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LAMINATED OPTICAL PRODUCTS
AND METHODS OF MAKING THEM

FIELD OF THE INVENTION

[0001] The present invention relates to laminated optical products that
include a polymer substrate, a layer-by-layer composite film deposited on the
substrate, and a protective layer laminated to the layer-by-layer composite
film with a permeating adhesive that provides resistance to delamination.

BACKGROUND OF THE INVENTION

[0002] Modern heat rejection films are typically multilayer films applied to
glass or plastic windows to reduce the amount of infrared (IR), visible light,
ultraviolet (UV), and/or other electromagnetic (EM) radiation entering
windows. These films are designed to allow only desirable portions of the
incoming solar spectrum to penetrate the window.

[0003] Early solar control films included dyed polymeric substrates, in
which color was imparted through the use of organic dyes. These films and
their manufacturing processes suffer various drawbacks. For example, the
substrates require exposure to organic solvents and elevated temperatures,
which present both mechanical and chemical challenges such as
environmental hazards and costs associated with storing the raw solvents and
disposing of the resulting waste. Also, only a limited number of organic dyes
are soluble and stable in the hot solvent and many of them are subject to
degradation by the high-energy radiation (sub 400 nm wavelength) to which
the film is subjected, thereby shortening the useful lifetime of the

product. Further, uneven rates of degradation for the several dyes used can

result in a color shift over the lifetime of the film.



WO 2019/055274 PCT/US2018/049685

10

15

20

25

30

[0004] Some solar control films rely on thin metal layers applied to a
polymeric substrate that can reflect EM radiation with wavelengths longer than
those of the visible spectrum. These films have high transparency and high
heat rejection. They may be applied directly to the substrate or may be a part
of an optical stack, in which the metal layers are separated by dielectric layers
such as metal oxides, the effect being to block unwanted radiation while
allowing adequate visible light. One drawback of these metal layers is that
they also block other unintended portions of the EM spectrum including RF
and microwave frequencies, interfering with cell phone and radio signals, as
well as rain sensors in automobiles. This has become more important in
recent years with increased use of cell phones, GPS, and other mobile
electronic devices. The surface of these films are typically protected with a
hardcoat, a protective polymer layer such as PET, or both.

[0005] More recently, layer-by-layer films have been developed to provide
similar functionalities. Processes of making these films take advantage of
charge-charge, hydrogen bonding, or other complementary interactions to
assemble successive layers. This requires the use of solvents, typically water,
to ionize molecules or support hydrogen donation and acceptance in the
deposition solutions. These films are typically porous, and more susceptible to
delamination than more conventional window film components such as those
already described.

[0006] For example, U.S. Pat. No. 9,453,949, the disclosure of which is
incorporated herein by reference, discloses layer-by-layer composite films that
include electromagnetic energy-absorbing insoluble particles that may be
selected to provide pigmentation, UV-absorption, and/or IR-absorption
properties. Likewise, U.S. Pat. No. 9,395,475, the disclosure of which is
incorporated herein by reference, discloses layer-by-layer integrated stacks
that serve as optical filters. U.S. Pat. Publn. No. 2014/0242321 discloses that
such layer-by-layer composites are typically porous, and that a non-porous
bridging layer may be used, adjacent to a pressure sensitive adhesive layer,

to serve as a barrier against migration of materials from the PSA layer into
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other layers present in the composite. U.S. Pat. No. 8,277,899 discloses
methods for modifying the properties of porous thin films, in which a reactive
species is applied to the porous thin film and allowed to crosslink, thus
increasing mechanical strength and wear resistance. These layer-by-layer
films are thus prone to wear and are typically provided with a hardcoat, a
protective polymer layer, or both.

[0007] A continuing need exists in the art for an optical product that meets
the demands of current window films and is resistant to delamination during

storage and use.

SUMMARY OF THE INVENTION

[0008] The present invention relates to optical products that include a
polymer substrate; a composite coating; a permeating adhesive, which
permeates the composite coating to contact the polymer substrate; and a
protective layer, secured to the composite coating by the permeating
adhesive. The composite coating is deposited on the polymer substrate, and
includes at least a first layer and a second layer, each provided with a binding
group component which together form a complementary binding group pair.
The optical products of the invention exhibit improved resistance to
delamination during storage and use.

[0009] Further aspects of the invention are as disclosed and claimed

herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention will be described in further detail below and with
reference to the accompanying drawings, wherein like reference numerals
throughout the figures denote like elements and wherein:

[0011] Figure 1 is a schematic cross-section of an embodiment of the

optical product of the present invention;
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[0012] Figure 2 is a schematic cross-section of an embodiment of the
present invention that includes a plurality of composite coatings.

