WO 2006/ 017603 PCTI US2005/ 027627 1 5 TAMPER- | NDI CATI NG PRI NTABLE SHEET FOR
SECURI NG DOCUMENTS OF VALUE AND METHODS OF MAKI NG THE SAME TECHNI CAL FI ELD
10 The present invention relates to a printable sheet for securing documents
of value that is capable of indicating tanpering. The present invention

rel ates nor arly to a printable sheet includi efl ective
| ayer corrprﬁg(?%{gbg H*Sural ity of mcrobeads partially e%ﬁ%@g{oﬁ%zﬁ i nkj et
receptive beadbond Iayer and a reflector |ayer between at |east one of the
m crobeads and the inkjet receptive beadbond | ayer. The present invention 15
also relates to a nethod of making a tanper-indicating printable sheet.
BACKGROUND OF THE | NVENTI ON Docunents of val ue such as passports,
identification cards, entry passes, ownershi p certificates, financial

i nstrunents, and the like, are often assigned to a particular erson by 20
per sonal § zat i GAMBER-INSUCATHING PRINEABLESHEBT FOR SECUBINGROGUMENTS | nages,
can incl ude phot ograpl‘@F VA LB ANR MEFHODS QF MAKI @@ﬂ%ﬁéMEll phanureri ¢

i nformation, and barcodes, and allows human or el ectronic verification that
t he person presenting t he docunent for inspection is the person to whomthe
docunment is JIECOHNIEL AligeDe i s w despread concern that forgery techniques
can be used to al E;gr t he ersonal i zati on, d%fa on_such a docunent, 25 thus

al | owi nd®non- aut hdrt PREFH IS pen refagnios RRb et Grseririas dpriamas e edine
document in gua iy AHHN SNhaiBRABSImpefing uf’ltéﬁ%'es@flt 1ﬁ@e§1ﬂ5ﬁ feYatd<GREH gﬁﬁcmﬁ’yﬁo been
devel oped to help aut henticate the document of value, thus assisti'ng in
preventing c@mnm@bfeehcmrs:lddnm ratrorefl¢atie laal@rmormpasmmgpkurahtmfrm&mbeadg a

docunent of valu sec r|t tdLes vert 30
Cocur ity featiily sFORed b AIERE SRR R TR R

f eat (r es t hatlear ¢he of @finhigrobeieaind e ket kbeepinalbelﬁdm&yleyers u‘ﬁaprcaaat lak&siofiay

i ncl ude holograns and other diffractive optically varjable inmges, enbossed
i mages, 'and A5PsH atéﬁiofatrp‘?’fbo‘*‘?I‘ﬂ"é““ﬂ%‘amﬁ‘?fﬁf“ih%’t“gPEB‘@@Ptsh@écur| ty features
include inmages only visible under certain conditions, such as inspection
under 1i ght P nol ari zed light, or retroreflected 35

| i ght. One excifpre—6f ' ncl udes both overt and covert

security features Doﬁuﬁ(@tgmm%ﬁzﬁpﬁ ﬁ@éﬁﬁ%@ﬁfﬁe@ggﬁ&ﬁs entry passes, ownership

certificates, financial instruments, and the like, are often assigned to a particular person by

20 personalization data. Personalization data, often present as printed images, can include
photographs, signatures, fingerprints, personal alphanumertc information, and barcodes,
and allows human or electronic verification that the person presenting the document for
inspection is the person to whom the document is assigned. There is widespread concern
that forgery techniques can be used to alter the personalization data on such a document,

25 thus allowing non-authorized people to pass the inspection step and use the document in a

(\ ' fraudulent manner.

A number of security features have been developed to help authenticate the
document of value, thus assisting in preventing counterfeiters from altering, duplicating or
simulating a document of value. Some of these security features may include overt

30 security features or covert security features. Overt security features are features that are
easily viewable to the unaided eye, such features may include holograms and other
diffractive optically variable images, embossed images, and color-shifting films. In
contrast, covert security features include images only visible under certain conditions,
such as inspection under light of a certain wavelength, polarized light, or retroreflected

35 light. One example of a laminate that includes both overt and covert security features is



2 3MI"' ConfirnfM Security Lam nate, which is comercially available from3M
Conpany based in St. Paul, Mnnesota. This security |lamnate may be used

wi th docunents of value, such as identification cards, badges and driver

i censes, and assists in providing identification, authentication and to
hel p prot ect WAF495T6% ount erfei ting, alteration, 5 dupli cCEETORIOSHRT27

simul ati on. Another exanple of a | am nate that includes both overt and
covert security features is illustrated in U S. Pat. Publication No.
2003101704253k 4 o ¢ : ] i ) ot her
devi ces are %Igtg%?&?ﬁl Usésc?énh%%ﬁ%ﬁg’swhlg}?%g%?%ﬁﬁggo? v%@% Eﬂ/f gﬁ@ﬂ%ﬁgh t he
commer ci al sbmekmsStotauh\Minhedolee Thécwecirtty ldwadte may bhasdbeenddOmempofssi ve, as
the capabilities of counterfeiters continue.to.evolve, it.is desirable to
urther (L T 58 o RERLRFson SRS ShReRialy Sr{ uEene Bid vl s B R has been
tanpered W t {eRIficaBEE ROWentcQHBH 4116 Belpipeotbi® il Bsudedrfedd! Medration
counterfeiting, alteration, duplication, and sinulation. SUMVARY OF THE

| NVENTI OGN 15duphigatipppand sipplatione Hrashes grample eha Jagnnase ot iaelydes both overt and
tamper- i ndi CafjeRQe il AN iSfifiGkued iTRES IAMRGELLAG B 2AB/RTHAIAR] € sheet
conprises: a retroreflective ['ayer conprising a plurality of 'mcrobeads
partial | y entfedoiitg Liamizate,? (Mpret et nbx Epsroples deacho oot Hewas arcamagha in USE | ect or

| ayer betwee I e m crobeads and the inkjet receptive
beadbond | aeﬁfﬁoﬁ' ﬁ%méggf“@f%@{a@fenbom ment of the above tanper-indicating
printable sheet, Afiugh thctReheriftus@kd wvﬁldb!bts%&irﬁ%mﬁﬁés Hadbkder conprises

a covert indicia between the reflector Ilayer and the mcrobead. In another
aspect Bf t himpresstysdasrtehtapahilidescd vevnterfargiyeontuiedielexolve itgs fiesirable &3/ figher,

wor d, | ogo, | t e : I r e i t of
the bbove t anprBHnE RISt SRRk RaRROh e DBl Bl SRR
printabl e sheahprémistd ar hetppidtdcsgmimncdunrgfeitipg, alit@domriuphatibmking tim@dion.
receptive beadbond | ayer. In another aspect of this enbodinent, after a
portion of the printed inmage is renoved fromthe inkjet receptive beadbond

| ayer, a plurality of retroreflective m crobeads detach fromthe portion of
the retroref REMNIXRY OV THE DNVENITION € tanpering. In yet another aspect of
this enbodi ment, the portion of the printed inage is renoved by inage
renmovi nif | i qui ds. Onsasaesoh e Paespeideveption proxidendpBaiprdicatingpiyitatie #8230 i nage
conprises i nkj Wale : : ) j I o printed
i mge i ncl ugg&;ﬁgn'pgrhngf[cgtéﬁ %eﬁr%g%b?%%%gat (ﬁaﬁgg&f g%é‘f"@?‘é‘ﬁ%?%%@ E&?P %Séﬁ print,

al phanuner i cplurality of microbeads partially embedded in an inkjet receptive beadbond layer; and a

reflector layer between at least one of the microbeads and the inkjet receptive beadbond
layer. In one preferred embodiment of the above tamper-indicating printable sheet, the
20 tamper-indicating printable sheet further comprises a covert indicia between the reflector
layer and the microbead. In another aspect of this embodiment, the covert image includes
( a printed symbol, word, logo, or any combination thereof.
In another preferred embodiment of the above tamper-indicating printable sheet,
the tamper-indicating printable sheet further comprises an image printed on the inkjet
25 receptive beadbond layer. In another aspect of this embodiment, after a portion of the
printed image is removed from the inkjet receptive beadbond layer, a plurality of
retroreflective microbeads detach from the portion of the retroreflective layer to indicate
tampering. In yet another aspect of this embodiment, the portion of the printed image is
removed by image removing liquids. In another aspect of this embodiment, the printed
30 image comprises inkjet ink. In yet another aspect of this embodiment, the printed image
includes a printed image of a human face, signature, fingerprint, alphanumeric

information, a barcode, or any combination thereof,



i nf or mati-on—a~barcode; - or=any conbi nati on thereof. WO 20061017603

PCT/ US20051027627 3 I n anot her preferred enbodi nent of the above
tanper-indicating printable sheet, the tanper-indicating printable sheet
further conprises a |ayer of adhesive attached to the inkj et receptive

beadbond | aye | n_anot her aspect of this enbodinent, di cating
printabl e sﬁ‘@bi‘ 0068468 er conprises a li ner attached to the #jﬁ}gﬁyozz‘ﬁb‘gdhem ve.

In 5 another aspect of this embodinment,” the tanper-indicating printable
sheet further conprises a security i nd| cia viewabl e under retroreflective
| i ght conditions. amoﬁinopm&rreésmbcdinmmtotf Hiesiboerthmpérmadicatingpeintable sheet,

t anper-i ndi cati.n ble S t her ri ses. a vert indicig on the
i nkj et recep c\}%[gB% @glpgﬁgsl% P??%IE{W&%C rrg ﬁﬁ%ﬁ?ﬁ?i‘%ﬂ%ﬁ% ﬁte, t he
overt image jdkilratdfisvedepdiont &fei. MAERoIRr agpebiiTalls EABAIIMSMIMA tdniRr-
fingerprint, IJ phanuneric lo information, a barcode, or any conbination

thereof. In &Wéﬁaﬁég P%‘P‘é‘?l‘éﬁfieéﬁf“étﬁﬁc?ﬂm’éwﬁ aémw@@sé@@eﬂm@ﬂaqhm%é@. ng
print abld§ Sh%ﬁ'&h Hfrtﬂl's'eﬁ%ofﬂtneﬂ? ﬁ{e%‘}.g&?@d%hﬁggnﬁt lﬁé@ eIQF'fu ﬁéﬂcﬁ?agfx&?ept' ve

beadbond | ayer at- renovi n are e Inkje
receptive | ay\eecuaqdmtharapmwabg‘: wrslet mgoreﬁgcnve hgntccamdationsl&a ﬂrmdlehespeasnrﬁéﬁi of

the present inyention,provides.a secur.i.t ocC nt conprising. .i,n.

borbr nat s on: cARSBimBRHRATPE TR RRE B piRgs Rt g PR AR ot B and a
docunment  of tnahkier redpaivEbdaiBordihyet Al MoBeRpect 6f thReRHoEneR!, tiRtdvag hfighet 0 t he
docunent of value. In  another aspect of this enbodi nent, t he document of

value i s a passislss ¢ pringd Hrageiof ahpman fage signatprenBAREErRIint ARMARETETIC entry pass,
ovvnershl Cerxﬁfblfrﬁa(ff%[neaba?ca\ﬁleS&anf&&ﬁl{lna‘i%%ﬁe}éo@ate 20 resident authorization

or any o her "security or I1dentifrcation-related docunent. Another aspect of
the present invenid antipr prefaied eabodilvestrafate abevd amperiniinainggtrintgle spedtat abl e

sheet.. This t nd| i.nt apl e, sheet co etroreflective
| ayer conpr P &nﬁﬁyﬁ B P‘%lst‘%tagg‘ N A P ggﬂd'rb ‘@ﬁ%"é&g‘@d”}aﬁ an inkj et
receptive beaghevial lididdkeire apblie@td BE Ik et feayfive ExV\zﬁﬂr!arﬁﬁerin astheRpe of the

m crobeads and the inkjet receptive 2 beadbond | ayer; a printed i mage

on the inkj etindiedaspt i ve beadbond | fayer where after a por t ion of the
o LT O, L DSUE LS O S SRS B R B
i nkj et receptm mﬁnbiba'mdbmmjnlixﬁmﬂfnt bbtht: nakipeainelichaung@initatde shleet aniod drenmempect  of
this embodi mab tvalue %ere tHPprmtable sheet is inserted or attached to the document of value. In
another aspect of this embodiment, the document of value is a passport, identification
card, financial document, entry pass, ownership certificate, a visa, birth certificate,
20 resident authorization or any other security or identification-related document.
Another aspect of the present invention provides an alternative tamper-indicating
printable sheet. This tamper-indicating printable sheet comprises: a retroreflective layer
( _ _ comprising a plurality of microbeads partially embedded in an inkjet receptive beadbond
layer; a reflector layer between at least one of the microbeads and the inkjet receptive
25 beadbond layer; and a printed image on the inkjet receptive beadbond layer; where after a
portion of the printed image is removed from the inkjet receptive beadbond layer, a
plurality of retroreflective microbeads detach from the portion of the inkjet receptive
beadbond layer to indicate tampering. In another aspect of this embodiment, the tamper-
indicating printable sheet further compriSes a covert indicia between the reflector layer
30 and the microbead. In yet another aspect of this embodiment, the covert image includes a

printed symbol, word, logo, or any combination thereof. In another aspect of this

embodiment, the portion of the printed image is removed by image removing liquids.



i ndi cat i ng—pri-ntabte-stiget=further conpri ses a covert indicia between the
reflector layer 30 and the mi crobead. In yet another aspect of this

enbodi ment, the covert image includes a printed synbol, word, |ogo, or any
conmbi nation thereof. In another aspect of this enbodinent, the portion of

the printed_imge is renoved by inmage renoving |iquids. Wﬁ%@&%g%;@%

PCTI US2005/ 3¥%&B¢017903 h anot her preferred enbodi nent of ove
tanper-indicating printable sheet, the printed inmage conprises inkjet ink.
In anot her preferred enbodi nent of the above tanper-indicating printable
sheet, the print el dnpthigepiefeaied dmbodimpnt of tlecboveigmpertindicaringamintablecbget,

coninat i on SeHaRRbes ArRRRCRBE By BrablR eflurf Rttt o e ¥ove

t anper - i ndi cainpegindidatih@prifabls kieet, thetphigitel APRY intlndhs @dkinkg iRkhiddfatugat heet
further conprises a Ia%_er of adhesive attached to the inkjet beadbond
| ayer. |In an&CReEnatife Sneyprint AlphapsHs iniormation @ baradt of apgiomhinasgn

pri nt abl £, shgfeok UnlPAnAUBIIARR hobbitht Sihaaiicd ta&%ef—ﬂ%iégﬁ%ﬁﬂrﬁ%l@dhesi ve.

