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tribution. The polymeric coating composition can provide a thin coating layer on an article while still providing advantageous proper-
ties, such as seal strength.
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POLYMERIC COATING COMPOSITIONS AND ARTICLES COATED WITH THE
SAME

CROSS REFERENCE TORELATED APPLICATIONS
5 6001} This application claims the benefit to Serial No. 62/646,952, filed March 23, 2018,
the disclosure of which 1s herebv incorporated by reference in 1is entirety.

FIELD OF THE INVENTION

6002] Polvmeric coating compositions and articles coated with the same are provided.

BACKGROUND OF THE INVENTION

10 [0003] Polymenic coating compositions can be used for coating vanous substrates in order
to impart certain properties to articles made therefrom, such as protection from moisture when
containing food or beverages. In various applications, such as disposable cups, tableware, and
mdustrial wraps, a thick polymeric coating is wnot required.  However, from a
processing/manufactaring standpoint, conventional choices of polymeric coating compositions
15 are unable to provide a thin coating to the substrate in an efficient manner.
[G004] U5, Patent No. 6,565,934 discloses a heat msulating paper cup having an improved
seal. The body member of the cup is coated on an outside surface with foamed low density
polyethvlene, and coated with an unfoamed modified low density polyethylene on its inside
surface. The bottom panel member of the cup is coated with a foamed or unfoamed low density
20 polvethviene, or foamed or unfoamed modified low density polyethviene.  Upon the
application of heat and pressure during fabrication, the body member and the bottom panel
member form a bonding layer at the interface between the two members.
(G005 U.S. Publication No. 2014/0367456 discloses a polyoletin and celiulose laminate
for food or beverage containers. The container can be coated with one to seven lavers. The
5 lavers can include metallocene catalyzed polyethylene alone or in addition to conventional
autoclave low density polyethylene. The containers may be coated by a co-extrusion process.
|636366} U.S. Publication 2015/0298438 discloses a polymer-coated packaging material
having three lavers. The mner coating laver includes a polvmer blend having 10-25 wit% of a
low density polyethyvlene and 75-90 wt% of another polvethvlene with a higher melt viscosity
30 than the low density polvethviene. The middle coating layer can include more than 90 wit% of
a high density polvethvlene. The outer coating laver can include the same polymer blend as
the inner coating layer.
[6607) U.S. Publication No. 2016/0168799 discloses a coated paper cup. The paper cup

can include a first coating baving a polvethviene copolymer on the nside of the bottom surface

n

of the cup. The paper cup can also include an agueous-based coating on the mside surface of
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the side portion of the cup. The agueous-based coating can include an agueous-based polymer
that is water-soluble or water-dispersible.

[6608] WO 2005/019333 discloses polymer blends that mclude 1-99% by weight of a
copolvmer of cthylene and an alpha olefin having 3-10 carbon atoms, and 1-99% by weight of
a low density polyethylene. The copolymer can be prepared via a metaliocene catalyst. The
polymer blends have a melt elastic modulus from 20 to 200 Pa and can be used for extrusion
coating apphications.

(3609} WO 2011/037590 discloses a polymeric composition for use as a film or coating,
The composition ncludes a first component that is a copolvmer of ethylene and one or more
(s to Cro alpha-olefin comonomers and a second component that is fow density poivethviene.
The first component has a density of 0.911 to 0.918 g/om?®, and the second component has a
melt index that is less than the melt index of the first component.

[G016] WO 02/00436 discloses a polymer blend for use as a film or coating. The polvmer
blend mcludes 1-99% by weight of a metallocene-produced very low density polvethylenc
having a density less than 0.916 g/em®, and 1-99% by weight of a low density polyethylene
having a density of 0.916 to 0.928 g/cm’. The very low density polyethviene can have a melt
index from 6 to 15 dg/min.

SUMMARY OF THE INVENTION

6011} In one aspect, a coated article is provided. The coated article can include a fibrous

substrate, such as a paperboard substrate. The coated article can further include a first
polymeric coating having opposing first and second surfaces. The first surface of the first
polymeric coating can be secured to at least a portion of a surface of the fibrous substrate. The
first polymeric coating can have a coat weight of about 7 ¢/m” or less. The first polymeric
coating can correspond t0 a coating layer suitable for use as a tie layer, such as an cthyvlene
acrvlic acid copolymer or another type of ethviene homopolymer or copolymer. The coated
article can further nclude a second polvmeric coating secured to the second surface of the first
polymeric coating. The sccond polymeric coating can have a coat weight of about 15 g/m? or
less. The second polymeric coating can mchude at least about 40 wit% of an ethvlenc-based
polymer, such as an ethylene-based copolvmer. The ethyleng-based polymer can have one or
more of the following propertics: a} a melt index of from about 5 g/10 min to about 30 g/10
ming by a melt elastic modulus G7 (G™7 = 500 Paj at 170°C below 15 Pa; ¢) a relaxation time
lambda at 170°C below 0.003 g; d) at least two second melt temp peaks between 110°C and

120°C; e} a weight average molecular weight (Mw} of from about 10,000 g/mol to about 55,000
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g/mol; £} a molecolar weight distribution (Mw/Mn) of from about 2.0 to about 5.0, and g} a
Mz/Mw ratio of from about 1.5 to about 2.1.

6612} In another aspect, a method of manufactuning a coated article for a container is
provided. The method can includes receiving a coated fibrous substrate having nner and outer
polvmeric layers. A first side of the inner polymeric layer can be secured to at least a portion
of a surface of the fibrous substrate. Additionally or alternately, at least a portion of the outer
polymertc layer can be secured to at least a portion of a second side of the inner polymeric
laver. The outer polymeric layer can have a coat weight of about 15 g/m” or less. The outer
polvmeric laver can include at least about 40 wit% of an ethylene-based polvmer, such as an
cthyvlene-based copolymer. The ethylene-based polvmer can have one or more of the following
propertics: a) a melt index of from about 5 g/10 mun to about 30 2/10 min; b} a melt elastic
modulus G° (G777 = 300 Pa) at 170°C below 15 Pa; ¢} a relaxation time lambda at 170°C below
0.003 s; d) at least two second melt temp peaks between 110°C and 120°C; ¢) a weight average
molecular weight {(Mw) of from about 10,000 g/mol to about 55,000 g/mol; £} a molecular
weight distribution (Mw/Mn) of from about 2.0 to about 5.0; and g) a Mz/Mw ratio of from
about 1.5 to about 2.1, The method can further include sealing a first end of the coated fibrous
substrate to one of (1) a second end of the coated fibrous substrate; (i1} a portion of a separate
fibrous substrate; or (i) a combination thereof. This can allow formation of a sealed seam of
a coated article. The scaled seam can have. for example, a seal strength of about 6.0 N/15 mm
or more as maeasurced by the Scal Strength Test Method.

BRIEF DESCRIPTION OF THE FIGURES

3613} FIG. 1 shows results of the Seal Strength Test on paper substrates coated with
various polymene coating compositions, with scals formed at 106°C and 110°C.

614} FIG. 2 shows the resulis of the T-Peel Test on samples formed by scaling a paper
substrate coated with various polymeric compositions onto a non-~coated but printed board,
with seals formed at 130°C.

G815 FIG. 3 shows the results of the Secal Strength Test on paper substrates extrusion
coated with various polvmeric coating compositions, where the coating process was performed
at a laminator Hine speed of 300 meters/min and a sct temperature of 315°C.

[6616] FiG. 4 shows the resufts of the Seal Strength Test on paper substrates extrusion
coated with various polymeric coating compositions, where the coating process was performed

at a laminator line speed of 100 meters/nun and a set temperature of 315°C.
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3617} FIG. 5 shows the resolts of the Seal Strength Test on paper substrates coated with
various polymeric coating compositions, where the coating process was performed at a
laminator line speed of 100 meters/min and 300 meters/min.

{0818} FIG. 6 shows the neck-in values for various polvmeric coating compositions,
{6819} FIG. 7 shows the results of the Seal Strength Test on paper substrates coated with
various polvmeric coating compositions, with scals formed at 100°C and 110°C.

[3020] FIG. 8 shows the results of the Secal Strength Test on paper substrates coated with
various polymeric coating compositions, where the coating process was performed at a
laminator line speed of 100 meters/min and 300 meters/min.

