0 02/41045 A1l

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
23 May 2002 (23.05.2002)

PCT

(10) International Publication Number

WO 02/41045 Al

(51) International Patent Classification’”: GO02B 1/04, 5/22

(21) International Application Number: PCT/US01/08251
(22) International Filing Date: 15 March 2001 (15.03.2001)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
09/714,932 17 November 2000 (17.11.2000) US
(71) Applicant: 3M INNOVATIVE PROPERTIES COM-
PANY [US/US]; 3M Center, Post Office Box 33427, Saint
Paul, MN 55133-3427 (US).
(72) Inventors: MCGURRAN, Daniel, J.; Post Office Box
33427, Saint Paul, MN 55133-3427 (US). GILBERT,
Laurence, R.; Post Office Box 33427, Saint Paul, MN
55133-3427 (US). KLAENHAMMER, Bryan, L.; Post
Office Box 33427, Saint Paul, MN 55133-3427 (US).
OLSON, James, A.; Post Office Box 33427, Saint Paul,
MN 55133-3427 (US).

(74) Agents: BURTIS, John, A. et al.; Office of Intellectual
Property Counsel, Post Office Box 33427, Saint Paul, MN
55133-3427 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AT

(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA,

CH, CN, CR, CU, CZ, CZ (utility model), DE, DE (utility

model), DK, DK (utility model), DM, DZ, EE, EE (utility

model), ES, FI, FI (utility model), GB, GD, GE, GH, GM,

HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK,

LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,

MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SK

(utility model), SL, TJ, TM, TR, TT, TZ, UA, UG, UZ, VN,

YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

[Continued on next page]

(54) Title: COLOR TAILORABLE PIGMENTED OPTICAL BODIES WITH SURFACE METALIZATION

104

100

102 EXEMPLE3 /
z
o 0
2 o T
E g0%| NOYAU
8 70% [POLYMERE%T |||
3 60% i METAL %T
z 50% _— L =
S 40% | CORPS OPTIQUE %T /%R
2 30% +—+————
2 0% | CORPS OPTIQUE %T /%R
3 i
" 0/‘2100 425 450 475 500525 550 575 600 625 650 675 700{725 750 775 800

LONGUEUR D’ONDE (NM)

106

(57) Abstract: A color-tailorable, surface-metalized, pigmented optical body comprising a single or multiple layer polymeric core
comprising at least one layer of a thermoplastic polymer material having dispersed therein a particulate pigment, and a metallic layer
located on at least one outer surface of the polymeric core. The optical bodies are generally constructed such that the at least one of
the L*, a*, and b* color scales of the polymeric core differs from the L*, a*, and b* color scales of the metallic layer.
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Color Tailorable Pigmented Optical Bodies with Surface Metalization

FIELD OF THE INVENTION
The present invention relates to color-tailorable polymeric optical bodies and
products made therefrom. More particularly, the present invention relates to color-

tailorable pigmented polymeric optical bodies made of polyester with surface metalization.

BACKGROUND OF THE INVENTION

Tinted polymeric films, and particularly tinted polymeric films made of polyester,
find utility in a broad range of applications. These films, for example, can be applied to a
base transparent substrate (e.g., a window or auto glass pane) to provide neutral (gray) or
colored tint to the window or auto glass. They can also be used to tint the surface of a
display device, mirror, or other piece of optical equipment.

One method for tinting a polymeric base film employs dyeing the base film with
one or more color dyes. Typically in such methods, the neutral or colored tint is obtained
by imbibing (or blending) the base film material with a combination of yellow, red, and
blue dyes. While these dyed films generally retain high clarity and low haze, prolonged
exposure to ultraviolet radiation (which occurs naturally during outdoor use or by
exposure to fluorescent light or other UV-emitting light source) can cause significant
degradation of the dye molecules and lead to tinting color alteration, tinting power
deterioration, bleaching, and reduced light transmission.

Another method sometimes employed for tinting a polymeric film is to apply a
pigmented coating to the surface of a base polymeric film. Generally, such coatings are
applied as thin layers and employ a relatively high pigment concentration to achieve a
desired tint level. These highly-concentrated pigment coatings can suffer numerous
processing and performance drawbacks. For example, the high pigment concentrations
necessary to achieve requisite tinting strengths are difficult to uniformly disperse within

the thin coating, and these high surface pigment concentrations generally suffer faster
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environmental deterioration. Moreover, such pigmented coatings typically suffer greater
haze and reduced clarity.

Yet another method for tinting a polymeric base film employs surface metalization.
Polymer films are evenly coated with a metallic layer to provide tinting in applications
that require a higher degree of weatherability, such as solar control and commercial glass.
Although traditional surface metalization techniques improve environmental stability (i.e.
color-stability or colorfastness) of the tinted films, optical properties such as color,
transmission, reflectivity, and absorption are constrained to the optical properties of the
specific metals and the thickness of the metallic layer. Because of these constraints,
applications are limited depending upon the type of metals used.

There exists, therefore, a need for a film that provides the benefits of surface
metalization, while still permitting optical properties such as color, transmission,

reflectivity, and absorption to be tailored to the specific application.

SUMMARY OF THE INVENTION

Briefly, in one aspect, the present invention provides a color-tailorable, surface-
metalized pigmented optical body comprising a single or multiple layer polymeric core.
The polymeric core comprises at least one layer of a thermoplastic polymer material
having dispersed therein a particulate pigment, and a metallic layer is located on at least
one outer surface of the polymeric core.

In another aspect, the present invention provides a color-tailorable, surface-
metalized pigmented optical body comprising a single or single or multiple layer
polymeric core comprising at least one layer of a thermoplastic polymer material having
dispersed therein a partiéulate pigment, and a metallic layer located on at least one outer
surface of the polymeric core. The metallic layer has L*;,, a*y,, and b*y,, color scales, the
polymeric core has L*, a*,, and b*;, color scales, and least one of the L*p,, a*,, and b*,,
values differs from the corresponding L*,, a*;, and b*, values within the visible spectrum.

In another aspect, the invention provides a color-tailorable, surface-metalized
pigmented optical body comprising a single or multiple layer polymeric core comprising
at least one layer of a thermoplastic polymer material having dispersed therein a

particulate pigment, and a metallic layer located on at least one outer surface of the
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polymeric core. The transmission spectrum of the metallic layer differs from the
transmission spectrum of the polymeric core within the visible spectrum.

In yet another aspect, the invention provides a color-tailorable, surface-metalized,
pigmented optical body comprising a single or multiple layer polymeric core comprising
at least one layer of a thermoplastic polymer material having dispersed therein a
particulate pigment, and a metallic layer located on at least one outer surface of the
polymeric core. The transmission spectrum of the optical body differs from the
transmission spectrum of both the metallic layer and the polymeric core within the visible
spectrum.

In still another aspect, the invention provides a color-tailorable, surface-metalized
pigmented optical body comprising a single or multiple layer polymeric core, comprising
at least one layer of a thermoplastic polymer material having dispersed therein a |
particulate pigment, and a metallic layer located on at least one outer surface of the
polymeric core. The color scales of the optical body are L*,, a*,, and b*, and the a*,, and
b*, values range from about -5 to about 5 within the visible spectrum.

The above summary of the present invention is not intended to describe each
illustrated embodiment or every implementation of the present invention. The detailed

description and figures which follow more particularly exemplify these embodiments.

DESCRIPTION OF THE DRAWINGS
FIG. 1 is a graph of the reflection and transmission spectra of an optical body for one
embodiment of the invention, wherein the metallic layer is comprised of aluminum and the
polymeric core is comprised of polyethylene terephthalate and carbon black.
FIG. 2 is a graph of the reflection and transmission spectra of an optical body for one
embodiment of the invention, wherein the metallic layer is comprised of silver and the
polymeric core is comprised of polyethylene terephthalate and carbon black.
FIG. 3 is a graph of the reflection and transmission spectra of an optical body for one
embodiment of the invention, wherein the metallic layer is comprised of aluminum and the
polymeric core is comprised of polyethylene terephthalate and Pigment Blue 60.
FIG. 4 is a graph of the reflection and transmission spectra of an optical body for one

embodiment of the invention, wherein the metallic layer is comprised of aluminum and the
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polymeric core is comprised of polyethylene terephtalate, carbon black, and a blue Ceres
XR-RF dye.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The optical bodies of the present invention generally comprise a polymeric core
into which a particulate pigment of a selected mean diameter is uniformly dispersed and a
metallic layer which is located on at least one outer surface of the polymeric core. The
base polymeric core of the optical body comprises at least one oriented or non-oriented
thermoplastic pigmented material, which is generally, but not necessarily, in the form of a
film. In its entirety the core can be comprised of one, several, or many individual layers.
In some embodiments, the core body is a multi-layer optical film. The metallic layer
comprises a metal or alloy and generally has a uniform thickness within the outer surface
of the optical body. The metallic layer can single or multi-layered. In some embodiments,
one or more additional transparent layers are placed in contact with at least one outer
surface of the polymeric core and/or at least one outer surface of the metallic layer. These
additional layers are sometimes referred to as “skin” layers. In certain configurations, the
optical body comprises a metallic layer that is located intermediate between two
pigmented, polymeric cores. The optical bodies are generally constructed such that a
sufficient percentage of light is transmitted through the optical body, wherein the actual
percentage will depend on the desired application. The optical bodies are also generally
constructed using complimentary pigments and metals that provide desired optical
properties such as color, transmission, reflectivity, and absorption within a desired portion
of the visible spectrum (i.e. between about 360 and about 760 nm).

