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STABLE INFRARED REFLECTIVE FILMS

FIELD OF THE INVENTION

The present invention relates generally to the field of infrared films, and particularly,
pertains to infrared reflective films that are stable to heat, light, and humidity and that are very
low in color while providing strong infrared reflectance. More specifically, this invention |
pertains to infrared films comprising an infrared reflective layer that comprises an aminium
free radical cation compound in a crystalline state and an organic polymer, wherein the
infrared reflective layer is in contact with a layer comprising a silicone polymer . This
invention also pertains to solar control window films, security markings, and other optical
articles comprising the infrared films of this invention and to methods of making such

infrared reflective films.

BACKGROUND OF THE INVENTION

Some products, such as solar control window films and security markings, would
benefit from colorless or nearly colorless layers that have strong reflectance in the infrared
region so that the products can reflect or block the infrared region of sunlight or, in the case of
security markings, can be read by an infrared scanner or camera, but do not provide enough of
a visible image to be easily noticed by humans or detected by a visible scanner or camera.

For example, U.S. Pat. No. 7,151,626, to Carlson, and U.S. Pat. Pub. Applic. No.
20070097510, to Carlson et al., describe solar control window films comprising aminium
radical cation compounds that exhibit high levels of reflectance in the infrared region while
having very little visible color. Also, for example, U.S. Pat. Nos. 6,381,059; 6,589,451; and
7,151,626, all to Carlson, describe infrared layers for security markings that comprise an
aminium radical cation compound and are capable of being detected in the infrared region
while being invisible or nearly invisible to the human eye or to detection by a visible scanner.

It would be advantageous if such infrared reflective layers were highly stable in the
intensity level of their infrared reflectance and in their level of visible coloration upon

extended exposure to light, heat, and humidity and, when combined directly with other layers
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by coating or lamination, retain their level of infrared reflectance and their stability against

discoloration or degradation.

SUMMARY OF THE INVENTION

This invention pertains to stable infrared films that are very low in color while
providing strong infrared reflectance and stability against degradation by light, heat, and
humidity.

One aspect of this invention pertains to an infrared film comprising a first substrate
and an infrared reflective layer overlying the first substrate, wherein the infrared reflective
layer comprises an aminium radical cation compound in a crystalline state and an organic
polymer, wherein the infrared reflective layer has a reflectance peak in the infrared region
from 1250 nm to 1700 nm, and wherein the infrared reflective layer is in contact with a layer
comprising a silicone polymer. In one embodiment, the silicone polymer comprises a silicone
pressure sensitive adhesive. In one embodiment, the infrared reflective film comprises a
second substrate, wherein the first substrate and the second substrate are laminated together
and the infrared reflective layer and the layer comprising a silicone polymer are interposed
between the first and the second substrates, and preferably, the silicone polymer comprises a
silicone pressure sensitive adhesive. In one embodiment, the aminium radical cation
compound is a salt of an aminium radical cation, wherein the anion of the salt is selected from
the group consisting of hexafluoroantimonate and hexafluorophosphate. In one embodiment,
the aminium radical cation compound is a salt of a tetrakis(phenyl)-1,4-benzenediamine
radical cation. In one embodiment, the aminium radical cation compound is a salt of a
tris(phenyl)-aminium radical cation.

In one embodiment of the infrared reflective films of the present invention, the
infrared reflective layer of the infrared film has an absorption peak in the range of 800 to 900
nm. In one embodiment, the absorption of the infrared reflective layer in the range of 420 to
680 nm is less than 20% of the absorption at the absorption peak in the range of 800 to 900
nm and, preferably, is less than 10% of the absorption at an absorption peak in the range of
830 to 860 nm.
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Another aspect of the infrared reflective films of this invention pertains to the infrared
reflective layer comprising an aminium radical cation compound in a crystalline state and an
organic polymer selected from the group consisting of an aliphatic urethane polymer, a
divinyl ether polymer, a fluoropolymer, and a silicone polymer. In one embodiment, the
divinyl ether polymer is selected from the group of polymers of the divinyl ethers of ethylene
glycol, diethylene glycol, triethylene glycol, tetracthylene glycol, 1,4-butanediol, and 1,4-
cyclohexanedimethanol. In one embodiment, the fluoropolymer is a polyvinylidene fluoride.
In one embodiment, the silicone polymer of the infrared reflective layer is a
dimethylpolysiloxane. In one embodiment, the infrared reflective layer comprises an aliphatic
urethane polymer and a divinyl ether polymer.

Another aspect of the infrared reflective films of the present invention relates to the
layer comprising a silicone polymer that is in contact with the infrared reflective layer,
wherein the silicone polymer is a dimethylpolysiloxane.

Another aspect of the infrared reflective films of the present invention relates to the
substrate comprising a transparent substrate, preferably a transparent polyester film, and more
preferably, a transparent polyester film comprising an ultraviolet absorbing compound that
provides greater than 98 percent absorption in the wavelength region from 310 nm to 370 nm.

