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OPTICAL STRUCTURES INCLUDING POLYUREA

BACKGROUND OF THE INVENTION
Polyurea materials are known 1n the industry because of use in extreme
applications. Polyurea has properties, such as rapid cure, good weathering, desirable

chemical properties, and abrasion resistance to exceptional physical properties, such

as hardness, flexibility, and tear strength. Polyurea materials have at least two

components: isocyanate containing material and an amine resin containing co-

reactant. When the materials are mixed together, the i1socyanates and the amine

resins react to form a urea linkage.

SUMMARY OF THE INVENTION

Until now, sheet-like polyurea films and optical structures are not known to
have been developed. Additionally, optical microstructures, such as cube-corner
prisms, are not known to have been formed from polyurea material.

Optical structures and sheeting that include polyurea and method for forming
same are proposed in accordance with aspects of the present invention. One and

two-component layers can be used to form multi-layered optical structures. The

. optical sheeting can include microstructures formed from polyurea. The sheeting

can include at least one of cube-corner prisms, open-faced cube-corner prisms, linear
prisms, lenticular lenses, moth-eye structures, lenses, Fresnel lens arrays, lenses, and

fish-eye lens arrays.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages of the invention
will be apparent from the following more particular description of various
embodiments of the invention, as illustrated in the accompanying drawings in which
like reference characters refer to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead being placed upon illustrating
the principles of the invention. All parts and percentages are by weight percent
unless otherwise indicated.

FIG. 1 1s a perspective view of one embodiment of forming a pblyurea sheet
in accordance with one aspect of the present invention.

FIG. 2 1s a perspective view of the cured polyurea sheet being removed from
the underlying substrate in accordance with the embodiment iltustrated in FIG. 1.

FIG. 3 1s a schematic of ‘another embodiment of forming polyurea sheeting in
accordance with another aspect of the present invention.

FIG. 4 1s a schematic of yet another embodiment of forming polyurea
sheeting 1n accordance with a further aspect of the present invention.

FIG. 5 1s a schematic of yet another embodiment of forming polyurea
sheeting 1n accordance with another aspect of the present invention.

FIG. 6 1s a schematic of a further embodiment of forming polyurea sheeting
in accordance with another aspect of the present invention.

F1G. 7 1s a schematic of an embodiment of forming polyurea sheeting which
can include microstructures therein in accordance with another aspect of the present
invention.

FIG. 8 is a plot illustrating the tensile strength of an exemplary polyurea
sheet.

F1G. 9 1s a side view of a polyurea optical structure that is provided in
accordance with aspects of the invention.

FIG. 10 is a side view of the polyurea optical structure of FIG. 9 in which the

bottom layer has been removed and a microstructured layer has been formed on the

structure.



WO 2004/014977

10

15

20

25

30

CA 02494609 2005-02-02
PCT/US2003/024522

23

FIG. 11 1s a side view of a polyurea optical structure that is provided in
accordance with other aspects of the invention.

FIG. 12 1s a side view of the polyurea optical structure of FIG. 11 in which
the bottom layer has been removed and a microstructured layer has been formed on
the structure.

FIG. 13 1s a side view of a polyurea optical structure that is provided in
accordance with further aspects of the invention.

FIG. 14 1s a side view of the polyurea optical structure of FIG. 13 in which
the bottom layer has been removed and a microstructured layer has been formed on

the structure.

DETAILED DESCRIPTION OF THE INVENTION

A description of various embodiments of the invention follows.

FIGS. 1 and 2 1illustrate one embodiment of forming a polyurea film or sheet
10. As used herein, the terms "sheet” and "film" can be used interchangeably.
Generally, the term "sheet" can be defined as a broad, thin piece of material, while
the term "film" can be defined as a thin, flexible transparent sheet. In some
embodiments, both a sheet of polyurea and a film of polyurea are sufficiently
flexible enough to roll up on itself. As shown in FIG. 1, polyurea 12 is poured onto
a carrier sheet or substrate 14 which is selected such that thé polyurea does not stick
thereto. The carrier sheet or substrate 14 is selected to impart appropriate film
surface optical properties and can be useful for adhering structures to the polymeric
film 1n a future manufacturing step. In specific embodiments, the substrate 14 can
include polyolefin, polyester, polyethylene terephthalate (PET), polycarbonate, or
other suitable materials.

Thus, in the embodiment shown in FIG. 1, the polyurea 12 is applied to the
substrate 14 and a suitable device, such as a board or wire wound rod 16, having a
substantially straight edge is employed to level the polyurea. The polyurea sheet 10
1s allowed to cure and the resulting sheet is then peeled off of the carrier substrate
14, as 1llustrated in FIG. 2. Such a sheet can have a thickneés in the range of

between about 2.5 and 500 micrometers.
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In the embodiment of FIG. 3, polyurea 12 is sprayed or placed on the
substrate 14, such as by a spray gun 18, and the polyurea is allowed to at least
partially cure before being wound up on take-up roll 20. In a particular embodiment,
the polyurea is allowed to slowly cure, for example, five to ten minutes, and the
polyurea is self-leveling to form the polyurea sheet 10. The substrate 14 has, in
particular embodiments, desired surface properties on both sides so that a wound roll
of the layered film imparts the correct surface properties to both sides of the
polyurea sheet.

In the embodiment shown in FIG. 4, polyurea 12 is deposited, for example,
by spray gun 18 onto carrier sheet or substrate 14, and a second carrier sheet or
substrate 15 is provided on top of the polyurea at nip roller 22. Excess polyurea
material is gathered at tray 24. The polyurea material sandwiched between the
substrates 14, 15 is wound up by take-up roll 20. The thickness of the sheet 10 can
be controlled by aging time of the polyurea after being deposited on the substrate 14,
and by the pressure applied on the carrier substrates 14, 15 by nip roller 22. In one
embodiment, the sheet can have a thickness in the range of between about 2.5 and
500 micrometers.

