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TANPER—INDICATING LABEL : FI ELD OF THE | NVENTI ON 1Py :
'“The knvention relates to tanper-indicating-labels. Mre specifically, the
“ifivention relates to tanper-indicating pressure sensitive |abels which
irreversibly display an image after renoval froma substrate to which it
has been adhesively appli ed. BACKGROUND OF THE | NVENTI ON

A variety of tanper-indicat |T|AMPE{.<INBY€ATING LABEL

FIELD OF THE INVENTION
The invention relates to tamper-indicafing
labels. More spec1f1ca11y, the invention relates to
5 tamper-indicating pressure sensitive labels which
irreversibly display an image after removal from a
substrate to which it has been adhesively applied.

BACKGROUND OF THE INVENTION
A variety of tamper-indicating labels have
10 been developed for providing visual evidence that the
label has been completely or partially separated from
the container so as to provide access to the container.
A number of tamper-indicating labels are known
including those described in United States Letters
15 Patent Nos. 3,631,617; 4,121,003; 4,180,929; 4,588,465;
' 4,652,473; 4,684,554; 4,746,556; 4,763,931; 4,772,650;
4,876,123 and 4,980,222. dne-of the more successful
tamper-indicating labels is disclosed in United States
Patent No. 5,153,042 issued to Indrelie and assigned to
20 the Minnesota Mining and Manufacturing Company of St.
Paul, Minnesota. Briefly, the tamper-indicating label
of Indrelie includes an imaged layer of a release
coating positioned between layers of transparent
facestock and frangible metal whereby removal of the
25 applied label separates the metal layer between a
residual image -- defined by the imagé of the release
coating -- left on the substrate and a negative of the
image appearing on the facestock removed from the
substrate. Efforts to conceal tampering by realigning
30 the label are prevented by the loss of intimate contact
between the layers of the label after separqtipn.

Tamper-indicating labels -- available from
the Minnesota Mining and Manufacturing Company of St.
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been devel oped for providing visual evidence that the |abel has been
conpletely or partially separated fromthe container so as to provide
atcess to the container. A nunber of tanper-indicating |abels are known

i ncludi ng those described in United States Letters Patent Nos. 3,631, 617;
4,121, 003; 4,180,929; 4,588, 465; 4,652,473; 4,684, 554; 4,746,556;
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| oss of intimtgmperingtwhen any attempt is made to remove it from a
substrate but does ndt leave any residue on the
10" substrate upon removal. Optionally, the label would
leave a residue upon removal but the residue is easily
removable without the use of solvents. Tampering or
unauthorized entry is evidenced by either actiqation of
the tamper-indicating.image on the label or a complete
15 absence of the label.

Such fully-removable tamper-indicating labels
could be useful as window stickers permitting entry to
state parks, window stickers evidencing emissions
testing of an automobile, or a sealing label applied to

20 such things as a file cabinet, a brief case, a standard
door, an aircraft hanger door, the acéess door of an
aircraft, or the trunk of a vehicle, so as to indicate
or deter unauthorized entry. By way of example, when
used as a sealing label on the trunk of a vehicle the

25 label would be applied so that it overlaps the tail
light and the trunk door to deter the theft of items
such as wheel covers, floor mats, jacks, and the like
from the trunk during storage at the factory and

~ transportation from the factory to the dealership.

30 Tamper-indicating labels of the prior art are
designed to leave part of the label tenaciously adhered
to the substrate. Removal of the residue requires the
use of an environmentally undesirable hydrocarbon
solvent and/or requires the use of additional tools,

_________________
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between the | ayers of the'label after separation.

Tanper-indicating |labels -- available fromthe M nnesota M ning and
Manuf act uri ng Conpany of St. Paul , M nnesota under the tradenmark
SCOTCHVARK[ err] (product nunbers 7381 and 7384)-- possess the attribute of

| eaving a tenggj rﬁﬂ'? cg%L ?;@_s fof ANREE
substrate. ThIS trlbute 'S éiﬁ I T e gﬁe&%r eV|%2%E§q%%8§%npering

i s want ed on fQQ;damage the substrate.

Accordingly, a substantial need still exists

for a tamper-indicating label which can reliably |

5 provide visual evidence that a container has been
opened without leaving a residual message on the
substrate. In addition, the label should not
predestruct (i.e., display the tamper-indicating
. message before the label has been removed from the

10 substrate, such as upon removal from the liner) and the
tamper-indicating message should be both easy to read
once the label has been removed -- regardless of the
means employed to rémove the label -- and remain
visible despite surreptitious efforts to conceal

15 tampering by reapplying the label.

SUMMARY OF THE INVENTION
We have discovered a tamper-indicating label which
includes (i) a layer of light-transmissive facestock,
(ii) a layer of light-transmissive imaged release
20 coating adjacent the facestock so as to provide
indicia, and (111) ‘an adhesive adjacent the release
coating.

The indicia provided by the release coating is not
visible until the release coating is forcibly separated
25 from one of the other layers to which it is laminated.
‘Upon separation, the indicia created by the imaged
release layer becomes permanently visible and the label
is "activated". )

In a first embodiment, the label is provided with
30 sufficient assembly cohesive strength to keep the label
together as a single unit after "activation".
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substrate. However, in sone situations it is desirable to have a | abel

whi ch di spl ays pernmanent evi dence of tanpering when any attenpt is made to
renove it froma substrate but does not | eave any residue on the substrate
upon renoval . Cptionally, the | abel would | eave a residue upon renoval but
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The label preferably includes a contrast
enhancement coating between the release coated surface
10 of the facestock and the adhesive for increasing visual
perceptibility of the indicia.

In order to provide a succinct and meaningful
description of the invention, the remainder of this
specification will be based upon a tamper-indicating.

15 label which includes the specific sequence of
facestock, release coating, contrast enhancement layer
and adhesive. In addition, the remainder of the
specification will be based upon separation of the
release coating from the facestock side of the label

20 rather than the adhesive side of the label. These
limitations are provided solely to facilitate
disclosure of the invention are not intended to
restrict the scope of the invention.

The combination of controlled visual

25 perceptibility of the indicia and assembly cohesiveness
of the label are based upon a combination of (i) the
‘adhesive strength between the facestock and the release
coating being less than the adhesive strength between
the facestock and the contrast enhancement coating,

30 (ii) the adhesive strength between the facestock and
the contrast enhancement coating being greater than the
adhesive strength between the pressure-sensitive
adhesive and a substrate to which the label is applied,
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| abel woul d be applied so that it overlaps the tail light and the trunk
door to deter the theft of itenms such as wheel covers, floor mats, jacks,
and the like fromthe trunk during storage at the factory and
transportation fromthe factory to the deal ership

206 tenact ol &t o he: BdRes iR, Srngtly pehelfl O Brabadia® 01 O, |2
the use of ansensitdwveradhes|ivenand ralsubsitratec fohathish the lahgbr
requires the ygeaph13dd belnd gre@'tdr than the adhesive strength

between the facestock and the release coating, and (iv)

5 the assembly cohesive strength of the label being

greater than the adhesive strength between the

pressure-sensitive adhesive and a substrate to which

the label is applied.

The tamper-indicating label is particularly
10 well adapted for a broad range of uses including
specifically, but not exclusively, tamper-indicating
closure seals for brief cases, computer disc dfives,
doors, and filing cabinets; and tamper-indiéatfng
display labels evidencing payment for entry into a park
15 or passage of mandated emission testing.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a top view of one embodiment of the
invention.

Figure 2 is a cross-sectional side view of the
20 invention depicted in Figure 1 prior to removal of the
release liner.

Figure 3 is a cross-sectional side view of a
second embodiment of the invention prior to removal of
the release liner.

25 Figure 4 is a top view of the invention depicted
in Figure 3 after removal of the release liner.

Figure 5 is a cross-sectional side view of the
invention depicted in Figure 4.
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-3- such as a nechani cal scraper, both of which are prone to damage the
substrate. Accordingly, a substantial need still exists for a
tanper-indicating | abel which can reliably provide visual evidence that a
cont ai.ner has been opened without |eaving a residual nmessage on the

Substrate. In additjon, th abel shou] d no redestruct (i ,€. i gplay the
t anper - i ndi cati ng r#e’%‘gbee %egf%rae t9R Yigw o a@‘%eb‘hv?%%‘a‘éodﬂ’%ﬁf?ae
subst rateh slucifn aeigimt 3 eapphied rtfjﬂntl’éu; ?a’:}hbrj;iqﬁtll ' &:malbtnmmerrofndidcati ng
message shou to re n --
‘regardl ess of q’t%?ériea%s&gf%‘f’;&%%%l&f e%%cﬁjeﬁgﬁﬁg :ﬁ'ge rgﬁg%( vi sible
despi te surrehas ibmen agenaed sinesaprlicatnion iof) the rkabelyi ng the | abel .
SUMVARY OF THE | NVENTI ON

5 Figure 7 is a top view of the invention depicted

in Figure 3 after being activated.

Figure 8 is a cross-sectional side view of the
invention depicted in Figure 7.

Figure 9 is a graphical depiction of the Peel
10 Adhesion versus Tensile Modulus relationship for
several of the adhesives disclosed in the EXAMﬁLES
section of this specification.

DETAILED DESCRIPTION OF THE INVENTION
' INCLUDING A BEST MODE

Nomenclature

10 Tamper-Indicating Label

20 FaceStock

30 Release Coating

40 Primer Coating

50 Contrast Enhancement Coating

60 Pressure Sensitive Adhesive

70. Release Liner

100 Substrate

Definitions _ )

As used herein, including the claims, the term
ractivation®, when used tphdescribe the condition of
the label 10, means seﬁaration of the contrast

5 enhancement coating 50 from the facestock 20 in those
areas treated with release coating 30 so that the label
10 displays the image defined by the release coating 30

LiiRo 8 EE
REPLAGED .
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We have di scovered a tanper-indicating | abel which includes (i) a |ayer of
| i ght-transm ssive facestock, (ii) a layer of light-transm ssive inaged
rel ease coating adjacent the facestock so as to provide indicia, and (iii)
an adhesi ve adjacent the rel ease coating. The indicia provided by

the release coating is_not vjsible until, the releasg coating is foycibly
separ at ed fr(nﬁ§¥ﬂ¥(ﬂnqrRFQX¥ﬁﬁsI%&&#%Jt%ﬁ%ﬁﬁkﬁi?ﬁt¥gpIgﬂ?gaf%ﬂ.iibﬁh
separation, the ingl Geert 'Fed Bsd D tdhérpisd rehevsd® £y thecones

per mnent |y visi.b e label is "activated". In a first

l.e and }
enbodi ment , trﬁ?qﬁﬁﬁﬁxﬁs} fovided with sufficient assenbly cohesive
strength to keep the | abel together as a single unit after "activation”

As used herein, including the claims, the term
5 "adhesive" means the macroscopically observable
attraction between dissimilar substances such as the
attraction between the facestock 20 and the release
coating 30 layers in the tamper-indicating label 10 of
this invention and the attraction between the pressure
10 sensitive adhesive 60 on the label 10 and a substrate
100 to which the label 10 has been applied .

As used herein, including the claims, the 'term
"cohesive” means the macroscopically observable mutual
attraction by which the elements of a body remain

15 together such as the mutual attraction of the various
layers in the tamper-indicating label 10 which
contribute to the unitary constitution of the label 10
("assembly cohesiveness") and the mutual attraction
between the molecular elements within a single layer

20 which contribute to a téndency of the layer to remain
together as a single body ("individual cohesiveness").

As used herein, including the claims, the term
" facestock” refers to a layer of material which
provides the primary structural integrity to a label
25 10. The facestock 20 is generally the base layer which
is treated with other layers to create the label 10.
One composition commonly used as a facestock 20 is a
film of polyethylene terephthalate. | '

As used herein, including the claims, the term
30 *light transmissive” refers to the property of
transmitting sufficient light that an image can be seen
therethrough with the unaided eye. Light transmissive
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REPLACEMENT SHEET -4- In a second

enbodi nent, the | abel does no sufficient assenbly cohesive strength to
routinely keep the | abel together as a single unit after "activation" but

t he adhesive permts visually conplete renoval of any residual | abel
fragnments remai ning on the substrate after renoval of the |label without the
use of an orgatdluydds epecificallylhendtalmdt pexad usively nctrakesparentt r ast
enhancenment coatj ng betmeen the rel ease coated surface of the facestock and
t he adhesive ﬁﬂd {#%‘Wﬁf’?ﬁ sual perceptibility of the indicia. '

Composition
The label 10 includes at least a facestock, a
5 release coating and a pressure sensitive adhesive.
Other layers can be positionéd between the facestock
and the release coating or the release coating and the
pressure sensitive adhesive. In a preferred embodiment,
" the label 10 includes sequential layers of facestock
10 20, release coating 30, optional primer coating 40,
optional contrast enhancement coating 50, pressure
sensitive adhesive 60 and optional release liner 70.
Alternatively, the sequence may be altered by
repositioning the optional primer coating 40 between
15 the facestock 20 and the release coating 30 or between
the contrast enhancement coating 50 and the
pressure-sensitive adhesive 60.

As mentioned in the SUMMARY of this specification,

the remainder of this specification will be based upon

20 a tamper-indicating label 10 which includes the
specific sequence of facestock 20, release coating 30,
contrast enhancement coating 50 and adhesive 60 wherein
the release coating 30 separates from the facestock 20
side of the label 10 rather than the adhesive 60 side

25 of the label 10. Again, these limitations are provided

' solely to permit a concise and meaningful disclosure of
the invention and are not intended to unduly restrict
the scope of the invention.

Proper activation of the tamper-indicating label
30 10 requires cooperative irnteraction between the
individual components of the label 10. Consequently,
the components should be selected together with proper
consideration given to the interactive contribution
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In order to provide a succinct and neani ngful description of the invention,
the remai nder of this specification will be based upon a tanper-indicating
| abel which includes the specific sequence of facestock, rel ease coating,

contrast enhancenent | ayer and adhesive. In addition, the remainder of the

specification wl] upon se aratlo of -the releas coating fromthe
facest ock si d®¥ 6’?”1‘1%5 li"%3&“? SO %‘?'t hd Ok RXARRL &y o%e"o "E’n%nl?i% -
These |inmtat ithies facestonk m sthowld/ inelfuls ld todns illeard toison eof)fthée

i nvention are _not e [

The conbi natlc?riwl ig}c?n%%% hv:%}tt}%ee&e% t%%gﬁﬁest{ﬁ o% Jhlf ICI -y and
assenbl y cohesoatiags 36 neﬂauia»aeltcartmaoa@mm s;mqnmahemem (i) the
adhesi ve o 1 CReEN RELICIAYS A RHL Vot 1d'%d Ukt pridpde N9 being | ess

t han the adhesive streng
act;vatlon of the label 10 is achieved. 1In addition,
other factors may affect performance of the label 10
including the relative surface areas of the facestock
20 which are coated with the release coating 30 and the

10 . primer coating 40.

FaceStock
The facestock 20 is preferably a light
transmissive, polymeric film possessing sufficient
strength and durability. The facestock 20 contributes
15 most of the structural integrity of the label 10 and
should maintain its light-transmissiveness during
normal use and abuse of the label 10. In a preferred
embodiment, the label 10 should be sufficiently
flexible to conform to the irregular surfaces of the
20 substrate 100 to which it is applied. When intended
for use on a clear substrate 100, such as a window
pane, an opaque facestock 20 may be employed so that
the label 10 may be readily located.

_ A preferred facestock 20 -- because of its

25 toughness, durability, moisture resistance, dimensional
stability and superior transparency -- is biaxially
oriented polyethylene terephthalate. Other suitable
facestock 20 materials include cellulose acetate,
polycarbonate, polyé%hylene, polystyrene, polyvinyl

30 chloride and other polyolefins.

Release Coating

The release coating 30 may be any material which.
adhesively bonds to the facestock 20 with a strength
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the facestock and the contrast enhancenent coating, (ii) the adhesive
strength between the facestock and the contrast enhancenent coating bei ng
greater than the adhesive strength between the pressure-sensitive adhe5|ve
and a‘substrate to which the | abel is applied,

REPLACEMENT ShipiEh is dilgrif {dih i edas® fHdrb e imimtélewﬁ Rure
sensitive adhesive and_ a substrate to which the Jabel a dﬁgll ei ng

greater than WHEhahdsh, Ehe mewh Hayarrh Raker gk st the rel ease
coating, and @r\.ﬁnetﬂ”'% m%lm Qe ) adidsig 1y Boride tabghe bei ng greater
t han t he adhe%l i: ?‘n% ween &1
acestoc prov1 es a clearly visible message --

' 5 relative to any visual display provided on the

unactivated label 10 -- once separated from the primer

coating 40. However, the adhesive strength with which

the release coating 30 bonds to the facestock 20 should

be sufficient to prevent premature activation of the
10 label 10, such as removal of the label 10 from the

release liner 70.

Typical release coatings 30 are generally capable
of providing the desired reduction in adhesiverness at a
thickness of about 100 to 300 nn.

15 Materials suitable as a release coating 30 include
fluorinated chemicals, polyvinyl alcohols, silicones
and waxes. The release coating 30 is conveniently
applied in a solvent system such as a solution of
polyvinyl alcohol in a co-solvent system of isopropanol

20 and deionized water.

Particularly suitable materials for use as the
release coating 30 are commercially available from
Minnesota Mining and Manufacturing Company of St. Paul,
Minnesota under the trademarks SCOTCH™ ¥-110 and Y-112.

25 The SCOTCH™ Y-110 and Y-112 release coatings 30 may be
conveniehtly applied when thinned with a co-solvent
system of 75 vol% water and 25 vol% isopropyl alcohol.
Such thinned solutions of SCOTCH™ Y-110 and ¥Y-112
release coatings 30 have a #2 Zahn-cup viscosity of

30 about 20-25 seconds @ 32°C.

Primer Coating
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pressure-sensitive adhesive and a substrate to which the |abel is applied.
The tanper-indicating |label is particularly well adapted for a broad range
of uses including specifically, but not exclusively, tanper-indicating
cl osur.e seals for brief cases, conputer disc drives, doors, and filing

cabi nets; and tarrpefhé %@ '%gt%ﬁé@yc&;@le*‘zf 'PE“&S%;?&&”E@ ]I;ORIr EIcintry

into a park or passage emnm ssion
DESCRI PTI ON OPrevddansiedng adhesiveirkond | hﬁtween)thewf@¢eshechnaed|nent

of the inventify the contidd¥ CerthdricénddOSSostiid 96! of ! ke Vighe ! the
10. 1In those situations where the particular facestock
5 20 and contrast enhancement coating 50 possess a strong
natural adherence to one another, the primer coating 40
may be eliminated.

Commensurate with its intended function, suitable

primer coating 40 materials are those materials which
10 are capable of providing a strong adhesive bond to both

the facestock 20 and the contrast enhancement coating

50 material. Hence, selection of an acceptable coating

material depends upon the specific facestock 20 and

contrast enhancement coating 50 materials used in the
15 label 10.

Particularly suitable materials for use as the
primer coating 40 when the contrast enhancement coating
50 is vapor deposited metal include SCOTCH™ Y-120
available from the Minnesota Mining and Manufacturing
20 Company of St. Paul, Minnesota and SURFLEX-LAM™ Varnish’
available from Del-Val Ink and Color Co. of Riverton,
New Jersey.

The thickness of the primer coating 40 should be
_ sufficient to cover the imaged release layer 30 and
25 provide a continuous surface to which the contrast
enhancement coating 50 can be applied. Insufficient
coating tends to produce undesirable ghost images on
the label 10. Genéfhlly,'a coating thickness of about
four to six times the thickness of the release coating
30 30 is effective for providing the desired coverage.

