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(57) This invention provides a polymer that is useful in a variety of applications, including as a binder polymer of a
coating composition, and especially a packaging coating composition. Packaging articles (e.g., containers) comprising
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application Serial Number 61/324,997 filed on April 16,
2010 and entitled "COATING COMPOSITIONS FOR CONTAINERS AND METHODS OF COATING" and U.S. Provi-
sional Application Serial Number 61/333,133 filed on May 10, 2010 and entitled "COATING COMPOSITIONS FOR
CONTAINERS AND METHODS OF COATING," each of which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] The application of coatings to metals to retard or inhibit corrosion is well established. This is particularly true
in the area of packaging containers such as metal food and beverage cans. Coatings are typically applied to the interior
of such containers to prevent the contents from contacting the metal of the container. Contact between the metal and
the packaged product can lead to corrosion of the metal container, which can contaminate the packaged product. This
is particularly true when the contents of the container are chemically aggressive in nature. Protective coatings are also
applied to the interior of food and beverage containers to prevent corrosion in the headspace of the container between
the fill line of the food product and the container lid.
[0003] Packaging coatings should preferably be capable of high-speed application to the substrate and provide the
necessary properties when hardened to perform in this demanding end use. For example, the coating should preferably
be safe for food contact, not adversely affect the taste of the packaged food or beverage product, have excellent adhesion
to the substrate, resist staining and other coating defects such as "popping," "blushing" and/or "blistering," and resist
degradation over long periods of time, even when exposed to harsh environments. In addition, the coating should
generally be capable of maintaining suitable film integrity during container fabrication and be capable of withstanding
the processing conditions that the container may be subjected to during product packaging.
[0004] Various coatings have been used as interior protective can coatings, including polyvinyl-chloride-based coatings
and epoxy-based coatings incorporating bisphenol A ("BPA"). Each of these coating types, however, has potential
shortcomings. For example, the recycling of materials containing polyvinyl chloride or related halide-containing vinyl
polymers can be problematic. There is also a desire by some to reduce or eliminate certain BPA-based compounds
commonly used to formulate food-contact epoxy coatings.
[0005] What is needed in the marketplace is an improved binder system for use in coatings such as, for example,
packaging coatings.

SUMMARY

[0006] This invention provides a coating composition useful in coating a variety of substrates, including metal substrates
of packaging articles. In preferred embodiments, the coating composition is useful for coating one or more exterior or
interior surfaces of a food or beverage container, or a portion thereof, including interior food-contact surfaces.
[0007] In preferred embodiments, the coating composition includes an effective amount (e.g., a film-forming amount)
of a polymer, preferably a polyether polymer, that is free of structural units derived from bisphenol A ("BPA") or the
diglycidyl ether of BPA ("BADGE"). In certain preferred embodiments, the polymer: (i) has a glass transition temperature
("Tg") of at least 70°C, and more preferably from 70 to 150°C and/or (ii) includes at least one, and more preferably a
plurality of polycyclic groups. In some embodiments, the polymer has a Tg of at least 70°C and includes one or more
polycyclic groups. In addition, the polymer preferably includes one or more segments of the below Formula I:

 -O-Ar-(Rn-Ar)n-O-, (I)

wherein: each Ar is independently an aryl or heteroaryl group (typically a divalent arylene or heteroarylene group); each
n is independently 0 or 1; R, if present, is a divalent organic group; and the two oxygen atoms depicted in Formula I are
preferably each ether oxygen.
[0008] In some embodiments, the polyether polymer may have a Tg of less than 70°C such as, for example, if the
coating composition is intended for use on an outside surface of a food or beverage container or is intended for use in
packaging food or beverage products that are not chemically aggressive.
[0009] R in Formula I, when present, can vary depending upon the particular requirements for the polymer. In some
embodiments, R is preferably a group other than -C(CH3)2-. In some embodiments, R includes one or more quaternary
carbon atoms, which may optionally be present in a cyclic group. In one such embodiment, R includes a cyclic group,
more preferably a six-member carbon ring (e.g., a substituted or unsubstituted cyclohexane group, which is preferably
divalent), even more preferably a six-member carbon ring where a carbon atom of the ring is a quaternary carbon atom
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present in a chain linking the pair of Ar groups. In some embodiments (e.g., where the segment of Formula I is derived
from 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane, 1,1-di(4-hydroxyphenyl)-cyclohexane, or a substituted var-
iant thereof), the quaternary carbon atom of the cyclic group may be directly attached to a carbon atom of each Ar group.
[0010] In preferred embodiments, the polymer includes secondary hydroxyl groups, and more preferably one or more
-CH2-CH(OH)-CH2- segments, which are preferably derived from an oxirane.
[0011] Coating compositions of the present invention preferably include at least a film-forming amount of the polymer
described herein and may optionally include additional ingredients such as, for example, an optional carrier and/or an
optional crosslinker. If desired, the polymer and coating composition can be formulated to be suitable for use as a food-
contact packaging coating. It is also contemplated that the coating composition may have utility in a variety of coating
end uses outside of the food or beverage packaging coatings industry.
[0012] In one embodiment, the present invention provides a container including a food-contact surface, wherein at
least a portion of the food-contact surface is coated with a coating composition described herein.
[0013] In one embodiment, a method of preparing a container that includes a substrate having a food-contact surface
is provided. The method includes: providing a coating composition described herein, which preferably includes a liquid
carrier; and applying the coating composition to at least a portion of the food-contact surface of the substrate prior to or
after forming the substrate into a container. Typically the substrate is a metal substrate.
[0014] In one embodiment, a method of forming a food or beverage can or a portion thereof is provided that includes:
applying a coating composition described herein to a metal substrate (e.g., applying the composition to the metal substrate
in the form of a planar coil or sheet), hardening the composition, and forming the substrate into a food or beverage can
or a portion thereof.
[0015] In certain embodiments, forming the substrate into an article includes forming the substrate into a can end or
a can body. In certain embodiments, the article is a two-piece drawn food can, three-piece food can, food can end,
closure for a food or beverage container, drawn and ironed food or beverage can, beverage can end, and the like.
Suitable metal substrates include, for example, steel or aluminum.
[0016] In certain embodiments, the coating composition is substantially free of mobile and/or bound BPA and BADGE.
More preferably, the coating composition is completely free of BPA and BADGE.
[0017] The above summary of the present invention is not intended to describe each disclosed embodiment or every
implementation of the present invention. The description that follows more particularly exemplifies illustrative embodi-
ments. In several places throughout the application, guidance is provided through lists of examples, which examples
can be used in various combinations. In each instance, the recited list serves only as a representative group and should
not be interpreted as an exclusive list.

DEFINITIONS

[0018] As used herein, the term "organic group" means a substituted or unsubstituted hydrocarbon group (with optional
elements other than carbon and hydrogen, such as oxygen, nitrogen, sulfur, and silicon) that is classified as an aliphatic
group, a cyclic group, or combination of aliphatic and cyclic groups (e.g., alkaryl and aralkyl groups).
[0019] Substitution is anticipated on the organic groups of the compounds of the present invention. As a means of
simplifying the discussion and recitation of certain terminology used throughout this application, the terms "group" and
"moiety" are used to differentiate between chemical species that allow for substitution or that may be substituted and
those that do not allow or may not be so substituted. Thus, when the term "group" is used to describe a chemical
substituent, the described chemical material includes the unsubstituted group and that group with O, N, Si, or S atoms,
for example, in the chain (as in an alkoxy group) as well as carbonyl groups or other conventional substitution. Where
the term "moiety" is used to describe a chemical compound or substituent, only an unsubstituted chemical material is
intended to be included. For example, the phrase "alkyl group" is intended to include not only pure open chain saturated
hydrocarbon alkyl substituents, such as methyl, ethyl, propyl, t-butyl, and the like, but also alkyl substituents bearing
further substituents known in the art, such as hydroxy, alkoxy, alkylsulfonyl, halogen atoms, cyano, nitro, amino, carboxyl,
etc. Thus, "alkyl group" includes ether groups, haloalkyls, nitroalkyls, carboxyalkyls, hydroxyalkyls, sulfoalkyls, etc. On
the other hand, the phrase "alkyl moiety" is limited to the inclusion of only pure open chain saturated hydrocarbon alkyl
substituents, such as methyl, ethyl, propyl, t-butyl, and the like. As used herein, the term "group" is intended to be a
recitation of both the particular moiety, as well as a recitation of the broader class of substituted and unsubstituted
structures that includes the moiety.
[0020] The term "cyclic group" means a closed ring organic group that is classified as an alicyclic group or an aromatic
group, both of which can include heteroatoms.
[0021] The term "alicyclic group" means a cyclic organic group having properties resembling those of aliphatic groups.
[0022] The term "polycyclic" when used in the context of a group refers to an organic group that includes at least two
cyclic groups in which one or more atoms (and more typically two or more atoms) are present in the rings of both of the
at least two cyclic groups. Thus, for example, a group that consists of two cyclohexane groups connected by a single
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methlylene group is not a polycyclic group.
[0023] The term "tricyclic" group refers to a polycyclic group that includes three cyclic groups in which the ring of each
cyclic group shares one or more atoms with one or both of the rings of the other cyclic groups.
[0024] The term "Ar" refers to a divalent aryl group (e.g., an arylene group), which refers to a closed aromatic ring or
ring system such as phenylene, naphthylene, biphenylene, fluorenylene, and indenyl, as well as heteroarylene groups
(i.e., a closed aromatic or aromatic-like ring hydrocarbon or ring system in which one or more of the atoms in the ring is
an element other than carbon (e.g., nitrogen, oxygen, sulfur, etc.)). Suitable heteroaryl groups include furyl, thienyl,
pyridyl, quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetrazolyl, imidazolyl, pyrazolyl, oxazolyl, thiazolyl,
benzofuranyl, benzothiophenyl, carbazolyl, benzoxazolyl, pyrimidinyl, benzimidazolyl, quinoxalinyl, benzothiazolyl, naph-
thyridinyl, isoxazolyl, isothiazolyl, purinyl, quinazolinyl, pyrazinyl, 1-oxidopyridyl, pyridazinyl, triazinyl, tetrazinyl, oxadi-
azolyl, thiadiazolyl, and so on. When such groups are divalent, they are typically referred to as "arylene" or "heteroarylene"
groups (e.g., furylene, pyridylene, etc.)
[0025] A group that may be the same or different is referred to as being "independently" something.
[0026] The term "polyhydric phenol" as used herein refers broadly to any compound having at least two total hydroxyl
groups each attached to one or more rings of one or more aryl or heteroaryl groups, more typically one or more phenylene
groups. Thus, for example, both hydroquinone and 4,4’-biphenol are considered to be polyhydric phenols. As used
herein, polyhydric phenols typically have six carbon atoms in an aryl ring, although it is contemplated that aryl or heteroaryl
groups having rings of other sizes may be used.
[0027] The term "phenylene" as used herein refers to a six-carbon atom aryl ring (e.g., as in a benzene group) that
can have any substituent groups (including, e.g., hydrogen atoms, halogens, hydrocarbon groups, oxygen atoms, hy-
droxyl groups, etc.). Thus, for example, the following aryl groups are each phenyelene rings: -C6H4-, -C6H3(CH3) -, and
-C6H(CH3)2Cl-. In addition, for example, each of the aryl rings of a naphthalene group are phenylene rings.
[0028] The term "substantially free" of a particular mobile compound means that the recited polymer and/or composition
contains less than 100 parts per million (ppm) of the recited mobile compound. The term "essentially free" of a particular
mobile compound means that the recited polymer and/or composition contains less than 5 parts per million (ppm) of the
recited mobile compound. The term "completely free" of a particular mobile compound means that the recited polymer
and/or composition contains less than 20 parts per billion (ppb) of the recited mobile compound.
[0029] The term "mobile" means that the compound can be extracted from the cured coating when a coating (typically
∼1 mg/cm2 (6.5 mg/in2) thick) is exposed to a test medium for some defined set of conditions, depending on the end
use. An example of these testing conditions is exposure of the cured coating to HPLC-grade acetonitrile for 24 hours at
25°C. If the aforementioned phrases are used without the term "mobile" (e.g., "substantially free of BPA"), then the
recited polymer and/or composition contains less than the aforementioned amount of the compound whether the com-
pound is mobile in the coating or bound to a constituent of the coating.
[0030] The term "crosslinker" refers to a molecule capable of forming a covalent linkage between polymers or between
two different regions of the same polymer.
[0031] The term "on," when used in the context of a coating applied on a surface or substrate, includes both coatings
applied directly or indirectly to the surface or substrate. Thus, for example, a coating applied to a primer layer overlying
a substrate constitutes a coating applied on the substrate.
[0032] Unless otherwise indicated, the term "polymer" includes both homopolymers and copolymers (i.e., polymers
of two or more different monomers). Similarly, unless otherwise indicated, the use of a term designating a polymer class
such as, for example, "polyether" is intended to include both homopolymers and copolymers (e.g., polyether-ester
polymers).
[0033] The terms "comprises" and variations thereof do not have a limiting meaning where these terms appear in the
description and claims.
[0034] The terms "preferred" and "preferably" refer to embodiments of the invention that may afford certain benefits,
under certain circumstances. However, other embodiments may also be preferred, under the same or other circum-
stances. Furthermore, the recitation of one or more preferred embodiments does not imply that other embodiments are
not useful, and is not intended to exclude other embodiments from the scope of the invention.
[0035] As used herein, "a," "an," "the," "at least one," and "one or more" are used interchangeably. Thus, for example,
a coating composition that comprises "a" polyether can be interpreted to mean that the coating composition includes
"one or more" polyethers.
[0036] Also herein, the recitations of numerical ranges by endpoints include all numbers subsumed within that range
(e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.). Furthermore, disclosure of a range includes disclosure of all
subranges included within the broader range (e.g., 1 to 5 discloses 1 to 4, 1.5 to 4.5, 1 to 2, etc.).

