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NANOSILICA/CLAY COMPOSITIONS AND COATED ARTICLES, AND
METHODS OF MAKING THE SAME

TECHNICAL FIELD
[0001] The present disclosure broadly relates to silica nanoparticle compositions that include a
clay material, and more particularly to compositions including an amorphous silica network that
includes silica nanoparticles and clay particles dispersed in the amorphous silica network, and to
articles having an outermost layer including the amorphous silica network that includes silica

nanoparticles and clay particles dispersed in the amorphous silica network.

BACKGROUND
[0002] Dissipation of static electrical charge is important in many fields of endeavor, where it is
desirable to prevent electrical surges/sparks resulting in damage to electrical components, or
accidental ignition of volatile flammable vapors. Examples include electronic device (e.g., plasma
display screen) manufacture, electronic component packaging, abrasive belts, and polymer film
web handling.
[0003] To combat these problems, antistatic agents are commonly used. An antistatic agent is a
compound used for treatment of materials or their surfaces in order to reduce or eliminate buildup
of static electricity generally caused by the triboelectric effect. Its role is to make the surface or the
material itself slightly conductive, either by being conductive itself, or by absorbing moisture from
the air, so some humectants can be used. The molecules of an antistatic agent often have both
hydrophilic and hydrophobic areas, similar to those of a surfactant; the hydrophobic side interacts
with the surface of the material, while the hydrophilic side interacts with the air moisture and binds
the water molecules.
[0004] There remains a need for additional materials that can reduce the accumulation of, and/or

dissipate, static charge.

SUMMARY
[0005] The present disclosure includes compositions and methods that can produce an outer layer
coating on articles where the outer layer coating includes an amorphous silica network and clay
particles dispersed in the amorphous silica network. Advantageously, antistatic outer layers
according to the present disclosure exhibit improved antistatic properties with respect to

corresponding coatings made without the addition of a clay material.
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[0006] In a first aspect, the present disclosure provides a coating composition that includes an
aqueous media and both silica nanoparticles and clay particles dispersed in the aqueous media. The
coating composition can have a pH of less than or equal to 4. The silica nanoparticles can have an
average particle size in the longest direction of up to 100 nm, and the clay particles can have an
average particle size in the longest dimension in a range from about 20 nm to 1000 nm. A weight
ratio of the clay particles to the silica nanoparticles can be in a range from 0.01 to 0.25.

[0007] In a second aspect, the present disclosure provides a method of providing a coating to a
substrate, the method comprising providing a coating composition that includes an aqueous media
and both silica nanoparticles and clay particles dispersed in the aqueous media. The coating
composition can have a pH of less than or equal to 4. The silica nanoparticles can have an average
particle size in the longest direction of up to 100 nm, and the clay particles can have an average
particle size in the longest dimension in a range from about 20 nm to 1000 nm. A weight ratio of
the clay particles to the silica nanoparticles can be in a range from 0.01 to 0.25. The method
further includes contacting the coating composition with a surface of a substrate, and at least
partially drying the coating composition to form an outermost layer on the surface of the substrate.
The outermost layer includes an amorphous silica network that comprises the silica nanoparticles
and the clay particles dispersed in the amorphous silica network.

[0008] In a third aspect, the present disclosure provides an article comprising a substrate coated
with an outermost layer provided according to a method that includes providing a coating
composition that includes an aqueous media and both silica nanoparticles and clay particles
dispersed in the aqueous media. The coating composition can have a pH of less than or equal to 4.
The silica nanoparticles can have an average particle size in the longest direction of up to 100 nm,
and the clay particles can have an average particle size in the longest dimension in a range from
about 20 nm to 1000 nm. A weight ratio of the clay particles to the silica nanoparticles can be in a
range from 0.01 to 0.25. The method further includes contacting the coating composition with a
surface of a substrate, and at least partially drying the coating composition to form an outermost
layer on the surface of the substrate. The outermost layer of the article includes an amorphous
silica network that comprises the silica nanoparticles and the clay particles dispersed in the
amorphous silica network.

[0009] Advantageously, antistatic outer layers according to the present disclosure are typically
transparent, durable, and unexpectedly exhibit good antistatic properties.

[0010] As used herein:

[0011] the term "antistatic article” refers to an article wherein at least a portion of a surface of the

article has electrical charge dissipating properties;
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[0012] the term "dispersion of silica nanoparticles" refers to a dispersion wherein individual silica
nanoparticles are dispersed, and does not refer to a dispersion of fumed silica, which has sintered
primary silica particles aggregated into chains;

[0013] the term "essentially free of " means containing less than one percent by weight of,
typically less than 0.1 percent by weight of, and more typically less than 0.01 percent by weight of;
[0014] the term "essentially free of non-volatile organic compounds” means containing less than
one percent by weight of organic compounds having a boiling point above 150° Celsius at 1
atmosphere (100 kPa) of pressure;

[0015] the term "nanoparticle” refers to a particle having a particle size of from 1 to 200
nanometers;

[0016] the term “nonspherical” as used herein means all 3 dimensional shapes other than
spherical ones, including but not limited to particles having needle-like elongated shapes, sting-
like elongated shapes, rod-like elongated shapes, chain-like elongated shapes, filamentary
clongated shapes, and the like;

[0017] the term "organic compound" refers to any compound containing at least one carbon-
carbon and/or carbon-hydrogen bond;

[0018] the term “particle size” refers to the longest dimension of a particle, which is the diameter
for a spherical particle;

[0019] the term "silica", used in reference to silica nanoparticles and silica sols, refers to a

compound represented by the molecular formula SiO9 *«(H»O),, wherein n is a number greater

than or equal to zero;

[0020] the term “spherical” as used herein means a three dimensional shape, all points of which
are equidistance from a fixed point; and

[0021] the term “substantially light transmissive” refers to at least 80 percent of light in the
wavelength range of 400 to 800 nanometers passes through a coating (or article) of the present
disclosure having a thickness in a range of from 0.01 to 100 micrometers. For example, at least 85
percent, at least 90 percent, at least 95 percent, or even at least 98 percent of light in this
wavelength light is transmitted through the coating (or article).

[0022] The above summary of the present disclosure is not intended to describe each embodiment
of the present invention. The details of one or more embodiments of the invention are also set forth
in the description below. Other features, objects, and advantages of the invention will be apparent

from the description and from the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0023] FIG. 1 is a schematic side view of an exemplary article 100 according to the present
disclosure.
[0024] It should be understood that numerous other modifications and embodiments can be
devised by those skilled in the art, which fall within the scope and spirit of the principles of the

disclosure. The figure may not be drawn to scale.