DETAILED DESCRIPTION

[0013] The present invention relates to optical products that include a
polymer substrate; a composite coating, deposited on the polymer substrate;
a permeating adhesive, which permeates the composite coating so as to
contact the polymer substrate; and a protective layer, secured to the
composite coating by the permeating adhesive. The composite coatings of the
invention are produced by layer-by-layer techniques, and thus comprise at
least a first layer and a second layer, each of which is provided with a binding
group component, which together form a complementary binding group pair.
We have found that the permeating adhesives of the invention provide
improved delamination characteristics when compared with optical products
made using conventional laminating adhesives and processes, for example
when laminating the composite coatings of the invention to polymer protective
layers.

[0014] Conventional laminating adhesives, typically aliphatic polyester
polyols formulated with isocyanate cross-linkers, are used as solvent-borne
coatings applied to the surface of a film by gravure, slot die, or other methods
in a continuous, roll-to-roll process. The coating is dried, that is the solvent is
removed, by passing the film through an oven, and a second film is then
pressed against the adhesive-coated film using a nip-roll. These conventional
laminating adhesives have glass transition temperatures above room
temperature and so require a heated nip-roll to create a good bond between
the two films. Optical films are typically laminated to a protective layer such as
PET using such a laminating adhesive.

[0015] We have found that the composite coating portion of the optical
products of the present invention, deposited on a polymer substrate using

layer-by-layer techniques, is prone to delamination. Using conventional
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laminating adhesives applied to the protective layer, we have found that
during the lamination process, when the adhesive is applied to the protective
layer, if the laminating adhesive is not sufficiently fluid or liquid to fully
penetrate the porous network, a layer of filled pores on top of a layer of
unfilled pores is formed. We have found this interface to be a source of
cohesive failure during delamination testing.

[0016] We have surprisingly found that, when an adhesive is selected that
is sufficiently fluid or liquid so as to permeate or penetrate the entire depth of
the composite coating, thus contacting the underlying polymer substrate, the
adhesive serves to strengthen the composite coating, as well as to firmly
adhere the protective layer to the composite coating. This is in contrast with
conventional laminating adhesives, which are typically dried prior to bringing
the two films together such that they are sufficiently viscous to remain on the
surface of two film layers joined to one another, and are not intended to
permeate the films, nor to flow outside the area to which they are applied.
This is especially the case with those conventional laminating adhesives that
are dried prior to lamination.

[0017]  As part of the typical manufacturing process, raw optical film,
produced by whatever coating process is desired, is provided with a protective
layer, for example a sheet of PET plastic, which is adhered to the surface of
the optical film. The adhesion of the entire stack may be tested using a bag
delamination test, as further described in the experimental section, in which
increasing weight is added to a partially peeled section of film until the weight
overcomes the adhesive strength and the layers delaminate. According to the
present invention, we exploit the porosity of layer-by-Layer (LbL) films, and
provide a process by which the film is fully penetrated or permeated by a
permeating adhesive, improving the performance of the resulting optical
product, as evidenced by performance in the bag delamination test.

[0018] Thus, according to the invention, the viscosity of an adhesive
applied to the surface of a porous LbL film will be sufficiently low that it will

flow or permeate through the entire thickness of the porous network of the
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LbL or composite film and reach the opposite polymer substrate, thereby
reducing or eliminating interfaces within the film that could lead to cohesive
failure, resulting in increased resistance to delamination. Permeation of the
entire thickness of the composite network is a function of adhesive polymers
that retain higher molecular mobility for longer periods during the coating and
lamination process. This may be achieved, for example, by diluting the
adhesive in solvent and/or selecting an adhesive with a relatively low Tg
which allows the adhesive to permeate through the entire composite coating.
This principle is demonstrated in the present application using a “pressure-
sensitive adhesive”, or PSA. These are currently used as conventional
adhesive backings, and have a glass transition temperature of roughly -10°C,
well below room temperature, and are sufficiently liquid when applied to the
LbL layer to permeate throughout the entire LbL or composite film layer.
[0019] We have found that, when typical laminating adhesives are used,
even in the presence of a hot-nip to melt the adhesive, there is a limitation to
how much of the porous LbL network of the composite coating is penetrated.
This process creates a failure point at the interface between the filled and
unfilled pores that causes the film to perform poorly in delamination testing.
However, when coated with a low Tgadhesive, for example below room
temperature, and one that is sufficiently liquid to freely flow into the porous
network, the adhesive is able to fully penetrate the LbL film and thus avoid
these interfacial failure points.

[0020] Those skilled in the art will understand that a suitable solvent may
be used, in order to increase the viscosity of the permeating adhesive to
ensure that it permeates or penetrates the entire thickness of the composite
coating. A variety of solvents may be used for this purpose, so long as the
solvent does not affect the adhesive properties of the permeating adhesive.
Those skilled in the art will appreciate, as well, that the compatibility of the
permeating adhesive with the ionic polymers used in the composite coating
will also affect the permeability of the adhesive in the composite coating. For

example, an adhesive having acrylic functionality may assist in permeating

6



WO 2019/055274 PCT/US2018/049685

10

15

20

25

30

the composite coating which is characterized by the presence of ionic
functionality on the polymer(s) used.