Contrast Fnhancement Coating

_—
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i nvention depicted in Figure 1 prior to renoval of the release |iner.
Figure 3 is a cross-sectional side view of a second enbodi nent of the

i nvention prior to renoval of the release liner. Figure 4 is a top
view of the invention depicted in Figure 3 after renoval of the release

| i ner. Fi guRpR D RO Jafeirde sgrvgant i on
depicied in Fi ure&ge opt 13na10 TNt Ao RahatictheHite ¥ rief

REPLACENMENT smggprporated into the label 10 to enhance visual
perceptibility of the tamper-indicating message on the
label 10. The contrast enhancement coating $0 provides

5 a clearly visible image once the contrast enhancement
coating 50 has been separated from the facestock. 20.
This attribute permits the contrast enhancement coating
50 to prominently display the image defined by the
release coating 30 after the label 10 has been

10 activated.

Any material capable of providing such a
contrasting visual appearénce may be used as the
contrast enhancement coating 50. Suitable contrast
enhancement coating 50 materials include pigmented

15 coatings, dyes, toners and vapor deposited metals.

Particularly suitable contrast enhancement coating
- 50 materials are the highly reflective metals of
aluminum, copper, gold, iron, silver, zinc, etc. Thin
frangible coatings of such metals may be readily
20 applied to the label 10 by standard vapor deposition
techniques. The vapor coated metal may optionally be
oxidized during deposition.

When the contrast enhancement coating 50 is metal,

the thickness of the coating is preferably sufficient

25 to reduce light transmission through the contrast
enhancement coating 50 to less than 2%, preferably less
than 1%. By way of example, a 10 to 25 nm thick
coating of vapor deﬁbsited aluminum is typically
effective for achieving the desired properties. A

30 thickness providing a light transmission of greater
than about 2% tends to provide an inadequate visual
contrast.
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ﬁigure 6 is a top view of the invention depicted in Figure 3 applied to the
tail light and trunk of a vehicle for purposes of indicating whether the

trunk has been opened since application of the label. Figure 7 is a
' icied in Figure 3 after being activated.

L?guygeglfg ;hg?%gésgét? ﬂ§£‘§ BE®vi ew of the invention depicted in Figure
7. Figure 9 Fagesgognhroamaylepécflg?ogfgpggﬁggggegdggtglagg\igh;sﬁst e
LS S0 8 FELBRARTSONBIAGT 200 B 5L LhE BgTABIVER"hiihRa
SCOTCH™ Y-110 solution. The release coating 30 is
5 printed to provide indicia upon the facestock 20. One
example of suitable indicia -- shown in Figure 7 -- is
a repeating pattern of the word VOID where the word is
~about 4 mm high and 10 mm long with an approximately 5
mm horizontal gap between words and an approximately 7
10 mm vertical spacing -- measured center-to-center --
between rows of words. In the example shown in Figure
7, the release coatirg 30 covers approximately 30% of
the facestock 20 surface area.
,
The printed release coating 30 is dried by
15 conventional means, such as a jet dryer, to form a

dried coating about 200 nm in thickness.

A primer solution, such as SCOTCH™ Y-120, may then

be flood coated over the release-coated facestock 20
and dried by conventional means, such as a jet dryer,

20 to form a dried coating which forms a relatively
continuous planar surface over the release coated
surface of the facestock 20 with a coating thickness of
about 700 nm over those areas éontaining release
coating 30 and about 900 nm over those areas void of

25 release coating 30.

The dried primer-coated facestock 20 can then be
rolled into a "jumbo" roll for transportation to a
separate location for application of a contrast
enhancement coating 50, such as a vapor deposited layer
30 of metal.

By way'of example, the jumbo roll of primer-coated
facestock 20 may be fed at about 200 feet/minute (61

is Sheet Has Been Replaced: -13=-

T




DETAI LED DESCRI PTI ON OF THE | NVENTI ON | NCLUDI NG A BEST
MODE Nonencl ature 10 Tanper-Indicating Label 20 FaceStock 30 Rel ease
Coati ng 40 Primer Coating 50 Contrast Enhancenent Coating 60 Pressure
Sensitive Adhesive 70 Rel ease Liner 100 Substrate Definitions As
used herein, including the clains, the term"activation", when used to
describe the gmetdrsyminate) hehkotigh the heatedseazuam chamberhefcent r ast

vapor coater evacuated to a pressure below about 0.0005
torr and containing vaporized aluminum. A relatively
planar surface of aluminum is deposited over the entire

5 exposed surface of the primer coating 40 at a thickness
of between about 10 to 25 nm -- measured in terms of
electrical resistance -- and then converted to light
transmissiveness (0.13% to 0.5%) to define a thickness.
The aluminum coated facestock 20 can then be'rolled

10 back into a "jumbo" roll for storage and transportation
prior to application of an adhesive 60.

Pressure Sensitive Adhesive |

Pressure-sensitive adhesives 60 suitable for use

in the tamper-indicating label 10 of this invention

15 must possess a number of physical and chemical
characteristics including (i) an adhesive strength
sufficient to prevent unintended peeling of the label
10 from the substrate 100 after prolonged exposure to
the forces of nature, (ii) an adhesive strength

20 sufficient to cause the imaged release coating 30 layer
to separate from one of the coatings to which it is
directly laminated ( i.e, the facestock 20, primer
coating 40, contrast enhancement coating 50 or adhesive
60) but insufficient to separate the various layers in

25 those areas which were not treated with a release
coating 30, and (iii) a relationship between adhesive
strength and cohesive strength capable of causing the
release coating 30 layer of the label 10 to separate
from one of the other layers while remaining attached

30 to the label 10 upon removal from a substrate 200. 1In
addition, the pressure sensitive adhesive 60 should be
easily removable from the substrate 100 without the use
of solvents or mechanical means in those situations
where adhesive transfers to the substrate 100 upon

35 removal of the label 10.
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enhancenment coating 50 fromthe facestock 20 in those areas treated with
rel ease coating 30 so that the | abel 10 displays the inage defined by the
rel ease coating 30 | ayer and provides visuali.efitification that
the | abel 10 has been peel ed or otherw se renoved fromthe substrate 100.

As used herein, Nl oML at Bpt il tRines Bt 60 \WEpemBdupde a
macr oscopi cal | y observabl e attraction between dissinmlar substances such as
t he number of factors including the composition of the

other layers in the label 10 and the particular

substrate 100 to which the label 10 is to be applied.

5 Useful adhesives 60 include specifically, but not
exclusively, crosslinked acrylate adhesives, block
copolymer adhesives, and rubber resin adhesives.

Rubber resin adhesives 60 include synthetic

rubbers, such as polyisoprene; natural rubbers; and

10 synthetic block copolymers. Useful synthetic block
copolymers are commercially available from such sources
as Shell Chemical Co. and include styrene-isoprene-
styrene (such aé Kratoﬁ“'1107) and styrene-butadiene-
rubber (such as Kraton™ 1657). The rubber resin

15 adhesives 60 may also include solid and/or liquid
tackifying resins, antioxidants, fillers and other
common rubber additives.

The adhesives 60 may be coated from solvent or
compounded as a hot melt adhesive. The compounding and
20 coating of these types of adhesives 60 are known in the
art and described in various publications including
 United States Patent No. 3,239,478 issued to Harlan.

A particularly suitable pressure-sensitive
adhesive 60 for application to the various glass,
25 metallic and plastic components of aircraft,
automobiles, boats, ghips, etc. is a crosslinked
copolymer of (a) a hydrophobic acrylate monomer
(monomer A), (b) a hydrophilic ethylenically
unsaturated monomer (monomer B), and (¢) a
30 mono-ethylenically unsaturated crosslinking agent
(monomer PX). The PX monomer is preferably a
~ photosensitive crosslinking agent effective for

_—
This Sheet Has Been

i

-15=




attracti on between the facestock 20 and the rel ease coating 30 | ayers in
the tanper-indicating |abel 10 of this invention and the attraction between
the pressure sensitive adhesive 60 on the |label 10 and a substrate 100 to
whi ch .t he | abel 10 has been appl i ed As used herein, including the

clainms, the term'"gq IV neans he macroscopj.call Sel\ X al
attraction by ﬁ"{"ﬁfg Yg‘eﬁ'od‘f% s[%éeﬁ%eﬁ%ﬁ%ﬁ&@%ﬁe

mut ual attracrladliaddldrhe \Sandlmadﬂes)ames i60 tare tddgudrosediimtUmitedibel 10
whi ch contri bt @wH Al yassenbly
cohesi veness"% St 2 ?}% &ﬁyattract i‘on ré\/(s/(eg{eercli hﬁ’e t}'Iﬁ}'ccl":]Ioaargd el enent s
within a si ngl497Bay§t59\M1-|S§hle@0m Redder,o et adnddvth &f highyareto renain

together a5 aasiighaadedy the mlnwééwa mhﬁw/%assaa)nufactum@ used
herein, including“the clains, the term facestock refers to ala er of

materi al whi cROPPIRYILS Ste Sﬁ%r Hinnesat@-al Howeys « Buh Py

sensitive adhesives 60 may be modified by excluding
chain terminating agents from the polymerization
mixture.

10 The properties and characteristics of the adhesive
60 compositions of this invention are pased upon a
cooperative interaction of the various individual
components. Consequently, efforts to‘describe 'the
attributes contributed and/or influenced by each of the

15 individual components is not necessarily indicative of
the attributes possessed by the final adhesive 60
composition. Such descriptions should therefore be
used only as an indication of general trends and as a
guide to those attributes which should be carefully

20 considered when selecting the other components of the
composition.

Monomer A
Monomer A is a hydrophobic acrylate monomer which
contributes to the visco-elastic properties of the
.25 copolymer. The monomer is selected from the group _
consisting of (i) an acrylate or methacrylate ester of
a non-tertiary C,,, alcohol, and (ii) an acrylate or
methacrylate ester of a mixture of non-tertiary C,
alcohols with an avéiage of between about 4-12 carbon
30 atoms per alcohol molecule. Useful acrylate and
methacrylate alcohol esters include specifically, but
not exclusively, the acrylic acid and methacrylic acid
esters of 1l-butanol, l-pentanol, 3-pentanol,
2-methyl-1-butanol, l-methyl-i-butanol,
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10. The facestock 20 is generally the base |layer which is treated with
other layers to create the |abel 10. One conposition commonly used as a
facestock 20 is a filmof polyethyl ene terephthal ate. As used
herein, including the clains, the term"light transm ssive" refers to the
property of transmtting suff|CIent light that an inmage can be seen

t her et hr ough witheth¥luhzpentangd, 2rmyethylakspentanel,

-8- includes spogbthgellvpeRtanse! sxstuﬂuil-uutaﬁam?parent
2-ethyl-1-hexanol, 3,5,5-trimethyl-l-hexanol,
3-heptanol, 2-octanol, 1l-decanol, and l1-dodecanol.

5 The copolymer includes about 75 to 98 wt%,
preferably about 90 to 95 wt% monomer A based upon the
total weight of all monomers in the copolymer.

Monomer B
Monomer B is a reinforcing co-monomer whose
10 homopolymer has a higher glass transition temperature
than the homopolymer of monomer A. Examples oF co-
monomers suitable for use as monomer B include
specifically, but not exclusively acrylic acid,
n-vinylpyrrolidone, itaconic acid, acrylamide and
15 methacrylamide.

The copolymer includes about 2 to 25 wt%,
p:eferably about 5 to 10 wt% monomer B based upon the
total weight of all monomers in the copolymer.

Crosslinking Monomer PX

20 Crosslinking monomer PX is a copolymerizable,
monoethylenically unsaturated crosslinkable monomer.
The ethylenically unsaturated group is copolymerizable
with monomers A and B to form the backbone of the
polymer chain. The PX monomer is preferably one which

25 may be crosslinked after coating of the adhesive 60
composition upon a support such as by exposure to
ultraviolet radiati&h or E-beam particles.

A preferred PX monomer is a monoethylenically
unsaturated aromatic ketone. Such PX monomers are

30 known to absorb ultraviolet radiation and form a
triplet excited state through intersystem crossing.

-_
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and transl ucent. Conposition - The | abel 10 includes at |east a
facestock, a release coating and a pressure sensitive adhesive. O her
|.ayers can be positioned between the facestock and the rel ease coating or
the rel ease coating and the pressure sensitive adhesive. In a preferred
enbodi ment, tilrhd aieditdl-gtnd el ato ranilkes i sst et snydrogémcmamuso

rel ease coati 30, tiqnal priner at.i

enhancenent cg% h\é %r@%%‘ﬁr@%?loﬁqw%%ﬁrem &A%n ] onaf' rel ease
liner 70. Al terdlaﬂnealt;q fidym mp&smksa.y tﬁmalsmmb}acmbosadi%lng t he
optional pringf 3%?&“&éﬂ5&6§§a{ﬁ*fﬁée coating

30 or between ‘%’he con a% enhancerre coatl n
pressure-sensitive adhesive 60. _ As nentioned in the SUWARY of this

specificatson, . a nhydroxyl group positioned ortho to the carbonyl
| group on the aromatic ring is known to inhibit the
ability of aromatic ketones to effect crosslinking.
Accordingly, the aromatic ketone monomer should be free
of ortho-arométic hydroxyl groups to be optimally
10 effective as a photosensitive crosslinking agent.
Suitable PX monomers are represented by the
general formula:

wherein:
R: is a lower alkyl or phenyl which may be
15 substituted with one or more halogen atoms, alkoxy
groups or hydroxyl groups except that when R is a
hydroxy substituted phenyl the hydroxyl group(s) should
be positioned meta or para to the aromatic carbonyl;
X: is halogen, alkoxy or hydroxyl provided that
20 when X is a hydroxyl group it is positioned meta or
para to the aromatic carbonyl;
¥: is a divalent linking group which is preferably
a covalent bond, an oxygen atom(-O-), an amino group
(-NR!- wherein R! is hydrogen or lower alkyl), an
25 oxyalkyleneoxy group (-O-i_z’—o-wherein R! is an alkylene |
group), a carbamoylalkyleneoxy group
(-0-R?*~-0-(0) -N- (R!) ~-R*~ wherein R’ is a covalent bond or
an alkyleneoxy group such as -R’_-o-);
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the remai nder of this specification will be based upon a tanper-indicating
| abel 10 which includes the specific sequence of facestock 20, rel ease
coating 30, contrast enhancenent coating 50 and adhesive 60 wherein the
relﬁase ﬁoatiﬂg 30 separates fromthe facestock 20 side of the | abel 10
rather than the adhesiye Lfe..of : ﬁ%g# S hmtations
are provi ded sol elcu)} tiogp%lﬁ%@g %%n%é@%ﬁfdﬂn%gﬂi%g u @ﬁ?gg?ogﬁ%% of the

i nvention angyraupna@nd nt ended to unduly restrict the scope of the

i nvent i on. Y PSTafChtaddPNedn Ldieed agper - i ndi cating | abel 10
requires cooperative Interaction between the individual conponents of the
| abel 10. Consequently, the conponents should be sel ected together with

proper consi der at i mr€i NETad Ty (e f e ed X itoemér s bate othe

REPLA :
CEME fggﬁgaoxybenzophenones such as 4-acryloxybenzophenone.

The copolymer includes about 0.01 to 2 wt%,
preferably about 0.025 to about 0.5 wt} PX monomer
based upon the total weight of all monomers in the
copolymer. A PX content of less than about 0.025 wt%

10 tends to produce an adhesive 60 with reduced cohesive
- strength while a PX content of greater than about 2 wt%
tends to produce an adhesive 60 with insufficient tack.

The thickness of the pressure sensitive adhesive
60 at which the desired properties and characteristics

15 are optimized depends upon several factors including
the specific adhesive 60 employed and the specific
substrate 100 to which the label 10 is attached. 1In
general, best performance is achieved at adhesive 60
thicknesses of between about 0.013 mm to 0.13 mm,

20 preferably about 0.023 mm to 0.08 mm. By way of
example, we have discovered that a pressure sensitive
adhesive 60 thickness of about 0.05 mm provides optimal
performance when the adhesive 60 is of the type
disclosed above and the substrate 100 is a polymer

25 coated automobile tail light.

A protective release liner 70 may be applied'to
the pressure sensitive adhesive 60 to protect the
adhesive 60 against contamination and prevent the label
10 from bonding to a substrate 100 during |

30 transportation, storage, and handling'of the label 10.
The release liner 70 must adhere to the adhesive 60
with a strength sufficient to prevent accidental

.
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-9- provided by the conmponents. For exanple, selection of the facestock 20
shoul d include a consideration of the adhesive strength between the
facestock 20 and rel ease coating 30 relative to the adhesive strength

bet ween the other |ayers of the label 10 so that proper activation of the

| abel 10 is achieved. I'n addition, other factors may affect perfornmance of
the | abel 10 iremawiilngft lthe d iater duturinmef ficikentfte prédestruck 20 which

£ SO Wy ] 5 000 Ml f 09000 e

FaceSt ock S prefera t transm ssi ve,
polymeric film possessing sufficient

Application of Adhesive
The pressure sensitive adhesives 60 can applied to
5 the labelstock by directly coating the adhesive 60 onto
the labelstock or coating the adhesive 60 onto a
release liner 70 and then laminating the adhesive 60 to
" the labelstock in a laminator. Suitable release liners
70 include polyester films and papers coated with a
10 release agent such as silicone, epoxysilicone,
perfluoropolyether, etc.

An alternative method of applying adhesive 60 to
the label 10 is to coat the adhesive 60 onto a release
liner to form a transfer'tape and then transferring the

15 pressure sensitive adhesive 60 from the transfer tape
to the label 10 using standard lamination techniques.

Another alternative method of applying adhesive 60
to the label 10 is to coat the adhesive 60 onto a first
side of a carrier web which has been previously coated

20 on the second side with a suitable adhesive to form a
double coated tape. The double coated tape can then be
laminated to the label 10 with the second side of the
double coated tape adhesively bonded to the label 10 so
as to expose the adhesive on the first side of the tape

25 for application of the label 10 to a substrate.

Figure 7 depicts the top view of a label that has
been activated and the areas of the contrast
enhancement layer, where the release coating is printed
with the letters VOID, are permanently distorted.

-
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strength and durability. The facestock 20 contributes nost of the
structural integrity of the [abel 10 and should maintain its

i ght-transm ssiveness during nornmal use and abuse of the label 10. In a
preferred enbodi nent, the |abel 10 should be sufficiently flexible to
conformto the |rregular surfaces of the substrate 100 fo which it is

appl i ed. - Wien i nt efdgurie 8 depints aaxessasetignal gpide (¥iL%sof wi ndow

pane, an Opaqggl FEE S AGK wii SRR A erthdiéndne 1&3&1@:1- i® may be

Foughnass. - duristamted AR ok ert Qs o o HEk i L& Y | 189 and
Ciher sui t gbl T RGOSt ok 0 gt g L nCLIe, Dol Lt o Aol fbe il e
pol ycar bondt e%hﬁo %}%ﬁﬁ‘gﬁ q}?stiﬁeé‘rfé %%ﬁﬁe}rﬂﬁ ﬁs‘fe'b%&g%gdb Bt her
pol yol efins. printed with a release coating. The contrast -
enhancement layer is no longer planar so light is
transmitted through the label in those areas where the
contrast enhancement layer has been broken apart while
10 areas without the release coating remain intact and
opaque to light. The pressure sensitive adhesive has
also undergone an irreversible elastic deformation and
is no longer planar. . '
As graphically depicted in Figure 9, useful
15 pressure sensitive adhesives 60 are those which have
(i) a Tensile Modulus of greater than about 200 KPa
when the Peel Adhesion is hp'to 50 N/dm, (ii) a Peel
Adhesion of less than about 75 N/dm when the Tensile
Modulus is greater than 750 KPa, and (iii) a Peel
20 Adhesion equal to (0.0442)-(Tensile Modulus) + (40.85)
when Peel Adhesion is between about 50 N/dm and 75 N/dm
and Tensile Modulus is between about 200 KPa and 750
KPa. The Peel Adhesion versus Tensile Modulus
relationship for several of the adhesives 60 disclosed
25 in the EXAMPLES section of this specification are
plotted on Figure 9. The nomenclature used on Figure 9
is provided below.

