"MJLTI LAYER FI LM STRUCTURES FOR USE I N THE PRODUCTI ON CF = -
BANKNOTES OR THE LI-KE The present invention relates to a nultilayer
filmfor use in the production of paper-like products such as bank notes,
security docunents, including travellers and bank checks, and to a process

for their productlon . More partlcular"l . the. present |nvention rel ates -

to a lamnated nultil stics of the
hi gh quality papers %’gﬁ&ﬁ %W%%Wﬁl% lﬁk’gn oﬁﬁi)éank not es and
security docunents. RO B2 xR R dl¥Fhd security

docunent s rag p@ﬁﬁagbeéeneej}hmfaﬁéﬁ o 30 ulig 13yeri1R ¥BE use

known, rag paper several properties_which are I e i n such
appl i cati oaB, thec RrAduFtdend qﬁ)IWIFTJEJyketEEPdﬂéféFslsﬂﬁ%‘e,as bank notes,
5 security documents, including travellers and bank checks, and

to a process for their production. More particularly, the.
present invention relates to a laminated multilayer film
structure having the characteristics of the high quality papers
typically employed in the production of bank notes and security

10 docunents.

In the production of bank notes and security documents rag
paper has been employed for over 300 years. As is.well known,
rag paper has several properties which are highly desirable in.
such applications, including dead foldability, tear resistance,

15 printablilty and embossability. o

These highly desired properties 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 adsprb and bond inks used during
the lithographic printing process. Embossability is the ability
of the substrate tc 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 region 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
increased. 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. e
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(a) a first layer having inner and outer sides, comprising
at least 50 weight percent of a high density polyethylene having
a density of at least 0.94, said first layer being oriented in:
at least a first direction to a degree which is at least three
15 times greater than the degree of orientation present in a second
direction substantially normal to the first direction; and
(b) a second layer having inner and outer sides, comprising.
at least 50 weight percent of a high density polyethylene having
a density of at least 0.94, said second layer being oriented in
20 at least a first direction to a degree which is at least three
times greater than the degree cf orientation present in a second
direction substantially normal to the first direction;
(c) a laminating adhesive resin disposed between the inner
sides of (a) and (b), which comprises a component selected from
25 the group consisting of low density polyethylene (LDPE) and
linear low density polyethylene (LLDPE); said second layer being
laminated to said first layer so that the first direction of
orientation of said second layer is substantially aligned with
the first direction of orientation of said first layer.

30 In another embodiment, the present invention relates to a
method for preparing a bank note which comprises:

i) laminating (a) a first layer having inner and
outer sides, comprising at least 50 weight percent of a high
density polyethylene having a density of at least 0.94 g/cc,

35 said first layer being oriented in the transverse direction (TD)
to a degree which is at least three times greater than the
degree of orientation present in the machine direction (MD) to
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the transverse direction to a degree which is at least three
times greater than the degree of orientation present in the
machine direction, with a laminating . adhesive resin which-
comprises a component selected from the group consisting of.low
density polyethylene (LDPE) and linear low density polyethylene
(LLDPE), said second layer being laminated in the film substrate
so that said transverse direction of orientation of said second
layer is substantially aligned with said transverse direction
of orientation of said first layer, thereby forming an:
embossable substrate; and
ii) embossing said substrate.

The resultant films exhibit good dead-fold characteristics
and other properties, including a symmetrical structure which
provides curl free film even at elevated temperatures, e:gs:;
66°C (150°F), making them highly suited for the production of*
bank notes and other security documents. ,

In still another embodiment, the present invention relates
to a security tocken such as a banknote or stock certificate
prepared from an embossable, laminated multilayer film
substrate, said substrate comprising:

(a) a first layer having inner and outer sides, comprising
at least 50 weight percent of a high density polyethylene having
a density of at least 0.94, said first layer being oriented in
the transverse direction (TD) to a degree which is at least
three times greater than the degree of orientation present in
the machine direction (MD); and _

(b) a second layer having inner and outer sides, comprising
at least 50 weight percent of a high density polyethylene having
a density of at least 0.94, said second layer being oriented in
the transverse direction to a degree which is at least three
times greater than the degree of orientation present in the
machine direction, said second layer being laminated to said
first layer so that the transverse direction of orientation of
said second layer is substantially aligned with the transverse
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a density of at least 0.94, said first Iayer bei ng oriented in at | east A
first ‘direction to a degree which is at least three tines greater than the’
degree of orientation present in a second direction substantially normal to

the first direction; and (b) a second | ayer having inner and outer
sides, conprising at |east 50 wei ght per dem of a high densi ty polyethylene
having a depsity, of at | east said second | ayer being oriented in at
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to a degree which is at least three times greater than the
degree of orientation present in the machine direction (MD);

ii) coating said copolymer propylene skin provided
on one side of said layer with an adhesion promoting primer

15 thereby providing a £ irst primed layer (a) having a primed
surface;

iii) repeating steps i) and ii) to provide a second
primed layer (b) having a primed surface;

iv) providing a discrete security device on said

20 primed surface of one of said primed layers;

v) providing an orientable laminating adhesive resin
between said primed layers and laminating said primed layers
together while orienting said laminating adhesive resin to
provide a substantially transparent laminate;

25 vi) gravure printing at least one side of saiq
substantially transparent laminate with an opacifying ink in
register with said security device thereby providing a clear
window in register with said security device to render it-
visible from at least one side, preferably from either side,.of . ..

30 said film substrate. )

In forming the multilayer film substrates for use in the
production of the bank notes and other security documents of the
present invention, at least two layers of the substrate are to
contain a major proportion of a high density polyethylene (HDPE)

35 having a density of at least 0.94, preferably at least 0.945.
These film layers may be composed exclusively of a single HDPE
resin, a mixture of HDPE resins, or of HDPE containing a minor
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50 wei ght percent of a high density polyﬁtbylene having a density of at
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(LLDPE), said'second |ayer being lamnated_ 1 n th I.m'substra
propylene (EP) copolymer or ethylene propylene butene-l1 (EPB)

5 copolymer, although a single HDPE resin or a blend of HDPE
resins is particularly preferred in the practice of the present
invention. The use of processing additives, such as.
microcrystalline wax or the like may be employed with the
preferred HDPE resins to vield improved processing

10 characteristics in the extruder by reducing extruder torque.
Films made with either a blend of HDPE resins or with
microcrystalline wax have been found to reduce the splittiness
of the film which manifests itself as the tendency of the film
to break in the TD direction.

15 When blends of HDPE polymers are employed, such blends can
comprise two or more polymers all of which preferably have
densities of 0.94 or greater. Blends of HDPE polymers
advantageously comprise a major proportion of HDPE having a melt
index of 0.6 to 1.2 and one or more polymers having a different

20 melt index. ’

Terblends may also be desirable. Suitable terblends
generally comprise 50 to 98 weight percent, preferably 84 to 96
weight percent 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,

25 preferably 3 to 8 weight percent of HDPE having a density of
0.94 or greater and a melt index of 0.1 to 0.5; and 1 to 25
weight percent, preferably 3 té 8 weight percent, of HDPE having
a density of 0.96 or higher and a melt index of greater than 2
to about .8. Preferably, the second and third HDPE polymers

30 which are minor components are present in about equal amounts.

As is particularly preferred, the film substrate of the
present invention includes a) a first layer comprising at least
50 weight percent of a high density polyethylene having a
density of at least 0.94, the first layer oriented in at least

35 a first direction, e.g., transverse direction (TD), to a degree’
which is at least three times greater than the degree of

orientation present in a direction substantially normal to the
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10 parallel to (or aligned with) the first direction of orientation

of the first layer. A method of producing HDPE films with

imbalanced biaxial orientation is disclosed in U.S. Patent No.

4,870,122. '
As may be appreciated, to achieve the object of improved

15 tear resistance in a multilayer film of the type describe
herein, it has been discovered that imbalanced biaxially
oriented HDPE films, laminated so that their primary directions
of orientation are aligned substantially parallel to each other,
can exhibit increased tear resistance where an orientable

20 laminating resin, e.g., LLDPE, is disposed between the layers
and subjected to orienting so that the primary direction of:
orientation in the oriented resin is substantially normal to the
primary direction of orientation of the first and second HDPE
film layers. In one embodiment, such orientation in the primary

25 direction of orientation of the laminating adhesive resin is
achieved during the laminating step itself, preferably in the
machine direction (MD). |

The degree of orientation of the HDPE f£ilm layers is an
important aspect of this invention inasmuch as the proper degree

30 of orientation provides desirable phyéical properties. Although
higher density HDPE resin having a density of 0.957 or greater
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

35 balance of properties are obtaine_d using imbalanced biaxially
oriented films prepared from films having a cast gauge of 0.3
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the transverse di rectlon to a degree whi‘ch |s at Ieast t'hree t| rres gr'egter
than the degree of orientation present in the nachine direction, said 7=...
second | ayer being lamnated to said first layer so that the transverse
direction of orientation of said second | ayer is substantially aligned with
t he transverse -7 -- -4- direction of
orientation of ;,said first |ayer. . In still another enbodi nent, the

present i NS EEERNGes -G ARIREFGOr epari ng an enbossed, .
curl -resi stant IThe ngdbfls malrie Ipyoduéeamasmwfﬁéﬁtédr irseai redriventional

Py odet 0 SIS £ 3505 RLABABESS, 28 H b Ve ana.
first subjected to MD orientation between two sets of nip rolls,

S the secohd rotating at a greater speed than the first in- an-
amount equal to the desired draw ratio. Then the film is:TD-
oriented by heating and subjecting it to transverse stretching
in a tenter frame. Typically MD orientation is.conducted at 60°
to 120°C and TD orientation at 110° to 145°C.

10 While it is preferred that the degree of orientation in-a .
first film direction be at least three times greater than the:
degree of orientation present in a direction substantially
normal to the first direction, it-is more particularly preferred
that each HDPE film layer be oriented to an extent of 1.1 to 2.0

15 times in the machine direction (MD) and 6 to 12 times in the
transverse direction (TD). It has been found that the HDPE film
layers can be produced with excellent guality at caster speeds
of up to 110 fpm corresponding to line speeds of 140 fpm at-1.25
times MD orientation.