FIG. 5 illustrates an embodiment of forming polyurea sheeting 10 1 which
an isocyanate prepolymer 26 is dispensed onto discrete portions of a sheet or
substrate 14 and an amine resin 28 is dispensed onto discrete portions of the
substrate 14 such that they are allowed to at least partially diffuse or mix into each
other to form the polyurea sheeting 10. For example, the materials can be dispensed
as very fine zig-zag lines adjacent one another. A fluorescent colorant, dye,
pigment, or other suitable colorant 30, can also be dispensed onto the substrate 14
and allowed to diffuse into the isocyanate prepolymer 26 and the amine resin 28. A
second sheet or substrate 15 can be applied at nip roller 22 to sandwich the polyurea
sheeting between the substrates 14 and 15. The sandwiched sheeting can further be
taken up by a take-up roller 20.

In other embodiments, the raw materials for forming the polyurea sheeting,
such as the isocyanate prepolymer, the amine resin, and the dye, pigment, or colorant

can be mixed and supplied onto a substrate by feeding the materials through a static
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mixer. An advantage of this method is that air bubbles are minimized, and
preterably eliminated, in the mixed polyurea. In any of the embodiments herein, at
least one of the substrates 14 and 15 can be pre-heated or vibrated or both to
facilitate better mixing of the materials.

FIG. 6 1llustrates yet another embodiment of forming polyurea sheeting in
accordance with aspects of the present invention. A layer of isocyanate prepolymer
32 1s provided on substrate 14, and a layer of an amine resin 34 is provided on
substrate 15. The isocyanate prepolymer 32 is pressed against the amine resin 34 by
nip roller 22 to form the polyurea sheeting 10, which can be taken up by take-up
roller 20. At least one of the substrates 14 and 15 can be preheated to facilitate
better mixing between the isocyanate prepolymer and the amine resin.

FIG. 7 illustrates another embodiment of forming polyurea sheeting 10 in
which polyurea material 12 is provided on sheet or substrate 14. The polyurea
material 12 1s pressed against the substrate 14 by a roller 36, and the sheeting can be
taken up by take-up roller 20. The surface of the roller 36 can be smooth to provide
a substantially flat polyurea sheeting 10, or in other embodiments, the outer surface
of the roller can include a microstructured surface to form microstructures in the
polyurea sheeting 10. For example, the outer surface of the roller 36 can be
structured to form at least one of cube-corner prisms, open-faced cube-corner
prisms, linear prisms, lenticular lenses, cylindrical lenses, moth-eye structures,
Fresnel lenses, Fresnel lens arrays, lenslets, surface relief diffusers, diffractive
structures, light scattering structures, and fish-eye lens arrays in the polyurea
sheeting. Additionally, the opposing side of the polyurea sheet 10 can also have a
microstructured surface which can, in a particular embodiment, be formed with
another roller similar to roller 36. The sheet can then be cut into particles, chips, or
flakes that have the microstructured surface on both sides. A sheet 10 having only
one side having a microstructured surface can also be cut into particles, chips, or
flakes.

In other embodiments, the polyurea material can be used to form optical
sheeting. Some or all of the optical sheeting can be formed from the polyurea. For

example, the optical sheeting can be monolithic including microstructures formed
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from polyurea. Monolithic, two-sided open-faced prism sheeting can be formed
from polyurea. The sheeting can be cut or diced into particles, chips, or flakes. The
microstructures can include at least one of cube-corner prisms, open-faced cube-

corner prisms, linear prisms, lenticular lenses, cylindrical lenses, moth-eye

~ structures, Fresnel lenses, Fresnel lens arrays, lenslets, surface relief diffusers, °

diffractive structures, light scattering structures, and fish-eye lens arrays.

In any of the embodiments, an ultraviolet curable thermoset material can be
used to form any of the sheets, films, substratés,' or microstructures. In other
embodiments, microstructures can be formed from a molded thermoplastic. The
microstructures can be formed from a nickel-coated mold as disclosed, for example,

in U.S. Patent 3,689,346, 1ssued to Rowland on September 5, 1-972. :

Cube-corner or prismatic retroreflectors are described in U.S. Patent
3,712,706, 1ssued to Stamm on January 23, 1973; U.S. Patent 3,684,348, issued to
Rowland on August 14, 1972; and U.S. Patent 3,689,346, issued to Rowland on
September 5, 1972. Linear prisms are taught in U.S.\Pat'ent 3,846,012, 1ssued to
Brown on November 5, 1974; and U.S. Patent 4,260,220, issued to Whitehead on
April 7, 1981, Moth-eye structures ar.e disclosed mn U.S. Patent 4,013,465, issued to
Clapham et al. on March 22, 1977. Open-faced retroreflective sheeting is disclosed

in U.S. Patent Application No. 09/488,129, filed January 20, 2000,

now 1ssued as U.S. Patent No. 6,967,053. As set forth

therein, the microstructured sheeting can be cut or formed into chips, flakes, or
components. Fresnel lenses and lens arrays are disclosed, for example, in U.S.

Patent 5,840,352, 1ssued to Shimizu et al. on November 24, 1998. Lenslets are

disclosed, for example, in U.S. Patent 5,300,263, issued to Hoopman et al. on April

-5, 1994, Surface relief diffusers are disclosed in U.S. Patent 6,130,730, issued to

30

Jannson et al. on October 10, 2000. Diffractive and light scattering structures are
disclosed in U.S. Patent 6,327,083, issued to Goldenberg et al. on December 4, 2001

‘and U.S. Patent 6,271,967, issued to Stork on August 7, 2001. Fish-eye lens arrays

are disclosed, for example, m U.S. Patent 5,836,674, issued to Nishitani et al. on

- November 17, 1998.
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The polyurea microstructures can be formed or cast onto a film or sheet, such
as a cured polyurea film 10 or other sheets formed from suitable material, such as
polycarbonate. Polyurea matenial can also be used to form the optical structures
including the binder disclosed in U.S. Provisional Patent Application No.

