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(57) Abstract: The present disclosure relates generally to vapor retarding building materials and methods for making them. The present
inventors have found simple and cost-efficient materials that have low water vapor permeability at low relative humidities and that
can be provided as a coating on a building material substrate. Notably, in many embodiments, the materials can have high water vapor
permeability at high relative humidities, in one embodiment, the disclosure provides vapor retarding articles comprising a building
material substrate; and a polymeric coating layer coated on the building material substrate, the polymeric coating layer comprising an
inorganic hydrophiiic particulate filler dispersed in a continuous organic phase comprising a hydrophobic polymer, wherein the content
of the filler is from about 30% to about 85% by weight of the polymeric coating layer, the vapor retarding article configured to have
a water vapor permeance of no more than about 1 Perm at 25% relative humidity.
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VAPOR RETARDING BUILDING MATERIALS AND METHODS FOR
MAKING THEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001T  This application claims the benefit of priority of U.8. Provisional Patent Application
ne. 82/527 609, filed June 30, 2017, which is hereby incorporated herein by reference in its
entirety.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

[6002Y  The present disclosure relates generally to vapor retarding building materials and
methods for making them. More particularly, the present disclosure relates {o vapor retarding

building materials that have desirable variable water vapor permeabilily.

2. Technical Backaround

f6003Y Building matlerials can include films or facing malerials attached to them to provide
desired physical properties. One such desired property is the ability to reduce moisture in
the wall cavity. Reducing moisture in the wall cavily can prevent deterioration of the building
materials and a reduction in the thermal conductivity within the wall cavity, which can further
assist in reduction of energy costs. Currently available products suffer from the ability to
maintain desired water vapor permeabilily at a low or variable relative humidity. Their interior
moisture barriers ususally provide low permeability across gl conditions (L.e., the full range of
refative humidity), but do not allow for high permeability during high redative humidily (i.e.,,
they do not aliow moisture 10 escape the wall cavity during humid climates).

{06004} Moreover, while it may be possible to make vapor retarding materials having
desirable properties via lamination processes, such processes can be difficult and expensive
o carry out on a commercial scale, due especially {o the use of expensive materials.

[0008] Accordingly, there remains a need for new vapor retarding materials and cost-

effective methods for making them,

SUMMARY OF THE DISCLOSURE

{0006} Innovative solutions are needed {o provide novel building materials that can provide
the desired water vapor permeability, particularly at variable relative humidily, at a low cost.
The present inventors have found simple and cost-efficient materials that have low water
vapor permeability at low relative humidities (e.g., at about 25 % RH) and that can be
provided as a coaling on & buliding material substrate. Notably, in many embodiments, the

- q -



WO 2019/006247 PCT/US2018/040197

materials can have high water vapor permeabilily at high relative humidities {e.q., at about
85 % RH).

{60067} Thus, in one aspect, the present disclosure provides a vapor retarding article,
comprising:
a building material substrate; and
a polymeric coating layer coated on the building material substrate, the polymeric
coating layer being different from the building material substrate, the polymeric
coating layer comprising an inorganic hydrophilic particulate filler dispersed in a
continuous organic phase comprising a hydrophobic polymer, wherein the
content of the filler is from about 30% to about 85% by weight of the polymeric
coating layer.
In certain embodiments, the vapor retarding articie is configured {o have a water vapor
permeance of no more than about 1 Perm {&.q., from aboul § Perm fo about 1 Perm, or from
about 0.1 Perm to about 1 Perm, or from about 0.3 Perm to about 1 Perm) at 25% relative
humidity, as tested by ASTM ES6 at 23 °C.

§0008Y In ancther aspect, the present disclosure provides a method for making a vapor
retarding article, comprising:
providing a building malerial substrate; and
coating a polymeric coating layer onto the building material substrate, the polymeric
coating layer being different from the building material substrate, the polymeric
coating layer comprising an inorganic hydrophilic particulate filler digspersedin a
continuous organic phase comprising a hydrophobic polymer, whergin the
content of the filler is from about 30% to about 85% by weight of the polymeric
coating laver.
In certain embodiments of the method of the disclosure, the vapor retarding article is
configured 16 have a water vapor permeance of no more than about 1 Perm (e.q., from about
0 Perm to about 1 Perm, or from about 0.1 Perm to about 1 Perm, or from about 8.3 Parm io
about 1 Perm) at 25% relative humidity, as tested by ASTM E86 at 23 °C.

[600%] The present disclosure provides vapor retarding articles that are configured to have
variable water vapor permeability as a function of relative humidity (RH). In certain
embodiments, the articles of the disclosure are configured to have a low vapor permeance,
&.g., no more than about 1 Perm (e.g., from about 0 Perm o about 1 Perm, or from about
0.1 Perm to about 1 Perm, or form about 0.3 Perm 10 about 1 Perm) at 25% relative
humidity. In certain such embodiments, the article is configured to have a high vapor

permeability, &.¢., of al least about 5 Perms, or al least about 8 Perms, or at least about 12
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Perms, or at least about 15 Perms, or al least about 20 Perms, at 95% relative humidity, as
tested by ASTM E96 a1 23 °C. As used herein, a Perm is a Uniled States Perm.

BriEF DESCRIPTION OF THE DRAWINGS

00107 The accompanying drawings are included o provide a further understanding of the
methods and devices of the disciosure, and are incorporaied in and constitute a part of this

specification. The drawings are not necessarily to scale, and sizes of various elements may
be distoried for clarity. The drawings illusirate one or more embodimeni(s) of the disciosure,
and together with the description, serve to explain the principles and operation of the

disclosure.

[00111 Figure 1is a partial schematic cross-sectional view of a vapor retarding article

according to one embodiment of the disclosure.

[6012} Figure 2 is a partial schematic cross-sectional view of a vapor retarding article

according to one embodiment of the disclosure.

[00131 Figure 3 is a partial schematic cross-sectional view of a2 vapor retarding article

according to one embodiment of the disclosure.

DeETAILED DESCRIPTION

{0014} Before the disciosed processes and materials are described, # is to be understood
that the aspects described herein are not limited to specific embodiments, apparati, or
configurations, and as such can, of course, vary. it is aiso io be undersiood that the
terminology used herein is for the purpose of describing particular aspects only and, unless
specifically defined herein, is not intended to be limiting.

[00181  Throughout this specification, unless the context requires otherwise, the word

5 i

‘comprise” and “include” and variations {(e.g., “comprises,” “‘comprising,” “includes,”
“including”™ will be understood to imply the inclusion of a stated component, feature,
element, or step or group of components, features, elements or steps but not the exclusion

of any other integer or step or group of integers or steps.

¥ ou n

[6018] As used in the specification and the appended claims, the singular forms "a,” “an
and “the” include plural referents unless the context clearly diclates otherwise.

{06017} Ranges can be expressed herein as from “about” one particular value, and/or {o

“about” ancther particular value. When such arange is expressed, another aspect includes

from the one particular value and/or o the other particular value. Similarly, when values are

exprassed as approximations, by use of the antecedent “about,” it will be understood that the

particular value forms another aspect. H will be further understood that the endpoints of each
-3
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of the ranges are significant both in relation to the other endpoint, and independently of the

other endpoint.

{06018} All percentages, ratios and proportions herein are by weight, uniess otherwise
specified.

{60191 In view of the present disclosure, the processes and active materials described
herein can be configured by the person of ordinary skill in the art o meet the desired need.
In general, the disclosed materials, methods, and apparati provide cost-efficient
improvements in building materials that have low water vapor permeability at low RH {e.g., at
ahout 25 % RH). And in certain embodiments, the article can have high water vapor

permeability at high RH (e.q., more than about 45 % RH).

§6026F  Thus, one aspect of the disciosure provides a vapor retarding article, comprising
a building material substrate (e.g., a building material subsirate sheet); and
a polymeric coating layer coated on the building material substrate, the polymeric
coating layer being different from the building material substrate, the polymeric
coating layer comprising an inorganic hydrophilic particulate filler dispersed in a
continuous organic phase comprising a hydrophobic polymer, wherein the
content of the filler is from about 30% to about 85% by weight of the polymeric
coating laver,
wherein the vapor retarding article is configured {0 have a water vapor permeance of no
more than about 1 Perm (e.g., from about 0 Perm o about 1 Perm, or from about 8.1 Perm
to about 1 Perm, or from about 0.3 Perm o about 1 Perm) at 25% relative humidity, as
fested by ASTM ES6 at 23 °C.

§8021F One embodiment of the vapor retarding article of the disclosure is shown in partial
schematic cross-sectional view in Figure 1. Here, an article 108 is shown comprising a
building material substrate (here, g buillding malerial substrate sheet) 110 with a polymeric
coating layer 120 coated thereon. The exact thickness of the building material substrate 110
and the polymeric coating layer 120 can vary. But in many cases, when the substrate is in
sheet form, the thickness of the building material substrate 110 will be of g similar thickness
as the thickness of the polymeric coating layer 120 (g.g. within 30-300% of the thickness of
the polymeric costing layver). While the thickness of the polymeric costing layer 128 is shown
as being substantially uniform in Figure 1, such uniformity is not required. In particular, so
long as the thickness of the polymeric coating layer 120 is effective to provide the variable
water vapor perm values, the thickness need not be uniform in every area of the huilding
material substrate sheet 110.
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f60227 The building material subsirate can be formed from a variety of materials, as the
person of ordinary skill in the art will appreciate. The coatings described herein ¢an be
formed on a variety of materials. In many desirable embodiments, the building material
substrate will be in sheet form (i.e., wherein the building material substrate is a building
material substrate sheetl).

f00231 The building material substrate sheet can be porous or contain a pore structure,
such that the polymeric coating layer can be partially disposed within the pore structure of
the substrate, as will be discussed in more detail below. For example, in certain
embodiments of the vapor retarding article as otherwise described herein, the building
material substraie sheet is a sheet of fabric, i.e., having pores formed in the sheet. In ceriain
such embodiments, the fabric is a woven fabric, for example, woven from thermoplastic
fibers. In particular embodiments, the building material subsirate can include a non-woven
material. Particular non-woven materials can include spun bond or point bond fabrics. For
example, in certain embodiments of the vapor retarding articles as otherwise described
herein, the huilding material substrate is a non-woven polypropylene fabric, e.g., a poini-
bond polypropyiens non-woven fabric. Other non-woven fabrics suitable for use in various
embodiments of the vapor retarding ardicles as otherwise described herein include nylon
non-woven fabrics, poly(ethylene terephthalate) non-woven fabrics, other polyester non-
woven fabrics, polystyrene non-woven fabrics, acrylonitrile/butadiene/styrene copolymer
non-woven fabrics, and polyethylene non-woven fabrics. in other embodiments, a
perforated thermoplastic film can be used as the buillding malerial substrale sheet, 2., &
perforated polypropyiene film, a perforated nyion film, a perforated PET film, a perforated
polystyrene film, a perforated acrylonitriie/butadiene/styrene copolymer film, a perforaied

poivester film, or a perforated polyethylene film.

[6024) In certain embodiments of the vapor retarding arlicies as otherwise described
herein, the building malerial substrate sheet is paper, such as kraft paper. The exact weight
of the paper can vary, and illustrative weights include, but are not limited to, about 25
pounds to about 75 pounds per thousand square feet, for example about 39 pounds per
thousand square feet, In other embodiments of the vapor retarding articles as otherwise
described herein, the building material substrate sheet is a scrim.