[0021] We have found that conventional laminating adhesives may be
used, so long as they are sufficiently viscous at the time they are contacted
with the composite coating. This may be best accomplished simply by
applying the adhesive to the composite coating while liquid, rather than
applying the adhesive to the protective layer and drying the adhesive prior to
contacting the protective layer with the composite coating.

[0022] Turning now to FIGS. 1 and 2, which are schematics that are not
drawn to scale, the present invention is directed to an electromagnetic
energy-absorbing optical product 10 that includes a polymer substrate 15 and
a composite coating 20. The composite coating includes at least a first layer
25 and a second layer 30, which together form a bilayer. Preferably first layer
25 is immediately adjacent to the polymer substrate 20 at its first face 28 and
second layer 30 is immediately adjacent to first layer 25 at its opposite face
32. This may be accomplished by depositing the first layer 25 directly on the
substrate 15, with a surface treatment such as corona treatment applied if
necessary or helpful for proper adhesion of the first layer to the substrate.
Each of these layers 25 and 30 may include a polyionic binder, an
electromagnetic energy-absorbing insoluble particle, or both.

[0023] Each layer 25 and 30 includes a binding group component with the
binding group component of the first layer and the binding group component
of the second layer constituting a complementary binding group pair. As used
herein, the phrase “complementary binding group pair’ means that binding
interactions, such as electrostatic binding, hydrogen bonding, Van der Waals
interactions, hydrophobic interactions, and/or ionic bonds are present
between the binding group component of the first layer and the binding group
component of the second layer of the composite coating. A “binding group
component” is a chemical functionality that, in concert with a complementary
binding group component present in an adjacent layer, establishes one or

more of the binding interactions described above. The components are
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complementary in the sense that binding interactions are created, for example
through their respective charges. The binding group component of each of the
layers may be provided on the polyionic binder, the electromagnetic energy-
absorbing insoluble particle, or both.

[0024] Each of the layers 25 and 30 of the composite coating may thus
include a polyionic binder, defined as a macromolecule containing a plurality
of either positively- or negatively-charged moieties along the polymer
backbone. Polyionic binders with positive charges are known as polycationic
binders while those with negative charges are termed polyanionic binders.
Also, it will be understood by one of ordinary skill that some polyionic binders
can function as either a polycationic binder or a polyanionic binder depending
on factors such as pH and are known as amphoteric. The charged moieties
of a polyionic binder may thus constitute the “binding group component” of a
given layer.

[0025] Suitable polycationic binder examples include poly(allylamine
hydrochloride), linear or branched poly(ethyleneimine),
poly(diallyldimethylammonium chloride), macromolecules termed
polyquaterniums or polyquats and various copolymers thereof. Blends of
polycationic binders are also contemplated by the present invention. Suitable
polyanionic binder examples include carboxylic acid containing compounds
such as poly(acrylic acid) and poly(methacrylic acid), as well as sulfonate
containing compounds such as poly(styrene sulfonate) and various
copolymers thereof. Blends of polyanionic binders are also contemplated by
the present invention.

[0026] Polyionic binders of both polycationic and polyanionic types are
generally well known to those of ordinary skill in the art and are described for
example in U.S. Published Patent Application number US20140079884 to
Krogman et al., the disclosure of which is incorporated herein by reference.
Examples of suitable polyanionic binders include polyacrylic acid (PAA),
poly(styrene sulfonate) (PSS), poly(vinyl alcohol) or poly(vinylacetate) (PVA,
PVACc), poly(vinyl sulfonic acid), carboxymethyl cellulose (CMC), polysilicic
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acid, poly(3,4-ethylenedioxythiophene) (PEDOT) and combinations thereof
with other polymers (e.g. PEDOT:PSS), polysaccharides, and copolymers of
the above mentioned. Other examples of suitable polyanionic binders include
trimethoxysilane functionalized PAA or PAH or biological molecules such as
DNA, RNA or proteins. Examples of suitable polycationic binders include
poly(diallyldimethylammonium chloride) (PDAC), Chitosan, poly(allyl amine
hydrochloride) (PAH),polysaccharides, proteins, linear poly(ethyleneimine)
(LPELI), branched poly(ethyleneimine) BPEI and copolymers of the above-
mentioned, and the like. Examples of polyionic binders that can function as
either polyanionic binders or polycationic binders include amphoteric polymers
such as proteins and copolymers of the above mentioned polycationic and
polyanionic binders.