20 When employed, this degree of imbalanced orientation
produces an interesting effect in the HDPE components of the
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

25 centimeter of HDPE film there will be seen from 5 to 30
discontinucus undulating ripples and striations generally
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 £ilm. .This effect ..

30 indicates that the layers have been oriented in an imbalanced
manner. The high density polyethylenes contemplated for use in
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

35 the paper-like products of the present invention, one or more
skin layers can be applied, in any known manner, to the
multilayer HDPE substrate material, for example by coating or
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si-des of an oriented high density polyethylene |ayer having inner and outer

sides and conprising at |east 50 wei ght percent of a high density

pol yet hyl ene having a density of at |least 0.94, said | ayer being oriented
in the transverse direction (TD) to a degree which is at least three tines
greater than the degree of orient ation'p sent in the machine direction
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10 substrate to impart the properties of those structures to the
films of the present invention.

The HDPE-containing layers (a) and (b) as disclosed above
can further comprise copolymer polypropylene skins, e.q.,
ethylene-propylene-butene-1 terpolymer, provided.on at least one

15 side thereof, preferably on both the inner and outer sides
thereof. In a particular preferred embodiment, the skins
themselves can also comprise a component which is similar to
components in the adhesive resin used to laminate layers (a) and
(b). For example, in a particularly preferred embodiment, low

20 density polyethylene (LDPE) can make up from 10 to 20 wt% of the
skins, with the balance being a copolymer polypropylene.

A suitable adhesion-promoting primer which provides greater
adhesion between the laminated surfaces,'e.g. , polymers selected
from the group consisting of polyethyleneimide, epoxy,

25 polyurethane, and acrylic, can be provided between the copolymer
pelypropylene skins (on the inner sides of (2) and (b)) and the.
laminating adhesive resin. Primer compositions are disclosed
in U.S. Pat. Nos. 4,447,494 and 4,681,803.

- It is also envisioned that the substrate can be embossed,

30 dyed, printed, texturised or otherwise treated before or after
lamination; this being done on the internal or external surfaces
of the laminated layers, so as to provide, for example, visual
and/or tactile identification of the hature of a banknote, its
significance or wvalue.

35 The laminating techniques which can be employed to effect
the present invention are known in the art and include:
adhe51ve—bond1ng or cementlng, e.g., with laminating adhesive
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said filmsubstrate. In formng the nultilayer filmsubstrates for use
I n the production of the bank notes and other security docunents of the
present invention, at |east two |layers of the substrate are to contain a
fmaj or proportion of a high density polyethylene (HDPE) having a density of
at least 0.94, preferably at |east O. 945.9 These filml ayers may be conposed
exclusively of a single HDPE resin, a mxture of HDPE resins, or of HDPE
cont ai ni ng¥gSAnfer Preferably withod tYEANIPALRRE hegepbl yRRLVENkaberding,

such as | om;éeas'a; YmpPot yethxéloq%x(ﬂ-DPE) s é@a&- denél tsyxwdé@ hydepg
(LLDPE) , thyl.ene vinyl %oj g et hyl ene
hfa é)n ing where

propyl enepg’géaego $€%@F °ht

thermoplastic sheets are subject: to a hot rolling or pressing
5 operation; cast-lamination where one layer is cast onto the

second and the second forms a substrate; or, extrusion or draw-

lamination as in calendering operations known in the art.

When discrete security devices are incorporated within the
substrate, e.g., optically~-variable devices (OVDs), they can be

10 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 discrete device within a clearly defined pouch formed

15 between the layers. | '

Any suitable security device can be employed in the present:
invention such as one selected from the group consisting of
optically variable devices (OVDs), magnetic devices, electronic
devices, and rare earth element-containing devices, with OVDs

20 particularly preferred.

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,
predictable and reproducible manner. The appearance of such

25 devices may be altered, for example, by the application of body~
heat or manual pressure, the variation of the angle of viewing
and, the lighting conditions under which viewing takes place.
The type of devices envisioned by the present invention are:
diffraction gratings, 1ligquid crystals, moire patterns and

30 similar patterns produced by cross-gratings with or without
superimposed, refractive, lenticular and transparent grids, such
as Fresnel lenses, spaced partially-reflective, and partially
transparent, coatings yielding variable interference patterns
or the like, bi-refringent or polarizing layers or zone-plates.

35 Generally, optically-active devices of this nature are
readily recognized by unskilled persons and are yet extremely
difficult to reprojggg_lg}_{___g;;g_t__ographic and printing techniques.

Sheet Has Been Replaced

i



copol ynmer, al though a single HDPE resin or a blend of HDPE resins is
particularly preferred in the practice of the present invention. The
use of processing additives, such as mcrocrystalline wax or the |ike
may be enployed with the preferred HDPE resins to vyield I mpr oved
processing characteristics in the extrud&® by reduci ng extruder torque.
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per centl, tlga{:e 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
with a diffraction pattern. To prevent. access to the embossed
15 pattern for the purpose of 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
layer so that separation by preferential etching will be
20 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 £ilm. The spacings of
the dots and lines can be readily made too fine to be reproduced
by printing techniques and yet the moire pattern can be
25 displayed upon a much larger scale. Unique diffraction and
moire patterns will often be preferred for use in bank notes and
techniques are available for producing those by computer and
photo-reduction methods.
In the production of 1low denomination bank notes, a
30 suitable 1level of security against counterfeiting may be
obtained by merely providing a clear "window" through the bank
note. As indicated above, such a window would ensure that a
scanner or color copier cculd not copy the note. Additionally,
other security features can be incorporated into or onto the
35 bank note, including reverse printing of the note to protect the
security devices and the print.
It has been found that films similar to those of the
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a-density of 0.96 or hi gher -and a melt rhdex of greater than 2 to about 8-~ I%
Preferably; the second and third HDPE pol yners which are minor conponents

are present in about equal anounts. As is particularly pref erred, the
filmsubstrate of the present invention includes a) a first |ayer

conprising at |east 50 weight percent ef-1a.ki gh density polyethyl ene having

a density of at least 0.94, the first |ayer oriented in at least a first

di recti on, psegentt r ineentiendi butt idriglTD)are o "sufmpwriantsdi's genl ehet

three ti rre_s,ugeaat;%lbhea é@fmﬁ@r@@ Ul SR RE L bV E R (15 H, resh&:ﬁ“

substantial-ly normal to
first di reé’FPﬁﬁ“”élﬁnteﬁacﬁHa’ésdﬂJ&t iSgmiday) , tendthpsg setoifde present

invention except that the second layer is laminated to the film
5 substrate so that the first (primary) direction of orientation
of the second layer is substantially normal to the first
(primary) direction of orientation of the first layer. 1It-is
believed that such curling can result from differences in
shrinkage at. high temperatures in the machine direction and
10 transverse direction of each layer. Additional curling
susceptibility can result where coatings or skins of the layers
have different coefficients of contraction from the HDPE
component of the layers. Such imbalanced contraction and its
attendant curling can be avoided by counterbalancing the overall
15 shrinkage properties of one layer by laminating thereto a second
layer identical to the first layer which is provided as a mirror
image of the first layer. In other words, one half of the
layered film structure is a mirror image of the other, with the
plane of symmetry being along the horizontal midline of the
20 layered film structure cross- section. This provides a cross-
sectionally symmetrical layered film structure. Examples of
such films include those of ABA, ABBA, ABCCBA and ABCDCBA'
construction where each letter represents a film layer, skin,
coating, or adhesive layer. Such a cross-sectionally
25 symmetrical layered film structure is necessarily a "parallel-
oriented" structure, i.e., the primary direction of orientation
of the first layer is parallel to the primary direction of
orientation of the second layer in order to meet the mirror
image requirement. Such a construction provides a symmetrical
30 structure wherein the opposing shrinkage forces counteract each
other to a significant degree. However, such a two layer
parallel construction can be susceptible to poor tear properties
in one direction, e.g, TD where two TD oriented films are
employed.
35 It has now been found that using a linear low density
polyethylene (LLDPE) laminating resin oriented in the primary
direction of orientation which is substantially perpendicular
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tayer al so conprising at | east 50 wei ght percent of a high density
pol yet hyl ene having a density of at |east 0.95 the second |ayer also
oriented in at least a first direction, e.g., TD, to a degree which is at
| east three tinmes greater than the degree of orientation present in a
direction, e.g., MD, substantially normall2g-the first direction, the
second | ayer being lamnated to the filmsubstrate so that_the first

direction of° dtheREmY Sinarkiqn afd aiantatiqn Rt Hhe dryerardrich it
(or alignedeiés hevibRels Felubbacshsoepinol i £PtEd ittarting heTher Bdnl ¥ €ing

