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COATING COMPOSITIONS

Field of Disclosure

[001] Embodiments of the present disclosure are directed to coating compositions, more
specifically, embodiments are coating compositions that include a base polymer comprising a

polyolefin and a polymeric performance improving agent.

Background
[002] Coating compositions can be applied to substrates and be cured, e.g.

crosshinked, to provide a coating on the substrate. There are various coating
compositions utilized to provide differing coatings. Coatings can be utilized to provide
protection of the substrate, provide a base for a subsequent application such as a
decorative coating, reduce friction to help provide for improved handling, and provide
protection for contents stored within a container formed from the coated substrate, among
others.

[003] Some substrates, e.g., metal substrates, can be formed into containers,
such as food and/or beverage containers. Coating compositions can be applied to the

substrates and/or to the interior and/or the exterior of these containers.

Summar

[004} The present disclosure provides coating composition comprising from 20
to 85 percent of an aqueous dispersion based on a total weight of the coating
composition, wherein the aqueous dispersion comprises a melt blending product of (a) a
base polymer comprising a polyolefin, (b) a polymeric performance improving agent (c)
a polymeric stabilizing agent, and (d) a polymeric coupling ageﬁf, wherein the aqueous
dispersion has a solid content from 15 weight percent to 70 weight percent based on a
total weight of the aqueous dispersion, the solid content comprises from 40 to 80 percent
by weight of the base polymer based on a total weight of the solids content, from 3 to 35
percent by weight of the polymeric performance improving agent based on the total

weight of the solids content, from 2 to 35 percent by weight of the polymeric stabilizing
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agent based on the total weight of the solids content, and from 5 to 15 percent by weight
of the polymeric coupling agent based on the total weight of the solids content; a basic
water composition comprising from 90 to 99.99 percent by weight of water based on a
total weight of the basic water composition and from 0.01 percent to 10 percent by
weight of a neutralizing agent based on the total weight of the basic water composition,
wherein the basic water composition is from 0 weight percent to 80 weight percent of the
coating composition based on the total weight of the coating composition; and a
crosslinker, wherein the crosslinker is from 0 weight percent to 40 weight percent of the
coating composition based on the total weight of the coating composition.

[005] The present disclosure provides coated articles comprising a substrate and
a coating on the substrate, wherein the coating includes the coating composition.

[006] The present disclosure provides coated articies comprising a substrate and
a cured coating on the substrate, wherein the cured coating is formed by curing the
coating composition.

(007} The above summary of the present disclosure is not intended to describe
each disclosed embodiment or every implementation of the present disclosure. The
description that follows more particularly exemplifies illustrative embodiments. 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.

Brief Description of the Figures

[008] Figure 1 illustrates a scanning electron microscope (SEM) image of the
coated article with a cured coating of Example 23.
[009] Figure 2 illustrates a scanning electron microscope (SEM) image of the
coated article with a cured coating of Example 25.
[010] Figure 3 illustrates a scanning electron microscope (SEM) image of the
coated article with a cured coating of Example 27.
[011] Figure 4 illustrates a scanning electron microscope (SEM) image of the

coated article with a cured coating of Example 28.
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[012] Figure 5 illustrates a scanning electron microscope (SEM) image of the
coated article with a cured coating of Example 30.
[013] Figure 6 illustrates a scanning electron microscope (SEM) image of

Comparative Example 1.

Detailed Description

[014] Coating compositions are described herein. These coating compositions
can include an aqueous dispersion comprising (a) a base polymer comprising a polyolefin
(b) a polymeric performance improving agent (c) a polymeric stabilizing agent, and (d) a
polymeric coupling agent.

[015] For some coating applications, it is desirable that a coated article
simultaneously provide particular performance characteristics, such as particular
mechanical and chemical resistance properties and particular performance properties.
Surprisingly, it has been found that the coating compositions disclosed herein, which
include an aqueous dispersion comprising (a) a base polymer comprising a polyolefin (b)
a polymeric performance improving agent (c) a polymeric stabilizing agent, and (d} a
polymeric coupling agent, and a crosslinker can provide these performance
characteristics, including particular mechanical and chemical resistance properties and
particular appearance properties, which are desirable for some coating applications.

[016] Embodiments of the present disclosure provide coating compositions that
comprise an aqueous dispersion including a melt blending product of (a) a base polymer
comprising a polyolefin (b) a polymeric performance improving agent (c) a polymeric
stabilizing agent, and (d) a polymeric coupling agent.

[017] As mentioned, embodiments of the present disclosure provide that the
aqueous dispersion can include (a}) a base polymer comprising a polyolefin. For example,
the base polymer can comprise polypropylene and/or polyethylene.

[018] The base polymer comprising a polyolefin can have a density greater than
0.88 grams per cubic centimeter (g/em’). Tor example, the base polymer comprising the
polyolefin can have a density in a range from 0.88 to 1.1 g/cm3, 0.891t0 1.0 g/crn3, 0.90 to
0.98 g/cm®, or 0.91 to 0.97 g/em’.
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[019] Embodiments of the present disclosure provide that the base polymer can
comprise polypropylene and/or polyethylene, such as high density polyethylene, medium
density polyethylene, low density polyethylene, or combinations thereof. As used herein,
high density polyethylene refers to polyethylene having a density in a range from 0.93 to
0.97 grams per cubic centimeter g/cm’. All individual values and subranges from 0.93 to
0.97 g/em? are included herein and disclosed herein; for example, the high density
polyethylene can have a density from a lower limit of 0.93, 0.931, or 0.935 g/em’ to an
upper limit of 0.97, 0.969, or 0.965 g/em®. For example, the high density polyethylene
can have a density from 0.93 to 0.97 g/em?, 0.931 to 0.969 g/em®, or 0.965 to 0.97 glem’.
As used herein, medium density polyethylene refers to polyethylene having a density less
than the high density polyethylene. As used herein, low density polyethylene refers to
polyethylene having a density less than the medium density polyethylene.

[020] Embodiments of the present disclosure provide that the (a) a base polymer
comprising a polyolefin comprises homopolymers and/or copolymers, including
elastomers, of a polyolefin, e.g., polymers of polyethylene and/or polypropylene.
Examples of the polyolefin include, but are not limited to, homopolymers and
copolymers, including elastomers, of one or more alpha-olefins such as ethylene,
propylene, 1-butene, 3-methyl-1-butene, 4-methyl-1-pentene, 3-methyl-1-pentene, 1-
heptene, 1-hexene, 1-octene, 1-decene, and 1-dodecene, as typically represented by
polyethylene, polypropylene, poly-1-butene, poly-3-methyl-1-butene, poly-3-methyl-1-
pentene, poly-4-methyl-1-pentene, ethylene-propylene copolymer, ethylene-I-butene
copolymer, and propylene-1-butene copolymer; copolymers, including elastomers, of an
alpha-olefin with a conjugated or non-conjugated diene, as can be represented by
ethylene-butadiene copolymer and ethylene-ethylidene norbornene copolymer; and
polyolefins, including elastomers, such as copolymers of two or more alpha-olefins with
a conjugated or non-conjugated diene, as can be represented by ethylene-propylene-
butadiene copolymer, ethylene-propylene- dicyclopentadiene copolymer, ethylene-
propylene-1,5-hexadiene copolymer, and ethylene-propylene-ethylidene norbornene
copolymer; ethylene-vinyl compound copolymers such as ethylene-vinyl acetate

copolymer, ethylene-vinyl alcohol copolymer, ethylene-vinyl chloride copolymer,
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ethylene acrylic acid or ethylene-(meth)acrylic acid copolymers, and ethylene-
(meth)acrylate copolymer.

[021] According to a number of embodiments of the present disclosure, the
polyolefin may include a functionalized polyolefin based on polypropylene or
polyethylene homopolymer or copolymer where the polymer has been modified with a
hydroxyl, an amine, an aldehyde, an epoxide, an ethoxylate, a carboxylic acid, an ester,
an anhydride group, or combinations thereof. Some of these functionalized polyolefins
based on polypropylene or polyethylene homopolymers or copolymers, are available, for
example, from Baker Petrolite, a subsidiary of Baker Hughes, Inc.

[022] According to a number of embodiments of the present disclosure, the
polyolefin may include an unfunctionalized polyolefin, such as commercially available
high density polyethylenes including, but not limited to, DMDA-8007 NT 7 (Melt Index
8.3, Density 0.965), DMDC-8910 NT 7 (Melt Index 10, Density 0.943), DMDA-1210
NT 7 (Melt Index 10, Density 0.952), HDPE 17450N (Melt Index 17, Density 0.950),
DMDA-8920 NT 7 (Melt Index 20, Density 0.954), DMDA 8940 NT 7 (Melt Index 44,
Density 0.951), DMDA-8950 N'T 7 (Melt Index 50, Density 0.942), DMDA-8965-NT 7
(Melt Index 66, Density 0.952), all available from The Dow Chemical Company, among
others. Other examples of base polymers are propylene-ethylene alternating copolymers
and propylene-ethylene diblock copolymers and propylene-ethylene alternating
copolymers e.g., those available under the trade name VERSIFY™, such as VERSIFYT™
4200, VERSIFY™ 4000, VERSIFY™ 3200, VERSIFY™ 3000, and VERSIFY™ 3300,
all available from The Dow Chemical Company. Examples of polypropylene base
polymer are PP 6D43 from Braskem America; and PP 35R80 from Propilco S.A.

[023] The polyolefin may have different molecular weights for various
applications. For example, the polyolefin may have a molecular weight of greater than
800 grams/mole; for example, greater than 5000 grams/mole; or in the alternative, greater
than 50000 grams/mole. The polyolefin may have different melting points for various
applications. For example, the polyolefin may have a crystalline melting point of greater
than 100 °C; greater than 101 °C; greater than 102 °C; greater than 103 °C; or greater than
105 °C.
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[024] According to a number of embodiments of the present disclosure the
polyolefin may be a propylene-alpha olefin copolymer, for example, propylene-ethylene
or a propylene-cthylene-butene copolymer or interpolymer. The polyolefin may be a
propylene/alpha-olefin copolymer, which is characterized as having substantially
isotactic propylene sequences. “Substantially isotactic propylene sequences” means that
the sequences have an isotactic triad (mm) measured by 13C NMR of greater than about
0.85; in the alternative, greater than about 0.90; in another aliernative, greater than about
0.92; and in another alternative, greater than about 0.93. Isotactic triads are well-known
in the art and are described in, for example, U.S. Patent No. 5,504,172 and International
Publication No. WO 00/01745, which refer to the isotactic sequence in terms of a triad
unit in the copolymer molecular chain determined by B¢ NMR spectra.

[025] The polyolefin, e.g., the propylene/alpha-olefin copolymer, may have a
crystallinity in the range of from at least 1 percent by weight (a heat of fusion of at least 2
Joules/gram) to 30 percent by weight (a heat of fusion of less than 50 Joules/gram). All
individual values and subranges from I percent by weight (a heat of fusion of at least 2
Joules/gram) to 30 percent by weight (a heat of fusion of less than 50 Joules/gram) are
included herein and disclosed herein; for example, the crystallinity can be from a lower
limit of 1 percent by weight (a heat of fusion of at least 2 Joules/gram), 2.5 percent (a
heat of fusion of at least 4 Joules/gram), or 3 percent (a heat of fusion of at least 5
Joules/gram) to an upper limit of 30 percent by weight (a heat of fusion of less than 50
Joules/gram), 24 percent by weight (a heat of fusion of less than 40 Joules/gram), 15
percent by weight (a heat of fusion of less than 24.8 Joules/gram} or 7 percent by weight
(a heat of fusion of less than 11 Joules/gram). For example, the polyolefin may have a
crystallinity in the range of from at Jeast 1 percent by weight (a heat of fusion of at least 2
Joules/gram) to 24 percent by weight (a heat of fusion of less than 40 Joules/gram); or in
the alternative, the polyolefin may have a crystallinity in the range of from at least 1
percent by weight (a heat of fusion of at least 2 Joules/gram) to 15 percent by weight (a
heat of fusion of less than 24.8 Joules/gram); or in the alternative, the polyolefin may
have a crystallinity in the range of from at least 1 percent by weight (a heat of fusion of at
least 2 Joules/gram) to 7 percent by weight (a heat of fusion of less than 11 Joules/gram);

or in the alternative, the polyolefin may have a crystallinity in the range of from at least 1
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percent by weight (a heat of fusion of at least 2 Joules/gram) to 5 percent by weight (a
heat of fusion of less than 8.3 Joules/gram). The crystallinity can be measured via a
Differential scanning calorimetry (DSC) method. Embodiments provide that the base
polymer can include units derived from propylene and polymeric units derived from one
or more alpha-olefin comonomers. Examples of comonomers that can be utilized to
manufacture the base polymer are C,, and C, to C,y alpha-olefins; for example, C,, Cs4, Cs
and Cg alpha-olefins. The base polymer can include from 1 to 40 percent by weight of
units derived from one or more alpha-olefin comonomers. All individual values and
subranges from 1 to 40 weight percent are included herein and disclosed herein; for
example, the weight percent of units derived from one or more alpha-olefin comonomers
can be from a lower limit of 1, 3, 4, 5, 7, or 9 weight percent to an upper limit of 40, 35,
30,27, 20, 15, 12, or 9 weight percent. For example, the base polymer can comprise
from 1 to 35 percent by weight of units derived from one or more alpha-olefin
comonomers; or in the alternative, the base polymer can comprise from [ to 30 percent
by weight of units derived from one or more alpha-olefin comonomers; or in the
alternative, the base polymer can comprise from 3 to 27 percent by weight of units
derived from one or more alpha-olefin comonomers; or in the alternative, the base
polymer can comprise from 3 to 20 percent by weight of units derived from one or more
alpha-olefin comonomers; or in the alternative, the base polymer can comprises from 3 to
15 percent by weight of units derived from one or more alpha-olefin comonomers.