Polymeric Core

The core of the optical body can incorporate any thermoplastic polymer material,
including any polyester-containing polymer. Useful polyester polymers include polymers
having terephthalate or naphthalate comonomer units, for example, polyethylene
naphthalate (PEN), polyethylene terephthalate (PET) and copolymers and blends thereof.
Examples of other suitable polyester copolymers are provided in, for example, published
patent application WO 99/36262 and in WO 99/36248, both of which are incorporated
herein by reference. Other suitable polyester materials include polycarbonates,

polyarylates, and other naphthalate and terephthalate-containing polymers, such as, for
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example, polybutylene naphthalate (PBN), polypropylene naphtahalate (PPN), and blends
and copolymers of the above with each other or with non-polyester polymers.

The optical body core can also include or comprise a multilayer optical film.
Generally speaking, multilayered optical films are used to create optical interference filters
that reflect light via designed constructive interferences between a multiplicity of layers
with alternating low and high indices of refraction. Such films can be composed of either
isotropic or birefringent layers, or combinations thereof. Birefringent optical films are
constructed in mulitlayer “stacks” for which the Brewster angle (the angle at which
relfectance of p-polarized light goes to zero) is controlled to a desired value by control of
the relative values of the various indices of refraction in the layers. This property allows
for the construction of multilayer mirrors and polarizers whose reflectivity for p-polarized
light decreases slowly with angle of incidence, are independent of angle of incidence, or
that increases with angle of incidence away from the normal. As a result, multilayer films
having high reflectivity (for both s- and p-polarized light for any incident direction in the
case of mirrors, and for the selected polarization in the case of polarizers) over a wide
bandwidth, can be achieved.

Useful multilayer constructions are disclosed, for example, in the following
published patent applications, all of whose descriptions are incorporated herein by
reference: WO 95/17303, WO 96/19347, and WO 97/01440. Among the most useful
films are multilayer constructions made of alternating layers of PEN and a co-polymer of
PEN, for example a 70-naphthalate/30 terephthalate co-polyester (co-PEN), or other
polymers having a lower refractive index than PEN.

Often, the ability to achieve properties desired in a single or multi-layer polymeric
body is influenced by the processing conditions used to prepare it. The polymeric optical
body, for example, can be formed by a casting process wherein a molten polymer
composition is extruded through a die and cast as a film upon a cooled casting wheel. The
desired casting thickness of the cast film will depend in part on the desired use for the
optical body, and may be achieved by control of the process conditions under which the
body is formed. Typical casting thicknesses range from about 0.3 mm to as much as 3.0
mm, though, depending on the particular end use, thinner or thicker castings can be made.

A cast polymeric body can optionally be oriented, again depending on the
particular set of properties desired. Typically, an oriented body is oriented after a
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quenching process in either or both the lengthwise (sometimes referred to as machine)
direction and the transverse (or cross-machine) direction. Although the degree of
orientation in either direction can vary greatly (and are not necessarily the same), typically
stretching dimensions vary between 2.5 and 5.0 times the body’s cast dimensions. A cast
polymeric body can also be heated before or during orientation, e.g., by infrared lamps or
forced convection, to raise its temperature slightly above its glass transition temperature.

When multilayer optical films are employed, for example, it may be necessary to
achieve given relationships among the various indices of refraction (and thus the optical
properties) of the multilayer device. In the case of organic polymer films, these properties
can be obtained and/or controlled by stretching or orientation. Generally, this is
accomplished by preparing the polymer films by co-extruding the individual polymers to
form a multilayer film and then orienting the film by stretching at a selected temperature,
optionally followed by heat-setting at a selected temperature. Alternatively, the extrusion
and orientation steps may be performed simultaneously. In the case of multilayer optical
bodies in the form of a polarizer, the multilayer film typically is stretched substantially in
one direction (uniaxial orientation). In the case of multilayer optical bodies in the form of
a mirror, the film is substantially stretched in two directions (biaxial orientation).

When stretched, the core polymeric body may also be allowed to dimensionally
relax in the cross-stretch direction from the natural reduction in cross-stretch (equal to the
square root of the stretch ratio) or may also be constrained (i.e., no substantial change in
cross-stretch dimensions). The core film may be stretched in the machine direction, as
with a length orienter, and in the width direction using a tenter, or at diagonal angles.

It will be understood with respect to such stretching and orientation processes, that
the pre-stretch temperature, stretch temperature, stretch rate, stretch ratio, heat set
temperature, heat set time, heat set relaxation, and cross-stretch relaxation are selected to
yield a film having desired propetties, including a desired refractive index relationship.
These variables are inter-dependent. For example, a relatively low stretch rate could be
used or coupled with, e.g., a relatively low stretch temperature. It will be apparent to one
of ordinary skill how to select the appropriate combination of these variables to achieve a
desired multilayer device. In general, in the case of multilayer films that are in the form of
polarizers, the film is typically stretched along at least one axis. Along this stretch axis,

the preferred stretch ratio is 1:2-10 (more preferably 1:3-7). In the case of mirror films,
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the film is typically stretched along both axes. It is generally preferred that the stretch
ratio along both axes (which can be the same or different from one another) be in the range
of 1:2-10 (more preferably 1:2-8, and most preferably 1:3-7).
Pigment

The single or multiple layer polymeric core described above further comprises at
least one layer of a thermoplastic polymer material wherein dispersed within the
thermoplastic material is a particulate pigment or a combination of particulate pigments.
The uniformly-dispersed pigment will ideally comprise particles that have mean diameter
of between about 10 nm and about 500 nm. The relatively small size of these particles
helps reduce the optical body’s surface roughness and amount of internal light scattering,
which can deleteriously raise the surface and bulk haze of the optical body, respectively.
Generally, the most readily available and widely used particulate pigments will be
conventional carbon blacks, many different grades of which are available commercially.
Other useful pigments include the following: inorganic compounds such as oxides, salts
and other compounds of iron, titanium, antimony, zirconium, zinc, barium, calcium,
cadmium, lead, chromium, molybdenum, manganese, silicon, aluminum, sodium, cobalt,
copper, and other metals, such compounds being exemplified by iron oxides, ammonium
ferrocyanides (iron blues), titanium dioxides, antimony oxides, zirconium oxides,
zirconium silicates, zinc oxides, zinc sulfides, barium sulfates, calcium carbonates,
calcium sulfates, cadmium sulfides, cadmium selenides, lead sulfates, chromium oxides,
chromates, molybdates, manganates, silica, silicates, aluminosilicates, sodium alumino
sulphosilicates (ultramarines) such as Ultramarine Blue, Ultramarine Violet, and
Ultramarine Pink, and other metal oxides, as well as other simple and complex inorganic
compounds; inorganic complexes, such as Pigment Blue 28, Cobalt Blue, Cobalt
Aluminate, King's Blue, Thenard's Blue, Cadmium Red, Molybdate Orange, Lead
Molybdate, Chrome Yellow, Lead Chromates, Chrome Green, Pigment Yellow 53,
Titaniﬁm Yellow, Nickel Titanate, Nickel Antimony Titanate, Nickel Titanate Yellow,
Pigment Violet 16, Manganese Violet, Permanent Violet, Nuremberg Violet, Mineral
Violet, and Fast Violet; and organic pigments such as phthalocyanines, copper
phthalocyanines, quinacridones, anthraquinones, perylenes, perinones, dioxazines, diketo-
pyrrolo-pyrrols (DPPs), indanthrones, benzidines, isoindolines and isoindolinones,

benzimidazolones, and azo, disazo, or polyazo pigments (such as Naphthol Red,
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diarylides, dianisidine, and pyrazolone) including metallized azo pigments (such as Lake
Red C, Permanent Red 2B, Nickel Azo Yellow, Lithol Red, and Pigment Scarlet).
Pigments such as V,0s and P,Os can also be useful in absorbing light in the infrared and
ultra-violet, as well as visible regions, which may be desirable in certain applications.
These various pigments can be used alone or in combination to achieve different tinting
tones, absorption profiles, and/or physical properties. The particulate pigment (or pigment
blend) should be incorporated within the thermoplastic polymer in proportion to the level
of pigmentation, or "tinting," desired for the overall construction. Generally, the
particulate pigment will be added to the thermoplastic polymer in an amount between
about 0.01 and 1.0 percent by weight, more preferably, between about 0.02 and 0.5
percent by weight, though more or less pigment can be employed depending on the
application and particular pigment chosen.