[0027] The concentration of the polyionic binder in a given layer may be
selected based in part on the molecular weight of its charged repeat unit but
will typically be between 0.1 mM — 100 mM, more preferably between 0.5 mM
and 50mM, and most preferably between 1 and 20 mM based on the
molecular weight of the charged repeat unit comprising the layer. In the first
layer, the polyionic binder is preferably a polycationic binder and more
preferably the polycationic binder is polyallylamine hydrochloride. Most
preferably the polyionic binder is soluble in water and the composition used to
form the layer is an aqueous solution of polyionic binder. In an embodiment
wherein the polyionic binder is a polycation and the first layer is formed from
an aqueous solution, the pH of the aqueous solution is selected so that from 5
to 95%, preferably 25 to 75%, or approximately half of the ionizable groups
are protonated. Other optional ingredients include biocides or shelf-life
stabilizers.

[0028] The second layer 30 of the composite coating 20 may likewise
include a polyionic binder as described above, an electromagnetic energy-
absorbing insoluble particle, or both. The phrase “electromagnetic energy-
absorbing” means that the particle is purposefully selected as a component

for the optical product for its preferential absorption at particular spectral
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wavelength(s) or wavelength ranges(s). The term “insoluble” is meant to
reflect the fact that the particle does not substantially dissolve in the
composition used to form the layer and exists as a particle in the optical
product structure. The electromagnetic energy-absorbing insoluble particle is
preferably a visible electromagnetic energy absorber, such as a pigment;
however, insoluble particles such as UV absorbers or IR absorbers, or
absorbers in various parts of the electromagnetic spectrum that do not
necessarily exhibit color are also within the scope of the present invention.
The electromagnetic energy-absorbing particle is preferably present in a given
layer in an amount of from 30% to 60% by weight based on the total weight of
the layer. In order to achieve the desired final electromagnetic energy
absorption level, the layer may be formed from a composition that includes
the insoluble electromagnetic energy-absorbing particle in an amount of 0.25
to 2 weight percent based on the total weight of the composition.

[0029] Pigments suitable for use as the electromagnetic energy-absorbing
insoluble particle in a preferred embodiment are preferably particulate
pigments with an average particle diameter of between 5 and 300
nanometers, more preferably between 10 and 50 nanometers, often referred
to in the art as nanoparticle pigments. Even more preferably, the surface of
the pigment provides a binding group component of a given layer. Suitable
pigments are available commercially as colloidally stable water dispersions
from manufacturers such as Cabot, Clariant, DuPont, Dainippon and
DeGussa. Particularly suitable pigments include those available from Cabot
Corporation under the Cab-O-Jet® name, for example 250C (cyan), 265M
(magenta), 270Y (yellow) or 352K (black). In order to be stable in water as a
colloidal dispersion, the pigment particle surface is typically treated to impart
ionizable character thereto and thereby provide the pigment with the desired
binding group component on its surface. It will be understood that
commercially available pigments are sold in various forms such as
suspensions, dispersions and the like, and care should be taken to evaluate

the commercial form of the pigment and modify it if necessary to ensure its
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compatibility and performance with the optical product components,
particularly in the embodiment wherein the pigment surface also functions as
the binding group component of the second layer.

[0030] Multiple pigments may be utilized in a given layer to achieve a
specific hue or shade or color in the final product; however, it will again be
understood by ordinary skill that, should multiple pigments be used, they
should be carefully selected to ensure their compatibility and performance
both with each other and with the optical product components. This is
particularly relevant in the embodiment wherein the pigment surface also
functions as a binding group component of a layer, as for example particulate
pigments can exhibit different surface charge densities due to different
chemical modifications that can impact compatibility.

[0031] Preferably the layer of the composite coating containing the
particles just described further includes a screening agent. A “screening
agent” is defined as an additive that promotes even and reproducible
deposition of the layer via improved dispersion of the electromagnetic energy-
absorbing insoluble particle within the layer by increasing ionic strength and
reducing interparticle electrostatic repulsion. Screening agents are generally
known and are described for example in U.S. Published Patent Application
number US20140079884 to Krogman et al., the disclosure of which is
incorporated herein by reference. Examples of suitable screening agents
include any low molecular weight salts such as halide salts, sulfate salts,
nitrate salts, phosphate salts, fluorophosphate salts, and the like. Examples
of halide salts include chloride salts such as LiCl, NaCl, KCI, CaClz, MgClz,
NH4Cl and the like, bromide salts such as LiBr, NaBr, KBr, CaBrz, MgBrz, and
the like, iodide salts such as Lil, Nal, Kl, Calz, Mglz, and the like, and fluoride
salts such as, NaF, KF, and the like. Examples of sulfate salts include Li2SOa,
Na2S04, K2SO4, (NH4)2S04, MgSO4, CoSO4, CuSO4, ZnSO4, SrSO4,
Al2(S04)s, and Fe2(S0a4)s. Organic salts such as (CHs)sCCl, (C2Hs)sCCl, and
the like are also suitable screening agents. Sodium chloride is typically a

preferred screening agent based on ingredient cost. The presence and
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concentration level of a screening agent may allow for higher loadings of the
electromagnetic energy-absorbing insoluble particle such as those that may
be desired in optical products with a Tvis of no more than 50% and also may
allow for customizable and carefully controllable loadings of the
electromagnetic energy-absorbing insoluble particle to achieve customizable
and carefully controllable optical product Tvis levels.

