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HEAT-SEAL COATINGS

CLATM FOR PRIORITY
(0001} This PCT International Application claims the benefit of priority of U.S.
Provisional Patent Application No. 62/587,590, filed November 17, 2017, the subject matter
of which is incorporated herein by reference in its entirety.
TECHNICAL FIELD
[0002] Embodiments of the present disclosure relate generally to coatings, e.g., heat-
seal coatings, compositions and articles comprising such coatiugs, and methods of making

thereof

BACKGROUND

100037 Various coatings are used {0 protect against degradation that can occur upon
exposure to water or other moisture. For example, paper products used for packaging liguid
or food often are coated with hydrophobic materials, such as polymers. However, polymeric
coatings can provide insufficient protection. For example, coatings that are provided on only
one surface, or that are not heat-sealed, may allow moisture to penetrate a container and
compromise its strength or stability, Additionally, the process for applying coatings can lead
to interactions between coated surfaces such that they adhere or stick together or “block”
cach other, thus interrupting manufacturing. Efficiency in rmeanufacturing can be particularly
important for high speed processes. Further, paper products coated with some types of
polymeric materials, such as extruded polyethylene, or polyethylene terephthalate are poorly
recyclable or repulpable, and thus are not environmentally friendly or cost-etfective from a
life cycle standpoint. Therefore, there is a need to develop coatings that address some or all

of these considerations.
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SUMMARY OF THE DISCLOSURE

100041 The present disclosure includes articles with heat-seal coatings. For example,
the present disclosure includes an article comprising at least one substrate having a {irst
surface and a second surface; a {irst coating covering the first surface of the at least one
substrate, the first coating comprising at least one layer that comprises a {irst polymer that s
water-dispersible and a mineral; and at least one layer that comprises the first polymer
withoot the mineral; and a second coating covering the second surface of the at least one
substrate, the second coating comprising a second polymer; wherein the first coating is
capable of forming a heat-seal with the second coating. In some cases, an outermost layer of
one of the first coating or the second coating may comprise a mineral, and an outermost fayer
of the other of the first coating or the second coating may not contain a mineral. In at least
one example, the at least one substrate of the article may comprise paper. Such article may
have a repulpability of at least about 85%.

{0005] According to some aspects of the present disclosure, the mineral may
comprise a phyllosilicate mineral. In some examples, the mineral may comprise tale, kaolin,
mica, or a combination thereof.

[3006] According to some aspects of the present disclosure, the at least one of the
first polymer or the second polymer may comprise a copolymer formed of at least two
monomers. For example, the at least two rmonomers may include ethylene and an unsaturated
carboxylic acid monomer. The unsaturated carboxylic acid monomer may be chosen from,
e.g., acrylic acid and methacrylic acid. In some examples, the first polymer may be the same
as the second polymer or a derivative thereofl

100071 In some examples, the first coating may comprise fronm about 10% to about
80% the first polymer, by weight of the first coating. The at least one layer of the first

coating that comprises the first polymer without the mineral may be an outermost layer of the
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first coating. In some cases, the at least ove of the first coating or the second coating may
comprise at least one pre-coat layer comprising cellulose or a third polymer. The third
polymer may comprise a styrene~containing copolymer, for example, or the third polymer
may be the same as at least one of the first polymer or the second polymer. In at least one
example, the at least one pre-coat layer may further comprise a mineral.

[000E] In some examples, the second coating may further comprise a mineral that is
the same or different than the mineral of the first coating, and wherein a total amount of the
raineral of the second coating is less than or equal 1o about 80% of a total amount of the
mineral of the first coating. In at least one example, the mineral of the second coating may
comprise a phyllosilicate mineral,

[009] According to some aspects of the present disclosure, the article may be a heat-
sealed container, the first surface of the at feas{ one substrate being an inner surface of the
container, and the second surface of the at least one substrate being an ouvter surface of the
container. In sorne cases, the article may be a heat-sealed container, the frst surface of the at
least one substrate being an outer surface of the container, and the second surface of the at
ieast one substrate being an inner surface of the container. In some examples, the heat-sealed
container may be configured to hold a liguid, a solid, or both a liquid and a solid at a
temperature of less than 26°C.

(0010 Also disclosed herein are methods for making articles. For example, the
method may comprise forming a first coating on a fivst surface of a subsirate by applying a
first aqueous dispersion comprising a first polymer and a mineral; and applying a second
agqueous dispersion comprising the first polymer without the rineral; and forming a second
coating on a second surface of the substrate by applying an aqueous dispersion comprising a
second polymer that is the same or different than the first polymer; wherein the first coating

is capable of forming a heat-seal with the second coating. Tn some cases, the method may
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further comprise heat-sealing a portion of the first coating to a portion of the second coating.
The mineral in the first agueous dispersion may comprise a phytosilicate mineral. In some
examplas, the mineral may comprise talo, kaolin, mica, or a combination thereof. In al least
one exarple, the substrate may comprise paper.

(0011} According to some aspects of the present disclosure, forring the first coating
may comprise applying the first agueous dispersion before applying the second aqueous
dispersion. In some examples, forming the first coating may further comprise, before
applying the first aqueous dispersion, applying a third aqueous dispersion comprising a third
polymer different from the first polymer to form a pre-coat layer on the first surface. In some
other examples, forming the second coating may further comprise applying an aqueous
dispersion comprising a third polymer different from the second polymer to form a pre-coat
layer on the second surface; wherein the aqueous dispersion comprising the second polymer
is applied to the pre-coat layer. According to some aspects of the present disclosure, the third
polymer may comprise a styrene-containing copolymer. In some cases, the first polymer may

comprise a copolymer of ethylene and an unsaturated carboxylic acid.

BRIEF DESCRIPTION OF DRAWINGS
o1z} Embodiments and various aspects of the present disclosure are illustrated fn
the following detailed description and the accompanying figures. Various features shown i
the figures are not drawn to scale.
{00133 FIGS. 1A-1C show an exemplary cup with coatings in accordance with some
aspects of the present disclosure. FIG. 1A shows a perspective view of the cup, FIG. 1B
shows a cross-section of bottom and side parts of the cup with heat-sealed coatings, and FIG.

1C shows a cross-section of the cup side having heat-sealed coatings.
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(00147 FIG. 2 illustrates exemplary lavers of coatings in accordance with some

aspects of the present disclosure.

DETAILED DESCRIPTION

{0015] Particular aspects of the present disclosure are described in greater detail
below. The terms and definitions provided herein control, if in conflict with terros and/or
definitions incorporated by reference.

{0416} As used herein, the terms “comprises,” “comprising,” or any other variation
thereof are intended to cover a non-exclusive inclusion, such that a process, method,
composition, article, or apparatus that comprises a list of elements does not include only
those elements, but may include other elernents not expressly listed or inherent to such
process, method, composition, article, or apparatus. The term “exemplary” is used in the
sense of “example” rather than “ideal.”

{00171 As used herein, the singular forms “a,” “an,” and “the” include plural
reference unless the context dictates otherwise. The terms “approximately” and “about” refer
to being nearly the same as a referenced number or value. As used herein, the terms
“approximately” and “about” should be understood to encompass = 5% of a specified amount
or value.