DETAILED DESCRIPTION
[0025] As used herein, forms of the words "comprise”, "have", and "include" are legally
equivalent and open-ended. Therefore, additional non-recited elements, functions, steps or
limitations may be present in addition to the recited elements, functions, steps, or limitations.
[0026] Some clay coatings can be useful, for example, as antistatic coatings, although the clay
coatings may not be sufficiently durable for coating applications where durability becomes critical,
without the addition of some type of binder or overcoat layer. Silica coatings, in contrast, can be
used in coating applications where durability of the coating is important. Surprisingly, it has now
been found that the addition of small amounts of clay to nanosilica can provide a coating having
good antistatic properties in combination with good durability properties.
[0027] A nanosilica/clay coating composition of the present disclosure has silica nanoparticles
dispersed in aqueous liquid medium, having a pH less than or equal to 4, less than or equal to 3,
less than or equal to 2, less than or equal to 1, or even less than or equal to 0.5, and clay particles
dispersed in the aqueous liquid medium.
[0028] The silica nanoparticles have an average particle size in a longest dimension in a range
from 2 nm to 200 nm, or more preferably in a range from 2 nm to 100 nm. Of course, silica
particles with a particle size greater than 200 nm (e.g., up to 2 micrometers in particle size) may
also be included, but typically in a minor amount. The silica nanoparticles can be polydispersed or
mono-dispersed. When polydispersed, the nanosilica can have an average particle size of up to 100
nm. When mono-dispersed, the nanosilica preferably have an average particle size of 45 nm or
less, or more preferably 25 nm or less. The average primary particle size may be determined, for
example, using transmission electron microscopy.
[0029] Nanoparticles (e.g., silica nanoparticles) included in the coating composition can be
spherical or non-spherical with any desired aspect ratio. Aspect ratio refers to the ratio of the
average longest dimension of the nanoparticles to their average shortest dimension. The aspect
ratio of non-spherical nanoparticles is often at least 2:1, at least 3:1, at least 5:1, or at least 10:1.
Non-spherical nanoparticles may, for example, have the shape of rods, ellipsoids, and/or needles.

The shape of the nanoparticles can be regular or irregular. The porosity of coatings can typically
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be varied by changing the amount of regular and irregular-shaped nanoparticles in the coating
composition and/or by changing the amount of spherical and non-spherical nanoparticles in the
coating composition.

[0030] Acicular silica nanoparticles may be used provided that the average silica nanoparticle size
constraints described above are achieved.

[0031] In some embodiments, the silica nanoparticles have a surface area greater than 150 square

meters per gram (m2/ g), greater than 200 m?2/ g, or even greater than 400 m?2/ Q.

[0032] In some embodiments, the total weight of the silica nanoparticles in the coating
composition is at least 0.1 percent by weight, typically at least 1 percent by weight, and more
typically at least 2 percent by weight. In some embodiments, the total weight of the silica
nanoparticles in the composition is no greater than 50 percent by weight, or no greater than 40
percent by weight, more desirably no greater than 10 percent by weight, and even more desirably
no greater than 7 percent by weight.

[0033] The silica nanoparticles in coating compositions of the present disclosure can be obtained
from, for example, an “initial silica sol composition”. Silica sols, which are stable dispersions of
silica nanoparticles in aqueous liquid media, are well-known in the art and available commercially.
Typically, the initial silica sol composition does not include, or is essentially free of, fumed silica,
although this is not a requirement.

[0034] Silica nanoparticle dispersions (e.g., silica sols) in water or water-alcohol solutions are
available commercially, for example, under the trade designations “LUDOX (marketed by E. 1. du
Pont de Nemours and Co., Wilmington, Delaware), “NYACOL” (marketed by Nyacol Co.,
Ashland, Massachusetts), and “NALCO” (manufactured by Ondea Nalco Chemical Co., Oak
Brook, Illinois). One useful silica sol is available under the trade designation “NALCO 23267,
which is available as a silica sol with an average particle size of 5 nanometers, pH = 10.5, and
solid content 15 percent solids by weight. Other commercially available silica nanoparticles
include those available under the trade designations “NALCO 1115” (average particle size of 4
nm, 15 percent solids by weight dispersion, pH = 10.4), “NALCO 1130 dispersion, average
particle size of 8 nm, 30 percent solids by weight dispersion, pH = 10.2), “NALCO 1050 (average
particle size 20 nm, 50 percent solids by weight dispersion, pH = 9.0), “NALCO 2327 (average
particle size of 20 nm, 40 percent solids by weight dispersion, pH = 9.3), and “NALCO 1030~
(average particle size of 13 nm, 30 percent solids by weight dispersion, pH = 10.2).

[0035] Useful acicular silica nanoparticles may be as an aqueous suspension, for example, from
Nissan Chemical Industries (Tokyo, Japan) under the trade designation “SNOWTEX-UP”. The
mixture consists of 20 to 21 weight percent of acicular silica, less than 0.35 weight percent of

NayO, and water. The particles are about 9 to 15 nanometers in diameter and have lengths of 40 to
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200 nanometers. The suspension has a viscosity of <100 mPa at 25 °C, a pH of about 9 to 10.5,
and a specific gravity of about 1.13 at 20 °C.

[0036] Other useful acicular silica nanoparticles may be obtained from as an aqueous suspension,
for example, from Nissan Chemical Industries under the trade designations “SNOWTEX-PS-S”
and “SNOWTEX-PS-M”. The suspended SNOWTEX-PS-S and SNOWTEX-PS-M acicular silica
nanoparticles have a morphology of a string of pearls. The mixture consists of 20 to 21 weight

percent of silica, less than 0.2 weight percent of NayO, and water. The SNOWTEX-PS-M particles

are about 18 to 25 nanometers in diameter and have lengths of 80 to 150 nanometers. The particle
size is 80 to 150 by dynamic light scattering methods. The suspension has a viscosity of <100
mPas at 25 °C, a pH of about 9 to 10.5, and a specific gravity of about 1.13 at 20 °C. The
SNOWTEX-PS-S silica nanoparticles have a particle diameter of 10 to 15 nm and a length of 80 to
120 nm.

[0037] Silica sols having a pH of at least 8§ can also be prepared according to the methods
described in U.S. Patent No. 5,964,693 (Brekau et al.).

[0038] The initial silica sol composition can have a pH greater than 6, more typically greater than
7, more typically greater than 8, and even more typically greater than 9. The initial silica sol
composition is acidified by addition of inorganic acid until it has a pH of less than or equal to 4,
typically less than 3, or even less than 2 thereby providing the coating composition. The pH of the
initial silica sol can have a lower limit equal to 0.5 or even equal to 1. Useful inorganic acids (i.c.,
mineral acids) include, for example, hydrochloric acid, nitric acid, sulfuric acid, phosphoric acid,
perchloric acid, chloric acid, and combinations thercof. Typically, the inorganic acid is selected
such that it has a pKa of less than or equal to two, less than one, or even less than zero, although
this is not a requirement. Without wishing to be bound by theory, the present inventors believe that
some chemical bond formation or even thick bond formation between the silica nanoparticles
occurs as the pH falls, resulting in a dispersion comprising slightly agglomerated nanoparticles.
[0039] It has been observed that acidification of the initial silica sol can be carried out either
before or after addition of clay particles to the silica sol, to provide a coating composition of the
present disclosure having a pH of less than or equal to 4.