BETAILED DESCRIPTION OF THE INVENTION

Overvigw
6021} In various aspects, polymeric coating compositions and articles coated with the
polymeric coating compositions are provided. fn onc or more aspects, the polvmeric coating
composition can include an ethviene-based polvmer that exhibits desirable melting properties,
flow behavior, and molecular weight distribution. It has been unexpectedly discovered that
this combination of melting properties and molecular weight distribution allows unexpectedly
thin coating layers to be formed while still providing advantageous propertics as a top coating
laver, such as seal strength.
6022} Traditionally, low density polyethviene (LDPE) has been utilized for coating paper
or paperboard for use in forming coated food or beverage articles, for example. This LDPE
coating can be used to impart various properties, such as protection from moisture or protection
from physical handling. The LDPE coating can also be used as a medium for scal-closing a
portion of an article. However, conventional LDPE coatings are imited in their process-ability,
such as draw down (ability to foum a thin film without breaking) at high linc speed and/or
adhesion to paper-based substrates in conventional processing conditions. While converters
may be utilized to aid i mitigation of the loss of adhesion, this may adversely affect the hot
tack performance of such a coating composition.
[6623] The polvmeric coating compositions disclosed heremn alleviate one or more of the
above problems. For example, in certain aspects, the polymeric coating compositions tnclude
an cthylenc-based polymer in an amount of at least about 20 wt%. In such aspects, the
cthylene-based polvmer exhibits:

a) amelt index of from about 3 g/10 min to about 30 g/10 nun;

b} amelt elastic modulus &7 (G777 = 500 Pa) at 170°C below 15 Py,

¢} arelaxation time lambda at 170°C below 0.003 g;

-l
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d} at least two second melt temperature peaks between 110°C and 120°C;

¢} a weight average molecular weight (Mw) of from about 10,000 g/mol to about

55,000 g/mol;

f} amolecular weight distribution (Mw/Mn) of from about 2.0 to about 5.0; and

g2} a Mz/Mw ratio of from about 1.5 to about 2.1,
66241 In certain aspects, the polvmeric coating compositions can include a blend of two
or morc polvmers. In one aspect, the blend can include the ethvlene-based polvmer as a first
polymeric component in an amount of from about 20 wt% to about 80 wt9%, and a second
polvmeric component in an amount of from about 20 wit% to about 80 wt%. The second
polymeric component can mclude: a low-density polyethylene; an cthylene acrvlic acid co-
polvmer; an ethvlenc-methacrvlic acid co-polymer; an ethyvl-methyl acrylate co-polymer; a
poiyvmer produced by polvmerization at a pressure of 50 MPa-g or more; or a mixture thercof.
In various aspects, the polymeric coating compaosttions can also be additivated with organic or
norganic additives, which is discussed further below.
3625} Unexpectedly, it has been discovered that the above-histed properties of the
cthylene-based polymer, alone or in the polymeric blend, can be beneficial for forming thin
polvmeric coating compositions. For instance, the polymeric coating compositions can exhibit
enhanced drawn down and neck in processing properties, which can facilitate the application
of a thin coating on the substrate at high line processing speeds. Furthermore, it has been
unexpectedly discovered that these thin coatings of the polvmenc coating compositions
described herein can provide enhanced secal strength to a coated article compared to
conventional polymeric coatings at similar coat weights.
[6626] For convenience, in this description there are specific references to a polymeric
coating composition for use as a coating layer on a paper substrate. It is understood that these
reterences itlustrate the more general concept of thin coating lavers that include an ethvlene-
based polymer that provides unexpected benefits, independent of a spectfic type of substrate.

Polvmernic Coating Compositions

{027} As discussed above, in certaim aspects, the polymeric coating compositions can
include an ethyvlene-based polymer having the following propertics:
a} a melt index of from about 5 g/10 min to about 30 g/10 min, or of from about 10
/10 min to about 25 g/10 min (the technique for determining melt index as used herein
is described m ASTM DB-1238, 2.16 kg, 190°C);
b} amelt elastic modulus G (77 = 500 Pa) at 170°C below 15 Pa (the technique for

determining melt ¢lastic modulus as used herein is described in WO 2005/019333);

-5
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¢} arclaxation time lambda at 170°C below 0.003 g;
d} at least two second melt temperature peaks between 110°C and 120°C. The
techmque for determining melt temperature peaks as used herein is based on ASTM D-
3417/D3418. In such a technigoe, non-hermetic TZero pans from TA instruments and
a target sample weight of 3.5 mg (that has been conditioned in a controlled lab at 23°C
+2°C) can be utifized, the enthalpics can be deternuned by linear mtegration, and a TA
2000 DSC can be utihized. An example DSC method for determining melt temperature
peaks of polyethylene can include: equibibrium at 150°C, isothermal for 3 minutes,
ramyp at 10°C/minute at 0°C, isothermal for 3 minutes, and ramp at 10°C o 150°C,
¢} a weight average molecular weight (Mw) of from about 10,000 g/mol to about
55,000 g/mol {techniques for determining number average molecular weight (Mn),
weight average molecular weight (Mw), and Z average molecular weight (Mz) are
described subsequently herein);
f} amolecular weight distribution (Mw/Mn} of trom about 2.0 to about 5.0; and
g} a Mz/Mw ratio of from about 1.5 to about 2.1,
[6G28] In certain aspects, the cthylene-based polymer can exhibit a density of about £ 916
g/cm’ or greater {(a technique for measuring density is described in ASTM D4703/D1505).
6629} It should be understood that the ethviene-based polvmer is not himited to any
specific method of preparation. [n cerfain aspects, the cthylene-based polymer can be
polymerized m the presence of a single-site catalyst, such as a single-site catalyst comprising
a metaliocene. Examples of metallocene catalysts, resins, and methods of manufacture are
described m U.S. Patent No. 6,932,592, It is noted that not all ethviene-based metallocene
polymers can provide the combination of properties described herein.
16036 In any embodiment, the cthylene based polymer may be what 1s described herein as
a PE l-type polyvethylene, a PE2- type polyethyiene or a biend of the foregoing.

PE1-type Polvethvlene

(G031 Polyethylene referred to hereafter as PE1-type polyethylenc comprises 2 50.0 wt.%
of polymer units derived from ethylene and < 50.0 wt% preferably 1.0 wit% to 35.0 wt%, even
more preferably 1 wi% to 6 wit% of polvmer units dertved from a s to Cro alpha-olefin
comonomer {preferably hexene or octeng). PEl-type polvethylenes preferably have a
composition distribution breadth index (CDBI) of 60.0% or more, preferably 60.0% to 80.0%.
The PEl-type polyethylene may bave a density of 0.910 to 0.950 g/em?® (preferably 0.915 to
0.940 g/om’, preferably 0.918 to 0.925 g/om?®). PEl-type polycthylencs may have a melt index
{(I2.16) according to ASTM D1238 (190°C/2.16 kg) of 1 to 300 g/10 mun., particularly 5 to 306

w b -
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/10 min. Preferably these polymers are metallocene polvethylenes (mPEs).  PEl-type
polvethyienes are available from ExxonMobil Chemical Company under the trade name
Exceed™ mPEs. Such lincar polyethvienes typically have a g'vis > (.95, preferably > (.96 and
can be a prepared by gas-phase polvmerization supported catalyst with a bridged bis(atkyi-
substituted dicvclopentadienyl) zircontum dichloride transition metal component and methyl
alumoxane cocatalyst.

