CRCSS- EAM NATED MULTI LAYER FI LM STRUCTURES FOR USE I N THE

PRCDUCTI ON OF BANKNOTES OR THE LI KE - The present invention rel ates
to a mul tilayer filmfor use in the production. of paper-like products
such as bank notes, 5 security docunents, including travellers and bank
checks, and to a process for their production. More particularly, the
present invention relates to a | am nated nj|].|l_ti layer film structure
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wat er mar tic 35,vari abl e devi ces (OVDs),. such
as phot ochrom csTmIeoQ?JeﬂiﬂmbsdGSJ-re propert:.es may be characterized as

follows: deadfold is the ability of a substrate to be creased
or folded and to retain the fold without opening.  Tear
resistance is the ability of a substrate to resist both
20 initiated and uninitiated tears and punctures. Printability is
the ability of the substrate to adsorb and bond inks used during
the lithographic printing process. Embossability is the ability
of the substrate to deform under the pressures of the intaglio

printing process to form a raised image on the resulting bank
25 note or security document, with the intaglio ink remaining on
" the raised‘, deformed regiori resulting in a high degree of
tactility or feel to the bank note or security document. As may
be appreciated, these properties combine to give bank notes and
the like their familiar feel and functionality.

30 With the advent of color copiers and computer graphic
scanners, the counterfeiting of bank notes has markedly
1ncreased.. While there are active programs underway by major
currency paper producers to make their substrate more secure
through the use of watermarks, metallized threads and optical

35 variable devices (OVDs), such as photochromics, holographics,
and diffraction gratings these efforts do not appear to hold
much promise of thwarting counterfeiters.



and diffraction gratings these efforts do not appear to hold much
prom se of thwarting counterfeiters.

- 2- Plastic substrates offer a major security feature if a
clear "window' is incorporated into the bank note. This wi ndow woul d
ensure that -a scanner or color copier could not copy the not e.
Additionally, other security features can be incorporated 5 into or onto
t he bank note, including reverse printing & the not e to protect t he
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pol yet hyl ene fiidPfe) percent of a high density polyethylene having a dens:.ty
of at least 0.95, the second layer oriented in at least a first
direction to a degree which is at least three times greater than
the degree of orientation present in a direction substantially
20 normal to the first direction, wherein the second layer is
laminated to the film substrate so that the first direction of
orientation of the second layer is substantially normal to the
first direction of orientation of the first layer.
The resultant films exhibit good dead-fold characteristics
25 .and other properties, making them highly suited for the
| production of bank notes and other security documents. '
In forming the multilayer film substrates for use in the
production of the bank notes and other secur:.ty documents of the
present invention, at least two layers of the substrate are to
30 contain a major proportion of a high density polyethylene (HDPE)
having a density of at least 0.95. These film layers may be
composed exclusively of a 51ngle HDPE resin, a m:.xture of HDPE
resins, or of HDPE containing a minor proport:l.on of another
polymeric material, such as low density polyethylene, linear low
35 density polyethylene, polypropylene, ethylene vinyl alcohol
(EVOH) copolymer, ethylene propylene (EP) copolymer or ethylene
propylene butene-1 (EPB). copolymer, although a single HDPE resin



having @ density of at |east 0.95. These filmlayers may be conposed
exclkusively of a single HDPE resin, a m xture of HDPE resins, or of HDPE
containing a mnor proportion of another polymeric material, such as |ow
‘density pol yethylene, linear | ow 35 density pol yet hyl ene, pol ypropyl ene,

