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SECURITY INFORMATION AND GRAPHIC IMAGE FUSION

The present invention relates to labels and methods of producing labels that
may be incorporated into plastic products, rubber products, and the like by fusion to
provide security information and a graphic image. The present invention is further related
to labels that provide security information, and labeled articles incorporating the labels.

Plastic and rubber materials are used to form and package a wide variety of
products. However, many products or packaging may be subject to fraudulent or 1llegal
sale or distribution. Additionally, plastic or rubber products or packaging may be subject
to counterfeiting. For example, injectable and oral drugs may be packaged in plastic or
rubber packaging, and these drugs may be subject to fraudulent sale or distribution. Such
fraudulent use of plastic and rubber products may be detrimental to the health and safety
of consumers. Additionally, the fraudulent sale or distribution of plastic and rubber
products may adversely affect the profitability of manufacturers and sellers of the products
and packaging.

There remains a need in the art for labels that provide authentication and
verification of plastic and rubber products.

The present invention relates to a system for providing security information
using a labeled article, a labeled article for use in such a security system, and labels for use
in the labeled article. The security system includes a labeled article having a label with at
least one invisible IR or UV image (or both) printed thereon to provide security
information. The security system includes a verification system such as verification

equipment that is programmed to verify the security information.
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The label comprises a printable sheet, which may be a precipitated silica filled
micro-porous material, having at least one invisible IR or UV image, (or both), printed
thereon, at least one visible image printed thereon, and a coating over-coating the printable
sheet.

The at least one IR 1mage 1s preferably printed on the printable sheet using inks
selected from lithographic, gravure, flexographic, screen inks and combinations thereof,
such that the at least one visible 1image at least partially overlies the at least one IR 1mage.
Preferably the IR 1mage has a wavelength of between about 800 angstroms and about 3000
angstroms. A plurality of invisible IR images may be used to provide security
information, such as bar codes, or a dot matrix pattern. Most preferred is an invisible IR
image configured such that it exhibits an expected change 1n absorption and reflection 1n
providing the security information.

The at least one invisible UV image is preferably printed on the printable sheet
such that it at least partially overlies the at least one visible 1mage. The UV 1mage may be
a plurality of invisible UV images with a small variation in wavelength, and may contain a
trace molecular chemical to enhance 1ts security feature,'which may be in the form of bar
codes, or dot matrix pattern, or a block print. As with the IR 1mage, the UV 1mage may
exhibit an expected change in absorption and reflection in providing the security
information. Likewise a printed sheet having one UV 1mage printed over another UV
image, which images are detected using optical spectroscopy, may be used to provide
security information.

In the most preferred embodiment, both an ivisible IR 1mage(s) and an

invisible UV image(s) are used to provide security information.
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The label of the present invention may be used to provide a labeled article by
permanently in-mold fusing the label to an article made of plastic, rubber or the
combination thereof.

In accordance with an embodiment of the present invention, a label comprising
a printable sheet, a visible image, and an invisible image is provided. The label may be
incorporated into a variety of thermoplastic, thermoset, and rubber material based
products, and the label may be fused into the surface of the thermoplastic, thermoset, or
rubber material thereby making the label essentially tamper proof. The printable sheet has
at least one visible image printed thereon, and the printable sheet has at least one invisible
1mage printed thereon.

The printable sheet may have a thickness of about ten mul or less. The
printable sheet is made of a material that can survive the tortuous injéction molding
environment and one that is in-moldable with a wide variety of thermoplastic and
thermoset materials. The printable sheet may be made of any suitable material such as
precipitated silica filled micro-porous sheet materials commercially available in the
marketplace. Such materials exhibit varying degrees of robustness in the tortuous
injection-molding environment. For example, material sold by PPG Industries, Pittsburgh,
PA. under the trade name Teslin or MiST™ is, when properly coated as explained herein,
found to be satisfactory for the most demanding molding environments including
thermoset applications where the material will be exposed to high temperatures for
extended time periods for curing. Other materials, such as Artisyn™ manufactured by
Daramic, Inc. of Owensboro, KY. are generally satisfactory for thermoplastic injection

molding applications if treated using layers to improve their tensile properties and stability
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in the mold. Use of surface treatment layers make ten mil thickness material suitable in all
applications and makes seven mil thickness material suitable in many applications.