A et hod of_produci ng _H fil with {nbal anced .bi axial orienfatjon is

(i ool boad | TEEEE Cam L ERE 1 E be Sunipqted T8 gkt i Ho  sofe SRk Sy Eng
achi eve thelajratiar, ipmeferablyazaftesi stheneesin hasulat |beast fpartddlije
type desgri ' [, O | $COV, d | anged bi axi al |.v.
ori ent edgHE%E £ n%slfaﬁéa% n::jltgt%elg'eds%'or]E J?h‘%t t%gfr é#]ﬁrr%ﬂféﬁ%re%?i Oﬁ’é@of@acﬂme
ori ent ati ordirectidmgned Suekt Anientingpacan ebet ofxaBh biheto caf exindst

i ncr eased Eﬁéféﬁéﬁﬁ Fchh \ah%esaemég?n&a@kgf%aﬁagﬁy 88 &%etal Whydo

LLDPE, is posed between the |ayers and su cte o orienting so
the primar yPHitecipBangtingradhesiveresin )t sreatesdthan H0¥s preferably

subst ant i aldyedwdradhd 2d%, dyRrysgl rection of orientation of the first
and secqpd FOPE 1 | Rl 8t D02 ©ERRY "D mSHERaOLECTSLR0 (0et Mo
pri mary )
laminating adhesive resin employed is increased, e.g., higher
molecular weight LLDPE, orientation effects resulting from the
lamination procedure are improved, resulting in a multilayer
film of improved tear resistance in both machine direction and
15 transverse direction while exhibiting curl resistance as well.
In one particularly preferred embodiment, the extrusion
laminating adhesive resin is itself of ABA construction, i.e.,
the resin has a core of LLDPE (B layer) and outer or skin layers
of LDPE (A layers). The ABA construction for the laminating
20 resin provides an advantage inasmuch the A layers provide a high
bond strength between the laminating adhesive resin and the
oriented HDPE layers, while the higher molecular weight core (B
layer) provides tear resistance -in the transverse direction as
a result of orienting in the machine direction during
25 lamination. A laminating adhesive resin comprising LDPE only
can result in a bond strength ranging from 300 to 800 grams/inch
unprimed, and 600 to 1400 g/in with primed HDPE layers. Such
bond strengths provide a product which is very difficult to
delaminate and which therefore reduces the possibilities of
30 tampering with any security device disposed between the HDPE
layers. Use of the ABA laminating adhesive resin provides
similar bond strengths while increasing transverse direction
tear resistance (g/mil) by a factor of at least two.
The following Examples illustrate the invention in which
35 all parts are by weight unless cotherwise specified.
Example 1
This example demonstrates the preparation of a multilayer
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direction of orientation of the |am nating adhesive resin is achieved
.duri-ng the lamnating step itself, preferably in the machine direction
(MD). The degree of orientation of the HDPE f ilmlayers is an
Fnmportant aspect of this invention inasmuch as the proper degree of
orientation provides desirabl e physical b?oﬁerties. Al t hough hi gher density

HDPE resi n_havi n densi t f 0,957 or greater can _ be made directly into
Thin £ 1 mepi R S tAA T ARt BPCARCEPORAPE FEER fhe BERSAP anlVEREEABS
exi st. Accwhdchgisg, suitabl®Hoy idgrepafiny GArnkndte®) havifly gobd feldnEbid

havi ng the f properties are obtained using inbal anced
bi axially Sgggégggkigfgggbrepared fromfilms having a cast gauge of 0.3 to

0.5 mm (12 to 23 multilaerhlayerr eicnted fida dudsiratpugeving a 1.15
5 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

10 polypropylehe skins comprised 90% Chisso 7510, an ethylene-
propylene-butene~l1 terpolymer available from Chisso Corporétion
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

15 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.

20 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 mil OHD films.

On film (a) can be deposited optical varying devices
(OVDs), at predetermined distances from one another so as to

25 provide an OVD at the same location on each of the banknotes
which are ultimateiy prepared from the film.

Films (a) and (b) were laminated by providing therebetween
a laminating adhesive LDPE resin, Chevron 1017, available from
-Chevron Chemical Co.,'Houston, Texas. The laminating adhesive

30 resin undergoes orienting in the machine direction during the
laminating step itself, thereby imparting enhanced tear
resistance in the transverse direction (TD). Lamination is
carried out by conventional techniques, resulting in a
multilayer film substrate having a final thickness of about 3.0

35 mils, the laminating adhesive resin itself providing about 0.7
mils thickness.

The resulting substrate was substantially clear and its
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-7- by stretching, i.e., orlentatlon ) The fllns are produced anuL&' A
oriented in a conventional manner. The filmis heated to its orlentatlon
temperature and first subjected to MD orientation between two sets of nip>
rolls, the second rotating at a greater speed than the first in an anount
equal to the desired draw ratio. Then-tR& filmis TD oriented by heating

and subjectlngllt to transverse stretching in.,a tenter franme. Typically M

ori ent at i oRRYSiCakg PrORETLieso &S PUBTariFes Ancthed TrBIG PeAPHri on at

110[err] to 145frher ]sGbstrateV%alsetnénl@rw@rﬁmﬂéwtozi lbetﬁeﬁiﬁésoﬂisxn

orientation_in-a fLrst fil ection be at ast three ti, greater t
Phe: degr codnr SRAFbRYAPaLINE; o SFAVEES PEADEERY AR Car tha 9korharuch

the first di we}zttm tHhe icpamirfy ipwy tinkubarcgatpimf erasedppﬂa.tedea’mfréﬁftérl_m

| b '- { f t ti ’
(ﬁ/)lil))eran O%’ ﬂe %ﬁ] &ﬁ{dﬁﬁfanﬂgﬂeﬁ se l.galrelh% ‘%#’D):b Tt ﬁ%}gge ?’S‘ﬁlngn .
that the HPRE f@PﬂlLﬁ?erSﬂ cas bepraimmfbdomvleﬁaeﬂceOferﬁhQ]uﬁvmy memyer .
speeds of Ypoh@alhg APELERF rm'lﬂgréelétgf ém@%%faf dw@?a n}r%ﬁc? T

tinmes MD of|entati on.

ori-ent at i obBfr Qggcgé-séhliemfé'r"@sppﬁﬁ §F~é§§t Ofnt’E‘ﬂePFlEPEe‘éo‘ﬁ%’éﬁ%eof

gravure printed substrate is 3.75 mils in thickness and can be.

10 taken up on a roll after printing or sheeted and guillotined in-
register to provide press-ready sheets of approximately 30"
inches by 30 inches which are then packaged in-units of 5000
sheets. The product exhibited good dead fold properties, tear.-
resistance in both directions, printfastness, and provided

15 better resolution while requiring less ink during printing than
paper bank note substrates. Moreover the product was not-:
susceptible to curling at high storage temperature (180°F for-
24 hours). The characteristics of the product thus permit- its.

advantageous substitution for conventional paper substrates used
20 in printing banknotes.

The product is also difficultly delaminétable, rendering
isolation of an OVD for counterfeiting purposes extremely- )
difficult, owing to the high bond strengths between the layers
of films (a) and (b).

25 Example 2 .

Exanmple 1 was repeated except that the laminating adhesive

- resin employed was an LLDPE laminating grade -adhesive resin,
Dowlex 3010, available from Dow Chemical Co. of Midland,
. Michigan. The characteristics for the resulting substrate are
30 set out in the Table below. Use of the higher molecular weight
LILDPE as the adhesive resin in Example 2 resulted in increased
TD tear strength.
Example 3
Example 1 is repeated except that the laminating adhesive
35 resin employed is of ABA construction, A being LDPE, making up
20% of the total laminating resin (10% per side) and B being
LLDPE, making up 80% of the total laminating resin. The
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structure. The effeect:—is a'visible rippled and Striated appearance;: with -
the ripples being parallel to the transverse orientation direction. Under

| ow magni fication, in each square centineter of HDPE filmthere will be

seen from5 to 30 discontinuous undulating ripples and striations generally
parallel to the direction of orientation:15Thms effect gives the filma

slight translucent appearance, which tends to slightly blur distant objects

vi ened t hr tharackeristics fior sthefeesul hing Aubstrage 1axe |s8feAtthdre theen
oriented inpaund i@l s edus@eerehd NEBA hidRRSIY daHeslivey s between

PRt N A R ER R RUAGE - TN 0 o
charact eri stdysrs asfli f¥nof (dheaphpels) ) iRl dddel idvedhattrddutiable to
the mul ¢ 71 4 RHORBHR 30 APPE SPRpEREntE FROb g ALY Feive ©
resin and the copolymer skins which are laminated to one
another. Moreover, the presence of more readily orientable
higher molecular weight LLDPE in the core of the laminating
adhesive resin provides excellent TD tear strength resulting
10 from orienting in the machine direction of the ABA laminating
adhesive resin.

M amn

TABLE
Ex. 1 EX. 2 Ex. 3
15 Tensile MD 6 6 6
(psi x 10°) MD 16 20 20
Modulus MD 365 380 380
Stiffness MD 17 20 20
{grams) TD 21 24 24
20 Tear Strength MD 89 63 80
(g/mil) ™D 4. 5 : 20
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gcoext rusi on befOfe orientation or by coating the HDPE.after_one or. beth .of *
the orientation operations. The skin | ayer can be any of the convent i onal
material s used for this purpose in conjunction wth polTyeBkét Has BédnReR aced

particularly polyethylene filns. For exanple, to ach| h
surface, a polyneric resin could be btekied with f|IIe rrents
uc

or the Iike, as necessary. Additionally, voided fil ns,
di scl osed CYBIME  Patent Nos. 4,377,616, 4,632, 869, 4, 758, 462 and
others, may be lam nated to the rrultilayer HDPE substrate to inpart the

roperties of those sfructu ent, j nvention,
‘Fl)'hepHDPE-cont ai ntng | '\agl) ‘%ﬁ&ag }‘axgroq@ﬂ E‘gﬁg g ?r}lﬁﬂnlﬂﬁ‘rses
corrpr: se wpﬁiymrlqzé:yp(ra)p%rﬁla seicond dager ebhylmmtpmwlmezﬂmtm%
terpol yger,  .p on 0 a oth the
I nner a% %ﬁtérﬂ%gggrs‘tf heg&h %%Fggg“gargt@ &Q QE Eo éﬁg g%'g%% % he
ski ns t hendighatensitypod yerhyliens haé’énﬂoﬁ!\&ﬂn%‘h}b I¢f| étslﬁﬁﬁaro -tﬁﬁ. and

conponent Seéahtﬁélﬂeh8§i¥ﬁté§5hﬂ He¢edehat! amfaage kayeeeibd) ta"d WRgrdd"
exarrple in agartlcu arly preferred epbodi nent, |ow

which is at least three times greai:er than the degree of.

orientation present in a second direction substantially normal

10 to the first direction; and (b) being laminated to (a) so that

the first direction of orientation of (b) is substantially

aligned with the first direction of orientation of (a).

2. A film substrate according to claim 1 wherein both (a)
15 and (b) further comprise a propylene copclymer skin on at least
one side thereof.