PE2-Tvpe Polvethvlene

3632} Suitable PE2-tvpe polvethylene polvmer may be a copolymer of ethylene, and one
or more polar comonomers or U3 to Cio a-olefins. Typically, the PE2-type polyethylene
polyvmer useful herein includes 99.0 to about 80.0 wi%, 99.0 to 83.0 wit%, 99.0 to 87.5 wie,
85.0 to 80.0 wit%, of polymer units derived from cthylene and about 1.0 to about 20.0 wt%, 1.0
to 150 wt%%, 1.0 10 12.5 wit%, or 5.0 1o 10.0 wi% of polvmer units derived from ong or more
polar comonomers, based upon the total weight of the polymer. Suitable polar comonomers
include, but are not hmited to: vinyi ethers such as vinyl methyl ether, vinyvi n-butyl ether, vinyl
phenyl ether, vinyl beta-hydroxy-ethyl ether, and vinyl dimethylamino-ethyl ether; olefins such
as propylene, butene-1, cis-butene-2, trans-butene-2, iscbutylene, 3,3,-dimethylbuteng-1, 4-
methylpentene-1, octenc-1, and styrene; vinvl type esters such as vinvl acetate, vinyl butyrate,
vinyl pivalate, and vinvlene carbonate; halo olefins such as vinyvl fluonde, vinvlidene fluonde,
tetrafluorcethylene, vinyl chloride, wvinyhdene <¢hlonide, tetrachloroethylene, and
chiorotrifluorocthylene; acrylic-type esters such as methyl acrvlate, ethyl acrylate, n-butyl
acrviate, t-butyl acrvlate, Z-ethvlhexvi acrvlate, alpha-cvano isopropyvl acrvlate, beta-
cyanocthyl acrylate, o-(3-phenylpropan-1,3 -dionylpheny! acrylate, methyl methacrvlate, n-
butyl methacrylate, t-butyl methacrvlate, cyvelohexyl methacrylate, 2-ethylhexyl methacrylate,
methyl  methacrylate,  glyveidvl  methacrvlate, beta-hydroxethyl  methacrylate, beta-
hydroxpropyl  methacryvlate,  3-hydroxy-4-carbo-methoxy-phenyl  methacrylate, NN-
dimethylaminoethyl methacryvlate, t-butvlaminoethyl methacrylate, 2-(1-aziridinvljethyl
methacrylate, dicthyl fumarate, diethyl maleate, and methyl crotonate; other acrviic-type
dernvatives such as acrvlic acid, methacrylic acid, crotonic acid, maleic acid, methyi hyvdroxy
maleate, tacomic acid, acrvionitrile, fumaronitrile, N N-dimethylacrylamide, N-
isopropylacrylanmide, N-t-butylacrvlamide, N-phenvlacrylanmide, diacetone acrylamide,
methacrylamide, N-pheny! methacryvlamide, N-cthylmaleimide, and malcic anhvdnide; and
other compounds such as allyl alcobol, vinvlinmethvlsilane, vinyltnethoxysilane, N-
vinylcarbazole, N-vinyl-N-methyvlacetamide, vinyt dibutyl phosphine oxide, vinyl

diphenviphosphine oxide, bis-(2-chloroethyl) vinyiphosphonate, and vinyl methyl sulfide.

~J
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13633] The PE2-type polyvethylene polvmer may have a melt index (I216) as measured
according to ASTM D1238, 2.16 kg, 190°C, of 1 t0 30.0 g/10 mun., particularty 3 to 20 g/10
min.

Polvmer Blends

{6834} In varicus aspects, the polymenc coating composition can comprise a polymer
blend. In such aspects, the polvmer blend can include the ethylene-based polymer blended
with a second polvmeric component. In certain aspects, the second polymeric component can
exhibit a2 melt index of from about 1 /10 min to about 30 g/10 min, or of from about 5 g/10
min to about 20 ¢/10 min. In one or more aspects, the second polymeric component can be a
low-density polvethylene; an ethyvlene acrvlic acid co-polvmer; an ethyvl-methyi acrylate co-
polymer; an cthylene-methacrylic acid co-polymer; or a muxture thercof. It should be
anderstood that other blend partners may also be present in the polymer blend. as long as such
a polymer blend can achieve a thin coating, ¢.g.. a coat weight of about 5 g/m? or less at high
line speeds, or a coat weight of about 10 g/m” or less.

3635} In various aspects, the cthylene-based polymer can be present m the polymer blend
i an amount of from about 20 wt% to about 80 wt%; of tfrom about 30 wi% to about 70 wi%,
or of from about 40 wt% to about 70 wt%. In the same or alternative aspects, the second
polyvmeric component of the polymer blend can be present in an amount of from about 20 wt%
to about 80 wt%; of from about 30 wt% to about 70 wt%, or of from about 40 wt% to about 70
wt%e.

[3836] In certam aspects, the polvmeric coating composition mcludes the ethyviene-base
polymer in the absence of a second polymeric component. In such aspects, the ethylene-based
polvmer can be present 1o an amount of at least about 70 wt%, at least about 90 wt%, at least
about 95 wt%, or at least about 99 wt%.

{66371 In various aspects, the polymeric coating composition can optionallv include one or
more additives. The additives can include fillers, such as imorganic fillers, antioxidants, anti-
cling additives, UV stabilizers, heat stabilizers, plasticizers, anti-blocking agents, rclease
agents, anti-static agents, pigments, colorants, dves, waxes, silica, processing aides, and the
like. The additives can be present in the polymeric composition tn an amount of less than about
15 wit%, less than about 10 wit%, or less than about 8 wit%.

[66338] In one aspect, the additive comprises an inorganic filler, such as talc, CaC0;, or a
mixture thereof. In such an aspects, the morganic filler can facilitate the processing, ¢.g., the

cutting, of a film or coating laver formed from the polymeric coating compostition.
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13639] As discussed above, the polvmer coating composition can be a thin film
composition having a coat weight of about |5 g/m? or less, about 13 g/m? or less, about 12 g/m?
or less, about 10 g¢/m’ or less, about 8 g/m? or less, or about 5 g/m? or less.

[0844] In various aspects, the polymeric coating composttion can be formed utilizing any
conventional equipment and methods of preparation, including drv compositing the wndividual
components together and subsequently melting in a wuxer, or by mixing the individual
components directly mto a mixer {¢.g., a Banbury mixer or a dry mixer), or info a single- or
twin-screw extruder (which can include a compounding extruder and/or a side arm extrader
used downstream of a polymerization process or on-line blending at a converter operation}.
Coated Articles

{0041} As discussed above, i certain aspects, coated articles are described that include a
substrate coated with at least one layer of the polymeric coating compositions described above.
In certain aspects, the substrate comprises a fibrous substrate, such as paper or paperboard. It
should be understood that substrates other than fibrous substrates are also contemplated, such
as metal and/or plastic substrates.

[6042] The coated articles descnbed herein can be used as a container for food, beverages,
cosmetics, or other products. Example coated articles, include a disposable beverage cup.
cosmetic cream or lotion container, ice cream contaimer, 1o~go food contaner, and the hike.
[6043] In various aspects, the coated article can mclade one, two, three, or more layers
coated onto one or more surfaces of the substrate. As discussed further below, the compaosition
and/or the coat weight of each layer may differ depending upon whether such alaveris a single
layver in a single layer coated article, or whether a layer is one of multiple lavers on a coated
article. For ease of description, the foregoing is with reference to the coated article designed
as a food or beverage container; however, the same or similar propertics discussed in this
section may also apply for coated arficles designed for uses other than food or beverage
containers.

G044 In aspects, where the coated article is a single layer coated article, the single laver
comprises a polvmer blend as descnbed above with reference to the polymernic coating
compositions. As discussed above, the polymeric coating compositions exhibit specific
processing properties that facilitate the efficient and effective coating of a substrate at high line
specds and at a low coat weight, e.g., about 15 g/m? or less, about 10 g/m” or less, about 8 g/m?®
orless, or about 5 g/m? or less. In aspects, the ethylene-based polymer component of the blend

can provide the desired processing and sealing properties, while the second polymeric
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component of the polvmer blend offers good balance between processability and end use
performances.

(6645} Unexpectedly, the single layer polymeric coating, while present in a thin layerat a
lower coat weight compared to conventional coated articles, exlubits enhanced seal strength,
For instance, when the coated article includes at least one sealed seam that is sealed via the
single laver polymeric coating, the scaled scam has a seal strength of at least about 6 N/15 mm,
at jeast about 7 N/15 mum, or at least about 8 N/I5 mm. The seal strength can be measured as
discussed further below with reference to the Examples.

[(3046] In various aspects, the single layer polymerc coating can be present on both
(opposing) surfaces of the substrate. [n altemative aspects, the single layer polymeric coating
can be present on the food- and/or beverage-contacting side of the coated article, with the
opposing surface of the substrate uncoated.

G047 As discussed above, in alternative aspects, the coated articles can include at least
two polymeric coating lavers on the substrate. For instance, a first polvmeric coating layer can
be secured to one sorface of the substrate, while a second polymeric coating layer can be
secured to the first polymeric laver, such that the first polvmeric layer is positioned between
the surface of the subsirate and the second polymeric coating laver. In such aspects, the first
polymeric coating layver secured 1o the substrate functions as a “tie” layver and can provide
adhesion to the substrate, while the second polvmenc coating layer secured to the first
polymeric coasting layer functions as the “seal” layer, to provide a barrier between the beverage
or food and the substrate, and/or to form a scaled scam mn the coated articles.