In yet another preferre I ment o ove tanper-i ndi Ing printable
10 sheet, t heheeqnpaamperdndiattinggriptabletshtzt rheaimrises hlayered aiircsive sttawhakecuri ty
indicia viewable. under.retroreflective |i .. I n anot he referred.

enbod ment of® R AP SRS Te AiateedSansy s Enienl e B neaing

t anper - i ndi catihtasle BhidenfuddhbecomtieRés 4 Kiek REIChaDoRid 18@% oBidHRYeEt 1 ndicia on the
i nkj et receptive beadbond | ayer. In another aspect of this enbodi nent, the

overt imge incl ulfest angsher prederradrraghedisrengofiheraliove saseper-gidinating préntable
fingerprint, @lp L el R R - ' Lon

t her eof .ié In 9’3’% ’g&ﬁég&ﬁgrr lgrleglg{#}gﬂfdgﬁﬁﬁg%?e@f P@c{)nﬁﬂﬁﬁsea %%%@2&%%%2{? QIQ%%I cating
pri ngabl e sheeder raroptflecavd light.ofn ambteofrefedsd cdebatierdtod thetabeve thmkgret recepti ve
beadbond | ayer,.af.ter .i renoving |.iquids are applied.to the inkjet _
Cocept i ve bedlBHE PR St i mPerdlraing pdp bl Short R epmoR R P ks pect
of the p_reseriﬁdiéimwaﬂk!im@et@é&}vsﬁdﬁ&ammﬁa%g.tm_aﬂ&ﬁa@ﬁ&t SRR ehboMghent2 thel N
conbi nation: an enbodi ment of the tanper-indicating printable sheet; and a
docunent of OVelf yeageipcidss o panted imagsief & humerelacy, signptyiey fiegprpsint ARhaBRBRIICt 0 t he

document,; of Yﬁtgﬁmom} %msa&,%@ggﬁaﬁﬁsmf& éﬁé;'.ifo%_ ﬂ{%?ql;l&ﬁd%tgmf&tﬁe% e%gog?pﬂfem of

val ue i s a passport, fent 1 I-on car I hantcl a unment, ry pass,
owner shi p cenf iheiabateaampenihdiegtingipribtableahdet,fal phatlity of méabdichadt deaachfmn that i on or
any ot her sec icatif?n-.rel at ed .docun;nt her . aspect of

The present THBI OB Lt R A Gy F IR b LA B e e
receptive beadbond layer and tampering is thereby indicated.
Another aspect of the present invention provides a security document comprising

20 in combination: an embodiment of the tamper-indicating printable sheet; and a document
of value, where the printable sheet is inserted or attached to the document of value. In
another aspect of this embodiment, the document of value is a passport, identification

(/ _7 card, financial document, entry pass, ownership certificate, a visa, birth certificate,
resident authorization or any other security or identification-related document.

25 Another aspect of the present invention provided yet another alternative tamper-
indicating printable sheet. This tamper-indicating printable sheet, comprises: a
retroreflective layer comprising a plurality of microbeads partially embedded in an inkjet
receptive beadbond layer, where the inkjet receptive beadbond layer is formulated such

that it indicates tampering; and a reflector layer between at least one of the microbeads and

30 the inkjet receptive beadbond layer.

In another preferred embodiment of the above tamper-indicating printable sheet,

the tamper-indicating printable sheet, further comprises a covert indicia between the



i ndi cati-ng.pri-nt-abl-e-sheet=—7Fht-s-tanper-indi cating printabl e sheet,
conprises: a retroreflective layer conprising a plurality of.m crobeads
partially enbedded in an inkjet receptive beadbond |ayer, where the inkjet
receptive beadbond | ayer is fornmulated such that it indicates tanpering;
and a reflector layer between at | east one of the m crobeads and 30 the

i nkj et recewbing/msasbond |ayer. In another preferred eREEUSHEHEZGF t he
above tanper-indicating printable sheet, the tanper-indicating printable
sheet, further conprises a covert indicia between the WD 2006/ 017603
PCTUUS2005102862%r idyer anid| tecinrotead; eln anotbertphediemddoandiod atnt pithe atmtvh eamper-ef er r ed
enbodi nent ofin ip?‘ abovteblgafg‘})grtﬁe i ndi rf‘%tg:ﬂg U%ESi nt a I0 wsorilgqt the covert imge
i ncl udes a sy gl e Reras e P 5 SIeGPVe ngl gCOfT%)I At PEIPOE REF & ATE% P8 not her
aspect of thicomdmaesH meebt. h BeothanpRetdfidé eabidigent ahé thppel-Bdih@et further
conprises an image printed on the inkjet receptive beadbond layer. 5 In

anot her asped’(““@gletsg‘?‘% fthsbenmsises andmags Pritgdan theiakist YGF%VBPF%%@@ laYegge i s
renmoved £rom i ki f j e : Is

retroref ? ect ih\}gmﬁn%léé? cgtta(gsfﬁgl g@é&(}:‘:ﬁﬁ? é}bﬁgp? Egmlﬁg?‘ﬁh% Rﬂr(l)t? ; %%erl Ster%érrngﬁ%lffroer%t ive

| ayer to i nditbainjet mpgpeive bepdbénd by, agphatlitg of espetlectof mibiobeade détadi froemnt , t he

inted i i i nkj et ink. In.apoth t of this enbodjnent,
Phe pri nt eq  thEgEET TR Asbois st fivel PSR et lhan R aoe Do SegRARPE, | 10
fingerprint, eatebaui®ie FintdaliPagPdonisesani@nifio da anGherdyecESsNat i on

thereof. In another preferred enbodinment of the above tanper-indicating
printabl e shestbodinenk theppead imagy ivelbdesg pointed iape! gtheman fage.siE@ptugonpri ses a

| ayer of,,adhes] : 0. J.0kj i ayer. In
anot her lgspe?ﬁ %&rﬁﬁ%@ﬁgﬁgﬁggﬁe%m%ﬂ? bt% g?r%eg%?ﬁ}tyncgﬁlga ?ﬁg&g&fﬁnt abl e sheet
furtger conpr i si ndgn andthen prefatcizatedintcat dfite dbayetampér-iadioagigyeintable shé&t,anot her
preferred enmbpdi nent. of the aboye ta -indicating printable sheet, the
et - | nl Bt 1RGSR P GRrahs ARTRER TR Tort AR PIE0ed e o

vi ewabl e undefkjet Bep@ichda8E0nd YBet. | BRhothdrs@ROsMRE cRbedifkhethe @RI ment  of

t he above tanper-indicati ng«pr” nt abl e sheet, the tanper-indicating

pri nt abl e ‘sheadicating prin@aple sbep Furdieiryrapnsisy a finer aashe o the ayeme adhasjvet In
A e e T
al phanumer i ¢ indindting peitiable shext hatheoaeprising asseudgnibdinatvieorablehadaof . | n anot her
preferred emod) TEindligth B SR pl RS binbotfiméitof B Bive thdperSndiciing
printable sheet, the tamper-indicating printable sheet, further comprising an overt indicia
on the inkjet receptive beadbond layer. In another aspect of this embodiment, the overt
20 image includes a printed image of a human face, signature, fingerprint, alphanumeric
information, a barcode, or any combination thereof.
In another preferred embodiment of the above tamper-indicating printable sheet, a
( plurality of microbeads detach from the inkjet receptive beadbond layer after image
removing liquids are applied to the inkjet receptive beadbond layer and tampering is
25 thereby indicated.
Another aspect of the present invention provides a security document comprising
in combination: an embodiment of the tamper-indicating printable sheet; and a document
of value, where the printable sheet is inserted or attached to the document of value. In
another aspect of this embodiment, the document of value is a passport, identification

30 card, financial document, entry pass, ownership certificate, a visa, birth certificate,

resident authorization or any other security or identification-related document.



y-afm-er-obeads=detach~from the i nkjet receptive beadbond | ayer
after image renoving liquids are applied to the inkjet receptive beadbond

| ayer and tanpering is 25 thereby indicated. Another aspect of the present
invention provides a security docunent conprising in conbination: an

enbodi ment of the tanper-indicating printable sheet; and a document of

val ue, wherwopdsopshht abl e sheet is inserted or attacheBCTESPRZEEunent of
val ue. In another aspect of this enbddiment, the document of value is a
passport, identification 30 card, financi al docunent, entry pass, ownership
certificate, a ViJSImtthiaS[iebt afehidprédemaihe:ntiom povidens matibl of makihg emmger-any ot her
security or jdentific t ed docunent 200

PCT/ VS2005/ o‘é‘g’é%“i“g %’“%&? rest ﬁﬁé‘&‘-‘t‘h%“’{“ﬁ’és"ﬁrﬂéﬁ% °F rR/%Vﬁ‘?‘P%H“B‘?I&W Bes a

net hod of Wﬁfﬁlhﬁﬂt)&)ftrﬁﬂﬂéﬁéadslrﬁﬂ!a@@%hm&m{ o prhraﬁtysmﬂ&mbms%zmnmdr conpri ses
the steps of: providing a |iner and urality of m crobeads; partrally
enbeddi ng t herapng e gfleetgr brermndhmi@@a@ qf mlerc’berrés |amilré¢anng@@atquﬁgecgptwef | ect or

| ayer on the I | ve 5
beadbond | ay SR EY 0B tne RFREBE s WROB! lkieiBles kRl BRI

anot her pr ef enbeiimen wbtdiab@rtmahod, ke mdnlmdefummmndude‘sm syt dfoptinting b her

i ncl udes the, step inting an receptlve eadbond
| ayer. In anB’ﬁg&P“ %Féf‘lg?trré?fpﬁﬁ%%w?@gﬁ%ﬁ OISHEO':E%{% E“?fje?‘ﬁllﬁﬂhm?"ﬁ@ t hod
further incl !ﬂ}v@ﬁleﬁﬂ&ﬁ 8t GRtho FurttRf fn@fudﬁig%eg@f{pg bP'aft&’r tﬁé*B&‘rElﬁianbcﬁ&rﬁE
printing a covert indicia on the pluralit m cr obeads; dnd where the

first coati n@ter:!:@rlsmmm ¢avelt indiécia e tieiphyalidy ﬁ%lmce:rbmﬂs mraly\elrer@rhetﬁrr@cwvgrt
i ndicia (Pnd B rng‘!udésycogtlr%ﬁ al%h t%Ol'aig er OJ’I Hrefc%ve% gol(:laadsgﬁﬁlrébl ¥P% l‘lélﬁtl'()b]@a h§1 rrent

t he nethod fur i'nc

printed i magenditier hi’p@etrcﬁ'tmﬂérﬁf)dcﬁﬁbmvtﬁe traghed ftfrﬂlemntlh&nglﬂiej sBdps L Cafbvingea
beadbond |ayer; and det aqc]hl ng a plural %Y retrorefl ective, mcrobeads
from the por PPHAR 8fthe REntpd image on theelserr %’é@%cf??&‘ Thﬁﬁﬁﬂettf?f’eti"h‘@rbéwoi‘%dl cate

tanpering. | Batyé}“%d‘t%&acﬁﬁ@%%‘iurﬁlﬁtybhfe%o?eﬁe&ﬁ@%&rﬁﬁé&ﬁs frbMhPpdriS LSk th By 1S
removed fromthé inkjet receptive beadbond |ayer inmage removi ng uirds. In

anot her - pr ef e&xcepsire deasddichieyar totherehy lraib:@méamnftr dIn anetherraspegicbt t}fllurt her
|nclude§ the_s

L e5s e Eheeh DA O B L B e BB GEP R o
i ncl udi ng t hesns:tvﬁg Haids. ﬁoa&lbth&gplafelrr&& embafrmadrmeare\aeowméth@d tiet makef | ective
| ayer. 20 In_another preferred enbodi nent, Qf the apove net hod t he nmet hod
further incl fHther ingludes the step of: printing an overt indicia on the inkjet receptive beadbond
layer. In another aspect of this embodiment, the method further including the step of:
coating a layer of adhesive on the retroreflective layer.
20 In another preferred embodiment of the above method, the method further includes the
step of: applying the adhesive to a substrate; and stripping the liner from the plurality of
microbeads such that the plurality of microbeads is partially embedded in the inkjet
( beadbond layer. In another preferred embodiment of the above method, the method
further includes the step of: inserting or attaching the tamper-indicating printable sheet to a
25 document of value. In another aspect of this embodiment, the document of value is a
passport, identification card, financial document, entry pass, ownership certificate, a visa,
birth certificate, resident authorization or any other security or identification related

document.

