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(54) Titlee TAMPER EVIDENT SEAL AND TAPE

(57) Abstract

A tape or label for sealing a container that provides visual
evidence if the seal is forced open or cooled below a breakdown
temperature. The tape includes a plastic strip (20), a layer of
ink (22) printed on a surface of the plastic strip, and a layer
of pressure-sensitive adhesive (24). The tape can be i
into a bag (10) for sealing the bag closed. The tape includes an ink
layer that is sandwiched between the plastic strip and the adhesive
layer. The adhesive can be secured to portions of a bag to seal it
closed. If the seal is forced open, the ink layer visibly delaminates
from the plastic strip. The adhesive layer and the plastic strip are
chosen to have different rateés of shrinking when cooled, so that
when the tape is cooled below its breakdown temperature, the
ink layer delaminates. In an alternative embodiment of the tap,
two layers ofinkareprinwdomomeplasticstrip. The first
layer of ink is clear and is printed onto the untreated plastic strip
in a pattem. The second layer of ink is opaque and is printed
uniformly overtlwplastlc smpandtheclearmkaﬁertheplasuc
slnplstreawd




as bags, envel opes, packages, etc. and tanper-evident - t apes and
_labels for use with bags, envel opes, and "ot her packages’ have been
avail abl e for several years. .Cenerally, if these existing closures
are forced open, 20 the visual appearance of the closure changes so as

to " provide an indication that the contents of the - contai ner
have been accessed. Containers fabricated havi ng tanper - evi dent

cl osures are comonly used in i ndustries in which the contents of

t he containers nust 25 be maintained in tight security, for exanple, in

t he WO 96/04177 - _ : PCT/ US95/ 09803

-2- : -banking industry. In certain instances package

manuf acturers enpl oy prefabricated closures in the form ' of .a tape or

| abel to provide a tanper-evident closure on their packagi ng.

Tanper -evi dent closures in the 5 formof tapes or labels are also aoften
used by everyday '~ consuners who want. to ensure that their packages

are securely sealed and will evidence tanpering if it - occurs.
One form of container commonly used in 10 banking and ot her industries

is a bag, pouch or ~ .envel ope (generally referred to herein as a bag)

f or med - of a plastic material such as polyethylene. The opening _
inthis type of bag is commonly closed with a. pressure-sensitive .
adhesive | ocated on one side of the 15 bag. To close the bag, a

peel back strip coverlng t he free side of the adhesive is renoved,

and t he exposed surface of the adhesive is then pressed agai nst the(
opposite side of the bag. Cenerally, if a bag of this type is later
.forced open, the pressure-sensitive 20 adhesive and/or other parts of

the bag wil'l distort and " break apart, so as to provide an indication

t hat 't he ' - _ : :
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bag has been opened, possibly w thout authorization. Closures for a
bag of this 04173ve been fornmed with | ayers in addi tPeHUS0080a
pressure-sensi tive adhesive 25 to provide a clearer indication of when
the closure is forced open. For exanple, U S. Patent No. 5,060,848 to
" F. R Ewan describes a tanper evident seal that. uses a | ayer of :
nitrocellul ose or acrylic ink that breaks - apart in a selected pattern
when the seal is forced 30«o0pen. The jayer of ink is adhered to a

pol yest er panel' ~ that is part: of the seal. Before appl ying the ink the
pl astic panel is masked with a desired pattern of a silicon oi

rel easant material, which normally causes the ink to break apart in

t he masked pattern when the 35 seal is forced-open. Also, to ensure that
the ink | ayer adher ¢EAMPER tEVEDENT SEAIN AND ITAPEl easant material and

pol yester panel, a prinmer is applied over the silicon WO 96/ 04177

PCT/ US95/ 09803 -3 - oi | rel easant,
and the ink is then applled over the pri nmer.

Unfortunately, bags of this type are general ly expensive to
manuf act ure, use hazardous 5 materials, and are not easily recycled.

For exanpl e, "the pol yester panel dlsclosed in U S. Patent No.
5,060,848 to. F.R Ewan is not easily recycled, and the pri mer reqU|red
I s hazardous. Furthernore, thieves have devi sed a schenme to gain
access to the contents of Thilse gepdi caltiiont ypeanicohbinudbient ionpafheof

schene devi sgf-iidi Qo (?alﬂ Jzq %p?lq}éb.glbﬁf Séﬁ‘%@nﬁoonb@/ﬁﬁﬁ 136

adhesive to freeze'the adheqﬂve |'ass transition
tenperature, gener &titdedhpSalt f@F@PﬂFanA amper Eyjdent.gsBeagBfe, the

adhesi ve becones bmalﬁéle' @Fided Februzyss 13t smdbeswmcnualal hies, i.e.,
tack. The thlef contlnuatlon 1n part of prior copending U.S.
application Serial No. 08/285,639 entitled "Self

Containing Tamper-Evident Seal" filed August 2, 1994.

Field of the Invention
. This invention relates generally to
10 tamper-evident closures and, more particularly, a
' closure in the form of a tape or label that indicates a
forced opening, cooling below a particular temperature,
and/or heating above a particular temperature}

Background of the Invention

15 Tamper-evident closures for containers such
‘as bags, envelopes, packages, etc. and.famper evident
tapes and labels for use with bags, envelcpes, and
other packages have been available for several years.

_ Generally, if these existing closures are forced open,

20 the visual appearance of the closure changes so as to
provide an indication that the contents of the
-container have been accessed. Containers fabricated
having tamper-evidént closures are commonly used in
industries in which the contents of the containers must

25 Dbe maintained in tight security, for example[_in the



then able to open the bag and renobve-certain contents. The thi ef

all ows twog#aes ve to warm back to room t enper at ur geyrasosibiosh Poi Nt
t he adhesive regains its tack and then sinply recl oses the bag by
-appl yi ng 20 pressure, all wthout any ewizdence of tanpering.

Thi eves have al so devised a schene to gain access to the contents of

bags of this typankingodndustry. déhecerbaihyihetancegstpackadesi ve to a

tenmperature at manufacﬁﬂk@gstQﬁp§99e§£¥§aﬁfiégﬁéd %ﬁg ﬁPéEflﬂstﬂQeﬂmagle to
25 open the bagﬂgn renove ci gﬁhn contents ? eseal

the bag while tRE &dh8BPfyvE¥| |F°sBF?Vb<§e a tampaﬁp?‘ﬁ%mpr@%@wzee al |
‘Wi t hout any evi denthebt packaglhgnpeTamger evident closures T8iPEke €Vi dent

cl osures forgpl c.ba % e f conb t he rob em of
refrigerant 5 fé}h E QQPQQ 8§ucﬁ§8}gs%?%sg%$§v?%€e % %%t?

t he bag was opeﬁ@ﬁsumﬁﬁﬁhﬁhoowanﬁtta eRSurgekhat thelr packdgestaa@plled
These closures baghudeynubhisheand will a8heaeies hsmponsthent Ve, | aver s that
have differing 35 _strengths so that when the closure | orced open, one
or nore of- the PE§BFS-is permanently altered, even if a refrigerant
is first applied. For exaﬂpéefothofPabﬂﬂalner c&ﬁh&@fﬁ4d§€a 1n

PCT/ US95/ 09893 4, 4,834, 552

to K. R Mkowka %l%]é ?band other l?d?%:]ﬁ%%%lldsen? b%qoﬂ ?%IFCI?;\ cb‘fast iC
“envel ope. The envel@nﬁpégeeerabhy Teterredpro sherein pmperbagleformed an

adhesive layer.ofQaepphstie ﬁa@ehaﬁy@.a&ﬂés BPlhe. ﬁ&'@&%{ | ap
on the back wall _of.1he envelﬂ %ﬁYh £ ayer onded to‘
the front wall bf FRis © ?8p%s e ﬂ#%g? FIRA is applied to
the free prdesufeeaensitihe adhesiveyhocatdd o anee tdile of the

envel ope, t{g¢ chogureph! aPoks {ggdgggovgrpégfbgaye;ep% ¢covering the

free side of the adhesive is removed, and the exposed
surface of the adhesive is then pressed against the
opposite side of the bag. -Generally, if a bag of this
type is later forced open, the pressure-sensitive .
20 adhesive and/or other parts of the bag will distort and
break apart, so as to provide an indication that the
bag has been opened, possibly without authorization.
Closures for a bag of this type have been formed with
layers in addition to the pressuré?sensitive adhesive
25 to provide a clearer indication of when the closure is
forced open. For example, U.S. Patent No. 5,060,848 to
F.R. Ewan describes a tamper evident seal that uses a.
layer of nitrocellulose or acrylic ink that breaks
apart in a selected pattern when the seal is forced
30 open. The layer of ink is adhered to a polyester panel
that is part of the seal. - Before applying the ink the
plastic panel is masked with a desired pattern of a
silicon oil releasant material, which normally causes
the ink to break apart in the masked pattern when the
.35 seal is forced open. Also, to ensure that the ink
layer adheres to the silicon oil releasant material aﬁd
‘polyester panel, a primer=is applied over the silicon



10 openlng, and the adhesive layer is pressed onto the Ia er
that has a WOI60417de. The adhesive seeps into the int 95’@%8 f the
pgper layers to forma - -mechani cal -type | ock wi:th the paper |ayers.
The strength of this mechanical-type |-k is apparently 15 greater
than the internal strength of the paper |ayers even if a refrigerant
is first applied, aid t assat, and G@Geﬂn%a}§r§h§neappép§ﬂtOmﬁ§nthhe sea
is forced open. « Unfortunately, closures such as the seal

di sclosed in the lgakowka pater}ft have s ver %I Q% hortcom n These

cl osures do-not provide any rLYuR FaﬁYpFaﬁgérlng unl ess
the closure is geneatillat lexfearstionet mpemanufhnsuref asehhatabaguas to
attenpt to open a pl ri ts are
somehow thvvarte%d g%fq%ﬁ 129‘)' gﬂigl% e f%'%rflgls; re@ﬁ"élﬁg Fo éx? Qh’n ef's
tampering wll gothe PolﬁﬁﬁﬁﬁiﬂpﬁﬁelE@éﬁq'Psﬁﬁe§§ 8-8su é§e§FeNPerced open,

they do not al Way&’s 80 %‘ﬁttﬂa B R HWe de Qx\dtd@&%QIQf rec cleaucanaamerl ng.

Any del am nati on of one o per et ected by
cl ose i nspection; RY¥imer ﬁ?‘ﬁ’e‘lrﬁ%f |h&?% 9 I“E%gﬁ g‘ﬂ' €¥€Swoul d
be desi red. Hanee ddel gdd sursehesnef macgalmpeuccels‘s ke the coptesnickl eft 0

use addi ti onaly dfeel yel0luie § G IACLAYRIYEE decect 18hOSUTSe WLbBRW! any

readily visible ev e re was ever opene
addi tion, these cldgvkssed im®lparkspnaying e dighig é‘G@é‘tlBGﬁa@&sP@toFﬁhe

example, in adiih {¥eOnd Erezlhan \RiHediife EownS t@omnglau&ed to

cl ose plastic bags, the, cJosure des rlbed in th
PCT/ US95/ 09803  transitign &{ip @g'ltyvxﬁtpggé’f*"gla @é whch

must bot h tehie rnokempemativre erbrsd cqnﬁmhmvm@elcbmepr bahittilenand
Furthernore, the bRGLANd ¢ Qe LAl Aa 1t sidie MBIOWKR a0k .  The thief is
then able to open the bag and remove-certain contents.
The thief allows the adhesive to warm back to room
temperatuxe, at which point the adhesive regains its
tack and then simply recloses the bag by applying
20 pressure, all without any evidence of tampering.
Thieves have also devised a scheme to gain
access to the contents of bags of this type without
detection by heating the adhesive to a temperature at
which the adhesive softens. The thief is then able to
25 open the bag and remove certain contents. The thief
can reseal the bag while the adhesive is still soft by
applying pressure, all without any evidence of
tampering.
Tamper-evident closures for plastic bags have
30 been formed to combat the problem'bf refrigerant
- tampering. Such closures provide an indication that
the bag was opened, whether or not a refrigerant is
first applied. These closures include multiple
adhésive and nonadhesive 1ayers that have differing
35 strengths so that when the closure is forced open, one
| or more of the layers is permanently altered, even if a
refrigerant is first applied. For example, U.S. Patent



patent is not read| ly recycl abl e. 5 To overcone these

shortconwg,m&,t he exi sting technol ogy, what is npggedodigesds C! Osure
in the ormof a tape or |abel that provides evidence of

forced opening of a seal created by the ta e or | abel - regardl ess of
whet her a refrigerant is applied, and additional ly, provides evidence

of refrigerant No. 4,838)'985i g, Krzgmﬂkmqiemwé -dhe closure is
actual Iy opened, Furt her, scl osur e

_ evi dence of heat
tanpering are atdBPRETELISHhSE g 20 ﬁ%sft’r%beé'fv ﬂkﬁ easy to

cl ose, and the eampencevident gé&al aoqaeprxgee)r'mo (mpsd'\dlldyb:tsa arehddnd vy
visible, -i.e., o) d ty beI
provi ding t hesea?lé%?ﬁ‘rfgsi&%f dbﬁ e 1r1ée:li5$§é¥ rﬂferé hfs i'nex ege%insélcf/_le and
_easy to recy?| ectPEUTACFiAR ORI fhe “back Wﬂﬂaﬁfar%se%]eqn%l sthef\s

FXBI Fu nﬁd in tmtlﬁéﬂméﬁ 1aye£0:.§ Heonded ef e efdran Wl igkesc1e t ape and
abel that

r|t nmary of
the Invention €%V€ se, 4 %%%}‘é%n]caéyﬁt’f FRRLied &R ihe S%‘ |
cl osure that pr@udeleefeaneletnﬁethé Paper gbayens arﬁ;ercclrcgse tI®5 is provi ded

The bag cl oSU SehgefEps) (EHE &Po@&‘fé‘gfla? is FORIEH SRdOw I?eFEH\{éfd(#é‘t o

"breakdown t enperat urke, rigerant_1s app _
vi sual appek? ane@ening, ara,ql the %%%%H-‘ée pHY\%ﬂﬁe?ﬁ IRFeERaMh antq dhe di ess of
whet her the cl opaip€ri Sapeenehat | Basne Pred esidel: THY piHMgliveedys t he

ayer that visi RGeS Ehe' MEedfRials of bhe Tt B TS B F el o t heg
br eakdown t enpenecharichetyipg lock udbth stheaapen] layers. f i wal | that =
are joined at t@@féneeﬁlabefﬁissmé@n&@ﬂcal Bfpd Ald A 9 Uspardife gpeni ng of
;2§/3285}39£§g greager than thgminterngl strength of the paper layers,
C even if a refrigerant is first epplled,-so that the
paper layers break apart when the seal ie forced open.
| Unfortunately, closures such as the seal
disclosed in the Makowka. patent have several
20 shortcomings. These closures do not provide any '
evidence of refrlgerant tampering unless the closure is
actually forced open. Thus, if a thief begins to
attempt to open a bag by applying a refrigerant, but
his efforts are somehow thwarted before he is able to
25 force the bag open, the thief’s tampering will go
undetected. Even if these closures are forced open,
they do not always satisfactorily provide evidence of
such tampering. Any delamination of one of the paper
layers can only be detected by close inspection; the
30 delamlnatlon is not bold and distinct as would be
desired. Once the closure is forced open, it is
possible to use additional adhesive/glue to reclose the
closure, without any readily'visible'evidende that the
‘closure was ever opened. In”addition,'these'closufes
35 generally'have'high production costs. For example, in
addition to an adhesive layer as is commqnlfﬂused to
close plastic bags,'the closure des¢ribed in the



- 6- upper ends of the back and front walls, and the c
| ocated at %6m6b7gn| ng. I n accordance wth #ﬁf’kj#g(o’%’gpect S

of, the invention, one surface of the delam nating |ayer:
bonded to a closure flap formed at the. upper -end of the bag front
wall. \When the closure is closed, the opposite surface of the

del ani nati ng | ayer Makowlacpaient reqursﬁetyerpaperolayhesadhht¢hemﬁayer

and the opposite poth §Er56ﬁﬁe€ftbh%h@dﬁﬁ%éiepea&ﬁ£1h§ §€Qe§§9d%8tigﬁ bag
10 back wall. Further, in one 5 ef erred _enbodi ment

formed so that oneFYEFPEXEOFE. ¢ hBeaBRGsRPE Fipspre taught %Hh%?%dM?%PVh%
bag back wal | and_pheeﬂppdSIhet readilyr kaegchhblee adhesive | ayer |s

covered with a 5 - peel - %5 gbg&g m;otﬁkggeshg 858?3&5 ﬁthge - back

15 strip is renbved and the free sur ace he a es ve S
pressed agai nst thexdstanon&echgolagyr. what is needed is|g QbequanEe bheh

still further aspegbgmobs a tapbherln&senlenataerabﬁdQEOéuiaehée089'ed
e.g., wth a refrigerant, natin el am nates_from

20 the front wall - SPF&PdtBPFﬁénﬁdﬁgstéeP ySFeﬁggﬁnéynge tape exckakplch
occurs when the adhegardlbapebfraaehherlaSrefrlgeghasslérappliean and

emer ature. Tys, 4R L0dbadh,on 0bvines oLEHLRIET BB LAIPELLAG, | P OVi ded

before the rigeran osure e~ easi ned.
Furthernore, the deampﬁwangngraaycﬂleesanﬁnuhesher ther glasdresis of mhether

the closure is aCtH@Eh&l@Peﬁﬁgned Fueehbbatcieguféesuﬁfcﬁ ¥b{lfge €Vi dence
of the nere l.Ica

%g refr| erant %g ess. 0
whet her a refrlgerﬁﬁFdF§°PlP§t gf tagpering azg 3 Fﬁn?ﬁ edg | Bertape
del am nat es whenever tLhbell shoudd de easy @peptdsesoand thepeviddrcénof

i ndi cation that.th . _CO f ag._h ed,
| n accordance \E’\'ng’th(E FPFFlpg g% §§QEC§E31? Be %¥2F2f$ ngé% ?%h 1t Rer
del am nati ng Iayeerédpﬂhdeélétﬂayér ngtbﬁrmﬁkethahelSanspbrehabelthe

closure flap on thgrB39ding thekenitedrulresFahblieaMaL8o bEeratilesi ey ! ayer
conpri ses a Qressure .sensi tive adhesive aTd thg cI0fure flf
_ nexpensive and easy to recycle and include on 9
. nonhazardous materials. As explained in the following,
20 the present invention provides a tape and label that

meets these criteria.

Summary of the Invention

In accordance with this invention, a bag
closure that provides evidence of refrigerant tampering
25 is provided: The bag closure is sensitive to being-
cooled below a particular "breakdown temperature," so
that if a refrigerant is applied, the visual appearance
of the closure permanently changes, regardless of
" whether the closure is opened. In one preferred
30 embodiment of the invention, the closure includes an
adhesive layer:and a delaminating layer that visibly
delaminates when the closure is cooled below the
breakdown temperature. The bag includés a back and
- front wall that are joined at their peripheral side and
35 bottom edges. The opening of the bag is formed by the



WD 96/ 04177 ' PCT/ US95/ 09803 :
-7- . WO9MERY | ses a pI astic material. The closure f | ROT/UBYS09803 and
pressure-sensitive adhesive are chosen so that when the tenperature
of the closure is above the gl ass tgansition tenperature of the
adhesive, the bond (i.e., 5 affinity) between the ink layer and the
adhesi ve | ayerupper ends af |tnstback HANDTran WAl r ey aNey Sldsuneer

t han) %Qd‘ er and the closure flap. As : a
t he |% lpe i ﬁ{%s%en :

resul t, I"ayer  del am n ‘he closure is forced open.
Al so, the adhesive | ayerImraraordanass wich fuythemaspestehofertbeuch t hat,

when cool ed, tﬂﬁréﬂﬁdﬂe orie surfzfe ¥H diie RASSINGG iRy 9l yo iRk at
di fferent result,. the. i nké agler - whi'ch I's sandw ched

"
bet ween th 3?’?&4% t'1‘°ay"?er T8 faR foxge he yope¥ pRceSfashene
closure i s codagyl fedmwy walel . Jﬁﬂxerbrtém(ahimsmm.@ atlosed, IEII@‘ erably, both

the ink and r i r 0.t

del ami nati on %R#%k%gaén e ea5| y'%egl.gaﬁhr{_ég:#% 9.a§re§- sh adg’ﬁgeﬁir eferred-
embodi ment, t @ @nsspurfaes afbihe Adhesive d-%ryetaﬁlﬁ éirh@ sEpositeand t he
ink is vater hagethed bf B fMedIS ARG WG SHENERRG ti@Hbdgs 1 n direct

| cont act - W th t flap w thout ferye rimer or

" rel easant %nd3gk @ ‘ur?‘ﬁ ’i"spjﬁbt°nﬁr @"ﬁe?%&?% emb Iy(‘@ ¢ + fecor ona
di schar ge). Ahxg)c:mssfdmed so ' theen uineec temrxd fiagret h:ﬁﬂbmgadhwﬂve i1ayeirso
provi ded by Hﬁtean adherdd WS W) bag hack wall anld Eg’es(?;’?%%gﬁ&gmf erred

enbodi nent of , i nvent|on,” the previous | am nati ng
| ayer fswfeaqm@fu%r%dhwmé@m J-Isafé'&"@r@ld wikh &

patterned | aygfedti-BddaIst#lipJ S z&pmlo@é diHee &llosure, tmhe p%Qsl-QalaQwre flap

wi t hout a |nterven|n rimer rel eas etr of -t he
cl osur e flqép ﬁlp 84 dioved ald the free Bur E:E%de ﬁ % %?xes:.%

layer is pressed against the delamlnatlng layer.
In accordance with still-fﬁrtherraspects of
‘the invention, as the closure is cooled, e.g., with'a
~ refrigerant, the delaminating layer delaminates from

20 the front wall prior to the adhesive layer losing its
tack which occurs when the adhesiVerlayer reaches its
glass transition temperature. Thus, an indication of
refrigerant tampering is provided before the
refrigerant allows the closure to be easily opened.