[0032] Suitable screening agent concentrations can vary with salt identity
and are also described for example in U.S. Published Patent Application
number US20140079884 to Krogman et al. In some embodiments, the
screening agent concentration can range between 1 mM and 1000 mM or
between 10 mM and 100 mM or between 30 mM and 80 mM. In some
embodiments, the screening agent concentration is greater than 1 mM, 10
mM, 100 mM or 500 mM. The layer of the composite coating that contains
these particles may also contain other ingredients such as biocides or shelf-
life stabilizers.

[0033] In some embodiments, the optical products of the present invention
may include a plurality of bilayers. For example, as depicted in FIG.2, the
optical product 10 includes first and second composite coatings 20 and 20’,
each with a first layer and a second layer that together form a bilayer, i.e. the
first composite coating 20 or bilayer includes a first layer 25 and a second
layer 30, and a second composite coating 20’ or bilayer includes a first layer
25’ and a second layer 30’. This depiction is not intended to be limiting in any
way on the possible number of layers or bilayers. One of ordinary skill will
appreciate that this depiction is simply exemplary and illustrative of an
embodiment with multiple or a plurality of bilayers, or those in which at least
one bilayer is provided and in which the final layer need not be a bilayer, that
is, the final layer may not have a corresponding second layer. The examples
below further illustrate embodiments with a plurality of composite coatings.
[0034] For embodiments with a plurality of composite coatings, it will be
appreciated that the electromagnetic energy-absorbing insoluble particle for a

given layer in each composite coating may be independently selected and
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that the layers will in combination provide an additive eftect on the
electromagnetic energy-absorbing character and effect of the electromagnetic
energy-absorbing optical product. For the embodiment shown in FIG 2, this
means that, in cases where the particles are in the second layer, the second
layer 30 of the first composite coating 20 and the second layer 30’ of the
second composite coating 20’ in combination provide an additive effect on the
electromagnetic energy-absorbing character and effect of the electromagnetic
energy-absorbing optical product. This additive effect can be customized and
controlled in part by the concentration of the electromagnetic energy-
absorbing particle in each second layer as dispersed through the presence of
the screening agent.

[0035] For example, in an embodiment wherein the electromagnetic
energy-absorbing particle is a pigment provided in the second layer, the
second layers will in combination provide an additive effect on the visually
perceived color of the optical product. In this embodiment, the pigments for
each second layer may be of the same or similar composition and/or color
such that the additive effect is to increase intensity or depth or darkness of the
visually perceived color of the optical product or, stated another way, to
reduce electromagnetic transmittance in the visible wavelength range (or Tvis).
In another embodiment, carbon black is used as the pigment for at least one
second layer and pigments such as those listed above are used as pigments
for the other second layer(s) such that the additive effect is a visually
perceived darkened color, also reducing electromagnetic transmittance in the
visible wavelength range (or Tvis). As discussed above, the present invention
may be useful in products wherein relatively high levels of darkening are
desired. Accordingly, in a particularly preferred embodiment, the optical
products of the present invention have a Tvis of no more than 50%. In yet
another embodiment, the pigments for each second layer may be of
complimentary composition and/or color such that the additive effect is a
visually perceived color different from and formed by the combination of the

individual pigments, for example an additive perceived “green” color achieved
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by utilizing a blue pigment for one second layer and a yellow pigment for
another second layer.

[0036] Referring again to Figs. 1 and 2, the optical product 10 of the
invention further comprises a permeating adhesive 40, which permeates the
composite coating 20 and is in contact with the polymer substrate 15, as
indicated by the shading throughout the permeating adhesive 40 and the
composite coating 20 which the adhesive permeates. The optical product 10
further comprises a protective layer 50, secured to the composite coating 20
by the permeating adhesive 40.