13048] In certain aspects, the first polymeric layer can inchude one or more functionalized
co- or ter-polymers, or a homopolymer or a copslymer. A non-limiting list of cxample
functionalized co- or ter-polvmers includes ethvlene acrylic acid co-polvmers (EAA), such as

ExxonMobil Escor™, ethyl-methyl acrylate co-polymers (EMA), such as ExxonMobil

B

™

Optema'™ resing, ethylene n-butyl acrylate copolymers (EnBA), such as ExxonMobil EnBA'
resing, or maleic anhvdride functionalized polvolefins (homopolymer or co-polymer), such as
ExxonMobil Exxelor™ resins. In various aspects, the homopolymer or co-polymer in the first
polymeric laver can include ethylene homopolymers and/or ethylene co-polvmers, including
cthylenc-hexene co-polymers, or other alpha-olefin  co-polymers. Such cthylene
homopolymers and/or ethylene co-polymers can generally be reforred to as cthylene based

polymers.

- 10 -
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(3649} In aspects, the first polymerie laver is selected to provide sofficient adhesion to the
substrate. In such aspects, this adhesive tie layer is coated at a relatively low coat weight, such
as about 7 g/m? or less, or about 5 g/m? or less.

[0858] In aspects, the second polvmeric layer includes the polvmeric coating compositions
described above. For instance, in such aspects, the second polymeric layer can include the
cthylene-based polvmer described above, alone or in the polymer blend described above.
3051 The second polymeric layer can be present in a coat weight of about 15 g/m? or less,
about 13 g/m? or less, about 12 g/m? or less, about 10 g/m” or less, about 8 g/m? or less, or
about 5 g/m” or fess, which is a reduced coat weight for a seal layer (and food-contacting layver)
compared to conventional seal lavers. It has been unexpeciedly discovered that the second
polvmer layer at this reduced coat weight can exhubit sufficient or enhanced seal strength, when
at least a portion of the coated substrate is formed intc a sealed seam. For instance, coated
articles comprising the first and second polymeric lavers, as described herein, can have a scaled
scam with a seal strength of at least about 6 N/15 mm, at least about 7 N/15 mim, or at least
about 8 N/15 mn.

[6652] In one or more aspects, the coated article can inchude a third polymeric layver on one
or both sides of the article. In certain aspects, the third polymeric laver can be secured to the
second polyvmeric laver and opposite the first polvmeric laver. In aspects, the third polvmeric
laver can have the same parameters as other polymeric lavers discussed above. In various
aspects where the coated article includes three polvmeric layers, cach of the three polymeric
lavers can have the same or similar polyvmeric composition,

Methods of Forming the Coated Articles

[6653] The coated articles can be made according to any conventional methods. For
example, the coated articles can be made via extrusion coating, co-extrusion coating, and
lamination processes known 1o those of skill m the art. In aspects where the coated articles
meludes a polymeric coating on both opposing sides of the substrate, the substrate mav be

coated on a first side via extrusion coating or co-cxtrusion coating prior to coating on the second

3654} In various aspects, as discussed above, the coated article may include a scaled seam,
which can be sealed via the polymeric coating compositions. In such aspects, one cnd of the
coated article can be sealed to another end of the coated article, to a portion of a separate
substrate {coated or uncoated), or a combination thereof. In such aspects, the coated article
may be exposed to thermal energy in order to facilitate the formation of the scaled scam. [t

should be understood that depending upon the desired article, any number of sealed scams may

- 11~
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be present in the coated article. Any conventional equipment or methods can be used to form
the articles into final coated articles.

Molecular Weight Test Method

(6035} The distribution and the moments of molecular weight (Myw, Mn, Mw/Mn, etc. },
are determined by using a high temperature Gel Permeation Chromatography (Polvmer Char
GPC-IR) equipped with a multiple-channel band-~tilter based infrared detector [R5, an 18-angle
light scattenng detector and a viscometer. Three Agilent PLge! 10um Mixed-B LS columns
are used to provide polvmer separation.  Aldrich reagent grade 1,2 4-trichlorobenzene (TCB)
with 300 ppm antioxidant butylated hydroxytoluene {BHT) is used as the mobile phase. The
TCB nuxture 18 filtered through a 0.1 wm Teflon filter and degassed with an online degasser
before entering the GPC instrument. The nonunal flow rate is 1.0 mL/min and the nonunal
injection volume is 200 pl.. The whole svstem including transfer lines, columns, detectors are
contained 1n an oven maintaimed at 143°C. Given amount of polymer sample is weighed and
sealed in a standard vial with 80 pL flow marker (Heptane) added to it. After loading the vial
in the autosampler, polvmer is automatically dissolved in the mstrument with 8 mL added TCB
solvent. The polymer is dissclved at 160°C with continuous shaking for about 1 hour for most
PE samples. The TCB densities used in concentration calculation are 1.463 g/mi at room
temperature and 1284 g/ml at 145°C. The sample solution concentration 18 from 0.2 10 2.0
me/md, with lower concentrations being used for higher molecular weight samples.

(8561 The concentration {c), at cach point in the chromatogram is calculated from the
baseline-subtracted IRS broadband signal mtensity (J), using the following equation:

= /[)’[

where £ is the mass constant determined with PE standards. The mass recovery is
calculated from the ratio of the integrated area of the concentration chromatography over
clution volume and the injection mass which s equal to the pre-determined concentration
multiplied by injection loop volume.
3657} The conventional molecular weight (IR MW} s determined by combining universal
calibration relationship with the colump calibration which is performed with a senes of
monodispersed polystyrene (PS) standards ranging from 700 to 10M. The MW at each clution
volume is calculated with following equation:

log(K s 1K) | aps +l
a+1 Ca+l

loght = logM .

-12-
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where the variables with subscript “PS” stands for polystyrene while those without
a subscript are for the test samples. In this method, g, =0.67 and K, =0.000175 while a
and K are calculated from a series of empirical formula established m ExxonMobil and
published in bterature {1, Sun, P. Brant, R R, Chance, and W. W. Gragssley, Macromolecules,
Volume 34, Number 19, pp. 6812-6820, (2001)). Specifically, a/K = 0.695/0.000579 for PE.
The parameters used for the data processing are:
Nominal MHK =0.000534, Nominal MHa =0.695; dn/dc = 0.1048 mb/mg; A2 =0.00150.
[36358] All the concentration is expressed in g/om®, molecular weight is expressed in
g/mole, and infrinsic viscosity is expressed m dl/g unless otherwise noted.

Examples — Thin Film Polvmer Components

(G059 In the following cxamples, various thin layer polymer coatings and combinations
of such thin layer polymer coatings are described. The thin layer polymer coatings correspond
coatings including one or more of the following types of polvmers.

[6060] Low Density Polyethviene A (LDPE A) represents a commercially available low
density polyethylene resin. LDPE A has a melt index of 8.2 g/10 min and a peak melting
temperature of 106°C. LDPE A does not have second melt temperature peaks between 110°C
and 120°C. Among other applications, LDPE A is traditionally used as a coating for
applications where water vapor good organoleptic propertics are desirable.

3061 Low Density Polvethyiene B (LDPE B) represents another commercially available
low density polyvethylene coatimg. LDPE B has a melt index of 5.0 g/10 min and a peak melting
ternperature of 163°C. Among other applications, LDPE B is traditionally used for low speed
gxtrusion coating and its low neck-1n property. LDPE B also has good organoleptic propertics.
16062] Copolymer C is a commercially available ethylene-acrylic acid copolymer resin.
Copolymer € has a melt index of 8.2 g/10 mun, a peak meling temperature of 102°C, and a
melt elastic modulos G (G = 500 Pa) at 170°C of greater than 15 Pa. Copolymer € also has
a weight average molecular weight (Mn) outside the range of the weight average molecular
weight (Mn} of the ethylene-based polymers discossed above. Among other applications,
Copolymer C is traditionally used for extrusion coating and co-extrusion coating, and has good
adhesion characteristics to a varicty of surfaces.