The visible images, 1.e. graphic images, may be printed using any suitable ink.
For example, the inks may be selected to produce the highest quality graphic images and
survive the molding process while also exhibiting excellent flexibility and resistance to
fading in UV light. With respect to said inks, there are families of satistactory
lithographic, gravure, flexographic, and screen inks available in the marketplace from a
number of sources by referring to inks suitable for use with PPG Industries Teshn®
printable sheet. The use of such inks helps obtain a quality print of visible images on
silica-filled micro-porous sheet materials. Reference is made to the Grafusion™ series of
lithographic inks and the GRA series of screen inks which have been optimized for the
aforementioned silica filled micro-porous materials and which demonstrate the flexibility
and robustness to provide and maintain a high quality graphic image through a tortuous
injection molding process. Both of these series of inks exhibit exceptional fade resistance
in prolonged UV exposure. These inks are available from Fusion Graphics of Dayton,
Ohio. Such inks comprise a pigment and carrier which are formulated to withstand
temperatures of up to 600°F. The visible images may be printed in any suitable manner.
For example, the visible images may be printed utilizing lithography, screen printing,
flexography, high resolution ink jet printing, and color or monochrome electrostatic laser
printing.

The invisible image may be formed in any suitable manner. For example, the
invisible image may be an IR image. The IR image may be printed with any suitable IR

ink. Suitable IR inks are generally inks that are visible only under light that i1s at or near
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IR in wavelength. For example, the ink may be visible under light having a wavelength of
from about 800 angstroms to about 3000 angs’érom& On the other hand, an invisible
image, which may be a UV image, may be printed over the visible image and, then,
excited by a UV light source. Preferably the label of the present invention has both an IR
image and a UV image printed thereon. Flint Ink Corp. of Franklin, Ohio, Kennedy Ink
Co., of Dayton, Ohio and Angstrom Technologies, Inc. of Erlanger, Kentucky provide
both UV and IR inks.

The invisible image is configured to provide security information. For
example, the IR image may be one image or a plurality of images, and the IR 1mage may
be any suitable image. Suitable images include, but are not limited to, a bar code or a dot
matrix pattern. The bar code or dot matrix pattern may comprise the security information.
Images may comprise a multiplayer logo with two wavelengths of electronically
detectable and readable data, like a solid bar with a variable bar printed directly on top yet
only seen with electronic detection and spectroscopy. The IR images may be printed 1n
any suitable manner. For example, the IR images may be printed utilizing lithography,
screen printing, flexography, high-resolution ink jet printing, and color or monochrome
electrostatic laser printing.

It will be understood that the IR image formed from IR ink may be excited by
an IR light source and read electronically to detect the presence and shape of the IR 1mage.
The same is true for UV inks. Thus, the presence of the security information méy be
verified, and the security information may be read to provide information such as the
authenticity of the label. Additionally, the IR image may be read by electronic equipment

to detect the rise and fall of the rates of absorption and reflection of the IR image. The
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rates of absorption and reflection are ftraits that may be controlled during the
manufacturing process of the label, and these traits provide information that may be
provided to verification equipment. Thus, these traits may additionally comprise security
information. The verification equipment may then be used to verify the identity and
authenticity of the label by reading the security iniormation provided by the IR image.
The printed IR or UV image can be electronically detected by illuminating the images
with an appropriate light source and reading them with a filtered CCD electronic camera.
Using the camera and a computer 1t 1s possible to detect a variation less than .05% 1n
difference. These images cannot be seen with the eye o1 with any other :photographic
technologies and since the wavelengths to be detected and the images are only a few
wavelengths apart, 1t 1s extremely difficult to impossible to replicate the chemical response
and print correct intensity in the blind.

The printable sheet may have a layer or layers over the printable sheet that aid
the molding process and provide added permanence to the printed image in abrasive,
chemical, or UV light exposure environments. The over-casting layers may be applied 1n
any suitable manner. For example, the layers may be applied by coating the printable
sheet by lithography, screen printing, application of curable silicone, and roll coating with
the layers. Alternatively, the over-casting layers may be applied to the printable sheet by
lamination. The layer or layers are generally applied over the visible and invisible 1images.
The roll coat or lamination method are preferred for cost and performance reasons.

With respect to the layers, there are families of UV energy cross-linkable layers
that provide the said printed silica-filled micro-porous materials with the desirable

performance enhancements. By the nature of their molecular level changes during curing
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such layers enhance the tensile properties of the printed sheets reducing the tendency of
the sheet to stretch as molten material flows over the sheet to its edges. Increasing the
tensile properties also allows the use of thinner material such as seven mil thickness; this
is important because it reduces the cross section presented at the sheet edge where an
excessive thickness induces disruption of the matenial flow causing said sheet to lift from
the mold surface. The increases in tensile properties are also of value 1n minimizing
stretch thus making the printable sheets usable in a continuous roll fed sheet extrusion
process where graphics are fused to extrudate as 1t 1s produced.