[0037] The permeating adhesive may be any adhesive that is sufficiently
liquid at the temperature applied so as to fully penetrate or permeate the
composite coating and contact the underlying polymer substrate 15, while
securing the composite coating 20 to the protective layer 50. Examples of
suitable permeating adhesives include pressure sensitive adhesives, for
example acrylic pressure sensitive adhesives, which may be selected within a
relatively broad range of molecular weights and Tg values, since the adhesive
may be diluted as desired to achieve the necessary permeability in the
composite coating. As known in the adhesives art, pressure sensitive
adhesives (PSAs) are viscoelastic materials that display both a fluid-like
character that is important for forming mechanical contact with a surface
under light pressure for a short amount of time, and an elastic solid character
that resists various applied stresses after bond formation. The Handbook of
Pressure Sensitive Adhesive Technology describes PSAs, and in particular,
their ability to wet surfaces (tack) as a modulus-controlled process. PSAs
may thus be characterized as having a specific modulus of less than about
105 dyne/cm2 or less than 100 dyne/cm2 at room temperature, and optionally
as displaying the ability to spontaneously (or with light pressure and low
contact times) fully wet out an adherend. (See, for example, Satas, D. Ed.
Handbook of Pressure Sensitive Adhesive Technology 3rd Edition; Satas and
Associates: R.l. 1999).
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[0038] The acrylic PSA adhesives useful according to the invention are
typically mid- to high-molecular weight polymers emulsified in water or as a
solvent solution. They may be used as one-part adhesives that rely on their
molecular weight for the necessary properties, or are self-cross-linking, or
may be two-part systems that include a cross-linker, providing higher
performance. PSAs useful according to the invention may thus be water- or
solvent-based, styrenic block copolymer-based, or silicone-based, whether
solvent or hotmelt, and the styrenic polymers may be formulated, for example,
with tackifiers and processing oils to achieve the desired permeability in the
composite coating. Examples of acrylic pressure sensitive adhesives that may
be adapted for use according to the invention include Loctite Duro-Tak acrylic
adhesives, available from Henkel Corporation, Bridgewater, NJ.

[0039] Other permeating adhesives useful according to the invention
include dry-bond laminating adhesives, both acrylic and polyester-based
polyurethanes, though their higher molecular weight may require heat or the
presence of water or a solvent to ensure that they fully permeate or penetrate
the composite coating. This may necessitate the presence of sufficient solvent
such that these adhesives would, in practice, be applied as a liquid. Other
permeating adhesives that may be useful include wet-bond laminating
adhesives, whether polyether or polyester polyurethanes or energy-cured
acrylic formulations. These wet-bond laminating adhesives are similar to dry-
bond adhesives except that they are liquids when coated or laminated.
Structural adhesives that are liquids as applied may be adapted for use
according to the invention, and include epoxies and structural acrylics.

[0040] The property believed primarily responsible for the ability of the
permeating adhesive to fully penetrate or permeate the composite coating and
contact the underlying polymer substrate, while securing the composite
coating 20 to the protective layer, is the viscosity of the permeating adhesive
at the time of contact with the composite coating. The viscosity of the

permeating adhesive at the time of application may thus vary, for example,
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from about 5 cps to about 1,000 cps, or from 10 to 700 cps, or from 20 to 500
Ccps.

[0041] The affinity of the permeating adhesive for the composite coating
may also affect the ability of the permeating adhesive to fully penetrate or
permeate the composite coating and contact the underlying polymer
substrate, while securing the composite coating to the protective layer. For
example, adhesive polymers having acrylic functionality may be especially
compatible with the composite coatings of the invention which comprise ionic
polymers and optionally charged nanoparticles.

[0042] The amount of permeating adhesive used may vary widely, based
on such factors as intended use of the resulting optical product, the thickness
of the composite coating which the adhesive must penetrate, the desired tack,
shear, and the like. For example, the permeating adhesive may be applied in
an amount of from 1 to 10 Ibs./ream.

[0043] The means of applying the permeating adhesive to the optical
product is not especially limited, so long as the permeating adhesive is
sufficiently liquid under the conditions applied so as to fully penetrate or
permeate the composite coating and to contact the underlying polymer
substrate 15, while securing the composite coating 20 to the protective layer
50. For example, the permeating adhesive may be applied to the protective
layer, prior to the protective layer being joined to the composite coating, for
example at elevated temperature using slot die coating. Alternatively, the
permeating adhesive may be applied to the composite coating, and the
protective layer subsequently applied to the composite coating/permeating
adhesive so as to secure the protective layer to the composite coating. For
composite coatings containing many bi-layer pairs, it may be advantageous to
apply the adhesive to the composite coating rather than to the protective layer
to ensure that the permeating adhesive permeates entirely through the
thickness of the composite coating.

[0044] The permeating adhesive of the invention, used to laminate the

composite coating to the protective layer, should be distinguished from an
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adhesive backing that may be used to attach the laminated optical products of
the invention to glass, for example for use as a window film. In such cases, a
conventional adhesive backing may be used, for example a pressure sensitive
adhesive, to attach the optical products of the invention to the surface on
which they are to be used, and especially to glass.

[0045] The polymer substrate 15 may in the broadest sense be any
substrate known in the art as useable as an optical product component, and
may be the same or different than the protective layer 50. Suitable polymer
substrates and protective layers are typically flexible polymer film, more
particularly a polyethylene terephthalate (PET) film of a thickness of between
about 10 microns and about 400 microns, or from 12 to 375 or a polyvinyl
butyral (PVB) film, preferably of a thickness of between 0.01 to 1 mm and
more preferably a thickness of 15 to 30 mils. Because prior art optical
products that employ dyes exhibit a variety of drawbacks, the polymer
substrate and the protective layer are preferably undyed transparent
polyethylene terephthalate films. The polymer substrate and/or the protective
layer may also be a flexible polyurethane or flexible poly(vinyl chloride) film or
may be a flexible multilayer polymer composite film such as a polyurethane-
based multilayer composite film as described for example in U.S. 8,765,263,
the disclosure of which is incorporated herein by reference.

