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Polymeric sheeting materials directly thermally printed upon with a thermal printing system and a resin-based colorant/binder. The
polymeric sheeting materials comprise a core sheet and a thermally print receptive surface on the core sheet. The thermally print receptive
surface may be formed from compositions comprising a polyurcthane dispersion. The thermally print receptive surface is smooth, transparent,
durable, and weatherable. Signage articles made from the polymeric sheeting materials of the invention may be configured to have the |
desired combination of frangibility, durability, retroreflectivity and/or low production cost. Frangible, retroreflective signage articles may
be produced from the polymeric sheeting materials and may have durable variable information thermally and variably printed directly on
the articles.
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THERMAL PRINT RECEPTIVE AND
FRANGIBLE RETROREFLECTIVE POLYMERIC SHEETINGS

FIELD OF THE INVENTION
This invention relates to polymeric sheeting materials capable of
directly receiving a thermally printed indicia from a resin-based
colorant/binder. The invention further relates to sheetings that form frangible,
retroreflective, weatherable and/or durable signage articles, comprising multi-
function layers that are directly print receptive with resin-based
colorant/binder on the upper, exposed surface.

BACKGROUND OF THE INVENTION

Polymeric sheetings have been used in situations where a frangible
signage article is desired. Frangible signage articles often are capable of
being affixed to a surface, yet are easily damaged or torn when an attempt is
made to remove or alter them. Frangibility is generally desired for security
reasons, for example, to inhibit fraud, and may be provided to a signage
article by thinness, deformability, strong adhesion to the substrate to which an
article is affixed, brittleness, and/or ease of separation of various layers of an
article.

Polymeric sheetings also have been used to produce signage articles
that have retroreflective capabilities. An article possesses a retroreflective
capability when it can return a substantial portion of incident light in the
direction from which the light originated. Retroreflectivity renders enhanced
conspicuity to the article in low or restricted lighting situations, or in
situations where sheeting materials must be viewed from a distance.

Polymeric sheetings also have been used to produce signage articles
that have good durability. Durability of a signage article may be important
in situations where the article may be exposed to harsh vapors, ultraviolet
light, temperature or humidity extremes and the like. Abrasion resistance and
resistance to cleaning agents and the solvents used in cleanin g solutions also
are, in some cases, important aspects of durability. If extended useful life is
not an important consideration (such as labels for rapid turnover packaging),
lower cost non-extended life sheetings may be used.

Polymeric sheetings also have been used to form signage articles
hé.ving indicia such as alphanumeric characters, bar codes or graphics.
Frequently, the signage articles will carry information that is repeated or
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 incrementally varied over a large number of items; for instance, license plate
validation stickers may have state or county identifying information repeated

on a large number of validation stickers.
Indicia may be printed on the polymeric signage articles by such well
5 known processes as letter press, offset press, screen printing, oOr hot foil
stamping. These types of printing processes normally provide satisfactory
print quality, legibility, and adhesion; however, the equipment for these
processes can be relatively expensive. In addition, when using letter press and
offset press printing, print plates or rubber blankets must be prepared, and

10 when using screen or hot stamp printing, a screen or hot stamp, respectively,
must be prepared. The preparation of the plates, blankets, screens, or stamps
can be a costly, time-consuming process. In many cases, a solvent-borne
colorant is used, which requires disposing of the solvent in an
environmentally-sound manner. Known processes also may necessitate the use

15 of drying ovens and may require a certain amount of drying time. Further,
the known means of printing indicia on articles are limited by the ease (or lack
thereof) with which the information on individual items can be varied.

The documents discussed below contain disclosures that may be
pertinent to the present invention.

20 U.S. Patent No. 5,118,930 to Takada discloses a retroreflective
sheeting using a polyvinyl chloride topmost layer upon which bar codes may
be directly thermally printed.

Commonly-assigned Patent Cooperation Treaty application to Goeb,
having international publication number WO 93/12155, discloses label stock

25 having a halogen-free acrylic urethane topmost layer. The application
discloses that the additional step of priming the upper surface of the label
stock, for example, by corona discharge or with a diluted solution of an
acrylate polymer or adhesive, is preferred in order to promote adhesion of
inks.