[6063] Ethylene-based Polymer | {EB Polymer 1) is a commercially available metallocene
cthylene-hexene copolymer. Among other applications, EB Polymer 1 is traditionally used for
extrusion coating and co-extrusion coating processes. EB Polymer 1 has a melt index of ~19

/10 min. EB Polymer 1 also has a melt elastic modulus G7 at 170°C of about 6.7 Pa, a
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relaxation time lambda at 170°C below 0.003 seconds, at least two second melt temperature
peaks between 112°C and 115°C, a weight average molecular weight of 25,000 g/mol, a
molecular weight distribution (Mw/Mn} of 2.5, and a My/Mw ratio of 1.7. It has been
unexpectedly discovered that EB Polymer 1 can provide superior properties for sealing and
bonding when used in coating layers that are thinner than conventional coating layers.
30641 Ethviene-based Polymer D (EB Polymer D) is another commerciallv available
metallocene ethylene-hexene copolymer with good tensile propertics and impact and puncture
toughness. EB Polymer I has a melt index of ~ 3.5 ¢/10 mimites.
{3665] As used herein, “lambda relaxation time” 1s calculated by dynamic frequency scan
at 170°C using an ARES rotational rheometer in a nitrogen atmosphere, using a plate-plate
geometry with a 25 mm diameter.  Strain 15 maintained at less than or equal to 10% and
frequency is varied between 100 rad/s and 0.2 rad/s with 5 points measured per decade.
Dynamic moduli (i.c., storage modulus, G, and loss modulus, G7) are recorded and the norm
complex viscosity is calculated according to the following Equation 1:

n*o=G"2+G"20 Fguation 1.
The norm of the complex viscosity is then fitted with a Cross model according to the following
Equation 2:

nrw=n0l+iwl-n Fauation 2,
where 70 is the zero-shear viscosity, 4 is the average relaxation time, and # 1s the shear
thinning index.
[(3066] In the Tables that follow, the term “Coat Weight” refers to the thickness of the
polymeric coating expressed as the weight i grams of the polymeric coating composition per
square meter (g/m?).
(6667} In the Tables that follow, the “Speed {meters/mun)” refors to the speed of the
lammator, or the extrusion coating hine, where the polvmeric coating composition is applied to
the substrate and is expressed in meters per minate (meters/min).
(3068 The coated paper samples described and analyzed in the Tables below were made
according to the following procedure. The mono and co-extrusion coatings were applied using
2.5 mch and 3.5 inch extruders, 28:1 /D, The 750 mm diameter roll used had a matte finish
and was held as cold as possible through the nins. The paper substrate was 70 grams per square
meter {(g/m?) Kraft paper, which was corona treated on line prior the coating. The air gap was
maintained at 170 mum,
0869} In the Tables that follow, the *Secal Strength Test™ refers to the scaling of a sample

and the measurement of the strength of that scal. The sample sealing procedure is based on
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ASTM F2029. First, the paper substrate 1s coated at a particolar Speed and Coat Weight, with
the coating compositions specitied in the Tables. The heat scal is prepared under standard lab
conditions. The sealing conditions include a 5 mm seal bar with a smooth surface, a time of
(.5 seconds, and a pressure of 300 N, The heat seal 1s performed at several temperatures such
as 90-100°C, 110°C, or 120°C. The scaled samples are conditioned in a constant temperature
laboratory for at least 40 hours at 23°C +/- 2°C and at 50% +/- relative hunudity. The heat seal
force is tested based on ASTM F88. Each tail of the sealed specimen 1s secured in opposing
grips 20 mm apart and the scal remains ensupported while the test is being conducted. The test
specd for measuring the heat seal force is 100 meters/min. A Zwick machine, cell of 100 N
gives the average heat seal force expressed as “N/1S mm”™.

[0878] In the Tables that follow, the *“T-Pect Test” refers to the force required to peel apart
a seal formed between a portion of a paper cup and a 70 g/m? paper substrate, which has been
coated with the coating composition specified in the Tables. The samples are prepared by
cuiting a paper cup to flatien out the side wall of the cup. A Kopp heat scaler 1s used to seal
together the flattencd-outside wall of the cup and the paper substrate using a 20 mm seal bar
with a smooth surface, at g pressure of 1600 N, for 1 second. The scals are formed at the
temperature specified in the Tables. The sealed samples are conditioned in a constant
temperature laboratory for at least 40 hours at 23°C +/- 2°C and at 50% +/- relative humidity.
The sealed samples are then cut into at least five 15 mm strips with a sample cutter. The 15
oun strip is then partly pulled apart and the pulled apart cnds are held in place by clamps
positioned 20 mim apart in a Zwick machine with a cell of 100 N and flat inserts. The Zwick
machine then measures the force required to pull apart the remaining sealed portion. The Zwick
machine gives the average heat seal force expressed as “N/15 mm”,

6671} In the Tables that follow, the “Neck-1n” refers to the reduction in the polvmeric
coating width when extruded at 35 rpm output onto paper at 23, 30, 100, and 200 meters per
minute line speeds.

Examples — Properties of Thun Single Laver Polvimer Coating Compositions at Coat Weights

of 10 o/m? orless

3672} Tables 1a, 1h, and 1c below show various samples made using various compositions
at a coat weight of 5 g/m”. The coatings shown in Tables 1a, 1b, and ¢ were applied at various
laminator line speeds (in meters per minute {(m/min}} during the extrusion coating process. The
coatings in Tables 1a. 1b, and Ic represent coatings applied to a 70 gsm paper substrate.

16073] Table la shows examples of 5 polymer coatings at a coating weight of 5 g/m®.

Columns 1 and 2 cormrespond to polymer coatings based on LDPE A coated at laminator line

- 15~



WO 2019/183116

.4

10

PCT/US2019/022999

speeds of 100 m/min and 300 m/min. Columms 5, 6, and 7 correspond to polymer coatings
based on a polymer blend of LDPE B (20 wit%) and EB Polymer 1 (80 wt%) at laminator line
speeds of 100 m/min, 300 m/min, and 500 m/min,

{0874} In Table 1a and 1b, the columns nambered 1 and 2 correspond to coating layers
using a conventional low density polyethylenc in the form of LDPE A, Coat weights of 5 g/m?
added at lapunator linc speeds of 100 m/min and 300 m/min. The bighest seal strength
observed was less than 5.0. By contrast, the coating layers with a blend of EB Polvmer T and
LPBE B {Columns 5 and 6} or a blend of EB Polymer | and LPDE A (Columng 10 and 11)
have increased seal strength of greater than 3.0, or greater than 6.0, at sealing temperatures of
110°C and/or 120°C.  As expected, seal strength is impacted by the extrusion ling speed,
combined effect of adhesion, and polymer residence time in the air gap.

Table Ia

LDPE A 100% 100%

LDPEB 20% 20%

EB Polymer | 80% 50%

EB Polvaer D

Copolymer C

L

Coat weight (z/m?) 5 5 5 3

Speed (meters/min) 100 300 100 300 500

Seal strength

oA 252 SSA TR 2ot o

1310°C 4.6 4.4 6.1

-
h

120°C 4.9 4.7 6.6

o
[#3)

T-Peel Test (cup-papen)

110°C 0.4 NA - - -

120°C 12 NA - - -

6675} Table ib shows results from additional blends of EB Polymer 1 with a traditional
low density polyethvlene (LDPE A} Similar to the blends n Columns 5 and 6 of Table 1a, the
coating layers with a blend a blend of EB Polymer 1 and LPDE A (Columns 10 and 11} bave
increased seal strength of greater than 5.0, or greater than 6.0, at sealing temperatures of 110°C
and/or 120°C.

[6676] Table 1b also shows results for coatings including a blend of three polvmers.
Column 14 shows a blend of LDPE A, EB Polymer 1, and Copolymer C. As shown in Table

- 16 -
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Ib, incorporating the ethvlenc-acrvlic acid copolymer mto the blend resalted m a layer that did
not adhere to the paper substrate. This is due to the fact that the aciual extrusion temperature
is limited to stay below 300°C when working with an acid copolymer. Columns 17, 18, and
19 show results from blends of LDPE A, EB Polymer 1, and ED Polymer B. These columns
show that the benefits of EB Polymer 1 for thin coating favers are maintained when a portion
of an ethylene copolymer with a low melt index is included in the blend, but lower strengths

are achieved. Similarto the results in Table 1a, increasing the laminator speed tapacts the seal

strength.
Tabie b
10 11 14 17 18 19
LDPE A 20% 26% 26% 20% 26% 26%
LDPEB
EB Polymer | 80% 30% 60% 60% 60% 60%
EB Polymer D 20% 20% 20%
Copolymer € 20%
Coat weight (g/m®) 5 5 5 5 5 5
Speed
{meters/min) 100 300 100 100 300 500
No adhesion
Seal strength to paper
110°C 6.8 39 6.3 4.8 3.4
120°C 6.9 62 6.1 6.5 4.5
T-Peel Test
{Cup-paper)
116°C 0.6 <0.2 - 0.4 <(.2 <0.2
120°C 1.8 0.4 - 1.3 6.3 i1

{877} Table 1c¢ shows results for blends of three polymers with an increased amount of
EB Polymer B, As shown in Table 1c, the higher amount of EB Polvmer D in Columns 22,
23, and 24 resulted in lower seal strength at cach laminator line speed coating relative to the
comparable coatings having only 20 wt% of EB Polymer D, as shown in Columns 17, 18, and
19 of Table 1b. These results are due to the fact that the EB Polymer D does not have the

specific flow behavior as exhibited in the EB Polymer 1.