{0018} The present disclosure includes articles, e.g., paper products, coated with one
or more materials to serve as a barrier to protect against bulk aqueous liquids and water
condensation. The terms “coated” and “coating” as used herein are to be interpreted broadly
and not limited, for example, to uniform coverage of a surface, or to covering an entire
surface or surface area of a substrate. When a surface of a substrate comprises a coating, the

surface may be fully or only partially covered by the coating. The coating(s) may provide a
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water barrier against hot and/or cold substances, e.g., hot and/or cold liguids, contained in the
articles,

(0019} The articles herein may comprise a substrate with first and second surfaces,
e.g., which in some aspects of the present disclosure, may represent tnner and outer surfaces
{or vice versa) of the article. In some examples, the article may comprise a first coating
covering the first surface of a substrate and a second coating covering the second surface of
the substrate. The coating{s) on the first and second surfaces may be capable of forming a
heat-seal.

{00201 Also disclosed herein are methods of making such articles, In some examples,
the method may comprise applying an aqueous and/or a non-aqueous dispersion o one or
more surfaces of a substrate to form one or more coatings. The aqueocus dispersions may
comprise one or more polymers with or without a mineral. The methods herein may further
comprise heat sealing one or more surfaces of a substrate together.

[0021] Articles according to the present disclosure may comprise at least one
substrate having one or more coatings. Each substrate may comprise one, two, three, four,
five, or more surfaces that each includes a coating. For example, the substrate may have a
first surface and a second surface opposite the first surface, wherein the entire first surface,
the entire second surface, or portions thereof, are covered by respective coatings. In some
aspects of the present disclosure, the article may comprise two or more substrates, which may
be coupled together. For example, two or more subsirates may be heat-sealed together via
complementary coated surfaces to form an article,

{00221 The substrates herein may comprise cellulosic materials. Such celinlosic-
based subsirates may include paper. The term “paper” as used herein should be understood to
mean all forms of paper, including board, such as paperboard products, white-lined board,
tinerboard, and cardboard. Paper may also inchsde newsprint, uncoated groundwood, coated

-6
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groundwood, coated free sheet, uncoated free sheet, packaging papers, indusirial papers,
corrugating 1ﬁedium, writing paper, typing paper, photo quality paper, or wallpaper. The
cellulosic-based substrates may be formed from one or more webs, e.g., a single-layered or
multi-layered paper web formed from a blend of fibers. Other types of substrates that may
also be used include polymeric substrates, metal-based substrates, and textiles. Exemplary
metal-based substrates include aluminum foil, metaliized polyvmeric filres, metallized paper,
and AlOx or $i0x coated polymeric films. Exemplary polymeric substrates include
polyethylene terepthalate, polylactic acid, polyhydroxyalkanocates, polyolefing such as
biaxially oriented polyethylene terepthalate, polypropylene, biaxially oriented polypropylene,
cast polypropylene, polysthylene, polyamides such as biaxially oriented polyamide and
nylon, and polyvinyl chioride.

{0023] As mentioned above, one or more surface of the substrate(s) may comprise a
coating fully covering or only partially covering the surface(s). Each of the coatings may
comprise one or more layers of a material or a combination of materials. In some examples,
the article may comprise a subsirate and a coating comprising one or more layers that cover a
first surface of the substrate. Additionally or aliernatively, the article may comprise another
coating comprising one or more layers that cover a second surface of the substrate.

[0024] The coatings herein may serve as a water barrier, that is, a barrier against
water and water-containing/aqueous substances, e.g., to protect the substrate from liquid or
gther moisture that could compromise the integrity of the substrate and/or the integrity of the
article. The coatings may be sealable, e.g., heat-sealable, for adhering various portions of the
article together and/or to maintain a suitable water barrier along seams or junctures of the
article, Materials suitable for the coatings herein include, but are not limited to, polymers
(including copolymers, terpolymers, tetrapolymers, etc.), polysaccharide materials, and

minerals,
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106251 Coatings according to the present disclosure may comprise a single polymer or
a combination of polymers. In some examples, the coating may include at least one layer that
does not include any polymeric material.

10026} According to some aspects of the present disclosure, one or more of the
polymers may be water-dispersible. That is, the water-dispersible polymers may be capable
of being dispersed into water or other aqueous carrier, .g., without the use of a dispersant
such as a surfactant. Additionally or alternatively, the agueous carrier may be added to
water-dispersible polymers to form a stable dispersion. Such stable dispersion may have at
least one-month shelf stability at room temperature. The water-dispersible polymers may
include nonionic or anionic functionality that render them water-dispersible. In some cases,
the water-dispersible polymers may also include water-sotuble polyrers. Exemplary water-
dispersible polymers include styrene polymer (e.g., styrene~containing or styrene-based
polymers such as styrene butadiene or styrene acrylic latex), polymers of ethylene monomer  +
and an unsaturated carboxylic acid monomer (2.g., ethylene acrylic acid copolymer},
polyethylene terephthalate, any derivatives thereof, any copolymers thereof, and any
combinations thereof. In at least one example, the water-dispersible polymers comprise
ethylene acrylic acid or a derivative thereof.

(06271 Other exemplary polymers that may be used in the coatings herein are
polyetherimide and derivatives thereof, which may optionally be applied in substantially pure
form or dispersed in a suitable solvent, such as an organic solvent, for application.

[0028] In some cases, the polymer(s} may be formed from roore than one monomer,
e.g., of two, three, four, or more different monomers. For example, the polymer may be a
copolymer that comprises (is formed from) two different monomers. In another example, the
polymer may be a terpolymer that comprises {is formed from) three different monomers. In
ancther example, the polymer may be a tetrapolymer that comprises (is formed from) four

.
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different monomers. In some cases, the polvmer may comprise an ionomer, €.8., a polymer
comprising repeat units of both electrically neutral repeating units and a fraction of fonized
units. In at least one example, the polymer comprises alkylene monomers and unsaturated
acid monomers. Exemplary alkylene movomers include, but are not limited to, ethylene
monomers {.g., ethane)}, propylene monomers (£.g., propene), butylene monomers {e.g.,
butane), pentylene monomers {e.g., pentene), hexylene monomere {e.g., hexane}, heptylene
monomers {e.g., heptane}, octylens monomers {e.g., heptene}, styrene monomers, and
combinations thereof. Exemplary unsaturated acid monomers include, but are not limited to,
unsaturated carboxylic acids (such as acrylic acid monomers, methacrylic acid monomers,
bromoacrylic acid monomers, ethyl acrylic acid monomers, propyl acrylic acid monomers,
etc.), itaconic acid monomers, methy! hydrogen maleate monomers, maleic acid monorers,
terephthalic acid monomers, ethylenically unsaturated acids, salis thereof, and combinations
thereof. In the cases where the unsaturated acid monomers include salts of unsaturated acids,
the salts may include salts derived from volatile alkali {such as, e.g., ammonia and amino
methyl propanol), and carboxylic acid salts {e.g., carboxylic acid salt of potassium
hydroxide). In at least one example, the polymer may comprise a styrene-containing or
styrene-based polymer, such as styrene butadiene, or a derivative thereof.