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0037] This invention provides a polymer preferably having: (i) a Tg of at least 70°C and/or (ii) one or more polycyclic
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groups. In preferred embodiments, the polymer is a polyether polymer. For sake of convenience, the polymer of the
present invention shall be referred to hereinafter as a polyether polymer.
[0038] The polyether polymer may have utility in a multitude of different end uses. In preferred embodiments, the
polyether polymer is particularly useful as a binder polymer for a coating composition. Thus, in another aspect, the
present invention provides a coating composition that preferably includes at least a film-forming amount of the polymer.
Although any suitable cure mechanism may be used, thermoset coating compositions are preferred. Preferred coating
compositions include one or more liquid carriers and are water-based and/or solvent-based coating compositions. Al-
though coating compositions that include a liquid carrier are presently preferred, it is contemplated that the polyether
polymer may have utility in other coating application techniques such as, for example, powder coating.
[0039] In preferred embodiments, the coating composition of the present invention is suitable for use as an adherent
packaging coating and, more preferably, as a coating on an interior and/or exterior surface of a food or beverage container.
Thus, in certain preferred embodiments, the coating composition is suitable for use as an interior food-contact coating.
It is also well within the scope of the present invention to use the coating composition in drug-contact packaging appli-
cations such as, for example, on an interior surface of a metal metered dose inhaler can.
[0040] In preferred embodiments, the polyether polymer preferably includes one or more secondary hydroxyl groups
attached to a backbone of the polymer, and more preferably a plurality of such groups. In preferred embodiments, the
backbone includes one or more - CH2-CH(OH)-CH2- segments, which are preferably derived from an oxirane group.
For example, such segments may be formed via reaction of an oxirane group and a hydroxyl group (more preferably a
hydroxyl group of a polyhydric phenol).
[0041] If desired, the backbone of the polyether polymer may include step-growth or condensation linkages other than
ether linkages (i.e., in addition to, or in place of, the ether linkages) such as, for example, amide linkages, carbonate
linkages, ester linkages, urea linkages, urethane linkages, etc. In some embodiments, the backbone includes both ester
and ether linkages.
[0042] In order to exhibit a suitable balance of coating properties for use as a food-contact coating, including suitable
corrosion resistance when in prolonged contact with packaged food or beverage products, the polyether polymer pref-
erably has a glass transition temperature ("Tg") of at least 60°C, more preferably at least 70°C, and even more preferably
at least 80°C. In preferred embodiments, the Tg is less than 150°C, more preferably less than 130°C, and even more
preferably less than 110°C. While not intending to be bound by any theory, it is believed that it is especially important
that the polymer exhibit a Tg such as that described above in applications where the coating composition will be in
contact with food or beverage products during retort processing at high temperature (e.g., at temperatures at or above
about 100°C and sometimes accompanied by pressures in excess of atmospheric pressure), and particularly when
retorting products that are more chemically aggressive in nature. It is contemplated that in some embodiments, such
as, for example, where the coating composition is intended for use as an exterior varnish on a food or beverage container,
the Tg of the polymer may be less than that described above (e.g., as low as about 30°C) and the coating composition
may still exhibit a suitable balance of properties in the end use.
[0043] Preferred polyether polymers may have a backbone that includes any suitable terminal groups, including, for
example, epoxy and/or hydroxyl groups (e.g., a hydroxyl group attached to a terminal aryl or heteroaryl group). The
polymers may be made in a variety of molecular weights. Preferred polyether polymers have a number average molecular
weight ("Mn") of at least 2,000, more preferably at least 3,000, and even more preferably at least 4,000. The molecular
weight of the polymer may be as high as is needed for the desired application.
[0044] Depending upon the particular embodiment, the polyether polymer may be amorphous or at least semi-crys-
talline.
[0045] The polyether polymer can include branching, if desired. In preferred embodiments, however, the polyether
polymer is a linear or substantially linear polymer.
[0046] In preferred embodiments, the polyether polymer includes a plurality of aryl or heteroaryl groups, with divalent
aryl groups being presently preferred. Phenylene groups are particularly preferred. The aryl and/or heteroaryl groups
may be present in the polymer in one or more segments of Formula I above, one or more other segments, or a combination
thereof. In some embodiments, the polymer may be formed via reaction of ingredients that include one or more of: (i) a
polyepoxide having one or more aryl or heteroaryl groups, (ii) a polyhydric phenol having one or more aryl or heteroaryl
groups, or (iii) a comonomer having one or more aryl or heteroaryl groups.
[0047] While not intending to be bound by any theory, it is believed that the inclusion of a sufficient number of aryl
and/or heteroaryl groups in the polyether polymer is an important factor for achieving suitable coating performance for
food-contact coatings, especially when the product to be packaged is a so called "hard-to-hold" food or beverage product.
Sauerkraut is an example of a hard-to-hold product. In preferred embodiments, aryl and/or heteroaryl groups constitute
at least 20 weight percent ("wt-%"), more preferably at least 30 wt-%, and even more preferably at least 45 wt-% of the
polymer, based on the total weight of aryl and heteroaryl groups in the polymer relative to the weight of the polymer.
The upper concentration of aryl/heteroaryl groups is not particularly limited, but preferably the amount of such groups
is configured such that the Tg of the polymer does not exceed the Tg ranges previously discussed. The total amount of
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aryl and/or heteroaryl groups in the polymer will typically constitute less than about 80 wt-%, more preferably less than
about 70 wt-%, and even more preferably less than 60 wt-% of the polyether polymer. The total amount of aryl and/or
heteroaryl groups in the polymer can be determined based on the weight of aryl- or heteroaryl-containing monomer
incorporated into the polymer and the weight fraction of such monomer that constitutes aryl or heteroaryl groups.
[0048] In preferred embodiments, the polyether polymer includes one or more segments (and more preferably a
plurality) of the below Formula I:

 -O-Ar-(Rn-Ar)n-O- (I)

wherein:

• each Ar is independently an aryl group (e.g., an arylene group) or heteroaryl group (e.g., heteroarylene group);
• each n is independently 0 or 1;
• R, if present, is a divalent organic group; with the proviso that in certain embodiments R is preferably a group other

than -C(CH3)2-; and
• the two oxygen atoms depicted in Formula I are each preferably ether oxygen (as opposed, e.g., to an oxygen of

an ester linkage).

[0049] In Formula I, each Ar preferably has less than 20 carbon atoms, more preferably less than 11 carbon atoms,
and even more preferably less than 8 carbon atoms. Preferably, each Ar has at least 4 carbon atoms, more preferably
at least 5 carbon atoms, and even more preferably at least 6 carbon atoms. In certain embodiments, each Ar is a
phenylene group. In certain embodiments, each Ar is a phenylene group of the formula -C6(R1)4-, wherein each R1 is
independently hydrogen, a halogen, or an organic group, and wherein two R1 groups can join to form an organic ring
that can optionally contain one or more heteroatoms. Preferably, each R1 is hydrogen.
[0050] The molecular weight of R in Formula I may be any suitable molecular weight. In certain preferred embodiments,
R has a molecular weight of less than 500, less than 200, less than 150, or less than 100. In some embodiments, R has
a molecular weight greater than that of a -C(CH3)2- group, or greater than 75.
[0051] In some embodiments, R of Formula I includes one or more cyclic groups (such as, for example, one or more
alicyclic (which can optionally include heteroatoms), aryl, and/or heteroaryl groups). In some such embodiments, R of
Formula I does not include one or both of: ester linkages or other step-growth linkages (e.g., condensation linkages). In
some embodiments, R includes a divalent cyclic group of the structure -C6(R2)q-, where: (i) q is from 2-10, more typically
from 6-10, even more typically from 8-10, and even more typically 10, and (ii) each R2 is independently hydrogen, a
halogen, or an organic group (e.g., an alkyl group such as a methyl group, ethyl group, propyl group, etc.) and two R2

groups may join to form a ring. The one or more cyclic groups can be present in a chain connecting the two Ar groups
of Formula I or in a pendant group attached to the chain. Typically, the total number of atoms in the chain connecting
the two Ar groups (not counting any hydrogen or substituent atoms attached to the chain) is less than 10, more typically
less than 6, even more typically less than 3, and in some embodiments 1. In some embodiments, all of the atoms in the
chain connecting the two Ar groups are carbon atoms.
[0052] In some embodiments, R of Formula I includes at least one carbon atom in a chain connecting the two Ar
groups that is at least a tertiary carbon atom, and more preferably a quaternary carbon atom. In some such embodiments,
R of Formula I is a segment of the following structure: -(X)r-C(R3)2-(X)r-, where: each X is independently a divalent
organic group, which can optionally include one or more heteroatoms (e.g., O, N, S, Si); each R3 is independently a
hydrogen, a halogen, or an organic group; and wherein (i) at least one R3 group (and more preferably both R3 groups)
is an organic group having at least one carbon atom and (ii) two R3 groups can join to form a ring such as, for example,
a six-membered ring (e.g., a six-member carbon ring which may be saturated or unsaturated, more typically saturated).
A preferred example of such a ring group is a substituted or unsubstituted cyclohexane group (e.g., -C6(R2)10- wherein:
each R2 is independently as previously described; and two R2 groups may join to form a ring.)
[0053] Presently preferred materials for forming a segment of Formula I with an R having a quaternary carbon atom
include 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane, 1,1-di(4-hydroxyphenyl)-cyclohexane, 1,1-di(4-hydroxy-
3-metbylphenyl)-cyclohexane, 1,1-di(4-hydroxy-3,5-dimethylphenyl)-cyclohexane, substituted variants thereof, and di-
epoxides thereof, whose structures are represented below.
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[0054] In certain preferred embodiments, the polyether polymer includes one or more of the above segments of Formula
I where: each n is 1 and R includes one or more polycyclic groups. In another embodiment, R does not include a polycyclic
group and the one or more polycyclic groups are either not present in the polymer or are included in different segments
of the polymer.
[0055] In preferred embodiments, the polyether polymer includes a plurality of segments of Formula I, which are
preferably dispersed throughout a backbone of the polymer, more preferably a polyether backbone. In preferred em-
bodiments, the segments of Formula I constitute a substantial portion of the overall structural units of the polymer.
Typically, segments of Formula I constitute, by weight percent, at least 10 wt-%, preferably at least 30 wt-%, and even
more preferably at least 40 wt-% of the polymer. The weight percent of segments of Formula I in the polyether polymer
may be below the amounts recited above in certain situations, and can even be substantially below. By way of example,
the concentration of segments of Formula I may be outside the ranges recited above if the polyether polymer includes
large molecular weight additional components such as may occur, for example, when the polymer is a copolymer such
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as an acrylic-containing copolymer (e.g., an acrylic-polyether copolymer formed by grafting acrylic onto a polyether
polymer of the present invention). In such embodiments, the weight percent of segments of Formula I present in the
polymer is as described above, based on the weight percent of segments of Formula I relative to the total polyether
fraction of the polymer (while not considering the total weight of non-polyether portions such as, for example, acrylic
portions). In general, the total polyether fraction of the polymer can be calculated based on the total weight of polyepoxide
and polyhydric phenol reactants (e.g., a polyhydric monophenols and/or diphenols) incorporated into the polymer.
[0056] Any suitable reactants may be used to form the polyether polymer. In preferred embodiments, the polyether
polymer is a reaction product of reactants including a polyepoxide compound (i.e., a compound having two or more
oxirane groups) and a polyhydric phenol. The polyether polymer is typically a reaction product of one or more diepoxide
compounds reacted with one or more dihydric phenol compounds.
[0057] Examples of suitable dihydric phenols for use in forming the polyether polymer include compounds of the below
Formula II:

