WO 99/ 55791 PCT/ US99/ 03695

TAVPER- | NDI BAMSTNRTI CLE FOR REUSABLE SUBSTRATES Fi elpb1absobossos

| nventi on This invention relates to pressure-sensitive 5
adhesi ve coat ed, rAMPPRL TNBHEARING R i¢iE SR REUSABIAC s t he

| nventi on coat ed
articles, e.g., labels and stlckers, have been 10 devel oped-to provide
visual evi denge t eri Generally, the articles have been
designed to &%,fﬁ of Bh 2 - adhered, residual indication of

t anpering on subst r'xatles snvientdon Steajaterst itol p&eaed/rer-steheun:lve

resi dues an b rennved with the aj.d of solv 15 and/or nechani cal
scrapi ng, % é"rﬂf&éa%uﬁsaﬂpﬁreln igc 8l teles Thus, for
val uabl e substrates (i.e., non- di sposabl e, reusable substrates such as

aut onobi | e ndshields) there |s a need in the art for an article 20
t hat di spl ay sS3&ShRaH | DVenteS&Meri ng when any attenpt is made

to renove it fromthe %Ubﬁﬁﬁﬁ&%ﬁo&ubressu&@a%eﬁbﬁQg%edQﬁﬁeQQVeleave any

resi due upon renoval or provi deS a residue that is renovabl e w thout
the aid of c°a§2:ﬁd/eﬂﬁt§-%1reéhe@|1§m:célab§dﬁaﬁﬂdgStSGéﬂ&rém havecbeers shoul d

XN DTt St Rided e AR Y 18 S don UDBE B0 iaDI o € T

remai n adhere r|ng nor use con f1ons an vi de
sufficient irfAnenaldy, theofantdiedesi MQVEobeenddesugnadntbranaWerable (e.g.,

to anot hgfep é%tddéﬁy- ered,SQEQEBﬁaﬁf15%3cé@!8ﬂt'antamperap

Briefly, in one aspect, nventi on rovides a gating
article for tgnasnbstrahﬂlﬁnﬂﬁacas.e SunbnadtspdsabbaddprrehsaMIe,

substrates. 35Jfdy ol B YHOWRES ofYy B1RHCTRY" §13°0% LhYGeATles! ve
15 and/or mechanical scraping, which can damage substrate
surfaces.

Thus, for valuable substrates (i.e., non-
disposable, reusable substrates such as automobile
windshields), there is a need in the art for an article

20 that displays permanent evidence of tampering when any
attempt is made to remove it from the substrate, but
that either does not leave any residue upon removal or
provides a residue that is removable without the aid of
solvents or mechanical scraping. Such an article

25 should exhibit sufficiently high adhesion to the
substrate to enable it to remain adhered during normal
use conditions and should provide sufficient indication
of tampering to render it non-transferable (e.g., to
another vehicle).

30

Summaryv of the Invention

Briefly, in one aspect, this invention
provides a tamper-indicating article for use on
valuable, i.e., non-disposable or reusable, substrates.

35 The article comprises (a) a pressure-sensitive adhesive
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filmor pressure-sensitive adhesive-coated tape that can be renoved,

wi thout ewbigissiong cohesive failure, froma substrate spgfasR08eds9- . an
aut onobi | e wi ndshield) by stretching the filmor tape; and (b) at

| east one eabl e | ayer that . G J Ve [ I failure
when an att % BRfe Yo 7% Svéﬁqygst%&g&gsr%t‘%/ecléeg%t:reodm_ e@stt’?}%s rate

surface. Prefrenablnemoved;onicrenit (exh iddnpimic eohesfivé af ahtdoe, a '
hol ogr aphi c | ayer,, .and conponent (a)_ conpri sure-sensitive 10
adhesi ve fii5A®A ﬁ%&ﬁ%%e{%%% Sl Ve c%'gﬁsoexgbkp{f%ape that can be
renoved by windshoieind) dy atwetgiteimnf the ahicin o5 thgpe reando(lbheatubstrate
surface. The article ferably furth

al s r r.C | retroreflective
| ayer. P5 least one gamadeghde ?ﬁu%@%}f%&§%ﬁé§§%%éfﬁ§ gfticle of
t he inventioicerdwer ffoilvie winaorgorattiempofisa made daorgembire | ayer,
e.g., a layer that,is destructi bl in_whole or Ln part).,Qr that is
i rreversi biype artigls r&ﬂ%u&l‘ﬁes‘g‘%%%?éﬁe %‘ﬁgﬂiﬁh offzr?ﬁ?ga%:]ﬂér 20
(conponent ¢dnponént €85 tdafpthsefdiesivia sii@ngt ha holbgtapriicconponent
(a) and the substrate, and this adhesjve strength is |less.than the

cohesi ve stt@a¥@fhn Ad COmReRRhe) (FOMPEHIES i RYESERRE PERETASVAur abl y

bonded 19 4@ndsS¥SELBh oS UpFSEQuEHEUSENSIDE (e 48Re s OBE-EDARED 25 However,
an attenpt to forcibly renove the article fro t he subsirat results in

the cohesi viape that fagdpe remeved by %?r%Bﬂg%ﬂ%n?t(B?,aHE &nBani ed by the

separati on a1,6,0f 4 §OFPGRESS St b ahaNsub H ra €ONPEPEAE(a) ThEMBERICle _
substantially intact and bonded to the substrate 30 surface. The article

t hereby prowlsespseferabpbyit furtheRdreBRTbpedfat BRBEPFRELLELA¥Rder it
non-transfeig§é§. to anot her substrate. Al t hough the
tanper-indicating article of the _invention can be used on a w de
vari et ylof substrat esThg@stampes-irdbeabing feaFuresoprfafpri agtichet o

substrates of the invention derive from thézincorporation of a
damageable layer, e.g., a layer that is destructible
(in whole or in part) or that is irreversibly
deformable. The cohesive strength of this layer

20 (component (b)) is less than the adhesive strength
between component (a) and the substrate, and this
adhesive strength is less than the cohesive strength of
component (a). The a;ticle thus remains durably bonded
to a substrate surface under normal use conditions.

25 However, an attempt to forcibly remove the article from
the substrate results in the cohesive or intralayer
failure of component (b), accompanied by the separation
of components (a) and (b). Component (a) remains
substantially intact and bonded to the substrate

30 surface. The article thereby provides sufficient
indication of tampering to render it non-transferable
to another substrate. |

Although the tamper-indicating article of the
invention can be used on a wide variety of substrates,

35 it is especially useful for application to substrates
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t hat are n@t single-use, disposable substrates but rather that are

val uabl e sulpadsemgses f or whi ch conti nuous or repeated use pcrnokesiIeasl. An
attenpt to renove the article froma substrate will activate its 5

t anmper - i ndi cagy t Ses 1 okid | cl emai ni ng on
t he substrat Z{f?%?té?gacéﬁvgﬁg%? Qgega#%‘g&e%sll% ;}q‘la{)nsdt%%ér#p G}@e y renoved
wi t hout the neather tbatcaeeivalualgbetsulistratenrfmivhisdi vents) or
mechani cal to . [ C erS) . ri r,abl em of
substrate darrglgjétlggu?ﬁ%régy}'{gé%ig%ee%&?g {%h%ess,ﬂf%cg' a%rf (]:EPC e@éllﬁé) tga‘%)i cularly
useful as a seemowveythe atrhbeleffrom aehilodEraiiendoidl Ratperaterits cense

pl ate; as,_a closure.seal for brief c ,41CO rdi drives,
doors, and f i FPHBeEaﬁFﬁéf:@Elﬁﬁdf?a%{lér%%'cyﬁyul%rﬂooélb%m} ooff:itgleent i fication
cards and ot hegtdetenesinaining on the substrainet teftaspartivdtion) nventi on
al so provi des, a substrate beari the tanper-indicat,i ' article of
the invention®aP® Bg BAFL Ycﬁgér??mPiﬁk%ibt#ﬁﬁgﬁéﬁu dut 'the neet These

and ot her feafygreshensplLt geAtd (e.gadverdgages dlddretdr enent invention
w || becone better understood with re ardtothefollov%r{leg descri ption,
appended cl ai B8CPaRACALcEAPARY( RgT dr A HEES WheFTiFReDY - PLLOL qures

1 and 2 shew geet peBBleM 8¥SsGbst¥Pte daRipddi MBSy tdWoided.
tanper-indicating article o e | nventi on. ure 3

of _t he Fi
shows a secti OREF/viB& BFLEREe 1S RIBLHTWERE L HIUERHUY 22 HfIFITHY i cati on

to a substratgaB@i1aprdrsHbseauent REABYR] |19 r | Ner erbash se@nii std anper -
I ndi cating features upon attenpted renoval fromthe substrate.

These figuresaswhi ehogpeei geali fer Puief nerses, epERRteH dktfe and are
intended to bg A%l Yabblust haki ¥€1 BRg RS IO M dd%s a security

15 label for identification cards and other documents.
In another aspect, this invention also
provides a substrate bearing the tamper-indicating

article of the invention,

20 Brief Description of the Drawings

These and other features, aspects, and
advantages of the present invention will become better
understood with regard to the following description,
appended claims, and accompanying drawings, wherein:

25 Figures 1 and 2 show sectional views of two
embodiments of the tamper-indicating article of the
invention.

Figure 3 shows a sectional view of the
embodiment of Figure 2 after application to a substrate

30 and subsequent activation of the embodiment's tamper-
indicating features upon attempted removal from the
substrate.

These fiqures, which are idealized, are not
drawn to scale and are intended to be merely illustrative

35 and nonlimiting.



- 3- Det ai |l ed Description of the Invention Ref er ence

Nurmer al s 5yvo 99/55h01 Tanper-indicating Article 20,
Pressure-sensitive Adhesive(s) 30 Carrier 55&%599]03695
Danageabl e Layers 10 60 - Patterned Rel ease Coati ng 70

Pri nmer 80 Retroreflective Layer =~ 90 - Substrate 15
Conponent ( DetaRledsDesesiptidon «f Athe Jnentiilow or Tape

Conmponent (a) of the tanper-indicating article of the invention can be
better understood by reference to t he acconpanyi ng draw ngs, where

Figures 1 amdfdrehew Numegabodi nents of the article 10 of the invention
wherein a 20 double-coated tape functions as conponent (a) of the

article.® The doubl e- coat ed tape conprises a carrier 30 bearing a
pressure-send tive adfmempee-20dPRatinycRstide PoOrtion of a first major
surface thereof and a _pressure- sensitive adhesive 40 on at |east a

portion of #%ed8nd 25ressyresarRatbivRAdRRSivVNS)pr essur e- sensi ti ve
adhesi ves 39 (PSAs) 2Qra3dr40 can be the sane or different in

conposi tion, depending upon the natures of the substrate and conponent
(b). The PSRD:aPe, folapagdeahde EBWRrS  enbodi ments, preferably chosen so

as to pngvi G a bond R +3QrnkReravbstEatsatiay 1S of greater adhesive

strength than t he bond between conponents” (a) and (b). Alternatively,
70 Primer
80 Retroreflective Layer
90 Substrate

15 Component_(a): Pressure-sensitive Adhesive Film or Tape

Component (a) of the tamper-indicating article
of the invention can be better understood by reference to
the accompanying drawings, where Figures 1 and 2 show
embodiments of the article 10 of the invention wherein a

20 double-coated tape functions as component (a) of the
article. The double-coated tape comprises a carrier 30
bearing a pressure-sensitive adhesive 20 on at least a
portion of a first major surface thereof and a pressure-
sensitive adhesive 40 on at least a portion of a second

25 major surface thereof. The pressure-sensitive adhesives
(PSAs) 20 and 40 can be the same or different in
composition, depending upon the natures of the substrate
and component (b). The PSAs are, for at least some
embodiments, preferably chosen so as to provide a bond to

30 the substrate that is of greater adhesive strength than
the bond between components (a) and (b). Alternatively,
a.film of PSA (or even a single-coated PSA tape having a
carrier that is capable of adhering to component (b)) can
be used instead of a double-coated tape as component (a),

35 provided that the film (or single-coated tape) can be

-4-




a filmof RPSA (or even a single-coated PSA tape having a carrier that
I s capabl e owoaes8391 ng to conponent (b)) can be used i nspepds®iosens
doubl e-coat ed t ape as conponent (a), 35 provided that the film(or

si ngl e-coat ed {an ?n grov1de the a ap ropriate adhesive strengths
desi gned to provide i propri ate adhesive strengths for @ particul ar

application. for a partlcul&;“ ap} ece8ATG0at ed tapes and PSA filns for use
N preparing the articl g pfc Ae bIKCOLE 0D Ad1 920 PRACH: BsCobr Dese

removed, w thout exhibiting cohesive a substrate surface
by stretching. 1w$m‘ayarﬁﬁgsthachnd2cle oft rt@@ela&eyti@nm tho s Whssol yer

PSAs, rubb r esi P ) n 0 AS
t hat e%hi bF3" giﬁ‘ Fe&ogA? aﬁﬁﬁ){ém on %lglge:ng Fgg é;lt ?%J?ie&ft% rl%m%?ow de
a bond that i sadsubEiratengarfaoe noy stnetchlngondUseﬁut Eﬁ@SsLn¢1Q§QHn
stretchi ness d cohesi stre t.h n n with a
carrier) to ‘b% cﬂc(,;é’\rillﬁ Féﬁﬁ(/a% %C]? c,(o%cﬁ&g\e@ géggét tf@% I ng.
iAchI i c PSAs apshs, |pdl@ﬂT&lBﬁASoaéﬁllg)erESRd | anpr efidicede 1BSBI5|ethmtt hei r

i ght-transm ssive (nore preferabl ransp cy) ac stics,
with acrylic PRl %b‘é prlﬁBfL' ﬁﬁ%ﬂa‘?’? a ected’ siiv gﬁﬁ \[’%n?Iy, t he
PSA layer (f) C}@fb@mﬁai BoRdE thEt is dWFsblasdindereaosuah aset ackifying
resi ns, plast|C|zers 20 antioxidants, fillers, and other connDn addi ti ves,

dependi ng uponCPMELHANS @RcaSUASHFIeRk | HrFetchiness and CORGFIVR| e carriers

for the PSA i ngtubesf0t falone ﬁhéﬁétClﬁ”&bmﬁﬁﬂdtibhcwﬂ@hyaﬁéaﬁriefhﬁto
(preferably, Iight- transm ssive filns; nore E;eferabl transparent

filnms) 25 thatbex@ieanlys Feroyrbhe Sremtidig mabstra aBﬁrBEFglﬁ? * Young's

modul us to be ﬂ@f‘ﬂr@ié Yoslsf %h%hg@hgazo@@@g@%rleegenerélﬂ.?n féféﬁr@cﬂlam e the
tape to be renmoved from a substrate surface by stretching the tape

manual |y ald dueyie Hhalin ll[élgbitetﬁﬁnﬁhbs-"cléfer|‘é¥°r&uPFﬁ§eF§Pﬁ¥al 30
Represent ati vergxampl 65, Qfy thhiabter POLYERT WfilthMBck)ehBdesas being

more preferred.