Certain terms are used in the description and the claims that, while for the most
30 part are well known, may require some explanation. The term "retroreflective” as used

herein refers to the attribute of reflecting an incident light ray in a direction antiparallel to



step of: applying the adhesive to a substrate; and stripping the liner from
the plurality of mcrobeads such that the plurality of m crobeads is
partially enbedded in the inkjet beadbond |ayer. In another preferred
enbodi nent of the above nethod, the nethod further includes the step of:

inserting orwahh@@Mdy the tanper-indicating printable st}q_ﬁ%
docunent of value. In another aspect of;this enbodi nent, 't esggoéﬂznégzt of

value is a passport, identification card, financial docunent, entry pass,
ownership certificate, a visa, birth certificate, resident authorization or
any ot her seitsu'nciidqnt diredtidamrirrbiud;asd, surhitislt dtreidms tothe highit souCe ot diciminediate ar e
used in the deSLE n and the clains that, while for the nost 30 part are
wel | known, ‘g W qU| fe sone expl anation. The term™ retroreflective as used
herein refers to t

he tribute of, refl i i n¢i dent ray.in a
direction anti par WSE‘?}‘?YS‘“V%e%’@GP S tﬁ@%ﬂf&?@ﬁ%f ?‘7‘6‘?‘?‘ %‘?esf""tcg f nci dent
direction, oimW@anikht tBfis SibShntidNelditiised Qb uﬁtnslghﬂyfuhﬁu us@fito a%ngr the
imrediate vicinity thereof. As Used her ei n erm norrra ghtl ng

condi ti éns" Fhefteny rpt@orpﬂ@ctqglrl@ém@t@ms" rafers teiamblenghght giagis aubstwra Yantially
d' ffused, as oYﬂd%;{l gﬁ?&tastl c%‘gtlﬂ ,,thé'ﬁ ghéﬂ? of hr%r}lgorﬁo %chpbﬁ { ﬁ gln%gh Ghd"

retroreflec(i con i on t o anbi en

subst anti al | gtuemltb lthmtgadsoumaiﬂ tla&rdmdgtate daisity thgrebh eTHbetaﬂ:h epatded Byetn
autonobile or by a flashlig and returns to the lnﬁgg ource or t he
i edi at e vu%’?%ﬁf‘?’“ﬁaﬁ féBTf“‘eﬁfé’ NOERRh hymag dep B} &nha Pﬂé Wcﬁxﬁ‘EP €(or

corrected t gquAREf@Lidn NUMBN Vi sion not enhanced by, for exanple,

magni fi cation.” 10 BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention
wi Il beyfurther explained with reference to the appended Figures, wherein
Iike(structure is referred to by |ike nunerals throughout the several

Vi ews, a_nd j 'Séﬁrﬁil@w ”}’H lﬁffﬁWIﬁk}gs a cross-sectional view of one
enbodi ment - abl e sheet of the present
invention; Figur €T prdsentshveaties will by fusthersaplhined adith véfennad toaimodppended mbodi nment
of the tarrpelgigurleg C\Lllh%l?étll!l i cs.p A %Eeaig r&ersrgdetgﬁ)yﬂ(e Eutln%crg{s%?rggéholup t\(lggé\;cgaﬁl

views, and wherein:

15 Figure 1 illustrates a cross-sectional view of one embodiment of the tamper-

indicating printable sheet of the present invention;

Figure 2 illustrates a cross-sectional view of another embodiment of the tamper-

indicating printable sheet of the present invention;

Figure 3 illustrates the tamper-indicating printable sheet of Figure 1, where the

20 detachment of the microbeads indicates tampering;

Figure 4 is a digitally recorded micrograph of a prior art security laminate with a

portion of the printed image removed , as viewed under normal lighting conditions;

Figure 5 is a magnified view of the prior art security laminate of Figure 4 under

retroreflective lighting conditions;

25 Figure 6 is digitally recorded micrograph of the tamper-indicating printable sheet
of the present invention with a portion of the printed image removed under normal lighting

conditions;

Figure 7 is a magnified view of the tamper-indicating printable sheet of Figure 6

under retroreflective lighting conditions; and



Figure 3 illustrates the tanper-indicating printable sheet of Figure 1,
where the 20 detachnment of the m crobeads indicates tanpering;, Figure 4 is
a digitally recorded mcrograph of a prior art security lamnate with a
portion of the printed image renoved , as viewed under nornal |ighting

condi ti onsWO 2656163 5 i s a magnified view of the prior PAFUS¥EM ¢ y | ani nate
of Figure 4 under retroreflective li§hting conditions; 25 Figure 6 is
digitally recorded m crograph of the tanper-indicating printable sheet of
the present invdigires ithistriteda aﬁtstdeouibrﬁfviédnef pother edbodimger of grramagbrunder
normal |ighti, % condahﬁ gns; g{re 7 is.a magnified view of the

t anper - i ndi ‘PEETHG BERfARteS ?f‘éogﬂ\g St eBiife 6 under retroreflective
lighting conditions; and WO 20061017603 PCT/ US2005/ 027627 8 Figure 8
illustrates a cross-sectional view of another enbodi nent of the tanper-

i ndicating printable sheet of the pr esent i nvention. DETAI LED DESCRI PTI ON OF
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passpor.t booklet i mul tiple
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bar code. Af §u8k ad dir bRurd) i@ féé&l'r@ﬂm'l%ﬂ@ﬁdlg} Qfke o?&'i‘tﬁ RasaRQekaiRbhdsh &§ wi |l

| aminate a security filmover the printe information to assi st

i denti fyi ngldemdwaamf@man@atspﬁQaStarmaqba@s"mble zm & baweds. i Afjerfthd m may further
hel p tgQ i ndi n a later
dat o.  orp rfhide ubisf e BLER BRI RIS AT REL it MeepnBl, D' Pt
ané pressur mfdrmatldlﬂmam@dtm ideifgiag ufid dnthdntibdiing chet gassppit ﬁhﬁde@ﬁﬂﬁﬁlﬁhﬁa}page

One exarrpleo u ecurit filmis commercially ayailaple from 3M
Conpany bastd ?‘ E‘tt‘” e thﬂht%‘?t’é‘gfﬁf“é“%mw WWPWQE@H\%W e nat e.

Thi s securitiis fandiMiod ptdédQ s &N GEJuileRBER] dgiftimed! @su}’%‘ 1hn@ pradfigBiovi eved with

a 3MIM Viewer, which'includes™a tocused |ight, assists in
i denti fyi ngldalmtedb@ &PemlﬁYd"dmtﬂ@lea)rm@ldlpdSSp%Q%ﬁﬁr One eramplel of Jueh 2 s¢chirity

count erf ef Cer, LELER Lo IANAR L0g 01 &S bILGTEE bRl MATEul figpkar nat ed

security fi
Confirm™ Security Laminate. This security film includes covert images that are visible

when viewed with a 3M™ Viewer, which includes a focused light, which assists in
identifying and authenticating a valid passport. In addition, if a counterfeiter tries to
change the printed information under the laminated security film, the 3M™ Confirm™
20 security laminate will necessarily be peeled apart to get access to the printed information
which results in destroying the film and disrupting the printed information and possibly

the covert image, as well, which indicates that tampering has occurred.

T
; |

Typically, normal passports are issued through a country’s central passport
processing locations. To request a normal passport, a person will fill out an application
25 and submit their personal information, including a current photograph or a picture taken of
them at the processing location. The passport office will then process the application and
make a determination whether or not to issue a passport to the applicant based on a variety
of factors. This process from application to issuance of the passport can typically take a

long time, such as up to four weeks or longer.

30 However, the passport office may receive requests for emergency or temporary

passports by applicants, where the applicant does not have time to wait four weeks or



20 security lamnate will necessarily be peeled apart to get access to the
printed information which results in destroying the filmand disrupting the
printed informati on and possibly the covert inmage, as well, which indicates
that tanpering has occurred. Typically, normal passports are issued through
a country' sWOSH604T60passport processing | ocations. To PEGHEENYRT nal
passport, a person will fill out an application 25 and submit their personal
information, including a current photograph or a picture taken of them at

t he processi lggdroe eceive the phsspprs Epoxempit fthe spphcdnt map davepr odeshitivhim
application an make a determ natio ether or.n t.0 I gsue a passport to
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to issuance afd ddwenepasSHOV passiitt toYeAve telcwuritdk@d Fetumh®oghe! TREBrefc3e GleredS aUp t O
four weeks or |onger. 30 However, the passport office nay receive requests
for ener gencleedro Peiiviodispe tsseeprinsy B%S%HIVFB’%‘E%(?Y’ Whleres stilhproxidp tec ant

does notg hav I: j u : 0 7627 9
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while visiting the country and now needs a new passport to | eave the
country and r et urTheh@ineablelshestaf diegprestitén@ntion @ay beeedd tooisdue eafelgenéyoori ssue

t hese energenc assports very quickly, but yet still provide the 5 security
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and to indi gatgMbelReMmeAen®Plr t&ﬁﬁor%%%ﬂﬁéﬁt béiAGet BEEN adiRERENBEh WA h at a

| ater’ date. The printable sheéet of thé present iInvention nay be used to

i ssue eHer geprefsunr-sensidwpasthasiye. pEsghe printehie shepr doesimtt sequire shespedial may be

easi ly printed.an red . n f th i N rgengy. or

t enﬁgr ary pag‘gué@f1 ?m Eoglg%neage ‘E?F’ tg?\g%sg Oétsblo\(/’gl,‘e P‘%ﬁ%ﬁmgtsmgg%@s%? eglsa@(ﬁ%lp g‘eﬂr'\esi tive
adhesi ve. Thysntatilashept intluad|tetisheatand oe&rtRedurikyefdatuice (debaitep e mdle defiui pment

to | am nate })t to the passport . bookl et lL_fsi.ng, heat and pressuyre. In addition,
the print abPEORhSRICh aseiptitentiiying a5¢ aptherdieingdVerasspoEdi Aveld PEERT es
(described i iR fie JBA@IE shdtelsQBAsirudal 6812528 Sleddly inBichd $ithé bYdsfkt RR%een
authenticating the passport as a valid passport. Lastly, the printable
sheet i & consmpatsdedtihs dn gther worgh.dhsdmeonmbiiscermeved the primtgdasiopoationmmghdeen 15
tanpered wt | [ . [ - S I d
i nformation g}}\ee{ ‘E‘g%lg??ngwﬂgﬁer&e%fngéédeﬂg%a%%f %JCﬁg%)vggg?’ h%g%l&lré{ﬁ Ec%gar‘rtxa(t)ti on, such
as a new nanereae aphketpassportfthe tanipesindicatifgadhect pfidg pedsént inveatidraugpeilstondi cat i ng

sheet of the present invention reveals to an
irPspectorThat the passport %as been tampered waith (described in more detail below), and

the inspector may then take appropriate action, which may include stopping the person
20 from either entering or leaving the country. It is possibie that the tamper-indicating,
printable sheet 10 of the present invention may also be used for issuing normal passports

in the future or for other documents of value.

One embodiment of the tamper-indicating, printable sheet 10 of the present

invention is illustrated in Figure 1. The printable sheet 10 includes a plurality of

25 retroreflective glass microbeads 12, preferably with each having a reflector layer 20,
partially embedded in and protruding from an inkjet receptive beadbond layer 14,
Together, the retroreflective microbeads 12, reflector layers 20 and inkjet receptive
beadbond 14 form a retroreflective layer 18. The microbeads 12 may be glass. In one
embodiment, the microbeads 12 may range in size of from about 10 to about 200

30 micrometers. In another embodiment, the glass beads range in size from about 25
micrormeters to about 75 micrometers. Such glass microbeads 12 typically have a

refractive index of at least about 1.8. Typically, the microbeads 12 of the retroreflective



i nspector that the passport has been tampered with (described in nore detail
below), and the inspector may then take appropriate action, which may

i ncl ude stopping the person 20 fromeither entering or |eaving the country.
It is possible that the tanper-indicating, printable sheet 10 of the
present invention nmay al so be used for issuing nornmal passports in the
future or fo‘?’oﬁﬁ%@r”‘%%cunents of val ue. One enbodi nent ofP§T{gs2005/027627
tanper-indicating, printable sheet 10 of the present invention is
illustrated in Figure 1. The printable sheet 10 includes a plurality of 25

retrorefl ectloyg 18laRsdboti KenQRREcall} 2mbpddet ¢6td heyinkyet Beepfichbdiavbiddayer 1£f | ect or
| ayer 20, partially enbedded in and protruding. froman inkjet receptive

beadbond | ay'dpwerer. therspitng af the frigrobeads Q@F?@@F‘?U‘é" the dkis decqRtivebeaghond ect or

| ayers 20 angd,d.nk4j [ f p j yer 18.
Tha® 1 or obeadler 1] iy VaBE R abuc 28 TEARANT, Hof R ot il OPAd el @V 0
range i n si Zieyasf20fis prefeadbdus traGparentabighy ref@00ve3igden matendt Examplenofaneither

enmbodi nent, the gl.ass beads .range.in size.froma t . 25. m,croneters to
Shoor ! T8 cEBRRe R AL iR bASS 25% BB sFRp DA SRR | ve
index of at b@&shn@debdk df zhc sﬁw%mém&tcb& dXumpRREadsitable @fledidt@ayer 20 is
retroreflective WO 2006/ 017603 PCTNS2005/ 027627 10 | ayer 18 are about

hem spheri cad transparbradisighl rafrit Ovet indexi mitpddl a5 desepbddvia b ddbmnNol H§@r1834.

However, the @rrﬁ)u t of . the m c‘%obe ds 12 enbedded into the inkjet receptive
beadbond | ay&f" ¥ CFF&‘?"%?FRPWW BY BEBERCe25 to about 75 % of the nicrobead

dianeter. The reflector layer 20 is preferably a transparent, high .
refractive index YheteRptEceptyabssianddayer dpeiyessit jeapttage BpropsgyeFirytaipliey al s

i ncl udeygbi syt hyibE LAl ' - [ Is j bOXE AR Al xi de,
and @ sltoackr%fébgi %1893583 fllggrrl\llgéigglgéw%ceeﬂté%g%#gb @F Pig Ogﬁ?ttl%{blﬁgﬁrﬂg Ie%lfgor

| ayer- 20 i s oraeddabiedpam.ehlie ink 2§ n the fnkgat réceptiveridadbondiiayei B foass ésorgbed i n

U. S. Patent C 3.8 183 whi ch,i . hereby incQrporated by .reference. The
hi et 1 ecepb Tl Eagimatin 1y e Shpodintok S pqtcaif iRt BRophETUENET o[
inkjet 10 rpafet ditetReaphenBeddayRIof bdniable Ubed 10,0viEiCHe plajoriRgREe prlinted her
information | n a discernable or_ readable form_ The ink 28 in the inkjet
receptive belBanacd @y inkiet regentivefayesd i ReggerintaiigishsetndP maybs imagel #8ing| n one

exposed head o ey e B S CE BB AP gh he G LRRREINR, |G

i nk ret ai nedpimattihisheetn kP atayrbedmpgddwsingay énkjet priftee apd wateabdsed pheeTle itks nay be

I maged usi ngmay utilize pigment or dye- based colorants. Second, inkjet receptive beadbond layer 14

securely holds the microbeads 12 in place. Lastly, and guite unexpectedly, the inkjet

receptive beadbond layer clearly indicates if the printable sheet has been tampered with

20 after the passport office issued the passport. Specifically, if the printed image 28 is
removed by image removing liquids, such as solvents, the printed sheet 10 indicates such

tampering by detachment or dislodgement of the microbeads 12 from inkjet receptive

TN

beadbond layer 14, as illustrated in Figure 3. Detachment of the microbeads 12 results in
a loss of retroreflectivity displayed by the retroreflective layer 18 in areas in which

25 microbeads are detached and which appear as black areas 60 under retroreflective lighting
conditions, which are clearly visible under retroreflective lighting conditions, as illustrated

in Figure 7.