25 Furthermore,. the delaminating layer delaminates
regardless of whether the closure is actually opened,
so that the closure prov1des evidence of the mere

' application of a refrigerant. Also, regardless of
- whether a refrigerant is first applied, the

30 delamlnatlng layer delaminates whenever the closure is
opened, so as to provide an indication that the
contents of the bag have been accessed. '

In accordance with still further aspects of

_ the invention, the delamlnatlng layer comprlses a layer

.35 of ink that is applied to the closure flap on the bag
front wall. Furthermore, the adhesive layer comprises
a pressure-sensitive adhesive and the closure flap '



exanpl e, t ink can be applied in a pattern to I es
Bty AR

of "stop s ter the pattern of - clear ink is ap

cl,osure flap is treated, 35 e.g., with a corona di scharge process,. so
that the ink nmore readily adheres to tH& closure flap. Then a

uni form |l ayer of colored ink is applied over _the WO 96/ 04177

PCT/ US95/ 09803 comprises a plastic material. Tge closur_epgg.flg' nedk| ayer
"of clear ink and iané fpressgurd-semsitiive adhelsioecheeuthotbapsoVRAtt WRen

Sdhesive and | © oY derpdFacurs ditnd\G1oBUEE 43 BpB00CERE (5TagR) ene 1
5 plastic. I|f thetaa@sitdon gemperaiivaie pI' thezedhegive, thefbopdd(dpen,
the clear ink, sand ffii¢9))0nREwedh the inR01ale@NaddO¥8e hAResk§ar 15?Er
clear Tnk oo TR &% YeaRh 78 GETORE aRodard PragersbivndrTongsr tban)
pattern of the cl eire bundaetareen the ink layer anbnthecoldsuge #ilap. As
Mpel o P o e Hamls SHESSHK 1o ueddn Rak 880 BRaR LAE E1LRRER L5
above is provi ded fonaed spe-cPdmaad thel sdbgsddendayesf andi thaspdosuve t he

|toresent invent1:oog,f1&€ alfe'dm:l/fxélelt .@ﬂc@ﬁ?h@tﬁsfﬁm@n' @b;e&ga? Eﬁﬁdc&esﬁeémlth?_
ape or a acking. er, of .ink is_applied to_the pl astic
| ayer, and a | aye 165’ﬁF@QgﬁﬁbﬁgggﬁlWFV&aYer ShigﬁgsP&eng%FﬁéﬂtaﬁﬁFFEd
over the ink. Thas apeemult,2thd dink layesecuwhdchy ipr sandwgchbd adhesive
| ayer onto WAt IRE L SAICe A8t Bl 81 BagoU #3agesCT | DO

er er'son applres

above, if a thief or other unauthorize ) a refrigerant
to the tape and/ odel@miaatas asytheygdosure is cpeledpbeppwythes per manent

evi dence of sush LIRKNdRG: tedpdPatur®.bl ordeleaabnyli 8ehl thReihrRkahayer .
- closure flap:have contrasting colors so that
delamination of the ink can be easily seen. Further,
in one preferred embodiment, .the closure flap comprises
a polyethylene plastic and the ink is water based. 1In

20 one_preferred embodiment, the ink is in direct contact
with the closufe flap without any intervening primer or
releasant, and the closure flap is not pretreated
(e.g., by corona discharge). A procesé for
manufacturing this bag closure is also provided by the

25 invention. | : '

.~ In a second preferred embodiment of the

invention, the previously described delaminating layer
of the bag closure includes two layers of ink. A
- patterned layer of clear ink is applied directly to the
30 closure flap without any intervening primer or
releasant, or pretréating of the closure flap. For
example, the élear ink can be applied in a pattern to
form a series of "stop sigﬁs." After the pattern of
clear ink is applied, the_dlosure flap is treated,

35 é.g;, with a corona discharge process, so that the ink

more readily adheres to the closure flap. Thén a
uniform layer of colored ink is applied over the



I n accordance with yet another enbodi nent of this invention, a bag
closure MR¥YMIByi des evidence of heat tanpering i SPETSISANBAE ded.

. The bag closure is sensitive to being heated above a particul ar
activation 30 tenperature, so that if heat is applied, the visual :
appearance of the closure pernmanently changes, regardl ess of whet her

t he c{osureISSpatﬁarhﬁd layer oﬁ clear h?#Q%%dPF%keﬁ?%@ ?EE?QbEEnBEOf the
i nventi on cl osure inc er.ma i vatabl e or

t her mochr omi ¢ |tr]i1l? I gfgﬁlrt%ﬁa\ﬂ ‘S| Eﬂﬂf”c%&’ﬁgé’&o\ﬁlﬁ% %ﬁrép is clpsgdur bes
heated at or alsewe itte layeinsatEinen sandwicheddp deziveea uhethdheahve the

thermally acti 0417
PCT/U895/09803%%Ea@r%§dyé flap, rA®404% Ereferablg a polyetpg§gpecan be

appl i ed uni Por ApsEiG-n FEpihesiosuge flap iex smprcklysd fenaendpon
activation, thedﬁﬁedfe@@m athe cleayWyﬁk ,obndsthe sblBsed Ahkernatively, a

uni form ,.n t andar |nk ca 0 _provide_a 5
backgr ound con raé?ﬁ%gég %v% Ty & %’ FLeRE AR 3r%§ﬂﬁvlnates SECM EP8bl e i nk can
be applied in glosure Flapuch The coloredhdnkbdwnecbetieranthe sdenesiak "stop
signs’ over !N@attern huflindl off ¥MdAddeice e 5 aph! 8ocERad! FEA! of the

i nvention, when dry, the standard I nk_and the thefmally actlvatable
ink are t hd9saP@tEsEdr OfHshey slean inke appears:| osure |s heated to a

temperature at or above uhEaccordaQQEIwathoanbeﬁéerabpéetOBftEﬁethef”ﬁl|y
activatabl e ink

the th | t bl Kk bl h :
2o e Lobrsasny dBVRRrish b Ealer s Y aHE ERpR.oTaatbRL, T T5 the
standard i nk | &pamed simidariycficathe Sdwperagwident closeumkodi nent of the
i nvention, thedk@%&ﬂﬁkkwaﬁ%kbyahagk%v1ded | Bl bﬁ&ebgégeBgsﬁ in conbination
e

P P M1 IS V- DI
polyethylene plastic layer is used to form the tape or
label backing. A'layer of ink is applied to the
plastic layer, and a layer of pressure-sensitiﬁe

" adhesive is then applied over the ink. The tape or

20 label is secured by pressing_the_adhesive 1ayer onto
the desired'Surfece As with'the"closures described

~ above, if a thief or other unauthorized person applies
a refrlgerant to the tape and/or forces the tape open,
the tape provides permanent evidence of such tampering

25 by visible delamination of the ink layer.

' ~In accordance with yet enother embodiment of
this invention, a bag closure that provides evidence of
heat tamperlng is also provided. The'bagiclosure is
sensitive to being heated above a partlcular activation

30 temperature, so that if heat is applled the visual
appearance of the closure permanently ehanges,'
regardless of whether the cldsure is opened.

| In one preferred embodiment of the invention,

- the closure inc¢ludes a thermally activatable or

35 thermochromic ink layer that visibly changes when the
closure is heated at or above the activation

'temperature of the ink. The thermally activatable ink



20 brief sy his invention provides a tape or | abel can
be used as‘@ggééuz*osure t hat provides evi dence of tﬁgﬂgﬁééEES
agplication of a refrigerant;. and/ or the nere application of heat,
regardl ess of whet her the closure is §ctually forced open 25
Furthernore, if the closure.is fo g geg et her

refrigerant and/ or2¥&4t P& PlrgPp BRITPRULY oF lnt%h%a%ﬁe¥%be$°5rOV|des
a pernanent indi cakaoplehasotr kbat upon stbivations thenook foxmsiil be

further appreciatgdries of m%%ﬁbtQ%gﬁ@r990Aﬂ9e?ﬁé€iv§?9“9£yuniﬁﬁnﬁapes and
| abel s 30 and correspondi ng mandfacturin process provi ded

this invention pr&98king o&sf E&aPAREdovBE ERRsPEnysed to P?%ﬁééeaﬁd | abel s
since they lnCBudbaakgr&uﬁalcbnnbastofand a layeyeos mhecbhermalnﬁxpenSIve

Furthermore, | s8chevaseplendiioiat Re AEREEESYE £atPReR ifhiee o1

pol yet hyl ene pl asthe, above- xﬁéesaspeﬁ seryesedf "StOPVE196$04Q?€r the
PCT/ US95/ 09803

exr of standard ink. In this eﬁQodlment of the
Brief Description o? t he Draw ngs 8 ﬁgOln aspects
and many of the 1nV3n§ﬂP@ndHﬁFnaé¥Xht&B@ssﬁﬁn@ﬁFé FH@eﬂF % FRepuabhy
nor e re&dl|hc&ﬁﬁ@t@b&bﬁdnﬂsakbeth&ﬁsahecﬁﬁtérbetHOWever5 ifingrest ood

by reference to th follownn i l_ed o] taken in
conjunction with Fﬁ@sFre %€8§ﬁ§h§° & 5?3RF%§§§£mh%#e$ﬁ:¥Q8 ve éﬁ
FI GURES 1A and 1Basmémeap@rmampemamgrsf05 the theywally| adtiyatable ink

t anper - evi dent seg Qr”%%é %herHQll?CQEEQ@QESb!étﬁnkhﬁzéﬂﬂfﬁtbﬁange
FIGURE 2A is a side cross-secti onal of shown 1 n FLGURES

1A and 1B, and FI 8SRE2BEFT & SerlessP c8P5§§s§éEE| ﬁEng?éﬁPﬁf fg21n84
with the seal 15 theclsvasdiard ink layer. 1In a particularly advantageous

embodiment of the invention, the thermally activatable
ink layer is used in combination w1th any of the tamper
evident closures described above. ’
As will be appreciated from the foregoing
20 brief summary, this invention provides a tape or label
that can be used as a bag closure that provides
evidence of the mere épplication of a refrigerant,
and/or the mere application of heat, regardless of
whether the closure is actually forced open. |
25 Furthermore, if the closure is forced open, whether or
not a refrigerant and/or heat is first applied, the
tape or label,provides a permanent indication that the
closure was opened. As will be further appreciated
ffom the foregoing brief summary, the'tapes and labels
30 and corresponding mahufacturing process provided by
this invention present a cost sévings over existing
tapes and labels since they include a minimal number of
layers which are inexpensive to form. The materials
used are inexpensive and nonhazardous,. Furthermore,
35 because the tape and labels are preferably formed of a
polyethylene plastic, they are easily recycled.



15 FIGURE 3 is a front view of the bag il lustrating the

vi sual appeeosnre of the seal when cl osed; PCT/US9S/09803 | GURE 4A
is a pictorial view of the seal iIIustrating how t he seal visually .
distorts if the seal 20 is forced open,jand FIGURE 4B is a pictorial

Vi ew ~ illustrating how the V|sual di S ortlon renalns even if

the seal is reclosed; _ VIeM/Of t he bag
illustrating the visual dis —-occurs when the
seal is cooled bel ow a p&ﬁ@i%&?ﬁgolng asP@ﬁﬁ@réPér@anY of the

FI GURES 6A- 6D alte;eh'xdpn\ti edvanitagesl aft this inveatibp WlIeBekbBmacmerdance

wth a further ??%%% %lated.P%h%hgrgaﬁgtbeg¥ﬁgslanﬁgn?nFlGURE 6E 'S

a side 30 cross se astic s
FI GURES 6A- 8D, understood bY referepre t°| &he §pAéomugsds§ao.iLedal view of a

bag with a tangescedplesh, semlenl &ehcuell aa bBﬁJBhé%E.bﬁ with tBElip shown in

FI GURES 6A- 6E |n accordanced th t : iLnvention; . WO 96/04177
PCT/ US95/ 09803 3ccompanying raW1ng§FGH§E T8ANIs a front. view of the bag
shown in - FI GURE 7, FIGURES' 48 agdt hB8 arsuplicapptal antewsf oEhg

seal when a pog ggane&ugpagssabca@e@%e@geaeeeﬁal forpefeinn || LooE 8B

is an end. cross-Section sea illustrating
the del ani A9t i 8fcerdance wigh Shet ipyepLiPRe seal that is forced open; and

FIGURE 9A is a side ?rOSSTEEEM!QmﬁhthGEhEE 2ross- se@éﬂoh&%lvgewgof ¢ th
e eVl dent PR LOLED U papupECRAIaRAC B g LG p85pECt of e
side cross- sectlonal view of the bag with the seal
. closed
15 FIGURE 3 is a front view of the bag
_1llustrat1ng ‘the wvisual appearance of the seal when -
closed ' .
. FIGURE 4A is a pictorial view of the seal
illustrating how the seal visually distorts if the seal
20 is forced open, and FIGURE 4B is a pictorial v1eﬁ
1llustrat1ng how the visual dlstortlon remalns, even if
the seal is reclosed; '
FIGURE 5 is a front view of the bag
1llustrat1ng the visual distortion of the seal that
25 occurs when the seal is cooled below a particular
temperature,.

- FIGURES 6A-6D are top views of a plastic
strlp formed 1n'accordance with a further embodimerit of
the present invention, and FIGURE 6E is a side

30 cross- sectlonal v1ew of the plastlc strip shown in
FIGURES 6A-6D,
FIGURE 7 is a side cross- -sectional view" of . a
bag with a tamper-ev1dent seal 1nc1ud1ng the plastic
. strip shown in FIGURES 6A-6E in accordance with the
35 invention; ' | '



of a bag with the tanper-evident tape sealing the bag cl osed:

'FI GURE 10 i WO6[#orial view of a roll of t anper - evi CRROS95{98803 o1 e d

- ip accordance with the 15 . present invention; and FlI GURE
11 is a side view of a section of a rahh -of tanper-evident tape
formed in accordance wi'th _ the present invention. Det ai | ed"

Dlelscri ption 01;) t he Preferredigurrligrerls a Front vliew off Eh@thBE§ sAoand iHhB
~illustrate a bag cda ] r.RQr . at_.t openi ng
14 of pag. o0 SO g s iR kR, SRR BPredeaRGetor, B

18 that arejoi nedaagsthes atrantddyoafombendesildds forceddgpento f orm an

encl osure having openi ng 14 micyRie sB 4% WP¥Ine RIS sbeibnudl k14 d2d
back wall 18. Seal .12

_ . is.dncluded tq.cl ose qpeni 14 .and to provide
- vi sual eVl déhte sl FORE &p‘eni’ﬁ-&“&'rtr 91’_2?1% 2‘elamltaﬁttﬁerlrrenfe,
seal " 12 will visuaHey pbxttion off tHee seal thapredisnforicetihepeag aadcool ed
bel ow a particul ar 30 "br gakdoun e ratures e Q. . Lheqapplicati gn
of a refrigerant. ] 'éArggaagg%d%ifr%ﬁ%IE&gélég%ﬂaggfg g?r%p
20, a layer bag inmdutingmd tanparmevidenth&apee foamedhdnbot t om end
of plastic strip ZQdsrddAchgdt & tHAtH¥ehspéctae ¢he pdaskhe upper end
of front wall 16. Ink layer 22 |s Epnlnted,%P t he inner surface  of
plastic strip 1508 :anentwgzgwqmij FAGURE 9B 1is a si e cross-sectional view
PCT/ US95/ 09803 of a bag with the tamper-evidentlZape sealiWi lthei blagl ayer

22 is representedéﬁlégéﬂid of lines in the figures', ink layer 22 is
preferably a uni f SFm ay'er of ink. As shown in FI GQURES 1A and 1B, :
- adhesi ve | ayer - ' FIGURE 10 is a pictorial view of a roll of

tamper-evident tape formed in accordance with the
15 present invention; and
FIGURE 11 is a side view of a section of a
roll of'tamper-evident tape formed in accordance with
the present invention. '

Detailed Description of the Preferred Eﬁbodiment
- 20 FIGURES 1A and 1B illustrate a bag 10 that.

incorporates a seal 12 formed at the opening 14 of bag
10. The bag includes a front wall 16 and a back wall
18 that are joined together at the bottom and side
edges to form an enclosure having opening 14 at the

25 uppér ends of front wall 16 and back wall 18. Seal 12
is included to close opening 14 and to prdvide visual
evidence of any forced openihg of seal 12.
Furthermore, seal 12 will visually distort if the
opening of the bag is cooled below a particular

30 ‘"breakdown temperature," e.g., by the application of a
reffigerant._ ' | )

Seal 12 includes a plastic strip 20, a layer
of ink 22, and a layer of adhesive 24. The bottom end
of plastic strip 20 is attached to the inner surface of

35 the upper end of front wall 16. 1Ink layer 22 is |
printed on the inner surface of plastic strip 20.



ably applied to the inner surface of the = 5 upper end of back °

24 is prefer
wal | 18. whes/oatzme surface of adhesi ve layer 24 is cpyrossnoescsh a
peel - back strip 26. To seal the opening of the bag closed, peel -back

strip
20 i s presse

26 is removed from adhesive lager 24, and plastic strip
d onto adhesive layer 24, which is a

10 pressure sensitive’

adhesi ve. Thus,Whiten wa|ldyer 22 is regusshtadiiby ay gril ofs 19aedniished

bet ween adhe

| ocati on of th?%éa“ ous ers of “seal e SEeen m)relﬁgﬁ nitely i

in the side
20 is

surface of

d ofg f t th
sorface of o agﬁgc ST | p]tg‘b Bk Wdﬁ%&glrv%%} ezfuir%r 1’5‘%!3'% egnt 0 tehe

Si Whe fig uré’é‘erlxﬁé ﬂﬁqenplﬁt scpsrtéfeQ‘ a uniform

cr ¥ - et .%% °""3LE“€7|W$$ Aloads 13 adhem venlavsm
at t2 hiesl ;atefezsabmmpﬁme&&d Ctﬁéﬂﬁ.rimersu&iﬂafcéc%f)fthe

The

strip
t he
I nner

i nner surface stdhesiyve Haygipad4 il astvarask Metlh a1®eea.ﬁdbattdhesftrra@ 2&.f ace

of adhesitee deniered dﬁem@r&ﬂ tid baRPelrdaatk ?El@lgg%k k str plpz A

2B illustrates the, alignnme seal. 12 after
renoved and t h@é %“‘b‘ﬁéis&?m aéhe%ﬂ"&é&m 28 é‘ngt Plgsrdg staiessed
onto adhesive Izaye:rs pri¥sshtl smttdadhiesdveaalyed? 2adhahasht Qsa@heSI ve |ayer

24.