In certain embodiments, two or more particulate pigments can be used in
combination with one another to achieve a desired coloration or to optimally control a
neutral color. For example, one or more colored pigments or dyes can be combined to
make a construction of a given color (e.g., blue) or, where an optimally neutral coloration
is desired, a small amount of one or more colored pigments may be added to correct for
slight off-color absorption sometimes associated with the use of single pigments. The
latter effect, that of optimizing neutral color, can find particular application for use of
carbon black, which, when present at relatively high loadings, can display a yellow tint.
While not dependent on any particular theory, it is believed that the off-neutral coloring of
single pigments is at least in part dependent upon the dispersed particle size of the
pigment. Thus, speaking generally, in certain particle size ranges, the larger the particle
size of a dispersed pigment, the greater likelihood exists for off-color absorption. It will
be understood that where supplemental pigments or dyes are incorporated at levels that do
not interfere with the optical properties of the resulting optical bodies, their particle size
and character are not critical.

Generally, to be used in the present invention, commercial-sized agglomerates or
beads of pigment are reduced to a median diameter of between about 10 and 500 nm.
More preferably, the pigment beads are reduced to a diameter of between about 20 and
100 nm. This may be accomplished, for example, by milling the agglomerates in a

minimum amount of solvent, for example ethylene glycol, preferably also in the presence
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of a dispersing agent such as polyvinylpyrrolidone (PVP). Generally, the dispersant (e.g.
PVP) is added in an amount from about 1 to 40 parts by weight per 100 parts of carbon
black. It will be understood that the optimal ratio of dispersing agent to pigment will vary
with the type of pigment used.

The particulate pigment dispersion may be incorporated into thermoplastic
polymer material, for example, by milling the pigment into the polymer using
conventional mixing and/or milling equipment. A uniform dispersion of the particulate
pigment in the thermoplastic material is, however, more readily achieved by dispersing the
pigment into the polymer during polymerization. This allows for dispersion of the
pigment throughout a relatively low viscosity monomer mixture, avoiding the more
difficult milling processes. To accomplish this, the particulate pigment can be dispersed
into the polymer reactant medium in a suitable solvent, for example, ethylene glycol, with
the aid of PVP or other dispersant. This dispersion may also be added to the reaction mass
of a condensation polymer-forming process. Useful uniform dispersion of carbon black
particles, for example, can be obtained by adding the milled carbon black, ethylene glycol,
and dispersant to the polyester reaction mass immediately following the ester interchange
step.

' A generally preferred method for incorporating the particulate pigment into the
pre-polymerized reaction mass is to first create a slurry of the particulate pigment in
ethylene glycol. A useful slurry can be created with 10 percent pigment by weight in the
ethylene glycol. As noted above, the slurry can also incorporate one or more wetting or
dispersing agents, such as PVP. The slurry can be pre-mixed and, after pre-mixing, be
passed several times through a media mill. The milled mixture can also be passed through
a fine filter (e.g., on the order of 1 micron) to provide additional particle size control. The
final mixture can be charged directly to a reaction vessel along with the pre-polymerized
condensation polymer forming reaction mass. The resulting polymer typically will be
loaded with about 1 to about 5 percent by weight of the pigment. The high shear mixing
both within the mill during mixing and during the polymerization reaction within the
reaction vessel can help contribute to the uniformity of the pigment dispersion within the
polymer and can help reduce undesired agglomeration of the particles in the polymer

resin.
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Metallic Layer and Surface Metalization

In accordance with the invention, a metallic layer is typically located over at least
one outer surface of the polymeric core. The metallic layer is generally comprised of a
single type of metal or a combination of metals in the form of an alloy or a multi-layered
metallic layer. In certain embodiments, it may be desirable to use a metallic layer that
combines various metals, metal-oxides, and/or alloys in a multi-layered structure. Specific
metals and alloys are chosen based on the desired color, transmission, reflectivity, and
absorption properties of the optical body. Some examples of suitable metals include
aluminum, silver, gold, copper, nickel, titanium, iron, stainless steel, platinum, tin, lead,
chromium, inconel, and combinations thereof. Other transition metals, oxides, and alloys
thereof will also be suitable for certain applications.

A metallic layer with a uniform thiékness over the surface of the polymeric core is
desirable for most applications, and the range of acceptable thicknesses will vary
depending on: the type of metal or alloy used; the type, concentration, and particle size-
particulate pigment; and the optical body’s intended use. For example, if an optical body
is to be constructed with a metallic layer comprising aluminum having a transmission in
the visible region in the range of 1 to 90 percent, the thickness of the metallic layer should
range between about 29 nm and about 0.5 nm, respectively. If the metallic layer
comprises nickel, the range of thickness for a 1 to 90 percent transmission should be
between about 52 nm and about 0.5 nm, respectively. For a metallic layer comprised of
silver, the range of thickness for a 1 to 90 percent transmission should be between about
69 nm and about 2 nm, respectively. These thickness ranges, however, will also vary with
changes in the optical body’s particulate pigment type, particle size, and concentration.

The placement of the metallic layer over the polymeric core can be achieved using
one of several surface metalization techniques well-known to those of ordinary skill in the
art. Such known processes include vapor deposition, cathode sputtering, pyrolysis,
powder coating, ion plating, e-beam deposition, and the like. Vapor deposition and
cathode sputtering are often preferred‘ in view of the uniformity of structure and thickness
that can be obtained. Cathode sputtering is also particularly useful with deposition of
metal alloys in order to maintain uniformity in the composition of the metallic layer. As

an alternative to surface metalization techniques, the metal layer may also be constructed

10
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as a separate sheet and then laminated onto one or more outer surfaces of the polymeric
core.

In certain embodiments, it may also be desirable to construct an optical body
comprising a metallic layer located intermediate the pigmented polymeric core and an
additional layer comprising a thermoplastic material having dispersed therein a particulate
pigment. The polymeric core and the additional layer can comprise the same or different

polymeric materials or particulate f)igments, depending on the desired application.

“Skin” Layers

In accordance with the invention, at least one additional layer can
optionally be placed in contact with at least one outer surface of the polymeric core (such
that the layer is intermediate to the polymeric core and the metallic layer) and/or at least
one outer surface of the metallic layer. This layer, which is sometimes referred to as the
“skin” layer, can act to reduce the surface roughness of both the polymeric core and the
overall construction and maintain the clarity and low haze of the optical body. The skin
layers may also be used to impart scratch resistance, chemical resistance and/or increased
weatherability. These skin layers typically are free of particulate pigment. The skin layer
or layers can be coextruded onto one or more outer surfaces of the polymeric core. -
Alternatively, the skin layer or layers can be coated or laminated onto the polymeric core
and/or the outer surface of the metal layer using a suitable pressure sensitive or non-
pressure sensitive adhesive. Suitable coatings include, but are not limited to, hardcoats,
adhesives, antistatics, adhesion promoting primers, UV stabilizing coating, friction
reduction layers etc. One or more additional layers (films, laminates, and/or coatings) can
also be incorporated along with the skin layers. The skin layers are preferably made of a
transparent polymer, for example, a polyester (the same or differént as that used in the
construction of the polymeric core), polyolefin, polycarbonate, or other thermoplastic

. polymer. '

Color and Optical Properties

The color, transmission, reflectivity, and absorption of the optical body within the
visible spectrum can be optimized by simultaneous manipulation of the pigmented
polymeric core and the metallic surface layer. The color of the optical body, which can be

defined by the L*, a*, and b* color scales, is determined by the respective L*, a*, and b*

11
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values of both the polymeric core and the metallic surface layer. The L*, a*, and b*
values are based upon the CIE (International Commission on lllumination) method, which
determines the color scales using the transmission or reflection of the test material as a
function of the wavelength of incident light, the spectral power of a chosen standard
illuminant, and the color-matching functions of a CIE standard observer. The CIE
procedures for determining L*, a*, and b* values are described in detail in ASTM E308
and ASTM E1164. ASTM E308 discusses the standard practice for computing the colors
of objects using the CIE system, and ASTM E1164 discusses the standard practice for
obtaining spectrophotmetric data for object-color evaluation. The L*, a*, and b* values
cited herein are those determined using transmission within the visible spectrum, the CIE
standard Iluminant C (representing daylight), and the color-matching functions of a 2
degree CIE standard observer.

The L*a*b* color scales for a given object serve as coordinates to describe a
certain color region in a three-dimensional color space. The a* and b* values describe the
hue and saturation of the color. For example, a positive a* value is in the red region, while
a negative a* value is located in the green region. A positive b* value is in the yellow
region, and a negative b* is in the blue region. While the sign (positive or negative) of the
a* and b* values determines the hue of the optical body, the absolute value determines the
saturation of that particular hue. An increasing absolute value corresponds to a higher
saturation. The L* coordinate relates to the intensity or brightness of the optical body.
Larger positive L* values corresponds to the white region, while smaller positive L*
values approaching zero correspond to the black region. When the a* and b* color scales
of the opti;:al body approach zero, this corresponds to a neutral or gray color region.
Therefore, to obtain a gray appearance, the a* and b* color scales should have an absolute
value of about 5 or less. More preferably, the a* and b* color scales should have an
absolute value of about 3 or less.