160291 Exemplary polvmers that can be used herein include, but are not limited to,
ethylene/acrylic acid copolymers, ethylene/methacrylic acid copolymers, ethylene/itaconic
acid copolymers, ethylene/methy! hydrogen maleate copolymers, ethylene/maleic acid
copolymers, ethylene/acrylic acid/methyl methacrylate terpolymers, ethylene/acrylic
acid/ethyl acrylate terpolymers, ethylens/methacrylic acid/ethyl acrylate terpolymers,
ethylene/itaconic acid/methyl methacrylate terpolymers, ethylene/methyl hydrogen
maleate/ethyl acrylate terpolymers, ethylene/acrylic acid/vinyl acetate terpolymers,
sthylene/methacrylic acid/vinyl acetate terpolymers, ethylene/acrylic acid/vinyt alcohol

-9-
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terpolymers, ethylene/propylene/acrylic acid terpolymers, ethylene/acrylamide/acrylic acid
terpolymers, ethylene/styrene/acrylic acid terpolymers, ethylene/methacrylic
acid/acrylonitrile terpolymers, ethylene/fumaric acid/viny! methyl ether terpolymers,
ethylene/vinyl chloride/acrylic acid terpolymers, ethylene/vinylidene chloride/acrylic acid
terpolymers, polvethylene/acrylic acid graft copolymers, polyethylene/methacrylic acid graft
copolymers, polymerized ethylene/propylene/acrylic acid graft terpolymers, aund
combinations thereof.

10036} According to some aspects of the present disclosure, the coating(s) may
comprise at least one copolymer of sthylene and an unsaturated carboxylic acid. The
unsaturated carboxylic acid monomer(s) may comprise, for example, acrylic acid,
methacrylic acid, or a combination thereof. The copolymer of ethylene and unsaturated
carboxylc acid may comprise from about 1% to about 50% unsaturated carboxylic acid by
weight, e.g. from about 5% to about 50%, from about 5% to about 30%, from abouwt 1% to
about 40%, or from about 10% to about 30% unsaturated carboxylic acid, by weight of the
coating. In at least one example, the copolymer of ethylene and unsaturated carboxylic acid
may comprise from about 5% to about 30% unsaturated carboxylic acid, by weight of the
coating. In some cxamples, the polymers may be sthylene acrylic acid copolymers, €.5.,
copolymers comprising ethylene monomers (CHy==CHz) and acrylic acid monomers
{CHy=CH—CO:H).

{0031} The polymers of the coatings herein may bhave a desired melting point, e.g., to
provide for heat sealability and/or to facilitate manufacturing of the coatings. For example,
coatings comprising the polymers may be heat sealed together when heated at or above the
polymers’ melting points. In some examples, the polymers may have a meliing point ranging
from about 50°C to about 200°C, e.g., from about 70°C to about 120°C, from about 80°C to

about 100°C, from about 120°C to about 180°C, or from about 140°C to about 160°C. Inat

- 38—
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least one example, the polymer may have a melting point ranging from about 70°C to about
120°C.

f0032] The polymers of the coatings herein may comyprise one or more acid groups.
Some or all of the acid groups may be neutralized. For example, at least about 20%, at least
ahout 40%, at least about 60%, at least about 80%, or at least about 90% of the acid groups
on the polymer may be newtralized. In sorae cases, from about 1% to about 100%, from
about 20% to about 0%, from about 30% to about 70%, from about 40% to about 60%, from
about 30% to about 50%, or from about 50% to about 70% of the acid groups on the polymer
may be neutralized. The neutralization of the acid groups may assist water dispersion. In
some examples, the acid groups may be over neutralized, e.g., the amount of neutralizing
bases added to the polymers is above the stoichiometric quantity required for complete
neutralization of the polymer,

[0033] The acid groups in the polymers may be newtralized by one or more
neutralizing agents. Exemplary neuviralizing agents include salts (e.g., ammonium salts or
alkali metal salts such as sodium salts or potassium salis), organic amines, hydroxide salts
{e.g., ammonium hydroxides or alkali metal hydroxides such as sodiurn hydroxide or
potassium hydroxide). When ammonium hydroxide is used as the newtralizing agent,
amruonia may be released on drying such that a minimal amount of salt is left in the coating.
This may improve water resistance of the film. When alkali metal salis are used as the
neutralizing agent, an ionomer may be formed with the polymer. This may improve the
erysiallinity of the film and the barrier properties of the coating.

[0034] The coatings herein may comprise from about 0.1% to 100% by weight of
polymer(s), with respect to the total weight of the respective coating. For example, the
polymer(s} may be present in the coating (as one layer or in multiple layers) in an amount
ranging from about 10% to about 809, from about 10% to about 70%, from about 10%to

v 11 -
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about 60%, from about 10% to about 50%, or from about 20% to about 40% by weight of the
coating. In some examples, the polymer{(s} may be present in the coatings in an amount of
less than 10% by weight, e.g., less than 3% by weight of the coating. In some examples, the
polvmers may be present in the coatings in an amount of greater than 80% by weight, e.g.,
greater than 90% or greater than 95%, by weight of the coating.

[0035] In addition to, or as an alternative of, polymers, the coatings herein may
comprise one or more polysaccharide materials. For example, the coatings may comprise
cellulose. In some cases, the cellulose may be fibrillated, e.g., microfibriliated or
nanofibrillated. The coatings herein may comprise from about 8.1% to 100% by weight of
polysaccharide material(s}), with respect to the total weight of the respective coating. For
example, the polysaccharide material(s) may be present in the coating {as one layer or in
multiple layers) in an amount ranging from about 10% to about 80%, from about 10% (o
about 70%, from about 10% to about 60%, from about 10% to about 50%, or from about 20%
to about 40% by weight of the coating. In some examples, the polysaccharide material(s)
may be present in the coating in an amount of less than 10%, e.g., less than 3% by weight of
the coating. In some examples, the polysaccharide material(s) may be present in the coating
in an amount of greater than 80% by weight, e.g., greater than 90% or greater than 95% by
weight of the coating.

[0036] The coatings disclosed herein may comprise one or more rsinerals. In some
examples, the mineral(s) may comprise or be derived from a natural or synthetic ¢lay. In
some examples, the mineral(s) may coroprise a phyllosilicate mineral. The minerals may
have a shape factor suitable for the coatings. As used herein, shape factor refers o a measure
of an average value {on a weight average basts) of the ratio of mean particle diameter to
particle thickness for a population of particles of varying size and shape. Shape factor may
be measured using the elecirical conductivity method and apparatus described in U.S. Patent

~ 12 -
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Nao. 5,576,617, in this method, the electrical conductivity of a fully dispersed agueous
suspension of the particles is measured as they flow through an elongated tube,
Measurements of the electrical conductivity are taken between {a} a pair of electrodes
separated from one another along the longitudinal axis of the tube, and (b} a pair of electrodes
separated from one another across the transverse width of the tube. The shape factor of the
particulate material is determined from the difference between these two conductivity
measurernents. Higher shape factors generally deseribe more platy materials. The minerals
may have a shape factor of at least about iﬁ, at least about 20, st least about 40, at least about
60, at least about 80, at least about 90, at least about 100, at least about 125, at least about
130, or at least about 200. In some cases, the minerals may have a shape factor ranging from
about 10 to about 200, e.g., from about 20 to about 200, from about 20 to about 100, from
about 40 to about 100, from about 50 to about 80, from about 50 to about 60, or from about
48} to about 60.

(0037} Exemplary minerals that can be included in the coatings herein include, but
are not Hmited to, kaolin, metakaolin, tale, mica, chlorite, pyrophyilite, serpestine, and
combinations thereof. In some examples, a coating or a layer of a coating may comprise only
one mineral, e.g., talc, kaolin, or mica. Alternatively, a coating or a layer of a coating may
comprise a combination {e.g., a mixture} of two or more minerals. Different layers of a
coating may corprise different minerals or combinations of minerals. For layers or coatings
comprising mixtures of minerals, two or more minerals may be milled or ground together.