et hyl ene vinyl al cohol (EVOH) copol ynmer, ethylene propyl ene (EP) -

copol yner or ethyl ene propyl ene but ene; 1_(EPB) copolyner, although a
si-ngl e. HDPE resin - 3-
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havi ng a density, o . hi gher and a nelt dex of greater
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Terblends may alsc be desirable. Suitable terblends
generally comprise 50 to 98 weight percent, preferably 84 to 96
weight peré:ent of HDPE having a density of 0.96 or higher and
a melt index of greater than 0.5 to 2.0; 1 to 25 weight percent,
20 preferably 3 to 8 weight percent of HDPE having a density of
0.96 or greater and a melt index of 0.1 to 0.5; and 1 to 25
weight percent, preferably 3 to 8 weight percent, of HDPE having
a density of 0.96 or higher and a melt index of greater than 2
to 8. Preferably, the second and third HDPE polymers which are
25 minor components are present in about equal amounts . '
’ As will be described in more detail hereinbelow, it has
been discovered that directional tear resistance in a nultilayer
film substrate is substantially improved when at least two of
the layers of the multilayer film substrate are laminated so
30 that the major (primary) directions of orientation for each of
those layers are aligned so as to be substantially normal to one
another. This improvement in tear resistance, when coupled with
the excellent dead-fold, embossability and printability
characteristics of HDPE resins, provides a multilayér film
35 structure having the properties long desired in the production
of banknotes and security documents.
As 1is particularly preferred, the film substrate of the



As W |1*be described in nore detail hereinbelow, it has been di scovered

that directional tear resistance in a nultilayer filmsubstrate is
substantially inproved when at |east two of the layers of the multilayer
filmsubstrate are lam nated so 30 that the major (primary) directions of
orientation for each of those | ayers are aligned so as to be
substantially normal to one anot her. Thhs | nprovenent in tear

resi stance, when coupled W th t he excél [*ent dead-f ol d, enbossability and

55" St ruct ur PRESFRD TReShEERR, Erdledtia F3Y R bR L EaTH 4L 18kef 50
banknot es arsdeightirpéycentuatnashigh densiy pq;lmnyk&nelrhq’vmgefaardamsitahe

film substr
Droaent i mveef &L 1985t 0.95,  the, fjzst layer oriented in at jedbt g first

percent of adkremtienste\a }ﬁﬂgﬁﬁﬁyhéﬁ h%\ﬁ*hd-eéséeggrﬁﬁ times qa'ea'eastthan

0.95, thesfiggé 4 féeoéfeai'féntﬂtﬁén|ﬁﬁé§eﬁtfiﬁsd dirdbt & | Qibdaft e e
which is at | east hreetlnes eat)es:{lre 5 the de ree of orientation

present in aFPALtieR SERRt FATSH | 289t hd {FPSPNQi r LaYeHn, aksel
a second | ay@émpt$9ing CHEDPIigdsty 50 | wasyh60 perait perfceat Righ h:léﬁhlt

d t | yet I t 0 h
SO HHTENY 56 R0 % SRPRILY OF 4 153 jPed> bl agSs A
| east three alsesopgiented tinamtt ﬂeaé&gaeéwfstodummnnnto FPréde=syrde mhxa:h

directi oggs tant I t '
blal ng : a% n;;tt')%dg‘? 1%;1\1]:9{2&&2 tiﬂ r]?r%%éi% t:E arglt’tr e 4%}5# Bbefrzoq‘tc]i on o'Ta‘%%{
ori ent ati on Presemt HSe@onélF-'E%PﬁPs substantially mermal t ot hehe (first

direction ofqiS.Q¢i&Rt att}?@ Oéeé&ﬁif'lraiierl alb@'ing laminaf€dMBYobethe film
appreci ated, to achi eve the object qf inp tear resistange in a

nul til ayer f?‘PW’é’FaFﬁesPyﬂ'é‘%sE??bglrSth@tlé'eﬁt"F’f‘ it n%lﬁ%EéEéﬁPy ofh fthe

the first angeces@nLaybPEisisubstahBy£lby hormiklte Whe diatdty dideitiish of

?: Incrrg [ tlgas zbfggtgglgﬁsggvgagdftigsa igpgtanced bi axially oriented HDPE

As may be appreciated, to achieve the object of improved
tear resistance in a multilayer film of the type describe
herein, it is not necessary that the first and second HDPE film
layers be merely uniaxially oriented, since it has  been

20 discovered that imbalanced biaxially oriented HDPE films,
laminated so that their primary directions of orientation are
aligned substantially normal to each other, can perform in a
substantially similar manner. A method of prodﬁcing HDPE films .
with imbalanced biaxial orientation is disclosed in U.S. Patent