[026] The base polymer can have a molecular weight distribution (MWD),
defined as weight average molecular weight divided by number average molecular
weight (M /M,,) of 3.5 or less; in the alternative 3.0 or less; or in another alternative from
1.8 to 3.0.

[027] In a number of embodiments of the present disclosure, the base polymer
can be characterized as including between 60 and 100, preferably between 80 and 99 and
more preferably between 85 and 99, weight percent of units derived from polyethylene,
e.g., high density polyethylene, and between greater than zero and 40, preferably between
1 and 20, more preferably between 4 and 16 and even more preferably between 4 and 15,

weight percent units derived from at Ieast one other polyolefin.
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[028] In a number of embodiments of the present disclosure, the base polymer
can be characterized as including between 60 and 100, preferably between 80 and 99 and
more preferably between 85 and 99, weight percent of units derived from polypropylene,
and between greater than zero and 40, preferably between 1 and 20, more preferably
between 4 and 16 and even more preferably between 4 and 15, weight percent units
derived from at least one other polyolefin.

[029] Embodiments of the present disclosure provide that the aqueous dispersion
can include (b) polymeric performance improving agent. The polymeric performance
improving agent can help to simultaneously provide particular performance
characteristics, such as particular appearance properties and particular mechanical and
chemical resistance properties for a coated article, which are desirable for some coating
applications.

[030] The polymeric performance improving agent can have an acid number of
less than 60, less than 50, or for a number of embodiments, less than 42.  Acid number
can be determined by ASTM D-1386, for example. Acid number can refer to an amount
of KOH in mgKOQH/g polymer required to neutralize acid functionality when measured
by titration.

[031] The polymeric performance improving agent can have a melt index value
of less than 100, less than 70, or for a number of embodiments, less than 30. Melt index
values can be determined by ASTM D-1238, for example. Melt index values can be
defined as the amount of polymer melt passing in dg/min (or g/1 0min} through a heated
syringe with a plunger load, e.g., at 190 °C and 2.16 kg load for polyethylene based
polymer and at 230 °C and 2.16 kg for polypropylene based polymer.

(032] Embodiments of the present disclosure provide that the polymeric
performance improving agent can be a maleic anhydride functionalized polyethylene,
such as high density polyethylene. Maleic anhydride functionalized polyethylene
copolymers, terpolymers and blends may also be used. Maleic anhydride functionality
can be incorporated into the polymer by grafting or other reaction methods. When
grafting, the level of maleic anhydride incorporation is typically below 3 percent by
weight based on the weight of the polymer. Examples of commercially available maleic

anhydride functionalized polyethylene include those available under the tradename
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AMPLIFYT™ available from The Dow Chemical Company, such as AMPLIFY™ GR-
204, among others. Amplify GR-204 is 2.5-Furandione modified ethylene/hexene-1
polymer. Other examples of maleic anhydride functionalized polyethylene are available
under the tradename FUSABOND™ available from E.I. du Pont de Nemours and
Company such as FUSABOND™ E-100, FUSABOND™ E-158, FUSABONDT E265,
FUSABOND™ E528, FUSABOND™ E-589, FUSABOND™ M-603, among others;
Other maleic anhydride grafted polyethylene polymers, copolymers, and terpolymers
may include POLYBOND™ gvailable from Chemtura, such as POLYBOND™ 3009 and
POLYBONDT™ 3029, among others; OREVACT™ ayailable from ARKEMA, such as
OREVAC™ [8510P, among others; PLEXAR™ from Lyondell Chemical Company,
such as PLEXAR™ PX-2049; also grades available under the tradename YPAREX from
B.V. DSM Engineering Plastics, such as YPAREX 8305; and polymers available under
the tradename EXXELOR™, such as Exxelor™ PE 1040. Other examples include
LOTADER available from ARKEMA, such as LOTADER 4210 a random terpolymer of
ethylene, acrylic ester and maleic anhydride. Additional polyethylene functionalized
with glycidyl methacrylate may be used. Other examples of the polymeric performance
improving agent include polymers such as propylene-ethylene alternating copolymers
and propylene-ethylene diblock copolymers e.g., propylene-ethylene alternating
copolymers, available under the trade name VERSIFY™, such as VERSIFY™ 4200,
VERSIFY™ 4000, VERSIFY™ 3200, VERSIFY™ 3000, and VERSIFY™ 3300, all
available from The Dow Chemical Company.

[033] Embodiments of the present disclosure provide that the polymeric
performance improving agent is from 3 fo 35 percent by weight of the aqueous dispersion
based on the total weight of the solids content of the aqueous dispersion. All individual
values and subranges from 3 to 35 percent by weight of the aqueous dispersion based on
the total weight of the solids content of the aqueous dispersion are included herein and
disclosed herein; for example, the polymeric performance improving agent can be from a
lower limit of 3, 4, or 5 percent by weight of the aqueous dispersion based on the total
weight of the solids content of the aqueous dispersion to an upper limit of 35, 30, or 16
percent by weight of the aqueous dispersion based on the total weight of the solids

content of the aqueous dispersion. For example, the aqueous dispersion can comprise
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from 3 to 35 percent by weight of the aqueous dispersion based on the total weight of the
solids content of the aqueous dispersion, 4 to 30 percent by weight of the aqueous
dispersion based on the total weight of the solids content of the aqueous dispersion, or 4
to 16 percent by weight of the aqueous dispersion based on the total weight of the solids
content of the aqueous dispersion.

[034] Embodiments of the present disclosure provide that the aqueous dispersion
can include (c) a polymeric stabilizing agent. The polymeric stabilizing agent can help to
promote formation of a stable dispersion, e.g., the aqueous dispersion.

[035] The polymeric stabilizing agent can have an acid number of greater than
100, greater than 110, or for a number of embodiments greater than 140,

[036] For example, the stabilizing agent can be a polar polymer, e.g., including a
polar group as either a comonomer or grafted monomer. In some embodiments, the
stabilizing agent can include one or more polar polyolefins, e.g., having a polar group as
either a comonomer or grafted monomer.

[037} Examples of polymeric stabilizing agents include, but are not limited to,
ethylene-acrylic acid and ethylene-methacrylic acid copolymers, such as those available
under the trademarks PRIMACOR"™, such as PRIMACQRT™ 59801, commercially
available from The Dow Chemical Company, NUCREL", commercially available from
E.l. DuPont de Nemours, and ESCOR™, commercially available from ExxonMobil
Chemical Company and described in U.S. Patent Nos. 4,599,392, 4,988,781, and
5,938,437, each of which is incorporated herein by reference in its entirety. Other
examples of polymeric stabilizing agents include, but are not limited to, ethylene ethyl
acrylate copolymer, ethylene methyl methacrylate, ethylene butyl acrylate, and
combinations thereof. Other ethylene-carboxylic acid copolymer may also be used.
Those having ordinary skill in the art will recognize that a number of other useful
polymers may also be used.

[038] In some embodiments, the stabilizing agent can include a functionalized
polyolefin, e.g., a polypropylene or polyethylene homopolymer or copolymer in which
the polymer has been modified with a hydroxyl, an amine, an aldehyde, an epoxide, an
ethoxylate, a carboxylic acid, an ester, an anhydride group, or combinations thereof.

Some of functionalized polyolefins such as polypropylene or polyethylene

10
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homopolymers and copolymers are available, for example, from Baker Petrolite, a
subsidiary of Baker Hughes, Inc.

[039] For a number of embodiments, the stabilizing agent can include a
surfactant. Examples of the surfactant include, but are not limited to, cationic surfactants,
anionic surfactants, non-ionic surfactants, and combinations thereof. Examples of
anionic surfactants include, but are not limited to, sulfonates, carboxylates, and
phosphates. Examples of cationic surfactants include, but are not limited to, quaternary
amines. Examples of non-ionic surfactants include, but are not limited to, block
copolymers containing ethylene oxide, and silicone surfactants.

[040] The stabilizing agent can include an external surfactant and/or an internal
surfactant, for example. External surfactants are surfactants that do not become
chemically reacted into the polyolefin during dispersion preparation. Examples of
external surfactants include, but are not limited to, salts of dodecyl benzene sulfonic acid
and lauryl sulfonic acid salt. Internal surfactants are surfactants that do become
chemically reacted into the polyolefin during dispersion preparation.

[041] Examples of commercially available surfactants include, but are not
limited to: OP-100 (a sodium stearate), OPK-1000 (a potassium stearate), and OPK-181
(a potassium oleate), each available from RTD Hallstar; UNICID 350, available from
Baker Petrolite; DISPONIL FES 77-IS and DISPONIL TA-430, each available from
Cognis; RHODAPEX CO-436, SOPROPHOR 4D384, 3D-33, and 796/P, RHODACAL
BX-78 and LDS-22, RHODAFAC RE-610, and RM-710, and SUPRAGIL MNS/90, each
available from Rhodia; and TRITON QS-15, TRITON W-30, DOWFAX 2A1,
DOWFAX 3B2, DOWFAX 8390, DOWFAX C6L, TRITON X-200, TRITON XN-458,
TRITON H-55, TRITON GR-5M, TRITON BG-10, and TRITON CG-110, each
available from The Dow Chemical Company, Midland, Michigan.

[042] The stabilizing agent can include solution or suspension polymers, e.g.,
polymers of ethylenically unsaturated monomers such as acrylic and/or methacrylic acid
and their (C-Cjp) esters or amides; acrylamide/methacrylamide and their N-substituted
derivatives; acrylonitrile; styrene and substituted styrene derivatives.

[043] The stabilizing agent can include a polymeric stabilizing agent. Examples

of polymeric stabilizing agents include, but are not limited to, amphiphilic copolymer
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compositions, the copolymer including the reaction product of from 5 weight percent to
95 weight percent of one or more hydrophilic monomers and from 5 weight percent to 95
weight percent of one or more copolymerizable ethylenically unsaturated hydrophobic
monomers. These materials can be water soluble and/or emulsifiable, for example upon
neutralization and can act as colloidal stabilizers.

[044] Examples of nonionic monomers useful for production of amphiphilic
copolymer compositions, include, but are not limited to, acrylamide, methacrylamide,
N,N-dimethylacrylamide, N,N-diethylacrylamide, N-isopropylacrylamide, N-
vinylformamide, N-vinylmethylacetamide, N-vinyl pyrrolidone, hydroxyethyl
methacrylate, hydroxyethyl acrylate, hydroxypropyl acrylate, hydroxypropyl
methacrylate, t-butylacrylamide, N methylolacrylamide, alkyl(meth)acrylates such as
methyl(meth)acrylate, butyl acrylate and ethylacrylate, vinyl monomers such as ethylene,
styrene, divinylbenzene, di-isobutylethylene, vinyl acetate and N-vinyl pyrrolidone, and
allyl monomers such as allyl (meth)acrylate.

[045] Examples of monomers useful for production of amphiphilic copolymer
compositions include, but are not limited to, unsaturated amide functionalized monomers
such as acrylamide, methacrylamide, N,N-dimethylacrylamide, N,N-diethylacrylamide,
N-isopropylacrylamide, N-vinylformamide, N-vinylmethylacetamide, N-vinyl
pyrrolidone, t-butylacrylamide, and N-methylolacrylamide; monomers containing
quaternary ammonium salts such as tributylammonium ethyl(meth)acrylate chloride,
diallyldimethylammonium chloride, methylacrylamidopropyltrimethylammonium
chloride, acrylamidopropyltrimethylammonium chloride, polyquaternium-11 and
polyquaternium-4; and amine functionalized monomers such as vinylimidazole.

[046] “Anionic” or “acid-containing monomer” useful for production of
amphiphilic copolymer compositions include, but are not limited to, ethylenically
unsaturated monomers containing carboxylic acid, phosphonic acid, phosphinic acid,
sulfinic acid, sulfonic acid groups, and anhydrides that are subsequently hydrolyzed.
Suitable examples include (meth)acrylic acid, maleic acid, fumaric acid, itaconic acid,
vinyl phosphonic acid, phosphoethyl (meth)acrylate, and vinylsulfonic acid.

[047] According to a number of embodiments, one or more of the stabilizing

agents may be based on resins such as polyester, epoxy resins, polyamide resins, which
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might be reacted with acrylic resins or acrylic monomers to form polyester acrylate,
polyamide acrylates, and epoxy resin acrylates.

[048] Polyester resins useful for producing stabilizing agents may be obtained in
accordance with conventional procedures well known to those of ordinary skill in the art
by reacting, for example, a polybasic acid that contains at least two carboxyl groups per
polybasic acid molecule (e.g. an at least dibasic polycarboxylic acid) with a polyhydric
alcohol that contains at least two hydroxyl groups in the polyhydric alcohol (e.g., at least
dihydric alcohol) in presence of a conventional esterification catalyst at an elevated
temperature with or without solvent present. Alternatively alkyl esters of the
polycarboxylic acids or anhydrides of polycarboxylic acids can be reacted in presence of
a conventional esterification catalyst at an elevated temperature. One or more
polymerizable double bonds may be included into the polyester by employing a polybasic
acid that contains polymerizable double bonds and/or a polyhydric alcohol that contains
polymerizable double bonds.

[049] The stabilizing agent may include a polyester acrylate. Polyester acrylates
may be formed via in-situ polymerization of copolymerizable ethylenically unsaturated
monomers m presence of polyesters. Examples include ethylenically unsaturated mono-
or polyfunctional acids, ethylenically unsaturated mono- or polyfunctional acid esters,
amides, nitriles as well as vinyl monomers and vinyl ester with a polyester in or without
presence of a reaction fluid. Polyester acrylates in solvents can be dried according to
suitable methods known to those of ordinary skill in the art.