{00381 According to some aspects of the present disclosure, the coating{(s} may
comprise tale. The talc may be macrocrystalline talc, microerystalline tale, or a combination
thereof. The talc may be natural tale, synthetic tale, or a mixture thereof. Natural talc may
comprise tale derived from a natural resource, e.g., natural tale deposits. Talc may comprise,
for exarnple, hydrated magnesium silicate of formula 81sMgi0O:w0o(OH), .., arranged as a
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stack of laminae, and/or chlorite (hydrated maguesiom aluminum silicate). Optionally, tale
may be associated with other minerals, for example, dolomite.

{0039} According to some aspects of the present disclosure, the coating(s) may
comprise kaolin and/or kaolinite. Kaolin may be used in a processed or unprocessed form,
and may be derived from a natural source, e.g., a natural kaolin clay deposit. The kaolin may
contain from about 50% 1o about 100% by weight of kaolinite {(AbSOs(OHY), e.g., from
about 50% to about 85%%, from about 50% to about 90%, from about 70% o about 100%,
from about 70% to about 90%, or from about 80%6 to about 1{%, by weight of kaolin.

{0040] The minerals herein may be processed or unprocessed. In some examples, the
mineral{s) are not treated or processed, e.g., remaining in the form of the natural solid, prior
to incorporation into the coating(s). In some aspects of the present disclosure, a mineral or
combination of minerals may be processed prior to incorporation into the coating(s), ¢.g., by
physical and/or chemical treatments. For example, the mineral(s) may be bleached, e.g., with
a reductive bleaching agent such as sodium hydrosulfite. In some examples, the mineral(s)
may be treated 1o remove tmpurities, e.g., by flocculation, flotation, or magnetic separation
techniques. Further, for example, the mineral(s) may be calcined. In some cases, the
mineral{s) may comprise caleined tale, calcined kaolin, or a combination thereof. In some
cases, the mineral{s) may be partially calcined. For example, the mineral{s} may comprise
partially calcined tale or partially calcined kaolin {e.g., metakaolin).

[0041] In some examples, the minerals may be processed by one or more
comminution steps, e.g., grinding or milling. Light comminution of a coarse mineral may be
used to give suitable delamination thereof. The comminution may use beads or gramules of a
plastic {e.g. nylon), sand or ceramic grinding or milling aid. The minerals may be treated by
a known particle size classification procedure, e.g., screening and centrifuging (or both), to
obtain particles having a desired particle size distribution.
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{0042] The minerals may have a particle size distribution that is suitable for the
coating(s). For example, the minerals may have a dso from about 0.1 um to about 10 pm,
e.g., from about .5 pm to about 7.5 wm, from about 0.5 um 1o about 3 um, from about L0 1o
about 3.5 pm, from greater than about 2.0 to about 3.5 um, or from about 2.2 to about 3.5 pm.
The minerals may have a dos of less than about 10 rn, e.g., less than about 8 pm, less than
about 6 pm, or less than about 5 pm. The minerals may have a deg of less than about 20 pm,
e.g., less than about 15 pm, less than about 10 pm, less than about 8 pm, less than about 6
wm, or less than about 5 um.

10043} The particie size distribution of the minerals described herein may be
measured by sedimentation of minerals in a fully dispersed condition in an agueous medium
using a Sedigraph 5100 machine as supplied by Micromeritics Instruments Corporation,
Norcross, Ga,, USA. Such a machine may provide measurements and a plot of the
cumulative percentage by weight of particles having a size, referred to as the “equivalent
spherical diameter” {e.5.d}, less than given ¢.5.d values. The mean particle size dsp is the
value determined in this way of the particle e.5.d at which there are 50% by weight of the
particles which have an equivalent spherical diameter less than that dso value. The dgs and doe
are the values determined in this way of the particle e.5.d. at which there are 953% and 98%
respectively by weight of the particles which have an equivalent spherical diameter less than
that dos or dox value.

[0044] The minerals may be present in the coatings in an amount ranging from about
(.19 to about 100%, ¢.g., from about 10% to about 90%, from about 30% to about 90%,
from about 40% to about 80%, from about $0% to about 90%, or from about 60% 1o about
90% by weight of the dry components of the coating. In one example, the amount of
minerals in the coatings may be about 40% to about 60% by weight of the dry components of
the coating. In another example, the amm‘m‘s of minerals in the coatings may be about 60% {0
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about 70% by weight of the dry components of the coating. In some exarples, the amount of
minerals present in the coatings may be less than 5%, e.g., less than 2%, less than 1%, or less
than (.1% by weight of the dry components of the coating.

100453 The coatings may further comprise one or more additives, such as surfactants,
adhesion promoters, diluents, eross-linkers, water retention aids, viscosity modifiers,
thickeners, lubricity/calendaring aids, dispersants, wetting agents, antifoamers/defoamers, dry
or wet pick improvement additives, dry or wet rub improvernent and/or abrasion resistance
additives, gloss-ink hold-out additives, optical brightening agents and/or fluorescent
whitening agents, dves, biocides/spoilage control agents, levelling and evening aids, grease
and oil resistance additives, water resistance additives, pigments, and any combinations
thereof.

10046} Surfaces of the substrate may be covered by a coating comprising one or more
{ayers of material(s). According to some aspects of the present disclosure, a surface of the
substrate may be covered by a coating comprising 1, 2, 3,4, 5, 6, 7, 8, 9, 14, or more layers.
Some or all surfaces of the subsirate may be partially or fully covered by a coating. In some
examples, a substrate may have two surfaces, one surface covered by at least 2 or at least 3
coating lavers and the other covered by at least | or at least 2 coating layers. In certain cases,
one or more surfaces of the substrate are not covered by any coating.

{00471 A coating may comprise one or more layers continuously covering an article.
Alternatively and additionally, a coating may comprise one or more layers discontinuously
covering an article, e.g., providing partial or incomplete coverage of the surface. According
to some aspects of the present disclosure, one or more layers of a coating may be devoid of
minerals while other layers may comprise one or more minerals. In at least one example, the
substrate may have a coating comprising one or more layers that does not comprise any

mineral. In some examples, the coating(s} may comprise one or more layers that comprise
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one or more minerals. In some cases, the amount of mineral(s} in a coating or a layer of a
coating may be from about (1.1% to about 180% by weight of the coating or layer, e.g., from
about 0.1% to about 10%, from about 1% 1o about 20%, from about 10% to about 30%,
from about 20% to about 40%, from about 30% to about 50%%, from about 40% to about
50%, from ahout 50% to about 70%, from about 60%% to about 80%, from about 70% to
about 30%, or from about 80% to about 100% by weight of the total amount of the coating or
the layer of the coating.

(00481 In some examples, a coating herein may comprise a first layer comprising a
{ivst polymer and a first mineral, and a second layer comprising a second polymer, which
may be the same or different than the first polymer. In some cases, the second layer may
comprise a second mineral, which may be the same or different than the first mineral. The
amount of the second mineral in the second coating may be less than about 90% by weight,
e.g., less than about 80%, less than about 60%, less than about 40%, less than about 20%, less
than about i(}.%, ot less than about 5%, or at least about 20%, or at least about 30%, or at
ieast about 40%, or at least about 50%, by weight of the amount of the first mineral in the
first coating. In some examples, the second layer does not comprise a mineral. According to
some aspects of the present disclosure, the first layer may be an inner layer and the second
layer may be an outer layer (relative to the inner layer) on the same surface of a substrate.

(00491 Alternatively, the first and second layers are on different surfaces of a
substrate. For example, in the cases where the article is a container, the first layer may be
included in a coating on the inner surface, and the second layer may be included in a coating
on the outer surface of the container, each optionally with an additional layer or layers.