' a dheS|v yer
preferabl y ext epndas prts)iglﬁr/rgahte:ly a%‘éﬁ o;&%élﬁsB Ren o Eﬁ‘ B‘gl d® t he

bott om edge of qil%ﬁ «c ik layer 2% issandwicheghbetwesn sdhesivieosed, a

portion of adhadye-lAyend4blasiGic gﬂ}q&ﬁ%dﬁil rectly to front wall 16.
hel ps prevent | oos ent.s, W Hyen the bag frgmpartially opening
seal 12 as the contents &hﬁ)r}:&ﬁﬁ theyvan odYers of;sggdt i@n of
adhesi ve | ayer c&h dthezeerg nord rawfiinialdly in thJaG,s:.dentzeab%-Webl&h.Bnhhe bag
coul d fal sgl t t4 t URE%S vid | ns.of, .seal
yba%évy nclud éﬁ%‘%{ 2" %‘%‘Sﬁg‘gng%lrégn%

Pref erably,
formed by pe

ck” wa déta
rf@tﬁqq@d at Ay gggvf(er;l'epd 28 to the inner surface of

PCT/ US95/ 09803 the upper end of front wall 16, and ink layer 22 is

printed on the inner surface of plastic strip 20. _
Adhesive layer 24 is applied to the inner surface of

20 the upper end of back wall 18' and the free surface of

30

adhesive layer 24 is covered w1th peel-back str:Lp 26.
FIGURE 2B 111ustrates the al:Lgnment of seal 12 after
peel-back strip 26 is removed and the seal is pressed

FI GURE

24

ThI.S'

flléatl on tab 30

closed. Plastic strip 20 is pressed -'onte adhesive layer -
25 24 so that ink layer 22 adheres to adhesive layer 24.
As shown in FIGURES 2A and 2B, adhesive layer

24 preferably extends approximately an e:Lghth of an

inch below the bottom edge of plastic strip 20, so that

when seal 12 is closed, a portion of adhesive layer 24
adheres dJ.rectly to front wall 16. This helps prevent
loose contents within the bag _from_partia_._lly opening

seal 12 as the contents bump against the seal. Without

a portion of adhesive layer 24 adhering to front wall
16, contents within the bag could falsely activate the

35 tamper evidencing means of eeal 12,

Preferably, back wall 18 :|.ncludes a
‘detachable identification tab 30 formed by perforatlng

¢



-13- he u er end of back wall 18. As shown in FlI GURES 1A

and 1B, thew 7ations allow identification tab 30 to PCTS98/8%803 |/
renoved. Preferably, i dentifying text or nunbers are printed on
~identification tab 30 and 5 matchi ng i denygLyi ng text or nunbers are
. printed on either front wall" 16 or back wall 18 of the bag. Wen
thedbag i s seal ed tHepagther @1t idf GrickoRvalldb 130 cas l%hown in F‘&GUREQ and g
used as a receipt. I | $6a rce
10 open, the seal 3A%dH yh(f 87 °Atlﬂ1 R %clrig’trl ’:.f§.ca +en %3}% ﬁglg

transparent so thd&e |Qﬂ6ﬂé§/é¢e"@2fe§an l’;'l,res‘-@é'ﬁbly. 1dfem@mfynagoueut ocde of

plastic strip 20 Qﬁfn@fe@:ss%?de J5)3:‘:.n1:ed drS idet9¢i Az ivhowan oFLEYRE 1A, and
after seal 12 is cl ose as. shown in FIGURE 3, which is a front view

of 15 the bad wArdag isientidydng Fexh ﬂrcaugwberébﬁéa printed PRyt are
in direct contact edither Hrdntneraldunfeace tack wallplidsbifc ther bag?0 whenbe

scen from the oul iyl g seatedlcASidds SYiddhedls R ERNLERSD Lhrohe

Obj ect is pOSIet near e I nNner sur ace Si 9]
20 20, but not |nnﬁm%d@nﬁa@edmatawatrr@qam surface of pl astlc

strip 20, the object can banpgped el ,cl'd(se@ if sea@I ha GE0FGkBRgOUt er
side of pl astlc str Accor when in 22 1S printed

on the inner Pﬁﬁ%é&? il é’s"-ﬁ’{a 5@ e Wfﬁ%&ﬁ BETdBeROf A8m
" 25 the outer surqua-m‘falrﬂ)asmms:parqm&&o a:ixas:hci\mk layer 22 EkGUBE &éeand

G S, Lorerer s AU LI e sadst BPRclly o pEaLel”ghty | 250

open, a substanti emal nS~adhere
| ayer 24 and sacHoss gI%S ddhiowm ﬁdtégqm@mlﬁha@nﬂcaﬁterpsgel 123@sWen

this occurs, the idiodedi NGd YHiRn \insmmm QN Whch is aO¥kBhtSidewobs
plastic strip_20. |.ose seal

12, " the WA s fag sHthb et tJ‘r?e qqﬁl? errp%[ln‘ Pa\?l%&FBﬁ'?rr'e gje&ﬁﬁar ent,

as illustrated in tHaJRrelAn hkomote ddntaatk witds thee innetr _sar&dber efto
plastic sLITP 20 e deip go. bl TG bhd thet oottt el
plastlc strip 20. In contrast, if an object is
positioned near the inner surface side of plastic strip
20 20, but not in direct contact with the inner surface of
plastic strip 20, the object can barely be seen, if at
all, from the outer side of plastic strip 20.'
- Accordingly, when ink layer 22 is printed on the inner
surface of plastic strip 20, the ink can be seen from
25 the outer surface of plastié strip 20, as shown in '
FIGURE 1A and FIGURE 3. However, as illustrated in
FIGURE 4A, if.seal 12 is forced open, a substantial
portion of the ink remains adhered to adhesive layer 24
- and accordingly delaminates from plastic strip 20.
30 When this occurs, the ink is no longer visible from the
outer side of pléstic strip 20. '

If an attempt is made: to re-close'seal 12,
the visual distortion of the ink is still visibly
épparent, as illustrated in FIGURE 4B, because the ink

35 does not re-adhere to plastic strip 20. The ink is
printed onto plastic strip 20 while wet, i.e., in a
liquid state. The ink then dries. Once dried, if the
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-14- woo6hdy7i s del am nated fromplastic strip 20, thq,d-lmsgg,@gsm

| onger adheres to the inner surface of plastic strip As a result,
even when plastic strip 20 is re-pregsed agai nst adheS|ve | ayer 24,
the ink remains 5 sufficiently separated fromplastic strip 20 so that
t he ink cannotlhk dbedellyminanetihfeomhplastbut etxspdro, the Dhkphastic
strip 20. I op .S a portion
32 of seal 12 Lonpsr dheRbEORSRAM iAoy curehl¥ B bIAREDS, BBeif lon in
FI GURE 4B,  18%por AEoR 3289&5@ ﬁH§nfUhéédpbééthsS§¥BPb¥9 usstorted

in sharp contragt &esbaa aga&nge adheéleealaﬁartb@t ¥HS ink reﬁainQpened-

I n order fog |nk strlg 20 when

the seal is fo?Ega §6gﬂ%zytse?araggaa%£8@sgg%§tfﬁa?gfhg %@nﬁ°b€ Aken the
ink and pl asti the ink sannptZDebelearéylseey tbakughethe wakeresafieve to

the bondoge? g&%ezbayeEnzéhéng6iﬂgt£§¥fén23 oynve?yBaggﬁse

t he bond bet ween | astic stri IS re
adhesi ve | ayer i@URESeﬁﬁ é&ﬁeﬁ@d a Eert%enuﬁa phyeeabol2ihe fovead|
strength of seabeﬁZawautﬂen re- cmeséalatAyeiylugekateawaSFr@Uhﬂysﬁ 24

woul d sinp S omplastic.stri lnk la
delan1natehxfr89F5F gg gPFE 8 %°¥ﬁF§ 8Bﬁ$d1§aﬁ§%1 Yy dl?ﬁ%rgé t to

i nadvertently mpeshduplngnhaadtlng thed po2tighi ppiof séal hk2btbat whash
woul d . be- hlghlﬁognggébgable To avoid this potenti al probl em ink

| ayer 22 is iciently thin so that there are voids in ink |ayer ‘
22. As a result, when sé&l°I§erfﬁFeé§Ed1€Y6§e32 to delamipabpsipem

adhesi ve Iayerpidsadbeserap tbewhefiethe 88alsisf a6eced Qbéﬁllﬁtsiélp 20

:E;OBPQSEPgsvohg%egga%gethat thengondTBgtaééﬁnﬁﬁg qgﬁ pfgsgdhe5|ve and

s

i f

strip 20 be relatively weak i.e. ,.weak relatlve to the
bond between adhesive layer 24 and ink layer 22.
Because thé bond between the ink and plastic strip 20
is relatively weak, if adhesivellayer 24 merely adhered

20 to ink layer 22, the overall strength of seal 12 would
be relatively weak. Adhesive layer 24 would simply
release from plastic strip 20 whenever ink layer 22
delaminated from plastic strip 20. This could cause

. the seal to inadvertently open during handling and

25 shipping of the bag, which would be highly undesirable.
To avoid this potential problem, ink layer 22 is
sufficiently thin so that there are voids in ink layer
22. Asla result;_whén seal 12 is pressed closed,
portions of adhesive layer 24 adhere to the inner

30 surface of plaSticfstrip 20 through the voids in the
ink. The affinity between the adhesive and the plastic
strip is sufficiently high so that the strength of seal
12 is acceptably strong. Thus, seal 12 generally does
not open unless it is intentionall!y forced open by

35 pulling plastic strip 20 away from back wall 18.

. In addition to distorting when forced open,

seal 12 is sensitive to cooling so that if the seal is




stripis suff|C|entIy high so that the strength of seal

acceptably r%’ﬂ‘leThus seal 12 generally does not oﬁﬂqﬁ??’ggsg:’lt S
intentionally forced open by . 35 pulling plastic strip 20 away from back
wal | 18. In addition to di staS4 ng when forced open,

. seal 12 is sensitive to cooling so that if the seal is WO 96/ 04177

PCT/ US95/ 09803 ~ cooled below a particular "breakdown temperatyssl.dd bel ow

a particular "breakggwn Iﬁdmer ot e egeal VlSlbﬁr HistcokHLlin b rdiheseal
visibly distorts in,a, t o, when, the seal_is farced

open. In pa?’tT’c{'Tﬁa rt° Véh?ﬁlltig‘?r%?%ﬁr*% 199 W™ehed™ he seal 5
i s cool ed bel ow a paxtkcolari eapeihlustratedk imyRIGURE 5, wherdadhmmigeailes

fromplastic sigip205014h%betdf 4 Nirbfblioun tem or 5 Gl8an] yoeen

when view ng the out erai d st do he ne
t he del ani r@@l%ihl’%ﬂt?%ef#'?m P]sa%"r?ﬂcf TP A0 r9q &hadr the fmk can

~shrinking of adheshyelémyer BA @I@laﬁigas&eé:n SiHe Pbwing the lduthds tdi@d ar,
plastic strip 20 an heél ve tr 23 a)he .chozé g_t?t hat t hey
shrink at different: rBt2E-Hheh cottedme T & 1t enbodi nent ,

t he adhesive debamimksiomref atie atnk is s&ﬁereattaatlha:aqdms:tﬁ c strip
15 20. Beca S f Y- IME, as
t he adhesi ve and t%ﬁl’ri@gsﬂ?cogﬁ%@ésﬁ?niéﬂf 24 chI{‘b?zlﬁsetrle‘:nt ra esz\eel nk
| ayer 22, which is %mw r, plasthif @ehiR RO Andadhegive laven R4
adhesi ve, is pull egre chosedV&y Rt they péms;tnls a&r rdﬁfe%rﬂ: etdd wHie

~ink is 20 noIongrcIefrlg/vis bl e thfz de .of

plastic strip 20. n & pre ’ér% |? %gl & S50 de vi sual
evi dence of cool i nghrinkspooranindeataus cgeeaemuorate than tpidahmmest:n@d by
thieves to gal{s 80£¢SS SQcRhES the inkhadWSORMS L) RPTHY © '

sensitive adhesive I's
adhe51ve, as the adhesive and the plastic strip shrink

at different rates, ink layer 22, which is sandwiched
between the plastic strip aﬁd_the adhesive, is pulled
away from the plastlc strip. As a result, - the ink is
20 no longer clearly visible through the outer side of
| plastic strip 20. _

The ability of seal 12 to provide visual
evidence of cooling is important because a common
technique used by ﬁhieves to gain access to plastic

25 Dbags sealed with a pressure sensitive adhesive is to
"freeze" the bag with a refrigerant, as previously
described herein. Seals that combat this form of .
tampering have been introduced. -However, as previously
described herein, these prior art seals do not provide

30 evidence of mere "freezing." Rather, the prior art
seals simply provide evidence of a forced opening of
the bag, whether or not the'bag is first "frozemn." 1In
sharp contrast, seal 12 provided by the present
invention proﬁides a permanent visual indiqation if the

35 seal is cooled below the breakdown temperature,
regardless of whether or not the seal is actually
forced open. :



"freeze" the bag with a refrigerant, as previously descri bed herein.

Seal s t hwoogosiyat this form of t anperi ng have beerpc-mgsgg;dmgd
However, as previously - ‘descri bed herein, these prior art seals do

not provide 30 evidence of nere "freeziglg." Rather, the prior art
seal s sinply provide evidence of a forced opening of t he bag,

whet her or not the bag i sritké éf@?—eé‘eaﬂm prova.de%i]éﬁyp R iAsenSeal 12
provi ded by the, present |nvent|on DVI‘H% a]g rnanent VISU51

indication if tHEVERELER %%%ﬁ‘o‘f' %o%?%rbe%e‘ﬂ”o q S 4% ipstiRly e,
regardl ess of whetdminatimei wh@tls@alormcactmlgeal is fifwstced open.

WO 96/ 04177 "frozen." This is ensured b é‘%?
-16- Fur herpore, seal. . 1 rOVI %ﬁé present

i nvention cahnoteRRithes %mtf%kaqumvezzlwﬁ@ that has a
det ani nati ng, wheldeively nchwtdﬂBassa&rarSsittidﬁ temperatdfé)zemr;enﬂa s is

ensur ed by ch005|£§gﬁkgr quﬁiv?OW/g aSItlveﬁ%%$ﬁ%% I#hﬁ hes!ve Iayer

24 that has a I'ative $S When a
‘pressure sensi ttxansiihion veenpexatirel, tthe tadhgsioee losmssiitsadhmmiarat ur e,

the adhesive 'méfa@helae, its adMEPRid i@k | - Srhe Iddhafdipsie tack.

The adhesive is chosen so th its glass transition tenperature is
| ower than the FRAIRRARN tRAHD A% "s"é’&'fs’i@“httemperat%ﬁ dif
t enperat ure lnnéwyfrtwé&zoleherbmmviﬂ arenperstvre of seadlt rlzo H: As a

parti ai 1y del afrarec emHEN R (il taver 3% Gifiurites ity aaBed™
transition stxipmpd at ke a)fr¢$1e1tp.r @%mree sewl tma/@mﬂmsnerely
reached, Thus. dbisiddk et aayes oz 0ol Feudipdallyy delanitilddd! ent!y
 frozen’ to aI lPV\émtl helass?t?ic tsot:ct'):!s.e Ofo r‘i)efore theWI tlhaosust tan > d T eant
force. p P g ransition
temperature of the pressure sensitive adhesive is
reached. Thus, the ink delaminates before the seal is
sufficiently "frozen" to allow the seal to be opened -
without any significant force. '

20 It is important that the breakdown
temperature of seal 12 be greater, i.e., at a higher
temperature, than the glaSé transition temperature of
the pressure sensitive adhesive, to ensure that the
seal cannot be opened without detection. 1If, in

25 contrast, the glass transition temperature is above the
- seal’s breakdown temperature, a refrigerant could be
used to cool the seal to the adhesive’s glass |
transition temperature, at which point the adhesive
would lose its adhesive tack and release from the upper

30 end of back‘wall 18 and/or ink layer 22 and plastic
strip 20. The bag could then be opened, and then after
warming to room temperature be reclosed. As long as
the temperature of the bag is kept above the breakdown

- temperature, no visual 1nd1catlon of tamperlng would

35 exist. :

Adhesive layer 24 and plastic strip 20 are
also preferably chosen so that they expand at different



20 is inportant that the breakdown tenp seal
12 be great@P"’P‘"@" at a hi gher temperature, than th?%gm%s

tcansition tenperature of . the pressure sen5|t|ve adhesive, to ensure
that the seal cannot be opened wi t hout! et ection. If, in 25
contrast, the glass_transition t erature.is, abov t he

br eakdown terrpera?%}%tl’éer’éﬂ:? watelnet - < h%spe]t?ﬁtolccogﬁntl?’uear%deal
to the adhesive' saghasive 1ayerthavne|dlf)f1erempe¢lmma§l, coeffHicients mf t he
adhesive - 1 gs i‘éféffé‘daélﬂoé&ixﬁéﬁte fen ddifedRRET

30 end of back Jﬁ)gr.)L%%ﬁd/o?nl I% er 22 and plastic stri 20

The bag coul d t heRXBangpchere awa ?‘Eeﬂ %??%‘Fer rate tRANRNASHLG
tenperature besregboseds Asrésaltasif, aftefh@héeswaismefmzérhe &wng:v'vs

kept above the bre kdﬁ%’g?}&lown téggg;g@‘tx%e,argd#f 2! 'nﬂhg ?m astic

tanpering woul d ayer

strip 20 are hasaheb éebamlabtqdcﬁmmnpb@ﬁtimsﬁm W p e alnlﬁlwlﬂe'k ent
WD 96/ 04177 urther de%ﬂmlnate upon. warmln gﬁ'éé@5.ﬂ€)980ﬂus

-17- relatlve rates en wayr ned $ lastjc St a

adhesi ve |ayer hafBraherepeAurefcFhar tb%f ?%‘f‘ n is su%&‘?%rf” In

one preferredlﬁnbﬁﬁbﬂEﬂé,atbﬁgﬁdhﬁﬁhne v1sua1exﬁdimhtimmEbfﬂﬂftﬁezmmgeﬁter

ratethan plastic strip 20. I | f
"frozen" bel ow t he brigﬁdﬁﬂﬁ ?%W%Ef’ ?ﬁréeeajé }o%a%ﬁon :’f}?I n aé)"/éerl 22
has not del ani nat eddf Rokspbast pce§errpdzemb©ﬁ€m¢lhﬂk of the inventiomer

del am nate upon “@;gbﬁﬁsoﬁASSﬁh 33. 1Imh§trate af becHed @RS BRental THE
del am nati on |s sufficient to e a sign flcant vi sual indication
of "freezing. second embodlm(pﬁg éﬁﬁg’dfiﬁﬁn'f‘aﬁy QL SR SRR CTRORFRERES 1

and 2 is one peefpared agbedenEiisef préferpednembodiment; &tEFRETMEYYand 9B
'lTustrate a SeCOEdkgngggbg%ghtsnge referred to with the same reference
numerals, except that the reference numerals are double
primed. In the second embodiment, adhesive layer 24"
is applied to the inner surface of ink layér_22"
20 instead of to the inner surface of the back wall 18".

_ The free surface of adhesive layer 24" is covered with
peel-back strip 26". The other structural aspects of
seal 12" are the same as seal 12 in FIGURES 1 and 2.

To close the seal, peel-back strip 26" is_removed and

.25 the free surface of adhesive layer 24" is pressed
against the inner surface of back wall 18". 1If the
seal is forced open or wfrozen," ink layer 22" visually
delaminates, as descrlbed w1th'respect to the first
embodiment shown in FIGURES 1 and 2. While the second

30 embodiment shown in FIGURES 9A and 9B is an alternative
embodiment, the first embodiment shown in FIGURES 1 and
2 is preferred because adhesive 24 adheres more
strongly to back wall 18 when applied hot, as described
in more detail below, as opposed to adhesive layer 24"

35 of the second embodiment that is pressed agalnst back
wall 18" to close seal 12".



second enbodi nent includes nmany of the sanme conponent 15 ~parts as the

first prwbesned7 enbodi nent; accordingly, | i ke conmpacIsysesses r ef erred
to with the same reference nunmeral s, except that the reference: .
nuneral s are double - prinmed. In the cond enbodi ment, adhesive |ayer
24" is applied to the inner surface ot ink |ayer 22" 20 instead of

structural aspedl@omporating saapeab foymed nn saprordanae|wikh ither| GURES 1
and 2. Tpéaser tivvemtlon Need -Baek SHdvd £5"£d:5, FAPMALE Hither 25

the free surfage of ,adhesive |ayer, 24 is pre gai nst the i nner

£ tur be fo %ged a
surface of backCIaIF-TEITFY ¢ TR i EO% AP IShe Y id £ r 0zen,
ink layer 23 wespedty to FIGURE a2d natesfrent desk) i1 disv idrnesd peitttHep, t he

first e%%%mgiga%%%f? detfl Fo, Wildift LhA 540U 110

enbodi ment shown | s analternative odi‘ment,
the first enbodd¥esfdad oy the FamREeiohh fs back wald g&f eRlastictause

adhgsi_ve §4dad®¢1e§prwma~ou1d trsélznamlefli:ﬁrtwéfd_ vatld ik vn'.rmh @m@l i ed hot,
as descri be I'n_nore. det ai [0 as_opposed t hesi-ve | ayer. 24"
35 of the seco"ﬁ%u]ec#‘rg%%i%ﬁﬁdt? a n@%ﬁe’é’&% %‘S‘éﬁ?&? %ag%’e upper \%*d[ 18"
to close sl 19f .front wglD6L®417= a further alternative, front wall _

PCT/ US95/ 09803 ' ne b3
: 16 could be extended beyond the hei of k wall .
. Wil e one preferre%l e od? nent of - 0 mc%%poratkfarfg a‘t”a}seallef or med

a ba |
i n accordance \#? H-hafe 2 f°1.d“i‘)‘f%§e‘?11t°?g%rﬁ}r% s Lormad Ioihe yomerT |
~various other ernd of bfgont rwgllires. candinesivs Metrer B WA therhiddh 5

respect to FIGURE RA i f T t. ;s . fo Erqg! f . :
material as pl aas?‘?%lés? I’tif'% étgg ?%Jf gv\‘/%#gi% <gsan éek Jarle“‘ -lsextaé.ﬁ%g‘g‘eet o the
same “hei ghtl%s dkesune| flap woyuldde cfolded over igha®Epauing tdferthse
elimnated and p4k &S tHe adhesive on the outer surface of back wall

- 18. | | |

to the inner surface of tihe: [ A8 e sunface of
adhesive | ayer 24" is cov@?]é%éwg?%%}eé&r%%lqﬁ%%{%rﬁ S&Zé"'b%e ot her

The seal provided by the present'invéntion '
can be formed as a tape or label 40, as shown in

20 FIGURES 10 and 11. The structure of tape 40 is
essentially the same as the structure of seal 12" of
the second embodiment shown in FIGURES 92 and 9B. Tape
4o_inc1udesla flexible,'pléstic backing 42; a layer of
ink 44 printed on Qlastic backing 42, and:a layer of

25 .adhesive 4é.applied to the free surface of ink layer
44. Plasti¢ backing 42 is analogous'to plastic strip
20" in FIGURES 92 and 9B, and ink layer 44 is
sandwiched between plastic backing 42 and adhesive

~ layer 46. The free surface of adhesiVé_laYer 46 is

30 covered with a peel-back strip 48. To apply tape 40 to
an object, peel-back strip 48.is_remdved from a section
of the tape_then.adhesive layer 48 is préssed onto the
object to form a seal. As described with respect to
bag 10 and 10", if tape 40.is'forced'éff'the object or .

