 wi.%, or at least 35 wi.%, or at least
40 wi.%, or at least 45 wl.%, or at least 50 wi.%, or at least 55 wi.% based on
the weight of the sclvent containing coating composition.  Additionally or in
the alternative, the amount of organic solvent can be up 1o 85 wt.% based on
the weight of the coating composition.  Solvent containing coating
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compositions desirably contain 10 wi.% or less, or 8 whL.% or less, or D wi.% or
less, or 3 wi.% or less waier, based on the weight of the coaling composition.
[0271] The solvent containing composition is desirably a solution in which
the curable polyester is dissolved or solubilized in the solvent.  While other
solids can be present in the solvent containing composition {and typically are
in a fully formulated or pigmented coaling compaosition), the solvent containing
composition desirably has less than 3 wt.% curable polyester resin as solid
particles, or less than 1 wt.% curable polyeaster resin as solid particles, or not
more than 0.5 wt.% polyester resin as solid particles, based on the fotal
weight of the curable polyester {(a).

[0272] There is further provided an aqueous dispersion, comprising:

l. the acetoacetate functionalized curable polyester resin of the
present invention at least partially neutralized with a neutralizing
agent,

Il. a crosslinker comprising a resole phenolic resin, and

1. water.

[0273] The amount of watar is desirably at least 20 wi.%, or at least 25
wt.%, or at {east 30 wt.%, or at least 35 wt.%, or at least 40 wt.%, or at least
45 wi. %, or at least 50 wl.%, or at least 55 wi.%, or at least 60 wi.% based on
the weight of the aqueous dispersion.

[0274] The neutralizing agent may be an amine or an inorganic base.
Typical amines inciude ammania, trimethylamine, diethylamineg,
monosthanclaming, moncisopropanclamine, morpholing, ethanolamine,
diethanolamine, triethanclamine, N,N-dimethylethanolamine, N, N-
diethylethanolamine, N-methyldiethanolamine and the like.

[0275] Typical inorganic bases include bases derived from alkali matals
and alkaling earth metais such as, for example, sodium, polassium,
magnesium, calcium, and other basic metal compounds.  Suitable bases
from this first class of bases useful in the present invention include, but are

not limited to, sodium oxide, potassium oxide, magnesium oxide, calcium
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oxide, sodium hydroxide, potassium hydroxide, magnasium hydroxide,
calcium hydroxide, sodium carbonate, potassium carbonate, sodium
bicarbonate, potassium bicarbonate, calcium carbonate, magnesium
bicarbonate, alkali metal borate compounds and their hydrates, sodium
phosphate, potassium biphosphate, and sodium pyroghosphate.

[0276] The agueous dispersion containing the aceloacstate functionalized
curable polyester resin may and desirably further comprise an organic co-
solvent.  Suitable co-solvents include ethanol, n-propangl, isopropansi, n-
butanol, sec-butanol, isobutanol, ethylene glycol monobutyl ether, propylene
glycol n-butyl ether, propyiene glycol methyl ether, propyiene glycol
monopropy! ether, dipropylene glycol methyt ether, diacetone alcchol, and
other water-miscible solvents.  If an organic co-solvent is used, the amount is
desirably 40 wi.% or less, or 30 wi.% or less, or 15 wt.% or less, or 10 wt% or
5 wt.% less based on the weight of the agueous compaosition, and at least 1
wi.%, or at least 3 wi.% based on the weight of the aguecus composition.
[0277] Agueous dispersions containing the acetoacetate functionalized
curable polyester resin are typically prepared by dispersing the curable
polyester resins with water in the presence of organic co-solvent(s} {.g. at
least 1 or 3 wt% and up to 15 wi.% based on the weight of the polyester
polymers), al a temperature ranging from about 80 {0 about 85°C under
ambient pressure.  The dispersing process may be carried out either by
gradually adding the resin to the heated mixture of waler, the neutralizing
agenti, and the co-solvent{s) or by gradually adding water and the neutralizing
agent o the heated mixture of the resin and the co-solvent(s). The former
method is preferred for resing with a high Tg {e.g. >80°C), which can be
pulverized, for example, by using a blender and subsequently added to the
heated waler and the neulralizing agent.  Forresins with alower Tg, itis
oreferred to add water and the neutralizing agent {o the heated resin mixture
containing the co-solvent.  Alfter the completion of adding either resin or

water, the slirring is allowed to continue until 8 homogeneous dispersion is
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obtained. The process typically takas one or saveral hours, i is intended
for this lerminology 1o include conditions where the polyester is dissolved to
form a true solution as well as those where the polyester is dispersed within
the aqueocus medium.  Oflen, due to the sialistical nature of polyester
compositions, it is possible to have a soluble fraction and a dispersed fraction
when a single polyaster sampile is placed in an aqueous medium.
[0278] Desirably, the dispersion coniaing up to 80 wi.%, or up to 60 wi.%,
or up to 50 wi.%, or up (o 40 wt.% curable polyester resin.  Suitable ranges
of curable polyester resin in wt.% based on the weight of the dispersion
inciude 3-80, or 5-80, or 10-80, or 5-80, or 10-80, or 15-80, or 20-80, or 25-80,
or 30-80, or 3-80, or 5-60, or 10-60, or 5-80, or 10-80, or 15-60, or 20-80, or
25-60, or 30-60, or 3-50, or 5-50, or 10-50, or 5-50, or 10-50, or 15-50, or 20-
50, or 25-50, or 30-50, or 3-45, or 5-45, or 10-45, or 5-45, or 10-45, or 15-45,
or 20-45, or 25-45, or 30-45.
[0279] Acetoacetate funclionalized curable polyester resing having
glass transition temperature {Tg) greater than about 50°C are suitable for
powdar coating application.  The acetoacetate functionalized curable
nolyester resin desirably comprises TACD residues, thereby imparting to the
resin a higher Tg.
[0280] Thus, there is further provided a curable powder coating
composition comprising:

l. the acetoacetate functionalized curable polyester resin having a

Tg greater than about 50 °C and,

Il. a crosslinker composition comprising a resole phenolic resin.
[0281] The resole phenclic resing used in the thermosetting compositions
containing the acetoacetate functionalized curable polyaster resin are
described above in connection with the thermosetting compositions containing
the unsaturated curable polyester resin.  However, the desirable phenglic
crosslinking agents for thermosetting compositions containing the

acetoacetate functionalized curable polyester resins are resole type phenglic
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least 70 wi.% or at least 80 wi.% or at least 90 wi % un-substituted phenol
and/or meta-substituted phenol, based on the total phenolic residuss of the

crosslinker resin.

Thermosetting Coating Compositions Containing Un-substituted Or

Meta-Substituted Phenolic Resins

[0282] There is also provided a thermosetting coating composition that
contains a particular resole resin that exhibits good reactivity with curable
polyester resins. In particular, there is provided a thermosetting composition
comprising:
) a curable polyester resin comprising the residues of
a) polyhydroxyl compounds comprising:
(i) diol compounds in an amount of 70 mole % - 100
mole %; and
(ii) polyhydroxyl compounds having 3 or more
hydroxyl groups in an amount of 0 to 30 mole %;
wherein the mole % is based on 100% of all moles of
polyhydroxyl compounds a); and
b)  polycarboxyl compounds comprising polycarboxylic acid
compounds, derivatives of polycarboxylic acid
compounds, the anhydrides of polycarboxylic acids, or
combinations thereof; and
1)) a crosslinker composition comprising a resole phenolic resin,
said phenolic resin containing the residues of un-substiiuied
phenol and/or meta-substituted phenols.
[0283] These particular resole resing exhibit good reactivily with any of the
above mentioned modified curable polyester rasing, as well as other or

unmodified conventional curable polyestar resins.
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[0284] Thea crosslinker compaosition contains resole phenolic resins.
Desirably, the amount of resole phenolic resin is at least 50 wt.% or greater
than 60 wt.% or greater than 70 wi.% or greater than 80 wi.% or greater than
90 wi.% resole phenolic resin, based on the weight of all cross-linker
compounds.

[0285] The rescle phanolic resin present in the crosslinking composition
contains methylol groups on the phenolic rings.  Phenolic resins having
methyiol funclionalities are referred 10 as resole type phenolic resing. Asis
known in the art, the methylol group {(--CH20H) may be etherated with an
alcohol and prasent as --CH2OR, wherein R is C1-C8 alkyl group, in order to
improve resin properties such as storage stability and compatibility. For
purpose of the description, the term “methylol” used hearein includes both --
CH20H and ~-CH20R and an un-substituted methylol group is CH20H.

Said methylol groups (either --CH20H or --CH20R ) are the end groups
attached to the resole resins. The methyiol groups are formed during the
resole resin synthesis and can further react with another molecule to form
ather or methylene linkages leading to macromolacules.

[0286] The phenolic resin contains the residues of un-substituted phenols
or meta-substituted phenols.  When starting with phenol or meta-substituted
phenols to make a resole, the para and ortho positions are both available for
bridging reactions to form a branched network with final methylol end groups
on the resin being in the para or ortho positions relalive to the phenolic
hydroxyl group.  To make the phenolic resole, a phenol composition is used
as a starting material.  The phenol composition contains un-substituted
and/or meta-substituted phenols. The amount of un-substituted, meta-
substituted, or a combination of the two, that is present in the phenol
compositions used as a reactant o make the phenolic resole resin, is at least
50 wt.%, or af least 60 wi.%, or at least 70 wi.%, or at least 75 wi.%, or at
least 80 wi.%, or al least 85 wt.%, or at least 90 wt.%, or at least 85 wi.%, or

102



WO 2016/069567 PCT/US2015/057524

10

15

20

25

30

at least 98 wi.%, based on the weight of the phenol compasition used as a
regctant starting material.

[0287] The phenol composition is reacted with a reactive compound such
as an aldehyde at an gldehyde:phenol molar ratio (using aldehyde as an
example) of greater than 1:1, or at least 1.05:1, or at least 1.1:1, or at least
1.2, or atleast 1.25:1, or at least 1.3:1, or at least 1.35:1, or atleast 1.4:1, or
at least 1.45:1, or alleast 1.5:1, or at least 1.55:1, or at least 1.6:1, or gt least
1.65:1, oratleast 1.7:1, or atleast 1.75:1, or at least 1.8:1, or at least 1.85:1,
or at least 1.9:1, or atleast 1.85:1, or atleast 2:1.  The upper amount of
aldehyde is not limited and can be as high as 30:1, but generally is up to B:1,
orupto 4:1, orupto 31, orupto 2.5:1. Typically, the ratioc of

aldehyde phenol is at least 1.2:1 or more, or 1.4:1 or more or 1.5:1 or more,
and typically up to 3:1.  Desirably, these ratios also apply to the aldehyde/un-
substituted phenol or meta-substituted phenol ratio.

[0288] Thea resole phanolic resin can contain an average of at least 0.3, or
atleast 0.4, or atleast 0.45, or atleast 0.5, or atleast 0.6, or aileast 0.8, or at
ieast 0.9 methylol groups per one phenolic hydroxyl group, and “methylol”
includes both --CH20H and --CH20R.

[0289] The phenolic resin obtained by the condensation of phenols with
aldehydes of the general formula (RCHOIn, whare R is hydrogen or a
hydrocarbon group having 1 1o 8 carbon atoms andnis 1, 2, or 3. Specific
examples include formaldehyde, paraldehyde, acetaldehyde, glyoxal,
propionaldehyde, furfuraldehyde, or benzaldehyde. Desirably, the phenolic
resin is the reaction product of phenols with formaldehyde.

[0290] At least a part of the crosslinker in (il) comprises a resole type
phenolic resin thatl is prepared by reacting either un-substituted phenol or
meta-substituted phenol or a combination thereof with an aldehyde. The un-
substituted phenol is phenol (CBHSCOH).  Examples of meta-substituted
nhenols include m-cresol, m-ethylphenol, m-propylphenocl, m-butyiphenol, m-
octyiphenol, m-aglkyiphenol, m-phenyiphenol, m-alkoxyphenol, 3,5-xylenol,
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3,5-diethyl phenol, 3,5-dibutyl phenol, 3,5-dialkylphenol, 3,5-dicyclohexy
phenol, 3,5-dimethoxy phenol, 3-alkyl-5-alkyoxy phenol, and the like.
[0291]  Although other substituted phenol compounds can be used in
combination with said un-substituted phenols or meta-substituled phenols for
making phenoclic resins, it is desirable that al least 50%, or at least 70%, or at
least 80%, or gt least 80%, or at least 5%, or at least 98%, or al least
100%0f the phenoclic compounds used to make the resole resin are un-
substituted phenol or mata-substituted phenol.
[0292] Examples of suitable commercial phenolic resins include, butl are
not limited to, PHENODUR® PR 516/608 (based on cresol and formaldehyde)
available from Alinex and PHENODUR® PR 371/70B (based on un-
substituted phenol and formaldehyde) also available from Alinex.
[0293] The phenolic resins are desirably heal curable.  The phenolic resin
is desirably not made by the addition of bisphenol A, F, or & {collectively
"BRPA”).
[0294] The resole is desirably of the type that is soluble in alcohol or water.
The resole resin can be liquid at 25°C.  The resole resin can have a weight
average molecular weight from 200 to 2000, generally from 300 to 1000, or
from 400 to 800, or from 500 to 600.
[0295] This rescle resin obtained with unsubstituted or meta-substituted
phenols is reactive and cures well with a variety of curable polyester resins.
Suitable types of curable polyester resins include any of those mentioned
above; that is, those having:
(i) an acid number ranging from about 20 to about 120 mg KOH/g,
a hydroxyl number ranging from greater than 0 to about 100 mg
KOH/g, and an acid number:hydroxyl (AN:OH) number ratio of at least
0.5:1; or those having
(i) residues of an a,3-unsaturated polycarboxylic acid compound,
said a,3-unsaturated polycarboxylic acid compound having at least two
carboxylic acid groups or at least one anhydride group, and having at
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least one unsaturation that is in the a,3 position relative to a carbonyl

group and is not located on an aromatic ring; or those having

(i)

[0296]

beta-ketoacetate moieties without vinyl unsaturation.

In addition to any of these curable polyesters, the resole resin

obtained with unsubstituted or meta-substituted phenols is reactive with and

cures well with other types of curable polyester resins that have —OH or —

COOH groups or both. These curable polyesters have a cumulative acid

number and hydroxyl number in a range of 30 to 200 mgKOH/g, or 40 to 150

mgKOH/g, or 50-100 mgKOH/g. The acid number or hydroxyl number can be

zero, provided that the cumulative number is at least 30 mgKOH/g. These

curable polyesters can comprise the residues of:

a)

b)

polyhydroxyl compounds comprising:

(i) diol compounds in an amount of 70 mole % - 100 mole %;
and

(ii) polyhydroxyl compounds having 3 or more hydroxyl
groups in an amount of 0 to 30 mole %;

wherein the mole % is based on 100% of all moles of
polyhydroxyl compounds a); and

polycarboxyl compounds comprising polycarboxylic acid

compounds, derivatives of polycarboxylic acid compounds, the

anhydrides of polycarboxylic acids, or combinations thereof.

[0297]

There is also provided a solvent containing (as distinguished from

an aqueous based coating) coating composition, comprising:

[0298]

any of the above mentioned curable polyester resins,

a crosslinker composition comprising a resole phenolic resin,
said phenolic resin containing the residues of un-substituted
nhenol and/or meta-substituled phenols; and

an organic solvent.

Suitable organic solvents for the solvent-based coaling compaosition

include xylens, ketones {for example, methyl amyl ketone), 2-butoxyethanol,
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ethyl-3-ethoxypropionate, oluene, butanol, cyclopentanone, cyclohexanone,
ethyl acetate, butyl acetate, and other volaiile inert sclvents typically used in
industrial baking {i.e., thermosetting) enamels, mineral spirits, naptha,
toluene, acetone, methyl ethyl ketone, methyl isoamyl ketone, isobutyl
acetate, t-butyl acetate, n-propyl acetate, isopropyl acetate, methyl acetate,
ethanol, n-propanol, isopropanol, sec-butanol, isobutanol, ethylene glycol
monobutyl ether, propylene glycol n-butyl ether, propylene glycol methyl
ether, propylene glycol monopropyl ether, dipropylene glycol methyl ether,
diethylene glycol monobutyl ether, trimethylpentanediol mono-isobutyrate,
ethylene glycol mono-octyl ether, diacetone alcohol, 2,2,4-trimethyl-1,3-
pentanediol monoisobutyrate (available commercially from Eastman Chemical
Company under the trademark TEXANOL™), or combinations thereof. The
coating composition also may comprise reactive solvents such as, for
example, diallyl phthalate, SANTOLINK™ XI-100 polyglycidy! allyl ether
(available from Cytec), and others as described, for example, in U.S. Patent
Nos 5,349,026 and 5,371,148.

[0299] The amount of sclvent (other than water) is desirably at least 20
wt.%, or at least 25 wt.%, or at least 30 wt.%, or at least 35 wt.%, or at least
40 wi. %, or at least 45 wl.%, or at least 50 wi.%, or at least 55 wi.% based on
the weight of the solvent conlaining coaling composition.  Additionally or in
the alternative, the amount of organic sclvent can be up 1o 85 wt.% based on
the weight of the coaling compaosition.  Solvent containing coaling
compositions desirably contain 10 wi% or less, or 8 wi.% orless, or 5 wi.% or
less, or 3 wlh.% or less water, based on the weight of the coaling compaosition.
[0300] A coating made with the solvent borne coating compositions
containing the crosslinker composition comprising a resole phenolic resin,
said phenolic resin containing the residues of un-substiiuied phenol and/or
meta-substituted phenols, is capable of having  solvent resistance of at least
50, at least 100, at least 150, al least 200, or at least 300, and even at least
500, according to the doubie rub MEK test described in the examples below.
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[0301] There is further provided an aqueous dispersion, comprising:

l. any of the above mentioned curable polyester resins at least
partially neutralized with a neutralizing agent,

Il. a crosslinker composition comprising a resole phenolic resin,
said phenolic resin containing the residues of un-substituted
phenol and/or meta-substituted pheanols; and

1. water.

[0302] The amount of watar is desirably at least 20 wi.%, or at least 25
wt.%, or at {east 30 wt.%, or at least 35 wt.%, or at least 40 wt.%, or at least
45 wil. %, or al least 50 wi.%, or al least 55 wi.%, or at least 60 wi.% based on
the weight of the aqueous dispersion.

[0303] The neulralizing agent may be an amine or an inorganic base.
Typical amines inciude ammania, trimethylamine, diethylamineg,
monoethanolamine, monocisopropanclamine, morpholing, ethanolamineg,
diethanolamine, triethanclamine, N,N-dimethylethanolamine, N, N-
diethylethanolamine, N-methyldiethanolamine and the like.

[0304] Typical inorganic bases include bases derived from alkali metals
and alkaline earth metals such as, for example, sodium, potassium,
magnesium, calcium, and other basic metal compounds. Suitable bases
from this first class of bases useful in the present invention include, but are
not limited to, sodium oxide, potassium oxide, magnesium oxide, calcium
oxide, sodium hydroxide, potassium hydroxide, magnesium hydroxide,
calcium hydroxide, sodium carbonate, potassium carbonate, sodium
bicarbonate, potassium bicarbonate, calcium carbonate, magnesium
bicarbonate, alkali metal borate compounds and their hydrates, sodium
phosphate, potassium biphosphate, and sodium pyrophosphate.

[0305] The aqueous dispersion may and desirably further comprises an
organic co-solvent.  Suitable co-solvents include ethanol, n-propanol,
isopropanol, n-butanol, sec-butanol, iscbutancl, ethylene glycol monabuty!
ether, propylene glycol n-butyi ether, propylene glycol methyl ether, propylene
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glycol monopropyl ether, dipropylene glycol methyl ether, diacetone alcohol,
and other water-miscible solvents.  If an organic co-solvent is used, the
amount is desirably 40 wi.% or less, or 30 wi.% or less, or 15 wi.% or less, or
10 wi.% or & wl.% less based on the weight of the aqueous compaosition, and
at least 1 wt.%, or at least 3 wi.% based on the weight of the aquecus
compaosition.