25 No. 4,870,122.

The degree of orientation of the HDPE film layers is an
important aspect of this invention inasmuch as the proper degree
of orientation proirides desirable physical properties. Although
higher density HDPE resin having a density of 0.957 or greater

30 can be made directly into thin films by cast extrusion, problems
of curling, uniformity and flatness exist. Accordingly, thin
HDPE films of 0.02 to 0.04 mm (0.8 to 1.5 mils) having the best
balance of properties are obtained using imbalanced biaxially
oriented films prepared from films having a cast gauge of 0.3

35 to 0.5 mm (12 to 20 mils) which are reduced to the desired gauge
by orientation.

The films are produced and oriented in a conventional
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substanti.ally normal to each other, can performin a substantially
si.m | ar manner. A nethod of producing HDPE filns = wth inbal anced bi axi al
orientation is disclosed in U S. Patent 25 No. 4,870, 122. The
degree of orientation of the HDPE filmlayers is an | mportant aspect of
this invention inasnmuch as the proper degrge of orientation provides
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of up to 110 fpm corresponding to line speeds of 140 fpm at 1.25
times MD orientation. _ |
' When employed, this degree of imbalanced orientation
produces an interesting effect in the HDPE components of the
20 structure. The effect is a visible rippled and striated
appearance, with the ripples being parallel to the transverse
orientation direction. Under low magnification, in each square
centimeter of HDPE film there will be seen from 5 to 30
discontinuous undulating ripples and ‘striations generally
25 parallel to the direction of orientation. This effect gives the
film a slight translucent appearance, which tends to slightly
blur distant objects viewed through the film. This effect
indicates that the layers have been oriented in an imbalanced
manner. The high density polyethyleres contemplated for use in
30 the practice of the present invention include those disclosed
in U.S. Patent No. 4,870,122,

To achieve the desired surface characteristics required of
the paper-like products of the present invention, one or more
skin layers can be applied, in any known manner, to the

35 multilayer HDPE substrate material, for example by coating or
coextrusion before orientation or by coating the HDPE after one
or both of the orientation operations. The skin layer can be

3
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The laminating techniques th.ch can be employed to effect
the present invention are known in the art and include:
adhesive-bonding or cementing, preferably with a transparent
agent; solvent-bonding, where a mist of solvent is sprayed over

20 the surfaces to be bonded together; heat-bonding where
thermoplastic sheets are subject to a hot rolling or pressing
operating; cast-lamination where one layer is cast onto the
second and the second forms a substrate; or, extrusion' or draw- -
lamination as in calandering operations known in the art. When

25 optically-variable devices (OVDs) are used, they can be enclosed
in pouches affixed to the substrate. On the other hand, the
optically-variable devices themselves may be incorporated in one
(or both) layers of the laminated substrate or between the
layers, it not being necessary to incorporate a physically

30 discrete device within a clearly defined pouch formed between
the laminae. _ ' _

As employed in the present specification, the term
"optically-variable" is used to denote any device which can
readily be made to change appearance in a reversible,

35 predictable and reproducible manner. The appearance of such
devices may be altered, for example, by the application of body-
heat or manual pressure, the variation of the angle of viewing