[00251  The building material substrate sheet may itself be made from multiple sublayers of
material, as the person of ordinary skill in the art would appreciate; desirably such a sheet

wouid have pores exiending through the shest. Withoul intending o be bound by theory, the
inventors believe that use of a porous substrate sheet can simplify the provision of desirable

vapor retarding behavior to the overall arlicle.

-5.
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[6026] Advantageously, when a building material substrate is in sheet form, the vapor
retarding arlicie of the disclosure can be provided as a vapor relarding membrane. As the
person of ordinary skill in the art will appreciate, the vapor retarding membranes of the

disclosure can find wide use in many construction applications.

{60277 The building material subsirate can alternatively be any material used in the
construction of exterior or interior walls or ceilings. For example, in certain embodiments of
the vapor retarding article as otherwise described herein, the building material subsirate is
drywall (&.g., .gypsum board), wood paneling, wood planks, plywood, fiber board, fiberglass
insuistion, or the like. In certain embodiments, the polymeric coating layer may be coated
directly on the material of the building material substrate (e.g., on a paper laver of a gypsum
board}.

{6028} In certain embodiments, however, the polymeric coating layer may be coaled on a
building material substrate sheet (e.¢., kraft paper), which then can be applied to another
substrate (e.¢., by using an adhesive or other suitable atlachment means).

[602%] As described above, coated on the building material substrate is a polymeric
coating layer. The polymeric coating layer can be selected by the person of ordinary skill in
the art based on the disclosure herein and based on the identity of the building material
subsirate to provide desired water vapor permeability values to the vapor retarding articles of
the disclosure. For additional information regarding vapor retarding coatings, the person of
ordinary skill in the art will refer o U.S. Patent Application Publication no. 2016/0185994,
which is hereby incorporated herein by reference in its entirely. Notably, the coating layer is
not a polymer extrudate or otherwise preformed thermoplastic polymer sheet that is, for
example, laminated to the subsiraie. Rather, it is a material that is coated onto the
subsirate, e.¢., by a conventional coaling process, such as from a liguid {e.g., agueous)
solution or a suspension, such as a polymer emulsion or polymer dispersion (i.e., polymer
latex).

f603081 The polymeric coating layer can include a continuous organic phase comprising a
hydrophobic polymer, with an inorganic hydrophilic particuisate filler dispersed therein. The
continuous organic phase need not itself be absolutely homogenous; it can have different
domains of different compositions. As used herein, a hydrophobic polymer is a polymer with
a weight-average molecular weight no less than 10 kDa, and a waier absorption of less than
1%. Water absorption, as described hersin, is measured gravimetrically at 100% relative
humidity and 23 °C. A variety of hydrophobic polymers can be used, such as a styrene
butadiene copolymer {&.g., a siyrene butadiene rubber), an acrylic polymer or copolymer

such as a styrene acrvlic polymer, a vinyl acetate/ethylene copolymer, a poly{vinyl acelate),
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a poly{vinylidene chloride) polymer or copolymer, a polyvinyl chioride, a polyvinyt butyral, a
pobyoiefin (such as polvethylene, polypropylens, polvbuladiene, elc), or combinatlions
thereof. In certain embodiments of the vapor retarding articles as otherwise described
herein, the hydrophobic polymer is coated onto the substrale as from an agqueous dispersion
of the hydrophobic polymer dispersed in water, such as a polymer latex, or as from an
aqueous emulsion of the hydrophobic polymer. In certain particular embodiments of the
vapor retarding article as otherwise described herein, the hydrophobic polymer is a siyrense
butadiene rubber (e.g., coated from a latex) or styrene acrylic polymer (e.g., coated from a

latex).

{6031} The hydrophobic polymer can be described by its percent (%) carboxylation.
Percent carboxyiation refers to the weight percentage of carboxyiic acid (i.e., -COOH) in the
polymer backbone. Accordingly, in certain particular embodiments of the vapor retarding
article as otherwise described herein, the hydrophobic polymer has a % carboxylation of
essentially 0%, at least about 0.1%, or at least about 0.5%, or even at least about 1%. In
particular embodiments of the vapor retarding article as otherwise described herein, the
hydrophobic polymer has a % carboxyiation of no more than about 20%, or no more than
about 15%, or no more than about 10%, or no more than about 5%, or even no more than
about 3%. Moreover, in various embodiments of the vapor retarding ardicle as otherwise
described herein, the hydrophobic polymer has a % carboxylation in a range of any ofthe
minimums and maximums provided above, such as within a range of from about 0% to about
20% ., or about 0.1% to about 15%, or about 0.5% to about 10%, or even about 1% {o about
8%. In particular embodiments of the vapor retarding arlicle as otherwise described herein,
the hydrophobic polymer can have a % carboxylation of about 0% in which case, the
hydrophobic polymer would be essentially free of a carboxylic acid monomer in the polymer
backbone. A particular advantage of the above mentioned % carboxylation vaiues has been
shown to be advantageous in achieving excelient permeability with relative humidity in
combination with & separate hydrophilic component such as a hydrophilic polymer or a
hydrophilic filler. Without wishing to be bound by theory, it is believed that at high levels of
carboxylation the hydrophobic polymers tend to have too high a water vapor permeability at

intermediate relative humidities.

§6032F  The hydrophobic polyvmer can aiso be described by its glass transition temperature
(Tg). As used herein, the glass transition temperature (Tg) of the hydrophobic polymer is
measured by differential scanning calorimetry. Accordingly, in certain embodiments of the
vapor retarding article as otherwise described herein, the hydrophobic polymer has a glass
fransition temperature (Tg) of at least aboui ~50 °C, at least about -40 °C, or even at lsast

about -30 °C. In cerlain embodiments of the vapor retarding article as otherwise described
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herein, the hydrophobic polymer can have a glass transition temperature (Tg) of no more
than about 35 °C, or no more than about 25 °C, or no more than about 25 °C or even no
more than about 15 °C. in certain embodiments, the hydrophobic polymer can have a glass
fransition temperature in a range of any of the minimums and maximums provided above,
such as in a range of from about ~30 to about 25 °C, or about ~30 o about 15 °C, or even
about ~30 to about § °C.

[00331  The amount of hydrophobic polymer in the coaling laver can be varied by the
person of ordinary skill in the art based on the present disclosure. However, in certain
embodiments of the vapor retarding article as otherwise described herein, the hydrophobic
polymer makes up a relatively large proportion of the continuous organic phase of the
poltymeric coating layer. In cerlain embodiments of the vapor refarding article as otherwise
described herein, the hydrophobic polymer is present in the continuous organic phase of the
polymeric coating layer in the amount of at least about 15 wits, or al least about 25 wi%, or
at least about 30 wi%, or at least about 40 wi%, or at least about 55 wi%, or at least about
70 wi%, or at least about 85 wit%, or at least about 95 wi%, based on the iotal weight of the

continuous organic phase of the polymeric coating layer.

[00341  In certain embodiments of the vapor retarding article as otherwise described

herein, the hydrophobic polymer is present in the continuous organic phase in an amount of
about 15 wt% to about 70 wi%, or about 15 wi% to about 65 wi%, or about 15 wi% to about
50 wi%, or about 15 wi% {0 about 35 wi%, about 25 wit% to about 70 wi%, or about 25 wi%
1o about 65 wi%, or about 25 wi% {o about 50 wi%, or about 30 wi% {o about 70 wi%, or
abhout 30 wit% 1o about 85 wit%, or about 30 wit% to about 50 wit%, or about 40 widh to about
70 wi%, or about 40 wit% to about 85 wi%, or about 55 wi% to about 70 wi%. All wi% values

described in this disclosure are on a dry weight basis, i.e., free of absorbed water.

[6038] The continuous organic phase of the polymeric coating layer can also include other
components. For example, in certain embodiments of the vapor retarding article as
otherwise described herein, the continuous organic phase further comprises a lower
motecuiar weight (L&, iess than 10 kDa) organic material, such a5 a wax or a low molecular
weight polymer. A variety of lower molecular weight organic materials can be used, e.g.,
polyethylene waxes, paraffin waxes, microcrystaliine waxes, and other synthetic or natural
waxes. The lower molecular weight material can be present in an amount, for example, up

{0 15 wit%, up to 10 wiSs, or up to 5 wi% of the continuous organic phase.

[0038] As described in U.S. Patent Application Publication no. 2016/0185994, polymeric
hydrophilic componenis can be included in the continuous organic layer. A polymeric
hydrophilic component can absorb water, and thus increase permeability at high humidity.

-8 -
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Polymeric hydrophilic components can thus be used to tune the water vapor permeability of
the polymeric coating iayer. As used herein, a polymeric hydrophilic component has a
percent water absorption of at least 1% (for example, at least about 3%, at least about 5%,
or even at least about 7%) as measured according o gravimetric measurements at 100%
refative humidity and at 23 “C. Thus, in certain embodiments of the vapor retarding article
as otherwise described herein, the coating layer further includes a polymeric hydrophilic
component selected from one or more of polyviny! alcohol, poly{viny! pyrrolidone), starch,
cellulose, polyacrylic acid and salts thereof, a highly carboxylated polymer (e.g., derived
from a latex), amine polymers, polyethviene oxide, vinyl ether polymers, hydrolyzed
polymers {e.g., hydrolyzed maleic anhydride) and polysaccharides. In certain embodiments
of the vapor retarding article as otherwise described herein, the coating laver includes a
polymeric hydrophilic component (e.g., one or more of the components described above) in
an amount up (o about 30 wt.%, &.¢., in an amount up to 20 wt%, or up to 10 wi%, or in the
range of 0.1 wi% o 30 wi%, or 0.1 wi% to 20 wi%, or 0.1 wi% 1o 1 wi%, or 1 wite o 30 wi%%,
or 1 wi% to 20 wi%, or 1 wi% to 10 wi%, or 4 wi% fo 30 wi%, or 4 wi% {0 20 wi%, or 4 wi%

to 10 wi%, of the continuous organic phase.

[0037T  However, the present inventors have noted that suitable permeability performance
can be provided without using substantial amounts of polymeric hydrophilic components.
Thus, in certain embodiments of the vapor retarding arlicle as otherwise described herein,
the polymeric coating layer comprises less than about 4 wi%s, or less than about 3 wi%, or
jess than about 2 wi%, or less than about 1 wi%, or less than about 0.5 wi%, or less than
about 0.1 wi%, or is essentially free of polymeric hydrophilic components. In certain
embodiments of the vapor retarding article, the polymeric coating laver includes less than
about 4 wi%, or less than about 3 wi%, or less than about 2 wi%, or less than about 1 wi%,
or less than about 0.5 wi%, or less than about 0.1 wi%, or is essentially free of a polymeric
hydrophilic components selecled from pobyvinyt alcohol, poly{vinyt pyrrolidone), starch,
cellulose, polvacrylic acid and salis thereof, highly carboxylated polymers {e.q., derived from
a latex}, amine polymers, polyethvlene oxide, vinyl ethers, highly hydrolyzed polymers (e.g.,
hydrolyzed maleic anhydride), polysaccharides and combinations thereof. In certain
embodiments of the vapor retarding article, the polymeric coating laver includes less than
about 4 wi%, or less than about 3 wi%, or less than about 2 wi%, or less than about 1 wi%,
or less than about 0.5 wi%, or less than about 0.1 wi%, or is essentially free of polyviny
aicohol.