[050] The stabilizing agent may include an epoxy resin. Epoxy resins may be
obtained in accordance with conventional procedures well known to those of ordinary
skill in the art, e.g., by reacting a polyepoxide with a suitable polynucleophile. Suitable
epoxides include, but are not limited to, glycidyl ethers, and other epoxy group
containing molecules. Suitable polynucleophiles include, but are not limited to,
polyhydric phenols, and poly phenols, polythiols, aliphatic polyalcohols or polybasic
acids or polyamines. Examples of epoxies include, but are not limited to, glycidyl ether
that contains at least two glycidyl ether groups per polyglycidyl ether molecule (e.g. an at
least diglycidyl ether) with a polyhydric phenol that contains at least two hydroxyl groups
in the polyhydric polyphenol (e.g., at least dihydric phenol or a diphenol) in presence of a
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conventional catalyst at an elevated temperature with or without solvent present. Other
epoxy resins may be obtained in accordance with conventional procedures well known to
those of ordinary skill in the art by reacting, for example, a polyglycidyl ether that
contains at least two glycidyl ether groups per polyglycidyl ether molecule (e.g. an at
least diglycidyl ether) with a polybasic acid that contains at least two carboxyl groups per
polybasic acid molecule (e.g. an at least dibasic polycarboxylic acid) in presence of a
conventional catalyst at an elevated temperature with or without solvent present.

[051] | The stabilizing agent may include an epoxy acrylate. The epoxy acrylates
may be formed via in-situ polymerization of copolymerizable ethylenically unsaturated
monomers in presence of epoxy resins. Examples include, but are not limited to,
ethylenically unsaturated mono- or polyfunctional acids, ethylenically unsaturated mono-
or polyfunctional acid esters, amides, nitriles as well as vinyl monomers and vinyl ester
with an epoxy resins in or without presence of a reaction fluid. Altematively a polymeric
acid functional acrylic resin can be reacted with an epoxy resin in the presence of a
suitable catalyst to form epoxy acrylate. Epoxy acrylates in solvents can be dried
according to suitable methods known to those of ordinary skill in the art.

{052] Embodiments of the present disclosure provide that the aqueous dispersion
can include (d) a polymeric coupling agent. The polymeric coupling agent can help in
formation of the aqueous dispersion, e.g., help provide a more uniform dispersion, and/or
improve properties of a cured coating composition. Coupling agents may also be referred
to as compatiblizers.

[053] The polymeric coupling agent can have a melt viscosity of less than 80000
centipoise (cP) at 150 °C, less than 40000 cP at 150 °C, less than 20000 cP at 150 °C, or
for a number of embodiments, less than 10000 ¢P at 150 °C. Melt viscosity can be
determined by DIN 53019 or ASTM D-1986, e.g., measurement of wax viscosity using a
Brookfield rotational viscometer. For a number of embodiments, the polymeric coupling
agent can have an acid number less than 100.

[054] The polymeric coupling agent can include a modified, e.g., functionalized,
polymer, such as a functionalized polyolefin, and optionally a low molecular weight
compound having reactive polar groups. Examples of the polymeric coupling agent

include, but are not limited to modified olefin polymers. The modified olefin polymers
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can include graft copolymers and/or block copolymers, such as propylene-maleic
anhydride graft copolymer. Examples of groups that can modify the polymer include, but
are not limited to, acid anhydrides, carboxylic acids, carboxylic acid derivatives, primary
and secondary amines, hydroxyl compounds, oxazoline and epoxides, and ionic
compounds, and combinations thereof. Specific examples of the groups that can modify
the polymer include, but are not limited to, unsaturated cyclic anhydrides and their
aliphatic diesters, and the diacid derivatives. For example, maleic anhydride and
compounds selected from C;-Cy linear and branched dialkyl maleates, C,-C)g linear and
branched dialkyl fumarates, itaconic anhydride, C;-C¢ linear and branched itaconic acid
dialkyl esters, maleic acid, fumaric acid, itaconic acid, and combinations thereof.
Commercially available examples of polymeric coupling agents include, but are not
limited to, polymers available under the trade name LICOCENE® from Clartant
Corporation, such as LICOCENE® PE MA, which is a maleic anhydride modified
polyethylene wax and LICOCENE® PP MA, which is a maleic anhydride modified
polypropylene wax; polymers under the trade name A-C™ Performance Additives from
Honeywell Corporation, such as AC-575™ which is an ethylene maleic anhydride
copolymer, and AC-392™ and AC-395™ which are high density oxidized polyethylene;
products under the trade name CERAMER from Baker-Hughes Company, such as
CERAMER 1608; PA-18 polyanhydride copolymer from Chevron-Phillips Company,
EXXELOR™ from ExxonMobil Chemical Company; and Epolene from Westlake
Chemical Company.

[055] The aqueous dispersion includes a fluid medium, e.g., water.

The aqueous dispersion can comprise 30 weight percent to 85 weight percent of water
based on a total weight of the aqueous dispersion; for example the aqueous dispersion can
comprise 35 weight percent to 80 weight percent, 40 weight percent to 75 weight percent,
or 45 weight percent to 70 weight percent of water based on a total weight of the aqueous
dispersion.

[056] Accordingly, the aqueous dispersion can comprise a solids content that is
15 weight percent to 70 weight percent based on the total weight of the aqueous

dispersion; for example the aqueous dispersion can have solids content that is 20 weight
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percent to 68 weight percent, 25 weight percent to 65 weight percent, or 30 weight
percent to 60 weight percent based on the total weight of the aqueous dispersion.

[057] The solids content of the aqueous dispersion can comprise 40 to 80
percent by weight of the base polymer based on a total weight of the solids content; for
example the solids content of the aqueous dispersion can comprise 55 to 80 percent, or 60
to 80 percent by weight of the base polymer based on the total weight of the solids
content.

[058] The solids content of the aqueous dispersion can comprise 3 to 35 percent
by weight of the polymeric performance improving agent based on the total weight of the
solids content; for example the solids content of the aqueous dispersion can comprise 3 to
35 percent by weight of the polymeric performance improving agent based on the total
weight of the solids content, 4 to 30 percent by weight of the polymeric performance
improving agent based on the total weight of the solids content, 4 to 20 percent by weight
of the polymeric performance improving agent based on the total weight of the solids
content, or 4 to 16 percent by weight of the polymeric performance improving agent
based on the total weight of the solids content.

[059] The solids content of the aqueous dispersion can comprise 2 to 35 percent
by weight of the stabilizing agent based on the total weight of the solids content; for
example the solids content of the aqueous dispersion can comprise 2 to 30 percent, or 5 to
20 percent by weight of the stabilizing agent based on the total weight of the solids
content.

[060] The solids content of the aqueous dispersion can comprise 5 to 15 percent
by weight of the polymeric coupling agent based on the total weight of the solids content;
for example the solids content of the aqueous dispersion can comprise 5 to 13 percent, or
5 to 10 percent by weight of the polymeric coupling agent based on the total weight of
the solids content.

[061] The aqueous dispersion can be from 20 to 85 weight percent of the coating
composition based on a total weight of the coating composition; for example the aqueous
dispersion can be 55 to 80 weight percent, or 60 to 75 weight percent of the coating

composition based on the total weight of the coating composition. For a number of
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embodiments, the aqueous dispersion can be 100 weight percent of the coating
composition based on a total weight of the coating composition.

[062] According to a number of embodiments of the present disclosure, the
aqueous dispersion can comprise a neutralizing agent, e.g., such that the aqueous
dispersion has a pH in a range from 8 to 11. All individual values and subranges from 8
to 11 are included herein and disclosed herein; for example, the aqueous dispersion can
have a pH from a lower limit of 8, 8.1, 8.2, or 8.3 to an upper limitof 11, 10.9, 10.8, or
10.7. For example, the aqueous dispersion can have a pH from 8to 11, 8.1 t0 10.9, 8.2 to
10.8, or 8.3 to 10.7. Examples of the neutralizing agent include, but are not limited to,
hydroxides, carbonates, amines, and combinations thereof. Examples of hydroxides
include, but are not limited to, ammonium hydroxide, potassium hydroxide, lithium
hydroxide, and sodium hydroxide. Examples of carbonates include, but are not limited to
sodium carbonate, sodium bicarbonate, potassium carbonate, and calcium carbonate.
Examples of amines include, but are not limited to monoethanolamine, diethanolamine,
triethanolamine, ammonia, monomethylamine, dimethylamine, trimethylamine, 2-amino-
2-methyl-1-propanol, triisopropanolamine, diisopropanolamine, N,N-
dimethylethanolamine, mono-n-propylamine, dimethyl-n propylamine, N-methanol
amine, N-aminoethylethanolamine, N-methyldiethanolamine, monoisopropanolamine,
N,N-dimethy! propanolamine, 2-amino-2-methyl-1-propanol, tris(hydroxymethyl)-
aminomethane, N,N,N'N'-tetrakis(2-hydroxylpropyl) ethylenediamine, 1.2-
diaminopropane, 2-amino-2-hydroxymethyl-1,3-propanediol, N,N'-ethylenebis|bis(2-
hydroxypropyl)amine] toluene-p-sulphonate, and combinations thereof. As an example,
the aqueous dispersion can comprise a basic water composition. The basic water
composition can comprise from 90 to 99.99 percent by weight of water based on a total
weight of the basic water composition and from 0.01 percent to 10 percent by weight of a
neutralizing agent, as discussed herein, based on the total weight of the basic water
composition. Embodiments of the present disclosure provide that the basic water
composition is from O weight percent to 80 weight percent of the coating composition
based on the total weight of the coating composition.

[063] The aqueous dispersions can be formed by various processes recognized

by those having skill in the art. Embodiments provide that one or more base polymers, a
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performance improving agent, a polymeric stabilizing agent, and a polymeric coupling
agent are melt-kneaded in an extruder, e.g. via a BLUEWAVE™ process, to form a melt
blending product. Water and a neutralizing agent, e.g., a base, such as ammonia,
potassium hydroxide, or a combination thereof can be utilized to form an aqueous
dispersion, e.g., an aqueous polyolefin dispersion. In a number of embodiments, the
aqueous dispersion is first diluted to contain about 1 to about 3% by weight water and
then, subsequently, further diluted to comprise greater than about 25% by weight water.
[064] Various melt-kneading processes known in the art may be used. In some
embodiments, a kneader, a BANBURY® mixer, single-screw extruder, or a multi-screw
extruder, e.g. a twin screw extruder, may be utilized. A process for producing the
aqueous dispersions in accordance with the present disclosure is not particularly limited.
For example, an extruder, in certain embodiments, for example, a twin screw extruder, is
coupled to a back pressure regulator, melt pump, or gear pump. Embodiments also
provide a base reservoir and an initial water reservoir, each of which includes a pump.
Desired amounts of base and initial water can be provided from the base reservoir and the
initial water reservoir, respectively. Various suitable pumps may be used, but in some
embodiments, for example, a pump that provides a flow of about 150 cc/min at a pressure
of 240 bar can be used to provide the base and the initial water to the extruder. In other
embodiments, a liquid injection pump provides a flow of 300 ce/min at 200 bar or 600
ce/min at 133 bar. In some embodiments, the base and initial water are preheated in a
preheater. For example, in a number of embodiments, one or more base polymers, e.g.,
in the form of pellets, powder, or flakes, can be fed from the feeder to an inlet of an
extruder where the polymers are melted or compounded. In some embodiments, a
dispersing agent can be added to the one or more base polymers through and along with
the resin and in other embodiments, a dispersing agent can be provided separately to the
extruder. The melted polymers can then be delivered from the mix and convey zone to
an emulsification zone of the extruder where an initial amount of water and/or base from
the water and base reservoirs can be added through an inlet. In some embodiments, a
dispersing agent may be added additionally or exclusively to the water stream. In some
embodiments, further dilution water may be added via water inlet from a water reservoir

to a dilution and cooling zone of the extruder. The aqueous dispersion can be diluted,
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e.g., to at least 30 weight percent water, in the cooling zone. Further dilution may occur a
number of times until the desired dilution level is achieved. Insome embodiments, water
is not added into the twin screw extruder but rather to a stream containing the melt produt
after the melt product has exited from the extruder. In this manner, steam pressure build-
up in the extruder is eliminated and the aqueous dispersion is formed in a secondary
mixing device such as a rotor stator mixer,

[065] In one or more embodiments, a process for producing the aqueous
dispersion comprises the steps of (1) selecting a base polymer comprising high density
polyethylene or polypropylene; (2) selecting a polymeric performance improving agent;
(3) selecting a polymeric stabilizing agent; (4) selecting a polymeric coupling agent; (5)
selecting a liquid media comprising water; (6) optionally selecting one or more
neutralizing agents; (7) melt-blending the a base polymer comprising high density
polyethylene or polypropylene, the polymeric performance improving agent, the
polymeric stabilizing agent, and the polymeric coupling agent in the presence of water
and optionally one or more neutralizing agents; (6} thereby forming an emulsified
mixture; (7) contacting the emulsified mixture with additional dilution water while
optionally removing heat therefrom; (8) thereby forming solid particles dispersed in the
water; and (9) thereby forming the aqueous dispersion.

[066] The aqueous dispersion, e.g., the solid content, can have an average
volume particle size diameter in the range of from 400 to 2000 nanometers (nm). All
individual values and subranges from 400 to 2000 nm are included herein and disclosed
herein; for example, the aqueous dispersion can have an average volume particle size
diameter from a lower limit of 400, 425, or 450 nm to an upper limit of 2000, 1800, or
1750 nm. For example, the aqueous dispersion can have an average volume particle size
diameter from 400 to 2000 nm, 425 to 1800 nm, or 450 to 1750 nm.