[0306] Aqueous dispersions containing the curable polyester resin are
typically prepared by dispersing the curable polyester resins with water in the
presence of organic co-solvent(s) (e.g. at least 1 or 3 wt.% and up to 15 wt.%
based on the weight of the polyester polymers), at a temperature ranging from
about 60 to about 95°C under ambient pressure. The dispersing process
may be carried out either by gradually adding the resin to the heated mixture
of water, the neutralizing agent, and the co-solvent(s) or by gradually adding
water and the neutralizing agent to the heated mixture of the resin and the co-
solvent(s). The former method is preferred for resins with a high Tg (e.g.
>60°C), which can be pulverized, for example, by using a blender and
subsequently added to the heated water and the neutralizing agent. For
resins with a lower Tgq, it is preferred to add water and the neutralizing agent
to the heated resin mixture containing the co-solvent. After the completion of
adding either resin or water, the stirring is allowed to continue until a
homogeneous dispersion is obtained. The process typically takes one or
several hours. lItis intended for this terminology to include conditions where
the polyester is dissolved to form a true solution as well as those where the
polyester is dispersed within the aqueous medium. Often, due to the
statistical nature of polyester compositions, it is possible to have a soluble
fraction and a dispersed fraction when a single polyester sample is placed in
an aqueous medium.

[0307] Desirably, the dispersion contains up to 80 wt.%, or up to 60 wt.%,
or up to 50 wt.%, or up to 40 wt.% curable polyester resin. Suitable ranges
of curable polyester resin in wt.% based on the weight of the dispersion
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include 3-80, or 5-80, or 10-80, or 5-80, or 10-80, or 15-80, or 20-80, or 25-80,
or 30-80, or 3-60, or 5-60, or 10-60, or 5-60, or 10-60, or 15-60, or 20-60, or
25-60, or 30-60, or 3-50, or 5-50, or 10-50, or 5-50, or 10-50, or 15-50, or 20-
50, or 25-50, or 30-50, or 3-45, or 5-45, or 10-45, or 5-45, or 10-45, or 15-45,
or 20-45, or 25-45, or 30-45.

[0308] There is further provided a curable powder coating composition
comprising:

l. any of the above mentioned curable polyester resins having a
Tg greater than about 50 °C and,

Il. a crosslinker composition comprising a resole phenolic resin,
said phenolic resin containing the residues of un-substiiuied
phenol and/or meta-substituted phenols.

[0309] Any of the rescle phenolic resins described above with respect io
the agueous or solvent borne coatings are useful for powder coatings.

Other Ingredients Useful In Any Of The Thermosetting Compositions

[0310] In any of the thermosetting compositions containing any curable
polyester resin, including the aceloacetate functionalized curable polyester
resin, the unsaturated polyester resin, of the acid modified curable polyester
resin, crosslinking compounds other than the phenolic resole resins can be
used in combination with the phenolic resins. These include the other types
of phenolic resins, or amino, epoxide, or isocyanate based crosslinkers. The
amino resin crosslinker (or cross-linking agent) can be a melamine-
formaldehyde type cross-linking agent, i.e., a cross-linking agent having a
plurality of --N(CH20R®3)2 functional groups, wherein R3 is C1 —C4 alkyl,
preferably methyl. The amino cross-linking agent may also be a modified
melamine-formaldehyde type resin such as toluene sulfonamide modified
melamine-formaldehyde resins, and the like.

[0311] In general, the amino cross-linking agent may be selecled from
compounds of the following formulae, wherein B is independently Cy -C, alkyl:
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[0312] The amino containing cross-linking agents are desirably
hexamethoxymethylmelamine, tetramethoxymethylbenzo-guanamine,
tetramethoxymethylurea, mixed buioxy/methoxy substituied melamines, and
the like.  Allernatively, a toluene sulfonamide methylated
melaminformaldehyde resin powder may be utilized as a cross-linking agent.
[0313] The crosslinking agent may aiso be blocked or non-blocked
isocyanate type.  Examples of suitable isocyanate crosslinking agenis
inciude, but are not limited to, 1,8-hexamethylene diisocyanale, methyiene bis
(4-cycliohexyl isocyanate), isophorone diisocyanate, 2 4-ioluene diisocyanate,
and Bayhydur® 302 (BAYER MaterialScience).

[0314] The crosslinking agent can be an epoxidized phenolic resin type.

An example is the reaction product of epichlorohydrin and phenol-
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formaldehyde novolac such as D.E.N.- 431, -438, -439, or D.E.R. 354
available from Dow Chemical Company.

[0315] In the case of thermosetling powder coating compositions, the
cross-linking agents can be cross-linking compounds with epoxy groups such
as triglycidyl isocyanurate.  Desirable epoxy functional compounds generally
have a molecular weight of about 300 to aboul 4000, and have approximately
0.05 to about 0.89 epoxy groups per 100 g of resin {i.e., 100-2000 weight per
apoxy {(WPE}. Such resing are widely known and are commercially-
available under EPON™ irade name available from MOMENTIVE.

[0316]  Additionally, the present inventors have surprisingly found that
when a combination of resole phenolic resin and amino resin is used for
curing, the resulting cured coating films exhibit much less color than those
with only phenglic resins as the crosslinker.  Thus, there is further provided a
crosslinking system comprising a resocle phengclic resin and an aming resin.
[0317] Desirably, in all the types of thermosetting compositions, the cross-
linker composition contains greater than 50 wi.% or greater than 60 wt.% or
greater than 70 wl.% or greatar than 80 wh.% or greater than 90 wi.% rasole
phenclic resin, based on the weight of the cross-linker composition. In
addition o or in the alternative, the remainder of the cross-linking compounds
in the cross-linking composition, if any, are amine based crosslinking
compounds as described above.

[0318] Any of the thermosetling compositions of the invention can also
inciude one or more cross-linking catalysis.  Representative crossiinking
catalysts include from carboxylic acids, sulfonic acids, tertiary amines, terliary
phosphines, tin compounds, or combinations of these compounds.  Some
specific examplas of crosslinking catalysts include p-toluenesulfonic acid, the
NACURE™ 155, 5076, and 1051 catalysis sold by King Industries, BYK 450,
470, available from BYK-Chemie U.S.A., methyl tolyl sulfonimide, p-
toluenesulionic acid, dodecylbenzene sulfonic acid, dinonyinaphthalene
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sulfonic acid, and dinonyinaphthalene disulfonic acid, benzoic acid,
triphenylphosphine, dibutyltindilaurale, and dibutyltindiacetate.

[0319] The crosslinking catalyst can depend on the type of crosslinker that
is used in the coating composition.  For example, the crosslinker can
comprise an epoxide, and the crosslinking catalyst can comprise at least one
compound chosen from p-loluenesulfonic aeid, benzoic acid, terliary amines,
and triphenyiphosphine.  In another exampile, the crossiinker can comprise a
melamine or "amino” crosslinker and the crosslinking catalyst can comprise p-
toluenesulfonic acid, unblocked and blocked dodecylbenzene sulfonic
{abbreviated herein as "DDBSA”), dinonyinaphthalene sulfonic acid
{abbreviated herein as "DNNGA”) and dinonyinaphthalene disulfonic acid
{abbreviated herein as "DNNDSA™.  Some of these catalysts are available
commaercially under trademarks such as, for example, NACURE™ 155, 5078,
1051, and 5225 {(available from King Industries), BYK-CATALYSTS™
(available from BYK-Chemie USA)}, and CYCAT ™ catalysts (available from
Cytec Surface Specialties).  The coating compositions of the invention can
comprisa one or more isocyanate crosslinking catalysts such as, for example,
FASCAT™ 4202 {dibutyltindilaurate), FASCAT™ 4200 (dibutyllindiacetale,
both available from Arkema), DABCO™ T-12 {available from Air Products)
and K-KAT™ 348, 4205, 5218, XC-8212™ non-lin calalysts {(available from
King Industries), and tertiary amines.

[0320] The thermosetlting composition can contain an acid or base catalyst
in an amount ranging from 0.1 to 2 weight %, based on the total weight of any
of the aforementioned curable polyester resins and the crosslinkar
composition.

[0321] The compasitions of the invention can also contain one or more
leveling, rheclogy, and flow control agents such as silicones, fluorocarbons or
celiulosics; flatting agents; pigment wetting and dispersing agents; surfactants;
uitraviclet (UV) absorbers; UV light stabilizers; tinting pigments; defoaming
and antifoaming agents; anti-settling, anti-sag and bodying agents; anti-
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skinning agents; anti-flooding and anti-floating agents; fungicides and
mildewicides; corrosion inhibitors; thickening agents; or coalescing agenis.
Specific examples of such additives can be found in Raw Materials index,
published by the National Paint & Coatings Association, 1500 Rhode Island
Avenue, NW., Washington, D.C. 20005.

[0322] Examples of flatling agents include, but are not limited to, synthetic
silica, available from the Davison Chemical Division of W. R. Grace &
Company as SYLOID™: polypropylena, available from Hercules Inc., as
HERCOFLAT™; and synthetic silicate, available from J. M. Huber Corporation,
as ZEQLEX™,

[0323] Examples of dispersing agents include, bul are not limited to,
sodium his{tridecyl} sulfosuccinate, di{2-ethyl hexyl) sodium sulfosuccinate,
sodium dihexylsulfosuccinale, sodium dicyclohexyl sulfosuccinate, diamyi
sodium sulfosuccinate, sodium dusobutyl sulfosuccinate, disodium isodecyl
sulfosuccinate, disodium ethaxylated alcohol half ester of sulfosuccinic acid,
disodium alkyl amido polysthoxy sulfosuccinate, tetra-sodium N-(1,2-
dicarboxyethyl)-N-octadecy! sulfosuccinamate, disodium N-
octasulfosuccinamais, sulfated ethoxyiated nonylphenol, 2-amino-2-methyl-1-
propanol, and the like.

[0324] Examples of viscosity, suspension, and flow control agents include
polyaminoamide phosphate, high molecular weight carboxylic acid salts of
polyamine amides, and alkylene amine salts of an unsaturated falty acid, all
available from BYK Chemie USA as ANTI TERRA™.  Further examples
include, but are not limited to, polysiloxane copolymers, polyacrylate solution,
cellulose esters, hydroxyethyl cellulose, hydroxypropy! cellulose, polyamide
wax, polyolefin wax, hydroxypropy! methyl celluiose, polyethylene oxide, and
the like.

[0325] Several proprietary antifoaming agents are commercially available
and include, but are not limiled to, BUBREAK™, gvailable from Buckman
Laboratories Inc., BYK™, available from BYK Chemie, U.S.A.,
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FOAMASTER™ and NOPCO™, available from Henkel Corporation Coating
Chemicals, DREWPLUS™ available from the Drew Industrial Division of
Ashiand Chemical Company, TROYSOL™ and TROYKYD™, available from
Troy Chemical Corporation, and SAG™, available from Union Carbide
{Corporation.

[0326] Some examples of UV absorbers and UV light siabilizers are
substiiuied benzophenone, substituied benzotriazoles, hindered amines, and
hindered benzoates, available from Cytec Specialty Chemicals as
CYASORB® UV, and available from Ciba Specially Chemicals ag TINUVING;
diethyl-3acetyi-4-hydroxy-benzyl-phosphonate, 4-dodacyloxy-2-hydroxy
benzophenone, and resorcingl monobenzoate.

[0327] The coating composition may alse comprise at least one pigment.
Typically, the pigment is present in an amount of about 20 1o about 60 weight
percert, based on the total weight of the composition.  Examples of pigments
inciude those generally recognized by persons of ordinary skill in the art of
surface coalings. For example, the pigment may be a typical organic or
inorganic pigment, especially those set forth in the Colour Index, 3rd ed., 2nd
Rev., 1882, published by the Society of Dyers and Colourists in association
with the American Association of Textile Chemists and Colorists.  Gther
examples of suilable pigments include titanium dioxide, baryies, clay, calcium
carbonate, Gl Pigment White & (litanium dioxide), Cl Pigment Red 101 {red
iron oxide), Cl Pigment Yellow 42, Cl Pigment Blue 15,15:1,15:2,15:3,154
{copper phthalocyanines); Cl Pigment Red 48:1 and Ci Pigment Red 57:1.
Colorants such as, for example, phthalocyanine blue, molybdate orangs, or
carbon black also may be added to the coating composition.  For example,
the solventborne, thermosetting coating formulations can contain titanium
dioxide as the pigment.

[0328]  After formulation, the coaling composition can be applied to a
substraie or article.  Thus, a further aspect of the present invention is a
shaped or formed article that has been coated with the coaling compositions
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of the present invention.  The substrate can be any common substrate such
as paper; polymer films such as polysthyiene or polypropylene; wood; metals
such as aluminum, steel or galvanized sheeting; glass; urethane elastomers;
primed {painted) substrales; and the like.  The coating compaosition can be
coated onto a subsirate using techniques known in the art, for example, by
spraying, draw-down, roli-coating, etc., about 0.1 to aboul 4 mils, or 0.5 10 3,
or 0.5 1t0 2, or 0.5 1o 1 mils of wet coating onto a substrate.  The coating can
be cured at ambient {room) temperature or heated in a forced airovento a
temperature of about 50°C to about 175°C, for g time period that typically
ranges about 5 1o about 30 minutes and allowead to cool.  Further examples
of typical application and curing methods can be found in US Pal. Nos.
4,737,551 and 4,698,381 and 3,345 313.

[0329] Other examples of the invention of the above compositions are
further described as follows. There is provided at least four categories. The
compositions, methods, powders, and dispersions within each category that
reference compositions or methods above refer to the compositions and
methods within the same category.

CATEGORY 1
[0330] A composition comprising a curable polyester resin, said polyester

resin comprising the residues of:
a) polyhydroxyl compounds comprising:
(i) 2,2,4,4-tetraalkylcyclobutane-1,3-diol (TACD)
compounds, and
(i)  polyhydroxyl compounds other than TACD, and
b) polycarboxyl compounds comprising:
(i) a polycarboxylic acid compound, a derivative of
polycarboxylic acid compound other than (bii), or a
combination thereof, and

(i) a polycarboxylic anhydride compound;
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wherein said curable polyester resin has an acid number ranging from about
20 to about 120 mg KOH/g, a hydroxyl number ranging from greater than 0 to
about 100 mg KOH/g, and an acid number:hydroxyl number ratio (AN:OH) of
at least 0.5:1.

[0331] The above composition, wherein the TACD comprises 2,2,4,4-
tetramethylcyclobutane-1,3-diol.

[0332] Any one of the above compositions, wherein a polyhydroxyl
compound (a)(ii) comprises 2,2-dimethyl-1,3-propanediol (neopentyl glycol),
1,4-cyclohexanedimethanol, or 1,1,1-trimethylol propane, or mixtures thereof.
[0333] Any of the above compositions, wherein the polycarboxylic acid
(b)(i) comprises isophthalic acid, dimethyl isophthalate, terephthalic acid,
dimethyl terephthalate, 1,4-cyclohexanedicarboxylic acid, adipic acid, or
mixtures thereof.

[0334] Any of the above compositions, wherein the polycarboxylic acid
(b)(i) comprises:

a) (isophthalic acid or dimethyl isophthalate) and
(1,4-cyclohexanedicarboxylic acid,
1,3-cyclohexanedicarboxylic acid, or mixtures thereof); or

b) (isophthalic acid or dimethyl isophthalate), and (dodecanedioic
acid, sebacic acid, azelaic acid, maleic acid, fumaric acid,
succinic acid, adipic acid, glutaric acid, itatonic acid, diglycolic
acid; or mixtures thereof); or

c) isophthalic acid or dimethyl isophthalate; or

d) (1,4-cyclohexanedicarboxylic acid,
1,3-cyclohexanedicarboxylic acid, or mixtures thereof) and
(dodecanedioic acid, sebacic acid, azelaic acid, maleic acid,
fumaric acid, succinic acid, adipic acid, glutaric acid, itatonic
acid, diglycolic acid, or mixtures thereof), or

e) 1,4-cyclohexanedicarboxylic acid.
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[0335] Any of the above compositions, wherein terephthalic acid or
derivatives thereof are not present as polycarboxylic acids (b).

[0336] Any of the above compositions, wherein the polycarboxylic
anhydrides (b)(ii) comprise isobutyric anhydride, acetic anhydride, 2-ethyl
hexanoic anhydride, phthalic anhydride, maleic anhydride, or trimellitic
anhydride, or mixtures thereof.

[0337] Any of the above compositions, wherein the molar quantity of TACD
(ai) exceeds the molar quantity of any other polyhydroxyl compound, based
on the total moles of polyhydroxyl compounds (a).

[0338] Any of the above compositions, wherein the quantity of TACD is
more than 50 mole% and up to 90 mole%, based on the total moles of
polyhydroxyl compounds (b).

[0339] Any of the above compositions, wherein the curable polyester resin
contains TACD residues in an amount of 25-47 mole%, based on the total
moles of all components of the curable polyester resin.

[0340] Any of the above compositions, wherein the molar quantity of
polycarboxylic anhydride compounds (bii) is in a range of 8-30 mole%, based
on the total moles of polycarboxylic acid (b).

[0341] Any of the above compositions, wherein the molar quantity of
polycarboxylic anhydride compounds (b)(ii) is in a range of 3-15 mole% based
on the total moles of all components of the curable polyester resins.

[0342] Any of the above compositions, wherein the acid number is in a
range from 50 to 120.

[0343] Any of the above compositions, wherein the hydroxyl number is in a
range from 20 to 100.

[0344] Any of the above compositions, wherein the AN:OH ratio is least
0.8:1 and up to 20:1.
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Any of the above compositions, wherein the curable polyester resin

has an acid number, a hydroxyl number, and an AN:OH ratio that is within the

range of any one box designated with an “x” in Table 3:

Table 3
OH# Acid #
50-100 | 50-90 | 60-120 | 65- | 70-100 | 45-90 | 50-85 | 60-90 | 65-90 | 30-90
100

15-90 X X X X X X X

15-75 X X X X X X X

20-70 X X X X X

20-65 X X X X X

20-60 X X X X X

20-50 X X X X

15-45 X X X X X X X X

10-40 X X X X X X X X X X
40-100 X

50-100 X

60-100 X

AN:OH | 0.8:1- 1.5:1- 0.5:1 1:1- 0.5:1- 1.3:1- 2:1- 0.5:1- 1.5:1- 1:1-

Ratio 51 51 2:1 6:1 4:1 6:1 4:1 3:1 5:1 8:1
[0346] Any of the above compositions, wherein the acid number of the
polyester can be from 50 to 100 and hydroxyl number is 10 to 50.
[0347] Any of the above compositions, wherein the curable polyester resin
has a glass transition temperature (Tg) from 40°C to 85°C.
[0348] Any of the above compositions, wherein the number average
molecular weight (Mn) of the curable polyester is within a range of 1,000 to
20,000.

[0349] Any of the above compositions, wherein the Mn of the curable

polyester is within a range of 1,000 to 2,500.

[0350]

Any of the above compositions, comprising the residues of:

a)

polyhydroxyl compounds comprising:
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)y  2,2,4,4-tetramethylcyclobutane-1,3-diol in an amount
ranging from about 3 to 98 mole %, based on the total
moles of polyhydroxyl compounds (a), and

ii)  polyhydroxyl compounds other than 2,2,4,4-
tetramethylcyclobutane-1,3-diol comprising
(1)  adiol in an amount ranging from 0 to 95 mole %,

based on the total moles of (a), and
(2) a polyhydroxyl compound having 3 or more
hydroxyl groups in an amount ranging from 2 to 20
mole %, based on the total moles of (a), and
b) polycarboxyl compounds comprising

i)  a polycarboxylic acid, a derivative of polycarboxylic acid
compound (other than bii)), or a combination thereof in an
amount ranging from 70 to 95 mole %, based on the total
moles of (b), and

ii)  a polycarboxylic anhydride in an amount ranging from 5
to 30 mole %, based on the total moles of (b),

wherein said polyester has an acid number ranging from about

30 to about 100 mg KOH/g and a hydroxyl number ranging

from 3 to about 80 mg KOH/g.