[00381  As described above, the polymeric coating layers of the vapor retarding article of
the present disclosure includes an inorganic hydrophilic particulate filler dispersed in the

continuous organic layer. The particulate filler can serve 1o absorb moisture and increase the
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permeability of the coaling layer at elevated relative humidities by transmitting moisiure

through the coating layer.

{6038} In certain embodiments of the vapor retarding article as otherwise described
herein, the particulate filler has a median particle size (i.e., d50, 50" percentile particie size)
of about 0.5 to about 10 um. In cerain embodiments as otherwise described herein, the
particulate filler has a median particle size (i.e., d50, 50" percentile particie size) of about 1
to about 20 um, or about 3 to about 20 um, or about 5 to about 20 um, or about 7 to about
20 ym, or about 1 to about 10 um, or about 2 to about 10 pm, or about 5 to about 10 ym, or
about 7 to about 10 um, or about 1 to about 7 um, or about 3 1o about 7 um, or about 4 1o
about 7 pm, or about 5 to about 7 pm, or about 1 to about 6 um, or about 3 to about 6 um, or
about 4 to about 6 pm, or about 5 to about 6 um, or about 1 to about 5 um, or about 1 {0
about 4 ym, or about 1 o about 3 pm, or about 4.5 10 about 6.5 um, or about 4.8 to about
6.2 um, or about 5.3 to about 5.7 um. In certain such embodiments, the particulate filler has
a d10 and a d90 value {i.e., 10" percentile particle size and 80" percentile particle size)
within the range of about 0.3 to about 30 um, or about 1 to about 20 um, or about 3 o about
30 pm, or about 5 1o about 20 pm, or about 7 1o about 20 um, or about 110 about 10 um, or
about 3 to about 10 ym, or about 5 to about 10 um, or about 7 to about 10 um, or about 1 1o
about 7 um, or about 3 to about 7 um, or about 4 to about 7 ym, or about & to about 7 pm.
Particle sizes as described herein are measured by laser diffraction, 2.q., 85 in & Malvern
Mastersizer 3000 Particle Analyzer. The present inventors have determined that use of
particulate fillers with such sizes can provide the desired permeability behavior to the

polymeric coating layer.

[004081 A wide variely of particulate fillers can be used in vapor retarding arlicles described
herein. In certain embodiments of the vapor retarding articles as otherwise described
herein, the particulate filler is alumina trihydrate {(also known as aluminum trihydrate,
aluminum hydroxide, hydrated alumina, or ATH), kaolin, graphite (e.q., nonexpendable
graphite), calcium carbonate, barium sulfate, talc, calcium sulfate, sodium suifate, silica,
magnesium hydroxide, magnesium carbonate, antimony trioxide, clay, zinc borate, zinc
oxide, zinc hydroxystannate, boehmite, aluminum diethyl phosphinate, ammonium
polyphosphate, ammonium phosphate, mica, carbon black, montmorilionite, bentonite,
muscovite, illite, cookeite, chiorite, diatomaceous earth, titania, or a combination thereof.
The particulate filler can be selscted by the pearson of ordinary skill in the art based on the
present disclosure to provide the vapor retarding articles with suitable vapor retarding

properties at various relative humidities.

[60411 For example, in certain embodiments of the vapor refarding articles as otherwise
described herein, the particulate filler is alumina trihydrate, kaolin, graphite {e.g.,
- 10 -
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nonexpendable graphite), calcium carbonate, magnesium hydroxide, magnesium carbonate,
antimony trioxide, clay, zinc borate, zine oxide, zine hydroxystannaie, boehmile or g
combination thereof. In certain particular embodiments of the vapor retarding articles as
otherwise described herein, the particulate filler is kaolin, alumina trihydrale, or a
combination thereof.

[00421 In cerlain embodiments of the vapor retarding articles as otherwise described
herein, the particulate filler is alumina trihydrate.

f3043} In certain embodiments of the vapor retarding arlicies as otherwise described
herein, the particulate filler is kaolin.

[00441 In cerlain embodiments of the vapor retarding articles as otherwise described
herein, the particulate filler is a combination of kaolin and alumina trihydrate, e.g., 15-50 wi%
kaolin and 50-85 wit% aluminum trihydrate, e.g., about 70 wt% alumina trinydrate and about

30 wi% kaolin on a filler-filler basis (not 100% of the total formulation).

{0045} The inorganic hydrophilic particulate filler may be described by iis % waler
absorption. As used herein, the % water absorption is determined by gravimetric
measurements as is well understood in the art. Percentage of water absorption will increase
the permeability vs. relative humidity relationship, but if it is too high the hydrophilic
component may become soluble and destabilize the polymeric coating laver. As used
herein, an inorganic hydrophilic particulate filler has a percent water absorption of at least
0.3% as measured at 100% relative humidily and at 23° C. In certain such embodiments,
the inorganic hydrophilic particulate filler has a percent water absorption of at least about
1%, or at least about 3%, as measurad at 100% relative humidity and at 23° C. In certain
embodiments of the vapor retarding article as otherwise described herein, the inorganic
hydrophilic particulate filler has a percent water absorption of no more than about 15%, or no
more than about 10%, or even no more than about 7%, as measured at 100% relative
humidity and at 23 °C. Moreover, the inorganic hydrophilic particulate filler can have a
percent water absorption in & range of any of the minimums and maximums provided above,

such as in a range of from about 1% 1o about 15%, or even about 0.3% 1o about 7%, et

[3046] In certain embodiments of the vapor retarding arlicies as otherwise described
herein, the inorganic hydrophiiic particulate filler can have platelike morphologies {(such as
kaolin). This can increase the slope of the permeability vs relative humidity relationship;
without intending fo be bound by theory, the inventors believe that this is due o the
increased tortuosity of the path through the polymeric coating layer, which can allow
coatings to be applied thinner and have superior performance.

- 11 -
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[60477  As the person of ordinary skill in the art will appreciate, the particulate filler can
provide g number of additional benefils. For example, the particulate filler may provide
reinforcement in the polymeric coating laver, may provide additional flame retardancy in the
potymeric coating layer, may improve the physical properties of the polymeric coatling layer
{e.g., decrease the coeflicient of linear thermal expansion {CLTE) as compared to the CLTE
of a cured composition without the filler), or may provide other desired features, £.¢., may
improve the overall viscosily of the composition o Taciiitate more uniform coating on a
substrats.

{00487 Hlustrative commercially available fillers inciude, butl are not limited o, Bentolite®,
Cloisite®, Nanofil®, Nanothix®, and Permont® fillers available from Southern Clay Products,
inc.., Kamin brand kaolite from KaMin LLC, or Snobrite brand kaolin from Unimin, Primatec
brand kaolin from Sibelco, and Micral AM-550 ATH available from Huber Engineered
Materials.

(00481  The person of ordinary skill in the art will select an appropriate amount of the
inorganic hydrophilic particulate filler to provide the desired vapor permeability to the article.
in certain embodiments of the vapor retarding articles as otherwise described herein, the
inorganic hydrophilic pariculate filler is present in the polymeric coating layer in the amount
of about 30 wi% {o about 85 wt% based on the total dry weight of the polymaeric coating
layer. In various embodiments of the vapor retarding articles as otherwise described herein,
the particulate filler is present in the polymeric coating laver in an amount of at least about
35 wi%, or at least about 40 wi%, or at least about 45 wi%, or at least about 50 wt%, or at
least 55 wi%, or in the range of about 35 wit% {o about 85 wit%, or about 50 wt% to about 85
wi%, or 55 wi% {0 about 85 wi%, or about 80 wi% to about 85 witSs, or about 30 wt% to
about 80 wi%, or about 35 wi% {0 about 80 wi%, or about 50 wi% {0 about 80 wi%, or 55
wi% to about 80 wi%, or about 60 wi% to about 80 wi%, or about 30 wi% to about 75 wi%,
or about 50 wi% to about 75 wi%, or 56 wi% 1o about 75 wi%, or about 60 wi% {o about 75
wi% . or about 30 wit% to about 70 widh, or about 50 wids to about 70 wid%, or 55 wi% to
about 70 wit%, or about 80 wi% {o about 70 wit% based on the total dry weight of the
polymeric coating layer. One of skill in the art will recognize that the weight % amounts
reflect the total amount of the particulate filler in the composition, regardiess of whether the

particulate filler is a2 combination of two or more materials.

(60507 The present inventors have determined that alumina trihydrate (ATH) can provide
especiaily beneficial permeability behavior. Accordingly, in certain embodiments of the
vapor retarding articles as otherwise described herein, the particulate filler is alumina
frinydrate. In certain such embodiments, the alumina trihydrate has a median particle size of

about 1 to about 10 ym, e.g., about 1 to about 8 um, or about 110 aboul & um, or about 3 1o
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about 10 um, or about 4 to about 8 um, or about 3 to about & ym, or about & to about 6 pm,
or about 5.3 to about 5.7 um, oplionally with d10/d90 values in the range of about 2 {0 about
10 ym, e.g., about 1 {0 about 8 ym, or about 1 to about 6 um, or about 4 to about 10 um, or
about 4 to about 8 pm, or about 4 to about 6 um. In certain such embodiments, the alumina
frihydrate is present in an amount of about 5 wi% fo about 75 wi%, for example, about 5 wi%
to about 45 wi%, or about 5 wi% to about 30 wi%, or about 10 wi% to about 60 wi%, or
about 10 wi% o about 45 wi%, or about 10 wi% o about 30 wit%, or about 20 wi% to about
60 wi%, or about 20 wit% to about 45 wit%, or about 50 wt% 1o about 75 wt% of the coating

layer.

{06051} Kaolin can also be advantageously used as a pariiculate filler in the vapor retarding
articles of the disclosure. Thus, in certain embodiments of the vapor retarding articles as
otherwise described herein, the particulate filler is kaolin. In certain such embodiments, the
kaolin has a median particle size of about 1 to about 10 um, e.g., about 1 to about 8 um, or
about 110 aboul 6 pm, or about 3 to about 10 um, or about 310 about 8 um, oraboui 3 1o
about 6 ym, optionally with d10/d20 values in the range of about 1 {o aboul 10 um, &.g.,
about 110 about 8 um, or about 1 to about 6 um, or about 3 to about 10 um, orabout 3 1o
about 8 um, or about 3 to about & um. In ceriain such embodiments, the kaolin is present in
an amount of about & wi% to about 80 wi%, for example, aboul § wi% {0 about 45 wi%, or
about 5 wi% to about 30 wi%, or about 10 wit% to about 60 wi%, or about 10 wi% to about
45 wi%, or about 10 wi% to about 30 wi%, or about 20 wi% to about 80 wi%, or about 20

wi% 1o about 45 wi% of the coaling laver.