 HO-Ar-(Rn-Ar)n-OH, (II)

wherein Ar, R, and n are as defined above for Formula I. Thus, in some embodiments, compounds of Formula II may
be used to incorporate segments of Formula I into the polymer of the invention. Examples of suitable dihydroxy phenols
of Formula II include hydroquinone, catechol, resorcinol, 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane, 1,1-di(4-
hydroxyphenyl)-cyclohexane, 1,1-di(4-hydroxy-3-methylphenyl)-cyclohexane, 1,1-di(4-hydroxy-3,5-dimethylphenyl)-cy-
clohexane, dihydroxynaphthalene, 4,4’-biphenol, diphenol compounds of the below Formula III, or a mixture thereof.
[0058] Polyether polymers of the present invention can be prepared by methods that involve advancing the molecular
weight of compounds of Formula II. In certain embodiments, compounds of Formula II can be reacted with a polyepoxide
(more preferably a diepoxide) to advance the molecular weight. For example, compounds of Formula II can be reacted
with non-BPA based diepoxides to form polyether polymers preferably having secondary hydroxyl groups attached to
the backbone that can be formulated with crosslinkers and additives for coatings for rigid packaging. Alternatively,
compounds of Formula II can be reacted with epichlorohydrin to form a diepoxide analog of compounds of Formula II,
which can then be reacted with other compounds of Formula II to form a polymer that includes -CH2-CH(OH)-CH2-
segments. By way of example, a polyether polymer of the present invention can be formed by reacting 1,1-di(4-hydrox-
yphenyl)-cyclohexane (or a substituted variant thereof) with a diglycidyl ether of 1,1-di(4-hydroxyphenyl)-cyclohexane
(or a substituted variant thereof). Conditions for such reactions are generally carried out using standard techniques that
are known to one of skill in the art or that are exemplified in the Examples Section.
[0059] Any suitable technique may be used to produce diepoxide analogs of compounds of Formula II. For example,
diepoxide analogs (e.g., glycidyl ethers or esters of the dihydric phenols) can be prepared by reacting the required
proportions of a compound of Formula II (e.g., dihydric phenol) and epichlorohydrin in an alkaline medium. The desired
alkalinity is typically obtained by adding basic substances, such as sodium or potassium hydroxide, preferably in stoi-
chiometric excess to the epichlorohydrin. The reaction is preferably accomplished at temperatures of 50°C to 150°C.
The heating is typically continued for several hours to effect the reaction and the product is then washed free of salt and
base. Procedures for such reactions are generally well known and disclosed, for example, in U.S. Pat. No. 2,633,458.
[0060] As used in the present invention, preferred diepoxides are BPA-free diepoxides, preferably with one or more
ether linkages, and more preferably BPA-free diglycidyl ether compounds. It is also within the scope of the invention to
use BPA-free diglycidyl ester compounds.
[0061] Examples of suitable diepoxides for use in forming the polyether polymer include diepoxide analogs of com-
pounds of the above Formula II. Examples of such compounds include: the diglycidyl ester or diglycidyl ether of: hyd-
roquinone, catechol, resorcinol, 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane, 1,1-di(4-hydroxyphenyl)-cy-
clohexane, 1,1-di(4-hydroxy-3 -methylphenyl)-cyclohexane, 1,1-di(4-hydroxy-3,5-dimethylphenyl)-cyclohexane, dihy-
droxynaphthalene, 4,4’-biphenol, or a mixture thereof), 1,4-cyclohexanedimethanol diglycidyl ether (CHDMDGE), phthal-
ic diglycidyl ester, terephthalic diglycidyl ester, isophthalic diglycidyl ester, hexahydrophthalic diglycidyl ester, neopentyl
glycol diglycidyl ether, 2-methyl-1,3-propandiol diglycidyl ether, tetra methyl cyclobutanediol (e.g., 1,3-dihydroxy-
2,2,4,4,tetramethylcyclobutane) diglycidyl ether, tricyclodecane dimethanol diglycidyl ether, diepoxides derived from the
compound of the below Formula III, diepoxides derived from the compound of the below Formula VI, or derivatives or
mixtures thereof.
[0062] If desired, one or more comonomers and/or co-oligomers may be included in the reactants used to generate
the polymer of the invention. Non-limiting examples of such materials include adipic acid, azelaic acid, terephthalic acid,
isophthalic acid, and combinations thereof. The comonomers and/or co-oligomers may be included in the initial reaction
mixture of polyepoxide and polyhydric phenol and/or may be post-reacted with the resulting polyether oligomer/polymer.
In a presently preferred embodiment, a comonomer and/or co-oligomer is not utilized to produce the polyether polymer
of the present invention.
[0063] Advancement of the molecular weight of the polyether polymer may be enhanced by the use of a catalyst in
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the reaction of a diepoxide (whether it be a diepoxide analog of Formula II or another diepoxide) with a compound of
Formula II. Typical catalysts usable in the advancement of the molecular weight of the epoxy material of the present
invention include amines, hydroxides (e.g., potassium hydroxide), phosphonium salts, and the like. A presently preferred
catalyst is a phosphonium catalyst. The phosphonium catalyst useful in the present invention is preferably present in
an amount sufficient to facilitate the desired condensation reaction.
[0064] Alternatively, epoxy-terminated polymers of the present invention may be reacted with fatty acids to form
polymers having unsaturated (e.g., air oxidizable) reactive groups, or with acrylic acid or methacrylic acid to form free-
radically curable polymers.
[0065] Advancement of the molecular weight of the polymer may also be enhanced by the reaction of an epoxy-
terminated polymer of the present invention with a suitable diacid (such as adipic acid).
[0066] When intended for use in a food-contact coating or other application where good corrosion resistance is desired
(e.g., certain drug-contact coatings such as used on the interior of metered dose inhaler containers), the diepoxide and
compound of Formula II are preferably selected such that the resulting polymer exhibits a Tg within one of the preferred
ranges previously described herein.
[0067] Table 1 below includes measured Tg values of polyether polymers produced from the indicated combinations
of diepoxides and dihydric phenols. Each of the polymers had a number average molecular weight ("Mn") of from 3,000
to 6,000. The Tg values were measured via DSC using the methodology disclosed in the Test Methods section. Polyether
polymers made from BPA and BADGE are included in Table 1 for comparison purposes. As previously discussed,
preferred polymers of the invention are not derived from BPA or BADGE. Preferred polymers of Table 1 include those
free of BPA and BADGE having a Tg of at least 70°C.
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[0068] Not shown in Table 1, a polyether polymer having a similar molecular weight to those of Table 1 was prepared
from 1,1-di(4-hydroxy-3-methylphenyl)-cyclohexane and 4,4’butylidenebis(6-t-butyl-3-methylphenol) diglycidyl ether and
the resulting polymer exhibited a Tg of 72°C.
[0069] As previously discussed, in some embodiments, the backbone includes both ester and ether linkages. In some
such embodiments, the polyether polymer includes one or more segments of Formula I where R is a-R5

t-C(O)-O-R4-O-
C(O)-R5

t- segment, where: R4 is a divalent organic group; each R5, if present, is independently a divalent organic group;
and each t is independently 0 or 1. In one such embodiment, R4 includes at least one divalent cyclic group such as, for
example, a divalent polycyclic group, a divalent aryl or heteroarylene group (e.g., a substituted or unsubstituted phenylene
group) or a divalent alicyclic group (e.g., a substituted or unsubstituted cyclohexane or cyclohexene group). A further
discussion of suitable segments containing ester linkages and materials for incorporating such segments into the poly-
ether polymer is provided in U.S. Pat. No. 7,910,170.
[0070] An example of a suitable material for forming a segment of Formula I including a -R5

t-C(O)-O-R4-O-C(O)-R5
t-

segment having a polycyclic group in R4 is a compound of the below Formula III, or a diepoxide analog thereof:

[0071] In an embodiment, the compound of Formula III is formed by reacting two moles of a phenol-containing com-
pound having a hydroxyl group and a hydroxyl-reactive group (e.g. a carboxylic group) with one mole of a diol compound
including a polycyclic group. One such example is the reaction product of 2 moles of 4-hydroxy phenyl acetic acid (HPAA)
with 1 mole tricyclodecane dimethanol (TCDM), which yields a reaction product having a structure of Formula III.
[0072] In some embodiments, it may be advantageous to include one or more polycyclic groups in a backbone of the
polyether polymer. In some such embodiments, one or more polycyclic groups are provided in R of Formula I. The
polycyclic groups can be any suitable organic polycyclic groups. For example, the polycyclic groups may be saturated
or unsaturated: bicyclic groups, tricyclic groups, or polycyclic groups consisting of four or more fused rings. Preferred
polycyclic groups include bicyclic groups and tricyclic groups. The atoms of the rings of the polycyclic group are typically
carbon atoms, although it is contemplated that the rings can include one or more heteroatoms (e.g., N, S, O, Si, etc.).
In some embodiments, the polycyclic group includes at least one bridge having one or more atoms (typically one or
more carbon atoms) located between the bridgehead atoms, where both (i) the one or more atoms are and (ii) the
bridgehead atoms are shared by at least two rings. Thus, for example, bicyclo[4.4.0]decane does not include such a
bridge, whereas norbornane does include such a bridge.
[0073] Some non-limiting examples of suitable polycyclic groups are provided below:
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[0074] The above polycyclic groups are each represented as a divalent unit of the polymer (e.g., a divalent backbone
unit) where each "Y" independently denotes another portion of the polymer that can be attached to any suitable atom
of the polycyclic group (with the exception of the depicted isosorbide group) and where one Y may be an end group.
[0075] It is also contemplated that variants of any of the above polycyclic structures may be used such as, for example,
substituted variants thereof or unsaturated variants thereof. An example of an unsaturated variant of a norbornane group
is a norbornene group. Additional examples of suitable polycyclic groups for use in the polymer of the present invention
are provided in PCT Application No. PCT/US2010/0030584 filed on April 9, 2010 and entitled "Polymer Having Unsatu-
rated Cycloaliphatic Functionality and Coating Compositions Formed Therefrom" and PCT Application No.
PCT/US2010/0030576 filed on April 9, 2010 and entitled "Polyester Coating Composition."
[0076] In some embodiments, the polymer may include one or more polycyclic groups that comprises an unsaturated
structure that is at least bicyclic, more preferably bicyclic, and represented by the IUPAC (International Union of Pure
and Applied Chemistry) nomenclature of Expression (IV) below:

 bicyclo[x.y.z]alkene (IV)

[0077] In Expression (IV),

• x is an integer having a value of 2 or more,
• y is an integer having a value of 1 or more,
• z is an integer having a value of 0 or more, and
• the term alkene refers to the IUPAC nomenclature designation (e.g., hexene, heptene, heptadiene, octene, etc.) for

a given bicyclic molecule and denotes that that the bicyclic group includes one or more double bonds (more typically
one or more carbon-carbon double bonds).