60/380,990, filed on May 15, 2002, now issued as U.S. Patent No. 7,364,314, More
specifically, two-sided retroreflective chips, flakes, or components can be dispersed in a
binder.

In other embodiments, some or all of the optical sheeting or optical structure
can be formed with fluorescent, colored, or tinted material to increase the visibility
of the structure. A fluorescent colorant that can be used is disclosed in U.S. Patent
6,323,266, 1ssued to Phillips on November 27, 2001.

More particularly, the ﬂuoréscent colorant can

include a xanthene-based fluorescent dye. Also, the fluorescent dye can include a
dye selected from a group consisting of fluoresceins, thodamines, eosines, )

phloxines, uranines, succineins, sacchareins, rosamines, and rhodols. The

fluorescent color can alternatively include a dye selected from the group consisting

of anthraquinones, pyranines, benzopyrans, thioxanthenes, and perylene imides. An

exemplary dye can be purchased from Keystone Analine Corporation, having a
product description of Orange 63. Another exemplary dye can be purchased from
BASF Chemical Corporation, having a product description of F300 Red.

In other embodiments, a polyol can be further included 1n the polyurea to
improve flexibility of a structure formed therefrom. In a particular embodiment, the
polyol can include a linear polyether polyol, or a branched polyether polyol, or both.
In a particular embodiment, the linear polyether polyol can have a hydroxyl number
in the range of between about 107 and 117, and can be purchased from Bayer
Corporation, having a product name of BAYCOLL ND 1110. The branched
polyether polyol can have a hydroxyl number in the range of between about 25 and
400, and can be purchased from Bayer Corporation, having a product name of

BAYCOLL NT 1380. Other suitable pOlYOlS known to the urethane industry can be

used in accordance with aspects of the present invention.
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In some embodiments, the polyurea can have an amine-functional resin
having an amine value of between about 100 and 300 and an equivalent average
weight of about 279. An exemplary amine-functional resin can be purchased from
Bayer Corporation, having a product name of DESMOPHEN*NH 1420. Other low
viscosity, secondary amines, such as polyaspartic esters with reactivity substantially
lower than primary amines, are suitable in accordance with embodiments of the
invention.

In other embodiments, the isocyanate used to make the polyurea can include
an aliphatic polyisocyanate. In a particular embodiment, the isocyanate is a low
viscosity aliphatic polyisocyanate resin based on hexamethylene ditsocyanate (HDI).
In a particular embodiment, the 1socyanate includes a NCO group that is between
about 1.48 and 2.88 percent. An exemplary aliphatic polyisocyanate can be
purchased from Bayer Corporation, having a product name of DESMODUR%N 3400.
Other 1socyanates, such as 1sophorone or hexane diisocyanate and the like, can be
substituted 1n accordance with aspects of the present invention.

In other embodiments, the 1socyanate is an aliphatic polyisocyanate having a
low viscosity solvent-free polyfunctional aliphatic polyisocyanate resin based on
hexamethylene diisocyanate (HDI). In a specific embodiment, the isocyanate
mcludes a NCO group between about 22.5 and 23.5 percent. An exemplary
1socyanate aliphatic polyisocyanate can be purchased from Bayer Corporation,
having a product name of DESMODUR N 3600. ' \

In further embodiments, a light stabilizer can be provided in the polyurea.
An exemplary light stabilizer can be purchased from Ciba Speciality Chemicals
under the trade name TINUV IN*l 23.

A method for forming a very flexible polyurea is also provided herein. A
first premix 1is prepared by mixing trifunctional polyols with difunctional isocyanate
to end~cap substantially all hydroxyl groups. A second premix is prepared by
mixing polyfunctional isocyanate with difunctional polyols and further mixing in
difunctional isocyanate to cap the polyfunctional isocyanate with difunctional
polyol. The mixture is then end-capped with excess difunctional isocyanate to

convert substantially all hydroxyl groups to isocyanates. The first premix and the

*Trademark
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second premix are then mixed together to obtain a substantially homogeneous
prepolymer mixture. The substantially homogeneous prepolymer mixture 1s then
mixed with the amine-resin to form the polyurea which can be used to form all or
some of an optical structure.

In other embodiments, one-component polyurea can be used to form optical
structures. An advantage of a sheet or film formed from one-component polyurea 1s
that it is tough and durable. Another advantage is that the one-component polyurea
does not adhere to certain layers, such as PET films. Examples of one-component
polyurea are available from Engineered Polymers, Inc., for example, having product
codes 1KSP and 1X800. In some embodiments, it can be difficult to form a layer of
one-component polyurea, for example, thicker than about 25 micrometers (1 mil). It
is believed that after the film is formed on the surface, the water and solvent cannot
evaporate from underneath, which can cause incomplete polymerizéﬁon. In one
embodiment, a thicker sheet of one-component polyurea can be formed by applying
a plurality of thin coats of one-component dispersion.

Sheeting formed from two-component polyurea, for example, an 1socyanate
and a resin blend, is known to be flexible. However, the sheeting can be difficult to
peel off of certain layers or films, for example, a PET film. In other embodiments, a
multi-layered or composition polyurea optical structure can be formed from one- and
two-component polyurea layers to maximize the benefits of the one and two-
component layers. For example, a relatively flexible polyurea sheet that 1s tough on
the outer edges and that does not adhere to certain layers can be formed.