—_—
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Rel ease Coati ng The rel ease coating 30 may be any material which
adhesi vely bonds to the facestock 20 with a strength

REPLACEMENT SHEET
rLiiF.-H -10 - which is S|gn|f|cantly | ess than

t he adhesive strength with whi ch the next | ayer of material (such as the

primer coating 40 | ayer) adhesively bonds to the facestock 20 and provi des

a clearly visible message - -FIGURA! ) \NOMENCIATYRE sual di spl ay provided on the

unactlvated | abel 10 --_once sggarated fromthe priner coatlng 40 Fbmever
e

ST perlate s, s srAeciate: sl
8" Kerylate-GI° a Acrylate-PP

Kraton-SS Kraton-Al

Kraton-Gl Kraton-PP

Polyisoprene SBR

967 467

965 GMS 263-0.75%

GMS 263-1%

¢ V ¢ 4 ¢

X N % K o !
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rel ease liner 70. Typi cal rel ease coatings 30 are generally capable
of providing the desired reduction in adhesiveness at a thickness of about
100 to 300 nm Materials suitable as a rel ease coating 30 include
fluorinated chem cals, polyvinyl alcohols, silicones and waxes. The rel ease
coating 30 is conveniently applied in a solvent system such _as g sol ution
of pol yvi nyl aIcohsupeniarcnegélténFa§y§EGR¥611YséﬁrBﬁHﬁGVeQn&S&QEbnized

water. . ?é%%ﬁyéaéé?(sgui{rabaahaaieégaka havitgeaagehBe leel ease coating
30 are commercrally avallable f M

rom M nnesota_ M ni ng. apd Manuf acturing

Conpany of Stmo@ulps ﬂFﬁﬁESEtEhﬁHdEP°Fﬁe2?FaﬁgﬁaVRgthgﬁEﬁ[BPXﬁng-flO and
Y-112. Thfl S%Eﬁkﬁﬁgrio&uittlﬁ aﬁdgi‘e&&ﬁrrehaﬁsafoouat B0QSKPA mpgtbe
conveniently a | e en I nRed, w t CQ- t A f 75 vol % wat er
and 25 voﬁ@bigg€¥85§?gglcBﬁo?aaég&ﬂnthFﬁﬁeHrégﬁﬁfgoﬁéxgé%EB@WCH[err] Y- 110
and Y-112 adhesive 60 should have a Peel Adhesion value .

sufficient to activate the label 10 when it is removed

but less than about 75 Newtons/decimeter (N/dm),

preferably less than about 70 N/dm, and most preferably

10 less than about 65 N/dm when applied to the substrate

100 upon which the label 10 is to be used.

Tensile modulus of the adhesive 60 provides a
general measure of the cohesive strength or internal
strength of the adhesive 60. The relationship between

15 cohesive strength -- measured as Tensile Modulus -- and
peel strength -- measured as Peel Adhesion -- should be
such that when the label 10 is removed the adhesive 60
has'enough cohesive strength to overcome the adhesion
force to the substrate 100 and the adhesive 60 removes

20 cleanly from the substrate 100 without the use of a
solvent or a 5craping tool. Suitable adhesives 60
should possess a peel strength -- measured as Peel
Adhesion -- sufficient to guarantee activation of the
label 10 when removed from a substrate 100 and a

25 cohesive strength which exceeds the Peel Adhesion by an
amount effective for permitting any residual adhesive
60 left on the substrate 100 after removal of the label
10 to be rubbed dleanly from_the'substrate 100 without
the use of tools or solvents. Preferably, the cohesive

30 strength of the adhesive 60 is effective for overcoming
the peel strength and preventing partial transfer of
adhesive 60 from the label 10 to the substrate 100.

Adhesives 60 with extreme peel strength (a
generally desirable characteristic for pressure

I
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release coatings 30 have a #2 Zahn-cup viscosity of about 20-25 seconds @@
32[err]C Primer Coating

REPLACEMENT SHEET The optional primer coating 40 is enployed.to
provi de a strong adhesive bond between the facestock 20 and the contrast
enhancenent com&ﬂsmpiﬁbcﬁdhésiveﬁetonOarengenasalEYtunacoaptahéee t he

et o S e W B S VIR oIERlo00R) BOsRlegpiaces o
el i m nat ed. relatlonshlp between peel strength and cohe51ve
strength because the cohesive strength is usually too
5 low. Similarly, adhesives 60 with a low cohesive
strength are generally undesirable because they tend to
separate into discrete splotches and leave a residue on
the substrate 100.

A low Peel Adhesion may be acceptable when the
10 1label 10 is to be used on certain surfaces as long as
the necessary Peel Adhesion force and relationship
between Peel Adhesion and cohesive strength are
achieved and the adhesive 60 keeps the label 10 adhered
-to the surface until inténtionally removed.

15 The facestock 20 may optionally be printed with
visible graphics on either the facestock 20 or the
primer coating 40 so long as the graphics does not
interfere with the necessary adhesive 60 and cohesive
relationships between the various layers. The graphics

20 =-- when not light transmissive -~ should be limited so
that they do not completely obscure the entire tamper-
indicating message; on the other hand -- when light
transmissive -- the graphics may be coextensive with

~ the label 10. '

25 Polymerization Process
Monomers A, B and PX are free radical polymerized
to form a precursor composition of this invention which
may. then be crosslinked to form the adhesive 60.

Emulsion
30 The A, B and PX monomers may be polymerized in an -
aqueous emulsion by incorporating a suitable emulsifier
for the monomers and the resultant polymer. A wide
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TR




Commensurate with its intended function, suitable priner coating 40
materials are those-materials which are capable of providing a strong .
adhesi ve bond to both the facestock 20 and the contrast enhancement coating
50 material. Hence, selection of an acceptable coating material depends

upon the specific facestock 2d, and contrast,6 enhancenent coating 50
ngterials 5S€Kqug% I%Hﬂiéﬁﬁhers are yeadilyayailablesfrempdterials for

use as the primmbewast rmfggum.tm‘ £01F1 :siéé:éeéanhﬁ??gglﬁgé?cg?ntitﬂg 50 is
\I\//Iag(r)ur'-:sgtego:/ll ;%@éﬁﬁ% ;%‘?"‘h’r %g%%&eg.{%ﬂ?vmﬁ etBta and
SURFLEX- LAM e ' ¢tantoperiteng MBru)ed £1eks pridoich oAméDicah
R verton. BEWElE¢fdh, volume F'uddY SN EeredlibR%F 4 Bh1£4B14N0 40 Shoul d
emulsifier(s) for use in the emulsion polymerization of
the adhesive polymer is well within the ability of
those skilled in the art.

The amount of water used should be sufficient to
10 achieve intimate contact between the polymerization
reactants including monomers A, B, and PX as well as
the polymerization initiator and initiated polymer
chains. Typically, use of about 30-80 wt% watér, based
on the total weight of reactants and water, is |
15 sufficient to achieve substantially complete |
polymerization within a reasonable time period.

In addition to emulsion polymerization,
polymerization of the monomers may be completed by
other well known techniques, such as suspension

20 polymerization and bulk polymerization, so long as the
desired polymer molecular weight (preferably about
2,000,000 to 3,000,000) can be achieved.

Polymerizétion of the emulsified monomers is

25 effected by standard polymerizétion initiators such as
suitable free radical initiators and redox initiators.
Numerous free radical and redox initiators are well
known in the industry. Exemplary of those initiators
suitable for use in the present invention are those

30  described in United states. Reissue Patent No. 24,906
issued to Ulrich. Suitable thermally activated
initiators include specifically, but not exclusively,
azo compounds such as 2,2’-azo-bis(isobutyronitrile),

T
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sufficient to cover the inmaged rel ease |ayer 30 and provide a conti nuous
surface to which the contrast enhancenent coating 50 can be applied. -
Insufficient coating tends to produce undesirabl e ghost inmges on the | abel
10. Cenerally, a coating thickness of about four to six tines the thickness
of the release coating 30 is effective for providing the desired coverage.
Contrast Enhatermtebutgidahydyoperoxide, benzoyl peroxide, and .12-

The optional confERgkafBRANpETBRIAE02! A"@uitable redox initiator is
a combination of potassium persulfate and sodium
bisulfite. Generally, about 0.01 to 1 wt%, preferably

5 about 0.01 to 0.5 wtg, initiator; based upon the total
weight of all monomers in the polymer, is effective for
initiating polymerization.

Coating and Drving
The adhesive 60 may be (i) coated in its original

10 emulsified state, (ii) dried, redispersed in a suitable
solvent and then solvent coated, or (iii) dried and
hot-melt coated using commercially available hqt—melt
coating equipment.

TESTING PROTOCOLS
15 Peel Adhesion |
The Peel Adhesion (PA) of a pressure sensitive
adhesive is measured by laminating the adhesive to a
0.051 mm thick polyester film and cutting the adhesive
coated film into strips measuring 2.54 cm by 12.7 cm.
20 One of the adhesive strips is then placed into adhesive
engagement with one of the panels listed below and
pressed onto the panel with a single pass of a two kg
roller. No manual pressure is applied to the roller
during application.

25 88 Bright annealed 304 stainless steel
measuring 5.08 cm ¢ 12.7 cm ¢ 18 gauge.

AL Clear anodized aluminum measuring 5.08
cm ¢+ 12.7 cm - 0.16 cm with lengthwise grain
purchased from Vincent Metals, Inc. of

30 Minneapolis, Minnesota.

' @L Soda-lime float glass 5.08 cm - 12.7 cm
- 0.64 cm.

PP Smooth finish polypropylene measutinq
5.08 cm + 12.7 cm * 0.48 cm purchased from
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i ncorporated into the | abel 10 to enhance visual perceptibility of the
tanper-indi cati ng nessage on the | abel 10. The contrast enhancenent coating
50 provides a clearly visible imge once the contrast enhancenent coating
50 has been separated fromthe facestock.20. This attribute permts the

contrast enhancenent coatjng 50 to promnent]y display the jpage defined by
the rel ease coati n@TReiFiQn Runch And Plaskics,oh Midineaptis, Any

material capabl e ofMiSMRA%KAry such a contrasting visual appearance may be
used as the contrast enhancenent coating 50. Suitable contrast enhancenent

coating 50 materials include pignented coatings, dyes, toners and vapor
deposi ted net ahe strip aridhiganal are/ ther adomd tnidnedtaterdbhC efentacoat i ng

50 materials geiblia Wedion ! i 'dnf JPIHE ndi eHBAB phiEPLs 90!
iron, silver, 2|nc . I'n
5 then clamped into the lower jaw of a tensile tester
(INSTRON Model No. 1122) and an opposite end of the
adhesive coated polyester liner is clamped into the
upper jaw such that the adhesive coated polyester strip
will be pulled from the panel at a 180° angle. The
10 jaws are then separated at a rate of 30 cm per minute

- and the Peel Adhesion expressed in N/dm and recorded.

Tensile Modulus
The Tensile Modulus (TM) of a pressure sensitive
adhesive is measured in accordance with the procedure

15 set forth in ASTM D-882 modified as set forth below. A
known thickness of the adhesive is laminated between
two release liners and the sample cut into strips
measuring 2.54 cm by 12.2 cm. A strip is mounted over
a 5.1 cm ° 10.2 cm rectangular opening in a heavy paper

20 frame by (1) restihg the frame on a release liner, (ii)
attaching a length of double coated tape (SCOTCH® brand
665 Double Coated Tape) to the frame along the short
ends of the opening, (iii) removing one of the release
liners from the adhesive sample, (iv) positioning the

25 adhesive sandwich over the opening with the adhesive
surface facing the frame and the distal edges
adhesively contacting the double coated tape, and (v)
pressing the distal edges of the adhesive sandwich into
firm engagement against the double coated tape, (vi)

30 carefully removing the remaining release liner from the
‘adhesive sample, with the application of dry ice when
necessary to achieve complete satisfactory separation,
l(vii) applying masking tape over the edges of the
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frangi bl e coatings of such nmetals may be readily applied to the |abel 10 by
standard vapor deposition techniques. The vapor coated netal may optionally
be oxi di zed during deposition. When the contrast enhancenent coati ng
50 is'nmetal, the thickness of the.coating is preferably sufficient to
reduce Ilght transm ssion {hrou the co hang nt _coating 50 to

| ess than 2% éP%?éY%b??mP §s°?ﬂgﬁ°g gﬁ °B$T§x§ﬁ§n§ ka P&p F8%25 nm

t hi ck coating(wiiﬂnpnémdepnglthd ﬂfanenandlattaphedlhaheéﬁvetfremfor

achi eving thegges Les. A t hi ckness providing a |ight

transm ssi on d?gg#égg%gét bout 2% tends to prOV|de an |nadequate vi sual
contrast. REPLACENMENT
SHEET The adhesive sample within the frame is mounted

5 into the jaws of a tensile tester (INSTRON Model: No.
1122) with the jaws spaced 10.2 cm apart and positioned
so as to clamp only the portions of the frame with the
adhesive sample within the jaws. The sides of the
frame are then cut so that only the adhesive sample is

10 stretched as the jaws are separated.

The jaws are then separated at a rate of %2.7 cm
per minute and the force exerted on the strain gauge
measured as a function of time and recorded. The
stress exerted upon the adhesive sample is calculated

15 in accordance with equation (1) provided below.

a TE - en an an ED e S S D e S . - - - ey on - = wn

(Sample Width) (Sample Thickness)

The strain exerted upon the adhesive sample is
20 calculated in accordance with equation (2) provided

below. '
(Jaw Displacement)
U= -— -— -
(Initial Jaw Gap)
25 Tensile Modulus is the initial slope of o/U with

values expressed in KiloPascals (KPa). The reported
Tensile Modulus is the average of two or three samples.

Label Performance
The performance bf a label -- measured as a
30 function of activation and adhesive cohesiveness -- is
measured by (i) applying the label to a smooth glass
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Met hod of Manufacture - 13 - Facestock 20 nmay be fl exographically
printed with a release coating 30, such as the co-solvent thinned
SCOTCH err] Y-110 solution. The release coating 30 is printed to provide

i ndi cia upon the facestock 20. One exanple of suitable indicia -- shown in
Figure 7 --i:substqﬁﬁajrﬁﬁ#tupmnssiﬂgtthewbahblKIGNMMEiEhtﬂﬁngard i s about

o s a0 n” PSR ! AR TGl o) SELMBELFRIEAL dBBuberveer

wor ds and an tT cal sSpaci
center-to-centté@n m fbﬂiﬁﬁaen(#% meLMqisaboutt‘me danpve cenhimeheFsgure

7, the rel ease,fc@dmma?&p%ﬁ P eﬁé&gﬁé‘f‘t e{ifvﬁor?%ﬁz;&%egﬁgstock 20

surface arga The printed rel coa

convention?l rddfdak agtirationangd \adhesiyve & %ﬁ%ﬁ?%ﬁﬁ%d@flé@eabout 200
nmin thicknedabel, (v) conditioning the label for 24 hours at one

of the following test conditions:
-30.0 °C (COLD TEMP TEST)
21.0 °C (ROOM TEMP TEST)
10 65.6 °C (ELEV TEMP TEST)

The remaining portion of the'label is then peeled by
hand from the glass substrate at about a 90° peel angle
with the label and glass substrate maintained at the
| conditioned temperature.

15 In addition, various samples conditioned at =30 °C
and 65.6°C were brought to room temperature before the
remaining portion of the label was peeled from the
glass substrate. |

The following performance characteristics were
20 noted and recorded for the tested samples:

DESTRUCT

Yes: The label was activated when peeled from the
substrate and the void message visible.

No: The label was not activated when peeled from
25 the substrate and the void message not visible.

VOID TRANSFER
Yes: A portion of the VOID message from the label
transferred to the glass plate.

/———,
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A primer solution, such as SCOTCH err] Y-120, may then be flood coated over
the rel ease-coated facestock 20 and dried by conventional neans, such as a
j-et dryer, to forma dried coating which forns a relatively continuous

pl anar surface over the rel ease coated surface of the facestock 20 with a
coating thickness of about 700 nm over those areas containing rel ease
coating 30 and abod#:0dpPpreximatiomeas shead wf vaid message coating 30.

The dried priner-ceaapdredced %@Qh@&éﬂ&nt@w&' dd'l@PL e unbo” roll

for transportation to a separate location for applicdtion of a contrast
enhancenment coating 50, such as a vapor deposited [ayer of netal. By
way of exanple, th@osumhe Nabelowad réoved A a single unit leaving

no residue on the glass plate.

5 Preferred embodiments are removed as a single unit
(No) but labels which leave a residue on the glass
plate (## or Yes) are still acceptable embodiments
provided the residual adhesive is easily removed as
evidenced by the Rub Removal Test.

10 RUB REMOVAL .
Yes: Adhesive or labelstock residue left on the
glass plate after complete removal of the label is
easily removed by rubbing with a finger at room
temperature without smearing.

15 8: Adhesive or labelstock residue left on the
glass plate after complete removal of the label is
removed with some difficulty but smeared when
rubbed with a finger.

88: Adhesive or labelstock residue left on the

20 glass plate after complete removal of the label
smears significantly when rubbed with a finger and
can be removed only with the aid of a scraping
tool or a solvent.

EXAMPLE DEFINITIONS

25 [LabelsStock (Lblstk)
X = SCOTCH® Brand 8071 Tamper Indicating Polyester
Film available from Minnesota Mining &
Manufacturing Co. of St. ?aul, Minnesota.
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fécestock 20 may be fed at about 200 feet/m nute (61

REPLACENMENT SHEET -14 - meters/mnute) through
the heated vacuum cha er of a vapor coater evacuated to a pressure bel ow

about -0. 0005 torr and containing vaporized alum num A relatively planar
surface of al uni num 5 SIEPLCHS BrHYE84TE ﬁﬁ\%éﬁ mpésélﬁgr bagpestethe

priner coating 40 thic of between about nm -- neasured
interms of el ectr r%‘ﬁﬁ]a}i% £r°%%1?¢%§9%%m}%ﬂ ko 1ight

transm ssi veness (maﬂxﬂ%acutﬁrﬁ% Co. def | Sie, @aﬁupmmsa'ﬁ@ al um num coat ed
facestock 20 can then be rolled

EXPERIMENTAL

5 Preparation of Pressure Sensitive
Adhesives (ADH)
Examples A - J and Q1 - Q2

Pressure sensitive adhesives were prepared by

emulsion polymerization of 94 parts isooctyl acrylate

10 monomer, 6 parts acrylic acid monomer, and 0.4 parts
acryloxybenzophenone (supplied as-1.54 parts of a 26%
solids by weight solution of acryloxybenzophenéne in
ethyl acetate) in accordance with the procedure

: described in Example 5 of United States Reissue Patent

15 No. 24906 issued to Ulrich and assigned to the
Minnesota Mining and Manufacturing Company of St. Paul,
Minnesota, except that the chain transfer agent
tertiary dodecyl mercaptan was not used. Upon
completion of the polymerization process, the emulsion

20 was dried to form a solid pressure sensitive adhesive.
The adhesive was then hot melt coated onto a silicone
coated transparent polyester release liner to a
thickness of 0.025 mm for adhesives A through E and a
thickness of 0.051 mm for adhesives F through J. The

25 adhesives were then exposed to medium pressure mercury
arc lamps at varying intensities and total energies to -
crosslink the adhesive. Lamp intensities and total
energy were measureq.using a UVIMAP Model 365HP1
available from EIT in Sterling, Virginia. The

30 intensity and total energy readings are set forth in
TABLE ONE.