Preferably, the inkjet receptive beadbond layer 14 is water and abraston resistant.
Preferably, the inkjet receptive beadbond layer 14 is transparent. In another embodiment,
30 the inkjet receptive beadbond layer may include an organosilane. Examples of suitable

organosilanes include amino functional silanes (for example, Silquest® A-1100, Silquest®



15 wat er-based i nks, solvent-based inks, and ultra violet |light curable
inks. Preferably, the printable sheets 10 nay be imaged using an inkjet
printer and water-based inks. The inks nay utilize pignent or dye- based
col orants. Second, inkj et receptive beadbond | ayer 14 securely holds the
m cr obeads Lastly, and quite unexpectedly,

receptive be]‘ggbong Iayer clearly indicayes if the print abllttgﬂlé @3@57%75 been
tanpered with 20 after the passport office issued the passport.

Specifically, if the printed image 28 is renoved by imge renoving |iquids,
such as sol ventZ), ot bidquest@hed 26 freet GR Gilicnakisc@likemn, €I¢ hr Dyreasplen® 0 0592 or
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| ayer 18 in areas in which 25 m crobeads are detached and which appear as

bl ack areas sBffuifgaeionplsilapnsdfar example Jilages® dg 8% BemiGH SiisonesViwnae®). cl ear |l y
vi si bl e undgg refeﬁ%c[ Shin lf\?xfnh'o}{ﬁ sl &Qﬁﬂcgﬂagg@%%ﬁﬂéfunﬁoda h\léﬁxtto&f&ee(?%px n Figure

7. Preferably, eln recep |ve ayer 'S wa brasi on
resi stant. sﬂam‘senca]tﬂswlqumklmomdqm@ el ]J@Gatﬂ'bajmhd epyey fuhdtional

transparent. anot t,. 30 the inkjet receptive beadhopd | ayer
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am no functional silanes (for_exanple uest (r) /A-1100, Silquest(r) WO
2006/ 017603 PCTI @ég@és#mmmwelbfnﬁeommasgﬁ inglydg vislpyIolidone1 20 from GE
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Hul s Ameri ca I'n Pl sca epoxy functiona for exanpl e,
Si | questh(r) capdigBesy fosﬁkqu;ds,tcppglymem&?vmwkpmr@dcﬁa Ianabmelsacewer papyin@T) , and

sul f rfunctl on il.ane for exanpl.e i l.guest.(r -1 from Silicones,
Wit on, | oy AEHRL PP sideicar iR Gha el BalObuid B BRI i no
functi onal rmvmg)s D759 5Y126 905,291 B8, 396 C Bu@smSkiligs 88t optionAtl} 408 inelude
Silquest(r) A1 120. Preferred epoxy functional nethoxy or ethoxy silanes

i ncl ude s.|aﬂergﬂrgamate&élsswfqﬁé%wmmm/qreélcerpmmequest(r) A-187. Usef ul
| nkjet Tecent| ve iheRAnARChnBHCHE inkfer rEHADe] aaxa@yemeo%mes homopol yner s

and copol yners a tituted vatives thereo vi nyl "acetate 10
copol ynisrs, fodyvirgsgympline, and opayl fyrtiser snabdde i cnysk lnker aid/ateimeord and. VI nyl acetate;

pol yvi nyl ohol | ati nd nodi f.i ed afins; and th L ke as
di scl osed i ?Fl’ ?F \ng? glf@“ﬂ%‘ §§e '7%} ’éﬁ?%?@@’r gi(i@é”%ti Such
mat eri al s Wl&lﬂ[bdmﬁérh yhaBbfihel A6k lil@d. An cxcmplary polyvinylpyrldme is poly(4-

vinylpyridine). The inkjet receptive beadbond layer 14 may contain from greater than 15

to about 100 dry weight percent polyvinylpyridine. In one embodiment, an inkjet
20 receptive beadbond layer 14 of the invention contains at least greater than 15 weight
percent polyvinylpyridine on a dry basis. In other embodiments, the inkjet receptive
{ beadbond layer 14 contains at least 20, at least 25, at least 30, or at least 35 weight percent
polyvinylpyridine. In other embodiments, the inkjet receptive beadbond layer 14 contains
from about 20 to 100, about 30 to 100, about 40 to 100, about 45 to 100, or about 45 to 85
25 weight percent polyvinylpyridine on a dry basis and any whole or fractional amount
between 20 and 100 weight percent.

The inkjet receptive beadbond layer 14 may contain one or more crosslinkers. The
crosslinker provides a durable ink receptor by crosslinking the polyvinylpyridine. Useful
crosslinkers include, but are not limited to, polyfunctional aziridine compounds (for

30 example, XAMA-2 and XAMA-7, available from Sybron Chemicals, Birmingham, NJ},
polyfunctional epoxy compounds (for example, HELOXY Modifier 48, available from

Resolution Performance Products, Houston, TX, or CR-5L, available from Esprix Digital



inorganic materials such as alumna and/or silica particles. In one

enbodi nent, the inkjet receptive beadbond | ayer 14 conprises 15

pol yvi nyl pyridi ne and may further include a crosslinker and/or a nordant.
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CrSZE] ke AL D AERH Eos MR K SFRTE RS
as "equi val ent s") Theahlgetsetaptivdhbeadboridnivyer ié ndoeprisdig pndyndsylpiralineamayeomtait  of
one or more mordants. A “mordant” as used herein is a material that forms 2 bond or
interaction with dyestuffs in inks. A mordant is used to fix the ink dyestuffs so to provide
increased durability to images, particularly water resistance. Exemplary mordants are
20 those materials or compounds that contain cationic moieties, for example, guaternary
amino groups. Useful mordants include, but are not limited to, FREETEX 685 (a
polyquaternary amine, available from Noveon, Inc., Cleveland, OH), DYEFIX 3152 (a
- ammonium chloride-cyanoguanidine-formaldehyde copolymer, available from Bayer,
Pittsburgh, PA), GLASCOL F207 (2-Propen—1-aminiufn, N,N-dimethyl-N-2-propenyl-,
25 chloride, homopolymer, available from Ciba Specialty Chemicals, North America,
Tarrytown, NY). The inkjet receptive beadbond layer 14 comprising polyvinylpyridine
may contain up to about 70, up to about 60, up to about 50, up to about 40, or up to about
30 dry weight percent mordant and any whole or fractional amount between zero and 70

dry weight percent. In other embodiments, the inkjet receptive beadbond layer 14 may

30 contain from about 40 to about 90 weight percent mordant.

Examples of suitable inkjet receptive beadbond layers 14 includes modified

polyurethane resins dispersions commercially available from Esprix Digital Imaging



10 crosslinker is theoretically able to formwith a material to be
crosslinked. An equivalent weight refers to the nunber of grans of
crosslinker that contains | nole of equivalents or crosslinking sites.

| nkj et receptive beadbond | ayer 14 may contain from about 0.006 to about 1.5
mllinoles HOIWPPHRINg sites, from about 0.03 to about &CEHUFHWH P 7es
crosslinking sites, or 15 from about 3303 to about 0.3 nillinoles
crosslinking sites per gram of polyvinylpyridine. The inkjet receptive
beadbond | ayREhrdogiHakddSih BeraReth Ybbal AR Yokl leRRIsiarIT cnt BLiso, DDRIOON-13Df €
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Speci alty icals. .No I rryit.o ). The inkjet receptive
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up to about t6@elpuirrée tleautabBlly ofibe bantabloulicet @ help inepeabothaladhtsionIOcdr y
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70 dr y'gwei ghicrobesdsdato the &b Bearftieer epfhadimep). gie silaregomppendseadbond
layey 14 ”aym?}?zgscpé%%.ais @hefcrregplﬁmghgén@, Jr%ugpag&s 1RGO ADRER g@& siffh¢ dant .
tabl e inkjet on I

Exampl es of suUi recepti ve bead ' ayers “14 i ncludes nodified
pol yur et hanecompsimbmaly bpimcaiporsdanmingr jei mtdpyivabeudbertd leydriidm Espri x Digit al

| magi ng WO 2006/ 017603 PCTI US2005/ 027627 13 Technol ogi es based in Sarasot a,
Fl orida as i nkj etln emagmsbaiimént; thd 60gpet-ihdk30ng printdblOshebI BBy include div&yertand
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i ot beadtBBAZAYER SBIERPRE Gl raREiRe RIBRGES T Mk PHG HBEH THEY serve to
hel p i nsreasﬁmhlh%hdﬂ%@(mdmdny. Bf thisRebBdieh BletesdieRictivé Riybelgisi ncrease the
adhesion of the mcrobeads 12 to 5 the printable sheet, and to hel p prevent

some of the wbstinly bassparcpow il peartiadieiai2 being visdta whendluguppetundemyer 21
(described Bl QW dhliRESRYIAY Ak Qv infick! PA%ndY hBubdE pMRES friage of a human
face, signature, fingerprint, alphanumeric information, a barcode, or any combination
thereof. The overt indicia 24 may be attached or printed directly to the inkjet receptive
20 beadbond layer 14 opposite the microbeads 12, (not shown) Alternatively, the overt
indicia 24 may be attached or printed directly on the substrate 22, which is attached to the

printed sheet 10 by a layer of adhesive 16. In this embodiment, the adhesive 16 is

r/m\-

preferably transparent to allow the viewer to see the overt indicia 24. Alternatively, the
overt indicia 24 may be observed in reverse format on the rear side of the tamper-

25 indicating printable sheet 10.

In another embodiment, the tamper-indicating printable sheet 10 includes another
type of overt indicia 28, with the information printed on the inkjet receptive beadbond
layer 14 between the microbeads 12. The overt indicia 28 may include variable
information, such as the personalization information of the passport holder. For example,

30 the overt indicia 28 may be in the form of a human face, signature, fingerprint,

alphanumeric information, a barcode, or any combination thereof. The overt indicia 24



based pol yurethane inkjet receptive beadbond | ayer 14. In another enbodi nent
of a polyurethane ink jet beadbond | ayer 14, the addition of an sil ane
conpound may al so serve to help increase the durability of the printable
sheet, to help increase the adhesion of the 10 m crobeads 12 to the
prlntable she8heoshivey£t anot her enbodi nent, the silane cqyRouagsmsy al so
serve as the cross linking agent, or otfijer cross |inking agents as well as a
silane conpound may be incorporated into ink jet receptive beadbond | ayer
14. In one enbodi ment, the tanper-indicating printable sheet 10 nmay i ncl ude
an overt i rfdtl)bﬁlleluémﬁtiwalnfqr@atpﬂreﬁmhaibFynbﬁi%tnbtf@dt reprRsging ke qonnty @bl e sheet
10 when vie normal lighting conditions. In this enbodi nent, the
retroreflecﬁg%gypgﬁmm$§§ substantially transparent with overt indicia 24
bei ng visible when_il de nar pal |t|o The overt
i i & 24 may 1 ABELERHE Brﬁlﬁtegﬁnt agettor B it R e 1Y i
fingerprint,coabdp hafiaes ihat ik l@fdﬁrﬂﬁy ivzfble ®hdethe pHRable shex0 Y0 rsqnmhmattea eyl
thereof. The overt indicia 2 be attached or printed directly to the

i nkj et PecepPf VMM, %@dﬁtﬁﬁ@drhayferThwrfﬁﬁo@értﬂe?ﬁlh Caied Pesyasiide 1eflectop ot
shown) Alterp 'ZU%hd'thegﬁs P& bbeadd le.!’f’:ﬂc%ogéh i ﬁ&} BERERA a éi?ichrﬂt 2£d

directly on the substr which is attac tot printe eet 10 by
a | ayer of quthewi wfehelﬁlcrd:bmadshmsoreldjaodttaﬁnf thetrrheroh@ldeﬂ v@helﬁfﬁcsnt qovef er abl y

transparent t ow,t Vi ewer overt dicia,24.. Alternatively,
the  bvert i hiiee Watnidinthl bRl a mied Sadir binerd e S8l HEhrot e of
the tanper 2& anpdbmBinbtitth (Rérkst athe @ovdEiBlicthD6 i¢ PrefitMIPNREXRIPAREIEMnted he
tanper-indicating printable sheet 10 includes another typée of overt i ndicia

28, Wit t heor the Bsraldadn  pyvithtragspaignt IRk i nkj et receptive beadbond |ayer 14
betméen the m crobeads 12. The overt indicia 28 may include variable
i nformation, sucllhedampre-ipdeasioaarinebleisbert il&ifmay inely ranbfcomhleatms@é@nx hol der .

For exanpl e, LT’%IQDGE‘ BFov%{t‘tB&mr-&Q,' £ a%d%gvm R, JeN Holx E]%‘L %, He al%pglmﬁ@atm{é‘ce

si gnat ur e, f|ng unerrc in ornat i on,
conbi nati on ﬁrhﬁitﬁ@sfheetﬂlﬂ)&ngvmclnda mdm\ertamﬂé;aEDﬁﬂﬁﬂhﬁalﬂ)ﬁ%tmﬂva’saﬂﬂﬁﬂQ7627

14 may inclu e fixed inforpmation uch as r mnr representing the
country t hat s fodhies gxample, 6@@’5‘6% in ’Icﬁt‘%tnﬁ%ﬁmsg‘ |ni1r3é/n‘flc f’n"éRler an overt

tanper -jsndi Cﬁchll@étler'a%@&l Rarhert AQeMmibiied kil ahe ﬁﬁl‘;ﬁ@( ﬁldicﬂ[ﬂig&irﬁta%@ t hat
is preferably visible when the printiable sheet 10 is illum nat
sheet 10 may include an overt indicia 28 in combination with a covert indicia 26. The
tamper-indicating printable sheet 10 may just include an overt indicia 28, or may include

an overt indicia 24, a covert indicia 26 and an overt indicia 28.