[0040] When an initial silica sol of the present disclosure is acidified with an inorganic acid and
then used in the preparation of an antistatic layer 130 of the present disclosure, residual amounts of
the inorganic acid can be expected to be present in antistatic layer 130. The detection of residual
amounts of the inorganic acid (or at least the anion component thereof) in antistatic layer 130 in a
multilayer antistatic coating 120 can even be indicative of the inorganic acid that was used in

acidifying the initial silica sol.
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[0041] The clay particles have an average particle size in the longest dimension in a range from
20 nm to 1000 nm. In some embodiments, the clay particles desirably have an average particle size
in the longest dimension in a range from 100 nm to 1000 nm, or even in a range from 20 nm to 50
nm. The selection of average particle size for clay particles can depend in part on the selection of a
particular type of clay, as will be described.

[0042] Clay materials suitable for use in compositions, methods, and articles of the present
disclosure can include those in the geological classes of the smectites, the kaolins, the illites, the
chlorites, the serpentines, the attapulgites, the palygorskites, the vermiculites, the glauconites, the
sepiolites, and the mixed layer clays. Smectites, for example, can include montmorillonite,
bentonite, pyrophyllite, hectorite, saponite, sauconite, nontronite, talc, beidellite, and
volchonskoite. Kaolins, for example, can include kaolinite, dickite, nacrite, antigorite, anauxite,
halloysite, indellite and chrysotile. Illites, for example, include bravaisite, muscovite, paragonite,
phlogopite and biotite. Chlorites, for example, can include corrensite, penninite, donbassite,
sudoite, pennine and clinochlore. Mixed layer clays, for example, can include allevardite and
vermiculitebiotite. Variants and isomorphic substitutions of these layered clay minerals offer
unique applications.

[0043] Layered clay minerals may be either naturally occurring or synthetic. An example of one
non-limiting embodiment of the coating composition uses natural or synthetic hectorites,
montmorillonites and bentonites. Typical examples of montmorillonite and bentonite clays can
include those clays available from Southern Clay Products, Gonzales, TX, under the trade
designations “CLOISITE”, “MINERAL COLLOID”, “NANOFIL”, “GELWHITE”, and
“OPTIGEL” (e.g., “MINERAL COLLOID BP”, “CLOISITE NA+”, “NANOFIL 116", and
“OPTIGEL CK”), as well as those clays available from R. T. Vanderbilt, Murray, KY, under the
trade designation “VEEGUM?” (e.g., “VEEGUM PRO” and “VEEGUM F”; and that clay available
from Nanocor, Inc., Hoffman Estates, IL, under the trade designation “NANOMER”. Examples of
hectorite clays include the commercially available clays available from Southern Clay Products,
Inc., Gonzales, TX, under the trade designation “LAPONITE”. Another embodiment uses
vermiculite clays, for example, those vermiculite clays that are commercially available from
Specialty Vermiculite Corp., Enoree, SC, under the trade designations “VERMICULITE”,
“MICROLITE”, “VERXITE”, and “ZONOLITE”.

[0044] Natural clay minerals typically exist as layered silicate minerals and less frequently as

amorphous minerals. A layered silicate mineral has SiOy4 tetrahedral sheets arranged into a two-

dimensional network structure. A 2:1 type layered silicate mineral has a laminated structure of

several to several tens of silicate sheets having a three layered structure in which a magnesium
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octahedral sheet or an aluminum octahedral sheet is sandwiched between two sheets of silica
tetrahedral sheets.

[0045] Synthetic clays of the present disclosure predominantly assume the form of agglomerates
due to consolidation of the primary particles. Such agglomerates may reach diameters of several
thousand nanometers, such that the desired characteristics associated with the nanoscale nature of
the particles cannot be achieved. The particles may be deagglomerated, for example, by grinding
as described in EP-A 637,616 or by dispersion in a suitable carrier medium, such as water or
water/alcohol and mixtures thereof.

[0046] The production of nanoscale powders such as layered hydrous silicate, layered hydrous
aluminum silicate, fluorosilicate, mica-montmorillonite, hydrotalcite, lithium magnesium silicate
and lithium magnesium fluorosilicate are common. An example of a substituted variant of lithium
magnesium silicate is where the hydroxyl group is partially substituted with fluorine. Lithium and
magnesium may also be partially substituted by aluminum. In fact, the lithium magnesium silicate
may be isomorphically substituted by any member selected from the group consisting of
magnesium, aluminum, lithium, iron, chromium, zinc and mixtures thereof.

[0047] Synthetic hectorite was first synthesized in the early 1960's and is now commercially
available from Southern Clay Products, Inc., under the trade designation “LAPONITE”. There are
many grades or variants and isomorphous substitutions of LAPONITE, including those synthetic
hectorites available under the trade designations “LAPONITE B”, “LAPONITE S”, “LAPONITE
XLS”, “LAPONITE RD”, “LAPONITE XLG”, “LAPONITE S482”, and “LAPONITE RDS”.
One embodiment of the present disclosure uses “LAPONITE RD”. having the following
characteristics: analysis (dry basis) SiOy 59.5%, MgO 27.5%, NayO 2.8%, Li»O 0.8%, structural

H7O 8.2%; bulk density 1.0.

[0048] Some synthetic hectorites contain fluorine. An isomorphous substitution of the hydroxyl
group with fluorine will produce synthetic clays referred to as sodium magnesium lithium
fluorosilicates. These sodium magnesium lithium fluorosilicates, marketed as “LAPONITE B” and
“LAPONITE S”, may contain fluoride ions of up to approximately 10% by weight. It should be
understood that the fluoride ion content useful in the compositions described herein can comprise
any whole or decimal numeric percentage between 0 and 10 or more. “LAPONITE B”, a sodium
magnesium lithium fluorosilicate, has a flat, circular plate-like shape, and may have a diameter
with a mean particle size, depending on fluoride ion content, that is any number (or narrower set of
numbers) that is within the range of between about 25 to about 100 nanometers. For example, in
one non-limiting embodiment, “LAPONITE B” may be between about 25 to about 40 nanometers
in diameter and about 1 nanometer in thickness. Another variant, “LAPONITE S”, contains about
6% by weight of tetrasodium pyrophosphate as an additive.
_8-