Adhesives Q1 (0.025 mm thick) and Q2 (0.051 mm
thick) were hot melt coated onto the silicone coated

-31-
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back into a "junmbo" roll for storage and transportation prior to
application of an adhesive 60. Pressure Sensitive Adhesive
Pressure-sensitive adhesives 60 suitable for use in the tanper-indicating
| abel 10 of this invention nust possess a nunber of physical and chem cal

characteristics including (i) an adhesive stre th sufficient to prevent
uni nt ended peEFFﬁQPGFePﬁePP&USPtEG redepsge 1inss: to @ thdckness | onged

exposure to tbeobsrﬁaSaaa oabsuemm( rlespagtddeqy ‘tﬁdshl’e@wmts@:ﬂ‘pdﬂﬁlt to
cause the |n3g Iease cgaé 30 layer to separate fromone of the
coatings to PCH FaV§°3F 488% ani nated ( i.e, the facestock 20, primer
coating 40, contrast enhancenent coating 50 or adhesive 60) but

insufficient to seaﬁgagghgggv&grbgg %g%%r Egr Q% 1§re§%dq}q§1ﬁﬁ§e not

treated with a rel ase areé ons ween
adhesi ve & reRgeh Adl}esébasw.&hsthsngesud&pable@ Gbr&hué-mg‘w QN Ease
coating 30 |layer of the label 10 to separate

Label Composition
- and Performance
Examples 1-20

Tamper indicating labels were constructed as set

10 forth in TABLE TWO by laminating Labelstocks X and Z to
the various adhesives described in TABLE ONE. The
labels were then tested for label performance according
to the testing protocols set forth herein with the test
results shown in TABLE TWO. The data represented in

15 TABLES ONE and TWO show that (i) preferred adhesives
have adequate cohesive strength (measured as tensile
'modulus) without excessive Peel Adhesion performance on
the various substrates, (ii) crosslinked acrylate
adhesives having a moderate cohesive strength (measure

20 as tensile modulus) are suitable for use in the
tamper-indicating labels of this invention, and (iii)
the labels tested as Examples 16-20‘ possess good
Destruct and Rub Removal characteristics on plastic at
low temperatures.

25 Examples 16-20 and C were also tested on an
automotive tail light at cold temperatures where
failures in the label would be most likely to occur.
Test results are shown in TABLE TWO under example
designations 16 -20' and C4'.

30 Comparative Examples
Cl1-C4
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fromone of the other layers while remaining attached to the | abel 10 upon
renoval froma substrate 100. In addition, the pressure sensitive adhesive
60 should be easily renmpvable fromthe substrate 100 without the use of

sol verits or mechanical neans in those situations where adhesive transfers

to the substrate 1m@numnmpanah&ﬁe<§H$ﬁv@dsﬂﬂﬂambhr 1nd1catt?$u#§£$1%f
%égiors infﬁlu '?:h i%%gﬁ‘i i%h S5t ??I %ﬁ&ww%%e | abel 10 and
the particul arla!ng-mmi@gemnsd‘.MScrx tand |22l alihesaives 1 g ig2l. _
described in TABLE ONE. The labels were then tested
5 for label performance according to the testing
protocols set forth herein with the test results shown
in TABLE TWO.

Comparative Exampdes
C5-C7

10 For comparative'purposes, tamper indicating labels
were constructed as set forth in TABLE TWO by
laminating Labelstocks X and Z to commercially
available SCOTCH® brand pressure sensitive adhesive
transfer tapes obtained from Minnesota Mining and -

15 Manufacturing Company of St. Paul, Minnesota as set
forth below.

Example Q5: 967 SCOTCH® brand PSA transfer tape
Example Q6: 467 SCOTCH® brand PSA transfer tape
Example Q7: 965 SCOTCH® brand PSA transfer tape

20 The adhesives on these tapes are typical acrylate
adhe51ves which have a low tensile modulus and high
tack. The labels were then tested for label
performance according to the testing protocols set
forth herein with the test results shown in TABLE TWO.

25 Adhesive Composition
and Performance ‘

Pressure sensitive adhesives were prepared by
dissolving a base polymer in toluene on a shaker table
with the optional addition of a tackifying resin or

30 catalyst. The adhesive compositions of Examples 21-24,
29-36 and 45 had a solids contents of 30 wt% while
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Useful adhesives 60 include specifically,
bl ock copol yner adhesi ves,
Rubber resin adhesives 60 include synthetic rubbers,
and synthetic bl ock copol yners.

acryl at e adhesi ves,

nat ur al rubbers;

but not exclusively, crosslinked
and rubber resin adhesi ves.

such .as pol yi sopr ene;

Useful synthetic block

copol ymer s ar #xampiesci28-28 @mi I3a'1?b-ldel hadﬂasmiidwmﬂ:w$mﬁ |1@Cheni cal
Co. and inclu ty
styrene- butad?@gz- &%%ber E

rr 1
adhesi ves 60 Fafadyss mmq;@@r@dqeiddmt@/ icq vgriieusa ad

lﬁﬂ“‘fr ot g 2!

I‘ESI ns,

-antioxi dants, chmpb8itidng Airies'seto FREN %bqrm@dm The

adhesives 60 may be coated from sol vent or conpounded as a hot™ nelt

adhesi ve.

The conpoundi ng and

5 The adhesives were coated to a dry thickness of
0.025 mm and 0.051 on Facestock Z for use in testing
the Peel Adhesion and label performance of the

adhesive.,

The base polymers, tackifying resins and catalysts
10 used in formulation of the adhesives are set forth

below:

Examples

21-24

25-27

15 28

29-36

37-39

40-41

Polyﬁer Base

Kraton™1107 Styrene-
Isoprene~Styrene
available from Shell
Chemical Company

Natsyn™ 2200
Polyisoprene available
from The Goodyear Tire
& Rubber Company

Ameripol™ 1011A
Styrene-Butadiene
rubber available from
B. F. Goodrich Company

Kraton™ 1107 Styrene-
Isoprene-Styrene
available from Shell
Chemical Company

Kraton™ G1657 Styrene-
Ethylene-Butylene-

Styrene available from
Shell Chemical Company

Ameripol™ 1011A
Styrene-Butadiene
rubber available from
B. F. Goodrich Company

_
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Tackifier

Escorez™ 1310LC
available from

Exxon Chemlcal

Company

Escorez™ 1310LC
available from

Exxon Chemical

Company

None

Escorez™ 1310LC
available from

Exxon Chemical

Company

Wingtack Plus™
available from
Firestone

FORAL™ 85
available from
Hercules, Inc. -




coating of these types of adhesives 60 are known in the art and descri bed
I n various publications including United States Patent No. 3,239,478 issued

t'o Harl an. A particularly suitable pressure-sensitive adhesive 60
for application to the various glass, netallic and plastic conponents of
aircraft, autonobigheg, boat S C. is a crossj of (a)
a hydrophobi c acry% ?e m)noﬁat§ h §26b é%aiﬁgblﬁ h ﬂ?enlcally
unsat ur at ed nononer (rmnomafr E éa?DQQrQ gmﬂg§fturated
crosslinking agent (nononer gP ner I'S FE
phot osensi ti ve crosslinking agent effec for
REPLACEMENT SHEET 45 Kraton™ 1107 Styrene- Wingtack Plus™

: Isoprene-Styrene available from

available from Shell Firestone

Chemical Company

101-104 Gelva GMS™ 263 DABCO™ 33-LV
available from ‘(catalyst)
Monsanto. available from

Air Products.

Test results are set forth in TABLE FOUR.
_ .. o |
5 The data represented in TABLES THREE and FOUR
demonstrate that a variety of adhesives can provide the
necessary characteristics required for the tamper-
indicating label of this invention.

Reasonable variations and modifications are
10 possible within the scope of the foregoing
specification and drawings without departing from the
invention which is defined in the accompanying claims.
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-16- crosslinking the copolyner upon exposure to ultraviolet rad| ation.

Such adhesi ves 6@ are ’i"-T dsed 1§ UM IEd PBLa es Pdt erft  Nos. 2F, 9 ,96
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assi-gned to the }‘ NNESAL 3 : M ni 1g_and|Mapuf hct r| ng OonpaHy qf $t. [Padjl ,
M nnesota. Howevdyr, su h IPBgs g §m58 ge Bsiules, 168 InB He ;&id,ﬂied by
excl udi ng chain tjer ngn tlngra t ﬁl Jlmtgngm 2wl uge. < §
The properties arfd ch adgt erfi 19 Bt Phh pogi tijong off tHis
i nvention are bag ed up%na dqoofder ati ye Intgra t|on of {t hg vdri gus o
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the attributes possessed by the final adhesive 60 conposition. Such

descriptions should therefore be used only as an indication of general

trends and as a guide to those attributes which should be carefully

consi dered when sel ecting the other conponents of the conposition.

Mononer A Mononmer A is a hydrophobic acryl ate nononer which

contributes to the visco-elastic properties of the copolyner. The nononer

is selected fromthe group consisting of (i) an acrylate or methacryl ate

ester of a non-t e[fErFRTr= f“; ----- S e S o Al SEieE==r

nmet hacryl ate este 1 Xt ut e [of ﬁfn_ ertlgr) e é% alco olfs wi th_hn
D

average of betweef 2| Hrbp | pAy PR aT 3 g2 irer| gedlip] >

()'

acrylate and net hcry| b dlcobdl _botler £ _iinclide snacik | D ale
exclusively, the f§ iﬁ3 qpid d hE{h :rﬂli qcid estlers 1-b t.no,,
1- pent anol , 3-pen p S1e® 1%@ tah&|, 2L &% hFl -9} Eth 8] 2 8 8 z| =

-

)™
[a}

TABLE TWO
Label Performance
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- 17 - 1-methyl -1-pentanol, 2-nmethyl-1-pentanol, 3-nethyl-1-pentanol,
2-ethyl -1 -butanol, 2-ethyl-1-hexanol, 3,5,5-trinmethyl-I-hexanol,

3- heptanol, 2-octanol, 1-decanol, and 1-dodecanol . The copol yner

i ncl udes about 75 to 98 w% preferably about 90 to 95 wt % nononmer A based
upon the total weight of all nonomers in the copol yner.

TABLE TWO CONTINUED

Cald Tomp Test

CTV - cold temperature void transfer

RTD - room temperature destruct

RTV - room temperature void transfer
RTR - room temperature rub removal

ETD - elevated temperature deatruct

ETV - elevated temperature void transfer

CTD - cold temperature destruct

-38-
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Mononer B Mononmer B is a reinforcing co-nonomer whose honopol yner has

Exanpl es of co- m)nmersw aqre pon i'TTr B T k! ude
specifically, but n%t excPug |v 'y Jaciqyl ijc @ci fl, h-vjn Ipy rol i done,
I taconi c acid, acrylgam er:a et facyl am gle. he jgopol yner incl udes
about 2 to 25 wt % reer ybgtﬂ D 1§<€ e o§r cHl based upon the
O Q l
total weight of all l[ ed Dl ol & Ceaps! i nki ng Mononer
PX Crossl i nki ng N P4 Q| BpP| Rt i |e@nBHbet hyl enical | y
unsat urated crossli kableﬁ pnorfer . The ethyl eniclal lfy ynsagturated group is
copol yneri zabl e vmt rroné‘rres;ad 3t3.f3rn‘t e HacKborje of the pol yner
chal n. The PX mononj . ety —yprreTwinet :
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*

may be crosslinked after coating of the adhesive 60 conposition upon a
support such as by exposUre to ultraviolet radiation or E-beam particles.
A preferred PX nononmer is a nonoethylenically unsaturated aromatic ketqpe
Such -PX nonomers are known to absorb ultraviolet radiation and forma &
triplet excited state through intersystem crossing. The
excited-state nol ecul es abstract hydrogen radlcals fromthe polyner ch
| eaving free radical sites which

=]

TABLE FOUR
Label Performance’

f ——’T“—m—‘—“*—_‘—”—’—*"ﬁ"—
L ‘ ADHESIVE ‘

Label perfonnance was Weated in acvordance with We peosedurc dessribed herein eacept that the *Cold Temperature Tent® was conducicd al -28.9°C with & 4 hour dwell tine and the *Elevaicd TeuyBatuse Te

was conductcd with & fous hous dwell tinic ot 48.9°C. Alf teats were comductcd oa 8 Kail light frum & Ford Crown Victosia sutunwbile.
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NOTE: CTD, CTV, etc., designations defined under Table Two
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cbnbine to formcrosslinks. The sem -pinacol radical on the aromatic ketone
can al so produce crosslinking. - A hydroxyt—group—posttioned ortho to

the carbonyl group on the aromatic ring is kn Uﬂm I] ﬂm e ability of
aromati c ketones to effect crosslinking. Accoﬁnl“ " H l I atic ket-one
monorer shoul d g%i e of ortho-aromatic hydrokyl® groufls fo beioptimally
effective as a {ékm5|t|ve crosslinki ng agent. Sui t abl e PX nononers

are represented by the general fornula: [err]
1. A tamper-indicating label comprising sequential
layers of:
(a) a planar light-transmissive facestock having
first and second major surfaces,
(b) a light-transmissive imaged release coating
- providing indicia on the label, and
(c¢) an adhesive coating layer;

wherein (i) the indicia is not visible until becoming
permanently visible when the release coating is
separated from at least one of the other layers in the
label, and (ii) the assembly cohesive strength'of the
label is sufficient for the label to remains together
as a single unit after the release coating is separated
and the indicia becomes visually perceptible.

2. A tamper-indicating label for application to a
substrate comprising sequential 1ayeré of:

(a) a light-transmissive facestock having first
and second major sﬁrfaces,

(b) an imaged release coating covering less than
the entire area of the second major surface
of the facestock for providing a message,

(c) a contrast enhancement coating covering the

~release coating and contactihg the facestock
in those areas void of release coating, and

(d) a pressure-sensitive adhesive

wherein (i) the message is not visible until becoming
permanently visible when the facestock is separated
from the release coating, (ii) the adhesive strength
between the facestock and the release coating is less
than the adhesive strength between the facestock and
the contrast enhancement coating, (iii) the adhesive

-\
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m%erein: R is a | ower alkyl or phenyl

ma ubstituted w
one or nore hal ogen atons, al koxy groups o lw "I lju;@ I)except t.hat
when R is a hydroxy substituted phenyl the "~ shoul d be
positioned neta or para to the aromatic carbonyl; X: is hal ogen, al koxy
or hydroxyl provided that when X is-a hydroxyl group it is positioned neta
or par? toblt hetaemmh (hemrelmmﬂhe face¥tock andl wWHeemortirdsthg gr oup which
is preferably e roup )
CNRLorr] - whPBRRRmEAY & °§%§P&8¥#}sﬁﬁ%&aﬁ g AABL O P eoxy
group (- OhR[estFeOgWhebahweﬁmethP|pre§sumdqﬁaa$; @dhesive and a
car banmoyl al ky ] Ojd\: ldd )sdlre" V{ﬁ%el n
Rlerr] is a C(%Slg ent %3,0 an atﬁr?r lea(ngeeg'xl ag;?ﬁselrjdcs as -ﬁlsl[aetrr

contrast enhancement coatlng w1 1 not separate fro th
facestock upon removal of the applied label from the
substrate, (iv) the adhesive strength between the
pressure-sensitive adhesive and a substrate to which
the label is applied is greater than the adhesive
strength between the facestock and the release coating
such that the release coating will separate from the
facestock and activate the label upon removal of the
~applied label from the substrate, and (v) the assembly
cohesive strength of the label is greater than the
adhesive strength between the pressure-sensitive
adhesive and a substrate to which the label is applied
such that the label remains together as a single unit
upon removal.

3. The tamper-indicating label of claim 1 further
comprising a contrast enhancement coating between the
release coating and the adhesive effective for
increasing visual perceptibility of the indicia when
the facestock is separated from the release coating.

4. The tamper-indicating label of claim 3 further
comprising a light transmissive primer coating between
the release coating and the contrast enhancement
coating forming a relatively continuous planar surface
over the release coated second major surface of the
facestock.

5. The tamper-indicating label of claim 4 wherein the
primer coating covers the release coating and contacts
the facestock in those areas void of release coating
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Z: is alkenyl or ethylenically unsaturate r““&“ﬂﬂl‘lm“lm n: is an
I nteger fromO to 4. Particularly ‘Imu rs are the

acryl oxybenzophenones such as 4-acryl oxybertzophehon®. ' The copol yner
i ncludes about 0.01 to 2 wt% preferably about 0.025 to about 0.5 wt % PX

nmononmer based upon the total weight of all nononers in the copol yner. A PX
content of |e&nd e aonkrastanhancenent ceabing centactsiheBlyetBe with

reduced cohemﬁgﬁmet coating.

6. The tamper-indicating label of claims 2 and §
further comprising a removable release liner
protectively covering the adhesive which may be removed
without activating the label.

7. The tamper-indicating label of claim 3 wherein the
contrast enhancement coating is a frangible layer of

nmetal. .

8. The tamper-indicating label of claim 3 wherein the
‘adhesive is a pressure-sensitive adhesive.

9. The tamper-indicating label of claim 8 wherein the
adhesive is a pressure-sensitive adhesive comprising a
crosslinked copolymer of A, B and PX wherein:

(a) A is an'acryléte.monomer selected from the
group consisting of (i) an acrylate or
methacrylate ester of a non-tertiary C,,,
alcohol, and (ii) an acrylate or methacrylate
ester of a mixture of non-tertiary C,,
alcohols with a resultant average of between
about 4-12 carbon atoms per alcohol molecule;

(b) B is acrylic acid; and

(d) PX is a crosslinking agent effective for
crosslinking the copolymer.

—_—
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ngth while a PX content of greater than about 2 wt%tlﬂ Iw ﬂgﬂ
sive 60 with insufficient tack. = The thickness "mﬂl

st

ad

sefsitive adhesive 60 at which the desired properties and charattelistics :
arf optini zed depends upon several factors including the specific adhesive

enpl oyed and the specific substrate 100 to which the | abel 10 is
ached. |pogenenal tabpst-prdaicatibngelabedcofegddint 2avhereia &fe

K 1 bout Q. 013 1 0al3 t 0.023 mm -
008 mm By REVHCFE A Rppetund s a6 de il PROPORBRASARETY (or ol Ve
esi ve 60crussknnkedo¢oagbnmen 0f ahopto98dte aptw#ﬁlmpapmernance when

adhesi ven8Qe 1 § €5 ?h@t§yﬂ§n€héﬁ ﬁseQn&bQESuénﬂ bheggubsiigte 100 is a

ynmer coated autonpbile ta Bﬁ protective release |iner 70
be appl?E@F?%ﬂ@h&nﬁrﬁgéﬁﬁérs sVP?UﬁlﬁﬂheS|ve 60 to protect the

(a) A is an acrylate monomér'selected from the
'group consistihg of (i) an acrylate or
hethacrylate ester of a non-tertiary C,,
alcohol, and (ii) an acrYlaté or methacrylate
ester of a mixture of non-tertiary C,,
| : alcohols with a resultant average of between
* about 4-1'2 ca:;bon atoms per alcchol molecule;

(b) B is acrylic acid; and

(d) PX is a crosslihking agent effective for
crosslinking the copolymer.

11. The tamper-indicating label of claim 15 wherein
the pressure-sensitive adhesive wherein the Tensile
Modulus versus Peel Adhesion characteristics of the
adhesive provide (i) a Tensile Modulus of greater than
about 20 KPa when the Peel Adhesion is 0 to 50 N/dm,
(ii) a Peel Adhesion of less than about 75 N/dm when
the Tensile Modulus is greater than 750 KPa, and (iii)
a Peel Adhesion equal to (0.0442)-(Tensile Modulus) +
(40.85) when Peel Adhesion is between about 50 N/dm and
75 N/dm and Tensile Modulus is between about 200 KPa
and 750 KPa. ’
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adhesi ve 60 agai nst cont ami nati on and prevent: the |abel 10 from bonding to
a substrate 100 during transportation, storage, and handling of the |abel
10. The rel ease liner 70 nust adhere to the adhesive 60 with a strength

sufficient to prevent accidental - 20 -
renoval of the liner but insufficient to predestruct the |abel 10 during
renoval of the release liner 70. ABSTRACT

A tamper-indicating label which includes (i)
light-transmissive facestock, (ii) a light-transmissive
imaged release coating covering a portion of the
facestock so as to provide indicia, (iii) a contrast
enhancement coating over the release coated surface of
the facestodk, and (iv) an adhesive coated upon the
contrast enhancement layer where the indicia provided
by the release coating is not visible until the
facestock is forcibly séparated from the release
coating after which the indicia becomes permanently
visible and the label is provided with sufficiént
assembly cohesive strength to keep the label together
as a single unit after the facestock is separated from
the release coating and the indicia is rendered

visually perceptible.