FIGS. 9 and 10 illustrate an embodiment of a polyurea optical structure that
is formed from one- and two-component polyurea layers. A one-component
polyurea layer 36 can be formed on a layer 38, such as a PET film. A two-
component polyurea elastomer layer 40, such as an aliphatic polyurea elastomer
prepared by mixing an isocyanate component and a resin blend, can be formed on
the one-component polyurea 36. Another one-component layer 36 can be provided
on the two-component polyurea 40, and a layer 38, such as a PET film, can be

provided on the layer 36 to provide the multi-layered polyurea structure illustrated 1n
FIG. 9.
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As 1llustrated 1n FIG. 10, one of the layers 38 can be removed and a
microstructured layer 42, such as an array of cube-corner prisms, can be formed on
layer 36. The polyurea optical structure can be attached to a garment by applying an
adhesive, such as a heat-activated adhesive, on a metallized coating formed on the
microstructured layer 42. The remaining layer 38 can be removed, if desired.

FIGS. 11 and 12 illustrate another embodiment of a polyurea optical
structure that is also formed from one- and two-component polyurea layers. A one-
component polyurea layer 36 can be formed on a layer 38, such as a PET film. A
two-component polyurea elastomer layer 40, such as an aliphatic polyurea elastomer
prepared by mixing an isocyanate component and a resin blend, can be formed on
the one-component polyurea 36. A layer 38, such as a PET film, can be provided on
the layer 40. In other embodiments, the two-component polyurea layer 40 can be
provided directly on the layer 38, obviating the need for the one-component polyurea
layer 36. In further embodiments, a one-component polyurea layer can be formed on
the top layer 38.

As 1llustrated in FIG. 12, the bottom layer 38 can be removed and a
microstructured layer 42, such as an array of cube-corner prisms, can be formed on
layer 36. In other embodiments, the one-component polyurea layer 36 is not present
and the microstructured layer 42 is formed directly on the two-component polyurea
layer 40. The polyurea optical structure can be attached to a garment by applying an
adhesive, such as a heat-activated adhesive, on a metallized coating formed on the
microstructured layer 42.

FIGS. 13 and 14 illustrate yet another embodiment of a polyurea optical
structure that can be formed from one- and two-component polyurea layers. A one-
component polyurea layer 36 can be formed on a layer 38, such as a PET film.
Another one-component layer 36 can be formed on another layer 38, such as a PET
film. An optional two-component polyurea elastomer layer 40, such as an aliphatic
polyurea elastomer prepared by mixing an isocyanate component and a resin blend,
can be used to laminate layer 38 to layer 36, as shown in FIG. 13.

As 1llustrated in FIG. 14, the bottom layer 38 can be removed and a

microstructured layer 42, such as an array of cube-corner prisms, can be formed on
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layer 36. The polyurea optical structure can be attached to a garment by applying an
adhesive, such as a heat-activated adhesive, on a metallized coating formed on the
microstructured layer 42.

In other emb odiments, retroreflectors are provided that include retroreflective
elements, such as glass beads. A procedure for forming the polyurea film with
retroreflective glass beads includes securing a polyester film, such as a § mil (0.127
nmn) MEL]NEX%6 17 film, to a bench top. A one-component polyurea coating, such
as 1KSP, can be applied in.a thin layer with a paint brush to form a first layer. The
layer is dried for about five minutes using a heating gun. A second layer with the
same consistency as the first layer 1s coated on the first layer. The second layer is
allowed to air dry for about twelve minutes. Glass beads, such as type WGB254,
refractive index 2.25+ .03, Asahi Techno Glass Corp., are scattered onto the second
layer of the polyurea. The polyurea film with retroreflective glass beads is allowed
to dry for another thirty minutes before handling. Any excess glass beads can be

shaken and brushed off from the structure.

Example 1
The flexibility of a polyurea film was improved by adding flexible polyols

mto the prepolymer.

The tear strength was improved by capping the polyfunctional reactive
materials separately. Instead of creating a random network betweén isocyanates and
polyols, this approach prevents the links between two polyfunctional reactive
materials DESMODUR N 3600 and BAYCOLL NT 1380.

Two premixes of prepolymer were prepared separately and a tin catalyst was
used to accelerate the reaction. In the first premix, trifunctional polyols (BAYCOLL
NT 1380) were mixed with excess difunctional DESMODUR N 3400 to end cap all

~ hydroxyl groups, creating isocyanate prepolymer with a flexible polyol backbone. In

the second premix, polyfunctional DESMODUR N 3600 was capped with
difunctional polyol BAYCOLL ND 1110. The mixture was then end-capped with
excess difunctional DESMODUR N 3400 to convert all hydroxyl groups to

isocyanates. Both premixes sat overnight at room temperature and then baked at

*Trademark
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65°C for two hours. The two premixes were mixed together to obtain a
homogeneous prepolymer mixture. The prepolymer mixture was mixed with
DESMOPHEN NH 1420 for one minute. The mixture was then vacuum deaerated
and then aged about five to eight minutes. Polyurea films were made depositing the
polyurea on a DuPont Mylaf6 J-film and rolling on a PET film over the polyurea by a
nip roller at about 350 kPa (50 psi).

The sample was tested and was tack free after about one hour. The sample
sat overnight to more fully cure. The sample was easily peeled off from both PET
and DuPont Mylar J-Films. The resulting polyurea film 1s very soft (vinyl-like) and
having good elasticity. FIG. 8 is a plot illustrating the tensile strength of a polyurea
sheet in which an elongation of 166% was realized before tearing at a load of about

178 N (40 1bs).

Example 2

The resin mixture of Example 1 was poured into a cube-corner prism mold
with a 75 micrometer pitch and excess air was removed under vacuum. A
polyethylene cover was placed over the resin and the sandwich was squeezed
betwﬁfeen rollers to form a smooth face. The polyethylene cover was removed after
twelve hours and the cured polymer was pulled from the mold. The resulting
microstructured cube-corner array displayed retroreflective brightness of ahout 509

cd/m* at 0.2° entrance/5° observation angle.