By the nature of the molecular changes that occur during curing, the layers also
protect the ink during molding processes and provide the printable sheets with an
increased surface coefficient of friction which significantly enhances the stability of the
printed sheet within the mold during tortuous molding processes. Such sheet stability
lowers the potential movement or float of the printed sheet as molten material flows over
the sheet to its edges. The stability enhances high yield during tortuous molding
Processes.

When needed, such layers can be formulated and are commercially available
which also enhance the resistance of the printed sheets from degradation by chemicals
such as petroleum distillates and solvents which could contact the surface of the product in
many applications. When needed such layers can also be formulated and are commercially
available to enhance the resistance of any of the products to color fading from protracted
exposure to UV light in outdoor or other high sunlight exposure applications. Such layers

may also provide suitable dielectric performance so that printed and coated sheets can be
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held in the mold cavities using electrostatic means without the degradation or dissipation
of the electrostatic charge prior to mold closure and completion of the molding process.

In accordance with an embodiment of the present invention, the coating may be
a UV curable clear coating material having a coefficient of friction greater than 0.5. The
coating may be a UV curable clear coating having a cured gloss of greater than 55%.
Additionally, the coating may impart enhanced properties to the printable sheet. For
example, the coating may impart outdoor resistance to UV induced 1mage fading for five
to ten years, resistance to image degradation from contact with petroleum based materials
or solvents, and/or resistance to underfoot slippage "of greater than a 0.6 coefficient of
friction as tested under ASTM D2047.

Satisfactory, but not optimum, UV curable layers are available from a number
of sources by specifying a clear coat that will adhere to lithographic printed images and
which exhibits whatever performance factors such as those cited above are needed for the
specific application. A suitable series of such layers has been optimized to enhance the
most important properties for the majority of product applications 1s the GRA series of

layers, which are clear variants of the screen inks previously cited. These layers are

available from Fusion Graphics of Dayton Ohio. Such layers are UV crosslinkable layers

containing an may acrylate ester.

In accordance with an embodiment of the present invention, the label may have
invisible ultraviolet (UV) ink printed over the visible image to produce a UV 1mage. The
UV image is configured to provide security information. The UV image may be produced
by using any suitable UV ink. Examples of suitable UV inks include, but are not limited

to, those available from Angstrom Technologies Inc. and Kennedy Ink Co. UV ink is
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generally invisible to the human eye unless placed under a UV light. For example, the UV
ink may be visible when placed under a long wave UV light. The UV image may be any
suitable image. For example, the image may be a dot matrix pattern, a bar code, or the
image may be a block print that covers the visible image, and the UV 1mages may
comprise security information. The UV image may be layered with the layer or layers
over the UV image. The UV images may be printed in any suitable manner. For example,
the UV images may be printed utilizing lithography, screen printing, flexography, high
resolution ink jet printing, and color or monochrome electrostatic laser printing. It 1s
possible to manufacture multiple UV inks and with small variations in wavelength of the
same color. This allows for printing, for example, a yellow solid bar image and then over
the same solid bar print a yellow custom bar code image and then use the Raman
spectroscopy process to determine the forensic validity of the images, we may also add a
trace molecular chemical that only can be detected using spectroscopy, further adding
additional levels of security.

It will be understood that the UV 1mage may be excited by an UV light source
and read electronically to detect the presence and shape of the UV mmage. Thus, the
presence of the security information provided by the UV 1image may be verified, and the
security information may be read to provide information such as the authenticity of the
label. Additionally, the UV image may be read by electronic equipment to detect the rise
and fall of the rates of absorption and reflection of the UV image and the density of the
UV image. The rates of absorption and reflection and density are traits that may be
controlled during the manufacturing process of the label, and these traits provide

information that may be provided to verification equipment. These traits may comprise



10

15

20

CA 02588897 2007-05-28

WO 2006/060043 PCT/US2005/027387

-10-

security information. The verification equipment may then be used to verify the identity
and authenticity of the label by reading the security information provided by the invisible
UV 1mage.