The tamper-indicating printable sheet 10 is preferably bonded to a substrate 22 by
20 the adhesive 16, as illustrated in Figure 1. However, the printable sheet 10 may be
inserted or otherwise attached to the substrate by other means known to those skilled in the
( art. The tamper-indicating printable sheet 10 can be used with any document of value
such as passports, identification cards, labels, entry passes, ownership certificates,
financial instruments, and the like. The document of value may be non-woven or woven.
25 The tamper-indicating printable sheet 10 may be imaged and adhered to a document of
value, such as a passport, or imaged, adhered to a backing, and then inserted into a
document, as part of the manufacturing process. Alternatively, the tamper-indicating

printable sheet 10 may be first attached to or inserted into the document, and then imaged.

Useful adhesives 16 for bonding the tamper-indicating printable sheet 10 to the
30 substrate 22 include pressure sensitive adhesives, heat activated adhesives, ultra violet

light curable adhesives, thermosetting adhesives and remoistenable adhesives.



5 for exanple, retroreflected Iight. The covert indicia 26 is |ocated
between the reflector |ayer 20 and the gl ass m crobeads 12. The covert
indicia 26 may be included adjacent a portion of the rnicrobeads 12 or

adj acent all of the mcrobeads 12. The different covert indicia 26 under
adj acent m ¥ORWAEE6A nay form a printed i mge of synbolPCTUsSe®@s/01762f0, oOr
any conbi nation thereof. The covert indfcia 26 is preferably

fl exographically printed 10 on the mcrobeads 12 with transparent ink. The
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illustrated in Figure 1. However, the gl)rlntable sheet 10 may be inserted or

ot herwi se at¥deH sla@htrhléygﬁf;érpf%l@félw 4§58 PRSTORRRETA BAYHR rte@ecttwd@éer WRilled in
h
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it has been tampered with. Specifically, if the printed image 28 is removed through the
use of image removing liquids, such as solvents, the printed sheet 10 indicates such
20 tampering by detachment or dislodgement of the microbeads 12 from the inkjet receptive
beadbond layer 14. Detachment of the microbeads 12 results in a loss of retroreflectivity
( displayed by the retroreflective layer 18 and which appears as black areas 60 clearly
visible to an inspector under retroreflective lighting conditions, as illustrated in Figure 7.
In addition, the covert indicia 26 may not be viewable to the user, as the covert indicia 26
25 and/or the reflector layer 20 may also have detached from the inkjet receptive beadbond
layer 14. Also, craters left in the inkjet receptive beadbond layer 14 by the detached
microbeads 12 may also be visible under normal lighting conditions or with a magnifying
glass to indicate tampering. Also, if enough microbeads 12 detach, it may be possible to

feel the absence of the beads with your fingertip to detect tampering,.

30 The microbeads 12 will become dislodged or detached from the inkjet receptive
beadbond layer 14 upon application of image removing liquids, such as solvents, for a

variety of reasons. First, it is believed that the inkjet beadbond layer 14 becomes swollen



added to create a sel f-adhesive | abel. Another enbodi nent of the
tanper-indicating printable sheet 40 of the invention is 5 shown in Figure
2. The tanper-indicating printable sheet 40 is exactly the sanme as the
tanper-indicating printable sheet 10 descri bed above in ref erence to Figure

1, except t 20085179&65 not include a covert indicia. &Q@:&E‘B&lﬂiﬁe”t

t anper -i ndi ca pri-ntabl e sheet 40 ijpcludes a pIurallt

retroreflective glass mcrobeads 42 having a reflector layer 20 partially
enbedded in and protruding frominkjet receptive beadbond | ayer 14
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20061017603 PeNpidEeshigZrye ¢ @t above. mon e floating image 1s al ected or no
longer visible and thus, provides an additional indication that the printable sheet has been

20 altered or tampered.

Figures 4 and 5 illustrate a prior art security laminate 50 and the results of
( ’ removing the printed image 52 by an image removing liquid. The prior art security
laminate 50 of Figures 4 and 5 is the same security laminate that is described in U.S. Pat.

Publication No. 2003/0170425 A1 “Security Laminate,” (Mann et al.), which is owned by

25 the same assignee as the present application. The prior art security laminate 50 has been
printed with water-based ink by an inkjet printer to create a printed image 52 similar to a
passport. The image 52 includes a photographic picture of the person owning the passport
52b and a machine-readable zone 52a. A portion 54 of the photograph 52b has been
removed by isopropanol. Figure 4 illustrates the prior art security laminate 50 under

30 normal lighting conditions. Figure 5 illustrates the same prior art security laminate 50
under retroreflected light conditions, so as to view the covert indicia 56. The prior art

security laminate 50 includes two forms of covert indicia, the word “CONFIRM” 56z and
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lighting condmons in Figure 6, the areas where the photographic image 52b has been
removed is viewed as white spots. Under retroreflective lighting conditions in Figure 7, in
20 the portion 54 where the photographic image 52b has been removed, portions 60 of the
covert indicia 56 are not viewable. Instead, there are clear indications of tampering as
(' evident by the black spots 60 in Figure 7. These black spots 60 arc the areas of the
retroreflective layer 18 where the microbeads 12 have dislodged or detached from the
inkjet receptive beadbond layer 14. Since the microbeads 12 have detached, there is a loss
25 of retroreflectivity in the tamper-indicating printable sheet 10. In addition, since the
covert indicia 26 was flexographically printed on the detached microbeads 12, most likely
the covert indicia 26 also detached from the inkjet beadbond layer 14 with the microbeads
12. It is possible that some portion or all of the reflector layers 20 also detached with the
microbeads 42. However, it is possible that some portions or all of the reflector layers 20
30 remain intact. If an inspector at a country boarder inspection point notices these black
spots on the printed sheet 10 under retroreflected light conditions, they will immediately

know that the printed sheet 10 in the passport has been tampered with, and the inspector



under retroreflected light conditions, so as to view the covert indicia 56.
The prior art security lamnate 50 includes two forns of covert indicia,

the word "CONFI RM' 56a and WD 2006/ 017603 PCTI US20051027627 17 a seal 56b.
As illustrated in the portion 54 where the photographic i mage 52b has been

renmoved, theygay®hlirshfdicia 56 is still viewable and thenga§@oidR&hoNs of
tanpering. This prior art security lamgnate will allow a counterfeiter to

renove the photographic image fromthe inmage receptive material of the
prior art security lamnate and replace it with a 5 new photographic inmage
to create a ‘@biafeapprepmatpadippovhich pay dnphide soppingithppeesondrogneitipr enteringtor at e

t he tanper-lgﬂhﬁﬁhéggh rlntable sheet 10 of the present invention and the
results of renoving printed i mge 52 through t he use of an i mage

renmoving |i qU| d, 450l eg%? yﬁ&“@ Qpemo\,%{ ?Hé pb enﬁ%]ﬁrc%ﬁ% R%%EH{I ty

| am nat e t h&PEREEPT | ng pr| rnted with
wat er - based prmkeabmagmzslﬂomnkg ’kjepbdadbend lh}&r ¢4 artlizted n}Dt’herExedtpleﬁBgewSZ simlar
to a passport. Simlar to Figures 4 and 5, C the image 52 includes a

phot ogr gphi ¢ pi ctorreaex@;tlgtanema%@@nngmg 18 tihiRr-DaBGEAE briddble 3Rt 80, 40 is as
machi ne-readabl e zone 52a. A portion 54 of the phot ograph 52b has been

renoved by ﬁlowamrgést,rﬂa%wﬁ@ menglaver ofigdasp migrabrafs B %ﬁ@te sifly ofi i Reper _
illustrates %rtﬂ?g&tt?lhpgth?@%daﬂg% R@Sdrwlérm NS Igi':? ‘%. % Ia{wp  |1ghting

conditions. Figure ustra sane tanper ng 'nt abl e
sheet 10 underriereterran efrbeght amcbven givonudiedi temparstpresand ageetio Dulew\hsiahmdcovert

indicia 56. Siml r t.0 and 5, the ta er-|n|cat|ng nt abl e
sheet 10 i ncitdEsthe “F‘E)%Snﬁ ﬁBWgtIXS‘P]ﬁB‘iQﬁn Q\g’re l&ﬁ\lﬁ 56a and a
seal 56B. Unggyoldiar iRt ExdeSihnichbes@Ni thitQRsnot @mEécHlHﬁ i thelpagodf@asyevher e the
photbgr aphic image 52b has been renoved is viewed as white spots.” Under

r et r or ef | ectieipeved fghm itierapinidor $arpld, Ry Fivaenuan spurcen Negt, theeoprst midisit 264s wher e

the phot ogr afE’J}' rabﬁg:lﬂgz véﬁ'{?edh&?o B?%g%ﬁsgﬁ Vi ShealhOF A NP (0 3ﬁﬁct§ﬂ§¥1er B t

indicia 56 are are ¢clear i ndica
t anperi ng asforresd Wevipobybatihig a phréialty Bg}mttmnﬁﬁtsswe Biepotrie ndirrof hasegiabdvacte Spot s

60 are the areas of the .retroreflective er. 18 wher.e the .m crqbe ds 12
have di sl odgéB® thea@f%ﬂ@amr%ﬁarﬁrfrrémcr%ﬁ%% i\@ébthev%klﬁéa@aaﬁfa baad

Since tge m l§j?é?t1@fi‘sd§)a§ea AV Be I8IReHAEH midAGetdd B. @Jéx?%ﬂa@ oP4dhesive is

retroreflectivity in the tanper-indicating printable sheet 10. In addition,
since the crwedibeiwedn diednide ropeptive @aé@rfdgmeeat myd gnother eubsigietsheh det ached

_m' cro beads é%al'g egrt %l A(ny th{a hgﬁ%eeﬁ CRVES tto dtﬁ!e %nﬁ)@r—ﬁtld%ﬁttggef)r%ﬁmg street(g rﬂ)t he

i nkj et bead aye em cro
40 Mlustrated in Figures 1 and 2. Finally, another layer of pressure sensitive adhesive may

be coated onto the paper substrate and a liner may be added to the pressure sensitive
20 adhesive. Large sheets of the tamper-indicating printable sheet 10, 40 may be die-cut into

desired shapes and sizes and also may be provided in roll form.

(., Figure 8 illustrates yet another embodiment of the tamper-indicating, printable
sheet 70 of the present invention. Tamper-indicating, printable sheet 70 is very similar to
the tamper-indicating, printable sheet 10 of Figure 1, except that printable sheet 70
25 includes an additional beadbond support layer 21 and preferably, although not necessarily,
the inkjet receptive beadbond layer 14 includes a cross linking agent. The addition of the
cross linking agent to the inkjet receptive beadbond layer 14 and the additional beadbond
support layer 21 may serve to help increase the durability of the printable sheet 70 and

help increase the adhesion of the microbeads 12 to the printable sheet 70,

30 Preferably, the beadbond support layer 21 is made of a solvent-based polyurethane
prepolymer. Although not wishing to be bound by any particular theory, it is believed that



12. It is possible that sonme portion or all of the reflector layers 20 al so
detached with the m crobeads 42. However, it is possible that some portions
or all of the reflector layers 20 30 remain intact. If an inspector at a
country boarder inspection point notices these black spots on the printed
sheet 10 un efl ected Iight conditions, they wl know
that the prﬁ@t’edﬁ&slﬁ@ét 10 in the passpggt has been tanpek‘e@%gﬁ’?%&géﬁd th

i nspector WD 2006/ 017603 PCTI US2005/ 027627 18 can take appropriate acti on
whi ch may include stopping the person fromeither entering or |eaving the
country. Exam:slhekmgﬁgénypi thainkjaregeptivervexdbogd ldyepuliddsapiodle ptevaitlsyme apiabl e of

renoving the r d |na 8 he, i nkj e bond | ayer 14 are |isted
1 the. Exan i utbEed Rty BreaES b Brabo PR ATRh GOy o of mking

tanper -i ndi Gah ur&gvatama@é@lk&xﬁuaheetmﬂj&, reéegnbéb@aboﬁdqweew AE'arréhlt Jdsepd coat
a nonol ayer of glass mcrobeads 12 onto one sid g@a carrier that
dma

contai ns a istple te yser water-sediky bl pefnt an tmmtﬂbtﬁﬁéﬂqweﬁw ae28%indhgpaper
carri ery ar ew%féPFﬁsQﬁﬁ#gJ?r&Q g’gé‘ﬁ’ Ege&\%ﬂg{ﬁi %é ;i/:é%lteyﬁr(?% and speed. Due to

heat and ravi nk “or partl ally enbed

t hensel ves into he to ef| n ner obead that are not
Ereoaded i o L HEREES RS ik ag?fgxwvli@e PR ey bbgughs
exanpl e, by(far 4GPWICROSIL, GRailabRftom Eﬁﬁlxclbl‘gﬁﬁltlrriagﬂgmeﬁm%ﬁ)gidi Sarasota, FL),

f1 exographi caIIy printed onto the exposed ni crobeads 12. Next, the reflector

| ayer 20 i sPolybiperapakaming perreds (forrxamplts mieewxgﬁ rp gfRtne fimetiondlized ve,
dielectric r e 6 and the
m cr obeads 1 2t avHFPat %{1&% rﬁ‘(ﬁ’a Aesrhleg‘ear{l ?@é Egowqgiolngﬁg}?ﬁéﬁm?s coat ed
onto tloe vawmpée)&ﬂqubst@ ésF tﬁﬁ’ea{hslaljle fromthE Slla:oh@yﬁhit@f Cid,he'smmm fuacticpklaced

bet en the nk rece not hey. subsf.rate, such
‘@Saper NL%?F %reeéPmB f 85@5(83?&25’ YE[E tl‘ﬂn ?%\%g?onﬁ @t) i ndi cati ng
L et e R B g b A
and a |iner Jmy nﬁ&oé@@&ﬁbé@aﬁob@ra%ﬁé%&fh@ ta'iaSﬁk’%hr(dnééﬁnéEuﬁt@Sl@%héé?iO lsgr ge sheets
of the tanper-indicating printable sheet 1 die-cut into desired

shapes and sicepighafile mbthod myldbfethpﬂ@xiltl@@bstﬂmoﬁrmmh Hﬂ@ﬁmtlnglt@mlve@d®ndl | ustrat es
yet anqt her e |nd| t|n o 70 of the
pr esenfﬁtl nv%uﬁglggqayn%f an hm Et r@ E}Wc beraldn A %e‘et?é’i‘gqcﬁsmc\‘? trly simlar to

t he tanper - bewdbeat layy, 14ri>s“¢dateatmh&) tﬁ@e@ior-ﬂ:&ltafml&cgmnﬁ 12, fehet @ptbehdtahd pri nt abl e
sheet 70

support layer 21 is vapor-coated, the method is continued as described above with a layer
of adhesive being placed between the beadbond support layer 21 and another substrate,

such as paper.