3. A film substrate according to claim 2 wherein both (a)
and (b) further comprise propylene copclymer skins on both the
20 inner and outer sides thereof.

4. A film substrate according to any of claims 1 to 3
wherein the propylene copolymer skins comprise from 10 to 20 wt$
LDPE.

25

5. A film substrate according to any preceding claim

wherein (b) is laminated to (a) by thermal lamination.

6. A film substrate according to any of claims 1 to 4

30 wherein the multilayer f£ilm substrate further comprises (c¢) a

laminating adhesive resin between the inner sides of (a) and
(b). '

7 A film structure according to claim 6 wherein the
35 laminating adhesive resin comprises low density polyethylene
(LDPE) and/or linear low density polyethylene (LLDPE).
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density polyethyl.ene (LDPE) can make up from 10 to 20 wt % of the skins, -
wi t h" the bal ance being a copol yner pol ypropyl ene. A suitable
adhesi on-pronoting prinmer which provides greater adhesi on RgatoweelasiHig Replaced
| am nat ed surfaces, e.g., polynmers selected fromthe group 1B

pol yet hyl enei m de, epoxy, polyurethanes and-acrylic, can beﬂm ngmmeﬂl
bet ween t he copol yner pol ypropyl ene skins (on the inner sid

(b)) and the I am nating adhesive resin. Priner conpositions are disclosed
in U S Pat. Nog. 4,44%:494 1 ; t .4S;al 80 | 59 t hat
the substrate cgﬁ.beﬂe%ggsgg,ggﬁégg,é %?lgéfgglngt %étﬁﬁ?gdéo?fg? héirlg\ngggn Q
treat ed beP5iBeyr igf pPEPVided rketween e Pronyd eneneopr1YRer| fkdnrgapnothe
external syphagesiabst B¢ l(ay aaleqdph ayaaStneo1anihatPhgvadResive 2%aIR. €
visual and/or tactile identification of the nature of a banknote, its
signifi cance or val ue. The | am nating techni ques which can be enpl oyed
to effect the peesenA fh¥mRnsubstrite kiewdrding o @llaizand,i AcoOHd8: wherein

adhesi ve- boadi 8¢ Qk KBRPALADGruEton, "eblipt BILAG! L "GP EN € B of LIDPE
and layers A of LDPE.

10 10. A film structure according to any preceding claim 6,
7, 8 or 9 wherein the laminating adhesive resin comprises aﬁ
orientable component which is oriented in the machine direction,
resulting in said resin being oriented substantially
perpendicular to said first and second layers.

15 '

11. A film substrate according to any preceding claim
wherein the first direction is transverse direction (TD) and the
second direction is machine direction (MD).

20 12. A film substrate according to any preceding clain
further comprising (d) a security device between (a) and (b)..

13. A film substrate according to claim 12 wherein (d)
is provided between the primer coatings on the inner sides of
25 (a) and (b).

14. A film substrate according to claim 13 wherein (4)

comprises at least cone of an optically variable device (OVD),

a- magnetic device, an electronic device, or a rare earth
30 element~-containing device.

15. A film substrate according to claim 14 wherein (4)
comprises an OVD which comprises at least one of a diffraction
grating, a liquid crystal, a moire pattern produced by cross-

35 gratings with or without superimposed, refractive, lenticular
and transparent grids, a spaced partially-reflective, and
partially transparent, coating yielding variable interference

R, ) 1
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Jesins, preferably W|th ‘a transparent Tagent. “TSolvent - bondi ng, V\here...a:._m.. - e
of sol-vent is sprayed over the surfaces to be bonded together; t her mal =% =73+
l.ami nati on by heat-bondi ng where thernoplastic sheets are subj ect to a hot ~
rolling or pressing operation; cast-lamnation where one |layer is cast onto -
the second and the second fornms a substrglige~ or, extrusion or draw

| am nation as in cal endering operations known in the art. When

di screte spatticrnsied pAS-rify inyemporapedaricing LAgersobsarsdbre-gildte.
optically-variable devices (OvDs), they can be enclosed in pouches affixed
to the substrate. On the other hand, the optically-variable devices

t hensel ves nmay 16he A fddmpsubstriate m:(d]irngmimyzlamas whieridim lthea ogbed

substrate enth t ratea
physi cal | yc§§n§% \% déVi gzééf;‘mi?%t?in% J(é)%fr#)fé%l ne pouc oé%igg weln
the | aydi smetallimed sthexmoplastici t?lﬁnv&@med)ew o9eddiﬁfraetlon
present pattern.

17. A film substrate according to any preceding claim
wherein at 1east one outer szde is externally coated wz.th an
10 opacifying coating.

18. A f£film substrate according to claim 17 further
comprising a clear window through the film substrate.

15 19. A film substrate according to claim 18 wherein the
window is in register with an OVD thereby rendering it visible
from either side of said substrate.

20. A film substraté'éccording to any preceding claim in
20 the form of a security token, such as a bank note.
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As enployed in the present specification,

J.
such as one sel ect ed fromthe group consisting of opﬂﬁ”&%{fﬂym
vari abl e devi ces (OvDs) , magnetic devices, electronic devices, and rare
earth el ement-containing devices, with O/Ds particularly preferred.

the term"optically-variable" is

used to denote any device which can ~eadily be made to change appearance in
a reversible, predictable and reproduci ble manner. The appearance of such
devi ces may be al t er@dATILEY ERXEHY éTRUSZTURBSammﬁaElT@hTEE body heat or
manual pressure, the Vvakbsd W0 RANRR R nd, the lighting

condi ti ons under which view ng. takes ace. ces envi sioned
by the present e’ﬁhﬁvgﬁ?ﬁfﬁ: éf‘é’egaf?‘hra?é%t&ﬁ 5P |"’rﬁ’d§:pllla‘lyﬁﬁlgl yoFalse. noire

patterns and ®iengmaduckibaraf papeuckikeproiduetsgrsatchngs Wahk obtusthout
super i Mposaghy, gkt as&wsmtg emricq%% aega&éff fa&(& KHdeneSUEN 854 Fresnel

| enses, spaced parti al

yi el di ng V&R | %bPEG'Fﬂ?%r ¥%’F eﬁE%“baPF@?‘h%t’cﬂ“-t he MI"F:?e Palﬁt-lﬂé?—f‘ﬁ-' %en‘ﬁh%r
pol ari zi ngotemearts onvemtienp| aekstes to Ceneralilnatedpt mca&i:;&)am | fs_ahglew ces
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extrenely

typically employed in the productlon of bank notes and security

documents.
In the production of bank notes and security documents rag

paper has been employed for over 300 years. As is well known;

rag paper has several properties which are highly desirable in.
such applications, including dead foldability, tear resistance,
printablilty and embossability.

These highly desired properties 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
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
note or security document, with the intaglio ink remaining on
the raised, deformed region 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 ;ike_theiy familiar feel and functionality. '

With the advent of color copiers and computer graphic
scanners, the counterfeiting of bank notes .has markedly
increased. 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
variable devices (OVDs), such as photochromics, holographics,

and diffraction gratings, these efforts do not appear to hold

much promise of thwarting counterfeiters.
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- 10 -. Mreover the production of any one such device in a reproducible
fashion and the incorporation of such a device in a plastic |lam nate as
described by the present invention is likely to be beyond the resources of
the great nmpjority of woul d-be forgers. Where a flexible paper-I|ike product
such as a bank-note is sought, it is of caurse preferable that the
optically-variable devices should, thenselves, be sheet-like, flexible and
thin;, it is al s®Plastfier ablbstiratesuolifdevac@aajbo lecoomput fbhtume t bt he

plastic matgfial «¢aRkeyed; £ Qi. é&%okgﬁgaﬁléoothgcﬁixﬂ %ebonﬂh@&

mtigate agal nst reactive changes occurring W't Accorglng to
the present¥PHEANSHEE Gﬁétp"f‘e?‘éar% P8r &P rcﬁﬂﬂ*@&’l F?“\llﬁr’i“’dtblcé’péfeWee may
be a refl echoty. dhddividrnaklygr atheg seengi sy iftgoi-ed aFi del imedporateq

thernopl ast j ¢ §1dM {0888 pank note, including reverse printing of the
note to protect the security devices and the print.
In accordance with the present invention, there is provided
a curl-resistant, cross-sectionally symmetrical, laminated .
multilayer film substrate for use in the production of-
banknotes, security papers comprising:
(a) a first layer having inner and outer sides, comprising
at least 50 weight percent of a high density polyethylene having
== a density of at least 0.94, said first layer being 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 second
direction substantially normal to the first direction; and

(b) a second layer having inner and outer sides, comprising
at least S0 weight percent of a high density polyethylene having
a density of at least 0.94, said second layer being 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 second
direction substantially normal to the first direction;

(c) a laminating adhesive resin disposed between the inner
sides of (a) and (b), which comprises a component selected from
the group consisting of low density polyethylene (LDPE) and
linear low density polyethylene (LLDPE); said second layer being
laminated to said first layer so that the first direction of
orientation of said second layer is substantially aligned with
the first direction of orientation of said first layer.

In another embodiment, the present invention relates to a
method for preparing a bank note which comprises: '

i) laminating (a) a first layer having inner and
outer sides, comprising at least 50 weight percent of a high
density polyethyleﬁe having a density of at least 0.94 g/cc,
said first layer being oriented in the transverse direction (TD)
to a degree which is at least three times greater than the
degree of orientation present in the machine direction (MD) to

This is the replacement sheet
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wth a diff

raction pattern. To prevent access to the enbossed pattern

the purpose of illicit replication, it is preferable according to the
present invention to enploy a |layer of thernoplastic naterial on each
of the metallized filmwhich has simlar solubility characteristics to that
of the nmetal |ayer so that separation-by preferential etching will be
rendered extrenely difficult. Another preferred device is a noire pattern
formed by ptiot egsapbhdaldyer éprookycinmgrf bn@ buterosides, palnipeliain@naeach
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devi ces andsd R@aRrsdfd transverse direction of orientation of said second

layer is substantially aligned with said transverse direction

of orientation of said first layer, thereby forming an:

embossable substrate; and
ii) embossing said substrate.