1]
-
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Table 1c
22 23 24
LDPE A 20% 20% 20%
LDPER
EB Polymer 1 40% 40% 40%
EB Polymer D 40% 40% 40%
Copolymer C
Coat weight (2/m’) 3 5 3
Speed (metors/min) 106 300 300
Seal strength
110°C 55 2.5 21
120°C 6.3 48 36
[6G78] Tables 2a — 2¢ provide data from tests similar to those shown in Tables 1a -~ 1c¢, but

based on coating layers formed at a coat weight of 10 g/m’, instead of the 5 g/m? data shown

in Tables 1a— Ic. In Table 2a, Columns 3 and 4 are divected to polvmer coatings similar to

(]

those in Columns 1 and 2 from Table la, but at the higher coat weight of 10 g/m”. The coatings
i Columns 8 and 9 are also similar to Columns 5 and 6 of Table 1a. As shown in Table 2a,
the unexpected benefit of using a coating comtaining EB Polymer 1 is maintaimned at the

ncreased coat weight of 10 g/m’.

Table 2a
3 4 8 9
LDPE A 100% 100%
LDPEB 20% 20%
EB Polymer 1 80% 80%
EB Polymer D
Copolymer C
Coat weight (g/m?) 10 10 10 10
Speed (meters/min) 106 300 100 300
Seal strength
116°C 39 32 6.9/ 51
120°C 6.1 43 7.3 6.3
T-Peel Test (cup-paper)
110°C 0.7 <0.2 - -
120°C 3.8 1.7 - ~
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3679} Columms 12 and 13 in Table 2b shows resulis for coatings similar to those in
Columuns 10 and 11 of Table 1b. In addition to providing similar advantages for increased seal
strength, the coating in Column 13 also provides the advantage at 120°C of maintaining the
sealing on cup at the higher laminator speed of 300 meters per minute. This 18 in contrast to
the result tn Column 4, where increasing the hine speed to 300 meters per minute for a
conventional low density polyvethviene polymer at a coat weight of 10 g¢/m® results in a

substantial lowering of the sealing on cup value.

Table 2b
12 13
LDPE A 20% 20%
LDPEB
EB Polymer 1 80%% 30%
EB Polymer P
Copolymer C
Coat weight (g/m”) 10 {0
Speed (meters/min) 100 300
Seal strength
166°C 5.5 4.1
116°C 7.0 58
126°C 7.8 71
T-Peel Test (cup-paper)
116°C 1.2 Q.2
120°C 34 3.6

G050 In Table 2Z¢, Cohumas 20 and 21 correspond to a polymer coating similar {o the
coating in Columms 17 and 18 of Table 1b. At sealing temperatures of 110°C or 120°C and
taminator line speeds of 100 meters per minute, Column 20 appears to provide an improved
seal strength relative to Column 3. However, this advantage appears to be removed at the
higher line speed of 300 meters per minute. The polymer blends with increased content of EB

Polvmer I3 in Colummns 23 and 26 appear to show stmilar behavior.
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Table 2¢
20 21 25 26
LDPE A 20% 20% 20% 20%
LDPEB
EB Polymer 1 60% 60% 0% 40%
EB Polymer D 20% 20% 40% 40%
Copolymer C
Coat weight (g/m”) 10 10 10 10
Speed (meters/min) 100 300 160 300
Seal strength
110°C 6.6 5.1 6.3 32
120°C 6.9 5.9 7. 472
F-Peel Test {cup-paper)
110°C 8.6 <02 - -
120°C 3.2 0.4 ~ -

3081 Tables la— ¢ above focus on data from layers with a coat weight of 5 g/m?, while
Tables 2a - 2¢ focus on data from layers with a coat weight of 10 g/m®. In order to better
ithustrate the benefits of using a polyvmer coating that includes 20 wit% to 80 wit% of a polymer
such as EB Polvmer 1, FIG. 4 combines seal strength data from various columns 1n Tables la
and 1b, and Tables 2a and 2b. In FIG. 4, two sets of bar graphs are shown. The bar graphs on
the left side of FIG. 4 correspond to scal strength for seals formed at 110°C, while the bar
graphs on the right side of the figure correspond 1o scal strength for seals formed at 120°C.
Within each group of bars, the left-most bar corresponds to the coating from Column 1 of Table
1a; the next bar corresponds to Column 3 from Table 2a; the next bar corresponds to Column
10 from Table 1b; and the right-most bar corresponds to Column 12 from Table 2b.

6682} As shown in FIG. 4, the coating layer including EB Polvmer 1 at a coat weight of 5
g/m® (Column 10, Table 1b) provides a greater seal strength than the conventional polyethylene
coating at a coat weight of 10 g/m? (Column 3, Table 2a). This unexpectedly high scaling
strength for a polymer including EB Polymer | at a coat weight of only 5 ¢/m? demonstrates
that thinner coating layers can be used while still providing a superior sealing strength for the
resolting coated article.

[6083] FiG. 5 shows additional comparisons based on Tables 2a and 2b. In FiG. 5, the seal

strength for the coatings in Columns 3, 4, 12, and 13 are compared. These coatings correspond
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to a coat weight of 10 g/m>. Columns 3 and 4 correspond to conventional low density
polyethviene applied at a laminator line speed of 100 meters per minute or 300 meters per
minute, respectively. Columns 12 and 13 correspond to coatings based on 20 wt% of LDPE A
and 80 wt% of EB Polymer 1 at line speeds of 100 meters per minute and 300 meters per
minute, respectively. As shown i FIG. 5, the seal strength for the coating containing EB
Polymer 1, applied at a laminator line speed of 300 meters per minute, provides a superior seal
strength relative to conventional polvethvlene applied at the slower line speed of 100 meters
per minute. This demonstrates the unexpected ability of polymer blends mcluding a polymer
having the characteristics of EB Polymer 1 to provide desirable scal strengths at higher than
expected laminator line speeds.

{0684} Use of polvmer blends meluding a polymer having the propertics of EB Polymer 1
can also provide benefits for the sealing force, as shown in FIG. 3. FIG. 3 shows the seal force
{(in Newtons per 15 mum) for sealing a coating to a paper substrate at a line speed of 300 meters
per minute, a set temperature of 315°C, and a sealing temperature of 120°C. FIG. 3 includes
this data on the layers corresponding to Column 2 of Table 1a, Columm 4 of Table 2a, Column
11, Table 1b, and Column 13 of Table Zb.

16085] As shown n FIG. 3, convertdional low density polyvethvicne does not form a seal at
a coat weight of 5 g/m’ under these conditions, while the polymer blend including EB Polymer
1 does provide a seal. Ata coat weight of 10 g/m?, the polymer blends including EB Polymer
1 in various amounts provided substantially higher seal force values than the comresponding
low density polyethvlene coating.

Examples — Properties of Polvmer Coating Compositions at Coat Weights of 15 g/m? to 20

g/

|36386} Tables 3a — 3b and Tables 4a — 4c¢ provide propertics for polymer coating lavers
made at net coating weights of 15 g/m® and 20 ¢/m®. The coatings in Tables 3a and 3b
correspond to single coating lavers of a polymer or polymer blend. The coatings in Tables 4a
- 4¢ correspond to coatings that include two coating layers. For the coatings including two
coating lavers, Extrusion B corresponds to the laver m contact with the paper substrate used
for supporting the coating layers. Extrusion A corresponds to the coating layer that is exposed
at the surface of the coating.