{60521 The inventors have determined that suitable coating layers can be formed
substantially from a combination of hydrophobic polymer and particulate filler. For example,
in certain embodiments of the vapor retarding articles as otherwise described herein, the
combined content of the particulate filler and the hydrophobic polymer is af least about 380
wi% based on the tolal dry weight of the polymeric cogting layer. In various embodiments of
the vapor retarding ariicles as otherwise described herein, the combined conient of the
particulate filler and the hydrophobic polymer is at least about 85 wi%, or at least about 20
wi%, or at least about 85 wi%, or at least about 97 witt, or at least about 88 wi%, or at least
about 98 wi%, or about 100 wi% of the polymeric coating layer.

(00531 The ratio of hydrophobic polymer o particulate filler can vary in the polymeric
coating layers of the vapor retarding articles of the disclosure. In certain embodiments of the
vapor retarding arlicles as otherwise described herein, the hydrophobic polymer and the
particulate filler are present in a weight ratio in the range of about 3:1 to about 1.3 (i.e.,
hydrophobic polymer particulate filler}, e.g., about 3:1 to about 1.2, or about 3:1 to about 1.1,

or about 3:1 to about 1.5:1, or about 3:1 to about 2:1, or about 2:1 to about 1:2, or about 211
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1o about 1:1, or about 2:1 to about 1.5:1, or about 1.5:1 to about 1:3, or about 1.5:1 to about
1:2, or about 1.5:1 to about 1:1.

{0054} Asthe person of ordinary skill in the art will appreciate, the polymeric coating layer
can optionally include a number of conventional components, such as one or more of
viscosity modifiers, pigments, dyes, UV absorbers, slip additives, surfactants, defoamers,
and deaerators. Such components are desirably present in a toial amount of no more than
20 wi%, &.q., no more than 15 wi% or even no more than 10 wit% of the polymaeric coating

laver.

[005858] In certain embodiments of the vapor retarding articles as otherwise described
herein, the polymeric coating laver also includes one or more biocidal agents. The biocidal
agent can be effective 10 deter or prevent growth of organisms on the coating and/or surface
of the substrate. In some embodiments, the biocidal agent can be effective as a fungicide,
e.g., & moldicide, to prevent growth of mold or other fungus on the surface of the substrate.
In other embodiments, the biocidal agent can be effective to prevent growth of bacteria,
moss, algae or other organisms on the surface of the subsirate. Where present, the biocidal
agent may be present in an effective amount {0 deter or prevent growth of bio organisms.
The biocidal agent, if present, is desirably present in an amount of no more than 5 wi%, &.q.,
no more than 2 wit of the polymeric coating layer.

[00586] In certain embodiments of the vapor retarding articles as otherwise described
herein, the polymeric coating layer can also inciude one or more stain-resistance additives.
In some examples, the stain-resistance additive can act to reduce or prevent malerials from
being adsorbed into the coating and can generally assist in sealing the coaling from
penstragtion by materials other than waler and gases. For exampie, the stain-resistance
additive can provide oil resistance or oil repellency to prevent non-polar species from
becoming trapped in the coating. The stain-resistance additives may also inhibi fading of the
coating if exposed to heat, ultraviolet light or other forms of energy. lHustrative stain-
resistance additives are commercially available, for example, from 3M (e.g., SRC-220, PM-
5000, PM-1680, PM-4800) and AkzoNobel (e.q., Elotex® stain-resistance additives). The
stain resistance additive, if present, is desirably present in an amount of no more than 5

wit%, e.g., no more than 2 wt% of the polymeric coating layer.

[0087T  The polymeric coating lavers can be provided at a variety of thicknesses to provide
the desired vapor permeabilily behavior. in certain embodiments of the vapor retarding
articles as otherwise described hergin, the polymeric coating layer has a coat weight of at
least about 10 g/m?, at least about 20 g/m?, or even at least about 40 g/m®. In certain
embodiments, the polymeric coating layer can have a coat weight of no greater than about
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1000 g/m?, or even no greater than about 500 g/m®. For example, in certain embodiments of
the vapor relarding arlicies as othenwise described herein the coat weight of the polvmeric
coating layer is in the range of about 10 g/m*® to about 1000 g/m?, or about 20 g/m? to about
1000 g/m?, or about 40 g/m? to about 1000 g/m?, or about 10 g/m? o about 500 g/m?, or
about 20 g/m® to about 500 g/m®, or about 40 ¢/m? to about 500 g/m?. Typical rates for
spray-coated polymer coating layers can be, for example, in the range of 150-300 g/m?, &.¢.,
200-250 g/m?.

[6058] In certain embodiments as otherwise described herein, the vapor refarding article
of the disclosure can be characlerized by iis water vapor permeability as a function of
refative humidity (RH). The water vapor permeabilily is a measure of the amount of water
vapor that can pass through a material. The water vapor permeability values discussed
herein are measured according to ASTM E896 at a temperature of 23 °C at the selected
average RH values.

[00591  In certain embodiments, the vapor retarding articles of the disclosure are so-called
“smart vapor retarder” membranes. For example, in certain embodiments the disclosure
provides a vapor retarding membrane that is configured 1o have a water vapor permeability
of no more than about 1 Perm at 25% relative humidity {&.g., a5 described above) but &
water vapor permeability of at least aboul 5 Perms {(e.g., at least about 8 Perms, at least
about 12 Perms, at least about15 Perms, or at least about 20 Perms) at 85% relative
humidity. In certain embodiments, the disclosure provides a vapor refarding membrane that
is configured {o have a water vapor permeability of no more than aboul 8 Perms &t 45%
refative humidity {&.g., no more than about 4 Perms, or about 0.3 Perms to about 6 Pearms,
or about 0.3 Perms to about 4 Parms, or aboul 1 Perm to about 8 Perms, or about 1 Perm {o
about 4 Perms), and at least about 5 Perms {&.g., at least about 8 Perms, at least about 12
Perms, at least about 15 Perms, or at least about 20 Perms) at 85% relative humidity. In
certain such embodiments, the membrane is configured to have a waler vapor permeabiiity
of no more than about 1 Perm at 25% relative humidity. Water vapor permeability values are
iested as described in ASTM E£98 at 23 °C. In ceriain such embodiments, the vapor
retarding articles of the disclosure can exhibit a desirable water vapor permeability at low,
medium, and high relative humidities. For example, in certain embodiments, a vapor
retarding membraneg as otherwise described herein is configured 16 have a water vapor
permeability rating of about 6 Perms or less, or even about 4 Perms or less at 45% average
RH: in certain such embodiments, the water vapor permeability rating is at least about 0.3
Perms or at least about 1 Perm at 45% relative humidity. In cerfain embodiments, a vapor
retarding membrane as otherwise described herein is configured {o have a water vapor

permeabiiity rating in & range of from about 5 Perms {o about 18 Perms {&.q., about & Perms
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{o about 12 Perms) at 75% average RH. In cerlain embodiments, a vapor retarding
membraneg as otherwise described herein is configured 10 have a waler vapor permeability
rating of at least about 5 Perms, e.g., at least about 8 Perms, at least about 12 Perms, at
least about 15 Perms, or al least about 20 Perms, at 95% average RH. In cerlain
embodiments, the disclosure provides a vapor retarding membrane that is configured to
have a waler vapor permeability of no more than 6 Perms (e.¢., and no less than .3 Perms)
at 45% relative humidity, at least about 5 Perms {&.g., at leasi about 8 Perms, al least about
12 Perms, at least about 15 Perms, or at least about 20 Perms) at 85% relative humidity. In
certain such embodiments, the membrane is configured to have a waler vapor permeabiiity

of no more than about 1 Perm at 25% relative humidity,

f3060Y The vapor retarding membranes of the disclosure can be configured to have
various combinations of the water vapor permeability values provided above at the different
refative humidities, For example, in cerlain embodiments, a vapor retarding membrane as
otherwise described herein is configured to have a water vapor permeability rating of about 1
Perm or less at 25% average RH; and a water vapor permeability rating of al ieast about
Perms {e.¢., at least aboul 8 Perms, at least aboul 12 Perms, al least aboul 15 Perms, or &l
least about 20 Perms) at 95% average RH. In cerlain embodiments, a vapor retarding
membrane as otherwise described herein is configured {0 have a waler vapor permeability
rating of about 1 Perm or less gt 25% average RH,; & waler vapor permeabiiity raling of &l
least about 5 Perms {e.q., at least about 8 Perms, at least about 12 Perms, at least about 15
Perms, or gt least about 20 Perms at 95% average RH; and & waler vapor permeability
rating of about 6 Perms or less, about 4 Perms or less, or even about 2.5 Perms or less at
45% average RH. In certain further embodiments, a vapor retarding membrans as
otherwise described herein is configured to have a water vapor permeability rating of about 1
Perm or less at 25% average RH; a waler vapor permeability rating of at least about 5
Perms {e.¢., at least aboul 8 Perms, al least aboul 12 Perms, al least aboul 15 Perms, or &t
least about 20 Perms) at 95% average RH; a water vapor permeability rating of about 6
Perms or less, about 4 Perms or less, or even about 2.5 Perms or less at 45% average RH;
and a water vapor permeability rating in a range of from about 5 Perms to about 18 Perms

{e.g., about 5 Perms to about 12 Perms) at V5% average RH.

(30817 1t is to be undersiood, however, thal the above reciled combinations of waler vapor
permeability ratings at different relative humidities are exemplary combinations, and all
possible combinations of the above-recited water vapor permeability ratings in the article are
within the scope of the present disclosure. it is further noted that when an article displays
the water vapor Perm rating noted above at different RH values, the change in Perm rating
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as humidity increases may, as noted herein, be linear or non-linear in a plot of the log of the

permeabiiity vs. the relative humidily.

{06062} In certain embodiments, the vapor retarding articles of the disclosure can exhibit an
advantageous nail tear resisiance. The nail tear resistance is a2 measure of the article's
ahility to prevent tearing after a puncture. As used herein, the nail tear resistance is
measured according to EIN 12310-1. Accordingly, in certain embodiments, a vapor
retarding article as otherwise described has a nail tear resistance of at least about 1 N/B& omy,

at least about 5 N/5 cm, or even at [sast about 10 N/5 cm.

[0063} In certain embodiments, the vapor retarding articles of the disclosure can exhibit an
advantageous tensile strength. As used hergin, tensile strength is measured according to
EIN 12311-2. Accordingly, in certain embodiments, a vapor retarding article as otherwise
described has a tensile strength of at least about 10 N/5 cm, at least about 25 N/5 cm, or
even at least about 40 N/5 em. Further, in certain embodiments, a vapor retarding article as
otherwise described has a UV-aged tensile strength of at least about 10 N/5 ¢m, at sast
about 25 N/5 cm, or even at least about 40 N/5 cm. As used hergin, UV-aged tensile

strength is measured after UV aging for 180 hours at 0.5 W/m?.

{0064} In certain embodiments, the vapor retarding articles of the disclosure can exhibif an
advantageous tape adhesion. Tape adhesion is a measure of the ability of the article to stick
{0 and release from an adhesive tape. As used herein, tape adhesion is measured according
to EIN 12317-2. Accordingly, in certain embodiments, a vapor retarding article as otherwise
described has a tape adhesion of at least about 15 N/6 om, at least about 20 N/& om, or

aven at least about 25 N5 cm.