[0078] In certain preferred embodiments, z in Expression (IV) is 1 or more. In other words, such bicyclic groups include
a bridge with a least one atom (typically one or more carbon atoms) interposed between a pair of bridgehead atoms,
where the at least one atom is shared by at least two rings. By way of example, bicyclo[4.4.0]decane does not include
such a bridge.
[0079] In certain preferred embodiments, x has a value of 2 or 3 (more preferably 2) and each of y and z independently
have a value of 1 or 2.
[0080] The bicyclic structures represented by Expression (IV) include one or more carbon-carbon double bonds (e.g.,
1, 2, 3, etc.). Non-limiting examples of some suitable unsaturated bicyclic groups represented by Expression (IV) include
bicyclo[2.1.1]hexene, bicyclo[2.2.1]heptene (i.e., norbornene), bicyclo[2.2.2]octene, bicyclo[2.2.1]heptadiene, and bicy-
clo[2.2.2]octadiene.
[0081] It is contemplated that the bicyclic groups represented by Expression (IV) may contain one or more heteroatoms
(e.g., nitrogen, oxygen, sulfur, etc.) and may be substituted to contain one or more additional substituents. For example,
one or more cyclic groups (including, e.g., pendant cyclic groups and ring groups fused to a ring of a bicyclic group) or
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acyclic groups may be attached to the bicyclic group represented by Expression (IV). Thus, for example, in some
embodiments the bicyclic group of Expression (IV) may be present in a tricyclic or higher group.
[0082] In some embodiments, some or all of the bicyclic groups of Expression (IV) may be saturated. Non-limiting
examples of saturated bicyclics include saturated homologs of the structures represented by Expression (IV) (i.e., bicy-
clo[x.y.z]alkane, with x, y, and z as previously described) such as, for example, bicyclo[2.1.1]hexane, bicyclo[2.2.1]
heptane, bicyclo[2.2.2]octane, and bicyclo[3.2.1]octane, bicyclo[4.3.2]undecane, bicyclo[5.2.0]nonane.
[0083] As discussed above, in some embodiments, the polyether polymer includes at least one polycyclic group or a
plurality of polycyclic groups (e.g., ≥2, ≥3, ≥4, ≥5, ≥10, etc.). One useful measure for assessing the number of polycyclic
groups in the polymer is the weight percent of the polycyclic groups relative to the total weight of the polymer. In certain
embodiments, polycyclic groups constitute at least about 5, at least about 15, or at least about 25 wt-% of the polyether
polymer. While the upper end is not especially limited, in some embodiments, the polycyclic groups constitute less than
about 75, less than about 50, or less than about 35 wt-% of the polyether polymer. Caution should be exercised when
interpreting the weight percent of polycyclic groups because direct measurement of the weight of the polycyclic groups
may not be feasible. Accordingly, it may be necessary to determine the total amount of polycyclic groups present in the
polymer by theoretical calculation based on the weight of polycyclic-containing monomer(s) incorporated into the polymer
and the weight fraction of such monomer that constitutes polycyclic groups.
[0084] When present, the one or more polycyclic groups can be located at any position within the structure of the
polymer (e.g., backbone and/or pendant locations).
[0085] The optional polycyclic groups can be incorporated into the polyether polymer using any suitable reactant or
combination of reactants. For example, the polycyclic groups may be incorporated into the polymer using a polycyclic-
containing polyepoxide and/or polyhydric phenol compound. It is also contemplated that one or more other polycyclic
reactants may be used such as, for example, a polycyclic co-monomer having at least two functional groups preferably
capable of reacting with a phenol hydroxyl group and/or an oxirane group to form a covalent linkage.
[0086] As previously discussed, in some embodiments, R of Formula I and/or II includes one or more polycyclic groups.
In some such embodiments, R has the structure -R6-Y-R6-where each Y is a divalent organic group that includes at
least one polycyclic group and each R6 is independently a divalent organic group. In some embodiments, one or both
R6 groups include a step-growth polymer linkage such as, for example, an amide, carbonate, ester, ether, urea, or
urethane linkage, with ester linkages being preferred. In one embodiment, each R6 group includes an ester linkage.
[0087] By way of example, a polycyclic-containing compound of Formula II may be formed by reacting (a) a suitable
amount (e.g., about 2 moles) of a Compound A having a phenol hydroxyl group and a carboxylic acid or other active
hydrogen group with (b) a suitable amount (e.g., about 1 mole) of a di-functional or higher Compound B having one or
more polycyclic groups and two or more active hydrogen groups capable of reacting with the active hydrogen group of
Compound A. Examples of preferred Compounds A include 4-hydroxy phenyl acetic acid, 4-hydroxybenozic acid, and
derivatives or mixtures thereof. Examples of preferred Compounds B include polycyclic-containing diols such as tricy-
clodecane dimethanol (TCDM); nadic acid and/or anhydride; a polycyclic anhydrosugar such as isosorbide, isomannide,
or isoidide; and derivatives or mixtures thereof. In some embodiments, the polycyclic group may be formed after reaction
of Compounds A and B. For example, a Diels-Alder reaction (using, e.g., cyclopentadiene as a reactant) could be used
to incorporate an unsaturated bicyclic group such as a norbornene group into Compound B, in which case Compound
B in its unreacted form would need to include at least one non-aromatic carbon-carbon double bond in order to participate
in the Diels-Alder reaction. For further discussion of suitable materials and techniques relating to such Diels-Alder
reactions, see, for example, PCT Application No. PCT/US2010/0030584 filed on April 9, 2010 and entitled "Polymer
Having Unsaturated Cycloaliphatic Functionality and Coating Compositions Formed Therefrom" and PCT Application
No. PCT/US2010/0030576 filed on April 9, 2010 and entitled "Polyester Coating Composition." In some embodiments,
it may be advantageous for the polyether polymer to include one or more polycyclic-containing backbone segments
having the below structure (Formula V):

 -Y-R7-Y-; (V)

where:

• each Y is independently a polycyclic group;
• R7 is a divalent organic linking group (typically a substituted or unsubstituted hydrocarbyl linking group that may

include one or more heteroatoms in the chain); and
• the two polycyclic groups are preferably closely spaced.

[0088] While not intending to be bound by any theory, it is believed that the inclusion of such backbone segments in
the polyether polymer may impart one or more beneficial coating properties for coatings incorporating the polymer. R7

preferably has a chain length of 10 or less atoms (more preferably a chain length of ≤5, ≤4, ≤3, ≤2, or 1 atoms) in the
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backbone chain connecting the two X groups. In one embodiment, R7 has the structure -C(R8)2- where each R8 is
independently a hydrogen, a halogen, or an organic group (e.g., a methyl group or a substituted or unsubstituted hydro-
carbon group that can include one or more heteroatoms), and wherein the two R8 groups can both be present in a ring
group.
[0089] Segments having a structure of Formula V may be incorporated into a polymer of the present invention using
any suitable compound. For example, a di-functional dimer compound of the following Formula VI may be used:

 Z-(R9)u-Y-k7-Y-(R9)u-Z; (VI)

where:

• Y and R7 are as described above for Formula V;
• each u is independently 0 or 1;
• each R9, if present, is independently a divalent organic group (more preferably a substituted or unsubstituted C1-

C10 hydrocarbon group that can include one or more heteroatoms); and
• each Z is independently a reactive functional group, more preferably a functional group capable of reacting with a

complimentary functional group to form a step-growth linkage such as, for example, an amide, carbonate, ether,
ester, urea, or urethane linkage. Hydroxyl groups and oxirane groups (e.g., an oxirane group of a glycidyl ether or
glycidyl ester group) are preferred reactive functional groups.

[0090] An example of a representative compound of Formula VI is provided below:

where the linking groups is a 2,2 isopropylidene group that can independently attach to any suitable carbon atom of the
tricyclodecane groups. Oxirane functional groups may be included in the above compound of Formula VI by, for example,
reacting the hydroxyl groups with epichlorohydrin.
[0091] In certain preferred compounds, each of Y and R7 of Formulas V and VI are independently selected such that
the unit length of the -Y-R7-Y- structure is similar to that of a backbone epoxy unit produced by bisphenol A (e.g., within
30%, 20%, 10%, etc. of the unit length of bisphenol A).
[0092] The polyether polymers of the present invention can be applied to a substrate as part of a coating composition
that includes a liquid carrier. The liquid carrier may be water, organic solvent, or mixtures of various such liquid carriers.
Examples of organic solvents include glycol ethers, alcohols, aromatic or aliphatic hydrocarbons, dibasic esters, ketones,
esters, and the like and mixtures thereof Preferably, such liquid carriers are selected to provide a dispersion or solution
of the polyether polymer for further formulation.
[0093] It is well within the scope of the present invention to formulate a packaging coating composition by substituting
a polyether polymer described herein for any conventional epoxy polymer present in a packaging coating composition
known in the art (including any of those disclosed in the patent publications referenced herein). Thus, for example, the
polyether polymer of the present invention may be substituted, for example, for a BPA/BADGE-containing polymer of
an epoxy/acrylic latex coating system, for a BPA/BADGE containing polymer of a solvent-based epoxy coating system,
etc.
[0094] If a water-based system is desired, techniques may be used such as those described in U.S. Pat. Nos. 3,943,187;
4,076,676; 4,247,439; 4,283,428; 4,285,847; 4,413,015; 4,446,258; 4,476,262; 4,963,602; 5,296,525; 5,527,840;
5,830,952; 5,922,817; 6,034,157; 7,037,584; 7,189,787; and U.S. Patent App. No. 20100068433. Water-based coating
systems of the present invention may optionally include one or more organic solvents, which will typically be selected
to be miscible in water. The liquid carrier system of water-based coating compositions will typically include at least 50
wt-% of water, more typically at least 75 wt-% of water, and in some embodiments more than 90 wt-% or more than 95
wt-% of water. Any suitable means may be used to render the polyether polymer of the present invention miscible in
water. For example, the polymer may include a suitable amount of salt groups such as ionic or cationic salt groups to