[067] Embodiments of the present disclosure provide that the coating
compositions disclosed herein can be formed by combining the aqueous dispersion, as
discussed herein, with one or more other components to form the coating compositions.
The aqueous dispersion and one or more other components of the coating compositions,
discussed further herein, can be combined by various processes. For example, the

aqueous dispersion and other components of the coating compositions can be mixed
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manually, by utilizing a mixer such as a static mixer, also referred as in-line mixers,
and/or by utilizing an agitated vessel, such as an agitated tank to form the coating
compositions disclosed herein, among other processes.

[068] The coating compositions disclosed herein can comprise a basic water
composition. The basic water composition includes a neutralizing agent. Examples of
the neutralizing agent include, but are not limited to, those neutralizing agents discussed
herein.

{069} The basic water composition can comprise from 90 to 99.9 percent by
weight of water based on a total weight of the basic water composition. All individual
values and subranges from 90 to 99.99 percent by weight of water based on a total weight
of the basic water composition are included herein and disclosed herein; for example, the
percent by weight of water based on a total weight of the basic water composition can be
from a lower limit of 90, 90.5, 91, or 93 to an upper limit of 99.99, 99.9, 99, or 98
percent. For example, the basic water composition can comprise from 90 to 99.99, 90.5
t0 99.9, 91 to 99, or 93 to 98 percent by weight of water based on a total weight of the
basic water composition. The basic water composition can comprise from 0.01 to 10
percent by weight of a neutralizing agent based on the total weight of the basic water
composition. All individual values and subranges from 0.01 to 10 percent by weight of
the neutralizing agent based on a total weight of the basic water composition are included
herein and disclosed herein; for example, the percent by weight of the neutralizing agent
based on a total weight of the basic water composition can be from a lower limit of 0.01,
0.1, I, or 2 to an upper limit of 10, 9.5, 9, or 7 percent. For example, the basic water
composition can comprise from 0.01 to 10, 0.1 t0 9.5, 1 to 9, or 2 to 7 percent by weight
of the neutralizing agent based on a total weight of the basic water composition.

[070] The coating compositions disclosed herein can comprise a crosslinker. The
crosslinker can be from 0 to 40 weight percent of the coating composition based on the
total weight of the coating composition. All individual values and subranges from 0 to 40
weight percent are included herein and disclosed herein; for example, the crosslinker can
be from a lower limit of 0, (.01, 0.02, or 0.1, to an upper limit of 40, 30, or 20 weight
percent of the coating composition based on the total weight of the coating composition.

For example, the crosslinker can be from 0 to 40 weight percent, 0.01 to 40 weight
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percent, 0.02 to 30 weight percent, or 0.1 to 20 weight percent of the coating composition
based on the total weight of the coating composition.

[071] Embodiments of the present disclosure provide that the crosslinker may be
a compound, which reacts with a reactive functional group contained in the coating
composition; thereby facilitating the crosslinking between such functional groups. Such
functional groups can be present in components of the aqueous dispersion, for example in
(a) the base polymer, (b) the polymeric stabilizing agent, and/or (¢) the compatiblizer.
For example, reactive functional groups include, but are not limited to, acid groups such
as carboxylic acid groups, free or in the neutralized form, or any functional groups having
another active hydrogen by another component such as aleohol groups, amino groups, or
the like.

[072] Crosslinkable functional groups in the crosslinker are groups capable of
reacting with the reactive functional groups of the coating compositions. For example, a
carbodiimide group, an oxazoline group, an isocyanate group, a hydroxyalkylamide
group, an epoxy group, a methylol group, an aldehyde group, an acid anhydride group, a
hydroxy group, an aziridinyl group, and/or a silane group can be for the crosslinker.
[073] Another possibility of crosslinking acid functional groups is by use of
multivalent metal ions by reaction of the aforementioned acid groups with a multivalent
metal ion containing substance, such as zinc oxide. Carboxylic acids could also be
crosslinked in reactions with multifunctional olefinic unsaturated substances under

* catalysis of a strong acid. Multifunctional carbonates could also react with carboxylic
acids to give ester linkages with liberation of carbon dioxide. Also, polyolefinic
materials may be crosslinked via free radical crosslinking, initiated by addition of
peroxides or via radiation, e.g., electron beam.

[074] According to a number of embodiments the crosslinker comprises phenol-
formaldehyde resins; hydroxyalkylamide resins; amino-formaldehyde resins including,
but not limited to, urca-formaldehyde resins, melamine formaldehyde resins,
benzoguanamine formaldehyde resins, anhydride resins; epoxy group containing resins,
including, but not limited, to epoxy resins, epoxy group containing polyester or acrylic
resins and blocked isocyanate resins, and combinations of two or more thereof, provided

that the combinations of such crosslinkers is compatible.
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[075] The crosslinker may be a waterdispersed, waterdispersible, or water-
soluble substance. According to a number of embodiments, examples of the crosslinker
include, but are not limited to, an aqueous monomeric or polymeric substance, which
contains two or more oxazoline groups, carbodiimide groups, hydroxyalkylamide groups,
epoXy groups, isocyanate groups, methylol groups etc. or several of these per molecule.
[076] An example of an oxazoline crosslinker is an aqueous polymer having two
or more oxazoline groups in its molecules, which can be obtained by polymerizing an
oxazoline group-containing monomer and, as required, an ethylenic unsaturated
monomer. Alternatively an oxazoline crosslinker can also be obtained by reaction
between a nitrile group and an aminoethanol group, dehydration of a hydroxylalkylamide
group and the like.

[077] Crosslinkers having two or more carbodiimide groups can be produced
from diisocyanate compounds by a condensation reaction accompanied by
decarboxylation reaction of a diisocyanate compound. Examples of the diisocyanate
compound include, but are not limited to, 1,5-naphthylene diisocyanate, 4,4~
diphenylmethane diisocyanate, 4,4’ -diphenyldimethylmethane diisocyanate, 1,4-
phenylene diisocyanate, 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate,
hexanemethylene diisocyanate, cyclohexane-1,4-diisocyanate, xylylene diisocyanate,
isophorone diisocyanate, dicyclohexylmethane-4,4’-diisocyanate, methylcyclohexane
diisocyanate, and tetramethylxylylene diisocyanate and the like. These compounds may
also be used as mixtures. Monofunctional isocyanates may be included, e.g., to control
the resin molecular chain length, such as phenyl isocyanate, tolyl isocyanate,
cyclohexylisocyanate, dimethylphenyl isocyanate, butylisocyanate, and naphthyl
isocyanate are useful. Diisocyanate substances may be partially reacted with aliphatic
compounds, alicyclic compounds, or aromatic compounds having a hydroxyl group, an
imino group, an amino group, a carboxyl group, a mercapto group, an epoxy group, and
the like. In the condensation reaction accompanied by decarboxylation of a diisocyanate
compound, a carbodiimidization catalyst can be used. Usable as such a catalyst are, for
example, phospholene oxides such as 1-phenyl-2-phospholene-1-oxide,3-methyl-2-
phospholene-1-oxide, 1-ethyl-2-phospholene-1-oxide, and 3-phospholene isomers

thereof.
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[078] To convert a carbodiimide group-containing polymer into an aqueous
polymer, a hydrophilic segment can be provided in the molecular structure of the
carbodiimide group-containing polymer. For example, an aqueous polymer containing a
carbodiimide group can be obtained by providing a hydrophilic segment having a
functional group which has reactivity with an isocyanate group. Usable as the hydrophilic
segment are: quaternary ammonium salts of dialkylamino alkylamine (e.g., quaternary
ammonium salts of 2-dimethylaminoethanol}; quaternary salts of dialkylamino
alkylamine(e.g., 3-dimethylamino-n-propylamine); alkyl sulfonic acid salts having at
least one reactive hydroxyl group (e.g., sodiumhydroxypropanesulfonate); a mixture of
polyethylene oxide or polyethylene oxide, whose terminal is capped with an alkoxy
group, and a polypropylene oxide (e.g., polyethylene oxide whose terminal position is
capped with a methoxygroup or an ethoxy group).

[079] The crosslinker, e.g. an aqueous crosslinker, may contain an epoxy group;
examples include, but are not limited to, sorbitol polyglycidyl ether, glycerol triglycidyl
ether, polyglycerol polyglycidyl ether, trimethylolpropane triglycidyl ether,
poly(ethyleneglycol) diglycidyl ether, poly(propyleneglycol) diglycidyl ether, phenol
ethyleneoxide glycidyl ether, and lauryl alcohol ethyleneoxide glycidyl ether or the like.
In addition to the above, mentioned as examples are: a water-soluble epoxy resin
obtained by reacting a carboxy compound, which is obtained through a reaction between
a polyoxyethylene polyol compound and an anhydride compound, and an epoxy resin
having two or more epoxy groups in its molecules; and a self-emulsifiable epoxy resin
composition obtained by mixing the water-soluble epoxy resin and the epoxy resin
having two or more epoxy groups in its molecules. Such resins can be obtained for
example under the tradenames of XZ 92533.00, XZ 92598.00, and X7, 92446.00 from
The Dow Chemical Company.

[080] Examples of the anhydride compound include, but are not limited to,
aromatic anhydrides such as phthalic anhydride, trimellitic anhydride, and pyromellitic
anhydride; and cyclic aliphatic anhydrides such as maleic anhydride, suceinic anhdyride,
tetrahydrophthalic anhydride, methyl tetrahydrophthalic anhydride, methyl nadic
anhydride, alkenyl succinic anhdyride, hexahydrophthalic anhydride, and methyl

hexahydrophthalic anhydride. There is no limitation on the epoxy resin having two or
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more epoxy groups in its molecules, and all known epoxy resins with an epoxy
functionality of greater or equal to two can be used. Examples are polyglycidyl ether
obtained from epichlorohydrin and a polyhydric compound such as, phenol novolac, and
cresol novolac bisphenol A, bisphenol F, bisphenol S, resorcinol, hydroquinone or
catechin; alkylene oxide-added bisphenol A; polyalcohols such as polypropylene glycol,
1,6-hexanediol, trimethylol propane, glycerin, cyclohexanedimethanol; and polyglycidyl
ester and polyglycidyl amine of polycarboxylic acids such as adipic acid, phthalic acid,
dimer acid and the like.

[081] The crosslinker, e.g. an aqueous crosslinker, containing an isocyanate
group are, for example: polyisocyanate mainly containing at least one member selected
from the group consisting of an isocyanurate group-containing polyisocyanate, an
urethodione group-containing polyisocyanate, an urethodione group/isocyanurate group
containing polyisocyanate, an urethane group containing polyisocyanate, an allophanate
group containing polyisocyanate, a biuret group containing polyisocyanate, a
carbodiimide group containing polyisocyanate, and an uretodione group containing
polyisocyanate, each of which contains 1,6-hexamethylene diisocyanate and/or
1sophorone diisocyanate as a raw material; and a self-emulsifiable polyisocyanate
obtained by reacting a hydrophilic surfactant having at least one active hydrogen group
which can react with an isocyanate group or polyethylene ether alcohol containing at
least three poly-ethylene oxide units with fatty acid ester in which the sum of the number
of carbons of fatty acid and a hydroxyl containing compound as raw materials is 8 or
more and which has at least one active hydrogen group which can react with an
isocyanate group. In addition to the above, an urethane group-containing polyisocyanate
obtained by reaction between 1,6-hexamethylenediisocyanate and/or an tsophorone
diisocyanate and an active hydrogen group-containing compound or polyisocyanate
obtained by an allophanatization reaction, carbodiimidization reaction, uretodionization
reaction, and biuretization reaction of these diisocyanate compounds can be mentioned.
[082] Examples of the crosslinker derived from aldehyde are water-dispersed or
water-dispersible or water-soluble phenol formaldehyde resins, amino formaldehyde

resins or combinations thereof.
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(083] Phenol formaldehyde crosslinkers include, but are not limited to, reaction
products of aldehydes with phenols. Examples of aldehdydes include, but are not limited
to, formaldehyde and acetaldehyde. Various phenols can be used such as, but not limited
to, phenol, cresol, p-phenylphenol, p-tert-butylphenol, p-tert-amylphenol,
cyclopentylphenol, cresylic acid, bisphenol-A, bisphenol-F, and the like, and
combinations thereof. Examples of commercially available phenol formaldehyde
crosslinkers include resole-formaldehyde resins, such as BAKELITE™ 6581LB,
available from Bakelite A.G, and PHENODUR™ PR 612, available from CYTEC
Industries, among others. Also acid functional phenols could be used in making phenol
formaldehyde resins. The crosslinkers can be unetherified or etherified with alcohols or
polyols. These phenol formaldehyde resins may be soluble or self-emulsifiable in water
or can be stabilized by use of colloid stabilizers such as polyvinyl alcohol.

[084] Amino formaldehyde crosslinkers include, but are not limited to, reaction
products of aldehydes with amino or amido group containing molecules. Examples of
aldehydes include, but are not limited to, formaldehyde and acetaldehyde. Various amino
or amido group containing molecules can be used such as, but not limited to, urea,
melamine, benzoguanamine, acetoguanamine, glycoluril and the like. Suitable amino
crosslinking resins include melamine-formaldehyde, urea-formaldehyde,
benzoguanamine-formaldehyde, acetoguanamine—formaldehyde, glycoluril-formaldehyde
resins. Also the methylol groups of an amino formaldehyde resin can be partially or fully
etherified with at least one of the groups of monohydric aliphatic alcohols such as
methanol and/or n-butanol. These amino formaldehyde resins may be soluble or self-
emulsifiable in water or can be stabilized by use of colloid stabilizers such as polyvinyl
alcohol can be used to stabilize the amino formaldehyde dispersions.