Although the L*, a*, and b* color scales can be measured accurately to several
decimal places, an appreciable difference between color scales is generally one which can
be perceived by the human eye. The human eye perceives differences in the color scales
by noticing a change in the color or “shade” of the object. Typically, the human eye can
only perceive differences between color scales when the absolute value of the difference is

about 1 or more. To illustrate this concept, a human observer can generally perceive two

12
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different shades of yellow if one material has a* and b* color scales of 0 and 5,
respectively, and the second material has a* and b* color scales of 0 and 6, respectively.
This perceived difference in “shades” is more distinct if the absolute value of the
difference is about 2 or more. Thus, if the comparative color scales (a*, b*) are (0, 5) and
(0, 7), the difference between the yellow shades becomes more obvious to the observer.
Therefore, if a first material is considered to have a color scale that differs from the
corresponding color scale of a second material, the absolute value of the difference
between the two corresponding color scales should be about 1 or more, and more .
preferably, about 2 or more. If the two materials are considered to have corresponding
color scales that are approximately equal, the absolute value of the difference between the
respective color scales should be less than about 2, or, more preferably, less than about 1.

The color, or L*, a*, and b* values, of the optical body are determined by the
combination of the L*, a*, b* values (and the combined transmission spectra) of the
polymeric core and the metallic layer. Thus, in order to tailor the color of the optical
body, it is necessary to choose appropriate materials for the pigmented polymeric core and -
the metallic layer. For example, if the application requires a red hue, a neutral colored
metal or alloy (with a* and b* values approaching zero) could be combined with a
pigmented polymeric core having a positive a* value to produce a red tinted optical body. .
An increase in the absolute value of the a* color scale of the polymeric core will also
provide increased saturation of red color in the resultant optical body.

Similarly, if the application requires a neutral color, a metal or alloy possessing a
blue tint, or negative b* value, could be used with a pigmented polymeric core possessing
a positive b* value to provide a neutral optical body. Although the appropriate relative
absolute b* values would vary depending on the type metals, pigments, and polymers used
(and the combined transmission spectra of the metallic layer and polymeric core), a good
initial approximation is to set the absolute value of the positive and negative b*
approximately equal. Preferably, the absolute values should differ by about 2 or less, and
more preferably by about 1 or less. Once materials are chosen to obtain approximately
equal absolute values, a series of relatively easy trial and error procedures can be
performed to obtain the targeted color. Variations in, for example, pigment particulate
size, pigment concentration, and metal thickness can be made in order to produce the

optimum color in the resultant optical body.
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As an alternative to the above trial and error procedure, it is possible to determine
the appropriate L*, a*, b* absolute values of the metallic layer and polymeric core in order
to obtain the desired L*, a*, b* values of the optical body by using the calculations
described in ASTM E308. For example, if a given L*, a*, and b* combination is desired
in the optical body, the transmission spectrum that corresponds to these color scale values
in the visible region can be calculated. Then, individual transmission spectra of various
polymeric core and metallic layer configurations can be compared to select the material
combinations that will give the desired combined transmission spectrum. The final
transmission spectrum of the optical body will often be obtained by combining a metallic
layer having a transmission spectrum that differs from the transmission spectrum of the
polymeric core within the visible spectrum. In preferred embodiments, the transmission
spectrum of the optical body within the visible spectrum will also differ from both the
transmission spectrum of the metallic layer and the transmission spectrum of the
polymeric core within the visible region.

An appreciable difference in transmission spectra is generally one that can be
perceived by the human eye. In order for the human eye to perceive a difference or
change in transmission (which is usually perceptible as a change in color), the difference
in transmission should be at least about 2 percent at one or more wzivelengths within the
visible region. This value of perceptible percent difference will vary, however, with the
wavelength of the interest within the visible spectrum and the sensitivity of the observer.

Since transmission is generally determined as a function of the wavelength of
incident light, the transmission of a given material will often vary within the visible
spectrum. Because of this potential variation, it is possible for the transmission spectra of
two different materials to differ across the entire visible region, or to differ only at certain
discrete wavelengths or wavelength bands within the visible spectrum. Therefore,
depending on the intended application, it may also be desirable to design optical bodies
where the transmissioﬁ spectra of the metallic layer and polymeric core differ primarily
within a narrower wavelength band (or bands) of interest within the visible spectrum.
Similarly, in certain applications, the transmission spectrum of the optical body may differ
from both the transmission spectrum of the metallic layer and the transmission spectrum of
the polymeric core within a wavelength band (or bands) of interest within the visible

region.
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The wavelength bands of interest can vary depending on the types of metals,
pigments, and polymers used to construct the optical body, as well as the intended
application. For example, in constructing optical bodies for use with fluorescent light, it
may be desirable to combine metallic layers and polymeric cores that are particularly
complimentary within the wavelength bands corresponding to fluorescent light. Typically,
fluorescent light is comprised of the following discrete wavelength bands within the
visible spectrum: about 400-410 nm, about 430-440 nm, about 530-555 nm, and about
605-635 nm. In designing the optical body to obtain the desired “color” in fluorescent
light, transmission spectra of various metallic layer and polymeric core configurations can
be compared in the aforementioned wavelength bands, rather than across the entire visible
spectrum.

In addition to comparing differences between and among the transmission spectra
of the metallic layer, polymeric core, and optical body within a wavelength band (or
bands) of interest, comparisons using the average transmission of the material within the
visible spectrum may also be useful. In some embodiments, it may be desirable for the
average transmission of the metallic layer to differ from that of the polymeric core.
Similarly, in other embodiments, the average transmission of the optical body will differ
from both the average transmission of the metallic layer and the average transmission of
the polymeric core within the visible spectrum.

One non-limiting example of a particularly useful application of this invention is
the production of neutral or gray tinted film using carbon black particulate and an
aluminum surface layer. Carbon black pigmented polymeric cores tend to be slightly
yellow in transmission, which translates into a positive b* value. Aluminum, on the other
hand, has a blue hue, or negative b* value, which is an appropriate compliment to the
carbon black. Thus, certain carbon black loadings in the polymeric core can be combined
with an aluminum layer of an appropriate thickness to produce a neutral or gray color.
The preferred thickness of the aluminum layer will vary depending on the transmission of
the film and the concentration of the carbon black. As the carbon black concentration in
the film increases and the transmission level decreases, the saturation of yellow increases.
At these higher concentrations, it is necessary to use a thickér aluminum layer to obtain
the neutral color. A thicker aluminum layer, however, can increase the reflectivity of the

optical body. If a higher level of reflectivity is undesirable for certain applications, other
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pigments, such as indanthrone, copper phtalocyanine, and cobalt aluminate can be used in
combination with the carbon black to decrease the b* value of the polymeric core.

The above examples in no way exhaust the numerous combinations that can be
used to produce tailorable color in the optical bodies. Other useful combinations include
optical bodies wherein: at least one of the L*, a*, b* values of the metallic layer differs
from the corresponding L*, a*, and b* values of the pigmented polymeric core; at least
one of the a* and b* values of the metallic layer differs from the corresponding a* and b*
values of the pigmented polymeric core; and at least one of the a* and b* values of the
metallic layer is of the same sign as the corresponding a* and b* values of the polymeric
core.

Color changes in and the neutrality of optical bodies can also be determined using
the Standard Test Method for Calculation of Color Differences from Instrumentally
Measured Color Coordinates described in ASTM D2244. The following equation
described in ASTM D2244 can be used to determine the relative color differences between
two optical bodies:

AE = [(AL*)* + (Aa*)* + A(b*)*]"2

wherein AE is the color difference between the two optical bodies being compared, and
AL*, Aa*, and Ab* are the differences in the color scales of the two optical bodies being
compared. The human eye can generally perceive a color change between the two optical
bodies being compared when the AE value is about 3 or more, and, more preferably, about
5 or more. These values of color difference will vary, however, depending on the
sensitivity of the observer.

The method described in ASTM D2244 can also be used to determine the
neutrality of the optical body relative to a neutral control. For example, if an optical body
of interest with given L*, a*, and b* color scales is compared to a control having the same
L* value as the optical body, but a* and b* values of zero, the color difference, AE,
between the optical body and control is a measure of the optical body’s neutrality. If the
color difference, AFE, is less than about 5, and, more preferably, less than about 3, the
optical body will appear as neutral or gray in color to an observer.

In addition to tailoring color, the optical body can also be designed to provide
speciﬁc transmission, reflectivity, and absorption within the visible spectrum depending

on the desired application. Manipulating the pigment in the polymeric core and the
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metallic layer can control each of these optical properties. For example, variations in
metal, pigment, and polymer type can affect the transmission of the optical body within
the visible spectrum. The metallic layer thickness, pigment concentration, and pigment
particle size also affect transmission. An increase in the thickness of the metallic layer, an
increase in the concentration (weight percent) of the pigment, or a decrease in particle size
of the pigment will reduce the transmission of the resultant optical body. The decrease in
particle size creates greater surface area at a given concentration (weight percent), which
reduces overall transmission of the optical body. In most applications, the desirable
transmission will range from about 1 to about 95 percent, and, more preferably, from
about 5 to about 90 percent.