35 if the tape is frozen below its_breakdown'temperature,
ink layer 44 delaminates from plastic backing 42, to
provide a visual indication of tampering.



woul d be printed on the inner surface of the upper end ?iﬁ@g 5 wal |
il

16. As a f MAWHI| ternative, front wall 16 could b

. beyond the height of back wall 18, so that .a fold-over closure flap

. is fornmed by the upper end of front wapl 16. Adhesive |ayer 26 '
woul d then be applied to the outer surface of back wall 18, and the

15 closure flap woul d be f®odddodveapehétopeni bg obeflhén varioubag onto
the adhesive on t §ﬁﬂ%%&1%ﬂhf@BefBEmbggglwabh surface%8of congalner

The seal provided resent J1nvention as a tape
or |abel 40, as sif&f%R &% baggoang epresopPesSandFey. ex?ﬁélgtrEéPﬁréooFOFhﬁe
40 is essehle 621|s|e3d tlee seale ans ehk}el&béUCt urhe efapaeabula albo be

t he second enbaqdi nent own _i.n ES, 9A an p udes.
a flexible, pl stlgegaiﬂ ﬁga&ZFﬁgspgygpeoppe ng an% §i9pFFnP£8V68uB dstic
backi ng 42, and ademparibeld herz3n. adﬁ9$|eaamblappbagdlﬂoShhwnfLaeF§GHREce

of ink Iayer S C nabogaus p t strlp
20" in FlI GURES 9A angéE%dPE% % %Egaa&%?QOQ% s2a §b gunt&?E ggé be

pl astic backing 4% Yé&ﬁ§§¥ﬁ§s of ac#aV§F14éa ande frpPBE yﬁ%ia&é of
~adhesive |ayer 46Front will qwmdmhe&taﬁaédbapkbaybna B8ck Twadbphy,

tape 40 to e - bac ri egnv rom a.section
of the tape t Hén 5&%5@@& %&§y 955 |§EpP§ ggﬁngn l? ge %grms 8b %8 PUFS
forma seal. As ddsp ithat waph becfpddedt over openting 16 anuomhse phteape
40 18 forced of f NG Al s Yack will b ! NGnkaBIoshrlr #1288 BBLOW thin

br eakdown t enper at ure, el am nates from pl asti ¢ backi ng
42, to pr ovaed Sesured ntion Wéﬁr of1 8t Wb, tAage 40 bYwp 96/ 04177

PCT/US95/09803 overlapping the tape over the clb8ure flap and back Rol
of tape 40 cancbe U3qd i) V3hiQSiative1y PR 30 PhiwhO shOFTLORE! 3207
could be formed without seal 12 and then the upper
portion of back wall 18 could be folded over the uppef
end of front wall 16 to contact the outer surface of
front wall 16. The closure flap could then be secured
20 onto front wall 16 with tape 40 by overlapping the tape
over the closure flap and front wall 16.
. In addition to providing a tape for forming
seals on containers, tape 40 can be printed on, for
- example, on plastic backing 42 to provide a label or
. 25 other type of indicating means.
The seal prov1ded by the present invention is
- preferably constructed of relatlvely simple, _
inexpensive, and nonhazardous materials. The seal is
preferably manufactured on a cbntinuous line system,

30 using conventional equipment including printers and
‘handling machines. With respect to seal 12 shown in
FIGURE 2A, plastic_strip 20 is preferably formed of a
high density polyethylene or other polyolefin such as
polypropylene. Plastic strips 20 are preferably formed

35 of polyethylene, as opposed to some other plastic such
as polyester, so that the strips can be easily
recycled. Preferably, plastic strip 20 is colored so



such as bags and envelopés. For exanple, tape 40 could "be used to
seal anwovebqape. The tape could al so be 5 used to segrushsesses t he

openi ng of a bag as previously descri bed herein. For exanple, bag 10,
shown in FlI GURE 2A coul d be forned 44t hout seal 12, so that the bag
sinply consists of back wall 18 and front wall 16. . Front wall 16

. could be exteandtapcaﬁwastbagkhwehé dSlor dP ke tiat dhei pMpPEiy&Rd of
front wall 16 forns_a cl osu t hat n_ be fol ed over openi ng 14

C
onto the outer?2. FO §u?3‘3‘53f8f bgcﬁhﬁ/a?‘l‘klﬁs lﬁ’ﬁ e | RURLIFEIF FH Pt hen
be secured ontoobidkbeayell8wwi t The aptadfidystrip canvedrd afguimed tleihgqpe

over the closu _ 5. y ag 10 shown in
FI GURE 2A - éﬁc%%?ﬁﬁﬂg?b%éﬁes\%t %ﬁ%é s%%rm%i}g %&% ttFle upper
portion of DacRlagFicasindustrie fTVREEGRbYYr EReXippiie POlyeﬁhﬁﬂ%nefront

wal | 16 to COﬂéﬁ&ét&hepﬁllfreth?l!éﬁécﬁebiets areftﬁ@medvaéﬂd lfherd he closure
flap could then

h 40 -b
over | appi ng t he ?ﬁ%@ee& googgrmtﬁ%igf%éuﬁn%a%hf) e\ V\fﬁt'orf%aﬁ%lf y
I n addition toppgwenting.g.}apellow pigmemy, is prefmtablyn mdrit&dumrs t ape

40 b I d
H0,can be PriNRY fo1cL8 polyetnpXaal o oh PASH falS KRR L0 PTOVI de 2

provi ded byOt hEe’ﬁ?%%Ent(lP'ﬁQ/eﬂfl Bhej sotal mixfurer abiny %ﬁ#%feﬁ’é‘%?@)f
relatively si n@hbodment | e PPOBy&Ehy berle Nstidersr alea! Eothed i Sa  The seal

S refe manuf act ured..on i Syst 0 usin
cohventlogal éﬁ ﬁ?slﬂg %ﬁ?ﬁ%"%}‘?ﬁ?g}? a:ﬂa'%fs rﬁé%é?f%g%%s 3Vt
respect to seaSheetshQMﬂ ¢ut into GPEXﬁEimate¥Wab1125sun¢h)éirlpspreferably
formed of @ 4ng PhER Qﬁéstéywﬂ!ﬂﬁt hiyb eESrRY p&mc pé\iﬁ’f%sefé(? such as:

pol ypropyl ene. Plastic strlps are preferab for med
pol yet hyl eh®, as opposedTh® é%hn°§th%k b?%%?l%zs{ﬁﬁpre erably @l 'yester, so
that the stripgateén-beseadsihk that hagcycriedof Pres etld y2, Mwshigs strip 20

I's colored SO gy ivergal Reflex Blue sold by CPI Inks, Inc. However,
" other inks such as a solvent-based ink’could,be used.
"The ink is printed on the inner surface of plastic

20 strip 20;.5Actually,'the ink is preferably prihted on
the polyethylene sheets before the sheets are cut to
form plastic strips 20. The pattern of ink does not
‘have to be very'exabt;'in fact, in one preferred
embodiment the ink is printed as a uniform layer.

25 Thus, inexpensive printing techniques can be used. For
example; a flexographic-press that includes a photo ‘
polymér print roller can be used to print-the ink even
if a particular pattern is desired. 'The advantage of
using a flexographlc press is that the photo polymer

30 roller for creatlng the print pattern is relatively .
inexpensive to manufacture. In contrast, a rotogravure
printer, which includes steel printing plates and is
much more expehsive, has generally been used to hold
more exact fegistratiOn and produce more precise

35 characters on the walls of plastic bags. _

As previously described herein, while the
precision of the'pattern of ink is not critical, the



- 20- O contrast with the color of the ink of ink layer 22.
For exanple, if the ink is blue, the plastic strip . coul d. be yel | ow.
The plastic strip can be formed using - -@}-extrusi-on process as is
comonly done in the, 5 plastics jndustry. Typically, to extrude

pol yet hyl ene thiflaass Rf i idhe 3%8Y dis imonranted dnk direr 22
extruded. To for mmadorss alpsi¢lermtly phircddrthat theied @ nitrdscapdld oW

pigment, is preferably added to, th ted pol yethyl.ene, e .g., at a
ratio of ten 10 ‘%_%r%’sé?\:tn ((a'%b%/ol%]? %lh]:eo“fqei)'f aq‘ﬁ'l I%tad%?’g.sﬁv SR < gﬁeﬁaé‘d
enbodi nent, the potigtate errd stanefene Fdenal tof plastic sthiigkdss dff
approxi mately % 3 jHi Staydh Q00 aldy @ik, adheHiQR 13/ G4 iNHO not
approximately 1.125 inch Stl‘lé)s, , w&then cut tQ I'ength, to form
plastic strips 20Mmigrate through thg,dnk, layey an éfg’rer?z % theeAdneR v "a
wat er - based i nk t hairfiese ofPpldstid dtrip 20 sudnstead, theUridheisgale Ref | ex
Bl ue sold by .CPI | l.nGCy r . c s.a

sol vent - based i nk ]g%ﬁ?%l @?luséwq&ereﬁﬁeo ﬁhﬁ?ilsé%??gd%ﬁqﬁgqq}ﬁer
surface of plasticresyt ¥nrd pserl. thak uis 800 weak.nk Its isr @fle@cabl y print ed
on the pad yef@d%@ haeis thes otk heye heled A% Y Welk bond Ly m

plastic strips 20. Jhe pattern of jnk does not - haveé to he very exact;
in fact, in one pr¥hgs to the AppgrsHriace i9fk Blashdicn dEFias 29 .ud or m
| ayer. 25 Thus, tHeexpinisi veyer 22 ideldreinatetidranplastitedtiey 20 if
exanpl e, a flexogr @@eﬂ eis%s' f&a& d rﬁﬁéﬁjeosr a'ﬁq'.fbf%e% " pol ymer print
roll er can be use 0 print the ihikc even if a particular pattern is
desired. The advantage of The siryrFurd |and@Eaapfiactwring pyradess ofe

- photo pol ynmer 15 3Gthd MLl difodifatit NEhdwie B IFYoURBd A And 2 dAtoel v
i nexpensive to manufacture. :In contrast, a rotogravuyr printer, which
includes steel pritRYNYDIBREPERFTE irg, s"?ﬁ&b%srrﬁ‘flé&’efpé:r?éﬁ% has
general |y been useaiigchdwdel or a silieorexcaleasagitst reft ithe dmhenr ethirfacedr e
precise 35 Cha.ra&feé]fa&’ié t‘%\,\#ﬂlﬁpf 'ﬂ{aacgti!sc, l:l'ﬁ'@:.nk is applied As
previ ously descri bed ferein, I T%e e :
without any intervening adhesion promoting material or
20 pretreating, and withdut'any intervening adhesion _
suppression material. Accordingly, this embodiment of
the seal is very inexpensive to manufacture. For
example, with respect to FIGURE 2A, the inner surface
of plastic strip 20 is not pretreated with a corona
. 25 discharge process, because a relatively weak adhesion
between the ink and plastic strip is desired.
Furthermore, because a water-based ink is preferably
used, which has a relatively weak adhesion with
polyethylene, no releasants such as silicone are
30 required. _ _
. ‘With respect to FIGURE 2A, ink layer 22 is
preferably printed onto the inner surface of plastic
strip 20 in a single coat, which involves printing wet
ink onto plastic strip 20. The single coat of ink is
35 uniform, i.e., a flood coat. While it is important
that ink layer 22 is sufficiently thin so that there
are voids in ink layer 22, there is a lower limit on



precision of the pattern of ink is not critical, the WD 96/ 04177

PCT/ USO5WO%808177 - . -21- PCT/US95/09808Ss Of

the ink layer is inportant. Ink |ayer 22 must be sufficiently thin so |
that there are mcroscopic voi ds ipsthe ink through which adhesive

| ayer 24 can m grate and therefore adhere to plastic strip 20..1f

5 ink layer 22héw thin tthekinladtesile He?.yarf 2L41]¢M2|Jaiye!10t22 is mgrate

t hrough the i h rf.ace of plastic

strip 20. Ins?ééx%;agf%]@?r}‘ghﬁg e{r?eée VHB1 ayer V\ﬁl SHEF L5 HSYadk | ayer

22, whi ch woul@Plor contwagt Jmn theagal hrdxen sinkodapeak 22t is also 10

|rrportant thatdéf@nimg@v&@n rﬁé’gﬁl\@lgtr\eﬁﬁlgdjonqrplbne gref%% 3 on to t he
r

i nner surf of Astic stri that .ink [ay am nat es

from pl asti set“?‘t?c%{’ﬂfrfrf' an appql;pgrg@éqe ik Shdckngssn 16 obtadnes by

The struct ur e usithgren Watttnibagpdriodeshar hasla tisceedityeHeadimgniosshown

in Fl GURES 1 v eatl such _as th a
3"ytssjctﬁoad'5cb Woonds widhtd ﬁﬁeasah?{ ﬁ’ﬁé‘rn% g@

corona rge or a siliconre "t e
of plastic - strigk an Phagtis st i3k Wlé'—ha@plﬁl&aﬁographm Phrdamteany

i nterveni ng adnttaﬁéxortlm QFEY ik neg gfnaitéar onr ?ﬁa@t@fd %%txﬁ@:ggloa“@ ny t hout

any intervenin ad.heS|on press n mat er.i al AcGor ngly this
embodi nen;iecgf thi ughly ‘#gﬁﬁ ey o bt WEAAGH eat For

exanpl e, V\nthgm'ssp.ect to FIGURE 2A, the |nner surf'ace o of pI astic

strip 20 is not pretreat t because a
relatively weak adhesi onﬁ:d i Jle% %gs%lt | nk % Fag’fagtg'cﬁaﬁ -

desi red. pPatfante Hfoidk fe@us@ grisk éaattt;@g@d pmzol plpssieor abl:yp

used, which ham.a rpeixatexaedpae/;eaigl eSiFae phic prRekyethy e8aesn

rel easant ifucqf aishkmclcl'ucl%%e pr:.nt on% p?La'stic strip 20. The
first coat of ink would be a flood coat that is
uniform, and the second coat of ink would be éppliéd in
a grid pattern over the flood coat. :
Regardless of the ink pattern used, the

20 bottom end of plastic strip 20 is preferably secured to
-the inner surface of front wall 16 by a heat seal,
e.g., a running heat sealer, as is commonly done to
seal'together plastic materials such as polyethylene.
However, plastic strip 20 can also be attached in other

25 ways, e.g., using an adhesive or glue. Plastic strip
20 is preferably secured to the inner surface, as
opposed to the ocuter surface, of front wall 16 so that
it is relatively easy to visually detect any slits or
‘cuts made near plastic strip 20. While it is certainly

30 possible to adhere plastic strip 20 to the outer
surface of front wall 16, if this done, a slit, e.g.,
made using a razor blade, could be made under plastic
strip 20 where plastic strip 20 is sealed to front wall
le. It would be difficult to visually detect such

'35 slits as the slits would be underneath the '
substantially opaque plastic strip 20.



Wth respect to Fl 2A, ink layer 22 is preferably ' to

the i nner &Pfgg./g@"g{]"pl astic strip 20 in a single coat“"?:l:r‘%%Sg’ﬂm&;1

i nvol ves printing wet ink onto plastic strip. 20. ‘The single coat of

ink is 35 uniform i.e., a flood coat. Yh#te it is inportant t hat
ink layer 22 is sufficiently thin so that there are voids-in.ink

“layer 22, there is a | ower 25 RrevdRusly depryapedq7front wall 16 and

PCT/ US95/ 09803 back wall 18 ‘are preferably formed2eof a plastbdw thin the

i nk should be. If{ _ink.l ayer i - I nin, there.will not bé a -

sufficient visua a%@§1aiéo 8%%b8htPgéyeF§§§%§g§egP&a%§ne%ﬁgugﬁg%r 22

del am nat es frontgchodguest cap 2e. used &Seefpruf theebacksandnbodnbent, an

~appropriate iBk {Aih§lknesghes sqbleaieRgdsbpf the HaLRIaAdWBLGht PRSElsi Bket hat
has a viscosity readlngﬁaf .y %g to Bgﬁsaﬁonds with a i 3 Zﬁhn cug, and

_printing the PrefrIghly doireds tPEFtAsTWPYh2aPREXBERAphi TR PREEP™

After the wet inknds pfi nthed backpkast froatr wpl28, arbBepréferabkyi Sormed

t horoughly dried, fQqQr I i n ¥ I t

is al so possiblebFogpFﬁn a %gF?¥c§?a?§ag%§Eogp?gr%go?o}%ﬁdeFﬁ.?oﬁmgFPﬁ

pattern, onte pl botitomsendy as shpyn Ror FACHRE| @A.ualhgraativsdyr apWdc

press, two cQals gebarakte Bheedd SPP1BEALCEoANHOLR! A8EACLET E&Pm2Phe ThE
first coat of ink wuld be a flood_coat, that; hs uglforn€ and éhe
second coat of iMeSkodPd FEFoRspWaddsinin whighyecage,Fhg Robter epdsPEod
coat. ' the wBd(a dioeddl b tjbdnedk tpgether wieH, at heat28eabott om
end of plastic stri [ f.erahblzy C d ' L he_] rosu ce of
front wall 16 byhgc%gég gggfyaras.%§.§$§ §5§Uﬁh?n§lﬁggggs%a?£§,2§s£$§
commonl y done toall prefgiraidyetfioamed) &t polwatbvians, sthe hagpbsyet hyl ene.

However, plagsi ¢ r@lcfilaflecan al so be attached in other

As previously described, adhesive layer 24 is

applied to the inner surface of back wall 18, as shown
in FIGURE 2A. The free surface of adhesive layer 24 is
covered with peel-back strip 26. To close the seal 12,
20 peel-back strip 26 is removed and the free surface of
- adhesive layer 24 is pressed against ink layer 22 as
shown in FIGURES 2A and 2B. Préferably, no intervening
materials are applied to the inner surface of back wall
18 or the inner surface of ink layér 22. As a résult,
25 when the seal is closed, adhesive layer 24 is in direct
contact with the inner surface of back wall 18 and the
inner surface of ink layer 22, as'shown in FIGURES 2B.
In the preferred embodiment, adhesive layer
24 is forﬁed of a pressure sensitive adhesive that is
30 rubber-based, has a'relatively high liquid tactifier
content, and is applied as a hot melt using an
extrusion process. The.adheSive must have a low glass
transition temperature and simultaneously a relatively
'hiéh internal cohesive strength. As previously
35 described, it is important that the adhesive have a
glass transition temperature that is below the
breakdown temperature of the seal. Preferably, the



25 ways, e.g., using an adhesive or glue. Plastic strip 20 is

 preferabwogmmaiared to the inner surface, as opposed pEruEBosHEEr
surface, of front wall 16 so that it isrelatively easy to visually
detect any slits or cuts nmade near plastic strip 20. Wile it is
certai nIy 30 possible to adhere'pl asti@4%&trip 20°to the outer surface

of front wall_6 t ng a razor
bl ade, could %%hen%ﬁtee u}tﬂné ers rﬁ%ﬁ translts‘t‘% pt%%?gf "'}?tti dSstrip 20 is
sealed to frderlqwl110°F. B‘l additvion e hi fﬁaql.ulnetrtenwnﬂna:l Ighedet ect '

such 35 sli (1880 tmrsiéfcmrﬁbéﬁa&wrﬁée%éwme 1007, Yfstantially
opaque pl astic..st I’J‘P WD 96/ 04177
PCT/U895/098d§ihe51 e preferably has the follow1qggcharacterlstlcs As

previ ousl y5 deusam ekl fotmrengteh |ofl67 andibs. (400K 163 .)) bh airedyeferably
fornmed of a | yet ene, ext rusi on
“techni ques can eééljlst ?f r?[; egd(flhc(f% §£ ?a@d&?r??ftdyd §Rﬁalal(égr?%}g'5| de edges
of the back P80 RS \aff I35 a melfistemaint jofi 1éd *Frget fS;!F’]by a heat
seal . The bOtﬁéHH:Lng o@%ﬁ/é? finclgand Fantanidldes a%!p@. Orm trﬁbl y

f or med a single sheet Iastlcthat |sfoldedto '
bott om end, %Fq% r%j:@ >R 1 e%ﬂ%l&re%edl@“%eﬁte sheet s
of pl astiid caiHed ahﬂmss:eth tics fcireaﬁ o that Hatk layeod rzcntca\ﬂalﬂes sdeh Whi ch
case, the bot ]ng ggg et her. with a
heat seal . ause %alm]h \3@ afidh\%g&g‘%aﬁgl)ﬁ g aé'olgre
al | pref er ablis foqaed ofVassiausa rgdhsmwet IeompRegditd onss em-@tcllabltéxe
AS previous| ypeieserdded, ﬁﬂ&ﬁ'd&ﬂ% p%ﬂedeihn ch%&&ldt } slsp sldae i nner

; r

surface of back wall 18. ee surface of.
adhesi ve | ayé FPREPPT tec&ﬁﬁse?d‘ “ﬁé‘é’ll"t?a "ﬁ g@n P& close the

seal 12, 15 readily composed Most llkely; the basic ingredients
' of the adhesive 1nclude ‘a rubber base of synthetlc
block polymers with a liquid tactlfler added to provzde
the speclfled viscosity. An'adhes1ve hav1ng the
preceding characterlstlcs can be manufactured by
20 various adheslve producers, 1nclud1ng Swift Adhesives
Co. and Ecomelt, Inc.
To apply the adhes1ve, the adhesive is melted
and extruded onto the inner surface of back wall 18.
_Peel back strlp 26 is then placed over the free surface
25 of the adhesive. 1In one preferred.embodlment, the
' peel-back strip 1s formed of high density polyethylene, '
and the surface of the,peel-back strip that is in
contact with the adhesive is coated with silicon so
that the peel-back strlp eas11y releases from the
- 30 adhesive. When the adhe51ve ‘cools, a pressure
sens1t1ve adhesive is ‘formed. '
Whlle ‘the materlals and manufacturlng process:
were described in the context of a bag incorporating a
seal as prov1ded by the present invention, 1t will be
35 readlly apprec1ated that the materlals and
manufacturlng process of tape 40 shown in FIGURES 10
and 11 are basically the same. 1In partlcular, tape 40



20 peel - baQ& 726 is renoved and the free surface of %ﬁﬁ@%@@%ﬁg g

layer 24 is pressed agai nst ink |layer 22 as shown in F
2B. Preferably, no intervening materials are applied to the inner
surface of back wall 18 or the inner 3&Pface of - |nk layer 22. As a

. result, 25 when,the sea hg?Ed ad sive.l aye hs In_direct

‘contact with thelfn 8Fm§3rF§c§ SBEEK Frigss %ﬁ fﬂet € SapR BFOCEFFace
of ink |ayer 22,a§ssehdwa2WnsEbGUREﬁ FBGURES S9A and 9B. In the preferred
embodi ment, adhesive |ayer g IGURE§46 SEfQEQEﬁtQEté Qﬁeéiﬁéfnééﬁéétixglfler

adhesi ve that is 30 rubber-bas as a relativel tac
content, and is §BEPPéét&§ndPﬁ§Fe#§IﬁnésWﬁ@ugﬁCturlngxPFggﬁéﬂ ﬁPEcess The

adhesi ve nust shaygagtliewsghdps 20 anHraOSIbheﬂntQﬁpFEQUHEs andand 9A.