dyed, printed, texturised or otherw se treated before or after

| ami nat'i on; th| s being done on the internal or external surfaces of the
| ami nat ed Iayers so as to provide, for exanple, visual and/or tactile
identification of the nature of a banknote, its 15 significance or val ue.
The | am nating techni ques which can be enpl oyed to effect the present
“invention are known in the art and i ncl ude,} adhesi ve- bondi ng or
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Where a flexible paper—llke product such as a bank-note is
sought, it is of course preferable that the optically-variable
devices should, themselves, be sheet-like, flexible and thin;
it is also preferable for 'suct.x devices to be compatible with the
20 plastic material employed for the laminae to facilitate bonding
and mitigate against reactive changes occurring with time.
According to the present invention, one preferred form of
optically variable device may be a reflecting diffraction .
grating consisting of a metallized thermoplastic film embossed
25 with a diffraction pattern. To prevent access to the embossed
’ pattern for the purpose illicit replication, it is preferable
according to the present invention to employ a layer of
thermoplastic material on each side of the metallized film which
has similar solubility characteristics to that of the metal
30 layer so that separation by preferential etching will be
rendered extremely difficult. Another preferred device is a
moire pattern formed by photographically reproducing fine line
or dot patterns on each side of a thin film. The spacings of
the dots and lines can be readily made too fine to be reproduced
35 by printing techn:.ques and yet the moire pattern can be
displayed upon a much larger scale. Unique diffraction and
moire patterns will often be preferred for use in bank notes and



as Fresnel |enses, spaced partially-reflective, and partially

transparent, coatings yielding variable interference patterns or the

|l i.ke, bi-refringent or polarising |layers or zone-pl ates. General ly,
optically-active devices of this nature are 10 readily recogni zed by
unskill ed persons and are yet extrenely difficult to reproduce by

phot ographi ¢ and printing techni ques. N@reover t he ‘producti on of any one
such device in a reproducible f ashion and the incorporation of such a

device in a g, e n [
kel y to pet¥eitiduon thE ARai1abIEcTpk pRodNCL PASSE by WAL ' dna
forgers. Mt@-aedmmimmmﬂ i ke product such as a bank-note is
sought, it is of FRUSR g%aheh&ent heg tiksy oatahsallh&twd aah?uc nge¥kces,

shoul d, thensel ves et-1ike, flexible and thin; It 1s also
preferabl e foRitarle delﬁvfels ©f bEeEBRALY| LATATREF tFRuDbepfaitingnarayi dbe

enpl oyed Boromm;h@dnﬁya@etr@lyaalﬂ:réwﬁi@nh;)rﬂbngar "ﬁlilﬂdai’wt'l f§Ak6uglatR&tbank
reactive chan es oc urrlga gf e < dlng 3 t he present

i nventi on, D1 ef BB JPRGATEEr 3POVE st SHEH (P \7‘5 ?)Ye ot ficgrﬁgﬂfeoetr%?t a
reflecting dsdémm i colayr mlpn.grconmldt nog odpy thes aid:teed A&ﬁt&m’aﬁlyp
filmenboss f q to the
enbossed qu%%%r%égu ?% EEQE&%%% ?? ICIt -%ﬁlc |on £§€ oﬁrelﬁeﬁﬁQs
according t doarﬂe rm’c@.enncﬂ.mm nﬂvebseraﬁwzenq Sfetther notet herpoptestithe
materi al 18N Sa&k- 5t fedé’shé@ 4%d aid 35 dd ] m whi ch has simlar

solubility characteristics to that_of the metal 30 | ayer sqQ that separation

by preferential cTR%iMEl1aYeR T11RcptctRY BREFERE }BUFPFIW €an Alfhdpe
preferred dewde® m appnaati@n@ai—éqmrmy nptoperehasograpiightldirability,

Spaci ngs. of and st cread iy ARRRH DY BTy RMdBEA ne o be
r_eproduced 35 by The rﬁo]ﬂg:vtm@rmmamgﬂ.esnd;;mstrdmentinee:.rpmmeimpaa:llbeparts
0 LS etal P RPN ) 68 nent il eagt (o0 ot mire
- 8- Example 1 (Comparative)
The film of this example was produced for comparison with
a film produced in accordance with the present invention.
A multilayer layer oriented film substrate having a 1.15
20 mil final thickness was prepared by coextruding HDPE with . '
copolymer polypropylene skins on both sides to -form a first
layer (a). The HDPE resin employed was Oxychem M-6211,
available from Occidental Chemical Corporation, Dallas, Texas, .
having a density of 0.96 and a melt index of 1.0. The copolymer
25 polypropylene skins comprised 90% Chisso 7510, an 'ethylene-
propylene-butene~1 terpolymer available from Chisso Corporation
of Japan, and 10% Mobil LKA-753, a low density polyethylene
available from Mobil Chemical Co., Norwalk, Connecticut. The
HDPE comprised 90% of the resulting film layer (a) while the
30 skins comprise 10% (5% on each side). A second film layer (b)
identical to (a) was also formed. The first and second films
(a) and (b) were then oriented 1.4 times in the MD at about
115°C and 6 to 12 times, e.g., 10 times, in the TD direction at
115-140°C in a tenter frame.
35 The copolymer skins on the inner side of oriented layers
(a) and (b) were then coated with a polyethyleneimine (PEI)
primer to form clear 1.15 mll OHD films.