One aspect of the infrared reflective films of this invention pertains to solar
control window films comprising the infrared reflective films of the present invention. In one
embodiment, the solar control window films comprise infrared reflective films comprising (a)
a first substrate comprising a transparent polyester film, (b) a first layer comprising an
aminium radical cation compound in a crystalline state and an organic polymer, (c) a second
layer comprising a silicone polymer, wherein the second layer is in contact with the first layer
on one surface, and (d) a second substrate comprising a transparent polyester film, wherein
the second substrate is on the side of the second layer opposite to the side in contact with the
first layer. In one embodiment, the crystalline state is characterized by the presence of
crystals of the aminium radical cation compound and by a shift of one or more low percent
transmittance peaks in the infrared spectrum of the aminium radical cation compound in the
crystalline state by at least 100 nm to the long wavelength side from the minimum percent
transmittance peak of the infrared spectrum of the aminium radical cation compound in a state

of single, non-crystallized molecules in a 10°M solution in 2-butanone. In one embodiment,
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the crystalline state is further characterized by a shift of one or more low percent
transmittance peaks in the infrared spectrum of the aminium radical cation compound in the
crystalline state by at least 50 nm to the short wavelength side from the minimum percent
transmittance peak of the infrared spectrum of the aminium radical cation compound in a state
of single, non-crystallized molecules in a 10°M solution in 2-butanone. In one embodiment,
the infrared reflective films exhibit a reflectance peak in the infrared region from 1250 nm to
1700 nm.

In still another aspect of the solar control window films of this invention comprising
infrared reflective films with a silicone layer, the thickness of the first or infrared reflective
layer is 0.01 to 0.1 microns. In one embodiment, the average width and depth of the crystals
of the aminium radical cation compound are less than the thickness of the first layer. In one
embodiment, the average length of the crystals of the aminium radical cation compound is |
greater than the thickness of the first layer.

In another aspect of the solar control window films of this invention comprising
infrared reflective films with a silicone layer, the thickness of the first or infrared reflective
layer is 0.1 to 0.3 microns. In one embodiment, the average width and depth of the crystals of
the aminium radical cation compound are less than the thickness of the first layer. In one
embodiment, the average length of the crystals of the aminium radical cation compound is
greater than the thickness of the first layer.

In a further aspect of the solar control window films of the present invention, the
percent haze of the window films is less than 3 percent, and preferably less than 2 percent.

In another aspect of the solar control window films of this invention, the first or
infrared reflective layer comprises from 70 percent to 99 percent by weight of the aminium
radical cation compound.

In another aspect of the solar control window films of the present invention, the
maximum infrared reflectance peak of the first or infrared reflective layer is greater than 20
percent reflectance, and preferably greater than 30 percent reflectance. In one embodiment,
the maximum infrared reflectance of the first or infrared reflective layer is in the infrared
region from 1250 nm to 1400 nm.

Another aspect of this invention pertains to security markings comprising the infrared

reflective films of the present invention.
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Still another aspect of this invention pertains to an optical article, which optical article
comprises the infrared reflective films of the present invention. In one embodiment, the
infrared reflective film comprises a laser imaged pattern in the infrared reflective layer
comprising the aminium radical cation compound in a crystalline state, wherein the infrared
absorption of the aminium radical cation compound has been changed by exposure to the laser
and the laser imaged pattern is readable in the infrared region. In one embodiment, the laser
imaged pattern is readable in the eye-safe region above 1400 nm.

Another aspect of the present invention relates to methods of making an infrared
reflective film, wherein the method comprises the steps of providing (a) a first substrate
comprising a transparent polyester film, (b) a first layer overlying the first substrate, wherein
the first layer comprises an aminium radical cation compound in a crystalline state and an
organic polymer, (¢) a second layer comprising a silicone polymer, wherein the second layer
is in contact with the first layer on one surface, and (d) a second substrate comprising a
transparent polyester film, wherein the second substrate is on the side of the second layer
opposite to the side in contact with the first layer.

As will be appreciated by one of skill in the art, features of one aspect or embodiment

of the invention are also applicable to other aspects or embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Organic Free Radical Compounds

The term “organic free radical compound,” as used herein, pertains to an organic
compound which comprises at least one free unpaired electron on an atom, such as, for
example, a carbon atom, a nitrogen atom, or an oxygen atom, in the ground state of the
organic compound. Suitable organic free radical compounds for the infrared reflective films,
solar control window films, security markings, and optical articles of the present invention
include salts of organic free radical cations. For purposes of brevity, the terms “organic free

213

radical cation,” “organic radical cation,” and “radical cation” are used interchangeably herein.
The word “cation,” as used herein, pertains to a positively charged atom in a molecule, such

as, for example, a positively charged nitrogen atom. It should be noted that the free unpaired
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electron and the positive charges of the organic free radical compounds may be localized on a
single atom or shared among more than one atom.