Reflectivity and absorption can also be controlled by variations in the materials of
the optical body. Reflectivity is predominately dependent on metal type and thickness. A
change in the metal type (e.g. from Nickel to Aluminum) and an increase in the thickness
of the metal layer can increase the reflectivity of the optical body. The ability to control
reflectivity provides significant advantages in tailoring the aesthetic appearance and
functional properties of the optical body. For example, high reflectivity (usually greater
than about 25 percent) can impart a mirror-like appearance that may be aesthetically
desirable or undesirable depending on the end-use. In addition, a certain amount of
reflectivity can improve the “heat-up” properties of the optical body. When the
reflectivity increases, this generally causes a reduction in the amount of light absorbed by
the optical body. This reduction in absorption reduces the amount of energy available to
“heat-up” or raise the temperature of the optical body. In certain applications, “heat-up”
of the optical body can be detrimental. For example, if the optical body is used as a film
to tint glass, increases in the temperature of the optical body can cause the glass substrate
to fracture or crack. This increase in temperature, and thus damage to the glass substrate,
can be avoided with an increase in the optical body’s reflectivity for any given
transmission.

Hazp of the Optical Body

Preferred optical bodies or polymeric cores may also possess relatively low haze.
A useful measure of the “haze” of an optical body can be determined from the percentage
of light which, in passing through the body, deviates from the incident beam through
forward scatter by more than a specified average degree. ASTM D1003 provides one
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method for making such a measurement. When the haze of an optical body or polymeric
core is determined against light scattering about the surface of the body exposed to air, the
measured haze includes the haze caused by both surface and internal optical effects. This
is considered the “total” haze for the optical body. The optical effects generated by the
body itself internally, or “internal” haze, can be determined by measuring the haze of the
optical body or polymeric core when it is immersed in a fluid of substantially similar
refractive index. Generally, the optical bodies or polymeric cores of the invention will
exhibit an internal haze of less than about five percent, preferable less than about three
percent, and more preferably less than about two percent. Preferred optical bodies or
polymeric cores will also exhibit a total haze of less than about ten percent, more
preferable less than about five percent.
Applications

The optical bodies of the invention can be used in any application to provide a
neutral or colored tint or density filter.  The optical bodies can incorporate or be applied to
other optical bodies or films to combine multiple optical effects. For example, the optical
bodies can be incorporated along with one or more additional optically active layers to
form an IR mirror, UV absorption construction, solar control construction, polarizer, or
decorative construction. Similarly, the pigmented optical bodies of the invention can be
used to tint automotive or window glazings, such as glass or polycarbonates. The
pigmented optical bodies also find application in the construction of puncture or tear-
resistant films, safety and security films, and as contrast enhancement layers for optical
displays, for example, computer monitors, television screens, and the like.

Detailed Description of the Drawings

Figure 1 is a graph 100 of percent transmission or reflection as a function of
wavelength. The graph plots the transmission of the polymeric core 102, metallic layer
104, and optical body 106, and the reflection of the optical body 108 as a function of the
wavelength of light across the visible spectrum. The optical body in this figure was made
according to the Polymeric Core Process Al and the Metallic Layer Process C described
in connection with example 3 in the examples set forth below. The polymeric core
comprises polyethylene terephthalate and carbon black. The metallic layer comprises
aluminum with a coating thickness of 7.0 nm. The L*, a*, and b* color scales of the

metallic layer are 72.63, -1.34, and —6.12, respectively. The L*, a*, and b* color scales of
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the polymeric core are 86.22, 0.40, and 3.33 respectively. Therefore, at least one of the
color scales of the metallic layer differs from the corresponding color scales of the
polymeric core.

A comparison of the percent transmission in Figure 1of the optical body, metallic
layer, and polymeric core at one or more given wavelengths can be used to show that the
transmission spectrum of the optical body differs from both the transmission spectrum of
the metallic layer and the transmission spectrum polymeric core within the visible region.
For example, at the 500 nm wavelength the percent transmission of the optical body,
metallic layer, and polymeric core are about 38 percent, 48 percent, and 67 percent
respectively. Because the percent transmission of the optical body differs from the percent
transmission of both the metallic layer and polymeric core at one or more wavelengths
within the visible spectrum, the transmission spectrum of the optical body 106 differs from
the transmission spectra of both the metallic layer 104 and the polymeric core 102 within
the visible spectrum. Additionally, because the percent transmission of the metallic layer
and polymeric core also differ at 500 nm, the transmission spectrum of the metallic layer
differs from the transmission spectrum of polymeric core within the visible spectrum.

By comparing the transmission spectra of the optical body, metallic layer, and
polymeric core at one or more wavelengths within a defined wavelength band of interest,
it can be also determined whether the transmission spectra differ within the wavelength
band of interest. For example, if the wavelength band of interest .is defined as ranging.
from 475 nm to 525 nm, a comparison of the percent transmission at the 500 nm
wavelength in Figure 1 shows that the transmission spectrum of the optical body differs
from both the transmission spectrum of the metallic layer and transmission spectrum of the
polymeric core within this wavelength band of interest. Similarly, the transmission
spectra of the metallic layer and polymeric core also differ within this wavelength band of
interest.

The data generated from Figure 1 (see example 3 below) also reveals that the
average transmission of the optical body, metallic layer, and polymeric core differ within
the visible spectrum. The average transmission of the optical body, metallic layer, and
polymeric core within the visible spectrum are 37.8 percent, 44.2 percent, and 70.5
percent, respectively. Therefore, the average transmission of the optical body differs

from the average transmission of both the metallic layer and polymeric core, and the
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average transmission of the metallic layer differs from the average transmission of the
polymeric core.

Figure 2 is a graph 200 of percent transmission or reflection as a function of
wavelength. The graph plots the transmission of the polymeric core 202, metallic layer
204, and optical body 206, and the reflection of the optical body 208 as a function of the
wavelength of light across the visible spectrum. The optical body in this figure was made
according to the Polymeric Core Process A2 and the Metallic Layer Process F described in
connection with example 12 in the examples set forth below. The polymeric core
comprises polyethylene terephthalate and carbon black. The metallic layer comprises
silver with a coating thickness of 20 nm. The L*, a*, and b* color scales of the metallic
layer are 70.62, -4.65, and —11.85, respectively. The L*, a*, and b* color scales of the
polymeric core are 76.54, 0.72, and 6.39 respectively. Therefore, at least one of the color
scales of the metallic layer differs from the corresponding color scales of the polymeric
core.

By using similar comparisons as described in the context of Figure 1, it can also be
shown in Figure 2 that the transmission spectrum of the optical body differs from both the
transmission spectrum of the metallic layer and the transmission spectrum of the
polymeric core within the visible spectrum and within various wavelength bands of
interest within the visible spectrum. Similarly, the transmission spectrum of the metallic
layer and the transmission spectrum of the polymeric core differ within the visible region
and within various wavelength bands of interest within the visible regions.

The data generated from Figure 2 (see example 12 below) also reveals that the
average transmission of the optical body, metallic layer, and polymeric core differ within
the visible spectrum. The average transmission of the optical body, metallic layer, and
polymeric core within the visible spectrum are 19.8 percent, 40.3 percent, and 54.4
percent, respectively. Therefore, the average transmission of the optical body differs
from the average transmission of both the metallic layer and polymeric core, and the
average transmission of the metallic layer differs from the airerage transmission of the
polymeric core.

Figure 3 is a graph 300 of percent transmission or reflection as a function of
wavelength. The graph plots the transmission of the polymeric core 302, metallic layer

304, and optical body 306, and the reflection of the optical body 308 as a function of the
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wavelength of light across the visible spectrum. The optical body in this figure was made
according to the Polymeric Core Process B and the Metallic Layer Process D described in
connection with example 16 in the examples set forth below. The polymeric core
comprises polyethylene terephthalate and Pigment Blue 60. The metallic layer comprises
aluminum with a coating thickness of 9.0 nm. The L*, a*, and b* color scales of the
metallic layer are 60.51, -1.16, and —10.84, respectively. The L*, a*, and b* color scales
of the polymeric core are 88.46, -5.34, and -9.11 respectively. Therefore, at least one of
the color scales of the metallic 1ayer differs from the corresponding color scales of the
polymeric core.

By using similar comparisons as described in the context of Figure 1, it can also be
shown in Figure 3 that the transmission spectrum of the optical body differs from both the
transmission spectrum of the metallic layer and the transmission spectrum of the
polymeric core within the visible spectrum and within various wavelength bands of
interest within the visible spectrum. Similarly, the transmission spectrum of the metallic
layer and the transmission spectrum of the polymeric core differ within the visible region
and within various wavelength bands of interest within the visible regions.