30 Compositions containing aqueous dispersions of polyurethane and a
crosslinker are known to be useful as prime layers between the component
layers of multilayer cover films of retroreflective sheetings, or as a prime
layer to improve the adhesion of a cover layer to underlying components of
the retroreflective sheeting. For instance, commonly-assigned U.S. Patent

35 No. 4,896,943 to Tolliver et al., discloses encapsulated-lens retroreflective
sheetings and the use of a composition containing urethane and crosslinker as
a prime layer about 2 microns thick, to improve the adhesion of a cover layer
to an underlying binder layer. In addition, commonly-assigned U.S. Patent
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No. 5,066,098 to Kult et al., discloses the use of a similar composition as the
inner layer of a cover film of an encapsulated-lens retroreflective sheeting.

The above-cited Tolliver patent also discloses the subsequent
application of inks to the upper surface of an encapsulated-lens retroreflective
sheeting. The Tolliver patent suggests the usc of a urethane and aziridine
composition to form a conditioning layer on the outside surface of a dual layer
cover film of a retroreflective sheeting. However, direct thermal printing is
generally difficult on such encapsulated-lens sheetings because of their
undulating upper surface. It is known to use a prime layer of a polyurethane
about 2 microns thick over an enclosed-lens retroreflective sheeting that has
a cover layer such as ethylene/acrylic acid.

Published European Patent Application No. EP 0 685 788 Al

discloses compositions comprising an aqueous aliphatic or aromatic
polyurethane dispersion and an acrylic emulsion for forming clear coats at
least ten microns thick over finished frangible articles having indicia printed
thereon. Such clear coats are desired in order to bury or embed the indicia.
Watkins, et al., also discusses roll coating of indicia onto embossed, non-
frangible articles having such clear coats.

Commonly-assigned U.S. Patent No. 4,767,659 to Bailey et al.
discloses enclosed-lens retroreflective ‘_
sheetings having a thermoplastic cover film comprised either of aliphatic
urethanes, copolymers of ethylene or propylene, or homopolymers of ethylene
and propylene. The thermoplastic cover films are formed by extruding onto
a carrier web and laminating to a retroreflective base material. The
thermoplastic cover films are sufficien tly extensible to withstand substantial
stretching such as may occur during the embossing of a license plate. The
materials also may serve to protect the underlying material against weathenng,

FIG. 1 shows a known retroreflective sheeting 12 comprising
removable protective liner 14 at the bottommost side, retroreflective element
16, pressure sensitive adhesive layer 26, polyethyleneterepthalate (PET) layer
18 with a thickness of about 25 microns and colorant/binder receptive print
layer 20. Retroreflective element 16 comprises a monolayer of glass
microspheres 30 embedded in a layer of polyvinyl butyral 34 with underlying
reflective layer 32 and pressure sensitive adhesive layer 36. Layer 20 1s
directly thermally print receptive with a resin-based indicia and is formed
from a composition comprising PET and a vinylidine/acrylonitrile copolymer.
Sheeting material 12 (manufactured for use as an indoor product ScotchMark™
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brand label stock 3929 by Minnesota Mining and Manufacturing Company,
St. Paul, Minnesota,) is not sufficiently frangible or durable, as defined

below, for many applications.

S SUMMARY QOF THE INVENTION

In this invention, sheetings have been discovered which have a smooth,
transparent, durable top layer, and which are directly colorant/binder receptive
when a sheeting comprising a core sheet and a topmost layer of the invention
is thermally printed thereon with a resin-based colorant/binder. Variable

10 information indicia may be readily formed on sheetings comprising topmost
layers of the invention, and the sheetings can be configured to have a desired
combination of frangibility, retroreflectivity and enhanced durability and/or
weatherability. Because topmost layers of the invention may contribute to the
functional properties of polymeric sheetings, formerly provided by layers such

15 as cover layers and/or clear coats, such topmost layers also may be referred
to as multi-function layers.

In the present invention, a durable, retroreflective polymeric sheeting
material is provided, which comprises: a) a multi-function layer having first
and second major surfaces and a thickness of greater than about 6 microns,

20 the multi-function layer being formed from a composition comprising a
polyurethane; and b) a core sheet comprising a retroreflective layer and first
and second major surfaces, the first major surface of the core sheet being
attached to the first major surface of the multi-function layer; wherein the
polymeric sheeting is directly thermally print receptive upon the second major

25 surface of the multi-function layer using an indicia that contains a resin-based
colorant/binder.