[085] Examples of commercially available amino-formaldehyde resins which
are water soluble or water dispersible and useful for the instant purpose include Cymel™
301, Cymel™ 303, Cymel™ 370, and Cymel™ 373, from Cytec Surface Specialties.
Other aldehydes used to react with the amino compound to form the resinous material are
crotonic aldehyde, acrolein, or compounds which generate aldehydes, such as

hexamethylene-tetramine, paraldehyde, and the like.
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[086] A number of embodiments provide that the crosslinker comprises a
hydroxyalkyl amide. The crosslinkers can be water-soluble and be employed to crosslink
carboxylic acid. Examples of hydroxyalkyl amides include, but are not limited to,
Bis(N,N’-dihydroxyethyl)adipamide and the like. Such compounds are commerciaily
available under the tradename of PRIMID™ crosslinker resins from EMS-PRIMID in
Switzerland, for example PRIMID™ X1.-522, PRIMID™ SF-4510 and PRIMID™ QM-
1260.

[087] A number of embodiments provide that one or more crosslinkers may be
added to the aqueous dispersion as part of the aqueous dispersion formulation process; or
in the alternative, a number of embodiments provide that one or more crosslinkers may
be added to the coating composition, e.g. the crosslinker may be added to the aqueous
dispersion after the dispersion formulation process.

[088] Depending on the coating application, ¢.g., the type of food and/or
beverage that is to be contained in a coated container, and on desired coating properties it
may be beneficial to combine several crosslinkers. Also, for some coating applications
some crosslinkers may be more suited than others. Some crosslinkers may not be suited
for particular coating applications. Some crosslinkers may be employed with the addition
of catalysts for curing. Crosslinkers can help to build thermoset networks which are
indicated by higher values of MEK Double Rubs, e.g., as compared to an identical
coating composition not containing the crosslinker.

[089] Embodiments of the present disclosure provide that the coating
composition can include an antioxidant. The antioxidant can be from 0.001 weight
percent to 0.1 weight percent of the coating composition based on the total weight of the
coating composition. All individual values and subranges from 0.001 to 0.1 weight
percent are included herein and disclosed herein; for example, the antioxidant can be
from a lower limit of 0.001, 0.002, or 0.005, to an upper limit of 0.1, 0.09, or 0.07 weight
percent of the coating composition based on the total weight of the coating composition.
For example, the antioxidant can be from 0.001 to 0.1 weight percent, 0.002 to 0.09
weight percent, or 0.005 to 0.07 weight percent of the coating composition based on the
total weight of the coating composition. The antioxidant can help to protect the aqueous

dispersion, e.g., at high cure temperatures. Embodiments of the present disclosure
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provide that the antioxidant comprises a hindered phenolic. An example of the hindered
phenolic includes, but is not limited to, pentaerythritol tetrakis(3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate, which is commercially available, such as IRGANOX™ 1010,
available from BASF.

[090] Embodiments of the present disclosure provide that the coating
composition can include an additive. Examples of the additive include, but are not
limited to, fillers, catalysts, wetting agents, defoamers, flow agents, release agents, slip
agents, lubricants, anti-blocking agents, additives to mask sulfur staining, pigment
wetting / dispersion agents, anti-settling agents, UV stabilizers, adhesion promoters,
corrosion inhibitors, pigments, e.g. titanium dioxide, mica, calcium carbonate, barium
sulfate, silica, zinc oxide, milled glass, aluminum trihydrate, talc, antimony trioxide, fly
ash, and clay or the like; optionally one or more solvents, e.g. glycols, glycol ether, 2,2,4-
trimethyl-1,3-pentanediol monoisobutyrate, mineral spirits, alcohols, and benzoate esters
or the like; optionally one or more dispersants, e.g. aminoalcchols, and polycarboxylates,
optionally one or more defoamers, optionally one or more preservatives, e.g. biocides,
mildewcides, fungicides, algaecides, and combinations thereof, optionally one or more
thickeners, e.g. cellulosic based thickeners such as hydroxyethyl cellulose,
hydrophobically modified alkali soluble emulsions , hydrophobically modified
ethoxylated urethane thickeners, and combinations thereof, among other additives.
Different amounts of the various additives may be utilized for different coating
applications.

[091} As mentioned, the coating compositions disclosed herein may be applied
to a substrate. Examples of the substrate include, but are not limited to, beverage cans,
food cans; acrosol containers such as those for non-food products, e.g. hair spray, hair
dye, or color spray lacquers; drums; kegs; pails; decorative tins; open trays; tubes;
bottles; monoblocs; caps, lids such as thin aluminum foil based lids for yogurt and butter
containers, or crown corks; closures for glass jars and bottles such as roll-on closures,
vacuum closures, pilfer-proof closures, easy peel lids for can closures, and easy open end
or conventional ends for cans, among others. Cans, to which the coating compositions
disclosed herein may be applied, can be 2 piece cans or 3 piece cans. Beverage cans

include, but are not limited to, beer cans, carbonated soft drink cans, energy drink cans,
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isotonic drink cans, water cans, juice cans, tea cans, coffee cans, milk cans, and the like.
Food cans, include, but are not limited to, vegetable cans, fruit cans, meat cans, soup
cans, ready meal cans, fish cans, edible oil cans, sauce cans and the like. Such cans may
have various shapes; for example, such can may have a cylindrical shape, cubical,
spherical, semi-spherical, bottle shape, elongated cubical shape, shallow or tall shape,
round or rectangular shape or other suitable shape, or a combination thereof. According
to a number of embodiments, the substrate comprises a metal, e.g., a metal substrate.
Examples of the metal include, but are not limited to, aluminum and aluminum alloys,
steel, electrolytic tinplate cold rolled low carbon mild steel, electrolytic
chromium/chromium oxide coated cold rolled low carbon mild steel, and other pre-
treated steels. Pretreatment may include, but is not limited to, treatment with phosphoric
acid, zirconium phosphate, chromium phosphate, and the like as well as silanes for
reasons such as primary corrosion protection and improved adhesion. The metal substrate
may comprise a sheet, strip or a coil. The substrate may be pre-coated with one or more
pre-coating compositions. Such pre-coating compositions include, but are not limited to,
one or more resin binders, one or more resin crosslinkers, one or more solvents, one or
more additives, and one or more pigments. Examples of resin binders include, but are not
limited to, epoxy, polyester, polyvinyl chloride containing organosols/vinyls, phenolic,
alkyd, oleoresin, acrylic resin, and the like. Examples crosslinkers include, but are not
limited to, phenol-formaldehyde resins; amino-formaldehyde resins including but not
limited to urea-formaldehyde, melamine formaldehyde, benzoguanamine formaldehyde;
anhydride resins, blocked isocyanate resins and epoxy groups containing resins, including
but not limited to, epoxy resins, epoxy groups containing polyesters, acrylic resins, vinyl
resins or the like. Examples of solvents and thinners include, but are not limited to,
glycol ethers, alcohols, aromatics, e.g. aromatic hydrocarbons, white spirit, branched
ketones and esters. Examples of additives include, but are not limited to, catalysts,
Iubricants, wetting agents, defoamers, flow agents, release agents, slip agents, anti-
blocking agents, additives to mask sulfur staining, pigment wetting / dispersion agents,
anti-settling agents, UV stabilizers, adhesion promoters. Pigments include, but are not
limited to titanium dioxide, zinc oxide, aluminum oxide, zinc and aluminum. The

substrate may also be pre-coated with one or more pre-coated laminate compositions.
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Such compositions may, for example, include polyethylene, polypropylene, or polyester
compositions, and may be applied either as a film via film lamination process or melt-
extrusion coating process onto the metal substrate.

[692] The substrate may be formed via stamping, drawing. redrawing, wall
ironing, bending, beading, embossing, debossing, flanging, necking, stretching, blow-
stretching and/or other suitable conventional methods. Such methods are known to those
having ordinary skill in the art. According to a number of embodiments, the coating
compositions may, for example, be applied to the substrate, e.g. metal sheet or metal foil,
and then the coated substrate may be formed into a coated article, e.g., a container device
or a coated closure device. According to a number of embodiments, the substrate may be
formed into a container, e.g., a container device or a closure device, and then the
container device or the closure device can be coated with the coating compositions to
form the coated article. The coating compositions may be applied by various methods;
for example, via roller coating, spray coating, powder coating, dip coating,
electrodeposition coating, printing, wash coating, flow coating, draw down coating,
and/or curtain coating. The coating, i.e. the coating composition applied to the substrate,
may have a thickness in the range of 0.01 micrometers (um) to 2 millimeters (mm). All
individual values and subranges from 0.01 pm to 2 mm are included herein and disclosed
herein; for example, the coating may have a thickness from alower limit of 0.01 pm,
0.05 pm, or 1 pm, to an upper limit of Zmm, 1.5 mm, or imm. For example, the coating
may have a thickness 0.01 pum to 2 mm; 0.05 pm to 1.5 mm; or in the alternative, 0.1 um
to 1 mm. According to a number of embodiments, the coating may have a thickness in a
range of 5 um to 50 pm.

[093] 'The coating composition applied to the substrate may be cured, e.g., to
form a cured coating. The curing process can comprise drying, e.g., air drying,
convection oven drying, hot air drying, and/or infrared oven drying, among others.
According to a number of embodiments, the curing can include radiation cure, e.g.
electron-beam cure. The coating compositions applied to the substrate may be cured at a
temperature in the range of 10 °C to 375 °C for a period of less than 60 minutes, for
example, less than 40 minutes, less than 30 minutes, less than 20 minutes, less than 10

minutes, less than 5 minutes, less than 2 minutes, less than 1 minute, or less than 20
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seconds. All individual values and subranges from 10 °C to 375 °C are included herein
and disclosed herein; for example, the coating compositions applied to the substrate may
be cured at a temperature in the range of 15 °C to 260 °C for a period of less than 60
minutes, for example, less than 40 minutes, less than 20 minutes, less than 10 minutes,
less than 5 minutes, less than 2 minutes, or less than 1 minute, or in the alternative, the
coating composition applied to the substrate may be cured at a temperature in the range
of 15 °C to 235 °C for a period of less than 60 minutes, for example, less than 40 minutes,
less than 10 minutes, less than 5 minutes, less than 2 minutes, or less than 1 minute. The
cured coating may have a thickness in the range of 0.01 micrometers pm to 2 millimeters
mm. All individual values and subranges from 0.01 pum to 2 mm are included herein and
disclosed herein; for example, the cured coating may have a thickness from a lower limit
of 0.01 pm, 0.05 pm, or 1 um, to an upper limit of 2mm, 1.5 mm, or imm. For example,
the cured coating may have a thickness 0.01 pm to 2 mm; 0.05 um to 1.5 mm; or in the
alternative, 0.1 pm to 1 mm. According to a number of embodiments, the cured coating
may have a thickness in a range of 1 pm to 50 pm.

[094] As mentioned, for some coating applications, it is desirable that a coated
article simultaneously provide particular performance characteristics, such as particular
mechanical and chemical resistance properties and particular appearance properties. A
particular mechanical property, desirable for some coating applications, is a Konig
hardness value, e.g., Konig hardness values of greater than 70 seconds. Particular
chemical resistance properties, desirable for some coating applications, include methyl
ethyl ketone (MEK) double rub values, e.g., MEK double rub values of 200 or greater are
desirable for some coating applications; passing appearance ratings following retort, e.g.,

2% lactic acid solution, 3% acetic acid solution, 3% citric acid solution, and water.

EXAMPLES
[095] In the Examples, various terms and desiznations for materials were used
including, for example, the following:
[096] Base polymer (high density polyethylene, DMDA-8940 NT, avatlable
from The Dow Chemical Company), polymeric performance improving agent (maleic

anhydride functionalized polyethylene, AMPLIFY™ GR-204 available from The Dow

30



WO 2014/105464 PCT/US2013/075032

Chemical Company), polymeric stabilizing agent (ethylene- acrylic acid copolymer,
PRIMACORT™ 5980i, available from the Dow Chemical Company), polymeric coupling
agent (maleic anhydride modified polyethylene wax, LICOCENE® PE MA 4351,
available from Clariant), antioxidant (pentaerythritol tetrakis(3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate), IRGANOX™ 1010, available from BASF), neutralizing
agent (dimethylethanolamine, available from Huntsman), crosslinker (hydroxyalkyl
amide, PRIMID® QM-1260, available from EMS-GRILTECH), solvent (glycol ether,
Butyl CELLOSOLVET, available from the Dow Chemical Company), solvent {butanol,
available from Aldrich), crosslinker (resole-formaldehyde resin, PHENODUR™ PR 612,
available from CYTEC Industries), catalyst (NACURE™ 5925 available from King
Industries), alcohol (diethylene glycol monoethyl ether, available from Acros Organics),
alcohol (ethylene glycol, available from MEGlobal), additive (lubricant, 50%
polytetrafluoroethylene dispersion in water, FLURO™ AQ 50, available from Shamrock
Technologies), base polymer (polypropylene, PP 6D43 PP, available from Braskem),
polymeric performance improving agent (propylene-ethylene copolymer, VERSIFY™
4200, available from The Dow Chemical Company), polymeric coupling agent (maleic
anhydride modified polypropylene wax, LICOCENE® PP MA 6452 available from
Clariant).