The data generated from Figure 3 (see example 16 below) also reveals that the
average transmission of the optical body, metallic layer, and polymeric core differ within
the visible spectrum. The average transmission of the optical body, metallic layer, and
polymeric core within the visible spectrum are 23.5 percent, 28.7 percent, and 72.0
percent, respectively. Therefore, the average transmission of the optical body differs
from the average transmission of both the metallic layer and polymeric core, and the
average transmission of the metallic layer differs from the average transmission of the
polymeric core.

Figure 4 is a graph 400 of percent transmission or reflection as a function of
wavelength. The graph plots the transmission of the polymeric core 402, metallic layer
404, and optical body 406, and the reflection of the optical body 408 as a function of the
wavelength of light across the visible spectrum. The optical body in this figure was made
according to the Polymeric Core Process C1 and the Metallic Layer Process C described in
connection with example 21 in the examples set forth below. The polymeric core
comprises polyethylene terephthalate, carbon black, and blue Ceres XR-RF dye. The

metallic layer comprises aluminum with a coating thickness of 7.0 nm. The L*, a*, and b*
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color scales of the metallic layer are 72.63, -1.34, and -6.12, respectively. The L*, a*, and
b* color scales of the polymeric core are 67.46, -3.41, and 0.98 respectively. Therefore, at
least one of the color scales of the metallic layer differs from the corresponding color
scales of the polymeric core. The L*, a*, and b* color scales of the optical body
represented in Figure 4 are 56.39, -3.33, and -0.52, respectively. Because the a* and b*
color scales are within the range of about —5 to 5 within the visible spectrum, the optical
body will appear to have a neutral, or gray, color to an observer.

By using similar comparisons as described in the context of Figure 1, it can also be
shown in Figure 4 that the transmission spectrum of the optical body differs from both the
transmission spectrum of the metallic layer and the transmission spectrum of the
polymeric core within the visible spectrum and within various wavelength bands of
interest within the visible spectrum. Similarly, the transmission spectrum of the metallic
layer and the transmission spectrum of the polymeric core differ within the visible region
and within various wavelength bands of interest within the visible regions.

The data generated from Figure 4 (see example 21 below) also reveals that the
average transmission of the optical body, metallic layer, and polymeric core differ within
the visible spectrum. The average transmission of the optical body, metallic layer, and
polymeric core within the visible spectrum are 24.0 percent, 44.2 percent, and 38.0
percent, respectively. Therefore, the average transmission of the optical body differs
from the average transmission of both the metallic layer and polymeric core, and the
average transmission of the metallic layer differs from the average transmission of the
polymeric core.

The following examples are offered to aid in the understanding of the present
invention and are not to be construed as limiting the scope thereof. Unless otherwise
indicated, all parts and percentages are by weight.

EXAMPLES

Examples 1- 30 below are based on optical bodies constructed according to the
various particle dispersion, masterbatch, polymeric core, and metallic layer processes
described below. The tables below specify, for each example, the polymeric core and
metallic layer processes used to construct the optical body. The tables also list the
following: average transmission of the polymeric core, metallic layer, and optical body;

average reflectivity of the optical body; haze of the optical body; and the a* and b* values
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of the polymeric core, metallic layer, and optical body. The transmission spectrum of the
metallic layer, polymeric core, and optical body and the reflection spectrum of the optical .
body for examples 3, 12, 16, and 21 are shown in Figures 1-4, respectively.

Particle Dispersion A

In a 210 liter tank, 91.5% by weight of ethylene glycol and 3.5% by weight PVP
(polyvinylpyrrolidone, specifically ISP PVP K15) wetting agent were intensively mixed
for about 30 minutes using a high speed, high shear Cowles "Dissolver" mixer equipped
with a 25 cm. diameter mixing blade. While continuing to mix, 5.0% by weight carbon
black (Cabot Black Pearls 1300, which is said to have 13 nm particle size) were slowly
added to the ethylene glycol mixture. After one-half hour at 1700 rpm, the mixture was
pumped at 1 liter per minute through a high shear, (13 liter, Netzch horizontal) sand mill
contaihing a 52%, by volume, loading of uniform 0.8-1.0 mm ceramic media and shaft
rpm of 1460. The mixture was passed through the mill 7 times, 5 passes through the mill
provided a uniform dispersion of carbon black particles. The dispersion was passed
through a 1-micron cartridge filter (specifically Roki HT-10). The finished dispersion was
held in a vessel equipped with low speed agifation from a Cowles Dissolver until ready for
addition to the reactor. Analysis with Hegman Gauge and light microscopy indicated that
the dispersion was free of agglomerations larger than 1 micron, Microtrac™ particle
analyzer indicated that the volume fraction average particle/agglomerate size in the
dispersion was about 150 nm
Particle Dispersion B

In a 210 liter tank, 84.37% by weight of ethylene glycol and 1.18% by weight PVP
(polyvinylpyrrolidone) wetting agent were intensively mixed for about 30 minutes using a
high speed, high shear Cowles "Dissolver" mixer equipped with a 25 cm. diameter mixing
blade. While continuing to mix, 14.44% by weight Pigment Blue 60 (specifically BASF
Paliogen® Blue L6495F which has a specific surface area of about 80m?/g) was slowly
added to the ethylene glycol mixture. After one-half hour at 1700 rpm, the mixture was
pumped at 1 liter per minute through a high shear, (13 liter, Netzch horizontal) sand mill
containing a 52%, by volume, loading of uniform 4.75 mm stainless steel beads and shaft
rpm of 1460. The mixture was passed through the mill 5 times. The dispersion was
passed through a 5-micron cartridge filter. The filter effectively removed many of the

larger pigment agglomefates reducing the pigment level of the final mixture to 10.73% by
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weight. The finished dispersion was held in a vessel equipped with low speed agitation
from a Cowles Dissolver until ready for addition to the reactor. Analysis with Hegman
Gauge and light microscopy indicated that the dispersion was mostly free of
agglomerations larger than 1 micron, Microtrac™ particle analyzer indicated that the

volume fraction average particle/agglomerate size in the dispersion was less than 900 nm.

Masterbatch A

Into a 380 liter reactor equipped with a turbine agitator and a hot oil jacket were
charged 100 parts by weight of dimethyl terephthalate, 82.3 parts of ethylene glycol, 0.25
parts trimethylol propane, 0.025 parts cobalt acetate, 0.025 parts zinc acetate, and 0.03
parts antimony acetate. While agitating at a pressure of 138 kPa, the batch temperature
was gradually raised to 249 °C, while fractionating off 33 parts by weight of methanol.
When the batch reached 255 °C, over a period of ten minutes, the kettle pressure decreased
to 101.3 kPa. The reactor was isolated and 0.039 parts triethyl phosphonoacetate was
added and allowed to mix for five minutes. 40 parts of Particle Dispersion A were added
and allowed to mix for ten minutes. The reactor contents were transferred to a 380-liter
poiymerization vessel equipped with an anchor agitator and a hot oil jacket, and the
solution temperature was adjusted to 198 °C. The solution temperature was increased to
260 °C at 0.6 °C per minute to remove excess ethylene glycol. At 260 °C the vessel
pressure was reduced to 0.133 kPa or less over a 20-minute period while the solution
temperature was raised to 285 °C. The mixture polymerized under these conditions to an
intrinsic viscosity of 0.61 in trifluoroacetic acid. It was drained from the reactor using
nitrogen pressure through a strand die, quenched with room temperature water in a water

bath, and cut into chips.

Masterbatch B

Into a 380 liter reactor equipped with a turbine agitator and a hot oil jacket were
charged 100 parts by weight of dimethyl terephthalate, 70.32 parts of ethylene glycol,
0.125 parts trimethylol propane, 0.025 parts cobalt acetate, 0.025 parts zinc acetate, and
0.03 parts antimony acetate. While agitating at a pressure of 138 kPa, the batch
temperature was gradually raised to 249 °C, while fractionating off 33 parts by weight of
methanol. When the batch reached 255 °C, over a period of ten minutes, the kettle

pressure decreased to 101.3 kPa. The reactor was isolated and 0.039 parts triethyl
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phosphonoacetate was added and allowed to mix for five minutes. 14.3 parts of Particle
Dispersion B were added and allowed to mix for ten minutes. The reactor contents were
transferred to a 380-liter polymerization vessel equipped with an anchor agitator and a hot
oil jacket, and the solution temperature was adjusted to 198 °C. The solution temperature
was increased to 260 °C at 0.6 °C per minute to remove excess ethylene glycol. At 260 °C
the vessel pressure was reduced to 0.133 kPa or less over a 20-minute period while the
solution temperature was raised to 285 °C. The mixture polymerized under these
conditions to an intrinsic viscosity of 0.61 in trifluoroacetic acid. It was drained from the
reactor using nitrogen pressure through a strand die, quenched with room temperature

water in a water bath, and cut into chips.

Masterbatch C

Into a twin screw extruder is fed 97.75 parts of polyethylene terephthalate and 2.25
parts of blue dye (specifically Ceres XR-RF). These two components are intimately
mixed in the extruder and exit through a strand dye to be cut into chips. This dyed PET

has an intrinsic viscosity of 0.515 and a melting point of 241.6°C.