10

15

20

25

30

WO 2014/172332 PCT/US2014/034122

[0049] The ratio of the largest dimension of a particle to the smallest dimension of a particle is
known as the particle's aspect ratio. The aspect ratio of the nanoparticles, in some cases, is of
interest in forming films with the desired characteristics. The average aspect ratio of individual
particles of “LAPONITE B” is approximately 20 to 40. In some embodiments, a high aspect ratio
may be desirable for film formation using nanosized clay materials. The aspect ratio of the
dispersed particles in a suitable carrier medium, such as water is also of interest. The aspect ratio
of the particles in a dispersed medium can be considered to be lower where several of the particles
are aggregated than in the case of individual particles. The aspect ratio of dispersions can be
adequately characterized by transmission electron microscopy (“TEM”). “LAPONITE B” occurs
in dispersions as essentially single clay particles or stacks of two clay particles. Thus, the aspect
ratio of the particles dispersed in the carrier medium can be affected if there is an aggregation of
individual particles. In certain non-limiting embodiments, it may be desirable for at least some of
(and preferably a plurality of) individual (non-aggregated) platelet and disc-shaped nanoparticles
to have at least one dimension that is greater than or equal to about 0.5 nanometers, and an aspect
ratio of greater than or equal to about 15. The aspect ratio of “LAPONITE B” is about 20 to 40.
Larger aspect ratios may be more desirable for platelet and disc-shaped particles than for rod-
shaped particles. The aspect ratio of nanosized clays is significantly smaller than that of natural
clays where the aspect ratio is typically greater than 250 for natural occurring clays.

[0050] The synthetic hectorites designated as “LAPONITE” can be described as lithium
magnesium silicate having the general formula: [MgWLiXSi80200H4_yFy]Z' wherein w=3 to 6,
x=0 to 3, y=0 to 4, z=12-2w-x, and the overall negative lattice charge is balanced by counter-ions;

and wherein the counter-ions are selected from the group consisting of selected Nat, Kt, NH4™,

Cst, Lit, Mg™, Ca*™™, Bat™, N(CH3)4+and mixtures thercof. If the “LAPONITE” is modified

with a cationic organic compound, then the counter-ion can be any suitable cationic organic group.

[0051] Depending upon the application, the use of variants and isomorphous substitutions of
“LAPONITE”, provides great flexibility in engineering the desired properties of the coating
composition of the present disclosure. The individual platelets of “LAPONITE” are negatively
charged on their faces and possess a high concentration of surface bound water.

[0052] In some embodiments, the clay can be a smectite, such as hectorite or montmorillonite. In
some embodiments, the clay can include a vermiculite.

[0053] In some embodiments, the selection of clay particle size can depend on the selection of the
type of clay. For example, when the clay is a hectorite (e.g., “LAPONITE”), the average particle
size is desirably in a range from 20 nm to 50 nm. Alternatively, when the clay is a

montmorillonite, the average particle size is desirably in a range from 100 nm to 1000 nm.

9.
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[0054] In some embodiments of coating compositions of the present disclosure, a weight ratio of
the clay particles to the silica nanoparticles is at least 0.01, or at least 0.02, or at least 0.05, or even
at least 0.11. In some embodiments of coating compositions of the present disclosure, a weight
ratio of the clay particles to the silica nanoparticles is less than 0.43, or at most 0.25, or even at
most 0.11. In some embodiments of coating compositions of the present disclosure, a weight ratio
of the clay particles to the silica nanoparticles is in a range from 0.01 to 0.25, or in a range from
0.05 to 0.25, or even in a range from 0.05 to 0.11.

[0055] In some embodiments, the coating composition is essentially free of organic polymer. In
some embodiments, the coating composition is essentially free of non-volatile organic compounds.
In some embodiments, the coating composition is essentially free of organic surfactants.

[0056] The aqueous liquid medium of the coating composition may comprise (in addition to
water) at least one volatile organic solvent. Examples of suitable volatile organic solvents include
those volatile organic solvents that are miscible with water such as, e.g., methanol, ethanol,
isopropanol, and combinations thereof. However, for many applications, reduction or elimination
of volatile organic compounds will be desirable, and advantageously the present disclosure may be
practiced using initial silica sol compositions and/or coating compositions that are essentially free
of volatile organic solvent.

[0057] In some embodiments, the total amount of solids in the coating composition is in a range
from 1 to 40 weight percent of a total weight of the coating composition, or more preferably in a
range from 5 weight percent to 10 weight percent of a total weight of the coating composition.
[0058] The dried coatings of the present disclosure may comprise silica from 30 to 99 percent by
weight of silica, desirably from 60 to 97.5 percent by weight of silica, more desirably from 80 to
95 percent by weight of silica, although other amounts may also be used.

[0059] Once made, the coating composition is typically stable over long periods of time, over a
range of temperatures, although this is not a requirement. The coating composition may be coated
onto a substrate and at least partially dried, typically substantially completely dried. Without
wishing to be bound by theory, it is believed that during the drying process, condensation
processes lead to chemical bonding between the silica nanoparticles and/or agglomerates at points
of contact to form a silica matrix.

[0060] The coating composition can be contacted with a surface of a substrate and at least
partially dried to form a coated article. In some embodiments, the resulting coated article is an
antistatic article having desirable antistatic properties. Unexpectedly, it was discovered that
coating compositions according to the present disclosure can be contacted with a surface of a
substrate and at least partially dried to provide a defect-free outermost layer with surprisingly good

antistatic properties. Suitable methods of drying the coating composition include, for example,
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evaporation in air at about room temperature, ovens, heated air blowers, infrared heaters, and hot
cans. Drying is typically carried out until the coating composition is substantially completely dry,
although this is not a requirement. Once contacted with the substrate and at least partially dried,
the antistatic layer may be aged for a period of time such as for example, at least 1 hour (hr), at
least 4 hrs, at least 8 hrs, at least 24 hrs, at least 72 hrs, at least 1 week, or even at least 2 weeks,
during which time the electrical conductivity of the antistatic layer may improve.

[0061] While the outermost, antistatic layer on the coated article can have an average surface

resistivity of less than or equal to 109 ohms per square (“CQ/square™) at 25 °C and 50 percent

relative humidity, in some embodiments, it may have a surface resistivity of less than or equal to 5
x 108 ohms per square, less than 2 x 108, less than 8 x 107, less than 5 x 107, less than 2 x 107, less

than 8 x 100, or even less than 4 x 100 ohms per square. Average surface resistivity can be
determined according to ASTM D-257-07 "Standard Test Methods for DC Resistance or
Conductance of Insulating Materials".

[0062] Referring now to FIG. 1, coated article 100 comprises outermost layer 110 disposed on
surface 120 of substrate layer 130. Outermost layer 110 can be an antistatic layer according to the
present disclosure, including an at least partially dried coating of the coating composition
described herein that includes silica nanoparticles and clay particles. Examples of suitable methods
of contacting the coating composition with the surface of the substrate include roll coating, spray
coating, gravure coating, dip coating, and curtain coating. Typically, outermost layer 110 has a
thickness in the range of from 0.01 to 100 micrometers, desirably 0.01 to 3 micrometers, although
this is not a requirement.