§8068F The vapor relarding articles of the disclosure can be provided in g variely of
thicknesses. For exampie, in certain embodiments, a vapor retarding article as otherwise
described herein has a thickness of at least gbhout 5 microns, at least about 10 microns, at
least about 50 microns, at least about 100 microns, or even at isast about 200 microns. In
certain embodiments, a vapor retarding article as otherwise described herein has a
thickness no greater than about 1000 microns, no greater than about 750 microns, or even
no greater than about 500 microns. in certain embodiments as otherwise described herein,
the thickness of a vapor retarding article of the disclosure is in the range of about & microns
{0 about 1000 microns, or about 50 microns to about 1000 microns, or about 100 microns to
about 1000 microns, or about 200 microns to about 1000 microns, or about 5 microns {o
about 750 microns, or about 50 microns to about 750 microns, or about 100 microns to

about 750 microns, or about 200 microns o about 750 microns, or about 5 microns to about
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500 microns, or about 50 microns to about 500 microns, or about 100 microns to about 500

microns, or about 200 microns to about 500 microns.

{0066} Asthe person of ordinary skill in the art will appreciate, the polymeric coating layer
described above can be coated onio the buillding material subsirate in order to form a vapor
retarding articleof the disclosure. A particular advantage of certain embodiments of the
present disclosure is the ability of the polymeric coating layer described above o be used in
conjunction with relatively porous building material substrates, such as non-woven fabrics
and perforated sheets. For example, the characteristics of cerfain embodiments of the
coating layers described herein can substantially completely fill the void spaces within a
building material substrate, and thereby provide an effective coating for retarding water
vapor. Other compositions that could potentially provide a variable water vapor permeability
as a function of humidity could not be used with relatively porous building material
substrates, as the composition would “bleed through” the substrate and lead to
discontinuous and ineffective coatings due to the low viscosity of the coating fluid. The
current inventors have surprisingly discovered a way to provide both an effective coating
viscosity with a variable water vapor permeability enabling use on relatively porous buiiding
material substrates. However, it is io be undersioond that ceriain embodiments are not limited

o the use of relalively porous building material subsirates.

[006871 In certain embodiments, as illustrated in Figure 2, the polymeric coating layer 120
can penetrate a building material substrate 110 a desired depth Ppinto the building material
subsirate. In particular embodiments, the coaling layer does not bieed through the entire
building material substrate {g.g., it only partially bleeds into the building malerial substrate).
For example, in certain embodiments, the building material substrate thickness ST can be
greater than Pp such that one major surface of the building material substrate is essentially
free of the polymaeric coating laysr. Further, the polymsric coating laysr can have a
thickness Cly as indicaled in Figure 2 measured from the outermost surface of the polymeric
coating layer to the distance the polymeric coating layer penetrates into the building material

substrate.

[6068] Thus, in certain embodiments, the polymeric coaling layer is partly embedded
within the building material substrate. In certain embodiments, the polymeric coating layeris
embedded within the building material substrate by about 5% to about 100 % ofthe
thickness of the polymeric coating layer, or by about 5% to about 50 % of the thickness of
the polymeric costing iaver, ofr by aboul 5% 10 about 80 %, or by aboul 5% 1o abouwl 70 %, or
by about 5% to about 60 %, or by about 5% {o about 40 %, or by about 30% io about 80 %,

ar by about 30% to about 70 %, or by about 30% to about 60 %, or by about 30% to about
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50 %, or by at least about 1%, or at least about 5%, or even at least about 10% of the

thickness of the polymeric coating layer.

{06068} In further embodiments, the polymeric coating layer can penetrate into the building
material substrate by no more than 85%, ne more than 90%, or even no more than 85% of
the thickness of the building material subsirate. In certain embodiments, the polymeric
coating layer can penetrate into the building material substrate by at least about 1%, or at
least about 5%, or even at least about 10% of the thickness of the building material

substrate.

{00707 In other embodiments, the building material substrate can be completely saturated
such that the polymeric coating layer is disposed on both major surfaces of the building
material substrate. For example, the Pp can be greater than or equal to the ST, Further, the
polymeric coating layer can have a desirable thickness atop both major surfaces of the
building material substrate. Figure 3 is cross-sectional schematic view of such an
embodiment. Here, building maierial substrate 310 is in the form of a porous sheet
impregnated with polymeric coating material, such that the polymeric coating layer 320 is
disposed on both major surfaces of the sheet 310,

{6071} In another aspect, the disclosure provides method for preparing a vapor retarding
article as otherwise described herein. The method includes:
providing a building material substrate; and
coating a polymeric coating layer onlo the building material substrate, the polymeric
coating layer comprising an inorganic hydrophilic particulate filler dispersed in a
continuous organic phase comprising a hydrophobic polymer, wherein the
content of the filler is from about 30% {0 aboui 85% by weight of the polymeric

coating laver.

The methods described herein can be used {0 make the vapor retarding arlicles described

herein.

[00727 The person of ordinary skill in the art will appreciate that a variety of building
material substrates can be used in praclicing the methods described herein, for example, the
building material substrates described above. Similarly, a variety of polymeric coating
materials can be used in practicing the methods described herein, for exampie, the coating
materials described above.

f60737 The person of ordinary skill in the art will appreciate that the polymeric coaling layer
can be coated onto the building material substrate in a variety of ways. The polymeric
coating layer can be coated from a liquid dispersion {e.g., an aqueous polymer latex) or a

liquid emulsion, for example, using polymer dispersion or polymer emuision techniques.
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Advantageously, the present inventors have determined that aqueous coaling technologies
can be used {o provide polymeric coagting lavers that can provide advaniageous vapor
retardance behavior, at advantageously low cost and high process simplicity. A coating
liquid containing the hydrophobic polymer, the particulate filler, and any other additives
dispersed in a volatile liquid (e.g., water), can be coated onto the building material substrate
by rolling (e.g., forward roll, reverse roll), roli {o roll coating, siot die coating, mayer rod
coating, knife coating, indirect gravure coating, spraying, or any other convenient method.
The coated liquid can be allowed to cure by drying to provide the polymeric coating layer.
The desired thickness of the polymeric coating layer can be built up in a single coat or
through multiple coating steps, &.¢., with at least partial drying of each coat between coating
steps. The person of ordinary skill in the art can provide a coating liquid with a desired
viscosity suitable to provide a desired process and thickness of polymeric coaling layer and
the desired vapor permeability behavior. For example, in ceriain embodiments of the vapor
retarding articies as otherwise described herein, the coating lquid can have a viscosity of at
least about 1000 cps at a shear rate of 1 571 at a temperature of 21° C. in further
embodiments, the coating liquid can have a viscosity of no greater than about 1000 cps at a
shear rate of 1000 s at g temperature of 21° C. Moreover, the coating liquid can have a
viscosity of at izast about 5000 cps at a shear rate of 1 s7' a temperature of 21° C. and a
viscosity of no greater than about 1000 cps at a shear rate of 1000 s7' at a temperature of
21° C.

§6074F  Certain aspecis of the disclosure are now explained further vig the following non-

limiting examples,

EXAMPLES

{0075} Samples were prepared and tested for water vapor permeability. Samples were
prepared by mixing the ingredients with a molorized cowies blade, or a homogenizer, or by
hand for 5 minutes at room temperature. The coalings were applied by wound wire rod
(Maver rod) or by a slot die process at a thickness of approximately 75 microns.

(00761 The samples were then tested for vapor permeability values under ASTM E96 at 23
°C and at average relative humidities of 25% RH, 45% RH, 75% RH, and 85% RH.
Specifically, samples were then sealed over either dry cups filled with desiccant io achisve
the 25% and 45% average relative humidity conditions or sealed over wet cups filled with DI
water to achieve the 75% and 95% RH conditions. The cups were placed in a humidity
chamber at either 50% (for 25% or 75% average RH conditions) or 90% RH (for the 45% or
85% average RH conditions). For each condition, the cup was sither manually weighed

seven times, once every day or automatically weighed every hour until six consecutive data
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points reach equilibrium by using the Gintronic Gravilest Permeability tester in accordance
with ASTM E£86.
{00777 Example 1

0078}
values for the componenis are based on total wet weight of the liquid formulation from which

A polymeric coaling laver of Example 1is provided in Table 1. Thewelwt %

the polymeric coating iayer was coated; the dry wi % for the componentis are based on {otal

dry weight of the polymeric coating layer composition.

Table 1.
Component Trade Name {Manufacturer) Formulation | Formulation
{wet wt %]} {dry wt %]
Styrene buiadiene {alex | Rovene 4002 (Mallard Creek) 6431 55.49
Kaolin clay Snobrite 75 {Unimin) 25.25 43.58
Water Tap water 9.48 g
Dispersant Tamol 1124 (Dow) 0.88 0.76
Defoamer Surfynol DF-58 (Air Products) 0.10 0.17

{6079]
arficle was tested, and at a thickness of 55 microns it exhibited: 0.65 Perm at 25% RH; 1.2
Parm at 45% RH; 6.1 Perm at 75% RH; 26 Perm at 95% RH

The coating compasition of Example 1 was coated onto 40 b Kraft paper. This

[0080T Example 2

{6081}
vaiues for the components are based on {otal wet weight of the liquid formulation from which

A polymeric coating layer of Example 2 is provided in Table 2. The wet wt %

the polymeric coating layer was coated; the dry wt % for the components are based on {otal

dry weight of the polymeric coating layer composition.

Table 2.
Component Trade Name {(Manufacturer) Formulation Formulation
fwvet wi %) | {dry wt %)
Styrene acrylic faiex | Polidisp 7802 (Resiguimica) 53.2 459
Kaolin clay Primatec (Sibselco) 30.1 51.9
Water Tap water 14.9 a
TiO: XFast White 0025 (BASF) 0.58 1.0
HALS stabifizer Tinuvin 282 (BASF) 0.19 0.3
Dispersant Tamol 1124 (Dow) 0.90 0.8
Defoamer Surfynol DF-58 (Air Products) 0.1 0.1
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The polymeric coating composition of Example 2 was coated onto Radici 50, which

is & 50 g/m? polypropylene non-woven sheet produced by RadiciGroup (Gandino, Haly).