[097] Example 1- Coating composition (4 wt % polymeric performance

improving agent based on the total weight of the solids content). A coating composition,

Example 1, was prepared by, as follows. An aqueous dispersion was prepared as follows.
DMDA-8940 NT added at 218 grams per minute, AMPLIFY™ GR-204 added at 13
grams per minute, PRIMACOR™ 5980i, added at 72 grams per minute, and
LICOCENE® PE MA 4351 added at 21 grams per minute were fed into a 25 mm
diameter twin screw extruder by a controlled rate feeder where they were forwarded and
melted. The extruder temperature profile was ramped up to approximately 160 °C.
Water and neutralizing agent were mixed together and fed to the extruder at 95 grams per
minute (67 grams per minute water, 28 grams per minute DMEA neutralizing agent) for
neutralization at an initial water introduction site. Dilution water was fed via two separate
pumps to two locations into a dilution zone of the extruder; at the first location dilution

water was fed to the extruder at 240 grams per minute and at the second location dilution
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water was fed to the extruder at 32 grams per minute. The extruder temperature profile
was cooled back down to a temperature below 100 °C by the end of the extruder. The
extruder speed was approximately 1200 rpm. At the extruder outlet, a backpressure
regulator was used to adjust to a suitable pressure inside the extruder barrel to reduce
steam formation. The aqueous dispersion was filtered through a 200 micron filter. The
aqueous dispersion had a solids content of 46.9 weight percent, which was measured
using an infrared solids analyzer, and a mean particle size of 0.78 microns, which was
measured by a Coulter 1.S-13-320 particle size analyzer (Beckman Coulter Corporation).
Thereafter, the filtered aqueous dispersion (25.25 grams) was added to a container.
PRIMID® QM-1260 (0.15 grams) was added to the contents of the container while
stirring. Basic water (11.04 grams of water and 0.3 weight percent neutralizing agent)
was added to the contents of the container while the stirring continued. Solvent (2.85
grams, 1/1 butanol to butyl CELLOSOLVE™) was added to the contents of the container
while the stirring continued. TRGANOX™ 1010 that had been dissolved in 1/1 butanol
to butyl CELLOSOLVE™ (0.71 grams, 1 weight percent IRGANOX™ 1010} was added
to the contents of the container while the stirring continued to provide Example 1.

[098] Example 2- Coating composition (7 wt% polymeric performance

improving agent based on the total weight of the solids content). A coating composition,

Example 2, was prepared as follows. Example 2 was prepared as Example 1 with the
change that DMDA-8940 NT (208 grams per minute) and AMPLIFY™ GR-204 (23
grams per minute) were used in place of DMDA-8940 NT (218 grams per minute) and
AMPLIFY™ GR-204 (23 grams per minute) from Example I. The aqueous dispersion
had a solids content of 46.8 weight percent and a mean particle size of 0.67 microns.
Thereafter, the filiered aqueous dispersion (25.29 grams) was added to a container,
PRIMID® QM-1260 (0.15 grams) was added to the contents of the container while
stirring. Basic water (11.0 grams of water and 0.3 weight percent neutralizing agent) was
added to the contents of the container while the stirring continued. Solvent (2.85 grams,
1/1 butanol to butyl CELLOSOLVE™) was added to the contents of the container while
the stirring continued. IRGANOX™ 1010 that had been dissolved in 1/1 butanol to butyl
CELLOSOLVE™ (0.71 grams, 1 weight percent IRGANOX™ 1010) was added to the

contents of the container while the stirring continued to provide Example 2.
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[099] Example 3- Coating composition (10 wt% polvmeric performance

improving agent based on the total weight of the solids content. A coating composition,

Example 3, was prepared as follows. Example 3 was prepared as Example 1 with the
change that DMDA-8940 NT (199 grams per minute) and AMPLIFY™ GR-204 (33
grams per minute) were used in place of DMDA-8940 NT (218 grams per minute) and
AMPLIFY™ GR-204 (13 grams per minute) from Example | and, also for Example 3,
water and neutralizing agent were mixed together and fed to the extruder at 96 grams per
minute (67 grams per minute water, 29 grams per minute DMEA neutralizing agent) for
neutralization at an initial water introduction site. Dilution water was fed via two separate
pumps to two locations inte a dilution zone of the extruder; at the first location dilution
water was fed to the extruder at 240 grams per minute and at the second location dilution
water was fed to the extruder at 29 grams per minute. The agqueous dispersion had a
solids content of 47.0 weight percent and a mean particle size of 0.68 microns.
Thereafter, the filtered aqueous dispersion (25.19 grams) was added to a container.
PRIMID® QM-1260 (0.15 grams) was added to the contents of the container while
stirring. Basic water (11.1 grams of water and 0.3 weight percent neutralizing agent) was
added to the contents of the container while the stirring continued. Solvent (2.85 grams,
1/1 butanol to butyl CELLOSOLVE™) was added to the contents of the container while
the stirring continued. IRGANOX™ 1010 that had been dissolved in 1/1 butanol to butyl
CELLOSOLVE™ (0.71 grams, 1 weight percent IRGANOX™ 1010) was added to the
contents of the container while the stirring continued to provide Example 3.

[0100] Example 4- Coating composition (13 wt% polymeric performance

improving agent based on the total weight of the solids content). A coating composition,

Example 4, was prepared as follows. Example 4was prepared as Example 1 with the
change that DMDA-8940 NT (189 grams per minute) and AMPLIFY™ GR-204 (42
grams per minute) were used in place of DMDA-8940 NT (218 grams per minute) and
AMPLIFY™ GR-204 (13 grams per minute) from Example 1 and, also for Example 4,
water and neutralizing agent were mixed together and fed to the extruder at 97 grams per
minute (67 grams per minute water, 30 grams per minute DMEA neutralizing agent) for
neutralization at an initial water introduction site. Dilution water was fed via two separate

pumps to two locations into a dilution zone of the extruder; at the first location dilution
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water was fed to the extruder at 240 grams per minute and at the second location dilution
water was fed to the extruder at 16 grams per minute. The aqueous dispersion had a
solids content of 47.9 weight percent and a mean particle size of 0.77 microns.
Thereafter, the filtered aqueous dispersion (24.73 grams) was added to a container.
PRIMID® QM-1260 (0.15 grams) was added to the contents of the container while
stirring. Basic water (11.56 grams of water and 0.3 weight percent neutralizing agent)
was added to the contents of the container while the stirring continued. Solvent (2.85
grams, 1/1 butanol to butyl CELLOSOLVET™) was added to the contents of the container
while the stirring continued. IRGANOX™ 1010 that had been dissolved in 1/1 butanol
to butyl CELLOSOLVE™ (0.71 grams, 1 weight percent IRGANOX™ 1010) was added
to the contents of the container while the stirring continued to provide Example 4,

(0101} Example 5- Coating composition (16 wt% polymeric performance

improving agent based on the total weight of the solids content). A coating composition,

Example 5, was prepared as follows. Example 5 was prepared as Example 1 with the
change that DMDA-8940 NT (179 grams per minute) and AMPLIFY™ GR-204 (52
grams per minute) were used in place of DMDA-8940 NT (218 grams per minute) and
AMPLIFY™ GR-204 (13 grams per minute) from Example 1 and, also for Example 5,
water and neutralizing agent were mixed together and fed to the extruder at 97 grams per
minute (67 grams per minute water, 30 grams per minute DMEA neutralizing agent) for
neutralization at an initial water introduction site. Dilution water was fed via two separate
pumps to two locations into a dilution zone of the extruder; at the first location dilution
water was fed to the extruder at 240 grams per minute and at the second location dilution
water was fed to the extruder at 20 grams per minute. The aqueous dispersion had a
solids content of 47.6 weight percent and a mean particle size of 0.90 microns.
Thereafter, the filtered aqueous dispersion (24.91 grams) was added to a container.
PRIMID® QM-1260 (0.15 grams) was added to the contents of the container while
stirring. Basic water (11.38 grams of water and 0.3 weight percent neutralizing agent)
was added to the contents of the container while the stirring continued. Solvent (2.85
grams, 1/1 butanol to butyl CELLOSOLVE™) was added to the contents of the container
while the stirring continued. IRGANOX™ 1010 that had been dissolved in 1/1 butanol
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to butyl CELLOSOLVE™ (0.71 grams, 1 weight percent IRGANOX™ 1010} was added
to the contents of the container while the stirring continued to provide Example 5.

[0102] Example 6- Coating composition (20 wt% polymeric performance

improving agent based on the total weight of the solids content). A coating composition,

Example 6, was prepared as follows. Example 6 was prepared as Example I with the
change that DMDA-8940 NT (166 grams per minute) and AMPLIFY™ GR-204 (65
grams per minute) were used in place of DMDA-8940 NT (218 grams per minute) and
AMPLIFY™ GR-204 (13 grams per minute) from Example 1 and, also for Example 6,
water and neutralizing agent were mixed together and fed to the extruder at 98 grams per
minute (67 grams per minute water, 31 grams per minute DMEA neutralizing agent) for
neutralization at an initial water introduction site. Dilution water was fed via two separate
pumps to two locations into a dilution zone of the extruder; at the first location dilution
water was fed to the extruder at 240 grams per minute and at the second location dilution
water was fed to the extruder at 15 grams per minute. The aqueous dispersion had a
solids content of 47.9 weight percent and a mean particle size of 0.97 microns.
Thereafter, the filtered aqueous dispersion (24.74 grams) was added to a container.
PRIMID® QM-1260 (0.15 grams) was added to the contents of the container while
stirring. Basic water (11.27 grams of water and 0.3 weight percent neutralizing agent)
was added to the contents of the container while the stirring continued. Solvent (2.85
grams, 1/1 butanol to butyl CELLOSOLVE™) was added to the contents of the container
while the stirring continued. IRGANOX™ [(10 that had been dissolved in 1/1 butanol
to butyl CELLOSOLVET™ (0.71 grams, 1 weight percent IRGANOX™ 1010) was added
to the contents of the container while the stirring continued to provide Example 6.

[0103] Example 7- Coating composition (25 wt% polymeric performance

improving agent based on the total weight of the solids content). A coating composition,

Example 7, was prepared as follows. Example 7 was prepared as Example 1 with the
change that DMDA-8940 NT (150 grams per minute) and AMPLIFY™ GR-204 (81
grams per minute) were used in place of DMDA-8940 NT (218 grams per minute) and
AMPLIFY™ GR-204 (13grams per minute) from Example 1 and, also for Example 7,
water and neutralizing agent were mixed together and fed to the extruder at 39 grams per

minute (67 grams per minute water, 32 grams per minute DMEA neutralizing agent) for
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neutralization at an initial water introduction site. Dilution water was fed via two separate
pumps to two locations into a dilution zone of the extruder; at the first location dilution
water was fed to the extruder at 240 grams per minute and at the second location dilution
water was fed to the extruder at 20 grams per minute. The aqueous dispersion had a
solids content of 47.5 weight percent and a mean particle size of 1.14 microns.
Thereafter, the filtered aqueous dispersion (24.95 grams) was added to a container.
PRIMID® QM-1260 (0.15 grams) was added to the contents of the container while
stirring. Basic water (11.34 grams of water and 0.3 weight percent neutralizing agent)
was added to the contents of the container while the stirring continued. Solvent (2.85
grams, 1/1 butanol to butyl CELLOSOLVET™) was added to the contents of the container
while the stirring continued. IRGANOX™ 1010 that had been dissolved in 1/1 butano]
to butyl CELLOSOLVE™ (0.71 grams, 1 weight percent IRGANOX™ 1010) was added
to the contents of the container while the stirring continued to provide Example 7.

[0104] Example 8- Coating composition {30 wt% polymeric performance

improvine apent based on the total weight of the solids content). A coating composition,

Example 8, was prepared as follows. Example 8 was prepared as Example 1 with the
change that DMDA-8940 NT (133 grams per minute) and AMPLIFY™ GR-204 (98
grams per minute) were used in place of DMDA-8940 NT (218 grams per minute) and
AMPLIFY™ GR-204 (13 grams per minute) from Example 1 and, also for Example 8,
water and neutralizing agent were mixed together and fed to the extruder at 100 grams
per minute (67 grams per minute waler, 33 grams per minute DMEA neutralizing agent)
for neutralization at an initial water introduction site. Dilution water was fed via two
separate pumps to two locations into a dilution zone of the extruder; at the first location
dilution water was fed to the extruder at 240 grams per minute and at the second location
dilution water was fed to the extruder at 21 grams per minute. The aqueous dispersion
had a solids content of 47.3 weight percent and a mean particle size of 1.53 microns.
Thereafter, the filtered aqueous dispersion (25.02 grams) was added to a container.
PRIMID® QM-1260 (0.15 grams) was added to the contents of the container while
stirring. Basic water (11.27 grams of water and 0.3 weight percent neutralizing agent)
was added to the contents of the container while the stirring continued. Solvent (2.85

grams, 1/1 butanol to butyl CELLOSOLVE™) was added to the contents of the container
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while the stirring continued. IRGANOXT™ 1010 that had been dissolved in 1/1 butanol
to butyl CELLOSOLVE™ (0.71 grams, 1 weight percent IRGANOX™ 1010) was added
to the contents of the container while the stirring continued to provide Example 8.

[0105] Example 9- Coating composition (13 wt% polymeric performance

improving agent based on the total weight of the solids content). A coating composition,

Example 9, was prepared as follows. Example 9 was prepared as Example 4 with the
change that after filtering the aqueous dispersion had a solids content of 45.95 weight
percent and a mean particle size of (.83 microns and after filtering through a 200 micron
filter, 13.02 grams of the filtered dispersion were added to a container, followed by
PHENODUR™ PR 612 (0.83 grams) diluted in butanol (.50 grams), basic water (0.19
grams of water and 0.3 weight percent neutralizing agent), acetone (5.01 grams), and
NACURE™ 5925 (0.10 grams). The contents of the container were covered and stirred
in a SpeedMixer™ Dual Asymmetric Centrifugal Laboratory Mixer for 2 minutes at 300
RPM to provide Example 9.