Polymeric Core Process A — Al and A2

Into a first extruder was fed a blend ranging from 82.1 parts of polyethylene
terephthalate and 17.8 parts of Masterbatch A to 93.3 parts of polyethylene terephthalate
and 6.6 parts of Masterbatch A. (Polymeric Core Process Al used 93.3 parts of
polyethylene terephthalate and 6.6 parts of Masterbatch A. Polymeric Core Process A2
used 82.1 parts of polyethylene terephthalate and 17.8 parts of Masterbatch A.) Into a
second extruder was fed 33 parts of polyethylene terephthalate (see table of examples).
While heated to 277 °C, the contents of both extruders were passed through 7 micrometer
pleated metal filters. The two streams were simultaneously fed through a drop die to
provide a single 2-layer polyester sheet, the first layer of which contained Masterbatch A
and polyethylene terephthalate and the second layer of which contained polyethylene
terephthalate. The first layer was about 0.23 mm in thickness, the second layer was about
0.077 mm in thickness, and the width of the 2-layer sheet was about 32.7 cm. After being
quenched on a water-cooled casting roll, the sheet was biaxially oriented about 3.5 times
in each direction and heat set at 232 °C to provide a film base about 0.025 mm in

thickness.
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Polymeric Core Process B

Into a first extruder was fed a blend of 81 parts polyethylene terephthalate and 19
parts of Masterbatch B. Into a second extruder were fed 81.4 parts of polyethylene
terephthalate (see table of examples). While heated to 277 °C, the contents of both
extruders were passed through 7 micrometer pleated metal filters. The two streams were
simultaneously fed through a drop die to provide a single 92—1ayer polyester sheet, the first
layer of which contained Masterbatch B and polyethylene terephthalate and the second
layer of which contained polyethylene terephthalate. The first layer was about 0.138 mm
in thickness, the second layer was about 0.169 mm in thickness, and the width of the 2-
layer sheet was about 32.7 cm. After being quenched on a water-cooled casting roll, the
sheet was biaxially oriented about 3.5 times in each direction and heat set at 232 °C to

provide a film base about 0.025 mm in thickness.

Polymeric Core Process C — C1 and C2

Into a first extruder was fed a blend ranging from 64.4 parts of polyethylene
terephthalate, 24.5 parts of Masterbatch A, and 11.1 parts Masterbatch C to 75.9 parts of °
polyethylene terephthalate, 17.7 parts Masterbatch A, and 6.3 parts of Masterbatch C.
(Po]yhleric Core Process C1 used 64.4 parts of polyethylene terephthalate, 24.5 parts of
Masterbatch A, and 11.1 parts Masterbatch C. Polymeric Core Process C2 used 75.9 parts
of polyethylene terephthalate, 17.7 parts Masterbatch A, and 6.3 parts of Masterbatch C.)
Into a second extruder were fed 81.3 parts of polyethylene terephthalate (see table of
examples). While heated to 277 °C, the contents of both extruders were passed through 7
micrometer pleated metal filters. The two streams were simultaneously fed through a drop
die to provide a single 2-layer polyester sheet, the first layer of which contained
Masterbatch A, Masterbatch C, and polyethylene terephthalate and the second layer of
which contained polyethylene terephthalate. The first layer was about 0.137 mm in
thickness, the second layer was about 0.17 mm in thickness, and the width of the 2-layer
sheet was about 32.7 cm. After being quenched on a water-cooled casting roll, the sheet
was biaxially oriented about 3.5 times in each direction and heat set at 232 °C to provide a

film base about 0.025 mm in thickness.
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Metallic Laver Process A

Aluminum was coated in a planetary-fixtured box coater onto the 21.59 cm x 27.94
cm polymer substrates. No surface treatment was used on the substrates and all were

coated during a single pumpdown. Aluminum was deposited from an e-beam source at a

rate of 0.5 nm/sec and a pressure of 8.7X10-6torr. The coating thickness was 3.5 nm
(measured crystal thickness/tooling factor is 46%) and the transmission at 550 nm was
61% after removed from the coating chamber. After subsequent atmospheric oxidation of

the metal occurred, the transmission of the metal layer increased to about 80%T.

Metallic Layer Process B

Aluminum was coated in a planetary-fixtured box coater onto the 21.59 cm x 27.94
cm polymer substrates containing varying pigment and dye loadings. No surface
treatment was used on the substrates and all were coated during a single pumpdown.

Aluminum was deposited from an e-beam source at a rate of 0.5 nm/sec and a pressure of

7.0X10-6torr. The coating thickness was 7.0 nm (measured crystal thickness/tooling
factor is 48%) and the transmission at 550 nm was 41% after removed from the coating
chamber. After subsequent atmospheric oxidation of the metal occurred, the transmission

of the metal layer increased to about 60%T.

Metallic Layer Process C

Aluminum was coated in a planetary-fixtured box coater onto the 21.59 cm x 27.94
cm polymer substrates containing varying pigment and dye loadings. No surface
treatment was used on the substrates and all were coated during a single pumpdown.

Aluminum was deposited from an e-beam source at a rate of 1.0 nm/sec and a pressure of

8.8X10-6torr. The coating thickness was 7.0 nm (measured crystal thickness/tooling
factor is 37%) and the transmission at 550 nm was 34.8% after removed from the coating
chamber. After subsequent atmospheric oxidation of the metal occurred, the transmission

of the metal layer increased to about 44%T.

Metallic Layer Process D

Aluminum was coated in a planetary-fixtured box coater onto the 21.59 cm x 27.94
cm polymer substrates containing varying pigment and die loadings. No surface treatment

was used on the substrates and all were coated during a single pumpdown. Aluminum was
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deposited from an e-beam source at a rate of 1.2 nm/sec and a pressure of 7.5X10-6torr.
The coating thickness was 9.0 nm (measured crystal thickness/tooling factor is 35%) and
the transmission at 550 nm was 23.5% after removed from the coating chamber. After
subsequent atmospheric oxidation of the metal occurred, the transmission of the metal

layer increased to about 24%T.

Metallic Laver Process E

Silver was coated in a planetary-fixtured box coater onto the 21.59 cm x 27.94 cm
polymer substrates containing varying pigment and die loadings. A 10 min. oxygen
plasma treatment was used on the substrates and all were coated during a single

pumpdown. Tie layer of Copper was deposited from an e-beam source at a rate of 0.1

nm/sec and a pressure of 3.7X10-6torr. The coating thickness was 2.0nm (measured
crystal thickness/tooling factor is 68%). Silver was deposited from an e-beam source at a
rate of 0.7nm/sec and a pressure of 2.4X10-6torr. The coating thickness was 10 nm
(measured crystal thickness/tooling factor is 99%) and the transmission at 550 nm was

68.8% after removed from the coating chamber.

Metallic Laver Process F

Silver was coated in a planetary-fixtured box coater onto the 21.59 cm x 27.94 cm
polymer substrates containing varying pigment and die loadings. No surface treatment

was used on the substrates and all were coated during a single pumpdown. Silver was

deposited from an e-beam source at a rate of 1.3nm/sec and a pressure of 2.2X10-0torr.
The coating thickness was 20 nm (measured crystal thickness/tooling factor is 90%) and

the transmission at 550 nm was 34% after removed from the coating chamber.

Testing Methods
A BYK Gardner Hazegard™ Plus (Cat. No 4725) System were used according to
ASTM D1003 to measure total haze. Total haze is the "percent of total transmitted light

which, in passing through the specimen deviated from the incident beam through forward
scatter by more than 0.044 rad (2.5°) on average. -
Caliper for the substrate was measured with the Measuretech series 2000 capacitance

thickness gauge.
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Percent transmission and percent reflection was measured by a spectrophotometer and

integrated over the visible spectrum, 360-760nm. The reflection and transmission levels

are measured from film side of the construction.

L*, a*, and b* color scales and related optical properties were calculated using the
methods set forth in ASTM E308 and E1164.
Examples 1-12

Examples 1-12 in Table 1A and 1B were produced by Polymeric Core Process Al

or Polymeric Core Process A2.