techni ques are avail able for producing those by conputer and

phot o-reducti on net hods. In the production of |ow denom nation bank
notes, a suitable |evel of security against counterfeiting my be 5
obtained by nerely.a providing a clear "w ndow' through the bank not e.
As indicated above, such a wi ndow woul d ensure that a scanner or col or
copier could not copy the note. Additional]l]y, ot her security features
can be incorporated into or onto the bank note, including reverse

printing of the noteto protect the 10.security deyj a rignt ..
The mul til ayer fPRmIHL® h4a ére‘é%’ht v ERPP Frt8§n %E%g%é %rb}s}é@oi ﬁlekn.ces
appl i cati ongoveg)j r ang priedetdrmrined distanicesbfrony one ammthemhsquaki tp
printabilit bels

the i nvent éﬁ""b‘?? B&r 2t the, same ZQSaE BEO‘Mr{‘%f&‘t‘E‘”& €Ehb! F?Zx&h%tt‘és

ess herw se speci
Exanpl e 1 (ﬂmq:hrareve).tlmately nmeparach SromhitheefddM-e was produced for

conparisgn With pyy SLL%.{“#}{&d{ﬁe@ér‘é %ﬁﬁ&ﬁ%@ae b?owalﬁ@eﬁﬁakebetween

i nventi on. oriente m substrate haVI ng a 1.
15 20 ni | fanhamma'emgsgdnaglﬁﬁe é?gdrﬁﬁleerPP%PﬁglﬂéﬁE fvaplable from

copol yner p@hwfeﬂyéﬁ&ﬁléxlr@opn Hsidton ferestas § or Tha flahﬁhatlnbaiﬁhesﬁ.@k

The HDPE resin, enpl qyed was ychem MGZ]’%{W %‘all $Le f Cﬁc I dent %hg

Cheni cal CoFPSilt PBﬁerBSFFaQr”F@%&?g 10 BRR AP RS S f‘ﬁeﬁ 18“ UEABTa e ¢t

|7 gcligx of 1. ﬁmri-hStQﬁem g&apl 25 tzellyfiyr opsHerabys ki Inpampn?sgflnﬁaﬁ’aeal s¢ear
a et en RIS op en a S

Cor por a nt Slﬁfaﬂﬁﬁa ﬁ% ?S%Kﬁf%ﬁ/f@rf o&/)ngnm tﬁalﬁﬂq 1yl Z'%e

avai | abl e fcanrﬂbﬁl I o@henhyal mvemlk teghriqyest . rRsul 1-1‘H)PE1-n a

conpri sed 919\{iﬁ£1£g8 rfi%tézﬁ‘ﬂsﬂ-éﬁé'ﬁé{@inéaa #Hd P tHiRIG ST aBTY 550
10% (5% on eac

f or ned. Them#ssttbﬁdlé@éaﬂggg% fﬁlﬁhgnsll? )ra%azﬂ( gfséﬁgtp%ﬁgrhd&%séﬁ%gﬁ%s °2I"SO
times in thg; Mo ghieRAdks. 115[err]JCand 6 to 12 tines, e.g., 10 tinmes, in
Lo 1D 4 20T Oyl ok IO S 4 1 S8 Ry yond[fng, ips
t hen coat edpny*slﬂcalpptyspéwheselamensu(nﬁalr)lzed gn redve (Makle rhedlasewr 1. 15 ni |
OHD Tl ms. Example 2 Comparative
Example 1 was repeated except that the laminating adhesive
resin employed was an LLDPE laminating grade adhesive resin,
20 Dowlex 3010, available from Dow Chemical Co. of Midland,
Michigan. 'i‘he characteristics for the resulting substrate are
set out in the Table below. Use of the higher molecular weight
LLDPE as the adhesive resin in f:xample 2 resulted in increased
TD tear strength.