[0351] Any one of the above compositions, comprising the residues of:
a) polyhydroxyl compounds comprising:

)y  2,2,4,4-tetramethylcyclobutane-1,3-diol in an amount
ranging from about 60 to 97 mole %, based on the total
moles of polyhydroxyl compounds (a), and

i)  polyhydroxyl compounds other than 2,2,4,4-
tetramethylcyclobutane-1,3-diol comprising
(1)  adiol in an amount ranging from 0 to 37 mole %,

based on the total moles of (a), and
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(2) a polyhydroxyl compound having 3 or more
hydroxyl groups in an amount ranging from 3 to 15
mole %, based on the total moles of (a), and
b) polycarboxyl compounds comprising
i)  a polycarboxylic acid, a derivative of polycarboxylic acid
compound (other than bii)), or a combination thereof in an
amount ranging from 75 to 90 mole %, based on the total
moles of (b), and
i)  a polycarboxylic anhydride in an amount ranging from 10
to 25 mole %, based on the total moles of (b),
wherein said polyester has an acid number ranging from about
30 to about 100 mg KOH/g and a hydroxyl number ranging
from 3 to about 80 mg KOH/g.
[0352] Any one of the above compositions, wherein the AN:OH ratio is at
least 0.9:1.
[0353] Any one of the above compositions, wherein the (a)(ii)(1) diol
comprises 2,2-dimethyl-1,3-propanediol, 1,3-cyclohexanedimethanol,
1,4-cyclohexanedimethanol, 2-methyl-1,3-propanediol or combinations
thereof; the (a)(ii)(2) polyhydroxyl compound having 3 or more hydroxyl
groups comprises 1,1,1-trimethylol propane, 1,1,1-trimethylolethane, glycerin,
pentaerythritol, sorbitol, 1,2,6-hexanetriol, or combinations thereof; the (b)(i)
polycarboxylic acid comprises isophthalic acid (or dimethyl isophthalate),
terephthalic acid (or dimethyl terephthalate), 1,4-cyclohexanedicarboxylic
acid, 1,3-cyclohexanedicarboxylic acid, or adipic acid or combinations thereof;
and the (b)(ii) polycarboxylic anhydride (b)(ii) comprises trimellitic anhydride,
hexahydrophthalic anhydride, pyromellitic anhydride, maleic anhydride,
succinic anhydride, or combinations thereof.
[0354] Any one of the above compositions, comprising both an (a)(ii)(1)
diol and an (a)(ii)(2) polyhydroxyl compound having 3 or more hydroxyl

groups.
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[0355] Any one of the above compositions, wherein the (a)(ii)(2)
polyhydroxyl compound having 3 or more hydroxyl groups comprises 1,1,1-
trimethylol propane, 1,1,1-trimethylolethane, glycerin, or combinations thereof;
the (b)(i) polycarboxylic acid comprises isophthalic acid,
1,4-cyclohexanedicarboxylic acid, or combinations thereof; and the (b)(ii)
polycarboxylic anhydride (b)(ii) comprises trimellitic anhydride,
hexahydrophthalic anhydride, pyromellitic anhydride, maleic anhydride,
succinic anhydride, or combinations thereof.

[0356] A method for the preparation of a curable polyester resin
composition comprising:

a) afirst stage for making a polyester intermediate composition
by combining polyhydroxyl compounds and polycarboxylic acid
compounds to form a reaction mixture, and reacting the
reaction mixture in a reactor at a temperature from 180-250
°C, optionally in the presence of an acid catalyst, until the
reaction mixture has an acid number of 0 to 20 mg KOH/g, and

b) thereafter, a second stage for forming a curable polyester
composition by reacting a polycarboxylic anhydride with the
reaction mixture at a temperature of 140 °C to 180 °C to
thereby obtain a polyester composition having an acid number
of greater than 20 mg KOH/g.

[0357] The above method, wherein the reaction mixture is cooled to 180°C
or less prior to contact with a polycarboxylic anhydride.

[0358] Any of the above methods, wherein a distillate is removed from the
reactor during step (a).

[0359] Any of the above methods, wherein the reaction in stage a)
proceeds at a temperature of at least 200°C for at least 80% of the residence
time of the reaction measured as commencing on when the temperature
within the reactor reaches 160°C or more and ending when the acid number

of the reaction mixture reaches or falls through 20 mg KOH/g.
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[0360] Any of the above methods, wherein the reaction in stage a)
proceeds under a vacuum to a portion of the residence time.
[0361] Any of the above methods, wherein the vacuum is within a range of
600 torr to 0.5 torr.
[0362] Any of the above methods, wherein the polycarboxylic anhydride is
reacted at a temperature within a range of 150°C to 180°C.
[0363] A solvent containing coating composition, comprising:

a) the curable polyester resin composition of claim 1,

b) a crosslinker compound comprising an amino resin, phenolic

resin, isocyanate resin, or an epoxy resin, and

C) an organic solvent.
[0364] The solvent composition above, wherein the amount of organic
solvent is at least 40 wt.%, based on the weight of the solvent containing
coating composition.
[0365] The solvent composition above,, wherein the composition
comprises 3 wt.% or less water.
[0366] The solvent composition above, wherein said composition
comprises less than 3 wt.% curable polyester resin as solid particles, based
on the total weight of the curable poiyeaster (a).
[0367] The solvent composition above, wherein said composition
comprises less than 1 wt.% curable polyester resin as solid particles, based
on the total weight of the curable polyester (a).
[0368] The solvent composition above, wherein the crosslinker compound
comprises a resole type phenolic resin.
[0369] The solvent composition above, wherein the crosslinker compound
comprises a resole type phenolic resin containing at least 50 wt.% of the
residues of un-substituied phenol and/or meta-substituted phenol, based on
the total phenolic residues of the crosslinker resin.
[0370] The solvent composition above, wherein the crosslinker compound

comprises a resole type phenolic resin and an amino resin.
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[0371] An agueous digpersion comprising:
a) the curable polyester resin as described in any of the
embodiments above,
b) a neutralizing agent, and
c) water.
[0372] The dispersion above, wherein the amount of water is at least 55
wt.% based on the weight of the aqueous dispersion.
[0373] Any one of the dispersions above, wherein the neutralizing
comprises an amine.
[0374] Any one of the dispersions above, further comprising an alcohol as
a co-solvent in an amount of 15 wt.% or less based on the weight of the
dispersion.
[0375] Any one of the dispersions above, wherein the dispersion
comprises 20 wt.% to 60 wt.% curable polyester resin.
[0376] Any one of the dispersions above, wherein the dispersion
comprises 25 wit% to 45 wt.% curable polyester resin.
[0377] A curable waterborne coating composition, comprising
a) any one of the curable polyester resin compositions described
above, said composition having acid number within a range of
50 to 120 mg KOH/g,
b) a neutralizing agent,
c) water, and
d) acrosslinker comprising an amino resin, phenolic resin,
isocyanate resin, or an epoxy resin.
[0378] The curable waterborne coating composition described above,
wherein the crosslinker compound comprises a resole type phenolic resin.
[0379] Any one of the curable waterborne coating compositions described
above, wherein the crosslinker compound contains at least 50 wt.% of the
residues of un-substituted phenol and/or meta-substituted phenol, based on

the total phenolic residues of the crosslinker resin.
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[0380] Any one of the curable waterborne coating compositions described
above, wherein the crosslinker compound comprises a resole type phenolic
resin and an amino resin.
[0381] A powder coating composition comprising:
a) the curable polyester resin of claim 1 having a glass transition
temperature greater than 50°C, and
b) a crosslinker comprising an amino resin, blocked isocyanate

resin, phenolic resins, epoxy resin, or an epoxidized phenolic resin.

CATEGORY 2
[0382] A thermosetting composition comprising:
l)  an unsaturated curable polyester comprising the residues of
an a,pB-unsaturated polycarboxylic acid compound, said a,(3-
unsaturated polycarboxylic acid compound having at least two
carboxylic acid groups or at least one anhydride group, and
having at least one unsaturation in a position that is a,3
relative to a carbonyl group and not located on an aromatic
ring; and
II) a phenolic resin having at least one methylol group.
[0383] The thermosetting composition described above, comprising:
l)  an unsaturated curable polyester comprising the residues of:
a) polyhydroxy compounds comprising:
(i) a diol in an amount of 70 mole % - 100 mole %;
and
(i) a polyhydroxyl compound having 3 or more
hydroxyl groups in an amount of 0 to 30 mole %;
wherein the mole % is based on 100% of all moles of all
polyhydroxyl compounds; and
b) polycarboxylic compounds comprising
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(i) an a,B-unsaturated polycarboxylic acid
compound; and
(ii) a polycarboxylic acid compound other than the
(b)(i) a,B-unsaturated polycarboxylic acid
compound.
II) aphenolic resin substituted with at least one methylol group.
[0384] Any of the thermosetting compositions described above, wherein at
least a portion of the methylol groups are in the ortho position relative to a
phenolic hydroxyl group.
[0385] Any of the thermosetting compositions described above,, wherein
the phenolic resin is obtained by the reaction of phenolic compounds and an
aldehyde at an aldehyde:phenol ratio of at least 1.1:1.
[0386] Any of the thermosetting compositions described above, wherein
the phenolic resin has at least one methylol substituent in the ortho position
relative to the phenolic hydroxyl group.
[0387] Any of the thermosetting compositions described above, wherein
the phenolic resin contains an average of one o-methylol substituent per
phenolic hydroxyl group.
[0388] Any of the thermosetting compositions described above, wherein
the phenolic resin is the reaction product of phenolic compounds with
formaldehyde.
[0389] Any of the thermosetting compositions described above, wherein
the phenolic resin is not made by the addition of bisphenol A, F, or S.
[0390] Any of the thermosetting compositions described above, wherein
the phenolic resin is not made by the addition of a polyhydric phenol.
[0391] Any of the thermosetting compositions described above,wherein
a,3-unsaturated polycarboxylic acid compound comprises maleic anhydride,
maleic acid, fumaric acid, itaconic anhydride, itaconic acid, citraconic
anhydride, citraconic acid, aconitic acid, aconitic anahydride, oxalocitraconic
acid, oxalocitraconic anhydride, mesaconic acid, mesaconic anhydride, beta-
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acylacrylic acid, beta-acylacrylic anhydride, phenyl maleic acid, phenyl maleic
anhydride, t-butyl maleic acid, t-butyl maleic anhydride, monomethyl fumarate,
monobutyl fumarate, methyl maleic acid, methyl maleic anhydride, or mixtures
thereof.

[0392] Any of the thermosetting compositions described above, wherein
the a,B-unsaturated polycarboxylic acid compound comprises maleic acid or
maleic anhydride.

[0393] Any of the thermosetting compositions described above, wherein
said unsaturated curable polyester contains at least one non-terminal
ethylenically unsaturated bond in an a,3 position relative to an ester group in
the polymer.

[0394] Any of the thermosetting compositions described above, wherein
the unsaturated curable polyester contains ethylenically unsaturated carbons
pendant to the polymer backbone.

[0395] Any of the thermosetting compositions described above, wherein
the unsaturated curable polyester contains ethylenically unsaturated carbons
that are within the linear polymer backbone.

[0396] Any of the thermosetting compositions described above, wherein
the unsaturated curable polyester does not contain terminal or vinyl
unsaturation.

[0397] Any of the thermosetting compositions described above, wherein
said unsaturated polyester is not made with a monocarboxylic acid compound
having a vinyl group.

[0398] Any of the thermosetting compositions described above, wherein
the unsaturated polyester contains residues of a,B-unsaturated polycarboxylic
acid compound in an amount of at least 5 mole% based on the total moles of
the components of the polyester.

[0399] Any of the thermosetting compositions described above, wherein

the unsaturated curable polyester contains residues of a,B-unsaturated
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polycarboxylic acid compound in an amount of 10 to 25 mole% based on the
total moles of the components of the unsaturated curable polyester.

[0400] Any of the thermosetting compositions described above, wherein
the amount of a,B-unsaturated polycarboxylic acid compound is 30 to 40
mole%, based on 100 mole% of all polycarboxylic compounds (b).

[0401] Any of the thermosetting compositions described above, wherein
the polycarboxylic acid compounds (bii) comprise isophthalic acid, dimethyl
isophthalate, terephthalic acid, dimethyl terephthalate, phthalic acid, phthalic
anhydride, 1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic
acid, adipic acid, 2,6-naphthalenedicarboxylic acid, 1,4-
naphthalenedicarboxylic acid, 2,5-naphthalenedicarboxylic acid, hexahydro-
phthalic anhydride, tetrahydrophthalic anhydride, trimellitic anhydride, succinic
anhydride, succinic acid, or mixtures thereof.

[0402] Any of the thermosetting compositions described above,, wherein
the polycarboxylic acid compounds (bii) comprise isophthalic acid, dimethyl
isophthalate, phthalic acid, phthalic anhydride, 1,4-cyclohexanedicarboxylic
acid, adipic acid, hexahydrophthalic anhydride, tetrahydrophthalic anhydride,
trimellitic anhydride, or mixtures thereof.

[0403] Any of the thermosetting compositions described above, wherein
the poycarboxylic acid compounds (b)(ii) do not include terephthalic acid or a
derivative of terephthalic acid.

[0404] Any of the thermosetting compositions described above, wherein
the unsaturated polyester contains residues of polycarboxylic compounds,
other than a,B-unsaturated polycarboxylic acid compounds, presentin an
amount of 10 to 25 mole% based on the total moles of the components of the
unsaturated curable polyester.

[0405] Any of the thermosetting compositions described above, wherein
the amount of polycarboxylic compounds (b)(ii) is 50 to 80 mole%, based on
100% of all moles of the polycarboxylic compounds (b).
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[0406] Any of the thermosetting compositions described above, wherein all
of the polyhydroxyl compounds (a) are hydrocarbons and do not contain
atoms other than hydrogen, carbon and oxygen.

[0407] Any of the thermosetting compositions described above, wherein
the diols (a)(i) comprise 2,2,4,4-tetraalkylcyclobutane-1,3-diol (TACD).

[0408] Any of the thermosetting compositions described above, wherein
the diols (a)(i) comprise 2,2-dimethyl-1,3-propanediol (neopentyl glycol).
[0409] Any of the thermosetting compositions described above, wherein
the diols (a)(i) are present in an amount of 80 to 98 mole%, based on 100
mole% of all polyhydroxyl compounds (a).

[0410] Any of the thermosetting compositions described above, wherein
the unsaturated polyester contains residues of the diols in an amount of 37 to
49 mole% based on the total moles of the components of the unsaturated
polyester.

[0411] Any of the thermosetting compositions described above, wherein
the polyhydroxyl compounds comprise polyhydroxyl compounds (a)(ii) having
3 or more hydroxyl groups, said polyhydroxyl compounds (a)(ii) comprising
1,1,1-trimethylol propane, 1,1,1-trimethylolethane, glycerin, pentaerythritol,
erythritol, threitol, dipentaerythritol, sorbitol, or mixtures thereof.

[0412] Any of the thermosetting compositions described above, wherein
the amount of polyhydroxyl compounds (a)(ii) is 2 to 15 mole%, based on 100
mole% of all polyhydroxyl compounds (a).

[0413] Any of the thermosetting compositions described above, wherein
the unsaturated polyester contains residues of polyhydroxyl compounds
having at least 3 hydroxyl groups present in an amount of 1 to 10 mole%
based on the total moles of the components of the unsaturated polyester.
[0414] Any of the thermosetting compositions described above, wherein
none of the polyhydroxyl compounds (a) contain any ester or carboxyl (-COO-)

groups.
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[0415] Any of the thermosetting compositions described above, wherein
none of the polyhydroxyl compounds (a) have any carbonyl groups (-CO-).
[0416] Any of the thermosetting compositions described above, wherein
none of the polyhydroxyl compounds (a) contain any ether groups.

[0417] Any of the thermosetting compositions described above, wherein
the unsaturated polyester has an acid number in a range of 0-10 mg KOH/g.
[0418] Any of the thermosetting compositions described above, wherein
the unsaturated polyester has an acid number of 40-120 mg KOH/g.
[0419] Any of the thermosetting compositions described above, wherein
the unsaturated polyester has a hydroxyl number in the range of 40 to 100.
[0420] Any of the thermosetting compositions described above, wherein

the unsaturated polyester has a Tg within a range of 35°C to 60° C.

[0421] Any of the thermosetting compositions described above, wherein
the unsaturated polyester has an Mn within a range of 1,100 to 3,000 g/mole.
[0422] Any of the thermosetting compositions described above, comprising:
l)  an unsaturated curable polyester resin comprising the residues
of:
a) polyhydroxyl compounds comprising:
(i) diol compounds in an amount ranging from 85 to
98 mole %; and
(i) polyhydroxyl compounds having at least three
hydroxyl groups in an amount ranging from 2 to
15 mole %;
wherein the amount of (a)(i) and (a)(ii) are based on the
total moles of polyhydroxyl compounds (a); and
(b) polycarboxyl compounds comprising
(i) a,B-unsaturated polycarboxylic acid compounds
in an amount ranging from 25 to 50 mole%,; and
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(i) polycarboxyl compounds other than (b)(i) in an
amount ranging from 50 to 75 mole%,;
wherein the amount of (b)(i) and (b)(ii) are based on the
total moles of polycarboxyl compounds (b).
II) a phenolic resin substituted with at least one methylol group.

[0423] Any of the thermosetting compositions described above, wherein
said phenolic resin comprises a resole phenolic resin.
[0424] Any of the thermosetting compositions described above, wherein
said phenolic resin comprises a resole phenolic resin based on un-substituted
phenol and/or meta- substituted phenol.
[0425] Any of the thermosetting compositions described above, wherein
said phenolic resin comprises a resole phenolic resin based on un-substituted
phenol.
[0426] Any of the thermosetting compositions described above, wherein
the unsaturated curable polyester has an acid number ranging from 0 to 5 or
35-60 mg KOH/g, a hydroxyl number ranging from 30-90 mg KOH/g.
[0427] Any of the thermosetting compositions described above, wherein
the (a)(i) diol comprises TMCD.
[0428] Any of the thermosetting compositions described above, wherein
the (a)(ii) polyhydroxyl compound comprises 1,1,1-trimethylol propane, 1,1,1-
trimethylolethane, glycerin, pentaerythritol, or combinations thereof.
[0429] Any of the thermosetting compositions described above, wherein
the (b)(i) a,B-unsaturated polycarboxylic acid compounds comprise maleic
anhydride, maleic acid, fumaric acid, itaconic anhydride, itaconic acid,
citraconic anhydride, citraconic acid, aconitic acid, aconitic anahydride,
oxalocitraconic acid, oxalocitraconic anhydride, mesaconic acid, mesaconic
anhydride, beta-acylacrylic acid, beta-acylacrylic anhydride, phenyl maleic
acid, phenyl maleic anhydride, t-butyl maleic acid, t-butyl maleic anhydride,
monomethyl fumarate, monobutyl fumarate, methyl maleic acid, methyl maleic

anhydride, or mixtures thereof.
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[0430] Any of the thermosetting compositions described above, wherein
the polycarboxyl (b)(ii) compounds comprise isophthalic acid, dimethyl
isophthalate, 1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic
acid, adipic acid; phthalic acid; or combinations thereof.
[0431] Any of the thermosetting compositions described above, wherein
said composition comprises:
l)  any of the unsaturated polyesters described above having acid
number within a range of 50 to 120 mg KOH/g;
Il) aresole phenolic crosslinking resin;
[lI) a neutralizing agent; and
V) water.
[0432] Any of the thermosetting compositions described above, further
comprising an acid catalyst in an amount ranging from 0.1 to 2 weight %,
based on the total weight of polyester and phenolic resin.
[0433] A solvent based coating composition, comprising:
) any of the unsaturated curable polyester resins above;
1)) a crosslinker comprising a resole phenolic resin, and

1) an organic solvent.