In accordance with an embodiment of the present invention, the labels may be
ncorporated into plastic or rubber articles made from any suitable materials to form
labeled articles. Suitable materials for the articles include polymers such as thermoplastic
polymers and thermoset polymers. Suitable polymers include, but are not limited to,
Polyolefin (polypropylene, polyethylene) polycarbonate, elastomers, polyamides,
polystyrene, polyphenylene oxide, polyvinyl chloride, partié,lly devulcanized crumb
rubber, crumb rubber filled polymer, and acrylonitrile-butadiene-styrene.  Suitable
materials also include unvulcanized rubber. Transparent polymers may be used, and the
labels may have a visible and/or invisible IR image printed on the front and the back of the
labels. Additionally, recycled or regrind materials may be utilized to form the products of
the present imvention. The recycled or regrind materials may contain non-homogenous
and variegated material derived from recycled or regrind stocks.

The labels of the present invention may be incorporated into plastic or rubber
articles 1 any suitable manner. Generally, the labels are permanently fused into the
surface of the plastic or rubber material during the manufacture of the article. The labels
may be fused into the surface of suitable materials by any suitable process such as molding
including thermosetting, vulcanization, and thermoplastic molding and extrusion. Because
the labels are permanently fused into the surface of the plastic or rubber material during
the manufacture of the article, the labels are essentially tamper proof. Any attempt to

remove the label will irreversibly alter the surface of the plastic or rubber material, and
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such alteration of the surface will be apparent. Thus, the labels provide embedded security
information that may be unique to the product.

The labels exhibit high stability in the mold during molding, and the labels may
be used 1n a wide variety of molding techniques. The labels may introduced into a mold,
contacted with the article material, and the labels may then be fused into the article during
the molding process. Suitable molding processes include injection, blow, thermoforming,
gas assist, structural foam, compression, and rotational molding. The labels may be
permanently fused into the surface of an article during extrusion and vulcanization
processes.

The labels of the present invention may exhibit improved positional stability in
a mold. For example, the label may have dielectric properties that permit poéitionally
stable placement using electrostatic charging of the printable sheet in any position within a
mold for over 30 seconds including during the molding process. Such dielectric properties
may be imparted by the layers as discussed herein. In another example, the label may
have a coefficient of friction between the printable sheet and a mold surface sufficient to
resist the force of molding material flowing over the molding side of the printable sheet.
Additionally, the label may have a surface that softens sufficiently to produce adhesion to
a mold surface sufficient to resist the force of molding material flowing over the molding
side of the printable sheet.

The labels of the present invention may be thermoformed to fit complex mold
face geometries. For example, the label may be incorporated into a product have a raised
area or areas. Additionally, the products may be decorated post mold using any suitable

technique such as pad printing, heat transfer, foil transfer, screen printing, airbrush, and
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application of an adhesive label. In a further example, the label may comprise a three
dimensional printable sheet printed with visible and invisible images as discussed herein.
The three dimensional label may be molded with a suitable product to produce a labeled
three dimensional product. The label may be made three dimensional by a method
selected from heat welding, vacuum forming, ultrasonic welding, and coining, and
combinations thereof.

It will be understood that the label may be manufactured to contain graphic
visible and invisible images fhat are unique to a labeled article. Additionally, the
absorption, reflection, and density of the IR and UV images may be controlled during
manufacturing, and changes in these rates may be used to identify a particular labeled
article. Using the Raman spectrographic technologies allows for the fused label to be
uniquely identified, i.e. as a "fingerprint" or "DNA" for that image. The ability to deposit
these images as unique individually electronic printed imagery with lots code provide all
the aspects to handle fraudulent and gray market distribution of products.

In accordance with another aspect of the present invention, a system for
providing security information is provided. The system comprises a labeled article as
discussed herein having security information provided thereon. The system additionally
comprises a verification system that comprises verification equipment. The verification
equipment that 1s capable of electronically reading IR and UV images. The verification
equipment may be programmed to interpret the IR and UV images in any desired manner.
For example, the verification equipment may be programmed to verify the security
information provided on the labeled product. Additionally, the verification equipment

may be electronically provided with expected changes in the absorption or reflection of the
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IR and/or UV images, and the expected changes may be used to verify the identity and

authenticity of the labeled product.
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CLAIMS

1. A label suitable to be permanently in-mold fused to an article, the label

comprising:
a printable sheet, the printable sheet comprising a precipitated silica filled

microporous material;

a printed image on the printable sheet, the printed image comprising at least one
visible image; and
an over-coating layer on the printable sheet and the printed image to enhance
stability of the printable sheet during in-mold fusion;
wherein the printed image further comprises at least one invisible image selected from the
group consisting of an invisible IR 1mage and an invisible UV image, wherein said at least

one 1nvisible image comprises security information, and wherein said security information
is verifiable by electronic equipment when said at least one invisible image is illuminated

with an appropriate IR or UV light source.