{00307 | The coatings herein may comprise one or more pre-coat layers. The pre-coat
layer(s) may be between the substrate surface {including, e.g., adjacent to the substrate

surface) and an outermost coating layer that forms a surface of the article. The pre-coat
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layer{s) may be continuous, .g., wherein the pre-coat layers completely cover the substrate
surface. Alternatively, the pre-coat layer(s} may be discontinuous, e.g., providing incomplete
coverage of the substrate surface. In some examples, the article may comprise a pre-coat
Jayer in direct contact with a substrate surface. In these cases, the pre-coat layer may lie on
the surface. Alternatively or additionally, at least a portion of the pre-coat layer may
penetrate a distance into the thickness of a substrate, e.g., inte from about 0.1% to 100%, e.g,,
fraom about 10% to 50%, from about 40%5 to about 80%, from about $0% to about 90%, or
from about 60% to about 100% of the thickness of the substrate.

{00513 The pre-coat layer(s) may comprise one or more polymers, which may be
different from, or the same as, the material(s} in other layers of the coating. Additionally or
alternatively, the pre-coat layer(s) may comprise one or more polysaccharide materials, such
as celiulose. The pre-coat layer(s) may further comprise oune or more minerals, which may be
different from or the same as the minerals in other layers of the coating. In one example, the
pre-coat laver may comprise a styrene polymer {e.g., styrene butadiene copolymer) and
kaolin, e.g., $0% by weight of kaolin and 50% by weight of styrene butadiene, by weight of
the pre-coat ayer.

{00521 The coatings herein may have a desired dry coat weight, e.g., to provide a
sufficient barrier. In some examples, the coatings may have a dry coat weight from about
0.1 grams per square meter (g/m?) to about 3.0 g/m?, e.g., from about 0.5 g/m? to about 3.0
g/m?, from about 0.5 g/m’to about 2.0 g/m®, from about 0.5 g/m? to about 1.0 g/m?, from
about 1.0 g/m? to about 3.0 g/m?, or from about 1.0 g/m? to about 2.0 g/m®. In some cases,
the coatings herein may have a dry coat weight of at least about 0.1 g/m?, at least about 0.3
g/m?, at least about 1.0 g/m?; and up to about 3.0 g/m® or about 2.0 g/m? or about 1.0 g/m?.

In some cases, the coatings herein may have a dry coat weight of about 0.5 g/m?, about 0.8

o/m?, about 1.0 g/m?, about 1.2 g/m?, about 1.4 g/m®, about 1.6 g/m?, about 1.8 g/m?, about
& & E &
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2.0 g/m?, about 2.2 g/m?, about 2.4 g/m?, about 2.6 g/m?, about 2.8 g/m, or about 3.0 g/m?.
In other examples, the coatings may have a dry coat weight ranging from about 1.0 g/m* to
about 10.0 g/m?, e.g., from about 1.0 g/m? to about 9.0 g/m?, from about 3.0 g/m? to about 8.0
g/m?, from about 3.0 g/m*to about 6.0 g/m?, from about 5.0 g/m*to about 8.0 g/, or from
about 4.0 g/m? to about 6.0 ¢/m?. In some cases, the coatings herein may have a dry coat
weight of at feast about 1.0 g/m? or at least about 3.0 g/m? or at least about 4.0 g/m? or at least
about 5.0 g/m?; and up to about 6.0 g/m® or about 8.0 g/m? or about 9.0 g/m? or about 10.0
g/m*. In some examples, such coatings may cover at least a portion, e.g., the entirety, of a
surface of a substrate. Different surfaces of a substrate may have different amounts of
coatings (different dry coat weights).

{53} The coatings herein may have a desired average thickness. For example, a
coating may have a thickness ranging from about .1 ym to about 18,0 um, e.g. from about
1.0 pm to about 10.6 pm, from about 2.0 wm to abowt 8.0 pm, from about 4.0 pm fo about 8.0
um, of from about 5.0 pm to about 7.0 pm.

10054} The coatings may have characteristics that provide barriers, e.g., aqueous
and/or gas barriers for the coated substrates, In these cases, the coatings may reduce or
prevent the permeation of gases, vapors, and/or Hiquids through the coatings. For example,
the coatings may reduce or prevent the permeation of an agqueous solution (e.g., water, water-
based foods, water-based beverages) or motsture through the coatings.

[0055] The coatings herein may have a desired water absorption capability. The
water absorption capability of the coatings may be measured by Cobb values, which may
refer to the water absorption {(in weight of water per unit area) of a sample. In some
examples, the Cobb values of the coatings may be determined by the following procedure: 1
weigh a sample; 2) place the sample in a container; 3) fill the container with water; 4) wait
for a period (}f time, e.g., about 30 minutes; 5) pour off water; and 6} weigh the sample. The
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Cobb value is then calculated by subtracting the initial weight of the sample from the final
weight of the sample and then dividing by the area of the sample covered by the water. In
some examples, the coatings may have a Cobb value of less than about 30 g/m?, less than
about 25 g/m?, less than about 20 g/im?, less than about 10 g/m?, less than about § g/m?, or
less than about 2 g/m®. In some cases, the Cobb value of the coatings may be measured
according to the TAPPE T441 standard duration 1 minute,

[0056] According to some aspects of the present disclosure, the coatings may be
configured to serve as an aqueous barrier within certain temperature ranges. For example, the
coatings of the article may be configured to serve as a barrier against cold substances, e.g., at
a ternperature less than or equal to 20°C, such from about -20°C to about 20°C, from about -
10°C o about 20°C, from about -10°C 1o about 10°C, from about -10°C to about 5°C, from
about -10°C to about 0°C, or from about ~5°C to about 5°C. In such cases, the coatings may
provide a suitable barrier against substances, .g., liquids, solids, or liguids and solids,
contained inside the article, as well as a suilable barrier against condensation that may collect
on other surfaces of the article. Such coatings also may be suitable as barriers against room
temperature, warm, and/or hot substances.

100573 The coated substrates and articles comprising such coated substrates herein
may be capable of being recycled. In the cases where the substrates coraprise paper, the
articles may be partially or fully repulped. In some examples, from about 50% to about
100%, e.g., from about 60% to about 100%, from about 70% to about 100%, from about 80%
to about 100%, from about 90% to about 100%, from about 85% to about 85%, from about
901%% to about §9%, at least about 5%, at least about 87%, at least about 90%, at least about
95%, or at least about 8% of the weight of an article disclosed herein may be recycled (e.g.,
repulped). The percentage of the article that can be recycled or repulped may be tested by
methods described in Voluniary Standard For Repulping and Recycling Corrugated
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Fiberboard Treated to Improve lis Performance in the Presence of Water and Water Vapor
{Rev. August 15, 2013) by the Fiber Box Association. In some examples, the percentage of
the article that can be repuiped may be measured using an AMC Maelstom repulper. In such
cases, 110 grams of the article, cut into 1"x1” squares, may be added to the repulper
containing 2895 grams of water {pH of 6.5+0.5, 30° €.}, soaked for 15 minutes, and then
repulped for 30 minutes. A 300 mL aliquot of the repulped sturry may then be screened
through a Vibrating Flat Screen (0.006" slot size). Rejects (caught by the screen) and fiber
accepts may be collected, dried and weighed. The percentage of accepts may be calculated
based on the weights of accepts and rejects, with 100% being complete repulpability.