[0063] In some embodiments, an intervening layer (not shown) can be included between substrate
layer 130 and outermost layer 110. The intervening layer (not shown) can be included, for
example, to provide enhanced adhesion between substrate layer 130 and outermost layer 110.
However, in other embodiments of the present disclosure, the intervening layer is not a
requirement.

[0064] Typically, outermost layer 110 according to the present disclosure is at least substantially
light transmissive; however this is not a requirement.

[0065] Examples of suitable substrates include virtually any dimensionally-stable material.
Examples include glass substrates (e.g., mirrors, windows, windshields, tables, lenses, and prisms),
metal substrates, ceramic substrates, organic polymer substrates (e.g., molded polymer articles,
automotive paints and clearcoats, polymer films, retroreflective sheeting, indoor signage, and
outdoor signage), and fabric (e.g., upholstery fabric). In some embodiments, the substrate
comprises at least one of glass or an organic polymer. In some embodiments, the organic polymer

comprises at least one of a polyester (e.g., polyethylene terephthalate or polybutylene
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terephthalate), polycarbonate, allyldiglycol carbonate, acrylics (e.g., polymethyl methacrylate
(PMMA)), polystyrene, polysulfone, polyether sulfone, homo-epoxy polymers, epoxy addition
polymers with polydiamines and/or polydithiols, polyamides (¢.g., nylon 6 and nylon 6,6),
polyimides, polyolefins (e.g., polyethylene and polypropylene), olefinic copolymers (e.g.,
polyethylene copolymers), and cellulose esters (e.g., cellulose acetate and cellulose butyrate), and
combinations thereof

[0066] Surprisingly, the aqueous composition of the present disclosure is readily coated onto
many hydrophobic surfaces. However, for some hydrophobic substrates, in order to uniformly coat
the composition onto such a hydrophobic substrate from an aqueous system, and even more
importantly, to enhance the interfacial adhesion of the coatings to substrates, it may be desirable to
increase the surface energy of the substrate and/or reduce the surface tension of the coating
composition. The surface energy may be increased by oxidizing the substrate surface prior to
coating using corona discharge or flame treatment methods. These methods may also improve
adhesion of the coating to the substrate. Other methods capable of increasing the surface energy of
the substrate include the use of primers such as thin coatings of polyvinylidene chloride (PVDC).
Alternatively, the surface tension of the coating composition may be decreased by addition of

lower alcohols (C; to Cg). In certain special instances in order to improve the coating

hydrophilicity, as for desired antifogging properties, and/or to ensure uniform coating of the article
from an aqueous or hydroalcoholic solution, it may be beneficial to add a wetting agent, which is

typically a surfactant, provided that the selected surfactant is not an organic polymer.

SELECT EMBODIMENTS OF THE PRESENT DISCLOSURE
The present disclosure provides the following items as select embodiments:
Item 1. A coating composition comprising: an aqueous media; silica nanoparticles dispersed in the
aqueous media, wherein the silica nanoparticles have an average particle size in a longest
dimension of up to 100 nm; and clay particles dispersed in the aqueous media, wherein the clay
particles have an average particle size in a longest dimension in a range from 20 nm to 1000 nm;
wherein a weight ratio of the clay particles to the silica nanoparticles is in a range from 0.01 to
0.25, and wherein the coating composition has a pH of less than or equal to 4.
Item 2. The coating composition of item 1, wherein the coating composition is essentially free of
organic polymer.
Item 3. The coating composition of item 1 or item 2, wherein the clay is a smectite.
Item 4: The coating composition of item 1 or item 2, wherein the clay is a hectorite.

Item 5: The coating composition of item 1 or item 2, wherein the clay is a montmorillonite.
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Item 6. The coating composition of any one of items 1 to 5, wherein the clay particles have an
average particle size in the longest dimension in a range from 20 nm to 50 nm.

Item 7. The composition of any one of items 1 to 5, wherein the clay particles have an average
particle size in the longest dimension in a range from 100 nm to 1000 nm.

Item 8. The coating composition of any one of items 1 to 7, wherein the silica nanoparticles have
an average particle size of up to 25 nm.

Item 9. The coating composition of any one of items 1 to 8, wherein the silica nanoparticles are
spherical.

Item 10. The coating composition of any one of items 1 to 8, wherein the silica nanoparticles are
nonspherical.

Item 11. The coating composition of any one of items 1 to 10, wherein the coating composition
further comprises a surfactant.

Item 12. The coating composition of any one of items 1 to 11, wherein a total amount of solids in
the coating composition is in a range from 1 weight percent to 50 weight percent of a total weight
of the coating composition.

Item 13. A method of providing a coating to a substrate, the method comprising: a) providing a
coating composition comprising: an aqueous media; silica nanoparticles dispersed in the aqueous
media, wherein the silica nanoparticles have an average particle size in a longest dimension of up
to 100 nm; and clay particles dispersed in the aqueous media, wherein the clay particles have an
average particle size in a longest dimension in a range from 20 nm to 1000 nm; wherein a weight
ratio of the clay particles to the silica nanoparticles is in a range from 0.01 to 0.25, and wherein the
coating composition has a pH of less than or equal to 4; b) contacting the coating composition with
a surface of a substrate; and c) at least partially drying the coating composition to form an
outermost layer on the surface of the substrate, the outermost layer comprising an amorphous silica
network that comprises the silica nanoparticles and the clay particles dispersed in the amorphous
silica network.

Item 14. The method of item 13, wherein the coating composition is essentially free of organic
polymer.

Item 15. The method of item 13 or item 14, wherein the clay is a smectite, a vermiculite, or a
combination thereof.

Item 16. The method of item 13 or item 14, wherein the clay is a hectorite.

Item 17. The method of item 13 or item 14, wherein the clay is a montmorillonite.

Item 18. The method of any one of items 13 to 17, wherein a total amount of solids in the coating
composition is in a range from 1 weight percent to 50 weight percent of a total weight of the

coating composition.
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Item 19. The method of any one of items 13 to 18, wherein the substrate comprises glass or an
organic polymer.

Item 20. The method of item 19, wherein the organic polymer comprises any of polyethylene
terephthalate,  polycarbonate, poly(methyl methacrylate), polyurethane, polyethylene,
polypropylene, copolymers of polyethylene and polypropylene, or combinations thercof.

Item 21. The method of item 19, wherein the organic polymer is polyethylene terephthalate.

Item 22. The method of any one of items 13 to 21, wherein the outermost layer is light
transmissive.

Item 23. The method of any one of items 13 to 22, wherein the outermost layer has a thickness in
a range from 0.01 micrometer to 3 micrometers.

Item 24. The method of any one of items 13 to 23, wherein the outermost layer has an average

surface resistivity of less than or equal to 109 ohms per square at 25 °C and 50 percent relative
humidity.