[0434] The solvent coating composition described above, wherein said
organic solvent comprises xylene, 2-butoxyethanol, ethyl-3-ethoxypropionate,
toluene, butanol, cyclopentanone, cyclohexanone, ethyl acetate, butyl
acetate, mineral spirits, naptha, toluene, acetone, methyl ethyl ketone, methyl
isoamyl ketone, isobutyl acetate, t-butyl acetate, n-propyl acetate, isopropyl
acetate, methyl acetate, ethanol, n-propanol, isopropanol, sec-butanol,
isobutanol, ethylene glycol monobutyl ether, propylene glycol n-butyl ether,
propylene glycol methyl ether, propylene glycol monopropyl ether, dipropylene
glycol methyl ether, diethylene glycol monobutyl ether, trimethylpentanediol
mono-isobutyrate, ethylene glycol mono-octyl ether, diacetone alcohol, 2,2,4-
trimethyl-1,3-pentanediol monoisobutyrate, or combinations thereof.
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[0435] Any of the solvent coating compositions described above, wherein
the amount of solvent (other than water) is least 40 wt.%, based on the weight
of the solvent containing coating composition.
[0436] Any of the solvent coating compositions described above, wherein
said solvent composition contains 3 wt.% or less water, based on the weight
of the coating composition.
[0437] Any of the solvent coating compositions described above, wherein
the acid number of said unsaturated polyester is less than 5 mg KOH/g.
[0438] An aqueous dispersion, comprising
) any of the unsaturated curable polyester resins described above;
1)) a neutralizing agent, and
1) water.
[0439] The aqueous dispersion described above, wherein the unsaturated
curable polyester contains residues of 5-sodiosulfoisophthalic acid,
polyetheylene glycol, or a combination thereof.
[0440] Any of the aqueous dispersions described above, wherein the
unsaturated polyester has an acid number of at least 50 mg KOH/g.
[0441] Any of the aqueous dispersions described above, wherein the
amount of water is at least 50 wt.%, based on the weight of the aqueous
dispersion.
[0442] Any of the aqueous dispersions described above, wherein the
neutralizing agent comprises an amine.
[0443] Any of the aqueous dispersions described above, further
comprising an organic co-solvent in an amount of 3 wt.% to 15 wt.% based on
the weight of the unsaturated polyester.
[0444] Any of the aqueous dispersions described above, wherein the
dispersion contains at least 25 wt.% unsaturated curable polyester resin
based on the weight of the aqueous dispersion.
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[0445] A method for making a thermosetting coating composition
comprising combining a solvent coating composition with coating ingredients,
said solvent coating composition comprising
l) an unsaturated curable polyester comprising the residues of an a,3-
unsaturated polycarboxylic acid compound, said a,B-unsaturated
polycarboxylic acid compound having at least two carboxylic acid
groups or at least one anhydride group, and having at least one
unsaturation in a position that is in a, position relative to a carbonyl
group and not located on an aromatic ring; and
1)) a phenolic resin having at least one methylol group; and
1) a solvent;
[0446] The method as described above, wherein thermosetting coating
composition contains a pigment in an amount of 20 to 60 wt.%, based on the
total weight of the thermosetting composition.
[0447] Any of the methods described above, comprising applying a
thermosetting coating composition to a substrate and allowing the coating
composition to cure to form a dry coating, wherein said thermosetting
composition comprises the composition of claim 53, and the thickness of said

dry coating is within a range of 0.1 to 2 mils.

CATEGORY 3
[0448] A thermosetting composition comprising:
l. a curable polyester resin containing beta-ketoacetate moieties
without vinyl unsaturation; and
Il. a phenolic resin having at least one methylol group.
[0449] A thermosetting composition comprising:
) a curable polyester resin comprising the reaction product of a
polyester resin with a compound containing a beta-ketoacetate moiety
that does not contain a vinyl unsaturation; and
1)) a phenolic resin substituted with at least one methylol group.
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[0450] Any of the thermosetting compositions described above, comprising:
) a curable polyester resin comprising the reaction product of a
polyester resin with a compound containing a beta-ketoacetate moiety
that does not contain a vinyl unsaturation, said polyester resin
comprising the reaction product of:

a) polyhydroxyl compounds comprising:
(i) diol compounds in an amount of 70 mole % - 100
mole %; and
(ii) polyhydroxyl compounds having 3 or more
hydroxyl groups in an amount of 0 to 30 mole %;
wherein the mole % is based on 100% of all moles of
polyhydroxyl compounds a); and
b)  polycarboxyl compounds comprising polycarboxylic acid
compounds, derivatives of polycarboxylic acid
compounds, the anhydrides of polycarboxylic acids, or
combinations thereof; and
1)) a phenolic resin substituted with at least one methylol group.

[0451] Any of the thermosetting compositions described above, wherein

the phenolic resin is obtained by the reaction of phenolic compounds and an

aldehyde at an aldehyde:phenol ratio of at least 1.1:1.

[0452] Any of the thermosetting compositions described above, wherein

the phenolic resin has at least one methylol substituent in the ortho position

relative to the phenolic hydroxyl group.

[0453] Any of the thermosetting compositions described above, wherein

the phenolic resin contains an average of at least one methylol substituent per

phenolic hydroxyl group.

[0454] Any of the thermosetting compositions described above, wherein

the phenolic resin is the reaction product of phenolic compounds with

formaldehyde.
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[0455] Any of the thermosetting compositions described above, wherein
the phenolic resin is not made by the addition of bisphenol A, F, or S.

[0456] Any of the thermosetting compositions described above, wherein
the phenolic resin is not made by the addition of a polyhydric phenol.

[0457] Any of the thermosetting compositions described above, wherein
the curable polyester does not contain vinyl unsaturation and does not contain
alkyd residues.

[0458] Any of the thermosetting compositions described above, wherein
said compound having a beta-ketoacetate moiety comprises a compound
represented by the following formula:

wherein R is a branched or straight chain, saturated or unsaturated alkyl,
alicyclic, or aromatic group; R’ is a hydrogen or a branched or straight chain,
saturated or unsaturated alkyl, alicyclic, or aromatic group; Z is a branched or
straight chain, saturated or unsaturated alkyl, alicyclic, or aromatic group; ,
and wherein R does not contain a vinyl unsaturation.

[0459] Any of the thermosetting compositions described above, wherein R
is a branched or straight chain alkyl group having 1-4 carbon atoms, R’ is a
hydrogen or a branched or straight alkyl having 1-4 carbon atoms; and Zis a
branched or straight chain alkyl having 1-8 carbon atoms.

[0460] Any of the thermosetting compositions described above, wherein
the compound having a beta-ketoacetate moiety has molecular weight of less
than 200.
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[0461] Any of the thermosetting compositions described above, wherein
the compound having a beta-ketcacetate moiety comprises diketene or an
alkyi acetogcetate compound.

[0462] Any of the thermosetting compositions described above, wherein
the compound having a beta-ketoacetate moiety comprises t-butyl
acetoacetate, ethyl acetoacetate, methyl acetoacetate, isobutyl acetoacetate,
isopropyl acetoacetate, n-propyl acetoacetate, n-butyl acetoacetate, t-anyl
acetotacetate, or diisopropyl carbinol acetoacetate.

[0463] Any of the thermosetting compositions described above, wherein
the compound having a beta-ketoacetate moiety comprises t-butyl
acetoacetate.

[0464] Any of the thermosetting compositions described above, wherein
the thermosetling composition comprises said polyester resin (1} in an amount
of 70 1o 87 wt.% and said phenolic resin (1) in an amount of 310 30 wt.%,
based on the total weight of (1) and ().

[0465] Any of the thermosetting compositions described above, wherein
the polycarboxylic acid compounds (b) comprise isophthalic acid, dimethyl
isophthalate, terephthalic acid, dimethyl terephthalate, phthalic acid, phthalic
anhydride, 1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic
acid, adipic acid, 2,6-naphthalenedicarboxylic acid, 1,4-
naphthalenedicarboxylic acid, 2,5-naphthalenedicarboxylic acid, hexahydro-
phthalic anhydride, tetrahydrophthalic anhydride, trimellitic anhydride, succinic
anhydride, succinic acid, or mixtures thereof.

[0466] Any of the thermosetting compositions described above, wherein
the polycarboxylic acid compounds (b) comprise isophthalic acid, dimethyl
isophthalate, phthalic acid, phthalic anhydride, 1,4-cyclohexanedicarboxylic
acid, adipic acid, hexahydrophthalic anhydride, tetrahydrophthalic anhydride,
trimellitic anhydride, or mixtures thereof.
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[0467] Any of the thermosetting compositions described above, wherein
the poycarboxylic acid compounds (b) do not include terephthalic acid or a
derivative of terephthalic acid.

[0468] Any of the thermosetting compositions described above, wherein all
of the polyhydroxyl compounds (a) are hydrocarbons and do not contain
atoms other than hydrogen, carbon and oxygen.

[0469] Any of the thermosetting compositions described above, wherein
the diols (a)(i) comprise 2,2,4,4-tetraalkylcyclobutane-1,3-diol (TACD).

[0470] Any of the thermosetting compositions described above, wherein
the diols (a)(i) comprise 2,2-dimethyl-1,3-propanediol (neopentyl glycol).
[0471] Any of the thermosetting compositions described above, wherein
the diols (a)(i) are present in an amount of 80 to 98 mole%, based on 100
mole% of all polyhydroxyl compounds (a).

[0472] Any of the thermosetting compositions described above, wherein
the polyhydroxyl compounds comprise polyhydroxyl compounds (a)(ii) having
3 or more hydroxyl groups, said polyhydroxyl compounds (a)(ii) comprising
1,1,1-trimethylol propane, 1,1,1-trimethylolethane, glycerin, pentaerythritol,
erythritol, threitol, dipentaerythritol, sorbitol, or mixtures thereof.

[0473] Any of the thermosetting compositions described above, wherein
the amount of polyhydroxyl compounds (a)(ii) is 2 to 15 mole%, based on 100
mole% of all polyhydroxyl compounds (a).

[0474] Any of the thermosetting compositions described above, wherein
none of the polyhydroxyl compounds (a) contain any ester or carboxyl (-COO-
) groups.

[0475] Any of the thermosetting compositions described above, wherein
none of the polyhydroxyl compounds (a) have any carbonyl groups (-CO-).
[0476] Any of the thermosetting compositions described above, wherein
none of the polyhydroxyl compounds (a) contain any ether groups.

[0477] Any of the thermosetting compositions described above, wherein
the compound having a beta-ketoacetate moiety is reacted with the polyester
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resin in an amount of 3 to about 40 wt.% based on the based on the weight of
the compound and the polyester resin.

[0478] Any of the thermosetting compositions described above, wherein
the polyester resin has a hydroxyl number of 50-240 mg KOH/g, and at least
70% of the hydroxyl groups on the polyester resin are consumed with the
residues of the compound having the beta-ketoaceiate moiety.

[0479] Any of the thermosetting compositions described above, wherein
the curable polyester (l) has an acid number in a range of 0-10 mg KOH/g.
[0480] Any of the thermosetting compositions described above, wherein
the polyester resin used to make the curable polyester (I) has a hydroxyl
number in the range of 30-240 mgKOH/g.

[0481] Any of the thermosetting compositions described above, wherein
said polyester resin has a hydroxyl number in a range of 80-240 mgKOH/g.
[0482] Any of the thermosetting compositions described above, wherein
said polyester resin has a hydroxyl number in a range of 80-150 mg.KOH/g.
[0483] Any of the thermosetting compositions described above, wherein
the curable polyester (l) has an Mn within a range of 1,100 to 3,000 g/mole.
[0484] Any of the thermosetting compositions described above, wherein
said phenolic resin comprises a resole phenolic resin.

[0485] Any of the thermosetting compositions described above, wherein
said phenolic resin comprises a resole phenolic resin comprising the residues
of un-substituted phenol and/or meta- substituted phenol.

[0486] Any of the thermosetting compositions described above, wherein
said phenolic resin comprises a resole phenolic resin comprising the residues
of un-substituted phenol.

[0487] Any of the thermosetting compositions described above, further
comprising an amino containing crosslinking resin.

[0488] Any of the thermosetting compositions described above, wherein
the composition comprises a crosslinking composition comprising greater than
60 wt.% of said phenolic resin (II) and the remainder an amine based
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crosslinking resin, based on the weight of all crosslinking compounds present
in the thermosetting composition.
[0489] Any of the thermosetting compositions described above, wherein
the (a)(i) diol comprises TMCD.
[0490] Any of the thermosetting compositions described above, wherein
the (a)(ii) polyhydroxyl compound comprises 1,1,1-trimethylol propane, 1,1,1-
trimethylolethane, glycerin, pentaerythritol, or combinations thereof.
[0491] Any of the thermosetting compositions described above, wherein
said composition comprises:

l. the curable polyester (l) having acid number within a range of 50

to 120 mg KOH/g and at least partially neutralized with a
neutralizing agent;

Il. a resole phenolic crosslinking resin; and

1. water.
[0492] A solvent based coating composition, comprising:

l. any of the curable polyester resins described above;

Il. a crosslinker comprising a resole phenolic resin, and

1. an organic solvent.
[0493] The solvent coating composition described above, wherein said
organic solvent comprises xylene, 2-butoxyethanol, ethyl-3-ethoxypropionate,
toluene, butanol, cyclopentanone, cyclohexanone, ethyl acetate, butyl
acetate, mineral spirits, naptha, toluene, acetone, methyl ethyl ketone, methyl
isoamyl ketone, isobutyl acetate, t-butyl acetate, n-propyl acetate, isopropyl
acetate, methyl acetate, ethanol, n-propanol, isopropanol, sec-butanol,
isobutanol, ethylene glycol monobutyl ether, propylene glycol n-butyl ether,
propylene glycol methyl ether, propylene glycol monopropyl ether, dipropylene
glycol methyl ether, diethylene glycol monobutyl ether, trimethylpentanediol
mono-isobutyrate, ethylene glycol mono-octyl ether, diacetone alcohol, 2,2,4-
trimethyl-1,3-pentanediol monoisobutyrate, or combinations thereof.
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[0494] Any of the solvent coating compositions described above, wherein
the amount of solvent (other than water) is at least 40 wt.%, based on the
weight of the solvent containing coating composition.
[0495] Any of the solvent coating compositions described above, wherein
said solvent composition contains 3 wt.% or less water, based on the weight
of the coating composition.
[0496] Any of the solvent coating compositions described above, wherein
the solvent coating containing composition comprises less than 1 wt.%
curable polyester resin as solid particles.
[0497] Any of the solvent coating compositions described above, wherein
the acid number of said curable polyester (1) is less than 5 mg KOH/g.
[0498] An aqueous dispersion, comprising

|. any of the curable polyester resins described above at least

partially neutralized with a neutralizing agent;

Il. said phenolic resin; and

. water.
[0499] The aqueous dispersion described above, wherein the curable
polyester further comprises residues of 5-sodiosulfoisophthalic acid,
polyethylene glycol, or a combination thereof.
[0500] Any of the aqueous dispersions described above, wherein the
curable polyester (I) has an acid number of at least 50 mg KOH/g.
[0501] Any of the aqueous dispersions described above, wherein the
amount of water is at least 50 wt.%, based on the weight of the aqueous
dispersion.
[0502] Any of the aqueous dispersions described above, wherein the
neutralizing agent comprises an amine.
[0503] Any of the aqueous dispersions described above, further
comprising an organic co-solvent in an amount of 3 wt.% to 15 wt.% based on

the weight of the curable polyester (1).

140



WO 2016/069567 PCT/US2015/057524

10

15

20

25

[0504] Any of the aqueous dispersions described above, wherein the
dispersion contains at least 25 wt.% curable polyester resin based on the
weight of the aqueous dispersion.

[0505] Any of the thermosetting compositions described above, wherein
said curable polyester resin containing beta-ketoacetate moieties without vinyl
unsaturation is represented by the following formula:

wherein R is a branched or straight chain, saturated or unsaturated alkyl,
alicyclic, or aromatic group; R’ is a hydrogen or a branched or straight chain,
saturated or unsaturated alkyl, alicyclic, or aromatic group; Z is a polyester
polymer residue; and n is an average number of groups per polyester chain in
said polyester resin of at least 0.5.
[0506] Any of the thermosetting compositions described above, wherein R
is a branched or straight chain alkyl group having 1-4 carbon atoms, R’ is a
hydrogen or a branched or straight alkyl having 1-4 carbon atoms; and nis an
average number within a range of 0.5 to 5.
[0507] A method for making a thermosetting coating composition
comprising combining a solvent coating composition with coating ingredients,
said solvent coating composition comprising:

1) a curable polyester resin comprising the reaction product of a
polyester resin with a compound containing a beta-ketoacetate
moiety that does not contain a vinyl unsaturation; and

Il) a phenolic resin substituted with at least one methylol group.

[1l. a solvent;
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[0508] The method described above, wherein thermosetting coating
composition contains a pigment in an amount of 20 to 60 wt.%, based on the
total weight of the thermosetting composition.

[0509] Any of the methods described above, comprising applying a
thermosetting coating composition to a substrate and allowing the coating
composition to cure to form a dry coating, wherein said thermosetting
composition comprises the composition of claim 120, and the thickness of
said dry coating is within a range of 0.1 to 2 mils.

[0510] Any of the methods described above, wherein said curable
polyester resin containing beta-ketoacetate moieties without vinyl unsaturation

is represented by the following formula:

wherein R is a branched or straight chain, saturated or unsaturated alkyl,
alicyclic, or aromatic group; R’ is a hydrogen or a branched or straight chain,
saturated or unsaturated alkyl, alicyclic, or aromatic group; Z is a polyester
polymer residue; and n is an average number of groups per polyester chain in
said polyester resin of at least 0.5.
[0511] Any of the methods described above, wherein R is a branched or
straight chain alkyl group having 1-4 carbon atoms, R’ is a hydrogen or a
branched or straight alkyl having 1-4 carbon atoms; and n is an average
number within a range of 0.5 to 5.
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CATEGORY 4

[0512] A thermosetting composition comprising:

) a curable polyester resin; and

1)) a crosslinker composition comprising a resole phenolic resin,

said phenolic resin containing the residues of un-substituted
phenol and/or meta-substituted phenols.

[0513] The composition described above, wherein the crosslinker
composition comprises resole phenolic resin in an amount of at least 70 wt.%,
based on the weight of the crosslinker composition.
[0514] Any of the compositions described above, wherein the crosslinker
composition comprises resole phenolic resin in an amount of at least 90 wt.%,
based on the weight of the crosslinker composition.
[0515] Any of the compositions described above, wherein said resole
phenolic resin is obtained with a phenol composition as a starting material,
said phenol composition comprising un-substituted phenols.
[0516] Any of the compositions described above, wherein said resole
phenolic resin is obtained with a phenol composition as a starting material,
said phenol composition comprising un-substituted phenols in an amount of at
least 60 wt.% based on the weight of the phenol composition.
[0517] Any of the compositions described above, wherein said resole
phenolic resin is obtained with a phenol composition as a starting material,
said phenol composition comprising meta-substituted phenols.
[0518] Any of the compositions described above, wherein said resole
phenolic resin is obtained with a phenol composition as a starting material,
said phenol composition comprising meta-substituted phenols in an amount of
at least 60 wt.% based on the weight of the phenol composition.
[0519] Any of the compositions described above, wherein said resole
phenolic resin is obtained by reacting a phenol composition with an aldehyde
at an aldehyde:phenol molar ratio of at least 1.2:1, said phenol composition
comprising un-substituted phenols and/or meta-substituted phenols.
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[0520] Any of the compositions described above, wherein the
aldehyde:phenol molar ratio is at least 1.4:1 and up to 4:1.

[0521] Any of the compositions described above, wherein the
aldehyde:phenol molar ratio is at least 1.5:1.

[0522] Any of the compositions described above, wherein the resole
phenolic resin contains an average of at least 0.3 methylol groups (including
either or both of --CH>OH and --CH>OR) per one phenolic hydroxyl group.
[0523] Any of the compositions described above, wherein the resole
phenolic resin contains an average of at least 0.4 methylol groups per one
phenolic hydroxyl group.

[0524] Any of the compositions described above, wherein the resole
phenolic resin contains an average of at least 0.5 methylol groups per one
phenolic hydroxyl group.

[0525] Any of the compositions described above, wherein the resole
phenolic resin contains residues of m-cresol.

[0526] Any of the compositions described above, wherein the resole
phenolic resin contains residues of phenol.

[0527] Any of the compositions described above, wherein at least 90% of
the phenolic compounds used to make the resole phenolic resin are un-
substituted phenol or meta-substituted phenol.

[0528] Any of the compositions described above, wherein the resole
phenolic resin is not made with the addition of bisphenol A, F, or S.

[0529] Any of the compositions described above, wherein said curable
polyester comprise a polyester having an acid number ranging from about 20
to about 120 mg KOH/g, a hydroxyl number ranging from greater than 0 to
about 100 mg KOH/g, and an acid number:hydroxyl (AN:OH) number ratio of
at least 0.5:1.