" simul taneously a,rel ativel nt e coh sikve tre . . As
o evi ously 35 RUBSAY SBEOTPPTRE ISP RLAKAE PRELHARGS: SHOIE, A,
' gl ass transiti onFIEHBESabd-E hhast the behefitheof beingrwakeodaffiapktat ure

of the seal. Preter 7
BCT/ US9E/ 69803 £ #Bke bBen ana PPo98404Y Z moge visible ﬁndfsgt on

gl ass transiti onfefp&PECafe OPRRANgs than EBPORFQYBPBFFYFdeSFﬁlbéélt|on to
the requirengot Eh@bdhhénts glraes draabakcki ef tﬁépeﬁbbaiﬁeﬂe BR6GH in

-10[err]F, the pref | v, has th g.characteristics:
5 Ohg0[br 11 peel FIEPRRE, RACE 15 EhRY Yo reblTyif St ] NagRd Aot
viscosity of 10, §®&depseareﬁﬁﬁperap5 tampedivgsaat e§€6¢bivéFy as tBe000 cps

at 350[err]F, a [ FT 5009nisq
nat 143[err]F B&sﬁg'akfggl%gﬁ @&bbﬁmwgg?ﬁ urghg iﬁﬂ?bﬂg égrgg
y

one preferred enﬁ&&?ﬁeﬁﬁb°femepﬁeS§8HBSFFetP§ EPBaVléUsthﬁtFFﬁ
can be seen 15 thdotpe kdde wabssl8ezndondhesive hﬁyEIGﬁﬁEmeEnlﬁ@ahdéQ

s closed vari oys 3dUesive,COUPYR L Q3aRkbBhel" bYEr of BLLGE Sk soB25eC

upon t he precedlng C
(e.g., ink extender), and a uniform layer of colored

- ink 62. Plastic strip 20’ is preferably formed of a
high density polyethylene, as'previously described
20 plastic strip 20. Preferably, plastic strip 20’ is
colored, e.g., yellow. | _ '
Patterned layer of clear ink 60 is printed,
- e.g.,'uSing a flexographic press, onto an untreated
surface of plastic strip 20’. Clear ink 60 should have
25 a weak affinity to untreated polyethylene and should be
~ able to withstand a corona discharge process as
" described in the following. Preferably, ink 60 is a
water-based ink as previously described, except that
ink 60 contains no pigment so that the ink is clear.
30 For example, colorless, water-based ink extender’
manufactured by CPI Inks, Inc. sold under the name
Universal Flex Extender can be used. However, a
solvent-based ink extender could also be used. Ink 60
is printed in a selected pattern, so that the majority
35 of the surface of plastic strip 20’ is free of clear
ink 60. As shown in FIGURE 6B, in one preferred



an appropriate pressure-sensitive adhesive can be 15 readily conposed.

Most | i kwiows/os1re basi c i ngredients of the adhesive i nadpgkdsgogosbber

base of synthetic bl ock polyners with a liquid tactifier added to .
proovi de the specified viscosity. An adhesive having the precedi ng -
characteristics can be nmanufactured by 286-various adhesive producers, '

i ncluding Swift. K Adhesives Co.,and Econelt, ‘I.nc. . ' To apply
the adhesi ve, SFREAHRE valfgrnéPFegg-ls RRinERe 888 8RFdeEnefi nner |
surface of batktwopl sigs." Peel -back strip 26 is then placed over the

free surface 25 of the Si : 03,0 e e dient,, the
peel -back strip is fotnégeg? Eggﬁrd%ﬁgigg g%|§§%%§g%n§$8 d?li t the surface
of the. peel - b8&cR-st BEpNEHEt heati gun, thgneurfagetaftpbasthessveips coated

width h sili cs\r;\h 20" on wgﬁt:h_t beeaee{innasb $br hppeachl ¥s' eLeases ‘L% jhe 30
adhesi ve. en ive cQo ressur epsitive adhesive is

f or ned. : °°r5ng_glﬁﬁﬁﬁathBrﬁ§F8§ig?sraﬁaﬁﬁﬁnﬁ?ic%ﬁ?FﬁasﬁrBB%ss

wer e descri bedurfiacheepengyxofoplasbag shrbpp20atiag dllustsawédas provi ded
by the presensj b1 00, pirt 1 kb ¢ eadily, Easedsthat the
materials andblbeggg%%fgc?gr%%ggpgggggg g% ta%%Tﬁng %ﬁ%é%ﬁg$|GURES 10

and 11 are batPeafipeRrke 2aFRYONfndpgrhrEgeFreabps aet to awD 96/ 04177

PCT/ US95/ 8808trength of approximately 43 to 50-dPnes is ussdforfgd of the
sanme materials_as_In e'saheSBrocess . shown_i n FI GURES 9A

th as seal, 12" I
and 9B. - corona disFhefpEPERCESE| FHsPPEleSAnTHRT FALPTIR 1K 62
conposi ti on/ padheresawdlianaf ptaatingspripes’ f orIn paptistlarstrips 20 and
20" shown i ELGLRES) 26¢ 88dePhip 20: AoSEahiboCOAPSALIg:de Plastic strip

20" shown in A-E ﬁas the benefits of being nore difficult -

discharge,Egg?ored ink 62 is printed as a uniform layer

15 oVer plastic strip 20’, so as to cover the entire
surface of plaétic strip 20’. 1In place of using a
corona discharge process, the plastib strip 20’ could
be subjéctéd to plasma treatment,'chemical.treatment,
or f;amé treatment. | . | _  __

20 FIGURE 7 is a side cross-sectionai view of a
bag 10’ incorporating plastic strip 20! to form a seal
12, When seal 12 is closed, colored ink layer 62 is
sandwiched between.adhesiVe layer 24.and'plastic strip

207, Because:plastic,stfip 20’ is subjected to a

25 corona_discharge'process before the application of
colored ink 62, colored ink 62 forms a strong adhesion
with those portions of plastic strip,20"not covered
with clear'ink 60. As a result, if an attempt is hade
to force open seal 12’, colored ink 62_ﬁill.not

30 delaminate from plastic strip 20’, except along the
pattern where clear ink 60 was applied, as shown in
FIGURE 8B. Colored ink 62 does not delaminate from
plastic strip 20’ because colored ink 62 adheres more
strongly to the treated portions of plastic strip 20’

35 than to adhesive 24. However, because cléar ink 60 was

applied to the untreated surface of plastic strip 20', |

clear ink 60 does not adhere very well to plastic strip



to force opﬁvqand i)row ding a nore visible indication a forced

openi ng t hat ¥4 evi ousl y described 10 enmbodi nents. The d’r’%%?éf?”ﬁ‘? t he
epbodi ment shown in ° FI GURES 6A-E is that the resulting seal does not
~evidence refrigerant tanpering as effectiveby-as the. previously
| descri bed enbodi ments. The ink/plastic - strip enbodi mrent shown in the
"top views in Fl GRES 6AsDa Yesaild,t beolordd dnkss2santli chabrvielw 60 FI GURE
6E i ncl udes r pad 0
(e.g., ink exten %&ﬁgﬁ%ﬁ%S%ﬁ#fga%Ptéée%%E?ﬁcg? Eg%ﬁ& Qie EQEEEkgIOQ

strip 20" is pref‘-’e‘reé'&l PO dhen 0 atteﬁ‘i‘?&h1§eW§FiFthoIE9€FﬁyFBﬁesea%
previously descridpeh. 20 plastic strip 20. Preferably, plastic strip 20" is

col ored, e.qg. 5 yel | ow. tt | ay f clear ink 6
printed, e g., using a-ﬁ9§?gg%§khﬁa %eg%gs §° ﬁavﬁtﬁeg?éar tgat
surface of pl asticordmasgt=2WithCitoer cpﬂbmofspéasulhaserlp&a’wealznabhéni ty

to untreated pol yaldpd,6ne ARtbcHIfdnE, b%lastf:.cagltglhozﬁﬂ’tgé gagr_ °ghand

di scharge process as " described_i'n 60 is
a wat er - bas &PLIREDd A & &t?sP}u&eschFSg&raE’}é’epFoﬂ-ﬁﬁﬁd {nk ' FAkis

contains no pi gneite’c dalaaid,t las iisk the ebear for3prEeioasappbiescedbeydl ess,
wat er - based '%k é&.mg er 22 . n%%%%%%%u%%% b§10ﬁoﬁgnk§105ea 1nﬁ|g under the.

name . Unlvers Ext'endér can be Us
sol vent - based i nkcontrasts with ¢hel color gfeplaphlic6dtrip 2p4, pthated in a

sel ected pattern a%eéﬂaetlﬁ lw@u@w eikeb¥ i3k 8b rvae %Ebii‘@@ Bb1gigstic strip

20" is free of clear 60. As shown in I n one preferred
WO 96/ 04177 appears when an attempt is mad e tpcfpgsg SPEQBOQ seal.
- 26- embodiFmantexanipd®, iask indicatpdl Aihe#IGURE SR ¥Refif a portion

15 66 of seal 12’ is forced open, the "stop sign" pattern
appears, whereas an untampered portion 68 of seal 12’
appears uniformly opaque. The delamination of colored
ink 62 and clear ink 60 in portion 66 of seal 12/ is
shown in FIGURE 8B, which is an end cross-sectional

20 view of portion 66 shown in FIGURE 8A.

. Because colored ink 62 adheres much more
strongly to treated plastic strip 20’ than ink layer 22
previously described with reference to FIGURE 2A, seal
12’ illustrated in FIGURE 8 is much more difficult ﬁo

25 open. After being closed, if seal 12’ is quickly
"frozen" with a refrigerant, some "stop signs" will
appear as a result of clear ink 60 delaminatihg from
plastic strip 20’ due to the differential shrink ratee
between plastic strip 20’ and adhesive 24'. However,

30 because colored ink 62 adheres strongly to the majority

" of the surface of plastic strip 20, colored ink 62
provides structural support that prevents the
differential shrink rates from delaminating clear ink
60 as readily as ink layer 22 in the prev1ously

35 described embodiments.

Other than the differences specifically
described hereinabove, the manufacturing process'and



"stop signs.” After clear ink 60 is applied and dried,
e.g., uswodgémsttieat gun, the surface of plastic strip 5 pca@isosmosodi ch

clear ink 60 is applied is treated with a . corona discharge process to
roughen and increase the surface er ﬁégy of plastic . strip 20", as -
il lustrated pictorially by line dashes 64. [n one preferred :

enbodi rren% lamigé?ﬁlaéﬂl gehaéee tpeahes 6Bé bome aéOfo:?tdfé‘Gihé‘uQi |
approxi mat el y 0 s.Ls " na disc arge process is
used so t hat QSFSFeBean 4 ; 12°a §dﬂ%re§ﬁﬁﬁVll?o§g § 2R304 M. In
particular, For ekawplplabbtb sleap 20k 66 en@recleﬁedonﬁkCOZOﬂﬁe _

di schar ge.  cobgEedr by O4atarPbLBLAdyRENa DLLOERILPYELaa iy G csoPLasti c

strip 20", _so as_to cover the entir 20'. In .
pl ace of u8in§Pa30 SECEBﬁﬁnﬂlﬁhsEhﬁ?g%aBPOEBBs a@%et¥#a5@k% %r¢|p 20' could

be subj ected poeperabbyt appliedt usihgnaCilekd§rapRié pr:.nte@r flame
t r eat nent 20 i de crosegsectron view of a

bag 10' incorporating_pFﬁs?cgogg?Fﬁe281t$oy?5rﬁ? |emboéﬂq' £ ofhen seal .
12" is crosedthialbnﬁdntmhnbagebaQZC1esure thandpruvmdebeevtﬂenedh@sive

| ayer 24 and HEQEttEmEEEiH is aggob%$g9 plfﬁ%rﬁé téiéb?@ {§ subjected

tora 25. corona disc process |ca i on col ored
ink 62, chPor8anpikive Ferhﬁlﬁgsh?ﬁﬁﬁ aﬂh@%?o% Partl@%%#rtﬁﬁﬁkﬁﬁk#@mons of

pl astic strlptaﬁpeﬂatugeyeéedthat i® héa€l Larappkidd, e ariggat, if an
attenpt is made to f-?rﬁgeogfgsseal 12 Otfr-e&éﬂlke 62 will not 30 .
del am nat e fr%ﬁ?ﬁ?’é%{‘?% Str 2 1é§%e%?n5?%% $e g Prattern where {
clear ink 60 wegaugpesedefawhehben the closwr&URE gfenddl ored ink 62 does
not delamnate from  asPhasthesgdl iBodl, Pﬁcé‘?kgstf&{oé %ﬂ%‘ﬂ;&@ her es

nor e _ strongl to the treated Eortrons Ic stri t han
to adhesi¥® 2¥SITLQGREIBE, cB@léﬁge higves &le® 9@% heatlQﬁmﬂ¢eﬁFmRﬁ¥he

untreated surigeR BagptbesugestripypOially, tiié efdhédiw SO Hp@s &Pta adhere
very well to BLSSEigsﬁéélgan be heated uszng, for example, 'a hair
- dryer or other heating device. The adhesive is
softened and the bag can then be opened. | |
20 - To indicate tampering by heat, a "heat |
activatable, " or "thermochromic," ink layer is used in
the closure of the invention. As used herein, the term
" "heat activatable" or "thermochromic" ink refers to
-inks which, upon the application of heat, exhlblt a
25 v151ble, permanent color change.

Any of the types of thermochromic - inks known
in the art can be used. In the present invention, it
is particularly advantageous to use a thermochromic ink
which permanently visually changes when heated to a

30 temperature of at least about 140°F, more preferably at
least about 150°F, or higher. This activation
tempefature range is desirable because typically the
adhesives described above for use with the closures of
the invention soften sufficiently at a temperature

35 between about 140°F and about 180°F .to enable a person
to open the closure: A particularly preferred ink is



WO 96/ 04177 PCT/ US95/ 0
-27- YOONITa result, colored ink 62 and clear ink 6%595/09803

del am nate from plastic strlp 20" along the pattern.of clear ink 60
~when an.attenpt is nmade to force the seal =29- open. . Col or ed

- ink 62 is chosen to coI or .that contr sts wi.t b, the col or of
“plastic strip 202V 41 BP@W@FFeE°@HﬁB§P RE; BFagFl EQPF?p 20" is
yel | ow and onilsecedtii, nlarﬂZ iiss delsgeribBdefiar mblrg, dethdledelak.62 i s

wat er - based, as is the casggf Q,rllg_@_r g)\él %E:i@éc‘i%%%ﬁ' B?dthéo hghg yer 22.

Because the col or of col ore or of
plastic strip 20artigan, t ep&ﬂ#@rﬁeﬁﬁlﬁﬁﬁcﬁ°cFééPCFnEhGOCR&§raEBﬁP§§

bol dl'y appedan Waay ad deadiply icond@ddohe Warge epen,tBReseal .

For exanple, as in |catted in _Fl GUR \%ln B 15 6 seal 12
is forced open, OFFLVEFIS"sSGTPEFA FEE“&Fno € eaﬁ'g‘galsg,sgﬁﬂe}lﬁﬁg'a{ihﬁnt anper ed
~portion 68 of sedlemp@rature appdded tnoi fthenispadpabow. 1dhg Hekaniimati on of -
col or ed i nk 5%%1%% Clff tHak 19%e.N Reg! b&amgﬁeof whe! che Féél is

shown in Fl GURE I's an end cross-sectio Vi ew 0 ortiron 66
shown in FI GURE #i€ated t° a temperafuxg af &S‘FoAQUanEn62°§dﬁeFé§9ﬁuéﬁ nor e

strongly to tueeat@drilodiirionist r:m &Q:tlwla&aonnkeh@)a%taees, ther ¢¥5083kY
described with r%gﬁ{engﬁlto FI GUJ E@%ﬁ ﬁ? i g Eﬁtratgd i n Fl GURE
8 is nuch nore di FG® SBopaTE RPSF BOrRgScPYsd- PR ¥88F 12' is

qui ckly " f r ddgheniadt ivatding demperatuoes ageopsedgns” wil |

appear as a result of cleawp) eﬂ%ﬂ@@d%@&?@ﬂl%thﬂﬁ Eﬁﬁnbe usef! 2 ﬁttg strip 20"
due to the differenti al shrln rates bet ween plastic stri 8 and
adhesi ve 24' . HowdFier-eyident, fdesugiesy of the 43veahdrssist Vaﬁgpysto t he

maj ority 1s0f wfaly% surpfo&cexaﬁngmeaswm osile’ ipreZ@rredokeabedimgiit62the
Pates rom del amORETgTEmAT nk’ 18" SR 60 vo amy Ubef! BREFACETOE, " (e
previously 35 d@d@mumgjsgmb@dmmbnmm.a surface opp031te ink layer 22.
The plastic layer 20 is printed using standard .
techniques, as described above, for example, . using a
20 flexogréphic press including a photo polymer roller
printed. The thermochromic ink can be printed onto the
outer surface of plastic strip 20 before or after the
ink layer'22 is printed thereon. Further, the
thermoéhromic'ink'layer can be applied as a
25 substantially unifofm coating on a surface of the
plastic strip 20, or applied in a pattern, for example,
so that upon activation, the ink forms a series of
"stop signs;" The thermochromic ink is then dried
using conventional equipment, such as heat guns. Of-
30 course, the thermodhromic ink is dried at a temperature
below its activation temperature. : _

When dry, the thermochromic ink is a specific
color. However, when heated to its activation -
temperature, dye compounds in the thermochromic ink can

35 undergo a chemical reaction. As the dye compounds
react, the color of the dye compounds changes, which
results in a change in the color of the ink. 1In the



O her than the differences specifically .descri bed herei nabove, the
manuf actweo begd1pr ocess and . WD 96/ 04177 " PCT/US95/09803

- PCT/ US95/ 09803 - 28- material s of seal
12" are the sane as for previously -glgscri bed seal 12 and 12" shown in
FI GURES 2A and 9A. For exanple, both clear ink 60 and colored ink 62
are pr ef exatnpyewgtieenbbeddwwi theathesmoshtymieathpginft2811v5 to 30

-seconds with h , abd. Laks a3 erably i ed using
. f|exograpmgpgrgﬁﬁ?e??‘m' 821108 £OYR Bifndarg PRFCE) ANLYARE, £E,
enbodi nent of not thermalilyyartivatableag enesuretiviatedr ovheles evi dence of

heat tanperinghk¢mabheoRieVifdRItuFAS BAGMCWRSHE CLbSa é&d&f@ﬁl%ﬁ¥§1%0'be!ng_
heat ed aboye a art|c¥kar actlvgtLon ., _temperature, so that | eat is
appl i ed. the GPLGEr The phEashb iBVERTifR P oRote PeVRERENtlimEHERges,

regar dl ess of tehthherpaptichidanr eolerofermat. The thermochrdmidi ssrissed
above, in additi oR.-Los:khe us L Lge ' L Ng, [eves., al so use
heating to ta%%%rﬁr&elagﬁ?hﬁ%ggég?%gu?géﬁ#?T§%?%%§€§%ﬁt e %ﬂ%eﬁ?%% | ayer of
a bag cl $suheatad Bt Atadbavesthg, acbivakien| eemperature, dryer or

other heatingrégyrgtesdheradhech¥e b not thefseapdigdngdethgriPppg can then be
opened. fg £ - To indicate tanpering by heat, a "heat o
acti vat abt®, “T8Fced@PfBchromic, " ink layer is used in. the closure of
the invention. As used Atternativelyeran standdh@atnaw+thetmdleromic

heat " exhi b t 23k: p8ush fba’ SonvencABAL W ot PASLASURRPILET RSN T (g
the types of %Hﬁiﬁﬁéhiﬁnﬁcupﬁggrﬂn@%ﬁting to nthe couter csurfrcaisefl. In the =
present invenpiaBtikistrip 26 £8'brévias! ¥ BAVIRPESUED USoniOrdise 2 '
ther mochr gt Cah0¥nse wnihCPhlCLETO thindd SHE el R HED. Nogted to @
- layer of thermochromic ink iS'then.applied in a
patterh, such as the above-referenced series of "stop
.signs" over the layer of standard ink. Preférably; the
standard, non-thermochromic ink and the thermochromic
20 ink are the same color initially, such as white. If
" the closure is subsequently heated, the thermochromic
ink visibly changés'50 as to form a series of
contrasting reddish "stop signs" against the standard
ink layer. Preferably, an industry standard water
25 based clear overcoat layer is'appiied over at least é
'~ portion of the strip to protect the thermochromid ink
from scuffing. - B _
Prefefably, as described above, the
thermochromic ink layer is used in combination with
30 seal 12, i.e., which includes an ink layer 22, and in
which the plastic strip 20 and the adhesive layer 24
exhibit differential shrinking and expansion rates. It
will be apparent, however, that the thermochromic ink
layer can be used for security purposes with various
35 other seals which include an adhesive bonding layer and
a plastic stfip‘és a support for thé thermochromic ink
layer which do not include ink laYér 22. In this