[0046] The polymer substrate 15 and protective layer 50 may further
include additives known in the art to impart desirable characteristics.
Examples include ultraviolet (UV) absorbing materials such as benzotriazoles,
hydroxybenzophenones or triazines. A useful polymer substrate with a UV
absorbing additive incorporated therein is described in U.S. Patent No.
6,221,112, originally assigned to a predecessor assignee of the present
invention. The polymer substrate 15 and the protective layer 50 may thus be
any substrate known in the art as useable as an optical product component,
and may be the same or different than one another.

[0047] In one embodiment, wherein the polymer substrate and protective

layer are flexible polymeric films such as PET, the optical product may be a
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window film that may be adhered to glass using an adhesive backing. As well
known in the art, conventional window films are designed and manufactured
with levels of electromagnetic energy transmittance or reflectivity that are
selected based on a variety of factors such as for example product end use
market application and the like. In one embodiment, the optical product of the
present invention has visible light transmittance or Tvis of no more than 50%,
preferably no more than 45% and more preferably no more than 40%. Such
levels of visible light transmittance are often desired in window films with high
levels of darkening for certain automotive end use applications such as
sidelights. In another embodiment, the optical product of the present
invention has visible light transmittance or Tvis of from 80 to 85%. Such levels
of visible light transmittance are often desired in window films with relatively
moderate to low levels of darkening, typically also with infrared absorption, for
certain automotive end use applications such as windscreens. In yet another
embodiment, the optical product of the present invention has visible light
transmittance or Tvis of no less than 85%, preferably no less than 88% and
more preferably no less than 90%. Such levels of visible light transmittance
are often desired in window films with low to minimal levels of darkening for
certain architectural end use applications.

[0048] The window films may optionally include additional layers or
coatings known to those of ordinary skill in the window film art. Coatings for
example may include protective hardcoats, scratch-resist or “SR” coats,
further adhesive layers, protective release liners, and the like. Layers may
include, for example, metallic layers and/or metal oxide layers applied by
sputtering or other known techniques. Such layers or coatings may be
components of the polymer substrate. Further, the polymer substrate may be
a laminated or multilayer structure.

[0049] In one embodiment, the optical product is an interlayer for
laminated glass. In this embodiment, the polymer substrate and protective
film may be formed from film-forming materials known in the art for these

purposes, including for example plasticized polyvinyl butyral (PVB),
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polyurethanes, polyvinyl chloride, polyvinylacetal, polyethylene, ethyl vinyl
acetates and the like. A preferred film-forming material for the interlayer is a
plasticized PVB such as that used in a commercially available from Eastman
Chemical Company as SAFLEX® PVB interlayer. In this embodiment, the
composite coating may be formed on at least one surface of the polymer
substrate.

[0050] In an embodiment wherein the polymer substrate and/or the
protective layer are flexible polymeric films such as PET, the optical product
may be a composite interlayer for laminated glass including at least one
safety film or interlayer. The safety film may be formed from film-forming
materials known in the art for this purpose, including for example plasticized
polyvinyl butyral (PVB), polyurethanes, polyvinyl chloride, polyvinylacetal,
polyethylene, ethyl vinyl acetates and the like. Preferred safety filmis a
plasticized PVB film or interlayer commercially available from Eastman
Chemical Company as SAFLEX® PVB interlayer. Preferably, the composite
interlayer includes two safety films or one film layer and one coating layer,
such as a PVB coating that encapsulates the polymer substrate. Composite
interlayers of this general type are known in the art and are described for
example in U.S. Patent Nos. 4,973,511 and 5,091,258, the contents of which
are incorporated herein by reference.

[0051] In another embodiment, the optical product of the present invention
is a composite for coloring an opaque article by application thereto. Such
composites are known in the art and are sometimes referred to in the art as
colorant composites, paint composites or car wraps. More particularly, the
article may be a vehicle selected from the group consisting of an automobile,
aircraft or boat; a vehicle panel or part such as a bumper, hood, fender or
door; and a portion thereof. In this embodiment, the optical product is applied
to or adhered to the article using techniques described in the above-
referenced ‘263 patent or in U.S. Patent No. 5,030,513, the disclosure of
which is also incorporated herein by reference. One of ordinary skill will

appreciate that the term “coloring” means for example imparting a color,
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multiple colors or an aesthetic color-based design or pattern to the opaque
article.

[0052] In another aspect, the present invention is directed to a method for
forming an optical product. The method of the present invention includes the
steps of applying a first coating composition to a polymer substrate to form a
first layer, and applying a second coating composition atop said first layer to
form a second layer, said first layer and said second layer together
constituting the composite coating of the invention. The first and second
coating compositions include a polyionic binder and/or an electromagnetic
energy-absorbing insoluble particle and each of the first and second coating
compositions includes a binding group component which together form a
complimentary binding group pair. The coating composition may include a
screening agent as described above.