Examples of suitable salts of organic free radical cations for the infrared reflective
films, solar control window films, security markings, and optical articles of this
invention include, but are not limited to, salts of aminium radical cation compounds, such as,
for example, tris (p-dibutylaminophenyl) aminium hexafluoroantimonate, which is
commercially available as IR-99, a trade name for a dye available from Sperian Protection,
Smithfield, RI. Another suitable salt of an aminium radical cation compound is IR-165,
which is a trade name for a dye available from Sperian Protection, Smithfield, RI. IR-165 is
the hexafluoroantimonate salt of a tetrakis(phenyl)-1,4-benzenediamine radical cation.

Coatings comprising aminium radical cation compounds have been found to exhibit
high levels of reflectance in the infrared, as described in U.S. Pat. No. 7,151,626 to Carlson
and in U.S. Pat. Pub. Applic. No. 20070097510, to Carlson et al. Layers comprising IR-165
type compounds have a much lower absorption in the 400 to 700 nm wavelength region of the
visible than do IR-99 type compounds for a comparable amount of infrared blocking, and thus
are preferred for product applications where strong infrared absorption and blocking is desired
with no or very little visible color.

The terms “infrared” and “infrared region” are used interchangeably herein and pertain
to wavelengths form 700 nm to 2500 nm. The terms “visible wavelength region,” “visible
wavelength,” visible region,” and “visible” are used interchangeably herein and pertain to
wavelengths from 400 nm to 700 nm.

Suitable salts of organic radical cation compounds for the infrared reflective films of
this invention include, but are not limited to, salts of an aminium radical cation compound.
The choice of the counteranion for the salt depends on a variety of factors such as, for
example, the ease and cost of applying the infrared reflective layer and the required stability
of the infrared reflective layers where the organic radical cation salt is utilized, against
degradation by oxygen, moisture, and photon exposures.

Chart 1 shows the chemical structure of IR-99, a representative free radical compound
for the infrared reflective layers of this invention. IR-99 is an example of a salt of a tris (4-

dialkylaminophenyl) aminium radical cation.
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Chart 1. IR-99 for Infrared Reflective Layers

It can be seen in Chart 1 that IR-99 is an organic free radical compound with a single
free electron shown on one of the nitrogen atoms. It is present in a salt form with a
hexafluoroantimonate anion in this case.

In one embodiment of the infrared films of this invention, the aminium radical cation
compound is a salt of an aminium radical cation, wherein the anion of the salt is selected from
the group consisting of hexafluoroantimonate and hexafluorophosphate. In one embodiment,
the aminium radical cation compound is a salt of a tetrakis(phenyl)-1,4-benzenediamine
radical cation, such as IR-165. In one embodiment, the aminium radical cation compound is a

salt of a tris(phenyl)-aminium radical cation, such as IR-99.

Infrared Reflective Films for Solar Control Window Films, Security Markings, and Optical
Articles

This invention pertains to stable infrared reflective films that are very low in color
while providing strong infrared reflectance. As used herein, the words “film” or “films”
pertain to any article or product that comprises at least one layer that is on a clear or an
opaque film substrate such as, for examplé, a white polyethylene terephthalate, herein called
polyester, film, a clear polyester film, a white polystyrene film, a clear polypropylene film,
and a white polyvinyl chloride (PVC) film). For example, the infrared reflective films of this
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invention may include configurations where a plastic or polymer film is coated or laminated
to a paper, a metal, a glass, or another plastic film.

One aspect of this invention pertains to an infrared reflective film comprising a first
substrate and an infrared reflective layer overlying the first substrate, wherein the infrared
reflective layer comprises an aminium radical cation compound in a crystalline state and an
organic polymer, wherein the infrared reflective layer has a reflectance peak in the infrared
region from 1250 nm to 1700 nm, and wherein the infrared reflective layer is in contact with a
layer comprising a silicone polymer. In one embodiment, the silicone polymer comprises a
silicone pressure sensitive adhesive. In one embodiment, the infrared reflective film
comprises a second substrate, wherein the first substrate and the second substrate are
laminated together and the infrared reflective layer and the layer comprising a silicone
polymer are interposed between the first and the second substrates, and preferably, the
silicone polymer comprises a silicone pressure sensitive adhesive. In one embodiment, the
weight percent of silicone polymer in the layer comprising a silicone polymer is greater than
20%, and preferably greater than 90%. In one embodiment, the silicone polymer in the layer
comprising a silicone polymer comprises a dimethylpolysiloxane, and preferably the
dimethylpolysiloxane is a pressure sensitive adhesive.

In another aspect of the infrared reflective films of this invention, the aminium radical
cation compound is a salt of an aminium radical cation, wherein the anion of the salt is
selected from the group consisting of hexafluoroantimonate and hexafluorophosphate. In one
embodiment, the aminium radical cation compound is a salt of a tetrakis(phenyl)-1,4-
benzenediamine radical cation. In one embodiment, the aminium radical cation compound is
a salt of a tris(phenyl)-aminium radical cation.