Optionally, the PSA layer(s) can contain one or
more additives such as tackifying resins, plasticizers,

20 antioxidants, fillers, and other common additives,
depending upon the particular application.

Suitable carriers for the PSA include both
elastic and inelastic polymeric films (preferably, light-
transmissive films; more preferably, transparent films)

25 that exhibit sufficient stretchiness (an appropriﬁte
Young's modulus to be manually stretchable) and tensile
strength to enable the tape to be removed from a
substrate surface by stretching the tape manually and
without rupture of the carrier during removal.

30 Representative examples of suitable polymer films include
polyolefins, e.g., polyethylene, polypropylene, and
polybutylene; vinyl polymers, e.g., poly(vinyl chloride)
and poly(vinyl acetate); acrylic polymers; silicone
polymers; natural or synthetic rubbers; polyurethanes;

35 and blends thereof. Copolymers, e.d.,
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pol yol efins, e.g., polyethylene, polypropylene, and pol ybut yl ene; vi nyl

pol yners, wo ess57930l y(vi nyl chlori de) and pol y(vi nyl acg&gﬁﬁgwmﬁﬁ;yllc
pol ymers; silicone polyners natural or synthetic rubbers

pol yur et hanes; | e r s
et hyl ene/ rre? ?Tag gme ene% v?e% ylace? ]"%(H% acétdte,
acrylonltrlhet?hbaﬂtrm&é£bgﬂadmeneﬁﬂtwkenebpebhylene/pn@pylenéu(Hﬂd

I
tyrene et hoLeRE: SERTTEREES  risha cubes e arPares-skveeng (e
PonFIeflnsstgspne¥ethy1¢né1hnﬁumenees&w&enempsﬁssrngéﬂn&tiwnfzggocrow
copol yner s e,preferr near,
deﬁ5|¥y 5 gf%@?ﬁ?re €§&¥§EF%§Q§'aﬁﬁp§E%§EEVoERT¥8%%¥£ i ng nor e
preferred. pohgpropplenensany maiqzetd@pbem_ers a’ﬁétpi@feﬂ_&@dﬁrvﬁﬂﬁx o
If desired, .the carri be tre or its copposition nodified so
as to enhantéPFRE é? r%¥)ﬁ?ﬁ¥ Y Pgﬂ(saowFB?nék le, the carrier can

be corona- pblyethyie@é; Cihd €33 tArRAISEBSOb16eRt edpmyxheﬁ@ Béifyepi on- 15
pronntlng C%ggOSItlg %% 2Eternat|vel , the cagrleﬁ ﬁ contai n added
adhesi on- pr BREEi REeESHERinds Hteadhdmne fens ity PaBethyhene 445 iteStcan al so
cont ai n1et hereF¥pesd of additives, e.qg., fillers, tackifiers, or

pl asti ci zers. Preferred PSA-coated tapes and PSA filns for 20
use as conponent (a) afedeRdsednnild AEFifr Gadakey treatedngledtsrom a
substrate byofpb8iERbRImbd £ &l IRFCHORo ennBHBE! 2851 ahh¥sPah atd &dnd 0 the
substrate surface. Such tapes and filns are described, e.g., in DE
3,331,016 PSA(BE er Eebrexamyle .y the parsiernsansbeogoranat k¥ pman), and 25
U S. Patent eNactPor lBeaflt £ €K br Q:toaftled) wilh §n3§éh9§§on— di scl oses an
adhesive film conprising a tackified bl ock copol ymer PSA and exhi biting
hi gh el 48t ®repoting compeshetomn 19, @rlé@tréllatéﬁﬁés’r okhehaaratere stasmn,

adhesi ve g %Q%% Jnrd io of 30
removal forggiF%E?u%?ﬁ%ga%%ﬁ%é?éﬁ :l:Zd%H%péﬁggpbﬁEF%.or Eﬂfg}%§% No.
4,024,312 d8%EPPBes BheapRIERIDIGaN g S® cgpbein other types of

additives, e.g., fillers, tackifiers, or plasticizers.

Preferred PSA-coated tapes and PSA films for

20 use as component (a) are those which can be cleanly
removed from a substrate by stretching in a direction
substantially parallel to the substrate surface. Such
tapes and films are described, e.g., in DE 3,331,016
(Beiersdorf AG), U.S. Patent No. 4,024,312 (Korpman), and

25 U.S. Patent No. 5,516,581 (Kreckel et al.). DE 3,331,016
discloses an adhesive film comprising a tackified block
copolymer PSA and exhibiting high elasticity, low
plasticity, greater cohesion than adhesion, adhesive
strength that diminishes upon stretching, and a ratio of

30 removal force to rupture force of 1:2 or larger. U.S.
Patent No. 4,024,312 describes a tape comprising a rubber
resin PSA or a tackified block copolymer PSA and a highly
extensible and elastic block copolymer carrier exhibiting

a lengthwise elongation at break of at least about 200



resin PSA or a tackified block copolyner PSA and a highly extensi bl e
and el asti c WP #3%7%opol yner carrier exhibiting a | engt hwwepusdomagat i on
at break of at |east about 200 - 6-

percent and apb@cBRt C&Rd ét&b%ﬂ&%' yﬁbaér%d@ﬁsyeof notala%bel 000 pounds
per square inch (13.8 Nmferr]) An espema y preferred

tape for use asout 2 PRderIndY Peri saupser tnelvabl®- RadkE® Ve t ape di scl osed
in5 US Patent No. 5, 3l6g S I ext ensi bl e
and substantially inel ag%l cééécrzlr%—i}rfé}g r(f%ﬁpftgég fgjfh%%%.gsrhe carrier has
a tensile strergphnant (a) bidihe ramovsbieaf ddnesind \tdpghlitscdbsedeinarri er
does not tu ft ta Pe froma .substr 0
surface (esg , § tgﬁs% stre rf{;gi\r?at 9bregﬁl% ?R%f e?“}ﬁﬁlfes a g‘rlgpigst about
4300 pounds pextsqawklm e(lmat)and:zalﬂiy ineNism{eredyriegwaadpaef erabl y at

| east about 5 S] ( .err ref er.abl t Ieast about
6300 psi (43. igge? kf err]'ls})e Cfﬁé Eﬁril%ﬁr es’b%?afs sty eé%&?‘h

el ongation at brﬁakbtheark i dufifibcdleatl ySRign ﬁmlttﬂe?%mreﬁeﬂbeépﬁsferam y
from about 15 t 700 percent e preferably fr about 350 to
about 700 per%@ﬁ?? ‘Pﬁul‘%s‘ge 863&‘ gape £ c,aer‘?t“%éltéétt?c recovery
after stra¢chisngrapeef{erqbl ¥a tensillesstf I@baytbr%hm%rfc%%feﬂfﬁbﬁy
preferably, |less_than 20 abo%t 20 percent and a Young's nodul us of at

| east aboBt 2889° oyl A @?rlj’?r(%ﬁl‘éﬁ%ﬁ apah (&Sll)eé% 8bout
3000 psi (20. R/hbtn] @tore) bra%rm@ﬁ% amrzeaas@%o?l% 59@op§gl(§9@ 5 N me)

(preferably, Iess t han about Y hor e
preferably, bN{WEEn HO6tH psséeramwammea@; a®©u¢l0639§|p€bef%e41 about 34.5

and about 207 M) errh)n)e caIP?er a185A ssaprl%kgfcgggﬁl 2@9841% @%ﬁ bl e,

does not separate fromthe carrier durin gher
cohesi on thanbgepkspbnfraem é\ﬁﬁllé‘ruﬁtoabpeab@@%tlw% pe!queerc (prefferaglyppl i ed

to a substraterchhghddhessy &d aBRuRCG8FCSercent, more preferably from

about 350 to about 700 percent), with less than about 50
percent elastic recovery after stretching (preferably,
less than about 30 percent, more preferably, less than

20 about 20 percent), and a Young's modulus of at least
about 2500 psi (17.2 N/mm?) {(preferably, at least about
3000 psi (20.7 N/mm®)) but less than about 72,500 psi {500
N/mm?) (preferably, less than about 50,000 psi (345
N/mm®), more preferably, between about 5000 and about

25 30,000 psi (between about 34.5 and about 207 N/mm?)). The
PSA is preferably highly extensible, does not separate
from the carrier during stretching, and has higher
cohesion than adhesion to any suitable substrate. After
being applied to a substrate, the adhesive tape becomes

30 firmly bonded, but can be easily removed without damaging
the substrate by simply stretching it, preferably at an
angle of about 45 degrees to the substrate surface, more
preferably in a direction substantially parallel, e.qg.,
less than about 35 degrees (preferably, less than about



30 firmy bonded, but can be easily renoved w thout damagi ng the

substrateyiyogpssaml y stretching it, preferably at an angeen’bo/gsgent 45
degrees to the substrate surface, nore preferably in a direction
lsglsgzt? E;Inagll%)u %rgglelagl, ’mgz':g'preferalbeflﬁjs, tﬂé%@ %Rgﬂt gs_guge% e&égz(é)%%fyggglrig’s
mor e preferad thel eabsthate ahnrfack) degrees), to the substrate surface.
Conmponent (b): Damageabl e Layer(s) 5 . Conmponent (b) of the
tanper-indicating article of the invention can be better understood by

reference t Compoh@ftagqhpippayadepbsireaViiaygs, (sivhere Figures 1 and 2 show
enbodi ments™of the artjcle 10 of.the.l i

I nventi on whergin, . caonpenent (b),
conpri si g at | east o OMPRREREakPE PhyERE WS &F 08 ég%ﬁgﬁignt((;)
t%oggh c?ntochtFt_h\é« Hhv?ﬁ@&éﬂf@an be %ﬁ iureleaditesidvey4feferantaeto
enbodi nent o igure 1, amageabl e .| ayer_.,50 (a paper, LLaygr, optionall
bearing a thGACCOFRERYIBY QLW fi H&e{eelf‘\}gyrég goﬁﬁgné%ﬁ?ﬁ) . P Y
Figure 2 shouhquiRiedlt8 bedtreboei 1ENd 10 dihand tinvleatiOnliheobihhe
i nvention wherein damageabl e | ayers 50 (indicia conpri sing ink) and 55

(a hol ogr apigamponen t(Byet RRRPrisingmk ikeast ChepsaBsgeab)e 1dyer,
In genergl, {¢,ARRO23PLEm é‘xl\(éﬁtz gﬁe?)l %ﬂfdﬂél?FEontadEOPaQ_%hV?rEEEQEGLh and is
- i s

the weakest Tayer in the m_J#t ayer article. | 5 thus _the
pr edet er ni nexkrisditiivee adhespuendOof Imethe tambodiment oft FAPLEG fenoval of

t he article fr a t LAt afg;jgg_abl : I s -GOQPri se a

frangi bl e na LR E e atlgﬁggaég %rg%%eg a é’?ﬁé&g’%?‘élf?’egrﬁga lized or

nErCl;-Zmat aIdI | &gk t2rndibiredeapbi cohtimg s usdress tdwsongpesentbdth)i.n EP 253, 089
L : :

( andis F%é%/rre éu%hég)s’ aEgrg gfxqgg é:r'?‘brrgéin?e% %afm%hlgo'[a?:ticle 10

15 of the invention wherein damageable layers 50 (indicia

comprising ink) and 55 (a holographic film) together
constitute component (b).
In general, the damageable layer has a limited

cohesive strength and is the weakest layer in the multi-

20 layer article. It is thus the predetermined failure
point of the article upon attempted removal of the
article from a substrate. The damageable layer can
comprise a frangible material that breaks during
tampering (e.g., a metallized or non-metallized

25 holographic film such as those described in EP 253,089
(LGZ Landis & Gyr Zug AG), EP 328,086 (American Bank Note
Holographics, Inc.), EP 401,466 (Landis & Gyr Betriebs
AG),and U.S. Patent No. 4,856,857 (Takeuchi et al.), or
an acrylic resin that optionally contains ceramic

30 microspheres); a paper (e.g., as shown in Figure 1),
wherein the internal strength and thickness of the paper
are chosen so that the paper layer exhibits intralayer
failure upon article removal; indicia (e.g.} comprising
ink, as in Figure 2) applied to an internal layer by any

35 of a variety of methods including, e.g., transfer
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Hol ographies, Inc.), EP 401,466 (Landis & Gyr Betriebs AG, and U. S
Pat ent No. W@%%3S8H7 ( Takeuchi et al.), or an acrylic reptrrusdonseos
optionally contains ceramc 30 mcrospheres); a paper (e.g., as shown in

Figure 1),  prMaetekg LAS éif‘%@é@%riﬂﬂi%@gbgpéggs%gimsa% Gih i paper

are chosen so"that the paper [ayer exhibits intralayer ~ failure upon
article renovdiransfercpyinbing, Womiatsip¥dnting; nkases primtigige 2) applied
to an internalgy . a FusleY o2k n FEL 0 \ ndpglidg, €. g.,
transfer lé?éb%&aBﬁlénﬁfrﬁﬁtﬂ{g, oFd -8P " 8 %%r oclle%'lses and direct
printing procassetivgchand amgrofiier typesnofelaperstibat ansk-gamabdei nting,

| aser printin fle | r 1Nkl g, gr It i . een
printing; tgnd%afnfeégﬁerég%%&é%f P]Ir{aQJehrosq%t ﬁgt gé?%g%g{)a# eﬂ%eof elliﬁ
destroyed (i n ddforeedr dunipgratemptied exdrisilbl yemovalef dundd ldyensg
attenpted article renpval. Such |ayers a hot-nelt

c conprise,_e.qg.
adhesi ve, a predsFPEPTISE, s8ndtrid Oﬁﬁgéitvé,gﬂﬁﬁﬁy s %rpﬁe?sr%?eﬁ'_si bly
def or mabl e se}:iﬁi;t:l?f&ﬁeic adh%‘lamrePrai'fd}'rdretindalﬁ‘ngeabéfbly‘iycﬁﬁ)xaﬁa‘l?ﬂé gg]t - 10h
transm ssive re prefer y, transpayent). Preferably, the
article of t hg’raqﬁ’\’ﬂ?ﬁtlf:o%lfm’ i%%?fﬁﬂgec{ é’g“ég&ﬁ%ﬁeﬁﬂ%ﬁf aifeﬁ)l’ag?ﬁol ogr aphi ¢
film | m];lg.tragm i%'%leb ¢ﬁ6ﬁéi§1§§f&aﬁlryucguaﬁﬁglasﬂ&hﬁ){§r and gn f i b
optional reflective sublayer. e structured_sublayer can be fornmed by
several nethods that aré& elraiﬁévmtﬁ’ﬁ article gf he‘@ épyegglaﬁscri bed in
U S. Patent Nhcludest @6 a8%anabeie@uehilaglerd! a) hollbggaphhe made,of
mat eri al s such as pol ynet hyl nethacryl ate n trocel | ul ose, and