Example 3

Polyurea films were made from commercial product VersaFlex: "Aliphatic
Clear Coat".

The aliphatic polyurea was aged for 3-18 minutes. The sample was then
drawn down on PET film, tie-coated PE, MELINEX and Mylar J-Films (from E.IL
Dupont de Nemours and Company) to form thin films of polyurea having a thickness
in the range from about 20.32 to 83.82 micrometers (0.8 to 3.3 mils). These

polyurea films were used as base films to cast cube-corner prisms. The resulting

*Trademark
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microstructured cube-corner array from these samples displayed a retroreflective

brightness as illustrated in Table I below.

TABLE I
me———r— K eI e
Aged 13 min (1.5~2.0 Mils)/ observation angle of (° 186 83
observation angle of _1_9_’_7_ 165 _1_l§ §Q 70
90° 212 {175 | 127 | 83 76

Tie Coated PE Average Brightness

263 | 215 | 152 | 95 | 83
263 1222 158 |[103 |90
263 [ 218 [155 | 99 | 87

Aged 11 min (1.0 Mils)/ observation angle of 0°
observation angle of

90°
Mylar J

Average Brightness

344 | 286 | 203 | 127 | 111
344 1293 1208 | 135 | 118
344 (290 | 205 |131 | 115

Aged 3 min (1.5 Mils)/ observation angle of 0°
| observation angle of

9Q°
MELINEX 617

Average Brightness

300 | 250 | 180 | 111 | 104
300 1258 | 186 | 119 | 111
300 [ 254 (183 | 115 | 108

Aged 4 min (1.0 Mils)/ observation angle of 0°
observation angle of

90°
MELINEX 617 Average Brightness

336 | 286 | 203 | 119 | 118
336 1286 | 208 127 | 111
336 | 286 |[205 |123 | 115

Aged 9 min (0.8 Mils)/ observation angle of 0°
observation angle of

90°
MELINEX 617 Average Brightness

Aged 18 min (1.8~3.4 Mils)/ observation angle of 0°
observation angle of

163 | 103 | 97
175 | 111 | 104
169 | 107 | 101

278
285
282

90°
untreated PE Average Brightness

Example 4

A moisture curable polyurea resin, available from Visuron Technologies, Inc.
having product code #6062, was spread onto a release coated nickel, cube-corner
mold. The mixture was allowed to cure for 12 hours and then removed from the
mold. The surface had a "wrinkled" appearance due to shrinkage. However, the
resulting cube-corner structure displayed bright retroreflection indicating that it is a

well-formed structure.
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Example 5
Ninety grams of the moisture curable polyurea resin #6062, which 1s

available from Visuron Technologies, Inc., was mixed with 10 grams of aluminum

metallized cube-corner chips. The mixture was poured onto a smooth acrylic sheet
5 and allowed to cure for 24 hours. The resulting flexible, clear polyurea film

contaming the retroreflective elements was peeled from the acrylic sheet and

displayed bright retroflection when light was directed toward it.

Example 6
A mixture similar to that of Example 5 was made with 15 percent of the

10 metallized cube-corner chips and poured onto glass, aluminum, and concrete. The
samples were allowed to cure for 6 hours and the resulting coated objects

retroreflected light when light was directed toward them.

Example 7
Polyurea film cast as a two-part composition of J EFFAMII‘QEs*and

15 DESMODUR N 3400 was heated to 150°C in order to insure complete cure. The
resulting filin was placed onto a release coated nickel cube-cormer mold at about
175°C 1n a Carver press. The material was pressurized to 55.1 MPa (8,000 psi) for
3.5 minutes and then cooled. The polyurea film was removed from the mold and
displayed bright retroreflection when light was directed toward it.

20 Example 8
Polyurea f1lm cast from water dispersion, one-component polyurea that can

be purchased from Engineered Polymers, Inc. having product code 1KSP, was
| ‘pressed onto a release coated nickel, corner-cube mold at 180°C and 55.1 MPa
(8,000 ps1) for 4.5 minutes. The press was cooled and the film removed from the
25 mold. The film displayed bright retroreflection when light was directed toward it.

*Trademark



CA 02494609 2005-02-02

WO 2004/014977 PCT/US2003/024522

10

15

20

-15-

Example 9

One-component polyurea 1KSP was spread onto a release coated nickel,
corner-cube mold and heated to 80°C for 30 minutes to remove the water. The

resulting film was removed from the mold and it was found to retroreflect light when

light was directed toward it.

Example 10

A 25 micrometer (1 mil) thick coating of one-component polyurea 1KSP was
formed on a 51 micrometer (2 mil) thick PET film. The films were dried at 120°C
for 15 minutes to obtain about a 13 micrometer (0.5 mil) thick 1IKSP film. The
sample 1s referred to as a "1KSP/PET film". An aliphatic polyurea elastomer was
prepared by mixing isocyanate and resin through a static mixer. A composition or
multi-layered polyurea structure was formed by dispensing the polyurea elastomer
on the 1IKSP/PET film. A 1KSP film was formed on the polyurea elastomer and a
PET film was formed on the 1KSP film. The composition polyurea structure was
then sandwiched between a nip roller at about 350 kPa (50 psi) to form a smooth
film. The film was then allowed to sit overnight to more fully cure.

The PET film was then peeled from one side and the structure was then
baked at about 160°C for 15 minutes to substantially eliminate moisture/solvent in
the 1KSP layers. An array of cube-corner prisms was cast on the exposed 1KSP
film. A heat-activated adhesive can be applied to the cube-corner prisms to attach

the composition film to a garment. The remaining PET film can then be peeled off

the multi-layered film.