Item 25. The method of any one of items 13 to 24, wherein providing the coating composition
having a pH of less than or equal to 4 comprises providing an initial silica sol having a pH greater
than 6 and acidifying the initial silica sol by addition of inorganic acid.

Item 26 The method of item 25, wherein the inorganic acid is any of hydrochloric acid, nitric acid,
sulfuric acid, phosphoric acid, perchloric acid, chloric acid, or a combination thereof.

Item 27. An article comprising a substrate coated with an outermost layer according to the method
of any one of items 13 to 26.

Item 28. A coated article comprising a substrate layer coated with an at least partially dried
outermost layer of the coating composition of any one of items 1 to 12.

Item 29. The coated article of item 28, wherein the wherein the clay is a smectite, a vermiculite, or
a combination thereof.

Item 30: The coating composition of item 28, wherein the clay is a hectorite.

Item 31: The coating composition of item 28, wherein the clay is a montmorillonite.

Item 32. The coated article of any one of items 28 to 31, wherein the substrate comprises glass or
an organic polymer.

Item 33. The coated article of item 32, wherein the organic polymer comprises any of
polyethylene terephthalate, polycarbonate, poly(methyl methacrylate), polyurethane, polyethylene,
polypropylene, copolymers of polyethylene and polypropylene, or combinations thereof.

Item 34. The coated article of item 32, wherein the organic polymer is polyethylene terephthalate.
Item 35. The coated article of any one of items 28 to 34, wherein the outermost layer is light

transmissive.
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Item 36. The coated article of any one of items 28 to 35, wherein the outermost layer has a
thickness in a range from 0.01 micrometer to 3 micrometers.

Item 37. The coated article of any one of items 28 to 36, wherein the outermost layer has an

average surface resistivity of less than or equal to 109 ohms per square at 25 °C and 50 percent
relative humidity.

Item 38. The coating composition of item 4, wherein the clay is a hectorite.

Item 39. The coating composition of item 5, wherein the clay is a montmorillonite.

Item 40. The coating composition of item 3, wherein the clay is a bentonite, a hectorite, a
montmorillonite, or a mixture thereof.

[0067] Objects and advantages of this disclosure are further illustrated by the following non-
limiting examples, but the particular materials and amounts thereof recited in these examples, as

well as other conditions and details, should not be construed to unduly limit this disclosure.

EXAMPLES
[0068] Unless otherwise noted, all parts, percentages, ratios, etc. in the Examples and the rest of

the specification are by weight.

Materials

Hydrochloric acid (HCI) and sulfuric acid (H»SO4) were purchased from J.T. Baker, Phillipsburg,
NJ. Nitric acid (HNO3) was purchased from VWR, West Chester, PA. Phosphoric acid (H3POy)

was purchased from Alfa Aesar, Ward Hill, MA. Other materials are listed in Table 1.
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TABLE 1

Float glass Float glass, 5/16 inch (7.9 mm) thick obtained
from the 3M Company, St. Paul, MN glass
blowing shop.

LapS482 A hectorite clay obtained from Southern Clay
Products (Gonzales, TX) under the trade
designation “LAPONITE S482”

MCBP Refined bentonite (i.e., montmorillonite) clay

obtained from Southern Clay Products, Inc.,
Gonzales, TX, under the trade designation

“MINERAL COLLOID BP”

Microlite 963++

A vermiculite obtained from Specialty
Vermiculite, Corp., Enoree, SC, under the trade

designation “MICROLITE 963++".

NALCO 1115

Colloidal dispersion of silica nanoparticles
(average particle size 4 nm diameter), obtained
from Nalco Company, Naperville, IL, under the
trade designation “NALCO 1115~

NF116

Refined bentonite (i.e., montmorillonite) clay
obtained from Southern Clay Products, Inc.,
Gonzales, TX, under the trade designation
“NANOFIL 1167, typical partical size < 15

micrometers.

PET

2 mil (51 micrometers) polyethylene
terephthalate film, obtained from 3M Company,
St. Paul, MN

COATING PROCEDURE

[0069] Coating dispersions were prepared at 5 weight percent solids in deionized water, using the

clay: silica nanoparticle weight ratios indicated for each of the Examples and Comparative

Examples. The pH of the coating solutions was adjusted to pH 2 using the acids indicated for each

of the Examples and Comparative Examples. Mayer Rods #6 to #15 (obtained from RD

Specialties, Inc., Webster, NY) corresponding to wet film thicknesses of roughly 0.50 mil to 1.35

mil (13 micrometers to 34 micrometers) were used to coat the coating dispersions on either PET or

float glass substrates. Coatings were allowed to air dry for as little as 30 seconds to overnight and
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then were cured in an oven at 120 °C for 10 minutes. The coatings on float glass substrates were

sintered at 550 °C for 10 minutes.

TEST METHOD FOR EVALUATING THE SURFACE RESISTIVITY

[0070] The samples prepared according to the Examples and Comparative Examples described
below were evaluated for their surface resistivity using a Monroe Electronics 272A PORTABLE
SURFACE RESISTIVITY METER (purchased from Monroe Electronics, Inc., Lyndonville New
York) according to ASTM D-257-07 "Standard Test Methods for DC Resistance or Conductance
of Insulating Materials". The surface resistivity was measured at an applied voltage of 100 V using
a Monroe Model 96101A-1 guarded ring-type electrode system. Unless stated otherwise, coatings
were stored in a controlled temperature and humidity room at 23 °C and 50% RH overnight before

measuring surface resistivity. The upper limit of surface resistivity measurable by the instrument

was 2x1014 Q/square. If the surface resistivity of a coating exceeded this value, a value of 2x1014
Q/square was recorded. Average surface resistivity was determined as an average of three

collected data points.

TEST METHOD FOR ASSESSING MECHANICAL DURABILITY

[0071] Abrasion resistance was assessed qualitatively after five hard manual rubs with a 1-ply
laboratory cleaning wipe (obtained from Kimberly-Clark, Irving, TX, under the trade designation
“KIMWIPE”). Abrasion resistance was carried out at 23 °C and 50% RH. Ratings of the

appearance of the rubbed region were assigned according to the criteria listed in Table 2.

TABLE 2
Rating Criteria
No damage no visible scratches
Light scratching 1 to 3 visible scratches
Medium scratching intermediate between light scratching and

heavy scratching

Heavy scratching dense scratching, hazy appearance

Partial removal coating visibly removed from substrate

[0072] Samples of PET were coated with nanosilica (NALCO 1115) / clay (MCBP) coating
compositions at 5 weight percent solids in deionized water and acidified to pH 2 with HNO3, HCI,

or H3POy, using the range of clay: nanosilica weight ratios indicated in Table 3. The coated PET
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samples were conditioned at 50% relative humidity overnight, and then Average Surface
Resistivity values were determined according to the TEST METHOD FOR EVALUATING THE
SURFACE RESISTIVITY, and the results were as summarized in Table 3.