PM\A) ,
pol ystyrene. Thed ot Q& (HEEFRFOIDEERFe é&ﬁuicﬁé‘lrﬁeesblbﬂ‘?é’ﬁ&lap&‘c?ﬂr ed

relief patternptiomfi NYAXMNL sAb1@iyleh’ acihan s¢-aktigednBusi aart he
formof |ogos or patterns that reflect “Ii I'n one enbodi neént, an

ht .
enbossed mPcr oA Ra iasareslBivaypaverad B\@t%Ode shatdaby veAlakbPHg the
material fromuhl it he 25, Sl Welsdrgpedtibinayer s bhthatMpee wWith a

non- def or mabl e

4,856,857 (Takeuchi et al.). It can be made of
materials such as polymethyl methacrylate (PMMA),
nitrocellulose, and polystyrene. The structured

20 sublayer can include a microstructured relief pattern
of holographic or diffraction grating images in the
form of logos or patterns that reflect light. In one
embodiment, an embossed microstructured sublayer can be
formed by contacting the material from which the

25 structured sublayer will be made with a non~deformable
embossing plate having a microstructured relief
pattern, and applying heat and pressure. Alternatively,
the structured sublayer can be made by any other
suitable process such as radiation curing, and can be

30 made of materials such as urethane, epoxy, polyester,
and acrylic monomers and oligomers, which are
formulated with photoinitiators, cast on a non-
deformable tool having a micro-structured relief

pattern, and radiation cured.



enbossing plate having a mcrostructured relief pattern, and applying
heat and woemgmsree. Al ternatively, the structured subl aygfngsynshy made
by any ot her sui tabl e process such as radiation cur|ng, and can be 30

made of material s, su I- . lic

nmononers and ol i ggﬁe%%tq%ﬁ’%&h%ﬂ%dq% q[i%t%%s t% p%o‘f ol nldillctgr%/ors cast
on a non- thedeftonrdiired cebllaawmegifherc befonacmrakter| i ef pattern,
and radi ati

An opti onal %?%) ec?‘lg\/’e St%zl arfefrleé:é:r}vbee S(%)élt e o r?refetﬂaﬁsx Fuct ufed subl ayer
ei ther bef o&ﬁghezamediractwdaasﬁexg thbme thef Isdoticmrad| siyelayeef er abl y has

a hi gher re ti t e ruct w.ed..s. . In a

preferre r}%b %&rﬁfé%[rﬁgp eéﬂgﬁﬂ g’s}%ﬁeaﬁreerlﬁlegctsﬂ%g%%]aﬁ?ﬁl]?i/

tr.glnspar ent saihe tamtdraldss tﬂddslrmtrreaiﬂ \and coex:am:dsess of IXludtadteivef | ecti ve
subl ayer materi al.s ncl. but Qt ted to bisnuth trioxide, zinc
sul fi de, tlﬁﬁﬁmﬂ%Qﬁtﬂg lﬁﬁﬁ} ﬁéﬁ%ﬂéﬁﬁ(%ﬂ%ﬂpl%MﬁEﬂWﬁEFE&% $escribed in
U'S. Patent ﬂﬂblxﬁeSEbﬁ;tBEa?re( Titeudhiitid to Aismutlesridaideareitc material s
such as thin al 'nurg;é: or sii{#)er, r %g)téiter.ned reflecto s c n, 6}-:150 be
used. Thé t ive- 2, ’@ﬁjor?an e TUH R 1$% ght

t hr ough ohe g Wriddrebelimyers deadentd .15 CﬁEfé,GHEhCEI‘akbucﬂer agtive

i ndex betmeeq_the structured and refl ective s bl%gers Thus,. t he

structured 21-ol odieSshitEanshasert Datgrd aleady YHP (B PHAUR s ded

eye once they efiiefdd W Pt Eled SLOHADEN can tdABsSivacisegd subl ayer,
and, if desired, an adhesive 20 or adhesi on-pronoti primer can be
directly apﬂh%&qgecu‘f%es"smr%%reéﬂ‘asﬂﬁﬂsa Ve vﬁ‘i‘ﬁg?ﬁ C®i ¢ shing the

visibility ofjdifte efrdisgrirnate pAthRthred sublayer dud N€oathécle of the
i nvention can conprise nore
15 difference in refractive index between the structured

and reflective sublayers. Thus, the structured
holographic pattern is more readily visible to the
unaided eye once the reflective sublayer is coated on
the structured sublayer, and, if desired, an adhesive

20 or adhesion-promoting primer can be directly applied to
the structured sublayer without diminishing the
visibility of the structured pattern.

The article of the invention can comprise more

than one damageable layer, as shown in Figure 2 where

25 Dboth indicia and a holographic film are utilized and
where pressure-sensitive adhesive 40 can also serve as a
damageable layer if it is selected so as to have low
cohesive strength. The failure pattern of multi-layer
articles such as the article of the invention is complex

30 and dependent upon various parameters, such as the
elasticity or brittleness of the various layers, the
tensile strength of the materials used, the adhesion
between adjacent layers, the thicknesses of the layers,
and the pattern of any discontinuous layers, as well as

35 upon the removal direction, angle, force, and speed and
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t han .one damageabl e | ayer, as shown in Figure 2 where 25 both indicia and a
hol ogr aphi c WO P9 utilized and wher e pressure-sensitiperasdmsssse 40
can al so serve as a darmageabl e layer if it is selected so as to have

| ow cohesivhe YehpRehburdhgutfid WenmaRaht.er @hﬁ& NhtsohdY®ses, articles
such as the article_of the invention is conple 30 and dependent upon

vari ous par andie®oyalsgéhthe arkicle fgopsd éPP?tSPt%r#‘QYI’é?ﬁélst of the

various layersin 8 Jure BENBbifrsidtang! fth% tBe TR!g&AHE SorkSES, dHee
adhesi on bet ween adj acent |ayers, the thicknesses of the Iayers

“and the pattemFeselertadsdonageaie Yayparls) a§ tbel aBsEigR upon the remova

direction, sangl e, fOfCE%GéﬂE}aﬁﬁ edh@ﬂ@ver, the damageable layer(?) of -10-
the tenperature during renova I n some cases, enoval of the

article from &£hrupstigle ﬁaylreeﬂntherebu Proyider a nsrm@m¢n% ot her than, or

In addition t e e y article.
Ceneral ly, ho&er%/&el:&ttlﬁg £ téﬁ%ﬁfﬁdayﬂ%} %Qfl?u&é Sélés%er ?ﬂ;e‘%&q‘f ail and
t her eby provi dmd:elqsetlomdnbm referemech dat |Fb4qum'[e Banwkichgshdws sa fai l ure can

cectional vi e i ioRe prpk, PEERENER e bhodipdht o P 2

applicati awe tmﬁte&uh@mat:at%naml atmnmueme 90 andt subsequertf the

article's tanper-ln i.cating, features on att ted repoval fromthe
Substrat e. 1o RL Cee bk 5 4 aroer - Lh8TBaPEnd iRatines o
damageabl e | aygich Ea&tempdeai a¢moval afrbrbxheheubgtanbec film, the

enbodi nent of Figures 2 and 3 (a preferred enbodi nent) further
conprises a patterned rel ease coating 60, a primer coating 70, and a
retroreflecti vididviemalOcolBen®atd er ned release coating 20 60 (which can
be of any of the Types Known in the art, g., Silicone-based

conposi ti ofs, fluorinat & ekhitéansto damageable layers 50  (indicia)
and 55 (holographic film), the embodiment of Figures 2

and 3 (a preferred embodiment} further comprises a
patterned release coating 60, a primer coating 70, and a
retroreflective layer 80. The patterned release coating

20 60 (which can be of any of the types known in the art,
e.g., silicone-based compositions, fluorinated chemicals, .
waxes, and polyvinyl alcohol, and can be of any of the
known patterns) and the primer coating 70 (which can also
be selected from known primer coatings and treatments,

25 e.g., of the types described above for use on the
carrier) serve to provide areas of greater and lesser
adhesion of the holographic film 55 {bearing indicia 50}
to the underlying retroreflective layer 80. Thus, upon
attempted removal of the article from a substrate, the

30 indicia-bearing holographic film breaks, with portions of
the film and indicia remaining with component (a) (bonded
to pressure-sensitive adhesive 40) and portions remaining
bonded to retroreflective layer 80. The relative sizes
and spacings of the portions remaining with component (a)

35 and with the retroreflective layer, respectively, can be

-11-



waxes, and pol yvinyl alcohol, and can be of any of the known patterns)
and t he pwowrsspeati ng 70 (which can al so be sel ected {,%%Mm primer
coatings and treatnments, 25 e.g., of the types descri bed above Tor use on

t he car i [\, i.d S .of e d e adhesi on
of the hol ogégéﬁ?ﬁiﬁ#@ﬁ G AafhEg ot Egéoﬁﬁéela’?o‘éﬁ?’u%dem yi ng
retrorefl ecpavbetngdrred@astheoatipgh and hbeeeptent refioswmtfarde t he article
froma subs he idi ci a- beari hol ographic film breaks, with
portions of EB%P?%%’ f?ﬁs%sar@%%dﬁgi gﬁse%g}:hi ng with conmponent (a) (bonded
to pressure-sensitiveAadsbewneidOFigndepolt ands 3y epeefierged bonded to
retroreflective.layer 80. The relatiye sizes . and spacings of _the
portionsgreﬁ%?ﬂ?ﬁﬁxﬁﬁfhogoE%Snaﬁ#lf%? 3% %ﬁﬁdlﬁFFH%%HE F8WP%%§F|8ctive

| ayer, respeetruekflectbivbelayer 80, which preferably comprites

vari ed by vatﬁing tEe ature of, the gatter& éof t he patterned rel ease
coating) anBiEREPBRFEALeSr O5uFEREeCOrNEE, ELENENtSs | EOKNEKA™PYSrhe art .

As shown inthegueeso2eDdcBivar thoeredab desbedbeantis of. stheagehitcl e of the
I nvention cQnpris retroreflective |ayer 80, which preferably

conpri ses N°n18r§B§r§PB|ZEaémqea§E 86r Adr ! el EABNECEMPEL SRR €, t he

retrorefd ecbh¥@okadChon8sageeChbgliaky MisroBpherks thhi@ aze407, 680
(Pal myui st et al.), can conprise an 10 encl osed nonol ayer _of gl ass

ni cr ospher eSO2R8E aRe2 SPagsRPcleFAPaCOPRELAGNLesPn Jeonpoilyvigyle. g. |

polyvinyl  puth¥hyrak ?619@E¥6§terThEhngEQange%Q%i%dﬂ%&?ﬁgﬂ%&fJ t he
m cr ospheres, reflector sublayer underlies’ the spacing resin, and can
conpri se ophBGeMAgtesPRrEesuchR15eddestpyesubdpyritnypdesiies ¢Re ni ckel , or

magnesi Um @pacingt k@8R 8AL BhAhebREes skebbaGher mIRkeiidlsS stidph as zinc
sulfide, or nultilayer reflectors as described’in US. Patent No.
3,700, 385 (BPngRANEL, TRUYMinMGAt chRgnium, BiAcked t by Fagnesdtmectorve | ayer
i's focused Ry,hhea28n8! AS§HOL FHARPREFSE ctBLOMIR oFHG 18PRGIAY J£5 15 And

sulfide, or multilayer reflectors as described in U.S.
Patent No. 3,700,305 (Bingham). Thus, light that

enters the retroreflective layer is focused by the

20 glass microspheres through the spacing resin and
reflected by the reflector sublayer back through the
spacing resin and glass microspheres to an observer.
The retroreflective layer can further comprise a
backing sublayer, which can optionally bear a heat-

25 activatable or pressure-sensitive adhesive to aid in
adhesion to the reflector sublayer.

An optional beadbond sublayer can also be
provided. In such an embodiment, glass microspheres
can be coated onto the beadbond sublayer, and then

30 spacing resin can be coated onto the glass
microspheres. The beadbond sublayer can contain a
colored pigment (including black pigment) that gives
the retroreflective layer a colored appearance in
normal light, and the appearance of a different color,

35 such as silver, in retroreflective light. This is
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reflected hy the reflector sublayer back through the spacing resin and
gl ass m cr osyw¥ss®It 0 an observer. The retroreflective |pgiarsessssos
further conprise a backi ng subl ayer, which can optionally bear a heat-

25 activat ab'gggfg%sa%ﬁftﬁéﬁsiﬁiws?%@é N&. & did7) 6go adhesion to the

reflector sub ’ An optional beadbond subl ayer can al so be
provi ded. | n -$Bakmagnishbeti abnl; JThesreverssphidePf thean be coated onto

t he beadbond ﬁgggﬁéﬁéerg dcgﬁeg%Sgﬂﬁggﬁ%ggggfggg%%gmggbfgmued onto the

gl ass m cr osp S. The bea contaln a col ored
pi gment (i ncl patbtgcblinekopi geebingthatexiaks the retroreflective |ayer

a col ored gppearance in )] f a different
color, 35 guch as sil vezr“,1 F%Eg‘é{{%#é% ?g%‘ﬁ ve%]}%%ﬁpé?ﬁfgsy [ sea@
-12- cofipsibebed hulthplicihty & Aaivertorier Zralio8ilecti®al nyui st

et al.). The reverse si.de,of .th m cr pspher.es can b r ot ect by an
suitab?e p?gFE€P§§elBFt§@§I?ﬁgg%%f%rmﬁﬁ£g%9heres anéaféﬁﬁ%nte %givey

retroreflecti v@bkayein8P eleRofbsi 685 Ve Mddé W aidteiaTsihaucioraer
retroreflective el epent s i nstead of 8Ia§f | crospheres,.and resin. The
cube- cor ner eV&R¥ht sSPEANCRELPRRAES of OheR S Y RS Qi HPHROSSeq | ppe-

pol ycar bopgt e cohe2CeYbhént8] 8ABOSBEEhEROEL-eddky CAdEYe St @NENdRd and
ur et hane, epoxy, Rolyester, and acrylic oligomers and nononers for

radi at i on- cur 8§rYliccobédeBeRer 2Rd JRRRPREr THECE RA RN IR~ ES Nt s

typically haveuhresrfAetughkbMeREsPENBhEUt@etcEBSeMi dementsur f ace areas of
approximately 1.9 x 10[err] mnierr] to 0.1 mnjerr],., 15 Cube-corner

retrorefl ecti Fopdlcakdiit Bavantbeeeotdallyyperrendigistar Fafesiwtbha

sheeting ”ate%hﬁkaﬁgdﬁge Wi babbgproxihefP %?iPﬁ@xafgﬁpﬁﬁSSHBEO.ﬂhﬁfE|e”E”tS
can al so be Create y coatlng a radiation-curable resin onto a

nmast er noll8l, KCakengerngranetverefyectivieunbierents can be embossed by
a master mold into a sheeting material under suitable

temperature and pressure. The elements can also be
created by coating a radiation-curable resin onto a
master mold, laminating an overlay film under

20 sufficient pressure, and solidifying the resin by
radiation curing.