6687} Table 3a and Table 3b provide propertics for single layer coatings at a coat weight
of either 15 g/m? or 20 g/m® for vartous combinations of Copolymer C, EB Polymer 1, and
LBPE A In Tables 3a and 3b, either Copolymer C would appear to be the strongest candidate

for further investigation into coating at reduced coating weights. At a coat weight of 15 g/m?,
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Copolymer € provided the highest seal strength, the highest sealing on cup valaes, and the
fowest neck-in values. LDPE A performs less well at the higher coat weight of 20 g/m?
(Column 4). The blends of 80 wit% EB Polymer 1 and 20 wi% LDPE A perform well at coating
thicknesses of 20 g/m? (Column 3) but less well at 15 gsm {(Column 2). The blends of 30 wt%
EB Polymer 1 with 70 wt% LDPE A (Cohumns 7 and 9} had slightly higher neck-in values
comparable 1o the Copolymer € or LDPE A single layers while providing only comparable
sealing strength. The polvmer blend of Copolymer C and EB Polymer 1 exiubited a relatively
high seal strength at a sealing temperatare of 110°C. However, the coating in Colurm 8 had a
still higher neck-in value than the blends of EB Polvmer 1 and LDPE A w Colomn 3. Asa
result, this blend 1s not a preferred option.

Table 3a

{ 2 3 4
Copolymer C 100%
EB Polymer 1 80% 80%
LDPE A 20% 20%6 100%
Coat weight (g/m?) 15 15 20 20
T-Peel Test {cup-paper)
130°C 35 2.6 35 34
Seal strength
100°C 94 7.7 10.7 39
110°C 92 83 10.0 6.3
MNeck-in measurement{mm) 50 183 170 43
Final coating width 450 313 330 455
Working paper width | 300 mm
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Table 3b
6 7 8 9
ExtA
Copolymer C 100% 20%
EB Polymer 1 30% 80% 30%
LDPE A T0% 70%
Coat weight (g/m”) 20 15 20 20
T-Peel Test (cup-papen)
130°C 32 37 3.4 3.9
Seal steength
100°C 9.8 6.9 2.0 8.6
110°C 115 7. 10.5 9.4
Neck-in measurcment{rnm) 45 55 265 60
Final coating width 455 445 235 440
Working paper width : 500 mum

16088} Based on the results shown in Tables 3a and 3b, polvmer blends of EB Polymer |
with Copolymer C and/or of EB Polymer 1 with LDPE A would appear to be less favorable
than other types of coatings at coat weights of 15 g/m” or more. However, the beneficial
propertics of polvmer biends including a polymer with properties similar to EB Polvmer | can
be achieved by using a two layer coating, with one of the lavers corresponding to a polymer
blend containing EB Polymer 1 {or polymer with similar properties).

|68} Tables 4a — 4c shows results from characterization of coatings that included two
separate lavers (such as co-extruded layers) at a total coat weight of either 15 g/m? or 20 g/m?,
As shown m Table 4a, addition of a tie laver (Extrusion B} of EB Polvmer 1 did not gencrally
lead to an improvement in seal strength and/or other properties. But this data confirms the
better scaling/adhesion onto the cupboard when using copolvmer € and/or a blend of EB

Polymer | with copolymer C as the scalant versus using LDPE (LDPE A).
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Table 4a
20 21 22 23
ExtA
Copelymer C 100% 100%
EB Polymer 1
LDPE A 100% F00%
Coat weight (g/m’) 105 14 10.5 14
ExiB
Copolymer C
EB Polymer 1 100% 100% 100% 100%
Coat weight (g/m’) 4.5 6 43 6
Total coat weight (g/m’) 15 20 15 20
T-Peel Test (cup-papen
136°C 33 3.6 1.4 0.9
Seal strength
100°C 32 42 - -
116°C 4.4 5.5 - ~
Neck-in measurement(mm) 45 50 35 55
Final coating width 455 430 445 445
Warking paper width : 500 mn

(G096 In Columns 26 and 27, a tie layer of Copolymer C was used in combination with a
top laver of LDPE A. Based on the relatively low T-Peel test values, the coating in Columns

26 and 27 resulted in a less favorable seal characteristics.
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Table 4b
24 25 26 27
Bxt A
Copolymer C 20% 20%
EB Polymer 1 80% 80%
LDPE A 100% 100%
Coat weight (g/m’) 10.5 14 10.5 14
ExtB
Copolymer € 100% 100%
EB Polymer | 106% 1H00%

Coat weight (g/m”) 45 6 4.5 6
Total coat weight (g/m”) 15 20 13 20
T-Peel Test (cup-paper)

130°C 2.9 33 0.5 0.4
Seal strength
100°C 2.8 1.4 - -
110°C 5.5 57 - -
Neck-in measurement(mim) 345 235 35 33
Final coating width 155 245 465 465
Waorking paper width © 500 mxm

G091 Additional combinations of tic layers and top lavers are shown in Table 4c. For top
lavers including a blend of EB Polvmer 1 and LDPE A, the choice of tie layer resulted in
different neck-in values, but the T-Peel strength values were comparable for each of Colamng
11, 28, and 29.

16092] An unexpectedly different bebavior was discovered when a tie layer of Copolymer
C was used with a blend of EB Polymer 1 and Copolvmer C as the top layer. Column 30
corresponds to a total coat weight of 15 g/m?, while Coluran 31 corresponds to a total coat
weight of 20 g/m?. This combination of layers resulted in a net coating with a higher seal
strength than the Copolymer € coating in Column 1 of Table 3a. The presence of the tic laver
also resulted in a reduced neck-in value as compared (o the coating i Column 8 of Table 3b or

the coatings in Cohumns 2 and 3 of Table 3a. Based on the unfavorable results shown from
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other combinations of co-extruded layer, this improvement in properties when osing co-

extruded layers was unexpected.

Table 4¢
11 28 29 30 31

ExtA
Copolymer C 20% 20%
EB Polymer | 80% 86% 30% 30% 30%

LDPE A 20% 20% 20%
Coat weight (g/m”) i4 10.5 14 10.5 14

ExtB
Copolymer C 100% 100% 100% 100%
EB Polymer 1 100%

Coat weight (g/m?) 6 45 6 45 6
Total coat weight {g/m’) 20 i3 20 18 20
T-Peel Test (cup-paper)

130°C 1.7 1.8 18 27 2.5
Seal strength
100°C ~ - - 8.7 10.0
1oec - - - 97 12.2
Neck-1n measurcment{mim) i35 60 60 120 105
Final coating width 3635 440 440 380 395
Working paper width : 500mm

3693} The results shown in Tables 3a — 3b and Tables 4a — 4¢ are further illustrated in
FIGS. 1-2and 6 - 7. FIG. 1 shows the seal strength for layers corresponding to Colomn 2 of
Table 3a, Column 4 of Table 3a, and Column 30 of Table 4¢. As shown in FIG. 1, usc of a
Copolymer € tie layer with a thin top layer corresponding o a blend of EB Polvmer 1 with
Copolymer C resulted in improved seal strength relative to a single layer of EB Polymer 1 with
LEPE A or relative to a thicker single layer of LDPE A,

3094} At the thicker coating values shown in Tables 3a— 3b and Tables 4a— 4¢, in addition
to evaluating seal strength and sealing on a coated cup, the neck-in value for the extruded

coating layer was also evaluated. It is noted that neck-in is a conventional measurement for
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characterizing polvmer layers, and increased neck-in values are usually considered detrimental.
As shown in Tables 3a — 3b below, at coat weights of 15 g/m? and 20 ¢/m?, the single coating
lavers involving EB Polymer 1 exhibit substantially increased neck-in values relative to the
neck-tn values for other conventional coating lavers such as Copolymer C and LDPE AL
{6895] FIG. 2 shows T-Peel test strength values for the lavers corresponding to Column 22
of Table 4a, Columm 24 of Table 4b, and Column 30 of Table 4¢. As shown in FIG. 2, using a
tie laver with a thin layer of EB Polymer 1 and a top layer of a blend of EB Polymer | and
Copolyvmer C resulted in a substantially higher T-Peel test value as compared to using the same
thin layer of EB Polymer | as the tic laver with a conventional LDPE top layer. Further, using
a tie laver of a thun Jayver of Copolymer C with a top laver of a blend of EB Polymer 1 and
Copolymer C resulted in a substantially higher T-Peel test value as compared to using a thin
layer of EB Polymer 1 as the tie laver with a conventional LDPE top laver.