EP 3 263 664 A1

15

5

10

15

20

25

30

35

40

45

50

55

render the polymer miscible in water (or groups capable of forming such salt groups). Neutralized acid or base group
are preferred salt groups.
[0095] Thus, in one embodiment, a water-dispersible polymer of the present invention may be formed from preformed
polymers (e.g., an oxirane-functional polymer preferably having at least one segment of Formula I and an acid-functional
polymer) in the presence of a tertiary amine.
[0096] In another embodiment, a water-dispersible polymer of the present invention may be formed from an oxirane-
functional polymer preferably having at least one segment of Formula I that is reacted with ethylenically unsaturated
monomers to form an acid-functional polymer, which may then be neutralized, for example, with a tertiary amine. Thus,
for example, in one embodiment a water-dispersible polymer preferably having at least one segment of Formula I may
be formed pursuant to the acrylic polymerization teachings of U.S. Pat. Nos. 4,285,847 and/or 4,212,781. In another
embodiment, acrylic polymerization may be achieved through reaction of ethylenically unsaturated monomers with
unsaturation present in the polymer preferably containing at least one segment of Formula I. See, for example, U.S.
Pat. No. 4,517,322 and/or U.S. Pat. Application No. 2005/0196629 by Bariatinsky, et al. for examples of such techniques.
[0097] If desired, an acid-functional polymer can be combined with an amine, more preferably a tertiary amine, to at
least partially neutralize it prior to reaction with the oxirane-functional polymer preferably having at least one segment
of Formula I.
[0098] In addition to water-based coating compositions, solvent-based epoxy-containing packaging coating compo-
sitions are known in the art. See, for example, U.S. Patent Nos. 3,943,187 and 3,997,694, which disclose epoxy-containing
solvent-based packaging coating compositions. In an embodiment, the coating composition of the present invention is
an organic-solvent-based system that includes no more than a de minimus amount of water (e.g., less than about 2 wt-
% of water).
[0099] In another embodiment, a polymer preferably containing segments of Formula I and including
-CH2-CH(OH)-CH2- segments, which are derived from an oxirane, is reacted with an anhydride. This provides acid
functionality which, when combined with an amine or other suitable base to at least partially neutralize the acid func-
tionality, is water dispersible.
[0100] The amount of polyether polymer included in coating compositions of the present invention may vary widely
depending on a variety of considerations such as, for example, the method of application, the presence of other film-
forming materials, whether the coating composition is a water-based or solvent-based system, etc. For liquid-based
coating compositions, however, the polyether polymer of the present invention will typically constitute at least about 10
wt-%, at least about 30 wt-%, or at least about 50 wt-% of the coating composition, based on the total weight of resin
solids in the coating composition. For such liquid-based coating compositions, the polyether binder polymer will typically
constitute less than about 90 wt-%, less than about 80 wt-%, or less than about 70 wt-% of the coating composition,
based on the total weight of resin solids in the coating composition.
[0101] A coating composition of the present invention may also include other optional ingredients that do not adversely
affect the coating composition or a cured coating composition resulting therefrom. Such optional ingredients are typically
included in a coating composition to enhance composition esthetics; to facilitate manufacturing, processing, handling,
and application of the composition; and to further improve a particular functional property of a coating composition or a
cured coating composition resulting therefrom. For example, the composition that includes the polyether polymer of the
present invention may optionally include crosslinkers, fillers, catalysts, lubricants, pigments, surfactants, dyes, toners,
coalescents, extenders, anticorrosion agents, flow control agents, thixotropic agents, dispersing agents, antioxidants,
oxygen-scavenging materials, adhesion promoters, light stabilizers, and mixtures thereof, as required to provide the
desired film properties. Each optional ingredient is preferably included in a sufficient amount to serve its intended purpose,
but not in such an amount to adversely affect a coating composition or a cured coating composition resulting therefrom.
[0102] Preferred polyether polymers and coating compositions of the present invention are substantially free of mobile
and/or bound BPA and BADGE, and more preferably essentially free of these compounds, and most preferably completely
free of these compounds.
[0103] It has been discovered that coating compositions using the aforementioned polymer-containing compositions
may be formulated using one or more optional curing agents (i.e., crosslinking resins, sometimes referred to as "crosslink-
ers"). The choice of a particular crosslinker typically depends on the particular product being formulated. For example,
some coating compositions are highly colored (e.g., gold-colored coatings). These coatings may typically be formulated
using crosslinkers that themselves tend to have a yellowish color. In contrast, white coatings are generally formulated
using non-yellowing crosslinkers, or only a small amount of a yellowing crosslinker.
[0104] Preferred curing agents are substantially free of mobile BPA and BADGE and more preferably completely free
of bound BPA and BADGE. Suitable examples of such curing agents are hydroxyl-reactive curing resins such as phe-
noplast and aminoplast.
[0105] Phenoplast resins include the condensation products of aldehydes with phenols. Formaldehyde and acetalde-
hyde are preferred aldehydes. Various phenols can be employed such as phenol, cresol, p-phenylphenol, p-tert-butyl-
phenol, p-tert-amylphenol, cyclopentylphenol, and compounds of Formula II.
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[0106] Aminoplast resins are the condensation products of aldehydes such as formaldehyde, acetaldehyde, croton-
aldehyde, and benzaldehyde with amino- or amido-group-containing substances such as urea, melamine, and benzo-
guanamine. Examples of suitable aminoplast crosslinking resins include, without limitation, benzoguanamine-formalde-
hyde resins, melamine-formaldehyde resins, etherified melamine-formaldehyde, and urea-formaldehyde resins.
[0107] Examples of other generally suitable curing agents are blocked or non-blocked aliphatic, cycloaliphatic or
aromatic di-, tri-, or poly-valent isocyanates, such as hexamethylene diisocyanate, cyclohexyl-1,4-diisocyanate, and the
like.
[0108] Further non-limiting examples of generally suitable blocked isocyanates include isomers of isophorone diiso-
cyanate, dicyclohexylmethane diisocyanate, toluene diisocyanate, diphenylmethane diisocyanate, phenylene diisocy-
anate, tetramethyl xylene diisocyanate, xylylene diisocyanate, and mixtures thereof. In some embodiments, blocked
isocyanates are used that have an Mn of at least about 300, more preferably at least about 650, and even more preferably
at least about 1,000.
[0109] Polymeric blocked isocyanates may be used in certain embodiments. Some examples of suitable polymeric
blocked isocyanates include a biuret or isocyanurate of a diisocyanate, a trifunctional "trimer," or a mixture thereof.
Examples of suitable blocked polymeric isocyanates include TRIXENE BI 7951, TRIXENE BI 7984, TRIXENE BI 7963,
TRIXENE BI 7981 (TRIXENE materials are available from Baxenden Chemicals, Ltd., Accrington, Lancashire, England);
DESMODUR BL 3175A, DESMODUR BL3272, DESMODUR BL3370, DESMODUR BL 3475, DESMODUR BL 4265,
DESMODUR PL 340, DESMODUR VP LS 2078, DESMODUR VP LS 2117, and DESMODUR VP LS 2352 (DESMODUR
materials are available from Bayer Corp., Pittsburgh, PA, USA); or combinations thereof. Examples of suitable trimers
may include a trimerization product prepared from on average three diisocyanate molecules or a trimer prepared from
on average three moles of diisocyanate (e.g., HMDI) reacted with one mole of another compound such as, for example,
a triol (e.g., trimethylolpropane).
[0110] The level of curing agent (i.e., crosslinker) required will depend on the type of curing agent, the time and
temperature of the bake, the molecular weight of the polyether polymer, and the desired film properties. If used, a
crosslinker is typically present in an amount of up to 50 wt-%, preferably up to 30 wt-%, and more preferably up to 15
wt-%. If used, the crosslinker is preferably present in an amount of at least 0.1 wt-%, more preferably at least 1 wt-%,
and even more preferably at least 1.5 wt-%. These weight percentages are based upon the total weight of the resin
solids in the coating composition.
[0111] A coating composition of the present invention may also include other optional polymers that do not adversely
affect the coating composition or a cured coating composition resulting therefrom. Such optional polymers are typically
included in a coating composition as a filler material, although they can be included as a crosslinking material, or to
provide desirable properties. One or more optional polymers (e.g., filler polymers) can be included in a sufficient amount
to serve an intended purpose, but not in such an amount to adversely affect a coating composition or a cured coating
composition resulting therefrom.
[0112] Such additional polymeric materials can be nonreactive, and hence, simply function as fillers. Such optional
nonreactive filler polymers include, for example, polyesters, acrylics, polyamides, polyethers, and novalacs. Alternatively,
such additional polymeric materials or monomers can be reactive with other components of the composition (e.g., an
acid-functional polymer). If desired, reactive polymers can be incorporated into the compositions of the present invention,
to provide additional functionality for various purposes, including crosslinking. Examples of such reactive polymers
include, for example, functionalized polyesters, acrylics, polyamides, and polyethers. Preferred optional polymers are
substantially free of mobile BPA and BADGE, and more preferably completely free of such compounds.
[0113] One preferred optional ingredient is a catalyst to increase the rate of cure. Examples of catalysts, include, but
are not limited to, strong acids (e.g., dodecylbenzene sulphonic acid (DDBSA), available as CYCAT 600 from Cytec),
methane sulfonic acid (MSA), p-toluene sulfonic acid (pTSA), dinonylnaphthalene disulfonic acid (DNNDSA), and triflic
acid); quaternary ammonium compounds; phosphorous compounds; and tin, titanium, and zinc compounds; and mixtures
thereof. Specific examples include, but are not limited to, a tetraalkyl ammonium halide, a tetraalkyl or tetraaryl phos-
phonium iodide or acetate, tin octoate, zinc octoate, triphenylphosphine, and similar catalysts known to persons skilled
in the art. If used, a catalyst is preferably present in an amount of at least 0.01 wt-%, and more preferably at least 0.1
wt-%, based on the weight of nonvolatile material in the coating composition. If used, a catalyst is preferably present in
an amount of no greater than 3 wt-%, and more preferably no greater than 1 wt-%, based on the weight of nonvolatile
material in the coating composition.
[0114] Another useful optional ingredient is a lubricant (e.g., a wax), which facilitates manufacture of fabricated metal
articles (e.g. closures and food or beverage can ends) by imparting lubricity to sheets of coated metal substrate. Non-
limiting examples of suitable lubricants include, for example, natural waxes such as Carnauba wax or lanolin wax,
polytetrafluoroethane (PTFE) and polyethylene type lubricants. If used, a lubricant is preferably present in the coating
composition in an amount of at least 0.1 wt-%, and preferably no greater than 2 wt-%, and more preferably no greater
than 1 wt-%, based on the total weight of nonvolatile material in the coating composition.
[0115] Another useful optional ingredient is a pigment, such as titanium dioxide. If used, a pigment is preferably present
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in the coating composition in an amount of no greater than 70 wt-%, more preferably no greater than 50 wt-%, and even
more preferably no greater than 40 wt-%, based on the total weight of solids in the coating composition.
[0116] Surfactants can be optionally added to the coating composition to aid in flow and wetting of the substrate.
Examples of surfactants, include, but are not limited to, nonylphenol polyethers and salts and similar surfactants known
to persons skilled in the art. If used, a surfactant is preferably present in an amount of at least 0.01 wt-%, and more
preferably at least 0.1 wt-%, based on the weight of resin solids. If used, a surfactant is preferably present in an amount
no greater than 10 wt-%, and more preferably no greater than 5 wt-%, based on the weight of resin solids.
[0117] The coating composition of the present invention can be present as a layer of a mono-layer coating system or
one or more layers of a multi-layer coating system. The coating composition can be used as a primer coat, an intermediate
coat, a top coat, or a combination thereof. The coating thickness of a particular layer and the overall coating system will
vary depending upon the coating material used, the substrate, the coating application method, and the end use for the
coated article. Mono-layer or multi-layer coil coating systems including one or more layers formed from a coating com-
position of the present invention may have any suitable overall coating thickness, but will typically have an overall average
dry coating thickness of from about 2 to about 60 microns and more typically from about 3 to about 12 microns.
[0118] The coating composition of the present invention may be applied to a substrate either prior to, or after, the
substrate is formed into an article such as, for example, a food or beverage container or a portion thereof. In one
embodiment, a method is provided that includes: applying a coating composition described herein to a metal substrate
(e.g., applying the composition to the metal substrate in the form of a planar coil or sheet), hardening the composition,
and forming (e.g., via stamping) the substrate into a packaging can or a portion thereof (e.g., a food or beverage can or
a portion thereof). For example, riveted beverage can ends having a cured coating of the present invention on a surface
thereof can be formed in such a process.
[0119] After applying the coating composition onto a substrate, the composition can be cured using a variety of proc-
esses, including, for example, oven baking by either conventional or convectional methods, or any other method that
provides an elevated temperature suitable for curing the coating. The curing process may be performed in either discrete
or combined steps. For example, substrates can be dried at ambient temperature to leave the coating compositions in
a largely un-crosslinked state. The coated substrates can then be heated to fully cure the compositions. In certain
instances, coating compositions of the present invention can be dried and cured in one step.
[0120] The cure conditions will vary depending upon the method of application and the intended end use. The curing
process may be performed at any suitable temperature, including, for example, oven temperatures in the range of from
about 100°C to about 300°C, and more typically from about 177°C to about 250°C. If metal coil is the substrate to be
coated, curing of the applied coating composition may be conducted, for example, by heating the coated metal substrate
over a suitable time period to a peak metal temperature ("PMT") of preferably greater than about 350°F (177°C). More
preferably, the coated metal coil is heated for a suitable time period (e.g., about 5 to 900 seconds) to a PMT of at least
about 425°F (218°C).
[0121] The coating compositions of the present invention are particularly useful for coating metal substrates. The
coating compositions may be used to coat packaging articles such as a food or beverage container, or a portion thereof.
In preferred embodiments, the container is a food or beverage can and the surface of the container is the surface of a
metal substrate. The polymer can be applied to a metal substrate either before or after the substrate is formed into a
can (e.g., two-piece can, three-piece can) or portions thereof, whether it be a can end or can body. Preferred polymers
of the present invention are suitable for use in food-contact situations and may be used on the inside of such cans. The
coating compositions are particularly useful on the interior of two-piece or three-piece can ends or bodies.
[0122] The coating compositions may be suitable for spray coating, coil coating, wash coating, sheet coating, and side
seam coating (e.g., food can side seam coating). A further discussion of such application methods is provided below. It
is contemplated that coating compositions of the present invention may be suitably used in each of these application
methods discussed further below, including the end uses associated therewith.
[0123] Spray coating includes the introduction of the coated composition into the inside of a preformed packaging
container. Typical preformed packaging containers suitable for spray coating include food cans, beer and beverage
containers, and the like. The spray preferably utilizes a spray nozzle capable of uniformly coating the inside of the
preformed packaging container. The sprayed preformed container is then subjected to heat to remove any residual
cariers (e.g., water or solvents) and harden the coating.
[0124] A coil coating is described as the coating of a continuous coil composed of a metal (e.g., steel or aluminum).
Once coated, the coating coil is subjected to a short thermal, ultraviolet, and/or electromagnetic curing cycle, for hardening
(e.g., drying and curing) of the coating. Coil coatings provide coated metal (e.g., steel and/or aluminum) substrates that
can be fabricated into formed articles, such as two-piece drawn food cans, three-piece food cans, food can ends, drawn
and ironed cans, beverage can ends, and the like.
[0125] A wash coating is commercially described as the coating of the exterior of two-piece drawn and ironed ("D&I")
cans with a thin layer of protectant coating. The exterior of these D&I cans are "wash-coated" by passing pre-formed
two-piece D&I cans under a curtain of a coating composition. The cans are inverted, that is, the open end of the can is
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in the "down" position when passing through the curtain. This curtain of coating composition takes on a "waterfall-like"
appearance. Once these cans pass under this curtain of coating composition, the liquid coating material effectively coats
the exterior of each can. Excess coating is removed through the use of an "air knife." Once the desired amount of coating
is applied to the exterior of each can, each can is passed through a thermal, ultraviolet, and/or electromagnetic curing
oven to harden (e.g., dry and cure) the coating. The residence time of the coated can within the confines of the curing
oven is typically from 1 minute to 5 minutes. The curing temperature within this oven will typically range from 150°C to
220°C.
[0126] A sheet coating is described as the coating of separate pieces of a variety of materials (e.g., steel or aluminum)
that have been pre-cut into square or rectangular "sheets." Typical dimensions of these sheets are approximately one
square meter. Once coated, each sheet is cured. Once hardened (e.g., dried and cured), the sheets of the coated
substrate are collected and prepared for subsequent fabrication. Sheet coatings provide coated metal (e.g., steel or
aluminum) substrate that can be successfully fabricated into formed articles, such as two-piece drawn food cans, three-
piece food cans, food can ends, drawn and ironed cans, beverage can ends (including, e.g., riveted beverage can ends
having a rivet for attaching a pulltab thereto), and the like.
[0127] A side seam coating is described as the spray application of a liquid coating over the welded area of formed
three-piece food cans. When three-piece food cans are being prepared, a rectangular piece of coated substrate is formed
into a cylinder. The formation of the cylinder is rendered permanent due to the welding of each side of the rectangle via
thermal welding. Once welded, each can typically requires a layer of coating, which protects the exposed "weld" from
subsequent corrosion or other effects to the contained foodstuff. The coatings that function in this role are termed "side
seam stripes." Typical side seam stripes are spray applied and cured quickly via residual heat from the welding operation
in addition to a small thermal, ultraviolet, and/or electromagnetic oven.
[0128] Other commercial coating application and curing methods are also envisioned, for example, electrocoating,
extrusion coating, laminating, powder coating, and the like.
[0129] In an embodiment, the coating composition of the present invention is an organic solvent-based composition
preferably having at least 20 wt-% non-volatile components (i.e., "solids"), and more preferably at least 25 wt-% non-
volatile components. In an embodiment, the coating composition is an organic solvent-based composition preferably
having no greater than 40 wt-% non-volatile components (i.e., "solids"), and more preferably no greater than 35 wt-%
non-volatile components. In such embodiments, the non-volatile film-forming components preferably include at least 50
wt-% of the polyether polymer of the present invention, more preferably at least 55 wt-% of the polymer, and even more
preferably at least 60 wt-% of the polymer. In such embodiments, the non-volatile film-forming components preferably
include no greater than 95 wt-% of the polyether polymer of the present invention, and more preferably no greater than
85 wt-% of the polymer.
[0130] In an embodiment, the coating composition is a water-based composition preferably having at least 15 wt-%
non-volatile components (i.e., "solids"). In an embodiment, the coating composition is a water-based composition pref-
erably having no greater than 50 wt-% non-volatile components (i.e., "solids"), and more preferably no greater than 40
wt-% non-volatile components. In such embodiments, the non-volatile film-forming components preferably include at
least 25 wt-% of the polyether polymer of the present invention, more preferably at least 30 wt-% of the polymer, and
more preferably at least 40 wt-% of the polymer. In such embodiments, the non-volatile film forming components preferably
include no greater than 60 wt-% of the polyether polymer of the present invention, and more preferably no greater than
70 wt-% of the polymer.
[0131] In certain preferred embodiments, the coating composition of the present invention is capable of exhibiting one
or more (and in some embodiments all) of the following coating properties: a blush resistance, corrosion resistance,
stain resistance, and/or adhesion to metal substrate of at least 8, more preferably at least 9, and optimally 10 (10 being
perfect), when subjected to the testing described below in the Examples section using 3 wt-% acetic acid in deionized
water in place of the "Aggressive Food Product."
[0132] Some additional non-limiting embodiments of the present invention are provided below to further exemplify
certain aspects of the present invention.