Cube-corner retroreflective elements can
optionally have a reflective coating, which can be made
of the same materials as those previously described for

25 microsphere retroreflective material and is typically
applied on the back surface of the cube corners. A
sealant film or adhesive layer can be applied over the
reflective coating while still allowing
retroreflection. Also, cube-corner retroreflective

30 elements can be used without a reflective coating.

A holographic film and a retroreflective
layer can be bonded together by a tie layer. Suitable
materials for such a t;e layer include primers (e.g.,
primer coating 70 in Figures 2 and 3) or adhesives,

35 either as coatings or as film, such as urethanes,
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20 sufficient pressure, and solidifying the resin by radi ation curing.

Cube- cor navo vodsnayr ef | ecti ve el enents can optionally ha\ﬁ@Tﬁ)SBﬂiﬁ?sct ive
coating, which can be nade of the same nmaterials as those previously

descri bed f §BH l.ect i ve,nat.er i Is typically
applied on %n %?E'acrg( sur %}[ Jr? eccst:orﬁlglres & ala?%ea?aarhtgé)l | m or
adhesi ve | ayery @qqpﬂm@ra,tqjie e!m:mkrrestsheand camfbecapp/hemaéitthd e stil I

al | owi ng tHLY r? Jd0 | S0, u@l cor reflective 30
el ements can Be t?g‘e ocu{]fllnf\e% e ive Croea fdA e elcayer

hol ogr aphi ¢ Hatdhmparidba erthmrdafrigedihes-}e laydfs/arogmnhéxe bonded toget her by

atie layer. Suitable rials for suc ti ude priners
(e.qg., 5 pri mer coatq}}?gtf(?%ﬁ“ é‘fﬂife\%) %r %Pets%}%’é 5 either as
coatings or nmi:e‘n:dam, snnh:raspwﬁtdwqmotectlon agalnst tampering - 13-
ol ef i ns, V|n and acryli.cs tie Ia er ny appropriate

t hi ckness a pg'ﬂﬁte‘d’rbl‘iﬂg}eattd b qwq'l(}f}lfgr% cX'IEI"‘F:E‘%‘ Lio the
retroreflexﬂa\snﬂﬁ%?ﬂenﬂ am%dnﬂfbﬂﬂhduttdhdxﬁsﬂﬁnbtﬁéfm%éEWfﬁf tOQEEher- S
The tie | ayer_ can be eo eat-shrin mat eri a provi des
protection §fstta bo :'t‘ihg;l IS oh Ii‘)l'f’eﬁ'ﬁ’e‘%ﬂfe‘gbecause t he

appl i catjpon n@fteriad A l&i@rﬁemlrgi tiaatl es the heat-shrink
| ayer to deform Polyalefin filmis a preferre 10 naterlal for the

heat-shrink tie |ayer An optional patgipiad RAting tkayRE tde¥ing | ayer
(e.g., p%&ﬁéﬁf&deﬂéﬁ%&%d%f%d i i g Bt # ng?] )3f h@ttar e ther

I ncreases or decreases adhesion can be provide e |nter ace of the
hol ogr aphi ¢ sdfdheetingrgases iae de-tenaas adhqmiran o‘-mrarbg' previded

appl T cation f e snedidtded N6 iy ol litnd & M Pt R Se FAUEL g Used

adj acent to a |l aye aving printe a or an ar rangenen one or
nor e ho|légra}mﬁqg:se.nb|1>en§)q:ét:g:ularly useful application of the

patterned layer is one in which this layer is used
adjacent to a layer having printed indicia or an
arrangement of one or more holographic emblems (e.qg.,
holographic film 55 in Figures 2 and 3). When the

20 article is delaminated at the patterned coating layer,
a portion of the indicia or emblem(s) remains bonded to
each delaminated portion.

An optional indicia pattern can be applied in

the same locations as the patterned coating layer

25 described above, or in other locations within the
construction. The indicia pattern or logos are
preferably printed with colored inks, pearlescent inks,
or inks visible under ultraviolet light, or are imaged:
using toners or dyes in a pattern. These colored

30 indicia are especially useful when printed at some
location above the front surface of a retroreflective
layer that has a colored beadbond. 1In normal light,
the colored (preferably black) beadbond hides the
colored indicia and only the hologram is typically

35 visible, because the hologram detracts from the
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hol ographic film55 in Figures 2 and 3). Wien the 20 article is del am nated
at the patt&0ebstaati ng | ayer, a portion of the indicia mirngsksysss)
“remai ns bonded to each del am nated portion. An optiona

indicia patteyisgBnibeyappl tR £dlored NEn@PPEa | OCRIWORST ASudder Pat t er ned
coating |layer 25 described above, or in other |ocations within the

construction. T¥hEOFREteFaipar LeéFhting| eopdibiens, the felek®d printed with
col ored inks, jpeackgsgeBt bk pkRtLy vigibiélkégai&é@'ﬁuélrislgék&%ﬁd) ol et
l'ight, or are inmagec using toners or dyes In a pattern. ese col ored
30 indicia ar&héspeéFaPrefasably shivepriznddihe ram i®c@i on above

the front sur f ; or ti | t. C red
beadbond. ?n frllg%%g? V?S%?ié eﬁ%ﬁ% %%F%?Jéﬁovgér&g#%ira ijlt@f%gi)é%gadbond
hi des t he adspobedimpdedi intndte | nichespheogreetrcrefiectivey 35

vi si bl e, beca hg,,hoLogra t -

"2 e e R R o

retrorefl ecti descrghetdnincingi t Pabent ties cod 06%4), 894 [Hwkkewrtarandri ghtly
vi si bl e agai ngt eqbac | is preferably silver, and the

hol ogrami s ng’gbpbﬁggr%gég#ﬁgg?’vaéﬁ%ff%hfvﬁ éﬁgﬁﬁdgr??ﬁﬁ%i%ﬁcan

al so be i nitgedsedt tot magecenspbeed mitrosphéestrotcrorefleyeivedy, e.g., the
| aser i magi ng Qcess _general | described in U S. Patent Nos. 4,688, 894
(Hockert) andmg%egﬁézﬁowégé ?Egﬁ%%ogﬁff%%H%T7y,t L fTkess is 10
used to i nagevésdibdsednnbothspbenel r&id orefteed f Véctive NEigHt al sThig h
opaque refl ector t he visible in both normal and

oo
retroreflecti%gngﬁﬁ?P #ﬂ?éciﬁbf$$k%wﬁ?{ﬁgeﬁ%ﬁ}? JHESTWRIRF ®ncl osed

m crosphere retteredlettecti metepi£Y vt thak ey erdrIedt@ed ors 15
with which_the,indicia afe not visible in normal 1ight but. are visible
only unde?sreVF% ePPLCRi Bhe FRILCIheAre nohd7iFible olthinRigr it 39hYi eved

under retrorebhechir¥€visible only under retroreflection. Thus the
indicia are hidden until viewed under retroreflective
lighting conditions.
' When, e.g., an article for application to the
20 inside of a motor vehicle windshield is desired, the
components utilized in addition to components (a) and
(b} are preferably light-transmissive (more preferably,
transparent), especially when used with a posterior
retroreflective layer or a posterior layer bearing
25 indicia which should remain visible from the exterior
of the vehicle. When one or more heat-sensitive, e.qg.,
thermoplastic, components are used in such an article,
the component(s) are preferably used in combination
with both a patterned release coating and a continuous
30 coating of adhesion-promoting primer.

The tamper-indicating article of the invention
can, if desired, further comprise at least one liner
(e.g., to protect PSA layer 20). Such a liner can be of
materials known in the art, such as paper or polymer film

35 (optionally bearing a release coating or having been

-15-



i ghting conditions. When, e.g., an article for application
to the 20 wdyod/ghgoof a notor vehicle windshield is desired, R1S99/03695
conponents utilized in addition to conponents (a) and { ) are

preferably Light-transm ssive nnre efer y ans e

especial Iy %ﬁgﬁgﬁéeﬂrWWf?F%F th mgnﬁg% B?e?P%%i Q yg%%%r a

posterior | &yseéabeaof n@xé@smcﬁmnatml dhinelroul dThenaruwlmdnf ete om t he _

exterior %he veh| | e._ When one qr nore he? |t|¥e e.g.,

thernnplastﬁeveE ﬁBBn%ﬁR QRFSRAFEY HS0Eh SSRVEP ?8?% Coatid component (s)

are preferahbynitaedonhp aedtomaisasfer techhihoeb.a phét ehiekhessesnse

coating and % %Bntlnuous 30 coati qﬁ of adhesi on- gronné ?? pri mer.

The t anper - PhdiFe&t FAGLAME | PP Bren FAYRFENERBN VALY WhIe1Y desired, further

conprise at depastiifgeupomethe mined ando tneohacan?SAflmger 20) Such a

|l i ner can be of materials known in th such._as g er pol ymer
RasHC) £8ay, and

film35 (opPREhaFR}abeSPTRRPePt S e agr 8RR GY

treated or RHACPEFEHrianSOEHIPHIRIrilst iRizallegiredy, the rel ease of the
PSA fromthe liner). The article of the I nventi.on can be, 8 §Pared usi ng

conventional coating, Obiecks RRG GveRt@sss Ofa TeThe

thi cknegges frt@fert HQ.lYl%rt'r%‘t%dCWQ&%mfdlML%gC@ka\ﬁﬂﬂééM dRity.the
dependi ng upon the nunber and thé nature of the articul ar, conponents,
the particulbartismlagamateriads and pEOWEthereeraddiad ilftics desired.

Cbj ects and t%\saéﬁtea&%&n%fs t RisS welventd @rae chhdiftirderand | ustrated by the
fol | ow ng exanpl es, but the particular materials and anmpunts. thereof

recited in detaidso ehawlidgotadansonstruschdio dBIHYY ohigoidhdEhis detail s,

shoul d not be.fistded to unduly limt this i nvention. 15
Exanpl es
15

Examples

Test Methods

20 180° Peel Adhesion Test

Peel adhesion is the force required to remove
an adhesive-coated, flexible sheet material from a test
panel. Peel adhesion is measured at a specific angle
and rate of removal. In the following examples, this

25 peel adhesion force is expressed in Newtons/centimeter
width (N/cm) of the coated sheet. Peel adhesion forces
measured throughout are initial peel adhesion forces
taken at about one minute dwell time, unless indicated
to the contrary. These initial peel adhesion forces

30 may not be indicative of aged peel adhesion forces that
can be obtained.

Peel adhesion (180°) was measured according
to PSTC-1 (Test Methods of the Pressure-Sensitive Tape
Council, 9" Edition, 1989, Deerfield, Il., USA). A

35 strip (1.27 centimeter wide) of the adhesive-coated
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Test .Met hods 20 180[err] Peel Adhesion Test Peel adhesion
is the forcoV@8YsH79eed to renpve an adhesi ve-coat ed, flexr@f,gs%?js
material froma test panel . Peel adhesion is measured at a speci

angl e andshake Qhs' 8PBY2kd La ERE HQELP LGFP peel
adhesi on forcg 'S exp?esgg I n Newt ons/ gent?%g?%r égé ?ﬁ %hﬁf%?nof t he
coat ed sheet. SPaénlggfestenlf bpsbsplatenuatirat lhaﬁnghbu? himeahitial peel
adhesi on forc@s.ntme&akeafaboeﬁogﬁfwg 91 pui & dm'hgb”@onegéess biidi cated
to the contrary. These initial ﬁe3|on

i ndi cative of Pagedwp&al aaahkslggr&mrhesdtnabber r@bhebewmbt\asaédto

Peel adheston [ ] e r C dj o.P Test Met hods
of the Pregsurgﬁign§§%|é8¥igbe thd ggu%c%ﬁé QFEF?? %%?Y? c%iﬁé was
Deerfield, Il doub%af. bacBSnsarip tdueﬂingnitselﬁrsmmthé aﬁgl@eof

adhesi ve-coat e o sheet was
applied to thegﬁgva%oHPs 1807 ¢ acEPgs feg gag was %FE@?H%gst%t%%? test plate
wth at Ieastaﬁheilbnnether scabel neTke stabwldssustesestdst nglatefirm
cont act . eﬁss wi,t h_a g Ki Iograg1h d rupber roller s,used to 5
apply the strlss BMPPaelBn NG 18K afebCREH19 LRSINT BRERIRE back
nearly tom@hlmgatteebfcapabhe dﬂghﬁvpﬁg the ' sT®VEl awiry ARGh efld. The free
end was attached.to on tester scale, The stainless steel test

pl at e was Eﬁéﬁp@% ?nc?ﬂﬁg?’&%r%?eaogen%%% Riihg BRI $@21® that was
capabl e of nDYbB@lhbewﬁbaigcéﬁaadfI@nméﬁﬁbns aSCENE Bdp@ wRNStSdiedate of

30.5 cn1n1n he sg reading was_recorded in Newons as the tape was
peel ed rPPh hﬁl %@S%u?‘fl‘ég%‘:e ThelTRat & tRvaepirrested anethe average
of the range Q%eﬂugbebﬁ EREer¥Rfle OF | MEMbELs 18bdESbed during the

15 test.

Peel Adhesion from Glass at Various Removal Angles

Peel adhesion values were measured as

described above with the exception that the equipment

20 configuration was altered so as to allow removal forces
to be measured at other peel angles. A glass test
plate was anchored in the lower jaw of the tensile
testing machine in various configurations so that when
the end of the coated strip was pulled by the second

25 opposing jaw of the machine, the strip was removed from
the plate at other angles, in addition to the peel
angles of 90° and 180° that are most commonly tested.
The force required to separate the adhesive-coated
strip from the plate was recorded, as well as the

30 elongation during the removal process of the strip.
Removal angles of 0°, 45°, 90°, 145°, and 180° were
evaluated.
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Peel Adhesion from d ass at Various Renoval Angles Peel

adhesi on we)g9ssroper e measured as descri bed above w th pdpussoRBesi on
that the equi pment 20 configuration was altered so as to all ow renova

forces Lo bg g&asured at other peel angles. A glass test pl ate was
anchored i r jaw of the tensile testing machine in various

Cﬁnf i gur'a'éi ons so tha shieet of phivdkoswpie Uwetroate@dalmimc_p e pul | ed by

t he secon 5 opposin aw of the nachlne .t (WY, rom

the plate dt ﬁ’pérs %Y%ivl e5GPakEs O P ST pee‘{h " V@genég]?es %&%0 and 180
that are mpsitteem@d treliearse compﬂmﬁmme:dmmmsmtg tan separate the

adhesi ve- coat ed strlp from | at e s recorded, as well as the 30
el ongat Pon FHANRPAS HGRARS ﬂﬂ%y \gl¥ﬁﬁ i Qﬁl Renoval angl es of

0[$rr] 45B%ddnoﬁﬂﬂYﬁﬂﬂoxéh%ﬂ#ﬁﬂﬂuréﬁ“tdﬁﬂlymdﬂ WK§Ethe _eval uat ed.

sheet o hot oc a
neasuri ng 5:Q§¥H%Psatl7”br’ﬁeiﬁé'st3gj’r‘h\ﬁﬁ@%tﬁ %h inaré‘?%%f j;1‘)’g‘7‘1§?1ecker boar d
pattern of &éﬁr@m&pwmisd&ymla&wm afidmine chain

or ganopol ysi | oxane- pol urea co ol or ganopol xane- pol yur ea
copol ymer vR&tanger a ?Ea?c?sf%%]pﬁlolcpﬁc% ‘?Q%ﬁé/g?ﬁ‘gnbﬁol ysi | oxane
di am nejgw th, Gbaltsoqxr’c?é‘atﬁ 231141 21 9l AH 1S, 296y 61.5. em@nder and was
prepared essentially as described in 10 U.S. Pat 5,214,119 and

5, 290, 615. OIYANOPO %ﬁ#ﬁﬁﬁﬂ%@ﬂqkﬂﬁﬁﬁﬁrﬂﬂ%uﬁ%%F%%sf%%%téﬁoPFBH?Pgbpropano

solution in such a manner that the single elements of

the resulting checkerboard pattern measured 5 mm on

each side. The pattern-coated paper was dried at 70°C
15 for 1 minute.