This article was tested, and its permeance was 0.99 Perm at 25% RH; 3 Perm at 45% RH;
12 Parm at 75% RH; 44.5 Perm at 95% RH. Certain targst values listed in Table 3 are

desirable values in certain applications, and do not limit the scope of the disclosure,

Measured values are provided in Table 4. This material did not pass Fire Class E flame

requirements,

Table 3.
Target after 180h
Features Target Values UY Aging at 0.8 | Test Method
Wim?, 50°C
0:50% RH, 23°C {3-5 225 ASTM E96
Diffusion-Equivalent Air Layer
50:93% RH, 23 °Cig 1 |51 ASTM E98
Thickness S valus (m)
0:75% RH,23°C 22 22 ASTM E96
Max. Tensile Longitudinal = 100z 64 EiN 12311-2
Force (N/5cm) Transversal = 100z 58 EIN 12311-2
Mechanical
Max. Tensile Longitudinal 249 |z 31 EIN 12311-2
Properties ]
(G520) Elongation (%)  |Transversal =55 {228 EIN 12311-2
Nail Tear Longitudinal 260 1225 EIN 12310-1
Resistance (N)  |Transversal =260 |225 EIN 12310-1
Resistance fo Longitudinal >80 >80
Shearing (N/5cem) {Transversal > 40 1> 30
Resistance {0 Longitudinal > 30 |Not specified
System ]
] Peeling (N/5em) | Transversal > 30 |Not specified
Behavior
Resistance fo Concrete > 70 |Not specified
Peeling on
Metal > 80 {Not specified
Support (N/Sem)
Airtightness [m%(m2.h.50 Pa)] |0 0
Table 4.
Resuits after
Features Results 180h UV Aging at | Test Method
0.5 Wim?, 50°C
Diffusion-Equivalent Air Layer  |3:50% RH,23°C {3-8 225 ASTM E96
Thickness Sq value (m) 50:93% RH, 23 °Cis 1 (51 ASTM E96
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O78% RH,23°C 22 |22 ASTM E98
Max. Tensile Longitudinal 120 126 EiN 12311-2
Force (N/bemy) Transversai 168 1123 EIN 12311-2
Mechanical —
Max. Tensile Longitudinal 71 80 EiN 12311-2
Properties )
(GS20) Elongation (%) |Transversal 73 50 EIN12311-2
) Nail Tear Longitudinal =60 {52 EIN 1231041
Resistance (N}  |Transversal 85 EIN 12310-1
Resistance to Longitudinal 100 (122
Shearing (N/bom) {Transversal
Resistance to Longitudinal 48 Not specified
System 1 _
] Pesling (N/5cm) | Transversal Not specified
Behavior
Resistance to Concrete Not specified
Peeling on
Metal Not specified
Support (N/5cm)
Alrtightness [m¥(m2.h.50 Pay] |0 0

{60837 EBExamples 3-24

f00847 Lxampiles 3-24 provide a vapor retarding arlicle according {o certain embodiments
of the disclosure. These articles were prepared as follows. First, the polymeric coating
composition was prepared by initially stirring tap-water, defoamer (if present), and dispersant
(if present). The amount of water is determined based on the desired solids percent. Next,
the hydrophobic polymer was added and mixed for about one minute with a Cowles blade at
moderate shear rales. The inorganic hydrophilic particulate filler (.., kaokin and/or alumina
frihydrate (ATH)) was then added while simultaneously mixing with a Cowles blade. Mixing
is continued for 2 few minutes after all of the particulate filler has been added. The
polymeric coating composition was then coated on the substrate using Mayer rod (size 50)

method. The prepared arlicles were {ested, and their performance is provided in Table 5.

{00887 The hydrophobic polymer ialexes used include: styrene gorviic latex Primal P-308
(from Dow), styrene butadiene latex Rovene 4002 (from Mallard Creek), styrene acrylic latex
Polidisp 7602 (from Resiquimica), polyvinylidiene dichloride latex Trinseo XU31904 (from

Trinseo)
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Table 5.
wi% | wi% wi % UV
Ex. hydropho- (wt %ihydrophilic]| wit% Uy
subsiraie defo- | dispe- stabili-
No. bic polymer| poly. filler fitler stabilizer
amer! | rsant? zer
Micral AM-
35.2
4{ib Kraft Rovene 550 ATH
3 447 0.1 o] NA O
paper 4002 snobrite 60 0
Kaolin
Micral AM-
45
401b Kraft Rovene 550 ATH
4 349 0.1 o NA 0
paper 4002 snobrite 80 0
Kaolin
Micral AM- a5
401b Krafi Rovene 550 ATH
5 349 0.1 6] NA o]
paper 4002 snobrite 60 0
Kaolin
401b Kraft Rovene Micral AM-
] 34.9 65 0.1 0 NA 0
paper 4002 550 ATH
401b Kraft Rovene Micral AM-
7 19.9 80 3.1 8] MNA 4]
paper 4002 550 ATH
PP non- Polidisp Primatsc Ti02 1
8 459 51.8 1 0.1 0.9
woven 7602 Kaolin tinuvin 0.3
Primatec
46.8 TiCa 1
Kaolin
PP non- Polidisp
] 4591 220-50N 0.1 0.8
woven 7603
gxpandable| 5 tinuvin 0.3
graphite
401b Kraft Rovene Snobrite 60
10 554 4381 0.2 0.8 NA 0
paper 4002 Kaolin
40ib Kraft Rovene Micral AM-
11 554 436 | 0.2 0.8 NA 0
paper 4002 550 ATH
FF non- Trinseo Snobrite 60
12 55 4 4361 02 0.8 NA 8]
woven AU31904 Kaolin
PP non- Trinseo Micral AM-
13 554 436 0.2 0.8 NA 6]
woven AU31904 550 ATH
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wi% | wt% wt % UV
Ex. hydropho- | wt %ihydrophilic) wt Uv
substrate defo- | dispe- stabili-
MNo. bic polymer poly. filler filler stabilizer
amer' | rsant? zer
PP non- Primal P- Micral AM-
14 499 50 0.1 0 NA o
woven 308 550 ATH
PE non- Primal P- Micral AM-
15 299 70 0.1 0 NA 0
woven 308 550 ATH
Micral AM-
53.9
PP non- Primal P- 550 ATH
18 359 0.1 6] NA o]
woven 308 Primatec 10
Kaolin
Micral AM-
53.9
PE non- Primal P- 550 ATH
17 259 0.1 0 NA 0
WOVERn 308 Frimatec 0
Kaolin
Micral AM-
48 TiCa 1
PP non- Polidisp 550 ATH
18 294 0.1 0.8
woven 7802 Primatec
19.8 tinuvin 0.3
Kaolin
SB-632 ATH 48 TiCa 1
PP non- Polidisp
18 284 Primatec .1 06
woven 7602 ) 198 tinuvin 0.3
Kaolin
HN-532
48 TiCa 1
PP non- Polidisp ATH
20 284 a1 06
woven 7802 Primatec
19.8 tinuvin 0.3
Kaolin
40ib Kraft Rovene Micral AM-
21 19.9 a0 0.1 0 NA 0
paper 4002 550 ATH
401b Kraft Rovene Micral AM-
22 249 75 .1 0 NA 4]
paper 4002 550 ATH
401b Kraft Rovene Micral AM-
23 289 70 0.1 o NA 0
paper 4002 550 ATH
401b Kraft Rovene Micral AM-
24 34.9 65 0.1 0 NA 0
paper 4002 550 ATH

! Siloxane-based defoamer Surfynol DF-58 (from Air Products and Chemicals, inc)

2 pigment disparsant Tamol 1124 (from Dow)
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Ex. wi% wet t:;ii::i Permeance at | Permeance at | Permeance at | Permeance at
No. | solids () 25% RH {Perm}i48% RH {Perm}| 78% RH {Perm} 95% RH {Perm]}
3 69 55 0.65 1.2 6.1 26
4 69.3 53 .38 (.88 9.8 38
5 67 52 0.78 1.6 12 48
8 741 64 (.34 (.49 4.7 15
7 75.2 82 4.2 6.5 9.9 32
8 58 84 0.89 3 12 44 .5
g 58 687 1 3.1 13 48
10 62 55 0.89 2.4 8.9 34
11 84 51 0.g2 1.4 37 9.2
12 64 68 0.75 6.3 20 79
13 84 57 0.4 8.7 31 30
14 | 66.7 102 2.1 2.8 5.1 7.8
15 | 67.8 105 1.9 25 46 78
16 | 68.3 88 1.8 34 8.2 20
17 66 28 1 3 18 66
18 70 79 0.75 1.1 59 23
19 70 87 0.78 1.1 5.9 24
20 70 81 0.74 1.1 7.2 28
21 75 83 7.3 11 19 45
22 75 51 0.65 1.3 8 18
23 74 43 1.8 2.7 6.4 20
24 74 46 4.1 6 13 35
[6088] Various exemplary embodiments of the disclosure include, but are not limited to:
{00877 Embodiment 1 provides a vapor retarding article, comprising

a building material substrate; and

a polymeric coating layer coated on the bullding material substrate, the polymeric

coating layer being different from the building material substrate, the polymeric

coating layer comprising an inorganic hydrophilic particulate filler dispersed in a

continuous organic phase comprising a hydrophobic polymer, wherein the
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content of the filler is from about 30% to about 85% by weight of the polymeric

coating laver.

{06088} Embodiment 2 provides the vapor retarding article of embodiment 1, configured {o
have a water vapor permeance of no more than about 1 Perm at 25% relative humidity, as
{ested by ASTM ES6 al 23 °C.

§0088F Lmbodiment 3 provides the vapor retarding arlicle of embodiment 1 of embodiment
2, configured to have a waler vapor permeance of at least about 5 Perms {(e.q., at least
about 8 Perms, al least about 12 Perms, at least about 15 Perms, or at least about 20
Perms) at 95% relative humidity, as tested by ASTM E96 at 23 °C.

[0080] Embodiment 4 provides the vapor retarding article of any of embaodiments 1-3,
configured to have a waler vapor permeance of no more than about 8 Perms at 45% relative
humidity {e.g., no more than about 4 Perms, or no more than about 2.5 Perms), as tesied by
ASTM ES6 at 23 °C.

[00911 Embodiment 5 provides the vapor retarding article of any of embodiments 1-4,
configured to have a water vapor permeance in the range of about 5 Perms to about 18
Perms {(e.g., about 5 Perms to about 12 Perms) at 75% relative humidity, as tested by ASTM
£98 at 23 °C.

(00821 Embodiment 6 provides the vapor retarding article of any of embodiments 1-5,

wherein the building material substrate is porous.

{00937 Embodiment 7 provides the vapor relarding arlicle of any of embodiments 1 -6,

wherein the building material subsirate is a building material substrate sheet.

[60%47 Embodiment 8 provides the vapor retarding article of embodiment 7, wherein the

building material substrate sheet is paper, such as kraft paper.

{00987 LCmbodiment 9 provides the vapor retarding arlicle of embodiment 7, wherein the

building material substrate sheet is a scrim.

[00%6] Embodiment 10 provides the vapor retarding article of embodiment 7, wherein the
huilding material sheet is a non-woven fabric, such as a polypropylene non-woven fabric, a
nylon non-woven fabric, a polyester non-woven fabric (&.¢., a poly(ethylene terephthalate)
non-woven fabric), a polystyrene non-woven fabric, an acryvlonitrile/butadiene/styrene
copolymer non-woven fabric, or a polysthylene non-woven fabric.

{00877 Embodiment 11 provides the vapor retarding arlicle of embodiment 7, wherein the
building material substrate sheet is a perforated thermoplastic film, e.g., a perforated

polypropylene film, a perforated nylon film, a perforated polystyrene film, a perforated
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acrylonitiile/butadiene/styrene copolymer film, a perforated polyester film such as a

perforsted poly{ethviene terephthalale) film,, or a perforated polvethylene &im.

{06088} Embodiment 12 provides the vapor retarding article of any of embodiments 1 - 11,
wherein the hydrophobic polymer is a styrene butadiene copolymer {e.g., a styrene
buiadiene rubber}, an acrylic polymer or copolymer such as a styrene acrylic polymer, a vinvl
acetate/ethylens copolymer, a poly(vinyl butyral), a poly{vinylidene chloride) polymer or
copolymer, a polyvinyl chioride, a polyvinyl butyral, or a polyolefin (such as a polysthylene, a

polypropylene, or a polybutadiene), or a combination thereof.