CA 02494609 2005-02-02

WO 2004/014977 PCT/US2003/024522

10

15

~16-

Example 11

Table II below illustrates various examples that were manufactured n

accordance with embodiments of the invention.

TABLE 1l

1K72K Multilayer | Cube-Corner

Polyurea Film Prisms on

{without carrier) HiZK
Polyurea Flim

| SIA [eduxim?] |

Break { Break fegm‘;ggb‘t

Stress | Elongation | - |
®|FOEEON  Angle)

Aliphatic Polyurea Elastomer

Isocyanate Component Rasin Blend

Sample DESMODUR | JEFFAMINE | JEFFAMINE | JEFFAMINE | JEFFAMINE | JEFFAMINE REAGTAMINEE;:SMOPHEM psi] %] g |
N30 | D200 | XTIEI0 | D20O0 TR, | XIJH0 | 400SP | NHUN |
) s |y mer g s L e | 5920 | 8468 | 1758 | 10 97
L ' OT IO . N0 OO .01 SO S DR 19841 | L2t ] A6) M3
............................... T Tmge | a0 | qass | 3a0 | deer  } tera | @4} 7)) 46
Tae | s | 3w | m | as | ass | s | s | o)
T"as | 2 | aeh | dsr | 78 | 4sa8 | wero | 267 }uer] 9
& | am | e | sm | 4z | 08 | sar | o420 | w3 | 0] 4®
9 | 03 | 37 1545 | 1648 | 3640 11854 | 210§ 1357] 418
R N | I I — S DU x|
| | 28] 308

With reference to Table II, JEFFAMINE products are available from

Huntsman Corporation. REACTAMINE products are available from Engineered
Polymers, Inc. All parts are by weight percent unless otherwise indicated.

Examples of one-component polyurea are available from Engineered
Polymers, Inc., for example, having product codes 1KSP and 1K800. 1KSP 1S a
high temperature polyurea that is hydrolytically stable while 1K800 is more flexible.
Polyurea films based on these materials were made by drawing down a 25
micrometer (1 mil) thick coating of the material with a knife-blade applicator on a
PET film having a thickness of about 51 micrometers (two mils). The material sat at
room temperature for about 10 minutes and was then hung in the oven to dry at an
elevated temperature of 120°C for 15 minutes.

Two-component polyurea elastomers were prepared by mixing a
polyisocyanate component and the resin blend through a static mixer. The materials

used in these examples are summarized in Table Il. The 1socyanate component
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(which can be referred to as the "A-side" or the prepolymer) was prepared ahead of
time by slowly adding amines (JEFFAMINE D2000 and/or XTJ-510) to
DESMODUR N 3400, which was preheated at 60°C. The reaction mixture was
mixed appropriately by maintaining a good vortex during the addition of amines, and
moisture was isolated with a dry inert gas throughout the process.

The resin blend (which can be referred to as the "B-side" or mixture of
amines) of each formulation was made by mixing components together using a
stirrer for 10 minutes or uhtil the mixture became uniform. The resin blend was then
kept in a 60°C oven for at least 1 hour to make sure it was homogeneously mixed.

Both sides were packed in 1:1 cartridges (volume ratio of 1.00) and kept at
room temperature until used. For better mixing and dispensing effects, the
cartridges were heated to 60°C right before each application. The dispensing gun
was set at 350 kPa (50 psi) for each individual extrusion process.

The composition or multi-layered polyurea structures with each two-
component formulation are made by dispensing the polyurea elastomer on a one-
component polyurea layer that is on a PET film. The polyurea elastomer 1s covered
with a one-component polyurea layer and a PET film 1s provided on the one-
component polyurea layer. The structure is rolled through a nip roller that applies a
pressure of about 350 kPa (50 psi) to form a smooth film. The structure can be left
overnight to more fully cure.

The PET film was peeled from one side of the structure, which was then
baked at 160°C for 15 minutes to eliminate or substantially reduce moisture/solvent
in the one-component layers. The structure sample, which can be reterred to as a
"mono-carrier-multilayered polyurea film", can be used as a base film for
retroreflective products.

Retroreflective products were prepared by casting cube-corner prisms on the
one-component polyurea layer. As illustrated in Table II, the brightness of metalized
cube-corner prism Samples A-G exhibits the compatibility of polyurea films to
common flexible base films such as vinyl and polyurethane. These samples were
laminated onto a garment using a heat-activated adhesive. These samples were then

washed through 25 wash/dry cycles (60°C/43 minute wash cycle/65°C/20 minute dry
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cycle). Data generated indicate that after 25 wash/dry cycles all samples maintaied
flexibility with minimal loss of brightness.

Samples of PET/polyurea multi-layered films suitable for forming thin, high
tensile strength retroreflective sheets were made by combining thin PET film (for
example, having a thickness of 13 micrometers (0.5 mil or 0.48 gauge)) and one-
component and two-component polyurea elastomers. In this example, the PET film
was a 13 micrometer thick (0.5 mil) Mylar polyester film available from Dupont
Teijin Films.

One-component water dispersion polyurea 1KSP was prepared as a thin coat
on PET films, which had a thickness of about 51 micrometers (2.0 mils).
Two-component polyurea elastomers were prepared by mixing a polyisocyanate
component and the resin blend through a static mixer. The formulation used 1n this
sample 1s the same as sample B 1n Table II.

The structure was prepared by dispensing the polyurea elastomer on
1KSP/PET film (same as Samples A through ). The polyurea elastomer was
covered with a 13 micrometer thick (0.5 mil) PET film. A tie coat can be provided
between the polyurea elastomer and the PET film. The structure was passed
between a nip roller that applied a pressure of about 150 kPa (50 psi1) to provide a
smooth structure. The structure was allowed to sit overnight to more fully cure. The
structure was then baked at 160°C for 15 minutes to eliminate or substantially reduce
moisture/solvent in the 1KSP layer. The tensile strength of this structure reached
approximately 32.1 MPa (4,660 pst), which 1s far stronger than that of samples
exhibited m Table II (about 6.6 MPa (1,884 psi)).