The crystalline state of the aminium radical cation compound, instead of any of its
non-crystallized states, provides additional stability to the optical properties of the infrared
film under storage conditions and under extended exposure to heat, light, and moisture. The
crystalline state of the aminium radical cation compound means that the aminium radical
cation compound has formed crystals in the infrared reflective layer. These crystals can be
observed under a high power microscope or, in the case of clear transparent infrared films,
can also be seen by an increase in the percent haze due to the formation of crystals. The

crystalline state of the aminium radical cation compound, such as IR-165, can be formed by
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extended heating of the infrared reflective layer at high temperatures, such as at 130°C, or by
including a high boiling solvent, such as 2,4-pentanedione, with limited solubility for the
aminium radical cation compound in the coating formulation. This high boiling solvent
causes the aminium radical cation compound to precipitate out or crystallize in the last stages
of drying, thereby forming the aminium radical cation compound in a crystalline state in the
infrared reflective layer.

Besides increased stability to light and to other environmental aging conditions, other
benefits of having the crystalline state of the aminium radical cation compound in the infrared
reflective layer, and having the infrared reflective layer in contact with a layer comprising a
silicone polymer, are higher percent reflectance in the infrared, such as 35% reflectance
compared to 20% reflectance in the non-crystallized state; a lower amount of aminium radical
cation compound required to obtain at least a 20% reflectance, such as one-third the amount
needed in the non-crystallized state; a different and broader infrared reflectance spectrum,
such as a broad and intense peak at about 1300 nm and another peak in the 800 nm to 900 nm
region, compared to a narrower and less intense infrared reflectance spectrum centered around
the 800 nm to 1100 nm region in the non-crystalline state; a much greater retention of its
percent infrared reflectance with more polymer is added to the infrared reflective layer or
when another coating layer is coated or laminated to the infrared reflective layer, such as
adding up to 90% polymer to the infrared reflective layer or overcoating with a silicone
pressure sensitive adhesive layer, compared to the loss of nearly all infrared reflectance with
15% added polymer or significantly reduced infrared reflectance with overcoating, in the case
of the non-crystalline state.

In one embodiment, the coating applied to the infrared reflective layer is a silicone
pressure sensitive adhesive, and the solvent for this adhesive coating, such as heptane, is
selected to minimize any dissolution of the infrared reflective layer during the coating and
drying process. The crystalline state of the aminium radical cation compound in the infrared
reflective layer makes it more resistant to dissolving in the solvents of most types of solvent
coatings applied to it.

In one embodiment of the infrared reflective films of the present invention, the
infrared reflective layer of the infrared film has an absorption peak in the range of 800 to 900

nm. This is a typical infrared wavelength range for detection by infrared scanners or cameras,
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and 700 to 900 nm is the most intense part of the infrared spectrum of sunlight where it is
desirable to have energy control or blocking to reduce the heat buildup in the interior of the
building or vehicle. In one embodiment, the absorption of the infrared reflective layer of the
infrared film in the range of 420 to 680 nm is less than 20% of the absorption at the
absorption peak in the range of 800 to 900 nm and, preferably, is less than 10% of the
absorption at the absorption peak in the range of 800 to 900 nm, and more preferably, is less
than 10% of the absorption at an absorption peak in the range of 830 to 860 nm. IR-165 type
aminium radical cation compounds in a crystalline state are particularly suitable for meeting
and maintaining these desired absorption properties.

Another aspect of the infrared reflective films of this invention pertains to the at least
one infrared reflective layer comprising an aminium radical cation compound in a crystalline
state and an organic polymer selected from the group consisting of an aliphatic urethane
polymer, a divinyl ether polymer, a fluoropolymer, and a silicone polymer. In one
embodiment, the divinyl ether polymer is selected from the group of polymers of the divinyl
ethers of ethylene glycol, diethylene glycol, triethylene glycol, tetracthylene
glycol, 1,4-butanediol, and 1,4-cyclohexanedimethanol. While not wishing to be bound by a
particular theory, it is believed that the aminium radical cation compound with its cationic
groups catalyzes the cationic polymerization of the monomer of divinyl ether compounds to
form a polymer of the divinyl ether compounds. One approach to provide the divinyl ether
polymer is to include the monomer of the divinyl ether polymer compound in the coating
formulation of the aminium radical cation compound and organic solvents, such as 2-
butanone and cyclohexanone, to make the infrared reflective layer and retaining a portion of
the divinyl ether compound in a polymer state after drying and heating the layer, while some
of the monomer is volatilized and removed during the drying and heating. In one
embodiment, the at least one infrared reflective layer comprises an aliphatic urethane such as,
for example, IROCOAT CA-239, the trade name for an aliphatic urethane available from
Huntsman Corporation. The aliphatic urethane polymer adds cohesive and adhesive strength
to the infrared reflective layer. In one embodiment, the at least one infrared reflective layer
comprises a fluoropolymer such as, for example, Kynar 9037, a tradename for a
polyvinylidene fluoride polymer available from Dupont Corporation, Wilmington, DE. The

fluoropolymer adds resistance to moisture that increases the stability of the infrared reflective
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layer. The fluoropolymer also improves the flow properties and uniformity of the coating of
the infrared reflective layer. In one embodiment, the at least one infrared reflective layer
comprises a silicone polymer such as a dimethylpolysiloxane. The silicone polymer adds
resistance to moisture that increases the stability of the infrared reflective layer. The silicone
polymer also improves the flow properties and uniformity of the coating of the infrared
reflective layer. In one embodiment, the at least one infrared reflective layer comprises a
combination of two or more organic polymers selected from the group consisting of an
aliphatic urethane polymer, a divinyl ether polymer, a fluoropolymer, and a silicone polymer.