[0089] Embodiment 13 provides the vapor retarding article of any of embodiments 1 - 11,
wherein the hydrophobic polymer is a siyrene butadiene copolymer (e.g., a slyrene
butadiene rubben), an acrylic polymer or copolymer such as a styrene acrvlic polymer, a vinyi
acetate/ethylene copolymer, a poly{vinyl butyral), a poly{vinylidene chloride) polymer or

copolymer, a polyvinyl chioride, a polyvinyt butyral, or a combination thereof.

(01007  Embodiment 14 provides the vapor retarding article of any of embodiments 1 - 12,
wherein the hydrophobic polymer is coated onto the building material substrate from an
aqueous dispersion of the hydrophobic polymer dispersed in water, such as a polymer latex,

or from an aqueous emulsion of the hydrophobic polymer.

31017 Embodiment 15 provides the vapor retarding article of any of embodimenis 1 - 13,
wherein the hydrophobic polymer is a styrene huiadiene rubber (e.g., coated from a latex) or

a styrene acrylic polymer {e.g., coated from a latex).

[0102] Embodiment 16 provides the vapor retarding article of any of embodiments 1~ 15,
wherein the hydrophobic polymer is present in the conlinuous organic phase of the
polymeric coating layer in an amount of at least about 70 wi¥%, or at least about 85 wi%, or
at least 95% based on the total weight of the continucus organic phase of the polymeric

coating layer.

[0103] Embodiment 17 provides the vapor retarding article of any of embodimenis 1 - 15,
wherein the hydrophobic polymer is present in the continuous organic phase layer in an
amount of about 15 wit% to about 90 wit%, or about 15 wi% to about 80 wi%, or about 15
wi% to about 65 wi%, or about 15 wi% to about 50 wi%, or about 15 wi% to about 35 wi%,
or about 25 wi% to about 90 wi%, or about 25 wi% o about 80 wi%, or about 25 wi% {o
about 65 wi%, or about 25 wi% to about 50 wi%, or about 40 wi% to about 80 wi%, or about
30 wi% to about 90 wi%, or about 30 wi% to about 80 witS, or about 30 wt% to aboul 85
wi%, or about 30 wi% {0 about 50 wi%, or about 40 wi% {0 about 80 wi%, or about 40 wi%
to about 80 wi%%, or about 40 wi% to about 65 wi%, or about 55 wi% to about 80 wi%, or
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about 55 wi% to about 80 wiSh, or about 70 wi% to about 90 wiSh, based on the total weight

of the polymeric coating laver.

{0104} Embodiment 18 provides the vapor retarding article of any of embodiments 1 - 17,
wherein the particulate filler has a median particle size {i.e., d50, 501 percentile particle size)
of about 2 to about 10 ym.

§81088F Embodiment 19 provides the vapor retarding arlicle of any of embodiments 1 - 17,
wherein the particulate filler has a d10 and a d20 value (i.8., 10" parcentile particle size and
90" percentile particle size) within the rangs of about 0.3 to about 30 um.

{0106} Embodiment 20 provides the vapor retarding arlicle of any of embodiments 1 - 19,
wherein the particulate filler is alumina trihydrate, kaolin, or a mixture thereof.

(01077 Embodiment 21 provides the vapor retarding article of any of embodiments 1~ 19,
wherein the pariculate filler is kaolin.

(01087 LCmbodiment 22 provides the vapor retarding arlicle of any of embodiments 1-15,
wherein the particulate filler is alumina trihydrate.

§01097  Embodiment 23 provides the vapor retarding article of any of embodiments 1 - 17,
wherein the particulate filler is alumina trihydrate, kaolin, graphite {e.g., nonexpendable
graphite), calcium carbonate, barium sulfate, talc, calcium sulfate, sodium sulfats, silica,
magnesium hydroxide, magnesium carbonate, antimony frioxide, clay, zinc horate, zinc
axide, zinc hydroxystannate, boehmite, aluminum diethyl phosphinate, ammaonium
polyphosphate, ammonium phosphate, mica, carbon black, montmorilionite, benionite,
muscovite, illite, cookeits, chiorite, diatomaceous earth, titania, or 2 combination thereof.

(01107  Embodiment 24 provides the vapor retarding article of any of embodiments 1 - 23,
wherein the particulate filler is present in the polymeric coating layer in an amount of al least
about 35 wi%, or at least about 40 wt%, or af least aboutl 45 wit%, or at least about 50 wi%,
or in the range of about 35 wi% o about 85 wt%, or about 50 wi% o about 85 wt%, or about
80 wi% to about 85 wtSh, or about 30 wi% to about 80 wid%, or about 35 wi% to about 80
wi%, or about 50 wi% to about 80 wi%, or about 60 wi% to about 80 witS, or about 30 wit%
to about 75 wi%, or about 50 wi% to about 75 wi%, or about 60 wi% to about 75 wi%, or
about 30 wit% to about 70 witS, or aboul 50 wit% 1o about 70 wit%, or about 60 widt to about

70 wit% based on the {otal dry weight of the polymeric coaling layer.

[0i111] Embodiment 25 provides the vapor retarding article of any of embodiments 1-23,
wherein the particuiate filler is present in the polymeric coating laver in an amount of af least
54 wt%, or in the range of 54 wi% to about 85 wi%, or 54 wi% to about 80 wit%, or 54 wit% to
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about 75 wi%, or 54 wi% to about 70 wi%, based on the tolal dry weight of the polymeric

coating layer.

{0112} Embodiment 26 provides the vapor retarding article of any of embodiments 1 - 25,
wherein the combined content of the particulate filler and the hydrophobic polymer is at least
about 80% by weight of the polymeric coating layer, e.g., at least about 85 wi%, or at least
about 80 wi%, or at least about 95 wi%, or at least about 97 wit%, or at least about 98 wi%,

or at least about 99 wi%, or about 100 wi% of the polymeric coating layer.

[3113] Embodiment 27 provides the vapor refarding article of any of embodiments 1-25,
wherein the hydrophobic polymer is present in the polymeric coaling layer in an amount of
about 15 wi% to about 70 wi%, or about 15 wi% to about 65 wi%, or about 15 wi% o about
50 wi%, or about 15 wi% 1o about 35 wi%, about 25 wi% {o about 70 wi%, or about 25 wi%
10 about 65 wit%, or about 25 wit% to about 50 wi%, or about 30 wit% 1o about 70 wi%, or
about 30 wi% to about 65 wi%, or about 30 wi% to about 50 wi%, or about 40 wi% to about
70 wi%, or about 40 wi% {o about 65 wi%, or about 55 wi% {o about 70 wi%.

[0i14] Embodiment 28 provides the vapor retarding article of any of embodiments 1 - 27,
wherein the continuous organic phase further includes a lower molecular weight (i.e., less
than 10 kDa) organic material, such as a wax or a low molecular weight polymer, in an
amount up to 15 wi%, up o 10 wi% or up 1o 5 wi% of the continucus organic phase.

(011517 Embodiment 22 provides the vapor retarding article of any of embodiments 1 - 28,
wherein the continuous organic phase further includes a polymeric hydrophilic component in
an amount up to about 30 wt.%, &.¢., in an amount up to 20 wit%, or up to 10 wi%, or in the
range of 0.1 wi% to 30 wi%, or 0.1 wit% to 20 wi%, or 0.1 wi% to 1 wit%, or 1 wt% to 30 wt%,
or 1 wi% to 20 wi%, or 1 wi% to 10 wi%, or 4 wi% 1o 30 wi%, or 4 witde fo 20 wit%, or 4 wi%

to 10 wi% of the continuous organic phase.

(01167 Embodiment 30 provides the vapor retarding article of embodiment 29, wherein the
continuous organic phase comprises less than about 4 wt%, or less than about 3 wi%, or
less than about 2 wi%, or less than about 1 wi%, or less than about 0.5 wtth, or less than
about 0.1 wit%, or is essentially free of polymeric hydrophilic componenis,

[017] Embodiment 31 provides the vapor retarding article of any of embodiments 1 - 30,
wherein the polymeric coating layer has a coat weight of at least about 10 g/m?, for example,

at least about 20 g/m?, or even at least about 40 g/m®.

§3118} Embodiment 32 provides the vapor retarding article of any of embodiments 1 - 31,
wherein the polymeric coating layer has a coat weight of no greater than about 1000 g/m?, or

aven no greater than about 500 g/m?.
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3118} Embodiment 33 provides the vapor retarding article of any of embodiments 1 - 32,
wherein the polymeric coaling layer is partly embedded within the building material
substrate; or wherein the coaling layer is embedded within the building material substrate by

about 5% to about 50% of the thickness of the polymaeric coating laver.

{01207 Embodiment 34 provides the vapor refarding article of any of embodiments 1 — 33,
wherein the polymeric coating kayer and the building material substrate make up at least
80%, at least 90%, or even at least 99% of the thickness of the vapor retarding article.

[3i21] Embodiment 35 provides the vapor retarding article of any of embodiments 1 - 34
having a nail tear resistance of at least about 10 N/5 cm as measured according to EIN
12310-1.

§01227 Embodiment 36 provides the vapor retarding article of any of embodiments 1-385,
wherein the vapor retarding article is in the form of a vapor retarding membrane.

(01237 Embodiment 37 provides a method for making a vapor retarding ariicle of any of
embodiments 1 — 38, the method comprising
providing a building malerial substrate; and
coating a polymeric coating layer onto the building material substrate, the polymeric
coating layer being different from the building material substrate, the polymeric
coating layer comprising an inorganic hydrophilic particulate filler digspersedin a
continuous organic phase comprising a hydrophobic polymer, whergin the
content of the filler is from about 30% to about 85% by weight of the polymeric

coating laver.

[0i24] Embodiment 38 provides the method of embodiment 37, wherein coating the
polymeric coating layer onto the substrate sheet includes providing a coating liquid
comprising the hydrophaobic polymer dispersed in a volatile liquid; coating the coating liquid
anto the building material subsirale; and allowing the coated liquid o cure by drying to

provide the polymeric coating layer.

{01257 Embodiment 39 provides the method of embodiment 38, wherein the coating liquid
is coated onto the substrate sheet by rolling {(e.g., forward roll, reverse roli), roli to roll
coating, siot die coating, mayer rod coating, knife coating, indirect gravure coating, or
spraying.

[0126] Embodiment 40 provides the method of embodiment any of embodiments 37 — 39,

wherein the volatiie liquid is water.
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[31277 Embodiment 41 provides the method of any of embodiments 37 — 40, wherein the
hydrophobic polymer is present in the coaling Hguid in the Torm of a polymer dispersion {8.4.,

a polymer latex).

§3128F Embodiment 42 provides the method of any of embodiments 37 — 40 wherein the
hydrophobic polymer is present in the coating liguid in the form of a polymer emulsion.

[01297 Embodiment 43 provides a vapor retarding article, comprising
a building material substrate; and
a polymeric coating layer coated on the bullding material substrate, the polymeric
coating layer being different from the building material substraie, the polymeric
coating layer comprising an inorganic hydrophilic particulate filler dispersed in a
continuous organic phase comprising a hydrophobic polymer, wherein the
content of the filler is from about 30% o about 85% by weight of the polymeric

coating layer.