TABLE 3
Sample | Clay:Nanosilica Acid Average Surface Resistivity at 23 °C and
Weight Ratio 50% Relative Humidity, Q/square

CEl 0.00 HNO3 1.3x 1014
Ex. 1 0.02 HNO3 4.2 x 108
Ex. 2 0.05 HNO3 44x107
Ex.3 0.11 HNO3 7.8 x 100
Ex. 4 0.25 HNO3 6.8 x 100
CE2 0.43 HNO3 4.8 x 100
CE3 0.00 HCI 4.1x 1013
Ex. 5 0.02 HCI 4.5x 107
Ex. 6 0.05 HCI 2.3 x 107
Ex.7 0.11 HCl 7.1 x 100
Ex. 8 0.25 HCl 3.6 x 100
CE4 0.43 HCI 42x 100
CE5S 0.00 H3PO4 1.2x 108
Ex. 9 0.02 H3PO4 3.9x 108

Ex. 10 0.05 H3PO4 1.8 x 109

Ex. 11 0.11 H3PO4 6.5x 108

Ex. 12 0.25 H3PO4 2.4x108
CE6 0.43 H3POy 3.9x 108

[0073] For each of samples in Table 3, no organic polymers, surfactants or other potentially
leachable small molecules or oligomers were included for coating the bare PET substrate.

[0074] The pure silica coatings made from H3POg-acidified solutions (e.g., Comparative

Example 5) were static dissipative. Addition of clay had very little effect on the surface resistivity
of these coatings (see Examples 9 to 12 and Comparative Example 6).

[0075] Additional studies using overnight conditioning at 20% relative humidity instead of 50%
relative humidity generally showed an increase in Average Surface Resistivity of about one order

of magnitude for nitric acid, about two to four orders of magnitude for hydrochloric acid, and
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about two to three orders of magnitude for phosphoric acid. The coatings made from solutions
acidified with nitric acid were observed to be the least affected by the change to the drier 20%

relative humidity. The 20% relative humidity data is summarized in Table 4.

TABLE 4
Sample | Clay:Nanosilica Acid Average Surface Resistivity at 23 °C and
Weight Ratio 20% Relative Humidity, Q/square
CE7 0.00 HNO3 2.0x 1014
Ex. 13 0.02 HNO3 1.2 x 1010
Ex. 14 0.05 HNO3 4.8 x 108
Ex. 15 0.11 HNO3 9.5x 107
Ex. 16 0.25 HNO3 7.9x 107
CE8 0.43 HNO3 7.6 x 107
CE9 0.00 HCI 2.1x 1012
Ex. 17 0.02 HCI 42x109
Ex. 18 0.05 HCI 2.4x109
Ex. 19 0.11 HCI 3.3x 1010
Ex. 20 0.25 HCI 1.3 x 109
CE10 0.43 HCI 2.3x 1010
CEl1 0.00 H3PO4 2.7x 1011
Ex. 21 0.02 H3PO4 1.7x 1012
Ex. 22 0.05 H3PO4 2.2x 1012
Ex. 23 0.11 H3PO4 5.6x 1011
Ex. 24 0.25 H3PO4 1.3x 1011
CEI2 0.43 H3PO4 5.1x 1010

[0076] In summary, addition of clay particles to nanosilica coating compositions in low weight
ratios of clay:silica nanoparticles reduced the surface resistivity of the resulting coatings
dramatically in some cases, with some dependence on acid type and clay loading.

[0077] Samples of PET were coated with nanosilica (NALCO 1115) / clay coating compositions
at 5 weight percent solids in deionized water and acidified to pH 2 with HNO3 using the range of

clay:nanosilica weight ratios and types of clay indicated in Table 5. A #15 Mayer rod was used for
all samples except those containing LapS482; these latter coatings were deposited using a #7

Mayer rod. The coated PET samples were conditioned at 50% relative humidity overnight, and
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then Average Surface Resistivity values were determined according to the TEST METHOD FOR
EVALUATING THE SURFACE RESISTIVITY, and the results were as summarized in Table 5.
Abrasion resistance of the coated samples was measured according to the TEST METHOD FOR
ASSESSING MECHANICAL DURABILITY, and the results were also summarized in Table 5.

TABLE 5
Sample Clay:Nanosilica Clay Type Average Surface | Abrasion Resistance
Weight Ratio Resistivity at 22
°C and 50%
Relative
Humidity,
Q/square
CE13 0 MCBP >2 x 1014 no damage
Ex. 25 0.02 MCBP 1.6 x 1012 no damage
Ex. 26 0.05 MCBP 8.6x 100 light scratching
Ex. 27 0.11 MCBP 2.2 x 100 heavy scratching
Ex. 28 0.25 MCBP 2.2 x 100 heavy scratching,
partial removal
CEl4 0.43 MCBP 2.8 x 100 heavy scratching,
partial removal
Ex. 29 0.02 Microlite 963++ >2 x 1014 no damage
Ex. 30 0.05 Microlite 963++ 22 x 108 medium scratching
Ex. 31 0.11 Microlite 963++ 96x 108 medium scratching
Ex. 32 0.25 Microlite 963++ 1.8 x 108 heavy scratching
CEI1S5 0.43 Microlite 963++ 99x 107 heavy scratching
Ex. 33 0.02 LapS482 >2 x 1014 light scratching
Ex. 34 0.05 LapS482 >2 x 1014 light scratching
Ex. 35 0.11 LapS482 3.0x 1011 light scratching
Ex. 36 0.25 LapS482 3.4x 107 heavy scratching,
partial removal
CEl6 0.43 LapS482 57x 107 heavy scratching,
partial removal
CE17 Pure clay LapS482 1.7 x 107 heavy scratching
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[0078] Samples of float glass were coated with nanosilica (NALCO 1115) / clay (NF116)
acidified to pH 2 with nitric acid, according to the clay:silica weight ratios indicated in Table 6,
and the coated samples were then sintered at 550 °C for 10 min. Abrasion resistance testing was
performed according to the TEST METHOD FOR ASSESSING MECHANICAL DURABILITY,

and the results were as summarized in Table 6.

TABLE 6
Sample Clay:Silica Substrate Dry Rub Test
Weight Ratio
Ex. 37 0.11 float glass | No damage
Ex. 38 0.25 float glass | No damage
[0079] Other modifications and variations to the present disclosure may be practiced by those

of ordinary skill in the art, without departing from the spirit and scope of the present disclosure. It
is understood that aspects of the various embodiments may be interchanged in whole or part or
combined with other aspects of the various embodiments. The preceding description, given in
order to enable one of ordinary skill in the art to practice the claimed disclosure, is not to be
construed as limiting the scope of the disclosure, which is defined by the claims and all equivalents

thereto.
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What is claimed is:

1. A coating composition comprising:

an aqueous media;

silica nanoparticles dispersed in the aqueous media, wherein the silica
nanoparticles have an average particle size in a longest dimension of up to
100 nm; and

clay particles dispersed in the aqueous media, wherein the clay particles have an
average particle size in a longest dimension in a range from 20 nm to 1000
nm;

wherein a weight ratio of the clay particles to the silica nanoparticles is in a range from

0.01 to 0.25, and wherein the coating composition has a pH of less than or equal to 4.