[0058] The coatings and articles herein may be prepared by applying one or more
agqueous dispersions 1o a substrate. For example, methods of making articles according to the
present disclosure may comprise forming one or more coatings on ong or more surfaces of a
substrate, .., by applying an aqueous dispersion to each surface. The agueous dispersion(s)
may have different chemical compositions and be applied to one or more surfaces of the
substrate to form one or more layers.

[0059] The minerals may be in agueous suspensions before incorporation into the
coatings. The aqueocus dispersions may be prepared by combining {e.g.. mixing) coating
materials, e.g., polymers, minerals, and/or other additives with water or an agueous medium.
The aqueous dispersions may have a viscosity snitable to be applied by a coating machine.
The viscosity of the aqueous dispersions may range from about 100 centipoise {cP} to about
I3 ¢P. from about 100 of to about 5300 ¢P, from about 500 cP to about 1000 ¢P, from abowt
1000 ¢P to about 2000 ¢, or from about 1300 ¢F to about 2500 ¢P. In some examples, the
viscosity of the aqueous dispersions may be Brookfield viscosity measured using an LV DV-

E viscometer and spindle number 3, at 23° C and 100 rpm.
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00606} The aqueous dispersions may be suspensions or dispersions that comprise
solid components. The agueous dispersions may comprise solid components at an amount
suitable for being applied by a coating machive. For example, the agueous dispersions may
comprise solid components ranging from about 30% to about 70%, from about 33% to about
65%, from about 40% to about 50%, or from about 45% to about 55% by weight of the total
aquecus dispersion

(0061 ] The agueous or non-agueocus suspensions containing the minerals may have
solids content ranging from about 40% to about 90%, from about 50% to about 80%, from
about 50% to about 70%, from about 60% to about 70%, or from about 50% to about 6% by
weight of the suspensions.

{0062} In some examples, the methods may comprise applying a first aqueous
dispersion to form a first layer, a second agueous dispersion to form a second layer, and a
third dispersion to form a third layer. The first aqueous dispersion may be applied before the
second aqueous dispersion. In these cases, when the first and second aqueous dispersions are
applied to the same surface, the first aqueous dispersion may form an inner layer and the
second aquenus dispersion may form an outer layer. In some cases, the third layer may be a
pre-coat layer. In these cases, the third agueous dispersion may be applied before the {irst
and second aqueous dispersions on the same surface.

{60631 In some examples, the method for making articles according to the present
disclosure may comprise one or more of the following steps: 1) forming a first coating on a
first surface of a substrate by applying a first aqueous dispersion comprising a {irst polymer
and a mineral, and applying a second aqueous dispersion comprising the first polymer
without the mineral; and 2) forming a second coating on a second surface of the substrate by
applying an aqueous dispersion comprising a second polymer. In these cases, forming the
¢oating on the first surface may comprise applying a first aqueous dispersion comprising the
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{irst polymer and the mineral to form an inner laver; and applying to the inner layer a second
agueous dispersion comprising the first polymer without the mineral to form an outer layer.
As used herein, an inner layer of a surface refors to a laver that is closer to the substrate
surface compared to an outer layer of a coating. In some cases, forming the coating on the
first surface may further comprise applying one or more pre-coat layer(s) before applying the
first and second aqueous dispersions. The pre-coat layer(s) may be between the surface of
the substrate and ancther layer (e.g., inner layer) of the coating. In some examples, the pre-
coat Jayer(s) may comprise a polymer and a mineral,

{0064} The agueous dispersions may be applied to the substrate by various
technigues, for example, by spray coating, curiain coating, blade coating, coating with a roll
coater or a gravure coater, brush coating, dipping, flexo coating, film coating, or rod coaling.
In some examples, the applied agueous dispersions may be dried (e.g., by heat) to form solid
coatings once applied o the substrate. In some cases, the aqueous dispersions may be
applied to the' substrate topically.

10065] According to some aspects of the present disclosure, the process may be
performed by a coating machine. Such coating machine may comprise an applicator for
applying the aqueous dispersions described herein to a substrate and optionally a metering
device for ensuring that a corvect level of agueous dispersions is applied. The coatings may
be added by a coating head at a coating station. A coater that is applying coating on sach side
of the paper may have certain nurnber of coating heads, depending on the munber of coating
lavers applied on each side. Some coating heads coat only one side al a time. Other coating
heads, e.g., those on roll coaters {e.g., film presses, gate rolls, and size presses) rmay be
capable of coating two sides in one pass.

{00606] Exemplary coating machines that may be used for making the articles inchude
air knife coaters, blade coaters, rod coaters, bar coaters, multi-head coaters, roll coaters, roll
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or blade coaters, cast coaters, laboratory coaters, gravure coaters, kisscoaters, liguid
applic:atien systems, reverse roll coaters, curtain coaters, and spray coaters. In some
exarnples, the aqueous dispersions may be applied to a substrate by printing, e.g., by offset
printing, flexographic printing, or rotogravure printing. Such printing process may allow the
coatings to be applied to specified areas on the subsirate.

(00671 In some exaraples, the methods herein may comprise making containers using
the articles {e.g., paper or other sheet materials} with the coatings disclosed hersin. The
containers may be made on automated manufacturing machines. For example, paper with the
caatings herein may be used to make paper cups on high-speed cup converting lines. When
processed on such machines, the coatings may inhibit or prevent blocking or interruption of
the operation of the machine. The term “blocking” generally refers to when 4 coated
substrate sticks to itself, to another substrate, to portions of equipment, and/or other surfaces,
e.g., during manufacturing. Blocking may inhibit or even prevent production from
proceeding. For example, blocking may cause coated paper or ather coated substrates to roll
up on itself and/or on parts of the machinery. For example, the coatings may result in little {0
no sticking tov various parts of the machine. The present disclosure may provide for a
configuration during manufacturing that prevents or otherwise minimizes blocking, e.g.,
adhesion to the machinery and/or other substrates. For example, the coated articles disclosed
herein may advance through a papermaking/conversion/printing process in such a way that a
surface of the coated article (e.g., the outermost surface) contacts surfaces of the machinery
and/or another substrate without adhesion, or with only limited adhesion. The coated
substrates herein may achieve a non-blocking effect while still providing sufficiently strong
heat seal,

[G068] The methods of making the articles herein may comprise adhering a portion of
a coating with a portion of another coating. The two coatings may be on different surfaces of
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the same substrate or on different substrates. In other cases, the methods may comprise
adhering multiple portion of a coating. According to some aspects of the present disclosure,
the adhering may be performed by heat-sealing. For example, the article may be a cup
comprising a first substrate that forms the side of the cup and a second substrate that forms
the base of the cup. The cup side and base may be conpected by heat-sealing coatings on the
two subsirates, which may provide a barrier against liquid or moisture reaching the
substrates, including along ssams or junctures of the cup.

{0069] An exemplary article 188 in accordance with some aspects of the present
disclosure, a cup suitable for containing a beverage, is shown in FIGS, 1A-1C. FIG. 1A
shows a perspective view of the outside of the cup 180 formed from two coated substrates —a
coated bottom subsirate 128 and a coated side substraie 115, Both substrates may comprise
paper, for example, with coatings on the inner and outer surfaces of the paper. The cup 168
has a first seam 130 where the coated botiom substrate 128 joins the coated side substrate
118, and a second seam 140 where ends of the coated side substrate 118 are joined together.