Another aspect of the infrared reflective films of the present invention relates to the
layer comprising a silicone polymer that is in contact with the infrared reflective layer,
wherein the silicone polymer is a dimethylpolysiloxane, and preferably a
dimethylpolysiloxane pressure sensitive adhesive, and more preferably, a
dimethylpolysiloxane pressure sensitive adhesive comprising at least 90 percent by weight of
the layer comprising a silicone polymer.

Another aspect of the infrared films of the present invention relates to the substrate
comprising a transparent substrate, preferably a transparent polyester film, and more
preferably, a transparent polyester film comprising an ultraviolet absorbing compound, or
combination of compounds, that provides greater than 98% absorption in the wavelength
range from 310 nm to 370 nm, and preferably greater than 99 percent absorption. In one
embodiment, the substrate comprises a reflective opaque substrate, preferably a white
polyester film such as, for example, MELINEX 339, a trade name for a polyester film from
Dupont Corporation, Wilmington, DE, that comprises barium sulfate pigment particles that
reflect infrared and visible radiation. The reflective opaque substrate is useful in providing a
background of high infrared reflectance against which the infrared film with its blocking and
reflectance of the infrared radiation in the initial pass through the layer comprising the
aminium radical cation compound and in the return pass through this layer after reflecting off
of the substrate, can be readily detected by an infrared scanner or camera, even at very low
amounts of the aminium compound in the infrared reflective layer, such as less than 0.05
g/m’.

One aspect of the infrared reflective films of this invention pertains to solar control

window films comprising the infrared reflective films of the present invention. In one
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embodiment, the solar control window films comprise an infrared reflective film comprising
(a) a first substrate comprising a transparent polyester film, (b) a first layer comprising an
aminium radical cation compound in a crystalline state and an organic polymer, (c) a second
layer comprising a silicone polymer, wherein the second layer is in contact with the first layer
on one surface, and (d) a second substrate comprising a transparent polyester film, wherein
the second substrate is on the side of the second layer opposite to the side in contact with the
first layer. In one embodiment, the crystalline state is characterized by the presence of
crystals of the aminium radical cation compound and by a shift of one or more low percent
transmittance peaks in the infrared spectrum of the aminium radical cation compound in the
crystalline state by at least 100 nm to the long wavelength side from the minimum percent
transmittance peak of the infrared spectrum of the aminium radical cation compound in a state
of single, non-crystallized molecules in a 10M solution in 2-butanone. In one embodiment,
the crystalline state is further characterized by a shift of one or more low percent
transmittance peaks in the infrared spectrum of the aminium radical cation compound in the
crystalline state by at least 50 nm to the short wavelength side from the minimum percent
transmittance peak of the infrared spectrum of the aminium radical cation compound in a state
of single, non-crystallized molecules in a 10°M solution in 2-butanone. For example, with
IR-165 as the aminium radical cation compound, the infrared reflective layer typically
exhibits a large broad minimum transmittance peak at about 1300 nm and a more narrow
minimum transmittance peak at about 850 nm. IR-165 in a state of single, non-crystallized
molecules in a 10°M solution in 2-butanone or in a non-crystalline coating layer exhibits a
single minimum transmittance peak at about 950 nm. Thus, the crystalline state for an
infrared reflective coating comprising the IR-165 type of aminium radical cation compound
typically has minimum transmittance peaks at about 850 nm and 1300 nm, or about 100 nm to
the short wavelength side and 350 nm to the long wavelehgth side from the minimum
transmittance peak in the infrared spectrum of the IR-165 in a solution or in a coating layer
where the IR-165 is in a state of single, non-crystallized molecules. In one embodiment, the
infrared reflective films exhibit a reflectance peak in the infrared region from 1250 nm to
1700 nm.