The present invention also provides a frangible, durable, retroreflective
polymeric sheeting material, comprising: a) a multi-function layer of greater
than about 6 microns in thickness formed from a composition comprising from

30 about 70 to about 100 parts by weight aqueous dispersion of polyurethane,
said multi-function layer having first and second major surfaces, the second
major surface being directly thermally print receptive with an indicia that
contains a resin-based colorant/binder; b) a binder layer comprising synthetic
polyester resin crosslinked with a butylated melamine resin and being attached

35 to the first major surface of the multi-function layer; ¢) a spacecoat layer
comprising polyvinyl butyral under said binder layer; d) a monolayer of glass
microspheres embedded in the spacecoat layer and in the binder layer; €) a
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reflective material underlying said monolayer of glass microspheres; and f) a
pressure sensitive adhesive layer disposed under the reflective material.

The present invention also provides a frangible, durable, retroreflective
polymeric sheeting material, comprising: a) a multi-function layer of greater
than about 6 microns in thickness formed from a composition comprising from
about O to about 60 parts by weight acrylic emulsion and about 40 to about
100 parts by weight aqueous dispersion of polyurethane, said multi-function
layer having a lower surface and an exposed, upper surface; b) a binder layer
comprising synthetic polyester resin crosslinked with a butylated melamine
resin attached to said multi-function lower surface; ¢) a spacecoat layer
comprising polyvinyl butyral under said binder layer; d) a monolayer of glass
microspheres having bottommost and topmost surfaces, said bottommost
surfaces embedded in said spacecoat layer and said topmost surfaces embedded
in said binder layer; e) a reflective material underlying said monolayer of
glass microspheres; and f) a pressure sensitive adhesive layer under said
reflective material, said polymeric sheeting material being directly thermally
print receptive upon said multi-function layer upper surface with an indicia
that contains a resin-based colorant/binder. The multi-function layer may be
formed from a composition comprising from about 25 to about 50 parts of
weight acrylic emulsion and about 40 to about 80 parts by weight aqueous
dispersion of polyurethane, which dispersion may comprise from about 45 to
about 55 parts of water and from about 30 to about 40 parts of aliphatic
polyurethane. The binder layer may comprise polyvinyl butyral or synthetic
polyester resin crosslinked with a butylated melamine resin.

The present invention also provides a frangible, retroreflective
polymeric sheeting material, comprising: a) a topmost layer having a lower
surface and an exposed, upper surface, said topmost layer formed from a
composition comprising polyethyleneterepthalate and vinylidine
chloride/acrylonitrile copolymer; b) a cover layer attached to said lower
surface; and ¢) a core sheet underlying said cover layer, said polymeric
sheeting material being directly thermally print receptive upon said topmost
layer upper surface using resin-based colorant/binder. The cover layer of the
polymeric sheeting material may be less than about 10 microns in thickness
and formed from a composition comprising polyethyleneterepthalate.
Alternatively, the cover layer may be formed from a composition comprising
an aqueous dispersion of aliphatic polyurethane and an acrylic emulsion. Such
a cover layer may be formed from a composition comprising from about 40
to about 100 parts of an aqueous dispersion of polyurethane, the dispersion

-5 -
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comprising from about 45 to about 55 parts of water and from about 3V to
about 40 parts of aliphatic polyurethane, and from about O to about 60 parts
of acrylic emulsion. Such polymeric sheeting materials may further comprise
resin-based colorant/binder directly applied to the upper exposed surface of

) the topmost layer. The polymeric sheeting materials comprising resin-based
colorant/binder may comprise a signage article. The polymeric sheeting
materials less than about 125 microns in thickness may exhibit residual
evidence of physical tampering when the sheeting experiences a load at break
of less than about 15 pounds.

10 The present invention also provides a method of making a
retroreflective polymeric sheeting material, comprising the steps of: a)
providing a core sheet having a retroreflective layer and first and second
major surfaces; b) applying a composition comprising a polyurethane onto the
first major surface of the core sheet; and ¢) drying and curing the composition

15 to form a multi-function layer of greater than about 6 microns in thickness
having a first and second major surfaces, the first major surface being secured
to the core sheet, and the second major surface being directly thermally print
receptive using a resin-based indicia. The polymeric sheeting material of the
method is directly printable using resin-based colorant/binder upon the upper

20 exposed surface of the multi-function layer. The polyurethane composition of
the method may comprise from about 70 to about 100 parts by weight aqueous
dispersion of polyurethane. The composition may further comprise up to
about 5 parts by weight aziridine crosslinker or about 4 parts by weight
melamine crosslinker. Alternatively, the composition may comprise from

25 about 0 to about 60 parts by weight acrylic emulsion and from about 40 to
about 100 parts by weight aqueous dispersion of polyurethane. The multi-
function layer of the polymeric sheeting material of the method may be from
about 6 microns to about 35 microns in thickness, preferably from about 7
microns to about 25 microns in thickness, and the sheeting material may be

30 frangible.