A sheet of 1.5 mil (38 microns)} thick corona-
treated, linear low density polyethylene (LLDPE) film,
available as XMAX 312.0 LLDPE from Huntsman Packaging,
Scunthorpe, UK, was coated on both sides with pressure

20 sensitive adhesive and then cut to the same dimension
as the paper described above (5 cm x 7 cm). The
adhesive on one side of the film was a solvent-based

- acrylic pressure-sensitive adhesive comprising a
terpolymer of 70% by weight isooctylacrylate, 22.5% by

25 weight methyl acrylate, and 7.5% by weight acrylic
acid. The adhesive had an inherent viscosity of 0.7
and contained a thermally-activated bisamide
crosslinker. (The peel adhesion of this adhesive on a 2
mil (50 microns) thick polyethylene terephthalate (PET)

30 film was evaluated, and a 180° peel adhesion value of
5.6 N/cm was obtained.) The adhesive was coated onto
the LLDPE film using a knife coater and was dried in a
forced air oven to give a final adhesive coating weight

of 40 g/m*. A 2 mil (50 microns) thick silicone-coated
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solution in such a manner that the single el enents of the resulting
checker boar W@a¥¥39n neasured 5 nm on each side. The patf,@f,ﬂsﬁﬁ,g?gd
paper was dried at 70[err]C 15 for 1 mnute. A sheet of 1.5

ml (38 mecr | - <Y ' w ity pol yethyl ene
(LLDPE) fil m%iyéﬁﬁlgﬁgpgéa%%%%%ﬁqﬁ%ﬁ{ oérlﬁ tﬁ%?'s%?rian Packagi ng,
Scunt hor pe, Udhegkveokayelr on both sides with pressure 20 sensitive
adhesi ve and then cut t | ; | r | ped
above (5 cmx 7 cm. Th‘%lé @e‘ggﬁesfyvlﬁ?fgn%gesi%‘eeﬁé %@?Pﬁsm%\%%geéib

sol vent - basedwith awmrofganic esslrtes-aend tény @aghids peresemae-si ng a

t er pol yner, of 9 | isooctylacrylate, 22. 5%hy 25 wei ght nethyl

acryl ate, sands%l.g)%i)?%‘glé’\eméecigg%%l‘g%ryl iylléw yd}%?c%la{e 'ﬁ?g'ugd'}?@si‘”{?és had an i nherent

viscosity of Prépared dryl e imey tawvd et ivwe mpo&tleﬁobﬂ§mﬂi} @e

crosslinker. (Th eel, adhesian of this_adhesive on a 2 . ' 50

mi crons) thick® @I’ eth %n%ft]g]r’ RA4% S SOTRASHIRD g/afﬁ at ed, and
) | |

a 180[err] pesdresihesitie vedlial ddompondnts Wem (abxtdalemeg. bar‘ﬁlge_ agh_e5| ve

was coated o . the LLDPE filmusjnhg a knife coater, .and was dried in a

forced air o%‘ﬂ‘?%ﬂbﬁ\éﬂ?%’ﬁt&’lo%%eﬁ%g’?ﬁ |°rfgt§9§ &Iﬁ’tll% of 40 g/nferr].

A2 ml (80 neetpdsentditierddf)lconermdal &dhesive solution was also .

- 18- olgest er liner_was, then | am nated _to the dried adhesi ve

coate °n|'h% {

| ayer. Tl el WyFOns tHhe AX BiSe ¥SthHLRRE coat ed with

an organi ¢ soféfémttiofl are agrpt) CiREISUNRy D krSEeSiddateradhegiive a The
adhesi ve sol utj on was epared by conbi ning two adhesive conpositions

in a wei gﬁ%n?]at?%%jfngl%@% taf tedh S5 dcdmp s ifiorsiedaadzooven parts of

the solid corppnemts/itensel k aBd°88ed1Pabhesion HdNgai Y& FOAPRPLAI on B (70
parts of the solid
15 was obtained.)

Adhesive Composition A comprised a waterborne
acrylic pressure-sensitive adhesive having a 95.5:4.5
isooctyl acrylate:acrylic acid weight ratio, which was
prepared essentially by the emulsion polymerization

200 method described in Example 5 of U.S. Pat. No. Re.
24,906 (Ulrich). Following polymerization, the
resulting acrylic pressure-sensitive adhesive was
recovered from the emulsion and dissolved in an 80/20
mixture of heptane and propyl alcohol to form a 25% by

25 weight solution.

Adhesive Composition B comprised an acrylate
microsphere adhesive, which was prepared essentially as
described in U.S. Pat. No. 3,691,140 (Silver), using
98% isooctyl acrylate and 2% ammonium acrylate. The

30 microspheres were isolated from the resulting
suspension and then dispersed in heptane to form an 8%
by weight microsphere dispersion.

The pattern-coated surface of the above-
described paper was then laminated to the side of the

35 resulting double-coated LLDPE film bearing the
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10 conponents thereof). (This adhesive solution was al so coated.on 2

ml (50 mwooewssrei hi ck pol yet hyl ene t erepht hal at e (PET)Pd‘,Ii,&g;b)d%iggg a

kni fe-coater to give a final coating weight after drying ina torced

air oven . 1 err]l,.and a égogegr] egl adhesi.on.value of 1.4 N cm
P3E BofifolP

of 10.q/
15 was obtapﬁga9fphgre ConLalnlngdﬁ _fpbﬁ R%§ﬂﬂﬁised a
wat er bor ne emboddmghitcofir eheutampensihdieasadhgsiaveilcde of £hes. 5:4.5
i sooctyl acrylate.acrylc acid weight. ratio, which was r.epar ed
essentialIylﬁyepﬁéogﬁulgﬁSangVﬁﬁéngé%PSH yGSWEFW83e§E§3FWE§%% n Exanmple 5
of U S. PatarbidclBg. and tRé, #86ulbtlingckexpokeld adhegive Wasserz atason, the
resulting acrylic pressure-sensitive adhesiye was recover.ed fromthe
emul si on® andHFEEE! Y8AsT APEREEBF 2670~ LaYEF: GEUOSE oo SERRE Vo 35 0py |
al cohol to hatinpzedstdbyizZhlyebghhagdl ut Aflter 15 minutes, atdhesive

Conposi tion conprised an acryl ate I cr ospher e adhesi ve;, whi ch was
pr epar ed es?gﬁFFgEIVaésmagedeCFFHQHeiﬁgl.g?iP e §gom e HAF Si | ver),

usi ng 98%ubseeatyl. achel abagand f2¥hamaRitiieleatay atietethe 30

m crospheres _were _isolated_fromthe resulting suspensi on angd, then

di spersed i f1Agptineans PytAeEninoa dlE?°®éP&hPHﬁ§9£iﬂﬂ%ﬁ%¥(ﬂ%@éFéion
The pat §@r ntpeakedstraitacaueifable aRaye- cause@s¢hePadHizey teas then

| am nated to the side of the 35 resulting doubl e-coated LLDPE fil m bearing
t he split into two separate pgrts. One pagtcrgsHdad @t ai ni ng

adhesi ve tothar BustiraREe ande#hedoWRRY %hst Renbamey RlitGRlid article of

t he i nvention. The golyester l'iner was renoved fromthe article, and
the resul ting exposedTAghParterempénings op thehsubstrate swamrisged wo- | ayer

~tenpered safgly £ghass adhe%@?ﬁpﬁ§%§g feleney 5 Qg::%d-se@(érﬁ{ dujpg es, an

attenpt was nade to renove e afti¢le fromthe ass substrate. The
edge of 1§ he layere| angag kcheckgrboard pattern of areas comprising

fibers delaminated from the paper. The paper fibers
were easily identifiable in areas where no release
coating was present. The part which detached
completely comprised the patterned release coating and

20 © the remainder of the paper. Visual inspection revealed
that the paper had been delaminated on one side in a
checkerboard pattern.

The part remaining on the substrate was
removed in one piece by grasping at its edge and

25 pulling at an angle of about 45 degrees to the surface
of the substrate. The part stretched during the
removal process but did not break. The pressure-
sensitive adhesive bond to the substrate was broken
progressively and cleanly and, after removal, no

30 adhesive residue could be seen on the substrate.

A number of double-coated LLDPE films were
prepared as described above and were applied to a glass
test plate. The peel adhesion values obtained at
various removal angles are shown in Table 1.

35
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slightly and pulled in a direction approximately 90[err] to 10 the
substrate swoemssyiThis caused the article to split intodmsesasgmsat e
parts. One part renained on the substrate, and the other was conpletely
det ached. The part remai i the substrate conprised

the first adhesive layer, the film tiégg%ggnd adhesive 15 | ayer, and a
checker boar d" paiRebaD’ el Adhédidrs| ORlamgataiced [rom t he
paper. The phper fibers idenjifiable in r?as whgre no

rel ease coREFRYIARY p i dethched ¥ conpletely
conpri sed thE pattggned T§ enal ager o he paper.

. Visual inspegtionr een d%hﬁninatad on one
side in a checd®®r boar} pat t e part “remai ping on the
substrate wap Menoved] i n onwo pi ecej by glsasping gt it258dge aphd 25
pulling at ap angl g of abput 45 degreep to the surfpce ,gq0f thp
substrate. The pari stretghed d%ring the ‘renpval process but|did not
break. The pfessurep sensi t?¥e adhpsi veShdnd to] the $98strat g was

br oken pyogresghvely pnd chganly ahd, after renpval, ,ag 30 aglhesive
resi due coul §§ be seen on fhe substrate A nunber o
doubl e- coat efl LLDPEfi | ns| wer e 180 preoared7a§ descli bed °£8ove apd were
applied to a-gtr=ass TEST prare. The peer adnest on varues obtal ned at
vari ous renoval angles are shown in Table 1. 35

- 20- # MD = removal by stretchiglg ¢irg the macligfval Renova

Angl e Peel Adhesion Elongat}i ; u I an* (degr ees) (N cm
( %) VD %Ppectlon &gﬁ% ANm 475 VD

45 5 7.5CD = remdvdl by streivhing in the gfross directimr
253 of the film
DD = removal by stretching in the diagonal
direction of the film
10 ExamEle 2

The rear, non-retroreflective side of a
flexible retroreflective sheeting comprising glass
beads as reflective elements (available as Scotchlite™
VP5500 Reflective Sheeting from 3M Company, St. Paul,

15 MN) was heat laminated to a 25 micron thick opadque
white polyethylene terephthalate (PET)}) film to protect
its exposed aluminum reflector layer. The sheeting was
then coated on its front retroreflective surface with a
continuous tie layer of polyurethane resin (available

20 as Neorez™ R960 from Zeneca Resins, Waalwijk, The
Netherlands). The water-based resin composition was
applied by gravure coating and dried at 80°C for 1
minute to a dry thickness of about 4 microns. A
checkerboard pattern of the release composition

25 described in Example 1 was then applied over the
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CD 90 51 489 DD .

5.1 WO 99443691 ND 135 . 5.5

VD 180 7.9 569 s MD = F?n%’x?% i%
stretching irectj] f|In15 CD
P enoval TP Pal e Javem by avurs sqand ATy 4T 0
film ddﬂbraheﬂnnnﬂEﬂampmdeﬂchlng I n the dlagonm

direction of the fil

non-

Scotchlite[err] VP5500 Refl ective Sheeting from 3M Conpan

15

The rear

retroreflective Qﬁ§%ﬁ eng{quQBﬁtﬁ%¥?§ﬂ9§n&§?3§ﬁ?£&?gheet|ng
conpri si ng Y13fht-basdifadk agava1ald s @Mﬁﬂé‘“a'rﬁwsﬁaﬁnt

MN) SV\/asTWi’edt9q0an(iB"1a:t%'d’1tQﬂ-Qi:)2§1Tﬁ%r% Gamralopaifue Paul

St. Paul,

Potyethy!l engad qanahthplidy (D) hd Baik Al e easd | Sogispagagy al um num

reflector Iayer

ncoate on iIts

retrorefl eaqmrsmnadretm-t h 'Iéhe regoitingicusk t¢eatinervas goigdir et hane

resi

coat

n (avai Fﬁﬂ r ;Egp r Z8he [ Wi j k, The
Net her | and e)Oa}'b'lﬁoe Q-ioer- ase ecgltrn('l C egsaIIt &&ggéa%% i'ed by gravure
I ng amiQﬂmxntaﬁsBO[err]C for 1 m nut e to a dry thickness of about
4 mcraons. che a at as o} on_25
descri g@d i n Exanpl ecﬁih é) “{lﬁ'ﬁ? acf)a dglt’)é/%t? {lh e oF ﬁ:?é%p i was
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then adhered to the laminate comprising reflective
sheeting, tie layer, patterned release coating, and ink
layer. The side of the film bearing microsphere-
containing adhesive was bonded to the ink layer using a
mechanical laminator at 23°C to form a retroreflective
tamper-indicating article. The protective PET film was
removed from the article, and the resulting exposed
adhesive layer was adhered to a sheet of two-layer
tempered safety glass and pressed down firmly by hand.
After 15 minutes, an attempt was made to remove the
article from the glass substrate. The edge of the
article was lifted slightly and pulled in a direction
approximately 90 degrees to the substrate surface. The
article could not be removed in one piece. Rather, it
exhibited intralayer failure and separated into two
parts, one remaining bonded to the substrate and the
other detaching completely.