[0070] FIG. 1B shows cross-sectional view of the first seamm 138 joining portions of
the coated bottom substrate 120 and the coated side substrate 118, As shown, the coated
bottom substrate 128 of the cup 188 is formed by substrate 116 having first coating 117 that
forms the outer surface of the coated bottom substrate 124, and a second coating 118 that
forms the inner surface of the coated bottom substrate 128 of the cup 188, The coated side
substrate 115 of the cup 188 is formed by substrate 118 having first coating 112 that forms
the outer side surface of the coated side substrate 115 of cup 188, and a second coating 114
that forms the inner side surface of the coated side substrate 115 of cup 188, The various
coatings 117, 118, 112, 114 may comprise the same or different materials as described herein.
The coating 114 on the inner side surface of substrate 118 is heat sealed with 1} the coating
118 on the inner surface of the bottom sobstrate 116 at heat-sealing region 131 and 2) the
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coating 137 on the outer surtace of the bottor substrate 116 at heat-sealing region 132, FiG.
1 shows a cross-sectional view of the second seam 141 joining portions of the coated side
substrate 118, The coatings 114, 112 on inner and outer surfaces, respectively, of side
subsirate 118 are heat-sealed at ends of the side substrate 118,

[0071] Heat-sealing may be performed by applyving {e.g., at a pressure) heat on the
coatings with one or more polymers, in which the temperature is at or above the melting point
of the one or more polymers. In some examples, the heat-sealing may be performed by a heat
sealer, e.g., a heal sealer on a papercup-making machine. The sealed articles may exhibita
desired seal strength, achieving proper fiber tear results.

10072} FIG. 2 shows an exemplary configuration of coatings or coating system that
may be used in an article such as cup 188, according to some aspects of the present
disclosure. Shown in cross-section in FIG. 2, coating system 208 comprises a substrate 218
with two surfaces. The first surface is covered by coating 228. Coating 228 comprises three
{avers (layers 221, 222, and 223). Layer 221, for example, may be a heat-seal layer (e.5.,
comprising heat-sealable material{s}), faver 222 may be a water barrier layer (e.g., providing
resistance to water and/or other agueous materials or moisture optionally in combination with
another layer or layers), and layer 223 may be a pre-coat layer as described herein. For
example, layer 221 may comprise one or more heat-sealable polymers (with or without
mineral{(s)), layer 222 may comprise at least one polymer and at least one mineral, and layer
223 may comprise at least one polymer and/or polysaccharide material, optionally with one
oF more minerals.

[0073] Still referring to FIG, 2, the second surface of the substrate 218 is covered by
coating 238. The coating 238 comprises two layers (layers 231 and 232}, Layer 231 may
comprise a pre-coal layer, as described herein, and layer 232 may comprise a water barrier
layer (e.g., providing a water/moisture resistance effect as discussed in connection to layer
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222 above). For example, layer 231 may comprise at least one polymer and/or
polysaccharide material, optionally with one or more minerals, and layer 232 may comprise
one or more heat-sealable polymers (with or without mineral{s}}. In cases where the
substrate 218 is designed to be heat-sealed fo itself] the outermost layers (layers 232 and 221}
can be heat-sealed together.

(0074} In at least one example, both heat-seal layers 221 and 232 may comprise the
same heat-sealable polymer, e.g., ethylene acrylic acid, or a derivative thereof, optionally
with one or more additives such as viscosity controlling agents, pH controlling agents, and/or
bacteria controlling agents. Lavers 232 and 221 roay be configured to avoid blocking each
other. For example, layer 221 may comprise sthylene acrylic acid without any mineral
content, whe;sas fayer 232 may comprise ethylene acrylic acid and a mineral, such as talc,
For example, layer 232 may comprise about 65% (by weight} high aspect ratio talc and about
35% (by weight) of ethylene acrylic acid. Layer 222 also may also coroprise a polyruerand a
mineral, and in some cases may have the same chemical composition as layer 232, e.g.,
serving as water barrier layers. Each of the pre-coat layers 231 and 223 may comprise a
polymer, such as styrene butadiene latex, or a polysaccharide, such as microfibrillated or
nanofibrillated cellulose. The pre-coat lavers 231, 223 may further comprise a mineral, e.g.,
kaolin. In at least one example, pre~coat layers may comprise about 50% (by weight} of
kaolin, and about 30% (by weight) of styrene butadiene latex. 1t is understood that these
materials and amounts of materials are exemplary only, and other combinations of materials
and layvers are encompassed by the disclosure herein.

100751 The coating system example shown in ¥FIG. I may be useful for containing
agueous Hauids or solids {e.g., water-containing solids, such as ice or ice cream) at various

temperatures, including cold, room temperature, warm, and hot liquids. When used for

1
)
3
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containing cold Hauids, the coating that forms the outermost surface of the container {e.g.,
coating 238) may be useful for protecting against condensation.

[0076] While FIGS. 1A-1C and 2 illustrate examples of articles and coating systems,
it s understood that the present disclosure includes additional articles and coating systems.

{0077] EXAMPLES

{0078] Talc shurries were prepared by initially adding tale to an aqueous medium
under high shear (about 2000 rpm) and continning high shear dispersion at about
2500 rpm for 20 to 30 minutes. The aqueous medium comprised enough water to
obtain a final solids content of about 48 wiSs. The pH of the aqueous medium was
adjusted to 9.5 using NaliL The agueous medium also comprised approximately
{1.3% polyacrylate dispersant (dry dispersant based on the dry weight of talc). The
final viscosity was approximately 60 mPa.s Brookfield 100 rpm Spindle
5. Coating compositions were prepared by mixing portions of the tale slurry with
an aquecus dispersion of an ethylene acrylic acid polymer binder (Michelman
MP499GR) to obiain compositions with different weight ratios of dry tale and
polvmer; 16:90, 30170, 50:30, 70:34.

[60791 Test cup-stock boards (CTMP core with outer layers of chemical pulp) were
prepared and evaluated for blocking and heat seal effectiveness, as described
below. Five test cup-stock boards were prepared and evaluated for each of the
blocking and heat seal results shown in Tables 3 and 4. The results in Tables 3 and
4 are the modal results from the five tests run for each.

[0080] The coating compositions were then used to coat a cup-stock board (CTMP
core with outer layers of chemical pulp) which was pre-coated on each side ata
coat weight of 6 ~ 8 gem with a pre~coating composition comprising 15 pph
styrene butadiene (SB) latex andkaolin having at least 753% of particles sypaller
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than 2 um and a shape factor of around 20. The coatings were applied using a wire
wound bar (K Bar) selected to give a desired coatweight. The coating composttion
was placed in front of the bar on 8 non-absorbent substrate and the bar was drawn
down the substrate, coating it evenly. Hot air was then applied to the surface to dry
the coating. The coating weight (gsm) was determined by weighing a sample of the
coéted paper and comparing it to the weight of a sample of uncoated paper. Both
coated and uncoated paper were conditioned at 23C and 50% R.H.

{00811 For both the heat sealing and blocking evaluation, a hot bar heat sealer HM-81
with an Arctics controller (advanced real time impulse control system) was
employed. Both Jaws of the heat sealer were heated and solenoid operated to
provide a constant force, jaws were covered with PTFE coated glass cloth, sealing
width was Grm.

(00821 Test samples consist of two pieces of coated board the coated sides {(Piece A
and Piece B) under evaluation {faces) which were brought together {face to
face). Samples were not preheated, the sample is placed between the open jaws,
jaws come together at a set ternperature and for a set time, after the jaws open the
samples are removed and samples are left to cool at room temperature for 30
minutes before the seal between the two coated boards is broken during the
subsequent evaluation. Evaluation and ranking of the seal quality is carried out by
observing the seal failure.