Retroreflective structures were prepared by casting cube-corner prisms on
PET/polyurea multi-layered films. The protective PET layer was peeled off and the
prisms were cast on the 1KSP layer. The brightness of this retroreflective film
reached 1086 and 419 cd/lux/m? at entrance angle/observation angles of 0.2/+5 and
0.33/4+5, respectively, similar with other samples in Table II.

A metallized coating was formed on the cube-corner prisms. The
retroreflective sample was laminated onto a garment by applying a heat-activated

adhesive onto the metallized coating. The sample was then washed through 25
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wash/dry cycles (60°C/43 minute wash cycle/65°C/20 minute dry cycle). The

surface of the samples contained soft wrinkles like elephant skin, but the brightness

loss was minimal.

Example 12

A multi-layered polyurea film was formed by drawing down a hydrolytically-
stable, one-component polyurea (1KSP) on a tie-coated PET film having a thickness
of 13 micrometers (0.5 mils) to form a first composition layer. The sample was then
dried and baked at 160°C for 15 minutes. A one-component polyurea (1K800) was
drawn down on a PET film, which had a thickness of 51 micrometers (2 mils), to
form a second composition layer. This sample was then dried and baked at 160°C
for 15 minutes. The first and second composition layers were cleaned, dried, and
laminated together with a two-component polyurea to provide flexibility 1n the
resulting structure. The PET film having a thickness of 51 micrometers (2 mils) was
removed and a microstructured layer was formed on the one-component polyurea

(1KS00).

Example 13
A sample of pre-baked polyurea film as in sample C in Table Il was formed.

An approximate one mil thickness of 1KSP dispersion (Lot 806, One component
polyurea from Engineered Polymers Inc.) was coated on a 2 mil PET film. The
coated films were dried at 120°C for 15 minutes to obtain about 0.5 mil 1KSP film.
(hereinafter IKSP/PET film). The aliphatic polyurea elastomers were prep ared by
mixing two parts (isocyanate and resin, or formulation C in Table II) though a static
mixer. The composition polyurea film was made by dispensing the polyurea
elastomer on 1KSP/PET film, and aging at 80°C for 6 minutes. The polyurea
elastomer was covered with another 1IKSP/PET film (1KSP in contact with polyurea
elastomer) and the nip roller was rolled over the layers at about 350 kPa (50 psi) to

form a smooth film. The sample was left to sit overnight to be more fully cured.
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Example 14
Another sample of post-baked polyurea film as (C-2 post-baked) in sample C

in Table II was formed. About 1 mil thickness of 1KSP dispersion (Lot 806, One
component polyurea from Engineered Polymers Inc.) was coated on a 2 mil PET
film. The coated films were dried at 120°C for 15 minutes to obtain an about 0.3
mil 1KSP film. (hereinafter 1IKSP/PET film). The aliphatic polyurea elastomers
were prepared by mixing two parts (isocyanate and resin, or formulation C in Table
1) though a static mixer. The composition polyurea film was made by dispensing
the polyurea elastomer on 1KSP/PET film, and aging at RT for 13 minutes. The
polyurea elastomer was covered with another 1KSP/PET film (1KSP to be 1n contact
with polyurea elastomer) and the nip roller rolled over the layers at about 350 kPa
(50 psi) to form a smooth film. The sample was left to st overnight to be more fully
cured. The PET film was peeled from one side, and the sample was baked at 160°C
for 30 minutes to eliminate moisture/solvent in 1XSP layers.

|

Example 15

A sample of hand-cast polyurea film after 40 cycles of (60°C/20 min.
wash)/(65°C/20 min. dry) was formed. An about 1 mil thickness of 1K SP dispersion
(Lot 806, one component polyurea from Engineered Polymers Inc.) was coated on a
2 mil PET film. The coated film was dried at 120°C for 15 minutes to obtain about
0.5 mil 1KSP film. (hereinafter 1IKSP/PET film).

An about 1 mil thickness of 1KX800 dispersion (one component flexible
polyurea from Engineered Polymers Inc.) was coated on a 2 mil PET film. The
coated films were dried at 120°C for 15 minutes to obtain about 0.5 mil 1K800 film.
(hereinafter 1KX800/PET film). The aliphatic polyurea elastomers were prepared by
mixing two parts (isocyanate and resin, or formulation C in Table I) though a static
mixer. The composition polyurea film was made by dispensing the polyurea
elastomer on 1KSP/PET film, and aging at RT for 11 minutes. The polyurea
elastomer was covered with 1XS00/PET film (1K800 to be in contact with polyurea
elastomer) and a nip roller rolled over the layers at about 350 kPa (50 ps1) to form a

smooth film. The sample was allowed to sit overnight to more fuily cure.
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The PET film was peeled from the 1K800/PET side, and baked the sample at
160°C for 30 minutes to eliminate moisture/solvent in 1KSP & 1K800 layers. Hand
cast cube-corner prisms were made on the 1K800 layer. The cube-corner prisms
were metalized with aluminum by vacuum deposition. The metalized sample was

laminated on a garment with a heat-activated adhesive. The garment was then
washed for 40 cycles of (60°C/43 min. wash)/(65°C/20 min. dry). The retroreflective

structure and garment display retained a suitable appearance and characteristics.

Example 16

A sample of polyurea cube-corner prisms were formed on PET film. The
sample was a microstructures sheet which included polyurea as cube-corner prisms
and a tie-coated PET as the carrier film. Two parts of the polyurea (VersaFlex
Aliphatic Clear Coat) were used in this experiment. The materials were mixed well
in a beaker and poured on a cube-corner prism tool, followed by a vacuuming
process that eliminated air bubbles.