The present invention also provides a method of making a polymeric
sheeting material, comprising the steps of: a) proizidin g a removable forming
support; b) applying a composition comprising a polyurethane onto said
removable forming support; ¢) drying and curing said composition to yield a

35 multi-function layer of greater than about 6 microns in thickness having first
and second major surfaces, the second major surface being disposed on said
removable forming support; d) attaching a core sheet comprising a
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~ retroreflective layer to said multi-function layer first surface; €) removing said

forming support and exposing the second major surface; and f) directly
thermally printing an indicia upon the second major surface using resin-based
colorant/binder. The composition of the method may comprise from about 70
to about 100 parts by weight aqueous dispersion of polyurethane, which
dispersion comprises from about 45 to about 55 parts of water, from about 30
to about 40 parts of aliphatic polyurethane. A composition comprising an
aqueous dispersion of polyurethane may further comprise up to about 5 parts
by weight azinidine crosslinker or up to about 4 parts by weight melamine
crosslinker. Alternatively, the composition of the method may comprise from
about 40 to about 100 parts by weight aqueous dispersion of polyurethane, the
dispersion comprising from about 45 to about S5 parts of water, from about
30 to about 40 parts of aliphatic polyurethane and from about 0 to about 60
parts by weight acrylic emulsion. The multi-function layer of the method may
be from about 6 microns to about 35 microns in thickness, preferably from
about 7 microns to about 25 microns, and the sheeting material may be
frangible.

The present invention also provides a method of making a
retroreflective polymeric sheeting material, comprising the steps of: a)
providing a removable forming support; b) applying a composition comprising
a polyurethane onto said removable forming support; ¢) drying and curing said
composition to form a multi-function layer of greater than about 6 microns in
thickness having a first and second major surfaces, the second major surface
being disposed on said removable forming support; d)applying a monolayer
of microspheres in a binder layer to said multi-function layer first surface,
said microspheres having topmost and bottommost surfaces; €) applying a
spacecoat layer comprising polyvinyl butyral to said monolayer of
microspheres, wherein said microsphere topmost surfaces are embedded in
said binder layer and said microsphere bottommost surfaces are embedded in
said spacecoat layer; f) applying a reflective material onto said spacecoat
layer; and g) removing said forming support to yield said polymeric sheeting
material and expose said multi-function layer second surface; and h) thermally
printing a resin-based indicia upon the second surface of the multi-function
layer using a resin based colorant/binder.
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According to one aspect of the present invention,
there is provided a durable, retroreflective polymeric
sheeting, comprising: a) a durable and thermally print
receptive layer having first and second major surfaces and a
thickness of greater than 6 microns, the durable and
thermally print receptive layer being formed from a
composition comprising a polyurethane; and b) a core sheet
comprising a retroreflective layer and first and second
major surfaces, the first major surface of the core sheet
being attached to the first major surface of the durable and
thermally print receptive layer; wherein the polymeric
sheeting 1s directly thermally print receptive upon the
second major surface of the durable and thermally print
receptive layer using an indicia that contains a resin-based

colorant /binder.

According to another aspect of the present
invention, there is provided a frangible retroreflective
polymeric sheeting material, comprising: a) a frangible
topmost layer having a lower surface and an exposed, upper
surface, said topmost layer formed from a composition
comprising polyethyleneterephthalate and vinylidine
chloride/acrylonitrile copolymer; b) a cover layer attached
to said lower surface; and c) a retroreflective core sheet
attached to said cover layer, said polymeric sheeting
material being directly thermally print receptive upon said
topmost layer upper surface using resin-based

colorant /binder.

According to still another aspect of the present
invention, there i1is provided a method of making a
retroreflective polymeric sheeting material comprising the
steps of: a) providing a core sheet having a retroreflective

layer and first and second major surfaces; b) applying a
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composition comprising a polyurethane onto the first major
surface of the core sheet; and c¢) drying and curing the
composition to form a durable and thermally print receptive
layer of greater than 6 microns in thickness having first
and second major surfaces, the first major surface being
secured to the core sheet, and the second major surface
being directly thermally print receptive using a resin-based

indicia.