30 tenperature of at |east about 140[err]F, nore preferably at | east
about 150[ eWQREO477 hi gher. - This activation t enper at ur e PEA{§5/49803
desirabl e because typically the adhesi ves descri bed above for use with
t he cl osures of ‘the invention soften s«ffdiciently at a tenperature 35
. between about 140[err]F and about 180[err]F to enable a person to open
" the closure. A paenbedimeny ofctheriuvéemkion, the ti@wg@iduromic ink

PCT/ US95/ 09803  jayer can be' printed on either &% inner S¥Vah e from
M dwest Coatings Inc, of and ‘i escribed in nore

St. Louis,, M ssouri, S
Hota T borow 0 sUEtale St agleStic srrln: oot AP THRFAGE QD ne
artisan, the tineadkggivedlaperféantbeé heovaered wiheinge pedl -dscky atrias, -
heating conditiong_.v iS4, | vad 1 oth 1. r of, the .l nk
Cyetemused, the e Sferinfs, obdfe, ro Bil 'L QTG Tl bl i
applied, and the $tkdP Forrenavipdefromebhe hrdkeslve slayer, and dhao a

tenperature at thgi1hewes 8pdipfis pPEsSe@fondd AMESIDE Y | Nm@aiHasaL i On
t enperatures, the VI.SIg| e " col.or chﬁ'n e can take splc?ce, re slow y.than
when hi gher BREi b _??‘H‘@c%ﬂ‘ﬁ%?a%%e a¥eE CRRPe used without r d

. thernmochroni ¢ i nktoaspbeifiseddififébhential shrnjmkimyixckrds b sihe plafstiie

j[ R\e/ent ion in yari gjgﬁyo}é-%@ﬁpa%%?i gléémgéﬁesi@ mﬁ ﬁié%;er{ %b&ﬁquj’i gt

t hernochr c Ink, to an ou “'plastic
strip 20, on a sudififereppialtexparsioperabes thereghagamaamninger 20 is

printed using standard FLUBEhEL(UERe EReARSCHIGIRL A Qayd¥ can also
exanpl e,.using a 20 fl exagra hic press i 'nC|%£II ng a th-,oto olyner roller
f 13}

printed. The therRBcRFE¥LEeRn scaomg‘B‘Bpﬁ???l’fe gt the farn of /& ace
of plastic strip 8péecbpriabeladterashshown innRIGURES 1P arsd (Ml .nt ethe

thereon. Furt{igr. ofP§cture SBCEIBENEE WA LKLY Eie s Ahd & 1R SR 2
ink layer is essentially the same as described above.
An exemplary thermochromic ink formulation is
as follows. First, Solution "A" is prepared as
follows. A carrier for the dye compounds is prepared

20 by mixing 85% water and 15% polyvinyl'alcohol (PVOH) .

' This mixture can be strained, for example, using a 25
micron filter. A mixture is then prepared with the
following: 60% PVOH; 39.6% of a conventional leuco dye
(well known in the induétry); 0.1% Nopkd-W dispersing

25 agent (industry standard); 0.1% Surfbnol TG wetting
agent (industry standard); and 0.2% defoamer (industry
standard) . .

Solution "B" is then prepared by first
formulatihg'a carrier as described above including 85%

30 water and 15% PVOH. A mixture is then prepared ,
comprising: 60% PVOH; 39.6% bisphenol¥A activator; 0.1%
Nopko-W dispersing agent (industry standard) ; 0.1%
Surfonol TG wettingjagent (industry standard); and 0.2%
defoamer (industry standard). o

35 The final formulation is prepared by mixing 1
part Solution "A" to 4 parts Solution "B". Although
not wishihg to be bound by any explanation of the



25 substantially uniformcoating on a surface of the plastic strip 20,
or appl iwdgsmag7pattern,  for exanple, so that upon NFcirsdsiotins t he ink

forms a series of "stop signs."” The thernmochromic ink is then dried
usi ng .conventi onal equi pment, such as heat guns. O 30 course, the
thernmochromic ink is dri ed at a terrperat-@r?e bel ow its activation

t enper at ure. the thernochromic ink is a specific
col or. Homeverlnmtfllcl’fe'at’e% Jt%el??l&%‘fﬁq Vtatorhen thes g a?tﬂjr*@afcgtg

conpounds in ttfleetﬂsmpmtmbm Cac thivvatase éiﬁuumhﬁ:rmea & hedntidal eaction. As
t he dye corrpou.ggf e t conpoynds changes,
whi ch esu (ftsl?rh wa{ teﬁ‘%]n l{iﬂl é]etkf%glﬁl‘}ﬁ?) ‘#jr? t he WO

96/ 04177 ‘compound, . thus a tering its struqr@wwm @e8BRicing a
- 30- . BXagler g_—l_-h/aa{gé),el ow, the thernochromic i nk | nitially

appears white, simlar tQ a standar ite i whi € : not thermally
activatable. Once activ , .Rarfle}'lcuq' r#é’r%@tﬁto‘rﬂfb %ﬁ( A, ARE ARG t e to
ia_ r_eddidsh- pur piempefatumé arf abidwt lplrﬁ*’emt iTheenitrikoni s S.rfi(ﬁ:.ﬁ:l}l@d\mtﬁ!tke

imted . @ty r ro in
can provide a per 'e‘ﬁ*%‘? %ﬂaﬁ{qﬁlﬁ%éﬁﬁf l':hr-l:lgieal dT%% d at or
above the act |MRJ® whepdieatad to its agidrmtden (tfen\neefta\:elra)romot t he

seal is actolaldypghekd tfd)rp%ﬁﬂri&é?fh permanent v1s1b1/é| yiat itflnge @ Standard,

non-t her nmochr as .a conventi.onal ‘al cohol based |nk can
be app! i 2’3’1‘*%’ f%ﬁ’r&cﬁ‘%%ﬂﬁ’n § PATC s&dfv Zokagecus £a3 astjc
strip 20 to pruse delth Ftdegioes h'amtngaa scﬂﬂ:emgrg mnmmatviém col or q

change is cl eaa{ﬂéhellﬂ(;ﬂpe and 180°F | ayer of t hermochronmic ink is then
appl i ed in a pattern, such as the above-referenced series of "stop

signs" over the |ayer offiCWeNRar Fhifk foxmtlatden is mabject to

15 wvarious modlflcatlons For example, hlgher or lower
percentages of each of the formulatlon components can
be used, and/or hlgher or lower "AT to "B" ratios, and
the like. Further,_thermochromlc dye compounds and
thermochromlc dye cempound actlvators, other than leuco

20 'dyes and blsphenol A, respectlvely, can also be used 1n
accordance with thlS aspect of the 1nventlon In
addition, polyvinyl alcohol is a- preferred carrier
because its use can.prdvide:a deeired degree'of
flexibility to the ink'layer,_which is particularly

25 'advahtageous in continuous in-line epplication to

'~ plastic substrates. 'However, other carriers can also

~ be used.
As w1ll be apprec1ated by the skllled
artisan, preferably the partlcle 51ze of the ink

30 formulation is suff1c1ently small to prov;de smooth
consistent appllcatlon of the 1nk_to a substrate
surface. Further, it is preferred that the
thermochromic ink formulation not“be'dut or mixed with
other inks or solutlons, and that the equlpment used to

35 produce the seals of the 1nvent10n is clean.

While the preferred embodlments of the
invention have been illustrated and descrlbed it will



st andard, non-thernochronic ink and the thernochromic 20 ink are the same
color initi%PP043%ch as white. |f the closure is sub&F(RSP303
- heated, the thernochromic . ink visibly changes so as to forma series
~of contrasting reddish "stop signs" agaBnst the standard i nk

| ayer. Preferably, an industry standard water 25 based clear overcoat

~layer is appliedbev@ppreqigssd Fhat vagdpuporhangeRecanrbp Padpr bhereinhe

- thermochroni ¢ i nkyithout! GePa3tlly Fom the spirit andPsebgeaBEythas

descri bed above, ,the _. -thg%pnc nonéc iﬁg ayer isfugﬁd LN cogbination

‘with 30 seal 12PVeREo0h SFSCRERdey  ah fnRSPRYePt 25 ahBVFRELOR 1§hi ch
the plastic strimo20tandbet ldmidleds bye theydes2diptionewfii bhe préfereeadi al

shrinking and s GRS but! instealf bholifd2BRAERErmIAYEVEY, hat the

“thernmochrom c i nk ayer can be use or security purposes W th various
35 other seals Walerenss (@ the SdRdESyEMBENEPAEOWayer and " a plastic
“strip as a support for the thernmochromc ink . | ayer which do not :
include ink layer 22. In this WO 96/ 04177

PCT/ US95/ 09803 : -31- enbodi nent of the
i nventi-on, the thernochromc ink | ayer can be printed on either the

i nner or outer surface of a plastic strip. The free surface of the

- adhesive |l ayer can be covered with a peel-back strip. 5 As descri bed
above, to seal the closure, the peel-back strip is renmoved fromthe
adhesi ve | ayer, and the plastic strip is pressed onto adhesive |ayer.
Furt her, . the thernochrom c ink |layer can be used w thout regard

to specific differential shrinking rates of the plastic 10 support strip
and the adhesive |ayer upon cooling, or differential expansion rates

t her eof upon war m ng. : Further, the thernmochromc ink |ayer
can al so ' ' . :



be provided as a conponent of a seal in the formof a tape or | abel
40, as SW0W041M7 FI GURES 10 and 11. The 15 structure of pcrmsesithsedi ch

i ncl udes the thernochromc ink layer is essentially the sane. as
descri bed above. _ An exenpd@ry thernochronic ink fornulati (_)n
S - as follows. First, Solution "A" is preparéd as follows. A -

carrier for the dye confbenedsbpdiperparefl tB ulweﬁlﬂ:isd:mglﬁ%ilﬂiﬁﬁnand 15%
pol yvi nyl alCQQ@&uQBVQ*%rFPertyTBfS 6£fé§ecﬂ€ gféf&éé‘%fg ?% %%a”p'e

using a ture | prepar e
fol I ow ng. 6035 PERLLCYS: 6% of a conventional |euco dye. = (wel I _known in
the .i ndustry); 0.1% Nopko-Wdi spersing 25 -agent (industry standard); 0.1%
Surfonol TG wetting _agept i ndustr ndar d) ; 2% def oamer

(i ndustry st andar d A tSmper sirfady Iﬁ??g l%gn]('j"ilgnfﬂﬁen prepared by
first 5formul ating a carfabr as adkeribedlapey dnéamns uEhng 85% 30

wat er and 15% &NEFingAedl Xt 84 then r&Ejaé r 60% PVOH;
39. 6% bi sphenol@flgg?l vat or; fféée SE"al Nopk®o- gvgd‘?r%ep%rés:él){ngg) éefs'aéefnt ?l ndustry

st andar d) 3P &9 8% oPP j‘%FPvettl ng agent (industry standard); and

0. 2% def oarmer (i ndustry (b} andasdﬁpor65layer means fde final

formul ation i X art Solution "A" to 4 parts

Sol ution "B". g‘ﬂ%%}g{jﬁg le %?ﬂgfjsﬂ?njga}'g HEEHYh any expl anati on of

"t he YO 96/ 04177 (c¢) a delaminating layer meané%ﬂadﬁﬁﬁﬁw9803

- 32- | f¥ephi@nadhbrisg behier ofed st aili el head.ed,

t he bi sphenol A acti vaat orrfg%sea{t jate a carl1em caiémSﬁﬂB(o%%alct ion within th{

structure of PRRENF RSN IFR ied iR e RiffFt+ Sk ucture and
produci ng a délawinmatihgnigyer means for providing a permanent

indication of tampering with said seal by cooling said

15 seal below a breakdown temperature when said seal is
applied to the object, whereby if a refrigerant is
applied to said seal to cool said seal below said
breakdown temperature in an attempt to open said.seal
without detection, an indication of the mere

20 appllcatlon of the refrigerant is prov1ded regardless
of whether said seal is opened.

2. The tamper-evident seal of Claim i _
wherein said adhering layer means has adhe51ve tack and_
a glass transition temperature at which said adherlng
25 layer means loses said adhesive tack, and wherein said
adhéring layer means and said delaminating layer means
are selected so that said breakdown temperature is
above said glass transition'tempera:ure..

3. The tamper-evident seal of Claims 1-2,
30 wherein when said seal is applied to the object, said
delaminating layer means is further for visibly
distorting when said seal is forced open, so as to
: provide_a permanent indication of a forced opening of

(O

i,



This particular fornulation has an. activation t enper at é‘g’é@}f@?tm .

155[err] F. WOREOMR i s initially white: ‘'when dry and ch
bri ght red or reddish purpl e when heated to its activation tenperature
or 10 higher to provide a permanent visibBe-col or change This, as

| noted above, is particularly advant ageous for se wi.th adhesives

" having a sof t eni rip¥disRahAsERRILess ofyshethad] éarl]dFséﬁ& isorerira
However, this forgaldisd Smsdidn ttempkiratairiequs nodi fications. For
exanpl e, hi gher or | ower per cent ages of each of the fornulation _
conponents can be used, and/or higher or Iower "A" to "B" ratios, and
the like. Further, thernnchfcnnThQnﬁﬁmRﬁﬁﬂﬁﬁmﬁﬁnén@eal Oftﬁawhgéhﬂﬂnudeye

. conpound acti vat of 53, Qif¥e i ahi® Wtherdtg dsé%xam{éawssa&anslala support
’ respectlvely, nlal 'so be used in adgcor ce with this agpecgt of t he

“invention. ayer)dieansh Atk | SRASRHE RIS AVS S1fIsrent, Fedakdve er
~because its use cmtemmfﬁchhmrdesng athedegroed edf, so thatewhen ishydt @elhe i nk

I whi ch
Cappli cation o E8 ol i AL, WA B 4 Bkl

be used. layer meenwshrzbét aiprdécﬂf@t@%)ratq% sRusing said arti san
preferably the pa&émﬁﬁlﬂmg ofaydie nddns I JiiBihaldighore Sufficiently
smal|l to provide snooth consi stent application of the ink to a

. substrate surface. Further, it is preferred that the

t her rochrom @0 nk formul ati®n norhé)a:ampen)-remhdemt wiglal of angt l€r clakimsor

sol utions, and that, t%@@éﬂf@ﬁd %Qﬁ}%?ﬁ\ JY QU % ta?go n’edstsSEB%) he

i nvention is clean. referre

i nventi on have bekavyes nganstaxe Hrlertad itediavg dijififferent %@Wl??
: PCT/U595/09803 rates of expansion when warmed,'s%3thatﬂupon warming

after being cooled below said breakdown temperature,

15 said adhering layer means and said support layer means
expand at different rates causing said delaminating
layer means to visibly distort.

6. The tamper-evident seal of any of Claims
1-5, wherein: _
20 ' said support layer means is a plastic strip;
said_adhering layer means:is an adhesive
layer'carried.on the plastic strip, the adhesive layer
having an adhesive tack and a glass transition
temperature at which said adhesive layer loses said
25 adhesive tack and '
said delaminating layer means is an ink layer
between the plastic strip and the adhesive layer. |

7. The tamper-evident seal of Claim 6
above, wherein said ink layer has first and second
30 surfaces, and said first surface of said ink layer is
in direct contact with and adhered to one surface of
said plastic strip w1thout any intervening adhesion
promoting materiai, without any adhesion promoting

* c L M S *



be appreciated that various changes can be made therein wi t hout

departi ngobgsodert he spirit and scope of the i nvent i opcTASOGus gl y, the
scope of the invention is ‘not to be limted by the description of the
preferred 5 enbodinents, but instead shgul d be determ ned by

reference to the clains that follow WO 96/ 04177

'PCT/ US95/ 09808 retreating of said one surface of-84id plastic strip, 'N€
enbodi nents o the.rgyenthon LN excl usive grogerty or
sion 1

-whi ch.an .
privilege is 8PS We&QPE GBY; Augervening pdphegign suppre . A
~tanper evi denmaseaiiali;:nahnddi ng: 5 . (a) an adhering |ayer
means f or adher i ng ghe 42 23uekace 2hyap ﬁ?geﬂr&@ean&aégcé&&' '
applied to_the object; ] . _(b)  a sggport ayer means for
suppor t i ng®saPYTA8REFI n§aidy irFafyrfang ofosaid adnesive layer)ing
del ami nati ng Bayeetneshgtacedwithdand adherédi 8oagdhedi secbadesureans and
sai d support I@yggid inkn§gpgrmhen said seal is applied to the object, said
del am nati ng P yer “means for providing a permanent i ndi cation of
tanpering with said seal by cooling said 15 seal bel ow a breakdown

tenperature when said sgal i@he_tam@gpLgegdgﬁtt?@a9b$§cél y@e§eby if a
refrigerant is , applied to said seal to cool said sea? el ow sai d
br eakdown tenBPEEERE in an attenpt to open said seal wi t hout

det ectionioan indi cati osadfl phasereest2fpappl acpdipslefihhecreprigerant is
provided regajdL8ss o gurfhodeASEea MR L8nOBERE % romoting q
process except at seleqted untreated areas defining a
selected pattern on said surface of said polyolefin
_strip, so that said surface of said polyolefin strip
15 has treated areas and said untreated areas;
said ink layer is over said treated
areas and said untreated areas of said polyolefin
strip, said ink layer being in direct contact with said
treated areas and ha#ing an adhesion to said treated
20 areas that is strong relative to an adhesion of Said
ink layer to said untreated'areas; and '
o . wherein if said tape is forced off
the object, said ink layer'delaminates from said
'polyolefin strip at said untreated regions, so that
25 said selected pattern is visible, thereby providing
evidence of tampering. ' o

9. The tamper-evident seal of Claim 8,
wherein said adhesion promoting process.comprises a
corona discharge process.

30 ' 10. The tamper-evident seal of Claims 8-9,
further including a masking layer adhered directly to
_said surface of said polyolefin SErip in said selected
pattern so as to define said untreated areas; wherein:

(N



2. Thet Seiogwydent seal of Caiml, - wherein sardi%%ﬁ%éﬁﬂﬂ#?Zﬁr

means - has adhésive tack and a glass transition tenperature at
said adhering 25 |ayer neans | oses said ad$§§ive tack, and wherein said
~adhering | ayer neans and said del am nati ng fayer neans are sel ected so-

é that said breakdown tenperaturesgidTﬁgngﬁgvgaggEdhg a%éa%5§§§%§§?ﬂ%tﬁ-z

temperature. _ 3. Jer-évi denf Se
30 wherei n when s8didd upéxleaitedagFieasd thatt R WBREcrelahive to thel ani nating
layer nmeans is f uidhesdnObfvistiid Ynk laydrster shia wheateai dregsl hsdf orced

open, so as to . provide a permanent iLndication of a_fqrced, opening of
WO 96/ 04177 - sald'ink 1ayer”1s’prer faidoBeg)ine
- 35- saisd deyler egdr dinesd rectwicenitacts &heérewakhi ssoobhat said bel ow

sai d breakdown tﬁﬁ%ﬁﬁ%%“g%y r is sandwiched be%weenTQSiHagHﬁrlggégegédseal
of any of C ains - 3, Wher'el Aooald agherln l'ayer means and sal o
support 5 | ayesaiSatatazeated axeasd of radd @PRV@ﬂéﬁﬂnréFﬁﬁpve rates
of shrinking when cool ed, so that when said seal is cooled, said .
adhering | ayer neans and said sypport | ayer means shrink.at_different
rates causing said deﬁ&nin ehﬁaﬂgfgreﬁﬁﬁﬁgttBeﬁisP%I$TSF§tBSt. 10
5. The t anper - whiederin sadld oaskiingofla@ex s a watetr-baseldediskn sai d
adhering | aygi Snyed sai d support | ayer means are selected to

have different relative

12. The tampér-evident seal of any of Claims
8-11, wherein said pplyolefin'stfip is colored to have
a color that contraéts with the color of éaid ink
layer, thereby increasing the éase with which said
15 delamination of said ink layer can be seen.