The resultant films exhibit good dead-fold characteristics
and other properties, including a symmetrical structure which
provides curl free film even at elevated temperatures, e.g.,
66°C (150°F), making them highly suited for the production of
bank notes and other security documents.

In still another embodiment, the present invention relates
to a security token such as a banknote “or stock certificate.
prepared from an embossable, laminated multilayer film
substrate, said substrate comprising:

(a) a first layer having inner and outer sides, comprising
at least 50 weight percent of a high density polyethylene having
a density of at least 0.94, said first layer being oriented in
the transverse direction (TD) to a degree which is at least
three times greater than the degree of orientation present in
the machine direction (MD); and '

(b) a second layer having inner and outer sides, comprising
at least 50 weight percent of a high density polyethylene having
a density of at least 0.94, said second layer being oriented in
the tfansverse direction to a degree which is at least three

times greater than the degree of orientation present in the

.machine direction, said second layer being laminated to said

first layer so that the transverse direction of orientation of
said second layer is substantially aligned with the transverse
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It has been found that filns simlar to those of the
|nVént|on but which are "cross-oriented,

t enperatures above 66[err] (150[err]F). Such cross-oriented filns are

pr esent
can be susceptible to curling at

simlar to those of the present invention except that the second | ayer is

| am nated to the filmsubstrate so that the first (primary) direction of
orientation of the second |ayer is substantlally nor mal to the first
(primary) dagecliofh @ BEiaMALAN B L0 FLIN 1. IS bel b eved that
such curling can result ron1d| ferences in rin aqb .at . hlﬁh tenperatures

in the machi ne o &&LLbRnatderr apeYdirant Jithepreien

Addi ti onal

on|

finvegE

teus Inetod for preparing an embossed, curl-resistant 1am1nated

multilayer film substrate for use in the production of-

banknotes, security papers and the like which comprises:

i) providing copolymer polypropylene skins on both
sides of an oriented high density polyethylene layer having
inner and outer sides and comprising at least 50 weight percent
of a high density polyethylene having a density of at least
0.94, said layer being oriented in the transverse direction (TD)
to a degree which is at least three times greater than the
degree of orientation present in the machine direction (MD);

ii) coating said copolymer propylene skin provided
on one side of said layer with an adhesion promoting primer
thereby providing a first primed layer (a) having a primed
surface; '

iii) repeating steps i) and ii) to provide a second
primed layer (b) having a primed surface;

iv) providing a discrete security device on said
primed surface of one of said primed layers; '

v) proﬁiding an orientable laminating adhesive resin
between said primed layers and laminating said primed layers
together while orienting said laminating adhesive resin to
provide a substantially transparent laminate;

vi) gravuré' printing at least one side of said
substantially transparent laminate with an opacifying ink in
register with said security device thereby providing a clear

window in register with said security device to render it:

visible from-at least one side, preferably from either side,.of
said £ilm substrate. )

In forming the multilayer film substrates for use in the
production of the bank notes and other security documents of the
present invention, at least two layers of the substrate are to
contain a major proportion of a high density polyethylene (HDPE)
having a density of at least 0.94, preferably at least 0.945.
These film layers may be composed exclusively of a single HDPE
resin, a mixture of HDPE resins, or of HDPE containing a minor
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susceptibility can result where coatings or skins of the |ayers have
different coefficients of contraction from the HDPE conponent of the
| ayers. Such inbal anced contraction and its attendant curling can be

avoi ded by counterbal ancing the overall shrinkage properties of one |ayer
by amnating thereto a second | ayer Ldgntical to the first [ayer which is
provided as a mrror inmage of the first layer. |In other words, one half of
the | ayer egpriopomtibnuet uarotiherapniyneric rmg@eﬁfaJI heswtthers, lawt Idehbétpl ane

of syrmretréb g QLRQQ(ﬁﬂFEh &aaea;ahmm 91..9191 ﬂﬁéram%fn%d

structure ec I oh provid cros onal | f cal

S
| ayered fi I%JQ’PFBBYE?%‘E' eER\&h‘ﬁﬂeengYl ﬁ}&?hf’lll WQWCFBB@lW%%e %PYAB%? ABBA,
ABCCBA and pARBGHTBAecC QBB) ra:n;idlqnenhereeen?beﬂxet;sﬁpymfeeskmﬂeszealf i(EpB} ayer,

ski n, Coatkﬂghlgﬂeﬁ aQ?@ﬁ&% ia¥§£ le DﬁyChesan Q;O%§ §f§ﬂ4() lh%P?ed"

synmetri cal ucture necessari par a orien
structure, ‘*Teséns i aepasrienlpr by rR:}'@tfleé'ﬁeéf l@rﬁ@m&?%ﬁcéfﬁ e presentayer

[ sdpar al | elifventhienpri magye di 4Lt i oN ofjr&rés%r{[é@t Lgladqftlbag segeed Igye;l in
order to teod | requir uch a co uctio ovi des a
symet ri cglquial t rot?%yglrczéif fer ?%Et ﬁeqo gfﬂbe sARY n®Eges1R nlsc’c"e h’;\%t each
other to a BASHfrFrdantiRiFyr esesinftondier, ydedh a imerdvesder }P&P&BSQing
construct i thdi:&l&tb@lﬁtlﬁé‘@pirl bl tOciler! &Y JURMRENY eSchridenecdiggel i on,

e.g, TD whersg fwop ID Qi8N &4 idd ™ 8 ferna of HDPE resins or with
mlcrocrystalllne wax have been found to reduce the splittiness
. of the film which manifests itself as the tendency of the film

to break in the TD direction.

When blends of HDPE polymers are employed, such blends can
comprise two or more polymers all of which preferably have
densities of 0.94 or greater. Blends of HDPE polymers
advantageously comprise a major proportion of HDPE having a melt
index of 0.6 to 1.2 and one or more polymers having a different
melt index. ’

Terblends may also be desirable. Suitable terblends
-generally comprise 50 to 98 weight percent, preferably 84 to 96
weight percent 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,
preferably 3 to 8 weight percent of HDPE having a density of
0.94 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 about .B. Preferably, the second and third HDPE polyﬁers
which are minor components are present in about equal amounts.

As is particularly preferred, the film substrate of the
present invention includes a) a first layer comprising at least
50 weight percent of a high density polyethylene having a
density of at least 0.94, the first layer oriented in at least
a first direction, e.g., transverse direction (TD), to a degree
which is at least three times greater than the degree of
orientation present in a direction substantially normal to the
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enpl oyed. It has now been found that using a linear |ow density
pol yethyl ene (LLDPE) | am nating resin oriented in the primry dlrectlon of

orientation which is substantially perpendicul ar
- 12 - to the primary direction of orientation of the |ayers which it

ties, evinces reduced susceptibility to tearing. The lam nating resin can
|tself be subjected to orienting to son® extent duri ng | am nati on,

preferably aftar dtllztacw&a n eh@s aﬁaé@ﬁg e E&ahhy(%) APl 8! ¥econg
solidified,, and hine direction. Such orienting

ef e I n
can be from®% tibl% ‘E‘?”Wé%ﬂﬁ?eFEr&SP?tf PBmWAFJ{gé‘% ReLAEDt OF r2sPéRli ng to
a total dradwimirty polyethylene having a density of at least  0.95, the

second layer also oriented in at least a first direction, e.gq.,
= TD, to a degree which is at least three times greater than the
degree of orientation present in a direction, e.g., MD,
substantially normal to the first direction, the sécond layer-
being laminated to the film substrate so that the first:
direction of orientation of the second layer is substantially
parallel to (or aligned with) the first direction of orientation
of the first layer. A method of producing HDPE films with
imbalanced biaxial orientation is disclosed in U.S. Patent No.
-4,870,122. )

As may be appreciated, to achieve the object of improved
tear resistance in a multilayer film of the type describe
herein, it has been discovered that imbalanced biaxially
oriented HDPE films, laminated so that their primary directions
of orientation are aligned substantially parallel to each &ther;
can exhibit increased tear resistance where an orientable
laminating resin, e.g., LLDPE, is disposed between the layers
and subjected to orienting so that the primary direction of:
orientation in the oriented resin is substantially normal to the
primary direction of orientation of the first and second HDPE
film layers. In one embodiment, such orientation in the primary
direction of orientation of the laminating adbesive resin is
achieved during the laminating step itself, preferably in the
machine direction (MD). _

The degree of orientation of the HDPE film layers is an
important aspect of this invention inasmuch as the proper deg;;ee
of orientation provides desirable physical properties. Although
higher density HDPE resin having a density of 0.957 or greater
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
to 0.5 mm (12 to 20 mils) which are reduced to the desired gauge
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of the Iam nating adhesive resin of greater than 10% preferably greater
than 20% say, 75% It has been found that as nol ecul ar wei ght of the
| am nating adhesive resin enployed is increased, e.g., higher nolecul ar

wei ght LLDPE, orientation effects resulting fromthe |am nation procedure
are inproved, resulting in a multilayer 7fi_l m of inproved tear resistance in
both machine direction and transverse direction while exhibiting curl

resistance g #@ldtching, iDeONGbiddda@ybarly preferred enmbodi nent, the
extrusion | am nati ngf aﬁesi ve resi,n is itself  of A%A .conéstrgrcjgtiar(l)@ i.e.,

the resin has a ¢or e ’g]fmﬁ_Lﬁ% PECTUTRY ) 28 g o5aeaFedr kit Fayerittimabre (A
| ayers). ThanwiA cGhset fibniion Hegrtedhtol abs natiienfatdsinn tepperateramnd.