25  Example 3 .
| This example demonstrates that f£ilm substrates produced in

accordance with the present invention possess improved
resistance to tearing.
A multilayer layer oriented film substrate having a 1.15
30 mil final thickness was prepared by coextruding HDPE with |
copolymer polypropylene skins on both sides to form a first
layer (a). The HDPE resin employed was Oxychem M-6211,
available from Occidental Chemical Corporation, Dallas, Texas,
having a density of 0.96 and a melt index of 1.0. The copolymer
35 polypropylene skins comprised 90% Chisso 7510, an ethylene-
propylene-butene-1 terpolymer available from Chisso Corporation
of Japan, and 10% Mobil LKA-753, a low density polyethylene



-9- - On film (a) can be deposited optical varying devices

(OvDs), at predeterm ned di stances from one another so as to provi de an-
OVD at the sanme |ocation on each of the banknotes which are ultimtely
prepared fromthe fidm 5 Films (a) and (b) were | am nated by
provi di ng therebetween a | am nati ng adhesive LDPE resin, Chevron 1017,
avail able from Chevron Chem cal Co., Houston, Texas. The | am nati ng
adhesi ve resin under goes orlentlng i = tHe Tachi ne direction during the

| am nati ng steg Ltself, therebX artin nhanced teqé 10 resistance in
the transver 8¥adipBie; §ropTipPll g éFPgn Ps . NQxally Gopnggticut. The

conen]t i oRaI HDPEh&b?pQg_seaeml%t iofy urfe aresulnluimgl gidm flidyarsups) r eheleavhag
a final thickpess of abou mls, the |am pati a Y esi n
itself pr ovi%#ﬁﬁ SafStPras? 1o% miPE O c‘?(%cgéssl‘%p‘ %mgthjre]éguf? nﬂas then
substrat e waeriehtednli al timesebn %tmi ND sat alpbyti thS5°Q0rapdr 6i €s aaetlmes,
sumari zeg | b | o T4 atyi\) ° e 1
was repea’%edge cépget klil-'g'#&%i‘ievil aﬁhnatl ng %ﬁ%&%@pg% tr:"el\séen“l'eo lréd gﬂg T
LLDPE | anmi naf¥aBegr ade adhesive resin, 20 Dow ex 3010, avai I abl e from Dow

Chem cal Co. of 'V’i'ﬂéa%\{lakol M@Hﬂl@”on@ﬁecﬂ?ﬁé’ﬁtﬁdétdf%ﬁﬁfné r?%ii“(h’fg

substrate are set I'n the Tabl e _bel ow.. Use of
wei ght LL¥RE SRenngoatrdswith, ésPﬁ]-VﬁtEi’&ﬁﬂeém}"rees@@Jéh PﬁllPﬁEr tas€fgrm

TD tear stregyéér 2015xafp| eHS £ilm. This exanpl e denponstrates that film

substr at 8% produced in accordance wth the present invention possess

| mpr oved resi stance to tearing. _ A multilayer layer oriented film
substrate having A bkefons) filmf |(hayerhlmﬂesavmam1@afedmbyrermﬁ rdeag

HDPE th f
o W cipialy gl S AU sk, B P
Occi dent al  CARREcresinr pér ag%nméem asl.Fexsoextrudad rwith d@nbpmsnpgiymega

and a nmelt ipdeypRbp %lQneTél@lﬁm \smt%idaohﬁah%ovl-%nelﬁ&gnancemr inagﬂlﬁa%
Chi sso 7510, . an et ene- propyl ene- b?Lé‘Bene terg mer avail | r.om