13. The tamper—evideht seal of any of Claims
1-12, wherein said.delaminating layer means is a water-
based ink layer.

14. The tamper-evident seal of any of Claims
20 1-13, wherein said support layer means comprises
polyethylene.

15. The tamper-evident seal of any of Claims
1-14, wherein said support layer means includes
printing. ' ' '

25 16. The tamper-evident seal of any of Claims .
1-15, further comprising a thérmally'actiVatable layer |
means adjacent a surface of said suppbrt layer means
opposite said delaminating'layer means for providing a
permanent indication of tampering with said seal by

30 heating said seal at or above an activation temperature
of said thermally activatable layer means, wherein if
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rates of expansi on when warnmed, so that upon warm ng after being
cool ed bwloowesrrrd breakdown tenperature, 15 said adheri recresssinosegans and

sai d support |ayer means ~expand at different rates causing said
del am nati ng | ayer means to visiblyg distort. : 6.
- The tanper-evident seal of any of Cains - 1-5, wherein: 20
sai d support h@h%r1%3%@®lh%dat@ %%hdcséhﬂlﬁo heat said seal atabg adhering

| ayer means is,an adhe carrie Elastlc strip, the -

-adhesi ve | ayePPove sa gvaﬁﬁ1Xﬁté8ﬁe§FWBeFaEHr§n&n a&lé Seppin &Pt PRRN

tenperat ure asaidi cealawd thadiuésidetekayon,| enednddcdtionSofdbhei ve tack; and

sai d del ani nagggqe'SI ¥§Bf1n%§n§1ea% 38 pR6viALE" regaral 8L RRNGHIERLAST ! C

strip and the ) anper-eV|dent seal
of daimé65 said;5ead lﬁh@P@Pﬁdsald ink |ayer has_ first and second 30
surfaces, ‘and said first surface of said |nk | ayer is I n direct

cont act mnth and adhereg7to %%e urface o stic_strip wthout

pl
any interveni ng adhesio WBFFnSVﬁg?QFl FainF 83? Qn}sadhe5|on
pronot i ng whHEEQ&/Gaiﬁ7thermally activatable layer means

PCT/ US95/ 0980 £ 1 6 treating of
sai d one surfgcepr seslg ngtll ¥ actlvatable énﬁ 1ﬁgef an E:lﬁntervenlng

adhesi on suppP&s¥iges a Pe#ﬂ?@?P&llnghﬂatlon of tamper1§a|31§bh§§pde | ayer

has first 1andse@doRthen Baidr beaasissaedtbir at §§r5566e05n33b€169998hve
layer in t(cjelmrp%%tat%%ret agt i B0 agRe" S%’ttl%a%abﬁesecﬁ”?as“”

changing color at said activation temperature.

1s8. ‘The tamper ev1dent seal of Claim 16,
wherein said thermally actlvatable layer means
15 comprises:
a masking 1nk layer adhered dlrectly to said
outer surface of said support layer means, and
a thermally activatable ink layer _
substantially the same color as said masking ink layer
20 adjacent said masking ink layer so that said masking
ink layer is sandwiched between said support layer
means and said thermally activatable ink layer;
wherein said thermally activatable ink layer provides a
"permanent 1nd1catlon of tampering with said seal when
25 said seal is heated at or above an actlvatzon
temperature of said thermally actlvatable ink layer by
changing color at said activation temperature to
provide a thermally activatable 1nk layer which has a
color that contrasts with the color of said masking ink
30 layer, thereby increasing the ease w1th which ‘said
| heating of said ink layer can be detected

19. A tamper-evident bag 1nclud1ng the - _
tamper-ev1dent seal of Claim 6 and further 1nc1ud1ng

(A
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of said i nk&’da%ﬁmw 8. The tanper-evident sgalu@fsobded! M 6
wher ei n: said plastic strip is a polyolefin strip

having a surface treated with an adhesi on pronoting process except at
- selected untreated areas defining a saP&ct ed pattern on said surface

of said polyolefin strip, so,that said.surface of said | yol efin
strip 15 has treated areas and ?50 &ﬁ?hegfg&ngrggsupper eRS, a
said ink |ayer idpobrem sxidl tansatterd sidesar wherand said batkewadd aseas of

said polyolefin g9 SSieh bt S GHidh 's%)i%lr skehnggi g Sgiéﬁt gpptact with
sai d treated areas and haV|n%§q&ﬁ dhesion to sg tréate 20 areas

that is strong relative to an adh ¥eldabgving ap,pppgyeenflo 2ajd
unt r eat ed areas;bwmiom end, and two sides, said@h€ien8 whllaiflclagengs

forced of f the o % drtsal'a& {ﬁela@éer w%%l %ﬁﬁ‘a%‘%s%&g eggﬁeéflgd

- pol yol efin strlpggﬁ sal g untrea regi ons,
_pattern is visibltde tsigleshpihEaidlibagk and @M@nml@ﬁ aaﬁpepmgd

9. The tanper - eviglpitheiealo %x@l @ﬂne%closurewlafawh aal dpadhas QE the
pr onot i Ng pProcess conpri ses corona di schar ge RI‘ OCESS

- 10. The tanper-@HHﬁﬁﬂquﬁﬂoﬁﬂSQHQaPW§k8a@ fr°nth h&r FﬁélUBﬁﬁgla
nmaski ng | ayeroadheriell gddledld Viridluded a¥aipdrtucifasaidf bagi gopokyalehgn

. stri in said sel ect at.tern so as to define said untreated areas;
-mherg|n %ﬁ#%£¥fplnd)éloséﬁ

PCT/ US95/ 09803
20.- The tamper-evident bag of Claim 19,
wherein: _ .
said back wall is formed of
15 polyethylene;
said second surface of said adhesive
layerfis'in direct contact with and adhered to the
upper end of said back wall;
said first surface of said adhesive
20 layer is covered with a peel-back strip; and
to seal said opening of the bag closed,
said peel-back strip is removed, and said first surface
of said adhesive layer is pressed directly onto said
second surface of said ink layer.

25 21. The_tampér-evident bag of Claim 20,
further comprising a thermally activatable layer means
adjacent a surface of said support layer means opposite
said delaminating layer means for providing a permanent
indication of tampering with said seal by heating said

30 seal at or above an activation temperature of said
thermally activatable layer means, wherein if heat is
applied to said seal to heat said seal at or above said
activation temperature in an attempt to open said seal
without detection, an indication of the_application of
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said

- 37- sai d masking | ayer has an adhesion with
unt r eat cHOM6RE7t hat is weak rel ative to the adhesi ACTASISMA9803 i nk
| ayer -'to said treated areas; and said ink layer is over

sai d maski ng 5 layer and in direct contggct therew th,
nmasking layer is sandwi ched between said ink layer and

'so that said

sai d untreated

ers 5eV| dent
ased ink 10

areas of said podtyol £ipForiddd regardless of whethelr sHIG ¢
~seal of Claim 10é ed. wherein sald nasking layer is a water-
ext ender. open - 12. The tanper-evident seal of any of Cains

8-11, wherein said polyolefin stripis colored to have

contrasts with the col oradf SRkindd o o? fAﬁA(?'q{%k I'ay g ca

ease with which said 15 del am.nation sal

a col or that

q,ﬁ_lng t he

e seen.

13. The tanpefedyiftintd Rag hatnpoiudssiie 2 bacl‘l‘@ Wwhewing s d -

del ani nati iy lptesr rexsd)s d oot &nd, and hﬁ&ﬁda:.dﬁ’s | @tﬂv\snb) a front
erein s

14. The tanper v dent seal, qof any ai ns,
support |ayer r%lglhshacolrﬂﬁl%&%tc’m %4 Célt Se’ﬁ%es’ atid 4n upper en 5 The
t anper - evi dentthatal ingfludes ain @r&nmted pllarmc \ﬁm:mp.n vﬂmrbmpﬂmt | ayer

means i ncl udegyortom Fgﬂdg 4} the “Pides of the. Dtk aHef
of any of C ains -15, further conprising a thermal

aCtIV

| ayer are jo:l.ned together to form an enclosure hav:.ng an

sdent seal
abl e

10 opening at the upper ends of the back and front walls,

the method comprising the steps of:

(a) applying a layer of wet ink

directly onto the untreated plastic strip;

(b) drying said layer of wet ink;
15 _ . (c) applying a layer of hot melt
' adhes:.ve onto the upper end of the back wall; and

(d) applylng a peel -back strip over

said layer of adhesive.

'23. The method of Claim 22, wherein:
20 said layer of wet ink is a flood coat of

‘ink that is uniform; and

said flood coat of ink is applied
sufficiently thin so that there are voids in said layer

of ink, so that when said layer of adhesive is pressed

25 onto said layer c_:f_ ink, a port::.on of said layer of

adhesive adheres through said vo:.ds to said untreated

plastic strip.
 24. The method of Claims 22-23,

30 _ and"

wherein; _
the front wall of the bag is plastic;

said plastic strip, ha'.vin_g'said layer of
ink appli:: thereto, is attached to the bag by heat

sealing said plastic strip onto the upper end of said

front wall.
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neans adj ac face of said support I':aﬁy'_er means op ' '
0 oot Pep/ul el

del am nati ng- ~means for providing a. - ‘permanent indication o
tanmpering with said seal by 30 heating said seal at or above an

~activation tenperature of said thermald4t-activatabl e | ayer neans,
wherein if WO 96/ 04177 - : .
PCT/ US95/ 09803 - 25. The method of Clagign 22, fumydigris applied

to said seal to h@aﬁpsaisdngééﬂaeakt@p of expdmitey sBirktciressd ich 4 enper at ure

the ' Gppl i cat PhRarengh; che BFBorlE Artte i B Sihedibn ISR D,

seal is opened. process, second arzeagheftsaidrsunfarstobaaidirlastin 16,

- wherein said t ergekhismgsttiﬁéiﬁgl ExpBYEH €BESIA adhEPIBH iPESmet ider mal 1y

activatable ink |ayer Ich |~ proyides a -ge manent i nd]|_ cateia‘ﬁn 0
" tanpering with saPgoce8s. sealdABRORY| ATeRE PEIMNE R SRISFEDRAFLHID
activation tpEReratyr a0l wetditkeapplyingcstep amd whtkre fry eduing

changi ng col or at _sai.d_agctivati e e s 3 oo 5183 T
t anper - evi dent seSP+8f YBFat 1%??1§?H8m%§%é1 S3S HR HANET y ac %V%%%%#Eg
| ayer neans 15 cooptastswith said first apeasskf Rpidkplasiic a2trird

directly to said outer surface of said support |ayer neans; and
a thermally activatable ink_|ayer

substantjally the_sa color as said
nmaski ng ink | &Qer 20 adj aéént ?B?dmﬁ’é&?‘?n@gi ?ni(a%-'&y%?' s@“f{g?rsai d maski ng

ink layer is sandgbapedshagwers seef sfpapplyinmyes maskinmealesyen dorstd d
gthernally activatggkg i_nk |

U8 FaBLehf said plastic strip in said selected
pattern prior to said step of exposing said_plastié
strip to an adhesion promoting process, so as to

15 prevent said second areas of said plastic strip from
| being,exppsed to said adhesion promoting process.

- 27. The method of Claims 25-26, wherein said
adhesion promoting process comprises a corona discharge
process.

20 . 28. The method of any of Claims 25-27,
wherein said ink layer is in direct contact with said
masking layer at second areas of said plastic strip, so
that said masking layer is sandwiched between said
plastic strip and said ink layer.

25 ' 29. The method of any of Claims 25-28,
' wherein said masking layer is a water-based ink
extender.

30. The method of any of Claims 22-29,
wherein said ink layer is a water-based ink.

30 31. The method of any of Claims 22-30,
wherein said plastic strip comprises polyethylene.
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wherein said thermally activatable ink I ayer provides a . per manent
i ndi cat i@ 99P4I7ANperi ng wWith said seal when 25 said sealpdrusbgedsesl at or

above an activation tenperature of said thermally activatable ink .
| ayer by changi ng color at said acfyyvation tenperature to provi de
a thermally activatable ink | ayer which has a " color that contrasts °
with the color of said m.skl'nge indthed) off zaﬁy ,of_t lerahs iz3c9asi ng the ease
wi t h which Seﬁdkth égﬁ? ald I nk can be det ect ed.

19. A tanper-evi teht J crf%cﬁ 0 hePs t_arrpe_r -evident seal of Claim6
and further including: &) oemlying a layer of wet thermally

PCT/ US95/ 098Q%tivatable 1nk dlrectly onto the ur ea e\M?las i wher ei a

back wal | aV|n an u%P %£1 bottoqté?
sai d back Jwal§t on &5 é?RPCﬁ} J&Ssteannlﬁ dayesli éad and
a front wall havi ng an upper(knd,dryind dxifd dayerd ofaRtt Whetndly sai d

front wall i %} éggb éﬁgld support | ayer nmeans, wherein the botton1ends
and t he 'sides sai yack and front walls are joined. together to
form an-encl osure having an opening at the upper ends of said back and

front walls, and whereizgy,k 16RAibeIRE dcdriaindded @ag_?({]t 5of said bag for

seal i ng openi ng cl,osed nper - evi dent
bag of Clalmﬁi?(ie ipg the step of applylngg§|Aayggko@awpt|s f or med

of - 15 pallyemtadieimsy ink directly onto thesaintreeteddpidstace sekipai d
adhesi ve on a surface opposite said first ink layer and drying (
said layer of wet masking ink priot to applying said
wet thermally activatable ink so that said masking ink
layer is sandwiched between said plastic strlp and said
15 thermally activatable ink layer, wherein said masklng
ink layer and said thermally activatable ink layer have
substantially.the'same color when dry;

34. A tamper-evident tape, including:
(a) an adhering layer means for
20 adhering to a surface of an object when said tape is -
applied to the object; '
_ (b) a support layer means for
supporting said adheringzlaYer'means; and
() a delaminating layer means, adhered
25 to said adhering layer means and said support layer
means, said delaminatihg layer means providing a |
permanent indication of tamperlng with said tape by
cooling said tape below a ‘breakdown temperature when
said tape is applied to the object, whereby if a
30 refrigerant is applied to said tape to cool said tape
below said breakddwn-témperaturé, an indication of the
mere appllcatlon of the refrigerant is provided
regardless of whether sald tape is removed from. the
object.
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| ayer is”in_direct contact w th and adhered to the upper_end of said

back wal|; WO96/04177 . said first surface of said aff@&|SHu098%%

| ayer is covered with a peel back strip; and to seal

sai d opening of the bag cl osed, sai d péétr-back strip is renoved, and

said first surface of sald adhesi ve Iayer IS pressed dlrectly onto

sai d second surface of3%ai FASHEAREE-evidens tape of Clajm 34yphe

, tanper-eg:dert txnheﬁeiﬁéﬁamaﬂhdherlnglnayem'meam&gmssngdaeeheennﬁbx and
activatable layery n enty e | or [ means

opposi te sait aafsztsmtnra r%sf\i;g g’yeq;r ansﬁ"% a%r 3’?}3g ﬂ %HRB hrl%ﬁ%é%

i.ndi cati on of tariparémgnednsh lnges s@dHld tgdhea@amengwén énd30h§é"&llnalsa0d above

an activationg er&zﬁ{@éltﬁge 1<Hye'&alnséans arfd"%rarI@ |d)él%ﬁﬁh&%t1ﬁ9| € alyB¥ChelRANS,

wherein if heat is ed tqQ said . se heat sai d seal at, or above
said | activat¥ih % o theta st Brsedpa, catberatass Lo

- Wi t hout detect|cnabduE|samdx§Mass(ﬂraﬂsiumqm|UEMpemauuke - WD 96/ 04177
PCT/ US95/ 09803 - 40- heat is provided
regardl ess of whether said seal is opened. 22. A

~method of forming a tanper -3 ddhe tampeyegvigents tapg ofaClrimsudés3fa) a
. back wal | havi ng vﬁ{hreﬁl W RIE tAgeotiteo! (ieda%@ ftwa ebgeet agdigh) a

el udes an' gift ¢ R LRI aRAS, TR, negtl deh Sreher Rop EREAPINs and the
sides of the bacldnestrbﬂﬁnrg whed said tagee ijsoificacteido febme thieo cbdertanso
encl osure havirm)§g1to provide a permanent indication of a forced

removal of the tape seal regardless of whether said

tape is cooled below said breakdown temperature.

15 ' 37. The tamper-evident tape of any of Claims
34-36, whereln said adhering layer means and sald
support layer means are selected to have different
relative rates of shrinking when cooled, so that when
said tape is cooled, said adhering layer means and said

20 support layer means shrink at different rates causing
said delaminating layer means to visibly distort.

38. The tamper- ev1dent tape of any of Claims
34- 37 whereln said adhering layer means and said
support 1ayer means are selected to have different
25 relative rates of expansion when warmed, so that upon

| warming after being cooled below said breakdown .
temperature, said adhering layer means and said support
layer means expand at different rates causing said
delaminating layer means to visibly distort.

30 E - 39. The tamper-evident tape of any of Ciaims
34-38, wherein: _ ' _
said support layer means is a plastic strip;

A



10 opening at the upper ends of the back and front walls, ~ the nethod

conpri si wo d6e179t eps of: (a) applyi rlgmaugggmggosof wet
ink directly onto the untreated plastic strip;

(b) drying said | ayer of wet ink; . 15 _4 (c) applying a Iayer
of hot melt . adhesive onto the upper &hd of the back wal | ; and

(9 applying a peel backash LAnGYehe lays? hdahdVel & Q&ﬂ&éiVélayer of wet

ink is a flooda¥sa: carried opnkhenpiapsianersim Bhe adhesive layer

salg f1 ood cgalhvmhgl Ak taahaﬁmkreedack anguAf gEaQQtti‘aﬁQifh&? tgﬁt there are
voids in sai a sg_that when. s y adhesive is
pressed 25 ORCH ¥ B“FSySP w31CHksaé Sﬁﬁhﬁﬁvsfi§¥?ﬁ f%?%? B 1q

adhesi ve aaheaéheBhVQUQHCEaldnd0|ds to sald untreated’ plastlc strip.

24. The nethod of O ai mgz2a- d31aMlAELiAS 1 gont
wal | of the bag I S plast?c 2 and g ~ayer means is an l%k Pag%

strip, havi ngP€ErgeRafBe BiaStlc sFﬁkPaﬁﬁﬁlEBetﬂéhéﬁﬁveleaX?¥ached to the

bag by heat sealing said plastlc strip onto the upper end of sai d
front wall. WD 96/ 04177
PCT/ US95/ 09803 Qé The tamper-evident tﬁge of Clalm 39, 25

The met hod ofwnhaﬁthQalﬂuthelaYer hesnﬁlrstngndheeSQEQ shrfapesjng first
- areas of 80 and said first surface of said ink layer is in direct"

contact with and adhered to one surface of said plastic ‘
strip without any 1nterven1ng adhe81on promotlng
material, without any adhesion promotlng pretreatlng of
said one surface of said plastic strlp,_and without any
15 intervening adhesion suppression material; and

| said adhe31ve layer has flrst and second

' surfaces, said first surface of sald_adhe51ve layer in

‘direct contact with and adhered tc:said second surface
of said ink layer. ' |

20 41, The tamper-evident tape of Claim 39,
' wherein: | _
' said plastic strip is a polyolefin strip

hav1ng a surface treated with an adhesion promoting
process except at selected untreated areas deflnlng a-
25 selected pattern on said surface of said polyolefln
strip, so that sald surface of said polyolefln strlp
has treated areas and sa1d untreated areas;
sald ink layer 1s over said treated
_areas and said untreated ‘areas of sald polyolefin
30 strip, said ink layer being in direct ‘contact with said
treated areas and hav1ng an- adhesion to said treated
areas that is strong relatlve to an adhe51on of said
ink layer to said untreated areas; and
wherein if said tape is forced off
35 the object, said ink layer delaminates from said

I



surface of the plastic strip to an adhesion pronoting pr cond
areas of saWS”éﬁf‘V&ce of said plastic = 5 strip not being Mgsai d
adhesi on pronoting process, said second areas defining a sel ected
pattern prior to said wet ink applyingastep; and wherein during
~said wet ink applying step, said ink layer is in direct contact with
“said first areaspolyspdiefipl atriip strispid unt@eated regiongg. soThbatet hod of
daim 25, furt hersaiél seiQMREES A +bBY $56R186HaRP! ¥h€9eﬁy”§§5’v@ﬂih yer onto
said surface of said plastic strip,n said selected - pattern prior to
said step of exp&¥ifgnss @fptagPecing. strip to an adhesion pronoting
process,.so as to 15 prevent said second areas of said plastic strip from

~being exposed to said adhesi.on Q ' pr . 27. The
. method of Cainms 25-26, mhé?éinQ®§F§%hggr-eggﬁégFo%aBFoﬁgtF%Slﬁréééss
| conprises a c&rowhediedoh@magd adhesipmopyomoting?process compriges Fhe

- nmethod of any of /g3 @d%chArge procéagrei n said ink layer is in direct
. contact with saig maski ng | ayer at second areas of said plastic

. strip, so t hat said masking | ayer is sandw ched between said
~plastic strip and said inka43ayerrhe tamper-evident tap@ ofTk2admshaed-eb,any

extender. o eurcher 130 8 BAING AAVEL LRl Gi:RRRey LE"
wherei n sai d i nk sadydkemsurfagensife saiss pplyoilefin sggip in said sglectgde
- method of any gof (Ji3idP, %% 3 to define said untreated areas; wherein:
| said masking layer has an adhesion with
said untreated areas that is weak relative to the
adhesion of said ink layer to said treated areas; and
| said ink layer is over said masking
15 layer and in direct contact therewith, so that said
- masking layer is sandwiched between said ink layer and
said untreated areas of said polyolefin strip.

44. The tamper-evident tape of Claim 43,
wherein said masking layer is a water-based ink
20 extender.

45. The tamper—evident tape of any of Claims
41-44, wherein said polyoclefin strip is colored to have
‘a color that'céntrasts with the color of said ink
layer, thereby increasing the ease with which said
25 delamination of said ink layer can be seen.

46. The tamper-evident tape of any of Claims
34-45, further comprising printing on the support layer
means. ' '

47. The tamper-evident tape of any of Claims

30 34-46, wherein said delaminating layer means is a
'~ water-based ink layer.