advant age i pasguchintbetéu HRYRDSoPIM 48 oft Hd Gl PRI SEELEIBN nRBIMRES t he
| am nati ng adhesive'resjin agnd the oriented HDPE | ayers he hi gher

mol ecul ar WEPGhEeTRE TBVAPE: 2 proTrRatere SPeess| ;:télw"ilhlr#iterﬁé" tParfVer se
direction asmeurtiesdthialoftoothenidesyrea thew bdtide driecttion fhilw ng:Tp-
a0, A 09, CIE P S5R LAY N s AR |
1400 g/in wiBI SPPREE %B%d aydicallg i aurdtetdengt ACPBRGEE At fi%duct
whi ch is vety fhidfd aumkt ThOofbéetrs ticdre aand1owhtehi4dexref ore reduces the-
possi biliti es ofpl AWl 1Y Wi SRGH" LY dlSiide oF snosadabelyasy f he
first £ilm direction be at least three times greater than the:
degree of orientation present in a direction substantially
normal to the first direction, it-is more particularly preferred
that each HDPE film layer be oriented to an extent of 1.1 to 2.0
times in the machine direction (MD) and 6 to 12 times in the
transverse direction (TD). It has been found that the HDPE film
layers can be produced with excellent quality at caster speeds
of up to 110 f£pm 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
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
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 £ilm. .This effect .
indicates that the layers have been oriented in an imbalanced
manner. The high density polyethylenes contemplated for use in
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
multilayer HDPE substrate material, for example by coating or
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| ayers. Use of the ABA | am nating adhesive resin provides simlar bond
strengths while increasing transverse direction tear resistance (g/ml) by

a factor of at |east two. The followi ng Exanples illustrate the
i nvention in which all parts are by weight unless otherw se specified.
Exanmple 1 Thi s exanpl e denonstratesgthe preparation of a nmultilayer

filmsubstrate produced in accordance with the present invention which is
suitabl e f esepuepdbnngefrarkopiestaeiom@rgpptdidthg chd KIRE acteri shé CsS.

Bl L2y ohe | S o3 kRS0 AR S ILE Y Ninfe Bk Tabrek! B be

t hi ckness was prepare coex
any of the conventlonal materlals used for this purpose in

conjunction with polyolefin films, particularly polyethylene
films. For example, to achieve a press-ready surface, a
polymeric resin could be blended with fillers, fibers, pigments
or the like, as necessary. Additionally, voided films, such as
those disclosed in U.S. Patent Nos. 4,377,616, 4,632,869,

b 4,758,462 and others, may be laminated to the multilayer HDPE
substrate to impart the properties of those structures to the
-films of the present invention.

‘The HDPE-containing layers (a) and (b) as disclosed above
can further comprise copolymer polypropylene skins, e.q.,
ethylene-propylene-butene-1 terpolymer, provided.on at least one
side thereof, preferably on both the inner and outer sides
thereof. In a particular preferred embodiment, the skins
themselves can also comprise a component which is similar to
components in the adhesive resin used to laminate layers (a) and
(b). For example, in a particularly preferred embodlment low
density polyethylene (LDPE) can make up from 10 to 20 wts of the
skins, with the balance being a copolymer polypropylene.

A suitable adhesion-promoting primer which provides greater
adhesion between the laminated surfaces, e.g., polymers selected
from the group consisting of polyethyleneimide, epoxy,

'polyurethane, and acrylic, can be provided between the copolymer
polypropylene skins (on the inner sides of (a) and (b)) and the
laminating adhesive resin. Primer compositions are disclosed
in U.sS. pat. Nos. 4,447,494 and 4,681,803.

It is also envisioned that the substrate can be embossed,
dyed, printed, texturised or otherwise treated before or after
lamination; this being done on the internal or external surfaces
of the laminated layers, so as to provide, for example, visual

—~— " and/or tactile identification of the hature_of a banknote, its
significance or value.

The laminating technigues which can be employed to effect
‘the present invention are known in the art and include:
adhesive~bonding or cementing, e.g., with laminating adhesive
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copol yner pol ypropyl ene skins on both sides to forma first layer (a).
The HDPE resin enployed was Oxychem M 6211, avail able from Ccci dent al
Chem cal Corporation, Dallas, Texas, having a density of 0.96 and a nelt

i ndex of 1.0. The copol yner pol ypropyl ene skins conprised 90% Chi sso 7510,
an et hyl ene- propyl ene-butene-1 terpolyner avail able from Chisso

Cor poration of Japan, and 10% Mobi | LKA-%53, a | ow density pol yet hyl ene

avai | abl e f @y Nobi b -dheahsal 60y | Connecti.cut_. H conpri sed
90% of the rrggh%ytgf n}gr,f 1I'm Ig'gygrgg?afl\_l\%%gg?ﬂeen% kﬁ%egtdor?ﬁ}ps%gtlgg/gfé%on
each side). "R®EBcAnd1FFEI RFI £Pdvepl) lisdesnuayed tayefra)thfassusifasefortmedbe The

first and séocodedf idogethay; antheinaivelgniheri i | gpt atkal-4dndiBy | Gnbhg MD
ot 115 1a0] SR D hlelf LL0PSunSadk oo o 1 it G (b Soner

at 115-140[err In a tenter f :
side of ori EREEYCIWer@ i amiaathpnwherehenecdayed \ist lFagt onto the

pol yet hyl engietbi@ {rdFkhePEddBifa o rhQr M ShiAakelSof | oX@FRHihTE -On
film(a) carlaggn'd,gpoosi t ed ogt'icaél varying derv_ai:’tceéso 'O\?Ds,), Salto prgd%zf-ae‘r’m ned
di stances from one ahdthaf 33 ¢o it RHFE tAROEIA™ tife Wend*Focat i on on
each of the bankfetrsinhrete sreswilityndeei yepraapal sdofpomtdievithim the '

Films (a) aedbkbyawer a.bam‘Jgaai%@m-naezgs}gg%éﬁ%regb%%”, k3L NI

adhesi ve LDlgﬁcigéécp’irgqgéll.{c%nesloa]tjfixaé\éaltloabthee srti)bns]trate. Oon 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 discrete device within a clearly defined pouch formed
between the layers. ' ' '

Any suitable security device can be employed in the present
invention such as one selected from the group consisting of
optically variable devices (OVDs), magnetic devices, -electronic
devices, and rare earth element-containing devices,, with OVDs
particularly preferred. ’

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,
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
and, the lighting conditions under which viewing takes place.
The type of devices envisioned by the présent invention are:
diffraction gratings, liquid crystals, moire patterns and
similar patterns produced by cross-gratings with or without
superimposed, refractive, lenticular and transparent grids, such
as Fresnel lenses, spacéd partially-reflective, and partially
transparent, coatings yielding variable interference patterns
or the like, bi~refringent or polarizing layers or zone-plates.

Generally, optically-active devices of this nature are
readily recognized by unskilled persons and are yet extremely
difficult to reproduce by photographic and printing techniques.
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7 P W

et bird
LAaie: 4



Chevron Chem cal Co., Houston, Texas. The | am nati ng adhesive resin
undergoes orienting in the machine direction during the |lamnating step
itself, thereby inparting enhanced tear resistance in the transverse
direction (TD). Lam nation is carried out by conventional techniques,
resulting in a multilayer filmsubstratg having a final thickness of about
3.0 mls, the lam nating adhesive resin itself providing about 0.7 ails

t hi ckness. yoreoddf thRSHEbAWEE SIDSE Al oaSsudibakaiteald  ceprwdwnitliet s

- 14 - physical properties are su rized in, the Tahl . . The
substrate §hf'ﬂ%na’@$a%?elﬁ??’fﬁ°e"c? 3R b8 h SE e ud'sefjl{ligcq_e a%qci)ﬁoégcﬁ) YIRS i nk.

The gravur @apihate ras wescrabedekly dite presenh invention is likely to be
beyond the resources of the great majority of would-be forgers.
Where a flexible paper-like 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 such devices to be compatible with the
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
with a diffraction pattern. To prevent,K access to the embossed
pattern for the purpose of 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
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
by printing techniques 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
.techniques are avallable for producing those by computer and
photo~reduction methods.

In the production of low denomination bank notes, a
suitable level of security against counterfeiting may be
obtained by merely providing a clear "window" through the bank
note. As indicated above, such a window would ensure that a
scanner or color copier could not copy the note. Additionally,’
other securitj features can be incorporated into or onto the
bank note, including reverse printing of the note to protect the
security devices and the print.

It has been found that films similar to those of the
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a way that the opacifying ink or coating was applied in register with the
OVD enbedded within the substrate, i.e., the coating was applied so as to
avoi d coverage of the OVD, thereby providing a clear window in register
with said device, rendering: the OVD visible fromboth sides of the printed

substrate. The gravure printed substrate is 3.75 mls in thickness and can

be. taken up on a roll after printing~otlsheeted and gwllotlned I n

regi ster to,uQvicde; pL& agy,S of, _appy oxi mat el |nches by 30
0% i r?é Jrf" %Y\t r\?‘?{‘-{%‘s Fer 00T 2 e r:i’/en d ¥;e

i nches whi are then € I n uni
exhi bi ted gibiFdEdRLLo tPﬁste%R?ﬁlattu@sssaQQEe 661" l:idtSIQ 61 ¥ etsur:hns

printfast nesmssa-ndlphﬁuddeﬁd.mﬁt teferesaighonhichesecost riche 1Hss

duri [ t t g t
ot susbept i BA0CROREE Y R G SRR L AR LR R i e 24
hours). Thewkstarket spi thatsthst ftlh‘étp(pdmm)htmqwtﬂom Pf sor irant ageous

substituti osk f ehe CURRRLI Oih?g}erpapﬁr s%%@%&h@f.?fl*’en 1Pt }:ﬁ‘?l %ﬁrk ot es