2. The coating composition of claim 1, wherein the coating composition is essentially free of
organic polymer.

3. The coating composition of claim 1 or claim 2, wherein the clay is a smectite.

4, The coating composition of claim 1 or claim 2, wherein the clay is a hectorite

5. The coating composition of claim 1 or claim 2, wherein the clay is a montmorillonite.

6. The coating composition of any one of claims 1 to 5, wherein the clay particles have an

average particle size in the longest dimension in a range from 20 nm to 50 nm.

7. The composition of any one of claims 1 to 5, wherein the clay particles have an average

particle size in the longest dimension in a range from 100 nm to 1000 nm.

8. The coating composition of any one of claims 1 to 7, wherein the silica nanoparticles have

an average particle size in the longest dimension of up to 25 nm.

9. The coating composition of any one of claims 1 to 8, wherein the silica nanoparticles are

spherical.
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10. The coating composition of any one of claims 1 to 8, wherein the silica nanoparticles are
nonspherical.
11. The coating composition of any one of claims 1 to 10, wherein the coating composition

further comprises a surfactant.

12. The coating composition of any one of claims 1 to 11, wherein a total amount of solids in
the coating composition is in a range from 1 weight percent to 40 weight percent of a total weight

of the coating composition.

13. A method of providing a coating to a substrate, the method comprising:
a) providing a coating composition comprising:
an aqueous media;
silica nanoparticles dispersed in the aqueous media, wherein the silica
nanoparticles have an average particle size in a longest dimension of up to
100 nm; and
clay particles dispersed in the aqueous media, wherein the clay particles have an
average particle size in a longest dimension in a range from 20 nm to 1000
nm;
wherein a weight ratio of the clay particles to the silica nanoparticles is in a range from
0.01 to 0.25, and wherein the coating composition has a pH of less than or equal to 4;
b) contacting the coating composition with a surface of a substrate; and
c) at least partially drying the coating composition to form an outermost layer on the
surface of the substrate, the outermost layer comprising an amorphous silica network that

comprises the silica nanoparticles and the clay particles dispersed in the amorphous silica

network.
14. The method of claim 12, wherein the coating composition is substantially free of organic
polymer.
15. The method of claim 13 or claim 14, wherein the clay is a smectite, a vermiculite, or a

combination thereof.

16. The method of claim 13 or claim 14, wherein the clay is a hectorite.
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17. The method of claim 13 or claim 14, wherein the clay is a montmorillonite.

18. The method of any one of claims 13 to 17, wherein a total amount of solids in the coating
composition is in a range from 1 weight percent to 50 weight percent of a total weight of the

coating composition.

19. The method of any one of claims 13 to 18, wherein the substrate comprises glass or an

organic polymer.
20. The method of claim 19, wherein the organic polymer comprises any of polyethylene
terephthalate, polycarbonate, poly(methyl methacrylate), polyurethane, polyethylene,

polypropylene, copolymers of polyethylene and polypropylene, or combinations thereof.

21. The method of claim 19, wherein the organic polymer is polyethylene terephthalate.

22. The method of any one of claims 13 to 21, wherein the outermost layer is light
transmissive.
23. The method of any one of claims 13 to 22, wherein the outermost layer has a thickness in a

range from 0.01 micrometer to 3 micrometers.

24. The method of any one of claims 13 to 23, wherein the outermost layer has an average

surface resistivity of less than or equal to 109 ohms per square at 25 °C and 50 percent relative

humidity.
25. The method of any one of claims 13 to 24, wherein providing the coating composition
having a pH of less than or equal to 4 comprises providing an initial silica sol having a pH greater

than 6 and acidifying the initial silica sol by addition of inorganic acid.

26. The method of claim 25, wherein the inorganic acid comprises hydrochloric acid, nitric

acid, sulfuric acid, phosphoric acid, perchloric acid, or chloric acid.

27. An article comprising a substrate provided with an outermost layer according to the

method of any one of claims 13 to 26.
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28. A coated article comprising a substrate layer coated with an at least partially dried

outermost layer of the coating composition of any one of claims 1 to 12.

25-



WO 2014/172332 PCT/US2014/034122

11

100
TN 120

1110
+-130

Fig. 1



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/034122

A. CLASSIFICATION OF SUBJECT MATTER

INV. C23(C18/12
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

€23C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

KAMAL MOHAMED SEENI MEERA ET AL:
network silica/modified montmori

surface coatings",
ELSEVIER, AMSTERDAM, NL,

pages 204-210, XP028125066,
ISSN: 0927-7765, DOI:
10.1016/J.COLSURFB.2011.10.018
[retrieved on 2011-10-18]

the whole document

the whole document

clay hybrid nanocomposites for hydrophobic
COLLOIDS AND SURFACES. B, BIOINTERFACES,
vol. 90, 12 October 2011 (2011-10-12),

WO 2005/042041 Al (JOHNSON & JOHNSON
CONSUMERS CO [US]; DISALVO ANTHONY L [US];
MORDAS CA) 12 May 2005 (2005-05-

"Solgel 1-28

1lonite

1-28
12)

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

29 July 2014

Date of mailing of the international search report

06/08/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Ramos Flores, Cruz

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/034122

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X WUGUO BI ET AL: "In situ synthesis of
silica gel nanowire/Na+-montmorillonite
nanocomposites by the sol-gel route",
NANOTECHNOLOGY, IOP, BRISTOL, GB,

vol. 18, no. 11,

21 March 2007 (2007-03-21), page 115620,
XP020118902,

ISSN: 0957-4484, DOI:
10.1088/0957-4484/18/11/115620

the whole document

1-28

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/034122
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2005042041 Al 12-05-2005 AT 401100 T 15-08-2008
AT 405300 T 15-09-2008
AU 2004285578 Al 12-05-2005
AU 2004285579 Al 12-05-2005
BR PI0415633 A 12-12-2006
BR PI0416114 A 02-01-2007
CA 2544109 Al 12-05-2005
CA 2544119 Al 12-05-2005
CN 1925879 A 07-03-2007
CN 1925880 A 07-03-2007
EP 1677843 Al 12-07-2006
EP 1682193 Al 26-07-2006
ES 2311879 T3 16-02-2009
JP 2007519615 A 19-07-2007
JP 2007519767 A 19-07-2007
US 2005115462 Al 02-06-2005
US 2005175649 Al 11-08-2005
US 2013189334 Al 25-07-2013
WO 2005042040 Al 12-05-2005
WO 2005042041 Al 12-05-2005

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