[0530] Any of the compositions described above, wherein said curable
polyester comprises a polyester having residues of an a,B-unsaturated
polycarboxylic acid compound, said a,B-unsaturated polycarboxylic acid
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compound having at least two carboxylic acid groups or at least one
anhydride group, and having at least one unsaturation that is in the a,
position relative to a carbonyl group and is not located on an aromatic ring.
[0531] Any of the compositions described above, wherein said curable
polyester comprises a polyester having beta-ketoacetate moieties without
vinyl unsaturation.
[0532] Any of the compositions described above, wherein said curable
polyester has a cumulative acid number and hydroxyl number in a range of 30
to 200 mgKOH/g.
[0533] Any of the compositions described above, wherein said range is
from 40 to 150 mgKOH/g.
[0534] Any of the compositions described above, wherein said range is
from 50-100 mgKOH/g.
[0535] Any of the compositions described above, wherein said curable
polyester comprises the residues of:
a) polyhydroxyl compounds comprising:
(i) diol compounds in an amount of 70 mole % - 100 mole %;
and
(i) polyhydroxyl compounds having 3 or more hydroxyl
groups in an amount of 0 to 30 mole %;
wherein the mole % is based on 100% of all moles of
polyhydroxyl compounds a); and
b) polycarboxyl compounds comprising polycarboxylic acid
compounds, derivatives of polycarboxylic acid compounds, the
anhydrides of polycarboxylic acids, or combinations thereof.
[0536] A coating obtained with any of the thermoplastic compositions
described above.
[0537] A process for applying a coating, comprising spraying, roll coating,
or brushing onto a substrate any of the compositions described above.
[0538] A solvent containing coating composition, comprising:

145



WO 2016/069567 PCT/US2015/057524

10

15

20

25

30

l. a curable polyester resin,

Il. a crosslinker composition comprising a resole phenolic resin,
said phenolic resin containing the residues of un-substituted
phenol and/or meta-substituted phenols; and

1. an organic solvent.

[0539] The solvent composition described above, wherein said organic
solvent is present in an amount of at least 30 wt.% based on the weight of the
solvent containing coating composition.

[0540] Any of the solvent compositions described above, wherein the
composition comprises 8 wt.% or less water.

[0541] A coating made with any of the solvent borne coating compositions
described above, said coating having a MEK double rub solvent resistance of
at least 200.

[0542] An aqueous dispersion, comprising:

l. a curable polyester resin at least partially neutralized with a
neutralizing agent,

Il. a crosslinker composition comprising a resole phenolic resin,
said phenolic resin containing the residues of un-substituted
phenol and/or meta-substituted phenols; and

1. water.

[0543] The aqueous dispersion described above, wherein the dispersion
contains water in an amount of at least 25 wt.%, based on the weight of the
aqueous dispersion.

[0544] Any of the aqueous dispersions described above, wherein the
dispersion contains water in an amount of at least 35 wt.%, based on the
weight of the aqueous dispersion.

[0545] Any of the aqueous dispersions described above, wherein the
dispersion contains water in an amount of at least 25 wt.%, based on the
weight of the aqueous dispersion, and an organic co-solvent in an amount of
1 wt.% to 15 wt.%, based on the weight of the aqueous composition.
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[0546] Any of the aqueous dispersions described above, wherein the
dispersion contains curable poleyster resin in an amount of 10-45 wt.% based
on the weight of the aqueous dispersion.

[0547] A curable powder coating composition comprising:

l. a curable polyester resin having a Tg greater than about 50 °C
and,

Il. a crosslinker composition comprising a resole phenolic resin,
said phenolic resin containing the residues of un-substituted
phenol and/or meta-substituted phenols.

[0548] The invention is further Hlustrated by the following examples.

EXAMPLES

Example 1: Synthesis of Carboxyl-Functional TMCD-Based Polyester
Using CHDA and IPA as the Diacids With AN:OH Ratio Of At Least 0.5:1
(Resin 1)

[0549] A 500 mL, three-neck, round-bottom flask was equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser. To the flask were charged 2,2,4,4-tetramethyl-13-
cyclobutanediol (TMCD) (62.5g); trimethylolpropane (TMP) (5.95g); 1,4-
cyclohexanedicarboxylic acid (CHDA) (34.49), isophthalic acid (IPA) (33.29),
and the acid catalyst, Fascat-4100 (Arkema Inc.) (0.20g). The reaction was
allowed to react under nitrogen at 180°C for 20 min., at 200°C for 60 min., at
220°C for 120 min., and at 230°C for about 2 hours to yield a clear, viscous
mixture. A total of 12.5 mL of distillate was collected in the Dean-Stark trap.
[0550] The reaction mixture was then allowed to cool to 150°C, followed by
the addition of trimellitic anhydride (TMA) (14.06g). After the addition of
TMA, the temperature was increased to 170°C and the mixture allowed to
react for about 1.5 hours. The resulting mixture was allowed to cool to room
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temperature and subsequently placed in dry ice to chill for ease to break and
collect the solid product (133.03g).

[0551] Using the same method as above, resins 3, 5, and 6 were
synthesized, in which no vacuum was used in the process. For resins 2 and
4, vacuum was applied at the end of the first stage reaction before addition of
TMA in order to build up resin molecular weights. In the process, the reactor
was reassembled to be connected to a glass vacuum tube for further reaction
under reduced pressures. The reaction was allowed to continue at 230 °C
under vacuum (gradually reduced to <1 mmHg) for one hour. After that, the
reactor was assembled for reaction with TMA as described previously.

[0552] The relative amounts and the results are reported in Tables 4 and
5.

Table 4
Synthesized Carboxyl Functional TMCD-Based Polyesters Using CHDA
and IPA with R-Value Variation

Resin Composition as Charged Post React TMA
Equivalent (eq.) Ratio Eqg. Ratio Based
Based on Total Alcohols on Total Diacids TMA/Total Diacids
(%) (%) (mole %)
total eq. of
OH/total eq.
of COOH (R Vacuum
TMCD TMP CHDA IPA value) before TMA TMA
Resin 1 86.7 13.3 50 50 1.25 N 18.29
Resin 2 86.7 13.3 50 50 1.25 Y 18.29
Resin 3 86.7 13.3 50 50 1.30 N 18.29
Resin 4 86.7 13.3 50 50 1.30 Y 18.29
Resin 5 86.7 13.3 50 50 1.35 N 18.29
Resin 6 86.7 13.3 50 50 1.40 N 18.29
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Table 5
Analysis of Synthesized Carboxyl Functional TMCD-Based Polyesters
Using CHDA and IPA with R-Value Variation

Resin Properties
Acid Number OH Number AN:OH
Tg, C Mn Mw Analyzed Analyzed
Resin 1 90.7 1185 4214 73 37 1.97
Resin 2 89.4 2029 7843 73 17 4.3
Resin 3 96.4 1299 5639 77 34 2.26
Resin 4 100.7 2173 9721 68 26 2.6
Resin 5 95.6 1869 11379 78 28 2.78
Resin 6 89.6 1659 5470 58 97 0.59

Example 3: Synthesis of Carboxyl-Functional TMCD-Based Polyester
Using IPA and AD as the Diacids With AN:OH At Least 0.5:1 (Resin 8)

[0553] A 500 mL, three-neck, round-bottom flask was equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
10 condenser. To the flask were charged 2,2,4,4-tetramethyl-13-
cyclobutanediol (TMCD) (62.5g); trimethylolpropane (TMP) (5.959);
isophthalic acid (IPA) (46.5g), adipic acid (17.5¢g), and the acid catalyst,
Fascat-4100 (Arkema Inc.) (0.20g). The reaction was allowed to react under
nitrogen at 180°C for 30 min., at 200°C for 75 min., at 220°C for 90 min., and
15  at 230°C for about 2 hours to yield a clear, viscous mixture. A total of 7.5 mL
of distillate was collected in the Dean-Stark trap.

[0554] The reactor was then reassembled to be connected to a glass
vacuum tube for further reaction under reduced pressures. The reaction was
allowed to continue at 230 °C under vacuum (gradually reduced to <1 mmHg)
20 forone hour. After that, vacuum was removed and the reactor assembled
back as before. The reaction mixture was then allowed to cool to 150°C,
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followed by the addition of trimellitic anhydride (TMA) (14.06g). After the
addition of TMA, the temperature was increased to 170°C and the mixture
allowed to react for about 1.5 hours. The resulting mixture was allowed to
cool to room temperature and subsequently placed in dry ice to chill for ease
to break and collect the solid product (126.43g). Using the same method,
Resins 7-12 were prepared with or without the application of vacuum.

Table 6
Synthesized Carboxyl Functional TMCD-Based Polyesters Using IPA
and AD with R-Value Variation

Resin Composition as Charged Post React TMA
Eq. Ratio Based on Eq. Ratio Based on TMA/Total Diacids (mole
Total Alcohols (%) Total Diacids (%) %)
OH/COOH Vacuum

TMCD TMP IPA AD (R value) before TMA TMA
Resin 7 86.7 13.3 70 30 1.25 N 18.29
Resin 8 86.7 13.3 70 30 1.25 Y 18.29
Resin 9 86.7 13.3 70 30 1.30 N 18.29
Resin 10 86.7 13.3 70 30 1.30 Y 18.29
Resin 11 86.7 13.3 70 30 1.35 N 18.29
Resin 12 86.7 13.3 70 30 1.40 N 18.29
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Table 7
Analysis of Synthesized Carboxyl Functional TMCD-Based Polyesters

PCT/US2015/057524

Using IPA and AD with R-Value Variation

Resin Properties

Acid Number OH Number AN/OH
Tg,C Mn Mw Analyzed Analyzed
Resin 7 80.4 1712 7481 79 30 2.66
Resin 8 86.4 2278 15130 68 17 4
Resin 9 81.2 1794 7436 68 32 213
Resin 10 82.9 2074 10565 66 22 3
Resin 11 81.8 1892 9233 61 36 1.69
Resin 12 62.6 1293 4031 58 90 0.64

Example 3: Synthesis of Carboxyl-Functional TMCD-Based Polyester
Using CHDA and AD as the Diacids With An AN:OH Of At Least 0.5:1

(Resin 15)

[0555]

A 500 mL, three-neck, round-bottom flask was equipped with a

mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water

condenser.

the acid catalyst, Fascat-4100 (Arkema Inc.) (0.219).

To the flask were charged 2,2,4,4-tetramethyl-13-
cyclobutanediol (TMCD) (65.09); trimethylolpropane (TMP) (6.19g); 1,4-
cyclohexanedicarboxylic acid (CHDA) (48.29g), adipic acid (AD) (17.5g), and

The reaction was

allowed to react under nitrogen at 180°C for 50 min., at 200°C for 60 min., at

220°C for 80 min., and at 230°C for about 2 hours to yield a clear, viscous

mixture.
[0556]

the addition of trimellitic anhydride (TMA) (14.069).

A total of 12 mL of distillate was collected in the Dean-Stark trap.
The reaction mixture was then allowed to cool to 150°C, followed by
After the addition of
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TMA, the temperature was increased to 170°C and the mixture allowed to

react for about 1.5 hours.

The resulting mixture was allowed to cool to room

temperature and subsequently placed in dry ice to chill for ease to break and

collect the solid product (129.79).

5 were prepared with or without the application of vacuum.

Table 8
Synthesized Carboxyl Functional TMCD-Based Polyesters Using CHDA
and AD with R-Value Variation

Using the same method, Resins 13-18

Resin Composition as Charged

Post React TMA

Eq. Ratio Based on
Total Alcohols (%)

Eqg. Ratio Based on

Total Diacids (%)

TMA/Diacids (mole %)

OH/COOH Vacuum

TMCD TMP CHDA AD (R value) before TMA TMA
Resin 13 86.7 13.3 70 30 1.25 N 18.29
Resin 14 86.7 13.3 70 30 1.25 Y 18.29
Resin 15 86.7 13.3 70 30 1.30 N 18.29
Resin 16 86.7 13.3 70 30 1.30 Y 18.29
Resin 17 86.7 13.3 70 30 1.35 N 18.29
Resin 18 86.7 13.3 70 30 1.40 N 18.29

10
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Table 9
Analysis of Synthesized Carboxyl Functional TMCD-Based Polyesters
Using CHDA and AD with R-Value Variation

Resin Properties

Acid Number OH Number AN:OH
Tg, C Mn Mw Analyzed Analyzed
Resin 13 59.0 2115 20605 84 31 2.71
Resin 14 56.0 1621 21907 77 11 7
Resin 15 53.3 1648 10418 72 25 2.88
Resin 16 55.9 1155 27532 77 15 513
Resin 17 52.9 1920 9412 64 32 2
Resin 18 46.5 1612 5221 65 48 1.35

Example 4: Preparation of Aqueous Dispersions of Various Polyesters
[0557] Below is a typical procedure for the preparation of aqueous
dispersions of the polyesters synthesized.

[0558] A Parr reactor was used for the preparation of the resin dispersion.
Resin 1 was first ground to about 6mm pellets. The resin pellets (42.09)
were then placed in the reaction vessel along with distilled water (78.0g) and
dimethylethanolamine (DMEA) (7.369) for neutralization. The amount of
DMEA added for neutralization (100%) is calculated according to the
measured acid number of the resin. The Parr reactor was then assembled
and heated first to 95°C and then to 110°C. The stirring was allowed to
continue at 110°C for 45 min. and subsequently allowed to cool to 50°C. The
resulting dispersion was filtered with a standard paint filter and collected.
[0559] Aqueous dispersion (35% solids) was prepared from each resin.
Particle size and pH were analyzed for each dispersion. Particle size was
measured using Nanotrac (Microtrac Inc.). The results are listed in Table10.
The particle size, MV, represents the mean diameter in nanometer (nm) of the

volume distribution.
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Table 10
Particle Size and pH of Various TMCD Polyester Dispersions

Dispersion (35% Solids)
Particle size, MV

(nm) P
Resin 1 11.29 9.30
Resin 2 12.80 7.15
Resin 3 10.95 7.96
Resin 4 13.20 6.95
Resin 5 13.12 8.57
Resin 6 14.08 7.88
Resin 7 13.03 7.80
Resin 8 14.74 7.08
Resin 9 12.49 8.74
Resin 10 16.89 6.79
Resin 11 13.31 7.26
Resin 12 19.86 7.34
Resin 13 16.42 7.60
Resin 14 32.70 6.61
Resin 15 15.77 7.92
Resin 16 55.50 6.15
Resin 17 16.55 7.92
Resin 18 17.91 7.52

5 Example 5: Synthesis of Carboxyl-Functional TMCD-Based Curable
Polyester Resin With AN:OH Of At Least 0.5:1 (Resin 25)

[0560] A 500 mL, three-neck, round-bottom flask was equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser. To the flask were charged neopentyl glycol (NPG) (9.79);

10  2,2,4,4-tetramethyl-13-cyclobutanediol (TMCD) (56.5g); trimethylolpropane
(TMP) (6.669); 1,4-cyclohexanedicarboxylic acid (CHDA) (68.99), and the
acid catalyst, Fascat-4100 (Arkema Inc.) (0.21g). The reaction was allowed
to react under nitrogen at 180°C for 30 min., at 200°C for 60 min., at 220°C
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for 90 min., and at 230°C for about 2 hours to yield a clear, viscous mixture.
A total of 11.0 mL of distillate was collected in the Dean-Stark trap.

[0561] The reaction mixture was then allowed to cool to 150°C, followed by
the addition of trimellitic anhydride (TMA) (14.95¢g). After the addition of
TMA, the temperature was increased to 170°C and the mixture allowed to
react for about 2 hours. The resulting mixture was allowed to cool to room
temperature and subsequently placed in dry ice to chill for ease to break and
collect the solid product (134.81g).

[0562] Using the same method as above, the following TMCD polyesters
were synthesized with variation in branching level and using CHDA as the
diacid (Table 11), variation in branching level and using CHDA and AD as the
diacids (Table 13), variation in TMCD level and having fixed branching level
(Table 15), and variation in CHDA and AD and having fixed branching level
(Table 17). The analysis of each follows in the subsequent Table.

Table 11
Synthesized Carboxyl Functional TMCD Polyesters with Variation in
Branching Level and Using CHDA as the Diacid

Resin Composition as Charged Post React TMA
Eqg. Ratio Based on Eq. Ratio Based on Total TMA/Diacids
Total Alcohols (%) Dicids (%) (mole %)
OH/COOH

TMCD TMP CHDA (R value) TMA
Resin 19 86.7 13.3 100.0 1.40 18.33
Resin 20 93.4 6.7 100.0 1.40 18.33
Resin 21 96.7 3.3 100.0 1.40 18.33
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Analysis of Synthesized Carboxyl Functional Polyesters with Variation

in Branching Level and Using CHDA as the Diacid

Resin Properties
Acid Number | OH Number AN:OH
Tg, C Mn Mw Analyzed Analyzed Ratio
Resin 19 75.2 1949 6126 66.0 47.0 1.4
Resin 20 70.6 1748 3618 68.0 45.0 1.51
Resin 21 77.0 1806 3564 68.0 38.0 1.79
5
Table 13
Synthesized Carboxyl Functional TMCD Polyesters with Variation in
Branching Level and Using CHDA and AD as the Diacids
Post React
Resin Composition as Charged TMA
Eq. Ratio Based on Eq. Ratio Based on Total TMA/Diacids
Total Alcohols (%) Diacids (%) (mole %)
OH/COOH
TMCD TMP CHDA AD (R value) TMA
Resin 22 93.3 6.7 50 50 1.40 18.33
Resin 23 86.7 13.3 50 50 1.40 18.33
Resin 24 80.0 20.0 50 50 1.40 18.33
10 Table 14
Analysis of Synthesized Carboxyl Functional TMCD-Based Polyesters
with Variation in Branching Level and Using CHDA and AD as the
Diacids
Resin Properties
Acid AN:OH
Number | OH Number Ratio
Tg,C Mn Mw Analyzed Analyzed
Resin 22 34.6 1720 4176 60 55 1.09
Resin 23 39.0 1779 6651 66 54 1.22
Resin 24 37.6 1752 12871 63 46 1.37
15
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Synthesized Carboxyl Functional TMCD Polyesters with Variation in

TMCD Level and Having Fixed Branching Level
Post React
Resin Composition as Charged TMA
Eqg. Ratio
Eq. Ratio Based on Total || Based on Total TMA/Diacids
Alcohols (%) Diacids (%) (mole %)
OH/COOH
TMCD | TMP NPG CHDA (R value) TMA
Resin 25 70.0 13.3 16.7 100.0 1.40 18.33
Resin 26 80.0 13.3 6.7 100.0 1.40 18.33
Resin 27 86.7 13.3 0.0 100.0 1.40 18.33
5
Table 16
Analysis of Synthesized Carboxyl Functional TMCD-Based Polyesters
with Variation in CHDA and AD and Having Fixed Branching Level
Resin Properties
Acid Number | OH Number AN:OH
Tg,C Mn Mw Analyzed Analyzed Ratio
Resin 28 53.8 1490 | 4301 63 40 1.5
Resin 29 41.7 1556 | 5640 63 51 1.23
Resin 30 39.0 1779 | 6651 66 54 1.22
10 Table 17

Synthesized Carboxyl Functional TMCD Polyesters with Variation in
CHDA and AD and Having Fixed Branching Level

Post React
Resin Composition as Charged TMA

Eqg. Ratio Based on [ Eq. Ratio Based on TMA/Diacids

Total Alcohols (%) Total Diacids (%) (mole %)
OH/COOH

TMCD TMP CHDA AD (R value) TMA
Resin 28 86.7 13.3 70 30 1.40 18.33
Resin 29 86.7 13.3 60 40 1.40 18.33
Resin 30 86.7 13.3 50 50 1.40 18.33
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Analysis of Synthesized Carboxyl Functional TMCD-Based Polyesters
with Variation in TMCD Level and Having Fixed Branching Level

Resin Properties
Acid OH AN:OH
Number Number Ratio
Tg,C Mn Mw Analyzed Analyzed
Resin 25 55.0 1579 4570 63.0 63.0 1
Resin 26 68.7 1844 5498 62.0 48.0 1.29
Resin 27 75.2 1949 6126 66.0 47.0 1.4

Example 6: Preparation of Aqueous Dispersions of Various Polyesters

[0563] Below is a typical procedure for the preparation of aqueous
dispersions of the polyesters synthesized.
[0564] Polyester was first ground to pellets (about 6 mm). An amount of

50 g polyester was used for making dispersion with about 35% solids. Water
(92.869) was charged to a 500mL three-necked round bottom flask and
heated to 80°C, followed by the addition of ammonium hydroxide solution

To the stirred
The

A defoamer (about 6 drops)

(6.00g; 28-30% ammonia in water) as the neutralizing agent.
mixture was added polyester (50.0g) gradually (scoop by scoop).
addition was complete in about 30 minutes.
(BYK-024) and additional NH4OH (0.50g) were then added. The stirring was
allowed to continue at 80°C for one hour and subsequently allowed to cool to

room temperature. The resulting dispersion was filtered and collected.
[0565]

Particle size and pH were analyzed for each dispersion.