Chi sso CdPpdidF gg\:,lon Raving R BSE PRADT &1| U&Sdlﬂg‘ilfiyted to

pol yet hyl enelayer (a) using an adhesive. The lamlnatlon was conducted so
that the transverse direction of orientation of the second layer

was substantially normal to the transverse direction of
orientation of the first layer. The resulting laminated film

20 had a total thickness of 2.5 mil and exhibited excellent tear
strength in both the machine direction and transverse direction

at 72°F.
The physical properties of the films are summarized in-
Table 1.
25
' TABLE 1
Example 1 Example 2 Example 3
Tensile MD 6 6 -
(psi x 103) TD 16 20 -

30 Modulus MD 365 380 -
Stiffness MD 17 20 -
(grams) © TD 21 24 ' -
Tear Strength MD 89 63 38
(g/mil) TD 4 5 34

35



- 10 .-Q'JW Mobi | Chemical Co., Norwal k, Connecticut. The
HDPE: ¢ I sed 90% o resulting filmlayer (a) whil.e the skins

.
cpnpriqw ?ﬂ’&mﬂ h side). The film(a) was then oriented 1.4 tines
in the ﬂ’"g@!};rr]Cantho 12 times, 5 e.g., 10 tines, in the
TD direction at "M15- [err]Cin a tenter frame. The copol yner
skins on the inner side of oriented |ayer h{a)_ was then coated with a

pol yet hyl eneimine (PElI) priner to form clear 1.15 m| OHD film 10

A second fi Mer (b)) avail able from Tenchi Ki kai Kabushi ki Kai sha,
Sakai, Osak cture, Japan, prepared from HDPE resin_of nelt index

1-1.5, coextruded with & hdapdorgesdr mulbellpyepyl dielBki FURAGTateret cfibkFh
gbggt 7|’ 8 ti I fl%étg'% [‘Pff@@f’l&?eﬂi ()353'[ 4Aa, ahaed daﬂlh & Tfdydt Ldﬂ)l(l,km&itpfmay
. ml| was |amnated to _layer (a) using an adhesive, The lamhatio
was conduct & skhe samgt ‘?Fhéhtfvéﬁ'f\f‘g‘r'seeacﬁq eTPPRR 318, P&nl&ﬁ"e‘&n & ‘ﬁl’egr}‘t
second Iager:,efrcé@ggsf;d@st?ntﬂiajﬂ yr:imsmdytgpdhleetr_:pxme-rfsg;mm)ecthmm aI
orientation of the first er resylsti . ; 0
t hi ckness ofdensi I°én%lte£%?ﬁ?‘t gdsgkcéﬂbeﬁ?gpegr@ 1Y S rleérfg{%dziq'r{p E%[ ﬁl%%ée@
machi ne di r ectfbrstndireetiver 3® dirdegrea whigh 70¥ at least Threshytimes
properties of the i LEn2he UHHBE%:% goEieﬂ_EQE{)‘Zfoﬁl- p%z"_ésentExin a_ sgcond

TABLE 1 . .ar'rg,e . anmpl e

Tensil e diredifion substamtially norma} to said first dixeckionfoapd)

ID 10 being ldfinated to (aP30sbbifa® the fird® directidhb of

380 1@’) eipg, Jduinated b3 ( ? 17 20 i

(grams) ~ oriempation o) (b) 1S subgtantigllys poRpef tRpthe fingy

63 B&ectidi ot Jorientatiéh of (a). 4 5 34
2. A film substrate according to claim 1 wherein for

15 (a) and/or (b) the degree of transverse direction orientation
is at least 4 times greater than the degree of machine
direction orientation.

3. " A film substrate according to claim 1 or 2 wherein

20 (a) and/or (b) comprises a major proportion of a first HDPE
having a density of 0.96 or higher and a melt index from 0.6
to 1.2 and a second HDPE having a density of 0.96 or higher
and a melt index different from that of the first HDPE.

25 4. " A film substrate according to any preceding claim
wherein at least one of (a) or (b) is uniaxially oriented.

5. . a .film substrate according to any preceding claim
further comprising a clear window through the bank note.