The part that remained bonded to the
substrate comprised the double-coated LLDPE film and
easily identifiable portions of the ink layer
corresponding to the areas bearing a release coating.
The part that detached completely from the substrate
comprised the reflective sheeting, the fie layer, the
patterned release coating, and portions of the ink

layer corresponding to areas where the release coating
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resulting tie layer by gravure coating, essentially as described in
Exanpl e 1. wo099/55791 Next, a continuous |ayer of transpampemriusen/o369s
sol vent - based ink (avail able as Scotchlite[err] Transparent 5 |nk 1900

(BlUe'Vi0'et)WQEOQ%Q%%Ep”p€§¥1déﬁagéﬁuﬂnkb@ﬁ er H@§E}é€§kﬁ§%&i£d over the

patterned rel eaSe coatli ng cteen printlng. ng ink coating
was dried - Vvbsudad $edbodtien 6D[wamperimggive a dry-thickness of about
10 m crons. 1?he part_of I{fg doubl £ Cﬂ?ﬁﬁedﬁ red BdRddq e 1 was

t hen adhered fo the Fam natée conprising reflective sheeting, tie layer,
patterned rel ghsescoubshgatandas nkhen Yemeved Tfromithe oJlase InIgndeari ng

m crospherg- _. ni.ai ni esi n ' ing a 15
nechanical?laﬁ%ﬁégoﬁgagkggfgﬁg]€#¥§P¥%$n$§ ?ﬁ%r%ﬁé#{%ﬁﬁ{ﬁkifgﬁg at

t anper - i ndi caahngngiti ofeabdht 4% odegress RETHe | subeisrate swnfaeel. from t he
article, and e resulting,e sed. . dhesi ve | aye red.to a
sheet of two- }L‘gﬁepar% S#’éﬁﬁgﬁgﬁ g‘é’F’e‘B% &%s@e%%%agr%é%%\%éﬂmtef(ﬁ% y by
hand. 20 AftehotSbhifeakt eSThanpaésSlpé-y@ss Mathee tadliesbve bded to @teicle
fromthe glass_substr

te. The edge of the artigtg wa I#ft slightly
and pul | ed i n94285r 8uPsbRate Wﬁﬁg?6%¥%%12$99€ﬁﬁ%&¥ﬁ saQ% thePRtdstrate
surface. T9e and,abftekerefutal Noho bediiesDyedrési@ie PoErE bRgdei, it 25

exhibited intralayer failure and separated into two parts, one
remai ni ng bon@8dthe FHRSEGBEErate and the ot her detaching conpl etely.
The part that renmai ned bonded to the substrate conprised the

doubl e-coated LLDPE filmand 30 easily identifiable portions of the ink

| ayer cor Exapphei 8y to the areas bearing a rel ease coating. The

part that detached comphgbelyobtonythe BxbRbI8!e was £ONPLASS 108

reflective sheeting, the tie layer; patterned rel ease coating, and
portions af tH&onitkresrpagélectivespontiang vothraasomhtpeoe rel ease

coating polyurethane tie layer anazg'pattern coating of release

composition, essentially as in Example 2. A thin
transparent holographic film (available from Crown Roll
Leaf, Peterson, NJ) was then laminated over the
20 patterned release coating using a heated laminator
(available from Sallmetal, Raalte, The Netherlands) at
100°C. The holographic film comprised a polyester
release liner, a polymethylmethacrylate-based
structured layer, a high refractive index zinc sulfide
25 reflector, and a thin adhesive layer. After
lamination, the polyester liner was removed. A
continuous layer of transparent solvent-based ink
(available as Scotchlite™ Transparent Ink 1900 (Blue-
Violet) from 3M Company, St. Paul, MN) was then applied
30 over the thin transparent holographic layer by screen
printing. The resulting ink coating was dried for 40
seconds at 60°C to give a dry coating thickness of
about 10 microns.
The double-coated LLDPE film of Example 1 was
35 then adhered to the laminate comprising reflective
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was absent. The damaged ink |ayer thus provided a vi sual indication of

tanperingwo gyskg part of the article that remained bondedptrfstifossos 9! ass
substrate was then renoved fromthe glass in one 5 piece Ey grasping the

part at its edge,and pulli n_ang about_ 4 rees to the
substrat e suﬁggég?ng' %ﬁ@ EgV StP8?5ﬁ§8 uFeESaFﬁecP ’ process but did
not br eak. Thelar;eaphtie- $eami t and ddkedaverhondhieostibe of gﬂlmsfﬁmbstrate
T I Tt e R A
resi due cou e ) 3 The
sheeting of Exenah& Za\yas- €edhgd aoneichaniaaur Qaminatioer e @3%icvecsurface
wth a contlnuous éurethan tie I and g patt rn Qoatl of
rel ease 3 coRpBsPt taRPeEsiBAtratt ygagr éﬁanpﬁ nspar ent
|h0| _Ogr?pgl c ff'l'l?ﬂh(ﬂa‘gglrle&tb{v%df lfgesmcitnwali!@lllcle, el ,th'aetz@mnrw) was then
am nat ed over e ern rel ease coati usi ng.a heat am nat or
(avai | abl e f EFRCSEA SiVR. IPYET YRS ﬁ@gﬁéﬁggﬁﬁh %P ok fﬁgafbrr]c The
hol ogr aphi ¢ flighi@rC @@RipeyRd BaFe @ss and &md ifiigfmly2 by hand.
polynethylnethacrylatglbased It‘\"(ﬁ?’{rluctured ?J yer, a hlghX?eR;actlve I ndex
zi nc sul fi de®fferelSefigitesnd ag tar'ﬁtﬁmé’d'-hé@své‘aldﬁyézro rgmaste the | anination,

the pol y%teraﬂtl r&qre WaSn @MVl ash substeRiddUolshd aseg e &t tenspar ent
sol vent - based (avail abl e as Scotchllte[err] ransparent I nk 1900

(Bl ue- vamté{qler W INECefhaighsly @ PuNNeddd theh BRI 30 over
the thin trag&gﬁg tnatl! ?@p deRE T+ P LBt rat e T
resulting ink g’t%:lng vvagp ra!(?(E'If or 40 h%gecondsraat 6%{%?”] C tgﬁ%ﬁ ve a
dry coating thitdidessopfld notgbeurer®vigdcrigneone piece and sepgrated

doubl e- coat eanitloDP d Py, BRIMmaleyy Sedde @fhglediad he Tam nate

conprising reflective
15 substrate and the other detaching completely.

The part that remained bonded to the glass
substrate comprised the double-coated LLDPE film and
easily identifiable portions of both the ink layer and
the holographic film, these portions corresponding to

20 the areas where the release coating was present. The
part that detached completely from the glass substrate
comprised the reflective sheeting, the tie layer, the
patterned release coating, and portions of both the ink
layer and the holographic film, these portions

25 corresponding to areas where the release coating was
absent. The damaged ink layer thus provided a visual
indication of tampering.

The part that remained bonded to the glass
substrate was then removed from the glass in one piece

30 by grasping the part at its edge and pulling at an
angle of about 45 degrees to the substrate surface.

The part stretched during the removal process but did
not break. The pressure-sensitive adhesive bond to the

glass substrate was broken progressively and cleanly
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- 23- sheeting, tie layer, patterned rel ease coating,
hol ographl cwfu99lss79and ink layer. The side of the film beoig99/03695

m crosphere-cont ai ni ng adhesi ve was bonded to the ink | ayer using a
mechani cal |a€haatQEtéE %éhsﬁélc he 2dnb8ivrariaiBes - Lodigabéngegnticle.
The protective PET Imwas renoved fromthe article, and the resul ting
exposed adhesPVetbéyéﬂbﬁﬁ§a§Ghered to a sheet of two- | ayer tenpered

fet | d d t tt t
safety glass and presseq Coesh DupPaRdinaichlify 45 Miutgag an alterp

was nmade to renove the 10 articl ass” substrate. The edge of the
article was |p&ﬁ@arsﬂlghsEytaaalpuasedesqrabedrehevanln thpprbxampliel y 90
degrees Los! N3 SHBSLAR! SaRUEEACE, IMG1assfhbeleatoubiarolifieqepgyed 10
one pi ece and separa one refainin onde 0 the

gl ass 15 substﬁm@enamdetheforhéﬁ deyacatngolonpbesishylate long-term The

t that d t I .
82Lble 20a{§g%k%§gg9g“ﬁ§]gggt Qﬁ agigﬁsigéﬁggﬁ% ée pog?é%éggo%gboth t he
i nk | ayer andremovehahbobmguamblceéuluedthnsénpnalapes failespoanidng to 20
th wh I ti t..Jh t that detached
compl et ol y fr SRPHA G40 Sapaerar el aBEREt STampReiparPaE: i ve sheot i ng.

the tie Iayerevuhent, apabbehneﬂerhbeageamoaﬁdngheanﬂkpbayeﬁnseﬁé both the

i nk | ayer and the hoIo hIC fil m t hese gortions 25 corresponding to
areas where t F2TAgE Q&r&B 5 wegoval BREERPS- The dammged ink |ayer thus
provi ded a vi sual |nd|cat|on of tanpering. The part that
remai ned bonded to_the gl ass substrate was then renoved fromthe gl ass
i n one piece ping the part at its edge and pulling at an

angl e of about 45 degreggat Elbhg ﬁHQSEéﬁE§t§HV&§€§ the eXBEpPAbh Stretched
during the renoval process did not break. The pressure-sensitive
adhesi ve Bénd thati fde douglassoatindt EEPBEWAS 1B BRER BROgPARSI vely and
cleanly acrylic-based pressure-sensitive adhesive on both

sides. The adhesive comprised a copolymer of
isooctylacrylate and acrylic acid in a weight ratio of
95.5 to 4.5. One hundred parts by weight of the

20 copolymer was tackified with 25 parts by weight of a
highly stabilized rosin ester resin (available as
Foral™ 85 from Hercules, Rijswijk, The Netherlands).
Differential adhesion was provided by using a higher
coating weight of adhesive on one side of the film than

25 on the other. The coating on one side (the side to be
used for attachment to a substrate) had a thickness of
100 microns. (Such an adhesive coating on a 2 mil (50
microns) thick polyethylene terephthalate (PET) film
exhibited a 180° peel adhesion value of 7.5 N/cm.) The

30 adhesive coating on the opposite side of the film had a
thickness of 50 microns. (Such an adhesive coating on
a 2 mil {50 microns) thick polyethylene terephthalate
(PET) film exhibited a 180° peel adhesion value of 4.0
N/cm.)

25-



- 24- and, after renmoval, no adhesive residue could be seen on

t he subst rebeysss791 A second tanper-indicating arthhﬁgwg '
prepared essentially as described above in this Exanple 5 was adher ed

to a glass substrate allo na Q at 70[err]C
to simulate | ong- tern??ge ﬁ%ﬁﬁgén?odﬂ%é? ﬁgﬁ£ ﬁaggbmﬁ %%% %% Attenpts
to renovethér adheréd testhéeﬁamnnanerafaﬂnampaelBreompdlsanelaninatron
as descri bed_apove as_bot h_t hal agram and t he

. Janperin e
ink | ayer wef& r°reﬁgﬁggéﬁeng?ﬁ§l?ﬁe ?eﬁﬁ?a} ¥?5Ce§spag%erne anpl e 4
Exanpl e 3 maSeleasatedaminb,thelegzaphionfiSmthandtbn dakbleyegat ed LLDPE

filmbore_ thg, sane a | i.cz base ressure:sens adhesi.ve on both

si des. The aghgs?%gec8ﬁp£$éetlém2§ﬁﬁrg Eﬁ? less; tb&g R r¥fe and
acrylhi c ?ci ﬂcb%g&n@ewiﬁbtbbﬁﬂé& €b Ehfe ng5légeg5ﬁs.1@§eagﬂt&@h%@hl&&ﬂ.;S by
wei ght of t copo s, tagkified wit rt wei of a

hi ghl y stabii??éHaFg '%geéﬁwe s%ﬂrTa9aFP§B?§ é&gl BﬁaPF aFPeSS from
Hercul es, R ppwi hktidhe Naghaahaﬁda) to a ?lafssreabsekaeébe&h@n thas provided
by using a hjgher coatjng ght of adhesi ve .on one side of the film

than 25 on tPEhBYhﬁF thghéoéth 1gnoBnatspprtedhEenpyal; frem the ysed for

at t achnmeng teussﬁyaﬁéraae)smﬁmgrt EbclsH%SdeEcnbeaOQnrrE%ra ?f]_e @3uch an
adhesive coating on a (50 m crons) thick polyethyle

terephthalat8hFPE¢¥tfFPﬁ?lnlngxﬁPbFPBdSHb§SGaESeWa§dﬁé@PHﬁdv§WUe of 7.5
N'cm) The 3g.-adp¢saVeneo EkEga@”;EQeeQBEOQhHeFﬁnﬂﬁn%f athenf iangilkad a
t hi ckness of "50 mcrons. (Such an adhesive coa
of about 90° to the substrate surface The part
stretched but did not break during the removal process.
15 After the adhesive bond to the substrate had been
completely broken, no adhesive residue was visible on

the substrate.

Example 5
20 A 220 micron thick sheet of styrene-ethylene-

co-butylene-styrene block copolymer (SEBS), available
from Shell Chemicals as Kraton™ G-1657, was prepared by
standard twin screw extrusion techniques. The
resulting elastic sheet was coated on both sides with a

25 rubber resin-based pressure-sensitive adhesive
comprising 100 parts by weight styrene-isoprene-styrene
synthetic block polymer (available as Kraton™ 1107 from
Shell chemicals), 129 parts by weight C5 aliphatic
tackifier resin (available as Escorez™ 1310 from

30 Exxon, Belgium), 54 parts by weight polyterpene resin

(available as Zonarez™ A25 from Arizona Chemicals), and

3 parts antioxidant (available as Irganox™ 1076 from

Ciba Geigy, Basel, Switzerland). The adhesive was
coated on one side of the SEBS sheet at a thickness of

-26-



a 2 ml (50,mcrons) thick polyethylene terephthal ate (PET) film
exhi bited a w8®pssm®m] peel adhesion value of 4.0 N cm) PCT/US99/03695
- 25- The resultlng doubl e-coated LLDPE filmwas t hen

adhered to the J.am,nate of ri sing eflectlv

Shoeting Ca t; @3 Bytons pag arhahe otPaTesedeosk: AnhiRsPEgRaBh 45 i I m
and an ink |ay@ncr5nsTheASEdﬂl@bnbh&obtbﬁlbeayEBgethelhe$SwhblCk adhesive
coating was bonded_t | usi ng, a _nechani m nat at 23C
to forma tanngmFﬁ&% %ﬁ %&% H?ker %R@séyﬁlgpggﬁﬁg adtheB F a gl ass
substrate, and atdmﬁasloxbeifa\ea@h @kdhlel3é var toelte@ngn tat hegph&dleegovsabeﬂr om t he
10 substrate was,simlar to that descrlgy% I n Exa | e 3,

remai ni ng on t MRS LS MBS, IS Y50 a1y und, fon ﬁg6tﬁeN6&Pt?&§alts edge

and pul ling atI@mtgyﬂyygyer)ogn@b@us ROLar rsst aithensubyerate surface. The
part stretched but did not break durlggathe renpval process. 15 After

t he adhesi ve bond to the Ihgpdesylsingqdeepie- C°a$6€pFBF§FyWB§oken no

adhesi ve resi dugmastdsidy € a ta ?%rsﬁkaﬁbﬁﬁgng articixappl e 5 20
A 220 mcron thick sheet of styrene-e | ene- co- but Iene st¥rene bl ock

copol ymer (SEBQP“Q%H%IQHﬁ(?hlnnerfﬁéhﬁ§H€ﬁlCeﬁ§%P6aP§ £§3Kﬁ§?65[ Pr]

G 1657, wasopr epal 66V ayer %tfa%d%re@rb‘ﬂ“e'fl%‘é"c%’ee&fah‘ﬁb%% b%c 'Eﬂb%%e The
resultlng el astic sheet was coated on both sides wt 25

resi n-based pr &sagrdbashdin iBxampdigesi.ve This é@mépﬁ§ﬁn§0m9@l§§dtélﬁy wei ght
styrene-i sopreng-fIMr ¥ roreflective sheeting, a continuous tie

layer, a patterned release coating, a thin transparent
holographic film, and a continuous layer of ink. The

15 polyester liner was removed, and the article was
pressed firmly against a clean glass plate. On
attempted removal from the substrate, the article
delaminated in essentially the same manner as described
in Example 3, leaving one part of the article on the

20 substrate.