1. A coating composition that includes:

a film-forming amount of a polyether polymer having a backbone that includes a polycyclic group (and more
preferably a plurality of such groups);
an optional crosslinker; and
an optional carrier liquid.

2. The coating composition of embodiment 1, wherein the coating composition is at least substantially free of BPA
or BADGE.
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3. The coating composition of embodiment 1 or 2, wherein the polyether polymer includes one or more pendant
hydroxyl groups attached to backbone carbon atoms.

4. The coating composition of any of embodiments 1-3, wherein the backbone includes -CH2-CH(OH)-CH2- seg-
ments.

5. The coating composition of any of embodiments 1-4, wherein aryl or heteroaryl groups constitute at least 20
weight percent of the polyether polymer, based on the total weight of aryl and heteroaryl groups present in the
polymer relative to the weight of the polymer.

6. The coating composition of any of embodiments 1-5, wherein the backbone includes a plurality of ester linkages.

7. The coating composition of any of embodiments 1-6, wherein the polyether polymer includes one or more of the
following segments of Formula I:

 -O-Ar-(Rn-Ar)n-O-,

wherein:

each Ar is independently an aryl or heteroaryl group (more preferably a divalent phenyelene group),
each n is independently 0 or 1,
R, if present, is a divalent organic group, and
the two oxygen atoms are each ether oxygen.

8. The coating composition of embodiment 7, wherein each n is 1 and R includes the polycyclic group.

9. The coating composition of embodiments 7 or 8, wherein R includes at least one ester linkage.

10. The coating composition of embodiment 9, wherein R includes a segment having the structure of the below
Formula III:

 -R5
t-C(O)-O-R4-O-C(O)-R5

t-

wherein:

R5 is a divalent organic group that includes a polycyclic group;
each R4 is a divalent organic group; and
each t is 0 or 1.

11. The coating composition of any of embodiments 1-10, wherein the polyether polymer has a glass transition
temperature (Tg) of at least about 30°C, more preferably about 50°C, and even more preferably at least about 70°C,
even more preferably from about 80°C to 110°C.

12. The coating composition of any of embodiments 1-11, wherein the coating composition includes the liquid carrier
and the polyether polymer has a number average molecular weight of at least 2,000.

13. The coating composition of any of embodiments 1-12, wherein the polyether polymer is a reaction product of
ingredients including a polyepoxide and a polyhydric phenol, more preferably a diepoxide and a dihydric phenol.

14. The coating composition of embodiment 13, wherein one or both of the polyepoxide and the polyhydric phenol
includes a polycyclic group.

15. The coating composition of any of embodiments 1-14, wherein the polycyclic group includes a tricyclodecane
group.

16. The coating composition of embodiment 13, wherein one or both of the polyepoxide or polyhydric phenol is
derived from isosorbide.
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17. The coating composition of any of embodiments 1-16, wherein the coating composition is a water-based system.

18. The coating composition of any of embodiments 1-17, wherein the coating composition is a solvent-based system.

19. The coating composition of any of embodiments 1-18, wherein the coating composition is suitable for use as a
food-contact coating.

20. An article having the coating composition of any one of embodiments 1-19 applied to at least a portion of a
surface thereof.

21. The article of claim 20, wherein the article is a metal food or beverage container or a portion thereof.

22. A method, including:

providing a metal substrate;
providing a coating composition of any of embodiments 1-19; and
applying the coating composition on at least a portion of a major surface of the substrate prior to, or after, forming
the substrate into a food or beverage container or a portion thereof.

23. A coating composition including:

a polyether polymer (preferably in a film-forming amount) having:

one or more segment of the following Formula I:

 -O-Ar-(Rn-Ar)n-O-,

wherein:

each Ar is independently an aryl or heteroaryl group (more preferably a divalent phenyelene group),
each n is independently 0 or 1,
R, if present, is a divalent organic group, and
the two oxygen atoms are each ether oxygen; and

preferably having a glass transition temperature (Tg) of at least 30°C, more preferably at least 50°C, and
even more preferably at least 70°C; and
wherein the coating composition is at least substantially free of BPA or BADGE.

24. The coating composition of embodiment 23, wherein R, if present, is not -C(CH3)2-.

25. The coating composition of embodiments 23 or 24, wherein the polyether polymer has a Tg from 70 to 150°C.

26. The coating composition of any of embodiments 23-25, wherein the polyether polymer has a Tg of from 80 to
110°C.

27. The coating composition of any of embodiments 23-26, wherein the polyether polymer includes one or more
pendant hydroxyl groups attached to backbone carbon atoms.

28. The coating composition of any of embodiments 23-27, wherein a backbone of the polyether polymer includes
-CH2-CH(OH)-CH2- segments.

29. The coating composition of any of embodiments 23-28, wherein aryl or heteroaryl groups constitute at least 20
wt-% of the polyether polymer, based on the total weight of aryl and heteroaryl groups present in the polymer relative
to the weight of the polymer.

30. The coating composition of any of embodiments 23-29, wherein the polyether polymer is a reaction product of
ingredients including a polyepoxide and a polyhydric phenol, more preferably a diepoxide and a dihydric phenol.
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31. The coating composition of any of embodiments 23-30, wherein each of the polyepoxide and the polyhydric
phenol independently include an aryl or heteroaryl group.

32. The coating composition of any of embodiments 23-31, wherein one or more of the polyepoxide or polyhydric
phenol are selected from: 1,1-di(4-hydroxyphenyl)-cyclohexane, 1,1-di(4-hydroxy-3-methylphenyl)-cyclohexane,
1,1-di(4-hydroxy-3,5-dimethylphenyl)-cyclohexane, a mixture thereof, the diglycidyl ether of any of these, or com-
binations thereof.

33. The coating composition of any of embodiments 23-32, wherein one or more of the polyepoxide or polyhydric
phenol are selected from: 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane, the diglycidyl ether of 1,1-bis(4-
hydroxyphenyl)-3,3,5-trimethylcyclohexane, or combinations thereof.

33.5. The coating composition of any of embodiments 23-33, wherein the polyether polymer has a number average
molecular weight at least 2,000.

34. The coating composition of any of embodiments 23-33.5, wherein n is 1 and R includes a quaternary carbon
atom in a backbone segment of R connecting the two Ar groups depicted in Formula I.

35. The coating composition of any of embodiments 23-34, wherein R includes at least one cyclic group.

36. The coating composition of embodiment 35, wherein the cyclic group is a pendant or backbone alicyclic group.

37. The coating composition of embodiments 35 or 36 wherein the cyclic group includes a six-member carbon ring
(e.g., a -C6(R2)q- cyclic group where: (i) q is from 2 to 10, more typically from 6-10, even more typically from 8-10,
and even more typically 10 and (ii) each R2 group is independently hydrogen, a halogen, or an organic group and
two R2 groups may join to form a ring.

38. The coating composition of any of embodiments 35-37, wherein the cyclic group is a substituted or unsubstituted
divalent cyclohexane group.

39. The coating composition of any of embodiments 35-38, wherein the cyclic group includes a quaternary carbon
atom present in a backbone chain of R connecting the two Ar groups of Formula I.

40. The coating composition of any of embodiments 35-39, wherein R of Formula I does not include any ester
linkages in a backbone chain of R connecting the two Ar groups.

41. The coating composition of any of embodiments 23-40, wherein the polyether polymer includes a plurality of
ester linkages.

42. The coating composition of any of embodiments 23-39 and 41, wherein n is 1 and R includes at least one ester
linkage.

43. The coating composition of embodiment 42, wherein R comprises a segment having the structure of the below
Formula III:

 -R5
t-C(O)-O-R4-O-C(O)-R5

t-

wherein:

R4 is a divalent organic group;
each R5 is a divalent organic group; and
each t is 0 or 1.

44. The coating composition of embodiment 43, wherein R4 includes at least one divalent aryl or heteroaryl group.

45. The coating composition of any of embodiments 23-40, wherein the polyether polymer is free of ester linkages.

46. The coating composition of any of embodiments 23-45, wherein the coating composition is a water-based system.
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47. The coating composition of any of embodiments 23-45, wherein the coating composition is a solvent-based
system.

48. The coating composition of any of embodiments 23-47, wherein the coating composition is suitable for use as
a food-contact coating.

49. An article including a metal substrate of a food or beverage container, or a portion thereof, and a coating
composition of any of embodiments 23-48 applied on at least a portion of a major surface of the metal substrate.

50. A method, comprising:

providing a metal substrate;
providing a coating composition of any of embodiments 23-48; and
applying the coating composition on at least a portion of a major surface of the substrate prior to, or after, forming
the substrate into a food or beverage container or a portion thereof.

51. The method of embodiment 50, further comprising:

forming the metal substrate having the coating composition applied thereon into a food or beverage container
or a portion thereof.

52. The method of embodiment 50, wherein the metal substrate includes a portion of a preformed food or beverage
container.

53. The method of any of embodiments 50-52, wherein the major surface includes a food-contact surface.

54. The coating composition, method, or article of any of embodiments 1-53, wherein the polyether polymer includes
at least: 1 wt-%, 5 wt-%, 10 wt-%, 20 wt-%, 30 wt-%, or 50 wt-% of the segments of Formula I.

TEST METHODS

[0133] Unless indicated otherwise, the following test methods were utilized in the Examples that follow.