[G096] FIG. 6 shows the neck-in values for the coatings corresponding to Columns 2 — 4
in Table 3a and Columns 7 and 9 1n Table 3b. FIG. 7 shows the Seal Strength Test data for the
same coatings shown in FIG. 6. As shown in FIG. 6, the blends of 80 wt% EB Polymer 1 and
20 wit% LDPE A at thicknesses of 15 g/m? and 20 g/m? would suggest low suitability for
formation of thinner coating layers, relative to the LDPE A lavers. The blends of 30 wit% EB
Polvmer | and 70 wt% LDPE A have similar neck-in values to the LDPE A lavers, but as
shown i Table 3b and illustrated in FIG. 7, the coatings in Columans 7 and 9 of Table 3b do
not suggest the substantially improved performance for blends of £B Polymer 1 and LDPE that
are shown in Tables la— lc and Tables 2a - 2c¢.

3697} FIG. & shows the seal strength for the coatings i Colummns 12 and 13 in Table 2b,
and Columns 20, 21, 25, and 26 1n Table 2¢. These coatings correspond to a coat weight of 10
g/m?. Colurns 12 and 13 correspond to coatings based on 20 wt% of LDPE A and 80 wt% of
EB Polvmer 1 at laminator line speeds of 100 meters per minute and 300 meters per minute,
respectively. Columms 20 and 21 correspond to coatings based on 60 wi% of EB Polymer 1,
20 wit% of LDPE A, and 20 wi% of EB Polymer D at laminator line speeds of 100 meters per
minuate and 300 meters per nunute, respectively. Columns 23 and 26 correspond to coatings
based on 40 wt% of EB Polymer 1, 20 wt% of LDPE A, and 40 wt% of EB Polvmer D at
laminator line speeds of 100 meters per minute and 300 meters por minute, respectively. As
shown in FIG. 8, at the higher line speed (300 rpmy) the seal strength for the coating containing
EB Polymer D at 20 wit% (Column 21) and at 40 wt% {Column 26} exhibited reduced seal
strength. These results suggest that the lower melt index of EB Polvmer D (~ 3.5 ¢/10 nun}

may adversely affect the coating seal strength.

]

o
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(3698} Although the present mvention has been described m terms of specific
cmbodiments, it is not so Hmited. Suitable alicrations/modifications for operation under
specific conditions should be apparent to those skilled 1 the art. It is therefore intended that
the following claims be interpreted as covering all such alterations/modifications as fall within

the trug spirit/scope of the invention.
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WHAT IS CLAIMED IS:
1. A coated article, comprising:

a fibrous substrate;

a first polymeric coating having opposing first and second serfaces, wherein the first
surface of the first polymeric coating is secured to at least a portion of a first surface of the
fibrous substrate, the first polymeric coating have a coat weight of about 7 g/m? or less; and

a second polymeric coating secured to the second surface of the first polymeric coating,
the second polymeric coating having a coat weight of about 15 g/m? or less, wherein the second
polvmeric coating comprises at least about 40 wi% of an ethviene-based polvmer having:

a) amelt index of from about 3 g/10 min to about 30 g/10 min;

b} amelt elastic modulus G (G = 500 Pa) at 170°C below 15 Pa;

¢ arelaxation time lambda at 170°C below 0.003 g;

d) at east two second melt temp peaks between 110°C and 120°C;

e} a weight average molecular weight (Mw) of from about 10,000 g/mol to about

35,000 g/mol;
f} amolecular weight distnbution (Mw/Mun} of from about 2.0 to about 5.0; and

g} a Mz/Mw ratio of from about 1.5 to about 2.1,

2. The coated article according to claim 1, further comprising a sealed scam between a
first end of the fibrous substrate and one of: (I} a second end of the fibrous substrate; (1) a
portion of a separate fibrous substrate; or (I} a combination thereof, wherein the sealed scam
has a seal strength of about 6.0 N/15 mm or more as measured by the Seal Strength Test

Method.

3. The coated article according o any of claims 1 and 2, wherein the ethylene-based

polymer has a density of about 0.910 g/om® or greater.

4. The coated article according to any of claims 1-3, wherein ethylene-based polymer has

a melt imndex from about 10 g/10 min to about 25 g/10 min.

5. The coated article according to any of claims 1-4, wherein the fibrous subsirate

comprises paper or paperboard.
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6. The coated article according to any of claims 1-3, wherein the second polvmeric coating
comprises from about 40 wi% to about 80 wt% of the cthylene-based polymer, and from about
20 wi%e to about 60 wi% of (i} a low density polyethviene; (1) an ethylene acrvlic acid
copolymer; (i) an ethyl-methyl acrvlate copolvmer; (iv) a polymer produced by
polymerization at a pressuic of 50 MPa-g or more; (v} an ethylene-methacrviic acid copolvmer;

or {vi} a combination thercof

7. The coated article according to any of claims 1-6, wherein the second polvmeric coating

comprises at feast about 70 wt% of the ethylene-based polymer.

8. The coated article according to any of claims 1-7, wherein the first polvmeric coating
comprises an ethylene acrylic acid co-polymer, an ethyl-methyl acrvlate co-polymer, an
cthylene n-butyl acrylate co-polymer, a malcic anhydnde functionalized polvolefin, an

ethylene homopolymer, an ethylene co-polvmer, or a combination thercof.

9. The coated article according to any of claims 1-8, wherein the first polymeric coating

comprises an ethyiene acrvlic acid copolymer.

10.  The coated article according to any of claims 1-9, wherein the second polymeric coating

has a coat weight of about 8 g/o? or less.

1t The coated article according to any of claims 1-10, wherem the coated article ts adapted

for containing food, a beverage, or a cosmetic product.

12, A method of manufacturing a coated article for a contamer, the method comprising:

receiving a coated fibrous substrate having mner and cuter polymeric lavers, wherein a
first side of the inmer polymeric Jayer is sccured to at least a portion of a surface of the fibrous
substrate, wherein at least a portion of the outer polvmeric laver 1s secured to at least a portion
of a second side of the inner polymeric layer, wherem the outer polvmeric layer has a coat
weight of about 13 g/m? or less, and wherein the outer polymeric laver comprises at least about
40 wt% of an cthylene-based polvmer having:

a) amelt index of from about 3 g/10 min to about 30 g/10 min;

b} amelt elastic modulus G (G = 500 Pa) at 170°C below 15 Pa;

¢} arelaxation time lambda at 170°C below 0.003 g;
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d} at least two second melt temp peaks between 110°C and 120°C;
¢} a weight average molecular weight (Mw) of from about 10,000 g/mol to about
55,000 g/mol;

f} amolecular weight distribution (Mw/Mn) of from about 2.0 to about 5.0; and

g2} a Mz/Mw ratic of from about 1.5 t0 about 2.1, and

sealing a first end of the coated fibrous substrate to one of’: (1) a second end ofthe coated
fibrous substrate; (i1} a portion of a separate fibrous substrate; or (111} a combination thereof,
thereby forming a sealed scam of a coated article, wherein the sealed seam has a scal strength

of about 6.0 N/15 mm or more as measured by the Seal Strength Test Method.

i

(9]

The method according to claim 12, wherein the coated fibrous substrate was formed via

co-extrusion coating the inner and outer polymerc layers onto the fibrous substrate.

14 The method according to any of claims 12 and 13, wherein the scaling the first end of
the coated fibrous substrate comprises exposing the coated fibrous substrate to thermal energy

sufficient to form the sealed seam.

15. The method according to any of claims 12-14, wherein the ethylene-based polymer has

a density about 0.910 g/cm’ or greater.

16.  The method according to any of claims 12-15, wherein the cthylene-based polymer

exhibits a melt index from about 10 g/10 min to about 25 g/10 min.

17 The method according to any of clauns 12-16, wherein the fibrous substrate comprises

paper or paperboard.

18, The method according to any of claims 12-17, wherein the container is a food container,

a beverage container, or a cosmetic product container.

19.  The method according to any of claims 12-18, wherein the second polymeric coating

comprises at least about 70 wt% of the cthylene-based polymer

20, The method according to any of claims 12-19, wherein the second polymeric coating

comprises an ethylene acrylic acid co-polymer, an ethyl-methyl acrylate co-polymer, an
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ethyvlene n-butyl acrylate co-polymer, a maleic anhydnde functionalized polvolefin, an

cthylene homopolymer, an ethvlene co-polymer, or a combination thercof.

21, The method according to any of claims 12-20, wherein the second polymeric coating

.4

has a coat weight of about 8 g/m? or less.
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