Aqueous dispersions (35% solids) were prepared from each resin.
Particle size was

measured using Nanotrac (Microtrac Inc.). The results are listed in Table 19.
The particle size, MV, represents the mean diameter in nanometer (nm) of the

volume distribution.
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Table 19
Particle Size and pH of Various TMCD Polyester Dispersions
Dispersion
pH (ammonium
Particle size, MV (nm) neutralized)
Resin 19 16.6 7.43
Resin 20 14.4 7.38
Resin 21 13.0 7.39
Resin 22 36.8 8.06
Resin 23 17.8 7.21
Resin 24 42.6 7.04
Resin 25 18.1 8.80
Resin 26 16.7 8.20
Resin 27 16.6 7.43
Resin 28 13.70 7.74
Resin 29 29.3 6.95
Resin 30 17.8 7.21

Example 7: Preparation of Various Solvent-Based Formulations

[0566] As listed in Table 20, solvent-based formulations were prepared by
using Resins 5, 6, 10, and 14. Polyester solutions (35% solids) were first
prepared by dissolving the polyesters in methyl amyl ketone (MAK). Three
formulations were then prepared from each polyester by mixing respectively
the polyester solution with a phenolic resin (FHENCDUR® PR 516/808 or
PHENODUR® PR 371/70B) or a combination of phenciic resin and an amine
resin {Cymel 303 available from Alinex) in the presence of an acid catalyst, p-
toluenesulionic acid (pTSA).
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Table 20
Compositions of Various Formulations
Cymel
Polyester 303 pTSA (5% in
(35% in Phenolic (100%); | isopropanol); Resin Catalyst
Formulation | MAK); grams | Resin; grams | grams grams Ratio Ratio
2.5
! 10 (Resin 5) (PR516/60B) 0.5 70/30 0.5 phr
2.14
2 10 (Resin 5) (PR371/70B) 0.5 70/30 0.5 phr
1.43
3 10 (Resin 5) (PR371/70B) | 0.5 0.5 70/20/10 0.5 phr
2.5
4 10 (Resin 6) (PR516/60B) 0.5 70/30 0.5 phr
2.14
> 10 (Resin 6) (PR371/70B) 0.5 70/30 0.5 phr
6 1.43
10 (Resin 6) (PR371/70B) | 0.5 0.5 70/20/10 0.5 phr
2.5
’ 10 (Resin 10) | (PR516/60B) 0.5 70/30 0.5 phr
2.14
8 10 (Resin 10) | (PR371/70B) 0.5 70/30 0.5 phr
9 1.43
10 (Resin 10) | (PR371/70B) | 0.5 0.5 70/20/10 0.5 phr
2.5
10 10 (Resin14) | (PR516/60B) 0.5 70/30 0.5 phr
2.14
1 10 (Resin 14) | (PR371/70B) 0.5 70/30 0.5 phr
12 1.43
10 (Resin 14) | (PR371/70B) | 0.5 0.5 70/20/10 0.5 phr
5 Example 8: Evaluation of Cured Films by MEK Double Rub Test

[0567]

Formulations 1-12 prepared in Example 7 were drawn down

respectively on coid-rolled steel test panels (ACT 3x8x032 from Advanced

Coating Technologies) using a draw-down bar and subsequently baked in an
oven at 205°C for 10 minutes.  The thickness of the coating films was about
10 20 to 25 um. The degree of crosslinking of the cured films was determined

by their solvent resistance using MEK Double Rub Method (ASTM D4752).
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The resulls are collected in Table 21, Typically a result of »>30 is considerad
acceptable and >200 is preferred. |t was also found that formulations 3, 6, 9,
12, which contained 10% amino crosslinker, Cymel 303, formed cured
coatings with much less color as compared (o the ones without Cymel 303-

slightly vellow vs. goid color by visual appearance to the eye.

Table 21
MEK Double Rub Test of the Cured Films from Various Formulations
Formulation | 1 2 3 4 5 6 7 8 9 10 | 11 12
MEK 30 [ 500 [ 500 [ 30 | 500 | 500 |50 [500 | 500 | 30 | 200 | 400
double rubs
(slight or no

effect)

Example 9 Synthesis of Phenolic Resin Based on m-Cresol (m-
Cresol/HCHO)

[0568] To a round-bottom flask equipped with a water-jacketed condenser
were added m-cresol (30.0 g), paraformaldehyde (16.7 g), triethylamine (5.6
g), and toluene (200 mL). The reaction mixture was stirred and allowed to
react at 60 °C for 5 hours. After the reaction, the resulting mixture was
cooled to room temperature, which was separated into two layers- an oily
resin layer and a toluene layer at the top. The resin layer was collected and
washed repeatedly with fresh toluene using a rotary evaporator. The
resulting viscous resin was dissolved in methyl ethyl ketone and subsequently
filtered to remove the insoluble impurities. The solvent was removed under
reduced pressure, and the resulting resin was mixed with toluene to further
remove the volatiles using the rotary evaporator. A highly viscous, brown-

yellow resin was obtained. The yield was 25 g.
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Exampile 10: Synthesis of Phenolic Resin Based on o-Cresol {(o-
Cresol/HCHO)
[0569] To around-bottom flask equipped with a water-jacketed condenser

were added o-cresol (43.2 g), aqueous formaldehyde solution (37 wt.%, 162
g), and NaOH (20 wt.% in water, 15 mL). The reaction mixture was stirred
and allowed to react at 60 °C for three days. After the reaction, the resulting
mixture was cooled to room temperature, which was separated into two
layers- an oily resin layer and a water layer at the top. The resin layer was
collected and subsequently dissolved in ethanol. To the resin solution was
added dilute aqueous HCI solution. The resin layer was collected and
washed repeatedly with ethanol using a rotary evaporator. The resulting
resin solid was collected and dried under vacuum at 40- 45 °C to yield a

yellow powdery product. The yield was 50 g.

Exampile 11: Synthesis of Phenolic Resin Based on p-Cresol {p-
Crescl/HCHO)

[0570] To around-bottom flask equipped with a water-jacketed condenser
were added p-cresol (43.2 g), aqueous formaldehyde solution (37 wt.%, 162
g), and NaOH (20 wt.% in water, 15 mL). The reaction mixture was stirred
and allowed to react at 60 °C for three days. After the reaction, the resulting
mixture was cooled to room temperature and aqueous HCI solution added to
yield a precipitate. The resulting resin solid was collected, washed repeated
with water, and dried under vacuum at 40- 45 °C to yield a yellow powdery
product. The yield was 45 g.

Example 12: Preparation of Solvent-Based Formulations Using Various
Cresol- Based Phenolic Resins

[0571] As listed in Table 22, solvent-based formulations were prepared by
using Resins 6 and various cresol based phenolic resins, m-Cresol/HCHO, o-
Cresol/HCHO, and p-Cresol/HCHO, prepared in Example 9-11. Polyester
solutions (35% solids) were first prepared by dissolving the polyester (Resin 6)
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in methyl amyl ketone (MAK). Three formulations were then prepared by
mixing respectively the polyester solution with a phenolic resin (m-
Cresol/HCHO, 0-Cresol/HCHO, and p-Cresol/HCHO) in the presence of an

acid catalyst, p-toluenesulionic acid (pTSA).

Table 22
Compositions of Various Formulations
Polyester Phenolic
(35% in Resin pTSA (5% in
MAK); Phenolic Resin Solution; | isopropanol); | Resin | Catalyst
Formulation grams Solution grams grams Ratio Ratio
10 m-Cresol/HCHO
13 (Resin 6) (70% in MAK) 2.14 0.5 70/30 | 0.5 phr
14 10 0-Cresol/HCHO
(Resin 6) (50% in MAK) 3 0.5 70/30 | 0.5 phr
p-Cresol/HCHO
15 10 (50% in
(Resin 6) | cyclopentanone) 3 0.5 70/30 | 0.5 phr

Example 13: Evaluation of Cured Films by MEK Double Rub Test
[0572] Formulations 13-15 prepared in Example 12 were drawn down
respectively on coid-rolled steel test panels (ACT 3x8x032 from Advanced
Coaling Technologies) using a draw-down bar and subsequently baked in an
oven at 205°C for 10 minutes.  The thickness of the coating films was about
20 to 25 um.  The degree of crosslinking of the cured films was determined
by their solvent resistance using MEK Double Rub Method (ASTM D4752).
The resulls are collected in Table 23, Typically a result of »30 is considered

acceptable and >200 is preferred.
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Table 23
MEK Double Bub Test of the Cured Films from Various Formulations
Formulation 13 14 15
MEK double rubs 300 | <20 <20

(slight or no effect)

Example 14. Synthesis of Unsaturated Polyester (Resin 31) (NPG Based,

Branched)
[0573] A 500 mL, three-neck, round-bottom flask was equipped with a

mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser. To the flask were charged neopentyl glycol (NPG) (68.82g,
0.662 mole); trimethylolpropane (TMP) (4.44g, 0.033 mole); isophthalic acid
(IPA) (59.17¢g, 0.356 mole); maleic anhydride (MA) (17.47g, 0.178 mole), and
the acid catalyst, Fascat-4100 (Arkema Inc.) (0.22g). The reaction was
allowed to react under nitrogen at 180°C for 55min., at 200°C for 50 min., at
220°C for 85 min., and at 230°C for about 2.5 hours to yield a clear, viscous
mixture. A total of 13.5 mL of distillate was collected in the Dean-Stark trap.
The resulting mixture was allowed to cool to room temperature and
subsequently collected. Acid number: <1.0 mgKOH/g; hydroxyl number:
64.0 mgKOH/g; glass transition temperature (Tg): 39.9 °C; number average
molecular weight (Mn): 2865; weight average molecular weight (Mw): 60323.

Example 15. Synthesis of Unsaturated Polyester (Resin 32) (NPG/TMCD
Based, Branched)
[0574] A 500 mL, three-neck, round-bottom flask was equipped with a

mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser. To the flask were charged 2,2,4,4-tetramethylcyclobutane-1,3-
diol (TMCD) (47.64g, 0.331 mole), neopentyl glycol (NPG) (34.41g, 0.331
mole); trimethylolpropane (TMP) (4.44g, 0.033 mole); isophthalic acid (IPA)
(59.17¢g, 0.356 mole); maleic anhydride (MA) (17.47g, 0.178 mole), and the
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acid catalyst, Fascat-4100 (Arkema Inc.) (0.24g). The reaction was allowed
to react under nitrogen at 180°C for 75min., at 200 °C for 2 hours, at 220°C for
50 min., and at 230°C for about 80 min. to yield a clear, viscous mixture. A
total of 15.5 mL of distillate was collected in the Dean-Stark trap. The
resulting mixture was allowed to cool to room temperature and subsequently
collected. Acid number: <1.0 mgKOH/g; hydroxyl number: 88.8 mgKOH/g;
glass transition temperature (Tg): 51.5 °C; number average molecular weight
(Mn): 2312; weight average molecular weight (Mw): 11538.

Example 16. Synthesis of Unsaturated Polyester (Resin 33) (NPG/TMCD

Based, Linear)

[0575] A 500 mL, three-neck, round-bottom flask was equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser. To the flask were charged 2,2,4,4-tetramethylcyclobutane-1,3-
diol (TMCD) (47.64g, 0.331 mole), neopentyl glycol (NPG) (34.41¢g, 0.331
mole); isophthalic acid (IPA) (59.17g, 0.356 mole); maleic anhydride (MA)
(17.47g, 0.178 mole), and the acid catalyst, Fascat-4100 (Arkema Inc.)
(0.24g). The reaction was allowed to react under nitrogen at 180°C for
30min., at 200°C for 65 min., at 220°C for 75 min., and at 230°C for about 2
hours to yield a clear, viscous mixture. A total of 17.5 mL of distillate was
collected in the Dean-Stark trap. The resulting mixture was allowed to cool
to room temperature and subsequently collected. Acid number: <2.2
mgKOH/g; hydroxyl number: 48.8 mgKOH/g; glass transition temperature (Tg):
61.2 °C; number average molecular weight (Mn): 4354; weight average
molecular weight (Mw): 28180.
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Example 17. Formulation and Evaluation of Curing of Resins 31-33 with

Various Phenolic Resins

[0576] Polyester resin solutions (35% solids) were prepared by dissolving
resins 31-33 respectively in methyl amyl ketone (MAK). Separately, phenolic
resins solutions (50% solids) were prepared by dissolving SP-103 and HRJ-
1367 (both from Sl Group) respectively in MAK. Formulations
(polyester/phenolic= 70/30) were then prepared by mixing each polyester
resin solution (10g, 35% in MAK) with various phenolic resins respectively and
p-toluenesulfonic acid (pTSA) (0.5 g, 5% in isopropanol). Besides SP-103
and HRJ-1367, the phenolic resins used were Phenodur PR516/60B (60% in
n-butanol) and Phenodur PR371/70B (70% in n-butanol), both from Allnex.
According to ventor’s literature, Phenodur PR371/70B is based on un-

substituted phenol.

Evaluation of Curing:

[0577] Each of the above formulations was drawn down on a Bonderite
1000 cold-rolled steel test panel (ACT Test Panel Technologies) using a
drawdown bar. The coated panels were baked at 205 °C for 10 min. The
coatings (dried film thickness: about 20 um) were then evaluated for curing by
MEK double rubs (ASTM D4752). The results are listed in Table 24.

Table 24
Curing Evaluation of Formulations Based on Polyester Resins 31-33 and
Various Phenolic Resins (Polyester/Phenolic= 70/30) by MEK Double

Rubs
Formulation | SP-103 HRJ-1367 PR516/60B PR371/70B
Resin 31 Moderate mar | Moderate Moderate mar No effect at 500
at 20 double mar at 30 at 100
rubs
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Resin 32 Moderate mar | Moderate Slight mar at 50 | No effect at 500
at 30 mar at 40

Resin 33 severe mar at | severe mar | Moderate mar No effect at 500
20 at 50 at 400

[0578] Additionally, formulations having polyester/phenolic = 50/50 were
prepared by mixing polyester resin 33 solution (7.14g, 35% in MAK) with
various phenolic resins respectively and p-toluenesulfonic acid (pTSA) (0.5 g,
5% in isopropanol). The formulation was evaluated for curing as described

above. The results are listed in Table 25.

Table 25
Curing Evaluation of Formulations Based on Polyester Resins 33 and
Various Phenolic Resins (Polyester/Phenolic= 50/50) by MEK Double

Rubs
Formulation SP-103 HRJ-1367 PR516/60B PR371/70B
Resin 33 Moderate mar | Slight mar at | Slight mar at 100 | No effect at 500
at 50 double 20
rubs

Example 18. Synthesis of Waterborne Unsaturated Polyester (Resin 34)

[0579] A 500 mL, three-neck, round-bottom flask was equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser. To the flask were charged neopentyl glycol (NPG) (61.0g, 0.586
mole); trimethylolpropane (TMP) (3.94g, 0.0294 mole); isophthalic acid (IPA)
(50.1g, 0.3015 mole); maleic anhydride (MA) (14.6g, 0.1485 mole), and the
acid catalyst, Fascat-4100 (Arkema Inc.) (0.19g). The reaction was allowed
to react under nitrogen at 180°C for 15min., at 200°C for one hour, at 220°C
for 2 hours, and at 230°C for about 95 min. to yield a clear, viscous mixture.
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A total of 11.5 mL of distillate was collected in the Dean-Stark trap. The
resulting mixture was allowed to cool to 140°C; trimellitic anhydride (TMA)
(12.33g, 0.0642 mole) was then added. The reaction was allowed to
continue at 170 C for 2 hours and subsequently isolated. Acid number: 48.8
mgKOH/g; hydroxyl number: 41.9 mgKOH/g; glass transition temperature (Tg):
51.7 °C; number average molecular weight (Mn): 2796; weight average

molecular weight (Mw): 19620.

Example 19. Preparation of Aqueous Dispersions of Polyester Resin 34

[0580] A Parr reactor was used for the preparation of the resin dispersion.
Polyester resin 34 was first ground to about 6mm pellets. The resin pellets
(42.0g) was then placed in the reaction vessel along with distilled water
(78.0g) and DMEA (3.34) for neutralization. The amount of DMEA needed
for neutralization is calculated according to the measured acid number of the
resin being dispersed. The Parr reactor was then assembled and heated
first to 95°C and then to 110°C. The stirring was allowed to continue at
110°C for 45 min. and subsequently allowed to cool to 50°C. The resulting
dispersion was filtered with a standard paint filter and collected to yield a milky

dispersion (35% solids).

Example 20. Synthesis of Acetoacetate Functional Polyester (Curable

Polyester Resin 35)

Hydroxyl Functional Polyester 35:

[0581] A 500 mL, three-neck, round-bottom flask was equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser. To the flask were charged 2,2,4,4-tetramethyl-13-
cyclobutanediol (TMCD) (376.99); trimethylolpropane (TMP) (16.669);
isophthalic acid (IPA) (232.6g); adipic acid (AD) (87.79g), and the acid catalyst,
Fascat-4100 (Arkema Inc.) (1.07g). The reaction was allowed to react under
nitrogen at 180°C for 30 min., at 200°C for 45 min., at 220°C for 90 min., and
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at 230°C for about 2 hours to yield a clear, viscous mixture. A total of 72.5
mL of distillate was collected in the Dean-Stark trap. The resulting mixture
was allowed to cool to room temperature and subsequently collected (6129).
Acid number: <1.0 mgKOH/g; hydroxyl number: 113.4 mgKOH/g; glass
transition temperature (Tg): 39.2 °C; number average molecular weight (Mn):
1459; weight average molecular weight (Mw): 2673.

Curable Polyester 35:

[0582] To a 500 mL, three-neck, round-bottom flask equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser were added the above hydroxyl-functional polyester 35 (80.0g) and
t-butyl acetoacetate {(6.75g). The mixiure was gradually heated and allowed
to react at 120° C for 40 minutes and at 140° C for two hours. Atotal of 2.5
mi of the condensate {-butancl) was collected in the Dean-Stark adapter.

The resulling viscous resin was allowed to cool and subsequently collected.
Glass transition temperature (Tg): 33.1 °C; number average molecular weight
(Mn): 1526; weight average molecular weight (Mw): 2723.

Example 21. Synthesis of Acetoacetate Functional Polyester (Curable

Polyester Resin 36)

[0583] To a 500 mL, three-neck, round-bottom flask equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser were added the above hydroxyl-functional polyester 35 (80.0g) and
t-butyl acetoacetaie (11.27g). The mixture was gradually heated and
alfowed to react at 120° C for 50 minutes and at 140°C for two hours. A
iotal of 5.5 mi of the condensale (-butanol) was collected in the Dean-Stark
adapter. The resulling viscous resin was allowed 1o cool and subsequently
collected.  Glass transition temperature (Tg): 28.4 °C; number average

molecular weight (Mn): 1550; weight average molecular weight (Mw): 2752.
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Example 22. Synthesis of Acetoacetate Functional Polyester (Curable

Polyester Resin 37)

[0584] To a 500 mL, three-neck, round-bottom flask equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser were added the above hydroxyl-functional polyester 35 (80.0g) and
i-butyl aceloacetate (15.77g).  The mixiure was gradually heated and
allowed to react at 120°C for 25 minutes and at 140°C for 2.5 howrs. A total
of 7.5 mi of the condensate (I-butanol) was collected in the Dean-5tark
adapter. The resulting viscous resin was allowed to cool and subseguently
collected.  Glass transition temperature (Tg): 23.5 °C; number average
molecular weight (Mn): 1575; weight average molecular weight (Mw): 2765.

Example 23. Formulation and Evaluation of Curing of Curable

Polyester Resins 35-37

Formulation A (polyester/phenolic= 50/50):

[0585] Resin solutions (40% solids) were prepared by dissolving curable
polyester resins 35-37 respectively in xylene. Formulations were then
prepared by mixing each resin solution (6.25g) with Phenodur PR516/60B
(available from Allnex) (4.17g, 60% in n-butanol) and p-toluenesulfonic acid
(PTSA) (0.625 g, 4% in isopropanol).
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Formulation B (polyester/phenolic/melamine= 70/20/10):

[0586] Resin solutions (40% solids) were prepared by dissolving resins 35-
37 respectively in xylene. Formulations were then prepared by mixing each
resin solution (8.75¢g) with Phenodur PR516/60B (available from Allnex)
(1.67g, 60% in n-butanol), Cymel 303 (Allnex) (0.5g), and p-toluenesulfonic
acid (pTSA) (0.625 g, 4% in isopropanol).