2. The label of claim 1, wherein said at least one visible image is printed with inks

selected from lithographic, gravure, flexographic, and screen inks, and combinations

thereof.

3. The label of claim 1, wherein said at least one invisible image comprises a bar

code, and wherein said bar code comprises said security information.

4. The label of claim 1, wherein said at least one invisible image comprises a dot

matrix pattern, and wherein said dot matrix pattern comprises said security information.
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5. The label of claim 1, wherein said printed image comprises at least one invisible
IR image and wherein said at least one visible image at least partially overlies said at least

one invisible IR image.

6. The label of claim 5, wherein said printed image comprises a plurality of

invisible IR 1mages.

7. The label of claim 1, wherein said printed image comprises at least one invisible

UV image and said at least one invisible UV image at least partially overlies said at least

one visible image.

8. The label of claim 7, wherein said printed image comprises a plurality ot

invisible UV images.

9. The label of claim 7, wherein said at least one invisible UV image comprises a

block print over said at least one visible image, and wherein said block print comprises

said security information.

10. The label of claim 1, wherein said printable image comprises a first invisible
UV image and a second invisible UV image printed over at least a portion of said first
invisible UV image, the first invisible UV image having a first wavelength and the second
invisible UV image having a second wavelength, the second wavelength varying from the
first wavelength by less than 0.05% of the first wavelength, wherein said security

information comprises said second wavelength.

11. The label of claim 1, wherein said printed image comprises at least one

invisible IR image and at least one invisible UV image, wherein said at least one visible
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image overlies said at least one IR image, and wherein said at least one invisible UV

image at least partially overlies said at least one visible image.

12. A labeled article comprising:

an article comprising a material selected from plastic, rubber, and

combinations thereof: and

a label according to claim 1, permanently in-mold fused to said article.

13. The labeled article of claim 12, wherein said printed image comprises at least

one mvisible UV image that at least partially overlies said at least one visible image.

14. The labeled article of claim 12, wherein said printed image comprises at least
one invisible IR image and wherein said at least one visible image at least partially

overlies said at least one invisible IR image.

15. The labeled article of claim 12, wherein said printed image comprises at least
one invisible IR 1image and at least one invisible UV image, wherein said at least one
visible image at least partially overlies said at least one invisible IR 1image, and wherein

said at least one invisible UV image at least partially overlies said at least one visible

1mage.

16.  The labeled article of claim 12, wherein said article comprises packaging
for a drug.

17. A system for providing security information, characterized in that the system
COMPIISES:

an article comprising a material selected from plastic, rubber, and

combinations thereof;
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a label according to claim 1, permanently in-mold fused to said article; and
a verification system comprising verification equipment programmed to

verify the security information in said label.

18. The system of claim 17, wherein said printed image comprises at least one
invisible UV image at least partially overlying said at least one visible image, wherein said
security information comprises the density of said at least one invisible UV image, and

wherein said verification equipment is programmed to verify the density.

19. The system of claim 17, wherein said printed image comprises at least one
invisible IR image and wherein said at least one visible image at least partially overlies
said at least one invisible IR image, wherein said security information comprises the rate
of light absorption and reflection of said at least one invisible IR image, and wherein said
verification equipment is programmed to verify the rate of light absorption and retlection

by optical spectroscopy.

20. The system of claim 17, wherein said verification equipment comprises a
filtered CCD electronic camera and said security information comprises a wavelength of
light emitted by said at least one invisible image when said at least one invisible image 1S

illuminated with an appropriate IR or UV light source.

21. The system of claim 17, wherein said printed image comprises a first invisible
UV image and a second invisible UV image printed over said first invisible UV image,
said first invisible UV image being configured as a solid bar having a color when

illuminated by a UV light source, said second invisible UV image being configured as a

bar code having said color when illuminated by said UV light source, said bar code
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comprising said security information, and said verification equipment being programmed

to verity said security information by Raman spectrometry.

22. The system of claim 17, wherein said printed image comprises at least one
invisible UV image printed from an ink comprising a trace molecular chemical within said
ink, wherein said security information comprises the presence of said trace molecular
chemical, and wherein said verification equipment is programmed to verify said security

information by Raman spectrometry.

23. The system of claim 17, wherein said printed image comprises at least one
invisible IR image and at least one invisible UV image, and wherein said at least one

visible image at least partially overlies said at least one IR image and said at least one

invisible UV image at least partially overlies said at least one visible image.
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