20 The tamper-indicating, printable sheet 70 may include or may not include covert

indicia as described above in reference to Figure 1.

The operation of the present invention will be further described with regard to the
following detailed examples. These examples are offered to further illustrate the various
specific and preferred embodiments and techniques. It should be understood, however,

25 that many variations and modifications may be made while remaining within the scope of

the present invention.

Examples

“Confirm ES” is a brand of a printable sheet having glass microbeads in a

30 beadbond, available from 3M Company, St. Paui, MN.



25 includes an additional beadbond support |ayer 21 and preferably, although
not necessarily, the inkjet receptive beadbond | ayer 14 includes a cross

| i nki ng agent. The addition of the cross |linking agent to the inkjet
receptive beadbond | ayer 14 and the additional beadbond support |ayer 21
may serve t ease the durability of the printab

hel p |ncrea§¥8?%§m %S|on of the mcrofeads 12 to the pﬂﬁﬂﬁgﬁﬁgmgﬁéet 70.

30 Preferably, the beadbond support |ayer 21 is made of a sol vent-based

pol yur et hane prepol ynmer. Al though not wishing to be bound by any particul ar
theory, it is berREEddh&hElPVMﬁQﬂﬁ@kﬂ@%ﬁﬁﬂﬂRGEbNﬁBBBB&&Bb6@@L 19

crosslinkin n tive ond | ay. 14 may hel p
prevent some 'Bg WE‘CT bﬁﬂﬂé@dle Hteét &ng‘dﬁ'ﬁ‘aﬁcﬂ’é ]&adbond support
layer 21 from ”DV‘FREETEXQSSQ*’ isd tﬁd@ Qes@’)‘lah@n e WessE phoaide PRhYIM S RNe

i nkj et receptive beadbond | ayer . AS aresult, auser 1is able to use
wat er - based Ngwken, thee. pﬁEliemlaminOEhe pr| ntabl e sheet 40 to form i mage 28 in the

2 et o sbesed | npt hOE B DIERSR Ik oy KD DR R B R Saphet 7©

conmpounds  (dresslitken APhitableCRih Resdtinl Rebfbendnce Rrddags, Housiog| THI | magi ng
Technol ogi es, Sarasota, FL) pol yfunctional am ne conmpounds (for. exanple,

mel am ne, an am n@of”i?ﬁ%rtql’bﬁéll‘q &e@anc M friafecongdialeabrl 2vailghle AoreEMEs ar . war d
HI1, MY, eptcdd it icibskowd hgnes (for 10 exanple, Silquest(r) A-187,
avallable fromGE Silicones, Wlton, CT), or amino functional silanes (for
exanpl e, Sil questEniyl wthtm‘ms tlm/mnblabﬂeen faremueiairéd donheb avalabledrom CT) . An

exenpl ary ne f m the ng printable sheet 70 is
Slﬂl|a§5 to é&gg%QQ%%ﬂrﬂ% %%%§E§b§b$€¢aﬁ$be to the tanper-indicating
pringable sheet I@cetftlacid, gmﬁptxstalpaxte abdiR ARt MaitkblOabsdgariéthEheadel] idognal step
of notch bar-coatl ngkyt he beadbond 15 support |ayer 21 onto the inkjet
receptive beHpaHge after the inkjet receptive beadbond layer 14 is
coated onto the vapor - coated m crobeads 12. After the beadbond support

| ayer 21 is vapor coated the method is continued as described above with a
| ayer (bagpayativi gplgllaced bet ween t he beadbond support |ayer 21 and
anot herissubst r at &his csmq:la.mme pequgie is Dasedlve theadipaosuraniledt PangPubjicatioh ol e sheet

70 | | ud d bed ab
ot or ance. « BRI Altseciur aRiraf Stanet BoeuBit s ALY S WhEl be |
further descyiibed aviteprésaEiatknt Qpplhbﬁlon.

The following three compositions were prepared.

Composition A: Prepared by adding 2 parts by weight of glacial acetic acid to 10
20 parts by weight REILLINE 420, mixing well, then adding 5
parts by weight isopropanol, mixing well, than adding 15 parts

by weight de-ionized water.

( Composition B:  was prepared by mixing 10 parts by weight FREETEX 685 with

38 parts de-ionized water.
25 Composition C:  was prepared by mixing 1 part by weight HELOXY MODIFIER
48 with 15 parts ethyl alcohol.

A piece of CONFIRM ES was placed on top of an approximately 3 mm thick glass
plate with the exposed retroreflective bead side of the CONFIRM ES facing away from
the plate. A mixture comprising 21 parts by weight of Composition A, 4 parts by weight

30 of Composition B and ! part by weight of Composition C was prepared. This inkjet
receptive coating formulation was coated onto the exposed retroreflective bead side of the

CONFIRM ES using a Mayer Rod #4, followed by drying in an oven at approximately



fol 'owi g defaiT'eéd exanpi es. These exanples are offered to further
illustrate the various specific and preferred enbodi nents and techni ques.
It shoul d be understood, however, 25 that many variations and nodifications
may be made while remaining within the scope of the present invention.
Exanples " [ r ' is a brand of a printable sheet hayl |

m cr obeads igg&gd% eadbond, avai l abl ezﬁf rom 3M Conpany, q’éﬁﬂ%ﬁg'éﬁﬁm WO
2006/ 017603 PUTI US2005/ 027627 20 "REILLINE 420" is a trade designation for
a solution of 40% pol y(4- vinylpyridine), available fromReilly Industries,
I nc., | ndi asafibior spprotimateRRERTHXest &l thersal bwed aslenodl esiogmatinperatet Thiscat i oni ¢
pol yam ne, avail able from veon, Inc,, el and,, OH. .5 "HELOXY MOD Fl ER
26T ot r RAPTHbURHER POed §10 40 Eordh ikt BN MRE BT LA er

avai | abl e f nomdRRAGhIE MRS (Bﬁﬁtfepadmme@aﬂ?rd%&ucrmlz@uaé@rroaé@soc ail, sopr opanol "
is the generic termfor a secondargﬁl al cohol, available fromE Chemi cal s,

Inc., G bbs{T§a320NagentmEng T032428ellow i all avatlabje frem Epspr Ametion, Ian, lumgl avor ed

al cohol , avaj_| ab f . AAP - i.cal | byville, KY.
"Acet i cs aci 3}{35%1, abg)‘aFraggesqjﬂghmag%@éﬁggagu@?gq’é@%‘?%@@“%%?ﬁ“% c?flﬁig\cﬁﬁk'Chem cal
Co., M | wadkeerintdd im{gerparfaiidie hiveaaxpdiniqukfitylRitite opp daddicedenekasTpl e 1 s
based on the, disclosure }%1% u. ? Pat. Publication No, .2003/0170425 Al
"Security LamTPRASEWIh pRklesd af feathenng bghwean colory frler depsifipeoldlsek. magesiagnee as

the present o nhd 2PR W& Qe dTiHR Ok OGN £6E AMPRR §1 ONS were
prepared. Conposition A: Prepared by adding 2 parts by wei ght of gl acial

acetic acid to 10he poagsaemevabliquids iited iRHlablet INFerd 26:d trexalngge tisicbated hen addi ng

S P2, AT OB ORAR e A e o DR WAL B3, Dl et o
FREE{TEX 685 prinfell material for indications of tampering by rubbing the printed material with Q-tips
wetted individually with each liquid. Impact of the image removal liquids upon the
printed image of the examples was evaluated. Evaluation of the printed image was limited
to either the image was totally removed or not totally removed, since to effective forge a
15 document, a printed image such as the photographic image of the person, must be
completely removed in order to replace the original image with a forged image.
Assessment of the example materials ability to indicate tampering was evaluated by
determining if the microbeads were detached or removed. The results for the Comparative
Example 1 is shown in Table-1.
20



38 parts de-ionized water. 25 Conposition C. was prepared by mxing 1 part
by wei ght HELOXY MODI FIER 48 with 15 parts ethyl al cohol. A piece of

CONFI RM ES was pl aced on top of an approxinmately 3 nmthick glass plate
with the exposed retroreflective bead side of the CONFIRM ES faci ng away
from the pMRWIS/NTH3xt ure conprising 21 parts by wei ght PET/UBMHRSHXI on A, 4
parts by wei ght 30 of Conposition B and?| part by weight of Conposition C
was prepared. This inkjet receptive coating fornulation was coated onto the
exposed retroreflective bead side of the CONFIRMES using a Mayer Rod #4,
foll owed by drying in an oven at approximately WO 2006/ 017603

PCT/ US2005/ E-1: AT T iMBLE|ly IN FNIVE GeATINGowed to
cool to roomtenperature. This ONI@PION CONFIRMN printed with an Epson
Stylus C80 inkjet printer using aqueous pignmented inkjet inks (printer and
ink cartridges - T032120 bl ack, Tgg2220 cyan, T032320 magentg,aid 1032420

yellow - all available from Eps ri 06t LOBEady Beachqfdlk- | nmage
qual ity was gyal Uabsli ids/ &_%;Q“ T ﬂg‘a RBURTd Eﬁﬁ@g The
e |

printed im _ ) | e T ty excel | ent
line sharp h no bl eed or f@athering between -§-8I ors. Cofdr densities
of bl ack, E90S, el l ow, and c¥yan were asured ahf the restfts are

summari zed MethdFtey! Eetopge | mage renoval liquids listed in Table-1 were used
to eval uate MK coated 10 printe¥esnat eri aNof or resi ¥esance of ¥hke printed

i mge to talhieerahgpidnd t o eval uatHot he prYest ed nmateNoal for M cations of
tanpering byohighdi ng the printed naterial vésth Qtipso wetted wdi vidual ly
with each | ipgiiiche dyBBGH9%0f the iyage renoygl |iqui dgieupon theygprinted

i mge of th%c@ffﬁﬁﬂ? yas eval uatgd. Eval ugtion of tRg printedyjmage was
limted to eni1 orﬁrmhhﬁr ix%ge was totally renoved or not totally renoved,
since to effA |v5f(¥ré)ea15 docHJment, a printed irrme such t he
photographi(g ﬁ)age of the person, Hust be ?,sonpl etel V'O emoved 14> or der to
repl ace t he B78Bi nal i mage with aNPorged i hFige. Assﬁé’srrent of Ntbhe exanpl e
materi al s aBufyss) Glol 3wttt t anpering was eval uated by determining if the
m cr obeads W&k detached or renovées. The r¥eults for Noche Conpafative

Exanpl e 1 i Gasblmwer{unleadédpl e-1. 20No Yes No N/A
Diesel Fuel No Yes No N/A
Example 2

Using Compositions A, B and C of Comparative Example 1, a mixture comprising
5 21 parts by weight of Composition A, 4 parts by weight of Composition B and 1 part by
weight of Composition C was prepared. This inkjet receptive coating formmiation was
substituted for the urethane “beadbond” normally used to secure the retroreflective
( microbeads in Confirm ES. A tamper-indicating printable sheet of the present invention,
using the inkjet receptive coating as a beadbond, was made by coating onto vapor coated
10 glass beads that were partially embedded in the polyethylene film of a paper carrier
(polyethylene coated paper) the inkjet receptive coating using a Mayer Rod #4, followed
by drying in an oven at approximately 80°C for approximately 4 minutes, and then
allowed to cool to room temperature. Using a 3M Passport CONFIRM Laminator, Model
Number 6060P, available from 3M Company, St. Paul, MN, the tamper-indicating
15 printable sheet was then laminated to a Trans-Kote PET/MR 5/2 PET film coated with
hot-melt adhesive available from Transilwrap Company, Inc. Franklin Park, IL. The paper

coated with polyethylene was then peeled off exposing the glass beads.