The solar control window films of this invention may have any of the design

configurations known in the art for solar control window films. For example, the substrate
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may have a mounting adhesive layer coated on the side of a first substrate opposite to the
infrared reflective layer. Upon wetting with water, this mounting adhesive layer may be
utilized to mount or adhere the window film to a window. The non-metallic nature of the
infrared reflective layers of this invention have an advantage of allowing the water to diffuse
and dry much more rapidly than window films that have metallized layers that are much less
permeable to water. Also, for example, the infrared reflective layer may be laminated to a
second substrate by utilizing a pressure sensitive adhesive. In the solar control window films
of the present invention, the pressure sensitive adhesive is a silicone pressure sensitive
adhesive that provides greater stability to degradation by sunlight and moisture and
combinations thereof than is provided by acrylic and other non-silicone pressure sensitive
adhesives that are less water repellent and typically have a greater tendency to dissolve or
migrate into the infrared reflective layers of this invention. The lamination of the two
substrates together provides additional protection against handling and environmental damage
to the infrared reflective layer which is then encapsulated between two substrates rather than
being directly exposed in the inside of the building, automobile, or whatever structure to
which the window film is attached. For added protection of the solar control window film
against scratching or other types of damage to the optical clarity, the opposite side of this
second substrate may be coated with an abrasion resistant coating, such as, for example, an
UV-cured crosslinked acrylic coating. The order of the coating layers between the two
substrates is optional. For example, the infrared reflective layer may be coated on the second
substrate or coated on both the first and the second substrates, and the silicone pressure
sensitive adhesive coating layer may be interposed between the first substrate and the infrared
reflective layer on the second substrate.

In still another aspect of the solar control window films of this invention comprising
infrared reflective films, the thickness of the first or infrared reflective layer is 0.01 to 0.1
microns. In one embodiment, the average width and depth of the crystals of the aminium
radical cation compound are less than the thickness of the first layer. In one embodiment, the
average length of the crystals of the aminium radical cation compound is greater than the
thickness of the first layer. The dimensions of the crystals may be measured under a high
power microscope or, even more accurately, by a scanning electron microcscope (SEM). The

thickness of the infrared reflective coating may be measured by cross-sectioning the infrared
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reflective layer and the substrate and then measuring the thickness using a SEM. This cross-
sectioning process also provides measurements on the depth and the length of the crystals, as
well as measuring the depth or thickness of the first layer.

In another aspect of the solar control window films of this invention comprising
infrared reflective films, the thickness of the first or infrared reflective layer is 0.1 to 0.3
microns. In one embodiment, the average width and depth of the crystals of the aminium
radical cation compound are less than the thickness of the first layer. In one embodiment, the
average length of the crystals of the aminium radical cation compound is greater than the
thickness of the first layer.

In a further aspect of the solar control window films of the present invention, the
percent haze of the window films is less than 3 percent, and preferably less than 2 percent.
The formation of crystals of the aminium radical cation compound increases the haze of the
coating since typically at least one of the dimensions of the crystals is 0.2 micron or higher.
Although the percent haze in darker, less visibly transparent window films, such as those with
a visible light transmittance below about 60%, is less noticeable, a haze level above about 3
percent is undesirable in low color window films with a visible light transmittance above
about 60%.

To minimize the haze level, the thickness of the infrared reflective layer may be
reduced to make the sizes of the crystals lower. Also, for lower haze, it is preferable to form
the crystals during the initial drying step for the infrared reflective layer, such as by a solvent-
induced crystallization, rather then forming the crystals by a post-heating process. Another
approach to lowering the haze is to put an overcoating or laminate a layer, such as a pressure
sensitive adhesive layer, on the infrared reflective layer. In one embodiment of the present
invention, the pressure sensitive adhesive layer is a silicone pressure sensitive adhesive,
preferably a dimethylpolysiloxane pressure sensitive adhesive, in a hydrocarbon solvent, such
as heptane that does not dissolve or otherwise attack the crystals or the organic polymer in the
first layer. This pressure sensitive adhesive may be applied directly to the first layer or may
be coated on the second substrate and then laminated to the first layer. A combination of
these approaches may be used to obtain a lower haze level.

In another aspect of the solar control window films of this invention, the infrared

reflective layer comprises from 70 percent to 99 percent by weight of the aminium radical
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cation compound in a crystalline state. In one embodiment, the infrared reflective layer
comprises 10 to 70 percent by weight of the aminium radical cation compound in a crystalline
state. The remainder of the infrared reflective layer may be one or more organic polymers.
The crystalline state of the aminium radical cation compound allows a large weight percent of
organic polymers and other coating materials to be combined with the aminium radical cation
compound without significantly reducing the infrared reflectance, whereas typically not more
than 15 percent by weight of polymers and other additives may be added to the non-
crystalline state of the same aminium radical cation compound without eliminating most of
the infrared reflectance of the layer.

In another aspect of the solar control window films of the present invention, the
maximum infrared reflectance peak of the first or infrared reflective layer .is greater than 20
percent reflectance, and preferably greater than 30 percent reflectance. In one embodiment,
the maximum infrared reflectance of the first or infrared reflective layer is in the infrared
region from 1250 nm to 1400 nm.

Another aspect of this invention pertains to security markings comprising the infrared
reflective films of the present invention. In one embodiment, the security markings comprise
an infrared reflective film comprising a substrate and at least one infrared reflective layer,
wherein the infrared reflective layer comprises an aminium radical cation compound in a
crystalline state and an organic polymer and has a reflectance peak in the infrared region from
1250 nm to 1700 nm, and wherein the infrared reflective layer is in contact with a layer
comprising a silicone polymer.