The part of the article that remained bonded
to the substrate consisted of the double-~coated SEBS
sheet and a checkerboard pattern of ink/hologram
fragments corresponding to the areas where the release

25 coating was present. The part of the article that
detached completely from the substrate comprised
retroreflective sheeting, the tie layer, the patterned
release coating, and portions of both the ink layer and
the holographic film corresponding to areas where no

30 release coating was present. The part of the article
that remained bonded to the substrate could be removed
cleanly from the substrate by grasping the part at one
edge and stretching until it separated cleanly from the
substrate surface.

35
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synt hetic bl ock polynmer (available as Kraton[err] 1107 from Shel

chem cal swodasarts by weight C5 aliphatic tackifier resin

(avail abl e as Escorez[err] 1310 from 30 Exxon, Bel gium, cﬁ@#?%’¥w5ME|ght
pol yt er pene re3|q. (avai |l abl e as Zonarez[err] A25 fron1AW|zona

Chem cal s), Example 6 5 parts antioxidant (avail able as Irganox[err] 1076

from G ba Geigy, BaasipleSw tﬂﬁlﬁwat@%fme@hé/eeﬁ@épuoncoat ed on
one si de of the SEBS sheet at a thickness of

- 26- thap {idifrenhelastionevihahastioias wsediakness of 19
mcrons. A %Arxelcae fatak RAINGHY 1dyi8fs Wasy 50 | R{EPGH efh it he thicker
adhesi ve coatin The peel adhesi on "of each adhesive coating to a

stai nl es$ stSEEE QRS t@%ﬁ??%&ﬁ?%ﬁ%ﬁﬁuﬁﬂ#%QﬁrQRﬂﬁﬂﬂl!>%ka5t8Chfthm(19
m cron | ayergomgidh Sy M(Prﬁa(r?t% B3 ¥hd-A&Sprene- ;styrene tI ? Sck esul ting

doubl e- coat ed sheet was l'anminated to form & tamper-Tnds £a Ing article
by bondipwl yieer t fe wericlakelch einnee i ling £ VéetsiRe11QplErohe i nk

| ayer of a retroreflectiv an1nate of .the type descri bed in Exanple 3.
Thiys | ani natrge%ﬁfg}? ?gﬂ“( rﬁ“‘tﬂ'& r"’lﬂ‘gf‘*%cl??l?ﬁés sheeting, a
continuous tpel ypropyilytia aid&fgﬂwmlefd rmlgﬂ?(ﬂg%@#}h@‘%ﬂé?l@ %g anisparent
hol ogr aphi c i nugys |ayer of in e pol yester |iner was
rem)\gedIolta ogl%}Lrgﬂaﬁhdcqa@ %ﬁé@é}é}%q B)oHgR) s PESRFEGIBYs pl ate.
On  attenpirecstonmyidin fgiBddie, Subsd f@ésﬂnﬁhﬁ‘%ﬁéiéﬁf% sr]lé’é% am nated in

essentially the same nmanner as descri bed eavi ng one part
of the arti FIRM-I9E TPaslpske falypropylene flbeﬂﬁeé@%@mdnmgth@ article

B ORI g 4 LIRS 1e ST QElpl oot o cont oo

embedded in an elastomeric matrix. The anisotropic

15 sheet was extensible and elastic in the cross web
direction, but had a lesser extensibility and
elasticity in the down web direction.

The elastic sheet was coated on both sides

with the rubber resin-based pressure-sensitive adhesive

20 of Example 5 and was laminated to the retroreflective
laminate employed in Example 3, comprising
retroreflective sheeting, a continuous tie layer, a
patterned release coating, a thin holographic film, and
a continuous layer of ink. The thinner layer of

25 pressure-sensitive adhesive on the elastic carrier was
laminated to the ink layer of the retroreflective
laminate. The resulting tamper-indicating article was
adhered to a glass substrate. When attempts were made
to remove the article from the substrate, the article

30 delaminated. The part of the article that remained
bonded to the substrate could be removed cleanly from
the substrate by pulling the edge of the part and
stretching until the part separated from the substrate
surface.

35
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fragnments corresponding to the areas where the rel ease 25 coating was

present. Thaypaéks79f the article that det ached conpl et el Wci/iigsvesbR
substrate conpri sed retrorefl ective sheeting, the tie layer, the

patterned éelegi foatlng, and portions of both the ink |ayer and

t he hol ogr aphi rresponding to areas where no 30 rel ease coati ng was
present. The part of th@atém;mé@-mdmctahaﬁng errd:lrﬁ@ h@asd@tepangte substrate
coul d be renoved cl ean fromt) subs ra ( fﬁsgfﬁhthe part at one

edge and stretBRIRG %wﬁ??s§ %eﬁﬁﬂ%ﬁ substrate

surface. 35 (comprising no carrier for thé?bdhe51ve), rabhearp | tthat

Exanple 5 was repeated, wth the, exce dlffer nt_.el gstoneric
sheet was used B% ﬁarrleﬁaﬁqmﬁﬁl?%ﬁgt ({éﬁéfk %ﬁ? cﬁin t hi ck

5 sheet of senintrapsPErLRdmEe SOt [ﬁ}m E@sAyfﬂna;ﬁasc dn Idpacfueblchrﬂmr il ng 60

parts styrene-isoprene-styrene triblac ol ymer (avai e

comercial ly a§YWEBFB%fe¥V?b%HIQEF¥¢(Pﬁsed ?iﬁ% @é&ﬁﬁ1Q§lﬁn %l s GrbH)

and 40 parts he d Lt 0,805 rr hable as 10
n??Vﬁ %ﬁ%ﬁﬁ% Yo %ien%dBEf a8 HQA%H%S Lerm¥ayh

PPH 7060S fro al s7 Belgiu répare an extrusion

process. The r@ﬁU|PSHgf£1mSWas B&mm@eneousxnandsmﬂh|twnﬂadne§xxﬂypropylene
fibers extendin sheet |n ction,

the ane e
enbedded i ¥ anS gFﬁ@F%ﬁEV?Ee Y?&e éhuﬁEﬁﬁ?Qﬁﬁ 1 eeT mas ex ensi bl e

and el astic inthBe1¢hess weH rem@ve@cfiam, t}beltfzhmi, aaridastsi&r exgased bility
and elasticitx in the down mef di recti qé el astic sheet
was coated on BBRRSiVEeace gt nlamtnaty e‘f'o S EPEE TS R- sensi ti ve

adhesi ve 20 of 1Eiﬁamahe 5faEQaM§§e|3m@@ﬁ§ﬂléﬂuj heir efrdeef | ective
| am nat e enpl oyed .in 3,. conpri sing
retroreflec 1ve sheeting, a continuous tie layer, a
15 patterned release coating, a thin transparent
holographic film, and a continuous layer of transparent
ink).
The second protective liner was removed from
the resulting tamper-indicating article, and the
20 article was adhered to a glass substrate. After 15
minutes, an attempt was made to remove the article.
The article exhibited intralayer failure and separated
into two parts, one part detaching completely and the
other remaining bonded to the substrate surface. The
25 part remaining on the substrate surface comprised the
PSA film, the complete layer of ink, and a checkerboard
pattern of the holographic film corresponding to the
areas where the release coating was present. The
checkerboard pattern of the damaged holographic film
30 could be easily seen when light was reflected from the
surface (of the completely detached part of the
article) at certain angles. The part of the article
that detached consisted of the retroreflective
sheeting, the continuous tie layer, the checkerboard
35 patterned release coating, and a checkerboard pattern
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retrorefl ective sheeting, a continuous tie layer, a patterned rel ease
coati ng, waotdeisszohhol ographic film and a continuous | ay, T/8§99i/09 . The

t hi nner | ayer of 25 pressure-sensitive adhesive on the elastic Ccarrrer was
| am nated tget pgoi r amn The

resul ting tgnper?lﬁé%%g¥§%%9érﬁbg egéggégﬁbga%hérea ?5eﬁsgV§§§esubstrate
Wien att enptBewcebeasdecoating waspaksehe. arTheIpattoafthhesubstrate t he
article 30 jdelapn 0 | Lt remin bonded
to the substratgﬂ%o€‘ﬁgh%lggn%eggﬁgl%%%Pgrgﬁ%nggﬁlbhges%8@??5 eiBy pulling
the edge ofoRfeppace bﬁd@ulléngeonhangraaplhgtbabpprbvidpdratednéron1the
substr at u

Exanpl e ﬁ end b1 *¢fie §§§ fllmr-|n AN cAPPHG aFt PRPEEWAS BﬁgﬁﬁFédto using a
pressure- sehhetSVQSEnabelsertﬁﬁéo film (conprising no carrier for the
adhesive), rather than 5 the carrier-conprising double-coated film or

sheet of t he above Exanples. The PSA filmwas an opaque fil m of
synthetic rEkameplec8i n-based adhesive (avail able as Power Strips[err]

from Bei ersdorf AG nbur
its two adhesive 10 s g% &E c%%@?%ﬁeﬁnVhterPEC?KGGPFFﬁérs One of

the |ingrs mnatrsn@ueﬂlé¥@@até@ LLbFE ﬁﬂﬂmthgseﬁﬁeﬁgged pgdBakYRgf ace was
| am nated to the retroreflective ate of npl e 3 (conpr|5|ng (in

order) %?%Br%* %ﬁt? elkhRa: Fhym HlEBthﬂu66§etP@ryéy§rba§e§5 pat t er ned

rel ease coaprégsubetféisitanePa8REEive cBﬁb@Qi@PBhC fwhalaaﬁ@savgont'nuous
| ayer of transgarent e second protective |iner

was renoved PP sed ?hEaF€é£+?¢n§°P9ﬁ$@¢rlﬁﬁléé@PﬁEYéﬁprUﬂeteaﬁddthe
acrylic acid in a weight ratio of 95.5 to 4.5. . One

15 hundred parts by weight of the copolymer was tackified
with 25 parts by weight of a highly stabilized rosin
ester resin (available as Foral™ 85 from Hercules,
Rijswijk, The Netherlands). Differential adhesion was
provided by using a higher coating weight of adhesive

20 on one side of the film than on the other.

A tamper-indicating article was prepared by
laminating the resulting double-coated film to the
retroreflective laminate of Example 3 (comprising
retroreflective sheeting, a continuous tie layer, a

25 patterned release coating, a thin transparent
holographic film, and a continuous layer of transparent
ink) by bonding the ink layer of the laminate to the
side of the double-coated film bearing a lower coating
weight of adhesive. The resulting article was applied

300 to a glass substrate, and, upon attempted removal, the
article delaminated. The part remaining attached to
the substrate comprised the double-coated film and a
pattern of fragments of ink and holographic film. This
part was removable by grasping it and stretching it to

35 break the adhesive bond to the substrate surface.
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20 article was adhered to a glass substrate. After 15 m nut es, an
attenpt was Neole9/asteirenove the article. The article exhi q;dﬁgsgg,o%gs
intral ayer failure and separated into two parts, one part detaching
conpletely and the ot her remai ni ng bonded to the substrate surface. The
25 part remaining on the substrate surface conprised the PSA film the
conpl ete | ayer Bfaniplle Sand a checker board pattern of the hol ographic
filmcorresponding to t areas _where the re se, coating,was present.
The checker boar d pat?@@ﬁg&ﬁ ? 3aaaﬁﬁ888tﬁglgé§§ EPE FfFﬁg§6 SBoul d be

easi |y seen whethdt dile BADPEeidagetied Fham Wwhe replaveBaeethoh theet

conpletely detac aof the acticl certain an The part of
the article? i?ﬁéwpg%¥§ﬂﬁéhpﬁﬁﬂ§ Q?i&nﬁfﬁlﬁngegFgFﬁglécgkégkne

sheeting, the gmtigudesdnise a&@var deh@@t?{h@(fkef boagdcaS pavhenander el ease
coating, and a checkerbogard patt

of the hol ogr agiie® HYERK Grr 6FHPE§GFB°§Fea§hﬂh§PEheIlapﬁé)rel§§§e

coating was absendulthhgy Rafticak nvla% appldkeli €bear g78LEI BAbSR b8, substrate
coul d be renoved in one piece b ulllngaon a grasp |n% tab rOV|ded at
?

one 5 end of tROIPSARIN ﬁ@%?ﬂﬂ#eéngﬁﬁoaﬁlab € 36t6€éﬁe§§ @1nate he

substrate ﬁﬂrf@Qﬁapart reme3MRng 8ttached to theExaBBkeadeVedmpepaabed W th
the exception 10 that doubl e-coated LLDPE fil mwas prepared by coating

both sides of mzaolslquhlm-mawetdhéléarrénéclaypa@tsageaf frpgmentseofensitive
adhesi ve conposify Qg Hbqo%%iﬁﬂl\ée £31mCOMRh @2l @9%‘ ‘}%ﬁ\gv‘éﬁﬂgl )6?35 of

| sooctyl acryl ate and acrylic acid in a weight ratio o One
15 hundr ed partQ¥&ﬁPhn§gyﬁ agid shigetepangmiit ®asbraeki thedadhegive 25 parts
by wei ght of a egagng%qa&%sggrfacgster resin (avail abl e as
Foral[err] 85 rcu
15
Example 10

Example 3 was repeated with the exception
that the flexible retroreflective sheeting was replaced
by a 2 mil (50 microns) thick clear polyethylene

20 terephthalate (PET) film. The clear PET was provided
with a continuous tie layer, a patterned release
coating, a thin holographic film, and a continuous ink
layer, essentially as described in Example 3. The
resulting tamper-indicating article was translucent

25 when adhered to a glass substrate. Upon attempted
removal, the article delaminated. The part remaining
bonded to the substrate was cleanly removable by
stretching.