-
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Application of Adhesive The pressure sensitive adhesives 60 can
applied to the | abel stock by directly coating the adhesive 60 onto the
|-abel st ock or coating the adhesive 60 onto a release |liner 70 and then

| am nating the adhesive 60 to the |abelstock in a |lamnator. Suitable

rel ease liners 70 include polyester filnms and papers coated with a rel ease
agent such as silicone, epoxysilicone, perfluoropolyether, etc. An
alternative net hod of applyiq!%i. ei[ve 60 to the label 10 is to coat the
adfesi ve 60 onto a.ﬁglease i orma transfer tape and then
transferring the pressure sensitive adhesi v0§0 fromthe transiel tape to
the | abel 10 using {t'andard at--on—t-echi-gues- t-he

al ternative nethod qf 6/
adhesive 60 onto a f
coat ed

he
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on the second side with a suitable adhesive to forma doubl e coated tape.
The doubl e coated tape can then be lamnated to the Iabel 10 with the
second side of the double coated tape adhesively bonded to the |abel 10 so
as to .expose the adhesive on the first side of the tape for application of
the | abel 10 to a substrate. Figure 7 depicts the top view of a

| abel that has been activated and the areas of the contrast enhancenent

| ayer, where the release coating is printed with the letters VOD, are

petmanently distort ed.
Fig. 5
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-21- Figure 8 depicts a cross-sectional side view of Figure 7 in which
the contrast enhancenent |ayer is distorted and broken apart from being
pul l ed by the adhesion force of the pressure sensitive adhesive to the
substrate in the areas of the | abel that have been printed with a rel ease
coating. The contrast enhancenent |ayer is no |onger planar so light is
transmtted thrgé h the label in those areas where the contrast enhancenent

| ayer has been cdn apart while areas without the rel ease coating remain
‘intdct and opaque td light. The pressure sensitive adhesive has al so
undergone an irreverfsible elastic deformation and is no | onger planar.
As graphically depidted in Figure 9, useful pressure sensitive -adhesives 60
are those which havg (i) a Tensile Mdulus of greater than about 200 KPa
when the Peel Adhesifon is up to 50 NNdm (ii) a Peel
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Adhé&ion of |ess than about 75 thn1mhen the Tensile Mddulus is greater
thah 750 KPa, and (iii) a Peel Adhesion equal to (0.0442)' (Tensile Mdul us)
+° (40. 85) when-Peel Adhesion is between about 50 N dm and 75
Tensile Mdul us is between about 200 KPa and 750 KPa. The. Peel
versus Tensile Mdulus relationship for several of the adhesi

Figure 9. The nonencl ature @MERme@qmquMbel ow.

REPLACEMENT SHEET FIjG&
NOVENCLATURE [err] Acrylate-SS [err] Acrylate-Al o
[err] Acrylate-PP [err] Kratoprerp oF THE INVENPIonK'aton-
Krat on-G v Kraton-PP

The invention relates to tamper—lndlcatlng
labels. More spec1f1ca11y, the invention relates to
tamper-indicating pressure sensitive labels which
irreversibly display an image after removal from a
substrate to which it has been adhesively applied.

BACKGROUND OF THE INVENTION
A variety of tamper-indicating labels have
been developed for providing visual evidence that the
label has been completely or partially sepafated from
the container so as to provide access to the container.
A number of tamper-indicating labels are known
including those described in United States Letters
Patent Nos. 3,631,617; 4,121,003; 4,180,929; 4,588,465;
4,652,473; 4,684,554; 4,746,556; 4,763,931; 4,772,650;
4,876,123 and 4,980,222. One of the more successful
tamper-indicating labels is disclosed in United States
Patent No. 5,153,042 issued to Indrelie and assigned to
the Minnesota Mining and'Manufacturing Company of  St.
Paul, Minnesota. Briefly, the tamper-indicating label
of Indrelie includes an imaged layer of a release
coating positioned between layers of transparent
facestock and frangible'mgtal whereby removal of the
applied label separates the metal layer between a
residual image -- defined by the image of the release
coating -- left on the substrate and a negative of the
image appearing on the facestock removed from the
~'»“.substrate. Efforts to conceal tampering by realigning
' " the label are prevented by the loss of intimate contact
between the layers of the label after separation.

Tamper-indicating labels -- available from.
the Minnesota Mining ahd Manufacturing Company of St. .
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[grr] 965 [err] GWS 263-0.75% x GVB 263-1% ,

-7 23 -. Superior results can generally be achieved pressurg sfensitive
adhesi ves 60 having a tensile nodul us greater than about 275 KFaﬁH& MARs 1997
having a tensile nodul us of greater than about 300 KPa nost pr4gf

addition, the pressure sensitive adhesi-v@ 60 shoul d have a Peel} Adhesi on

val ue suffici epaulp Mthhneadtat tndenbthelfraliemark 5SOTCHMABE™

(product numbers 7381 and 7384)-- possess the attribute

of leaving a tenaciously adhered residual message of
tampering on the substrate. This attribute is highly

desired whenever evidence of tampering is wanted on the
substrate. However, in some situations it is desirable

to have a label which displays permanent evidence of

tampering when any attempt is made to remove it f;om a

substrate but does not leave any residue on the
substrate upon removal. Optionally, the label would

leave a residue upon removal but the residue is easily

removable without the use of solvents. Tampering or

unauthorized entry is evidenced by either actiqation of

the tamper-indicating image on the label or a complete
absence of the label. ' '

_ Such fully-removable tamper-indicating labels
could be useful as window stickers permitting entry to
state parks, window stickers evidencing emissions

testing of an automobile, or a sealing label applied to
such things as a file cabinet, a brief case, a standard

door, an aircraft hanger door, the access door of an

aircraft, or the trunk of a vehicle, so as to indicate

or deter unauthorized entry. By way of example, when
used as a sealing label on the trunk of a vehicle the
label would be applied so that it overlaps the tail

light and the trunk door to deter the theft of items
such as wheel covers, floor mats, jacks, and the like
from the trunk during storage at the factory and

transportation from the factory to the dealership.

Tamper-indicating labels of the prior art are
designed to leave part of the label tenaciously adhered
to the substrate. Removal of the residue requires the

use of an environmentaliy undesirable hydrocarbon
solvent and/or requires the use of additional tools,
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but Tess than about 75 Newtons/decineter (N dm), preferablyjl

70 NNdm and nost preferably | ess than about 65 N'dm when app |qc2 oAl gﬁy
stibstrate 100 upon which the label 10 is to be used. Ténsi u
of the adhesive 60 provides a general neasure of-the cohesijpe Strengtn or
internal strength of the adhesive 60. The rel ationship between cohesive

strength -- neasyred as Tensilg dul us 3- ngth --_neasured as
el adnes: on SUCIL AR %1 BREIARIFE hACIRRSF « HOVEIE Wi h $ERRERE ne
adhesi ve 60 haso etemage crhe sSusststatesgt h to overcone the adhesion force to
the substrate 100 and the adhesive 60 renoves cleanly fromthe substrate

100 wi thout the use of a solvent or a scraping tool. Suitable adhesives 60
shoul d possess a peel stAegardinglywe s sukstantial neethest bhl -existsici ent

o guarant ee oty R odi- ket dabily YMbENN AP Eth oM A BybStrate 100

and a cohesive strength whi ch excee t he Peel Adhesion by an anount
ef fective for BRAVAAY i HFupl 9wid "'é'éﬂi%ﬁ \gentainer has been

opened without 1eav1ng a residual message on the
substrate. In addition, the label should not
.predestruct (i.e., display the tamper-indicating
message before the label has been removed from the
substrate, such as upon removal from the liner) and the
tamper-indicating message should be both eésy to read
once the label has been removed ~-- regardless of the
means employed to remove the label -- and remain
visible despite surreptitious efforts to conceal
tampering by reapplying the label.

SUMMARY OF THE INVENTION
We have discovered a tamper-indicating label which
includes (i) a layer of light-transmissive facestock,
(ii) a 1ayer.of light-transmissive imaged release
coating adjacent the facestock so as to provide
indicia, and (iii) an adhesive adjacent the release
coating.

The indicia provided by the release coating is not
visible until the release coating is forcibly separated
from one of the other layers to which it is laminated.
Upon separation, the indicia created by the imaged
release layer becomes permanently visible and the label
is "activated". )

In a first embodiment, the label is provided with
sufficient assembly cohesive strength to keep the label
together as a single unit after "activation".



60 | eft on the substrate iOO after renpval of the label 10 to| (REPLAGBMENT SHEET

cl.eanly fromthe substrate 100 without the use of tools or sof vEnTs:
Preferably,
overcom ng the peel strength and preventing partial transfer pf{adhesive
fromthe | abel

strength (a ge I | T ct
Sihes vas hY ectill Gty SIS

‘sensitive adhesi ves

t he cohesive strength of the adhesive 60 is effecti eﬁ?”l%ﬂ 3%95

10 to the substrate 100. Adhesi ves 60 W t h extrere

e%{égéfé;felf Hod¥ [
sufficient assembly cohesive strength to routinely keep
the label together as a single unit after "activation"
but the adhesive permits visually complete removal of
any residual label fragments remaining on the substrate
after removal of the label without the use of an.

organic solvent.

The label preferably includes a contrast
enhancement coating between the release coated surface
of the facestock and the adhesive for increasing visual
perceptibility of the indicia.

In order to provide a succinct and meaningful
.description of the invention, the remainder of this
specification will be based upon a tamper-indicating
label which includes the specific sequence of
facestock, release coating, contrast enhancement layer
and adhesive. In addition, the remainder of the
specification will be based upon separation of the
release coating from the facestock side of the label
rather than the adhesive side of the label. These
limitations are provided solely to facilitate
disclosure of the invention are not intended to
restrict the scope of the invention.

The combination of controlled visual
perceptibility of the indicia and assembly cohesiveness
of the label are based upon a combination of (i) the
adhesive strength'between-the facestock and'the_release
coating being less than the adhesive strength between
the facestoék and the contrast enhancement coating,

(ii) the adhesive strength between the facestock and
the contrast enhancement cééting being greater than the
adhesive strength between the pressure-sensitive
adhesive and a substrate to which the label is applied,



becatse of the difficultly in achieving a suitable relationsh
pgel strength and cohesi ve strength because the cohesive stren
usually too low. Simlarly, adhesives 60 with a | ow cohesive s
general |y undesirabl e because they tend to separate into discr
and | eave a resi.due on the substrate 100. - A | ow Peel Ad

accept abl e “he ??Aéﬁéeaaﬁg i@etQtP§n§§ SQEWESBtEhB prekacee

the necessary ston Torce ah ati onshi
and cohesi ve s$¢§ﬂgthvarédheﬁF89eGn§nG §HBs§HﬁE§|§8 UE geﬁget 8°Fabel 10
adhered to th61§uabﬁmQeanbehngnggeateﬂathxnrenavadne51ve stF¥eagthcest ock 20

o the. pr i mer EBSEPRD Ebesfarsbosk sha kA8 FFledasctoARinbr, arELREVr ("
the necessary ﬁﬁéeassemﬁmyaadhesheelSErength of the label being
greater than the adhesiﬁe strength between the
pressure-sensitive adhe51ve and a substrate to which
the label is applled.-
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The tamper-indicating label is particularly
well adapted for a broad range of uses including
specifically, but not exclusiveiy, tamper-indicating
closure seals for brief cases, computer disc d;ives,
doors, and filing cabinets; and tamper-indicating
display labels evidencing payment for entry into a park
or passage of mandated emission testing.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a top view of one embodiment of the
invention.

Figure 2 is a cross-sectional side view of the
invention depicted in Figure 1 prior to removal of the
release liner.

Figure 3 is a cross-sectional side view of a
second embodiment of the invention prior to removal of
the release liner.

Figure 4 is a top view of the invention depicted
in Figure 3 after removal of the release liner.

Figure 5 is a cross-sectional side view of the
invention depicted in Figure 4.



rel ati onshi ps between the various |ayers. The gréphics - - when pot—++git -
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the entire tanper- indicating nessage. O1 the other hand -- whe gttt
transm ssive -- the graphics may be coextensive with the | abel [0 {2 MAR 1997
Pol ynmeri zati on Process Mononmers A, B and PX are free radichpl -

I lzed to f . s i-t 60 t QS | ' wh
Phen be cross! | nked {B8RRoEmizng SaReacy 88 the' Invenbishl dibstbed T
and PX nononein Figure polappdiedetol then tajleddghtmaingd dxrunk iofca porating
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has been opened since application of the label.

Figure 7 is a top view of the invention depicted
. in Figure 3 after being activated.

Figure 8 is a cross-sectional side view of the
invention depicted in Figure 7.

Figure 9 is a graphical depiction of the Peel
Adhesion versus Tensile Modulus relationship for
several of the adhesives disclosed in the EXAMPLES
section of this specification.

DETAILED DESCRIPTION OF THE INVENTION
INCLUDING A BEST MODE
Nomenclature
10 Tamper-Indicating Label
20 FaceStock
30 Release Coating
40 Primer Coating
50 Contrast Enhancement Coating
60 Pressure Sensitive Adhesive
70 Release Liner
100 Substrate

Definitions .

As used herein, including the claims, the term
»activation”, when used to describe the condition of
the label 10, means separation of the céntrast
enhancement coating 50 from the facestock 20 in those
areas treated with release coating 30 so that the label
10 displays the image defined by:the release coating 30
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substrate 100.

As used herein, including the claims, the term
nadhesive” means the macroscopically observable
attraction between dissimilar substances such as the
attraction between the facestock 20 and the release
coating 30 layers in the tamper-indicating label 10 of
this invention and the attraction between the pressure
sensitive adhesive 60 on the label 10 and a substrate
100 to which the label 10 has been applied .

As used herein, including the claims, the 'term
wcohesive"” means the macroscopically observable mutual
attraction by which the elements of a body remain
together such as the mutﬁal attraction of the various
layers in the tamper-indicating label 10 which
contribute to the unitary constitution of the label 10
("assembly cohesiveness") and the mutual attraction
between the molecular elements within a single layer
which contribute to a tendency of the layer to remain
together as a single body ("individual cohesiveness").

As used herein, including the claims, the term
rfacestock" refers to a layer of material which
provides the primary structural integrity to a label
10. The facestock 20 is generally the base layer which
is treated with other layers to create the label 10.
One composition commonly used as a facestock 20 is a
film of polyethylene terephthalate.

As used herein, including the claims, the term
n]light transmissive" refers to the prbperty of
transmitting sufficient light that an image can be seen
therethrough with the unaided eye. Light transmissive



t he bol ynmerization initiator and initiated polyner. chains. REPLAQEMEW §HEET
of about 30-80 W % water, based on the total weight of react nts and wat er,
is sufficient to achieve substantially conplete polyner|zat|r1vmtﬂlﬁwﬁ'ﬁg7
reasonabl e tinme period. In addition to enul sion pol yngri an
polymerization of the nonomers nay be conpleted by other wel§ known

techni ques, such as suspensi on pol ymer i-z&t i-on and bul k poly Lan_ SO

| ong as the dedncdudpsl gpecifidceddlar busi pot €§péﬂ§nabﬂy'aﬁéﬁmSPanQPQXX)to

3,000, 000) cang ? %Eﬁhﬁiﬁéent Pol ynmeri zation Initiator
Pol yneri zation of the emulsified mononers is effected by standard

polynerization initiators such as suitable free radical initiators and
redox initiatocompdsieions free radical and redox initiators are mell known

.in'the | ndustry. EX%K%'?Q%egflbhgﬁglhaéglgioieast a facestock, a
release coating and a pressure sensitive adhesive.
Other layers can be positioned between the facestock
and the release coating or the release coating and the
pressure sensitive adhesive. In a preferred embodiment,
the label 10 includes sequential layefs of facestock
20, release coating 30, optional primer coating 40,
optional contrast enhancement coating 50, pressure
sensitive adhesive 60 and optional release liner 70.
Alternatively, the sequence may be altered by
repositioning the optional primer coating 40 between
the facestock 20 and the release coating 30 or between
the contrast enhancement coating 50 and the
pressure-~sensitive adhesive 60.

As mentioned in theISUMMARY of this specification,
the remainder of this specification will be based upon
a_tamper-indicating.label 10 which includes the
specific sequence of facestock 20, release coating 30,
contrast enhancement coating 50 and adhesive 60 wherein
the release coating 30 separates from the facestock 20
side of the label 10 rather than the adhesive 60 side
of the label 10. Again, these limitations are provided
solely to permit a concise and meaningful disclosure of
the invention and are not intended to unduly restrict
the scope of the invention.

Proper activation of the tamper-indicating label
10 requires cooperative interaction between the
individual components of the label 10. Consequently,
the components should be selected together with proper
consideration given to the inteﬁéctive contribution
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suitable for use in the present invention are those described |TUn.teu

St ates Reissue Patent No. 24,906 i.ssued to U rich. Suitable the Vi
activated initiators include specifically, but not exclusively g?oé MAR 1397
conpounds such as 2, 2'-azo-bis(isobutyronitrile);
- 26 - tert-butyl hydroperoxide, benzoyl peroxide and cyci ohpxanone
peroxide. A suitabl.e _redox. initiator onbi nat | q of —
persul fate anBFSY¥IEEH g’ SRR QmP@BﬁgFil I y i Ok SR 61 £6 %tc\?‘\i(i% gref erably
about 0. 01 totfe5 fac¥stockt 2at shoulldsddcipde aheonsiideration of the

adhesive strength between the facestock 20 and release

coating 30 relative to the adhesive strength between

the other layers of the label 10 so that proper

activation of the label 10 is achieved. In addition,

other factors may affect performance of the label 10

including the relative surface areas of the facestock

20 which are coated with the release coating 30 and the
primer coating 40.

FaceStock
The facestock 20 is preferably a light

transmissive, polymeric film possessing sufficient
strength and durability. The facestock 20 contributes
most of the structural integrity of the label 10 and
should maintain its light-transmissiveness during
normal use and abuse of the label 10. In a preferred
embodiment, the label 10 should be sufficiently
flexible to conform to the irregular surfaces of the
substrate 100 to which it is applied. When intended
for use on a clear substrate 100, such as a window
pane, an opaque facestock 20 may be employed so that
the label 10 may be readily located.

A preferred facestock 20 -- because of its
toughness, durability, moisture resistance, dimensional
stability and superior transparency -- is biaxially
oriented polyethylene terephthalate. Other suitable
facestock 20 materials include cellulose acetate,
polycarbonate, polyethylene, polystyrene, polyvinyl
chloride and other polyolefins.

Release Coating _
The release coating 30 may be any material which
adhesively bonds to the facestock 20 with a strength
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coated in its original emulsified state, (ii) dried, redispefsédd i%q§&§1§§?
sui-tabl e solvent and then solvent coated, or (iii) dried and}hét—pslt
coated using comercially available hot-nelt coating equi pnept.
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onto the panelfamestosksi20gandpprovides avclegrly visible message --
' relative to any visual display provided on the

unactivated label 10 -- once separated from the primer

coating 40. However, the adhesive strength with which

the release coating 30 bonds to the facestock 20 should

be sufficient to prevent premature activation of the

label 10, such as removal of the label 10 from the

release liner 70. ' '

~ Typical release coatings 30 are generally capable
of providing the desired reduction in adhesiveress at a
thickness of about 100 to 300 nm.