The product |s al 58 alfflcult del am nat ab erl%g} | SO
oD for couff e?&"t’eéﬁ"él oRi Pfi ERLt LIBTF NtRYSS -t hétmgh bond

strengt hs beslieardt Héldfayemshoturﬂ.b.ng (ca)n arssly) . fFEsanpli€farences Exanpl e ‘1

was_repeat esh-ax&egk bhathilghe dPeraklPds 24ReILe nachine direction and
transverse direction of each layer. Additional curling
susceptibility can result where coatings or skins of the layers
have different coefficients of contraction from the HDPE
component of the layers. Such imbalanced contraction and its
attendant curling can be avoided by counterbalancing the overall
shrinkage properties of one layer by laminating thereto a second
layer identical to the first layer which is provided as a mirror
image of the first layer. In other words, one half of the
layered film structure is a mirror image of the other, with the
plane of symmetry being along the horizontal midline of the
layered film structure cross- section. This providés a cross-
sectionally symmetrical layered film structure. Examples of
such films include those of ABA, ABBA, ABCCBA and ABCDCBA
construction where each letter represents a film layer, skin,
coating, or adhesive layer. Such a cross-sectionally
symmetrical layered film structure is necessarily a "parallel-
oriented" structure, i.e., the primary direction of orientation
of the first layer is parallel to the primary direction of
b orientation of the second layer in order to meet the mirror
image requirement. Such a construction provides a symmetrical
structure wherein the opposing shrinkage forces counteract each
other to a significant degree. However, such a two layer
parallel construction can be susceptible to poor tear properties
in one direction, e.g, TD where two TD oriented films are’

. employed. '
It has now been found that using a linear low density
polyethylene (LLDPE) laminating resin oriented in the primary
direction of orientation which is substantially perpendicular
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resin.enpl oyed was an LLDPE | am nating grade adhesive resin, Dow ex 3010,
avai |l abl e from Dow Chem cal Co. of Mdland, M chigan. The characteristics
for the resulting substrate are set out in the Table bel ow. Use of the

hi gher nol ecul ar wei ght LLDPE as the adhesive resin in Exanple 2 resulted
in increased TD tear strength. Exanple 3 Exanple 1 is repeated except
that the |am nating adhesive resin enpl 6§e’d I s of ABA construction, A being

LDPE, ki NgoUene BbsGlarkng: 1 0leord HE URLLAGALESE LA 10Y Payesd dR: AN d B
being LLDPE, .meking up 80% of the total "Fam nattng resin, The,
- 15 - ties, evinces reduced susceptibility to tearing. The laminating
: resin can itself be subjected to orienting to some extent during
lamination, preferably after the resin has at least partially
or completely solidified, and preferably in the machine
direction. Such orienting can be from 1.5 to 10 times,
preferably from 4 to 6 times, corresponding to a total drawdown
of the laminating adhesive resin of greater than 10%, preferably
greater than 20%, say, 75%.

It has been found that as molecular weight of the
laminating adhesive resin employed is increased, e.g., higher
molecular weight LLDPE, orientation effects resulting from the
lamination procedure are improved, resulting in a multilayer
film of improved tear resistance in both machine direction and
transverse direction while exhibiting curl resistance as well.

In one particularly preferred embodiment, the extrusien
laminating adhesive resin is itself of ABA construction, i.e.,
the resin has a core of LLDPE (B layer) ahd outer or skin layers
of LDPE (A layers). The ABA construction for the laminating
resin provides an advantage inasmuch the A layers prd@ide a high
bond strength between the laminating adhesive resin and the
oriented HDPE layers, while the higher molecular weight core (B
layer) provides tear resistance in the transverse direction as
a result of orienting in the machine direction during
lamination. A laminating adhesive resin comprising LDPE only
can result in a bond strength ranging from 300 to 800 grams/inch
unprimed, and 600 to 1400 g/in with primed HDPE layers. Such -
bond strengths provide a product which is very difficult to
delaminate and which therefore reduces the- possibilities of
tampering with any security device disposed between the HDPE
layers. Use of the ABA laminating adhesive resin provides
similar bond strengths while increasing transverse direction
tear resistance (g/mil) by a factor of at least two. ’

The following Examples illustrate the invention in which
all parts are by weight unless otherwise specified.

Example 1

This example demonstrates the preparation of a multilayer
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characteristics for the resulting substrate are set out in the Table bel ow
Use of the ABA | aninating adhesive resin between layers (a) and (b)
provides high bond strengths between the |ayers of filnms (a) and (b), which
is believed attributable to the presence of LDPE conponents in both the

| ami nating adhesive resin and the copgl %/ye_r skins which are lam nated to
one. another. Mdreover, the presence of nore readily orientabl e higher

mol ecul ar weilghsubsbDPité Ipr’bhﬁc@@r:ﬁx aEcbh@alanviahi g pabeenhy dnvesicion

provi des exgellient JLLEH, & gga% L SSLLLRO T LORYibEn5b89 ddhd gy Jrchi ne

di rection am na e5|
TABLE characteristics. Ex 2 Ex. 3 Tensile
g/([)) 6 2A multl:l.la?er layer o&&t@@sklggégﬁﬁéiﬂéte gﬁgglng a 11§5380

u
Stiffness mil 9%9 tglcknesls] was prepafsd by coextwﬁﬁil(ngr amls with ™D
21 cgpblymer polyprOdyllerss Skimsigél botMsides to 88rm a first63

80 (g/ml) layer (aTD The HDPE resin emp&oyed was Oxgghem M-6211,
available from Occidental Chemical Corporation, Dallas, Texas,
having a density of 0.96 and a melt index of 1.0. The copolymer
polypropyleﬁe skins comprised 90% Chisso 7510, an ethylene-
Propylene-butene-~1 terpolymer available from Chisso Corporation
of Japan, and 10% Mobil LXA-~753, a low density polyethylene

= available from Mobil Chemical Co., Norwalk, Connecticut. The

HDPE comprised 90% of the resulting film layer (a) while the

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.

The copolymer skins on the inner side of oriented layers
(2a) and (b) were then coated with a polyethyleneimine (PEI)
primer to form clear 1.15 mil OHD films.

On film (a) can be deposited optical varying devices
(OVDs), at predetermined distances from one another so as to
provide an OVD at the same location on each of the banknotes
which are ultimateiy prepared from the film.

Films (a) and (b) were laminated by pfoviding therebetween
a laminating adhesive LDPE resin, Chevron 1017, available from
Chevron Chemical Co., Hodston, Texas. The laminating adhesive
resin undergoes orienting in the machine direction during the
laminating step itself, thereby imparting enhanced tear
resistance in the transverse-direction (TD). Lamination is
carried out by conventional techniques, resulting in a
multilayer film substrate having a final thickness of about 3.0
mils, the laminating adhesive resin itself providing about 0.7
mils thickness. _

The resulting substrate was substantially clear and its
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- 16 - CLAI M 1. Alamnated nmultilayer filmsubstrate which
conprises a first layer (a) and a second | ayer (b), which nay be the sane
or different, each conprising at |east 50 wei ght percent of a high density
pol yet hyl ene having a density of at |east 0.94, and each being oriented in
at least a first direction to a degree yhich is at |l east three tines
greater than the degree of orientation present in a second direction

subst ant i al pyysioraial prtapexitdeli ase slimmgtiized; ianth€ Blaljel bglbwm nated to (a)

so that the firsindidifflrale fadthel! fd AP briRtel o Wotha®iddl ;g
an opacifying ink. The gravure printing was carried out in such
a way that the opacifying ink or coating was applied in register

e with the OVD embedded within the substrate, i.e., the coating
was applied so as to avoid coverage of the OVD, thereby
providing a clear window in register with said device, rendering :
the OVD visible from both sides of the printed substrate. The
gravure printed substrate is 3.75 mils in thickness and can be.
taken up on a roll after printing or sheeted and guillotined in-
register to provide press-ready sheets of approximately 30
inches by 30 inches which are then packaged in units of 5000
sheets. The product exhibited good dead fold properties, tear.-
resistance in both directions, printfastness, and provided
better resolution while requiring less ink during printing than
paper bank note substrates. Moreover the product was not-
susceptible to curling at high storage temperature (180°F for-
24 hours). The characteristics of the product thus permit its..
advantageous substitution for conventional paper substrates used
in printing banknotes.

The product is also difficultly delaminatable, rendering
isolation of an OVD for counterfeiting purposes extremely
difficult, owing to the high bond strengths between the layers
of films (a) and (b).

Example 2

Example 1 was repeated except that the laminating adhesive
resin employed was an LLDPE laminating grade -adhesive resin,
Dowlex 3010, available from Dow Chemical Co. of Midland,
Michigan. The characteristics for the resulting substrate are

o set out in the Table below. Use of the higher molecular weight
LLDPE as the adhesive resin in Example 2 resulted in increased
TD tear strength.
Example 3

Example 1 is repeated except that the laminating adhesive
resin employed is of ABA construction, A being LDPE, making up
20% of the total laminating resin (10% per side) and B being
LLDPE, making up 80% of the total laminating resin. The
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algned with the first direction of orientation of (a). 2. Afilm
substrate according to claiml wherein both (a) and (b) further conprise a
propyl ene copol yner skin on at | east one side thereof. 3. Afilm
substrate according to claim2 wherein both (a) and (b) further conprise
propyl ene copol yner skins on both the inner and outer sides thereof.

4. A filmsubstrate according to any'bﬂscrains 1 to 3 wherein the

propyl ene CeRolLyIRIr SRS ¢AFPELSC: ugmﬁ,g % V\%@e/oézgpget out in %he A
rece alm

filmsubstrate accordlng to any Ing:.c erei.n am nated to

(a) by ther iaPle PRI ofse of Y e ABA Aaﬂﬁpﬁhﬁfl)sﬁq"ﬁs&v&&%’?ﬁ? Ret“eemy of
claine 1 toldyers (a) and (b) provides high bond strengths betweén the

layers of films (a) and (b), which is believed attributable to
the presence of LDPE components in both ﬁhe laminating adhesive
resin and the copolymer skins which are laminated to one.
another. Moreover, the presence of more readily orientable
higher molecular weight LLDPE in the core of the laminating
adhesive resin provides excellent TD tear strength resulting
from orienting in the machine direction of the ABA laminating

adhesive resin.