According to yet another aspect of the present
invention, there is provided a method of making a
retroreflective polymeric sheeting material, comprising the
steps of: a) providing a removable forming support; b)
applying a composition comprising a polyurethane onto said
removable forming support; c¢) drying and curing said
composition to yield a durable and thermally print receptive
layer of greater than 6 microns in thickness having first
and second major surfaces, the second major surface being
disposed on said removable forming support; d) attaching a
core sheet comprising a retroreflective layer to said
durable and thermally print receptive layer first surface;
and e) removing sald forming support and exposing said
second major surface, said second major surface being
directly thermally print receptive using resin-based

colorant /binder.

According to a further aspect of the present
invention, there 1is provided a method of making a
retroreflective polymeric sheeting material, comprising the
steps of: a) providing a removable forming support; b)
applying a composition comprising a polyurethane onto said
removable forming support; c¢) drying and curing said
composition to form a durable and thermally print receptive

layer of greater than 6 microns in thickness having first
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and second major surfaces, the second major surface being
disposed on said removable forming support; d) applying a
monolayer of microspheres in a binder layer to said durable
and thermally print receptive layer first surface, said
microspheres having topmost and bottommost surfaces; e)
applying a spacecoat layer comprising polyvinyl butyral to
said monolayer of microspheres, wherein said microsphere
topmost surfaces are embedded in said binder layer and said
microsphere bottommost surfaces are embedded in said
spacecoat layer, f) applying a reflective material onto said
spacecoat layer; and g) removing said forming support to
vield said polymeric sheeting material and expose said
durable and thermally print receptive layer second surface,
said second surface being directly thermally print receptive

using a resin-based indicia.

Frangible, retroreflective sheeting materials
often are used to make outdoor-use articles, such as
vehicular validation stickers. In order to improve the
durability and/or weatherability of such frangible stickers,
issuing authorities generally print repeating or

incrementally changing information on
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" a core sheeting material, followed by application of a clear coat to torm a

finished article. Such clear coats have been desired in order to bury or embed
the indicia. The invention disclosed herein allows a durable thermal printing
of indicia on a frangible, retrorefiective sheeting material without the need for
subsequent application of a clear coat. A further advantage is that an article
of the invention may have indicia embedded in the mulit-function layer as well
as printed on top of the article. That is, some indicia may be provided on the
core sheet while other indicia are subsequently formed on the upper, exposed
surface of the multi-function layer using a thermally printed resin-based
colorant/binder. For example, a validation sticker may have repeating or
incrementally changing indicia provided on the core sheet and variable
information indicia formed on the multi-function layer.

Retroreflective polymeric sheeting materials disclosed herein are
advantageous in that such sheetings allow variable information indicia to be
formed without having to add a clear coat after printing to protect indicia.
The production of signage articles is thereby made much more convenient,
particularly the production of large numbers of variable information articles.
For example, sheetings can have item-specific indicia directly printed on
articles in dispersed locations without the need for such locations to have clear
coating equipment and facilities.

Directly printable sheetings disclosed herein may be used to make
articles upon which formed indicia are easily varied from article to article.
In particular, variation in the indicia printed on an article need not be a
regular incremental change in an alphanumeric sequence. Instead, indicia may
be varied in an item-specific manner, for example, by selecting article-specific
indicia immediately prior to printing such indicia upon an article. Article-
specific indicia may be generated based upon desired input criteria, such as
registration status, name of individual requesting a printed article, printing
date, expiration date, product number, warehouse location and the like.
Combinations of criteria may be used also, and/or separate criteria may be
used to form sub-elements of the formed indicia.

Bar-coded labels or stickers often are used to identify and maintain
appropriate levels of inventory, for example, in a warehouse or distribution
center. In addition to the use of labels for inventory control, durable and/or
weatherable articles constructed from polymeric sheetings of the invention
may also be frangible, in order to inhibit theft and/or transter of labels from
one item or package to another item or package. Security also may be
enhanced by forming some portions of the variable information indicia in a

-8 -
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random or otherwise unpredictable manner. Randomized variable mntormation
indicia for labeled packages then may be maintained in a secure central
information storage system to inhibit fraud or theft.