Differential Scanning Calorimetry

[0134] Samples for differential scanning calorimetry ("DSC") testing were prepared by first applying the liquid resin
composition onto aluminum sheet panels. The panels were then baked in a Fisher Isotemp electric oven for 20 minutes
at 300°F (149°C) to remove volatile materials. After cooling to room temperature, the samples were scraped from the
panels, weighed into standard sample pans and analyzed using the standard DSC heat-cool-heat method. The samples
were equilibrated at -60°C, then heated at 20°C per minute to 200°C, cooled to -60°C, and then heated again at 20°C
per minute to 200°C. Glass transitions were calculated from the thermogram of the last heat cycle. The glass transition
was measured at the inflection point of the transition.

Adhesion

[0135] Adhesion testing is performed to assess whether the coating adheres to the coated substrate. The adhesion
test was performed according to ASTM D 3359 - Test Method B, using SCOTCH 610 tape (available from 3M Company
of Saint Paul, Minnesota). Adhesion is generally rated on a scale of 0-10 where a rating of "10" indicates no adhesion
failure, a rating of "9" indicates 90% of the coating remains adhered, a rating of "8" indicates 80% of the coating remains
adhered, and so on. Adhesion ratings of 10 are typically desired for commercially viable coatings.

Blush Resistance

[0136] Blush resistance measures the ability of a coating to resist attack by various solutions. Typically, blush is
measured by the amount of water absorbed into a coated film. When the film absorbs water, it generally becomes cloudy
or looks white. Blush is generally measured visually using a scale of 0-10 where a rating of "10" indicates no blush and
a rating of "0" indicates complete whitening of the film. Blush ratings of at least 7 are typically desired for commercially
viable coatings and optimally 9 or above.
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Corrosion Resistance

[0137] Corrosion resistance is a measure of a coatings ability to resist a corrosive/acidic environment. It is generally
measured on a scale of 0-10. A "0" indicates the coating is completely corroded, observed by bubbling or blistering of
the film in all areas. A "10" indicates the coating is unchanged from before it was subjected to the corrosive environment.

Stain Resistance

[0138] Stain resistance is a measure of a coating’s ability to resist staining by a media. It is generally measured on a
scale of 0-10. A "0" indicates that the coating is completely stained with a complete color change of the film observed
in all areas. A "10" indicates that the coloration of the coating is unchanged from before it was subjected to the staining
environment.

Solvent Resistance Test

[0139] The extent of "cure" or crosslinking of a coating is measured as a resistance to solvents, such as methyl ethyl
ketone (MEK) or isopropyl alcohol (IPA). This test is performed as described in ASTM D5402-93. The number of double-
rubs (i.e., one back- and-forth motion) is reported. Preferably, the MEK solvent resistance is at least 30 double rubs.

EXAMPLES

[0140] The following examples are offered to aid in understanding of the present invention and are not to be construed
as limiting the scope thereof. Unless otherwise indicated, all parts and percentages are by weight.

List of Raw Materials and Ingredients

[0141] The following table lists some of the raw materials and ingredients used in the following examples. Alternative
materials or suppliers may be substituted as is appreciated to one skilled in the art.

Example 1: Polyether Polymers

Run 1:

[0142] To a 4-neck round-bottom flask equipped with a mechanical stirrer, a water-cooled condenser, and a thermo-
couple connected to a heating control device and a heating mantle were added 138.4 parts of ERISYS GE-22, 140.3
parts of 1,1-Bis(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane, 0.26 parts CATALYST 1201 and 13.4 parts of methyl-
isobutylketone. Stirring and heating were begun and continued until the batch reached 130°C, at which time heating
was discontinued and the batch was allowed to exotherm to 158°C. The batch was heated at 155°C for 180 minutes,
at which time the epoxy value was 0.038 equivalents/100 grams. At this time heating was discontinued as 84.2 parts
ethylene glycol butyl ether were added slowly, followed by 42.1 parts butanol. The final resin had a nonvolatile content
of 66.9%, an epoxy value of 0.036, a Brookfield viscosity of 75,000 Centipoise at 80°F (∼27°C), and a Tg of 60°C. Based
on a theoretical calculation, the final resin included 20.6 wt-% of aryl groups, based on the total weight of aryl groups in
the polymer relative to the weight of the polymer.

Raw Material Supplier Location

PHENODUR PR 612 phenolic crosslinker Cytec Smyrna, Georgia

ERISYS GE-22 cyclohexane dimethanol diglycidyl ether CVC Thermoset Specialties Moorestown, NJ

1,1-Bis(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane Honshu Chemical Tokyo, Japan

CATALYST 1201 polymerization catalyst Shell Houston, Texas

l,l-di(4-hydroxyphenyl)-cyclohexane Honshu Chemical Tokyo, Japan

ERISYS resorcinol diglycidyl ether CVC Thermoset Specialties Moorestown, NJ

EPON 828 bisphenol A diglycidyl ether Hexion Houston, Texas

Bisphenol A Dow Chemical Midland, MI
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Run 2:

[0143] To a 4-neck round-bottom flask equipped with a mechanical stirrer, a water-cooled condenser, and a thermo-
couple connected to a heating control device and a heating mantle were added 169.8 parts of ERISYS GE-22, 130.2
parts of 1,1-di(4-hydroxyphenyl)-cyclohexane, 0.30 parts catalyst 1201 and 15.9 parts of methylisobutylketone. Stirring
and heating were begun and continued until the batch reached 125°C, at which time heating was discontinued and the
batch was allowed to exotherm to 166°C. The batch was heated at 155°C for 120 minutes, at which time the epoxy value
was 0.035 equivalents/100 grams. At this time heating was discontinued as 122 parts ethylene glycol butyl ether were
added slowly, followed by 60.6 parts butanol. The final resin had a nonvolatile content of 60.2%, an epoxy value of 0.035,
and a Tg of 38°C. Based on a theoretical calculation, the final resin included 24.6 wt-% of aryl groups, based on the
total weight of aryl groups in the polymer relative to the weight of the polymer.

Run 3:

[0144] To a 4-neck round-bottom flask equipped with a mechanical stirrer, a water cooled condenser, and a thermo-
couple connected to a heating control device and a heating mantle were added 233.4 parts of RDGE, 266.6 parts of
1,1-Bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane, 0.5 parts CATALYST 1201 and 26.3 parts of methylisobutylke-
tone. Stirring and heating were begun and continued until the batch reached 130°C, at which time heating was discon-
tinued and the batch was allowed to exotherm to 162°C. The batch was heated at 155°C for 60 minutes, at which time
the epoxy value was 0.034 equivalents/100 grams. At this time heating was discontinued as 205.6 parts ethylene glycol
butyl ether were added slowly, followed by 101.2 parts butanol. The final resin had a nonvolatile content of 59.6%, an
epoxy value of 0.031, and a Tg of 98°C. Based on a theoretical calculation, the final resin included 42 wt-% of aryl
groups, based on the total weight of aryl groups in the polymer relative to the weight of the polymer.

Run 4:

[0145] To a 4-neck round-bottom flask equipped with a mechanical stirrer, a water cooled condenser, and a thermo-
couple connected to a heating control device and a heating mantle were added 250.7 parts of RDGE, 249.3 parts of
1,1-di(4-hydroxyphenyl)-cyclohexane, 0.50 parts CATALYST 1201 and 33.5 parts of methylisobutylketone. Stirring and
heating were begun until the batch reached 125°C, at which time heating was discontinued and the batch was allowed
to exotherm to 171°C. The batch was heated at 155°C for 45 minutes, at which time the epoxy value was 0.037 equiv-
alents/100 grams. At this time heating was discontinued as 205 parts ethylene glycol butyl ether were added slowly,
followed by 101 parts butanol. The final resin had a nonvolatile content of 60.2%, an epoxy value of 0.032, and a Tg of
80°C. Based on a theoretical calculation, the final resin included 45.4 wt-% of aryl groups, based on the total weight of
aryl groups in the polymer relative to the weight of the polymer.

Comparative Run 5:

[0146] To a 4-neck round-bottom flask equipped with a mechanical stirrer, a water cooled condenser, and a thermo-
couple connected to a heating control device and a heating mantle were added 259.8 parts of EPON 828, 140.3 parts
of Bisphenol A, 0.4 part CATALYST 1201 and 30.2 parts of methylisobutylketone. Stirring and heating were begun and
continued until the batch reached 130°C, at which time heating was discontinued and the batch was allowed to exotherm
to 162°C. The batch was heated at 155°C for 75 minutes, at which time the epoxy value was 0.039 equivalents/100
grams. At this time heating was discontinued as 369.4 parts ethylene glycol butyl ether were added slowly. The final
resin had a non volatile content of 51.4%, an epoxy value of 0.038, a Brookfield viscosity of 39,000 Centipoise at 80°F
(∼27°C), and a Tg of 78°C. Based on a theoretical calculation, the final resin included 52 wt-% of aryl groups, based on
the total weight of aryl groups in the polymer relative to the weight of the polymer.

Examples 2-6: Coating Compositions

[0147] To produce the coating compositions of Examples 2-6, each of the polyether polymers of Example 1, Runs 1
to 5 was cut to a nonvolatile content of 35% with a 1:1 ratio of cyclohexane:Aromatic 150 solvent. Then 20% solids on
solids of PHENODUR PR 612 were added, followed by 0.1 % H3PO4 solids on solids added as a 10% solution in butanol.
Thus, for each of Runs 1 to 5, was provided acid catalyzed 80/20 polyether/phenolic formulations. Table 2 below indicates
the particular polyether polymer of Example 1, Runs 1 to 5 present in each of Examples 2-6.
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Coating Properties

[0148] The coating compositions of Examples 2-6 were each drawn down with the appropriate sized wire bars to obtain
a dry film thickness of 4.5-5.0 milligrams/square inch (metric equivalent is 7 - 7.8 grams per square meter). The coating
compositions were applied to both 0.25 75# tinplate ("ETP") and 75# tin-free steel ("TFS") and baked to cure the coating.
The bake was 12 minutes at 403°F (∼206°C) in a gas-fired, forced-draft box oven. 202 sanitary food can ends were
formed from the coated plates. Each can end was given a 14 inch-pound reverse impact (using a two pound weight
dropped from the appropriate height) in the center of the uncoated side of the end. The ends were immersed in two
different aggressive food products (i.e., Aggressive Food Products 1 and 2 in Table 2) having an initial temperature of
180°F (82°C) and stored for 2 weeks at 120°F (∼49°C). After 2 weeks the ends were removed from the food product,
rinsed with water, and evaluated for adhesion, corrosion, stain, and blush. The results are shown in Table 2 below.
[0149] As shown in Table 2, the RDGE-containing formulations of Examples 4 and 5 show similar performance to the
BPA-containing formulation of Comparative Example 6. The lower Tg CHDMDGE-containing formulations of Examples
2 and 3 were inferior in this test to the higher Tg RDGE-containing formulations of Examples 4 and 5.

[0150] The below Examples 7-13 relate to embodiments of the present invention that include a polyether polymer
having optional polycyclic groups.

Example 7: Adduct of 2 moles 4-hydroxy phenyl acetic acid (HPAA) with 1 mole tricyclodecane dimethanol (TCDM)

[0151] To a 4-neck round-bottom flask equipped with a mechanical stirrer, a water-cooled condenser on top of a Dean-
Stark Trap, and a thermocouple connected to heating control device and a heating mantle were added 705.6 parts of
TCDM (from OXEA), 1094.4 parts of HPAA (from Aceto), 1.8 part CATALYST 4201 polymerization catalyst (dibutyl tin
oxide from Atofina). Stirring and heating were begun over 4 hours until the batch reached 230°C. The batch was heated
at 230°C for 4 more hours, at which time the acid value was 2.0 mg KOH/gram. At this time, heating was discontinued
until the batch reached 120°C, at which time the batch was discharged. The material was a tacky semisolid at room

Table 2

Coating Composition Example 2 Example 3 Example 4 Example 5 Comparative 
Example 6

Resin Example 1, 
Run 1

Example 1, 
Run 2

Example 1, 
Run 1

Example 1, 
Run 2

Example 1, Run 5

ETP

Aggressive Food 
Product 1

Adhesion / Blush 8/10 8/10 10/10 10/10 10/10

Stain / Corrosion 7/7 5/7 10/10 10/10 10/10

Aggressive Food 
Product 2

Adhesion / Blush 8/10 8/10 10/10 10/10 10/10

Stain / Corrosion 7/7 5/5 9/9 10/9 10/10

TFS

Aggressive Food 
Product 1

Adhesion / Blush 8/7 8/7 10/10 10/10 10/10

Stain / Corrosion 9/7 9/5 10/10 10/10 10/10

Aggressive Food 
Product 2

Adhesion / Blush 8/5 8/5 10/10 10/10 10/10

Stain / Corrosion 9/7 9/5 10/9 10/8 10/10
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temperature.