[0083] Heat seal testing
The test samples were heat sealed at a temperature of 130C +/~1C for 0.2secs. The
criteria for evaluation of the seal strength are shown below in Table 1.

This is an evaluation of seal quality with betier seals achieving a higher value.
Modal results are shown in Table 3 below,
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TABLE 1

0§ NO SEAL

11 WEAK ADHESION

ADHERED BUT NO TEAR

>1% FIBRE TEAR fo <60% FIBRE TEAR

>50% FIBRE TEAR to <100%FIBRE TEAR

S BN B S

{0084} Blocking Test

[0085] The test samples were subjected to a teruperature of 50C +/- 3C for 25 secs.
The criteria for evaluation of blocking are shown below in Table 2. Thisis an
evaluation of blocking, under these conditions samples should not block/seal so

poorer seals have higher valoes. Modal resulis are shown in Table 4 below.

TABLE 2

r >1% to <80% FIBRE TEAR

STRONG ADHESION COATING PICK

MEDIUM ADHESION COATING PICK

WEAK ADHESION NO COATING PICK

O B Wl N

NGO OR VERY WEAK ADHESION

TABLE3

Heat Seal Fvaluation Modal Results

Piece A
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Picce B
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of 16 - 12 gsm
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90 : 10 s .\ I : 5 5
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5 5 2
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TABLE 4
Blocking Evaluation Modal Results
Piece A
polymer : tale, wtratio
“““““ @ Coat Weight of 1012 gsm
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Polymer : Tale 160 - 0
wi ratio : @010 ¢ 7030 | S0:50 ] 30:70
@ Coat Weight
- of 1012 gsm
100:0 0 5 0 0 o
90 : 10 \ \\ 0 0 o 3
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70730 . \ . B . X
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ffffff \\\ \
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{0086} The coated articles disclosed herein may include or be used for making a
variety of products, ¢.g., products in which water resistance, heat resistance, grease
resistance, and/or heat sealability are desired. Exernplary products include cups, plates,
bowls, food containers such as food {e.g., sandwich} wraps, butcher wraps, gable top cartons,
folding cartons, paper pouches, molded paper products, butter/margarine wraps, pet food
boxes and sacks, multiwall paper sacks, lawn refuse bags, diapers, and composite materials.

[O087] Other aspects and embodiments of the present disclosure will be apparent io
those skilled in the art from consideration of the specification and practice of the
smbodiments disclosed herein.

[O0RE] it is intended that the specification and examples therein be considered as
exemplary only, with a true scope and spirit of the present disclosure being indicated by the

following claims.
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CLAIMS
What is claimed is:

i An article comprising:
at least one subsirate having a first surface and a second surface;
a first coating covering the first surface of the at least one substrate, the first coating
comprising:
al least one layer that comprises a first polymer that is water-
dispersible and a mineral; and
at least one layer that comprises the first polymer without the mineral;
and
a second coating covering the second surface of the at least one substrate, the second
coating comprising a second polymer;

wherein the {irst coating is capable of forming a heat-seal with the second coating.

2. The article of claim 1, wherein an cutermost layer of one of the first coating or the
second coating comprises a mineral, and an outermost layer of the other of the first coating or

the second coating does not contain a mineral,

3. The article of ¢laim 1 or 2, wherein the mineral comprises a phyllosilicate mineral.
4. The article of any one of the preceding claims, wherein the mineral comprises talc,

kaolin, mica, or a combination thereof,

5. The article of any one of the preceding claims, wherein at least one of the first

polymer or the second polymer comprises a copolymer formed of at least two monomers.

6. The article of claim 3, wherein the at least two monomers include ethylene and an

unsaturated carboxylic acid monomer.

7. The article of claim 6, wherein the unsaturated carboxylic acid monomer is chosen

from acrylic acid and methacrylic acid.
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8. The article of any one of the preceding claims, wherein the first coating comprises

from about 10% to about §0% the first polymer, by weight of the first coating.

9. The article of any one of the preceding claims, wherein the at least ove layer of the
first coating that comprises the first polymer without the mineral is an outermost layer of the

first coating.

10.  The article of any one of the preceding claims, wherein at least one of the first coating
or the second coating comprises at least one pre-coat laver comprising celhulose or a third

polymer,

11 The article of claim 10, whersin the third polymer comprises a styreng-containing
copolymer, or the third polymer is the same as at least one of the first polymer or the second

polymer.

12. The article of claim 10 or 11, wherein the at least one pre-coat layer further comprises

a mineral.

i3, The article of any one of the preceding claims, wherein the second coating further
comprises a mineral that is the same or different than the mineral of the first coating, and
wherein a total amount of the mineral of the second coating i$ less than or equal to about 80%

of a total amount of the mineral of the first coating.

14.  The article of claim 13, wherein the mineral of the second coating comprises a

phyllosilicate mineral.

15. The article of any one of the preceding claims, wherein the first polymer is the same

as the second polymer or a derivative thereof

16.  The article of any one of the preceding clatms, wherein the at least one substrate

CoOmprises paper.



CA 03080929 2020-04-28

WO 2019/099787 PCT/US2018/061461

17.  The article of any one of the preceding claims, wherein the article has a repulpability

of at least about 85%.

18, The article of any one of the preceding claims, wherein the article is a heat-sealed
container, the first surface of the at least one substrate being an inner surface of the container,

and the second surface of the at least one substrate being an outer surface of the container,

19. The article of any one of claims 1-17, wherein the articie is a heat-sealed container,
the first surface of the at least one substrate being an ouler surface of the container, and the

second surface of the at least one substrate being an inner surface of the container.

284, The article of claim 18 or 19, wherein the heat-sealed container is configured to hold a

Hquid, a solid, or both a liguid and a solid at a temperature of less than 28°C.

21, A method for making the article according to any one of the preceding claims,
22. A method for making an article, the method comprising:

forming a first coating on a first surface of a substrate by:
applying a first agueous dispersion comprising a first polymer and a mineral;
and
applying a second aqueous dispersion comprising the first polymer without the
mineral; and
forming a second coating on a second surface of the substrale by applying an aqueous
dispersion comprising a second polymer that is the same or different than the first polymer;

wherein the first coating is capable of forming a heat-seal with the second coating.

23, The method of ¢laim 22, wherein forming the first coating comprises applying the

first aqueous dispersion before applying the second aqueous dispersion.

24.  The method of claim 22, wherein forming the first coating further comprises:
before applying the first aqueous dispersion, applying a third aqueous dispersion
comprising a third polymer different from the first polymer to form a pre-coat layer on the

first surface.
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25, The method of any one of claims 22-24, wherein forming the second coating further
comprises:

applying an agueous dispersion comprising a third polymer different from the second
polymer to form a pre~coat layer on the second surface;
wherein the agueous dispersion comprising the second polymer is applied to the pre-

coat layer.

26.  The method of claim 24 or 25, wherein the third polymer comprises a styrene-

containing copolymer.

27.  The method of any one of claims 22-26, wherein the first polymer comprises a

copolymer of ethylene and an unsaturated carboxylic acid.

28.  The method of any one of claims 22-27, wherein the mineral comprises a

phytiosilicate mineral.

29, The method of any one of claims 22-28, wherein the mineral comprises tale, kaolin,

mica, or a combination thereofl

3¢,  The method of any one of claims 22-29, further comprising heat-sealing a portion of

the first coating to a portion of the second coating.

31, The method of any one of claims 22-30, wherein the substrate comprises paper.

- 3§ -
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