TIABLE
Tensile MD ' 6 6 6
(psi x 103) MD 16 20 20
Modulus MD 365 380 380
Stiffness MD 17 20 20
{grams) D 21 24 24
Tear Strength MD 89 63 80
(g/mil) TD 4 5 20
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wherein the nultilayer filmsubstrate further conprises (c) a lamnatin
adhesi ve resin between the inner sides of (a) and (b). 7 Afil
structure according to claim6 wherein the | am nating adhesive resin
conprises |ow density polyethylene (LDPE) and/or |inear |ow density

pol yet hyl ene (LLDPE). - 17 -

8. A filmsubstrate according to cldih6 or 7 wherein a primer is
provi ded bw t he propyl ene copol yner skins on the

g
m

1. A laminated multilayer film substrate which comprises
a first layer (a) and a second layer (b), which may be the same
or different, each comprising at least 50 weight percent of a
hidh density polyethylene having a density of at least 0.94, and
each being orienﬁed in at least a first direction to a degree
which is at least three times greater than the degree of
orientation present in a second direction substantially normal
to the first direction; and (b) being laminated to (a) so that
the first direction of orientation of (b) is substantially
aligned with the first direction of orientation of (a).

== 2. A film substrate according to claim 1 wherein both (a)
and (b) further comprise a propylene copolymer skin on at least

one side thereof.

3. A film substrate according to claim 2 wherein both (a)
and (b) further comprise propylene copolymer skins on both the
inner and outer sides thereof. )

4. A film substrate according to any of claims 1 to 3
wherein the propylene copolymer skins comprise from 10 to 20 wt$
LDPE.

S. A film substrate according to any preceding clainm
wherein (b) is laminated to (a) by thermal lamination.

6. A film substrate according to ‘any of claims 1 to 4
wherein the multilayer film substrate further comprises (c) a
laminating adhesive resin between the .inner sides of (2) and

- (b).

7 A film structure according to claim 6 wherein the
laminating adhesive resin comprises low density polyethylene
(LDPE) and/or linear low density polyethylene (LLDPE).

AR L O rin e eplecemens sres
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I nner sides of (a) and (b) and the | am nating adhesi ve resin. 9. A
fiFPm substrate according to claim6, 7 or 8 wherein (c) is of ABA -
construction, conprising a core |layer B of LLDPE and | ayers A of -LDPE.

10. A filmstructure according to any preceding claim6, 7, 8 or 9
wherein the | am nating adhesive resin conprises an orientable conponent
which is oriented in the machine directipn,- resulting in said resin
being oriented substantially perpendicular to said first and second

| ayers. 11. A filmsubstrate according to any preceding claim

wherein the firstsdiraceibm substiraneyveessrdineebi elai{d@d an¢ {hersggond
direction is | L Lect i : 2. Afilmsubstrate according
to any precedi ng&tzlq_%i ﬁ#‘?ﬁﬁ%dgrgeég%%?itﬁenarf@f%“d’esé:(?af’iawe’aé/*@é BBt Ween (a)
and (b). inner sides of (a) and (b) and the laminating adhesive resin.

-
9. A film substrate according to claim 6, 7 or 8 wherein
(c) is of ABA construction, comprising a core layer B of LLDPE
and layers A of LDPE.
10. A film structure according to any preceding claim s,
7, 8 or 9 wherein the laminating adhesive resin comprises an
orientable component which is oriented in the machine direction,
resulting in said resin being oriented substantially
perpendicular to said first and second layers.

11. A film substrate according to any preceding claim
wherein the first direction is transverse direction (TD) and the
second direction is machine direction (MD).

12. A film substrate according to any preceaing claim
further comprising (d) a security devicé between (a) and (b)..

13. A film substrate accbrding to claim 12 wherein (d)
is provided between the primer coatings on the inner sides of
(a) and (b).

14. A film substrate according to claim 13 wherein (d)
comprises at least onexof an optically variable device (0VD),
a- magnetic device, an electronic device, .or a rare earth
element-containing device.

15. A film substrate according to claim 14 wherein (d)
comprises an OVD which comprises at least oﬁeiof a diffraction
grating, a ligquid crystal, a moire pattern produced by cross-
gratings with or without superimposed, refractive, lenticular
and transparent grids, a spaced partially-reflective, and
partially transparent, coating yielding variable interference
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13. A filmsubstrate according to claim 12 wherein (d) is provided between
thé prinmer coatings on the inner sides of (a) and (b). 14. A film
substrate according to claim 13 wherein (d) conprises at |east one of an
optically variable device (OVD), a nagnetic device, an electronic device,.
or arare earth el enent-containing device. 15. Afilmsubstrate
according to claim 14 wherein (d) conpri d®s-an OVD whi ch conprises at |east

ross. gr ati FBECHTHHT o B FROTAPISibe P o Le s e LAVEF V3 GRPRCEIaFeand

transparent grids, a spaced partially- refI ective, and part| ally

transparent, Coatig]g W f.{ﬁﬁ %ﬁ%é@@la%écmi%é YFLB¢Eim 15 wherein the OVD
comprises a  reflecting diffraction grating comprising a
metallized thermoplastic film embossed with a diffraction
pattern.

17. A film substrate according to any preceding claim
wherein at least one outer side i; externally coated with an
opacifying coating.

18. A film substrate according to claim. 17 further
comprising a clear window through the film substrate.

19. A film substrate according to claim 18 wherein the
window is in register with an OVD thereby rendering it visible
from either side of said substrate.

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

*® [ L M S %
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patterns, a bi-refringent or polarising | ayer or a zone-pl ate. . 16. A
fiFm substrate according to claim15 wherein the OVD conprises a '
reflecting diffraction grating conprising a matalllzed ther meplastic film
enbossed with a diffraction pattern. 17.1 AFi I'm subst ratié jaccor di ng
to any preceding claimwherein at |east one outi ‘er..sid L éxternal |y coated

wi th an- opacifying coating. 18. A film subst rate:" “accordt ng to
claim17 further commmmgm EInarsTnoadoned roUEBEL b - fHt m substrate.

[910] ON_OF BANKNOTES 0

ABSTRACT

A laminated multilayer film substrate for use in the
production of banknotes includes a first layer comprising'(a)
a first layer having inner and oﬁter sides, comprising at least-

—— ~ about 50 weight percent of a high density polyethylene ha&ing
a density of at least about 0.94, said first layer being
oriented in the transverse direction (TD) to a degree which is
at least three times greater than the degree of orientation’
present in the machine direction (MD);

(b) a second layer having inner and outer_sides, comprising
at least about 50 weight percent of a high de;sity polyethylene
having a density of at least about 0.94, said second layer
oriented in the transverse direction to-d degree which is at-
least three times greater than the degree of orientation present™
in. the machine d-irect-ion; and
sides of (a) and (b}, which comprises a component selécted from
the group consisting of~low density polye;f.hylené (LDPE) and-
linear low density polyethylene (LLDPE); said.gecond layer being
laminated to said first layer so that the transverse direction
of orientation of said second layer is substantially aligned
with the transverse direction of orientation of said first
iayer.

The resultant films exhibit good embossability, dead-fold
characteristics and other properties, making them highly suited

- for the production of bank notes and other security documents.
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19. Afilmsubstrate according to claim18 wherein the Wi hdow«'fmewm,ﬂﬁ
register wwth an OVD thereby rendering it visible fromeither side of said

substrate.

20. A filmsubstrate!@cording to any preceding claimin

the formof a security token, such as a bank note.

N
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MULTILAYER FILM STRUCTURES FOR USE IN THE
PRODUCTION OF BANKNOTES OR E_LIKE

ABSTRACT

A laminated multilayer film substrate for use in the
production of banknotes includes a first layer comprising (a)
a first layer having inner and outer sides, comprising at least-
about 50 weight percent of a high density polyethylene having
a density of at least about 0.94, said first layer being
oriented in the transverse direction (TD) to a degree which is
at least three times greater than the degree of orientation
present in the.machine direction (MD);

(b) a second layer having inner and outer sides, comprising
at least about 50 weight percent of a high density polyethylene
having a density of at least about 0.94, said second layer
oriented in the transverse direction to a degree which is at
least three times greater than the degree of orientation present
in the machine direction; and )

(c) a laminating adhesive resin disposea between the inner
sides of (a) and (b), which comprises a component selected from
the group consisting of-low density polyethylene (LDPE) and
linear low density polyethylene (LLDPE).; said.second layer being
laminated to said first layer so that the transverse direction
of orieﬁtﬁtion of said second layer is substantially aligned
with the transverse direction of orientation of said first
layer. '

The resultant f?i.l:ps exhibit good embossability, dead-fold
characteristics and oth;r properties, making them highly suited

- for the production of bank notes and other security documents.
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MULTILAYER FILM STRUCTURES FOR USE IN THE
PRODUCTION OF BANKNOTES OR THE ILIKE

ABSTRACT

5 A laminated multilayer film substrate for use in the
production of banknotes includes a first layer comprising (a)
a first layer having inner and outer sides, comprising at least-
about 50 weight percent of a high density polyethylene having
a density of at least about 0.94, said first layer being
10 oriented in the transverse direction (TD) to a degree which is
at least three times greater than the degree of orientation’

present in the machine direction (MD);
(b) a second layer having inner and outer_sides, comprising
at least about 50 weight percent of a high deﬁsity polyethylene
15 having a density of at least about 0.94, said second layer
oriented in the transverse direction to-a degree which is at-
least three times greater than the degree of or:.entatlon pPresent™

.....

in the machine direction; and
(c) a laminating adhesive resin disposed between the inner
20 sides of (a) and (b), which comprises a component selected from
the group consisting oflow density polyethylene (LDPE) and-
—_ linear low density polyethylene (LLDPE); s_;aid;éecond layer being
laminated to said first layer so that the transverse direction
of orientation of said second layer is substantially aligned
25 with the transverse direction of orientation of said first
layer.
The resultant films exhibit good embossability, dead-fold
characteristics and other properties, making them highly suited
- for the production of bank notes and other security documents.
30
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