Table 1A
Example | Polymeric | Metallic Average Average Average Average
Core Layer Transmission | Transmission | Transmission | Reflectivity
Process Process | of Polymeric of Metallic of Optical of Optical
Core Layer Body Body
(%) (%) (%) (%)
1 Al A 70.5 80.3 67.8 10.0
2 Al B 70.5 69.7 52.3 7.7
3 Al Cc 70.5 442 37.8 23.8
4 Al D 70.5 28.7 28.6 222
5 Al E 70.5 70.4 55.3 114
6 Al F 70.5 40.3 27.5 42.9
7 A2 A 54.4 80.3 50.3 8.2
8 A2 B 544 69.7 43.3 8.2
9 A2 C 544 44.2 25.7 8.5
10 A2 D 544 28.7 12.0 | 252
11 A2 E 544 70.4 42.0 10.3
12 A2 F 544 40.3 19.8 29.8
Table 1B
Example | Total Haze | Polymeric | Polymeric | Metallic Metallic | Optical Optical
of Optical Core Core Layer Layer Body Body
Body (%) a* b* a¥® b* a* b#*
1 1.02 0.40 3.33 0.23 1.83 0.05 445
2 1.20 0.40 3.33 -0.06 1.42 0.24 4.63
3 1.28 0.40 3.33 -1.34 -6.12 -0.79 -0.77
4 1.79 0.40 3.33 -1.16 -10.84 -1.48 -6.20
5 1.63 0.40 3.33 -0.84 -1.45 -0.80 190
6 1.70 0.40 3.33 -4.65 -11.85 -1.40 -10.84
7 2.00 0.72 6.39 0.23 1.83 091 0.91
8 2.33 0.72 6.39 -0.06 142 0.65 0.65
9 2.33 0.72 6.39 -1.34 -6.12 ~0.54 -0.54
10 5.29 0.72 6.39 -1.16 -10.84 -1.06 -1.06
11 2.40 0.72 6.39 -0.834 -1.45 0.07 0.07
12 343 0.72 6.39 -4.65 -11.85 -1.84 -1.84
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Examples 13-18 in Table 2A and 2B were produced by Polymeric Core Process B.

Table 2A
Example | Metallic Average Average Average Average Total
Layer Transmission | Transmission | Transmission | Reflectivity | Haze of
Process | of Polymeric of Metallic of Optical of Optical Optical
Core Layer Body Body Body
(%) (%) (%) (%) (%)
13 A 72.0 80.3 63.9 9.5 1.16
14 B 72.0 69.7 574 8.7 2.18
15 C 72.0 442 43.7 9.6 1.41
16 D 72.0 28.7 235 7.8 2.55
17 E 72.0 70.4 58.2 114 1.34
18 F 72.0 40.3 31.5 434 2.67
Table 2B
Example | Polymeric Polymeric Metallic Metallic Optical Optical
Core Core Layer Layer Body Body
a* b* a* b* a* b*
13 -5.34 -9.11 0.23 1.83 -5.13 -7.20
14 -5.34 -9.11 -0.06 1.42 -7.44 -7.06
15 -5.34 -9.11 -1.34 -6.12 -4.50 -10.32
16 -5.34 -9.11 -1.16 -10.84 -4.41 -16.07
17 -5.34 -9.11 -0.84 -1.45 -4.67 -4.67
18 -5.34 -9.11 -4.65 <11.85 -4.65 -4.65

Examples 19-30

Examples 19-24 in Tables 3A and 3B were produced by Polymeric Core Process

C1 or Polymeric Core Process C2.
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Table 3A
Example | Polymeric | Metallic Average Average Average Average
Core Layer Transmission | Transmission | Transmission | Reflectivity
Process Process | of Polymeric of Metallic of Optical of Optical
Core Layer Body Body
(%) (%) (%) (%)
19 C1 A 38.0 80.3 29.9 7.1
20 Cl B 38.0 69.7 30.2 8.0
21 C1 C 38.0 44.2 24.0 13.3
22 C1 D 38.0 28.7 14.1 14.2
23 C1 E 38.0 70.4 29.3 9.0
24 C1 F 38.0 40.3 16.1
25 C2 A 48.4 80.3 42.5 8.0
26 C2 B 48.4 69.7 37.2 8.1
27 C2 C 48.4 442 29.6 12.9
28 C2 D 48.4 28.7 12.9 20.1
29 C2 E 48.4 70.4 38.2 9.7
30 C2 F 48.4 40.3 19.6 23.3
Table 3B
Example | Total Haze | Polymeric | Polymeric Metallic Metallic Optical | Optical
of Optical Core Core Layer Layer Body Body
Body a¥ b* a* b* a* b*
(%) ‘
19 2.75 -3.41 0.98 0.23 1.83 -2.89 2.00
20 2.88 -3.41 0.98 -0.06 142 -2.96 2.46
21 2.95 -3.41 0.98 -1.34 -6.12 -3.33 -0.52
22 4.13 -3.41 0.98 -1.16 -10.84 -3.87 -6.96
23 2.88 -3.41 0.98 -0.84 -1.45 -3.83 -0.54
24 3.94 -3.41 0.98 -4.65 -11.85 -4.42 -9.59
25 2.08 -1.84 2.16 0.23 1.83 -1.56 3.54
26 2.35 -1.84 2.16 -0.06 142 -1.61 3.75
27 2.53 -1.84 2.16 -1.34 -6.12 -2.16 -0.75
28 4.64 -1.84 2.16 -1.16 -10.84 -2.54 -8.13
29 2.17 -1.84 2.16 -0.84 -1.45 -2.50 0.43
30 2.88 -1.84 2.16 -4.65 -11.85 -3.50 -9.71

The present invention should not be considered limited to the particular examples

described above, but rather should be understood to cover all aspects of the invention

fairly set out in the attached claims. Various modifications, equivalent processes, as well

as numerous structures to which the present invention may be applicable will be readily

apparent to those of skill in the art to which the present invention is directed upon review

of the present specification. The claims are intended to covers such modifications and

devices.
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CLAIMS

1. A color-tailorable, surface-metalized, pigmented optical body comprising:
a single or multiple layer polymeric core comprising at least one layer of a
thermoplastic polymer material having dispersed therein a particulate pigment, and

a metallic layer located on at least one outer surface of the polymeric core.

2. The optical body of claim 1, wherein the optical body exhibits a
transmission of light within a wavelength band of interest within the visible spectrum of

from 5 to 90 percent.

3. The optical body of claim 1 wherein the optical body exhibits a total haze

of less than ten percent.

4. The optical body of claim 1, wherein the optical body exhibits an internal

haze of less than five percent.

5. The optical body of claim 1, wherein the metallic layer comprises
aluminum, silver, gold, copper, nickel, titanium, iron, stainless steel, platinum, tin, lead,

chromium, or inconel, or combinations thereof.

6. The optical body of claim 1, wherein the particulate pigment comprises a
material selected from the group consisting of carbon black, iron oxides, ammonium
ferrocyanides, titanium dioxides, antimony oxides, zirconium oxides, zirconium silicates,
zinc oxides, zinc sulfides, barium sulfates, calcium carbonates, calcium sulfates, cadmium
sulfides, cadmium selenides, lead sulfates, chromium oxides, chromates, molybdates,
manganates, silica, silicates, aluminosilicates, sodium alumino sulphosilicates, Pigment
Blue 28, Cobalt Blue, Cobalt Aluminate, King’s Blue, Thenard’s Blue, Cadmium Red,
Molybdate Orange, Lead Molybdate, Chrome Yellow, Lead Chromates, Chrome Green,
Pigment Yellow 53, Titanium Yellow, Nickel Titanaté, Nickel Antimony Titanate, Nickel
Titanate Yellow, Pigment Violet 16, Manganese Violet, Permanent Violet, Nuremberg
Violet, Mineral Violet, and Fast Violet, phthalocyanines, copper phthalocyanines,

quinacridones, anthraquinones, perylenes, perinones, dioxazines, diketo-pyrrolo-pyrrols
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(DPPs), indanthrones, benzidines, isoindolines and isoindolinones, benzimidazolones, azo
pigments, disazo pigments, polyazo pigments, metallized azo pigments, and blends or

mixtures thereof.

7. The optical body of claim 1, wherein the particulate pigment is between
about 0.01 and about 1.0 percent by weight of the polymeric core, and wherein the

particulate pigment has a mean diameter of between 10 nm and 500 nm.

8. The optical body of claim 1, wherein the thermoplastic polymer material

comprises a polyester.

9. The optical body of claim 1,

wherein the color scales of the metallic layer are L*p,, a*y, and b*y,

wherein the color scales of the polymeric core are L*p, a*;, and b*,, and

wherein at least one of the L*},, a*y,, and b*p, values differs from the corresponding

L*,, a*,, and b*}, values within the visible spectrum.

10.  The optical body of claim 1,
wherein the transmission spectrum of the metallic layer differs from the

transmission spectrum of the polymeric core within the visible spectrum.

11.  The optical body of claim 1, wherein the average transmission of the
metallic layer within the visible spectrum differs from the average transmission of the

polymeric core within the visible spectrum.

12.  The optical body of claim 1, wherein the transmission spectrum of the
metallic layer differs from the transmission spectrum of the polymeric core within a

wavelength band of interest within the visible spectrum.

13. The optical body of claim 1,
wherein the transmission spectrum of the optical body differs from both the
transmission spectrum of the metallic layer and the transmission spectrum of the

polymeric core within the visible spectrum.
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14.  The optical body of claim 1, wherein the average transmission of the
optical body within the visible spectrum differs from both the average transmission of the
metallic layer and the average transmission of the polymeric core within the visible

spectrum.

15.  The optical body of claim 1, wherein the transmission spectrum of the
optical body differs from both the transmission spectrum of the metallic layer and the
transmission spectrum of the polymeric core within a wavelength band of interest within

the visible spectrum.
16.  The optical body of claim 1,

wherein the color scales of the optical body are L*,, a*,, and b*,, and

wherein the a*,, and b*, values range from -5 to 5 within the visible spectrum.
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