Materials suitable as a release coating 30 include
fluorinated chemicals, polyvinyl alcohols, silicones
and waxes. The release coating 30 is conveniently
applied in a solvent system such as a solution of
polyvinyl alcohol in a co~solvent system of isopropanol

and deionized water.

_ Particularly suitable materials for use as the
release coating 30 are commercially available from
Minnesota Mining and Manufacturing Company of St. Paul,
Minnesota under the trademarks SCOTCH™ Y-110 and Y-112.
The SCOTCH™ Y-110 and Y-112 release coatings 30 may be
conveniently applied when thinned with a co-solvent
system of 75 vol% water and 25 vol% isopropyl alcohol.
Such thinned solutions of SCOTCH™ Y-110 and Y-112
release coatings 30 have a #2 Zahn-cup viscosity of
about 20-25 seconds @ 32°C.

'Primg;-Coating 
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provide a strong adhesive bond between the facestock 20
and the contrast enhancement coating 50 of the label
10. In those situations where the particular facestock
20 and contrast enhancement coating 50 possess a strong
natural adherence to one another, the primer coating 40
may be eliminated. '

Commensurate with its intended function, suitable
primer coating 40 materials are those materials which
are capable of providing a strong adhesive bond to both
the facestock 20 and the contrast enhancement coating
50 material. Hence, selection of an acceptable coating
material depends upon the specific facestock 20 and
contrast enhancement coating 50 materials used in the
label 10.

Particularly suitable materials for use as the
primer coating 40 when the contrast enhancement coating
50 is vapor deposited metal include SCOTCH™ Y-120
available from the Minnesota Mining and Manufacturing
Company of St. Paul, Minnesota and SURFLEX-LAM™ Varnish
available from Del-Val Ink and Color Co. of Riverton,
New Jersey. '

The thickness of the primer coating 40 should be
sufficient to cover the imaged release layer 30 and
provide a continuous surface to which the contrast
enhancement coating 50 can be applied. Insufficient
coating tends to produce undesirable ghost images on
the label 10. Generally, a coating thickness of about
four to six times the thickness of the release coating
30 is effective for providing the desired coverage.

Contrast Enhancement Coating
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Adhesi on expr dswetparagednintd tdheorkakel 10 to enhance v1sua1
perceptibility of the tamper-indicating message on the

label 10. The contrast enhancement coating 50 provides
a clearly visible image once the contrast enhancement
coating 50 has been separated from the facestock. 20.
This attribute permits the contrast enhancement coating
50 to prominently display the image defined by the
release coating 30 after the label 10 has been
activated.

Any material capable of providing such a
contrasting visual appearénce may be used as the
contrast enhancement coating 50. Suitable contrast
enhancement coating 50 materials include pigmented
coatings, dyes, toners and vapor deposited metals.

Particularly suitable contrast enhancement coating
50 materials are the highly reflective metals of
aluminum, copper, gold, iron, silver, zinc, etc. Thin
frangible cbatings of such metals may be readily
applied to the label 10 by standard vapor deposition
techniques. The vapor coated metal may optionally be
oxidized during deposition.

When the contrast enhancement coating 50 is metal,
the thickness of the coating is preferably sufficient
to reduce light transmission through the contrast
enhancement coating 50 to less than 2%, preferably less
than 1%. By way of example, a 10 to 25 nm thick
coating of vapor deﬁbSited-aluminum is typically
effective for achieving the desired properties. A
thickness providing a light transmission of greater
than about 2% tends to.prov{de-an inadequate visual
contrast.
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about 4 mm high and 10 mm long with an approximately 5

mm horizontal gap between words and an approximately 7

mm vertical spacing -- measured center-to-center --

between rows of words. In the exampie shown in Figure

7, the release coating 30 covers approximately 30% of

the facestock 20 surface area.

The printed release coating 30 is dried by
conventional means, such as a jet dryer, to form a
dried coating about 200 nm in thickness.

A primer solution, such as SCOTCH™ Y-120, may then

be flood coated over the release-coated facestock 20
and dried by conventional means, such as a jet dryer,
to form a dried coating which forms a relatively

- continuous planar surface over the release coated
surface of the facestock 20 with a coating thickness of
about 700 nm over those areas containing release
coating 30 and about 900 nm over those areas void of
release coating 30.

The dried primer-coated facestock 20 can then be
rolled into a "jumbo" roll for transportation to a
separate location for application of a contrast
enhancement coating 50, such as a vapor deposited layer
of metal. '

By way of'example; the jumbo roll of ﬁrimer-coated
facestock 20 may be fed at about 200 feet/minute (61
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vapor coater evacuated to a pressure below about 0.0005
torr and containing vaporized aluminum. A relatively
planar surface of aluminum is deposited over the entire

exposed surface of the primer coating 40 at a

thickness

of between about 10 to 25 nm -- measured in terms of
electrical resistance -- and then converted to light
transmissiveness (0.13% to 0.5%) to define a thickness.
The aluminum coated facestock 20 can then be rolled

" back into a "jumbo" roll for storage and transportation

prior to application of an adhesive 60.

Pressure Sensitive Adhesive

Pressure-sensitive adhesives 60 suitable

for use

in the tamper-indicating label 10 of this invention
must possess a number of physical and chemical
characteristics including (i) an adhesive strength
sufficient to prevent unintended peeling of the label
10 from the substrate 100 after prolonged exposure to
the forces of nature, (ii) an adhesive strength
sufficient to cause the imaged release coating 30 layer

to separate from one of the coatings to which

it is

directly laminated ( i.e, the facestock 20, primer
coating 40, contrast enhancement coating 50 or adhesive
60) but insufficient to separate the various layers in
those areas which were not treated with a release
coating 30, and (iii) a relationship between adhesive
strength and cohesive strength capable of causing the
release coating 30 layer of the label 10 to separate
from one of the other layers while remaining attached

to the label 10 upon removal from a substrate

100. In

addition, the pressure sensitive adhesive 60 should be
easily removable from the substrate 100 without the use
of solvents or mechanical means in those situations

where adhesive transfers to the substrate 100
removal of the label 10.

upon
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substrate 100 to whlch the label 10 is to be applied.

Useful adhesives 60 include specifically, but not
exclusively, crosslinked acrylate adhesives, block
copolymer adhesives, and rubber resin adhesives.

Rubber resin adhesives 60.include synthetic
rubbers, such as polyisoprene; natural rubbers; and
synthetic block copolymers. Useful synthetic block
copolymers are commercially available from such sources
as Shell Chemical Co. and include styrene-isoprene-
styrene (such as Kraton™ 1107) and styrene-butadiene-
rubber (such as Kratoﬁ“‘}ﬁS?). The rubber resin
adhesives 60 may also include solid and/or liquid
tackifying resins, antioxidants, fillers and other
common rubber additives.

The adhesives 60 may be coated from solvent or
compounded as a hot melt adhesive. The compounding and
coating of these types of adhesives 60 are known in the
art and described in various publications including
United States Patent No. 3,239,478 issued to Harlan.

A particularly suitable pressure-sensitive
adhesive 60 for application to the various glass,
metallic and plastic components of aircraft,
automobiles, boats, Fhips, etc. is a crosslinked
copolymer of (a) a hydrophobic acrylate monomer
(monomer A), (b) a hydrophilic ethylenically
unsaturated monomer (monomer B), and (¢) a
mono—~ethylenically unsatu;éted crosslinking agent
(monomer PX). The PX monomer is preferably a
photosensitive crosslinking agent effective for
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radiation. Such adhesives 60 are disclosed in United
States Patent Nos. Re 24,906 issued to Ulrich and
4,737,559 issued to Keller, et al, both of which are
assigned to the Minnesotaluining and Manufacturing
Company of St. Paul, Minnesota. However, such pressure
sensitive adhesives 60 may be modified by excluding
chain terminating agents from the polymerization _

mixture.

The properties and characteristics of the adhesive

60 compositions of this invention are based upon a
cooperative interaction of the various individual
components. Consequently, efforts to describe ‘the
attributes contributed and/or influenced by each of the
individual components is not necessarily indicative of
the attributes possessed by the final adhesive 60

composition. Such descriptions should therefore be
used only as an indication of general trends and as a

. guide to those attributes which should be carefully
considered when selecting the other components of the
composition.

Monomer A _ _

Monomer A is a hydrophobic acrylate monomer which
contributes to the visco-elastic properties of the
copolymer. The monomer is selected from the group
consisting of (i) an acrylate or methacrylate ester of
a non-tertiary C,,, alcohol, and (ii) an acrylate or
methacrylate ester of a mixture of non-tertiary C;
alcohols with an avé}age of between about 4~12 carbon
atoms per alcohol molecule. Useful acrylate and
methacrylate alcohol esters include specifically, but
not exclusively, the acryllc acid and methacrylic acid
esters of l-butanol, 1-pentanol, 3-pentanol,

2-methyl-1-butanol, l1l-methyl-l1-butanocl,
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the |l abel to stabilize for about ten mnutes, (iii’) peeling [about—one—ie
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3-heptanol, 2-octanol, 1~-decanol, and 1-dodecanol.

The copolymer includes about 75 to 98 wt%, -
preferably about 90 to 95 wt$ monomer A based upon the
total weight of all monomers in the copolymer.

Monomer B

Monomer B is a reinforcing co-monomer whose
homopolymer has a higher glass transition temperature
than the homopolymer of monomer A. Examples o? co-
-monomers suitable for use as monomer B include
specifically, but not exclusively acrylic acid,
n-vinylpyrrolidone, itaconic acid, acrylamide and
methacrylamide.

The copolymer includes about 2 to 25 wt%,
preferably about 5 to 10 wt% monomer B based upon the
total weight of all monomers in the copolymer.

Crosslinking Monomer PX

Crosslinking monomer PX is a copolymerizable,
monoethylenically unsaturated crosslinkable monomer.
The ethylenically_uhsatufated group is copolymerizable
with monomers A and B to form the backbone of the
polymer chain. The PX monomer is preferably one which
may be crosslinked after coating of the adhesive 60
composition upon a support such as by exposure to
ultraviolet radiatiéh or E-beam particles.

‘A preferred PX monomer is a monoethylenically
unsaturated aromatic ketone. Such PX monomers -are
known to absorb ultraviolet radiation and form a
triplet excited state through intersystem crossing.
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combine to form crosslinks. The semi-pinacol radical
on the aromatic ketone can also produce crosslinking.

A hydroxyl group positioned ortho to the carbonyl
group on the aromatic ring is known to inhibit the
ability of aromatic ketones to effect crosslinking.
Accordingly, the aromatic ketone monomer should be free
of ortho-aromatic hydroxyl groups to be optimally
effective as a photosensitive crosslinking agent.

Suitable PX monomers are represented by the
general formula:

' O
A—0 Y—2z
(x),
wherein:

R: is a lower alkyl or phenyl which may be
substituted with one or more halogen atoms, alkoxy
groups or hydroxyl groups except that when R is a
hydroxy substituted phenyl the hydroxyl group(s) should
be positioned meta or para to the aromatic carbonyl;

X: is halogen, alkoxy or hydroxyl provided that
when X is a hydroxyl group it is positioned meta or
para to the aromatic carbonyl}

¥: is a divalent linking group which is preferably
a covalent bond, an bxygen atom(-0-), an amino group
(-NR!- wherein R! is hydrogen or lower alkyl), an
‘oxyalkyleneoxy groué ( -0-R>-0-wherein R? is an alkylene
group), a carbamoylalkylenebxy group
(-0-R?-0-(0) -N=- (R!) -R*~ wherein R’ is a covalent bond or
an alkyleneoxy group-such as -R¥*~0-); ‘
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group; and
'n: is an integer from 0 to 4.

Particularly preferred PX monomers are the
acryloxybenzophenones such as 4-acryloxybenzophenone.

The copolymer includes about 0.01 to 2 wt%,
preferably about 0.025 to about 0.5 wt% PX monomer
based upon the total weight of all monomers in the
copolymer. A PX content of less than about 0.025 wtd
tends to produce an adhesive 60 with reduced cohesive

- strength while a PX content of greater than about 2 wt%
tends to produce an adhesive 60 with insufficient tack.

The thickness of the pressure sensitive adhesive
60 at which the desired propertieé and characteristics
are optimized depends upon several factors including
the specific adhesive 60 employed'and the specific
substrate 100 to which the label 10 is attached. 1In
general, best performance is achieved at adhesive 60
thicknesses of between about 0.013 mm to 0.13 mm,
preferably about 0.023 mm to 0.08 mm. By way of
example, we have discovered that a pressure sensitive
adhesive 60 thickness of about 0.05 mm provides optimal
performance when the adhesive 60 is of the type
disclosed above and the substrate 100 is a polymer
coated automobile tail light. -

A protective release liner 70 may be applied to
the pressure sensitibe adhesive 60 to protect the
adhesive 60 against contamination and prevent the label
10 from bonding to a substrate 100 during
transportation, storage, and'handling‘of the label 10.
The release liner 70 must adhere to the adhesive 60
with a strength sufficient to prevent accidental
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a_single unit (No) but labels which |eave a residue on the glasg plate (

or Yes) are still acceptable enbodi nents provided the residual dweziﬁg‘iﬁzgw
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Yes: Adhesive or l|abel stock residue |left on the gl ass pl atje after
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| abel stock resigbieidisdl 00" dieing redwsE &f ke AFdPéasoDinée veroval of
the | abel is renoved with sonme difficulty but snmeared when rubbed

with a finger.

Application of Adhesive

The pressure sensitive adhesives 60 can applied to
the labelstock by directly coating the adhesive 60 onto
the labelstock or coating the adhesive 60 onto a
release liner 70 and then laminating the adhesive 60 to
the labelstock in a laminator. Suitable release liners
70 include polyester films and papers coated with a
release agent such as silicone, epoxysilicone,
perfluoropolyether, etc.

An alternative method of applying adhesive 60 to
the label 10 is to coat the adhesive 60 onto a release
liner to form a transfer tape and then transferring the
pressure sensitive adhesive 60 from the transfer tape
to the label 10 using standard lamination techniques.

Another alternative method of applying adhesive 60
to the label 10 is to coat the adhesive 60 onto a first
side of a carrier web which has been previously coated
on the second side with a suitable adhesive to form a
double coated tape. The double coated tape can then be
laminated to the label 10 with the second side of the
double coated tape adhesively bonded to the label 10 so
as to expose the adhesive on the first side of the tape
for application of the label 10 to a substrate.

Figure 7 depicts the top view of a label that has
been activated and the areas of the contrast
enhancement layer, where the release coating is printed
with the letters VOID, are'permanently distorted.
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Figure 7 in which the contrast enhancement layer is
distorted and broken apart from being pulled by the
adhesion force of the pressure sensitive adhesive to
the substrate in the areas of the label that have been
printed with a release coating. The contrast
enhancement layer is no longer planar so light is
transmitted through the label in those areas where the
contrast enhancement layer has been broken apart while
areas without the release coating remain intact and
opaque to light. The pressure sensitive adhesive has
also undergone an irreversible elastic deformation and
is no longer planar.

As graphically depicted in Figure 9, useful
pressure sensitive adhesives 60 are those which have
(i) a Tensile Modulus of greater than about 200 KPa
when the Peel Adhesion is up to 50 N/dm, (ii) a Peel
Adhesion of less than about 75 N/dm when the Tensile
Modulus is greater than 750 KPa, and (iii) a Peel
Adhesion equal to (0.0442) - (Tensile Modulus) + (40.85)
when Peel Adhesion is between about 50 N/dm and 75 N/dm
and Tensile Modulus is between about 200 KPa and 750
KPa. The Peel Adhesion versus Tensile Modulus
relationship for several of the adhesives 60 disclosed
in the EXAMPLES section of this specification are
plotted on Figure 9. The nomenclature used on Figure 9
is provided below. '
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but less than about 75 Newtons/decimeter (N/dm),
preferably less than about 70 N/dm, and most preferably
less than about 65 N/dm when applied to the substrate

100 upon which the label 10 is to be used.

S

Tensile modulus of the adhesive 60 provides a
general measure of the cohesive strength or internal
strength of the adhesive 60. The relationship between
cohesive strength -- measured as Tensile Modulus -- and
peel strength -- measured as Peel Adhesion -~ should be
such that when the label 10 is removed the adhesive 60
has enough cohesive strength to overcome the adhesion
force to the substrate 100 and the adhesive 60 removes
cleanly from the substrate 100 without the use of a
solvent or a scraping tool. Suitable adhesives 60
should possess a peel strength -- measured as Peel.
Adhesion -- sufficient to guarantee activation of the
label 10 when removed from a substrate 100 and a
cohesive strength which exceeds the Peel Adhesion by an
amount effective for permitting any residual adhesive
60 left on the substrate 100 after removal of the label
10 to be rubbed cleanly from the substrate 100 without
the use of tools or solvents. Preferably, the cohesive
strength of the adhesive 60 is effective for overcoming
the peel strength and preventing partial transfer of
adhesive 60 from the label 10 to the substrate 100.

Adhesives 60 with extreme peel strength (a
generally desirable characteristic for pressure
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sensitive adhesives 60) ar¥ generally unacceptabl@
because of the difficultly in achieving a suitable
relationship between peel strength and cohesive
strength because the cohesive strength is usually too
low. Similarly, adhesives 60 with a low cohesive
strength are generally undesirable because theyltend to

separate into discrete splotches and leave a residue on

the substrate 100.

A low Peel Adhesion may be acceptable when the
label 10 is to be used on certain surfaces as long as
the necessary Peel Adhesion force and relationship
between Peel Adhesion and cohesive strength are
achieved and the adhesive 60 keeps the label 10 adhered
to the surface until intentionally removed.

The facestock 20 may optionally be printed with

visible graphics on either the facestock 20 or the

primer coating 40 so long as the graphics does not
interfere with the necessary adhesive 60 and cohesive
relationships between the various layers. The graphics
-- when not light transmissive -- should be limited so
that they do not completely obscure the entire tamper-
indicating message. On the other hand -- when light
transmissive -- the'graphics may be coextensive with
the label 10.

Polymerization Process

Monomers A, B and PX are free radical polymerized
to form a precursor composition of this invention which
may then be crosslinked to form the adhesive 60.

Emulsion

The A, B and PX monomérs may be polymerized in an
aqueous emulsion by incorporating a suitable emulsifier
for the monomers and the resultant polymer. A wide
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tensi |l e nodul us mnthout excessl ve Peel Adhesi on perfornmance on the various
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strength (neaggcutcheon’s: Detergents & Fmulsifiers; North American
Edition, Volume I 1993. Selection of a suitable
emulsifier(s) for use in the emulsion polymerization of
the adhesive polymer is well within the ability of
those skilled in the art.

The amount of water used should be sufficient to
achieve intimate contact between the polymerization
reactants including monomers A, B, and PX as well as
the polymerization initiator and initiated polymer
chains. Typically, use of about 30-80 wt% water, based
on the total weight of reactants and water, is
sufficient to achieve substantially complete
polymerization within a reasonable time period.

In addition to emulsion polymerization,
polymerization of the monomers may be completed by
other well known techniques, such as suspension
polymerization and bulk polymerization, so long as the
desired polymer molecular weight (preferably about
2,000,000 to 3,000,000) can be achieved.

olymerization tiator

| Polymerization of the emulsified monomers is
effected by standard polymerization initiators such as
suitable free radical initiators and redox initiators.
Numerous free radical and redox initiators are well
known in the industry. Exemplary of those initiators
suitable for use in the present invention are those
described in United States Reissue Patent No. 24,906
issued to Ulrich. Suitable thermally activated
initiators include specifically, but not exclusively,
azo compounds such as 2,2'-azo-bis(isobutyronitrile),
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cyclohexanone peroxide. A suitable redox initiator is
a combination of potassium persulfate and sodium
bisulfite. Generally, about 0.01 to 1 wt%, preferably
about 0.01 to 0.5 wt%, initiator, based upon the total
weight of all monomers in the polymer, is effective for
initiating polymerization.