C WD 20061017603 PCT/ US2005/ 027627 22 TABLE-1: ( COVPARATI VE EXAVPLE 1:

| NK, | ET RECEPTI VE COATING ON TOP OF CONFIRM Total Able To |nmage

Resi stance to Beads Indicate |nage Renoving Liquids Renoved Tanpering
Renoved Tanpering |sopropanol Yes No No No Acetone Yes No Yes Yes Methyl

Et hyl Keton No Yes Yes Mneral spirit No Yes ene No
Yes No NV A Qﬁé%ﬁéene glycol (50% Yes Ng No No Acetic acﬂlﬁ‘%(@‘%ﬂ etj No No
No Amoni um hydrOX| de (30%9 No Yes No VA Bleach No Yes No NNA Surfynol
CT- 136 surfactant (2% Yes No No No Gasoline (unleaded) No Yes No NV A

Di esel Fuel No YéespmimWOAtheE?@hﬁlnemmeUsﬁqn@c@mrpwﬂﬁd tbatsiiahe Bawmbdads weke
Conparative

Composi t1 on ecpgrbe s ekt der RIS B B Betep BRNN Bl bR, e 1Bt

Conposi ti on 4dhysas ipyee PThEeBmpERindichiidd RintabCshpti wis (e@qirined cfnqumdaatside R/ifhas
substituted for the ure hane "beadbond” nornmally used to secure

r et r or ef | ecth&EPSORiSEY shestiakichpegen jImageaialiy ‘t’%ﬁrﬁﬁé‘r‘latieﬁalsﬁﬁb’i Wigh m‘wﬁ@m %
sheet of t h%%ﬁgﬁl@gldsg'vﬁ@ rifed ints3t 0gs follfa {oﬂ{‘alvg%cfeﬁfxg Ehlgg g?&@ﬂl’ﬂﬁ@ B3 a

beadbond, was coatl ont o vapor coated 1 wer e
partially erﬂxed&adlmmhadpeeqsmglmméedm fefatﬁcrmg)betaegamqsrs cEolor densities of black,
magenta, yellow, and cyan were measured and the results are summarized in Table 6.
The same image removing liquids listed in Table-1 were used to evaluate the
tamper-indicating printable sheet for resistance of the printed image to tampering and to
10 evaluate the printed material for indications of tampering by rubbing the printed material
( with Q-tips wetted individually with each liquid. Impact of the image removal liquids
-. upon the printed image of the examples was evaluated. Evaluation of the printed image
was limited to either the image was totally removed or not totally removed, since to
effective forge a document, a printed image such as the photographic image of the person,
15 must be completely removed in order to replace the original image with a forged image.
Assessment of the example materials ability to indicate tampering was evaluated by
determining if the microbeads were detached or removed. The results of the evaluations

for Example 2 1s shown in Table-2,



(pol yet hyl ene coated paper) the inkjet receptive coating using a Mayer Rod
#4, followed by drying in an oven at approxinmately 80C for approximately 4
m nutes, and then allowed to cool to roomtenperature. Using a 3M Passport
CONFI RM Lam nator, Mbdel Nunber 6060P, avail able from 3M Conpany, St. Paul,
MN, the tamgh-bdafifsad i Ng 15 printabl e sheet was then | argdiadBehsioPresy
Trans-Kote PET/MR 5/2 PET filmcoated wisth - hot-nelt adhesive avail able from
Transi | wap Conpany, Inc. Franklin Park, IL. The paper coated with
pol yet hyl ene was then peel ed of f exposing the glass beads. WO 2006/ 017603
PCT1U52005/ 027627 23 I nspection of the PET filmunder m croscope reveal ed
that all the glass beads were transferred fromthe paper carrier and that

t he beads . j y in -Jrel t esi J r.. The
tanper-indic frdRlhbA bl S S#Me @Ee%wm
the Epson Styl u 2 nkj et r. IWH ey al 8 sual ly
with and wi tHRUPPHOE nagni fyi gl ass. Thé®rinted iffige was f¢8nd to have
excel | ent qudetey as the i magé¥had excel Y&ht |ine d¥arpness W/Ah no bl eed
or featheringetbgtBwen col ors. Col or densities of black, nagenta, yellow,
and cyan werketoma®MERD and t h&No esults ar&esunmari zédoi n Tabl &/A. The sane
i mage renoviMgheldl epitids | i sted No1 Tabl e-1 wege used tNo eval uat eizphe

t anper-i ndi cpdihdpg printable shget for resigfance of Jhe printegai nage to
tanmpering angly c%’g(ﬁval uate the printed material for indications of

t anpering by(sbiég%l the pri n%g mat eri al l\yg th Qti eswetted i%gi vidual l'y
W th each Iiejgw.. 'lggt?f’ft of tl%e,image re al |iqui upon t printed

i mge of the SVEARI&Bhs evaliited. Eval i%tion of tH& printed%mage was
limted to eMPA®PIYhe j nage was totally renoved or not totally renoved,
since to efPEExded38%) ge a ddunent, a piehted i mfsuch asNhe

phot ogr aphi cBleaige of the perNm, 15 nust Yee conpl etldéy renov@dAin order to
repl ace the Sirfygbln@l-1B6rage with a forged i nage. Assessnent of the exanple
mat eri al s abiukfadtinit(@%h ndi cat e Neanperi ng wags eval uatedoby deteyaining if the
m cr obeads wegssgliglet ached or renoved. The results of the evaluations for
Exampl e 2 i s;glagwg) i n Tabl e- 2.50A0 2006/ 019603 PCT/ USQ05/ 0276374 24 | mage

Renovi ng Totgl..d @egée Resi st angg, t o Beads IY@gl cation@f LiquiggsRenoved
d

Tanperi ng Renove anpering
Example 3
5 A tamper-indicating printable sheet was made as described in Example 2. For this

example, inkjet receptive coating solution 1J-140, obtained from Esprix Digital Imaging
Technologies, Sarasota, Florida, was coated onto the vapor coated glass beads using a
Mayer Rod #10, followed by drying in an oven at approximately 60°C for
approximately 10 minutes and then allowed to cool to room temperature. Using a Mini-

- 10 Kote laboratory laminator available from D&K Company, Elk Grove, IL, the tamper-
indicating printable sheet was then laminated to a Trans-Kote PET/MR 7/3 PET film
coated hot-melt adhesive available from Transilwrap Company, Inc. Franklin Park, IL.
Lamination was done at a roll temperature of approximately 300°F and a roll speed of
approximately 1.5 ft/min. The paper coated with polyethylene carrier was then peeled off

15 exposing the glass beads.

Inspection of the PET film under microscope revealed that all the glass beads were
transferred from the carrier and that the beads were partially embedded in the hot-melt
adhesive layer. The tamper indicating printable sheet was then printed on the bead side
using an Epson Stylus CX5400 inkjet printer using aqueous pigmented inkjet inks (printer

20 and ink cartridges - T0O32120 black, T042220 cyan, T042320 magenta and T042420



| sopropanol No Yes Yes Yes Acetone No Yes No VA Methyl Ethyl Ketone (MEK)
No Yes No VA Mneral spirit No Yes No NNA Toluene No Yes No NN A Ethyl ene
glycol (50% Yes No Yes Yes Acetic acid (50% Yes No Yes Yes Ammonhi um
hydroxi de (30%9 No Yes No VA Bleach No Yes No VA Surfynol CT-136
surfactant (WORIKEL™¥ES No NV A Gasoline (unleaded) No YedONA'SROA02BResel

Fuel No Yes No NNA Exanple 3 5 A tanpéd-indicating printable sheet was made
as described in Exanple 2. For this exanple, inkjet receptive coati ng

sol ution 1J-140, QHB@AﬁSQfIJn?E%s%ﬁQM ic? Kk £ Bbn Cgﬁa@hrtgA Eﬁ%g@@ls e 0 a

Sarasota, Florida, was coated onto t e vapor ated gl’ass
Mayer Rod #¥Saluited Visvwaly wivh adywittput mmamf;mm;laas 5Tb@pm<t¢dmn@eywa6®®nﬂm

appr oxi rratel and t hen . o to r erature. Using
R o T o e xR i o e SRSl i SPirae kP B REERS 'k o
IL, the tarrrfez&hermgcyemteh QeloR I cliksifdIRE blavR Snddesa, ﬁeﬁﬁwnﬁd&ﬁaﬁ Reid
Trans-Kote PET/MR 7/3 PET film coated hot-melt adhesive avail able from

Transi | %r ap TExyahynd the gesults yp RupRanzgen Table 6. | api nati on was done at a roll
tenperature of al@fﬁ’l@‘%hﬁ%&ﬁl%d@ Feﬁ’l@ st?d O dbicS PEEH WREd to@@ﬁ’l’ix%'tﬁé%xﬁbé{* 1 5
ft/mn. The paper coated w e

ne carrier was then peele
exposi ng t handjtamg phieatik. shéansﬁcprecmstme of the Ipanl@ETmﬁgcl totampetang andoasaoge

R S N TR e SRR

tips wetted individually with each liquid. Impact of the image removal liquids upon the

10 printed image of the examples was evaluated. Evaluation of the printed image was limited

( ' to either the image was totally removed or not totally removed, since to effective forge a

document, a printed image such as the photographic image of the person, must be
corrrlpletely removed in order to replace the original image with a forged image.
Assessment of the example materials ability to indicate tampering was evaluated by

15 determining if the microbeads were detached or removed. The results of the resistance to

tampering evaluation for Example 3 is shown in Table-3.



adhesive |l ayer. The tanper indicating printable sheet was then printed on
the bead side wusing an Epson Stylus CX5400 inkjet printer using aqueous

pi gnented inkjet inks (printer 20 and ink cartridges - T032120 bl ack,
T042220 cyan, T042320 nmagenta and T042420 WD 2006/ 017603 PCT/ US2005/ 027627
25 yel | ow - WPIRPATPADl e from Epson America, |nc., Long BeHE$00502)627 | nage
quality was evaluated visually with antf without a magnifying glass. The
printed inage was found to have excellent quality as the imge had
excellent line sharpness with no bleed or feathering between colors. Color
densities of black, magenta, yellow, .and cyan were 5 nmeasured and the
results are summari zed in Table 6. The sane test liquids/solvents listed in
Tabl e-1 were used to evaluate the tanmpaBLE-Rdi cating printable sheet for

— i e —

resi stance of the printed inage to tanpering and to evaluate the printed

material for indications of tampggj YRESGNMRGo t Nepedik Nt edniRLESA G W th
Q tl ps V\Bttq p IMIIOQHI |I|1i ui\ﬁ'st er';:ggacﬁe vatl he ]LI‘E{ @Tﬂ)va!

| i qui ds upo he | uatetd; | uati on
of the prin?lé@’ri)?f’é.lﬁle was limted {9 either the i mage SRas totalf§ removed or
not totally P&f¥¥ed, since to effettive ford® a docuifént, a prYifted i mage
such as t he MeoyoghalR¢tend mage of the person, must be conpletely renoved in
order to replMEK) the original inmag¥esnith a fNerged i mé{gs. Asses¥gpent of the
exanpl e nat eMimta sgikit | ity to indi chbe tanpelfenng was eNal uat ed hy/AO0

determ ni ng Téjuddee m crobeads werendet achedyeg renovede The resglts of the

resi stance tgpyk cdlshgyal uati oged or Exanpl e 3 isyghown in Tahle-3. C WO

2006/ 017603 ng{cﬁ‘%§9 0&2)7627 26 LE-3: plotal | mage Resistapge to Beads
| ma

\ ve

I ndi gation o
| sopropanol égg NB"%VQ% :

=)

«Q

éng Li qui ds Renopval Tanpering Renoval =~ Tanpering

Aceton$eSYes No \ﬁeos Yes I\{petshyl Et hy{,BSKetone

(MEK) Yes NoCY# ves
Bleach Yes No Yes Yes
Surfynol CT-136 surfactant
2%) No Yes No N/A
Gasoline (unleaded) No Yes No No
Diesel Fuel No Yes No No
Example 4

A tamper-indicating printable sheet was made as described in Example 2. For this
5 example, inkjet receptive coating solution IJ-150, obtained from Esprix Digital Imaging
Technologies, Sarasota, Florida, was coated onto the vapor coated glass beads using a
Mayer Rod #10, followed by drying in an oven at approximately 60°C for
approximately10 minutes and then .allowed to cool to room temperature. Using a Mini-
( Kote laboratory laminator available from D&K Company, Elk Grove, IL, the tamper-
| 10 indicating printable sheet was then laminated to a Trans-Kote PET/MR 7/3 PET film
coated with hot-melt adhesive available from Transiiwrap Company, Inc. Franklin Park,
IL. Lamination was done at a roll temperature of approximately 300°F and a roll speed of
approximately 1.5 ft/min. The paper coated with polyethylene carrier was then péeled off
exposing the glass beads.

15 Inspection of the PET film under microscope revealed that all the glass beads were
transferred from the carrier and that the beads were partially embedded in the hot-melt
adhesive layer. The tamper-indicating printable sheet was then printed on the bead side
using the Epson Stylus CX5400 inkjet printer. Image quality was evaluated visually with

and without a magnifying glass. The printed image was found to have excellent quality as



M neral spirit No Yes No NA Toluene No Yes No VA Ethylene glycol (50%
Yes No Yes Yes Acetic acid (50% Yes No Yes Yes ( Amoni um hydroxi de (30%
Yes No Yes Yes Bleach Yes No Yes Yes Surfynol CT-136 surfactant (2% No
Yes No VA Gasoline gunl eaded) No Yes No No Diesel Fuel No Yes No No
Exanpl e 4 A VEMWUYHE cating printable sheet was nade asPERERINE2Y n
Exanple 2. For this 5 exanple, inkjet feceptive coating solution IJ-150,
obtained fromEsprix Digital Imging Technol ogies, Sarasota, Florida, was
coated onto gl i f owed by
drying in antrh!ec:\E?Texér{ng%lgéa agf)%?%@?lr?gtsei @ e%%%ﬁ? 8§§’egggff8§t?(%§‘fgg?"‘$? %“ﬁ’%ﬁi e@légnd t hen
al l oned t o cdepbitieoofitdasin megmer, atliove andsyangvege Mersuredkiot ¢hel refadis ateor y | ami nat or
avai | abl e from D&K (S:ong%tilqy Elk Gove, IL, the tanper 10 indicating

printabl e shBZPREEETHERS & i nated to a Trans-Kote PET/MR 7/3 PET film

coated with hot - MHetsamd R36ligtRdsMopich@isRd i DableH ansd dsell BPcVRRARARY tampBiC .
Franklin Park, |L. Lam nation was done at a roll tenperature of

appr oxi fat el Ppigagre piiRble sheet foxtsaistancsiof thegsingdiimageioyanpasingandicevalpale paper
coated with L er: . Of [ t | ass
boads. 15 I naophRedHiEe REMAGHIRT hERoR 67 LA he o OB PR & " e
gl ass beads tigsrvecttet iadistwailyed tf gacinligid. apaci efrthaimthgt hahovahBquidsagsn wer e
partially enbedded in the hot-nelt dhesi ve .| ayer . The t er-indjcating
Dt nt abl & SHBUTS et R RIS 7 AHE B UIEE of g ERES BB e
CX5400 i nkj efo cithérth€imagh WRY SotflHakmbYed @ hoEiomlly 2B6ked] Shidlth ¥rivdulve forgnsl

w t hout a magnifying glass. The printed i mage was found to have excel | ent

qual i tyl%as \WDcPwee!) 8 praed immpE/sudppoky prrepaphiomaghel thepefsohatsebecel | ent | i ne
shar Hf‘es S W Qe &6i8eRlin bRt AGEHAR BELNGEN iG0AUHh a fREQ image.

Assessment of the example materials ability to indicate tampering was evaluated by

determining if the microbeads were detached or removed. Results of the resistance to

tampering evaluation for Example 4 is shown in Table-4.