(01307 Embodiment 44 provides the vapor retarding article of embodiment 43, configured
to have a water vapor permeance of no more than about 1 Perm {e.q., from about 8.1 Perm
to about 1 Perm) at 25% relative humidity, as tested by ASTM EO96 at 23 °C.

[01311 Embodiment 45 provides the method of embodiment 43 or embodiment 44,
wherein the vapor relarding article is configured ¢ have a water vapor permeabiiily of at
least about 5 Perms (e.q., at least about 8 Perms, or at least about 12 Perms, or at least
about 15 Perms, or at [sast about 20 Perms} at 95% rslative humidity as tested by ASTM
£96 at 23 °C.

[0132] Embodiment 46 provides the vapor retarding article of any of embodiments 43-45,
wherein the building material substrate is a building material subsirate sheet, and wherein

the vapor retarding ariicle is in the form of a vapor retarding membrane.

(01331 Embodiment 47 provides the vapor retarding article of embodiment 48, wherein the
building material substrate sheet is paper, such as kraft paper, a scrim, a non-woven fabric,
such as a polypropylene non-woven fabric, a nyion non-woven fabric, a polvesier non-woven
fabric {(8.9., a poly(ethylene terephthalate) non-woven fabric), a polystyrene non-woven
fabric, an acrylonitrile/butadiens/styrene copolymer non-woven fabric, or a polyethylene non-
woven fabric, or a perforated thermoplastic film, e.g., a perforated polypropyiene film, a
perforated nylon film, a perforated polystyrene film, a perforated
acrylonitiiie/butadiene/styrene copolymer film, a perforated polyester fiim such as a

perforated poly(ethyiene terephthalate) film, or & perforated polyethylene film.
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[3134] Embodiment 48 provides the vapor retarding article of any of embodiments 43 -
47, wherein the hydrophobic polymer is a styrene buladiene copolymer (e.q., a styrene
butadiene rubber), an acrylic polymer or copolymer such as a styrene acrylic polymer, a vinyl
acetate/ethylene copolymaer, a poly(vinyl butyral}, a poly{vinylidene chioride) polymer or
copolymer, or a polyolefin (such as polyethylens, polypropylene, or polybutadiene), or a
combination thereof.

[013587 Embodiment 49 provides the vapor retarding article of any of embodiments 43 ~
48, wherein the hydrophobic polymer is coated onto the substrate from an aqueous
dispersion of the hydrophobic polymer dispersed in water, such as a polymer {atex, or from
an aqueous emulsion of the hydrophobic polymer.

[3136] Embodiment 50 provides the vapor retarding article of any of embodiments 43 —
49, wherein the hydrophobic polymer is present in the continuous organic phase of the
polymeric coating layer in an amount of at least about 70 wi%, or at least about 85 wt%,
based on the total weight of the continuous organic phase of the polymeric coating layer,

[0137] Embodiment 51 provides the vapor retarding article of any of embodiments 43 —
50, wherein the particulate filler has a median particle size (i.e., d50, 50" percentile particle

size) of about 2 {o about 10 pm.

§3138} Embodiment 52 provides the vapor retarding article of any of embodiments 43 ~
51, wherein the particulate filler is alumina trinydrate, kaolin, or a mixture thereof.

§8138F Embodiment 53 provides the vapor retarding arlicle of any of embodiments 43 -
51, wherein the particulate filler is alumina trihydrate.

§3140F Embodiment 54 provides the vapor retarding article of any of embodiments 43 ~

53, wherein the particulate filler is present in the polymeric coating layer in an amount of at
least 54 wi%, or comprised in the range of 54 wi% to about 85 wi%, or 54 wi% lo about 80
wi%, or 54 wi% 1o about 75 wi%, or 54 wi% to about 70 wi%, based on the total dry weight

of the polymeric coating layer.

§8141F Embodiment 55 provides the vapor retarding arlicle of any of embodiments 43 -

54, wherein the combined content of the particulate filler and the hydrophobic polymer is at
least about 80% by weight of the polymeric coating layer, e.g., at least about 85 wit%, or at
least about 90 wit%, or al least about 85 wi%, or at least about 87 wi%, or at least about 88

wit%, or at least about 99 wi%, or about 100 wi% of the polymeric coaling layer.

[01427 Embodiment 56 provides the vapor retarding article of any of embodiments 43 ~

55, wherein the continuous organic phase comprises less than about 4 wi%, or less than
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about 3 wit%, or less than about 2 wit%, or less than about 1 wi%, or less than about 0.5

wi%, or iess than about 0.1 wit%, or is essentiaily free of polymeric hydrophilic components,

{0143} Embodiment 57 provides a method for making a vapor retarding article of any of
embodiments 43 — 56, the method comprising
providing a building material substraie; and
coating a polymeric coating laver onlo the building material substrate, the polymeric
coating layer being different from the building material substrate, the polymeric
coating layer comprising an inorganic hydrophilic particulate filler dispersed in a
continuous organic phase comprising a hydrophobic polymer, wherein the
content of the filler is from about 30% to about 85% by weight of the polymeric

coating layer.

{0144} Embodiment 58 provides the method of embodiment 87, wherein coating the
polymeric coating layer onto the substrate sheet includes providing a coating liquid
comprising the hydrophobic polymer dispersed in a volatile liquid (e.g., waler); coating the
coating liquid onto the building material substrate (.9., by rolling or spraying); and allowing
the coaled liguid 1o cure by dryving to provide the polymeric coaling laver.

[0145] Embodiment 59 provides the method of embodiment 57 or embodiment 58,
wherein the hydrophobic polymer is present in the coatling Eguld in the form of a polymer

dispersion {(e.g., a polymer latex) or a polymer emulsion,

(01467 I is undersiood that the examples and embodiments described herein are for
iHustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are {o be incorporaled within the spirit and
purview of this application and scope of the appended claims. All publications, patents, and
patent applications cited herein are hereby incorporated herein by reference for all purposes.
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We claim:

1. A vapor retarding article, comprising
a building material substrate; and
a polymeric coating layer coated on the building material substrate, the polymeric
coating layer being different from the building material subsirate, the polymeric
coating layer comprising an inorganic hydrophilic particulate filler digspersedin a
continuous organic phase comprising a hydrophobic polymer, wherein the
content of the filler is from about 30% {o aboui 85% by weight of the polymeric
coating laver,
wherein the vapor retarding article is configured {o have a water vapor permeance of no
more than about 1 Perm (e.g., from about 0.1 Perm to about 1 Perm) at 25% relative
humidity, as tested by ASTM ES8 at 23 °C.

2. The method of claim 1, wherein the vapor retarding ardicle is configured to have &
water vapor permeabilily of at least about 5 Perms (&.g., at least about 8 Perms, or at least
about 12 Perms, or at least about 15 Perms, or at least about 20 Perms) at 95% relative
humidity as tested by ASTM E98 at 23 °C.

3. The vapor retarding article of claim 1 or claim 2, wherein the building material
substrate is a building material substrate sheet, and wherein the vapor retarding article is in
the form of a vapor retarding membrane.

4, The vapor retarding article of claim 3, wherein the building material substrate sheet is
paper, such as kraft paper, a scrim, a non-woven fabric, such as a polypropylene non-woven
fabric, a nylon non-woven fabric, a polyester non-woven fabric (e.qg., a poly{athylene
terephthalate) non-woven fabric), a polystyrene non-woven fabric, an
acrylonitrile/butadiene/styrene copolymer non-woven fabric, or a polyethylene non-woven
fabric, or a perforated thermoplastic film, e.g., a perforated polypropylene film, a perforated
nylon film, a perforated polystyrene film, a perforated acrylonitrile/butadiene/styrene
copolymer film, a perforated polyester film such as a perforated poly(ethylene terephihalate)
film, or a perforated polyethylene film.

5, The vapor retarding article of any of claims 1-4, wherein the hydrophobic polymeris a
styrene butadiene copolymer (e.g., a styrene butadiene rubber), an acrylic polymer or

copolymer such as a styrene acrylic polymer, a vinyl acetate/ethylene copolymer, a
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poty(vinyt butyral), a poly(vinylidene chioride} polymer or copolymer, or a polyolefin (such as

potyethyiens, polypropyiene, or polvbutadiene), or a combination thereof

8. The vapor retarding article of any of claims 1-5, wherein the hydrophobic polymer is
coated onto the substrate from an aqueous dispersion of the hydrophobic polymer dispersed
i water, such as a polymer latex, or from an agqueous emulsion of the hydrophobic polymer.

7. The vapor retarding article of any of claims 1-6, wherein the hydrophobic polymer is
present in the continuous organic phase of the polymeric coating laver in an amount of at
least about 70 wi%, or at least about 85 wit, based on the total weight of the continuous

organic phase of the polymeric coating layer.

8. The vapor retarding article of any of claims 1-7, wherein the particulate filler has a
median particle size (i.e., d50, 50" percentile particle size) of about 2 to about 10 um.

8. The vapor retarding article of any of claims 1-8, wherein the particulate filler is
alumina trinydraie, kaolin, or a mixture thereof.

10. The vapor retarding article of any of claims 1-8, wherein the pariiculate filler is

alumina trinydrate.

11, The vapor retarding article of any of claims 1-10, wherein the particulate filler is
present in the polymeric coating laver in an amount of ai least 54 wit%, or comprised in the
range of 54 wit% to about 85 wi%, or 54 wi% to about 80 wi%, or 84 wi% to about 75 wi%, or
54 wi% to about 70 wit%, based on the total dry weight of the polymeric coating laver.

12. The vapor retarding article of any of claims 1-11, wherein the combined content of
the particulate filler and the hydrophobic polymer is at least about 80% by weight of the
polymeric cogting iayer, £.q., &t least about 85 wi%, or at least about 90 wit%, or at least
about 85 wi%, or at least about 97 wi%, or at least about 98 wi%, or at least about 99 wit%,

or about 100 wt% of the polymaeric coating laver.

13. The vapor retarding article of any of claims 1-11, wherein the continuous organic
phase comprises kess than about 4 wi%, or kess than about 3 wi%, or kess than about 2 wi%,
or less than about 1 wi%, or less than about 0.5 wi%, or less than about 0.1 wi%, oris

essentially free of polymeric hydrophilic componentis.
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14, The vapor retarding article of any of claims 1-13, wherein the polymeric coating layer
has a coat weight of at least about 10 g/m?, for example, at least about 20 g/m®, or even at

least about 40 g/m?.

15, A method for making a vapor retarding aricle of any of claims 1-14, wherein the
vapor retarding article is configured 1o have a water vapor permeance of no maore than about
1 Perm (e.q., from about 0.1 Perm {o about 1 Perm) at 25% relative humidity, as lesied by
ASTM E596 at 23 °C, the method comprising
providing a building material subsirale; and
coating a polymeric coating laver onto the building material substrate, the polymeric
coating layer being different from the building material substrate, the polymeric
coating layer comprising an inorganic hydrophilic particulats filler dispersed in a
continuous organic phase comprising a hydrophobic polymer, wherein the
content of the filler is from about 30% to about 85% by weight of the polymeric

coating laver.
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