[0106] Example 10- Coating composition {7 wt% polvmeric performance

improving agent based on the total weight of the solids content). A coating composition,

Example 10, was prepared as follows. Example 10 was prepared as Example 2 with the
change that after filtering the aqueous dispersion through a 200 micron filter, 13.02
grams of the filtered dispersion were added to a container, followed by PRIMID® QM-
1260 (0.105 grams), basic water (3.84 grams of water and 0.3 percent neutralizing agent),
ethylene glycol (0.64 grams), IRGANOX™ 1010 (0.006 grams) that had been dissolved
in diethylene glycol monoethyl ether (0.64 grams), and FLURO™ AQ 50 (0.547 grams).
The contents of the container were covered and stirred in a SpeedMixer™ Dual
Asymmetric Centrifugal Laboratory Mixer for 2 minutes at 300 RPM to provide Example
10.

[0107] Example 11- Coating composition (10 wt % polymeric appearance

improving agent based on the total weight of the solids content). A coating compaosition,

Example 11, was prepared as follows. Example 11 was prepared as Example 3 with the
change that PP 6D43 PP (182 grams per minute) and VERSIFY™ 4200 (30 grams per
minute), LICOCENE® PP MA 6452 (23 grams per min) and PRIMACOR™ 5980i (68
grams per min) were used in place of DMDA-8940 NT (199 grams per minute),
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AMPLIFY™ GR-204 (33 grams per minute), LICOCENE® PE MA 4351 (21 grams per
minute), and PRIMACOR™ 5980i (72 grams per minute) from Fxample 3 and, also for
Example 11, water and neutralizing agent were mixed together and fed to the extruder at
114 grams per minute (73 grams per minute water, 41 grams per minute DMEA
neutralizing agent) for neutralization at an initial water introduction site. Dilution water
was fed via two separate pumps to two locations into a dilution zone of the extruder; at
the first location dilution water was fed to the extruder at 240 grams per minute and at the
second location dilution water was fed to the extruder at 16 grams per minute. The
aqueous dispersion had a solids content of 45.0 weight percent and a mean particle size of
0.95 microns. Thereafter, the filtered aqueous dispersion (19.74 grams) was added to a
container. PRIMID® QM-1260 (0.11 grams) was added to the contents of the container
while stirring. Water (7.48 grams of water and 0.3 weight percent neutralizing agent)
was added to the contents of the container while the stirring continued. Solvent (2.33
grams, 1/1 butanol to butyl CELLOSOLVE™) was added to the contents of the container
while the stirring continued. IRGANOX™ 1010 that had been dissolved in 1/1 butanol
to butyl CELLOSOLVE™ (0.34 grams, 1 weight percent IRGANOXT™ 1010) was added

to the contents of the container while the stirring continued to provide Example 11.

[0108] Comparative Example A- (0 wt% polymeric performance improving agent

based on the total weight of the solids content). Comparative Example A, was prepared as

follows. Comparative Example A was prepared as Example 1 with the change that
DMDA-8940 NT (231 grams per minute) was used in place of DMDA-8940 NT (218
grams per minute) and AMPLIFY™ GR-204 (13 grams per minute) from Example 1, i.e.
zero AMPLIFY™ GR-204 was used for Comparative Example A, and, also for
Comparative Example A water and neutralizing agent were mixed together and fed to the
extruder at 94 grams per minute (67 grams per minute water, 27 grams per minute
DMEA neutralizing agent) for neutralization at an initial water introduction site. Dilution
water was fed via two separate pumps to two locations into a dilution zone of the
extruder; at the first location dilution water was fed to the extruder at 240 grams per
minute and at the second location dilution water was fed to the extruder at 35 grams per
minute. The aqueous dispersion had a solids content of 46.8 weight percent and a mean

particle size of 0.78 microns. Thereafter, the filtered aqueous dispersion (25.32 grams)
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was added to a container. PRIMID® QM-1260 (0.15 grams) was added to the contents
of the container while stirring. Water (10.98 grams of water and 0.3 weight percent
neutralizing agent) was added to the contents of the container while the stirring
continued. Solvent (2.85 grams, 1/1 butanol to butyl CELLOSOLVE™) was added to
the contents of the container while the stirring continued. IRGANOX™ 1010 that had
been dissolved in 1/1 butanol to butyl CELLOSOLVE™ (0.71 grams, | weight percent
IRGANOX™ 1010) was added to the contents of the container while the stirring
continued to provide Comparative Example A.

[0109] Comparative Example B- (1 wt% polymeric performance improving agent

based on the total weight of the solids content). Comparative Example B, was prepared as

follows. Comparative Example B was prepared as Example 1 with the change that
DMDA-8940 NT (228 grams per minute) and AMPLIFY™ GR-204 (3 grams per
minute) were used in place of DMDA-8940 NT (218 grams per minute) and
AMPLIFY™ GR-204 (13 grams per minute) from Example | and, also for Comparative
Example B, water and neutralizing agent were mixed together and fed to the extruder at
94 grams per minute (67 grams per minute water, 27 grams per minute DMEA
neutralizing agent) for neutralization at an initial water introduction site. Dilution water
was fed via two separate pumps to two locations into a dilution zone of the extruder; at
the first location dilution water was fed to the extruder at 240 grams per minute and at the
second location dilution water was fed to the extruder at 32 grams per minute. The
aqueous dispersion had a solids content of 47.0 weight percent and a mean particle size of
0.79 microns. Thereafter, the filtered aqueous dispersion (25.22 grams) was added to a
container. PRIMID® QM-1260 (0.15 grams) was added to the contents of the container
while stirring. Water (11.07 grams of water and 0.3 weight percent neutralizing agent)
was added to the contents of the container while the stirring continued. Solvent (2.85
grams, 1/1 butanol to butyl CELLOSOLVE™) was added to the contents of the container
while the stirring continued. IRGANOX™ 1010 that had been dissolved in 1/1 butanol
to butyl CELLOSOLVE™ (0.71 grams, 1 weight percent IRGANOX™ 1010) was added
to the contents of the container while the stirring continued to provide Comparative

Example B.
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[0110] Comparative Example C- (2 wt% polymeric performance improving agent

based on the total weight of the solids content). Comparative Example C, was prepared as

follows. Comparative Example C was prepared as Example | with the change that
DMDA-8940 NT (225 grams per minute) and AMPLIFY™ GR-204 (7 grams per
minute) were used in place of DMDA-8940 NT (218 grams per minute) and
AMPLIFY™ GR-204 (13 grams per minute) from Example | and, also for Comparative
Example B, water and neutralizing agent were mixed together and fed to the extruder at
94 grams per minute (67 grams per minute water, 27 grams per minute DMEA
neutralizing agent) for neutralization at an initial water introduction site, Dilution water
was fed via two separate pumps to two locations into a dilution zone of the extruder; at
the first location dilution water was fed to the extruder at 240 grams per minute and at the
second location dilution water was fed to the extruder at 28 grams per minute. The
aqueous dispersion had a solids content of 47.2 weight percent and a mean particle size of
0.77 microns. Thereafter, the filtered aqueous dispersion (25.08 grams) was added to a
container. PRIMID® QM-1260 (0.15 grams) was added to the contents of the container
while stizring. Water (11.22 grams of water and 0.3 weight percent neutralizing agent)
was added to the contents of the container while the stirring continued. Solvent (2.85
grams, 1/1 butanol to butyl CELLOSOLVET™) was added to the contents of the container
while the stirring continued. IRGANOX™ 1010 that had been dissolved in 1/1 butanol
to butyl CELLOSOLVE™ (0.71 grams, 1 weight percent IRGANOX™ 1010) was added
to the contents of the container while the stirring continued to provide Comparative
Example C.

[0111] Comparative Example D. Comparative Example D, was prepared as

follows. Comparative Example D was prepared as Comparative Example A with the
change that after filtering the aqueous dispersion through a 200 micron filter, 13.02
grams of the filtered dispersion were added to a container, followed by PRIMID® QM-
1260 (0.105 grams), water (3.82 grams of water and 0.3 percent neutralizing agent),
ethylene glycol (0.64 grams), IRGANOX™ 1010 (0.006 grams) that had been dissolved
in diethylene glycol monoethyl ether (0.64 grams), and FLURO™ AQ 50 (0.547 grams).

The contents of the container were covered and stirred in a SpeedMixer™ Dual
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Asymmetric Centrifugal Laboratory Mixer for 2 minutes at 300 RPM to provide
Comparative Example D.

[0112] Example 12- Coated article. A coated article, Example 12, was prepared as

follows. Electrolytic tinplates (0.25# Bright T-1 measuring 0.009X47X12” from
Lakeside Metals), were cleaned with acetone, and then dried. Approximately 12 hours
after Example 1 was prepared, Example | (approximately 3 grams) was applied to the
tinplate via a #16 wirewound drawdown bar to coat (20 microns to 30 microns wet
coating thickness) a surface of the tinplate to provide Example 12.

[0113] Examples 13-19 - Coated articles. Coated articles, Examples 13-19, were

prepared as follows. Examples 13-19 were prepared as Example 12 with the change that
Examples 2-8 were respectively used in place of Example 1.

[0114] Example 20- Coated ariicle. A coated article, Example 20, was prepared as

follows. An aluminum panel (end stock clean aluminum measuring .008 X 87 X 127
from Novelis, Inc.), was cleaned with acetone, and then dried. Approximately 12 hours
after Example 9 was prepared, Example 9 (approximately 3 grams) was applied to the
aluminum panel via a #13 wirewound drawdown bar to coat (20 microns to 30 microns
wet coating thickness) a surface of the aluminum panel to provide Example 20.

[0115] Example 21- Coated article. Coated article, Example 21, was prepared as

follows. Example 21 was prepared as Example 20 with the change that Example 10 was

used in place of Example 9.

[0116] Example 22- Coated article. Coated article, Example 22, was prepared as

follows. Example 22 was prepared as Example 12 with the change that Example 11 was

used in place of Example 1.

[0117] Comparative Examples E-G. Comparative Examples E-G were prepared

as follows. Comparative Examples E-G were prepared as Example 11 with the change
that Comparative Examples A-C were respectively used in place of Example 1.

[0118] Comparative Example H. Comparative Example H was prepared as

follows. Comparative Example H was prepared as Example 20 with the change that

Comparative Example DD was used in place of Example 10.

[0119] Example 23- Coated article with cured coating. A coated article with a

cured coating, Example 23, was prepared as follows. Example 12 was placed in a 204 °C
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convention oven for approximately 4 minutes to cure the coating composition and
provide Example 23.
[0120] Examples 24-30 - Coated articles with cured coatings. Coated articles with

cured coatings, Examples 24-30, were prepared as follows. Examples 24-30 were
prepared as Example 23 with the change that Examples 13-19 were respectively used in
place of Example 12.

(0121} Example 31 - Coated article with cured coating. A coated article with

cured coating, Example 31, was prepared as follows. Example 31 was prepared as
Example 23 with the change that Example 20 was used in place of Example 12 and
Example 20 was placed in a 295 °C convention oven for approximately 25 seconds to
cure the coating composition and provide Example 31.

[0122] Example 32 - Coated article with cured coating. Coated article, Example

32, was prepared as follows. Example 32 was prepared as Example 31 with the change
that Example 21 was used in place of Example 20.

[0123] Example 33 - Coated article with cured coating. Coated article, Example

33, was prepared as follows. Example 33 was prepared as Example 23 with the change
that Example 22 was used in place of Example 12.

[0124] Comparative Examples I-K. Comparative Examples I-K were prepared as

follows. Comparative Examples [-K were prepared as Example 21 with the change that

Comparative Examples E-G were respectively used in place of Example 11.

[0125] Comparative Example L. Comparative Example L. was prepared as
Example 31 with the change that that Comparative Example H was used in place of
Example 20.

[0126] Konig hardness values were determined for Examples 23-30, 33, and
Comparative Examples I-K by ASTM D4366-95. Konig hardness values are reported in
Table 1.

[0127] MEK double rub values were determined for Examples 23-33, and
Comparative Examples I-L using the round end of a 1.5 pound ball peen hammer to apply
a force to the respective coatings. A 4 inch x 4 inch square of cheesecloth was bound
around the hammer end and soaked with methyl ethyl ketone (MEK). The hammer was

brought into contact with the respective coatings, and moved forth-and-back over a
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section measuring approximately 6 inches x [ inch, wherein one movement forth-and-

back over the coating was defined as one double rub. Double rubs were performed at a

rate of approximately one double rub per second. No additional pressure was applied to

the hammer or the respective coatings. After every 25 double rubs, the cheesecloth was

re-soaked with MEK. The double rub step was repeated until the coating was rubbed off,

i.e. at Jeast a portion of the metal substrate was exposed, excluding the 0.5 inch end

sections of the tested areas. MEK double rub values are reported in Table 1.

Table 1
Konig Methy! ethyl ketone
Hardness double rubs
(seconds)
Example
73 90 200 +
Example
94 85 200 +
Example
a5 89 200 +
Example
26 90 200 +
Example
+
27 83 200
Example
23 89 200 +
Example
29 89 200+
Example
30 94 200+
Example
1 - 200 +
Example
1 - 200 +
Example
1 110 200 +
Comparative
Example 71 200+
I
Comparative
Example 98 200
J
Comparative
Example 92 200
K
Comparative
Example - 143
L
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(0128] The data in Table 1 show that each of Examples 23-30, and 33 had a
Konig hardness value greater than 70 seconds. These Konig hardness values of greater
than 70 seconds are desirable for some coating applications. Additionally, the data in
Table 1 show that each of Examples 23-33 had a MEK double rub value of 200 or
greater. These MEK double rub value of 200 or greater are desirable for some coating
applications.