The above and other aspects of the invention are more fully shown and
described 1n the drawirgs and detailed description of this invention, where like
reference numerals are used to represent similar parts. It is to be understood,
however, that the description and drawings are for the purposes of illustration
only and should not be read in a manner that would unduly limit the scope of
this invention.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a schematic cross-sectional view of a known retroreflective
sheeting material that is thermally print receptive.

FIG. 2 1s a schematic cross-sectional view of a retroreflective sheeting
material in accordance with the present invention.

FIG. 3 1s a cross-sectional view of a signage article in accordance with
the present invention.

FIG. 4 1s a top view of the signage article of FIG. 3.

FIG. 5 1s a top view of a signage article in accordance with the present
invention.

FIG. 6 is a cross-sectional view of an alternative embodiment of a
retroreflective sheeting in accordance with the present invention.

FIG. 7 1s a cross-sectional view of an alternative embodiment of a
retroreflective sheeting in accordance with the present invention.

FIG. & is a cross-sectional view of an alternative embodiment of a
retroreflective sheeting in accordance with the present invention.

DETAILED DESCRIPTION OF
PREFERRED EMBODIMENTS OF INVENTION

In describing preferred embodiments of the invention, specific
terminology will be used for the sake of clarity. The invention, however, is
not intended to be limited to the specific terms so selected, and it is to be
understood that each term so selected includes all the technical equivalents that
operate similarly. |

It would be desirable to have a layer on the topmost side of a sheeting
that can have the functional properties of both a cover layer (and/or other
layers such as a clear coat) and a print receptive layer. Such a topmost layer,
referred to below as a multi-functional layer, could contribute to the durability

-0 .

SUBSTITUTE SHEET



WO 94/19710

‘N

10

15

20

25

30

35

TP SR | .
2 1 S 3 2 ﬁ é | PCT/US94/01244

 necessary for extended life applications, could complete optical relationships

if necessary for a retroreflective sheeting, could maintain frangibility if

‘desired, could protect the underlying components of the sheeting and/or could

contribute to the stability of the overall sheeting, while also being receptive
to direct printing with a resin-based ribbon. The construction of sheetings
having such a layer could be simpler than many known sheetings that require
multiple layers to provide the functional properties of cover layers and/or
clear coats and are not directly printable using resin-based colorant/binder.
A multi-function layer should be of a thickness that is appropriate for
the applications in which sheetings and articles made therefrom will be used.
For example, frangible articles are desired in certain applications. As used
herein, the term "frangible" means the article can be easily damaged when an
attempt is made to remove, alter, or otherwise deliberately tamper with the
article. Frangible articles may have low tear strength, and/or brittleness,
and/or be readily stretched or deformed (i.e., strained), so that tearing,
cracking, stretching or deformation (strain) provides evidence, preferably to
the unaided human eye, that an attempt has been made to tamper with the
article. One example of measuring frangibility is discussed below in Example

3.
Frangible polymeric sheeting materials less than about 150 microns in

thickness may exhibit residual evidence of physical tampering when a portion

~ of the sheeting experiences a load which creates 25 percent strain of that

portion. The load may be less than 7 pounds per inch of width (1.25
kilograms (kg) per centimeter (cm) of width). Frangible polymeric sheeting
materials may exhibit residual evidence of physical tampering when a portion
of the sheeting experiences a load at break of less than about 7 pounds per
inch of width (1.25 kg per cm of width) and the sheeting is less than about
150 microns in thickness.

Durable and weatherable articles also may be formed in accordance
with the present invention. As used herein, the term "durability” refers to
characteristics such as solvent or chemical resistance, abrasion resistance,
bond maintenance between the various layers of an article or between the
indicia and the multi-function layer, and/or maintenance of retroreflective
brightness under normal use conditions. As used herein, the term
"weatherability" refers to characteristics such as maintenance of retroreflective
brightness, resistance to dirt, resistance to yellowing and the like, all of the
above under normal use conditions in the outdoors, where sunlight,
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temperature, and other environmental parameters may attect sheeting
performance.

FIG. 2 illustrates a preferred embodiment of a retrorefiective polymeric
sheeting 80 of the present invention. Sheeting 80 comprises a removable
5 protective liner 14 at the bottommost side, a core sheet that includes a
representative beaded retroreflective element 62 and a multi-function layer 82.
Retroreflective element 62 comprises pressure sensitive adhesive 36, a
monolayer of microspheres 30 with underlying reflective material 32, space

coat layer 43, and binder layer 44.
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