Coating and Drying

The adhesive 60 may be (i) coated in its original
emulsified state, (ii) dried, redispersed in a suitable
solvent and then solvent coated, or (iii) dried and
hot-melt coated using cdmmercially available hot-melt
coating equipment.

TESTING PROTOCOLS
Peel Adhesion _

The Peel Adhesion (PA) of a pressure sensitive
adhesive is measured by laminating the adhesive to a
0.051 mm thick polyester film and cutting the adhesive
coated film into strips measuring 2.54 cm by 12.7 cm.
One of the adhesive strips is then placed into adhesive

- engagement with one of the panels listed below and
pressed onto the panel with a single pass of a two kg
roller. No manual preSsure is applied to the roller
during application.

88 Bright annealed 304 stainless steel
measuring 5.08 cm - 12.7 cm - 18 gauge.

AL Clear anodized aluminum measuring 5.08
cm + 12.7-cm - 0.16 cm with lengthwise graln
purchased from Vincent Metals, Inc. of
Minneapolis, Minnesota.

GL Soda-lime float gIass 5.08 cm + 12.7 cm
- 0.64 cn.

PP Smooth finish polypropylene measuring
5.08 cm ¢« 12.7 cm ¢ 0.48 cm purchased from
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The strip and panel are then conditioned at 21°C for a
defined period. One end of the conditioned panel is
then clamped into the lower jaw of a tensile tester
(INSTRON Model No. 1122) and an opposite end of the
adhesive coated polyester liner is clamped into the
upper jaw such that the adhesive coated polyester strip
will be pulled from the panel at a 180° angle. The
jaws are then separated at a rate of 30 cm per minute
and the Peel Adhesion expressed in N/dm and recorded.

Tensile Modulus
The Tensile Modulus (TM) of a pressure sensitive

adhesive is measured in accordance with the procedure
set forth in ASTM D-882 modified as set forth below. A
known thickness of the adhesive is laminated between

' two release liners and the sample cut into strips
measuring 2.54 cm by 12.2 cm. A strip is mounted over
a5.1cm - 10.2 cm rectangular opening in a heavy paper
frame by (i) resting the frame on a release liner, (ii)
attaching a length of double coated tape (SCOTCH® brand

" 665 Double Coated Tape) to the frame along the short
ends of the opening, (iii) removing one of the release
liners from the adhesive sample, (iv) positioning the
adhesive sandwich over the opening with the adhesive
surface facing the frame and the distal edges
adhesively.contacting the double coated tape, and (v)
pressing the distal edges of the adhesive sandwich into
firm engagement against the double coated tape, (vi)
carefully removing the remaining release liner from the
adhesive sample, with the application of dry ice when
necessary to achieve complete satisfactory separation,
(vii) applying masking tape over the edges of the
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the release liner.

The adhesive sample within the frame is mounted
into the jaws of a tehsile tester (INSTRON Model: No.
1122) with the jaws spaced 10.2 cm apart and positioned
so as to clamp only the portions of the frame with the
adhesive sample within the jaws. The sides of the
frame are then cut so that only the adhesive sample is
stretched as the jaws are separated.

The jaws are then separated at a rate of 1?.7 cnm
per minute and the force exerted on the strain gauge
measured as a function of time and recorded. The
stress exerted upon the adhesive sample is calculated
in accordance with equation (1) provided below.

(Sample Width) (Sample Thickness)

The strain exerted upon the adhesive sample is
calculated in accordance with equation (2) provided
below.

(Jaw Displacement)

U= -
(Initial Jaw Gap)

Tensile Modulus is the initial slope of o¢/U with
values expressed in-KiloEascals (KPa). The reported
Tensile Modulus is the average of two or three samples.

Label Performance ST

The performance of a label -- measured as a
function of activation_and adhesive cohesiveness -- is
measured by (i) applying the label to a smooth glass
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or catalyst.

The adhesi ve conpositions of Exanples 21-24, 29-36}a
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E%;lggﬁie and allowing the label to stabilize for about
ten minutes, (iii) peeling about one to two centimeters
of each label from the panel, (iv) recording the.
initial activation and adhesive cohesiveness of the
label, (v) conditioning the label for 24 hours at one
of the following test conditions:

-30.0 °C (COLD TEMP TEST)

21.0 °C (ROOM TEMP TEST)

65.6 °C (ELEV TEMP TEST)

The remaining portion of the label is then peeled by
hand from the glass substrate at about a 90° peel angle
with the label and glass substrate maintained at the

conditioned temperature.

In addition, various samples conditioned at -30 °C
and 65.6°C were brought to room temperature before the
remaining portion of the label was peeled from the
glass substrate.

The following performance characteristics were
noted and recorded for the tested samples:

DESTRUCT

Yes: The label was activated when peeled from the
substrate and the void message visible.

No: The label was not activated when peéled from
the substrate and the void message not visible.

VOID TRANSFER
Yes: A portion of the VOID message from the label
transferred to the glass plate.
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Pol ymer Base Tacki fier 21-24 Kraton[err] 1jLl0 ZB§§§%£13g7
Escorez[err] 1310LC | sopred@-Styrene avgi

avai |l abl e from Shel ¥#: Appxoximhtionabf the % of voidChessagk Conpany l
Conpany 25- 27 e 2 r r pyw m e

Pol yi sopr ene avaiIaBF%ngg%g¥€éb?%L?rgﬁg label toEfﬁQ ??%%%T%ééggédyear Tire
Exxon Chem ca

No: The label was removed as a single unit leaving
no residue on the glass plate.

Preferred embodiments are removed as a single unit
(No) but labels which leave a residue on the glass
plate (## or Yes) are still acceptable embodiments
provided the residual adhesive is easily removed as
evidenced by the Rub Removal Test.

RUB REMOVAL
Yes: Adhesive or labelstock residue left on the
glass plate after complete removal of the label is
easily removed by rubbing with a finger at room
temperature without smearing.

8: Adhesive or labelstock residue left on the
glass plate after complete removal of the label is
removed with some difficulty but smeared when
rubbed with a finger.

88: Adhesive or labelstock residue left on the
glass plate after complete removal of the label
smears significantly when rubbed with a finger and
can be removed only with the aid of a scraping
tool or a solvent.

EXAMPLE DEFINITIONS

LabelStock (LblsStk) -
X = SCOTCH® Brand 8071 Tamper Indicating Polyester
Film available from Minnesota Mining &
Manufacturing Co. of st. Piﬁl, Minnesota.
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& Rubber Conpany Conpany 28 . Ameripolw 10l A BEPLACHWtNT SHEET
None St yr ene- But adi ene rubber avaifl apl e from
B. F. Goodrich Conpany 29- 36 Kraton[err] 1107 Styrene- t;j 2 MAR 1897
Escorez[err] 1310LC ' | soprene- Styrene - avdil e from
avai |l abl e from Shell Exxon Chem cal ' Chem cal {Conpany

Conpany 37-39 Kra onl er GL65 B3 Btyr ene- { ngt ack Pl ] '
Et hyl ene- But yl ene- 9&@# eﬁ* 4804 Tamper Ing¥°%%§?%n§gg¥é§Fﬁﬁle B
from Firestone Film avallaEMEIfréﬁmmdnnésétammmning &40-41

Amer i pol [err] |0||Ahanufacturiﬁ§?g$'egf Pa? Minnesotat Y ene- But adi ene
‘avail able from avai abl rom rcul es, |nc.

B. F. Goodrich Conpany
| EXPERIMENTAL

Preparation of Pressure Sensitive
Adhesives (ADH)
Examples A - J and Q1 - Qz

Pressure sensitive adhesives were prepared by
emulsion polymerizatioh of 94 parts isooctyl acrylate
monomer, 6 parts acrylic acid monomer, and 0.4 parts
acryloxybenzophenone (supplied as 1.54 parts of a 26%
solids by weight solution of acryloxybenzophenéne in
.ethyl acetate) in accordance with the procedure
described in Example 5 of United States Reissue Patent
No. 24906 issued to Ulrich and assigned to the
Minnesota Mining and Manufacturing Company of St. Paul,
Minnesota, except that the chain transfer agent
tertiary dodecyl mercaptan was not used. Upon
completion of the polymerization process, the emulsion
was dried to form a solid pressure sensitive adhesive.
The adhesive was then hot melt coated onto a silicone
coated transparent polyester release liner to a
thickness of 0.025 mm for adhesives A through E and a
thickness of 0.051 mm for adhesives F through J. The
adhesives were then exposed to medium pressure mercury
arc lamps at varying intensities and total energies to
crosslink the adhesive. Lamp intensities and total
.energy wvere measureq_using a UVIMAP Model 365HP1
available from EIT in Sterling, Virginia. The
intensity and total energy readings are set forth in
TABLE ONE. _

Adhesives Q1 (0.025 mm thick) and Q2 (0.051 mm
thick) were hot melt coated onto the silicone coated
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Nat syn[err] 2200 Escorez[err] 1310LC Pql i sp r&ag
avai l abl e available from from The Goodyear Tiré¢ Ekkgn R 1997
Chem cal & Rubber Conpany Conpany 45

Kraton[err] 1107 Styrene- W ngtack Plus[err] .

| soprene- Styrene avail able from32 - avai l ab

Fi restone. transparent phiyester Cvepease lineoito0a thicknessGeferr] 263
DABCO err] 33ply25 mm and 0.051 mm.respectively and were not exposed

to ultraviolet light.

The adhesives were tested for Tensile Modulus and
Peel_Adhesion with the results set forth in TABLE ONE.

Label Cthosition
and Performance
Examples 1-20

Tamper indicating labels were constructed as set
forth in TABLE TWO by laminating Labelstocks X and Z to
the various adhesives described in TABLE ONE. The
labels were then tested for label performance according
to the testing protocols set forth herein with the test
results shown in TABLE TWO. The data represented in
TABLES ONE and TWO show that (i) preferred adhesives
have adequate cohesive strength (measured as tensile
modulus) without excessive Peel Adhesion performance on
the various substrates, (ii) crosslinked acrylate
adhesives having a moderate cohesive strength (measure
as tensile modulus) are suitable for use in the
tamper-indicating labels of this invention, and (iii)
the labels tested as Exahples 16'-20' possess good
Destruct and Rub Removal characteristics on plastic at
low temperatures. ' '

Examples 16-20 and & were also tested on an
automotive tail light at cold temperatures where
failures in the label would be most likely to occur.
Test results are shown in TABLE TWO under example
designations 16'-20' and C4'. -

Comparative Examples
Cl~C4
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avail abl e from (catal yst) Monsant o.
avail able from ' ' Air Prod cts.1 2. MAR 1997
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TABLES THREE and FOUR denpnstrate that a variety of adhesi ves. can "provi-de —_—
t he necessary characteristics required for the tanper- indicatipg |abel of '

W thin the scope of ThETRRRIANNG (RS alifbdl) Yld e A0, e E=STore
departi-ng froteXife qonftiuchedudiscipets fpathdd (TARLE T Mpanyi ng cl ai ns.
laminating Labelstocks X and Z to adhesives Q1 and Q2
described in TABLE ONE. The labels were then tested
for label performance according to the testing
protocols set forth herein with the test results shown

in TABLE TWO.

Comparative Examples
C5-C7
For comparative purpoées, tamper indicating labels

were constructed as set forth in TABLE TWO by
laminating Labelstocks X and Z to commercially
available SCOTCH® brand pressure sensitive adhesive
. transfer tapes obtained from Minnesota Mining and
Manufacturing Company of St. Paul, Minnesota as set
forth below.

Example Q5: 967 SCOTCH® brand PSA transfer tape
Example Q6: 467 SCOTCH® brand PSA transfer tape
Example Q7: 965 SCOTCH® brand PSA transfer tape

The adhesives on these tapes are typical acrylate
adhesives which have a low tensile modulus and high
tack. The labels were then tested for label
performance according to the testing protocols set
forth herein with the test results shown in TABLE TWO.

Adhesive Composition
and Performance ..

Pressure sensitive adhesives were prepared by
dissolving a base polymer in toluene on a shaker table
with the optional addition of a tackifying resin or
catalyst. The adhesive compositions of Examples 21-24,
29-36 and 45 had a solids contents of 30 wt% while
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Examples 25-28 and 37-44 I8 a solids contents of 10
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wt%. The amounts of base polymer, tackifying resin and
catalyst incorporated into the various adhesive
compositions are set forth in TABLE THREE.

The adhesives were coated to a dry thickness of
0.025 mm and 0.051 on Facestock Z for use in testing
the Peel Adhesion and label performance of the

adhesive.

The base polymers, tackifying resins and catalysts
used in formulation of the adhesives are set forth

below:

Examples

21-24

25=27

28

29-36

37-39

40-41

‘Polymer Base

Kraton™1107 Styrene-.
Isoprene-Styrene
available from Shell
Chemical Company

Natsyn™ 2200
Polyisoprene available

from The Goodyear Tire -

& Rubber Company

Ameripol™ 1011A
Styrene-Butadiene
rubber available from
B. F. Goodrich Company

"Kraton™ 1107 Styrene-

Isoprene-~Styrene
available from Shell
Chemical Company

Kraton™ G1657 Styrene-
Ethylene-Butylene-

Styrene available from
Shell Chemical Company

Ameripol™ 1011A
Styrene-Butadiene
rubber available from
B. F. Goodrich Company

Tackifier

Escorez™ 1310LC
available from
Exxon Chemical
Company

Escorez™ 1310LC
available from

Exxon Chemical

Company

None

Escorez™ 1310LC
available from

Exxon Chemical

Company

Wingtack Plus™
available from
Firestone

FORAL™ 85
available from
Hercules, Inc.



[err]

42-44 Natsyn™ 2200
Pblyisoprene available
from The Goodyear Tire
& Rubber Company

45 Kraton™ 1107 Styrene-
Isoprene~-Styrene
available from Shell
Chemical Company

101-104 Gelva GMS™ 263
available from
Monsanto.

REPLACEMENT SHEET

12 MAR 1997

Escorez™ I310LC
available from
Exxon Chemical
Company

Wingtack Plus™

available from
Firestone .

DABCO™ 33-LV

"(catalyst)

available from
Air Products.

Test results are set forth in TABLE FOUR.

The data represented in TABLES THREE and FOUR
demonstrate that a variety of adhesives can provide the
necessary characteristics required for the tamper-

indicating label of this invention.

Reasonable variations and modifications are
possible within the scope of the foregoing
specification and drawings without departing from the
invention which is defined in the accompanying claims.
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substrate the | abel hz”"uﬂm’mm M’W cohesive strength ang ﬂ‘

sequential layers of: * (&) a nsn155|ve f acest ock; _(b) an
reﬂease coating providing indicia on the | abel . said i»dﬂc?dwmémmw
"substantially invisible to the . undi ded eye until becloniag-permnent|
visible to the ai ded eye when the4tetease coatinglis separated T

at |east one of¥"e et J‘h'er | ayers of the |abel; and (c) 2

bondi ng the | abel to the substrate with anng?he3|xe strength, sarg T
“adhesive stren ei,n s than t se cphesi ve stre o] e
| abel, to %E'r ml}} ttﬁlpﬁrd GONRE 1$ing FRIVeRtl af wi t hout
resi dual | abel Yayeysemts: renalnlng on t he substrate, and to keep the

| abel together as a giy19l£ dilidar llﬁ{é S i { P tpacéé]l?oé]@%av:.ng

first and second major surfaces,

(b) a light-transmissive imaged release coating
providing indicia on the label, and

{e) an adhesive coating layer;

vherein (i) the indicia is not visible until becoming
permanently visible when the.release coating is
separated from at least one of the other layers in the
label, and (ii) the assembly cohesive strength'of the
label is sufficient for the label to remains together
as a single unit after the release coating is separated
and the indicia becomes visually perceptible.

2. A tamper-indicating label for application to a
substrate comprising sequential layers of:

(a) a light-transmissive facestock having first
and second major surfaces,

(b) an imaged release coating covering less than
the entire area of the second major surface
of the facestock for providing a message,

{(c) a contrast enhancement coating covering the

~release coating and contacting the facestock
in those areas void of release coating, and

(d) a pressure-sensitive adhesive

wherein (i) the message is not visible until becoming
permanently visible when the facestock is separated
from the release coating, (ii) the adhesive strength
between the facestock and the release coating is less
than the adhesive strength between the facestock and
the contrast enhancement coatiné, (iii) the adhesive
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2. A tanper-lndlcatlng abet—for—application to a substrate,

; | :
havi ng an assenbsml th and com prising sequengi P'-LMEEME%\IToﬁHEET
(a) a light-tran mﬂﬂlmmmﬁ having first and second maj or
surf aces. (b) an i gbd ¥el®ase coating covering | ess than tfe162chR'89?

area of the second major surface of the facestock for previjding a
nmessage, the rel ease coating being subst&h-- tially invisg{ble TO tHne

?Eal defl eye Unkire béEween €& "PASEELYcKi #hd| €né Ocontrasgi ded eye when
e rel ease

coaling | s separated fro east,one he ot her Tayers
of the |abel , enhancement t?%%?lﬁﬁhhﬁc%ﬁ% efdg??ﬂgt%%v $h%% ?ﬁe releasg
coating and coﬂtﬁemgtn;hémweenoumenpressune+sgnsntlveeadhesiasegndcﬂ in
those areas volgh@lrd€L 03 EEM e 1abelfL ChPol 16d LUERT ¥Rak! £RAG!
oc hé're S

bet ween the fac ease coa g | ess t an th
adhesi ve scontrast benharcenent f ceating Wikl nok separate from the

enhancenent coglifgeo@P%upon removal of the applied label from the
substrate, (iv) the adhesive strength between the
pressure-sensitive adhesive and a substrate to which
the label is applied is greater than the adhesive
strength between the facestock and the release coating
such that the release coating will separate from the
facestock and activate the label upon removal of the
applied label from the substrate, and (v) the gssembly
cohesive strength of the label is greater than the
adhesive strength between the pressure-sensitive
adhesive and a substrate to which the label is applied
such that the label remains together as a Single unit

upon removal.

3. The tamper-indicating label of claim 1 further
comprising a contrast enhancement coating between the
release coating and the adhesive effective for
increasing visual perceptibility of the indicia when
the facestock is separated from the release coating.

4. The tamper-indicating label of claim 3 further
comprising a light transmissive primer coating between
the release coating and the contrast enhancement
coating forming a relatively continuous planar surface
over the release coated second major surface of the
facestock. '

5. The tamper-indicating label of claim 4 wherein the
primer coating covers the release coating and contacts
the facestock in those areas void of release coating

THIS SHEET HAS B BEE]
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facestock and the rél edsetcoting,* - - tofp

fromthe substrate whil e separating the rel ease coatlng fre
f acest ock to activate the | abel andd30 g
a single unit a‘rtderttm:tqomast vénhandemessi drodt impadontactd ramgl
remai ni ng on t ng. 3. The tanper-indicating | abel of cIa|n11
further com pri S|ng a contrast enhancenent coating between the rel ease
-coating and the adhesive effective for increasing visual

6. The tamper-indicating label of claims 2 and 5
further comprising a removable release liner
protectively covering the adhesive which may be removed
without activating the label.