[0129] Examples 23-30, 33, and Comparative Examples I-K were respectively
immersed in a 2% lactic acid solution in individual pressurizable glass beakers that were
contained in a secondary container tray, and placed into a Tuttnaner 10" dia x 18" Deep
Chamber Autoclave model 1 Z-TUT-EZ-10 where they were retorted at 129 °C for 90
minutes. Thereafter, appearance ratings, blush ratings, and adhesion ratings for
Examples 23-30, 33 and Comparative Examples I-K were determined.

[0130] Appearance ratings for Examples 23-30, 33 and Comparative Examples I-
K were determined by visual inspection according to a qualitative scale, whereby an
appearance rating of “film dissolving” indicated prominent holes in the cured coating,
exposed metal, and/or extensive surface roughness and an appearance rating of *“passing”
indicated a smooth continuous coating having no visible defects. Appearance ratings are
reported in Table 2.

[0131] Blush ratings for Examples 23-30, 33 and Comparative Examples 1-K
were determined by visual inspection according to a qualitative scale, whereby a blush
rating of “5” indicated no blush, a blush rating of “4” indicated very slight blush, a blush
rating of “3” indicated slight blush, a blush rating of “2” indicated blush, and a blush
rating of “1” indicated strong blush. Blush ratings are reported in Table 2.

[0132] Adhesion ratings for Examples 23-30, 33 and Comparative Examples [-K
were determined by cross-cut adhesion is measured according to ASTM-D 3359-02 -
Measuring adhesion by tape test, Method B, using a BYK 1.5 mm, 11 blade cross-cut
tester. This method included applying and removing a Scotch # 410 double sided tape
over the cuts made in the coated article. To ensure good contact with the coated article
the tape was firmly rubbed with a wooden tongue blade. Within 90 + 30 seconds of tape
application, the tape was removed by seizing the free end and rapidly (without jerking)

pulling it off at as close to an angle of 180 degrees as possible. The grid area was
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inspected for removal of coating from the substrate. An adhesion rating of “5” indicated
that edges of the cuts were completely smooth, none of the squares of the lattice were
detached; an adhesion rating of “4” indicated that small flakes of the coating were
detached at intersections, less than 5 % of the area was affected; an adhesion rating of “3”
indicated that small flakes of the coating were detached along the edges and at
intersections of cuts, the area affected was 5 - 15 % of the lattice; an adhesion rating of
“2” indicated that the coating had flaked along the edges and on parts of the squares, the
area affected was 15 - 35 % of the lattice; and adhesion rating of “1” indicated that the
coating had flaked along the edges of cuts in large ribbons and whole squares had
detached, the area affected was 35 - 65 % of the lattice; and an adhesion rating of “0” -
indicated that flaking and detachment was more severe that for adhesion rating “1”.
[0133] Examples 23-30, 33 and Comparative Examples I-K were respectively
immersed in a 3% acetic acid solution in individual pressurizable glass beakers that were
contained in a secondary container tray, and placed into a Tuttnauver 10" dia x 18" Deep
Chamber Autoclave model 1 Z-TUT-EZ-10 where they were retorted at 129 °C for 90
minutes. Thereafter, appearance ratings, blush ratings, and adhesion ratings for
Examples 23-30, 33 and Comparative Examples 1-K were determined as described
herein. Appearance ratings, blush ratings, and adhesion ratings are reported in Table 2.
[0134] Examples 23-30, 33 and Comparative Examples I-K were respectively
immersed in a 3% citric acid solution in individual pressurizable glass beakers that were
contained in a secondary container tray, and placed into a Tuttnauer 10" dia x 18" Deep
Chamber Autoclave model 1 Z-TUT-EZ-10 where they were retorted at 129° C for 90
minutes. Thereafter, appearance ratings, blush ratings, and adhesion ratings for Examples
23-30, 33 and Comparative Examples [-K were determined as described herein.
Appearance ratings, blush ratings, and adhesion ratings are reported in Table 2.

[0135] Examples 31-32 and Comparative Example L were respectively immersed
in a 2% lactic acid solution in individual pressurizable glass beakers that were contained
in a secondary container tray, and placed into a Tuttnauer 10" dia x 18" Deep Chamber
Autoclave model 1 Z-TUT-EZ-10 where they were retorted at 121 °C for 30 minutes.

Thereafter, appearance ratings, blush ratings, and adheston ratings for Examples 31-32
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and Comparative Example L were determined as described herein. Appearance ratings,

blush ratings, and adhesion ratings are reported in Table 3.

Table 2
Retort Retort Retort
2% lactic acid 3% acetic acid 3% citric acid
(129 °C, 90 minutes) (129 °C, 90 minutes) (129 °C, 90 minutes)
o 50 =0
£ 2 = 2 £ g
£ £ | % E g | F g £ | g
© b= = L b= i 3 = =
sl E e BBl B RS
g @ 5 & m g 2 - 5
< < < < < =
Example . ; i
23 passing 2 5 passing 2 5 passing 5 5
Example | pasing | 2 | 5 | pasing | 2 [ 5 | pasing | 5 | S
Frample | passing | 2 5 | passing | 2 | 4 | passing | 5 | S
Exa.l'zngpie passing 1 5 passing 2 3 passing 3 >
Exazr;lple passing 2 5 passing 2 4 passing 5 5
Exznélp]e passing 1 3 passing 2 4 passing 5 5
Exazrgple passing 1 3 passing 2 4 passing 5 3
Enggple passing 1 2 passing, 2 3 passing 5 5
Exz;n;ple passing 4 4 passing 5 3 passing 5 5
Comparative
Example film 3 3 fiim 2 4 o 4 3
; dissolving dissolving dissolving
Comparative
film film film
Exa;nple dissolving 2 ° dissolving ? i dissolving ’ ’
Comparative
Example film 2 5 fim 2 3 oot 3 5
K dissolving dissolving dissolving
Table 3
Retort

2% lactic acid
(121 °C, 30 minutes)
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j=14]
: 5
E 2 3
© -~ td
g 3 ]
<<

Exa3n11ple passing 4 3

Exz;}nzxple passing 4 5

Comparative
Example passing 5 0
L
0136 The data in Tables 2-3 show that each of Examples 23-33 had improved
P p

appearance rating values, as compared to Comparative Examples I-K. These improved
appearance rating values, as compared to Comparative Examples I-K, are desirable for
some coating applications. Comparative Example L did have a passing appearance rating
value, however, Comparative Example L had a MEK double rub value of 143, which is
undesirable for some coating applications.

[0137] Scanning Electron Microscopy (SEM} was performed on Example 23,
Example 25, Example 27, Example 28, Example 30, and Comparative Example I by
depositing a thin layer of platinum respectively onto each of the coated articles with
cured coatings, which were then mounted onto an aluminum stub and imaged with a FEI
Nova NanoSEM operating at 3kV and a spot size of 4.5.

[0138] As seen in Figures 1-5, each of Examples 23, 25, 27, 28, and 30 had
smaller domains, compared to Comparative Example I, as seen in Figure 6. While not
being bound to theory, it is believed that these comparatively smaller domains indicate
that the presence of the polymeric appearance improving agent, which is from 4 to 35
percent by weight of the aqueous dispersion, helps to compatibilize components of the
aqueous dispersion and helps to provide particular mechanical and chemical resistance
properties, as discussed herein, while simultaneously providing particular appearance
properties, as discussed herein, which are desirable for some coating applications.

[0139] Example 34- Coating composition (Spray formulation). A spray

formulation, Example 34, was prepared as follows. Example 34 was prepared as
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Example 4 to form the aqueous dispersion. 1500 grams of the aqueous dispersion was
added to a container, 9.93 Primid QM 1260 (9.93 grams) neutralizing solution (1403.15
grams, 0.3 weight % DMEA in water) was added to the contents of the container.
IRGANOX™ 1010 (0.54 grams) that had been dissolved in 1/1 butanol to butyl
CELLOSOLVE™ (253.2 grams) and butanol (253.2 grams) were added to the contents
of the container to provide Example 34.

[0140] Example 35- Coated article. A coated article, Example 35, was prepared as

follows. Example 34 was sprayed onto an aluminum beverage can substrate with a
Nordson lab spray coater to provide Example 35.

[0141] Example 36- Coated article with cured coating. A coated article with a

cured coating, Example 36, was prepared as follows. Example 35 was placed in a 204 °C
convention oven for approximately 4 minutes to cure the coating composition and

provide Example 36.
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Claims

What is claimed:

1. An coating composition comprising;

from 20 to 85 percent of an aqueous dispersion based on a total weight of the
coating composition, wherein the aqueous dispersion comprises a melt blending product
of (2) a base polymer comprising a polyolefin, (b) a polymeric performance improving
agent (c) a polymeric stabilizing agent, and (d) a polymeric coupling agent, wherein the
aqueous dispersion has a solid content from 15 weight percent to 70 weight percent based
on a total weight of the aqueous dispersion, the solid content comprises from 40 to 80
percent by weight of the base polymer based on a total weight of the solids content, from
3 to 35 percent by weight of the polymeric performance improving agent based on the
total weight of the solids content, from 2 to 35 percent by weight of the polymeric
stabilizing agent based on the total weight of the solids content, and from 5 to 15 percent
by weight of the polymeric coupling agent based on the total weight of the solids content;

a basic water composition comprising from 90 to 99.99 percent by weight of
water based on a total weight of the basic water composition and from 0.01 percent to 10
percent by weight of a neutralizing agent based on the total weight of the basic water
composition, wherein the basic water composition is from 0 weight percent to 80 weight
percent of the coating composition based on the total weight of the coating composition;
and

a crosslinker, wherein the crosslinker is from 0 weight percent to 40 weight

percent of the coating composition based on the total weight of the coating composition.

2. The coating composition of claim 1, wherein the base polymer comprises high
density polyethylene.

3. The coating composition of claim 1, wherein the base polymer polypropylene.
4. The coating composition of claim 1, wherein the polymeric performance

improving agent comprises maleic anhydride functionalized polyethylene.
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5. The coating composition of claim 1, wherein the polymeric performance
improving agent comprises a propylene-cthylene copolymer or a propylene-ethylene

diblock copolymer.

6. The coating composition of claim 1, wherein the crosslinker comprises a

hydroxylalkyl amide.

7. The coating composition of claim 1, wherein the crosslinker comprises a resole-

formaldehyde resin.

8. The coating composition of claim 1, wherein the polymeric stabilizing agent is
selected from the group consisting of ethylene-acrylic acid copolymer, ethylene-

methacrylic acid copolymer, and combinations thereof.

9. The coating composition of claim 1, wherein the polymeric coupling agent

comprises a maleic anhydride modified polyethylene wax.

10. A coated article comprising a substrate and a coating on the substrate, wherein the
coating includes a coating composition comprising:

from 20 to 85 percent of an aqueous dispersion based on a total weight of the
coating composition, wherein the aqueous dispersion comprises a melt blending product
of (a) a base polymer comprising a polyolefin, (b) a polymeric performance improving
agent (¢) a polymeric stabilizing agent, and (d) a polymeric coupling agent, wherein the
aqueous dispersion has a solid content from 15 weight percent to 70 weight percent based
on a total weight of the aqueous dispersion, the solid content comprises from 40 to 80
percent by weight of the base polymer based on a total weight of the solids content, from
3 to 35 percent by weight of the polymeric performance improving agent based on the
total weight of the solids content, from 2 to 35 percent by weight of the polymeric
stabilizing agent based on the total weight of the solids content, and from 5 to 15 percent

by weight of the polymeric coupling agent based on the total weight of the solids content;
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a basic water composition comprising from 90 to 99.99 percent by weight of
water based on a total weight of the basic water composition and from 0.01 percent to 10
percent by weight of a neutralizing agent based on the total weight of the basic water
composition, wherein the basic water composition is from 0 weight percent to 80 weight
percent of the coating composition based on the total weight of the coating composition;
and

a crosslinker, wherein the crosslinker is from 0 weight percent to 40 weight

percent of the coating composition based on the total weight of the coating composition.

11.  The coated article of claim 10, wherein the coating has a thickness in the range of

from 0.01 micrometers to 2 millimeters.

12.  The coated article of claim 10, wherein the substrate comprises a metal substrate.

13.  The coated article of claim 10, wherein coating is applied to the substrate by roller

coating, spray coating, coil coating, or a combination thereof.

14. A coated article comprising a substrate and a cured coating on the substrate,
wherein the cured coating is formed by curing a coating composition comprising

from 20 to 85 percent of an agqueous dispersion based on a total weight of the
coating composition, wherein the aqueous dispersion comprises a melt blending product
of (a) a base polymer comprising a polyolefin, (b) a polymeric performance improving
agent (c) a polymeric stabilizing agent, and (d) a polymeric coupling agent, wherein the
aqueous dispersion has a solid content from 15 weight percent to 70 weight percent based
on a total weight of the agueous dispersion, the solid content comprises from 40 to 80
percent by weight of the base polymer based on a total weight of the solids content, from
3 to 35 percent by weight of the polymeric performance improving agent based on the
total weight of the solids content, from 2 to 35 percent by weight of the polymeric
stabilizing agent based on the total weight of the solids content, and from 5 to 15 percent

by weight of the polymeric coupling agent based on the total weight of the solids content;
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a basic water composition comprising from 90 to 99.99 percent by weight of
water based on a total weight of the basic water composition and from 0.01 percent to 10
percent by weight of a neutralizing agent based on the total weight of the basic water
composition, wherein the basic water composition is from 0 weight percent to 80 weight
percent of the coating composition based on the total weight of the coating composition;
and

a crosslinker, wherein the crosslinker is from 0 weight percent to 40 weight

percent of the coating composition based on the total weight of the coating composition.

15. The coated article of claim 14, wherein the cured coating has a thickness in the

range of from 0.01 micrometers to 2 millimeters and the substrate is a metal substrate,
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