Formulation C (polyester/phenolic= 70/30):

[0587] Resin solutions (40% solids) were prepared by dissolving resins 35-
37 respectively in xylene. Formulations were then prepared by mixing each
resin solution (8.75¢g) with Phenodur PR516/60B (available from Allnex) (2.5g,
60% in n-butanol) and p-toluenesulfonic acid (pTSA) (0.625 g, 4% in

isopropanol).

Evaluation of Curing:

[0588] Each of the above formulations was drawn down on a Bonderite
1000 cold-rolled steel test panel (ACT Test Panel Technologies) using a
drawdown bar. One set of the coated panels was then baked at 200 °C for 5
min, and the other set baked at 160 °C for 30 min. The baked panels (dried
film thickness: about 20 um) were then evaluated for curing by MEK double
rubs (ASTM D4752). All panels were stopped at 100 double rubs and
visually inspected for their effects. It was found that all coatings showed
various degrees of mars with the most effect on two ends. Those cured at
200 °C for 5 min. were slightly better than those at 160 °C for 30 min. The

following trend was observed:
Degree of mars: Formulations A >C >B

Degree of mars for formulation B: Curable Polyester Resins 35>36>37
Degree of mars for formulation C: Curable Polyester Resins 35>36=37
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[0589] In addition, it was found that those with 10% melamine in the
formulation had significantly lower color (yellow) than those with phenolic
resin only (brown). Two comparative formulations were prepared using
hydroxyl functional polyester 35 and the phenolic resin according to
formulations A and C and subsequently evaluated for curing. The resulting
coatings were found to have little MEK resistance; the films were rubbed off.

Example 24. Synthesis of Acetoacetate Functional Polyester (Curable

Polyester Resin 38)

Hydroxyl Functional Polyester 38:

[0590] A 500 mL, three-neck, round-bottom flask was equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser. To the flask were charged neopentyl glycol (NPG) (163.39);
trimethylolpropane (TMP) (9.999); 1,4-cyclohexanedicarboxylic acid (CHDA)
(103.39); adipic acid (AD) (87.79g), and the acid catalyst, Fascat-4100
(Arkema Inc.) (0.55). The reaction was allowed to react under nitrogen at
180°C for 70 min., at 200°C for 70 min., at 220°C for 85 min., and at 230°C for
about 2 hours to yield a clear, viscous mixture. A total of 42 mL of distillate
was collected in the Dean-Stark trap. The resulting mixture was allowed to
cool to room temperature and subsequently collected (365¢g). Acid number:
<1.0 mgKOH/g; hydroxyl number: 116.9 mgKOH/g; glass transition
temperature (Tg): -31.2 °C; number average molecular weight (Mn): 1519;

weight average molecular weight (Mw): 2841.

Curable Polyaster Rasin 38:

[0591] To a 500 mL, three-neck, round-bottom flask equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser were added the above hydroxyl-functional polyester 38 (80.0g) and
t-butyl acetoacetate {6.76g). The mixture was gradually heated and allowed {o
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react at 120°C for 20 minutes and at 140° C for two hours. A fotal of 3 mi of
the condensate (I-butanol) was collected in the Dean-Stark adapter. The
rasulting viscous resin was allowed o cool and subsequently collected. Glass
transition temperature (Tg): -33.4 °C; number average molecular weight (Mn):
1595; weight average molecular weight (Mw): 2974.

Example 25. Synthesis of Acetoacetate Functional Polyester (Curable

Polyester Resin 39)

[0592] To a 500 mi, three-neck, round-bottom flask equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser were added the above hydroxyl-functional polyester 38 (80.0g) and
t-butyl acetoacetate (11.27g). The mixiure was gradually heated and

allowed to react at 120° C for 15 minutes and at 140°C for two hours. A

total of 5 mi of the condensate {t-butanol) was collected in the Dean-Stark
adapter. The resulling viscous resin was allowed 1o cool and subsequently
collected.  Glass transition temperature (Tg): -35.7 °C; number average
molecular weight (Mn): 1520; weight average molecular weight (Mw): 2931.

Example 26. Synthesis of Acetoacetate Functional Polyester (Curable

Polyester Resin 40)

[0593] To a 500 mL, three-neck, round-bottom flask equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser were added the above hydroxyl-functional polyester 38 (80.0g) and
t-butyl acetoacetaie (15.77g). The mixture was gradually heated and
allowed 1o react at 120° C for 15 minutes and at 140°C for 2 hours. A total
of 8 mi of the condensate (I-butanol) was coliected in the Dean-Stark adapter.

The resulling viscous resin was allowed to cool and subsequently collected.
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Glass transition temperature (Tg): -37.1 °C; number average molecular weight

(Mn): 1529; weight average molecular weight (Mw): 2887.

Example 27. Formulation and Evaluation of Curing of Curable Polyester

Resins 35-40

[0594] Resin solutions (40% solids) were prepared by dissolving curable
polyester resins 35-40 respectively in xylene. Formulations 16-21
(polyester/phenolic= 70/30) were then prepared by mixing each resin solution
(8.759) with Phenodur PR371/70B (available from Allnex) (2.14g, 70% in n-
butanol) and p-toluenesulfonic acid (pTSA) (0.625 g, 4% in isopropanol).

Evaluation of Curing:

[0595] Each of the above formulations was drawn down on a Bonderite
1000 cold-rolled steel test panel (ACT Test Panel Technologies) using a
drawdown bar. The coated panels were then baked at 200 °C for 5 min.
The baked panels (dried film thickness: about 20 um) were then evaluated for
curing by MEK double rubs (ASTM D4752). The results are listed in Table
26.
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Table 26
Curing Evaluation of Formulations Based on Various Polyester Resins
and Phenolic Resin

Polyester 16: Resin 17: 18: 19: 20: 21:

used in the 35

) Resin 36 Resin 37 Resin 38 Resin 39 Resin 40
formulation

MEK Double | Slight effect | Almost Almost no | Moderate Slight effect | Slight effect
Rubs (200 no effect | effect effect

rubs)

Example 28. Synthesis of Acetoacetate Functional Polyester (Curable

Polyester Resin 41)

Hydroxyl Functional Polyester 41:

[0596] A 500 mL, three-neck, round-bottom flask was equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser. To the flask were charged neopentyl glycol (NPG) (163.39);
trimethylolpropane (TMP) (9.99¢); isophthalic acid (IPA) (139.69); adipic acid
(AD) (52.69), and the acid catalyst, Fascat-4100 (Arkema Inc.) (0.55). The
reaction was allowed to react under nitrogen at 180°C for 60 min., at 200°C
for 60 min., at 220°C for 90 min., and at 230°C for about 2 hours to yield a
clear, viscous mixture. A total of 45 mL of distillate was collected in the
Dean-Stark trap. The resulting mixture was allowed to cool to room
temperature and subsequently collected (298g). Acid number: <1.0
mgKOH/g; hydroxyl number: 106.2 mgKOH/g; glass transition temperature
(Tg): 0.2 °C; number average molecular weight (Mn): 1563; weight average

molecular weight (Mw): 3156.
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Curable Folyester Hesin 41

[0597] To a 500 mL, three-neck, round-bottom flask equipped with a
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water
condenser were added the above hydroxyl-functional polyester 41 (80.0g) and
i-butyl aceloacetate (11.27g). The mixiure was gradually heated and
allowed to react at 140° C for two hours. A lotal of 5.5 mi of the condensate
{t-butanol) was coliected in the Dean-Stark adapter.  The resulting viscous
resin was allowed to cool and subsequently collected.  Glass transition
temperature (TQ): -7.4 °C; number average molecular weight (Mn): 1472;
weight average molecular weight (Mw): 3242.

Example 29. Formulation and Evaluation of Curing of Curable Polyester
Resin 41

[0598] Formulations (polyester/phenolic= 70/30) were prepared by mixing
curable polyester resin 7 solution (10g, 35% in MAK) with various phenolic
resins respectively and p-toluenesulfonic acid (pTSA) (0.5 g, 5% in

isopropanol).

Evaluation of Curing:

[0599] Each of the above formulations was drawn down on a Bonderite
1000 cold-rolled steel test panel (ACT Test Panel Technologies) using a
drawdown bar. The coated panels were then baked at 205 °C for 10 min.
The baked panels (dried film thickness: about 20 um) were then evaluated for
curing by MEK double rubs (ASTM D4752). The results are listed below in
Table 27:
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Table 27
Curing Evaluation of Formulations Based on Polyester Resin 41 and
Various Phenolic Resins

Phenolic resin | SP-103 HRJ-1367 PR516/60B | PR371/70B (70%
used in the (Sl Group) (Sl Group) (60% in in butanol)
formulation (50% in MAK) (50% in butanol)
MAK)
MEK Double 40 100 100 200
Rubs (film
rubbed off at
onhe end)

Example 30: Synthesis of Carboxyl-Functional Polyester (Resin 42)

[0600]
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water

A 500 mL, three-neck, round-bottom flask was equipped with a

condenser.
cyclobutanediol (TMCD) (70.0g); trimethylolpropane (TMP) (6.66g); 1,4-

cyclohexanedicarboxylic acid (CHDA) (34.49), isophthalic acid (IPA) (33.29),
and the acid catalyst, Fascat-4100 (Arkema Inc.) (0.229).
allowed to react under nitrogen at 180°C for 25 min., at 200°C for 60 min., at

To the flask were charged 2,2,4,4-tetramethyl-13-

The reaction was

220°C for 125 min., and at 230°C for about 2.5 hours to yield a clear, viscous
mixture. A total of 12 mL of distillate was collected in the Dean-Stark trap.
[0601] The reaction mixture was then allowed to cool to 150°C, followed by
the addition of trimellitic anhydride (TMA) (14.06g). After the addition of TMA,
the temperature was increased to 170°C and the mixture allowed to react for
about 1.5 hours. The resulting mixture was allowed to cool to room
temperature and subsequently placed in dry ice to chill for ease to break and

collect the solid product (133 g).
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[0602] Using the same method as above, Resins 43 and 44 were
synthesized. The relative amounts and the results are reported in Tables 28
and 29, wherein Mn is number average molecular weight and Mw is weight

average molecular weight.

Table 28.
Synthesized Carboxyl Functional Polyesters
Resin Composition as Charged Post React
TMA
Equivalent (eq.) Ratio TMA/Total
Based on Total Alcohols Eqg. Ratio Based on Diacids
(%) Total Diacids (%) (mole %)
total eq. of
OH/total eq.
NPG TMP of COOH (R
TMCD CHDA | IPA AD value) TMA
Resin
42 86.7 13.3 50 50 1.40 18.29
Resin
43 86.7 13.3 70 30 1.40 18.29
Resin
44 86.7 13.3 50 50 1.40 18.29

10
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Analysis of Synthesized Carboxyl Functional Polyesters

Resin Properties
Acid OH AN:OH
Number Number
Tg, C Mn Mw Analyzed Analyzed
Resin 42 89.6 1659 | 5470 58 97 0.60
Resin 43 30.8 1996 | 6402 58 49 1.18
Resin 44 425 2479 | 13455 58 57 1.02
Example 31: Synthesis of Phenolic Besin Based on m-Cresol {(m-
Cresol/HOHO)
[0603] To around-bottom flask equipped with a water-jacketed condenser

were added m-cresol (30.0 g), paraformaldehyde (16.7 g), triethylamine (5.6
g), and toluene (200 mL).
react at 60 °C for 5 hours.

The reaction mixture was stirred and allowed to
After the reaction, the resulting mixture was
cooled to room temperature, which was separated into two layers- an oily
resin layer and a toluene layer at the top. The resin layer was collected and
washed repeatedly with fresh toluene using a rotary evaporator. The
resulting viscous resin was dissolved in methyl ethyl ketone and subsequently
filtered to remove the insoluble impurities. The solvent was removed under
reduced pressure, and the resulting resin was mixed with toluene to further
remove the volatiles using the rotary evaporator. A highly viscous, brown-

yellow resin was obtained. The yield was 25 g.
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Example 32 Synthesis of Phenolic Resin Based on o-Cresol (o
Cresol/HCHO)

[0604] To around-bottom flask equipped with a water-jacketed condenser
were added o-cresol (43.2 g), aqueous formaldehyde solution (37 wt.%, 162
g), and NaOH (20 wt.% in water, 15 mL). The reaction mixture was stirred
and allowed to react at 60 °C for three days. After the reaction, the resulting
mixture was cooled to room temperature, which was separated into two
layers- an oily resin layer and a water layer at the top. The resin layer was
collected and subsequently dissolved in ethanol. To the resin solution was
added dilute aqueous HCI solution. The resin layer was collected and
washed repeatedly with ethanol using a rotary evaporator. The resulting
resin solid was collected and dried under vacuum at 40- 45 °C to yield a

yellow powdery product. The yield was 50 g.

Exampie 33: SBvnthesis of Phenolic Resin Based on p-Cresol {p-
Cresol/HCHO)

[0605] To around-bottom flask equipped with a water-jacketed condenser
were added p-cresol (43.2 g), aqueous formaldehyde solution (37 wt.%, 162
g), and NaOH (20 wt.% in water, 15 mL). The reaction mixture was stirred
and allowed to react at 60 °C for three days. After the reaction, the resulting
mixture was cooled to room temperature and aqueous HCI solution added to
yield a precipitate. The resulting resin solid was collected, washed repeated
with water, and dried under vacuum at 40- 45 °C to yield a yellow powdery

product. The yield was 45 g.
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Example 34: Preparation of Solvent-Based Formulations Using Various

Cresol- Based Phenolic Resins

[0606]
5 using Resins 42 and various cresol based phenolic resins, m-Cresol/HCHO,
0-Cresol/HCHO, and p-Cresol/HCHO, prepared in Example 31-33.

solutions (35% solids) were first prepared by dissolving the polyester (Resin

As listed in Table 30, solvent-based formulations were prepared by

Polyester

10  Cresol/HCHO, 0-Cresol/HCHO, and p-Cresol/HCHO) in tha prasence of an
acid catalyst, p-ioluenasulfonic acid {(pTSA).
Table 30.
15 Compositions of Various Formulations
Polyester
(35% in Phenolic Resin | pTSA (5% in
MAK); Solution; isopropanol); Resin Catalyst
Formulation grams grams grams Ratio Ratio
2.14 0.5 phr
- 10 m- (parts per
(Resin Cresol/HCHO hundred
42) (70% in MAK) 0.5 70/30 of resin)
3
o3 10 o-
(Resin Cresol/HCHO
42) (50% in MAK) 0.5 70/30 | 0.5 phr
3
p-
o4 Cresol/HCHO
10 (50% in
(Resin cyclopentanon
42) e) 0.5 70/30 | 0.5 phr

1) in methyl amyl ketone (MAK).

Three formulations were then prepared by

mixing respectively the polyester solution with a phenolic resin (m-
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Example 35: Evaluation of Cured Films by MEK Double Rub Test

[0607] Formulations 22-24 prepared in Example 34 were drawn down
respectively on coid-rolled steel test panels (ACT 3x8x032 from Advanced
Coating Technologies) using a draw-down bar and subsequently baked in an
oven gt 205°C for 10 minutes.  The thickness of the coating films was about
20 to 25 um.  The degree of crosslinking of the cured films was determined
by their solvent resistance using MEK Double Rub Mathod (ASTM D4752).
The results are collected in Table 31. Typically a resull of »30 is considered

acceptable and »200 is preferred.

Tableg 31,

MEK Double Rub Test of the Cured Films from Various Formulations

Formulation 22 23 24

MEK double rubs 300 <20 <20

(slight or no effect)

Example 36: Preparation of Various Solvent-Based Formulations

[0608] As listed in Table 32, solvent-based formulations were prepared by
using Resins 43 and 44. Polyester solutions (35% solids) were first prepared
by dissolving the polyesters in methyl amyl ketone (MAK). Two formulations
were then prepared from each polyester by mixing respectively the polyester
solutions with a phenolic resin prepared in Example 31 in the presence of an

acid catalyst, p-toluenesulfonic acid (pT3SA).

182



WO 2016/069567 PCT/US2015/057524

10

Table 32.
Compositions of Various Formulations
Polyester
(35% in pTSA (5% in
MAK); Phenolic isopropanol); | Resin Catalyst
Formulation | grams Resin; grams grams Ratio Ratio
2.14
10 (PR371/70B)
25
(Resin (70% in n-
43) butanol) 0.5 70/30 0.5 phr
2.14
10 (m-
26
(Resin cresol/HCHO)
43) (70% in MAK) 0.5 70/30 0.5 phr
2.14
10 (PR371/70B)
27
(Resin (70% in n-
44) butanol) 0.5 70/30 0.5 phr
2.14
10 (m-
28
(Resin cresol/HCHO)
44) (70% in MAK) 0.5 70/30 0.5 phr

Example 37. Evaluation of Cured Films by MEK Double Rub Test

[0609] Formulations 25-28 prepared in Example 36 were drawn down
respectively on a cold-rolled steei test panels (ACT 3x8x(32 from Advanced
Coaling Technologies using a drawn-down bar and subsequenily baked in an
oven at 205°C for 10 minutes. The thickness of the coating films was about 20
to 25 wn. The dagree of crosslinking of the cured films was detarmined by
their solvent resistance using MEK Double Rub Method (ASTM D4752). The
resulls are collected in Table 33. Typically a result of »30 is considerad
acceptable and >200 is preferred.
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Table 33.
MEK Double Rub Test of the Cured Films from Various Formulations

Formulation 25 26 27 28

MEK double 500 500 500 500

rubs

Slight effect Slight effect | No effect No effect

5 Example 38: Synthesis of Hydroxyl Functional Polyester (Resin 45)

10

15

20

[0610]
mechanical stirrer, a heated partial condenser, a Dean-Stark trap, and a water

A 500 mL, three-neck, round-bottom flask was equipped with a

condenser.
cyclobutanediol (TMCD) (121.1g), neopentyl glycol (NPG) (75.99),

trimethylolpropane (TMP) (9.999), isophthalic acid (IPA) (199.4g), and the
acid catalyst, Fascat-4100 (Arkema Inc.) (0.61g).
to react under nitrogen at 180°C for 30 min., at 200°C for 60 min., at 220°C

for 100 min., and at 230°C for about 2.5 hours to yield a clear, viscous

To the flask were charged 2,2,4,4-tetramethyl-13-

The reaction was allowed

mixture. A total of 43 mL of distillate was collected in the Dean-Stark trap.
The resulting resin was allowed to cool and subsequently collected. (Yield:
346 g)
[0611]

synthesized. The relative amounts and the results are reported in Tables 34

Using the same method as above, resins 46, 47, 48 and 49 were

and 35, wherein MPDiol is 2-methyl-1,3-propanediol and TPA is terephthalic

acid.
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Table 34.
Synthesized Hydroxyl Functional Polyesters

Resin Composition as Charged

Eq. Ratio Based on Total Alcohols (%) Eqg. Ratio Based

on Total Acids
(%)

OH/COOH
TMCD NPG MPDiol TMP IPA TPA (R value)

Resin45 | 50.0 | 433 6.7 100 50.0
Resin 46 | 93.3 6.7 100 93.3
Resin47 | 93.3 6.7 100 93.3
Resin 48 | 46.65 46.65 6.7 50 50 1.30
Resin 49 933 6.7 100 1.25
5 Table 35.

Analysis of Synthesized Hydroxyl Functional Polyesters

Resin Properties
Acid OH AN:OH
Number Number
Tg, C Mn Mw Analyzed Analyzed
Resin 45 46.9 1384 2316 0.2 128 0.002
Resin 46 79.7 1616 3171 4.8 102 0.047
Resin 47 98.0 1715 5242 25.0 52 0.48
Resin 48 49.2 1987 4662 6.2 99 0.06
Resin 49 44 .2 2190 4912 5.8 88 0.07
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Example 39: Preparation of Various Solvent-Based Formulations

[0612] As listed in Table 36, solvent-based formulations were prepared by
using Resins 45-49. Polyester solutions (35% solids) were first prepared by
dissolving the polyesters in methyl amyl ketone (MAK). It was observed that
the solution prepared from Resin 4 was milky; indicating poor solubility. Four
formulations were then prepared from each polyester by mixing respectively
the polyester solution with a phenolic resin (FHENCDUR® PR 516/808 or
PHENODUR® PR 371/70B) or a combination of phenciic resin and an aming
resin (Cymel 303 available from Allnex) in the presence of an acid catalyst, p-

toluenesulionic acid (pTSA).