R
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wherein said plastic strip conprises polyethyl ene. WO 96/04177

PCT/ US98 9664177 . -42- PpCT/US9s/09803 32
The net hod of any of Cains 22-31, further conprising the steps of:
(a) applying a layer of wet thermally activatable innk directly onto
the untreated plastic 5 strip on a surffce opposite said first ink |ayer;
and : b) I ng _said |ayer of wet thermally
activatable ink. % Fne %§§er”ﬁ¥§ h&&pﬁcegrépﬁgogocéﬁéﬂﬁl32
further conprﬁﬂ4ﬁ?¢iuheﬂaam(saxQHqupq;talhmam*mebnmebom@rlsesklng i nk
directly ontoékhg, d plastic strip on a surface opposite said

- first ink layér rylng © said layer of wet nmasking ink prior to '

~applying said wet thermally activatable ink so that said masking ink

Ia%/er |t sblsandvm ched bet wgen gajed tlélg@‘étt‘l-@vﬁ.ﬁl’eh}t &@@Esalfdaiagr dehenmBinsy
activata e rein_ sai 0 a
thermal |y gkt%é (fqﬁg%' TayeT favatd @ §%§§F§&EF&PF§ aggﬁeiégp5r when

dry. means admen«t eIt ace; @éntsaﬂdpequcltudawr means
(a) an adheri x oct
when said tapgiﬂﬂ% %ﬁeﬁgfl%gnlmtﬁg’?gckgg maﬁé%h&aﬁ"’%‘ﬁ?‘go%

suppor t IayerHﬁ§Eﬁ9QQE'ln icafrdom @ n&aggﬁdlgﬂh@FthsF&?ePeﬁéahyi and
(c) a delam lh%atﬁgld ayerd nealls atadic abdvas ant actdvatdehetienperarareneans

and said prporft 2 thermarﬁ.%rnsactsﬁarlaq:a%il aTay%E:" pn%al ayewherens pr oviding a
heat is applied to sa;d seal to heat said seal at or ‘
above said activation temperature in an attempt to open
said seal without detection, an indication of the
application of heat is prov1ded regardless of whether

15 said seal is’ opened

50. The tamper-evident seal of Claim 49,
wherein'said thermally activatable layer means
comprises a thermally adtivatable ink layer which
prov1des a permanent indication of tamperlng with said

20 seal when said seal is heated at or above an activation
temperature of said thermally activatable ink layer by
changing color at said activation temperature.

51. The tamper-evident seal of Claim 49,
‘wherein said thermally activatable layer means '
25 comprises:
a masking ink layer adhered direcﬁly'to said
outer surface of said support layer means; and
a therﬁaliy activatable ink_layer
' substantially the same color as said masking ink layer
30 adjacent said masking ink layer so that said masking
ink layer is sandwiched between said support layer
means'and said thermally activatable ink layer,
wherein said thermally activatable ink layer provides a
permanent indication of tampering with said seal when

N




per manent indication of tanpering with said tape by cool | I d tape
bel ow a br eXY¥M1%enper at ure when-. ~ ‘said tape is applied *’%ﬁpgfg’mgfﬂsegt,
whereby if a 30 refrigerant is applied to said tape to cool said tape

bel ow sai d breakdown tenperature, an indicauren of the mere application
. of the refrigerant is provided regardl ess of whether said tape is '
" renoved fromthe said cdgakctis heatafDa06/AEPPve an activation

PCT/ US95/ 09803 Lo aad A ; 5.
. d th 1 fatable ink layer b
The tanper - evi den’ientl%epreatol%r%%fl rﬁa314, ermav:\I?ngr gicn sai d adherin ayer Ysmaans

has adhesive tackcharging coley &l s3ighdatiyrHiam&empsratirenwtPch said
adhering | aysfoviddsa | isasmakli afisgivablisadnkandysrewhiehs hag a 5

adhering |l ayer_ nmeans and sai d del am nat.i . re. ed
- so that said bsrea‘fﬁ%qﬂ'é%e?%?qiﬁaesrgss wieh éhg%g?el%ggi%@? g?laé'gs FZ‘%?’% ?Lg‘?%
' tenperature. layer, thereby 3icrEasingpidie @dsewittapbich eaddns 34- 35,
~ wherei n when sai %é%.pfné Sof‘pé)iifldiﬂl@ ]'ggy-*elotaaqptbe kel . del am nati ng
er y

. layer neans is furt or Vi sl distorting when said tape is
forced fromthe object, so ~as to provide a permanent indication of a
forced removal of thes2apen amsthadgaf doassimf aveinper-esiident t ape

I s cool ed bel ow sai d breakdown .t enperat ure. , . - . .
t anper - evi dent 't a‘f)%p%fé%ﬂya%?aﬁ%% to u‘{l:l oﬁgﬁé' WHEreT 1 S8 %Laeqr%r%ﬁg'
. layer neans at@ said suppofa) | ayeeviding an anfgeatesd plastdre |
~different rg{df{éye rates of shrinking when cool ed, so that when

s.al d tape is coole aid adherl.?g) I ag/per means alnaijesra'o' wet ink

plying a
directly onto the untreated plastic; _

(c) drying said layer of wet ink;

15 | (d) applying a layer of hot melt

adhesive onto the layer of dried ink.

53. The method of Cléim'sz, wherein;'
said layer of.wet ink is a floqd coat of ink
_ that is uniform; and
20 o said flood coat of ink is applied
sufficiently thin so that there are voids in said layer
of ink so that when said layer of adhesive is applied
,onto’said layer of ink a portion of said layer of
adhesive adheres through said voids to said untreated

25 plastic strip.

_ 54. The method of Claim 52, wherein said
plastic strip is a polyolefin strip; and further
comprising the step of exposing first areas of a
surface of the polyolefin strip to an adhesion

30 promoting process, second areas of said surface of said
polyolefin strip not being exposed to said adhesion
promoting process, said second areas defining a
selected pattern prior to said wet ink applying step;
and wherein during said wet ink épplying stép, said ink

-

-
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20 support l|ayer means shrink at different rates causing _ sai d

del am n2WP9§0413Yer neans to visibly distort. PCT/US95/88803 The
t anper-evident tape of any of O ains 34- 37, wherein said adhering
| ayer means and said support |ayer qeans are sel ected to have
different 25 relative rat es of expansi it when warmed, so that upon
warm ng after lbar% -Cé)Ojl_ Q%&Nc%q{&c@'%ﬁ%%omld flrstterQ}eratur sai d
adhering | ayer ans an sai'd support means expgﬁh

rates causi ng S&#d Polyolefdimyfitilii ng | ayer means to visibly distort.

30 : 39. The tanper-evident tape of any of O a| s 34- 38,
wher ei n: : - ai uppanrt Ja neans i S astlc strip;

WD 96/ 04177 | 55°2! ‘hrid'iRlod BT T Sﬁﬂcr §4659803

- 44- comprisigy d:kmjm;remg:ﬂ Aapplyisghs imeskingdlayiere onto | ayer

carried onsthesawsgu&aﬁé gy ddi& wgﬂl‘é%ﬂr?%‘%rrﬁ in %&g%&%&% sive

tack and a glass transit]on ture at esi ve | ayer

| oses said FPatdadsRE R de sér%di SteP of exposing,isqigepiivedefiaq | ayer

Imsans s an i ndedizyedo an amfggmnh gﬁmq@la@ igrodeds) %:cada@eggadhey ve

ayer The ta er- e .0 ai

wherei n said |3ﬁ?‘fe§§}:ers%]acg F9GEE & a@%ﬁ?@'&?]'efi‘@ %’F&Psélr&mn rst
surface of sailking expasged $£a safid @(ﬁhemon coometing phromedsadhered to one
surface of said plastic - strip wthout any intervening adhesion

pronoti ng 10

adhesion promoting process comprises a corona discharge
process. - - '

_ 57. The method of Claims 55-56, wherein said
ink layer is in direct contact with said masking layer
15 at second areas of said polyolefin strip, so that said
masking layer is sandwiched between said polyolef:.n
strip and said ink layer.

58. The method of any of Clalms 55- 57
wherein sa1d masklng layer is a water based ink
20 extender.

59. The method of any of Claims 52-58,
wherein said ink layer is a water-based ink.

60. The method of any of Claims 52-59,
wherein said plastic strip comprises polyethylene.

25 61. The method of any of Cla:.ms 52~ 60
further comprising the steps of:
(a) applylng a layer of wet thermally
activatable ink dlrectly onto the untreated plastic
strip on a surface opposite said first ink layer; and

g

different -

56. The method of Claims 54-55, wherein said {

.



mat er i al, w_thout any adhesi on pronoting pretreating of sai d one
surface of WAMWMITsiic strip, and without any 15 i nt er veniHglasHioes
suppression nmaterial; and sai d adhesi ve | ayer has flrst and
second surfaces, said first surface of-g4zai d adhesive |ayer in

. direct contact with and adhered to said second surface of said ink

' | ayer. 20 The(b)armhrymg ceiitd tlayerofo fOW@itmtidrmally

wher ei n: ' tlvataéﬁi% jastic strip is a polyolefin strip
havi ng a surface treate h~an” adhesi on pronoting process except at

selected untreated areas defining a 25 selected pattern on said surface

of said polyolefin strép. SThd hadtlsed hdddddery do Miad @0l ef i n
strip has tr d areas and. sa&untret

gal ar eas
said i nk |ayer is-oUereharFRTeAiRg the SteR < 5}4’&’3&’&1&? S PLMEEs of
sai d polyol ef i; ma@skingijnk sdixectky oty e nptineatied @l asdritca et it h

sai d . - treat egcrﬁrfaéuff‘éjc@ a%é}gs% %I (nfgto ﬁﬁg; (r?'k KAt d?'af%r eas

"that is strong relative {0 an esion of sai er to
“untreated areas; layer of wet masking ink priqs 9 @@Yd%ﬁéh%

forced off 35 t‘b@toﬁh@ﬁﬁal'ﬁ?labtﬂ‘a&aﬁbﬁ e 336 lﬂiatsédlmlﬁng ini\O -
96/ 04177 /098

2a5. ool yol HYSE <17 Spadviched hetvesn Faid RARRL G, Hitdp and saidy
sel ect ed pattE0n thexmally eact irextiyleriok diaxer, whee:\aldermd)fmatsjmmgl ng.

42. The tanper-evigen fapeod {184 Bhbrmally activatable ink layer have
substantially the same color when dry.

63. A tamper-evident seal, including:
(a) an adhering layer for adhering to a
15 surface of an object when said seal is applied to the
object; - _
(b) a support layer for supporting said
adhering layer; and
_ (¢) a thermally activatable layer
.20 disposed on a surface of said support layer for
providing a permanent indication of tampering with said
seal by heating said seal at or above an activation |
temperature when said seal is applied to the object,
wherein if heat is applied to said seal to heat said
25 seal at or above said activation temperature in an
attempt to open said seal without detection, an
indication of the application of heat is provided
regardless of whether said seal is opened.

64. The tamper-evident seal of Claim 63,
30 wherein said thermally activatable layer comprises a
thermally activatable ink layer which provides a
permanent indication of tampering with said seal when
said seal is heated at or above an activation '

* c L M S *



5 wherein sai d adhesi on pronoting process conprises a ~corona di scharge
pr oCess. wo 96/04177 43. The tanper-evident tape of fdPi§sedsozs2.
further including a masking | ayer adhered directly to said surface of-
said polyolefin strip in said selected 10 pattern so as to define said
untreat ed areas; wherein: TovT sai d maski ng | ayer has an
adhesion with ld._u cat. reas that i ak.rel.atiye to the

adhesi on of'sgfgpfﬁéikgﬁbghi§g§§€5§§§§%%g 5?5333%8§&e_1nk 1&ye? by

sai d i nk | ayechangdner codio w&sisaid arsivagdenateémperdinret cont act
therewith, so that said maski ng | ayer is sandw ched between said ink.

| ayer and sai d untreated, areas of saLg ggk%ol fig_sﬁer.' '
44. The tanper-evident €ape dfeorFafReXzevide &fei RtsGi@8iMadRing | ayer is
a wat er - basedwhelreif0 saitdettiermally activatable l4yerThempaipes-evi dent

t ape of ang of daims. ", nadlsék -iwﬂei?kgfﬁghggggkygkgéé?é§}%épais col ored

to have a color that contrasts with the | ayer,

t her eby i-ncregyrigcenolegaddvsupparitc Raygrdmeansderadi nati on of said ink

Iday_er can beBZeig- — thermally aé@-iv_ﬁlﬁta_btl.é”&ﬁkE %wyéent taple' of any of
ai ns -45, r, r npri_sin rinting Q e. support |ayer

means. Substant’ally, theh bame dollox) agoalr, paski sy okt L8V eF s 30

34- 46, wher ei adjaicentielsaidnakiskjngajiak dayexr se &hat sandt maskangd i nk

layer. 10 -ink layer is sandwiched between said support layer and

o said thermally activatable ink layer, ‘

wherein said thermally activatable 'ink layer provides a
permanent indication of tampering with said seal when
said seal is heated at or above an activation

'15 temperature of said thermally activatable ink layer by
changing color at said activation temperature to
provide a thermally activatable ink layer which has a
color that contrasts with the color of said masking ink

. layer, thereby increasing the easé with which said’

20 heating of said ink layer can be detected.

-
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- 46- 48. The tanper-evident tape of any o

- 34-47, wherein said support |ayer neans g@nprises pol yet hyl ene.
49. The tanper-evident tape of any of C ains 5 34-48, further

| conprising a thermally activatabl-e | ayer - means adj acent a surface of

" said support |ayer neans opposite said dglam nating |ayer neans for
provi ding a per mangnt inrdication of tanmp®&¥ing with said seal by
heating said seal at or bove n ‘activation erature 10 of said
thermal |y activatabl 3 er wherein y/r heat is applied to said
seal to heat said se s above sgdid activation tenperature in an
attenpt to open salg.seal wi thout dgtection, an indication of the
application of heat i pn““?v doragatdlass.of whothar 15 cai d_cq
Opened I,““,.‘:‘" ’ M;.__:.;:__,_;:__W

wherein said tR¥ rnally f\aj IR 2 /f?er means conpri ses IIy
activatable ink | ayer mi“ﬂﬁmg "/'provides a/B;. anent |nd|cat|;,/’///

tanpering with ea en said sg Is heated at o wove AN

activation poy ature of \gai d thg ’/Iy activatabl e 4 Iay/ by
. changi ng col or <6 '§_ﬂct|bati3§ t enpe€rat ure. . ///// 5 he

t anper - evi dent seal B ayn149 wherein said ti#rnally act} vat

| ayer means S CopYrs sey: a maski1ig i nk | ayer dherédQ

directly to i d E,* ot fer surface of said support |ayer meang; andy

wv/ / ~

’4;5,/f1
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substantial Ly the sane color as said maski ng i nk | ayer 30 adi sai d
R EREos

maski ng i nk WAI¥KIY, that said masking ink layer is s
between said support |ayer means 3l said thermally activatable ink
| ayer, wherein said thermally activatable ink | ayer provides a

~pernmanent indication of tanperggg with said seal when WO 96/ 04177
" PCT/ US95/ 09803 2 A ca7- A& said seal s
heated at or Ve o at4.on tenperature of saidythermally

activatable ink |ayeng g o)l Ng col or at sai d act i -225 nper at ure
’ iCtivatabl e i nk |ayer Aﬁ??a- N

to provid col or

that contrasts with »pai d maski ng ink QU eby
i ncreasing the ease sai d heating of said|§ r can be
det ect ed. _ A. A nethod of form ng a tanp@h-evi dent
tape for -attachnment t|g ect, conprising the steps:
- (a) providing an unt | astic strip; (b)
- applying a layer of wH directly onto the untreatjgid pl astic;
- (c) drying said | ayer ink; 15 (d) ligppl ying a | ayer

. of hot nelt . adhedive o
53. The net hod of aijim 52,
is a flood coat fﬁ%

o the layer of dried ink.
pben@n: - /Feld [lllayer of wet ink
that is uniform and 20 said flood
sufficiently thin so that thdjle are voids in

L—~N/&

. coat of ink is applie
said | ayer

2 o
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of ink s6 t‘P@}’S’ﬁﬂg? said | ayer of adhesive is applied PeUBoSidREs | ayer

of ink a po said | ayer of adhesi ve adheres through said voids
to said untreated 25 plastic strip. 3/7 .54. The nethod of
Claim52, wherein said plastic strip is a polyolefin strip; and
further conprising the step of exposing first areas of a

surface of the polyolefin strip to an adhesion 30 pronDtLD%/ﬁFégzss,
second areas of said surface«of/#aid pol yolefin stri ot being
exposed to said qé%g;ion pr ting process, said second areas
defining a ected pattern grior to said4ét ink applyihg step;

and wherein during s3a - WO 96/ 04177
PCT/ US95/ 09803 RXXIXZ , R RRRRRRE eOeoa%y. RN SRR N
direct contact -REIX s optese g X RS X

‘ ¥
LY

55. The net hog i ng

a_maski ng | ayerR&Suik 2 )

sel ected gat t pr

strip to an adhesuon pypnot 1 ng process, so as to- prevent sald djecend.
I

areas of said dol joleyn strip from
pronoti ng procgssy /10
wherein said . hesi on pronoti

/

bei ng exposed Ao said adhedj on
. The nethod of/C ai ns 54- 55}
process conpri s a corona disgﬁ%rge

4
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process. 57. The nethod of d ains 55-56,

ink | ayer i WO ot contact with said masking |ayer 15 %%hﬁb%)%gﬁ ar eas
" of said polyolefin strip, so that said 447 masking |ayer is sandw ched

bet ween sai d pol yol efin strip and said ink |ayer. _

' 58. The met hod of ins 5557 wherein-said-masking lLaverZp< a
" wat er - based i nk 0 extender. 59. The nethod of/fany of

Cl aims 52-58, wherein said ink layer is a water-based ink.
60. The nethod ofjany of C ains 52-59, wherein said plasticistrip
conpri ses pol yet hyl ene. 25 6l. The nethod of any or Cains

52- 60, further conprising tw é { (a)
applyingalayereokwet thermal |y gw e ink directly onto the

- untreated plasti strip on a Surtace opposite said firgfjnk |ayer;

- and WO 96/ 0417 PCT/ U595/ 09803 ,
. - 49- B—giYiAg-sard— ayei—olwel- Lhermpl Iy 47

" activatabl e ink. /op gqj STO]’('

. _ L _ \

—F/5.88.

2, &
\\\\n)'ulunnnnunu\ln'unllllllululllﬁf-:,, //&
S . - Z /-,
S [ (@ - —~1 =
RCION &

‘ X
L I I I L i s st s\ 2

—F1 5. oc.

’

&2

/S AN A 366 RN

&2,

NS R 87 /RS

| | | \ ,
—Frg.ee.

SUBSTITUTE SHEET (RULE 26)



62. The nmethod according to C aim61, further conpr|5|g%P®@%@@&§$aof

appl ying a PﬁV@W‘QF wet 5 masking ink directly onto the u stic
strip on a surfacekgp gsite said figmt ink |ayer and drying sai d
| ayer of wet masking in ﬁi or to applying said vet jgermal |y
. activatabl e ink so thatggai d masking ink | ayer g&Zsagdwi c bet ween
said plastic strip and Baid 10 gpal |y activatable | er, wherein
sai d nmaski ng }nk_'- P said thermal |y activdRapl e k | ayer have
substantially thdzg 8 Bjlen dry Y 3. ~ad
t anper - evi.dent seal, t s angpdhering | ayer
for adhering to a 15 $# dljof an obj ect when sai iz2d to
t he object;‘ggf' ] (b) a support fo rting
sai d adheri ng t he
activatable layer 20 on a surface of said s t |layer for
provi di ng a pernmanent i n of tanpering with sai by
 heating said seal at or |rbove Ha—g€#l vation t enpetlat ure Mhen sai d seal
is applied to the object wherein if heat is applijled to gaid e?al to

heat said 25 segkaaf
attenpt to open sdid s W thfjut detection, an

application of heat is pjjovi def regardl ess gf, whadf her daid seal is
opened. 64. [fhe tanper-eviden&ég— Cl aijn 63, 30
wherein said thermally a.tivat#ble | ayer conprises a thermal |y

activatable ink I%ﬁfégnh ch pripvi des a per manent |{ ndi cafion of
t anpering wit h/Z2Ai al {jwhen said seal is heated|at o%
~activation

on of the

above an

i
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VO 96/ 04177 PCT/ US95/ 09803

-50- VM2 ure of said thermally activatable ink | af€l/Us§s09803

. changing color at said activation tenpaﬁﬁt ure. : 65. The
t anper - evi dent seal of C aim 63, erein said thermally activatabl e
| ayer conpri ses: 5 a masking ink |ayer adhered directly to a
surface of said suppdyt”l ayer neans; and ;. aermal ly .
activatable ink |ayer substantially the same col or sai d nmaski ng i nk
| ayer adj acent sai 4 naski ng ink”I ayer so that said magking 10 ink
| ayer is sandw ched bd} ween jer&dbpor t ) ayer and s 1y
activatable ink |ayer,|. & _ei—ei’n"sgﬁ/thernal I y‘m: e gk Layer
provi des a per marlent i Nl C ﬁwf tampering“with samngh[Se en
said seal is heated at|l.&&" e an activation 15 tenper at|iNje-ot Sab o
thermal |y activatabl e |{nk | aygr by changi ng col or at |Fly d acf*vati on
tenperatureto prayi de a Ythermal |y activatable ink |ayef| which has a
color that contrasts wWith the|jcol or of said masking ink | ayer, thereby
i ncreasing the ease wifth whiclp said 20 heating of said ink}{] ayer can be
detected. &
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