7. The tamper-indicating label of claim 3 wherein the
contrast enhancement coating is a frangible layer of
metal. '

8. The tamper-indicating label of claim 3 wherein the
adhesive is a pressure-sensitive adhesive.

9. The tamper-indicating label of claim 8 wherein the
adhesive is a pressure-sensitive adhesive comprising a
crosslinked copolymer of A, B and PX wherein:

(a) A is an acrylate monomer selected from the
group consisting of (i) an acrylate or
methacrylate ester of a non-tertiary ¢,
alcohol, and (ii) an acrylate or methacrylate
ester of a mixture of non-tertiary c,,
alcohols with a resultant average of between
about 4-12 carbon atoms per alcohol molecule;

(b) B is acrylic acid; and
(d) PX is a crosslinking agent effective for
crosslinking the copolymer.




perceptibility of_F‘~“T~ﬁ7ﬁ?YTvmwh+he-facestock i s $cREPIACEMENTOSHE e
rel ease coating. ﬁmzl ﬂ ,I””"El cating | abel of g+ab-m-3—futher qom
prising a light trans _ oati ng between {hg re% a5 ting and
the contrast enhancement coatind fdrm ing a relatively Jo g%%%dggfp anpar
surface over the rel ease coated second naj or surfacefof—tte—facestoc

5. The tanper-indjcati | ai m 44whe '

ng Iagek,of (o reiqiuh .coating c
the rel easePoat TRE SABPEDALPIACItiRg Aabed: Ok SRt _

rel ease coa%angsﬁmd ﬁ.beaebxepsarentsansgnﬁ&et adhesﬂ.:er elompad sttt | ian]g b?/
contrast enhances.nen hoa. . -6 _The t [-LRALCaL | el, of claim5
further con?rBFF%fﬁgeé §§§%3Q§F5 P§|8§83t|?§2?°pbgtg§?i&b §%%§9é¥ﬁng t he
adhesi ve whabbhutry te 7ewbi¥cuonpmeyuB,aendvabony OhOL &ecl2 wtd7. The .
tanper-indiggggg?ihﬁﬁﬁg fbnohekmpz LHELBgR.COM prising a renovable rel ease

| i ner protectively covéring the adhesive which may be renoved w t hout
activating the |abel. 8. The tanper-indicating | abel of claim3 wherein
t he _ (a) A is an acrylate monomer selected from the

group consisting of (i) an acrylate or
methacrylate ester of a non-tertiary C,,,
alcohol, and (ii) an acrylate or methacrylate
ester of a mixture of non-tertiary C;
alcohols with a resultant average of between
about 4-12 carbon atoms per alcchol molecule;

pVer s

(b) B is acrylic acid; and

(d) PX is a crosslinking agent effective for
crosslinking the copolymer.

11. The tamper-indicating label of claim 15 wherein
the pressure-sensitive adhesive wherein the Tensile
Modulus versus Peel Adhesion characteristics of the
adhesive provide (i) a Tensile Modulus of greater than
about 20 KPa when the Peel Adhesion is 0 to 50 N/dm,
(ii) a Peel Adhesion of less than about 75 N/dm when
the Tensile Modulus is greater than 750 KPa, and (iii)
a Peel Adhesion equal to (0.0442) - (Tensile Modulus) +
(40.85) when Peel Adhesion is between about 50 N/dm and
75 N/dm and Tensile Modulus is between about 200 KPa
and 750 KPa.

THIS SHEET HAS BEEN
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rel ease coating covers about 20 to about 70% of the surface area on the
second maj or surface of the facestock.:*". 9. The tanper-indiwaga?g label of
claim 2 wherein the rel ease coating covers about 20 to abo{it mﬁﬂﬁe
surface area on the second nmgjor surface of the facestock SHEET
tanper-indicating | abel of claim3 wherein the release coa
pol yvi nyl al cohol, 11. The tanper-indi€at+ng | abel of cl
rel ease coating is a polyvinyl al cohdABSTRACT The tanper-ijndrce s
of claim 3 wherein the contrast enhancenent coating is a firangible Iayer of

met al . _ -43- .

A tamper-indicating label which includes (i)
light-transmissive facestock, (ii) a light-transmissive
imaged release coating covering a portion of the
facestock so as to provide indicia, (iii) a contrast
enhancement coating over the release coated surface of
the facestock, and (iv) an adhesive coated upon the

. contrast enhancement layer where the indicia provided
by the release coating is not visible until the
facestock is forcibly separated from the release
coating after which the indicia becomes permanently
visible and the label is provided with sufficiént
assembly cohesive strength to keep the label together
‘as a single unit after the facestock is separated from
the release coating and the indicia is rendered
visually perceptlble.

FIGURE 2




13. The tanper-lndlcatlng | abel of cla|n13 mhereln th
enhancenment coating is a vapor deposit.éd- f-rargi bl e
10 to 25 nmin thickness. 14. The tanper-indicati
wherein the contrast enhancenment coating is a vapor
| ayer of al um num about 10 to 25 nmin thickness. :
tanper-indicating | abel of claim3 whereiln-t he adhesijve

pressure-sensitive adhesive. 16. The tanper-indicgting | abel of claijfm 2
wherein the adhesive is a pressure sensitive adhesive. T7—Fhe —

t anper -i ndi cating | abel of- CE erein the adhesive is a
pressure-sensitive hesi ve g a ch sl i nked copol yner

PX wher ei n: (a) ' |l ected fromth

consisting of (i) a gt e or HB{naCFyla[ ester of

C-err] al cohol. and
m xture of non-terti
bet ween about 4-12
acrylic acid; and
crosslinking
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the copol yner. 18. The tanper-indicating | abel of claim2 wherein the
adhesive is a pressure-sensitive adhesive conprising a cf lnked
copol yner of about 93 to 96 Wt % nonomer A. about 4 to
and about 0.01 to 2 wt % crosslinking nonomer PX wher ei
acryl ate nononer selected fromthe group consi sti ng
or nethacrylate ester of a - non-tertizary CJerr] alcph
acrylate or neth- acrylate ester of a m xture of
al co- - hols with a resultant average of between abgq
atons per al cohol nol ecul e; (b) Bis acrylic acid; and
crosslinking agent effective for crosslinking - the copol yner. C
tanper-indicating | abel of claim15 WZEF iLn tfe pressure-sensitive adhesive
wherein the Tensile Mdulus versus Pe 2526 on charactejo stics of the
adhesi ve provi de (i)2@~IgpsiIe Modul ugoof greater th about 20 KPa when

t he Peel Adhesion is 0 toY50 NNdm (i\N) a Peel Adhesion of |ess than about
75 N dm when the Tengir € Kofsd
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thaﬁl750 KPa and (iii) a Peel Adhesion equal to (0.0442).'(Tensile
Modul us) +(40. 85) when Peel Adhesion is between -44-

portions of the |abel on the substrate- 3 21. The tanper-lno ch?l
of claim2. wherein the | abel renpbves fromthe substrate
any visu- ally pgBeqpti bl e poreons of the label on the su-strate
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(a) *a substrate; and (b) a tanper-indicating |abel having an assenbly

cohesi ve strength and conprising sequential |ayers of: (i) a

| i ght-transm ssive facestock: (ii) an inmaged rel ease coating providing
indicia on the | abel , said indicia being substantially invisible to
t he unai ded eye until becom ng pggranently visible to t he
unai ded eye when the rel ease coating is separated fromat |east one
of the other layers of the | abel; and (iii) an adhesive coating |ayer
bondi'ng the | abel to the SURMPERL INDMCATINGLABEDESI ve strengtt, said
adhesi ve strength being | ess Sﬂgggbﬂﬁéassenbly cohesi ve

strength of the label. to permt the be renoved fromthe
substrate wi thout residual | abel - fragnents remaining on the
substrate, and to keep the | abel together as a single unit after
activation of the | abel. 2. 'The tanper-indicating | abel system of

cl ai m 22. wher ei n s fappanrdnddcatdng iakel wWhhichinedemnels of a
contai ner. afyjlgpasitreimiiissisid] fattitodidyephi e 4 o RfHttdahditsPiver . and

the label is i%%éde%él%algs% r2:<:4Da6‘}:r;'.enlgs ‘covering a portion of the
facestock so as to provide indicia, (iii) a contrast
enhancement coating over the release coated surface of
the facestock, and (iv) an adhesive coated upon the
contrast enhancement layer where the indicia provided
by the release coating is not visible until the
facestock is-forcibly separated from the release
coating after which the indicia becomes permanently
visible and the label is provided with sufficiént
assembly cohesive strength to keep the label together
as a single unit after the facestock is separated from
the release coating and the indicia is rendered

visually perceptible.

FIGURE 2




24, The tanper-indicating | abel systemof claim23. wherein the container

is an autonobile trurk netr—rs—tie trunk lid. the second panel is a
rear taillight.  25. RE?Q&E@&NR&EEH ng | abel system conprising (a) a
substr.ate; and (b) {a jtanper-Tndtcatyi ng | abel for application to the

substrate. the |abel {hgving AfGa®egny cohesi ve strength and
conpri sing sequentialf ltayers of: . (ip) a lLight-transm SS&%WCK
having first and sec ond aror {sur fAces. REPHA _ rel ease

coating covering |les han t he ntire area of the second major
surface of the face- . Stock ToOr providing a nessage the rel ease
coati ng bei ng Weoslaims i ally invisible to the unaided eye until

REPLACEMVENT SHEET 1. A tamper-indicating label for application to a substrate,
the label having an assembly cohesive strength and com-
prising sequential layers of:

(a) a light-transmissive facestock;

(b) an imaged release coating providing indicia on the
label. said indicia being substantially invisible to the
unaided eye until becoming permanently visible to the
unaided eye when the release coating is separated from
at least one of the other layers of the label; and

(c) adhesive means for bonding the label to the substrate
with an adhesive strength. said adhesive strength being
less than the assembly cohesive strength of the label. to
permit the label to be removed from the substrate
without residual label fragments remaining on the
substrate, and to keep the label together as a single unit
after activation of the label.

2. A tamper-indicating label for application to a substrate,
the label having an assembly cohesive strength and com-
prising sequential layers of: '

(a) a light-transmissive facestock having first and second

major surfaces. _

-(b) an imaged release coating covering less than the entire
area of the second major surface of the facestock for
providing a message, the release coating being substan-
tially invisible to the unaided eye until becoming
permanently visible to the unaided eye when the release
‘coating is scparated from at Ieast one of the other layers
of the label, '

(c) a contrast enhancement coating covering the release
coating and contacting the second major surface of the
facestock in those areas void of release coating,
wherein the adhesive strength between the facestock:

~ and the release coating Is less than the adhesive
strength between the facestock and the contrast
enhancement coating, and

[ |
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| ayers of the |abel.
t he rel ease
of the facestock in

is less than the
contrast enhancenent

means for bonding the (d) ressuk'@byé

no45 - beconim pnent |y visible to the unaided eye

when
i{sRER) at | east , one of the other
’45El'frast enhancenent coatl ng covering

rel ease "coat i ng é\g
) _fggestock {&MQACPMENB B
adhe5|ve STtrengt h between the facestock an
(iv) pressure sensitive adhe

surface
erein
coati ng
d the
sive

siive Bahésibétm%has Woﬂb@dm stheadhesi ve

séLength t th Ea![d fw?lt@%ﬁgﬁﬁﬂ tﬁfﬁ & .Q,g:[a??ng to
adhesi ve streng et weegrdy crtha

permt the | abel to be rﬁrgggg &g g&og 5 e flo keep the
| abel together as TS ﬁﬁﬁ tEESI dual

| abel fragments FREElE A0S, bsirate

ing the rel ease coating M6 §9 ggafmmthc acestock

to acuvatc the Iabel. and to keep the label together as
a smgle unit after activation without residual label
fragments remaining on the substrate.

3. The tamper-indicating label of claim 1 further com-

'pnsmg a contrast enhancement coating between the release

coating and the adhesive effective for mcreasmg visual
perceptibility of the indicia when the facestock is separated
from the release coating. -

4. The tamper-indicating label of claim 3 further com-

prising a light transmissive primer coating between the

release coating and the contrast enhancement coating form-

- ing a relatively continuous planar surface over the release

coated second major surface of the facestock.
5. The tampcr—md.lmung label of claim 4 wherein the

- primer coatmg covers the release coating and contracts the

facestock in those areas void of release coating and thereby
prevents contact of the release coating by contrast enhance-
ment coating.

6. The tamper-indicating label of claim 5 further com-
prising a removable release liner protectively covenng the
adhesive which may be removed without activating the
label.

7. The tamper-indicating labcl of claim 2 further com-
prising a removable release liner protectively covering the:
adhesive which may be removed without acuvaunLthc
label.

8. The tamper-indicating label of claim 3 wherein the
release coating covers about 20 to about 70% of the surface
area on the second major surface of the facestock.

9. The tamper-indicating label of claim 2 wherein the
release coating covers about 20 to about 50% of the surface

area on the second major surface of the facestock.

10. The tamper-indicating label of claim 3 wherein the
release coating is a polyvmyl alcohol.

11. The tamper-indicating label of claim 2 whcrem the
release coating is a polyvinyl alcohol.

12. The tamper-indicating label of claim 3 wherein the
contrast enhancement coatmg is a frangible layer of metal.
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the | abel . 26. The tf mp[_ﬁg[gﬂm@ﬁﬁ{éﬁg bel system of cl aim 25, wherein

sai d substrate conpri géesp~two..ad] ac els of a container, at |east one

of said panels noveablfe jre gt. ﬂ}% to tHe jother, and the label is applied to
bot h panel s. 27. Thd tarm 1388t ijnd | abel system of claim 26, wherein
the container i's an ayt ' ng panel is the try ‘ﬁ g\—\\':& he second

panel is a rear tallllght . 28.- A tanpqr- |Hg|cat|v EPh angeabl e from
a first state to a seCome—stat-e—the | abel ving an assenbly cohesive

strength and conpri sing Sew%ém%&&ftm 1 ld?é t3 LRGSR liﬁéve

f acest ock; (b) an inmage
label . = (c) adhesive meS® rmas,t\ﬁnﬁmccmgmt 2 a hECR sible with
an adhesi ve strength, sadl pSba. t he

assenbly cohesive strengt h14)f’I'hd:1€amwleede.loatmgelabel medadan rwhcmimltbet he
label is adhered to a sugsitfat enhafcement Sodthit [s Avhpor sifed fhhyible
invisible to the unai dedayer of %fum i abel 1s
renoved from the su 15. The tamper-indicating label of ¢ i'cl:crel e he
adhesive is a pressure-sensitive adhesive.

16. The tamper-indicating label of claim 2 wherein the
adhesive is a pressure-sensitive adhesive.

17. The tamper-indicating label of claim 15 wherein the
adhesive is a pressure-sensitive adhesive comprising a
crosslinked copolymer of A. B and PX wherein:

(a) A is an acrylate monomer selected from the group
consisting of (i) an acrylate or methacrylate ester of a
non-tertiary C,_,, alcohol. and (ii) an acrylate or meth-
acrylate ester of a mixture of non-tertiary C,_,, alco-
hols with a resultant average of between about 4-12
carbon atoms per alcohol molecule;

(b) B is acrylic acid; and -

(c) PX is a crosslinking agent effective for crosslinking
~ the copolymer.

18. The tamper-indicating label of claim 2 wherem the
adhesive is a pressure-sensitive adhesive comprising a
crosslinked copolymer of about 93 to 96 wt % monomer A.

~ about 4 to 7 wt % monomer B. and about 0.01 to 2 wt %
crosslinking monomer PX wherein:

(a) A is an acrylate monomer selected from the group
consisting of (i) an acrylate or methacrylate ester of a
non-tertiary C,_;, alcohol. and (ii) an acrylate or meth-
acrylate ester of a mixwre of non-tertiary C, ,, alco-
hols with a resultant average of between about 4-12
carbon atoms per alcohol molecule;

(b) B is acrylic acid; and

(c) PX is a crosslinking agent effective for crosslinking
the copolymer.

19. The tamper-indicating 1abel of claim 15 wherein the

pressure-sensitive adhesive wherein the Tensile Modulus
versus Peel Adhesion characteristics of the adhesive provide
(1) aTensile Modulus of greater than about 20 KPa when the
Peel Adhesion is 0 to 50 N/dm. (ii) a Peel Adhesion of less
than about 75 N/dm when the Tensile Modulus is greater
than 750 KPa. and (iii) a Peel Adhesion equal to (0.0442).
(Tensile Modulus)+(40 85) whcn Peel Adhesion is between
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about 50 N/dm amd-75 N/dm and Tensile Modulus is
between about 200 KPa and 750 KPa. )
20. The tamper-indicating label of claim 1. wherein the
label removes from the substrate without leaving any visu-
ally perceptible portions of the label on the substrate
21. The tamper-indicating label of claim 2, wherein the
label removes from the substrate without leaving any visu-
ally perceptible portions of the label on the substrate.
22. A tamper-indicating label system. comprising:
(a) a substrate; and
(b) a tamper-indicating label having an assembly cohesive
strength and comprising sequential layers of: :
(i) a light-transmissive facestock; _
(ii) an imaged release coating providing indicia on the
label, said indicia being substantially invisible to the
unaided eye until becoming permanently visible to
the unaided eye when the release coating is separated
from at least one of the other layers of the label; and
(iii) an adhesive coating layer bonding the label to the
substrate with an adhesive strength. said adhesive
strength being less than the assembly cohesive
strength of the label. to permit the label to be
removeéd from the: substrate without residual label
fragments remaining on the substrate. and to keep
the label together as a single unit after activation of
_the label.
a_m_gm_gper-mmcau&label system of claim 22,
wherein said substrate comprises two adjacent panels of a
container. at least one of said panels moveable relative to the
other. and the label is applied to both panels.
24. The tamper-indicating label system of claim 23.
wherein the container is an automobile trunk. one panel is

indicia pernanently Vi S- ible to the

the trunk lid. the second panel is a rear taillight.
25. A tamper-indicating label system. comprising
(2) a substrate; and
(b) a tamper-indicating label for application to the
Substrate. the label having an assembly cohesive
strength and comprising sequential layers of:

@@a hght-transmsswe facestock Mmth and sec-
ond major surfaces.

(ii) an imaged release coating covering less than the
entire area of the second major surface of the face-
stock for providing a message, the release coating
being substantially invisible to the unaided eye until
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becoming permanently visible to the unaided eye
when the release coating is separated from at least

. (i) _a contrast enhancement coating covering the
release coating and contacting the second major
s f the facestock in those areas void of release
coating, wherein the adhesive strength between the
facestock and the release coating is less than the
adhesive strength between the facestock and the
contrast enhancement coating. and .
(iv) pressure sensitive adhesive means for bonding the
label to the substrate with a first adhesive strength,

said first adhesive strength being greater than the
adhesive strength between the facestock and the

release coating to permit the label to be removed
from the substrate. and to keep the label together as

a single unit after activation without residual label

Ll A 112C 1] o1

ng the release coating from the facestock to activate
the label. "

26. The er-indicating 1
wherein said substrate comprises two adjacent
container. at least one of said panels moveable relative to the
other, and the label is applied to both panels.

. The cr-indicating label system of claim 26,
wherein the container is an automobile trunk. one panel is
the trunk lid, the second panel is a rear taillight.

28. A tamper-indicative label changeable from a first state
to a second state, the label having an assembly cohesive
strength and comprising sequential layers of:

(2) a light-transmissive facestock; ' ,

(b) an imaged release coating providing indicia on the

label,

(c) adhesive means for bonding the label to the substrate

with an adhesive strength, said adhesive strength being

ess than the as i

wherein in said first state the label is adhered to a substrate

and said indicia is substantially invisible to the unaided

£ye. and in said second state the label is removed from
the substrate while the facestock is separated from the
release coating to render the indicia permanently vis-

ible to the unaided eye. keeping the label together as a
single unit after activation without residual label frag-
ments remaining on the substrate.
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TAMPER-INDICATING LABEL -
ABSTRACT

A tamper-indicating label which includes (i)
light-transmissive facestock, (ii) a light-transmissive
imaged release coating covering a portion of the '
facestock so as to provide indicia, (iii) a contrast
enhancement coating over the release coated surface of
the facestock, and (iv) an adhesive coated upon the
contrast enhancement layer where the indicia provided
by the release coating is not visible until the
facestock is forcibly separated from the rélease
coating after which the indicia becomes permanently
visible and the label is provided with sufficiént
assembly cohesive strength to keep the label together
as a single unit after the facestock is separated from -
the release coating and the indicia is rendered

visually perceptible.

FIGURE 2