Example 8: Adduct of 2 moles 4--hydroxy phenyl acetic acid (HPAA) with 1 mole isosorbide

[0152] To a 4-neck round-bottom flask equipped with a mechanical stirrer, a water-cooled condenser on top of a Dean-
Stark Trap, and a thermocouple connected to heating control device and a heating mantle were added 162.2 parts of
isosorbide (polymer grade from ADM), 337.8 parts of HPAA, 0.5 parts CATALYST 4201 polymerization catalyst. Stirring
and heating were begun over 5 hours until the batch reached 240°C. At this time the acid value was 2.0 mg KOH/gram.
Heating was discontinued until the batch reached 150°C, at which time the batch was discharged. The material was a
tacky solid at room temperature.

Example 9: Polyether Polymer Incorporating the Adduct of Example 7

[0153] To a 4-neck round-bottom flask equipped with a mechanical stirrer, a water-cooled condenser, and a thermo-
couple connected to heating control device and a heating mantle were added 80.5 parts of the diglycidyl ether of 1,1-
Bis(4-hydroyphenyl)-3,3,5-trimethylcyclohexane (Sachem, The Netherlands), 73.4 parts of the HPAA-TCDM adduct of
Example 7, 0.15 parts CATALYST 1201 polymerization catalyst (from Shell) and 8 parts of methylisobutylketone. Stirring
and heating were begun until the batch reached 125°C, at which time the batch was allowed to exotherm to 147°C. The
batch was allowed to drift back to 120°C and held for 2 hours, at which time the epoxy value was 0.040 equivalents/100
grams. At this time heating, was discontinued as 140 parts of a 2:1:1 mixture of xylene:cyclohexanone:propylene glycol
methyl ether acetate were added. The final resin composition had a non-volatile content of 52.2%, an epoxy value of
0.033, a viscosity of 3800 centipoises, and a Tg of 88°C.

Example 10: Polyether Polymer Incorporating the Adduct of Example 7

[0154] To a 4-neck round-bottom flask equipped with a mechanical stirrer, a water-cooled condenser, and a thermo-
couple connected to heating control device and a heating mantle were added 55.4 parts of the diglycidyl ether of
hydroquinone, 94.7 parts of the HPAA-TCDM adduct of Example 7,0.15 parts CATALYST 1201 (from Shell) and 16.7
parts of methylisobutylketone. Stirring and heating were begun until the batch reached 120°C, at which time the batch
remained between 125 and 130°C for 3 hours, at which time the epoxy value was 0.041 equivalents/100 grams. At this
time heating, was discontinued as 136 parts cyclohexanone were added slowly. The final resin composition had a non-
volatile content of 50.7%, an epoxy value of 0.034, and a Tg of 48°C.

Examples 11: Polyether Polymer Incorporating the Adduct of Example 8

[0155] To a 4-neck round-bottom flask equipped with a mechanical stirrer, a water cooled condenser, and a thermo-
couple connected to heating control device and a heating mantle were added 68.1 parts of 1,4-cyclohexanedimethanol
diglycidyl ether (CHDMDGE from Emeral Materials, New Jersey), 89.2 parts of the HPAA-isosorbide adduct of Example
8, 0.15 parts CATALYST 1201 polymerization catalyst and 8 parts of methylisobutylketone. Stirring and heating were
begun until the batch reached 130°C, at which time the batch remained between 125-130°C for 4 hours, at which time
the epoxy value was 0.033 equivalents/100 grams. At this time heating was discontinued as 23 parts cyclohexanone
were added slowly, followed by 23 parts of propylene glycol methyl ether acetate and 46 parts of xylene. The final resin
composition had a non-volatile content of 61.9%, an epoxy value of 0.034, and a Tg of 36°C.

Example 12: Coating Compositions

[0156] The polyether polymer composition of Example 9 was cut to a non-volatile content of 35% using a mixture of
1:1 cyclohexane:AROMATIC 150. Then 20% solids on solids of PHENODUR PR 612 phenolic cross linker (Cytec,
Smyrna, Georgia) were added, followed by 0.1 % H3PO4 solids on solids added as a 10% solution in butanol. Thus was
provided an acid-catalyzed 80:20 polyether:phenolic coating composition.
[0157] The coating composition of Example 12, along with an industry standard BPA-based polyether coating com-
position, were each applied to both ETP and TFS. The coatings were drawn down with the appropriate-sized wire bars
to obtain coatings having a dry-film thickness of 4.5-5.0 milligrams/square-inch ("msi"). The coated metal samples were
then baked for 12 minutes in a 403°F (∼206°C) gas-fired oven. 202 sanitary can ends were formed from the resulting
coated plates. Each end was given a 14 inch-pound reverse impact in the center of the uncoated side of the end. The
ends were then immersed in two different aggressive food products (i.e., Aggressive Food Products 1 and 2 in Table 2)
having an initial temperature of 180°F (82°C) and stored for 2 weeks at 120°F (∼49°C). After 2 weeks the ends were
removed from the food product, rinsed with water, and evaluated for adhesion, corrosion, stain, and blush. The results
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are shown in Table 3 below.

[0158] As shown in the data of Table 3, the coating composition of Example 12 showed similar performance to the
BPA-based commercial control.

Example 13: Coating Composition

[0159] The CHDMDGE/HPAA-isosorbide polyether polymer composition of Example 11 was reduced to 40% solids
with cyclohexanone. An exterior coating formulation for metal packaging was made by mixing 90 parts of the reduced
polymer mixture, 8.6 parts of CYMEL 1054 crosslinker (from Cytec), 0.45 parts of Lanco TF1780 wax (from Lubrizol),
and 0.99 parts of Lanocerin product (from Lubrizol). This formulation had a solids content of 41.9% by weight and a
polyether to crosslinker ratio (on solids) of 87.5:12.5. The coating was drawn down with a wire bar on planar metal
substrate to obtain a coating with a dry-film thickness of 3.5-4.0 msi on TFS metal sheet and double baked using two
10-minute bakes in a 400°F (∼204°C) oven, and various film properties were tested. A commercial BPA-based epoxy
packaging coating product was used as a control and applied and cured in the same manner. The cured coated substrate
was then subjected to a variety of tests to assess various coating properties. The data for these tests is reported below
in Table 4. As shown in the data of Table 4, the experimental coating composition performed equivalent to that of the
commercial control, with the exception of MEK resistance (although 55-60 MEK rubs is considered acceptable).

Table 3

Coating Composition Commercial Control Example 12

ETP

Aggressive Food Product 1

Adhesion / Blush 10/10 10/10

Stain / Corrosion 10/10 10/10

Aggressive Food Product 2

Adhesion / Blush 10/10 10/10

Stain / Corrosion 10/10 10/10

TFS

Aggressive Food Product 1

Adhesion / Blush 10/10 10/10

Stain / Corrosion 10/10 10/10

Aggressive Food Product 2

Adhesion / Blush 10/10 10/10

Stain / Corrosion 10/9 10/10

Table 4

Sample Control Example 13

Coated Panel Appearance Good, Smooth Good, Smooth

Dry Adhesion 10 10

28 Inch-Pounds Reverse Impact Crazing 10 10

28 Inch-Pounds Reverse Impact Adhesion 10 10

MEK Resistance >100 55-60

Drawn Can Fabrication 100% Pass 100% Pass

Drawn Can Fabrication + 90 minutes at 250°F (121°C)
100% Pass 100% Pass

Retort Fuzzies (Assay for Adhesion loss after retort of a drawn can)
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[0160] The coating data of Table 4 suggests that the coating composition of Example 13 may be suitable for use in
forming an external coating on certain packaging coating articles.
[0161] The complete disclosure of all patents, patent applications, and publications, and electronically available material
cited herein are incorporated by reference. The foregoing detailed description and examples have been given for clarity
of understanding only. No unnecessary limitations are to be understood therefrom. The invention is not limited to the
exact details shown and described, for variations obvious to one skilled in the art will be included within the invention
defined by the claims.

Claims

1. An article comprising:

a metal substrate of a food or beverage container or a portion thereof; and
a coating applied on at least a portion of a major surface of the metal substrate,

wherein the coating comprises:

a film-forming amount of a polyether polymer having:

one or more segments of the following Formula I: -O-Ar-(Rn-Ar)n-O-,

wherein:

each Ar is independently an aryl or heteroaryl group,
each n is independently 0 or 1,
R, if present, is a divalent organic group, and
the two oxygen atoms are each ether oxygen; and

a glass transition temperature (Tg) of at least 70°C; and

wherein the coating composition is at least substantially free of bisphenol A and the diglycidyl ether of
bisphenol A.

2. The article of claim 1, wherein the polyether polymer has a Tg of from 70 to 150°C; or wherein the polyether polymer
has a Tg of from 80 to 110°C.

3. The article of claim 1, wherein the polyether polymer includes one or more pendant hydroxyl groups attached to
backbone carbon atoms.

4. The article of claim 3, wherein the backbone includes -CH2-CH(OH)-CH2- segments.

5. The article of claim 1, wherein aryl or heteroaryl groups constitute at least 20 weight percent of the polyether polymer,
based on the total weight of aryl and heteroaryl groups present in the polymer relative to the weight of the polymer.

6. The article of claim 1, wherein the polyether polymer is a reaction product of ingredients including a polyepoxide
and a polyhydric phenol.

7. The article of claim 6, wherein each of the polyepoxide and the polyhydric phenol independently include an aryl or
heteroaryl group; or
wherein one or more of the polyepoxide or polyhydric phenol are selected from 1,1-di(4-hydroxyphenyl)-cyclohexane,
1,1-di(4-hydroxy-3-methylphenyl)-cyclohexane, 1,1-di(4-hydroxy-3,5-dimethylphenyl)-cyclohexane, or the diglyci-
dyl ether of any of these; or wherein one or more of the polyepoxide or polyhydric phenol are selected from: 1,1-
bis(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane or the diglycidyl ether of 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethyl-
cyclohexane.

8. The article of claim 1, wherein the polyether polymer has a number average molecular weight of at least 2,000.
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9. The article of claim 1, wherein R, if present, is a divalent group other than -C(CH3)2-.

10. The article of claim 1, wherein n is 1 and R includes a quaternary carbon atom in a backbone segment connecting
the two Ar groups.

11. The article of claim 10, wherein R includes at least one cyclic group,
optionally wherein: (i) R is free of ester linkages and (ii) the at least one cyclic group is a divalent alicyclic group.

12. The article of claim 1, wherein n is 1 and R includes at least one ester linkage.

13. The article of claim 12, wherein R comprises a segment of the below formula:

 -R5
t-C(O)-O-R4-O-C(O)-R5

t-

wherein:

R4 is a divalent organic group;
each R5 is a divalent organic group; and
each t is 0 or 1.

14. The article of claim 1, wherein the polyether polymer is free of ester linkages.

15. The article of claim 1, wherein the coating composition includes a liquid carrier and comprises a water-based system;
or
wherein the coating composition includes a liquid carrier and comprises an organic-solvent-based system.

16. The article of claim 1, wherein the coating composition is a food-contact coating.

17. A method, comprising:

providing a metal substrate;
providing a coating composition, comprising:

a polyether polymer having:

one or more segments of the following Formula I: -O-Ar-(Rn-Ar)n-O-,

wherein:

each Ar is independently an aryl or heteroaryl group,
each n is independently 0 or 1,
R, if present, is a divalent organic group, and
the two oxygen atoms are each ether oxygen; and

a glass transition temperature (Tg) of at least 70°C; and

wherein the coating composition is at least substantially free of bisphenol A
and the diglycidyl ether of bisphenol A; and

applying the coating composition on at least a portion of a major surface of the substrate prior to, or after, forming
the substrate into a food or beverage container or a portion thereof.

18. The method of claim 17, further comprising:

forming the metal substrate having the coating composition applied thereon into a food or beverage container
or a portion thereof.

19. The method of claim 17, wherein the metal substrate comprises a portion of a preformed food or beverage container.
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20. A coating composition, comprising:

a film-forming amount of a polyether polymer having:

one or more segments of the following Formula I: -O-Ar-(Rn-Ar)n-O-,

wherein:

each Ar is independently an aryl or heteroaryl group,
each n is independently 0 or 1,
R, if present, is a divalent organic group, and
the two oxygen atoms are each ether oxygen; and

a glass transition temperature (Tg) of at least 70°C; and

a liquid carrier;
wherein the coating composition is at least substantially free of bisphenol A and the diglycidyl ether of bisphenol A.
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