30 Example 11
Example 3 was repeated with the exception

that the flexible retroreflective sheeting of Example 3
comprising glass beads as the reflective elements was
replaced by a flexible retroreflective sheeting

35 comprising cube-cornered elements as reflective
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Rijsw jk, The Netherlands). Differential adhesion was provi ded by using
a hi gher wapdoyssgpiwei ght of adhesive 20 on one side of the fi on the
ot her. A tanper-indicating article was preparié%+/§§/;9%§gbs

| am nating the resulting douhl e-coated filmto the retroreflective

| ami nat e of s 3 1§ g FlexidleoRipmand ragdretting, a
continuous Herldtahe Bhe il MG ricl et Tonldy19.st& PUYY ! hapspar ent’

hol ographic film and a continuous |ayer of transparent I'nk) by bondi ng
the ink | aydhefasd Bifg fatdale Was aprdiies dio the lduim| sagatake £ i | m
bearing a | iRy, GRMH M tempMidterfvaadhesley @ rehila d %@Jﬂéﬂﬂ%@&;{' cle was
applied 30 to a glass substrate, and, upon attenpted renoval, the

article fel Indeed remaizdng adhaichiesy tat ttdehanhsirate momnistedit e
ised t - ids f f ink d
conprised t hgdALRYRL iIdiMPRAP 5 gﬁ&?eh:?/f 5 0 ff&%ﬂ-‘.{?ﬁégaiod@ I nk an

hol ographic film This part was renova graspi stretching
it to 35 brdak @md Iesiraphionditda.t h&hdsh pardt evasurfeaserable by

- 30- I : : I repgated with the
exception gﬁﬁ?ﬁ%tﬁlﬁ%&%ﬁeﬁc@%nﬁ Il?\;\q;/?s) b&@%%@f vﬁocﬁ}]esaf‘ Sheet 5 of |ow
density pol yemisy [tend el BrRE)s thratiengua fialtieck ness of 28 microns and a
density ,pf 0.92 g/cnferr] (available fromKlerk's, Noordw jkerhout, The
Net herl ands). The resulting article was applied to a glass substrate,

and, upon attenpted réfanimus troelifritdatliendeland ndtted-atlibnsThef paiis

remai ni ng at, 0 _{. ubstrate_conprised t he .daubl e-coat.ed fil m and
a pattern o ijq’feglgt%é)ﬁ é'} lgﬁ i’ecl%“l? K& aﬁg)n&g?czfplﬁh@sﬁ Isrhl%lirﬁcg lﬁhra{?th%vas
renmovabl e byrt wirtdspitngieptaranithgs thiretc hiheg sdoge dndalpitia asthagiie bond
to the S“bStirn"%}e%t%%g ace. 15 Exanpl e 10

15
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Exanpl e 3 was repeated with the excepti |nm|l|”m fl exible

retrorefl ectiosssimet i ng was repl aced H“'“U“lu 0 M PicaRsIeenitos K
clear polyethylene 20 terephthalate (PET ffln Thef cl’ear PET was provi ded
wth a contlnggu% E éaierﬂ 2 patterned rel ease coating, a thin

hol ogr aphi c f cla ' us ink | ayer, essentially as described
in Exanple 3. The regultingthmppe#1hddtaalhggantitbéecumgrishngIucent 25

when adhered t I bst r at te th ticl
ol am nat cd. 1) Gt PRl RERGSure- RORGSHIT0, PRBCSHER( PALE vis ol canly

removabl e by pres%h&%F%Qthtlve3QdEéamVéecéited tape that cénabpl e 3 was
repeated with the exc tion

% the fl eX|bIe ore Is %%ve sheeti ng
of Exanpl e53 remaygehIremng 6P§§§r8 §dsuriache Vé 9§ aPEhEHEs was
repl aced by a ddredikiee faglieest beckitveteheay eglanlmrrpru samg tape;
cube-cornered el enents as reflective §Q§% %ava bl e as

Fl exi bl e Di an®®¥ drddéftedepst °R§fpé@ﬁgﬁébéﬁeéﬁyﬁ§ Eowpany, St.

Paul, M. B 182U fali N9 3l dhehe afeat2BRbtedst fRadegtasgenubet katia,
and, upon attenpted'rennva the article delam nated. 5 The part remaining

attached to trertsietst faom cogr issdstratenhsugdasre- coated filmand a pattern
of fragmenys of I nk and hol ographic film This part was renovabl e by
grasping it and stretching it to break the adhesive bond to the
substrate surface. 10 2. The artivdei ofsCAodnf Lcuhpsainafaldl £&1Btions

o chour aopar Toup iAol BEOTR F0RRAN o biza skbbhadcunsbbeace o
by stretching said film or said tape at an angle of
about 45 degrees to said substrate surface.

15

3. The article of Claim 1 or Claim 7

wherein said film or said tape comprises a pressure-
sensitive adhesive selected from the group consisting
of acrylic, block copolymer, rubber resin, poly(alpha

20 olefin), and silicone pressure-sensitive adhesives; and
wherein said tape comprises a carrier selected from the
group consisting of films of silcone polymers; films of
polyurethanes; films of polymers comprising polymerized
units derived from one or more olefin monomers, from

25 one or more acrylic monomers, from one or more vinyl

monomers, and from mixtures thereof; and films of

blends of said polymers.

4, The article of Claim 3 wherein said
30 pressure-sensitive adhesive is selected from the group
consisting of acrylic pressure-sensitive adhesives and
silicone pressure-sensitive adhesives; and wherein said
polymers are selected from the group consisting of
polyolefins and block copolymers.

35

This Slbﬂc't Has Been Replaced
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5. The article of Claim 1 wherein said tape
comprises (a) a carrier héving a lengthwise elbnqation at
break of from about 50 to about 1200 percent, a Young's
modulus of at least about 2500 psi (17.2 N/mm?), but less
than about 72,500 psi (500 N/mm’), and a tensile strength
at break that is sufficiently high that said carrier does
not rupture during removal of said tape from said
substrate surface; and (b) a pressure-sensitive adhesive
on at least a portion of at least one major surface of
said carrier; said tape being capable of being firmly
bonded to.said substrate surface and further capable of
being removed therefrom by being stretched at an angle of

about 45 degrees to said substrate surface.

6. The article of Claim 1 wherein said
damageable layer is selected from the group consisting of
frangible materials, papers, indicia, hot-melt adhesives,
pressure-sensitive adhesives, and irreversibly deformable
polymeric films.

7. A tamper-indicating article comprising
(a) a pressure-sensitive adhesive-coated tape
comprising (i) a carrier having first and second major
surfaces and having a lengthwise elongation at break of
from about 50 to about 1200 peréént, a Young's modulus of
at least about 2500 psi (17.2 N/mm?), but less than about
72,500 psi (500 N/mm?), and a tensile strength at break
that is sufficiently high that said carrier does not
rupture during removal of said tape from a substrate
surface; and (ii) pressure-sensitive adhesive on at least
a portion of said first and second major surfaces of said
carrier; said tape being capable of being firmly bonded
to said substrate surface and further capable of being
removed therefrom by being stretched at an angle of about

45 degrees to said substrate surface; (b} a damageable
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pressur e- sensi twlAvwe adhesi VH“{'!HLHH“IH“H" mat can be 5 renoved froma

- substrate swo 2935791 t hout ex It +» cohesive failure, pyresspteb ng
said filmor said tape; and (b) at |east one danmmgeabl e |ayer that

exhi bits €RYEs ¥Rat abkHiBi ¥HCEOREs AFé EFPL 1 hfe WAL T4 rHPBMRp S al ¢l
article fromsaid substrate surface; wherein said attenpt to renove
said article m36ﬁ1§alﬁe§95§t$&%@ atkigke Brem §§Fdr%¥hﬁﬁﬁﬁ¢% the separation
of said conpoRgREgc£) S £05R0¢ Imaj Ly ng
bonded to sai% su g%ra?gpguégéc%géﬁbe %égg ai d tape ca egg%%%vedﬂfron1said
substrate surpapatternggd releasti eopbina; fandn od) smirkteprelkecivnmgl e of
about 45 de grggﬁs%o sai d substrate surface. 15 3. The
article of d or Claim7 wherein said filmor said tape conprises
a pressure- sensitive adhesive selected fromthe group consisting

Of ?‘Cry' ic, block COpOl ? 151 leJleéS'oqf’ c&%kéﬁmg' gpacfg’lmo} %Iﬂeq:)el and
silicone pressure-sensi fve a esi Ves; sai d tapé conprises
a carrier seleaiédptessnndﬁsen51tgveupdheasvstcanpnﬂSeS|hnrymic5|lcone

pol yners; fil f - reth filnms of polynmers conprising

pol yneri zed g§e§%¥¥% %g} é % A Eﬁg or nore ol efin nmononers, from 25

one or none acrylic nnnoners fromone or nore vinyl nmononers, and from

m xtures thereof; and fl s ds ,of .sai d pol yners.
4. The article of d ai mﬁ%?e??F%é; & %50 ClatBs L L0%: éi%ﬁﬁtl\ﬁ??%&ﬁésive i's
sel ect ed from:biaprgssmq) a sé-‘cﬂﬁﬁi Hainta@yedfb 12C Nlyied , Ps@sguisecodadsi ti ve
adhesi ves and hignﬁﬂgressure sensitive adhesives; and wherein said
r

pol yners are QEPEEFE ?ﬁec%?Bﬁhﬁk%%s?éQ?¥ﬁF TRPRIC AR ef i ns and bl ock
copol yners. 35 . The article of daim1l wherein

sai d tape conpri ses a carrie haV|n engt hwi se el ongati on at
P 15 P gg) The art{cle oqulalm g further g

comprising a primer coating.
11. A substrate bearing the article of Claim

1 or Claim 7.
20
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break of from about 50 to about 1200 percent, a Young's modul us of at
| east abouvwg?§g§ psi (17.2 Nmmierr]), but less 5 than about 72. 500 psi
(500 NNnmmj err and a tensile strength at break that | £CT{HSPYep %htly
hi gh that said carrier does not rbpture during renoval of said tape from
sai d substrate surface; and (b) a pressure-sensitive adhesive on at

| east a portion of at |east one major surface of 10 said carrier; said tape
bei ng capable of being firmy bonded to said substrate surface and
further capabl e of bei ng renoved therefrom by being stretched at an
angl e of about 45 degrees to said substrate surface. 15 6.
The article of daim1 wherein said damage e layer is selected from

t he group consi sting of frangi bl e materi afs, papers, indicia, hot-nelt
adhesi ves, pressure-sensitive adhesives, pand irreverSibly deformabl e
pol yneric fil ms. 7. A tanmper-indicating article

conpri si ng 40) \g—pressure—senst+ve—atdhestve=cogt ed t ape conpri si ng
(i) a carrier havimg_lirst and second omlor surflaces and having a

| engt hwi se el on@@+4n at break of 25 from about. 50 tfo about 1200 percent, a
Young' s nodul us of at | east about 2500 psi (17.4 NNmR), but |ess than
about 72, 500 g@P—f5&&#&%ﬂﬁ1ﬁff?“‘&ﬁdﬁfﬂﬂﬂﬂﬂ*??strength at break

that is suffici |y high that d caprier does not rupture during
renoval of said tape froma subé?? 0 surface; and (i

pressure-sensitive adhesive on at ast a portion of Qid first and
second maj or surfaces of said carrier; said tape bei/mhg capabl e of being
firmy bonded to said substrate surface and further? capabl g of being
removed therefrom by being stretched at an angl e of about 35 4§)degrees to
said substrate surface; (b) a damageabl e
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12 04_2000 T T e e e o T e e US 009903695
93%19 i bits cohesive failure when an attenpt is ApriRde,tZuuenove

Sa' PR ﬁﬁi&aéﬂﬁihg Tob surface, said, dam % FARTNBR -
CMﬁ%Iﬁfng_lmdsw 2CT (C) a patterned rel ease coas mg 3B ARWALTE <5 °
retroreflective 5 |ayer. 8. The'ar{ i ol-e o T

Cl ai m 7 whereifhat IsChaimedsige-sensitive adhesive congqasm OHEN

pressure-sensitive adhesjve. cI £ of CI aiml

|
or Claim7 further cj(‘)rrpr |%%1agmpaersé€&%5a&éﬁgggﬁsf’€f? éfgé? PLISH second
damageabl e | ayéa) ca)nﬁrlmlang ;a'énﬂum-asﬁusitfnvlerradheéﬁve or a 10. The

| f d
A Substr a BPBR b S thyd A L ePaReu BanE B D kany berg

5 removed from a substrate surface, without exhibiting

cohesive failure, by stretching said film or said tape;
and (b) at least one damageable layer that exhibits
cohesive failure when an attempt is made to remove said

artlcle from Sald substrate surface
10 w‘\er naove  Sadl ugl‘ck(&)'mia;b)s X ‘( iu.rfd(e, alj_
vesul 'u. ° sma ents o) aw ith seu coutpeue
%’gut: sababrabe o

(“)'ew“u“““a rtlcle of Claim 1 whereln said film
or said tape..can be removed from said substrate surface
é:? bQ'sEfétching said film or said tape at an angle of
about 45 degrees to said substrate surface.
i5
3. The article of Claim 1 or Claim 7
wherein said film or said tape comprises a pressure-
sensitive adhesive selected from the group consisting
of acryiic, block copolymer, rubber resin, poly(alpha
20 olefin), and silicone pressure-sensitive adhesives; and
wherein said tape comprises a carrier selected from the
group censisting of films of silcone polymers; films of
polyurethanes; films of polymers comprising polymerized
units derived from one or more olefin monomers, from
25 one or more acrylic monomers, from one or more vinyl
monomers, and from mixtures thereof; and films of
blends of said polymers.
4. The article of Claim 3 wherein said
30 pressure-sensitive adhesive is selected from the group
consisting of acrylic pressure-sensitive adhesives and
silicone pressure-sensitive adhesives; and wherein said
polymers are selected from the group consisting of
polyolefins and block copolymers.
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(54) Tifle: TAMPER-INDICATING ARTICLE FOR REUSABLE SUBSTRATES

(57) Abstract

A tamper-indicating article comprises
(a) a pressure~sensitive adhesive film or pres-
sure-sensitive adhesive~coated tape that can
be removed, without exhibiting cohesive fail-

50

10

ure, from a substrate surface (e.g., an au-

40

tomobijle windshield) by stretching the film

or tape; and (b) at least one damageable
layer that shows cohesive or intralayer fail-

30—

ure when an attempt is made to remove the

EER——

arficle from the substrate surface. The article
is espectally useful for application to valuable,
non-disposable substrates and can be removed
therefrom without substrate damage.
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