[0053] In a preferred embodiment, at least one of the first and second
coating compositions are an aqueous dispersion or solution and most
preferably both of the first and second coating compositions are an aqueous
dispersion or solution. In this embodiment, both applying steps (a) and (b) are
performed at ambient temperature and pressure.

[0054] The optical products of the present invention are preferably
manufactured using known “layer-by-layer” (LbL) processes such as
described in Langmuir, 2007, 23, 3137-3141 or in U.S. Patent Nos. 8,234,998
and 8,689,726 and U.S, Published Application US 20140079884, co-invented
by co-inventor Krogman of the present application, the disclosures of which
are incorporated herein by reference.

[0055] According to the methods of the present invention, once the
composite film is deposited on the polymer substrate, the permeating
adhesive may be placed in contact with the composite film so that it
permeates the composite film. The permeating adhesive may be contacted
directly with the composite film, or alternatively may be contacted with the

composite film after being applied to the protective layer.
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[0056] The foregoing description of various embodiments of the invention
has been presented for purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the precise embodiments
disclosed. Numerous modifications or variations are possible in
electromagnetic energy of the above teachings. The embodiments discussed
were chosen and described to provide the best illustration of the principles of
the invention and its practical application to thereby enable one of ordinary
skill in the art to utilize the invention in various embodiments and with various
modifications as are suited to the particular use contemplated. All such
modifications and variations are within the scope of the invention as
determined by the appended claims when interpreted in accordance with the
breadth to which they are fairly, legally, and equitably entitled.

[0057] The following examples, while provided to illustrate with specificity
and detail the many aspects and advantages of the present invention, are not
be interpreted as in any way limiting its scope. Variations, modifications and
adaptations which do depart of the spirit of the present invention will be

readily appreciated by one of ordinary skill in the art.
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EXAMPLES

[0058] In afirst set of examples, an LbL coated substrate was used in
which the PET substrate had deposited on it alternating layers of
polyallylamine hydrochloride (PAH) polymer and a pigment combination that
included carbon black Cab-o-jet 352K, cyan Cab-o-jet 250C, and magenta
Cab-o-jet 265M, all from Cabot Corporation. A total of 25 bilayers were
deposited. Two different adhesives, a PSA (a self-cross-linking solution acylic
Duro-Tak 109A from Henkel) and a conventional laminating adhesive (Adcote
76R36 (Dow), an aliphatic polyester polyol formulated with an isocyanate
cross-linker), were each applied via gravure roller to separate 3 mil PET
substrates and each substrate was then passed through a drying oven in
which the solvent was evaporated. The adhesive-coated PET films were each
then hot nipped to a previously coated Layer-by-Layer film, at 180°F and 4 bar
nip pressure at a 10fpm line speed.

[0059] A bag delamination test was performed on these examples to test
the adhesive and cohesive strength of the laminated optical products of the
invention, when applied to glass, under constant load. The film sample, via an
adhesive backing, was applied to clean glass using water. The glass was
approximately 3” x 5” x 3/16” Clear Float glass, and the film sample was
approximately 3” x 6” with the machine direction in the long direction.

[0060] After application to the glass, a one-inch strip was cut down the film
sample using a razor, and a peel was initiated with the razor between the
polymer substrate and the protective layer. About 1 inch of this strip portion
was then peeled away by hand, and a weight attached that was chosen so
that the strip would not tear, typically in increments of 10g. The sample was
then left to hang for 24 hours, after which the weight was increased by about
10g if necessary. Film tears were recorded with respect to time and distance
on a daily basis. We found that samples in which the adhesive did not
permeate the coating layer, that is, those in which the traditional laminating

adhesive was used, resulted in increased delamination, with the delamination
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occurring within the composite coating or at the interface between the
composite coating and the adhesive.

[0061] In a further set of examples, an LbL coated substrate was used in
which the PET substrate had deposited on it alternating layers of a
polyallylamine hydrochloride (PAH) and a pigment combination that included
carbon black Cab-o-jet 352K, cyan Cab-o-jet 250C, and magenta Cab-o-jet
265M, all from Cabot. Adcote 76R36 (Dow) as used above was applied to the
Layer-by-Layer coated substrate and the film was then passed through a
drying oven in which the solvent was evaporated. The adhesive-coated LbL
film was then hot nipped to a protective layer substrate.

[0062] Adhesion was tested according to a standard liner release peel test
method (ASTM D3330, Test Method A, 180deg, 6in/min, 1in wide). The
laminate gave peel values of ~300g/in in two separate trials, consistent with
peel values for laminates not containing an LbL layer, confirming both

substrate layers are in contact with the adhesive.
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