Table 36.
Compositions of Various Formulations

pTSA (5% in
Polyester (50% Phenolic Resin; isopropanol); | Resin | Catalyst
Formulation in MAK); grams grams grams Ratio Ratio
2.14g
29 79 (PR371/70B)
(Resin 45) (70% in n-butanol) 0.5 70/30 0.5 phr
2.14g
30 79 (PR371/70B)
(Resin 46) (70% in n-butanol) 0.5 70/30 0.5 phr
2.14g
31 79 (PR371/70B)
(Resin 47) (70% in n-butanol) 0.5 70/30 0.5 phr
2.14g
32 10g (PR371/70B)
(Resin 48) (70% in n-butanol) 0.5 70/30 0.5 phr
2.14g
33 10g (PR371/70B)
(Resin 49) (70% in n-butanol) 0.5 70/30 0.5 phr
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Example 40. Evaluation of Cured Films by MEK Double Rubs

[0613]
respectively on a cold-rolled steel test panels (ACT 3x9x032 from Advanced

Formulations 29-33 prepared in Example 39 were drawn down

Coating Technologies using a drawn-down bar and subseguently baked in an
oven at 205°C for 10 minutes. The thickness of the coating films was about 20
1o 25 um. The degree of crosslinking of the cured films was determined by
their solvent resistance using MEK Double Rub Method (ASTM D4752). The
resulls are coliected in Table 37. Typically a result of »30 is considered

acceptable and >200 is preferred.

Table 37.
MEK Double Rub Test of the Cured Films from Various Formulations

Formulation

29

30

31

32

33

MEK double rubs

300

Slight effect

300

Slight effect

400

Slight effect

500

No effect

500

No effect

Example 41: Preparation of Solvent-Based Formulations Using Various

Phenolic Resins

[0614] As listed in Table 38 solvent-based formulations were prepared by
using Resin 48 and various commercial phenolic resins, Phenodur PR-
371/70B, Phenodur VPR 1785/70B, and Phenodur PR516/60B available for
Allnex. PR-371/70B is based on phenol/formaldehyde, PR516/60B is based
on mixed cresol/formaldehyde, and VPR1785/70B is also based on mixed
cresol/formaldehyde.

[0615]

the polyester (Resin 7) in methyl amyl ketone (MAK).

Polyester solutions (35% solids) were first prepared by dissolving
Three formulations

were then prepared by mixing respectively the polyester solution with a

187



WO 2016/069567

10

15

PCT/US2015/057524

phenolic resin in the presence of an acid catalyst, p-toluenesuifonic acid

(pTSA).
Table 38.
Compositions of Various Formulations
Polyester Phenolic
(35% in Resin pTSA (5% in
MAK); Phenolic Resin | Solution; | isopropanol); | Resin Catalyst
Formulation grams Solution grams grams Ratio Ratio
1049 Phenodur PR-
3 (Resin 48) 371/70B 2.14 0.5 70/30 | 0.5phr
35 1049 Phenodur VPR
(Resin 48) 1785/70B 2.14 0.5 70/30 0.5 phr
1049 Phenodur
% (Resin 48) | PR516/60B 25 0.5 70/30 | 0.5phr

Example 42: Evaluation of Cured Films by MEK Double Rub Test

[0616]

Formulations 34-36 prepared in Example 41 were drawn down

respectively on coid-rolled steel test panels (ACT 3x8x032 from Advanced

Coaling Technologies) using a draw-down bar and subsequently baked in an

oven at 205°C for 10 minutes.

The thickness of the coating films was about

20 to 25 ym.  The degree of crosslinking of the cured films was determinad

by their solvent resistance using MEK Double Rub Method (ASTM D4752).

The results are collected in Table 39,
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Tahle 39,
MEK Double Rub Test of the Cured Films from Various Formulations
Formulation 34 35 36
MEK double rubs (slight 500 <20 50

or no effect)

Example 43. Preparation of Aqueous Dispersions of Polyesters

[0617] A Parr reactor was used for the preparation of the resin dispersion.
Resin 42 was first ground to about 6mm pellets. The resin pellets (42.09)
was then placed in the reaction vessel along with distilled water (78.0g) and
ammonia agueous solution (30%, 2.46 g) for neutralization. The amount of
ammonia added for neutralization (100%) is calculated according to the
measured acid number of the resin. The Parr reactor was then assembled
and heated first to 95°C and then to 110°C. The stirring was allowed to
continue at 110°C for 45 min. and subsequently allowed to cool to 50°C. The
resulting dispersion (35% solids) was filtered with a standard paint filter and
collected.

[0618] Using the same procedure, the other dispersion (35% solids) was
prepared from Resin 44. Particle size and pH were analyzed for each
dispersion. Particle size was measured using Nanotrac (Microtrac Inc.); the
results are listed in Table 40. The particle size, MV, represents the mean

diameter in nanometer (nm) of the volume distribution.
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Table 40.
Particle Size and pH of the Polyester Dispersions

Particle size, MV (nm) pH Appearance
Resin 42 Dispersion 14.08 7.88 Clear
Resin 44 Dispersion 118.80 7.23 Milky

Example 44: Preparation of Waterborne Formulations Using

Neutralized Phenolic Resins

[0619] An aqueous dispersion was prepared by mixing phenolic resin m-
cresol/HCHO (Example 31) (3 g) sequentially with ethylene glycol monobutyl
ether (EB) (1.3 g), N,N-dimethylethanolamine (DMEA) (0.7 g), and water (1.5
g) to yield a clear dispersion (46% solids).

[0620] Aslisted in Table 41, waterborne formulations were prepared by
using the two aqueous polyester dispersions prepared in Example 43 and the
above phenolic resin dispersion. It is noted that Formulation 38 requires the

addition of extra water (1 g) to reduce its viscosity.

Table 41.
Compositions of Various Waterborne Formulations

Polyester pTSA

Dispersion | Phenolic Resin (5% in

(35%); Dispersion isopropan | Resin Catalyst

Formulation | grams (46%); grams ol); grams | Ratio Ratio

a7 3 0.98

(Resin 42) | m-Cresol/HCHO 0.15 | 70/30 0.5 phr

3 0.98

% (Resin 44) | m-Cresol/HCHO 0.15 | 70/30 0.5 phr
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Example 45: Evaluation of Cured Films by MEK Double Rub Test

[0621] Formulations 37 and 38 prepared in Example 44 were drawn down
respectively on coid-rolled steel test panels (ACT 3x8x032 from Advanced
Coating Technologies) using a draw-down bar and subsequently baked in an
oven gt 205°C for 10 minutes.  The thickness of the coating films was about
20 10 25 um. The degree of crosslinking of the cured films was delermined
by their solvent resistance using MEK Double Rub Mathod (ASTM D4752).

The resulls are coilected in Table 42.

Table 42.
MEK Double Rub Test of the Cured Films from Various Formulations
Formulation 37 38
MEK double rubs (slight 50 <10

or no effect)

Coating Appearance Glossy Hazy
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What We Claim Is:

1. A thermosetting composition comprising:
) a curable polyester resin; and
1)) a crosslinker composition comprising a resole phenolic resin,
said phenolic resin containing the residues of un-substituted
phenol and/or meta-substituted phenols.

2. The composition of claim 1, wherein said resole phenolic resin is
obtained with a phenol composition as a starting material.

3. The composition of claim 1 wherein said resole phenolic resin is
obtained with a phenol composition as a starting material, said phenol
composition comprising un-substituted phenols or meta-substituted phenols or
mixtures thereof, in an amount of at least 60 weight.% based on the weight of
the phenol composition.

4. The composition of any of claims 1-3, wherein said resole phenolic
resin is obtained by reacting a phenol composition with an aldehyde at an
aldehyde:phenol molar ratio of at least 1.2:1, or at least 1.4:1 and up to 4:1, or
at least 1.5:1, said phenol composition comprising un-substituted phenols
and/or meta-substituted phenols.

5. The composition of any of claims 1-4, wherein the resole phenolic
resin contains an average of at least 0.3 methylol groups, or an average of at
least 0.4 methylol groups, or an average of at least 0.5 methylol groups
(including either or both of --CH,OH and --CH,OR) per one phenolic hydroxyl
group.

6. The composition of any of claims 1-5, wherein the resole phenolic
resin contains residues of m-cresol or phenol or mixtures thereof or residues
thereof.

7. The composition of any of claims 1-6, wherein the resole phenolic
resin is not made with the addition of bisphenol A, F, or S.

8. The composition of any of claims 1-7, wherein said curable
polyester comprise a polyester having an acid number ranging from about 20
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to about 120 mg KOH/g, a hydroxyl number ranging from greater than 0 to
about 100 mg KOH/g, and an acid number:hydroxyl (AN:OH) number ratio of
at least 0.5:1.

9. The composition of any of claims 1-8, wherein said curable
polyester comprises a polyester having residues of an a,B-unsaturated
polycarboxylic acid compound, said a,B-unsaturated polycarboxylic acid
compound having at least two carboxylic acid groups or at least one
anhydride group, and having at least one unsaturation that is in the a,3
position relative to a carbonyl group and is not located on an aromatic ring.

10. The composition of any of claims 1-9, wherein said curable
polyester comprises a polyester having beta-ketoacetate moieties without
vinyl unsaturation.

11.  The composition of any of claims 1-10, wherein said curable
polyester has a cumulative acid number and hydroxyl number in a range of 30
to 200 mgKOH/g or 40 to 150 mgKOH/g or 50-100 mgKOH/g.

12. The composition of any of any of claim 1-11, wherein said curable

polyester comprises the residues of:
a) polyhydroxyl compounds comprising:
(i) diol compounds in an amount of 70 mole % - 100 mole %;
and
(ii) polyhydroxyl compounds having 3 or more hydroxyl
groups in an amount of 0 to 30 mole %;
wherein the mole % is based on 100% of all moles of
polyhydroxyl compounds a); and
b) polycarboxyl compounds comprising polycarboxylic acid
compounds, derivatives of polycarboxylic acid compounds, the
anhydrides of polycarboxylic acids, or combinations thereof.

13. A coating obtained with the thermoplastic composition of any of
claims 1-12.

14. A solvent containing coating composition, comprising:
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l. a curable polyester resin,

Il. a crosslinker composition comprising a resole phenolic resin,
said phenolic resin containing the residues of un-substituted
phenol and/or meta-substituted phenols; and

1. an organic solvent.

15.  The solvent composition of claim 14, wherein said organic solvent is
present in an amount of at least 30 weight.% based on the weight of the
solvent containing coating composition.

16. The solvent composition of any of claims 14 or 15, wherein the
composition comprises 8 weight.% or less water.

17. A coating made with the solvent borne coating composition of claim
14, said coating having a MEK double rub solvent resistance of at least 200.

18.  An aqueous dispersion, comprising:

l. a curable polyester resin at least partially neutralized with a
neutralizing agent,

Il. a crosslinker composition comprising a resole phenolic resin,
said phenolic resin containing the residues of un-substituted
phenol and/or meta-substituted phenols; and

1. water.

19. The aqueous dispersion of claim 18, wherein the dispersion
contains water in an amount of at least 25 weight%, or at least 35 weight%,
based on the weight of the aqueous dispersion.

20. The aqueous dispersion of claim 18, wherein the dispersion
contains water in an amount of at least 25 weight.%, based on the weight of
the aqueous dispersion, and an organic co-solvent in an amount of 1
weight.% to 15 weight.%, based on the weight of the aqueous composition.

21.  The aqueous dispersion of claim 18, wherein the dispersion
contains curable polyester resin in an amount of 10-45 weight.% based on the
weight of the aqueous dispersion.

22. A curable powder coating composition comprising:
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a curable polyester resin having a Tg greater than about 50 °C
and,

Il. a crosslinker composition comprising a resole phenolic resin,
said phenolic resin containing the residues of un-substituted
phenol and/or meta-substituted phenols.

23. A composition comprising a curable polyester resin, said polyester
resin comprising the residues of:

a) polyhydroxyl compounds comprising:

(i) 2,2,4,4-tetraalkylcyclobutane-1,3-diol (TACD)
compounds, 2,2,4,4-tetramethylcyclobutanediol, or
mixtures thereof, and

(i)  polyhydroxyl compounds other than TACD, and

b) polycarboxyl compounds comprising:

(i) a polycarboxylic acid compound, a derivative of
polycarboxylic acid compound other than component
b)(ii), or a combination thereof, and

(i) a polycarboxylic anhydride compound;

wherein said curable polyester resin has an acid number ranging from about

20 to about 120 mg KOH/g, a hydroxyl number ranging from greater than 0 to
about 100 mg KOH/g, and an acid number:hydroxyl number ratio (AN:OH) of
at least 0.5:1.

24. The composition of claim 23, wherein a polyhydroxyl compound
(a)(ii) comprises 2,2-dimethyl-1,3-propanediol (neopentyl glycol),
1,4-cyclohexanedimethanol, or 1,1,1-trimethylol propane, or mixtures thereof.

25. The composition of any of claims 23-24, wherein the polycarboxylic
acid component (b)(i) is selected from one of the following groups:

i) isophthalic acid, dimethyl isophthalate, terephthalic acid, dimethyl

terephthalate, 1,4-cyclohexanedicarboxylic acid, adipic acid, or

mixtures thereof; or
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ii) (isophthalic acid or dimethyl isophthalate) and
(1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic
acid, or mixtures thereof); or

iii) (isophthalic acid or dimethyl isophthalate), and (dodecanedioic acid,
sebacic acid, azelaic acid, maleic acid, fumaric acid, succinic acid,
adipic acid, glutaric acid, itatonic acid, diglycolic acid; or mixtures
thereof); or

iv) isophthalic acid or dimethyl isophthalate; or

v) (1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic
acid, or mixtures thereof) and (dodecanedioic acid, sebacic acid,
azelaic acid, maleic acid, fumaric acid, succinic acid, adipic acid,
glutaric acid, itatonic acid, diglycolic acid, or mixtures thereof), or

vi) 1,4-cyclohexanedicarboxylic acid.

26. The composition of claim 24, wherein terephthalic acid or

derivatives thereof are not present as polycarboxylic acids (b).

27. The composition of claim 24, wherein the polycarboxylic anhydrides
in component b)(ii) comprise isobutyric anhydride, acetic anhydride, 2-ethyl
hexanoic anhydride, phthalic anhydride, maleic anhydride, or trimellitic
anhydride, or mixtures thereof.

28. The composition of claim 24, wherein the quantity of TACD is more
than 50 mole% and up to 90 mole%, based on the total moles of polyhydroxyl
compounds in component (b).

29. The composition of claim 24, wherein the curable polyester resin
contains TACD residues in an amount of 25-47 mole%, based on the total
moles of all components of the curable polyester resin.

30.The composition of claim 24, wherein the molar quantity of
polycarboxylic anhydride compounds of component b)(ii) is in a range of 8-30
mole%, based on the total moles of polycarboxylic acid component (b).
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31.  The composition of claim 24, wherein the molar quantity of
polycaroxylic anhydride compounds b)(ii) is in a range of 3-15 mole% based
on the total moles of all components of the curable polyester resins.

32. The composition of claim 24, wherein the acid number is in a range
from 50 to 120.

33. The composition of claim 24, wherein the hydroxyl number is in a
range from 20 to 100.

34. The composition of claim 24, wherein the AN:OH ratio is least 0.8:1
and up to 20:1.

35. The composition of claim 24, wherein the curable polyester resin
has an acid number, a hydroxyl number, and an AN:OH ratio that is within the
range of any one box designated with an “x” in Table 3:
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Table 3
OH# Acid #
50- | 50-90 | 60- | 65- | 70- | 45-90 | 50- | 60-90 | 65-90 | 30-
100 120 | 100 | 100 85 90
15-90 X X X X X X X
15-75 X X X X X X X
20-70 X X X X X
20-65 X X X X X
20-60 X X X X X
20-50 X X X X
15-45 X X X X X X X X
10-40 X X X X X X X X X X
40-100 X
50-100 X
60-100 X
AN:OH | 0.8:1- [1.5:1- [ 05:1- [ 1:1- | 05:1- | 1.3:1- | 2:1- | 0.5:1- | 1.5:1- | 1:1-
Ratio 5:1 5:1 2:1 6:1 4:1 6:1 4:1 3:1 5:1 8:1
36. A thermosetting composition comprising:
l)  an unsaturated curable polyester comprising the residues of
5 an a,pB-unsaturated polycarboxylic acid compound, said a,(3-
unsaturated polycarboxylic acid compound having at least two
carboxylic acid groups or at least one anhydride group, and
having at least one unsaturation in a position that is a,3
relative to a carbonyl group and not located on an aromatic
10 ring; and
II) a phenolic resin having at least one methylol group.
37. The thermosetting composition of claim 36, comprising:
l)  an unsaturated curable polyester comprising the residues of:
a) polyhydroxy compounds comprising:
15 (i) a diol in an amount of 70 mole % - 100 mole %;

and
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(ii) a polyhydroxyl compound having 3 or more
hydroxyl groups in an amount of 0 to 30 mole %;

wherein the mole % is based on 100% of all moles of all

polyhydroxyl compounds; and

b) polycarboxylic compounds comprising

(i) an a,B-unsaturated polycarboxylic acid
compound; and

(ii) a polycarboxylic acid compound other than the
(b)(i) a,B-unsaturated polycarboxylic acid
compound.

II) a phenolic resin substituted with at least one methylol group.

38. The thermosetting composition of claim 36, wherein at least a
portion of the methylol groups are in the ortho position relative to a phenolic
hydroxyl group.

39. The thermosetting composition of claim 36, wherein the phenolic
resin is obtained by the reaction of phenolic compounds and an aldehyde at
an aldehyde:phenol ratio of at least 1.1:1.

40. The thermosetting composition of claim 36, wherein the phenolic
resin has at least one methylol substituent in the ortho position relative to the
phenolic hydroxyl group.

41. A thermosetting composition comprising:

l. a curable polyester resin containing beta-ketoacetate
moieties without vinyl unsaturation; and
Il. a phenolic resin having at least one methylol group.

42. A thermosetting composition comprising:

) a curable polyester resin comprising the reaction product
of a polyester resin with a compound containing a beta-ketoacetate
moiety that does not contain a vinyl unsaturation; and

1)) a phenolic resin substituted with at least one methylol
group.
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43. The thermosetting composition of any of claims 41 or 42
comprising:

) a curable polyester resin comprising the reaction product of a

polyester resin with a compound containing a beta-ketoacetate moiety

that does not contain a vinyl unsaturation, said polyester resin
comprising the reaction product of:
a) polyhydroxyl compounds comprising:
(i) diol compounds in an amount of 70 mole % - 100
mole %; and
(ii) polyhydroxyl compounds having 3 or more
hydroxyl groups in an amount of 0 to 30 mole %;
wherein the mole % is based on 100% of all moles of
polyhydroxyl compounds a); and
b)  polycarboxyl compounds comprising polycarboxylic acid
compounds, derivatives of polycarboxylic acid
compounds, the anhydrides of polycarboxylic acids, or
combinations thereof; and

1)) a phenolic resin substituted with at least one methylol group.

44. The thermosetting composition of any of claims 41 or 42,
wherein the phenolic resin is obtained by the reaction of phenolic compounds
and an aldehyde at an aldehyde:phenol ratio of at least 1.1:1.

45. The thermosetting composition of any of claims 41 or 42,
wherein the phenolic resin has at least one methylol substituent in the ortho
position relative to the phenolic hydroxyl group.

46. The thermosetting composition of any of claims 36, 41 or 42,
wherein the phenolic resin contains an average of at least one methylol
substituent per phenolic hydroxyl group.

47. The thermosetting composition of any of claims 36, 41 or 42,
wherein the phenolic resin is the reaction product of phenolic compounds with
formaldehyde.
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48. The thermosetting composition of any of claims 36, 41 or 42,
wherein the phenolic resin is not made by the addition of bisphenol A, F, or S.

49. The thermosetting composition of any of claims 36, 41 or 42,
wherein the phenolic resin is not made by the addition of a polyhydric phenol.

5 50. The thermosetting composition of any of claims 36, 41 or 42
wherein the phenolic resin is not made by the addition of a polyhydric phenol.
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