30 '
6. A film substrate according to any preceding claim
further comprising, positioned between (a) and (b) is an
optically-variable device (OVD) .

35 7. A film substrate according to any preceding claim
. wherein the OVD comprises at least one of a diffraction
grating, a liquid crystal, a moire pattern produced by cross-



CLAI M5 1. A lamnated nmultilayer film

subs'tra rises a first layer (a) and a second | ayer (b),
whi ch rrum“”“IImI' lumﬂm or different, each conprising at |east 50 weight 5
percent &f @ higH dénsity pol yet hyl ene (HDPE) having a density of at

| east 0. 95, and each being oriented in at |east a first direction to a -
degree which is at least three tines grgater than the degree of
orientation present in a second direction substantially nornmal to said

first directgpatingd #Qehblodaiithdt sapesihposad, seetbabttibe fllr‘eixtncular

di rection of ori entation, of Lb& is su stantlal I%/ %ergt to the first
direction of 2B}i cHFARFBRATENL( oyrids, such as p Frespelpdisnges acor §Pagedo

claim1l wherpantifdlyibefapctiteqr (dndtheagdedaddyof trm@féﬁtﬂl I eshitihg
orientation

direction orY éﬁlll'éf'f‘%nlve"&sfab ! rns%eg_rf%g?%h%t %%E{%?%egég ﬁé@lf‘bn%?%ﬁ' mPE”

or 2 wherd npdl)ata$lagdll.aye@'b)arcamzmmefplamj or proportion of a first HDPE
having a density of 0.96 or higher and a nelt index fromO0.6 to 1.2 and
a second HDPE having a density of 0.96 or higher and a nelt index
different fr®&mthat ofAtfdln rsgbsprete apgording to glaimm7Zswheraim the
accor di ng t co@BY tc%iﬁq@éw & YPlecttify cCalrAtabish YPRAtAng QofPriding Sa
uni axi ally Orclagarllllgzed thermoplastic film embossed with a diffraction

10 pattern.

9. - A film substrate according to any preceding claim
in the form of a security token, such as a bank note.

15
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5. .. # Afilmsubstrate according to any preceding claim furt S

conpgd sing a clear wi ndow through the bank note. 30 6.. Af
substrate according to any preceding claim further conpri sing,

positi aned between (a) and (b) is an optically-variable device (OVD).
35 7. A filmsubstrate according to any preceding claim wherein
the OVD conprises at |east one of a diffraction grating, a liquid
crystal, a noire pattern preoduced by cross- . . _

- 12 - gr at iJags ""i.hﬂxﬂ%‘r%tw 'h' FROSC STRUTH HOR [ Ay Rike
and transparent grl suc resne

enses a space
: E (TS

partially-reflective,. and ANSBNNE IeIdlng
variable interference patterns, a b|-refr|ngent or 5 poI arising layer or a

zone-pl ate.- 8. A filmsubstrate according to claim7 wherein the
OVD conprises a reflecting diffraction onprising a metal | i zed
thernoplassic filmenbossed wwth a diffraction 10 pattern. 9. A

filmsubstrate accordi n t,0 an¥ ‘prdgcegi{iglg&gkmfllﬁ ns{xgst];:%rt@ o;_ofq use in

security token, such as a
the production of banknotes. The film substrate includes a

first layer comprising at least about S50 weight percent of a
high density polyethylene having a density of at least about
10 0.95, the first layer oriented in at least a first direction
to a degree which is at least three times greater than the
degree of orientation present in a direction substantially
normal to the first direction, and a second layer comprising
at least about 50 weight percent of a l';:igh density
15 polyethylene having a density of at least about” 0.95, the
second layer oriented in at least a first direction to a
degree which is at least three times greater than the degree
of orientation present in a direction substantially normal to
the first direction, wherein the second layer is laminated to
20 the fil-in substrate so that the first direction of orientation
of the second layer is substantially normal to the first
direction of orientation of the first layer. The resultant
films having good dead-fold characteristics and other
properties; .making them highly suited for the product:.on of
BN 25 bank notes and other security documents.