Still another aspect of this invention pertains to an optical article comprising the
infrared reflective films of the present invention. In one embodiment, the optical article
comprises an infrared reflective film comprising a substrate and an infrared reflective layer,

wherein the infrared reflective layer comprises an aminium radical cation compound in a

crystalline state and an organic polymer, wherein the infrared reflective layer has a reflectance

peak in the infrared region from 1250 nm to 1700 nm, and wherein the infrared reflective
layer is in contact with a layer comprising a silicone polymer. Optical articles include, but are
not limited to, solar control window films, security markings and security marking systems,
test strips for analysis of fluids, photovoltaic cells, infrared blocking films for outdoor kiosks

and other displays, transparent credit cards, infrared filters, and other applications where the
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article may be detected or utilized optically in the infrared region. In one embodiment, the
infrared reflective film comprises a laser imaged pattern in the infrared reflective layer
comprising the aminium radical cation compound, wherein the infrared absorption of the
aminium radical cation compound has been changed by exposure to a laser and the laser
imaged pattern is readable in the infrared region. Typically, the laser is an infrared laser, such
as, for example, a semiconductor diode laser emitting at 830 nm or a YAG laser emitting at
1065 nm. In one embodiment, the laser imaged pattern is readable in the eye-safe region
above 1400 nm. This broad infrared range for detection from 700 nm to 1600 nm, and higher
depending on the choice of the aminium radical cation compound, is useful in providing an
option for reading the infrared film at an eye-safe wavelength so that, for example, it could be
read with an infrared laser device at a store checkout counter or in a crowded room without
concern about harming any of the people present.

Another aspect of the present invention relates to a method of making an infrared
reflective film, wherein the method comprises the steps of providing (a) a substrate
comprising a transparent polyester film, (b) a first or infrared reflective layer overlying the
substrate, wherein the first layer comprises an aminium radical cation compound in a
crystalline state and an organic polymer, (c) a second layer comprising a silicone polymer,
wherein the second layer is in contact with the first layer on one surface, and (d) a second
substrate comprising a transparent polyester film, wherein the second substrate is on the side

of the second layer opposite to the side in contact with the first layer.
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CLAIMS

1. An infrared reflective film comprising a first substrate and an infrared reflective layer
overlying said first substrate, wherein said infrared reflective layer comprises an aminium
radical cation compound in a crystalline state and an organic polymer, wherein said infrared
reflective layer has a reflectance peak in the infrared region from 1250 nm to 1700 nm, and

wherein said infrared reflective layer is in contact with a layer comprising a silicone polymer.

2. The infrared reflective film of claim 1, wherein said silicone polymer comprises a silicone

pressure sensitive adhesive.

3. The infrared reflective film of claim 1, wherein said infrared reflective film comprises a
second substrate and wherein said first substrate and said second substrate are laminated
together and said infrared reflective layer and said layer comprising a silicone polymer are

interposed between said first and said second substrates.

4. The infrared reflective film of claim 3, wherein said silicone polymer comprises a silicone

pressure sensitive adhesive.

5. The infrared reflective film of claim 1, wherein said aminium radical cation compound is a
salt of an aminium radical cation, wherein the anion of said salt is selected from the group

consisting of hexafluoroantimonate and hexafluorophosphate.

6. The infrared reflective film of claim 1, wherein said aminium radical cation compound is a

salt of a tetrakis(phenyl)-1,4-benzenediamine radical cation.

7. The infrared reflective film of claim 1, wherein said aminium radical cation compound is a

salt of a tris(phenyl)-aminium radical cation.

8. The infrared reflective film of claim 1, wherein said infrared reflective layer exhibits an
absorption peak in the range of 800 to 900 nm.
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9. The infrared reflective film of claim 8, wherein the absorption of said infrared reflective
layer in the range of 420 to 680 nm is less than 20% of the absorption at said absorption peak
in the range of 800 to 900 nm.

10. The infrared reflective film of claim 8, wherein the absorption of said infrared reflective
layer in the range of 420 to 680 nm is less than 10% of the absorption at an absorption peak in
the range of 830 to 860 nm.

11. The infrared reflective film of claim 1, wherein said organic polymer is selected from the
group consisting of an aliphatic urethane polymer, a divinyl ether polymer, a fluoropolymer,

and a silicone polymer.

12. The infrared reflective film of claim 11, wherein said divinyl ether polymer is selected
from the group of polymers of the divinyl ethers of ethylene glycol, diethylene glycol,
triethylene glycol, tetraethylene glycol, 1,4-butanediol, and 1,4-cyclohexanedimethanol.

13. The infrared reflective film of claim 11, wherein said fluoropolymer is a polyvinylidene

fluoride.

14. The infrared reflective film of claim 11, wherein said silicone polymer of said infrared

reflective layer is a dimethylpolysiloxane.