The sample was then covered with a tie-coated PET film, and rolled through
a mip roller. After allowing the sample to set at room temperature for approximately
2 hrs, the sample was peeled from the tool. The thin uniform retroreflective sheet
had a brightness of about 55 cd/lux/m? at 0.2 & 5 degrees of entrance angle and
observation angle respectively.

While this invention has been particularly shown and described with
references to various embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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WE CLAIM:

1. Optical sheeting comprising optical microstructures that include polyurea, wherein
the optical sheeting includes at least one of cube-corner prisms, open-faced cube-corner
prisms, linear prisms, lenticular lenses, cylindrical lenses, moth-eye structures, Fresnel lenses,

Fresnel lens arrays, lenslets, surface relief diffusers, diffractive structures, light scattering

structures, or fish-eye lens arrays.

2. The sheeting of Claim 1, where the optical sheeting further includes at least one of a

dye or a pigment.

3. The sheeting of Claim 1, wherein the sheeting further includes a fluorescent
colorant.
4. The sheeting of Claim 1, wherein the polyurea is a polyurea polymer having a

plurality of microstructures disposed therein.

5. The sheeting of Claim 1, wherein the optical sheeting includes a plurality ot two-

sided retroreflective components disposed along a substrate.

6. The sheeting of Claim 5, wherein the components are dispersed in polyurea.

7. The sheeting of Claim 1, wherein the optical sheeting is for use in a backlit screen.

8. The sheeting of Claim 1, wherein the polyurea is an aromatic or aliphatic polyurea.
9. The sheeting of Claim 1, wherein the polyurea is formed from an isocyanate

prepolymer and amine resin.
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10. The sheeting of Claim 1, wherein the sheeting further includes one or more light
stabilizers.

11. The shecting of Claim 1, wherein said sheeting includes a microstructured surface

on a first side and a microstructured surface on a second side.

12. The sheeting of Claim 1, wherein said sheeting includes a polyurea optical structure

comprising a one-component polyurea layer attached to a first side of a two-component

polyurea layer.

13. The sheeting of Claim 12, further comprising a second one-component polyurea

layer attached to a second side of the two-component layer.

14. The sheeting of Claim 12, further comprising a microstructured layer attached to at

least one of the one-component polyurea layers.

15. The sheeting of Claim 12, wherein the two-component polyurea layer includes an

isocyanate prepolymer and an amine resin.

16. The sheeting of Claim 12, further comprising a layer attached to a second side of the

two-component polyurea layer.

17. The sheeting of Claim 16, further comprising a one-component polyurea layer

attached to the layer attached to the second side of the two-component polyurea layer.

18. A method for forming optical sheeting as defined by claim 1, comprising:
providing a carrier substrate;
forming polyurea solvent free from an isocyanate prepolymer and amine resin
on the carrier substrate;
allowing the polyurea to at least partially cure to form a polyurea sheet; and

removing the carrier substrate.
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19. The method of Claim 18 wherein the sheeting that includes polyurea, further

includes applying a second carrier substrate over the polyurea prior to curing.

20.  The method of Claim 18 wherein the polyurea sheeting, 1s formed:
dispensing an amine resin onto the substrate;
dispensing an 1socyanate prepolymer onto the substrate;

allowing the amine resin and the isocyanate prepolymer to at least partially

diffuse into each other; and

winding up the substrate after the amine resin and isocyanate prepolymer have

at least partially reacted and cured to form the polymer sheeting.

21.  The method of Claim 20, wherein the substrate is a first substrate, further comprising

applying a second substrate to sandwich the polyurea sheeting between the first substrate and

the second substrate.

22.  The method of Claim 20, further comprising dispensing at least one of a dye, pigment,

or fluorescent colorant onto the substrate.

23.  The method of Claim 18 wherein the polyurea sheeting 1s formed by:
providing a first substrate having a layer of isocyanate prepolymer thereon;
providing a second substrate having a layer of amine resin thereon; and
pressing the layer of isocyanate prepolymer against the layer of amine resin to

at least partially mix the isocyanate prepolymer with amine resin to form the

polyurea sheeting.

24.  The method of Claim 23, further comprising pressing the layer of

isocyanate prepolymer against the amine resin with a nip roller.

25.  The method of Claim 23, further comprising heating at least the

isocyanate prepolymer or the amine resin to facilitate mixing thereof.
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26. The method of Claim 18 wherein the polyurea sheeting is formed by:
providing a one-component polyurea layer on a carrier substrate;
providing a two-component polyurea layer on the one-component polyurea
layer, the two-component polyurea layer contacting the one-component polyurea
along a first side of the two-component polyurea layer; and

providing a layer on a second side of the two-component polyurea layer.

27.  The method of Claim 26, further comprising removing the carrier substrate attached to

the one-component polyurea layer and forming a microstructured layer on the exposed one-

component polyurea layer.

28.  The method of Claim 26, further comprising forming a one-component polyurea layer on

the layer that is attached to the second side of the two-component polyurea layer.

29. A method for forming a sheeting that includes polyurea as claimed in Claim 1,
comprising:
providing a carrier substrate;
forming polyurea on the carrier substrate from an 1socyanate prepolymer and
amine resin, wherein the isocyanate prepolymer includes a low viscosity solvent-
free polyfunctional aliphatic polyisocyanate resin based on hexamethylene
diisocyanate (HDI);
allowing the polyurea to at least partially cure to form a sheeting that includes
polyurea; and

removing the carrier substrate.
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FIG. 2

SUBSTITUTE SHEET (RULE 26)
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FIG. 7

SUBSTITUTE SHEET (RULE 26)
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