TABLE-4:

Total Image Resistance to  Beads Indication of
Image Removing Liquids = Removal Tampering Removal Tampering

Isopropanol No Yes No N/A
Acctone No Yes No N/A
Methyl Ethyl Ketone
(MEK) No Yes No N/A
Mineral spirit No Yes No N/A
Toluene No Yes No N/A
(_ 7 Ethylene glycol (50%) No Yes No N/A
Acetic acid (50%) Yes No Yes Yes
Ammonium hydroxide
(30%) Yes No Yes Yes
Bleach No Yes No N/A
Surfynol CT-136 surfactant
(2%) No Yes No N/A
Gasoline (unleaded) No Yes No N/A
Diesel Fuel No Yes No N/A
Example 5

A tamper-indicating printable sheet was made as described in Example 2. For this
example, inkjet receptive coating solution IJ-170, obtained from Esprix Digital Imaging

20 Technologies, Sarasota, Florida, was coated onto the vapor coated glass beads using a



densities of black, magenta, yellow, and cyan were neasured and the results
are summarized in Table 6. The sane test liquids/solvents listed in Table-1
were used to evaluate the tanper- 5 indicating printable sheet for
resistance of the printed inage to tanpering and to evaluate the printed
mat eri al forw?ﬁW@g'fﬁ%ns of tanpering by rubbing the pri MEPRFEBORA with
Q tips wetted individually with each 11°quid. Inpact of the inage renoval

| i qui ds upon the printed i mge of the exanples was eval uated. Eval uation of

the printed NRIRWES0, oMW &Chy &r ing i 186veh ReaphBGRatRS0P Ok | y renoved or
not totally renoved, since to’effeCtive forge a 10 docunment, a printed inmage

such as the &mh@m@&t%lpm @inutasged dfﬁntaﬂ@mpiatp%@l to fepsn tebf@ﬂfa@r@oﬁpm&@ Migi-r enoved
| order Lo g 8P B6edl Rufr Bl AR TRAS LK Akl 9900 AROR. Asagssrent of

t he exanpl e ng was éeval (Fat

det er mi ni ng ihcﬁlczttﬁl@ pﬁhﬁbhﬁﬁ&ﬂ&vawafeﬁ mﬂmae@&)ob Wans-ﬁm\mmvlmewlfm‘ fidin t he
resistance to rr@erl ng eval uatiaon_ for anple 4 is shown in Table-4. 15
TABLE- 45 Tcﬁoaqed det-peljadhesiieavailbisdam Tm&#%&p Compary; GEpakiahsti ng

Li qui ds Remgyal o TRRRarAdRE BPY Al Qﬁﬁ&g@gfﬁy %@%{M@g@oﬁo by 651 A

Acet one No Yes Met hyl  Et er al
spirit No prmmmutaly lﬁcﬂt/uameThbpavelscommwim pobtethylenn eamgey wad thérbpdged il Yes No
N A Acetic am%% Yesto Yes Yes Ammoni um hydroxi de (30% Yes No Yes
Yes Bl each SBONUEIRERS K%, f ynol CT-136 surfactant (299 No Yes No N/ A
Gasol i ne (unl eadgfigpediion6E$hdNeE TN A under microscope revealed that all the glass beads were

10 transferred from the carrier and that the beads were partially embedded in the hot-melt
{ adhesive layer. The tamper-indicating printable sheet was then printed on the bead side
using the Epson Stylus CX5400 inkjet printer. Image quality was evaluated visually with
and without a magnifying glass. The printed image was found to have excellent quality as
the image had excellent line sharpness with no bleed or feathering between colors. Color
15 densities of black, magenta, yellow, and cyan were measured and the results are
summarized in Table 6.
The same test liquids/solvents listed in Table-1 were used to evaluate the tamper-
indicating printable sheet for resistance of the printed image to tampering and to evaluate
‘ the printed material for indications of tampering by rubbing the printed material with Q-
20 tips wetted individually with each liquid. Impact of the image removal liquids upon the
printed image of the examples was evaluated. Evaluation of the printed image was limited
to either the image was totally removed or not totally removed, since to effective forge a
document, a printed image such as the photographic image of the person, must be
completely removed in order to replace the original image with a forged image.
25 Assessment of the example materials ability to indicate tampering was evaluated by
determining if the microbeads were detached or removed. The results of the resistance to

tampering evaluation for Example 5 is shown in Table-5.



Di esel Fuel No Yes No NVA Exanple 5 A tanper-indicating printable sheet was
made as described in Exanple 2. For this exanple, inkjet receptive coating
solution 1J-170, obtained fromEsprix Digital Imging 20 Technol ogies,
Sarasota, Florida, was coated onto the vapor coated gl ass beads using a WO
2006/ 017603 BEFOYAHE 027627 28 Mayer Rod #10, fol | owedPE}/U8H0#R3537n an
oven at approximately 60C for appr oxi &t el y 10 m nutes and then allowed to
cool to roomtenperature. Using a Mni- Kote | aboratory | am nator avail abl e
from D& Conpany, Elk G ove, IL, the tanper- indicating printable sheet was
then lam nated to a Trans-Kote PET/ MRyagi gkl film5 coated with hot-nelt
adhesi ve available from Transi |l wap Conpany, Inc. Fr ankl i n Park L.

Lam nati on vvas done at aroll t at ur of ap OXI y d roll
carrier was emoy, the-é%—gea pe the PET

fil m under m{SBP@%rtS’be reveal ed thalt\loal | the §Fass bea(%0 wer e 1WAt ransferred
fromthe carAceienéand that the bead¥owere par¥¢slly enf¥dded i n N¥e hot-nelt
adhesi ve | aydfethyTRthyt Katoee - i ndi cating printable sheet was then printed on

t he bead si d&MEHK3i ng t he Epson StyNgs CX5400Yenkj et pmNanter. |nmge quality

was eval uat emlyérglggjrhy with and wnphout a mggni fyi ng Nt ass. The/apri nted
i mage was fO‘I‘BﬂeﬁeO have excel | ent ality asygd he i magg, had excg)d ent |ine

Elhar pness wr@5 ymegyga%% featherjng betweeg,colors. (olor 15 Iq,e_.&nsr ties of
ack, magenta é%‘\e cyan re rneasur)aﬁs and the{ results ?

surmari zed i A %‘ he sane test Irqurds ol vents ¥ sted i n'Fable-1 were
used to eval @&t"é‘mﬂ‘ﬁ%hi’ APEE- i ndi catl ng printable sheet for resistance of
the printed (e to tanpering and¥¢o eval ual® the pfiehted mat €e5 al for

i ndi Katr ons Bicaclarrperr ng by rubbinYothe prin¥ed materiMd with QV20 tips

wett ed i1 ndi vSadafiplol CTvi3bkudgacdnt! i qui d. | npact of the imge renoval |iquids
upon the priawed image of the exampl es was ®wal uat ed.NgEval uatimm of the
printed i mgg.yine lindaies to eithgp the inmagg was totp |y renmoygd or not
total ly renoygde imi.nce to effectivg,forge a vy current NG Printeg,d mage such
as the photographrc i mge of the person, nust conpletely reaned in
order to replace the original inmage with a forged i mge.

TABLE 6. COLOR DENSITIES

Comparative
Example I Example 2 Example 3 Example 4 Example 5
Black 1.17 1.14 1.17 1.08 1.13
Magenta 0.75 0.70 0.76 0.76 0.77
Yellow 0.75 0.78 - 095 0.87 0.95
Cyan 0.59 0.60 0.66 0.67 0.65
( 5 The tests and test results described above are intended solely to be illustrative,

rather than predictive, and variations in the testing procedure can be expected to yield

different results.

The present invention has now been described with reference to several
embodiments thereof. The foregoing detailed description and examples have been given
10 for clarity of understanding only. No unnecessary limitations are to be understood
therefrom. All patents and patent applications cited herein are hereby incorporated by
reference. It will be apparent to those skilled in the art that many changes can be made in
the embodiments described without departing from the scope of the invention. Thus, the

scope of the present invention should not be limited to the exact details and structures



25 Assessnent of the exanple materials ability to indicate tanpering was
evaluated by determning if the m crobeads were detached or renoved. The
results of the resistance to tanpering evaluation for Exanple 5 is shown in
Tabl e-5. WD 2006/ 017603 PCT/ US2005/ 027627 29 TABLE-5: Total |nmage

Resi st ance t &B¥44E7$%di cation of | mage Rermoving Li qui ds PREWVSWES 2etper i ng
Renoval Tanpering |sopropanol No Yes NG NV A Acetone No Yes No NN A Met hyl
Et hyl Ketone (MEK) No Yes No NNA Mneral spirit No Yes No VA Tol uene No
Yes No N A E&J&Mb&i’l&rahm}aﬁ&@gdheuﬂua@&s DescbA byﬁﬁ@tdngu@g%@l He20hhs, Xﬁ@ No
Yes Yes Ammoni um hydr oxi de Yes No Yes Yes Bl each Yes No

Sur fynol CT- 1}3?63‘1131)’#%&‘@105@3‘(%‘%‘% Yes No NA Gasoline (unI eaded) No Yes No
N A Diesel Fuel No Yes No NA TABLE 6. COLOR DENSI TI ES Conparative

Exanpl e 1 Exanple 2 Exanple 3 Exanple 4Exanple 5 Black 1.17 1.14 1.17 1.08
1.13 Magenta 0.75 0.70 0.76 0.76 0.77 Yellow 0.75 0.78 0.95 0.87 0.95

Cyan 0.59 0.60 0.66 0.67 0.65 5 The tests and test results described above
are intended solely to be illustrative,



rather than predictive, and variations in the testing procedure can be
expected to yield different results. The present invention has now been
described with reference to several enbodinents thereof. The foregoing
dét ai | ed description and exanpl es have been given 10 for clarity of

under standi ng only. No unnecessary limtations are to be understood
therefrom All patents and patent applications cited herein are hereby
incorporated by reference. It will be apparent to those skilled in the art
t hat many changes can be made in the enbodi ments described w thout
departing fromthe scope of the invention. Thus, the scope of the present
i nvention should not be limted to th?@ﬁ%&@ﬁ%details and structures WO
2006/ 017603 PCT/ US2005/ 027627 30 desc erein, but rather by the
structures described by the | anguage of the clainms, and the equival ents of
those structures. 31 CLAIMS 1. A tanper-indicating printable sheet,
conpri si ng: 1.4 fewpeoindicpiéng prindahle gheet, eomprising:ng a plural ity of nicrobeads
partially enbed i . b K e i - ) fqt
b R R e
refl ector |akerrcbgptivebeddond Raat whareinahe ikt raceptbiedasiboad thyeheonpiisged
receptive beadbond |ayer; and a printed inage on the inkjet receptive
beadbond | a§es; @87H a characteristic of the inkjet receptive beadbond
| ayer changes. UpqgnexRasn Setololn BRSSO kald S fle S rdBive! N

i nkj et receptive beadbo 'ayer releases a plurality of retroretlective
m cr obeads beadbondilayat;@nd anpering. 2. A tanper-indicating printable sheet,

conprising: a retroreflective l.ayer conprj si | urality of m crobeads
partially enbeddﬂ%“¢ lgﬁgeP%ﬁFég%Fgﬁﬁﬁg?Wgwgggﬁﬂﬁﬁﬁ’Iayer, wherein the
i nkj et receptiveyeasReRstadtaiRic of IFEINkEEScpiive BEMBHRBIal @ Ringds iFdH &pbire

| ayer between at | east one of the m crobeads and the inkjet receptive
beadbond | alpe@n imggegemoving liquid such that the inkjet receptive beadbond layer releases a plurality

of retroreflective microbeads to indicate tampering.

2. A tamper-indicating printable sheet, comprising:

a retroreflective layer comprising a plurality of microbeads partially embedded in an
inkjet receptive beadbond layer, wherein the inkjet receptive beadbond layer comprises an
organosilane;

a reflector layer between at least one of the microbeads and the inkjet receptive
beadbond layer; and

a printed image on the inkjet receptive beadbond layer;

wherein a characteristic of the inkjet receptive beadbond layer changes upon exposure
to an image removing liquid such that the inkjet receptive beadbond layer releases a plurality

of retroreflective microbeads to indicate tampering.

3. A tamper-indicating printable sheet, comprising:

a retroreflective layer comprising a plurality of microbeads partially embedded in an
inkjet receptive beadbond layer;

a reflector layer between at least one of the microbeads and the inkjet receptive
beadbond laver;

a printed image on the inkjet receptive beadbond layer; and



a printed i mage on the inkjet receptive beadbond | ayer; wherein a
characteristic of the inkjet receptive beadbond | ayer changes upon exposure
to an image renoving liquid such that the inkjet receptive beadbond | ayer
r‘el eases a plurality of retroreflective m crobeads to indicate tanpering.
3. A tamper-indicating printable sheet, conprising: a retroreflective |ayer
conprising a plurality of mcrobeads partially enbedded in an inkjet
receptive beadbond | ayer; a reflector |ayér between at |east one of the
m crobeads and the inkjet receptive beadbond |ayer; a printed i nage on the
i nkj et receptive beadbond | ayer; and 32 a beadbond support |ayer in contact
with the inkjet r i - [ el Fstlc of the
i nkj et receptivéﬂﬁégﬁﬁgﬁgmﬁgﬁggggﬁgﬁgégaﬁ%gﬁﬁégkggﬁﬁgggigggﬁﬁéﬁ%%% renovi ng
| i qui d such t hatwlidfén b ikjreiteti®iceifthedakjbrackptine béadpend lapdrehseses apg expadurd y
of retroreflective mcrobeads to indicate tanpering, 4. A security docunent,
conpri si ng PRNABAL REOViHE iqudsuchythatthe mkist seceptiyg hoadhond daver gqi@é%s lugityi ng
1, 2 or 3; ﬁﬂ@n&:ﬂ&ﬁvgﬁﬂ&nﬂ&ﬂ¥?hﬁ cM@ﬂﬁhﬁhﬂgﬁhe printable sheet is inserted
{ he val ue.

or attached to docunent o

4. A security document, comprising in combination:
the tamper-indicating printable sheet of claims 1, 2 or 3; and
a document of value, wherein the printable sheet is inserted or attached to the

document of value.