15. The infrared reflective film of claim 1, wherein said silicone polymer is a

dimethylpolysiloxane.

16. The infrared reflective film of claim 1, wherein said at least one infrared reflective layer

comprises an aliphatic urethane polymer and a divinyl ether polymer.

17. The infrared reflective film of claim 1, wherein said first substrate comprises a transparent

substrate.
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18. The infrared reflective film of claim 1, wherein said first substrate is a transparent

polyester film.

19. The infrared reflective film of claim 18, wherein said transparent polyester film comprises
an ultraviolet light absorbing compound that provides greater than 98 percent absorption in

the wavelength region from 310 nm to 370 nm.

20. A solar control window film, wherein said window film comprises said infrared reflective
film of claim 1.

21. A solar control window film, wherein said window film comprises an infrared reflective
film comprising:
a first substrate comprising a transparent polyester film;
b. a first layer comprising an aminium radical cation compound in a crystalline state
and an organic polymer;
c. asecond layer comprising a silicone polymer, wherein said second layer is in
contact with said first layer on one surface;
d. asecond substrate comprising a transparent polyester film, wherein said second
substrate is on the side of said second layer opposite to the side in contact with

said first layer.

22. The solar control window film of claim 21, wherein said crystalline state is characterized
by the presence of crystals of said aminium radical cation compound and by a shift of one or
more low percent transmittance peaks in the infrared spectrum of said aminium radical cation
compound in said crystalline state by at least 100 nm to the long wavelength side from the
minimum percent transmittance peak of said spectrum of said aminium radical cation

compound in a state of single, non-crystallized molecules in a 10°M solution in 2-butanone.

23. The solar control window film of claim 22, wherein said crystalline state is further

characterized by a shift of one or more low percent transmittance peaks in the infrared
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spectrum of said aminium radical cation compound in said crystalline state by at least 50 nm
to the short wavelength side from the minimum percent transmittance peak of said spectrum
of said aminium radical cation compound in a state of single, non-crystallized molecules in a

10°M solution in 2-butanone.

24. The solar control window film of claim 21, wherein said infrared reflective film exhibits

a reflectance peak in the infrared region from 1250 nm to 1700 nm.

25. The solar control window film of claim 21, wherein the thickness of said first layer is

0.01 to 0.1 microns.

26. The solar control window film of claim 25, wherein the average width and depth of said
crystals of said aminium radical cation compound are less than the thickness of said first

layer.

27. The solar control window film of claim 25, wherein the average length of said crystals of

said aminium radical cation compound are greater than the thickness of said first layer.

28. The solar control window film of claim 21, wherein the thickness of said first layer is 0.1

to 0.3 microns.

29. The solar control window film of claim 28, wherein the average width and depth of said
crystals of said aminium radical cation compound are less than the thickness of said first

layer.

30. The solar control window film of claim 28, wherein the average length of said crystals of

said aminium radical cation compound are greater than the thickness of said first layer.

31. The solar control window film of claim 21, wherein the percent haze of said window film

is less than 3 percent.
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32. The solar control window film of claim 21, wherein the percent haze of said window film

is less than 2 percent.

33. The solar control window film of claim 21, wherein said first layer comprises from 70

percent to 99 percent by weight of said aminium radical cation compound.

34. The solar control window film of claim 21, wherein the maximum infrared reflectance

peak of said first layer is greater than 20 percent reflectance.

35. The solar control window film of claim 21, wherein the maximum infrared reflectance

peak of said first layer is greater than 30 percent reflectance.

36. The solar control window film of claim 21, wherein the maximum infrared reflectance

peak of said first layer is in the infrared region from 1250 nm to 1400 nm.

37. The solar control window film of claim 21, wherein said silicone polymer comprises a

silicone pressure sensitive adhesive.

38. The solar control window film of claim 37, wherein said first substrate and said second
substrate are laminated together and said first layer and said second layer are interposed

between said first and said second substrates.

39. A security marking, wherein said security marking comprises said infrared reflective film

of claim 1.

40. An optical article, wherein said optical article comprises said infrared reflective film of

claim 1.

41. The optical article of claim 40, wherein said infrared reflective film comprises a laser

imaged pattern n said layer comprising said aminium radical cation compound, wherein the
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infrared absorption of said aminium radical cation compound has been changed by exposure

to the laser and said laser imaged pattern is readable in the infrared region.

42. The optical article of claim 41, wherein said laser imaged pattern is readable in the eye-

safe region above 1400 nm.

43. A method of making an infrared reflective film, wherein said method comprises the steps

of providing:
a. a first substrate comprising a transparent polyester film,
b. a first layer overlying said first substrate, wherein said first layer comprises an
aminium radical cation compound in a crystalline state and an organic polymer,
c. asecond layer comprising a silicone polymer, wherein said second layer is in
contact with said first layer on one surface;
d. asecond substrate comprising a transparent polyester film, wherein said second

substrate is on the side of said second layer opposite to the side in contact with

said first layer.
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